
From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Revised Draft Lynx SSA Report
Date: Monday, January 02, 2017 9:35:35 AM

Jim:  I hope you got some much-needed time off over the Holidays.  I suspect you put in
overtime to get this across the (semifinals) finish line.  I am off this week (1/2 - 1/7) for use or
lose AL, but will be checking email.  I was in PA visiting my folks last week.

Thanks again for all the hard work you put into this draft.  I hope 2017 is just a little less
hectic for the lynx SSA.
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Hi All,
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It also includes the updated figures - thanks Mark and Jonathan for working through the last of those changes. 

Admin. folks in the Montana FO are helping with the Table of Contents, and the intent is to get this out to peer
review contractor this week, with a note that the Lit. cited is not finalized.  We will send out to State and other
partners early in the new year.

Thanks all for your continued efforts to get this across the line.

Please review the draft when you can, and we will address any remaining team concerns in the next go-round
along with responses to peer and partner reviews.

Cheers!
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-- 
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Executive Summary 
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 



 

9 
 

resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
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private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 

Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
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conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
 
DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
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District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
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(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 
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1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of 
this effort, our Endangered Species Program has developed 
the Species Status Assessment (SSA) Framework to guide 
how we assess the best scientific and commercial data 
available when evaluating the biological status of species. In 
conducting an SSA, we take into consideration the life history 
and ecological requirements of the species to understand how 
the species maintains itself over time (captured under the 
broad heading of “species needs”); the current condition of the 
species at the individual, population, and range-wide levels in 
terms of meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the assessment, the SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (collectively known 
as the “3 Rs”) as a lens to evaluate the current and future condition of the species. Briefly, 
resiliency describes the ability of the species to withstand stochastic events; redundancy 
describes the ability of the species to withstand catastrophic events; and representation 
describes the ability of the species to adapt over time to long-term changes in the environment. 
As a result, the SSA characterizes a species’ ability to sustain populations in the wild over time 
based on the best scientific understanding of current and future abundance and distribution 
within the species’ ecological settings. Importantly, the SSA neither results in, nor 
predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

                                                 
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 

http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and /Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

Commented [ZJ7]: I changed this slightly from “Analytical 
Approach/Methods” to “Analytical Approach and Methods” – 
also changed in Table of Contents. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
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lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  



 

32 
 

 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/


 

56 
 

4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 

http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 



 

70 
 

forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 

http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 



 

111 
 

representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 

http://www.eia.gov/electricity/data/browser
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 



 

120 
 

population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

https://snowfall.weatherdb.com/d/a/Montana
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  

https://snowfall.weatherdb.com/d/a/Washington
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 



 

145 
 

1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 

https://snowfall.weatherdb.com/d/a/Montana
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado Geographic Area 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 



 

162 
 

Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
 
 



 

201 
 

 
 
Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 



 

209 
 

and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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Executive Summary 
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
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private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 

Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
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conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
 
DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
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District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
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(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 
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1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of 
this effort, our Endangered Species Program has developed 
the Species Status Assessment (SSA) Framework to guide 
how we assess the best scientific and commercial data 
available when evaluating the biological status of species. In 
conducting an SSA, we take into consideration the life history 
and ecological requirements of the species to understand how 
the species maintains itself over time (captured under the 
broad heading of “species needs”); the current condition of the 
species at the individual, population, and range-wide levels in 
terms of meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the assessment, the SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (collectively known 
as the “3 Rs”) as a lens to evaluate the current and future condition of the species. Briefly, 
resiliency describes the ability of the species to withstand stochastic events; redundancy 
describes the ability of the species to withstand catastrophic events; and representation 
describes the ability of the species to adapt over time to long-term changes in the environment. 
As a result, the SSA characterizes a species’ ability to sustain populations in the wild over time 
based on the best scientific understanding of current and future abundance and distribution 
within the species’ ecological settings. Importantly, the SSA neither results in, nor 
predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

                                                 
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 

http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
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lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 

http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
  



 

64 
 

Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47


 

88 
 

Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 

http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 

http://www.eia.gov/electricity/data/browser
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
      



 

124 
 

In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

https://snowfall.weatherdb.com/d/a/Montana


 

126 
 

In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 



 

129 
 

naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 



 

139 
 

environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  

https://snowfall.weatherdb.com/d/a/Washington
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 

https://snowfall.weatherdb.com/d/a/Montana
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 



 

154 
 

young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-



 

182 
 

governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
 



 

198 
 

Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
 



 

202 
 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 



 

215 
 

fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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From: Bush, Jodi
To: Steve Gess
Cc: Marks, Kaimy
Subject: Fwd: LYNX PEER review Extension
Date: Thursday, January 05, 2017 2:06:25 PM
Attachments: Mod 0001 F16PB000362 Lynx PEER.PDF

Steve.  Can you extend this contract one more time?  I think this is the final request for an
extension.  We are about to send the document to Matt but they will need some time to do the
review -which is likely to go past Jan 31.  Can you extend through March 31 just to make
sure?  That should do it (really!).  Thanks for your help.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Date: Tue, Nov 1, 2016 at 1:03 PM
Subject: RE: LYNX PEER review Extension
To: Steve Gess <Steve_Gess@fws.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>

Hi Steve,

 

Please find attached.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

mailto:jodi_bush@fws.gov
mailto:steve_gess@fws.gov
mailto:kaimy_marks@fws.gov
mailto:matt.cusack@atkinsglobal.com
mailto:Steve_Gess@fws.gov
mailto:jodi_bush@fws.gov
mailto:Matthew.Cusack@atkinsglobal.com


Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Monday, October 24, 2016 2:45 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>
Subject: LYNX PEER review Extension

 

Matt, Please see attached mod for your signature, extending the due date for the
LYNX PEER review through January 31, 2017.  Please execute and return to
me. Thanks

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

 

This email and any attached files are confidential and copyright protected. If you are not the addressee, any dissemination of this
communication is strictly prohibited. Unless otherwise expressly agreed in writing, nothing stated in this communication shall be legally
binding.

The ultimate parent company of the Atkins Group is WS Atkins plc. Registered in England No. 1885586. Registered Office Woodcote
Grove, Ashley Road, Epsom, Surrey KT18 5BW. A list of wholly owned Atkins Group companies registered in the United Kingdom and
locations around the world can be found at http://www.atkinsglobal.com/site-services/group-company-registration-details

Consider the environment. Please don't print this e-mail unless you really need to.

http://www.atkinsglobal.com/northamerica
http://www.atkinsglobal.com/
mailto:Steve_Gess@fws.gov
mailto:matt.cusack@atkinsglobal.com
mailto:jodi_bush@fws.gov
mailto:Steve_gess@fws.gov
http://www.atkinsglobal.com/site-services/group-company-registration-details


From: Harris, Anna
To: McCollough, Mark
Subject: Re: Ecological Services Deputy ARD
Date: Friday, January 06, 2017 8:20:08 AM

I wonder how R6 plans to backfill Seth's position,

Thanks for the heads up on this-

On Thu, Jan 5, 2017 at 12:26 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Anna:  Seth was filling in as Endangered Species Chief in R6 and working with us often on
the lynx SSA.  His move to the SW will leave a void concerning our upcoming review of the
SSA in February.   Mark

On Wed, Jan 4, 2017 at 1:30 PM, Harris, Anna <anna_harris@fws.gov> wrote:
Lots of movement in ES around the country,

---------- Forwarded message ----------
From: Phifer, Paul <paul_phifer@fws.gov>
Date: Wed, Jan 4, 2017 at 1:23 PM
Subject: Fwd: Ecological Services Deputy ARD
To: FW5_ES_Field_Office_Supervisors <FW5_ES_Field_Office_Superviso
rs@fws.gov>, FW5 ES <fw5_es@fws.gov>

FYI
______________
Paul Phifer, PhD
Assistant Regional Director - Ecological Services
Northeast Region
Dept of the Interior
US Fish and Wildlife Service
413.253.8698 work
413.687.4764 cell

---------- Forwarded message ----------
From: Koch, Ted <ted_koch@fws.gov>
Date: Wed, Jan 4, 2017 at 1:18 PM
Subject: Ecological Services Deputy ARD
To: FW2_RO_ES <FW2_RO_ES@fws.gov>, FW2 ES Project Leaders Plus
<fw2_es_pl_plus@fws.gov>, FW2 RDT <fw2_rdt@fws.gov>, FWS ES Regional ARDs
<fws_es_regional_ards@fws.gov>
Cc: "Willey, Seth" <seth_willey@fws.gov>, Gary Frazer <gary_frazer@fws.gov>, Gina
Shultz <Gina_Shultz@fws.gov>

Howdy-

I am excited to announce that we have selected Seth Willey as Deputy Assistant Regional Director for Ecological
Services for Region 2 here in Albuquerque.

mailto:anna_harris@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
mailto:anna_harris@fws.gov
mailto:paul_phifer@fws.gov
mailto:FW5_ES_Field_Office_Supervisors@fws.gov
mailto:FW5_ES_Field_Office_Supervisors@fws.gov
mailto:fw5_es@fws.gov
mailto:ted_koch@fws.gov
mailto:FW2_RO_ES@fws.gov
mailto:fw2_es_pl_plus@fws.gov
mailto:fw2_rdt@fws.gov
mailto:fws_es_regional_ards@fws.gov
mailto:seth_willey@fws.gov
mailto:gary_frazer@fws.gov
mailto:Gina_Shultz@fws.gov


Seth has over 15 years of public service experience within the Department of the Interior including 13 years with the
U.S. Fish and Wildlife Service, Mountain Prairie Region (Region 6).  He is currently the Branch Chief for Classification
and Recovery in the Denver Regional Office.

Seth has extensive experience working with the region’s most complex and controversial recovery efforts including
wolves, grizzly bears, black-footed ferrets, Utah prairie dogs, Colorado River fish, and more.  Prior to moving to
Colorado, he worked in Washington, DC as a Presidential Management Intern with the Department of the Interior’s
Office of Policy Analysis.  He is a graduate of Tulane University, where he met his wife Jessica.  They have three boys,
Eli (7 yrs), Liam (5 yrs), and Colton (2 ½ yrs).

Seth will be a strong asset for us here and I know he is excited for the conservation opportunities we have. He will wrap
up his work in Region 6 in January. He will start in Region 2 in early February, and be physically present to meet folks
here for the first time around then. He will be back and forth until moving here permanently in June as his family wraps
up work and school obligations.

Please join me in welcoming Seth! Supervisors - please forward this email to your staff.

Ted

-- 
Ted Koch
Assistant Regional Director, Ecological Services
U.S. Fish and Wildlife Service, Region 2
P.O. Box 1306
Albuquerque, NM 87103-1306
505-248-6644

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)

https://www.fws.gov/northeast/mainecomplex/


306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

mailto:mark_mccollough@fws.gov
https://www.fws.gov/northeast/mainecomplex/
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Executive Summary 
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
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private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 

Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
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conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
 
DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
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District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
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(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 
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1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of 
this effort, our Endangered Species Program has developed 
the Species Status Assessment (SSA) Framework to guide 
how we assess the best scientific and commercial data 
available when evaluating the biological status of species. In 
conducting an SSA, we take into consideration the life history 
and ecological requirements of the species to understand how 
the species maintains itself over time (captured under the 
broad heading of “species needs”); the current condition of the 
species at the individual, population, and range-wide levels in 
terms of meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the assessment, the SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (collectively known 
as the “3 Rs”) as a lens to evaluate the current and future condition of the species. Briefly, 
resiliency describes the ability of the species to withstand stochastic events; redundancy 
describes the ability of the species to withstand catastrophic events; and representation 
describes the ability of the species to adapt over time to long-term changes in the environment. 
As a result, the SSA characterizes a species’ ability to sustain populations in the wild over time 
based on the best scientific understanding of current and future abundance and distribution 
within the species’ ecological settings. Importantly, the SSA neither results in, nor 
predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

                                                 
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 

http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
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lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 



 

37 
 

 
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 

http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 



 

66 
 

expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 

http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 



 

107 
 

 
Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 

http://www.eia.gov/electricity/data/browser


 

116 
 

conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

https://snowfall.weatherdb.com/d/a/Montana
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 



 

137 
 

 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  

https://snowfall.weatherdb.com/d/a/Washington
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 



 

142 
 

and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 

https://snowfall.weatherdb.com/d/a/Montana
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 



 

152 
 

3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 



 

183 
 

pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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Executive Summary 
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
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private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 

Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
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conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
 
DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
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District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
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(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 
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1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of 
this effort, our Endangered Species Program has developed 
the Species Status Assessment (SSA) Framework to guide 
how we assess the best scientific and commercial data 
available when evaluating the biological status of species. In 
conducting an SSA, we take into consideration the life history 
and ecological requirements of the species to understand how 
the species maintains itself over time (captured under the 
broad heading of “species needs”); the current condition of the 
species at the individual, population, and range-wide levels in 
terms of meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the assessment, the SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (collectively known 
as the “3 Rs”) as a lens to evaluate the current and future condition of the species. Briefly, 
resiliency describes the ability of the species to withstand stochastic events; redundancy 
describes the ability of the species to withstand catastrophic events; and representation 
describes the ability of the species to adapt over time to long-term changes in the environment. 
As a result, the SSA characterizes a species’ ability to sustain populations in the wild over time 
based on the best scientific understanding of current and future abundance and distribution 
within the species’ ecological settings. Importantly, the SSA neither results in, nor 
predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

                                                 
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 

http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
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lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 



 

50 
 

with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 

http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 

http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 



 

95 
 

consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 



 

100 
 

entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp


 

116 
 

In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 

http://www.eia.gov/electricity/data/browser
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

https://snowfall.weatherdb.com/d/a/Montana
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 



 

138 
 

 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  

https://snowfall.weatherdb.com/d/a/Washington
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 

https://snowfall.weatherdb.com/d/a/Montana
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 



 

167 
 

● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 



 

176 
 

densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 



 

189 
 

http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 



 

191 
 

 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 



 

194 
 

and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 



 

215 
 

fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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Executive Summary 
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
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private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 

Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
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conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
 
DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
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District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 



 

14 
 

(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 
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1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of 
this effort, our Endangered Species Program has developed 
the Species Status Assessment (SSA) Framework to guide 
how we assess the best scientific and commercial data 
available when evaluating the biological status of species. In 
conducting an SSA, we take into consideration the life history 
and ecological requirements of the species to understand how 
the species maintains itself over time (captured under the 
broad heading of “species needs”); the current condition of the 
species at the individual, population, and range-wide levels in 
terms of meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the assessment, the SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (collectively known 
as the “3 Rs”) as a lens to evaluate the current and future condition of the species. Briefly, 
resiliency describes the ability of the species to withstand stochastic events; redundancy 
describes the ability of the species to withstand catastrophic events; and representation 
describes the ability of the species to adapt over time to long-term changes in the environment. 
As a result, the SSA characterizes a species’ ability to sustain populations in the wild over time 
based on the best scientific understanding of current and future abundance and distribution 
within the species’ ecological settings. Importantly, the SSA neither results in, nor 
predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

                                                 
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 

http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
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lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 



 

23 
 

Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 



 

43 
 

unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 

http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 



 

78 
 

stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 

http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 

http://www.eia.gov/electricity/data/browser
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

https://snowfall.weatherdb.com/d/a/Montana
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  

https://snowfall.weatherdb.com/d/a/Washington
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 

https://snowfall.weatherdb.com/d/a/Montana
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
  



 

156 
 

Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
  



 

187 
 

Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 



 

209 
 

and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 



 

218 
 

been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
 



 

219 
 

The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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Executive Summary 
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
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private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 

Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
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conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
 
DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
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District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
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(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 
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1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of 
this effort, our Endangered Species Program has developed 
the Species Status Assessment (SSA) Framework to guide 
how we assess the best scientific and commercial data 
available when evaluating the biological status of species. In 
conducting an SSA, we take into consideration the life history 
and ecological requirements of the species to understand how 
the species maintains itself over time (captured under the 
broad heading of “species needs”); the current condition of the 
species at the individual, population, and range-wide levels in 
terms of meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the assessment, the SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (collectively known 
as the “3 Rs”) as a lens to evaluate the current and future condition of the species. Briefly, 
resiliency describes the ability of the species to withstand stochastic events; redundancy 
describes the ability of the species to withstand catastrophic events; and representation 
describes the ability of the species to adapt over time to long-term changes in the environment. 
As a result, the SSA characterizes a species’ ability to sustain populations in the wild over time 
based on the best scientific understanding of current and future abundance and distribution 
within the species’ ecological settings. Importantly, the SSA neither results in, nor 
predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

                                                 
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 

http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
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lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

http://www.itis.gov/
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 



 

50 
 

with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 

http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
  



 

64 
 

Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 



 

67 
 

expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 

http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 



 

91 
 

foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 



 

106 
 

mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 

http://www.eia.gov/electricity/data/browser
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

https://snowfall.weatherdb.com/d/a/Montana
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  

https://snowfall.weatherdb.com/d/a/Washington
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 

https://snowfall.weatherdb.com/d/a/Montana
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 



 

153 
 

3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 



 

160 
 

substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 



 

172 
 

2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 



 

179 
 

third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 



 

184 
 

pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 

canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 

breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 

including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 

thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 

Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 

(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 

including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 

populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 

absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 

Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 

al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 

comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 

(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 

lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 

portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 

1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 

contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 

Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 

coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 

http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/endangered/improving_ESA/
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 

and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 

future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 

the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 

nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
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conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 

hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 

areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 

Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 

lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 

mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 

1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 

large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 

and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 

genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 

2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 

regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–

268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 

2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 

2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 

phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 

(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 

contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 

2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 

al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 

during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 

2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 

 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 

al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 

pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 

vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  



 

32 
 

 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 

1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 

islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 

that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 

source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 



 

33 
 

most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 

(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 

during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 

from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 

(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 

and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 

northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 

1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 

favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 

(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 

abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 

comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 

apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 

contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 

2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 

entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 

should be considered to constitute the species’ range. In its 2003 remanded determination, the 

Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 

scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 

structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 

source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 

these places (especially those that act more often as “sinks” than “sources”) to the maintenance 

and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 

with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 

2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 

al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 

al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 

population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 

cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 

40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 

(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 

al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 

2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 

resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 

substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 

range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 

and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 

al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 

In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 

section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 

may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 

time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 

Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 

Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 

provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 

management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 

(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 

collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 

associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 

2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 

and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 

(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 

Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 

offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 

takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 

2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 

Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 

trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 

http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 

programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 

environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 

Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 

natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 

prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 

management practices benefit populations of snowshoe hares, the lynx’s primary prey 

(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 

Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 

continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 

Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 

‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 

with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 

Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 

for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 

with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 

the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 

evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 

1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 

al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 

2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 



 

65 
 

al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 

2016, entire; 79 FR 54809).  



 

66 
 

  
Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–

4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 

are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 

runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 

al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 

which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 



 

67 
 

expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 

2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 

2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 

et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 

2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 

2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 

2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 

2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 

2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 

rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 

2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 

pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 

2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 



 

73 
 

  
Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 

and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 

al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 

2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 

2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 

2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 

1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 

particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 

al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 

industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 

2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 

al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 

2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 

1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 

“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 

2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 

al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 

2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 

2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 

2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 

al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 

maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 

Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 

in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 

al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 

2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 

recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 

population contributed substantially to the Washington Department of Fish and Wildlife’s recent 

recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 

since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 

al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 

al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 

http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37


 

89 
 

Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 

2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 

2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 

2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 

conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 

2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 

2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 

being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 

resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 

2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 

designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 

2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 

al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 

2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 

2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 



 

109 
 

Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 

‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 

al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 

highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 

1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 

al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
 



 

113 
 

Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 

hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 

demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 

2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 

2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 

has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 

2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 

300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 

http://www.eia.gov/electricity/data/browser
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 

(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 



 

123 
 

in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 

Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 

lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 

ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 

northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 



 

125 
 

diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 

2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 

allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

https://snowfall.weatherdb.com/d/a/Montana
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 

prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 

Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 

support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 

habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 



 

128 
 

guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 

Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 

area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 

population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 

“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 

geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 



 

132 
 

2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 

2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 

longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 

Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 

2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 

2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 

al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  

https://snowfall.weatherdb.com/d/a/Washington
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 

Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 

(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 

847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 

https://snowfall.weatherdb.com/d/a/Montana
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 

places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 

comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 

al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 

Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 

al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 

ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf


 

151 
 

contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 

Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 

2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 

in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–

0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 

understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 

native to North America, was reported for the first time in lynx in Colorado (Wild et al. 

2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 

reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 

none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 

to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 

the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 

Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 

suggested that translocated animals might be more vulnerable to highway mortality than 

resident lynx and this could have been a factor in Colorado at the time of listing. 

Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 

during the reintroduction period (1999-2006). Since early 2007, one year after the final 

reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 

two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 

highways with high speed and high traffic volume pass through lynx habitat, such as I-

70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 

movement, as repeated successful crossings by radio-telemetered lynx have been 

documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 

Squires, personal communication 2012). At this time, it appears that hit by vehicle 

mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 

and associated development overlaps with lynx habitat. Preliminary information from a 

study in Colorado indicates that some winter recreation uses may be compatible, but 

lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 

is possible that ski areas and 4-season resorts may reduce the amount and availability 

of lynx habitat within localized areas, in part by influencing the distribution or abundance 

of prey resources within the developed area. However, there is also considerable 

anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 

means of predator control or for commercial and recreational trapping. If a landowner 

can prove that all other non-lethal methods have been ineffective, a 30-day exemption 

may be granted for depredation cases. Incidental trapping mortality of lynx may be a 

minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 

common throughout most of this geographic area, mostly related to the grazing of 

domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 

grazing does occur during summer at the higher elevations, especially in south-central 

Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 

the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 

ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 

forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 

predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 

the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 

priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 

the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 

least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 



 

170 
 

Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 

individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 

2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 

al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 

lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 

(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 

2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 

(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 

al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 

favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 

species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 

al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 

al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 

2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 

immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 

debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 

are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 

owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 

trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 

al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-



 

182 
 

governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 

Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 

management practices benefit populations of snowshoe hares, the lynx’s primary prey 

(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 

2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 

1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 

al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 

trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 

cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 

Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 

habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 

population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 

estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 

elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 

Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 

comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 

Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 

become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 

to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 

least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 

exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 

warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 

models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 

substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 

(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 

fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 

with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 

temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 

range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 

12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 

to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 

range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Mary Parkin; Heather Bell; Jonathan Cummings; Justin Shoemaker
Subject: Fwd: Request for Proposal TASK ORDER= PEER REVIEW LYNX
Date: Monday, January 09, 2017 1:07:35 PM
Attachments: 2017 01 06 DRAFT Lynx SSA Report.pdf

Hi Team:

See the attached PDF Draft SSA Report that was sent to our peer review contractor on Friday.

I followed up to the contractor this morning with this message:

"Ben and Matt:

Please inform peer reviewers that the Literature Cited list in the Draft SSA Report is
incomplete - that is, there are a number of documents cited in the text that are not yet included
in the Literature Cited list.  We are working to complete the list and finish compiling PDFs of
all cited documents, and we will forward those when complete.  In the meantime, report
authors have PDFs of all cited docs and can provide those to peer reviewers if needed.

Please instruct peer reviewers to contact me (406-449-5225, ext. 220 or at
Jim_Zelenak@fws.gov) if they have a need for particular documents cited in the Draft
Report."

TEAM - we need to keep making progress on the lit cited list and getting PDFs on the drive
(and on adding page numbers to citations in the report).  You probably saw a message that I
have created a new folder on the drive for PDFs added today and later, and a reminder that
when you add a new citation to the list to highlight it in blue.

We will have an internal FWS update call tomorrow at 10 Mountain Time - I will send out a
reminder shortly - and after the general call, I'd like team members to stay on so we can
discuss a few other things, like getting this out to State, Federal and Tribal partners, and how
we may respond to requests from NGOs for copies of the Draft SSA Report; also preparations
for a decision meeting in late Feb./early Mar.

Hope you all had a good holiday break.

Jim

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Fri, Jan 6, 2017 at 2:29 PM
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX
To: "Cogdell, Benjamin E" <Benjamin.Cogdell@atkinsglobal.com>, "Cusack, Matthew T"
<matt.cusack@atkinsglobal.com>
Cc: "jim_zelenak@fws.gov" <jim_zelenak@fws.gov>, Steve Gess <steve_gess@fws.gov>
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Ben and Matt.  

Attached please find the final DRAFT Species Status Assessment for the DPS of the Canada
Lynx.  

Please note the specifics of the contract as you proceed. As we indicated in that Scope of
Work (SOW), the purpose of the review is to help us ensure that we have used the best
scientific and commercial information when we make our final decision as to the current status
of the lynx.  As a result, we are looking for independent scientific perspectives on the
comprehensiveness and logic of the document, as well as how well the technical conclusions
are supported by the data and analyses. Peer reviewers should be advised that they are not
to provide advice on policy.

 

Questions for Peer Review (from the SOW)

 

Available Data
 

1.      Please identify any oversights or omissions of data or information, and their
relevance to the assessment. Are there others sources of information or studies that
were not included that are relevant to assessing the viability of this species? What are
they are how are they relevant?

 

2.      Provide advice on the overall strengths and limitations of the scientific data used in
the document. Have the authors been explicit about assumptions and limitations of, and
concerns regarding, the data, and are these appropriately qualified or explained? Are
there concerns that the Service did not identify, and if so, how relevant are these
concerns to the assessment of viability of lynx in the contiguous U.S.? Are there any
inconsistencies in how the data are presented or assessed?

 
Analysis of Available Data

 
3.      Have the assumptions and methods used in the SSA report been clearly and
logically stated in light of the best available information? If not, please identify the
specific assumptions and methods that are unclear or illogical.

 

4.      Are there demonstratable errors of fact or interpretation? Have the authors of the
SSA report provided reasonable and scientifically sound interpretations and syntheses
from the scientific information presented in the report? Are there instances in the SSA
report where a different but equally reasonable and sound interpretation might be
reached that differs from that provided by the Service? If any instances are found
where this is the case, please provide the specifics regarding those particular concerns.



 

5.      Provide feedback on the inclusion and portrayal of uncertainty in the SSA report.
Have the scientific uncertainties present given the data and the analyses conducted
been clearly identified and has the degree of uncertainty been appropriately
characterized? If not, please identify any specifics concerns.

Please remind Peer Reviewers (as per text in SOW and required in correspondence with Peer
Reviewers) of the following:

The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is
using to improve transparency while conducting listing determinations and other Act actions,
and peer review of our analyses of the viability of species is part of that new process.  The
attached draft SSA report is a rough draft; we are seeking comments at this stage to ensure
that we have time to incorporate any substantial comments as we finalize the report.

 

In reviewing the document, please note that this draft SSA report does not result in or
predetermine a decision by the Service on whether the Canada lynx warrants protections of
the s Act.  This document is strictly a characterization of the viability species’ viability in the
contiguous United States.

 

As a reminder, all peer reviews and comments will be public documents, and portions may be
incorporated verbatim into the Service’s final decision Document, should there be one, with
appropriate credit given to the author of the review.  If you do not want your name to appear
in a final decision document, as published in the Federal Register, please inform us of this as
soon as possible. 

 

In general we ask that your comments on the draft SSA report focus specifically on whether
the best available information was used, the quality of the scientific information,  and our
interpretation and analyses of the data with regard to the species’ viability in the contiguous
United States.  We request that you direct your review to the scientific issues and assumptions
related to your expertise.

A list of literature cited is included in the report and we have most of these documents
available in pdfs (although not all).  We can send you a thumb drive or cd as you wish with
what we have.  Please let me know your preference and an address to have them fed-exed too.
   

We look forward to your responses.  If you have questions, please contact our lead for this
project: Jim Zelenak at (406) 449-5225, ext. 220 or at Jim_Zelenak@fws.gov.  Thank you.  JB

mailto:Jim_Zelenak@fws.gov


Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Jan 5, 2017 at 2:36 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Ben and Matt.  Just a heads up.  I wanted to let you know that the document for review
(Draft Lynx SSA) will be coming later today or first thing tomorrow.  I have also asked our
contracting agent to extend the contract so you have enough time to complete the review. 
Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Sep 7, 2016 at 12:01 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Hi Ben.  We are getting pretty close but probably won't see a document ready to review
for at least a few more weeks.  I'll keep you posted.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Sep 7, 2016 at 9:52 AM, Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal
.com> wrote:

Jodi,

I am working with Matt Cusack on the Canada Lynx peer review document.  Do you
have an update on the Draft Species Status Assessment (Document 1 listed below)?

 

Thank you,

 

Ben Cogdell
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From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Thursday, July 28, 2016 2:58 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks <kaimy_marks@fws.gov>;
jim_zelenak@fws.gov
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt,  Sorry for the delay in responding to your questions; I was out of
town on business and just returned today.  Your questions were however,
 forwarded to Jim Zelenak whom works with Jodi Bush. He sent me the
following responses:  I think these should answer your concerns.

 

Document 1 - the Species Status Assessment for the lynx DPS (SSA Report) - is the
document that we (FWS) need to have peer-reviewed.  We are working now to complete
the draft SSA report, and we hope to have it done very soon (in the next week or so).  It
will then go through internal review and editing before it is ready to send out for peer
review. I'm not sure how long internal review will take - the DPS covers 4 FWS regions
and 10-15 states depending on how you want to slice it - but the internal review will be
on as fast a time line as possible.

 

Document 2 - The Final Report from the expert elicitation workshop is a supporting
FWS document that we want to provide to peer-reviewers, though we are not seeking
peer review on this document itself.  Most of the potential peer reviewers likely already
have the report because they either participated in the workshop of were provided the
report when it was completed. The final report is on our Region 6 lynx web page under
the SSA tab (Appendices and Expert Presentations are also there); here is the direct link
to the report:

 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx
/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%20SSA%20EE
%20Workshop%20Report%202%20jzeds.pdf
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Document 3 - the revised LCAS - is also a supporting document that candidate peer
reviewers probably already have, though we wanted to provide it because we rely on it
in the SSA report. It can be found and downloaded here:

 

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf

 

Let me know if you would prefer that I send you PDFs of these.

 

We will let you know when the Draft SSA Report is undergoing internal review when
we will have a better idea of the timing of when it will be ready for peer review.

 

 

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

 

From: Cusack, Matthew T [mailto:matt.cusack@atkinsglobal.com] 
Sent: Tuesday, July 26, 2016 9:56 AM
To: Steve Gess
Cc: Jodi Bush; Kaimy Marks
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Thanks Steve,

 

Can you please provide the following items that were indicated as being provided in the

https://urldefense.proofpoint.com/v2/url?u=http-3A__www.fs.fed.us_biology_resources_pubs_wildlife_LCAS-5FrevisedAugust2013.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=WfVHf_XQZGHn_4RLp5v09MqjZ59GaPEkBwWHG9vxkq0&e=
mailto:Steve_gess@fws.gov
mailto:matt.cusack@atkinsglobal.com


Scope of Work?

 

1. 1) Species Status Assessment for the contiguous United States distinct population
segment (DPS) of the Canada lynx (Lynx Canadensis);

2. Final Report of the Canada Lynx Expert Elicitation Workshop
3. Revised (Aug. 2013) interagency Lynx Conservation Assessment and Strategy

(LCAS).

 

 

Feel free to use Atkins’ large file transfer system to provide me with the files if they are
too large for email. The site can be accessed with an email address and a self-developed
password here: http://sendit.na.atkinsglobal.com

 

Also, are these three items the entire scope of what will require peer review per the scope of work?
It is very helpful for me to see the materials that must be reviewed in order to establish the range of
magnitude for the reviews.

Thanks!

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Monday, July 18, 2016 11:01 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks <kaimy_marks@fws.gov>
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Subject: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt, Here is a formal request for Proposal to conduct PEER review for
LYNX study.   Attached is the RFP , proposal is due August 12, 2016.
Please let me know if you have any questions.

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

 

 

This email and any attached files are confidential and copyright protected. If you are not the addressee, any dissemination of this
communication is strictly prohibited. Unless otherwise expressly agreed in writing, nothing stated in this communication shall be
legally binding.

The ultimate parent company of the Atkins Group is WS Atkins plc. Registered in England No. 1885586. Registered Office
Woodcote Grove, Ashley Road, Epsom, Surrey KT18 5BW. A list of wholly owned Atkins Group companies registered in the
United Kingdom and locations around the world can be found at http://www.atkinsglobal.com/site-services/group-company-regi
stration-details

Consider the environment. Please don't print this e-mail unless you really need to.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:Steve_gess@fws.gov
http://www.atkinsglobal.com/site-services/group-company-registration-details
http://www.atkinsglobal.com/site-services/group-company-registration-details
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State Agency Contacts – Lynx SSA 

STATE Wildlife Agency & Contacts (Jonathan Mawdsley 
[AFWA] will contact and provide Draft SSA 
Report) 

Other Agencies & Contacts (Jodi will provide 
Draft SSA Report) 

Colorado Colorado Parks and Wildlife 
Bob Broscheid, bob.broscheid@state.co.us 
Craig McLaughlin, craig.mclaughlin@state.co.us 
Jake Ivan, jake.ivan@state.co.us 
Eric Odell, eric.odell@state.co.us 

NA 

Idaho Department of Fish and Game 
Virgil Moore, virgil.moore@idfg.idaho.gov 
Rex Sallabanks, rex.sallabanks@idfg.idaho.gov 
Rita Dixon, rita.dixon@idfg.idaho.gov 

Governor’s Office of Species Conservation (OSC) 
Dustin Miller, dustin.miller@osc.idaho.gov 
Joshua Uriarte, Joshua.Uriarte@osc.idaho.gov 
Sam Eaton, Sam.Eaton@osc.idaho.gov 

Maine Department of Inland Fisheries and Wildlife 
Chandler Woodcock, Chandler.woodcock@maine.gov 
Jim Connolly, James.Connolly@maine.gov 
Jennifer Vashon, jennifer.vashon@maine.gov 

NA 

Michigan Department of Natural Resources 
William Moritz, moritzw@michigan.gov 
Russ Mason, DNR-Wildlife@michigan.gov 
Adam Bump, bumpa@michigan.gov 
Dan Kennedy, kennedyd@michigan.gov 

NA 

Minnesota Department of Natural Resources 
Tom Landwehr, commissioner.dnr@state.mn.us 
Jim Leach, jim.leach@state.mn.us 
Paul Telander, Paul.Telander@state.mn.us 
Richard Baker, richard.baker@state.mn.us 
John Erb, john.erb@state.mn.us 

NA 

Montana Fish, Wildlife and Parks 
Jeff Hagener, jhagener@mt.gov 
Ken McDonald, kmcdonald@mt.gov 
Bob Inman, bobinman@mt.gov 
Jay Kolbe, jkolbe.fwp@gmail.com 
Scott Eggeman, seggeman@mt.gov 

Dept. Natural Resources and Conservation 
John Tubbs, JTubbs@mt.gov 
Ross Baty, rbaty@mt.gov 
 

New Hampshire Fish and Game Department 
Glenn Normandeau, glenn.normandeau@wildlife.nh.gov 
Mark Ellingwood, Mark.Ellingwood@wildlife.nh.gov 
John Kanter, John.Kanter@wildlife.nh.ogv 
Jill Killborn, Jill.Killborn@wildlife.nh.gov 
Will Staats, William.Staats@wildlife.nh.gov 
Patrick Tate, Patrick.Tate@wildlife.nh.gov 

NA 

New Mexico Department of Fish and Game 
Alexandra Sandoval, alexandra.sandoval@state.nm.us 
Stewart Liley, stewart.liley@state.nm.us 
Rick Winslow, rick.winslow@state.nm.us 
Jim Stuart, james.stuart@state.nm.us  

NA 

New York Department of Environmental Conservation 
Doug Stang, doug.stang@dec.ny.gov 
Michael Schiavone, michael.schiavone@dec.ny.gov 

NA 

Oregon Department of Fish and Wildlife 
Curt Melcher, curt.melcher@state.or.us 
Derek Broman, derek.j.broman@state.or.us 

NA 

Utah Department of Natural Resources 
Greg Sheehan, GregSheehan@utah.gov 
Kimberly Asmus Hersey, kimberlyasmus@utah.gov 

NA 

Vermont Fish and Wildlife Department 
Louis Porter, louis.porter@state.vt.us 
Mark Scott, mark.scott@state.vt.us 

NA 
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Chris Bernier, chris.bernier@state.vt.us 
Washington Department of Fish and Wildlife 

Jim Unsworth, director@dfw.wa.gov 
Jeff Lewis, Jeffrey.Lewis@dfw.wa.gov 
Benjamin Maletzke, Benjamin.Maletzke@dfw.wa.gov 

Department of Natural Resources 
Peter Goldmark, cpl@dnr.wa.gov 

Wisconsin Department of Natural Resources 
Cathy Stepp, DNRSecretary@Wisconsin.gov 
Kurt Thiede, kurt.thiede@wisconsin.gov 
Sanjay Olson, Sanjay.Olson@Wisconsin.gov 
Tom Hauge, Tom.Hauge@Wisconsin.gov 
Erin Crain-Sullivan, Erin.Crain@Wisconsin.gov 
Owen Boyle, Owen.Boyle@Wisconsin.gov 
Nathan Roberts, NathanM.Roberts@wisconsin.gov 
Shawn Rossler, Shawn.Rossler@Wisconsin.gov 
David MacFarland, David.MacFarland@Wisconsin.gov 
John Paul White, John.White@Wisconsin.gov 

NA 

Wyoming Game and Fish Department 
Scott Talbot, scott.talbot@wyo.gov 
Bob Lanka, bob.lanka@wyo.gov 
Zack Walker, zack.walker@wyo.gov 
Nichole Bjornlie, nichole.bjornlie@wyo.gov 
Susan Patla, susan.patla@wyo.gov 

NA 
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From: Zelenak, Jim
To: Jodi Bush
Subject: List of State Contacts for Lynx SSA
Date: Tuesday, January 10, 2017 2:22:32 PM
Attachments: 2017 01 10 Lynx SSA State Agency Contacts.docx

I broke this (attached) down as best I could into "Wildlife Agency" vs. other State agencies that have been involved. 
Looks like Mawdsley would contact most of them and transmit the draft SSA report, with you needing to reach out
only to the few in the right-hand column.

I also talked to Justin about working with RO and RSOL on getting it to Matt Bishop and other plaintiffs/NGOs.

Ivy Allen is on intermittent leave so I will contact Anna Muñoz about getting it to Tribes. 

I will follow with a draft "Dear Partner" email, but I wanted to clarify the following with you with regard to who is
sending the draft to whom.

1. Peer review contractor - Jodi - Done (1/6).
2. State Wildlife Agencies (15 states) - Jonathan Mawdsley, AFWA
3. Other State Agencies/Partners (3 states [see attached]) - Jodi
4. Other Federal Agencies - USFS, BLM, NPS - Jodi
5. Experts contacted for EE workshop - Jim (?)
6. NGOs/Litigants/Plaintiffs (Recovery Plan Lawsuit) - Justin/Dana

I think we should have a similar message to all - focus on science, not policy/status, have comments back to us (me)
by Feb. 10.

Your thoughts?

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
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NOTE ABOUT THIS DRAFT DOCUMENT, DECEMBER 2016 
 
This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status 
assessment report has not undergone peer review, and it should not be cited or referenced as an 
agency document. At this time it is intended for the sole purpose of soliciting scientific reviews 
from expert peer reviewers selected by the Service, from State and Federal partners with expert 
knowledge of the species and its habitat, and from internal reviewers by Department of Interior staff. 
The document is not intended to solicit public comment. This document will be revised after this 
scientific review. This document does not predetermine any future agency decision under the 
Endangered Species Act. For more information contact Jim_Zelenak@fws.gov.     
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 

canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 

breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 

including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 

thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 

Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 

(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 

including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 

populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 

absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 

Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 

al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 

comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 

(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 

lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 

portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 

1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 

contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 

Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 

coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 

and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 

future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 

the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 

nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
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conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 

hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 

areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 

Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 

lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 

mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 

1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 

large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 

and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 

genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 

2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 

regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–

268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 

2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 

2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 

phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 

(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 

contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 

2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 

al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 

during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 

2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 

 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 

al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 

pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 

vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  



 

32 
 

 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 

1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 

islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 

that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 

source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 

(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 

during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 

from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 

(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 

and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 

northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 

1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 

favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 

(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 

abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 

comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 

apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 

contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 

2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 

entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 

should be considered to constitute the species’ range. In its 2003 remanded determination, the 

Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 

scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 

structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 

source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 

these places (especially those that act more often as “sinks” than “sources”) to the maintenance 

and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 

with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 

2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 

al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 

al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 

population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 

cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 

40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 

(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 

al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 

2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 

resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 

substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 

range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 

and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 

al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 

In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 

section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 

may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 

time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 

Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 



 

49 
 

patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 

Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 

provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 

management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 

(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 

collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 

associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 

2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 



 

53 
 

legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 

and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 

(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 

Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 

offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 

takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 

2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 

Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 

trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 



 

58 
 

Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 

programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 

environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 

Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 

natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 

prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 

management practices benefit populations of snowshoe hares, the lynx’s primary prey 

(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 

Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 

continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 

Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 

‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 

with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 

Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 

for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 

with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 

the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 

evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 



 

62 
 

warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 

1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 

al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 

2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 

2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–

4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 

are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 

runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 

al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 

which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 

2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 

2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 

et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 

2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 

2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 

2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 

2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 

2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 

rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 

2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 

pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 

2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 

and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 

al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 

2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 

2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 

2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 

1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 

particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 

al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 

industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 

2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 

al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 

2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 

1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 

“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 

2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 

al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 

2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 

2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 

2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 

al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 

maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 

Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 

in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 

al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 

2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 

recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 

population contributed substantially to the Washington Department of Fish and Wildlife’s recent 

recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 

since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 

al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 

al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 

2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 



 

90 
 

mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 

2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 

2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 

conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 

2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 

2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 

being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 

resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 

2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 

designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 

2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 

al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 

2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 

2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 

‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 

al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 

highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 

1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 

al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 

hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 

demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 

2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 

2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 

has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 

2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 

300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 

(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 

Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 

lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 

ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 

northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 

2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 

allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 

prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 

Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 

support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 

habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 

Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 

area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 

population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 

“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 

geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 

2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 

longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 

Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 

2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 

2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 

al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 

Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 

(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 

847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 

places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 

comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 

al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 

Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 

al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 

ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 



 

152 
 

pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 

Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 

2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 

in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–

0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 

understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 

native to North America, was reported for the first time in lynx in Colorado (Wild et al. 

2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 

reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 

none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 

to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 

the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 

Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 

suggested that translocated animals might be more vulnerable to highway mortality than 

resident lynx and this could have been a factor in Colorado at the time of listing. 

Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 

during the reintroduction period (1999-2006). Since early 2007, one year after the final 

reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 

two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 

highways with high speed and high traffic volume pass through lynx habitat, such as I-

70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 

movement, as repeated successful crossings by radio-telemetered lynx have been 

documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 

Squires, personal communication 2012). At this time, it appears that hit by vehicle 

mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 

and associated development overlaps with lynx habitat. Preliminary information from a 

study in Colorado indicates that some winter recreation uses may be compatible, but 

lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 

is possible that ski areas and 4-season resorts may reduce the amount and availability 

of lynx habitat within localized areas, in part by influencing the distribution or abundance 

of prey resources within the developed area. However, there is also considerable 

anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 

means of predator control or for commercial and recreational trapping. If a landowner 

can prove that all other non-lethal methods have been ineffective, a 30-day exemption 

may be granted for depredation cases. Incidental trapping mortality of lynx may be a 

minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 

common throughout most of this geographic area, mostly related to the grazing of 

domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 

grazing does occur during summer at the higher elevations, especially in south-central 

Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 

the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 

ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
 



 

157 
 

Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 



 

158 
 

condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
 



 

159 
 

 
Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 

forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 

predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 

the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 

priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 

the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 

least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 

individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 

2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 

al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 

lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 

(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 

2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 

(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 

al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 

favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 

species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 

al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 

al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 

2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 

immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 

debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 

are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 

owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 

trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 

al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-



 

182 
 

governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 

Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 

management practices benefit populations of snowshoe hares, the lynx’s primary prey 

(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 

2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 

1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 

al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 

trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 

cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 

Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 

habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 

population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 

estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 

elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 

Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 

comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 

Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 

become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 

to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 

least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 

exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 

warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 

models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 

substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 

(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 

fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 

with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 

temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 

range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 

12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 

to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
 



 

219 
 

The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 

range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 

http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/endangered/improving_ESA/
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 
the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 
nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
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conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 



 

27 
 

one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 

http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 



 

87 
 

activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 

http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37


 

89 
 

Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 

http://www.eia.gov/electricity/data/browser
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

https://snowfall.weatherdb.com/d/a/Montana
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  

https://snowfall.weatherdb.com/d/a/Washington
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 

https://snowfall.weatherdb.com/d/a/Montana
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 



 

149 
 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 



 

155 
 

Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
  



 

187 
 

Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 



 

197 
 

by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 

http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/endangered/improving_ESA/
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 
the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 
nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
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conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 



 

46 
 

several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 

http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 

http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 

http://www.eia.gov/electricity/data/browser
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 



 

125 
 

diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

https://snowfall.weatherdb.com/d/a/Montana
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 



 

134 
 

based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  

https://snowfall.weatherdb.com/d/a/Washington
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 



 

145 
 

1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 

https://snowfall.weatherdb.com/d/a/Montana
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
 



 

162 
 

Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 



 

180 
 

of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 



 

199 
 

not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 



 

8 
 

 
● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 



 

9 
 

resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 

http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/endangered/improving_ESA/
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 
the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 
nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
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conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 



 

40 
 

 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 



 

43 
 

unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 

http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 

http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp


 

116 
 

In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 

http://www.eia.gov/electricity/data/browser
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 



 

119 
 

eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

https://snowfall.weatherdb.com/d/a/Montana
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 



 

131 
 

in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf


 

136 
 

which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  

https://snowfall.weatherdb.com/d/a/Washington
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 

https://snowfall.weatherdb.com/d/a/Montana
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
 



 

157 
 

Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 



 

178 
 

(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 



 

192 
 

increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  



 

210 
 

However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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From: Jonathan Mawdsley
To: Broscheidb@outlook.com; Craig McLaughlin - DNR; jake.ivan@state.co.us; Eric Odell; Moore,Virgil;

Sallabanks,Rex; chandler.woodcock@maine.gov; Connolly, James; jennifer.vashon@maine.gov; William Moritz;
Mason, Russ (DNR); bumpa@michigan.gov; Kennedy, Daniel (DNR); commissioner.dnr@state.mn.us;
jim.leach@state.mn.us; Paul.Telander@state.mn.us; richard.baker@state.mn.us; john.erb@state.mn.us;
kmcdonald@mt.gov; Inman, Bob; jkolbe.fwp@gmail.com; seggeman@mt.gov; "Glenn Normandeau;
mark.ellingwood@wildlife.nh.gov; John.Kanter@wildlife.nh.gov; jill.killborn@wildlife.nh.gov;
William.staats@wildlife.nh.gov; patrick.tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us;
stewart.liley@state.nm.us; rick.winslow@state.nm.us; james.stuart@state.mn.us; doug.stang@dec.ny.gov;
michael.schiavone@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us;
kimberlyasmus@utah.gov; Greg Sheehan; louis.porter@state.vt.us; mark.scott@state.vt.us;
chris.bernier@state.vt.us; director@dfw.wa.gov; jeffrey.lewis@dfw.wa.gov; Becker, Penny A (DFW);
DNRSecretary@wisconsin.gov; kurt.thiede@wisconsin.gov; sanjay.olson@wisconsin.gov;
tom.hauge@wisconsin.gov; erin.crain@wisconsin.gov; owen.boyle@wisconsin.gov;
nathanm.roberts@wisconsin.gov; shawn.rossler@wisconsin.gov; david.macfarland@wisconsin.gov;
john.white@wisconsin.gov; Scott Talbott; john.kennedy@wyo.gov; bob.lanka@wyo.gov; zach.walker@wyo.gov;
nichole.bjornlie@wyo.gov; susan.patla@wyo.gov; Gardner, Eric S (DFW); Dixon,Rita; jhagener@mt.gov

Cc: Ron Regan; Mark Humpert; Jen Mock Schaeffer; Jodi Bush
Subject: Re: For State Agency Review: Draft Lynx Species Status Assessment document
Date: Tuesday, January 10, 2017 9:55:04 PM
Attachments: 2017 01 06 DRAFT Lynx SSA Report.pdf
Importance: High

Dear Colleagues,

I trust that this message finds you well. The U. S. Fish and Wildlife Service has asked the
Association of Fish and Wildlife Agencies (AFWA) to assist with state fish and wildlife agency
review of the DRAFT Species Status Assessment (SSA) document for the Canada Lynx -
Contiguous United States Distinct Population Segment (DPS).  

Attached to this e-mail message you will find the DRAFT SSA document for the Canada Lynx -
Contiguous United States DPS.  Please also see the e-mail message of transmittal from Jodi
Bush at U. S. FWS below which contains important information about this document and the
specific input that is being solicited from the state fish and wildlife agencies at this time.

To facilitate this review, we would ask that comments from you and your colleagues be
provided to AFWA by COB on Friday, February 10th, 2017.  Comments can be sent
electronically as e-mail attachments to the following e-mail address:
jmawdsley@fishwildlife.org  

AFWA will compile all comments and share all comments directly with the U. S. Fish and
Wildlife Service.  Input from multiple individuals within a single agency is certainly welcome,
but if possible it would be helpful for us to receive a single set of comments from each of the
lynx range states.

Many thanks in advance for your help in providing a robust review of the attached
document.  I look forward to hearing from you.

With best regards,
Jonathan Mawdsley
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Jonathan R. Mawdsley, Ph.D.
Science Advisor
Association of Fish and Wildlife Agencies
1100 First Street NE, Suite 825
Washington, DC 20002 USA
Phone: (202) 997-6628
E-mail: jmawdsley@fishwildlife.org 
Web: http://www.fishwildlife.org 

From: Bush, Jodi <jodi_bush@fws.gov>
Sent: Tuesday, January 10, 2017 6:24 PM
To: Jonathan Mawdsley
Subject: Fwd: Draft Lynx SSA Transmittal email
 
Jonathan.  

As we discussed, attached please find the DRAFT Species Status Assessment (SSA) for the Canada Lynx - Contiguous
United States Distinct Population Segment (DPS).  As you are aware, the draft report is currently undergoing peer
review.

We are providing this draft to you for dissemination to our State Fish and Game Partners for
review by those individuals with expert knowledge of the species and its habitat.  Their review
will help us ensure that we have appropriately considered the best scientific and commercial
information when evaluating the current status and future viability of the lynx DPS.  We
request their independent scientific perspectives on the comprehensiveness and logic of the
document, as well as how well the technical conclusions are supported by the data and
analyses.

Please note that the Literature Cited list is not complete at this time.  If you need a copy of any
document cited in the draft report, please contact Jim Zelenak at the email address below.

This document is not intended to solicit public comment and will be revised after this scientific
review. This document does not predetermine any future agency decision under the
Endangered Species Act.

In general we ask that your comments on the draft SSA report focus specifically on whether the best available information
was used, the quality of the scientific information, and our interpretation and analyses of the data with regard to the species’
viability in the contiguous United States.  We request that you direct your review to the scientific issues and assumptions
related to your expertise.

General Information about SSAs:

http://www.fishwildlife.org/


The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to improve transparency
while conducting listing determinations and other Act actions, and peer review of our analyses of the viability of species is part
of that new process.  The attached draft SSA report is a rough draft; we are seeking comments at this stage to ensure that we
have time to incorporate any substantial comments as we finalize the report.
 
In reviewing the document, please note that this draft SSA report does not result in or predetermine a decision by the Service
on whether the Canada lynx warrants protections of the Act.  This document is strictly a characterization of the viability
species’ viability in the contiguous United States. As a reminder, all reviews and comments submitted to the Service will
become public documents and part of our administrative record for this document.  

As we discussed, you will likely need to provide 30 days of review for the State Fish and Wildlife Agencies and may
need some additional time to collate those comments.  We welcome those consolidated comments as soon as
possible after February 10, 2017.  Please send comments to jim_zelenak@fws.gov.

I have also attached a list of the State Wildlife Agencies and contacts we have been in working with throughout this process
for your use.  Feel free to expand as necessary.  Thank you for your interest and assistance.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jim_zelenak@fws.gov


From: Baker, Richard (DNR)
To: Bush, Jodi (jodi_bush@fws.gov); Zelenak, Jim
Cc: Jonathan Mawdsley (jmawdsley@fishwildlife.org); Smith, Tamara; peter_fasbender@fws.gov
Subject: FW: For State Agency Review: Draft Lynx Species Status Assessment document
Date: Wednesday, January 11, 2017 6:55:25 AM
Attachments: 2017 01 06 DRAFT Lynx SSA Report.pdf
Importance: High

Hi Jodi and Jim,
 
I hope you are having a good winter. This email from Jonathan Mawdsley at AFWA prompts some
concern – I see no evidence that I have received the Draft SSA report directly from you.
 
Don’t you plan to distribute it directly to the affected states?
 
FYI, I intend to compile Minnesota’s comments and submit them directly to you rather than send
them through AFWA,  since I don’t think it is appropriate for our comments to be merged with those
from other states through the AFWA process.
 
Thanks in advance for your reply,
 
Regards,
 
Rich
 
<><><><><><><><><><><><><><><><><><> 
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811
E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><><><><><> 
 

From: Jonathan Mawdsley [mailto:jmawdsley@fishwildlife.org] 
Sent: Tuesday, January 10, 2017 10:53 PM
To: Broscheidb@outlook.com; Craig McLaughlin - DNR <craig.mclaughlin@state.co.us>;
jake.ivan@state.co.us; Eric Odell <eric.odell@state.co.us>; Moore,Virgil
<virgil.moore@idfg.idaho.gov>; Sallabanks,Rex <rex.sallabanks@idfg.idaho.gov>;
chandler.woodcock@maine.gov; Connolly, James <james.connolly@maine.gov>;
jennifer.vashon@maine.gov; William Moritz <Moritzw@michigan.gov>; Mason, Russ (DNR)
<MasonR2@michigan.gov>; bumpa@michigan.gov; Kennedy, Daniel (DNR)
<kennedyd@michigan.gov>; *Commissioner (DNR) <commissioner.dnr@state.mn.us>; Leach, Jim
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(DNR) <jim.leach@state.mn.us>; Telander, Paul B (DNR) <Paul.Telander@state.mn.us>; Baker,
Richard (DNR) <richard.baker@state.mn.us>; Erb, John D (DNR) <john.erb@state.mn.us>;
kmcdonald@mt.gov; Inman, Bob <bobinman@mt.gov>; jkolbe.fwp@gmail.com; seggeman@mt.gov;
'Glenn Normandeau <glenn.normandeau@wildlife.nh.gov>; mark.ellingwood@wildlife.nh.gov;
John.Kanter@wildlife.nh.gov; jill.killborn@wildlife.nh.gov; William.staats@wildlife.nh.gov;
patrick.tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us;
rick.winslow@state.nm.us; james.stuart@state.mn.us; doug.stang@dec.ny.gov;
michael.schiavone@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us;
kimberlyasmus@utah.gov; Greg Sheehan <gregsheehan@utah.gov>; louis.porter@state.vt.us;
mark.scott@state.vt.us; chris.bernier@state.vt.us; director@dfw.wa.gov; jeffrey.lewis@dfw.wa.gov;
Becker, Penny A (DFW) <Penny.Becker@dfw.wa.gov>; DNRSecretary@wisconsin.gov;
kurt.thiede@wisconsin.gov; sanjay.olson@wisconsin.gov; tom.hauge@wisconsin.gov;
erin.crain@wisconsin.gov; owen.boyle@wisconsin.gov; nathanm.roberts@wisconsin.gov;
shawn.rossler@wisconsin.gov; david.macfarland@wisconsin.gov; john.white@wisconsin.gov; Scott
Talbott <scott.talbott@wyo.gov>; john.kennedy@wyo.gov; bob.lanka@wyo.gov;
zach.walker@wyo.gov; nichole.bjornlie@wyo.gov; susan.patla@wyo.gov; Gardner, Eric S (DFW)
<Eric.Gardner@dfw.wa.gov>; Dixon,Rita <rita.dixon@idfg.idaho.gov>; jhagener@mt.gov
Cc: Ron Regan <RRegan@fishwildlife.org>; Mark Humpert <MHumpert@fishwildlife.org>; Jen Mock
Schaeffer <JenMock@fishwildlife.org>; Jodi Bush <jodi_bush@fws.gov>
Subject: Re: For State Agency Review: Draft Lynx Species Status Assessment document
Importance: High
 
Dear Colleagues,
 
I trust that this message finds you well. The U. S. Fish and Wildlife Service has asked the
Association of Fish and Wildlife Agencies (AFWA) to assist with state fish and wildlife agency
review of the DRAFT Species Status Assessment (SSA) document for the Canada Lynx -
Contiguous United States Distinct Population Segment (DPS). 
 
Attached to this e-mail message you will find the DRAFT SSA document for the Canada Lynx -
Contiguous United States DPS.  Please also see the e-mail message of transmittal from Jodi
Bush at U. S. FWS below which contains important information about this document and the
specific input that is being solicited from the state fish and wildlife agencies at this time.
 
To facilitate this review, we would ask that comments from you and your colleagues be
provided to AFWA by COB on Friday, February 10th, 2017.  Comments can be sent
electronically as e-mail attachments to the following e-mail address:
jmawdsley@fishwildlife.org 
 
AFWA will compile all comments and share all comments directly with the U. S. Fish and
Wildlife Service.  Input from multiple individuals within a single agency is certainly welcome,
but if possible it would be helpful for us to receive a single set of comments from each of the
lynx range states.

mailto:jmawdsley@fishwildlife.org


 
Many thanks in advance for your help in providing a robust review of the attached
document.  I look forward to hearing from you.
 
With best regards,
Jonathan Mawdsley
 
Jonathan R. Mawdsley, Ph.D.
Science Advisor
Association of Fish and Wildlife Agencies
1100 First Street NE, Suite 825
Washington, DC 20002 USA
Phone: (202) 997-6628
E-mail: jmawdsley@fishwildlife.org
Web: http://www.fishwildlife.org
 

From: Bush, Jodi <jodi_bush@fws.gov>
Sent: Tuesday, January 10, 2017 6:24 PM
To: Jonathan Mawdsley
Subject: Fwd: Draft Lynx SSA Transmittal email
 
Jonathan.  
 
As we discussed, attached please find the DRAFT Species Status Assessment (SSA) for the
Canada Lynx - Contiguous United States Distinct Population Segment (DPS).  As you are aware,
the draft report is currently undergoing peer review.
 
We are providing this draft to you for dissemination to our State Fish and Game Partners for
review by those individuals with expert knowledge of the species and its habitat.  Their review
will help us ensure that we have appropriately considered the best scientific and commercial
information when evaluating the current status and future viability of the lynx DPS.  We
request their independent scientific perspectives on the comprehensiveness and logic of the
document, as well as how well the technical conclusions are supported by the data and
analyses.
 
Please note that the Literature Cited list is not complete at this time.  If you need a copy of any
document cited in the draft report, please contact Jim Zelenak at the email address below.
 
This document is not intended to solicit public comment and will be revised after this scientific
review. This document does not predetermine any future agency decision under the
Endangered Species Act.

mailto:jmawdsley@fishwildlife.org
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In general we ask that your comments on the draft SSA report focus specifically on whether the best available
information was used, the quality of the scientific information, and our interpretation and analyses of the data with
regard to the species’ viability in the contiguous United States.  We request that you direct your review to the
scientific issues and assumptions related to your expertise.

 
General Information about SSAs:
 
The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to improve
transparency while conducting listing determinations and other Act actions, and peer review of our analyses of the
viability of species is part of that new process.  The attached draft SSA report is a rough draft; we are seeking
comments at this stage to ensure that we have time to incorporate any substantial comments as we finalize the
report.
 
In reviewing the document, please note that this draft SSA report does not result in or predetermine a decision by
the Service on whether the Canada lynx warrants protections of the Act.  This document is strictly a
characterization of the viability species’ viability in the contiguous United States. As a reminder, all reviews and
comments submitted to the Service will become public documents and part of our administrative record for this
document.  
 
As we discussed, you will likely need to provide 30 days of review for the State Fish and
Wildlife Agencies and may need some additional time to collate those comments.  We
welcome those consolidated comments as soon as possible after February 10, 2017.  Please
send comments to jim_zelenak@fws.gov.
 
I have also attached a list of the State Wildlife Agencies and contacts we have been in working with throughout this
process for your use.  Feel free to expand as necessary.  Thank you for your interest and assistance.  JB
 
Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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From: Monette, DJ
To: Zelenak, Jim
Cc: Ivy Allen; Jodi Bush; Heather Bell; Mary Parkin; Justin Shoemaker; Mark McCollough; Tamara Smith; Bryon Holt;

Kurt Broderdorp; Scott Aikin
Subject: Re: Making the Draft Lynx SSA Available to Tribes
Date: Wednesday, January 11, 2017 7:41:14 AM

Hi Jim,

FYI - I am no longer the R5 Native American Liaison.  I now work for HQ as the Associate Native American
Liaison Advisor. (see contact info below)

Please send me an e-mail template that we can send to Tribes and I will coordinate with the affected regional Native
American Liaisons and have them forward the information on to their respective Tribes located within the DPS. 
Giving the timeline you would like Tribal comments back, please provide me the Tribal e-mail template as soon as
you can.

Please let me know if you have any questions.

Thanks,

DJ

On Tue, Jan 10, 2017 at 3:59 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Ivy and DJ,

You both helped out not long ago with inviting Tribal participation in the Lynx SSA Expert Workshop in
Minneapolis (Oct. 2015).

We (FWS) have now completed a Draft SSA Report for the lynx DPS that was just sent to peer reviewers on
Friday, Jan. 6.

We are now working to distribute the draft to other partners, including Tribes, so they have the opportunity to
review the report and provide feedback during the time frame in which the draft is out for peer review.

I'd like your help in transmitting the document to Tribes throughout the DPS range, including providing it to
Tribal Liaisons in other regions so they can get it to their Tribal partners (the Lynx DPS occurs in FWS Regions
1, 2, 3, 5 and 6).

Along with the draft report (attached), I'd like to include the caveat that the Literature Cited list is not yet
complete but that if reviewers need a copy of any document cited in the report, they should contact me (contact
information below) and I will send them a PDF of the cited document.

I'd also like to include instruction that we are asking for their evaluation in regard to our use and assessment of the
available scientific information, and that we are not seeking input on the DPS's listing status under the ESA or
possible future recovery planning objectives.

Finally, I'd like to include instruction that they should submit comments, if any, to me by no later than Feb. 10,
2016, so that we may consider them as we finalize the SSA Report.
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Please let me know if you have questions or need any other information.

Thanks,

Jim      

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 

DJ Monette

U.S. Fish and Wildlife Service - Headquarters, Washington, DC

Associate Native American Liaison Advisor

300 Westgate Center Drive

Hadley, MA  01035

Office:  (413) 253-8662

Cell:      (413) 244-4495

dj_monette@fws.gov
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From: Monette, DJ
To: Zelenak, Jim
Cc: Ivy Allen; Jodi Bush; Heather Bell; Mary Parkin; Justin Shoemaker; Mark McCollough; Tamara Smith; Bryon Holt;

Kurt Broderdorp; Scott Aikin
Subject: Re: Making the Draft Lynx SSA Available to Tribes
Date: Wednesday, January 11, 2017 7:41:14 AM

Hi Jim,

FYI - I am no longer the R5 Native American Liaison.  I now work for HQ as the Associate Native American
Liaison Advisor. (see contact info below)

Please send me an e-mail template that we can send to Tribes and I will coordinate with the affected regional Native
American Liaisons and have them forward the information on to their respective Tribes located within the DPS. 
Giving the timeline you would like Tribal comments back, please provide me the Tribal e-mail template as soon as
you can.

Please let me know if you have any questions.

Thanks,

DJ

On Tue, Jan 10, 2017 at 3:59 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Ivy and DJ,

You both helped out not long ago with inviting Tribal participation in the Lynx SSA Expert Workshop in
Minneapolis (Oct. 2015).

We (FWS) have now completed a Draft SSA Report for the lynx DPS that was just sent to peer reviewers on
Friday, Jan. 6.

We are now working to distribute the draft to other partners, including Tribes, so they have the opportunity to
review the report and provide feedback during the time frame in which the draft is out for peer review.

I'd like your help in transmitting the document to Tribes throughout the DPS range, including providing it to
Tribal Liaisons in other regions so they can get it to their Tribal partners (the Lynx DPS occurs in FWS Regions
1, 2, 3, 5 and 6).

Along with the draft report (attached), I'd like to include the caveat that the Literature Cited list is not yet
complete but that if reviewers need a copy of any document cited in the report, they should contact me (contact
information below) and I will send them a PDF of the cited document.

I'd also like to include instruction that we are asking for their evaluation in regard to our use and assessment of the
available scientific information, and that we are not seeking input on the DPS's listing status under the ESA or
possible future recovery planning objectives.

Finally, I'd like to include instruction that they should submit comments, if any, to me by no later than Feb. 10,
2016, so that we may consider them as we finalize the SSA Report.
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Please let me know if you have questions or need any other information.

Thanks,

Jim      

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 

DJ Monette

U.S. Fish and Wildlife Service - Headquarters, Washington, DC

Associate Native American Liaison Advisor

300 Westgate Center Drive

Hadley, MA  01035

Office:  (413) 253-8662

Cell:      (413) 244-4495

dj_monette@fws.gov
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From: Monette, DJ
To: McCollough, Mark
Cc: Anna Harris; Timothy Binzen; Zelenak, Jim
Subject: Re: Making the Draft Lynx SSA Available to Tribes
Date: Wednesday, January 11, 2017 8:35:41 AM

Hi Mark,

FYI - you forgot to include Jim (copied here) in your e-mail.

Tim Binzen (former R5 Archaeologist at the RO - copied here) is acting as the R5 Native American Liaison.

Thanks,

DJ

On Wed, Jan 11, 2017 at 8:20 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
DJ and Jim:

Let me know if you want me to do anything to facilitate getting information to the biologists
with the Maine tribes.  Please cc Anna Harris and I on the correspondence to the Maine
concerning the lynx SSA.

DJ - Congratulations on your position at HQ.  Perhaps this happened some time ago, but its
been awhile since we corresponded.  Do we have a R5 tribal liaison or should we work
through you on this and other issues?

thanks,  Mark

On Wed, Jan 11, 2017 at 7:41 AM, Monette, DJ <dj_monette@fws.gov> wrote:

Hi Jim,

FYI - I am no longer the R5 Native American Liaison.  I now work for HQ as the Associate Native American
Liaison Advisor. (see contact info below)

Please send me an e-mail template that we can send to Tribes and I will coordinate with the affected regional
Native American Liaisons and have them forward the information on to their respective Tribes located within
the DPS.  Giving the timeline you would like Tribal comments back, please provide me the Tribal e-mail
template as soon as you can.

Please let me know if you have any questions.

Thanks,

DJ
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On Tue, Jan 10, 2017 at 3:59 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Ivy and DJ,

You both helped out not long ago with inviting Tribal participation in the Lynx SSA Expert Workshop in
Minneapolis (Oct. 2015).

We (FWS) have now completed a Draft SSA Report for the lynx DPS that was just sent to peer reviewers on
Friday, Jan. 6.

We are now working to distribute the draft to other partners, including Tribes, so they have the opportunity
to review the report and provide feedback during the time frame in which the draft is out for peer review.

I'd like your help in transmitting the document to Tribes throughout the DPS range, including providing it to
Tribal Liaisons in other regions so they can get it to their Tribal partners (the Lynx DPS occurs in FWS
Regions 1, 2, 3, 5 and 6).

Along with the draft report (attached), I'd like to include the caveat that the Literature Cited list is not yet
complete but that if reviewers need a copy of any document cited in the report, they should contact me
(contact information below) and I will send them a PDF of the cited document.

I'd also like to include instruction that we are asking for their evaluation in regard to our use and assessment
of the available scientific information, and that we are not seeking input on the DPS's listing status under the
ESA or possible future recovery planning objectives.

Finally, I'd like to include instruction that they should submit comments, if any, to me by no later than Feb.
10, 2016, so that we may consider them as we finalize the SSA Report.

Please let me know if you have questions or need any other information.

Thanks,

Jim      

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 

DJ Monette

U.S. Fish and Wildlife Service - Headquarters, Washington, DC

Associate Native American Liaison Advisor

300 Westgate Center Drive
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mailto:jim_zelenak@fws.gov


Hadley, MA  01035

Office:  (413) 253-8662

Cell:      (413) 244-4495

dj_monette@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 

DJ Monette

U.S. Fish and Wildlife Service - Headquarters, Washington, DC

Associate Native American Liaison Advisor

Cell:      (413) 244-4495

dj_monette@fws.gov

mailto:dj_monette@fws.gov
mailto:mark_mccollough@fws.gov
mailto:dj_monette@fws.gov


From: Monette, DJ
To: McCollough, Mark
Cc: Anna Harris; Timothy Binzen; Zelenak, Jim
Subject: Re: Making the Draft Lynx SSA Available to Tribes
Date: Wednesday, January 11, 2017 8:35:41 AM

Hi Mark,

FYI - you forgot to include Jim (copied here) in your e-mail.

Tim Binzen (former R5 Archaeologist at the RO - copied here) is acting as the R5 Native American Liaison.

Thanks,

DJ

On Wed, Jan 11, 2017 at 8:20 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
DJ and Jim:

Let me know if you want me to do anything to facilitate getting information to the biologists
with the Maine tribes.  Please cc Anna Harris and I on the correspondence to the Maine
concerning the lynx SSA.

DJ - Congratulations on your position at HQ.  Perhaps this happened some time ago, but its
been awhile since we corresponded.  Do we have a R5 tribal liaison or should we work
through you on this and other issues?

thanks,  Mark

On Wed, Jan 11, 2017 at 7:41 AM, Monette, DJ <dj_monette@fws.gov> wrote:

Hi Jim,

FYI - I am no longer the R5 Native American Liaison.  I now work for HQ as the Associate Native American
Liaison Advisor. (see contact info below)

Please send me an e-mail template that we can send to Tribes and I will coordinate with the affected regional
Native American Liaisons and have them forward the information on to their respective Tribes located within
the DPS.  Giving the timeline you would like Tribal comments back, please provide me the Tribal e-mail
template as soon as you can.

Please let me know if you have any questions.

Thanks,

DJ
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On Tue, Jan 10, 2017 at 3:59 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Ivy and DJ,

You both helped out not long ago with inviting Tribal participation in the Lynx SSA Expert Workshop in
Minneapolis (Oct. 2015).

We (FWS) have now completed a Draft SSA Report for the lynx DPS that was just sent to peer reviewers on
Friday, Jan. 6.

We are now working to distribute the draft to other partners, including Tribes, so they have the opportunity
to review the report and provide feedback during the time frame in which the draft is out for peer review.

I'd like your help in transmitting the document to Tribes throughout the DPS range, including providing it to
Tribal Liaisons in other regions so they can get it to their Tribal partners (the Lynx DPS occurs in FWS
Regions 1, 2, 3, 5 and 6).

Along with the draft report (attached), I'd like to include the caveat that the Literature Cited list is not yet
complete but that if reviewers need a copy of any document cited in the report, they should contact me
(contact information below) and I will send them a PDF of the cited document.

I'd also like to include instruction that we are asking for their evaluation in regard to our use and assessment
of the available scientific information, and that we are not seeking input on the DPS's listing status under the
ESA or possible future recovery planning objectives.

Finally, I'd like to include instruction that they should submit comments, if any, to me by no later than Feb.
10, 2016, so that we may consider them as we finalize the SSA Report.

Please let me know if you have questions or need any other information.

Thanks,

Jim      

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 

DJ Monette

U.S. Fish and Wildlife Service - Headquarters, Washington, DC

Associate Native American Liaison Advisor

300 Westgate Center Drive
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Hadley, MA  01035

Office:  (413) 253-8662

Cell:      (413) 244-4495

dj_monette@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 

DJ Monette

U.S. Fish and Wildlife Service - Headquarters, Washington, DC

Associate Native American Liaison Advisor
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From: McCollough, Mark
To: Jim Zelenak
Subject: Maine tribes
Date: Wednesday, January 11, 2017 8:40:38 AM

Jim:  It looks like you have a process worked out for the 4 Maine tribes with DJ Monette.  Let
me know if you want me to do anything to facilitate getting information to the biologists with the Maine tribes.  

Mark
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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NOTE ABOUT THIS DRAFT DOCUMENT, DECEMBER 2016 
 
This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status 
assessment report has not undergone peer review, and it should not be cited or referenced as an 
agency document. At this time it is intended for the sole purpose of soliciting scientific reviews 
from expert peer reviewers, from State and Federal partners with expert knowledge of the species 
and its habitat, and from internal reviewers by Department of Interior staff. The document is not 
intended to solicit public comment. This document will be revised after this scientific review. This 
document does not predetermine any future agency decision under the Endangered Species Act. 
For more information contact Jim_Zelenak@fws.gov.     

mailto:Jim_Zelenak@fws.gov


 

3 
 

Table of Contents 
   Executive Summary……………………………………………………………………………………. 4 

Chapter 1: Introduction………………………………………………………………………………..12 
1.1 Background …………………………………………………………………………………..…13 
1.2 SSA Framework and Report ...........................................................................................16 
1.3 Analytical Approach and Methods …………………………………………………….........  17 

   Chapter 2: Lynx Ecology …………………………………………………………….…………….…21 
2.1 Species Taxonomy, Description, and Genetics …………………………………………...21 

             2.2 Life History and Population Dynamics ……………………………………………….......28 
2.2.1 Ecological Requirements of Individuals ……………………………………………....28 
2.2.2 Ecological Requirements of Populations and the DPS ……………………………..32 

2.3 Historical and Current Lynx Distribution ……………………………………………….…..34 
2.3.1 Lynx Distribution and Status in Canada and Alaska …………………………..........34 
2.3.2 Lynx Distribution in the Contiguous United States ………………………………......35 

                  2.3.2.1 Defining Lynx Distribution at the Periphery of the Range ………………………...35 
                  2.3.2.2 Lynx Distribution within the DPS Range ……………………………………………37 

Chapter 3: Factors Influencing Viability of the DPS…………………………………..………..….46 
  3.1 Regulatory Mechanisms.………………………………………………………………..…....46 

3.1.1 Federal Regulatory Mechanisms...…………………………………………………..…47 
3.1.2 State Regulations and Tribal Management ………………………………………......51 

  3.2 Climate Change ……………………………………………………………….……............. 59 
  3.3 Vegetation Management ………………………………………………...………….…….…73 
  3.4 Wildland Fire Management………………………………………………...............…….….83 
  3.5 Habitat Loss and Fragmentation……………………………………..................................87 

Chapter 4: Current Conditions ……………………………………………………………………… 96 
  4.1 Summary of Current Conditions DPS-wide ………………………………….…………….96 

4.1.1 Summaries of Current Conditions in Each Geographic Unit .............................99 
  4.2 Current Conditions - Detailed Descriptions by Geographic Unit ……………………...103 

4.2.1 Unit 1 - Northern Maine ……………………………………………………………….103 
4.2.2 Unit 2 - Northeastern Minnesota ……………………………………………………..117 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho ……………………………….122 
4.2.4 Unit 4 - North-central Washington ……………………………………………………136 
4.2.5 Unit 5 - Greater Yellowstone Area ……………………………………………………144 
4.2.6 Unit 6 - Western Colorado .................................................................................151 

Chapter 5: Future Conditions ……………………………………………………………………….156 
5.1 Summary of Future Conditions DPS-wide ………………………………………………..157 

      5.1.1 Summaries of Future Conditions in Each Geographic Unit ......………………..161 
  5.2 Future Conditions - Detailed Descriptions by Geographic Unit ………………………...168 

5.2.1 Unit 1 - Northern Maine ………………………………………………………………..168 
5.2.2 Unit 2 - Northeastern Minnesota ……………………………………………………..183 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho ……………………………….192 
5.2.4 Unit 4 - North-central Washington …………………………………………………....200 
5.2.5 Unit 5 - Greater Yellowstone Area ……………………………………………………205 
5.2.6 Unit 6 - Western Colorado …………………………………………………………….211 

Chapter 6:  Synthesis …………………………………………………………….………………....215 
         Literature Cited ……………………………………………………………………. …………..….  .222 



 

4 
 

Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 

http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/endangered/improving_ESA/
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 
the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 
nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 



 

20 
 

conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 



 

44 
 

budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 

http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 



 

69 
 

resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 

http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 

http://www.eia.gov/electricity/data/browser


 

117 
 

conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

https://snowfall.weatherdb.com/d/a/Montana
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  

https://snowfall.weatherdb.com/d/a/Washington
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 

https://snowfall.weatherdb.com/d/a/Montana
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 



 

161 
 

uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation


 

181 
 

turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
  



 

196 
 

On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 



 

213 
 

(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 



 

221 
 

the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 
the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 
nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
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conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 



 

41 
 

densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 



 

50 
 

with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 



 

67 
 

expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 



 

79 
 

2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 



 

85 
 

in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
 



 

102 
 

Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-



 

130 
 

structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 



 

138 
 

 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 



 

153 
 

3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 

http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/endangered/improving_ESA/
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 
the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 
nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
 



 

19 
 

Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
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conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  



 

32 
 

 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 



 

48 
 

included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 

http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-



 

80 
 

story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 

http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 



 

104 
 

 
Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php


 

115 
 

(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 

http://www.eia.gov/electricity/data/browser
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

https://snowfall.weatherdb.com/d/a/Montana
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 



 

128 
 

guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  

https://snowfall.weatherdb.com/d/a/Washington
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 

https://snowfall.weatherdb.com/d/a/Montana
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 



 

167 
 

● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 



 

175 
 

in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 



 

179 
 

third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 



 

207 
 

Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 
the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 
nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
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conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 



 

23 
 

Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 



 

37 
 

suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 



 

57 
 

Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 



 

114 
 

 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 



 

189 
 

http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 



 

197 
 

by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 



 

199 
 

not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
 
 



 

201 
 

 
 
Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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NOTE ABOUT THIS DRAFT DOCUMENT, DECEMBER 2016 
 
This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status 
assessment report has not undergone peer review, and it should not be cited or referenced as an 
agency document. At this time it is intended for the sole purpose of soliciting scientific reviews 
from expert peer reviewers, from State and Federal partners with expert knowledge of the species 
and its habitat, and from internal reviewers by Department of Interior staff. The document is not 
intended to solicit public comment. This document will be revised after this scientific review. This 
document does not predetermine any future agency decision under the Endangered Species Act. 
For more information contact Jim_Zelenak@fws.gov.     
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 
the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 
nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
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conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 



 

54 
 

trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 



 

65 
 

al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 



 

83 
 

similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 



 

103 
 

mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 



 

109 
 

Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 



 

150 
 

Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 



 

151 
 

contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 



 

178 
 

(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 



 

183 
 

thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  



 

210 
 

However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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NOTE ABOUT THIS DRAFT DOCUMENT, DECEMBER 2016 
 
This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status 
assessment report has not undergone peer review, and it should not be cited or referenced as an 
agency document. At this time it is intended for the sole purpose of soliciting scientific reviews 
from expert peer reviewers, from State and Federal partners with expert knowledge of the species 
and its habitat, and from internal reviewers by Department of Interior staff. The document is not 
intended to solicit public comment. This document will be revised after this scientific review. This 
document does not predetermine any future agency decision under the Endangered Species Act. 
For more information contact Jim_Zelenak@fws.gov.     
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 
the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 
nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
 



 

18 
 

 
Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
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conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 



 

38 
 

 
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  



 

66 
 

  
Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 



 

69 
 

resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 



 

70 
 

forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 



 

85 
 

in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 



 

114 
 

 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 



 

122 
 

were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 



 

129 
 

naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
 



 

163 
 

Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 



 

176 
 

densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 



 

195 
 

the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 



 

221 
 

the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 
the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 
nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
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conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 



 

37 
 

suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 



 

38 
 

 
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 



 

60 
 

  
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 



 

94 
 

surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 



 

101 
 

(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 



 

108 
 

 
Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 



 

147 
 

habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 



 

167 
 

● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 



 

218 
 

been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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through other channels, but I wanted to make sure everyone on our expert panel and others who presented
information at the workshop in Minneapolis received a copy.
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Sorry Bryon - I meant to send a message to Core Team.  I did discuss this briefly with Mark this morning.
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NOTE ABOUT THIS DRAFT DOCUMENT, DECEMBER 2016 
 
This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status 
assessment report has not undergone peer review, and it should not be cited or referenced as an 
agency document. At this time it is intended for the sole purpose of soliciting scientific reviews 
from expert peer reviewers, from State and Federal partners with expert knowledge of the species 
and its habitat, and from internal reviewers by Department of Interior staff. The document is not 
intended to solicit public comment. This document will be revised after this scientific review. This 
document does not predetermine any future agency decision under the Endangered Species Act. 
For more information contact Jim_Zelenak@fws.gov.     
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 
the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 
nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
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conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 



 

58 
 

Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 



 

98 
 

 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 



 

106 
 

mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 



 

112 
 

habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
 



 

157 
 

Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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From: Binzen, Timothy
To: Jim Zelenak; Mark McCollough
Subject: Fwd: Availability of USFWS Draft Canada Lynx Species Status Assessment (SSA)
Date: Thursday, January 12, 2017 1:19:48 PM
Attachments: 2017 01 06 DRAFT Lynx SSA Report (1).pdf

FYI 

---------- Forwarded message ----------
From: Binzen, Timothy <timothy_binzen@fws.gov>
Date: Thu, Jan 12, 2017 at 12:51 PM
Subject: Availability of USFWS Draft Canada Lynx Species Status Assessment (SSA)
To: fcorey@micmac-nsn.gov, envplanner@maliseets.com, johnsewell44@hotmail.com,
marvin@wabanaki.com, john.banks@penobscotnation.org

Dear Tribal Partners: 

 

I am pleased to offer greetings on behalf of the U.S. Fish and Wildlife Service.  I am writing to
inform you respectfully that I will be on a detail through the end of FY2017 as the Service’s
liaison to federally recognized Tribes that have interests in the Northeast region.  During my
28 years of professional experience in archaeology and cultural resource management, it has
been my privilege to work with members of numerous Tribes in consultation, historical
research, and fieldwork.  I intend to work hard to ensure that the Service’s trust responsibility
to your Tribe is respected in a spirit of openness and collaboration. 

 

Attached please find the U.S. Fish and Wildlife Service's DRAFT Species Status Assessment
(SSA) for the Canada Lynx - Contiguous United States Distinct Population Segment (DPS). 
The SSA is intended to provide the biological and scientific underpinnings for all decisions the
Service must make in accordance with the Endangered Species Act (Act), including future
recovery planning for the lynx DPS. The draft report is currently undergoing peer review and
review by State Fish and Wildlife Agencies and by Federal land management agencies (BLM,
NPS, and USFS) within the DPS range.  

 

The Service jointly respects and values the significant role of Indian Tribes in past and
ongoing lynx conservation.  We also respect the sovereignty of Tribal governments and our
collective Trust responsibility to Tribes.  Continuing this effective relationship with interested
Tribes and others is essential to achieving recovery of lynx.  Therefore, we are providing this
draft for review by members of your organization with expert knowledge of the species and its
habitat.  That review will help us ensure that we have appropriately considered the best
scientific and commercial information when evaluating the current status and future viability
of the lynx DPS.
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We request your organization's independent scientific perspectives on the comprehensiveness
and logic of the document, as well as how well the technical conclusions are supported by the
data and analyses.  We ask that your comments on the draft SSA report focus specifically on
whether the best available information was used, the quality of the scientific information, and
our interpretation and analyses of the data with regard to the species’ viability in the
contiguous United States.  We request that you direct your review to the scientific issues and
assumptions related to your expertise.

 

We welcome consolidated comments from your Tribe by Feb. 10, 2017. Please send
comments by that date to jim_zelenak@fws.gov. Thank you for your interest and assistance.

 

Please note that the Literature Cited list is not complete at this time.  If you need a copy of any
document cited in the draft report, please contact Jim Zelenak at the email address above.

 

This document is not intended to solicit public comment and will be revised after this
scientific review. This document does not predetermine any future agency decision under the
Endangered Species Act.

 

General Information about SSAs:

 

The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is
using to improve transparency while conducting listing determinations and other actions in
accordance with the Act, and peer review of our analyses of the viability of species is part of
that new process.  The attached draft SSA report is a rough draft; we are seeking comments at
this stage to ensure that we have time to incorporate any substantial comments as we finalize
the report.

 

In reviewing the document, please note that this draft SSA report does not result in or
predetermine a decision by the Service on whether the Canada lynx warrants protections of
the Act.  This document is strictly a characterization of the species’ viability in the contiguous
United States.  As a reminder, all reviews and comments submitted to the Service will become
public documents and part of our administrative record for this document.

 

If you have any questions, please feel free to contact me.

 

Sincerely,

mailto:jim_zelenak@fws.gov


 

Tim
-- 
Timothy Binzen
Native American Liaison
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
(413) 253-8731

-- 
Timothy Binzen
Native American Liaison
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
(413) 253-8731



 

U.S. Fish & Wildlife Service
Attn: 
Internet Payment Platform System
US Department of Treasurey
http://www.ipp.gov
Portland, OR 97232-4181

Invoice Date: January   12, 2017
Project #: 100052182
Invoice #: 1851974

Discount Terms - 2% if paid in 10 days of Invoice Date
Discount Terms - 1% if paid 11-20 days of Invoice Date

GSA Contract GS00F007AA
Contract # F12PA00007
Order # F16PB00362/Requisition # 
0040291204

Project Description : USFWS Canada Lynx Status Assessment Scientific Peer Review 
Services182

Invoice Comments:
Invoicing Period : October   31, 2016 to January   01, 2017

Basic Services Current
Lump Sum 418.25

Total Invoice 418.25

Total Due this Invoice USD 418.25

Contract Amount : 50,200.30
Previous Billed: 2,115.14
Billed to Date 2,533.39
Contract Balance : 47,666.91

Remit to:
Atkins North America, Inc

PO Box 409357
Atlanta, GA 30384-9357

Tax ID: 59-0896138
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From: Marks, Kaimy
To: Jodi Bush
Subject: Invoice from Atkins - Lynx peer review
Date: Thursday, January 12, 2017 1:23:48 PM
Attachments: Atkins Invoice#2.pdf

Hi-
Is this invoice good to pay?

Kaimy Marks

Administrative Officer

MT Ecological Services Office

Helena, MT

406-449-5225  X207
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From: Miller, Martin
To: Gifford, Krishna
Cc: McCollough, Mark; Mary Parkin; Anna Harris
Subject: Re: status of Canada lynx SSA
Date: Thursday, January 12, 2017 5:38:49 PM

I don't know think we need to ask anyone else in R5 to review.  It looks like this request for
review is still at the FO level (Tom and Anna were copied) and RO TE Chief level, not ARD
level or above.  I'll try to review soon.    Thanks, Marty

On Thu, Jan 12, 2017 at 11:00 AM, Gifford, Krishna <krishna_gifford@fws.gov> wrote:
Mark - Thanks for the helpful update, I appreciate it!  -Krishna

______________________________________________________________________
Krishna Gifford

ESA Listing Coordinator
U.S. Fish and Wildlife Service - Northeast Region
Endangered Species Program
300 Westgate Center Dr.
Hadley, MA 01035
413-253-8619 (v); 413-253-8482 (f)

On Thu, Jan 12, 2017 at 10:55 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Krishna:

Per your request a few minutes ago...

R6 sent the draft lynx SSA last week out for peer review (through a consulting firm).  We
also distributed the draft SSA to state agencies in the range (through AFWA), tribes
(through DJ and regional tribal liaisons), lynx experts that attended our expert workshop,
and federal agencies (BLM, Forest Service, Park Service).  It was also sent to regional
offices (but I don't know who in R5).

Marty had already provided extensive comments on a recent version of the draft SSA.  We
took a lot of time to incorporate his good comments.  Mary has been very involved in
helping to draft the SSA as a member of the FIT team.  I'm not sure if there are others in
the RO that want to review and provide comments on the draft.  

Comments are due Feb. 10.  We will address comments, revise, and provide to R6.  

A Decision Team is being assembled with representatives from each region.  They will
review the SSA and make a decision about lynx listing in a meeting in Denver in early
March.  Attendance by the lynx core team (me) is expected.  R6 will be contacting other
regions concerning the Decision Team.

I hope this brings you up to date on the status of the lynx SSA.  Let Mary or I know if you
have any questions.
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Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615
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Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
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From: Phifer, Paul
To: Parkin, Mary
Cc: Martin Miller
Subject: Re: Lynx SSA comments
Date: Friday, January 13, 2017 10:55:42 AM

Hi Mary - I hope you are well.  Where are we with the lynx SSA?  Do you know what
the next step is?  Cheers

______________
Paul Phifer, PhD
Assistant Regional Director - Ecological Services
Northeast Region
Dept of the Interior
US Fish and Wildlife Service
413.253.8698 work
413.687.4764 cell

On Thu, Nov 3, 2016 at 12:44 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi Paul,

Mark forwarded these comments to R6 today (we had previously let Jodi know that we
working on them) and will send his additional comments by COB.  I didn't comment,
because I've been working with the team on the report and supplying comments on a
continuing basis, and I'll be working with them to incorporate the internal review comments.

Unless you have any additional comments, we've fulfilled our responsibility in regard to the
internal review.

Mary

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Thu, Nov 3, 2016 at 9:20 AM
Subject: Fwd: Lynx SSA comments
To: "Bush, Jodi" <jodi_bush@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Mary
Parkin <mary_parkin@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>, Tamara Smith <tamara_smith@fws.gov>

Jodi:

See email and attachment below from Marty Miller, our endangered species chief.  I will
also have some comments to Jim by the close of today (I am on sect 4.1).

Marty also sent a subsequent message: I should have mentioned how impressed I am with the team's analysis. 
While I think there is some work to do to make the document as helpful as it can be to the decisionmakers, that in no way
diminishes the huge amount of excellent work that went into it.  I'm hopeful my comments can be addressed without too
much trouble and that it will be just a matter of clarifying the team's thinking and conclusions.

Thanks,  Mark
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---------- Forwarded message ----------
From: Miller, Martin <martin_miller@fws.gov>
Date: Mon, Oct 31, 2016 at 12:21 PM
Subject: Lynx SSA comments
To: Mark McCollough <Mark_McCollough@fws.gov>
Cc: Mary Parkin <mary_parkin@fws.gov>

Mark - Here are my comments on the lynx SSA.  I focused on the Future Conditions and
Synthesis chapters.  I have three major comments:

1.  Establishing the proper context for the future:  This is a future with lynx not being listed. 
The document presents a delisting scenario in its evaluation of the Federal management
future of the MT/ID Unit.  I explain in my comments that, while the conclusions about what
the future will look like may be OK, the way we get there needs to be revised.  And this
context needs to be established for evaluation across all units, actors (Federal agencies,
states, landowners, etc.), and consequences (not just regulatory mechanisms).

2.  Explaining how the experts' opinions inform our conclusions:  The document does not
explain what we think about the experts' opinions (agree or disagree and why).  I was
expecting this explanation for each unit in Chapter 5 in the "Service Evaluation" section,
which follows the "Expert Projections,' but these two discussion appear to be independent. 
We continue to refer to the experts' opinions about persistence to the very end without ever
saying whether we agree with them (and explaining why).

3.  Drawing meaningful conclusions:  The ultimate conclusions we make (the DPS has a
decreasing probability of persistence into the future) is meaningless as it can be said of every
species on earth.  I recommend we present "our" conclusions on persistence.  If we thought
it was valuable to know what the experts think about persistence, we need to at least present
our conclusions on persistence.  I understand we are advised not to present our conclusions
in a manner that too closely resembles a conclusion about listing being warranted or not. 
But we're too far down the "probability of persistence" road to avoid presenting our
conclusions on this.  And we need to do it in a way that describes the magnitude of the risk,
not statements that are generalized to the point of being meaningless.

Many of the comments I made on the Executive Summary I did not bother repeating in the
Chapters.

Let me know if you have any questions.
Marty

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

mailto:martin_miller@fws.gov
mailto:Mark_McCollough@fws.gov
mailto:mary_parkin@fws.gov


Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

mailto:mark_mccollough@fws.gov
mailto:mary_parkin@fws.gov


From: Phifer, Paul
To: Parkin, Mary
Cc: Martin Miller
Subject: Re: Lynx SSA comments
Date: Friday, January 13, 2017 10:55:42 AM

Hi Mary - I hope you are well.  Where are we with the lynx SSA?  Do you know what
the next step is?  Cheers

______________
Paul Phifer, PhD
Assistant Regional Director - Ecological Services
Northeast Region
Dept of the Interior
US Fish and Wildlife Service
413.253.8698 work
413.687.4764 cell

On Thu, Nov 3, 2016 at 12:44 PM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi Paul,

Mark forwarded these comments to R6 today (we had previously let Jodi know that we
working on them) and will send his additional comments by COB.  I didn't comment,
because I've been working with the team on the report and supplying comments on a
continuing basis, and I'll be working with them to incorporate the internal review comments.

Unless you have any additional comments, we've fulfilled our responsibility in regard to the
internal review.

Mary

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Thu, Nov 3, 2016 at 9:20 AM
Subject: Fwd: Lynx SSA comments
To: "Bush, Jodi" <jodi_bush@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Mary
Parkin <mary_parkin@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>, Tamara Smith <tamara_smith@fws.gov>

Jodi:

See email and attachment below from Marty Miller, our endangered species chief.  I will
also have some comments to Jim by the close of today (I am on sect 4.1).

Marty also sent a subsequent message: I should have mentioned how impressed I am with the team's analysis. 
While I think there is some work to do to make the document as helpful as it can be to the decisionmakers, that in no way
diminishes the huge amount of excellent work that went into it.  I'm hopeful my comments can be addressed without too
much trouble and that it will be just a matter of clarifying the team's thinking and conclusions.

Thanks,  Mark
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mailto:mary_parkin@fws.gov
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---------- Forwarded message ----------
From: Miller, Martin <martin_miller@fws.gov>
Date: Mon, Oct 31, 2016 at 12:21 PM
Subject: Lynx SSA comments
To: Mark McCollough <Mark_McCollough@fws.gov>
Cc: Mary Parkin <mary_parkin@fws.gov>

Mark - Here are my comments on the lynx SSA.  I focused on the Future Conditions and
Synthesis chapters.  I have three major comments:

1.  Establishing the proper context for the future:  This is a future with lynx not being listed. 
The document presents a delisting scenario in its evaluation of the Federal management
future of the MT/ID Unit.  I explain in my comments that, while the conclusions about what
the future will look like may be OK, the way we get there needs to be revised.  And this
context needs to be established for evaluation across all units, actors (Federal agencies,
states, landowners, etc.), and consequences (not just regulatory mechanisms).

2.  Explaining how the experts' opinions inform our conclusions:  The document does not
explain what we think about the experts' opinions (agree or disagree and why).  I was
expecting this explanation for each unit in Chapter 5 in the "Service Evaluation" section,
which follows the "Expert Projections,' but these two discussion appear to be independent. 
We continue to refer to the experts' opinions about persistence to the very end without ever
saying whether we agree with them (and explaining why).

3.  Drawing meaningful conclusions:  The ultimate conclusions we make (the DPS has a
decreasing probability of persistence into the future) is meaningless as it can be said of every
species on earth.  I recommend we present "our" conclusions on persistence.  If we thought
it was valuable to know what the experts think about persistence, we need to at least present
our conclusions on persistence.  I understand we are advised not to present our conclusions
in a manner that too closely resembles a conclusion about listing being warranted or not. 
But we're too far down the "probability of persistence" road to avoid presenting our
conclusions on this.  And we need to do it in a way that describes the magnitude of the risk,
not statements that are generalized to the point of being meaningless.

Many of the comments I made on the Executive Summary I did not bother repeating in the
Chapters.

Let me know if you have any questions.
Marty

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
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NOTE ABOUT THIS DRAFT DOCUMENT, DECEMBER 2016  
  
This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status 
assessment report has not undergone peer review, and it should not be cited or referenced as an 
agency document. At this time it is intended for the sole purpose of soliciting scientific reviews from 
expert peer reviewers, from State and Federal partners with expert knowledge of the species and its 
habitat, and from internal reviewers by Department of the Interior staff. The document is not 
intended to solicit public comment. This document will be revised after this scientific review. This 
document does not predetermine any future agency decision under the Endangered Species Act.  
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Executive Summary   
Background  
   
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is required 
to make in accordance with the ESA. The SSA provides an evaluation of the current and 
possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S.United States from Maine to Washington and south along the Rocky 
Mountains to western Colorado (Ffigure 1).  
  

  
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis).  
  
These units encompass the geographic areas in the contiguous United. States. with the 
strongest historical and/or recent evidence of an ability to support persistent resident lynx 
populations, and, combined, they represent approximately the southern two2 percent of the 
species’ entire breeding range (98 percent occurs in Canada and Alaska). The units are 

Comment [M1]: Abbreviate only when 
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relatively isolated from each other, but four of the six units are directly adjacent to lynx 
populations and habitats in  
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous United. States., usually peripheral to the SSA geographic units, the ability of these 
peripheral areas to support persistent resident lynx populations remains questionable. Lynx may 
occur in such areas as small and ephemeral breeding populations or as occasional dispersing 
or transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Ttable 1.  
   
Table 1. Canada Lynx SSA Geographic Units.   

Unit No.  Unit Name and Location  Unit Size (km2)  

Unit 1  Northern Maine  28,909  

Unit 2  Northeastern Minnesota  21,101  

Unit 3  Northwestern Montana/Northeastern Idaho  26,997  

Unit 4  North-central Washington  5,176  

Unit 5  Greater Yellowstone Area  23,687  

Unit 6  Western Colorado  25,294  

  
  
This report represents the Service’s evaluation of the best available scientific information, 
including the formally- elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
themthese populations; and (3) assess the future viability of the DPS in the near term (through 
the year 2025), in the mid-term (through 2050), and through the end of this century in terms of 
the conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”).   
  
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically 
comprisemake up >greater than 90 percent of the lynx’s year-round diet. The lynx has evolved 
morphological adaptions (long legs  and large paws) that allow it to efficiently travel and capture 
hares in snow conditions that are difficult for most other terrestrial hare predators (e.g., bobcats, 
coyotes). These characteristics provide lynx with a seasonal (4- to 5 months in most of the DPS) 
competitive advantage over other hare predators and allow them to occupy habitats that are 
unavailable to some of their competitors.  
  
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain.  
  
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous United. States. For example, analysis of historical records in the United. 
States. and Canada indicated that many lynx records in the contiguous United. States. 
coincided with intermittent “irruptions” (mass dispersal events) of lynx from Canada into the 
northern United. States. when hare populations in Canada underwent cyclic declines (every 8-
11 years). During these irruptions, large numbers of lynx occurred temporarily in (and 
disappeared quickly from) areas that we now believe arefind to be naturally incapable of 
supporting resident populations.  
  
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western United. States. are naturally less abundant and more 
patchily distributed than was thought at the time of listing, and lynx may have been extirpated 
recently from several areas thought to have previously supported small resident populations 
(e.g., the Kettle Mountains in northeastern Washington, the Garnet Mountains in western 
Montana, and the Greater Yellowstone Area of southwestern Montana and northwestern 
Wyoming). We also know that recent extensive wildfires in north-central Washington have 
temporarily reduced the amount of high-quality lynx habitat and have probably caused a decline 
in lynx numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 
1999 to 2006 and the subsequent survival and reproduction of some of these lynx and their 
offspring, resident lynx currently occupy parts of western Colorado.  
  
SSA Framework  
  
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. Therefore, 
we evaluated the ecological requirements of individual lynx and populations and the current and 
possible future conditions for resident lynx populations in each geographical unit to assess the 
viability of the DPS. The SSA uses the conservation biology principles of resiliency, redundancy, 
and representation as the framework for assessing current and future conditions. Resiliency 
describes the ability of the species to withstand stochasticity, redundancy describes the ability of 
the species to withstand catastrophic events, and representation describes the ability of the 
species to adapt over time to long-term changes in the environment. The 3 Rs can be influenced 

Comment [M2]: “Believe” connotes 
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by any number of factors. For lynx, the factors evaluated in this SSA include: (1) the original 
factor for which the DPS was listed as threatened (the inadequacy of existing  
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the  
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx.  
  
Uncertainties and Assumptions  
  
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.   
  
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.   
  
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska.  
  

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet other 
areas are naturally incapable of supporting resident lynx despite boreal-forest-like vegetation 
and the presence of some hares.  
  

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations.  
  

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations.  
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● We assume that connectivity with larger lynx populations in Canada is important, and that 
periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain.  
  

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.   
  

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly- specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming.  

  
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do sohave as long as those 
measures and guidance are implemented.  
  

● We assume that the DPS could be delisted in the future and that some ofis not listed and 
therefore does not receive the current protections afforded by the ESA could be lost and/or 
relaxed.  (In evaluating the necessity of continued ESA protection for a listed species, it is 
inappropriate to consider the benefits of ESA protection the species is currently receiving.) 
However, we also assume that conditions for delisting would include requirements and 
incentives toto a certain extent land management agencies and state wildlife agencies will  
continue to conserve lynx and its habitats and to try to assure persistence of resident lynx 
populations in those places that can support them in the DPS range.   

   
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability.  
   
Current Conditions  
  
The current distribution of resident lynx in the contiguous United. States. is likely somewhat 
smaller than the historical distribution because of the potential loss of small populations in 
several places (e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern 
New York, Isle Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, 
more recently, the Greater Yellowstone Area of Southwestern Montana and northwestern 
Wyoming, and perhaps the Garnet Mountains in western Montana). However, based on verified 
historical records, we lack compelling evidence that the current distribution and relative 
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abundance of resident lynx in the DPS range are substantially diminished from historical 
conditions, and resident populations continue to persist in the geographic areas with the 
strongest historical evidence of an ability to support them. Nonetheless, in many parts of the 
DPS range habitat features (forest distribution and structure, hare densities, and snow 
conditions) appear to exist at or just above thresholds thought necessary to support persistent 
lynx populations.   
  
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units.  
  
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Ffigure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Ttable 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous United. States., it also seems 
that redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via a catastrophic event.  
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United. States., suggesting relative maintenance of the breadth of diversity of ecological settings 
occupied within the DPS range. Because there are no indications of significant loss of or current 
threats to the genetic health or adaptive capacity of lynx populations in the DPS, and because 
the current level of representation does not appear to indicate a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation.  
  
Future Conditions  
  
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced probability 
of persistence for all resident populations in the DPS range. We expect that resident populations 
will persist through mid-century in all five of the geographic units that currently support them 
(albeit in reduced numberssizes and distributions), but that lynx may be functionally extirpated 
(loss of the ability to support persistent resident populations) from two or three of the units by 
the end of the century.  
  
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, we expect climate-induced increases in the frequency and 
intensity of wildfires and forest insect outbreaks are expected to increase, particularly in the 
western portion of the DPS, although we do not anticipate such events alone to cause the 
permanent loss of breeding lynx populations in any geographic unit. In Minnesota and Maine 
(units 1 and 2), suitable boreal forest and snow conditions are projected to decline more 
severely than in the western units, and in some climate- modeling scenarios they could 
disappear completely from these units by the end of the century. Over the next 15- to 20 years, 
lynx habitat conditions in Maine are also likely to decline significantly from current historically 
high and anthropogenically influenced levels as private forest management practices, 
particularly a shift away from landscape-level clearcutting, result in forest succession detrimental 
to snowshoe hare and lynx needs.  
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through 
midcentury but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events.  
  
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given thatis, we conclude that the 
DPS as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially- clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well- distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely.  
  
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate.  
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DPS-wide Synthesis   
We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numberssizes and distributions, in all five geographic units 
that currently support them through mid-century, but that functional extirpation is likely in two to 
three of those units by the end of the century, driven largely by projected continued climate 
warming. Because resident lynx in many parts of the DPS persist in areas that appear naturally 
to barely meet thresholds for hare densities and habitat quality and distribution, relatively small 
declines in these features could result in loss of the ability to support resident populations over 
large areas. Because of this, we believeconclude that future lynx habitats and resident 
populations throughout the DPS range are likely to be smaller and more fragmented, and 
geographic units that are already relatively isolated from other lynx populations are likely to 
become even more isolated in the future. Uncertainty increases at mid-century to late-century 
regarding the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change. However, review of the best available 
science in concert with input from lynx experts suggests that the probability of the persistence of 
resident breeding populations will decline in all geographic units, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond 
that time frame.  
  
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through 
midcentury in most of the five geographic units that currently support them. However, we 
believeconclude it is very unlikely that resident lynx populations will persist through the end of 
this century in all of the geographic units that currently support them. That is, we believefind that 
resiliency will be substantially diminished because of reduced population sizes and distributions 
throughout the DPS, with resulting extirpation of resident populations from two to three (of five) 
units more likely than not by the end of the century.  
   
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic units would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century.  

Chapter 1: Introduction  
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S.United 
States as a distinct population segment (DPS) and listed it as threatened under the Endangered 
Species Act of 1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (U.S. District Court 
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MT 2014b, p. 2). Thus, we conducted this SSA (version 1.0) to summarize the best available 
information on the current status and likely future viability of the DPS. This SSA will inform a 
determination by Service decision makers of whether (1) the DPS continues to warrant 
protection under the ESA and (2) a recovery plan is needed to guide conservation and recovery 
of the lynx DPS.  

1.1 Background  
The Canada lynx is a North American wild cat that is most strongly associated with northern 
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809).  
  
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S.United States (Bittner and Rongstad 1982, p. 
146; McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic 
units evaluated in this SSA represent the remaining 2 percent of the species’ breeding 
distribution (approximately 131,168 km2 [50,644 mi2]; see Ffigure 1 and Ttable 2, below). Lynx 
populations in the DPS (as well as some others on the margin of the range in southern 
Canadian provinces) seem to function as peripheral subpopulations (islands) of a larger 
(mainland) metapopulation centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 
FR 40077; also see 2.2 below). The demographic and genetic health and persistence of DPS 
populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 
FR 59434, 59447; 79 FR 54815).  
  
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
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population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S.United States occur over a much smaller geographic area 
that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous U.S.United States, and small breeding populations 
may have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous U.S.United States has been 
documented based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 
54815; McKelvey in Lynx SSA Team 2016, p. 11; also see section 2.3.2, below).  
  
The Service designated lynx in the contiguous U.S.United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 
(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous U.S.United States constitute 
a single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the  
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S.United States, including New Mexico and other states that were not included in 
the original DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 
(USFWS  
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire).  
  
The six geographic units evaluated in this SSA encompass all areas of the contiguous 
U.S.United States that currently support or are believed to have recently supported persistent 
resident lynx populations  
(Ffigure 1, above). Five of the six geographic units were designated as “Core Areas” in the  
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
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Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here.  
  
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Ttable 2).  
  
 Table 2. Lynx SSA Unit Sizes and Percent Ownership.  

Unit1  
Unit Size 

(km1)  

Percent 
of SSA  
Area  

 Land Ownership/Management (Percent)2   

 Federal3  

Private  State  Tribal  

All  
Federal  

USFS  NPS  BLM  

1  28,909  22.0  1.2  0  1.2  0  90.4  7.3  0.9  

2  21,101  16.1  47.4  44.9  2.5  0.01  15.5  36.2  1.0  

3   26,997  20.6  84.3  69.3  13.6  1.5  8.0  4.1  3.5  

4  5,176  3.9  91.5  84.6  6.7  0.1  0.3  8.2  0  

5  23,687  18.1  97.6  79.7  16.7  1.1  2.2  0.3  0  

                                                

1 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Ttribal, Sstate and private lands that met the criteria for critical habitat but 
whichthat were excluded from the designation in accordance with section 4(b)(2) of the Endangered 
Species Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office 
in coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 3 

USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management.  

1.2 SSA Framework and Report  
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of  
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6  25,294  19.3  90.1  85.2  1.8  3.1  9.3  0.6  0  

All Units  131,164   100  63.8  55.6  7.1  1.1  26.3  8.8  1.1  

1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado.  
species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time 
(captured under the broad heading of “species needs”); the 
current condition of the species at the individual, population, 
and range-wide levels in terms of meeting those needs; and 
the likely changes in the environment that may influence the 
species’ future condition and, thus, the viability of the species.   
  
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events;  
redundancy describes the ability of the species to withstand 
catastrophic events; and representation describes the ability of the species to adapt over time to 
long-term changes in the environment. As a result, the SSA characterizes a species’ ability to 
sustain populations in the wild over time based on the best scientific understanding of current 
and future abundance and distribution within the species’ ecological settings. Importantly, the 
SSA neither results in, nor predetermines, any decisions (e.g., listing status, critical habitat 
designations, section 7 consultation requirements, etc.) by the Service under the ESA. Instead 
the SSA provides the biological basis to inform these decisions. The SSA is a dynamic 
document and should be periodically revised as new scientific information becomes available.  
   
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service 
(NPS) and the USFWSService called “ServCat” at the following IP 
address: http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html.  

                                                

1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015.  
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1.3 Analytical Approach and Methods  
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at midcentury- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation 
in terms of the 3 Rs using conceptual modeling (Ffigures 2-5) based on available published 
literature, on other information on the historical and current status of and threats to lynx in the 
DPS, and, where empirical data arewere lacking, on our objective analysis of the best available 
scientific information as informed by our understanding of the basis for formally- elicited expert 
opinion and best professional judgment (Lynx SSA Team 2016, entire).   
  

  
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability.  
  
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units.  
  
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.), and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS.  
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS.  
  
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Ffigure 4 below.  
  

  
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS.  
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally- elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Ffigure 5 below.  
  

  
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS.  
  
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Cchapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence thoese probabilities; and 
the sources of uncertainty that influenced their confidence in their predictions. We then present 
our evaluation of the scientific literature regarding how certain anthropogenic factors may 
influence future conditions for resident lynx in each geographic unit. The factors we consider for 
each geographic unit include regulatory mechanisms (the factor for which the DPS was 
originally listed under the ESA) and the anthropogenic influences identified by the Interagency 
Lynx Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
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conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why.  
  
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that, although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that non-ESA regulatory requirements and nonregulatory 
objectives for species and habitats (not necessarily lynx specific) and an incentive to preclude 
ESA listing of the lynx would contribute conditions for delisting would include requirements and 
incentives to the continueance of  to conservatione efforts benefitting the lynx and its habitats 
and to assure persistence of resident lynx populations in those places that can support them on 
Federal, State, and Tribal, and some private lands (perhaps some private lands as well). Our 
evaluation, therefore, considers the possibility of the future relaxing of some, but not the 
complete absence of all, lynx conservation measuresprotections and conservation efforts, but 
not the complete absence of all protections for lynx.  
  
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly- distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly- specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially- discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.   

Comment [M24]: This undermines the 
previous sentence. 

Comment [M25]: We need to describe 
the future without listing but not without 
the ESA.  It is about what people might 
do to preclude listing, not what delisting 
requires. 

Comment [M26]: Note - Formalized 
conservation efforts that are not yet 
implemented or not yet proven effective 
must satisfy the criteria of the Policy for 
the Evaluation of Conservation Efforts 
(PECE) to be considered in a listing 
decision.  
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Chapter 2: Lynx Ecology   
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Cchapters 3 through 5.  

2.1 Species Taxonomy, Description, and Genetics  
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are three 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016).  
  
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale brown 
fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In summer, its 
fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long tufts of black 
hairs extending from the tips of its ears, a short, completely black-tipped tail, and often a distinct 
dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 cm (30 to 35 in) 
long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Ttable 1; Moen et al. 2010a, 
Ffigure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished data), and 
males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s large feet 
and long legs make it highly adapted for traversing and hunting in deep, powdery snow, where 
its low foot-loading (weight per surface area of foot) is thought to provide a competitive 
advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) over other 
terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada and the 
northern contiguous U.S., where the southern edge of the lynx range overlaps the northern 
edge of the bobcat range, the two species are easily confused because of their similar size and 
appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail distinguish it 
from the bobcat, which has shorter ear tufts, small feet, and white on the underside of the tail. 
Bobcats are much more common and abundant than lynx in most of the contiguous U.S.  
  
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
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12621266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the two areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas, recent analyses reveal genetic exchange among lynx on either side, 
indicating that some lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; 
Bowman in Lynx SSA Team 2016, p. 12-13).  
  
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations despite 
large separation distances (Schwartz et al. 2002, entire). Their results did not suggest that 
reduced genetic variation among peripheral populations was because of human disturbance 
(i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; Schwartz et 
al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the contiguous 
U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 522).  
  
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793).  
  
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5).  
Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
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35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12).  

2.2 Life History and Population Dynamics  
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare 
(Ffigure 6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et 
al. 1972, pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 
358–359, 363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 
2003, pp. 37–38; Squires et al. 2004a, p. 15, Ttable 8, Olson 2015, pp. 60-69), and hare 
abundance is the major driver of lynx population dynamics. Lynx den site selection, litter sizes, 
pregnancy, as well as recruitment, survival (kitten, subadult and adult) and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34).  
  

  
Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency.  
      
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes with 
high-density snowshoe hare populations for survival and reproduction (McCord and Cardoza 
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1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). Lynx and 
snowshoe hares are strongly associated with what is broadly described as boreal forest (Bittner 
and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and Parker 1987, p. 684; 
Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183191 and 2000b, pp. 
136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation of boreal forest is 
conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) (Elliot-Fisk 1988, pp. 
34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and shrubs (Hodges 2000a, 
pp. 181-183) and are most abundant in forests with dense understories that provide forage, 
cover to escape from predators, and protection during extreme weather (Wolfe et al. 1982, pp. 
665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 and 2000b, pp. 136-
140). Over much of the lynx’s range, hare densities are higher in regenerating, earlier 
successional forest stages because they often have greater understory structure than mature 
forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 1990, pp. 847-
848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin  
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally- stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127).  
  
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809).  
  
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
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427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes.  
  
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).   
  
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267– 
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 
362363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14).  
  
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and  
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Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).   
  
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to  
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
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phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).   
  
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014,  
p. 1). In southern Canada, where hares are less abundant and hare population cycles are muted 
or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment Canada 
2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.213/100 km2 
(24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares were abundant 
(Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 km2 (6/100 mi2) 
in Washington when hare abundance was low (Koehler 1990, pp. 847-850). Correspondingly, 
hare abundance may also influence lynx home range size. Ward and Krebs  
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10- to 15- fold increase in 
lynx density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367).  
  
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS.  
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793).  
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2.2.1 Ecological Requirements of Individuals  
  
At the most fundamental level, the needs of an individual lynx are met if:  
  
1) it is born to a female that occupies a home range containing  

a) secure denning habitat,  
b) adequate hare abundance to support lactation during the early kitten stage and later 

provisioning of the kitten with hare meat,  
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and  
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.);  
  

2) the mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and  
  

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.   

  
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population.  
  
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for 
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lynx/vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population.  
  
Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a,  
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24).  
  
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Ttable 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).   
  
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.   
  

  
Geographic 

Unit  

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

  
References (Page Nos.)  

  

  Female  Male   

N Maine  25-33 (14-70)  39-60 (24-102)  
Vashon et al. 2008a (1482); Mallett 2014  

(169)  

NE Minnesota  17-87 (13-122)  160-267 (86-439)  
Mech 1980 (263-265); Burdett et al. 2007 

(460-463); Moen et al. 2008a (17)  

NW Montana/ 
NE Idaho  43-90 (11-157)  122-220 (29-552)  

Brainerd 1985 (20); Squires and Laurion  
2000 (343-344); Squires et al. 2004a (13, 

Table 6)  
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N-C 
Washington  37-91 (37-91)  49-69 (29-99)  

Brittell et al. 1989 in Stinson 2001 (5);  
Koehler 1990 (847); Maletzke in Lynx SSA  

Team 2016 (21)  

GYA  50-105 (32-105)  116-824 (98-2,181)  
Squires and Laurion 2000 (343-344); 

Squires et al. 2003 (12-13)  

W Colorado  75-704 (NA)  103-387 (NA)  Shenk 2008 (10)  

  
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354).  
  
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
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high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.   
  
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.   
  

2.2.2 Ecological Requirements of Populations and the DPS  
  
Lynx populations require essentially the same things that individual lynx do (see Ffigure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower.  
  
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 
2531). Lynx populations in the DPS are at the periphery of the species’ range and may behave 
as islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.   
  
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22).  
  
Slough and Mowat (1996, p. 952, Ttable 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of  
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Ttable 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined from 
135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the  
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly- cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area  
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21)  
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.   
  
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least  
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality.  
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In summary, lynx populations need large boreal forest landscapes with snow conditions  
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly- cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly- cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789).  

2.3 Historical and Current Lynx Distribution  
  

2.3.1 Lynx Distribution and Status in Canada and Alaska  
   
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince  
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 1192-
1195; Koen et al. 2014a, pp. 757-760).  
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In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers.  
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern  
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington).  
  

2.3.2 Lynx Distribution in the Contiguous United States  

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range  
  
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942).  
  
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077).  
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The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938).  
  
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “...  
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).   
  
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
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(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions.  
  
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above.  

 2.3.2.2 Lynx Distribution within the DPS Range  
  
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp.  
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p.  
6), and overall habitat quality is typically lower.  
  
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
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for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist.  
    
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats or 
coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.   
   
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.   
  
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats in 
Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
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Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.   
  
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S.  
  
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition.  
  
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081,  
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003- to 2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
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lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487).  
  
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially- released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally- invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believefind that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain.  
  
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York.  
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In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 2021, 
45). In the 2014 revised critical habitat designation, the Service noted:   
  

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791).  
  

We concluded that the historical record and recent evidence of lynx occupancy and reproduction 
suggested the presence of a small but persistent resident lynx population in the GYA of 
northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 54825-54826); 
however, the consistency of occupancy over time remains uncertain (Lynx SSA  
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National  
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
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also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).   
  
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so.  
  
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern  
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the sState, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long 
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the sState or if it is a temporary phenomenon related 
to an expanding source population in neighboring northern Maine (79 FR 54821). Although 
bobcat populations have increased and expanded their range in this region in recent decades 
(Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their 
populations (Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest 
declined substantially after two deep snow winters in 2008 and 2009 (Maine Department of 
Inland Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire.  
  
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New Hampshire, 
above) have the strongest historical evidence of continuous lynx presence and recent evidence 
of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 4008640095, 40097-
40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for much of 
Idaho, but many, especially in the central and southern part of the sState, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
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contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the sState are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia.  
  
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the sState (McKelvey et al. 2000a, pp. 211-212; 
Hoving et al. 2003, entire;), which currently is believed to support the largest lynx population in 
the DPS (Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in 
Lynx SSA Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare 
habitat and the number of resident lynx in Maine are all much larger than was suspected at the 
time of listing or the 2003 remand, and all are probably substantially larger now than under likely 
typical historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
sState are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 
40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.   
  
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the sState that seems to be 
the southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the sState, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the sState, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
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lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown.  
  
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the sState (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team  
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 
4647; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the 
time of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12).  
   
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the sState (von Kienast 2003, entire; Maletzke 2004, entire; Koehler 
et al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the sState with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the sState are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).   
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In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither 
broadscale breeding range contraction nor substantial population declines in the contiguous 
U.S. from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016, p. 11). New information summarized above indicates that there are many 
more lynx in Maine and Minnesota than was suspected at the time of listing, and there are 
naturally fewer lynx and a more limited distribution of suitable habitats in the western U.S. than 
was previously thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at 
historically high numbers and may currently be facilitating the recolonization of formerly 
occupied habitat in northern New Hampshire and recent lynx occurrences in northernmost 
Vermont. However, lynx persistence is uncertain in New Hampshire and unlikely in Vermont, 
and lynx numbers in Maine are projected to decline over the next several decades. In the West, 
small breeding populations in the GYA and the Garnet Mountains of Montana may recently have 
become extirpated (although both also may be only temporarily “winked off” in a metapopulation 
dynamics sense). In north-central Washington, lynx habitat and numbers have declined because 
of recent large fires and insect outbreaks, and the persistence of the breeding population there 
could be threatened if additional such impacts occur with similar magnitude and frequency over 
the next several decades. As a result of the release of 218 Canadian and Alaskan lynx from 
1999- to 2006, resident lynx currently occur in western Colorado. Although the number of lynx in 
this population and its future persistence are uncertain, Colorado currently supports more lynx 
than it likely did, based on the historical record, for much of the previous century. The 
geographic units evaluated in this SSA include all areas in the contiguous U.S. with strong 
historical and recent evidence of persistent resident lynx populations. Detailed assessments of 
the current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below.  

Chapter 3: Factors Influencing Viability of the DPS  
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Thoese 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS.  

3.1 Regulatory Mechanisms  
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation of habitat, creation of barriers, or that 
otherwise alteration of the vegetation mosaics and prey abundances maintained historically by 
natural disturbance processes may occur in lynx habitats regardless of land ownership and 
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management. The extent to which regulations guide such activities to avoid, minimize, or 
mitigate impacts to lynx influences the current and future likelihoods that those habitats will 
provide the physical and biological features needed to support resident lynx populations. As 
described in more detail below, the lynx DPS was listed as threatened because of the lack of 
specific conservation direction and associated regulations on Federal lands. At that time, the 
available information indicated that most lynx habitat in the DPS occurred on Federal lands, 
predominantly in the western U.S. (65 FR 16061). Since then, research and monitoring have 
revealed that non-Federal lands contribute more to the conservation of the DPS than was 
known at the time of listing, particularly in the Northern Maine and Northeastern Minnesota 
regions. Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as Sstate and Ttribal lands.  
  
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership.  
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.   
  

3.1.1 Federal Regulatory Mechanisms  
  
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Ttable 2, above, and Cchapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
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of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.   
  
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx, and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096).  
  
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
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vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).   
  
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083).  
  
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50).  
  
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
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40096-97). It concluded that although Federal, Sstate, and Ttribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097).  
  
Since the 2003 remand, most Forest ServiceUSFS units with lynx forest types have formally 
amended or revised their land management plans to incorporate the conservation measures, 
standards, and guidelines identified in the LCAS. From 2004-2006, forest plans for seven 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson  
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2  
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.   
  
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Ttable 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley,  
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field  
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
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were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12).  
  
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 2007, 
p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service USFS 
land management activities on at least 94 percent of this area, and more likely nearer to 98 
percent” (USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).   
  
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for whichthat was 
the basis for listing the lynx DPS was listed under the ESA. Although formal effectiveness 
monitoring has not been completed, it’s clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous U.S.  
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3.1.2 State Regulations and Tribal Management  
  
Private, Sstate, and Ttribal lands make up the remaining 36 percent of the lands encompassed 
by the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Ttable 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Ttribal lands in the North-central Washington, GYA, or Western Colorado units. Private, Sstate, 
and Ttribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, Sstate, and Ttribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, Sstate, and Ttribal 
lands within the six geographic units of the DPS, but with a focus on those units with the 
greatest proportions of these lands and on activities on these lands with the greatest potential to 
impact lynx.  
  
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement.  
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Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-traprestrictions/). 
MDIFW also adopted and made available for download on its web page the interagency 
brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats and other 
Furbearers, and modified it to be more specific to Maine. MDIFW also set- up an incidental lynx 
capture hotline, and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 -to 2015 (ten10 lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally- trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act  
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely- distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).   
  
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at:  
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http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern (State 
of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that regulate 
treatment of species designated as endangered and threatened. Also like Maine, Minnesota has 
designated the lynx a species of special concern (MNDNR 2013, p. 2), and coordinates with the 
Service and other agencies to conduct research and monitor lynx populations and habitats.  
   
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 
3637). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 
710), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set of 
reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them.  Specifically, these regulations, which (1) prohibit the use of lethal (non-
relaxing) snares for bobcats, (2) specifiesy the types of sets and baits or attractants that may be 
used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 10-
pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). MTFWP is also responsible for implementing Montana’s Nongame and Endangered 
Species Conservation Act (http://leg.mt.gov/bills/mca/87/5/87-5-
103.htm;  https://www.animallaw.info/statute/mtendangered-species-chapter-5-wildlife-protection    
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Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered  
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan  
(http://wdfw.wa.gov/publications/00394/) and a Status Report  
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals.  
  
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats.  
  
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals.  
  
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.   
  
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections  
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to -35 years post-harvest) regenerating forest in prime hare habitat 
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condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit.  
   
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-
landscapeconservation-in-maine/ last accessed 8.18.2016), but easements do not require 
management prescriptions or commitments for lynx. To our knowledge, there are no private 
landowners in Maine who have committed to long-term or permanent protection and creation of 
lynx habitat according to the Service’s lynx management guidelines or LCAS.  
  
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation of 
Federally listed species, but so far no lynx management plans have been developed. Mitigation 
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for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for trapping 
requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat management 
area on the MBPL’s Seboomook Unit for a 15-year period.   
  
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private lands. 
Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 [MFRC 
2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed voluntary 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) that are 
intended for private and State landowners and include some general recommendations for 
wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).   
  
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about four 
percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution  
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 
5483554837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.   
  
Unit 4: North-central Washington - State and private lands constitute about eight percent and  
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State  
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The Forest 
Practices Board, an independent State agency, adopts forest practices rules to protect water 
quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
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quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below.  
  
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.   
  
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.   
  
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the  
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6.  
  
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15).  
  
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the  
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit.  
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).   
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Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285).  
  
In summary, a variety of Sstate wildlife and forestry regulations and conservation efforts, along 
with Ttribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.   

3.2 Climate Change  
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire).  
   
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change.  
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The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31).  
  
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas).  
   
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
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than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).   
  
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events and 
winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, depth 
hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.   
  
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow- covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five5 months (November–March) to approximately three3 months 
(December to February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that 
contain lower relief, mid-elevation mountain ranges will likely shift relatively quickly into new 
precipitation phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 
4566). The interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated 
areas to warming because much of the region is characterized by relatively warm winter 
temperatures and by mainly mid-elevation mountain ranges. The climatic rain-snow transition 
zone will move up in altitude and north in latitude.   
  
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and 
deciduous/boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved 
upslope in both the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and 
Baker 1980). Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some 
locations up to 100 m) during a recent 50-year period of warming (Kullman 1990). However, 
despite recent warming, the alpine treeline in North America has thus far remained relatively 
static (Butler et al.  
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
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movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201).  
  
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions  
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats.  
  
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous.  
   
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
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North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9).  
    
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 
13–14). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).   
   
Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48).  
  
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp.  
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below.  
  
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably anticipated 



 

62  
  

include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare cycle, 3) 
reduction in snow conditions necessary to give lynx a competitive advantage, 4) reduction in 
hare habitat quality and populations, 5) reduction in the amount of lynx and hare habitat in the 
U.S., 6) changes in the frequency and pattern of disturbance events, 7) introduction of disease 
and parasites, and 8) reduced gene flow. Synergistic effects between these factors and other 
stressors (e.g., forest management, trapping, development) may intensify their effects (Carroll 
2007). Diminished snow, increasing drought and fire, and increased forest pests and disease 
are believed to currently be the most important stressors for lynx in the DPS, but it is possible 
that other pathways are, or may become, equally important. Over the next decades, southern 
lynx populations will continue to be affected by climate change and associated shifts in habitat, 
prey base, and competition. The extent of such changes and whether lynx are able to adapt to 
them will determine not how, but if, this species can persist in the contiguous U.S. (Murray et al. 
2008).  
   
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation.  
   
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering largescale 
climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81).  
   
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
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in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).   
   
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).   
   
Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp.  
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548– 
4549). These trends are expected to continue with future climate warming (Hamlet and  
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of 
snowcovered and exposed areas, increasing the rate at which melting occurs in spring 
(Groisman et al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has 
led to the average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain 
West (Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and 
desert dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-
darkened landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are 
expected to decline generally in the geographic areas that contain the central and eastern 
portion of the lynx DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require 
prolonged periods of deep fluffy snow, current habitats that lose this feature would decline in 
value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire).  
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Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172).  
   
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx.  
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits their 
efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).   
   
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).   
   
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectivenesssuccess. For example, hard-packed snow is reported to be associated with a 
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higher kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth 
et al. 2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Predator communities are more diverse at the southern part of 
the lynx range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there  
(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares.  
  
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11- percent decline in 
hare survival by mid-century and a 23- percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).   
  
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).   
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Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).   
   
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia, and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102).  
   
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT  
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
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range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103).  
   
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and  
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada.  
   
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest.  
  
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
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irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727).  
  
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 19702004, 
Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of large 
fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. Mesic, 
middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the northern 
Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations.  
  
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).   
   
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
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markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
spruce budworm outbreak in Maine was the primary driver creating the current broad distribution 
of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).   
  
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).   
  
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward.  
  
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).   
   
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al.  
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats  
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(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and 
succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24).  
   
Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644).  
   
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528).  

3.3 Vegetation Management  
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
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throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another.  
   
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx.  
   
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016).  
  
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
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dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares.  
   
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by:  
  

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling;  

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation;  

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or  

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments.  

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage.  

   
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a).  
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North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West).  
   
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).   
   
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et al. 
2005), but an evaluation of harvesting in the last decade indicates these landowners increased 
harvest rates, shortened rotation rates, and shifted to managing and harvesting hardwood tree 
species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine private lands 
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management make lynx management commitments more difficult because shortterm 
landowners are not interested in long-term commitments. On the other hand, some easement 
owners may have an incentive to manage for lynx to meet forest certification requirements.  
   
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of  
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.   
   
Finally, future trends in forest management will be affected by climate change (Irland et al. 2003, 
entire). Many models have been developed to project how U.S. timber production and markets 
may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia et al. 
1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate change, 
total U.S. timber inventories will increase, timber harvest will increase, and product prices will 
decrease relative to an assumed stable climate. Some models predict that consumers will gain 
from climate change while landowners in some regions will lose. The forest industry will adapt to 
climate change in many ways including using alternate tree species in manufacturing, shifts to 
geographic regions of the country with economic advantages in timber growth, and increasing 
forest plantations with new species that are favorably adapted to the new climate and markets. 
Many strategies have been evaluated to increase the quantity of carbon stored in North 
American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in some 
forests to build carbon reserves, increased recycling to reduce use of forest products, converting 
agricultural lands to forests, and substituting wood products for more energy-intensive products. 
Increased atmospheric carbon will increase forest growth slightly, except for softwood (Irland et 
al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, is expected to 
increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth conifer forest to 
sequester carbon could benefit lynx in the West and be to the detriment of lynx in the East.  
   
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS.  
   
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
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land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival.  
   
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality.  
   
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986,  
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx.  
   
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, moisture, 
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and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. 
(2005) reported that the slash and coarse woody debris remaining after precommercial thinning 
provided both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory that 
would be needed to support pre-treatment snowshoe hare densities. At this time, no other data 
are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed.  
   
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS.  
   
Uneven-aged management (single tree, partial harvest, and small group selection) practices can 
be employed in stands where there is a poorly developed understory, but have the potential to 
produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature 
multistory forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat.  
   
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and 
unevenaged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
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future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx.  
  
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances, there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat.  
   
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares.  
  
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing the 
understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.   
   
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
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reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).   
   
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to -17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569).  
   
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988).  
   
Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high- quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes.  
   
Forest management can fragment and isolate patches of high- quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx.  
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Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of 
high- quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6).  
   
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S.  
   
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to -40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir.  

3.4 Wildland Fire Management  
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
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They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).   
  
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53).  
  
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land- use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
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Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).   
  
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 
4009340098).  
  
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern  
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats.  
  
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
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communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future.  
  
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al.  
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and altering 
the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely be a 
temporary impact, with burned areas subsequently regenerating into higher-quality habitat, it 
would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover.  
  
Because lynx habitats are naturally patchily- distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
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recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire).  
  
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 20). 
Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where fire 
size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx SSA 
Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were burned by 
the extensive wildfires of 1988. The extent to which those fires may have diminished lynx and 
hare habitats and contributed to the recent absence of resident lynx is uncertain, as is the 
potential for those burned areas to support high hare densities and resident lynx in the future. 
However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future.  
  
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range.  
However, given the trends discussed above and the likely continued increase in future fire 
activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.   

3.5 Habitat Loss and Fragmentation  
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.   
  
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover.  
  
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% percent loss in area (20,000 km2) of forest, and continued expansion of residential 
development will likely reduce forested patches by another 1.2% percent by 2030 (Theobold et 
al. 2011, entire). Human-caused fragmentation in the forested western landscape resulted in a 
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decline of weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current 
conditions, but models predict relatively small declines in the size of forested patches over the 
next 30 years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more 
of the natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to -20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people.  
  
Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.   
  
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high- quality patches themselves (Lewis 
et al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats.  
  
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.   
  
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
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habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.   
  
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high- quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996).  
Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).   
  
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high- quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3three of the 5five 
populations under investigation went extinct in the course of the 3-year study. Fragmentation of 
landscapes exacerbate the effect of predation by allowing carnivores to concentrate their 
hunting efforts on small patches of habitat used by their preferred prey instead of preying 
disproportionately on dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich 
landscapes characteristic of the DPS, this can result in intense predation and competition for a 
limited prey resource.  
  
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat.  
  
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.   
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The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska.  
  
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
mMountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015).  
  
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily 
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.   
  
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
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and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m  
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008).  
  
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity in 
landscapes that have extensive, large patches of habitat in combination with deep, fluffy snow. 
Within their home ranges, lynx strongly select for habitat patches that enhance their foraging 
opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, Squires et al. 
2010). Analysis of winter movements of lynx in Maine indicated that lynx responded to habitat 
heterogeneity at a coarse scale within their home ranges by maximizing their access to 
snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected homogeneous 
spruce-fir patches that supported snowshoe hares and avoided recent clearcuts or other open 
patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) reported that 
landscapes in which hare habitat was more contiguous, or surrounded by a mosaic of similar 
habitat quality, supported more hares than did more fragmented landscapes.  
  
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally patchy 
habitat that is typical throughout much of the DPS range. Anthropogenic activities such as forest 
management, development, and highways alter natural landscape patterns. They cumulatively 
can reduce the total area of habitat, diminish the quality of habitat, increase the isolation of 
habitat patches, and impair the ability of lynx and other wildlife to effectively move between 
patches of habitat. Anthropogenic fragmentation may be permanent, for example by converting 
forest habitat to residential, industrial, or agricultural purposes, or temporary, for example by 
conducting forest management  but allowing trees and shrubs to regrow. Habitat fragmentation 
(both natural and anthropogenic) increases the risk of extirpation of small lynx populations.   
  
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77).  
  
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
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incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).   
  
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural features 
such as rivers, valleys, and mountain passes that may have high value for lynx in providing 
habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and northern 
Maine. Various studies have documented lynx crossings of highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway relative to random expectation, but only 
2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, respectively). In 
southeastern British Columbia, lynx avoided crossing highways within their home ranges (Apps, 
2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with home ranges within 
an 8 km buffer of 2-lane highways,; however, only 12 of these individuals crossed the highway.  
  
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998).  
  
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly have 
fences on both sides, service roads, parallel railroads or power lines, and impediments like  
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two2-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).   
  
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
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Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits.  
  
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke et 
al. 1990), because they often move extensively after their release and are unfamiliar with their 
surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx failed 
and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.).  
  
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195).  
   
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993).  
  
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high- quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx.  
  
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
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human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations  
(including lynx) likely depends on the physical design of highway improvements, the  
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).   
  
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.).  
  
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.   
  
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat.  
  
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares.  
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In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States.  
  
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site, and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, then 
vegetation is removed and materials are excavated. For example, gravel pits are needed for 
logging road development and maintenance and are common occurrences throughout areas of 
the DPS that are in active forest management. Areas developed for salable minerals can vary in 
size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development.  
  
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years.  
  
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting.  
  
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats in 
northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may have 
contributed (along with increasing road densities and an expansion in coyote distribution) to the 
recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 
1195).   
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS 
with Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern.  

Chapter 4: Current Conditions  
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the lynx 
DPS in terms of redundancy, representation, and resiliency. We then provide brief summaries of 
the current conditions in each geographic unit, followed by a more detailed evaluation of the 
status of lynx populations and habitats and the factors currently believed to influence them in 
each unit. Where appropriate, we compare our current understanding to what was known or 
believed when the DPS was listed under the ESA in 2000 and to our understanding of historical 
conditions.  

4.1 Summary of Current Conditions DPS-wide  
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily- distributed than was 
thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
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recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 
19992006, and their subsequent survival and reproduction, resident lynx currently occupy parts 
of western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain.  
  
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Ffigure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate that there is no single catastrophic event that could result in the functional 
extirpation (loss of the ability to support resident lynx populations) of the entire DPS and, further, 
no or a very low likelihood of functional extirpation of any of the individual geographic units 
caused by a single catastrophic event (Lynx SSA Team 2016, p. 56).   
  
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would have 
represented substantially greater redundancy in the contiguous U.S. However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear. The historical record and recent research show that the GYA has supported resident 
lynx. However, it is unclear whether the area consistently supported a resident breeding 
population over time or whether it naturally supported resident lynx only some of the time 
(“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable.  
  
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
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species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to have 
supported them historically in the contiguous U.S. Because there are no indications of current 
threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the current 
level of representation does not appear to represent a decrease from historical conditions, we 
find that the DPS currently displays an adequate level of representation.  
  
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Ttable 4, below), 
they were collected using different methods, at different times, and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS.  
  
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4), despite the substantial recent wildfire-
mediated loss of habitat, suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Uunits 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
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substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS.  
  
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places. 
    
4.1.1 Summaries of Current Conditions in Each Geographic Unit      
  
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce- and fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50- percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
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lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.   
  
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx 
radiocollared in Minnesota died after traveling north into Ontario, four from legal 
trapping/hunting, and two of unknown causes.  
  
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
(about 90 percent) of this unit, including Federal, Sstate, Ttribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
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support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then.  
  
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations exist 
in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 
6590 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential 
lynx habitat, led to increased home range size, and may have reduced the current carrying 
capacity of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat 
within this geographic unit may have been influenced by climate change (Westerling et al. 2006, 
pp. 942943). There is significant risk for potential future wildfires to further affect the viability of 
lynx in this geographic unit. Burned habitats are expected to regenerate back into suitable lynx 
habitat, but this may take 35-40 years. The Kettle Range to the east of this unit was suspected 
to have supported a small (likely fewer than 20 individuals) resident population until about 30 
years ago when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). 
Potential impediments to lynx movement between the Kettle Range and the Cascades and 
British Columbia may make natural recolonization of the Kettle Range unlikely. Results of 
snowshoe hare research suggest that the hare population density in Washington exists at the 
low end of the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The 
OWNF and CNF, which administer more than 90 percent of lynx habitat in Washington, continue 
to manage lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, 
which manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.   
  
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether and, if so, 
to what extent other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
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densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. Some lynx 
released in Colorado dispersed northward into this unit and temporarily occupied home ranges 
in areas used previously by native resident lynx, but there is no evidence of reproduction among 
these lynx.   
  
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believeconclude it is reasonable 
that lynx continue to occupy all National Forests within the State of Colorado (Odell 
undocumented pers comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, 
page 3). Habitat that supports snowshoe hares is patchily distributed in this geographic unit, 
which limits their abundance. Because the majority (90 percent) of lynx habitat in Colorado is 
under Federal land management, actions occurring on other ownerships are unlikely to result in 
significant losses of lynx habitat within this unit. The USFS manages over 85 percent of the lynx 
habitat in this unit, providing conservation through the Southern Rockies Lynx Amendment. 
However, regulatory mechanisms for the conservation of lynx are lacking on approximately 
3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx habitats on some BLM and 
some non-Federal lands.  
  
Table 4. Summary of current conditions in six geographic units within the DPS range.   
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4.2 Current Conditions - Detailed Descriptions by Geographic Unit  
4.2.1 Unit 1 - Northern Maine  
  
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.   
  
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April).  
  
Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
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percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).   
  
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and Grafton 
counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al.  
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014,  
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past  
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749).  
  
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat.  
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127).  
  
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the southern 
extent of a larger cross-border population, most of which occurs in the Gaspe region of southern 
Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the northern Maine 
unit are geographically isolated by the St. Lawrence River from lynx populations in central 
Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern Canada are 



 

101  
  

geographically isolated from other lynx populations on the island of Newfoundland (900 km [559 
mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] southeast of 
Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located in 
northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.   
  
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack).  
  
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26year-
old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-yearold) 
partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range scale, 
lynx select landscapes having extensive regenerating conifer forest, but also with some mature 
conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial harvested and 
mature conifer stands because of increased ease of travel and prey access along the extensive 
edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard et al. 2013, p. 574).  
  
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
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the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances.  
  
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation  
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al.  
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx.  
  
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high- quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).   
  
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100).  
  
In general, landscape- scale and home- range- scale habitat selection by lynx on industrial 
forest lands reinforces the importance of dense regenerating conifer forest along with a 
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component of mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, 
Simons 2009, pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 
573) found the probability of lynx occurrence was >50 percent when snowshoe hare landscape 
densities were >0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In 
Maine, lynx selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 
2007, pp. 19831985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years 
post-harvest) partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). Regenerating stands used by lynx typically developed 15–30 years after harvest 
(Hoving et al. 2004, p. 291), and were characterized by high stem density and dense horizontal 
cover within 1 m (3 ft) of the ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller 
and Harrison 2010, p. 12761278). These habitats supported high snowshoe hare densities 
(Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 
2009, pp. 24, 32, 36-44). At a landscape scale, lynx habitat selection did not differ between 
sexes; however, at a home range scale, males tended to use more mature forest dominated by 
conifers than females, and both male and female lynx tended to avoid mature forests that had a 
high deciduous component (Vashon et al. 2008b, pp. 1492-1493).  
  
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11– to 21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>greater than 40 years 
old), short (3.4– to 4.3 m [11– to 14 ft]) regenerating clear-cut or partially harvested stands <less 
than 10 years postharvest, and roads, and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). 
Research of year-round habitat use yielded similar results, with lynx preferentially using conifer-
dominated sapling stands that were 3.4– to 7.3 m (11– to 24 ft) in height and supported high 
densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in 
areas with intermediate to high snowshoe hare densities (tall regenerating or older partial 
harvest stands), which afforded lynx with greater mobility and where snowshoe hares were 
more vulnerable to predation, rather than in the densest stands (short regenerating stands; 
Fuller and Harrison 2010, pp. 1276-1278).  
  
Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517).  
  
Historically, lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour et 
al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests often 
exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
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several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Cchapter 14). The frequency and intensity of spruce 
budworm outbreaks, the most likely insect to affect lynx habitat, have been highly variable in 
Maine and eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, 
wildfire is less significant as a natural agent of disturbance. The typical fire regime is infrequent 
surface fires in the dormant season in the hardwood forests, and slightly more frequent but long-
interval fires in conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 
359-365, Lorimer and White 2003, p. 59). For the past several decades, early successional 
forests and lynx habitat in northern Maine, New Brunswick, and southern Quebec have been 
created almost exclusively by forest management (Lorimer and White 2003, pp. 42-43).  
  
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from 
standreplacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).   
  
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).   
  
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested.  
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Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike for Federal lands management agencies, there is no requirement thatfor private 
landowners to comply with lynx management guidelines, and a Federal nexus for review of 
forestry projects is almost nonexistent. Furthermore, there continues to be high turnover in 
forest land ownership (Hagan et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to 
provide incentives or to work with private landowners. As of 2005, there were 23 landowners in 
northern Maine with land holdings in excess of 100,000 acres including the State, Federal 
government (White Mountain National Forest south of lynx range), a conservation group (The 
Nature Conservancy), two2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with 
much land south of lynx range), and 18 private forest landowners (Nadeau-Drillen and Ippoliti 
2006, p. 13).  
  
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003,  
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the 
Federal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill.  
  
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe,  
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828).  
  
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are proprietary 
and will not be made public per NRCS policy.  
  
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
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lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances,; however, at this time this option has not been explored with landowners.  
  
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner.  
  
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx.  
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833- to 1999, which suggest that lynx 
were widespread throughout the state except for coastal areas. These records included 39 
kittens representing at least 21 litters, primarily in northern and western Maine, from 1864- to 
1999 (Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200- to 
300 lynx were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later 
documented in winter snow track surveys conducted by MDIFW duringfrom 1994- to 1998 
(Vashon et al. 2012, p. 56).  
  
At the time of listing, lynx were known to be present in northern Maine but little was known about 
their distribution, population size, and trend, snowshoe hare populations, and  
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain.  
   
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
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northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.   
  
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern  
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence  
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015).  
  
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believeconclude that the extensive young, regenerating spruce-fir 
habitat created by large-scale clearcutting in the 1970s and 1980s may currently support the 
largest lynx population in the DPS, numbering at least several hundred and perhaps more than 
1,000 resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 
2016, p. 18) . Habitat in northern Maine can support lynx densities in localized areas of high-
quality habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 
23). In 2003 when hare populations were high, lynx density (juveniles and adults) in one of 
Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a,  
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods 
(2.33.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et 
al.  
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix  
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area.  
  
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 
1012.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur 
only ephemerally, winking on an off over time as would be expected at the periphery of the 
range of a mainland-island metapopulation structure, and as suspected for other lynx 
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populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 
95-104). From 1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and 
Wildlife conducted snow track surveys in 66 townships to document the distribution of lynx and 
to inform habitat modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas 
of potential lynx habitat were well-distributed throughout northern Maine in the early 2000s 
(Simons-Legaard et al. 2016, entire; Simons 2016, entire).  
  
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.).  
  
Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087).  
  
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented lynx 
movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 2008b, 
entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 1719), and 
other aspects of their life history (Vashon et al. 2012, entire).. During the period when snowshoe 
hare populations were highest (2000-2006), Maine lynx had among the highest reproductive 
rates (average litter size 2.74, 89 percent of adult females producing litters) in the DPS (Vashon 
et al. 2012, pp. 18-19). During the current (2006-present) period of low hare density, litter size 
was smaller, only 30 percent of females had litters, and mortality was greater. Maine lynx have 
among the smallest home ranges documented in the DPS (Vashon et al. 2008a, p. XX; LCAS 
2013, p. 24; also see Ttable 3, above). Home range sizes were similar during periods of high 
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and low hare density (Mallett 2014). Lynx populations likely increased during the period of high 
hare density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) 
(USFWS, Vortex10, deterministic population simulation 2016; demographic data from Vashon et 
al. 2012).  
   
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016).  
  
Factors Affecting Current Conditions  
  
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished  
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% percent of the time) observed from 1961-1990 to about 18-20 days 
per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to 
affect lynx by reducing snow and boreal forest (see section 5.2.1).  
  
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly at 
least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another two 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last six decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52).  
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Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the lynx 
in northern Maine (1981-2010) was below this threshold  and ranged from 228- to 263 cm (90- 
to  
104 in; NOAA 
2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, https://www.currentresults.
com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 2016). In the last 50 years, 
18 of 23 snow sampling sites in and near Maine experienced reduced depth of snowpack 
(Hodgkins and Dudley 2006). Snow depth in New England (19652005) declined an average of 
4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, average snow conditions in Maine 
are currently at or below snow depth thresholds for lynx, and further declines in annual snow 
depth would be expected to reduce the probability of lynx persistence in the region (Hoving et al. 
2005).  
  
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 
(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).   
  
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above.  
  
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 200-
year interval) and generally small (several acres) surface fires in the dormant season.  
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985).  
  
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high- 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above.  
  
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and 
radiotagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
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2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species.  
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016).  
  
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the  
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000.  
  
In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).   
  
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and 
lowelevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase 
in wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 
2, 2016), and there is increased interest in placing developments on private lands in 
unpopulated areas in northern Maine, New Hampshire, and Vermont. Wind energy is an 
increasingly appealing source of income for investment companies and other landowners who 
own forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been 
proposed in northern Maine and five projects are in operation; two have been proposed in 
northern New Hampshire and two are in operation; and three have been proposed for northeast 
Vermont and two are in operation or under construction. Maine’s two largest wind projects 
(combined over 300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s 
designated lynx critical habitat. The effects of wind energy projects on lynx, hares, and their 
habitats are unknown. Potential direct effects include disturbance or displacement of resident 
lynx from large landscapes and loss and fragmentation of habitat from turbines, roads, and 
transmission lines. Increasing power infrastructure associated with these projects could greatly 
change development potential and patterns in northern Maine by bringing electricity into the 
interior of Maine’s vast undeveloped forest region. Extensive road construction would further 
fragment habitat and increase access for recreation, including trapping.  
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Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 
conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.   
  
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high- quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality.  
   
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
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from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River).  
  

4.2.2 Unit 2 - Northeastern Minnesota  
  
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tTribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Ttable 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National  
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit.  
  
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed  
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5).  
  
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 



 

114  
  

although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9).  
  
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016).  
  
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance.  
  
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data).  
  
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat  
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
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Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium.  
  
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5).  
  
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.   
  
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13).  
  
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5).  
   
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
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lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that  
intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.   
    
Factors Affecting Current Conditions  
  
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest 
ServiceUSFS and the Service (USFS and USFWS 2000, entire), for all forest activities that 
occur within LAUs. Active management of forest lands can produce lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has 
developed guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
- these voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife including lynx. The implementation of the MFRC 
guidelines is monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are 
being minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary.  
  
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project.  
  
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
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or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx.  
  
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows.  
  
As described in Cchapter 2, above, lynx are adapted for surviving in areas that have cold 
winters with deep, fluffy snow, where they outcompete potential competitors such as bobcats, 
coyotes, and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; 
Ruediger et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota 
has remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar to 
bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change.  
  
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part of 
the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).   
  

4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho  
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Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Ttribal and Sstate lands that were excluded from that designation (79 FR 54825). It 
encompasses approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho 
and Flathead, Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and 
Teton Counties in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 
percent private; 4 percent Sstate; and 4 percent Ttribal. Most Federal lands in this unit (82 
percent) are on national forests managed by the USFS; with NPS (16 percent) and BLM (almost 
2 percent) contributing most of the remainder. This unit includes most of Glacier National Park 
and parts of the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo 
national forests, the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai 
Tribes Flathead Reservation. It also includes (from northwest to southeast) all or parts of the 
Purcell, Cabinet, Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. 
Several areas adjacent  
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit.  
  
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
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pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657).  
       
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 
36,096km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results 
indicate that much of the area has a low to moderate probability of selection by lynx, and that 
the areas with higher selection probabilities are relatively small and patchily- but widely- 
distributed throughout the unit and are separated by intervening areas of low probability of lynx 
use (Squires et al. 2013; see Ffigure 1(a), p. 189). This patchy distribution of high-quality 
habitats interspersed with areas of low-quality or non-habitat results in naturally lower densities 
of both snowshoe hares and lynx than those in the continuous boreal forests of northern 
Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  
  
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 
14921496). Over a longer interval (1999-2003) when hare populations in this area were thought 
to be stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656).  
  
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Ttable 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497).  
  
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/  
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to  
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).   
  
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 3,658 
km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) managed by 
BLM in its Garnet Resource Area. As described above, potential lynx habitat in this unit is 
patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six national 
forests that contribute lands to this geographic unit, potential lynx habitat was mapped on about 
54 percent of the total national forest area (both inside and outside this SSA unit; USFWS 2007, 
pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 percent of the 
park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 mi2; 27 percent of 
the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 FR 40086, 40089). 
In the Garnet Resource Area, the BLM designated five LAUs (which approximate a lynx home 
range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 61 percent) was mapped 
as lynx habitat (Sparks 2016a, pers. comm.).   
  
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations.  
  
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the  
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6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Ttribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).   
  
Much of the remaining USFS lands and the BLM lands have developmental land- use 
allocations where some management activities have the potential to impact lynx or its habitat. 
However, as described above in section 3.1.1, USFS lands in this unit are managed in 
accordance with the NRLMD, which formally amended all forest plans to adopt and implement 
lynx conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were 
developed based on the scientific findings and recommendations of the LCAS (Ruediger et al. 
2000, pp. pp. 7-1 - 7-18). Similarly, the BLM in 2004 amended the Resource Management Plan 
(RMP) for the Garnet  
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.   
  
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and Sstate regulations and by a number of 
private/public conservations partnerships and Sstate agency efforts. As described in section 
3.1., above, some Federal and Sstate regulations guide some activities on private lands, 
including the ESA’s prohibition on take of listed species, and Sstate regulations governing 
trapping and timber management. In addition to these protections, there have been several 
other notable lynx conservation achievements on private lands in this unit since the DPS was 
listed. Two of these, the Clearwater-Blackfoot Project and the Montana Legacy Project, are 
multi-partner and community efforts led by The Nature Conservancy in Montana to purchase 
large tracts of private commercial timberlands, conveying some to the State of Montana and the 
USFS for conservation management, and acquiring conservation easements on others (TNC 
2016a, 2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 
km2 (260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to 
the south and west that may occasionally or temporarily support lynx or provide dispersal 
habitat. Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 
km2 (1,195 mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated 
lynx critical habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the 
northwest part of the unit (MTFWP 2016, pp. 1, 3).   
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In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust  
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b,  
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust lands 
in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 64 
percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity  
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).   
  
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).   
  
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest ServiceUSFS in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also, as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
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contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90- to 95- percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).   
  
Overall, although naturally fragmented and patchily- distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects.  
  
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx habitat 
(Squires 2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7- to 
10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current 
and historical distributions of lynx habitats in the Garnets and found that early- successional 
stands (future hare and lynx foraging habitats) were at 25-50 percent of the historical condition 
in lower- elevation (1,370- to 1,830 m [4,500- to 6,000 ft]) lynx habitats, and 10- to 30 percent in 
higher- elevation (1,675- to 2,130 m [5,500- to 7,000 ft]) habitats. Late- successional (mature 
multistoried) stands (25- to 75 percent of historical condition) and large (>greater than 100 ha 
[250 ac]) patches (25- to 50 percent of historical condition) were also underrepresented at lower 
elevations, but at higher elevations, late- successional stands and large patches exceeded 200 
percent and 100 percent of historical conditions, respectively. Lower elevation habitats were 
fragmented by roads and past management practices (i.e., timber harvest), while higher-
elevation habitat patterns were attributed to the absence of disturbance, including fire (BLM 
2004, p. 5), though fire absence was not attributed to suppression.  
  
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
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to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.   
  
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, Sstate, and Ttribal regulations and management direction, 
conservation easements, and an approved HCP. Much of the area consists of designated 
Federal and Ttribal wilderness areas and other nondevelopmental land use allocations, where 
management activities with the potential to adversely affect lynx generally do not occur. On 
lands with development allocations, USFS, BLM, and State management are based on plans 
that incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.   
  
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR  
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic 
substructuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p.  
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20).  
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From 1998 to 2007, researchers with the Forest ServiceUSFS’s Rocky Mountain Research 
Station in  
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 2003-
2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Ttable  
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly- cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown.  
  
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable.  
   
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
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District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20).  
  
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).   
  
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping crew 
in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7).  
  
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural sourcesink 
dynamics of a naturally ephemeral peripheral population in a mainland-island  
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or 
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landscapelevel hare densities necessary to support resident lynx populations (79 FR 54818-
54820).  
   
Factors Affecting Current Conditions  
  
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount of, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.   
  
Currently, as described above and in section 3.1, all Federal and Ttribal lands, most Sstate 
lands, and large blocks of private or formerly- private land in this unit are managed for the 
conservation of lynx habitats, and much of the unit is in designated wilderness or other 
nondevelopmental land- use allocations. Regulatory mechanisms and conservation measures 
associated with these management strategies are intended to conserve and restore lynx and 
hare habitats across large landscapes and multiple ownerships. Although their effectiveness has 
not been quantitatively evaluated, and despite the potential extirpation of a small population in 
the Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit.  
  
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6).  
  
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the 
harelynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx 
harvest in Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, 
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but declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and 
season closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 
28). Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 
8,000 in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s 
until the year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in 
Canada may influence lynx dispersal across the border and into this geographic unit is 
unknown; however, such dispersal was documented historically when harvest levels in Canada 
were much higher than under current management.   
  
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts are 
likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).   
  
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
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lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most Sstate and Ttribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Ttribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.   
  
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.   
  
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.   
  
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
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recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily- distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193).  
  
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al.  
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 
[https://www.fws.gov/mountainprairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix
%205%20Presentation%20PD Fs/2015%2010%2013%20-%205%20-
%20Bowman%20Lynx%20Southern%20Canada.pdf]).  
  
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.   
  

4.2.4 Unit 4 - North-central Washington  
  
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
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Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Ttribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit.  
   
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with  
Canada is important to lynx populations in northern Washington and the Cascade Mountains.  
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65).  
   
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in Washington 
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for lynx were reduced to one month. In 1987 a restricted permit system was implemented, and 
in 1990 a statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2).  
  
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high- quality 
habitat (Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and high-
quality likely more fragmented, and thus may not be capable of supporting a density of 2.3 
lynx/100 km2. The Kettle Range is also somewhat isolated from other lynx habitats in 
Washington (e.g., the  
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range.  
  
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50).  
   
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
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Washington, found snowshoe hares in 87% percent (40 of 46) of lynx scats, while red squirrels 
were identified in 28% percent (13 of 46) of lynx scats.  
  
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 
and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).   
   
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016).  
  
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085).  
  
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
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on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur.  
  
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan- 
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and 
SalmonPriest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor 
the Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).   
   
In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington.  
   
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
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(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.   
   
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).   
   
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows:  
   

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or 
nonhabitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21).  
   

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
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population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21).  
  
Factors Affecting Current Condition  
  
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence.  
  
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/  
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest ServiceUSFS entered into a Conservation Agreement (CA) with 
the Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006  
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs.  
   
The LCAS, which was also developed pursuant to the listing by an interagency team 
compriseding of USFS, BLM, Service, and NPS personnel, identified four primary risk factors 
potentially exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
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maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
ServiceUSFS and Service which commits the Forest ServiceUSFS, specifically for Washington 
the OWNF and CNF, to use the LCAS in the management of lynx habitat on their ownerships 
and when designing and implementing projects within LAUs.  
  
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx  
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Ffederally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada.  
  
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2)  
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation.  

Comment [M32]: Should this be 
“especially?”  “Specifically” implies it is 
the only area in Washington. 

Comment [M33]: I don’t understand how 
this is relevant to our analysis if our 
analysis is to assume the lynx is not 
listed. 
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Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit.  
  

4.2.5 Unit 5 - Greater Yellowstone Area  
  
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR  
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon,  
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park,  
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations in 
Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern  
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit.  

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123).  

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
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hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30- 
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of  
1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).   

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).   

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 3,944 
km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by BLM. 
As described above in section 3.1.1, USFS lands in this unit are managed in accordance with 
the NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and Kemmerer districts, 
respectively, to include conservation measures and BMPs for lynx based on the LCAS (BLM 
2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with developmental land- use 
allocations, these amended forest plans and the revised BLM RMPs provide guidance on the 
kinds of activities that can and cannot be implemented in important lynx habitats and thresholds 
for the proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time 
and how much can be converted from suitable to (temporarily) unsuitable over particular time 
frames. Implementation of these plans has likely benefitted lynx by providing a consistently-
applied framework for conserving and restoring important hare and lynx habitats.  

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
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(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A12). 
Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete other 
terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx 
occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
  
This unit includes substantial areas in nondevelopmental land- use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats.  

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45).  

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx.  

Overall, although naturally fragmented and patchily- distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects.  
  
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land- use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land- use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
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continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.   

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). However, 
two resident lynx, a male and a female, were trapped, radio-marked, and monitored in the 
Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire).  
  
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires in 
Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526;  
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-/2005 through 2007-/2008, 26 snow 
tracks on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to 
be from five5 individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.).  
    
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
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records of lynx in Yellowstone National Park from 1920- to 1999 (McKelvey et al. 2000a, p. 
230); however, surveys in 2001- to 2004 documented at least 3three individual lynx, including 
two kittens, in the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-
released lynx also traveled through the park (Devineau et al. 2010, p. 526), and two possible 
(unconfirmed) lynx tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife 
Research 2009, pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern 
part of the unit, a single female was detected over six consecutive winters (2003/2004 -to 
2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not 
encounter a male or produce kittens during the six6 years she was detected (Gehman et al. 
2010, p. 4).   

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.   

Factors Affecting Current Conditions  

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit.  
Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
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trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing.  
  
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 1415; 
Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to continue 
to occur, there currently is no evidence that climate change has had population-level effects or 
has reduced the ability of this unit to support persistent resident lynx populations. However, 
such impacts would be difficult to document and, as described under Habitat Status, above, 
because lynx habitats in this unit are naturally highly-fragmented and hare densities low in some 
places, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit. Modeling vegetation and snow suitability for 
lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and 
temperate conifer forest biomes were broadly distributed across this geographic unit and that 
snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. (Future 
conditions based on this modeling are described in section 5.1.3, below). As described in 
section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).   

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.   

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.   

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
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vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.   

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain- 
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD 
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).   

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.   
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4.2.6 Unit 6 - Western Colorado  
  
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).   
  
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.   
  
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and 
Douglasfir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, 
while southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx.  
   
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx.  
   
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid 
lowerelevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
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ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx.  
   
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and 
latesuccessional spruce-fir forests. However, this study was conducted in a very limited area 
and did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare 
hare densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32).  
  
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911).  
   
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.”  
  
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern  
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In  
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25% percent) LAUs 
currently exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These 
changes are mostly in response to the ongoing bark beetle infestations, as well as wildfire 
events that have occurred since 2008.  
  
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
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Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).   
  
Regulatory mechanisms in Colorado are largely provided through Forest ServiceUSFS planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.).  
  
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believeconclude it is reasonable that lynx continue to occupy all National Forests 
within the  
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire).  
   
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent  
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown.  
   
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75– 
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest  
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016).  
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Factors Affecting Current Conditions  

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4).  

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.   
   
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for snowshoe 
hares and lynx for several decades, until the crowns again lift above the reach of snowshoe 
hares.  
   
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity.  
  
ILBT (2013 p. 57; 61-62) states:  
  

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
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reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado.  
  
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I70, 
I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx movement, 
as repeated successful crossings by radio-telemetered lynx have been documented on I-
70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. Squires, personal 
communication 2012). At this time, it appears that hit by vehicle mortality may be a less 
significant mortality factor for lynx in Colorado.  
   
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability of 
lynx habitat within localized areas, in part by influencing the distribution or abundance of 
prey resources within the developed area. However, there is also considerable anecdotal 
evidence of lynx using ski areas.  
   
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states.  
   
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely.  

Chapter 5: Future Conditions  
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
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future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six6 geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions.  
  
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Cchapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why.  
  
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and incentives 
to continue to conserve lynx and its habitats and to assure persistence of resident lynx 
populations in those places that can support them on Federal, State and Tribal lands (perhaps 
some private lands as well). Our evaluation, therefore, considers the possibility of the future 
relaxing of some lynx conservation measures and efforts, but not the complete absence of all 
protections for lynx. Implicit in our evaluation of the future for lynx in the contiguous United 
States is our recognition and consideration of a future in which the DPS is not listed under the 
ESA. However, we do not evaluate the unlikely hypothetical future in which all protections and 
conservation efforts disappear. Rather, we assume that, although some protections could be 
relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for some 
states to reinstitute limited trapping/hunting harvest), non-ESA regulatory requirements and 
nonregulatory objectives for species and habitats (not necessarily lynx specific) and an incentive 
to preclude ESA listing of the lynx would contribute to the continuance of conservation efforts 
benefitting the lynx on Federal, state, tribal, and some private lands. Our evaluation, therefore, 
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considers the possibility of the future relaxing of some, but not the complete absence of all, lynx 
conservation protections and conservation efforts. Some of the experts we consulted indicated 
that their projections assumed the status quo (i.e., continued protections under the ESA and 
current Federal and Sstate land management policies). Others indicated their persistence 
probabilities were not influenced by regulatory considerations but that doing so would not have 
altered their projections; they felt that factors influencing lynx persistence on the landscape are 
independent of ESA listing status (Lynx SSA Team 2016, p. 52).  
  
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.   

5.1 Summary of Future Conditions DPS-wide   
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts.  
  
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
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be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.   
  
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Ttable 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units.  
  
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Ffigure 7).  
  

Comment [M34]: This seems 
inconsistent with other statements in the 
document. On pages 49, 126, and 142, 
we say we are confident that, despite the 
lack of effectiveness monitoring, 
implementation of Federal forest 
management plans has reduced the 
likelihood that management activities on 
these lands may adversely affect lynx. 
 
Also, if these plans have not proven their 
effectiveness, we would need to evaluate 
them under the PECE if we are to 
consider them as having a benefit to 
lynx.  
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Ffigure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  
  
Our evaluation generally concurs with the expert input we received. We believeconclude that 
lynx populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believeconclude it is more likely than not that resident lynx 
will be functionally extirpated by the end of the century from one or more of the five geographic 
units that currently support them.  
  
We acknowledge that under a “worse case” climate- modeling scenario the boreal and 
subalpine forests and snow conditions lynx need could completely disappear from some units 
and be substantially reduced in the remainder by the end of the century (we are aware of no 
climate modeling that suggests the complete disappearance of potential lynx habitat from the 
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entire contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more 
likely in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case.  
  
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believeconclude the most likely future 
condition of the DPS is that resident lynx populations will continue to persist at the end of the 
century in two or three of the five units that currently support them (i.e., they will be functionally 
extirpated from two or three of the units) and that, even where populations persist, they will be 
reduced in numbersize and distribution and, therefore, resiliency.   
  
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially- discrete event. We recognize that a sequence of 
discrete but spatially- clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well- distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.   
  
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
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units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and likely 
future relative genetic health of the DPS.  
  
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate.  
  
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates to decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events.  
  

5.1.1 Summaries of Future Conditions in Each Geographic Unit    
  
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high- quality hare habitat will drop from 
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about 10 percent to 5 percent of the landscape. High- quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward.  
  
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid-century to 
late century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent disturbance of the forest all will contribute toward the 
trend in the loss of spruce-fir forest and expansion of northern hardwoods, although the 
timeframe for conversion is uncertain. The lynx experts we consulted indicate the probability of 
persistence will decline to about 50% percent by the end of the century, although there was 
wide variation in opinions. After reviewing the scientific literature concerning climate change 
projections (diminishing snow conditions, lack of elevational refugia), some members of the 
Core Team were more pessimistic about the future of lynx in Maine than the lynx expert panel. 
In particular, we observed that there is great uncertainty about the future of forest management 
and future development on private forest lands. We also note that the threat for which the lynx 
DPS was listed, the lack of specific conservation direction in Federal forest planning and 
management regulations and direction, has not been addressed on private lands. There are no 
long-term management plans in place, State forest regulations have greatly influenced 
harvesting practices that have (and will continue to) reduce landscape hare densities, markets 
for forest products are depressed, and projections (under current harvest scenarios) are that 
habitat will diminish and shift southward in the near term because of post-harvest succession 
and recede northward over the longer- term because of continued climate warming.  
  
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity, and persistence of snow, competition, disease, and forest insects, and over the long 
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term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listedUnder a future scenario without Federal 
listing, we predict that the species would be placed on the Forest’s Regional Forester Sensitive 
Species list for at least 5 years, which gives it a higher priority than other species for monitoring 
and management during that time. It is expected that the MFRC guidelines will remain in place 
into the future and that voluntary actions will continue on State and private lands. However, it is 
unclear on what proportion of State and private lands these voluntary actions will be 
implemented into the future. Further, these guidelines are generalized for listed species and 
give no specific direction for lynx. Taking all factors into consideration (i.e., loss of boreal forest, 
increased competition, potential disease and insect outbreaks, loss of snow), lynx experts 
projected the mean probability persistence of lynx in Minnesota to the year 2025 wasto be 
greater than 90 percent, to 2050 wasto decline to 80 percent, and to 2100 to would decline to 
approximately 35 percent by 2100. After reviewing the scientific literature concerning climate 
change projections (diminishing snow conditions, loss of boreal forest, lack of elevational 
refugia, increased competition, and potential disease, and insect outbreaks), some members of 
the  SSA Core Team were slightly more pessimistic about the future of lynx in Minnesota than 
the lynx expert panel. The Core Team concluded that the climate-mediated conversion of boreal 
forest to temperate forest and the loss of favorable snow conditions could occur at a rate and 
extent that would result in a lower probability of persistence than the median most likely 
estimate provided by experts, including the possibility   that resident lynx could be extirpated 
from this unit by the end of the century.  
  
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
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the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency.  
            
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% percent to 90% percent (median = 80% percent), mid-century persistence at 30% percent 
to 80% percent (median = 70% percent), and end-of century (year 2100) persistence 
probabilities less than 50% percent (median = 38% percent) for lynx populations within this 
geographic unit. After considering the best available scientific information and input from lynx 
experts summarized above, the Core Team is generally in agreement with the experts regarding 
the probability of long-term persistence of Canada lynx in this geographic unit. We expect this 
unit will continue to support a small resident lynx population through midcentury but that its 
ability to do so beyond then is questionable, and that functional extirpation of lynx from this unit 
by the end of the century is more likely than not.  
  
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
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other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century.  
  
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in  
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to become 
more fragmented by areas that no longer retain appropriate snow conditions and vegetation. 
However, we anticipate large areas of snow persistence to remain through the end of the 
century. Beetle kill and wildland fire will result in temporary nonfunctional habitat conditions. 
However, affected areas are likely to regenerate and provide excellent habitat conditions to 
support hares and lynx. A caveat to future habitat conditions in light of climate warming is that 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares. Our conclusion, based on the information 
available to us, is that lynx are likely to persist in western Colorado to the end of the century. 
Our conclusion is not without uncertainty, stemming primarily from the historical lack of evidence 
of consistent lynx presence within Colorado prior to the reintroduction effort. Our conclusion is 
generally consistent with that of the experts.  
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Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit.  
  
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties.  
  

Lynx 
population  

Lynx expert 
probability of 
persistence  

Key evidence  Uncertainties  

Unit 1 Maine  2050 median  
80% (range 20 

to 100%)  
   

2100 median 
50% (range 0 to 

100%)  

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range  

● Slight recovery of habitat by end of 
century depending on forestry trends  

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations  

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units  

● Little elevation refugia  

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada  

● Future shifts in land ownership, 
forest products markets, and  
development  

● Extent and pace of deteriorating 
snow conditions  

● Response of hares (pelage 
mismatch), bobcat and fisher to  
changing snow regime  

● Extent and pace of loss of spruce-fir  
● Future trends in hare populations  
● Disease and parasites in lynx  
● Effects of lynx trapping in Quebec  

Unit 2  
Minnesota  

2050 median  
80% (range 35 

to 100%)  
   

2100 median 
35% (range 0 to 

100%)  

● Smaller population could be 
susceptible to stochastic effects  

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods  

● Continued demographic and genetic 
connectivity to southern Ontario 
populations  

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario  

● Extent and pace of deteriorating 
snow conditions   

● Response of bobcat and fisher to 
changing snow regime  

 

 

 ● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx  

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100  

● Rate of decline of spruce-fir  
● Future trends in hare populations  
● Disease and parasites in lynx  
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Unit 3 
Northwester 
n Montana  

2050 median  
90%  

(range 40 to  
100%)  

   
2100 median  

~78%  
(range 10 to  

100%)  

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management  

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations  

● Potential high elevation buffer against 
climate change  

● Recent loss of small 
submetapopulation in Garnet Range  

● Increasing fire frequency  

● Extent and frequency of fire in hare-
lynx habitat  

● Extent and frequency of insect 
outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir  

● Future trends in hare populations  

Unit 4 
Northcentral  
Washington  

2050 median  
70%  

(range 10 to  
100%)  

   
2100 median  

~38%  
(range 0 to 90%)  

● Habitat and population low because 
of recent fires; could be susceptible to 
stochastic effects  

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations  

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration  

● Extent and frequency of fire in hare-
lynx habitat  

● Extent and frequency of insect 
outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Future trends in hare populations  

Unit 5 
Greater  
Yellowstone  

2050 median  
35%  

(range 0 to  
90%)  

   
2100 median  

15%  
(range 0 to 90%)  

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management  

● No connectivity with Canada 
populations; little immigration from 
DPS populations  

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration  

● Low quality habitat; dry; low hare 
populations  

● Smaller population could be 
susceptible to stochastic effects  

● Will habitat support adequate 
landscape hare densities to support 
lynx?  

● Extent to which GYA remains 
demographically isolated from other 
DPS populations; immigration from 
Colorado population  

● Extent and frequency of insect 
outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Future trends in hare populations  
● Extent to which high elevation may 

provide climate and snow refugia  
● Extent to which area will be  

   repopulated by the north and/or the 
south  
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Unit 6 
Western  
Colorado  

2050 median  
80%  

(range 20 to  
100%)  

   
2100 median  

50%  
(range 0 to 

100%)  

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise  
habitat will remain stable with USFS 
management  

● Isolation from other lynx populations  
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration  

● Uncertainty about stability of 
recentlyreintroduced lynx population  

● Demographic and genetic effects of 
isolated population  

● Extent and frequency of fire in hare-
lynx habitat  

● Extent and frequency of future 
insect outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir  

● Future trends in hare populations  

  

5.2 Future Conditions - Detailed Descriptions by Geographic Unit  
  
5.2.1 Unit 1 - Northern Maine  
  
Expert Projections of Lynx Persistence    
  
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.   
  
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid-century to 
the end of the century (2050, 2100). Snow conditions would continue to deteriorate (especially 
in the Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).   
  

Comment [M40]: The issues common to 
two or more of these units are not always 
addressed consistently.  
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In addition to climate change, the lynx experts that we consulted expressed a number of 
nearterm stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities).  
  
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past.  
  
The best available science indicates that hare populations have declined by about half across all 
stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.   
  
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWSService’s lynx Core Team generally 
agreed with this prognosis with the exception that some were less optimistic about the 
persistence of this population, especially after reviewing the literature pertaining to climate 
change in this region.  
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Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).   
  
Note: In Ffigure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
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regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire).  
  
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16).  
  
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will use 
widespread use of pesticides to control spruce budworm and herbicides to promote spruce-fir 
regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
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motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).   
  
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for supporting 
lynx.   
  
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.   
  
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.   
  
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
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snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).   
  
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.   
   
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.   
  
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).   
  
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
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Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire).  
  
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.   
  
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.   
  
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the many 
variables that influence shifting of the forest species composition (emissions scenarios, the long 
lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2). The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).   
  
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides).  
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Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015).  
  
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut in 
the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 
19841985), snowshoe hare densities are approximately 50 percent less in landscapes 
dominated by partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 
1276). Thus, changing forest management practices have and will continue to reduce landscape 
hare density possibly below levels that can support lynx.   
  
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).   
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032  
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape  
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).   
  
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high- quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high- quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8).  
  
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high- quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).   
  
Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations.  
   
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
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to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade.  
  
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030.  
  
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled simultaneously 
(K. Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end 
of the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 
2013, entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above) (Legaard et al. 2013). Mixed forests having a high (greater than 50% percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or be 
preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can adapt to 
lower landscape hare densities associated with mixed hardwood-softwood forest. They may 
persist, but at lower densities as they currently do in the western units of the DPS. However, the 
probability of persistence is further diminished by deteriorating snow conditions and increased 
populations of bobcats and other competitors.   
  
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e., wider extremes of summer drought and precipitation) during the 
next century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could 
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create fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947.  
  
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the Sstate’s “unorganized 
townships” are the responsibility of the Land Use Planning Commission (LUPC) in the Maine 
Department of  
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to -15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.   
  
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.   
  
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
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uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about  
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future.  
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it, too, 
may decline because of declining snow (see climate change section, above). The effects of new 
or expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township.  
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit  
  
Within the last five5 years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two2 resorts would be constructed on about 
14 km2 (5.5 mi2), and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.   
  
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010,  
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
 ; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180250 
mi2) and become two of the largest such projects in Maine. Mining is not a traditional land use in 
this unit, but a large mining operation is being considered at one location in designated lynx 
critical habitat. Extraction operations for gravel (for road building) are widely- scattered 
throughout the unit.   
  
The area designated as lynx critical habitat is heavily- roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).   
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An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.   
  
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx.  
  
Conclusion  
  
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 
turnover, and development pressures), the Core Team also believedfinds that the population 
status of lynx in Maine will diminish substantially in the future. The Core Team believedfinds that 
lynx populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team further findsbelieved that, given current trends (diminishing snow 
conditions, extensive partial harvesting of the forest, forest fragmentation, possible pelage 
mismatch for hares, increasing populations of bobcat and fishers in a lower snow environment) 
landscape hare densities have declined, and will continue to decline in northern Maine. 
Extended periods of lower hare numbers (as seems to be occurring now), would be expected to 
exacerbate these declines.  
  
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believeconclude that development pressures (residential 
and commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future.  
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The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); forresulting from new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development). Without Federal 
listing, few of these projects would consider lynx. Critical habitat has been an important 
consideration in the Federal review of the aforementioned kinds of development projects. 
Critical habitat also has had a positive influence on land conservation in northern Maine, with 
land trusts and nongovernmental organizations using the lynx and their critical habitat as 
justification for seeking funds for conservation easements. This justification for habitat protection 
would no longer be valid in a future scenario without lynx being Ffederally- listed. The Core 
Team concludes that a future scenario without Federal listing would result in increased habitat 
loss and fragmentation and would result in reduced justification for habitat protection initiatives 
in northern Maine.  
  
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believefind that several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believeconclude that, despite a closed hunting and trapping 
season, incidental take would continue and possibly increase and could become a significant 
threat to a population of lynx that will likely be significantly diminished by mid-century to late-
century.  
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After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high- quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
sState regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believeconclude that climate change is a significant 
threat to lynx in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical 
to the existence of hare and lynx, and snow depth and duration are currently at or below the  
thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce- and fir isare being replaced by 
northern hardwoods because of climate change. Frequent forest cutting and disturbance, 
including a pending spruce budworm outbreak, could accelerate conversion to northern 
hardwoods. We acknowledge that the rate of spruce-fir decline is uncertain, but note that some 
of the science reviewed indicates the spruce-fir forest type could nearly disappear from Maine 
by late-century under both low and high emissions scenarios. Climate change models portend 
declining snow conditions from low- to high- emissions. Because increases in temperature are 
thus far tracking high emissions scenarios, we are less optimistic for snow conditions that favor 
lynx by mid-century to late-century. In the past decade, interest in development has increased in 
lynx critical habitat, especially proposals for large-scale residential and resort development and 
extensive wind energy development that could cover hundreds of square miles. We conclude 
that these threats, individually and cumulatively, indicate diminished populations of lynx and 
their habitat. We find that, Iif these threats are not abated, we believe that the probability of 
persistence will be lower than projected by experts by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century. 
   
5.2.2 Unit 2 - Northeastern Minnesota  
  
Expert Projections of Lynx Persistence  
  
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Ffigure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
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drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change.  
  
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of 
sprucefir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised.  
  
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit).  
  
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38).  
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Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100).  

Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a 
longterm persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest ServiceUSFS 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can maintain, restore, or create lynx habitat, and the SNF 
has a long-term commitment to doing so. If the SNF continues to follow vegetation and wildland 
fire management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, Under a future scenario without Federal listing, we predict that the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
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during that time. The SNF consults with the FWS to consider the effects of any projects to lynx 
and its critical habitat and is anticipated to do so as long as the species is listed under the ESA.  
   
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest ServiceUSFS and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing.  
   
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests.  
   
The NPS manages Voyageurs National Park, which is also within the Minnesota unit.  
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific direction 
in its management plan (NPS 2002, entire). The National Park consults with the FWS to 
consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as long 
as the species is listed under the ESA. Lynx documented on and near Voyageurs National Park 
are probably transient animals (Moen et al. 2012, p. 348).  
   
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future.  
   
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
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from trapping (ILBT 2013, p. 49). If the DPS waswere not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume.  
  
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future conservation 
of lynx because lynx distribution and habitat is likely to shift upward in elevation within its 
currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). Greatest 
stressors of climate change include diminishing snow depth, quality and duration; competition 
from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004,  
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario.  
   
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).   
   
Lynx require at least four4 months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, and of 24 inches or greater ranged from 10 to 30 days (Kuehnast 
et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in 
the frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception 
of projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).   
   
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.)  
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http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht 
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-winter to-late winter by the 
end of the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).   
    
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next  
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the sState by 2095 (Moen 
and Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of only the small area in Cook County (the extreme 
northeastern corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than 
the majority of the area that is now considered lynx core habitat and would, therefore, support a 
much smaller number of resident lynx than likely occur in the unit now.   
  
Vegetation Management - Vegetation management activities similar to that conducted under 
current  
Forest Plans will likely continue into the future on Forest ServiceUSFS lands in Minnesota as 
long as the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood harvest, partial cut, and uneven-aged cutting; wildlife restoration projects that 
involve tree cutting, shearing, burning, seeding, and planting; prescribed burning for ecological 
purposes, hazardous fuel reduction, and site preparation; and mechanical site preparation. If the 
DPS is delistedUnder a future scenario without Federal listing, we predict that the species would 
be placed on the Forest’s Regional Forester Sensitive Species list for a minimum of five5 years, 
which gives it a higher priority than other species for monitoring and management during that 
time; however, it is unclear what the forest management would entail during or after that period 
of time.  
  
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
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Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended fForest pPlans, using LCAS as a basis. Future Forest Plan revisions will likely 
maintain broad direction to design and implement vegetation management projects to maintain 
or restore conditions for lynx foraging and denning habitat and to maintain or improve 
juxtaposition of required habitat types and connectivity.  
   
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially- thinned harvest, depending on unit size and remaining stand composition 
and structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan.  
  
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).   
  
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW.  
  
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three3 to five5 years, depending on the forest type and 
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number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.   
  
Fragmentation, Development, and Human Access - Throughout the SNF and northern  
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW.  
  
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management  
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.   
  
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
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hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.   
  
Conclusion  
  
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more pessimistic 
about the future of lynx in Minnesota than the lynx expert panel. The Core Team concluded, with 
slightly more certainty than the expert panel, that the lynx may be extirpated at the end of the 
century. The experts predicted the probability of persistence to decline to approximately 35 
percent by 2100 while the Core Team thought the probability of persistence would be lower at 
that time. The threat for which the lynx was listed, lack of specific conservation direction, 
associated regulations, and lynx forest management planning has not been addressed on 
private lands in Minnesota, except through voluntary guidance. There is some uncertainty about 
the future of forest management and future development on private forest lands in Minnesota 
and in adjacent lands in Ontario, although there are some basic voluntary management 
guidelines for private lands in Minnesota. Further, if the DPS is de-listedunder a future scenario 
without Federal listing, there is uncertainty whether the lynx direction on Forest lands would 
continue into the future. It is projected that habitat will diminish and recede northward over the 
mid-term to longer- term because of continued climate warming. Furthermore, hybridization and 
competition with bobcat may increase with diminishing snow conditions because of continued 
climate warming and there are uncertainties how insect outbreaks or disease may affect the 
species or its habitat.  
  
The Core Team believesfinds that the Minnesota lynx populations would be expected to decline 
more rapidly in a future scenario without Federal listing. The lynx is sState listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the sState statute, a person may not take, import, transport, 
or sell any portion of an endangered or threatened species. However, these acts may be 
allowed by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the sState. In Minnesota, the large proportion of lynx core area owned by the Forest 
ServiceUSFS provides a nexus for USFWSService review of ForestUSFS projects under 
section 7 of the Endangered Species ActESA (i.e., there is rarely fFederal funding spent on 
forestry and no fFederal permits required for forest management on private lands), which would 
be lost post de-listingnot occur under a future scenario without Federal listing. Because of their 
Federal listing, Canada lynx are recognized as a priority species for planning by fFederal, 
tTribal, sState, and private forest landowners. Voluntary guidelines that consider the Federal 
listing status may guide private landowners to at least consider measures to help conserve 
listed species in the future. Without Federal listing driving voluntary conservation guidelines, 
however, there would be little or no motivation for private forest landowners to intentionally 
engage in forest management to benefit lynx. With current Federal listing, there is a nexus for 
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the USFWSService to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); forresulting from new highways, transmission lines, 
large-scale energy development, mining, and residential and commercial development). Without 
Federal listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.   
  
Lynx would be at greater risk without Endangered Species ActESA section 9 prohibitions 
against take. In a future scenario without Federal listing, Minnesota’s incidental take planning 
effort for trapping may be further delayed or halted and may result in the diminishment of 
protective measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 
lynx have been reported to be incidentally trapped in Minnesota since listing, resulting in at least 
6 mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without fFederal 
protection. High-profile law Federal law enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota, and trapping would be expected to occur there, thatwhich may lead to 
greater incidental take of lynx. Without fFederal listing, shooting lynx may increase. We 
believefind that despite a closed hunting and trapping season, incidental take would continue 
and possibly increase and could become a significant threat to a population of lynx that will likely 
be significantly diminished by mid-century to late-century.  
  
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by private 
forest landowners to management plans to ameliorate this stressor. After reviewing the best 
available scientific information, we believeconclude that climate change is a significant threat to 
lynx in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy 
snow is critical to the existence of hare and lynx, and snow depth and duration are currently at 
or below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
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decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high 
emissions. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid-century to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believefind that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts.  
  

5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho  
  
Expert Projections of Lynx Persistence  
  
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity.  
   
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95% percent, mid-century 
persistence at 70% percent to 100% percent (median = 90% percent), and end-of-century 
persistence probabilities >= 50% percent (median = 78% percent) (Ffigure 10, below).  
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Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100).  
  
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit.  
   
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
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demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at the 
southern end of this unit may have recently become extirpated.  
   
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires.  
   
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - Federal, Sstate, and Ttribal regulations and land management 
direction could change in the future, but such changes and their potential impacts on lynx 
populations and habitats are difficult to predict. Because most (84 percent) of this geographic 
unit consists of Federal lands, the regulations and guidance that govern management of those 
lands have  
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
ServiceUSFS, Park ServiceNPS, and BLM management plans are revised or amended, they 
require opportunities for public participation in accordance with several statutes (e.g., the 
National Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National 
Parks and Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 
pp. 26-34, also see 3.1, above). If plan amendments or revisions may affect listed species, 
management agencies must consult with the Service in accordance with section 7 of the ESA. If 
in the future the lynx DPS is determined by the Service to be recovered and the protections of 
the ESA no longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered 
and Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the 
States, to monitor the DPS for a minimum of five years to assess its ability to sustain itself 
without the ESA's protective measures. If, within the designated monitoring period, threats to the 
DPS change or unforeseen events affect its stability, then the DPS may be relisted or the 
monitoring period extended. Given these requirements, we expect that future Federal 

Comment [M50]: This is not relevant 
unless you think consultation on other 
species will benefit lynx.  If so, we need 
to explain how benefits to lynx happen. 



 

189  
  

management direction will continue to include regulations and guidance protective of lynx, 
although specific measures may change as new information becomes available.  
   
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with  
nondevelopmental land- use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act.  
  
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the  
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future.  
   
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Ttribal lands.  
   
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future.  
   
If the DPS waswere not listed, it is possible that State-managed trapping could resume in this 
and perhaps other geographic units. We expect that would only occur only if scientific evidence 
were to strongly suggested the presence of a harvestable surplus of lynx and that harvest 
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quotas would be carefully managed to ensure that the viability of resident lynx populations 
would not be diminished or that potential recovery objectives werewould not otherwise be 
compromised.  
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15).  
   
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90- to 95 percent from 1961- to 1990 to 50 percent across much of the unit by the 
end of this century (years 2071-2100), although some parts of this unit are projected to retain 
adequate snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will 
likely be a lag time between the loss of favorable snow conditions and an eventual shift/ 
contraction in vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), 
but continued warming is projected to convert much of the boreal forest in this unit to temperate 
conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and 
hare populations to persist during this lag and to adjust to future habitat distributions is 
uncertain, but habitat quality, quantity, distribution, and connectivity are expected to decline, 
likely compromising this unit’s continued ability to support resident lynx populations.   
   
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily- distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit.  
   
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
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are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below).  
   
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.   
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc.,and other silvicultural 
practices and by encouraging the use of these activities to restore, improve, or create high- 
quality hare and lynx foraging habitats where feasible.   
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future.  
   
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily- distributed 
and landscape-level hare densities are already marginal in many parts of this unit, it is possible 
that very large wildfires or many wildfires over a short time period could tip some parts of this 
unit from just barely capable of supporting resident lynx to incapable of doing so in the future. 
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Although fire suppression was considered a potential risk factor for lynx in the DPS range, given 
the trends discussed above and the likely continued increase in future fire activity resulting from 
continued climate warming and drying, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
resident populations, especially in places already apparently only marginally capable of 
supporting them.   
  
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, hasve been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation.  
   
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx.  
   
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected.  
   
Although the extent to which this factor may influence lynx populations in this unit is unknown,  
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 
19992007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident 
lynx population that needs but is not receiving adequate immigration. If this growth rate was 
applied continuously to a hypothetical resident population of 250 lynx (the midpoint of the range 
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in the number of resident lynx this geographic may support based on expert opinion [Lynx SSA 
Team 2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, as noted above, the lynx population in the Purcell Mountains in the northwestern part 
of this unit was estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 
2016, p. 20) over the last four4 years of the period for which the Seeley Lake population was 
estimated to be declining. In the absence of information on historical, recent, and likely future 
rates of immigration and its contribution to the persistence of lynx populations in this geographic 
unit, impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time.  
  
Conclusion  
  
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, perhaps 
in concert with other factors (e.g., decrease in or complete loss of immigration from Canada), 
result in the functional extirpation of resident lynx from this unit before the end of the century.  
  

5.2.4 Unit 4 - North-central Washington  
  
Expert Projections of Lynx Persistence  
  
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Ffigure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% 
percent to 90% percent (median = 80% percent), and mid-century persistence at 30% percent to 
80% percent (median = 70% percent). All experts predicted end-of-century persistence 
probabilities less than 50% percent, with a (median of= 38% percent,) by 2100 (Ffigure 11). 
However, one expert predicted an increase in persistence probability by midcentury as habitats 
impacted by recent large-scale fires regenerate into optimal hare-lynx habitat.  
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100).  
  
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently- unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
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Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State- managed lands within Washington State.  
  
Further, should lynx be delistedunder a future scenario without Federal listing, the management 
for and status of lynx in this geographic unit should be largely secure (insofar as we can affect 
their status [i.e., notwithstanding effects of climate change)]) as greater than 90 percent of lynx 
habitat in this unit consists of Federal ownership on the OWNF and CNF. We expect that both 
the OWNF and CNF will be required to manage for lynx and their habitat into the future because 
both forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised. However, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to the OWNF and/or 
CNF LRMPs through the National Environmental Policy ActNEPA process. Therefore, we 
expect that both the OWNF and CNF will continue managing for lynx and their habitat into the 
future regardless of their listing status.  
  
Climate Warming - The one risk factor identified by the LCAS whichthat the Forest 
ServiceUSFS, or the WADNR for that matter, has little ability to control or influence is climate 
change. Climate change was identified by the panel of lynx experts convened during 
development of the Canada Lynx Expert Elicitation Workshop Report to potentially represent the 
greatest threat to the long-term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of 
the published literature on this subject leads the Core Team to conclude that climate change 
does indeed pose the greatest risk to the long-term persistence of lynx, including within this 
geographic unit.  
   
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large- wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
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longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that fire 
exclusion had little impact on natural fire regimes. Rather, climate appeared to be the primary 
driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) estimated adult 
lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high- quality lynx habitat in 
the Meadows area of north central Washington (at least relative to other lynx habitat in 
Washington). Much of the lynx habitat in the Meadows was impacted by the recent large, stand 
replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in the northern 
Cascades. Thus, the lynx densities Koehler observed in his study area may not be currently 
supported, because as habitat becomes more fragmented and isolated (i.e., marginal), the 
carrying capacity for a particular species declines.  
   
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit.  
  
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448).  
   
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. Mote 
(2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using data 
collected by weather stations from 1930 to 1995, determined that the temperature increased in 
the Pacific Northwest, and more precipitation fell in the spring and summer months, especially at 
elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined that an 
increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 percent 
decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) determined that 
the Cascades are very sensitive to temperature changes, with large increases in temperature 
potentially resulting in significant declines in snowpack. Corroborating Mote’s speculation, 
Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has declined by up to 
40 percent in the latter half of the twentieth century, which resulted from increased 
temperatures. Furthermore, predicted continued increasing temperature changes of 2° C to 5° C 
over the next century are expected to cause further and accelerated losses in snowpack in the 
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Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the Cascades through 
2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner 
et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx densities 
supported in the Cascades. Finally, some of the best lynx habitat in this geographic unit occurs 
on plateaus that may be more vulnerable to impacts of climate change because of the absence 
of higher elevation areas to which habitats and lynx could migrate in response to climate 
warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of lynx 
habitat to large wildfires, coupled with increasing wildfire risk, the potential for the Cascades to 
support a viable lynx population may be further reduced because of projected climate-mediated 
decreases in snow quantity and quality.  
   
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis.  
  
Conclusion  

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely to 
increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit.  
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5.2.5 Unit 5 - Greater Yellowstone Area  
  
Expert Projections of Lynx Persistence  
   
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% percent to 70% percent (median = 52% percent), and mid-century persistence at 15% 
percent to 60% percent (median = 35% percent). All experts predicted end-of-century 
persistence probabilities less than 50% percent for this unit, with a median of 15% percent, by 
2100 (Ffigure 12). This was the only unit for which most experts believed the present probability 
of persistence is low (i.e., that it is uncertain whether this area currently supports a resident lynx 
population). Some experts increased probability of persistence into mid-century as the 1980s-
era fires regenerate into hare/lynx habitat, and with the possibility of continued immigration of 
lynx from Colorado. Other experts project a 10%-percent to 20%-percent probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area.  
  

  
Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100).  
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Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, Sstate, and Ttribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also, as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be relisted 
or the monitoring period extended. Given these requirements, we expect that future Federal 
management direction will continue to include regulations and guidance protective of lynx, 
although specific measures may change as new information becomes available.  
   
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with  
nondevelopmental land- use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act.  
  
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
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affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future.  
   
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believeconclude it is unlikely that regulatory mechanisms 
on those lands will influence this unit’s future ability to support resident lynx.  
   
If the DPS waswere not listed, State-managed trapping could resume in this geographic unit. 
We expect thatis would occur only if scientific evidence were to strongly suggested the presence 
of a harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure 
that the viability of resident lynx populations would not be diminished or that potential recovery 
objectives werewould not otherwise be compromised.  
   
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15).  
   
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
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lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.   
   
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily- distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit.  
   
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below).  
   
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future.  
   
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc.and other sylvicultural practices, and and by 
encouraging the use of these activities to restore, improve, or create high- quality hare and lynx 
foraging habitats where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future.  
   
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily- distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them.  
   
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation.  
   
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
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potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx.  
   
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time.  
  
Conclusion  
  
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short term 
(through 2025), but that it is very unlikely to support a persistent resident population over that 
time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century.  
  
5.2.6 Unit 6 - Western Colorado  
  
Expert Projections of Lynx Persistence  
   
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Ffigure 13).  
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100.  
  
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily 
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area.  
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Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern  
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest 
ServiceUSFS land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other 
ownerships makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five5 
percent is in other Federal ownership. Other non-Federal ownerships include state, county, 
municipal, etc.other governmental, and private lands. Some BLM resource management plans 
have not been amended to include conservation specifically for lynx. Lynx habitat on BLM 
ownership mostly consists of narrow forest extensions connected to larger blocks of habitat on 
adjacent USFS lands. Generally, these extensions are insufficient on their own to support a lynx 
home range. However, the Gunnison Field Office is the only BLM unit that contains sufficient 
habitat to map and identify LAUs.  
  
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207].  
   
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow  
would continue to be retained late in the 21st century, including the high elevations of Colorado.”  
  
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by 
midcentury relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61]  
  
An analysis of projected 21st century temperature trends as a function of elevation in the  
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern whether 
the warming projected for the higher elevation regions (>10,000’) in the state is substantially 
different from that projected for lower elevations” (Lukas et al. 2014, p. 63).  
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On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65).  
  
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest ServiceFS plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century.  
  
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century.  
  
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky  
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large 
standreplacing fires within lynx habitat may produce young age class snowshoe hare habitat 
after approximately 10-30 years. Although this vegetative condition may provide some high- 
quality snowshoe hare habitat, mature forests are also very important as winter foraging 
habitat.” (USFS 2008, p. 36)  
  
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed, high-
volume highways,; high mountain valley developments,; vegetation management,; ski/recreation 
area development,; and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reducesing lynx habitat. The magnitude of 
fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado.  
  
Conclusion  
  
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historical 
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record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
hadve no data). Despite these uncertainties, we anticipate lynx populations to persist through 
the end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.   
  
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believefind that, as long as the current regulatory mechanisms provided by the 
State of Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains 
in place, lynx are likely protected from take, and their habitat requirements are likely met in a 
significant majority of the available habitat within the sState. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.   
  
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year- round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future.  

Chapter 6:  Synthesis  
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats.  
  
Needs  
  
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
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generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less abundant 
and more patchily distributed than in the core of the range. Maintaining connectivity between 
lynx populations in Canada and the DPS is thought to be important; however, whether and if so 
to what extent the demographic and/or genetic health of DPS populations relies on periodic 
immigration from Canadian populations remains uncertain.   
     
Current Conditions and Threats  
  
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx.  
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) continue 
to support resident lynx, thought to number 200-300, although a small subpopulation in the 
Garnet Mountains on the southern periphery of this unit may have been extirpated recently. In 
North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events.  
  
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
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recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions.  
      
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S.  
   
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In Nnorth-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern  
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain.  
  
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below).  
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Future Conditions and Threats  
  
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS.  
  
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events.  
  
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely.  
  
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently-
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observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, the current and likely future absence of 
significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS.  
  
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate.  
     
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit.  
  
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
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and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat.  
  
DPS Viability  
  
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 
50- percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid-
century to late-century concerning the timing and extent of various stressors that will affect lynx 
and hare habitat and snow regimes, especially those related to climate change. However, 
review of the best available science in concert with input from lynx experts suggests that the 
probability of the persistence of resident breeding populations will decline in all geographic units, 
with the negative DPS-wide trajectory continuing to the end of the century, and (with no 
evidence to the contrary) beyond that time frame.  
  
Our evaluation generally concurs with the expert input we received. We believeconclude that 
lynx populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through 
midcentury in most of the five geographic units that currently support them. However, we 
believeconclude it is very unlikely that resident lynx populations will persist through the end of 
this century in all of the geographic units that currently support them. That is, we 
believeconclude that resiliency will be substantially diminished because of reduced population 
sizes and distributions throughout the DPS, with resulting extirpation of resident populations 
from two to three (of five) units more likely than not by the end of the century.   
   
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
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reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century.  
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From: Martin Miller
To: Miller, Martin
Subject: Re: Fwd: Draft Canada lynx SSA Report
Date: Monday, January 16, 2017 10:34:16 AM
Attachments: 2017 01 06 DRAFT Lynx SSA Report_MJM.docx

On 2017-01-12 17:36, Miller, Martin wrote:
> ---------- Forwarded message ----------
> From: ZELENAK, JIM <jim_zelenak@fws.gov>
> Date: Wed, Jan 11, 2017 at 5:19 PM
> Subject: Draft Canada lynx SSA Report
> To: Seth Willey <Seth_Willey@fws.gov>, Jodi Bush <jodi_bush@fws.gov>,
> Heather Bell <heather_bell@fws.gov>, Mary Parkin
> <mary_parkin@fws.gov>, Jonathan Cummings <jwcummings@usgs.gov>, Justin
> Shoemaker <justin_shoemaker@fws.gov>, Bryon Holt <bryon_holt@fws.gov>,
> Kurt Broderdorp <kurt_broderdorp@fws.gov>, Mark McCollough
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> Lisa Solberg Schwab <lisa_solbergschwab@fws.gov>, Ann Timberman
> <ann_timberman@fws.gov>, Anthony Tur <Anthony_Tur@fws.gov>, Brad
> Thompson <brad_thompson@fws.gov>, Chris Mensing
> <chris_mensing@fws.gov>, David Stilwell <David_Stilwell@fws.gov>, Drue
> DeBerry <drue_deberry@fws.gov>, Eric Rickerson
> <eric_rickerson@fws.gov>, Grant Canterbury <Grant_Canterbury@fws.gov>,
> Jeff Krupka <jeff_krupka@fws.gov>, Karl Halupka
> <Karl_Halupka@fws.gov>, Kate Novak <kate_novak@fws.gov>, Kim Garner
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> Patricia Zenone <patricia_zenone@fws.gov>, Gary Miller
> <gary_miller@fws.gov>, Karen Cathey <karen_cathey@fws.gov>, Tom
> McDowell <tom_mcdowell@fws.gov>, Anna Harris <anna_harris@fws.gov>,
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> Hi All,
>
> Attached is the draft lynx SSA report, which was sent to our peer
> review contractor on Friday and to State, Federal, and Tribal partners
> yesterday and today.  Apologies to those of you who have received this
> previously through other/multiple channels.
>
> The draft went through internal FWS review in Oct./Nov.  Thanks to
> those of you who provided comments; the SSA Team hopes we addressed
> them adequately in this revised draft.
>
> We are not soliciting additional FWS review and comment of this draft,
> but we wanted everyone to have the most current version in case you
> get questions from your local State, Federal or Tribal partners.
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> However, if you see glaring errors or problems, please let me know!
>
> Please note that the lit cited list in this draft is incomplete - the
> SSA Team is continuing to work on getting all the cited documents
> listed and PDFs compiled in one place.  In the mean time, if you need
> a copy of a cited document, let me know and we will get it to you.
>
> Also note that we are not posting this for public review and comment,
> but we will make the final SSA report publicly available.  We ask that
> you not distribute this draft to the public, although we anticipate
> some level of circulation given all the partner agencies that have
> been invited to review it and provide comments.
>
> Don't hesitate to contact me or your local SSA Core Team member if you
> have questions or need additional information.
>
> Cheers!
>
> Jim
>
> --
>
> Jim Zelenak, Biologist
> U.S. Fish and Wildlife Service
> Montana Ecological Services Office
> 585 Shepard Way, Suite 1
> Helena, MT 59601
> (406) 449-5225 ext. 220
> jim_zelenak@fws.gov
>
> --
>
> Martin Miller, Chief, Division of Endangered Species, Northeast
> Region, U.S. Fish and Wildlife Service, 300 Westgate Center Drive,
> Hadley, MA 01035, 413-253-8615
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Jonathan Cummings; Jodi Bush
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Date: Tuesday, January 17, 2017 6:59:02 AM

No call today, but let's plan on at least a quick Core Team call next Tues., Jan. 24, 10 AM Mountain Time, usual
call-in number, etc.

Talk to you then.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Gifford, Krishna <krishna_gifford@fws.gov>

Re: Draft Canada lynx SSA Report 
1 message

Gifford, Krishna <krishna_gifford@fws.gov> Tue, Jan 17, 2017 at 11:34 AM
To: "Miller, Martin" <martin_miller@fws.gov>
Cc: Mary Parkin <mary_parkin@fws.gov>, Mark McCollough <Mark_McCollough@fws.gov>

Marty - Given my other workload, I will be unable to review and provide comments.  I doubt that I would have anything substantive to
add to yours/Mark's/Mary's comments.  -Krishna

______________________________________________________________________
Krishna Gifford

ESA Listing Coordinator
U.S. Fish and Wildlife Service - Northeast Region
Endangered Species Program
300 Westgate Center Dr.
Hadley, MA 01035
413-253-8619 (v); 413-253-8482 (f)

On Tue, Jan 17, 2017 at 11:20 AM, Miller, Martin <martin_miller@fws.gov> wrote: 
Here are my comments.  Will anyone else in R5 be providing comments?  If so, it makes sense to compile them.
 
I asked Paul if he wants to see our comments before we send them to R6.
 
 
---------- Forwarded message ---------- 
From: Zelenak, Jim <jim_zelenak@fws.gov> 
Date: Wed, Jan 11, 2017 at 5:19 PM 
Subject: Draft Canada lynx SSA Report 
To: Seth Willey <Seth_Willey@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, Heather Bell <heather_bell@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>, Jonathan Cummings <jwcummings@usgs.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Bryon
Holt <bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, Mark McCollough <mark_mccollough@fws.gov>, Tamara
Smith <tamara_smith@fws.gov>, Brady McGee <brady_mcgee@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Lisa Solberg
Schwab <lisa_solbergschwab@fws.gov>, Ann Timberman <ann_timberman@fws.gov>, Anthony Tur <Anthony_Tur@fws.gov>, Brad
Thompson <brad_thompson@fws.gov>, Chris Mensing <chris_mensing@fws.gov>, David Stilwell <David_Stilwell@fws.gov>, Drue
DeBerry <drue_deberry@fws.gov>, Eric Rickerson <eric_rickerson@fws.gov>, Grant Canterbury <Grant_Canterbury@fws.gov>, Jeff
Krupka <jeff_krupka@fws.gov>, Karl Halupka <Karl_Halupka@fws.gov>, Kate Novak <kate_novak@fws.gov>, Kim Garner
<kim_garner@fws.gov>, Larry Crist <Larry_Crist@fws.gov>, Laura Ragan <Laura_Ragan@fws.gov>, Leslie Ellwood
<leslie_ellwood@fws.gov>, Mark Maghini <mark_maghini@fws.gov>, Martin Miller <Martin_Miller@fws.gov>, Megan Kosterman
<megan_kosterman@fws.gov>, Michelle Eames <michelle_eames@fws.gov>, Paul Casey <paul_casey@fws.gov>, Paul Henson
<paul_henson@fws.gov>, Peter Fasbender <peter_fasbender@fws.gov>, Rollie White <rollie_white@fws.gov>, Sarah Hall
<sarah_hall@fws.gov>, Scott Hicks <scott_hicks@fws.gov>, Sue Livingston <sue_livingston@fws.gov>, Tom Chapman
<Tom_Chapman@fws.gov>, Tyler Abbott <Tyler_Abbott@fws.gov>, Dennis Mackey <Dennis_Mackey@fws.gov>, Patricia Zenone
<patricia_zenone@fws.gov>, Gary Miller <gary_miller@fws.gov>, Karen Cathey <karen_cathey@fws.gov>, Tom McDowell
<tom_mcdowell@fws.gov>, Anna Harris <anna_harris@fws.gov>, "Szymanski, Jennifer" <jennifer_szymanski@fws.gov> 
 
 
Hi All,
 
Attached is the draft lynx SSA report, which was sent to our peer review contractor on Friday and to State, Federal, and Tribal
partners yesterday and today.  Apologies to those of you who have received this previously through other/multiple channels.
 
The draft went through internal FWS review in Oct./Nov.  Thanks to those of you who provided comments; the SSA Team hopes we
addressed them adequately in this revised draft.
 
We are not soliciting additional FWS review and comment of this draft, but we wanted everyone to have the most current version in
case you get questions from your local State, Federal or Tribal partners. However, if you see glaring errors or problems, please let me
know!
 
Please note that the lit cited list in this draft is incomplete - the SSA Team is continuing to work on getting all the cited documents
listed and PDFs compiled in one place.  In the mean time, if you need a copy of a cited document, let me know and we will get it to
you.
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Also note that we are not posting this for public review and comment, but we will make the final SSA report publicly available.  We ask
that you not distribute this draft to the public, although we anticipate some level of circulation given all the partner agencies that have
been invited to review it and provide comments.
 
Don't hesitate to contact me or your local SSA Core Team member if you have questions or need additional information.
 
Cheers!
 
Jim
 
--  
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
 
 
 
--  
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife Service, 300 Westgate Center Drive,
Hadley, MA 01035, 413-253-8615
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From: Gifford, Krishna
To: Miller, Martin
Cc: Mary Parkin; Mark McCollough
Subject: Re: Draft Canada lynx SSA Report
Date: Tuesday, January 17, 2017 11:35:03 AM

Marty - Given my other workload, I will be unable to review and provide comments.  I doubt
that I would have anything substantive to add to yours/Mark's/Mary's comments.  -Krishna

______________________________________________________________________
Krishna Gifford

ESA Listing Coordinator
U.S. Fish and Wildlife Service - Northeast Region
Endangered Species Program
300 Westgate Center Dr.
Hadley, MA 01035
413-253-8619 (v); 413-253-8482 (f)

On Tue, Jan 17, 2017 at 11:20 AM, Miller, Martin <martin_miller@fws.gov> wrote:
Here are my comments.  Will anyone else in R5 be providing comments?  If so, it makes
sense to compile them.

I asked Paul if he wants to see our comments before we send them to R6.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Jan 11, 2017 at 5:19 PM
Subject: Draft Canada lynx SSA Report
To: Seth Willey <Seth_Willey@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, Heather Bell
<heather_bell@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Jonathan Cummings
<jwcummings@usgs.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, Mark McCollough
<mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Brady McGee
<brady_mcgee@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Lisa Solberg Schwab
<lisa_solbergschwab@fws.gov>, Ann Timberman <ann_timberman@fws.gov>, Anthony
Tur <Anthony_Tur@fws.gov>, Brad Thompson <brad_thompson@fws.gov>, Chris
Mensing <chris_mensing@fws.gov>, David Stilwell <David_Stilwell@fws.gov>, Drue
DeBerry <drue_deberry@fws.gov>, Eric Rickerson <eric_rickerson@fws.gov>, Grant
Canterbury <Grant_Canterbury@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>, Karl
Halupka <Karl_Halupka@fws.gov>, Kate Novak <kate_novak@fws.gov>, Kim Garner
<kim_garner@fws.gov>, Larry Crist <Larry_Crist@fws.gov>, Laura Ragan
<Laura_Ragan@fws.gov>, Leslie Ellwood <leslie_ellwood@fws.gov>, Mark Maghini
<mark_maghini@fws.gov>, Martin Miller <Martin_Miller@fws.gov>, Megan Kosterman
<megan_kosterman@fws.gov>, Michelle Eames <michelle_eames@fws.gov>, Paul Casey
<paul_casey@fws.gov>, Paul Henson <paul_henson@fws.gov>, Peter Fasbender
<peter_fasbender@fws.gov>, Rollie White <rollie_white@fws.gov>, Sarah Hall
<sarah_hall@fws.gov>, Scott Hicks <scott_hicks@fws.gov>, Sue Livingston
<sue_livingston@fws.gov>, Tom Chapman <Tom_Chapman@fws.gov>, Tyler Abbott
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<Tyler_Abbott@fws.gov>, Dennis Mackey <Dennis_Mackey@fws.gov>, Patricia Zenone
<patricia_zenone@fws.gov>, Gary Miller <gary_miller@fws.gov>, Karen Cathey
<karen_cathey@fws.gov>, Tom McDowell <tom_mcdowell@fws.gov>, Anna Harris
<anna_harris@fws.gov>, "Szymanski, Jennifer" <jennifer_szymanski@fws.gov>

Hi All,

Attached is the draft lynx SSA report, which was sent to our peer review contractor on Friday and to State,
Federal, and Tribal partners yesterday and today.  Apologies to those of you who have received this previously
through other/multiple channels.

The draft went through internal FWS review in Oct./Nov.  Thanks to those of you who provided comments; the
SSA Team hopes we addressed them adequately in this revised draft.

We are not soliciting additional FWS review and comment of this draft, but we wanted everyone to have the most
current version in case you get questions from your local State, Federal or Tribal partners. However, if you see
glaring errors or problems, please let me know!

Please note that the lit cited list in this draft is incomplete - the SSA Team is continuing to work on getting all the
cited documents listed and PDFs compiled in one place.  In the mean time, if you need a copy of a cited
document, let me know and we will get it to you.

Also note that we are not posting this for public review and comment, but we will make the final SSA report
publicly available.  We ask that you not distribute this draft to the public, although we anticipate some level of
circulation given all the partner agencies that have been invited to review it and provide comments.

Don't hesitate to contact me or your local SSA Core Team member if you have questions or need additional
information.

Cheers!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615
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From: Phifer, Paul
To: Miller, Martin
Cc: Mary Parkin; Mark McCollough; Krishna Gifford; Spencer Simon
Subject: Re: status of Canada lynx SSA
Date: Tuesday, January 17, 2017 4:52:16 PM

Great, thanks.  

______________
Paul Phifer, PhD
Assistant Regional Director - Ecological Services
Northeast Region
Dept of the Interior
US Fish and Wildlife Service
413.253.8698 work
413.687.4764 cell

On Tue, Jan 17, 2017 at 11:17 AM, Miller, Martin <martin_miller@fws.gov> wrote:
Paul - Mark describes below where we are.  We'll compile our comments and get them to
R6.  Do you want to see our comments first?  Marty

---------- Forwarded message ----------
From: Gifford, Krishna <krishna_gifford@fws.gov>
Date: Thu, Jan 12, 2017 at 11:00 AM
Subject: Re: status of Canada lynx SSA
To: "McCollough, Mark" <mark_mccollough@fws.gov>
Cc: Mary Parkin <mary_parkin@fws.gov>, Martin Miller <martin_miller@fws.gov>, Anna
Harris <anna_harris@fws.gov>

Mark - Thanks for the helpful update, I appreciate it!  -Krishna

______________________________________________________________________
Krishna Gifford

ESA Listing Coordinator
U.S. Fish and Wildlife Service - Northeast Region
Endangered Species Program
300 Westgate Center Dr.
Hadley, MA 01035
413-253-8619 (v); 413-253-8482 (f)

On Thu, Jan 12, 2017 at 10:55 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Krishna:

Per your request a few minutes ago...

R6 sent the draft lynx SSA last week out for peer review (through a consulting firm).  We
also distributed the draft SSA to state agencies in the range (through AFWA), tribes
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(through DJ and regional tribal liaisons), lynx experts that attended our expert workshop,
and federal agencies (BLM, Forest Service, Park Service).  It was also sent to regional
offices (but I don't know who in R5).

Marty had already provided extensive comments on a recent version of the draft SSA.  We
took a lot of time to incorporate his good comments.  Mary has been very involved in
helping to draft the SSA as a member of the FIT team.  I'm not sure if there are others in
the RO that want to review and provide comments on the draft.  

Comments are due Feb. 10.  We will address comments, revise, and provide to R6.  

A Decision Team is being assembled with representatives from each region.  They will
review the SSA and make a decision about lynx listing in a meeting in Denver in early
March.  Attendance by the lynx core team (me) is expected.  R6 will be contacting other
regions concerning the Decision Team.

I hope this brings you up to date on the status of the lynx SSA.  Let Mary or I know if you
have any questions.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615
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(through DJ and regional tribal liaisons), lynx experts that attended our expert workshop,
and federal agencies (BLM, Forest Service, Park Service).  It was also sent to regional
offices (but I don't know who in R5).

Marty had already provided extensive comments on a recent version of the draft SSA.  We
took a lot of time to incorporate his good comments.  Mary has been very involved in
helping to draft the SSA as a member of the FIT team.  I'm not sure if there are others in
the RO that want to review and provide comments on the draft.  

Comments are due Feb. 10.  We will address comments, revise, and provide to R6.  

A Decision Team is being assembled with representatives from each region.  They will
review the SSA and make a decision about lynx listing in a meeting in Denver in early
March.  Attendance by the lynx core team (me) is expected.  R6 will be contacting other
regions concerning the Decision Team.

I hope this brings you up to date on the status of the lynx SSA.  Let Mary or I know if you
have any questions.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615
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From: McCollough, Mark
To: Jim Zelenak
Subject: Dan Harrison peer reviewer
Date: Wednesday, January 18, 2017 9:58:31 AM

Jim:  Dan Harrision said he is a peer reviewer.  As of yesterday, he still had not received the
SSA.  He indicated that the deadline for review may be mid-February.  

As has been our experience, every step takes longer than what we had planned.

I'm glad that Dan was selected and I'm sure he will do a thorough review for us.  

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Shoemaker, Justin; Mary Parkin
Cc: Zelenak, Jim; Kurt Broderdorp; Bryon Holt; Tamara Smith
Subject: Re: Lynx decision meeting invite list
Date: Wednesday, January 18, 2017 10:28:04 AM

Justin:

The Decision meeting/team has been discussed once or twice with the lynx core team.  You
may have been part of those discussions.  It is still a relatively new and somewhat vague
process for many of us.

I'm not sure what level of decision-maker R6 envisions be represented on this Team?  Here is
a list of potential participants from R5:

Regional Director:  Wendi Weber
Deputy Regional Director: Deb Rocque
ARD Ecological Services: Paul Phifer
Endangered Species Chief: Martin Miller

Mark

On Tue, Jan 17, 2017 at 4:50 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Can you all help me assemble an invite list for the lynx decision meeting (yet to be
scheduled)?   I think I've got a handle on R6, so mainly need input on who we will invite
from the other regions.  

Are we inviting FO project leaders? ARDs? RDs? Has any of this been discussed yet?  I'm
not certain on what other regions are expecting. 

Is this info already in the project plan?

Justin Shoemaker
Senior Listing Biologist
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
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P.O. Box A (mailing address)
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From: Paul Phifer
To: Miller, Martin
Subject: Re: status of Canada lynx SSA
Date: Wednesday, January 18, 2017 11:42:54 AM

I would like to see the comments to familiarize myself.  Jodi says the decision meeting will be
March

Sent from my iPhone

On Jan 17, 2017, at 11:18 AM, Miller, Martin <martin_miller@fws.gov> wrote:

Paul - Mark describes below where we are.  We'll compile our comments and get
them to R6.  Do you want to see our comments first?  Marty

---------- Forwarded message ----------
From: Gifford, Krishna <krishna_gifford@fws.gov>
Date: Thu, Jan 12, 2017 at 11:00 AM
Subject: Re: status of Canada lynx SSA
To: "McCollough, Mark" <mark_mccollough@fws.gov>
Cc: Mary Parkin <mary_parkin@fws.gov>, Martin Miller
<martin_miller@fws.gov>, Anna Harris <anna_harris@fws.gov>

Mark - Thanks for the helpful update, I appreciate it!  -Krishna

____________________________________________________________
__________
Krishna Gifford

ESA Listing Coordinator
U.S. Fish and Wildlife Service - Northeast Region
Endangered Species Program
300 Westgate Center Dr.
Hadley, MA 01035
413-253-8619 (v); 413-253-8482 (f)

On Thu, Jan 12, 2017 at 10:55 AM, McCollough, Mark
<mark_mccollough@fws.gov> wrote:

Krishna:

Per your request a few minutes ago...

R6 sent the draft lynx SSA last week out for peer review (through a consulting
firm).  We also distributed the draft SSA to state agencies in the range (through
AFWA), tribes (through DJ and regional tribal liaisons), lynx experts that
attended our expert workshop, and federal agencies (BLM, Forest Service, Park
Service).  It was also sent to regional offices (but I don't know who in R5).
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Marty had already provided extensive comments on a recent version of the draft
SSA.  We took a lot of time to incorporate his good comments.  Mary has been
very involved in helping to draft the SSA as a member of the FIT team.  I'm not
sure if there are others in the RO that want to review and provide comments on
the draft.  

Comments are due Feb. 10.  We will address comments, revise, and provide to
R6.  

A Decision Team is being assembled with representatives from each region. 
They will review the SSA and make a decision about lynx listing in a meeting
in Denver in early March.  Attendance by the lynx core team (me) is expected. 
R6 will be contacting other regions concerning the Decision Team.

I hope this brings you up to date on the status of the lynx SSA.  Let Mary or I
know if you have any questions.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S.
Fish and Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-
253-8615
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Marty had already provided extensive comments on a recent version of the draft
SSA.  We took a lot of time to incorporate his good comments.  Mary has been
very involved in helping to draft the SSA as a member of the FIT team.  I'm not
sure if there are others in the RO that want to review and provide comments on
the draft.  

Comments are due Feb. 10.  We will address comments, revise, and provide to
R6.  

A Decision Team is being assembled with representatives from each region. 
They will review the SSA and make a decision about lynx listing in a meeting
in Denver in early March.  Attendance by the lynx core team (me) is expected. 
R6 will be contacting other regions concerning the Decision Team.

I hope this brings you up to date on the status of the lynx SSA.  Let Mary or I
know if you have any questions.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S.
Fish and Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-
253-8615

mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Harris, Anna
Subject: Re: Forest Management Meeting
Date: Wednesday, January 18, 2017 12:30:29 PM

Anna:  Here are some thoughts to begin with.  Let me know if you want to discuss or revise.

Canada lynx:
There are many opportunities for forest landowners in northern Maine, New Hampshire, and
Vermont to become involved with lynx recovery.  In fact, lynx recovery in these areas
(especially Maine) depends on forest management that creates large (township-sized)
landscapes having adequate area (about 27% or more) of dense, regenerating spruce fir (10 -
35 years post harvest) that support high landscape-scale densities of snowshoe hares (>0.74
hares/ha).  The abundant habitat created by clearcutting to salvage spruce-fir after budworm
epidemic of the 1970s and early-1980s are responsible for supporting Maine's current lynx
population, however the habitat is rapidly aging past prime habitat conditions for lynx and
snowshoe hares.  Furthermore, widespread use of various forms of partial harvesting during
the last 25 years results in lower hare densities, fragments lynx habitat, and will reduce
landscape hare density to a point where many areas will no longer support lynx.  Lynx habitat
(and populations) are expected to decline by 50% or more by 2032, and habitat will shift
southward where reduced snow and competition with bobcats will adversely affect lynx.  

The lynx was listed, in part, because inadequate planning on Federal forest lands in the West. 
In the last 10 years there has been considerable progress in developing lynx management
agreements and plans on Federal lands, but there are no long-term commitments to lynx on
private lands, which will be an important element of recovery.  Landowners could help with
lynx recovery in Maine by identifying large, township-sized areas within their ownership to
focus management and make long-term commitments to even-aged softwood management
(and some forms of shelterwood harvest) to ensure that landscape hare densities will be
adequate to support lynx.  These forms of management would help offset current declining
trends in hare and lynx habitat, assist landowners in meeting requirements of forest
certification, and assist the Service in assuring future habitat is available for lynx recovery. 
The University of Maine has promoted the intentional management of lynx and pine marten to
ensure a balance of early- and late-successional forest that also supports forest biodiversity on
private woodlands.  The Service and the University have developed guidelines to assist
landowners in managing their lands for snowshoe hares and Canada lynx 

Furbish's lousewort
Opportunities to assist with the recovery of the federally-endangered Furbish's lousewort are
limited to landowners who own land along the St. John's River in northern Maine downriver
of the confluence of the Big Black River (T15R14).  This plant grows along the banks of the
St. John River in close association with many other state-listed plant species.  The lousewort
requires periodic ice scour and shaded conditions created by intact forest in the riparian zone. 
Because of the lousewort and other rare plants, forest management is limited in the riparian
zone along the St. John River as specified in the LUPC St. John River Protection Plan
(http://www.maine.gov/dacf/lupc/reference/resourceplans/prp_004_StJohnPlan_2012.pdf).
Harvest restrictions are in place in the designated Resource Protection Plan Subdistrict (within
250 feet of the river) and more stringent within a zone 50 feet of high water mark of the river. 
Abiding by these restrictions will benefit the recovery of the lousewort.  Downstream of the
town of Allagash, some areas of the river lack forest cover and are experiencing erosion and
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sun exposure to the lousewort.  Maine forest landowners could assist the private landowners in
this region with reforesting the riparian zone where it is missing or deficient.  The Service has
a limited reforestation effort in place, but would benefit from the resources (possibly trees)
and support (assistance with planting trees) in these areas.  Invasive species (knotweed) are
beginning to invade the riverbank in some important areas where lousewort and other rare
plants occurs.  The Service could use assistance (possibly licensed herbicide applicator) to
address this threat.  Recovery of the lousewort also requires permanent habitat protection of
half the riverfront habitat where the lousewort occurs.  This goal has largely been
accomplished in the upper river reaches, but little has been accomplished down-river of the
town of Allagash.

On Wed, Jan 18, 2017 at 9:39 AM, Harris, Anna <anna_harris@fws.gov> wrote:
Hi Mark,

I received some clarity during the Project Leader call about the upcoming meeting with the
Forest Management steering committee.

The meeting was scheduled to develop tangible opportunities to provide conservation benefits from forest
management to a small group of at-risk species.  This will be like a blueprint meeting - to help us identify overlap between
some of the at-risk species (still not certain which species we're talking about- crayfish, turtles, lynx etc.) and forest
landowner ownerships, identify points of contact and processes for developing conservation strategies, and exploring
potential benefits for landowners.

I think a short paragraph about the status of the lynx ssa and furbish's would be valuable. I also like your suggestion for
developing a list of recovery actions for landowners. 

Let me know if you need more information from me about this request. If we could discuss sometime before the 31st, that
would give me enough time to be prepared on the 3rd.

Thanks,
Anna

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
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Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Harris, Anna
Subject: Re: Forest Management Meeting
Date: Wednesday, January 18, 2017 12:30:29 PM

Anna:  Here are some thoughts to begin with.  Let me know if you want to discuss or revise.
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35 years post harvest) that support high landscape-scale densities of snowshoe hares (>0.74
hares/ha).  The abundant habitat created by clearcutting to salvage spruce-fir after budworm
epidemic of the 1970s and early-1980s are responsible for supporting Maine's current lynx
population, however the habitat is rapidly aging past prime habitat conditions for lynx and
snowshoe hares.  Furthermore, widespread use of various forms of partial harvesting during
the last 25 years results in lower hare densities, fragments lynx habitat, and will reduce
landscape hare density to a point where many areas will no longer support lynx.  Lynx habitat
(and populations) are expected to decline by 50% or more by 2032, and habitat will shift
southward where reduced snow and competition with bobcats will adversely affect lynx.  
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lynx recovery in Maine by identifying large, township-sized areas within their ownership to
focus management and make long-term commitments to even-aged softwood management
(and some forms of shelterwood harvest) to ensure that landscape hare densities will be
adequate to support lynx.  These forms of management would help offset current declining
trends in hare and lynx habitat, assist landowners in meeting requirements of forest
certification, and assist the Service in assuring future habitat is available for lynx recovery. 
The University of Maine has promoted the intentional management of lynx and pine marten to
ensure a balance of early- and late-successional forest that also supports forest biodiversity on
private woodlands.  The Service and the University have developed guidelines to assist
landowners in managing their lands for snowshoe hares and Canada lynx 

Furbish's lousewort
Opportunities to assist with the recovery of the federally-endangered Furbish's lousewort are
limited to landowners who own land along the St. John's River in northern Maine downriver
of the confluence of the Big Black River (T15R14).  This plant grows along the banks of the
St. John River in close association with many other state-listed plant species.  The lousewort
requires periodic ice scour and shaded conditions created by intact forest in the riparian zone. 
Because of the lousewort and other rare plants, forest management is limited in the riparian
zone along the St. John River as specified in the LUPC St. John River Protection Plan
(http://www.maine.gov/dacf/lupc/reference/resourceplans/prp_004_StJohnPlan_2012.pdf).
Harvest restrictions are in place in the designated Resource Protection Plan Subdistrict (within
250 feet of the river) and more stringent within a zone 50 feet of high water mark of the river. 
Abiding by these restrictions will benefit the recovery of the lousewort.  Downstream of the
town of Allagash, some areas of the river lack forest cover and are experiencing erosion and
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sun exposure to the lousewort.  Maine forest landowners could assist the private landowners in
this region with reforesting the riparian zone where it is missing or deficient.  The Service has
a limited reforestation effort in place, but would benefit from the resources (possibly trees)
and support (assistance with planting trees) in these areas.  Invasive species (knotweed) are
beginning to invade the riverbank in some important areas where lousewort and other rare
plants occurs.  The Service could use assistance (possibly licensed herbicide applicator) to
address this threat.  Recovery of the lousewort also requires permanent habitat protection of
half the riverfront habitat where the lousewort occurs.  This goal has largely been
accomplished in the upper river reaches, but little has been accomplished down-river of the
town of Allagash.

On Wed, Jan 18, 2017 at 9:39 AM, Harris, Anna <anna_harris@fws.gov> wrote:
Hi Mark,

I received some clarity during the Project Leader call about the upcoming meeting with the
Forest Management steering committee.

The meeting was scheduled to develop tangible opportunities to provide conservation benefits from forest
management to a small group of at-risk species.  This will be like a blueprint meeting - to help us identify overlap between
some of the at-risk species (still not certain which species we're talking about- crayfish, turtles, lynx etc.) and forest
landowner ownerships, identify points of contact and processes for developing conservation strategies, and exploring
potential benefits for landowners.

I think a short paragraph about the status of the lynx ssa and furbish's would be valuable. I also like your suggestion for
developing a list of recovery actions for landowners. 

Let me know if you need more information from me about this request. If we could discuss sometime before the 31st, that
would give me enough time to be prepared on the 3rd.

Thanks,
Anna

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
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Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: lynxdan@gmail.com
To: McCollough, Mark
Subject: Re: peer review of lynx species status assessment?
Date: Wednesday, January 18, 2017 2:31:56 PM

Yes, IFW has expanded Alessio's pilot work into a sizeable P-R project that is starting with
field work this month.  Occupancy modeling approach I think using baited remote cameras.

Daniel J. Harrison
Professor of Wildlife Ecology - Department of Wildlife, Fisheries, and Conservation Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

On Wed, Jan 18, 2017 at 2:18 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Alexej has been very cooperative in sharing his information.  He's shared hare density from
pellet counts in high elevation krumholts (very low).  He's also been extremely helpful
behind the scenes with the lynx SSA.  He helped provide climate change, snow, boreal
forest papers for all of the authors across the lynx DPS.

I was aware of the pilot project work that Allessio was doing, but not of the P-R funded
project.

Mark

On Wed, Jan 18, 2017 at 2:15 PM, Daniel Harrison <harrison@maine.edu> wrote:
Mark,

Alessio has a new project to develop a field sampling design using remote cameras to
estimate mesocarnivore (marten lynx, fisher) densities.  It is a new funded P-R project.  I
suggest that you talk with Alessio for details as I don't know much about it.

Alexej (now in a Ph.D. program at UMass) is working with Chris Sutherland and Toni
Lynn Morelli at the NE Climate Change Center on high elevation spruce-fir estimates of
hare abundances using pellet counts and on estimating marten densities (they are also
getting lynx visits) using remote cameras in northern New Hampshire.

Angela is developing population estimates for fishers in NY using remote cameras and
may have methodologies transferable to lynx monitoring.

Good luck getting information out of MDIFW....

Cheers-

Dan

Daniel J. Harrison
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Professor of Wildlife Ecology - Department of Wildlife, Fisheries, and Conservation
Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

On Tue, Jan 17, 2017 at 3:36 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Dan:

I am so glad to hear that you will be a reviewer.  We do not know who the other
reviewers are yet.  We look forward to your comments.

I would be interested to learn more about the opportunities for mesocarnivore
monitoring with cameras in the Northeast.  I continue to hear that that this method may
be able to estimate populations and would like to learn more.  I understand that MDIFW
continues to do snow tracking surveys for lynx and is working with Eric on occupancy
modeling.  This has not been shared with us, and we are curious to know the methods,
study design, and objectives.  Also, one of the lynx killed this fall was radio-tagged by
MDIFW.  We understand that a student at UMass is studying radio-tagged lynx in
Maine.  Again, this has not been shared with USFWS and we would like to learn more. 
Anna Harris, our new supervisor, wants to have a meeting with MDIFW to learn more
about these studies and when this information will be provided to USFWS.

Mark

On Tue, Jan 17, 2017 at 10:26 AM, Daniel Harrison <harrison@maine.edu> wrote:
Mark,

I just heard back from the contractor and it looks as though I will be a reviewer.  Still
paperwork to exchange and no document in my hands.  I informed that my available
time for review is now 1-15 February and it looks like that timeframe will likely work.

Had a great day of meetings on the forest bird project with Mitch and Randy last week
in Hadley.  Plus a day of meetings with Chris Sutherland, Alexej , Angela Fuller, and
the climate change group from Amherst on mesocarnivore monitoring in the
northeast.  I think there is good opportunity to link Alessio's camera surveys to other
efforts throughout the region to enhance both population estimation and landscape-
scale habitat relationships for lynx, martens, and fishers.  

Will keep you in the loop as the lynx assessment review proceeds.
 
Dan

Daniel J. Harrison
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Professor of Wildlife Ecology - Department of Wildlife, Fisheries, and Conservation
Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

On Thu, Jan 12, 2017 at 7:41 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Dan:  I am wondering if you have heard from the contractor doing the peer review
for the lynx species status assessment?  We just completed the draft and sent it to
them last week for distribution to peer reviewers.  Just wondering if you were
selected?  If not, the core group has a short list of scientists, including you, that we
really want to have review.

thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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NOTE ABOUT THIS DRAFT DOCUMENT, DECEMBER 2016  
  
This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status 
assessment report has not undergone peer review, and it should not be cited or referenced as an 
agency document. At this time it is intended for the sole purpose of soliciting scientific reviews from 
expert peer reviewers, from State and Federal partners with expert knowledge of the species and its 
habitat, and from internal reviewers by Department of the Interior staff. The document is not 
intended to solicit public comment. This document will be revised after this scientific review. This 
document does not predetermine any future agency decision under the Endangered Species Act.  
For more information contact Jim_Zelenak@fws.gov.       
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Executive Summary   
Background  
   
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is required 
to make in accordance with the ESA. The SSA provides an evaluation of the current and 
possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S.United States from Maine to Washington and south along the Rocky 
Mountains to western Colorado (Ffigure 1).  
  

  
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis).  
  
These units encompass the geographic areas in the contiguous United. States. with the 
strongest historical and/or recent evidence of an ability to support persistent resident lynx 
populations, and, combined, they represent approximately the southern two2 percent of the 
species’ entire breeding range (98 percent occurs in Canada and Alaska). The units are 
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relatively isolated from each other, but four of the six units are directly adjacent to lynx 
populations and habitats in  
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous United. States., usually peripheral to the SSA geographic units, the ability of these 
peripheral areas to support persistent resident lynx populations remains questionable. Lynx may 
occur in such areas as small and ephemeral breeding populations or as occasional dispersing 
or transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Ttable 1.  
   
Table 1. Canada Lynx SSA Geographic Units.   

Unit No.  Unit Name and Location  Unit Size (km2)  

Unit 1  Northern Maine  28,909  

Unit 2  Northeastern Minnesota  21,101  

Unit 3  Northwestern Montana/Northeastern Idaho  26,997  

Unit 4  North-central Washington  5,176  

Unit 5  Greater Yellowstone Area  23,687  

Unit 6  Western Colorado  25,294  

  
  
This report represents the Service’s evaluation of the best available scientific information, 
including the formally- elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
themthese populations; and (3) assess the future viability of the DPS in the near term (through 
the year 2025), in the mid-term (through 2050), and through the end of this century in terms of 
the conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”).   
  
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically 
comprisemake up >greater than 90 percent of the lynx’s year-round diet. The lynx has evolved 
morphological adaptions (long legs  and large paws) that allow it to efficiently travel and capture 
hares in snow conditions that are difficult for most other terrestrial hare predators (e.g., bobcats, 
coyotes). These characteristics provide lynx with a seasonal (4- to 5 months in most of the DPS) 
competitive advantage over other hare predators and allow them to occupy habitats that are 
unavailable to some of their competitors.  
  
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain.  
  
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous United. States. For example, analysis of historical records in the United. 
States. and Canada indicated that many lynx records in the contiguous United. States. 
coincided with intermittent “irruptions” (mass dispersal events) of lynx from Canada into the 
northern United. States. when hare populations in Canada underwent cyclic declines (every 8-
11 years). During these irruptions, large numbers of lynx occurred temporarily in (and 
disappeared quickly from) areas that we now believe arefind to be naturally incapable of 
supporting resident populations.  
  
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western United. States. are naturally less abundant and more 
patchily distributed than was thought at the time of listing, and lynx may have been extirpated 
recently from several areas thought to have previously supported small resident populations 
(e.g., the Kettle Mountains in northeastern Washington, the Garnet Mountains in western 
Montana, and the Greater Yellowstone Area of southwestern Montana and northwestern 
Wyoming). We also know that recent extensive wildfires in north-central Washington have 
temporarily reduced the amount of high-quality lynx habitat and have probably caused a decline 
in lynx numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 
1999 to 2006 and the subsequent survival and reproduction of some of these lynx and their 
offspring, resident lynx currently occupy parts of western Colorado.  
  
SSA Framework  
  
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. Therefore, 
we evaluated the ecological requirements of individual lynx and populations and the current and 
possible future conditions for resident lynx populations in each geographical unit to assess the 
viability of the DPS. The SSA uses the conservation biology principles of resiliency, redundancy, 
and representation as the framework for assessing current and future conditions. Resiliency 
describes the ability of the species to withstand stochasticity, redundancy describes the ability of 
the species to withstand catastrophic events, and representation describes the ability of the 
species to adapt over time to long-term changes in the environment. The 3 Rs can be influenced 
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by any number of factors. For lynx, the factors evaluated in this SSA include: (1) the original 
factor for which the DPS was listed as threatened (the inadequacy of existing  
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the  
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx.  
  
Uncertainties and Assumptions  
  
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.   
  
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.   
  
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska.  
  

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet other 
areas are naturally incapable of supporting resident lynx despite boreal-forest-like vegetation 
and the presence of some hares.  
  

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations.  
  

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations.  
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● We assume that connectivity with larger lynx populations in Canada is important, and that 
periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain.  
  

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.   
  

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly- specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming.  

  
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do sohave as long as those 
measures and guidance are implemented.  
  

● We assume that the DPS could be delisted in the future and that some ofis not listed and 
therefore does not receive the current protections afforded by the ESA could be lost and/or 
relaxed.  (In evaluating the necessity of continued ESA protection for a listed species, it is 
inappropriate to consider the benefits of ESA protection the species is currently receiving.) 
However, we also assume that conditions for delisting would include requirements and 
incentives toto a certain extent land management agencies and state wildlife agencies will  
continue to conserve lynx and its habitats and to try to assure persistence of resident lynx 
populations in those places that can support them in the DPS range.   

   
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability.  
   
Current Conditions  
  
The current distribution of resident lynx in the contiguous United. States. is likely somewhat 
smaller than the historical distribution because of the potential loss of small populations in 
several places (e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern 
New York, Isle Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, 
more recently, the Greater Yellowstone Area of Southwestern Montana and northwestern 
Wyoming, and perhaps the Garnet Mountains in western Montana). However, based on verified 
historical records, we lack compelling evidence that the current distribution and relative 
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abundance of resident lynx in the DPS range are substantially diminished from historical 
conditions, and resident populations continue to persist in the geographic areas with the 
strongest historical evidence of an ability to support them. Nonetheless, in many parts of the 
DPS range habitat features (forest distribution and structure, hare densities, and snow 
conditions) appear to exist at or just above thresholds thought necessary to support persistent 
lynx populations.   
  
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units.  
  
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Ffigure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Ttable 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous United. States., it also seems 
that redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via a catastrophic event.  
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United. States., suggesting relative maintenance of the breadth of diversity of ecological settings 
occupied within the DPS range. Because there are no indications of significant loss of or current 
threats to the genetic health or adaptive capacity of lynx populations in the DPS, and because 
the current level of representation does not appear to indicate a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation.  
  
Future Conditions  
  
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced probability 
of persistence for all resident populations in the DPS range. We expect that resident populations 
will persist through mid-century in all five of the geographic units that currently support them 
(albeit in reduced numberssizes and distributions), but that lynx may be functionally extirpated 
(loss of the ability to support persistent resident populations) from two or three of the units by 
the end of the century.  
  
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, we expect climate-induced increases in the frequency and 
intensity of wildfires and forest insect outbreaks are expected to increase, particularly in the 
western portion of the DPS, although we do not anticipate such events alone to cause the 
permanent loss of breeding lynx populations in any geographic unit. In Minnesota and Maine 
(units 1 and 2), suitable boreal forest and snow conditions are projected to decline more 
severely than in the western units, and in some climate- modeling scenarios they could 
disappear completely from these units by the end of the century. Over the next 15- to 20 years, 
lynx habitat conditions in Maine are also likely to decline significantly from current historically 
high and anthropogenically influenced levels as private forest management practices, 
particularly a shift away from landscape-level clearcutting, result in forest succession detrimental 
to snowshoe hare and lynx needs.  
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through 
midcentury but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events.  
  
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given thatis, we conclude that the 
DPS as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially- clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well- distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely.  
  
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate.  
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DPS-wide Synthesis   
We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numberssizes and distributions, in all five geographic units 
that currently support them through mid-century, but that functional extirpation is likely in two to 
three of those units by the end of the century, driven largely by projected continued climate 
warming. Because resident lynx in many parts of the DPS persist in areas that appear naturally 
to barely meet thresholds for hare densities and habitat quality and distribution, relatively small 
declines in these features could result in loss of the ability to support resident populations over 
large areas. Because of this, we believeconclude that future lynx habitats and resident 
populations throughout the DPS range are likely to be smaller and more fragmented, and 
geographic units that are already relatively isolated from other lynx populations are likely to 
become even more isolated in the future. Uncertainty increases at mid-century to late-century 
regarding the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change. However, review of the best available 
science in concert with input from lynx experts suggests that the probability of the persistence of 
resident breeding populations will decline in all geographic units, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond 
that time frame.  
  
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through 
midcentury in most of the five geographic units that currently support them. However, we 
believeconclude it is very unlikely that resident lynx populations will persist through the end of 
this century in all of the geographic units that currently support them. That is, we believefind that 
resiliency will be substantially diminished because of reduced population sizes and distributions 
throughout the DPS, with resulting extirpation of resident populations from two to three (of five) 
units more likely than not by the end of the century.  
   
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic units would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century.  

Chapter 1: Introduction  
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S.United 
States as a distinct population segment (DPS) and listed it as threatened under the Endangered 
Species Act of 1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (U.S. District Court 
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MT 2014b, p. 2). Thus, we conducted this SSA (version 1.0) to summarize the best available 
information on the current status and likely future viability of the DPS. This SSA will inform a 
determination by Service decision makers of whether (1) the DPS continues to warrant 
protection under the ESA and (2) a recovery plan is needed to guide conservation and recovery 
of the lynx DPS.  

1.1 Background  
The Canada lynx is a North American wild cat that is most strongly associated with northern 
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809).  
  
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S.United States (Bittner and Rongstad 1982, p. 
146; McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic 
units evaluated in this SSA represent the remaining 2 percent of the species’ breeding 
distribution (approximately 131,168 km2 [50,644 mi2]; see Ffigure 1 and Ttable 2, below). Lynx 
populations in the DPS (as well as some others on the margin of the range in southern 
Canadian provinces) seem to function as peripheral subpopulations (islands) of a larger 
(mainland) metapopulation centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 
FR 40077; also see 2.2 below). The demographic and genetic health and persistence of DPS 
populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 
FR 59434, 59447; 79 FR 54815).  
  
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 



 

14  
  

population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S.United States occur over a much smaller geographic area 
that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous U.S.United States, and small breeding populations 
may have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous U.S.United States has been 
documented based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 
54815; McKelvey in Lynx SSA Team 2016, p. 11; also see section 2.3.2, below).  
  
The Service designated lynx in the contiguous U.S.United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 
(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous U.S.United States constitute 
a single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the  
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S.United States, including New Mexico and other states that were not included in 
the original DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 
(USFWS  
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire).  
  
The six geographic units evaluated in this SSA encompass all areas of the contiguous 
U.S.United States that currently support or are believed to have recently supported persistent 
resident lynx populations  
(Ffigure 1, above). Five of the six geographic units were designated as “Core Areas” in the  
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
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Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here.  
  
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Ttable 2).  
  
 Table 2. Lynx SSA Unit Sizes and Percent Ownership.  

Unit1  
Unit Size 

(km1)  

Percent 
of SSA  
Area  

 Land Ownership/Management (Percent)2   

 Federal3  

Private  State  Tribal  

All  
Federal  

USFS  NPS  BLM  

1  28,909  22.0  1.2  0  1.2  0  90.4  7.3  0.9  

2  21,101  16.1  47.4  44.9  2.5  0.01  15.5  36.2  1.0  

3   26,997  20.6  84.3  69.3  13.6  1.5  8.0  4.1  3.5  

4  5,176  3.9  91.5  84.6  6.7  0.1  0.3  8.2  0  

5  23,687  18.1  97.6  79.7  16.7  1.1  2.2  0.3  0  

                                                

1 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Ttribal, Sstate and private lands that met the criteria for critical habitat but 
whichthat were excluded from the designation in accordance with section 4(b)(2) of the Endangered 
Species Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office 
in coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 3 

USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management.  

1.2 SSA Framework and Report  
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of  
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6  25,294  19.3  90.1  85.2  1.8  3.1  9.3  0.6  0  

All Units  131,164   100  63.8  55.6  7.1  1.1  26.3  8.8  1.1  

1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado.  
species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time 
(captured under the broad heading of “species needs”); the 
current condition of the species at the individual, population, 
and range-wide levels in terms of meeting those needs; and 
the likely changes in the environment that may influence the 
species’ future condition and, thus, the viability of the species.   
  
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events;  
redundancy describes the ability of the species to withstand 
catastrophic events; and representation describes the ability of the species to adapt over time to 
long-term changes in the environment. As a result, the SSA characterizes a species’ ability to 
sustain populations in the wild over time based on the best scientific understanding of current 
and future abundance and distribution within the species’ ecological settings. Importantly, the 
SSA neither results in, nor predetermines, any decisions (e.g., listing status, critical habitat 
designations, section 7 consultation requirements, etc.) by the Service under the ESA. Instead 
the SSA provides the biological basis to inform these decisions. The SSA is a dynamic 
document and should be periodically revised as new scientific information becomes available.  
   
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service 
(NPS) and the USFWSService called “ServCat” at the following IP 
address: http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html.  

                                                

1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015.  
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1.3 Analytical Approach and Methods  
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at midcentury- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation 
in terms of the 3 Rs using conceptual modeling (Ffigures 2-5) based on available published 
literature, on other information on the historical and current status of and threats to lynx in the 
DPS, and, where empirical data arewere lacking, on our objective analysis of the best available 
scientific information as informed by our understanding of the basis for formally- elicited expert 
opinion and best professional judgment (Lynx SSA Team 2016, entire).   
  

  
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability.  
  
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units.  
  
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.), and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS.  
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS.  
  
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Ffigure 4 below.  
  

  
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS.  
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally- elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Ffigure 5 below.  
  

  
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS.  
  
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Cchapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence thoese probabilities; and 
the sources of uncertainty that influenced their confidence in their predictions. We then present 
our evaluation of the scientific literature regarding how certain anthropogenic factors may 
influence future conditions for resident lynx in each geographic unit. The factors we consider for 
each geographic unit include regulatory mechanisms (the factor for which the DPS was 
originally listed under the ESA) and the anthropogenic influences identified by the Interagency 
Lynx Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
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conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why.  
  
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that, although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that non-ESA regulatory requirements and nonregulatory 
objectives for species and habitats (not necessarily lynx specific) and an incentive to preclude 
ESA listing of the lynx would contribute conditions for delisting would include requirements and 
incentives to the continueance of  to conservatione efforts benefitting the lynx and its habitats 
and to assure persistence of resident lynx populations in those places that can support them on 
Federal, State, and Tribal, and some private lands (perhaps some private lands as well). Our 
evaluation, therefore, considers the possibility of the future relaxing of some, but not the 
complete absence of all, lynx conservation measuresprotections and conservation efforts, but 
not the complete absence of all protections for lynx.  
  
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly- distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly- specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially- discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.   
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Chapter 2: Lynx Ecology   
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Cchapters 3 through 5.  

2.1 Species Taxonomy, Description, and Genetics  
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are three 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016).  
  
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale brown 
fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In summer, its 
fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long tufts of black 
hairs extending from the tips of its ears, a short, completely black-tipped tail, and often a distinct 
dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 cm (30 to 35 in) 
long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Ttable 1; Moen et al. 2010a, 
Ffigure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished data), and 
males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s large feet 
and long legs make it highly adapted for traversing and hunting in deep, powdery snow, where 
its low foot-loading (weight per surface area of foot) is thought to provide a competitive 
advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) over other 
terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada and the 
northern contiguous U.S., where the southern edge of the lynx range overlaps the northern 
edge of the bobcat range, the two species are easily confused because of their similar size and 
appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail distinguish it 
from the bobcat, which has shorter ear tufts, small feet, and white on the underside of the tail. 
Bobcats are much more common and abundant than lynx in most of the contiguous U.S.  
  
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
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12621266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the two areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas, recent analyses reveal genetic exchange among lynx on either side, 
indicating that some lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; 
Bowman in Lynx SSA Team 2016, p. 12-13).  
  
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations despite 
large separation distances (Schwartz et al. 2002, entire). Their results did not suggest that 
reduced genetic variation among peripheral populations was because of human disturbance 
(i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; Schwartz et 
al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the contiguous 
U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 522).  
  
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793).  
  
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5).  
Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
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35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12).  

2.2 Life History and Population Dynamics  
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare 
(Ffigure 6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et 
al. 1972, pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 
358–359, 363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 
2003, pp. 37–38; Squires et al. 2004a, p. 15, Ttable 8, Olson 2015, pp. 60-69), and hare 
abundance is the major driver of lynx population dynamics. Lynx den site selection, litter sizes, 
pregnancy, as well as recruitment, survival (kitten, subadult and adult) and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34).  
  

  
Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency.  
      
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes with 
high-density snowshoe hare populations for survival and reproduction (McCord and Cardoza 



 

24  
  

1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). Lynx and 
snowshoe hares are strongly associated with what is broadly described as boreal forest (Bittner 
and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and Parker 1987, p. 684; 
Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183191 and 2000b, pp. 
136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation of boreal forest is 
conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) (Elliot-Fisk 1988, pp. 
34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and shrubs (Hodges 2000a, 
pp. 181-183) and are most abundant in forests with dense understories that provide forage, 
cover to escape from predators, and protection during extreme weather (Wolfe et al. 1982, pp. 
665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 and 2000b, pp. 136-
140). Over much of the lynx’s range, hare densities are higher in regenerating, earlier 
successional forest stages because they often have greater understory structure than mature 
forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 1990, pp. 847-
848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin  
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally- stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127).  
  
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809).  
  
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
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427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes.  
  
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).   
  
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267– 
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 
362363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14).  
  
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and  



 

26  
  

Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).   
  
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to  
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
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phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).   
  
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014,  
p. 1). In southern Canada, where hares are less abundant and hare population cycles are muted 
or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment Canada 
2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.213/100 km2 
(24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares were abundant 
(Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 km2 (6/100 mi2) 
in Washington when hare abundance was low (Koehler 1990, pp. 847-850). Correspondingly, 
hare abundance may also influence lynx home range size. Ward and Krebs  
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10- to 15- fold increase in 
lynx density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367).  
  
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS.  
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793).  
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2.2.1 Ecological Requirements of Individuals  
  
At the most fundamental level, the needs of an individual lynx are met if:  
  
1) it is born to a female that occupies a home range containing  

a) secure denning habitat,  
b) adequate hare abundance to support lactation during the early kitten stage and later 

provisioning of the kitten with hare meat,  
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and  
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.);  
  

2) the mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and  
  

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.   

  
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population.  
  
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for 
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lynx/vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population.  
  
Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a,  
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24).  
  
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Ttable 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).   
  
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.   
  

  
Geographic 

Unit  

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

  
References (Page Nos.)  

  

  Female  Male   

N Maine  25-33 (14-70)  39-60 (24-102)  
Vashon et al. 2008a (1482); Mallett 2014  

(169)  

NE Minnesota  17-87 (13-122)  160-267 (86-439)  
Mech 1980 (263-265); Burdett et al. 2007 

(460-463); Moen et al. 2008a (17)  

NW Montana/ 
NE Idaho  43-90 (11-157)  122-220 (29-552)  

Brainerd 1985 (20); Squires and Laurion  
2000 (343-344); Squires et al. 2004a (13, 

Table 6)  
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N-C 
Washington  37-91 (37-91)  49-69 (29-99)  

Brittell et al. 1989 in Stinson 2001 (5);  
Koehler 1990 (847); Maletzke in Lynx SSA  

Team 2016 (21)  

GYA  50-105 (32-105)  116-824 (98-2,181)  
Squires and Laurion 2000 (343-344); 

Squires et al. 2003 (12-13)  

W Colorado  75-704 (NA)  103-387 (NA)  Shenk 2008 (10)  

  
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354).  
  
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
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high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.   
  
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.   
  

2.2.2 Ecological Requirements of Populations and the DPS  
  
Lynx populations require essentially the same things that individual lynx do (see Ffigure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower.  
  
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 
2531). Lynx populations in the DPS are at the periphery of the species’ range and may behave 
as islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.   
  
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22).  
  
Slough and Mowat (1996, p. 952, Ttable 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of  
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Ttable 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined from 
135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the  
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly- cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area  
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21)  
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.   
  
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least  
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality.  



 

33  
  

  
In summary, lynx populations need large boreal forest landscapes with snow conditions  
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly- cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly- cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789).  

2.3 Historical and Current Lynx Distribution  
  

2.3.1 Lynx Distribution and Status in Canada and Alaska  
   
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince  
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 1192-
1195; Koen et al. 2014a, pp. 757-760).  
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In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers.  
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern  
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington).  
  

2.3.2 Lynx Distribution in the Contiguous United States  

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range  
  
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942).  
  
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077).  
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The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938).  
  
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “...  
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).   
  
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
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(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions.  
  
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above.  

 2.3.2.2 Lynx Distribution within the DPS Range  
  
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp.  
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p.  
6), and overall habitat quality is typically lower.  
  
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
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for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist.  
    
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats or 
coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.   
   
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.   
  
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats in 
Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
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Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.   
  
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S.  
  
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition.  
  
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081,  
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003- to 2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
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lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487).  
  
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially- released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally- invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believefind that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain.  
  
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York.  
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In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 2021, 
45). In the 2014 revised critical habitat designation, the Service noted:   
  

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791).  
  

We concluded that the historical record and recent evidence of lynx occupancy and reproduction 
suggested the presence of a small but persistent resident lynx population in the GYA of 
northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 54825-54826); 
however, the consistency of occupancy over time remains uncertain (Lynx SSA  
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National  
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
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also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).   
  
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so.  
  
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern  
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the sState, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long 
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the sState or if it is a temporary phenomenon related 
to an expanding source population in neighboring northern Maine (79 FR 54821). Although 
bobcat populations have increased and expanded their range in this region in recent decades 
(Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their 
populations (Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest 
declined substantially after two deep snow winters in 2008 and 2009 (Maine Department of 
Inland Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire.  
  
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New Hampshire, 
above) have the strongest historical evidence of continuous lynx presence and recent evidence 
of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 4008640095, 40097-
40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for much of 
Idaho, but many, especially in the central and southern part of the sState, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
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contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the sState are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia.  
  
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the sState (McKelvey et al. 2000a, pp. 211-212; 
Hoving et al. 2003, entire;), which currently is believed to support the largest lynx population in 
the DPS (Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in 
Lynx SSA Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare 
habitat and the number of resident lynx in Maine are all much larger than was suspected at the 
time of listing or the 2003 remand, and all are probably substantially larger now than under likely 
typical historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
sState are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 
40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.   
  
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the sState that seems to be 
the southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the sState, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the sState, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
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lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown.  
  
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the sState (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team  
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 
4647; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the 
time of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12).  
   
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the sState (von Kienast 2003, entire; Maletzke 2004, entire; Koehler 
et al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the sState with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the sState are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).   
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In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither 
broadscale breeding range contraction nor substantial population declines in the contiguous 
U.S. from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016, p. 11). New information summarized above indicates that there are many 
more lynx in Maine and Minnesota than was suspected at the time of listing, and there are 
naturally fewer lynx and a more limited distribution of suitable habitats in the western U.S. than 
was previously thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at 
historically high numbers and may currently be facilitating the recolonization of formerly 
occupied habitat in northern New Hampshire and recent lynx occurrences in northernmost 
Vermont. However, lynx persistence is uncertain in New Hampshire and unlikely in Vermont, 
and lynx numbers in Maine are projected to decline over the next several decades. In the West, 
small breeding populations in the GYA and the Garnet Mountains of Montana may recently have 
become extirpated (although both also may be only temporarily “winked off” in a metapopulation 
dynamics sense). In north-central Washington, lynx habitat and numbers have declined because 
of recent large fires and insect outbreaks, and the persistence of the breeding population there 
could be threatened if additional such impacts occur with similar magnitude and frequency over 
the next several decades. As a result of the release of 218 Canadian and Alaskan lynx from 
1999- to 2006, resident lynx currently occur in western Colorado. Although the number of lynx in 
this population and its future persistence are uncertain, Colorado currently supports more lynx 
than it likely did, based on the historical record, for much of the previous century. The 
geographic units evaluated in this SSA include all areas in the contiguous U.S. with strong 
historical and recent evidence of persistent resident lynx populations. Detailed assessments of 
the current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below.  

Chapter 3: Factors Influencing Viability of the DPS  
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Thoese 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS.  

3.1 Regulatory Mechanisms  
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation of habitat, creation of barriers, or that 
otherwise alteration of the vegetation mosaics and prey abundances maintained historically by 
natural disturbance processes may occur in lynx habitats regardless of land ownership and 
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management. The extent to which regulations guide such activities to avoid, minimize, or 
mitigate impacts to lynx influences the current and future likelihoods that those habitats will 
provide the physical and biological features needed to support resident lynx populations. As 
described in more detail below, the lynx DPS was listed as threatened because of the lack of 
specific conservation direction and associated regulations on Federal lands. At that time, the 
available information indicated that most lynx habitat in the DPS occurred on Federal lands, 
predominantly in the western U.S. (65 FR 16061). Since then, research and monitoring have 
revealed that non-Federal lands contribute more to the conservation of the DPS than was 
known at the time of listing, particularly in the Northern Maine and Northeastern Minnesota 
regions. Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as Sstate and Ttribal lands.  
  
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership.  
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.   
  

3.1.1 Federal Regulatory Mechanisms  
  
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Ttable 2, above, and Cchapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
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of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.   
  
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx, and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096).  
  
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
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vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).   
  
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083).  
  
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50).  
  
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
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40096-97). It concluded that although Federal, Sstate, and Ttribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097).  
  
Since the 2003 remand, most Forest ServiceUSFS units with lynx forest types have formally 
amended or revised their land management plans to incorporate the conservation measures, 
standards, and guidelines identified in the LCAS. From 2004-2006, forest plans for seven 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson  
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2  
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.   
  
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Ttable 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley,  
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field  
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
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were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12).  
  
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 2007, 
p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service USFS 
land management activities on at least 94 percent of this area, and more likely nearer to 98 
percent” (USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).   
  
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for whichthat was 
the basis for listing the lynx DPS was listed under the ESA. Although formal effectiveness 
monitoring has not been completed, it’s clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous U.S.  
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3.1.2 State Regulations and Tribal Management  
  
Private, Sstate, and Ttribal lands make up the remaining 36 percent of the lands encompassed 
by the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Ttable 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Ttribal lands in the North-central Washington, GYA, or Western Colorado units. Private, Sstate, 
and Ttribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, Sstate, and Ttribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, Sstate, and Ttribal 
lands within the six geographic units of the DPS, but with a focus on those units with the 
greatest proportions of these lands and on activities on these lands with the greatest potential to 
impact lynx.  
  
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement.  
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Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-traprestrictions/). 
MDIFW also adopted and made available for download on its web page the interagency 
brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats and other 
Furbearers, and modified it to be more specific to Maine. MDIFW also set- up an incidental lynx 
capture hotline, and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 -to 2015 (ten10 lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally- trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act  
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely- distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).   
  
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at:  
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http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern (State 
of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that regulate 
treatment of species designated as endangered and threatened. Also like Maine, Minnesota has 
designated the lynx a species of special concern (MNDNR 2013, p. 2), and coordinates with the 
Service and other agencies to conduct research and monitor lynx populations and habitats.  
   
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 
3637). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 
710), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set of 
reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them.  Specifically, these regulations, which (1) prohibit the use of lethal (non-
relaxing) snares for bobcats, (2) specifiesy the types of sets and baits or attractants that may be 
used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 10-
pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). MTFWP is also responsible for implementing Montana’s Nongame and Endangered 
Species Conservation Act (http://leg.mt.gov/bills/mca/87/5/87-5-
103.htm;  https://www.animallaw.info/statute/mtendangered-species-chapter-5-wildlife-protection    
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Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered  
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan  
(http://wdfw.wa.gov/publications/00394/) and a Status Report  
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals.  
  
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats.  
  
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals.  
  
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.   
  
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections  
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to -35 years post-harvest) regenerating forest in prime hare habitat 
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condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit.  
   
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-
landscapeconservation-in-maine/ last accessed 8.18.2016), but easements do not require 
management prescriptions or commitments for lynx. To our knowledge, there are no private 
landowners in Maine who have committed to long-term or permanent protection and creation of 
lynx habitat according to the Service’s lynx management guidelines or LCAS.  
  
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation of 
Federally listed species, but so far no lynx management plans have been developed. Mitigation 
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for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for trapping 
requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat management 
area on the MBPL’s Seboomook Unit for a 15-year period.   
  
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private lands. 
Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 [MFRC 
2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed voluntary 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) that are 
intended for private and State landowners and include some general recommendations for 
wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).   
  
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about four 
percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution  
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 
5483554837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.   
  
Unit 4: North-central Washington - State and private lands constitute about eight percent and  
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State  
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The Forest 
Practices Board, an independent State agency, adopts forest practices rules to protect water 
quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
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quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below.  
  
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.   
  
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.   
  
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the  
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6.  
  
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15).  
  
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the  
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit.  
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).   
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Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285).  
  
In summary, a variety of Sstate wildlife and forestry regulations and conservation efforts, along 
with Ttribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.   

3.2 Climate Change  
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire).  
   
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change.  
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The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31).  
  
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas).  
   
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
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than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).   
  
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events and 
winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, depth 
hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.   
  
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow- covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five5 months (November–March) to approximately three3 months 
(December to February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that 
contain lower relief, mid-elevation mountain ranges will likely shift relatively quickly into new 
precipitation phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 
4566). The interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated 
areas to warming because much of the region is characterized by relatively warm winter 
temperatures and by mainly mid-elevation mountain ranges. The climatic rain-snow transition 
zone will move up in altitude and north in latitude.   
  
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and 
deciduous/boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved 
upslope in both the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and 
Baker 1980). Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some 
locations up to 100 m) during a recent 50-year period of warming (Kullman 1990). However, 
despite recent warming, the alpine treeline in North America has thus far remained relatively 
static (Butler et al.  
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
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movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201).  
  
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions  
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats.  
  
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous.  
   
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 



 

61  
  

North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9).  
    
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 
13–14). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).   
   
Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48).  
  
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp.  
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below.  
  
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably anticipated 
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include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare cycle, 3) 
reduction in snow conditions necessary to give lynx a competitive advantage, 4) reduction in 
hare habitat quality and populations, 5) reduction in the amount of lynx and hare habitat in the 
U.S., 6) changes in the frequency and pattern of disturbance events, 7) introduction of disease 
and parasites, and 8) reduced gene flow. Synergistic effects between these factors and other 
stressors (e.g., forest management, trapping, development) may intensify their effects (Carroll 
2007). Diminished snow, increasing drought and fire, and increased forest pests and disease 
are believed to currently be the most important stressors for lynx in the DPS, but it is possible 
that other pathways are, or may become, equally important. Over the next decades, southern 
lynx populations will continue to be affected by climate change and associated shifts in habitat, 
prey base, and competition. The extent of such changes and whether lynx are able to adapt to 
them will determine not how, but if, this species can persist in the contiguous U.S. (Murray et al. 
2008).  
   
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation.  
   
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering largescale 
climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81).  
   
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
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in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).   
   
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).   
   
Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp.  
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548– 
4549). These trends are expected to continue with future climate warming (Hamlet and  
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of 
snowcovered and exposed areas, increasing the rate at which melting occurs in spring 
(Groisman et al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has 
led to the average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain 
West (Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and 
desert dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-
darkened landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are 
expected to decline generally in the geographic areas that contain the central and eastern 
portion of the lynx DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require 
prolonged periods of deep fluffy snow, current habitats that lose this feature would decline in 
value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire).  
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Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172).  
   
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx.  
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits their 
efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).   
   
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).   
   
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectivenesssuccess. For example, hard-packed snow is reported to be associated with a 
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higher kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth 
et al. 2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Predator communities are more diverse at the southern part of 
the lynx range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there  
(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares.  
  
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11- percent decline in 
hare survival by mid-century and a 23- percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).   
  
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).   
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Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).   
   
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia, and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102).  
   
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT  
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
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range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103).  
   
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and  
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada.  
   
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest.  
  
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
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irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727).  
  
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 19702004, 
Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of large 
fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. Mesic, 
middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the northern 
Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations.  
  
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).   
   
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
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markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
spruce budworm outbreak in Maine was the primary driver creating the current broad distribution 
of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).   
  
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).   
  
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward.  
  
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).   
   
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al.  
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats  
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(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and 
succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24).  
   
Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644).  
   
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528).  

3.3 Vegetation Management  
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 



 

71  
  

throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another.  
   
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx.  
   
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016).  
  
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
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dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares.  
   
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by:  
  

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling;  

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation;  

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or  

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments.  

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage.  

   
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a).  
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North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West).  
   
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).   
   
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et al. 
2005), but an evaluation of harvesting in the last decade indicates these landowners increased 
harvest rates, shortened rotation rates, and shifted to managing and harvesting hardwood tree 
species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine private lands 
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management make lynx management commitments more difficult because shortterm 
landowners are not interested in long-term commitments. On the other hand, some easement 
owners may have an incentive to manage for lynx to meet forest certification requirements.  
   
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of  
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.   
   
Finally, future trends in forest management will be affected by climate change (Irland et al. 2003, 
entire). Many models have been developed to project how U.S. timber production and markets 
may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia et al. 
1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate change, 
total U.S. timber inventories will increase, timber harvest will increase, and product prices will 
decrease relative to an assumed stable climate. Some models predict that consumers will gain 
from climate change while landowners in some regions will lose. The forest industry will adapt to 
climate change in many ways including using alternate tree species in manufacturing, shifts to 
geographic regions of the country with economic advantages in timber growth, and increasing 
forest plantations with new species that are favorably adapted to the new climate and markets. 
Many strategies have been evaluated to increase the quantity of carbon stored in North 
American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in some 
forests to build carbon reserves, increased recycling to reduce use of forest products, converting 
agricultural lands to forests, and substituting wood products for more energy-intensive products. 
Increased atmospheric carbon will increase forest growth slightly, except for softwood (Irland et 
al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, is expected to 
increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth conifer forest to 
sequester carbon could benefit lynx in the West and be to the detriment of lynx in the East.  
   
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS.  
   
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
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land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival.  
   
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality.  
   
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986,  
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx.  
   
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, moisture, 
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and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. 
(2005) reported that the slash and coarse woody debris remaining after precommercial thinning 
provided both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory that 
would be needed to support pre-treatment snowshoe hare densities. At this time, no other data 
are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed.  
   
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS.  
   
Uneven-aged management (single tree, partial harvest, and small group selection) practices can 
be employed in stands where there is a poorly developed understory, but have the potential to 
produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature 
multistory forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat.  
   
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and 
unevenaged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
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future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx.  
  
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances, there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat.  
   
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares.  
  
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing the 
understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.   
   
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
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reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).   
   
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to -17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569).  
   
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988).  
   
Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high- quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes.  
   
Forest management can fragment and isolate patches of high- quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx.  
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Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of 
high- quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6).  
   
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S.  
   
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to -40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir.  

3.4 Wildland Fire Management  
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
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They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).   
  
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53).  
  
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land- use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
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Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).   
  
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 
4009340098).  
  
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern  
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats.  
  
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
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communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future.  
  
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al.  
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and altering 
the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely be a 
temporary impact, with burned areas subsequently regenerating into higher-quality habitat, it 
would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover.  
  
Because lynx habitats are naturally patchily- distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
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recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire).  
  
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 20). 
Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where fire 
size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx SSA 
Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were burned by 
the extensive wildfires of 1988. The extent to which those fires may have diminished lynx and 
hare habitats and contributed to the recent absence of resident lynx is uncertain, as is the 
potential for those burned areas to support high hare densities and resident lynx in the future. 
However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future.  
  
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range.  
However, given the trends discussed above and the likely continued increase in future fire 
activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.   

3.5 Habitat Loss and Fragmentation  
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.   
  
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover.  
  
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% percent loss in area (20,000 km2) of forest, and continued expansion of residential 
development will likely reduce forested patches by another 1.2% percent by 2030 (Theobold et 
al. 2011, entire). Human-caused fragmentation in the forested western landscape resulted in a 
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decline of weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current 
conditions, but models predict relatively small declines in the size of forested patches over the 
next 30 years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more 
of the natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to -20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people.  
  
Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.   
  
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high- quality patches themselves (Lewis 
et al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats.  
  
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.   
  
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
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habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.   
  
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high- quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996).  
Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).   
  
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high- quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3three of the 5five 
populations under investigation went extinct in the course of the 3-year study. Fragmentation of 
landscapes exacerbate the effect of predation by allowing carnivores to concentrate their 
hunting efforts on small patches of habitat used by their preferred prey instead of preying 
disproportionately on dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich 
landscapes characteristic of the DPS, this can result in intense predation and competition for a 
limited prey resource.  
  
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat.  
  
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.   
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The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska.  
  
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
mMountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015).  
  
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily 
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.   
  
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
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and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m  
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008).  
  
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity in 
landscapes that have extensive, large patches of habitat in combination with deep, fluffy snow. 
Within their home ranges, lynx strongly select for habitat patches that enhance their foraging 
opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, Squires et al. 
2010). Analysis of winter movements of lynx in Maine indicated that lynx responded to habitat 
heterogeneity at a coarse scale within their home ranges by maximizing their access to 
snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected homogeneous 
spruce-fir patches that supported snowshoe hares and avoided recent clearcuts or other open 
patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) reported that 
landscapes in which hare habitat was more contiguous, or surrounded by a mosaic of similar 
habitat quality, supported more hares than did more fragmented landscapes.  
  
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally patchy 
habitat that is typical throughout much of the DPS range. Anthropogenic activities such as forest 
management, development, and highways alter natural landscape patterns. They cumulatively 
can reduce the total area of habitat, diminish the quality of habitat, increase the isolation of 
habitat patches, and impair the ability of lynx and other wildlife to effectively move between 
patches of habitat. Anthropogenic fragmentation may be permanent, for example by converting 
forest habitat to residential, industrial, or agricultural purposes, or temporary, for example by 
conducting forest management  but allowing trees and shrubs to regrow. Habitat fragmentation 
(both natural and anthropogenic) increases the risk of extirpation of small lynx populations.   
  
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77).  
  
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
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incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).   
  
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural features 
such as rivers, valleys, and mountain passes that may have high value for lynx in providing 
habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and northern 
Maine. Various studies have documented lynx crossings of highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway relative to random expectation, but only 
2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, respectively). In 
southeastern British Columbia, lynx avoided crossing highways within their home ranges (Apps, 
2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with home ranges within 
an 8 km buffer of 2-lane highways,; however, only 12 of these individuals crossed the highway.  
  
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998).  
  
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly have 
fences on both sides, service roads, parallel railroads or power lines, and impediments like  
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two2-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).   
  
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
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Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits.  
  
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke et 
al. 1990), because they often move extensively after their release and are unfamiliar with their 
surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx failed 
and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.).  
  
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195).  
   
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993).  
  
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high- quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx.  
  
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
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human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations  
(including lynx) likely depends on the physical design of highway improvements, the  
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).   
  
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.).  
  
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.   
  
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat.  
  
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares.  
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In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States.  
  
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site, and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, then 
vegetation is removed and materials are excavated. For example, gravel pits are needed for 
logging road development and maintenance and are common occurrences throughout areas of 
the DPS that are in active forest management. Areas developed for salable minerals can vary in 
size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development.  
  
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years.  
  
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting.  
  
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats in 
northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may have 
contributed (along with increasing road densities and an expansion in coyote distribution) to the 
recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 
1195).   
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS 
with Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern.  

Chapter 4: Current Conditions  
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the lynx 
DPS in terms of redundancy, representation, and resiliency. We then provide brief summaries of 
the current conditions in each geographic unit, followed by a more detailed evaluation of the 
status of lynx populations and habitats and the factors currently believed to influence them in 
each unit. Where appropriate, we compare our current understanding to what was known or 
believed when the DPS was listed under the ESA in 2000 and to our understanding of historical 
conditions.  

4.1 Summary of Current Conditions DPS-wide  
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily- distributed than was 
thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
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recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 
19992006, and their subsequent survival and reproduction, resident lynx currently occupy parts 
of western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain.  
  
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Ffigure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate that there is no single catastrophic event that could result in the functional 
extirpation (loss of the ability to support resident lynx populations) of the entire DPS and, further, 
no or a very low likelihood of functional extirpation of any of the individual geographic units 
caused by a single catastrophic event (Lynx SSA Team 2016, p. 56).   
  
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would have 
represented substantially greater redundancy in the contiguous U.S. However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear. The historical record and recent research show that the GYA has supported resident 
lynx. However, it is unclear whether the area consistently supported a resident breeding 
population over time or whether it naturally supported resident lynx only some of the time 
(“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable.  
  
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
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species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to have 
supported them historically in the contiguous U.S. Because there are no indications of current 
threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the current 
level of representation does not appear to represent a decrease from historical conditions, we 
find that the DPS currently displays an adequate level of representation.  
  
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Ttable 4, below), 
they were collected using different methods, at different times, and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS.  
  
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4), despite the substantial recent wildfire-
mediated loss of habitat, suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Uunits 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
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substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS.  
  
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places. 
    
4.1.1 Summaries of Current Conditions in Each Geographic Unit      
  
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce- and fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50- percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
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lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.   
  
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx 
radiocollared in Minnesota died after traveling north into Ontario, four from legal 
trapping/hunting, and two of unknown causes.  
  
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
(about 90 percent) of this unit, including Federal, Sstate, Ttribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
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support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then.  
  
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations exist 
in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 
6590 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential 
lynx habitat, led to increased home range size, and may have reduced the current carrying 
capacity of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat 
within this geographic unit may have been influenced by climate change (Westerling et al. 2006, 
pp. 942943). There is significant risk for potential future wildfires to further affect the viability of 
lynx in this geographic unit. Burned habitats are expected to regenerate back into suitable lynx 
habitat, but this may take 35-40 years. The Kettle Range to the east of this unit was suspected 
to have supported a small (likely fewer than 20 individuals) resident population until about 30 
years ago when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). 
Potential impediments to lynx movement between the Kettle Range and the Cascades and 
British Columbia may make natural recolonization of the Kettle Range unlikely. Results of 
snowshoe hare research suggest that the hare population density in Washington exists at the 
low end of the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The 
OWNF and CNF, which administer more than 90 percent of lynx habitat in Washington, continue 
to manage lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, 
which manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.   
  
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether and, if so, 
to what extent other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
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densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. Some lynx 
released in Colorado dispersed northward into this unit and temporarily occupied home ranges 
in areas used previously by native resident lynx, but there is no evidence of reproduction among 
these lynx.   
  
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believeconclude it is reasonable 
that lynx continue to occupy all National Forests within the State of Colorado (Odell 
undocumented pers comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, 
page 3). Habitat that supports snowshoe hares is patchily distributed in this geographic unit, 
which limits their abundance. Because the majority (90 percent) of lynx habitat in Colorado is 
under Federal land management, actions occurring on other ownerships are unlikely to result in 
significant losses of lynx habitat within this unit. The USFS manages over 85 percent of the lynx 
habitat in this unit, providing conservation through the Southern Rockies Lynx Amendment. 
However, regulatory mechanisms for the conservation of lynx are lacking on approximately 
3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx habitats on some BLM and 
some non-Federal lands.  
  
Table 4. Summary of current conditions in six geographic units within the DPS range.   
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4.2 Current Conditions - Detailed Descriptions by Geographic Unit  
4.2.1 Unit 1 - Northern Maine  
  
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.   
  
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April).  
  
Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
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percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).   
  
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and Grafton 
counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al.  
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014,  
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past  
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749).  
  
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat.  
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127).  
  
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the southern 
extent of a larger cross-border population, most of which occurs in the Gaspe region of southern 
Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the northern Maine 
unit are geographically isolated by the St. Lawrence River from lynx populations in central 
Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern Canada are 
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geographically isolated from other lynx populations on the island of Newfoundland (900 km [559 
mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] southeast of 
Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located in 
northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.   
  
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack).  
  
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26year-
old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-yearold) 
partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range scale, 
lynx select landscapes having extensive regenerating conifer forest, but also with some mature 
conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial harvested and 
mature conifer stands because of increased ease of travel and prey access along the extensive 
edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard et al. 2013, p. 574).  
  
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
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the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances.  
  
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation  
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al.  
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx.  
  
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high- quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).   
  
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100).  
  
In general, landscape- scale and home- range- scale habitat selection by lynx on industrial 
forest lands reinforces the importance of dense regenerating conifer forest along with a 
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component of mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, 
Simons 2009, pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 
573) found the probability of lynx occurrence was >50 percent when snowshoe hare landscape 
densities were >0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In 
Maine, lynx selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 
2007, pp. 19831985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years 
post-harvest) partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). Regenerating stands used by lynx typically developed 15–30 years after harvest 
(Hoving et al. 2004, p. 291), and were characterized by high stem density and dense horizontal 
cover within 1 m (3 ft) of the ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller 
and Harrison 2010, p. 12761278). These habitats supported high snowshoe hare densities 
(Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 
2009, pp. 24, 32, 36-44). At a landscape scale, lynx habitat selection did not differ between 
sexes; however, at a home range scale, males tended to use more mature forest dominated by 
conifers than females, and both male and female lynx tended to avoid mature forests that had a 
high deciduous component (Vashon et al. 2008b, pp. 1492-1493).  
  
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11– to 21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>greater than 40 years 
old), short (3.4– to 4.3 m [11– to 14 ft]) regenerating clear-cut or partially harvested stands <less 
than 10 years postharvest, and roads, and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). 
Research of year-round habitat use yielded similar results, with lynx preferentially using conifer-
dominated sapling stands that were 3.4– to 7.3 m (11– to 24 ft) in height and supported high 
densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in 
areas with intermediate to high snowshoe hare densities (tall regenerating or older partial 
harvest stands), which afforded lynx with greater mobility and where snowshoe hares were 
more vulnerable to predation, rather than in the densest stands (short regenerating stands; 
Fuller and Harrison 2010, pp. 1276-1278).  
  
Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517).  
  
Historically, lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour et 
al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests often 
exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
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several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Cchapter 14). The frequency and intensity of spruce 
budworm outbreaks, the most likely insect to affect lynx habitat, have been highly variable in 
Maine and eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, 
wildfire is less significant as a natural agent of disturbance. The typical fire regime is infrequent 
surface fires in the dormant season in the hardwood forests, and slightly more frequent but long-
interval fires in conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 
359-365, Lorimer and White 2003, p. 59). For the past several decades, early successional 
forests and lynx habitat in northern Maine, New Brunswick, and southern Quebec have been 
created almost exclusively by forest management (Lorimer and White 2003, pp. 42-43).  
  
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from 
standreplacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).   
  
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).   
  
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested.  
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Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike for Federal lands management agencies, there is no requirement thatfor private 
landowners to comply with lynx management guidelines, and a Federal nexus for review of 
forestry projects is almost nonexistent. Furthermore, there continues to be high turnover in 
forest land ownership (Hagan et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to 
provide incentives or to work with private landowners. As of 2005, there were 23 landowners in 
northern Maine with land holdings in excess of 100,000 acres including the State, Federal 
government (White Mountain National Forest south of lynx range), a conservation group (The 
Nature Conservancy), two2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with 
much land south of lynx range), and 18 private forest landowners (Nadeau-Drillen and Ippoliti 
2006, p. 13).  
  
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003,  
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the 
Federal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill.  
  
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe,  
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828).  
  
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are proprietary 
and will not be made public per NRCS policy.  
  
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
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lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances,; however, at this time this option has not been explored with landowners.  
  
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner.  
  
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx.  
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833- to 1999, which suggest that lynx 
were widespread throughout the state except for coastal areas. These records included 39 
kittens representing at least 21 litters, primarily in northern and western Maine, from 1864- to 
1999 (Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200- to 
300 lynx were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later 
documented in winter snow track surveys conducted by MDIFW duringfrom 1994- to 1998 
(Vashon et al. 2012, p. 56).  
  
At the time of listing, lynx were known to be present in northern Maine but little was known about 
their distribution, population size, and trend, snowshoe hare populations, and  
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain.  
   
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
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northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.   
  
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern  
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence  
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015).  
  
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believeconclude that the extensive young, regenerating spruce-fir 
habitat created by large-scale clearcutting in the 1970s and 1980s may currently support the 
largest lynx population in the DPS, numbering at least several hundred and perhaps more than 
1,000 resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 
2016, p. 18) . Habitat in northern Maine can support lynx densities in localized areas of high-
quality habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 
23). In 2003 when hare populations were high, lynx density (juveniles and adults) in one of 
Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a,  
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods 
(2.33.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et 
al.  
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix  
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area.  
  
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 
1012.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur 
only ephemerally, winking on an off over time as would be expected at the periphery of the 
range of a mainland-island metapopulation structure, and as suspected for other lynx 
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populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 
95-104). From 1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and 
Wildlife conducted snow track surveys in 66 townships to document the distribution of lynx and 
to inform habitat modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas 
of potential lynx habitat were well-distributed throughout northern Maine in the early 2000s 
(Simons-Legaard et al. 2016, entire; Simons 2016, entire).  
  
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.).  
  
Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087).  
  
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented lynx 
movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 2008b, 
entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 1719), and 
other aspects of their life history (Vashon et al. 2012, entire).. During the period when snowshoe 
hare populations were highest (2000-2006), Maine lynx had among the highest reproductive 
rates (average litter size 2.74, 89 percent of adult females producing litters) in the DPS (Vashon 
et al. 2012, pp. 18-19). During the current (2006-present) period of low hare density, litter size 
was smaller, only 30 percent of females had litters, and mortality was greater. Maine lynx have 
among the smallest home ranges documented in the DPS (Vashon et al. 2008a, p. XX; LCAS 
2013, p. 24; also see Ttable 3, above). Home range sizes were similar during periods of high 
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and low hare density (Mallett 2014). Lynx populations likely increased during the period of high 
hare density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) 
(USFWS, Vortex10, deterministic population simulation 2016; demographic data from Vashon et 
al. 2012).  
   
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016).  
  
Factors Affecting Current Conditions  
  
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished  
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% percent of the time) observed from 1961-1990 to about 18-20 days 
per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to 
affect lynx by reducing snow and boreal forest (see section 5.2.1).  
  
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly at 
least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another two 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last six decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52).  
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Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the lynx 
in northern Maine (1981-2010) was below this threshold  and ranged from 228- to 263 cm (90- 
to  
104 in; NOAA 
2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, https://www.currentresults.
com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 2016). In the last 50 years, 
18 of 23 snow sampling sites in and near Maine experienced reduced depth of snowpack 
(Hodgkins and Dudley 2006). Snow depth in New England (19652005) declined an average of 
4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, average snow conditions in Maine 
are currently at or below snow depth thresholds for lynx, and further declines in annual snow 
depth would be expected to reduce the probability of lynx persistence in the region (Hoving et al. 
2005).  
  
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 
(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).   
  
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above.  
  
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 200-
year interval) and generally small (several acres) surface fires in the dormant season.  
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985).  
  
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high- 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above.  
  
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and 
radiotagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
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2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species.  
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016).  
  
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the  
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000.  
  
In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).   
  
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and 
lowelevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase 
in wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 
2, 2016), and there is increased interest in placing developments on private lands in 
unpopulated areas in northern Maine, New Hampshire, and Vermont. Wind energy is an 
increasingly appealing source of income for investment companies and other landowners who 
own forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been 
proposed in northern Maine and five projects are in operation; two have been proposed in 
northern New Hampshire and two are in operation; and three have been proposed for northeast 
Vermont and two are in operation or under construction. Maine’s two largest wind projects 
(combined over 300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s 
designated lynx critical habitat. The effects of wind energy projects on lynx, hares, and their 
habitats are unknown. Potential direct effects include disturbance or displacement of resident 
lynx from large landscapes and loss and fragmentation of habitat from turbines, roads, and 
transmission lines. Increasing power infrastructure associated with these projects could greatly 
change development potential and patterns in northern Maine by bringing electricity into the 
interior of Maine’s vast undeveloped forest region. Extensive road construction would further 
fragment habitat and increase access for recreation, including trapping.  
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Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 
conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.   
  
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high- quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality.  
   
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
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from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River).  
  

4.2.2 Unit 2 - Northeastern Minnesota  
  
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tTribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Ttable 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National  
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit.  
  
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed  
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5).  
  
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
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although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9).  
  
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016).  
  
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance.  
  
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data).  
  
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat  
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
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Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium.  
  
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5).  
  
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.   
  
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13).  
  
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5).  
   
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
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lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that  
intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.   
    
Factors Affecting Current Conditions  
  
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest 
ServiceUSFS and the Service (USFS and USFWS 2000, entire), for all forest activities that 
occur within LAUs. Active management of forest lands can produce lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has 
developed guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
- these voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife including lynx. The implementation of the MFRC 
guidelines is monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are 
being minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary.  
  
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project.  
  
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
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or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx.  
  
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows.  
  
As described in Cchapter 2, above, lynx are adapted for surviving in areas that have cold 
winters with deep, fluffy snow, where they outcompete potential competitors such as bobcats, 
coyotes, and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; 
Ruediger et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota 
has remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar to 
bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change.  
  
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part of 
the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).   
  

4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho  
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Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Ttribal and Sstate lands that were excluded from that designation (79 FR 54825). It 
encompasses approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho 
and Flathead, Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and 
Teton Counties in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 
percent private; 4 percent Sstate; and 4 percent Ttribal. Most Federal lands in this unit (82 
percent) are on national forests managed by the USFS; with NPS (16 percent) and BLM (almost 
2 percent) contributing most of the remainder. This unit includes most of Glacier National Park 
and parts of the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo 
national forests, the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai 
Tribes Flathead Reservation. It also includes (from northwest to southeast) all or parts of the 
Purcell, Cabinet, Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. 
Several areas adjacent  
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit.  
  
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
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pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657).  
       
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 
36,096km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results 
indicate that much of the area has a low to moderate probability of selection by lynx, and that 
the areas with higher selection probabilities are relatively small and patchily- but widely- 
distributed throughout the unit and are separated by intervening areas of low probability of lynx 
use (Squires et al. 2013; see Ffigure 1(a), p. 189). This patchy distribution of high-quality 
habitats interspersed with areas of low-quality or non-habitat results in naturally lower densities 
of both snowshoe hares and lynx than those in the continuous boreal forests of northern 
Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  
  
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 
14921496). Over a longer interval (1999-2003) when hare populations in this area were thought 
to be stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656).  
  
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Ttable 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497).  
  
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/  
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to  
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).   
  
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 3,658 
km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) managed by 
BLM in its Garnet Resource Area. As described above, potential lynx habitat in this unit is 
patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six national 
forests that contribute lands to this geographic unit, potential lynx habitat was mapped on about 
54 percent of the total national forest area (both inside and outside this SSA unit; USFWS 2007, 
pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 percent of the 
park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 mi2; 27 percent of 
the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 FR 40086, 40089). 
In the Garnet Resource Area, the BLM designated five LAUs (which approximate a lynx home 
range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 61 percent) was mapped 
as lynx habitat (Sparks 2016a, pers. comm.).   
  
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations.  
  
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the  
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6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Ttribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).   
  
Much of the remaining USFS lands and the BLM lands have developmental land- use 
allocations where some management activities have the potential to impact lynx or its habitat. 
However, as described above in section 3.1.1, USFS lands in this unit are managed in 
accordance with the NRLMD, which formally amended all forest plans to adopt and implement 
lynx conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were 
developed based on the scientific findings and recommendations of the LCAS (Ruediger et al. 
2000, pp. pp. 7-1 - 7-18). Similarly, the BLM in 2004 amended the Resource Management Plan 
(RMP) for the Garnet  
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.   
  
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and Sstate regulations and by a number of 
private/public conservations partnerships and Sstate agency efforts. As described in section 
3.1., above, some Federal and Sstate regulations guide some activities on private lands, 
including the ESA’s prohibition on take of listed species, and Sstate regulations governing 
trapping and timber management. In addition to these protections, there have been several 
other notable lynx conservation achievements on private lands in this unit since the DPS was 
listed. Two of these, the Clearwater-Blackfoot Project and the Montana Legacy Project, are 
multi-partner and community efforts led by The Nature Conservancy in Montana to purchase 
large tracts of private commercial timberlands, conveying some to the State of Montana and the 
USFS for conservation management, and acquiring conservation easements on others (TNC 
2016a, 2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 
km2 (260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to 
the south and west that may occasionally or temporarily support lynx or provide dispersal 
habitat. Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 
km2 (1,195 mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated 
lynx critical habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the 
northwest part of the unit (MTFWP 2016, pp. 1, 3).   
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In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust  
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b,  
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust lands 
in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 64 
percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity  
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).   
  
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).   
  
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest ServiceUSFS in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also, as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
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contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90- to 95- percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).   
  
Overall, although naturally fragmented and patchily- distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects.  
  
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx habitat 
(Squires 2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7- to 
10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current 
and historical distributions of lynx habitats in the Garnets and found that early- successional 
stands (future hare and lynx foraging habitats) were at 25-50 percent of the historical condition 
in lower- elevation (1,370- to 1,830 m [4,500- to 6,000 ft]) lynx habitats, and 10- to 30 percent in 
higher- elevation (1,675- to 2,130 m [5,500- to 7,000 ft]) habitats. Late- successional (mature 
multistoried) stands (25- to 75 percent of historical condition) and large (>greater than 100 ha 
[250 ac]) patches (25- to 50 percent of historical condition) were also underrepresented at lower 
elevations, but at higher elevations, late- successional stands and large patches exceeded 200 
percent and 100 percent of historical conditions, respectively. Lower elevation habitats were 
fragmented by roads and past management practices (i.e., timber harvest), while higher-
elevation habitat patterns were attributed to the absence of disturbance, including fire (BLM 
2004, p. 5), though fire absence was not attributed to suppression.  
  
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
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to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.   
  
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, Sstate, and Ttribal regulations and management direction, 
conservation easements, and an approved HCP. Much of the area consists of designated 
Federal and Ttribal wilderness areas and other nondevelopmental land use allocations, where 
management activities with the potential to adversely affect lynx generally do not occur. On 
lands with development allocations, USFS, BLM, and State management are based on plans 
that incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.   
  
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR  
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic 
substructuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p.  
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20).  
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From 1998 to 2007, researchers with the Forest ServiceUSFS’s Rocky Mountain Research 
Station in  
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 2003-
2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Ttable  
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly- cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown.  
  
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable.  
   
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
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District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20).  
  
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).   
  
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping crew 
in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7).  
  
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural sourcesink 
dynamics of a naturally ephemeral peripheral population in a mainland-island  
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or 
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landscapelevel hare densities necessary to support resident lynx populations (79 FR 54818-
54820).  
   
Factors Affecting Current Conditions  
  
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount of, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.   
  
Currently, as described above and in section 3.1, all Federal and Ttribal lands, most Sstate 
lands, and large blocks of private or formerly- private land in this unit are managed for the 
conservation of lynx habitats, and much of the unit is in designated wilderness or other 
nondevelopmental land- use allocations. Regulatory mechanisms and conservation measures 
associated with these management strategies are intended to conserve and restore lynx and 
hare habitats across large landscapes and multiple ownerships. Although their effectiveness has 
not been quantitatively evaluated, and despite the potential extirpation of a small population in 
the Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit.  
  
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6).  
  
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the 
harelynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx 
harvest in Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, 
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but declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and 
season closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 
28). Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 
8,000 in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s 
until the year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in 
Canada may influence lynx dispersal across the border and into this geographic unit is 
unknown; however, such dispersal was documented historically when harvest levels in Canada 
were much higher than under current management.   
  
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts are 
likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).   
  
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
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lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most Sstate and Ttribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Ttribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.   
  
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.   
  
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.   
  
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
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recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily- distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193).  
  
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al.  
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 
[https://www.fws.gov/mountainprairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix
%205%20Presentation%20PD Fs/2015%2010%2013%20-%205%20-
%20Bowman%20Lynx%20Southern%20Canada.pdf]).  
  
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.   
  

4.2.4 Unit 4 - North-central Washington  
  
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
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Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Ttribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit.  
   
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with  
Canada is important to lynx populations in northern Washington and the Cascade Mountains.  
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65).  
   
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in Washington 
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for lynx were reduced to one month. In 1987 a restricted permit system was implemented, and 
in 1990 a statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2).  
  
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high- quality 
habitat (Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and high-
quality likely more fragmented, and thus may not be capable of supporting a density of 2.3 
lynx/100 km2. The Kettle Range is also somewhat isolated from other lynx habitats in 
Washington (e.g., the  
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range.  
  
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50).  
   
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 



 

133  
  

Washington, found snowshoe hares in 87% percent (40 of 46) of lynx scats, while red squirrels 
were identified in 28% percent (13 of 46) of lynx scats.  
  
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 
and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).   
   
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016).  
  
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085).  
  
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
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on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur.  
  
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan- 
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and 
SalmonPriest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor 
the Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).   
   
In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington.  
   
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
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(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.   
   
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).   
   
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows:  
   

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or 
nonhabitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21).  
   

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
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population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21).  
  
Factors Affecting Current Condition  
  
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence.  
  
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/  
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest ServiceUSFS entered into a Conservation Agreement (CA) with 
the Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006  
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs.  
   
The LCAS, which was also developed pursuant to the listing by an interagency team 
compriseding of USFS, BLM, Service, and NPS personnel, identified four primary risk factors 
potentially exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
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maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
ServiceUSFS and Service which commits the Forest ServiceUSFS, specifically for Washington 
the OWNF and CNF, to use the LCAS in the management of lynx habitat on their ownerships 
and when designing and implementing projects within LAUs.  
  
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx  
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Ffederally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada.  
  
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2)  
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation.  

Comment [M32]: Should this be 
“especially?”  “Specifically” implies it is 
the only area in Washington. 

Comment [M33]: I don’t understand how 
this is relevant to our analysis if our 
analysis is to assume the lynx is not 
listed. 
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Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit.  
  

4.2.5 Unit 5 - Greater Yellowstone Area  
  
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR  
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon,  
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park,  
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations in 
Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern  
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit.  

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123).  

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
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hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30- 
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of  
1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).   

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).   

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 3,944 
km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by BLM. 
As described above in section 3.1.1, USFS lands in this unit are managed in accordance with 
the NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and Kemmerer districts, 
respectively, to include conservation measures and BMPs for lynx based on the LCAS (BLM 
2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with developmental land- use 
allocations, these amended forest plans and the revised BLM RMPs provide guidance on the 
kinds of activities that can and cannot be implemented in important lynx habitats and thresholds 
for the proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time 
and how much can be converted from suitable to (temporarily) unsuitable over particular time 
frames. Implementation of these plans has likely benefitted lynx by providing a consistently-
applied framework for conserving and restoring important hare and lynx habitats.  

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
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(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A12). 
Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete other 
terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx 
occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
  
This unit includes substantial areas in nondevelopmental land- use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats.  

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45).  

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx.  

Overall, although naturally fragmented and patchily- distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects.  
  
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land- use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land- use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
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continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.   

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). However, 
two resident lynx, a male and a female, were trapped, radio-marked, and monitored in the 
Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire).  
  
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires in 
Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526;  
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-/2005 through 2007-/2008, 26 snow 
tracks on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to 
be from five5 individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.).  
    
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
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records of lynx in Yellowstone National Park from 1920- to 1999 (McKelvey et al. 2000a, p. 
230); however, surveys in 2001- to 2004 documented at least 3three individual lynx, including 
two kittens, in the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-
released lynx also traveled through the park (Devineau et al. 2010, p. 526), and two possible 
(unconfirmed) lynx tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife 
Research 2009, pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern 
part of the unit, a single female was detected over six consecutive winters (2003/2004 -to 
2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not 
encounter a male or produce kittens during the six6 years she was detected (Gehman et al. 
2010, p. 4).   

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.   

Factors Affecting Current Conditions  

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit.  
Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7), and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
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trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing.  
  
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 1415; 
Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to continue 
to occur, there currently is no evidence that climate change has had population-level effects or 
has reduced the ability of this unit to support persistent resident lynx populations. However, 
such impacts would be difficult to document and, as described under Habitat Status, above, 
because lynx habitats in this unit are naturally highly-fragmented and hare densities low in some 
places, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit. Modeling vegetation and snow suitability for 
lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and 
temperate conifer forest biomes were broadly distributed across this geographic unit and that 
snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. (Future 
conditions based on this modeling are described in section 5.1.3, below). As described in 
section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).   

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.   

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.   

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
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vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.   

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain- 
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD 
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).   

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.   
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4.2.6 Unit 6 - Western Colorado  
  
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).   
  
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.   
  
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and 
Douglasfir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, 
while southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx.  
   
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx.  
   
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid 
lowerelevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
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ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx.  
   
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and 
latesuccessional spruce-fir forests. However, this study was conducted in a very limited area 
and did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare 
hare densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32).  
  
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911).  
   
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.”  
  
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern  
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In  
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25% percent) LAUs 
currently exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These 
changes are mostly in response to the ongoing bark beetle infestations, as well as wildfire 
events that have occurred since 2008.  
  
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
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Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).   
  
Regulatory mechanisms in Colorado are largely provided through Forest ServiceUSFS planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.).  
  
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believeconclude it is reasonable that lynx continue to occupy all National Forests 
within the  
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire).  
   
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent  
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown.  
   
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75– 
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest  
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016).  
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Factors Affecting Current Conditions  

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4).  

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.   
   
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for snowshoe 
hares and lynx for several decades, until the crowns again lift above the reach of snowshoe 
hares.  
   
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity.  
  
ILBT (2013 p. 57; 61-62) states:  
  

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 



 

149  
  

reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado.  
  
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I70, 
I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx movement, 
as repeated successful crossings by radio-telemetered lynx have been documented on I-
70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. Squires, personal 
communication 2012). At this time, it appears that hit by vehicle mortality may be a less 
significant mortality factor for lynx in Colorado.  
   
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability of 
lynx habitat within localized areas, in part by influencing the distribution or abundance of 
prey resources within the developed area. However, there is also considerable anecdotal 
evidence of lynx using ski areas.  
   
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states.  
   
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely.  

Chapter 5: Future Conditions  
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
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future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six6 geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions.  
  
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Cchapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why.  
  
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and incentives 
to continue to conserve lynx and its habitats and to assure persistence of resident lynx 
populations in those places that can support them on Federal, State and Tribal lands (perhaps 
some private lands as well). Our evaluation, therefore, considers the possibility of the future 
relaxing of some lynx conservation measures and efforts, but not the complete absence of all 
protections for lynx. Implicit in our evaluation of the future for lynx in the contiguous United 
States is our recognition and consideration of a future in which the DPS is not listed under the 
ESA. However, we do not evaluate the unlikely hypothetical future in which all protections and 
conservation efforts disappear. Rather, we assume that, although some protections could be 
relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for some 
states to reinstitute limited trapping/hunting harvest), non-ESA regulatory requirements and 
nonregulatory objectives for species and habitats (not necessarily lynx specific) and an incentive 
to preclude ESA listing of the lynx would contribute to the continuance of conservation efforts 
benefitting the lynx on Federal, state, tribal, and some private lands. Our evaluation, therefore, 
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considers the possibility of the future relaxing of some, but not the complete absence of all, lynx 
conservation protections and conservation efforts. Some of the experts we consulted indicated 
that their projections assumed the status quo (i.e., continued protections under the ESA and 
current Federal and Sstate land management policies). Others indicated their persistence 
probabilities were not influenced by regulatory considerations but that doing so would not have 
altered their projections; they felt that factors influencing lynx persistence on the landscape are 
independent of ESA listing status (Lynx SSA Team 2016, p. 52).  
  
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.   

5.1 Summary of Future Conditions DPS-wide   
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts.  
  
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units, and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
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be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.   
  
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Ttable 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units.  
  
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Ffigure 7).  
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Ffigure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  
  
Our evaluation generally concurs with the expert input we received. We believeconclude that 
lynx populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believeconclude it is more likely than not that resident lynx 
will be functionally extirpated by the end of the century from one or more of the five geographic 
units that currently support them.  
  
We acknowledge that under a “worse case” climate- modeling scenario the boreal and 
subalpine forests and snow conditions lynx need could completely disappear from some units 
and be substantially reduced in the remainder by the end of the century (we are aware of no 
climate modeling that suggests the complete disappearance of potential lynx habitat from the 
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entire contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more 
likely in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case.  
  
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believeconclude the most likely future 
condition of the DPS is that resident lynx populations will continue to persist at the end of the 
century in two or three of the five units that currently support them (i.e., they will be functionally 
extirpated from two or three of the units) and that, even where populations persist, they will be 
reduced in numbersize and distribution and, therefore, resiliency.   
  
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially- discrete event. We recognize that a sequence of 
discrete but spatially- clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well- distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.   
  
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
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units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and likely 
future relative genetic health of the DPS.  
  
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate.  
  
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates to decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events.  
  

5.1.1 Summaries of Future Conditions in Each Geographic Unit    
  
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high- quality hare habitat will drop from 
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about 10 percent to 5 percent of the landscape. High- quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward.  
  
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid-century to 
late century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent disturbance of the forest all will contribute toward the 
trend in the loss of spruce-fir forest and expansion of northern hardwoods, although the 
timeframe for conversion is uncertain. The lynx experts we consulted indicate the probability of 
persistence will decline to about 50% percent by the end of the century, although there was 
wide variation in opinions. After reviewing the scientific literature concerning climate change 
projections (diminishing snow conditions, lack of elevational refugia), some members of the 
Core Team were more pessimistic about the future of lynx in Maine than the lynx expert panel. 
In particular, we observed that there is great uncertainty about the future of forest management 
and future development on private forest lands. We also note that the threat for which the lynx 
DPS was listed, the lack of specific conservation direction in Federal forest planning and 
management regulations and direction, has not been addressed on private lands. There are no 
long-term management plans in place, State forest regulations have greatly influenced 
harvesting practices that have (and will continue to) reduce landscape hare densities, markets 
for forest products are depressed, and projections (under current harvest scenarios) are that 
habitat will diminish and shift southward in the near term because of post-harvest succession 
and recede northward over the longer- term because of continued climate warming.  
  
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity, and persistence of snow, competition, disease, and forest insects, and over the long 
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term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listedUnder a future scenario without Federal 
listing, we predict that the species would be placed on the Forest’s Regional Forester Sensitive 
Species list for at least 5 years, which gives it a higher priority than other species for monitoring 
and management during that time. It is expected that the MFRC guidelines will remain in place 
into the future and that voluntary actions will continue on State and private lands. However, it is 
unclear on what proportion of State and private lands these voluntary actions will be 
implemented into the future. Further, these guidelines are generalized for listed species and 
give no specific direction for lynx. Taking all factors into consideration (i.e., loss of boreal forest, 
increased competition, potential disease and insect outbreaks, loss of snow), lynx experts 
projected the mean probability persistence of lynx in Minnesota to the year 2025 wasto be 
greater than 90 percent, to 2050 wasto decline to 80 percent, and to 2100 to would decline to 
approximately 35 percent by 2100. After reviewing the scientific literature concerning climate 
change projections (diminishing snow conditions, loss of boreal forest, lack of elevational 
refugia, increased competition, and potential disease, and insect outbreaks), some members of 
the  SSA Core Team were slightly more pessimistic about the future of lynx in Minnesota than 
the lynx expert panel. The Core Team concluded that the climate-mediated conversion of boreal 
forest to temperate forest and the loss of favorable snow conditions could occur at a rate and 
extent that would result in a lower probability of persistence than the median most likely 
estimate provided by experts, including the possibility   that resident lynx could be extirpated 
from this unit by the end of the century.  
  
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
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the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency.  
            
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% percent to 90% percent (median = 80% percent), mid-century persistence at 30% percent 
to 80% percent (median = 70% percent), and end-of century (year 2100) persistence 
probabilities less than 50% percent (median = 38% percent) for lynx populations within this 
geographic unit. After considering the best available scientific information and input from lynx 
experts summarized above, the Core Team is generally in agreement with the experts regarding 
the probability of long-term persistence of Canada lynx in this geographic unit. We expect this 
unit will continue to support a small resident lynx population through midcentury but that its 
ability to do so beyond then is questionable, and that functional extirpation of lynx from this unit 
by the end of the century is more likely than not.  
  
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
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other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century.  
  
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in  
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to become 
more fragmented by areas that no longer retain appropriate snow conditions and vegetation. 
However, we anticipate large areas of snow persistence to remain through the end of the 
century. Beetle kill and wildland fire will result in temporary nonfunctional habitat conditions. 
However, affected areas are likely to regenerate and provide excellent habitat conditions to 
support hares and lynx. A caveat to future habitat conditions in light of climate warming is that 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares. Our conclusion, based on the information 
available to us, is that lynx are likely to persist in western Colorado to the end of the century. 
Our conclusion is not without uncertainty, stemming primarily from the historical lack of evidence 
of consistent lynx presence within Colorado prior to the reintroduction effort. Our conclusion is 
generally consistent with that of the experts.  
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Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit.  
  
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties.  
  

Lynx 
population  

Lynx expert 
probability of 
persistence  

Key evidence  Uncertainties  

Unit 1 Maine  2050 median  
80% (range 20 

to 100%)  
   

2100 median 
50% (range 0 to 

100%)  

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range  

● Slight recovery of habitat by end of 
century depending on forestry trends  

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations  

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units  

● Little elevation refugia  

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada  

● Future shifts in land ownership, 
forest products markets, and  
development  

● Extent and pace of deteriorating 
snow conditions  

● Response of hares (pelage 
mismatch), bobcat and fisher to  
changing snow regime  

● Extent and pace of loss of spruce-fir  
● Future trends in hare populations  
● Disease and parasites in lynx  
● Effects of lynx trapping in Quebec  

Unit 2  
Minnesota  

2050 median  
80% (range 35 

to 100%)  
   

2100 median 
35% (range 0 to 

100%)  

● Smaller population could be 
susceptible to stochastic effects  

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods  

● Continued demographic and genetic 
connectivity to southern Ontario 
populations  

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario  

● Extent and pace of deteriorating 
snow conditions   

● Response of bobcat and fisher to 
changing snow regime  

 

 

 ● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx  

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100  

● Rate of decline of spruce-fir  
● Future trends in hare populations  
● Disease and parasites in lynx  
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Unit 3 
Northwester 
n Montana  

2050 median  
90%  

(range 40 to  
100%)  

   
2100 median  

~78%  
(range 10 to  

100%)  

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management  

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations  

● Potential high elevation buffer against 
climate change  

● Recent loss of small 
submetapopulation in Garnet Range  

● Increasing fire frequency  

● Extent and frequency of fire in hare-
lynx habitat  

● Extent and frequency of insect 
outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir  

● Future trends in hare populations  

Unit 4 
Northcentral  
Washington  

2050 median  
70%  

(range 10 to  
100%)  

   
2100 median  

~38%  
(range 0 to 90%)  

● Habitat and population low because 
of recent fires; could be susceptible to 
stochastic effects  

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations  

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration  

● Extent and frequency of fire in hare-
lynx habitat  

● Extent and frequency of insect 
outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Future trends in hare populations  

Unit 5 
Greater  
Yellowstone  

2050 median  
35%  

(range 0 to  
90%)  

   
2100 median  

15%  
(range 0 to 90%)  

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management  

● No connectivity with Canada 
populations; little immigration from 
DPS populations  

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration  

● Low quality habitat; dry; low hare 
populations  

● Smaller population could be 
susceptible to stochastic effects  

● Will habitat support adequate 
landscape hare densities to support 
lynx?  

● Extent to which GYA remains 
demographically isolated from other 
DPS populations; immigration from 
Colorado population  

● Extent and frequency of insect 
outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Future trends in hare populations  
● Extent to which high elevation may 

provide climate and snow refugia  
● Extent to which area will be  

   repopulated by the north and/or the 
south  
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Unit 6 
Western  
Colorado  

2050 median  
80%  

(range 20 to  
100%)  

   
2100 median  

50%  
(range 0 to 

100%)  

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise  
habitat will remain stable with USFS 
management  

● Isolation from other lynx populations  
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration  

● Uncertainty about stability of 
recentlyreintroduced lynx population  

● Demographic and genetic effects of 
isolated population  

● Extent and frequency of fire in hare-
lynx habitat  

● Extent and frequency of future 
insect outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir  

● Future trends in hare populations  

  

5.2 Future Conditions - Detailed Descriptions by Geographic Unit  
  
5.2.1 Unit 1 - Northern Maine  
  
Expert Projections of Lynx Persistence    
  
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.   
  
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid-century to 
the end of the century (2050, 2100). Snow conditions would continue to deteriorate (especially 
in the Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).   
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In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities).  
  
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past.  
  
The best available science indicates that hare populations have declined by about half across all 
stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.   
  
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWSService’s lynx Core Team generally 
agreed with this prognosis with the exception that some were less optimistic about the 
persistence of this population, especially after reviewing the literature pertaining to climate 
change in this region.  
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Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).   
  
Note: In Ffigure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
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regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire).  
  
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16).  
  
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will use 
widespread use of pesticides to control spruce budworm and herbicides to promote spruce-fir 
regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
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motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).   
  
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for supporting 
lynx.   
  
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.   
  
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.   
  
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
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snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).   
  
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.   
   
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.   
  
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).   
  
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
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Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire).  
  
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.   
  
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.   
  
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the many 
variables that influence shifting of the forest species composition (emissions scenarios, the long 
lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2). The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).   
  
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides).  
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Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015).  
  
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut in 
the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 
19841985), snowshoe hare densities are approximately 50 percent less in landscapes 
dominated by partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 
1276). Thus, changing forest management practices have and will continue to reduce landscape 
hare density possibly below levels that can support lynx.   
  
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).   
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032  
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape  
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).   
  
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high- quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high- quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8).  
  
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high- quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).   
  
Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations.  
   
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
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to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade.  
  
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030.  
  
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled simultaneously 
(K. Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end 
of the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 
2013, entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above) (Legaard et al. 2013). Mixed forests having a high (greater than 50% percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or be 
preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can adapt to 
lower landscape hare densities associated with mixed hardwood-softwood forest. They may 
persist, but at lower densities as they currently do in the western units of the DPS. However, the 
probability of persistence is further diminished by deteriorating snow conditions and increased 
populations of bobcats and other competitors.   
  
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e., wider extremes of summer drought and precipitation) during the 
next century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could 
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create fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947.  
  
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the Sstate’s “unorganized 
townships” are the responsibility of the Land Use Planning Commission (LUPC) in the Maine 
Department of  
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to -15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.   
  
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.   
  
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
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uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about  
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future.  
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it, too, 
may decline because of declining snow (see climate change section, above). The effects of new 
or expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township.  
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit  
  
Within the last five5 years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two2 resorts would be constructed on about 
14 km2 (5.5 mi2), and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.   
  
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010,  
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
 ; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180250 
mi2) and become two of the largest such projects in Maine. Mining is not a traditional land use in 
this unit, but a large mining operation is being considered at one location in designated lynx 
critical habitat. Extraction operations for gravel (for road building) are widely- scattered 
throughout the unit.   
  
The area designated as lynx critical habitat is heavily- roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).   
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An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.   
  
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx.  
  
Conclusion  
  
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 
turnover, and development pressures), the Core Team also believedfinds that the population 
status of lynx in Maine will diminish substantially in the future. The Core Team believedfinds that 
lynx populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team further findsbelieved that, given current trends (diminishing snow 
conditions, extensive partial harvesting of the forest, forest fragmentation, possible pelage 
mismatch for hares, increasing populations of bobcat and fishers in a lower snow environment) 
landscape hare densities have declined, and will continue to decline in northern Maine. 
Extended periods of lower hare numbers (as seems to be occurring now), would be expected to 
exacerbate these declines.  
  
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believeconclude that development pressures (residential 
and commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future.  
  



 

175  
  

The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); forresulting from new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development). Without Federal 
listing, few of these projects would consider lynx. Critical habitat has been an important 
consideration in the Federal review of the aforementioned kinds of development projects. 
Critical habitat also has had a positive influence on land conservation in northern Maine, with 
land trusts and nongovernmental organizations using the lynx and their critical habitat as 
justification for seeking funds for conservation easements. This justification for habitat protection 
would no longer be valid in a future scenario without lynx being Ffederally- listed. The Core 
Team concludes that a future scenario without Federal listing would result in increased habitat 
loss and fragmentation and would result in reduced justification for habitat protection initiatives 
in northern Maine.  
  
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believefind that several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believeconclude that, despite a closed hunting and trapping 
season, incidental take would continue and possibly increase and could become a significant 
threat to a population of lynx that will likely be significantly diminished by mid-century to late-
century.  
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After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high- quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
sState regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believeconclude that climate change is a significant 
threat to lynx in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical 
to the existence of hare and lynx, and snow depth and duration are currently at or below the  
thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce- and fir isare being replaced by 
northern hardwoods because of climate change. Frequent forest cutting and disturbance, 
including a pending spruce budworm outbreak, could accelerate conversion to northern 
hardwoods. We acknowledge that the rate of spruce-fir decline is uncertain, but note that some 
of the science reviewed indicates the spruce-fir forest type could nearly disappear from Maine 
by late-century under both low and high emissions scenarios. Climate change models portend 
declining snow conditions from low- to high- emissions. Because increases in temperature are 
thus far tracking high emissions scenarios, we are less optimistic for snow conditions that favor 
lynx by mid-century to late-century. In the past decade, interest in development has increased in 
lynx critical habitat, especially proposals for large-scale residential and resort development and 
extensive wind energy development that could cover hundreds of square miles. We conclude 
that these threats, individually and cumulatively, indicate diminished populations of lynx and 
their habitat. We find that, Iif these threats are not abated, we believe that the probability of 
persistence will be lower than projected by experts by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century. 
   
5.2.2 Unit 2 - Northeastern Minnesota  
  
Expert Projections of Lynx Persistence  
  
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Ffigure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
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drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change.  
  
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised.  
  
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit).  
  
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38).  
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Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100).  

Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest ServiceUSFS 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can maintain, restore, or create lynx habitat, and the SNF 
has a long-term commitment to doing so. If the SNF continues to follow vegetation and wildland 
fire management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, Under a future scenario without Federal listing, we predict that the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
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during that time. The SNF consults with the FWS to consider the effects of any projects to lynx 
and its critical habitat and is anticipated to do so as long as the species is listed under the ESA.  
   
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest ServiceUSFS and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing.  
   
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests.  
   
The NPS manages Voyageurs National Park, which is also within the Minnesota unit.  
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific direction 
in its management plan (NPS 2002, entire). The National Park consults with the FWS to 
consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as long 
as the species is listed under the ESA. Lynx documented on and near Voyageurs National Park 
are probably transient animals (Moen et al. 2012, p. 348).  
   
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future.  
   
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
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from trapping (ILBT 2013, p. 49). If the DPS waswere not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume.  
  
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future conservation 
of lynx because lynx distribution and habitat is likely to shift upward in elevation within its 
currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). Greatest 
stressors of climate change include diminishing snow depth, quality and duration; competition 
from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004,  
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario.  
   
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).   
   
Lynx require at least four4 months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, and of 24 inches or greater ranged from 10 to 30 days (Kuehnast 
et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in 
the frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception 
of projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).   
   
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.)  
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http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht 
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-winter to-late winter by the 
end of the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).   
    
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next  
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the sState by 2095 (Moen 
and Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of only the small area in Cook County (the extreme 
northeastern corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than 
the majority of the area that is now considered lynx core habitat and would, therefore, support a 
much smaller number of resident lynx than likely occur in the unit now.   
  
Vegetation Management - Vegetation management activities similar to that conducted under 
current  
Forest Plans will likely continue into the future on Forest ServiceUSFS lands in Minnesota as 
long as the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood harvest, partial cut, and uneven-aged cutting; wildlife restoration projects that 
involve tree cutting, shearing, burning, seeding, and planting; prescribed burning for ecological 
purposes, hazardous fuel reduction, and site preparation; and mechanical site preparation. If the 
DPS is delistedUnder a future scenario without Federal listing, we predict that the species would 
be placed on the Forest’s Regional Forester Sensitive Species list for a minimum of five5 years, 
which gives it a higher priority than other species for monitoring and management during that 
time; however, it is unclear what the forest management would entail during or after that period 
of time.  
  
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
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Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended fForest pPlans, using LCAS as a basis. Future Forest Plan revisions will likely 
maintain broad direction to design and implement vegetation management projects to maintain 
or restore conditions for lynx foraging and denning habitat and to maintain or improve 
juxtaposition of required habitat types and connectivity.  
   
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially- thinned harvest, depending on unit size and remaining stand composition 
and structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan.  
  
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).   
  
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW.  
  
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three3 to five5 years, depending on the forest type and 
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number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.   
  
Fragmentation, Development, and Human Access - Throughout the SNF and northern  
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW.  
  
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management  
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.   
  
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
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hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.   
  
Conclusion  
  
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more pessimistic 
about the future of lynx in Minnesota than the lynx expert panel. The Core Team concluded, with 
slightly more certainty than the expert panel, that the lynx may be extirpated at the end of the 
century. The experts predicted the probability of persistence to decline to approximately 35 
percent by 2100 while the Core Team thought the probability of persistence would be lower at 
that time. The threat for which the lynx was listed, lack of specific conservation direction, 
associated regulations, and lynx forest management planning has not been addressed on 
private lands in Minnesota, except through voluntary guidance. There is some uncertainty about 
the future of forest management and future development on private forest lands in Minnesota 
and in adjacent lands in Ontario, although there are some basic voluntary management 
guidelines for private lands in Minnesota. Further, if the DPS is de-listedunder a future scenario 
without Federal listing, there is uncertainty whether the lynx direction on Forest lands would 
continue into the future. It is projected that habitat will diminish and recede northward over the 
mid-term to longer- term because of continued climate warming. Furthermore, hybridization and 
competition with bobcat may increase with diminishing snow conditions because of continued 
climate warming and there are uncertainties how insect outbreaks or disease may affect the 
species or its habitat.  
  
The Core Team believesfinds that the Minnesota lynx populations would be expected to decline 
more rapidly in a future scenario without Federal listing. The lynx is sState listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the sState statute, a person may not take, import, transport, 
or sell any portion of an endangered or threatened species. However, these acts may be 
allowed by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the sState. In Minnesota, the large proportion of lynx core area owned by the Forest 
ServiceUSFS provides a nexus for USFWSService review of ForestUSFS projects under 
section 7 of the Endangered Species ActESA (i.e., there is rarely fFederal funding spent on 
forestry and no fFederal permits required for forest management on private lands), which would 
be lost post de-listingnot occur under a future scenario without Federal listing. Because of their 
Federal listing, Canada lynx are recognized as a priority species for planning by fFederal, 
tTribal, sState, and private forest landowners. Voluntary guidelines that consider the Federal 
listing status may guide private landowners to at least consider measures to help conserve 
listed species in the future. Without Federal listing driving voluntary conservation guidelines, 
however, there would be little or no motivation for private forest landowners to intentionally 
engage in forest management to benefit lynx. With current Federal listing, there is a nexus for 
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the USFWSService to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); forresulting from new highways, transmission lines, 
large-scale energy development, mining, and residential and commercial development). Without 
Federal listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.   
  
Lynx would be at greater risk without Endangered Species ActESA section 9 prohibitions 
against take. In a future scenario without Federal listing, Minnesota’s incidental take planning 
effort for trapping may be further delayed or halted and may result in the diminishment of 
protective measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 
lynx have been reported to be incidentally trapped in Minnesota since listing, resulting in at least 
6 mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without fFederal 
protection. High-profile law Federal law enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota, and trapping would be expected to occur there, thatwhich may lead to 
greater incidental take of lynx. Without fFederal listing, shooting lynx may increase. We 
believefind that despite a closed hunting and trapping season, incidental take would continue 
and possibly increase and could become a significant threat to a population of lynx that will likely 
be significantly diminished by mid-century to late-century.  
  
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by private 
forest landowners to management plans to ameliorate this stressor. After reviewing the best 
available scientific information, we believeconclude that climate change is a significant threat to 
lynx in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy 
snow is critical to the existence of hare and lynx, and snow depth and duration are currently at 
or below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
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decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high 
emissions. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid-century to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believefind that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts.  
  

5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho  
  
Expert Projections of Lynx Persistence  
  
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity.  
   
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95% percent, mid-century 
persistence at 70% percent to 100% percent (median = 90% percent), and end-of-century 
persistence probabilities >= 50% percent (median = 78% percent) (Ffigure 10, below).  
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Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100).  
  
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit.  
   
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
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demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at the 
southern end of this unit may have recently become extirpated.  
   
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires.  
   
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - Federal, Sstate, and Ttribal regulations and land management 
direction could change in the future, but such changes and their potential impacts on lynx 
populations and habitats are difficult to predict. Because most (84 percent) of this geographic 
unit consists of Federal lands, the regulations and guidance that govern management of those 
lands have  
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
ServiceUSFS, Park ServiceNPS, and BLM management plans are revised or amended, they 
require opportunities for public participation in accordance with several statutes (e.g., the 
National Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National 
Parks and Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 
pp. 26-34, also see 3.1, above). If plan amendments or revisions may affect listed species, 
management agencies must consult with the Service in accordance with section 7 of the ESA. If 
in the future the lynx DPS is determined by the Service to be recovered and the protections of 
the ESA no longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered 
and Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the 
States, to monitor the DPS for a minimum of five years to assess its ability to sustain itself 
without the ESA's protective measures. If, within the designated monitoring period, threats to the 
DPS change or unforeseen events affect its stability, then the DPS may be relisted or the 
monitoring period extended. Given these requirements, we expect that future Federal 
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management direction will continue to include regulations and guidance protective of lynx, 
although specific measures may change as new information becomes available.  
   
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with  
nondevelopmental land- use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act.  
  
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the  
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future.  
   
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Ttribal lands.  
   
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future.  
   
If the DPS waswere not listed, it is possible that State-managed trapping could resume in this 
and perhaps other geographic units. We expect that would only occur only if scientific evidence 
were to strongly suggested the presence of a harvestable surplus of lynx and that harvest 
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quotas would be carefully managed to ensure that the viability of resident lynx populations 
would not be diminished or that potential recovery objectives werewould not otherwise be 
compromised.  
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15).  
   
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90- to 95 percent from 1961- to 1990 to 50 percent across much of the unit by the 
end of this century (years 2071-2100), although some parts of this unit are projected to retain 
adequate snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will 
likely be a lag time between the loss of favorable snow conditions and an eventual shift/ 
contraction in vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), 
but continued warming is projected to convert much of the boreal forest in this unit to temperate 
conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and 
hare populations to persist during this lag and to adjust to future habitat distributions is 
uncertain, but habitat quality, quantity, distribution, and connectivity are expected to decline, 
likely compromising this unit’s continued ability to support resident lynx populations.   
   
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily- distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit.  
   
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
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are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below).  
   
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.   
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc.,and other silvicultural 
practices and by encouraging the use of these activities to restore, improve, or create high- 
quality hare and lynx foraging habitats where feasible.   
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future.  
   
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily- distributed 
and landscape-level hare densities are already marginal in many parts of this unit, it is possible 
that very large wildfires or many wildfires over a short time period could tip some parts of this 
unit from just barely capable of supporting resident lynx to incapable of doing so in the future. 
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Although fire suppression was considered a potential risk factor for lynx in the DPS range, given 
the trends discussed above and the likely continued increase in future fire activity resulting from 
continued climate warming and drying, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
resident populations, especially in places already apparently only marginally capable of 
supporting them.   
  
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, hasve been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation.  
   
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx.  
   
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected.  
   
Although the extent to which this factor may influence lynx populations in this unit is unknown,  
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 
19992007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident 
lynx population that needs but is not receiving adequate immigration. If this growth rate was 
applied continuously to a hypothetical resident population of 250 lynx (the midpoint of the range 
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in the number of resident lynx this geographic may support based on expert opinion [Lynx SSA 
Team 2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, as noted above, the lynx population in the Purcell Mountains in the northwestern part 
of this unit was estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 
2016, p. 20) over the last four4 years of the period for which the Seeley Lake population was 
estimated to be declining. In the absence of information on historical, recent, and likely future 
rates of immigration and its contribution to the persistence of lynx populations in this geographic 
unit, impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time.  
  
Conclusion  
  
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, perhaps 
in concert with other factors (e.g., decrease in or complete loss of immigration from Canada), 
result in the functional extirpation of resident lynx from this unit before the end of the century.  
  

5.2.4 Unit 4 - North-central Washington  
  
Expert Projections of Lynx Persistence  
  
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Ffigure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% 
percent to 90% percent (median = 80% percent), and mid-century persistence at 30% percent to 
80% percent (median = 70% percent). All experts predicted end-of-century persistence 
probabilities less than 50% percent, with a (median of= 38% percent,) by 2100 (Ffigure 11). 
However, one expert predicted an increase in persistence probability by midcentury as habitats 
impacted by recent large-scale fires regenerate into optimal hare-lynx habitat.  
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100).  
  
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently- unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
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Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State- managed lands within Washington State.  
  
Further, should lynx be delistedunder a future scenario without Federal listing, the management 
for and status of lynx in this geographic unit should be largely secure (insofar as we can affect 
their status [i.e., notwithstanding effects of climate change)]) as greater than 90 percent of lynx 
habitat in this unit consists of Federal ownership on the OWNF and CNF. We expect that both 
the OWNF and CNF will be required to manage for lynx and their habitat into the future because 
both forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised. However, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to the OWNF and/or 
CNF LRMPs through the National Environmental Policy ActNEPA process. Therefore, we 
expect that both the OWNF and CNF will continue managing for lynx and their habitat into the 
future regardless of their listing status.  
  
Climate Warming - The one risk factor identified by the LCAS whichthat the Forest 
ServiceUSFS, or the WADNR for that matter, has little ability to control or influence is climate 
change. Climate change was identified by the panel of lynx experts convened during 
development of the Canada Lynx Expert Elicitation Workshop Report to potentially represent the 
greatest threat to the long-term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of 
the published literature on this subject leads the Core Team to conclude that climate change 
does indeed pose the greatest risk to the long-term persistence of lynx, including within this 
geographic unit.  
   
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large- wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
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longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that fire 
exclusion had little impact on natural fire regimes. Rather, climate appeared to be the primary 
driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) estimated adult 
lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high- quality lynx habitat in 
the Meadows area of north central Washington (at least relative to other lynx habitat in 
Washington). Much of the lynx habitat in the Meadows was impacted by the recent large, stand 
replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in the northern 
Cascades. Thus, the lynx densities Koehler observed in his study area may not be currently 
supported, because as habitat becomes more fragmented and isolated (i.e., marginal), the 
carrying capacity for a particular species declines.  
   
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit.  
  
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448).  
   
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. Mote 
(2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using data 
collected by weather stations from 1930 to 1995, determined that the temperature increased in 
the Pacific Northwest, and more precipitation fell in the spring and summer months, especially at 
elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined that an 
increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 percent 
decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) determined that 
the Cascades are very sensitive to temperature changes, with large increases in temperature 
potentially resulting in significant declines in snowpack. Corroborating Mote’s speculation, 
Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has declined by up to 
40 percent in the latter half of the twentieth century, which resulted from increased 
temperatures. Furthermore, predicted continued increasing temperature changes of 2° C to 5° C 
over the next century are expected to cause further and accelerated losses in snowpack in the 
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Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the Cascades through 
2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner 
et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx densities 
supported in the Cascades. Finally, some of the best lynx habitat in this geographic unit occurs 
on plateaus that may be more vulnerable to impacts of climate change because of the absence 
of higher elevation areas to which habitats and lynx could migrate in response to climate 
warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of lynx 
habitat to large wildfires, coupled with increasing wildfire risk, the potential for the Cascades to 
support a viable lynx population may be further reduced because of projected climate-mediated 
decreases in snow quantity and quality.  
   
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis.  
  
Conclusion  

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely to 
increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit.  
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5.2.5 Unit 5 - Greater Yellowstone Area  
  
Expert Projections of Lynx Persistence  
   
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% percent to 70% percent (median = 52% percent), and mid-century persistence at 15% 
percent to 60% percent (median = 35% percent). All experts predicted end-of-century 
persistence probabilities less than 50% percent for this unit, with a median of 15% percent, by 
2100 (Ffigure 12). This was the only unit for which most experts believed the present probability 
of persistence is low (i.e., that it is uncertain whether this area currently supports a resident lynx 
population). Some experts increased probability of persistence into mid-century as the 1980s-
era fires regenerate into hare/lynx habitat, and with the possibility of continued immigration of 
lynx from Colorado. Other experts project a 10%-percent to 20%-percent probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area.  
  

  
Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100).  
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Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, Sstate, and Ttribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also, as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be relisted 
or the monitoring period extended. Given these requirements, we expect that future Federal 
management direction will continue to include regulations and guidance protective of lynx, 
although specific measures may change as new information becomes available.  
   
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with  
nondevelopmental land- use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act.  
  
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
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affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future.  
   
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believeconclude it is unlikely that regulatory mechanisms 
on those lands will influence this unit’s future ability to support resident lynx.  
   
If the DPS waswere not listed, State-managed trapping could resume in this geographic unit. 
We expect thatis would occur only if scientific evidence were to strongly suggested the presence 
of a harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure 
that the viability of resident lynx populations would not be diminished or that potential recovery 
objectives werewould not otherwise be compromised.  
   
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15).  
   
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
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lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.   
   
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily- distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit.  
   
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below).  
   
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future.  
   
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc.and other sylvicultural practices, and and by 
encouraging the use of these activities to restore, improve, or create high- quality hare and lynx 
foraging habitats where feasible.  



 

202  
  

   
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future.  
   
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily- distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them.  
   
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation.  
   
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
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potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx.  
   
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time.  
  
Conclusion  
  
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short term 
(through 2025), but that it is very unlikely to support a persistent resident population over that 
time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century.  
  
5.2.6 Unit 6 - Western Colorado  
  
Expert Projections of Lynx Persistence  
   
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Ffigure 13).  
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100.  
  
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily 
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area.  
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Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern  
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest 
ServiceUSFS land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other 
ownerships makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five5 
percent is in other Federal ownership. Other non-Federal ownerships include state, county, 
municipal, etc.other governmental, and private lands. Some BLM resource management plans 
have not been amended to include conservation specifically for lynx. Lynx habitat on BLM 
ownership mostly consists of narrow forest extensions connected to larger blocks of habitat on 
adjacent USFS lands. Generally, these extensions are insufficient on their own to support a lynx 
home range. However, the Gunnison Field Office is the only BLM unit that contains sufficient 
habitat to map and identify LAUs.  
  
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207].  
   
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow  
would continue to be retained late in the 21st century, including the high elevations of Colorado.”  
  
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by 
midcentury relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61]  
  
An analysis of projected 21st century temperature trends as a function of elevation in the  
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern whether 
the warming projected for the higher elevation regions (>10,000’) in the state is substantially 
different from that projected for lower elevations” (Lukas et al. 2014, p. 63).  
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On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65).  
  
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest ServiceFS plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century.  
  
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century.  
  
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky  
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large 
standreplacing fires within lynx habitat may produce young age class snowshoe hare habitat 
after approximately 10-30 years. Although this vegetative condition may provide some high- 
quality snowshoe hare habitat, mature forests are also very important as winter foraging 
habitat.” (USFS 2008, p. 36)  
  
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed, high-
volume highways,; high mountain valley developments,; vegetation management,; ski/recreation 
area development,; and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reducesing lynx habitat. The magnitude of 
fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado.  
  
Conclusion  
  
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historical 
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record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
hadve no data). Despite these uncertainties, we anticipate lynx populations to persist through 
the end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.   
  
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believefind that, as long as the current regulatory mechanisms provided by the 
State of Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains 
in place, lynx are likely protected from take, and their habitat requirements are likely met in a 
significant majority of the available habitat within the sState. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.   
  
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year- round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future.  

Chapter 6:  Synthesis  
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats.  
  
Needs  
  
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
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generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less abundant 
and more patchily distributed than in the core of the range. Maintaining connectivity between 
lynx populations in Canada and the DPS is thought to be important; however, whether and if so 
to what extent the demographic and/or genetic health of DPS populations relies on periodic 
immigration from Canadian populations remains uncertain.   
     
Current Conditions and Threats  
  
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx.  
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) continue 
to support resident lynx, thought to number 200-300, although a small subpopulation in the 
Garnet Mountains on the southern periphery of this unit may have been extirpated recently. In 
North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events.  
  
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
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recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions.  
      
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S.  
   
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In Nnorth-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern  
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain.  
  
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below).  
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Future Conditions and Threats  
  
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS.  
  
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events.  
  
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely.  
  
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently-
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observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, the current and likely future absence of 
significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS.  
  
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate.  
     
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit.  
  
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
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and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat.  
  
DPS Viability  
  
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 
50- percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid-
century to late-century concerning the timing and extent of various stressors that will affect lynx 
and hare habitat and snow regimes, especially those related to climate change. However, 
review of the best available science in concert with input from lynx experts suggests that the 
probability of the persistence of resident breeding populations will decline in all geographic units, 
with the negative DPS-wide trajectory continuing to the end of the century, and (with no 
evidence to the contrary) beyond that time frame.  
  
Our evaluation generally concurs with the expert input we received. We believeconclude that 
lynx populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through 
midcentury in most of the five geographic units that currently support them. However, we 
believeconclude it is very unlikely that resident lynx populations will persist through the end of 
this century in all of the geographic units that currently support them. That is, we 
believeconclude that resiliency will be substantially diminished because of reduced population 
sizes and distributions throughout the DPS, with resulting extirpation of resident populations 
from two to three (of five) units more likely than not by the end of the century.   
   
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
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reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century.  
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Executive Summary   
Background  
   
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA), because of the inadequacy—, at that time—, of existing regulatory mechanisms on 
Federal lands. The SSA will provide the scientific basis for the statutorily required 5-year status 
review for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S.United States from Maine to Washington and south along the Rocky 
Mountains to western Colorado (Ffigure 1).  
  

  
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis).  
  
These units encompass the geographic areas in the contiguous United. States. with the 
strongest historical and/or recent evidence of an ability to support persistent resident lynx 
populations, and, combined, they represent approximately the southern two2 percent of the 
species’ entire breeding range (98 percent occurs in Canada and Alaska). The units are 
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relatively isolated from each other, but four of the six units are directly adjacent to lynx 
populations and habitats in  
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous United. States., usually peripheralnear to the SSA geographic units, the ability of 
these peripheral neighboring areas to support persistent resident lynx populations remains 
questionable. Lynx may occur in such areas as small and ephemeral breeding populations or as 
occasional dispersing or transient individuals. The locations and sizes of the SSA geographic 
units are summarized in Ttable 1.  
   
Table 1. Canada Lynx SSA Geographic Units.   

Unit No.  Unit Name and Location  Unit Size (km2)  

Unit 1  Northern Maine  28,909  

Unit 2  Northeastern Minnesota  21,101  

Unit 3  Northwestern Montana/Northeastern Idaho  26,997  

Unit 4  North-central Washington  5,176  

Unit 5  Greater Yellowstone Area  23,687  

Unit 6  Western Colorado  25,294  
  
  
This report represents the Service’s evaluation of the best available scientific information, 
including the formally- elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
themthese populations; and (3) assess the future viability of the DPS in the near term (through 
the year 2025), in the mid-term (through 2050), and through the end of this century in terms of 
the conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”).   
  
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically 
comprisemake up >greater than 90 percent of the lynx’s year-round diet. The lynx has evolved 
morphological adaptions (long legs  and large paws) that allow it to efficiently travel and capture 
hares in snow conditions that are difficult for most other terrestrial hare predators (e.g., bobcats, 
coyotes). These characteristics provide lynx with a seasonal (4- to 5 winter months in most of 
the DPS) competitive advantage over other hare predators and allow them to occupy habitats 
that are unavailable to some of their competitors.  
  
The DPS populations occurs at the southernmost margin of the species’ range and of the its 
environmental thresholds , including: of (1) snow quality, depth, and persistence; (2) hare 
density; and (3) boreal forest conditions that lynx require..  Because of this, lynx habitats, and, 
thus, lynx, are naturally less abundant and more patchily distributed in the DPS than in the core 
of the species’ range in Canada and Alaska.  Maintaining connectivity between the DPS and 
lynx populations in Canada is thought to be important, but whether the demographic and/or 
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genetic health of DPS populations depends on intermittent immigration of lynx from Canada 
and, if so, to what extent, remains uncertain.  
  
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous United. States.  For example, analysis of historical records in the United. 
States. and Canada indicated that many lynx records in the contiguous United. States. have 
coincided with intermittent “irruptions” (mass dispersal events) of lynx from Canada into the 
northern United. States. when hare populations in Canada underwent cyclic declines (every 8-
11 years).  During these irruptions, large numbers of lynx occurred temporarily in (and 
disappeared quickly from) areas that we now believe arefind to be naturally incapable of 
supporting resident populations.  
  
Additionally, although we knew at the time of listing that resident lynx occurred in Maine, we 
lacked information on the historical and recent distribution and quality of lynx habitat.  We now 
know that forest regeneration after large-scale clear-cutting in the 1970s and 1980s has 
contributed substantially to the current broad distribution of high-quality habitat in northern 
Maine, which currently supports the largest resident lynx population in the DPS.  Similarly, we 
were uncertain if Minnesota supported a resident breeding population, but we now know that a 
persistent population occupies the northeastern corner of the state.  Research and monitoring 
also suggest that lynx and habitats in the western United. States. are naturally less abundant 
and more patchily distributed than was thought at the time of listing, and lynx may have been 
extirpated recently from several areas thought to have previously supported small resident 
populations (e.g., the Kettle Mountains in northeastern Washington, the Garnet Mountains in 
western Montana, and the Greater Yellowstone Area of southwestern Montana and 
northwestern Wyoming).  We also know that recent extensive wildfires in north-central 
Washington have temporarily reduced the amount of high-quality lynx habitat and have probably 
caused a decline in lynx numbers there.  Finally, as a result of the release of 218 Canadian and 
Alaskan lynx from 1999 to 2006 and the subsequent survival and reproduction of some of these 
lynx and their offspring, resident lynx currently occupy parts of western Colorado.  
  
SSA Framework  
  
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. Therefore, 
we evaluated the ecological requirements of individual lynx and populations and the current and 
possible  future conditions for resident lynx populations in each geographical unit to assess the 
viability of the DPS. The SSA uses the conservation biology principles of resiliency, redundancy, 
and representation as the framework for assessing current and future conditions.  Resiliency 
describes the ability of the species to withstand stochasticity, redundancy describes the ability of 
the species to withstand catastrophic events, and representation describes the ability of the 
species to adapt over time to long-term changes in the environment.  The 3 Rs can be 
influenced by any number of factors.  For lynx, the factors evaluated in this SSA include:  (1) the 
original factor for which the DPS was listed as threatened (the inadequacy of existing  
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the  
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Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx.  
  
Uncertainties and Assumptions  
  
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations.  We lack similar demographic information for snowshoe hares 
throughout much of the DPS.  Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS.  And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests, constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.   
  
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted.  We treated the 
following assumptions as constants in the analysis.   
  
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska.  
  

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet other 
areas are naturally incapable of supporting resident lynx despite boreal-forest-like vegetation 
and the presence of some hares.  
  

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations.  
  

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations.  
  

● We assume that connectivity with larger lynx populations in Canada is important, and that 
periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain.  
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● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 

persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.   
  

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly- specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming.  

  
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do sohave provide benefits as 
long as those measures and guidance are implemented.  
  

● We assume that the DPS could be delisted in the future and that some ofis not listed and 
therefore does not receive the current protections afforded by the ESA could be lost and/or 
relaxed.  (In evaluating the necessity of continued ESA protection for a listed species, it is 
inappropriate to consider the benefits of ESA protection the species is currently receiving.) 
However, we also assume that conditions for delisting would include requirements and 
incentives toto a certain extent land management agencies and state wildlife agencies will  
continue to conserve lynx and its habitats and to try to assure persistence of resident lynx 
populations in those places that can support them in the DPS range.   

   
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability.  
   
Current Conditions  
  
The current distribution of resident lynx in the contiguous United. States. is likely somewhat 
smaller than the historical distribution because of the potential loss of small populations in 
several places (e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern 
New York, Isle Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, 
more recently, the Greater Yellowstone Area of Southwestern Montana and northwestern 
Wyoming, and perhaps the Garnet Mountains in western Montana). However, based on verified 
historical records, we lack compelling evidence that the current distribution and relative 
abundance of resident lynx in the DPS range are substantially diminished from historical 
conditions, and resident populations continue to persist in the geographic areas with the 
strongest historical evidence of an ability to support them. Nonetheless, in many parts of the 
DPS range habitat features (forest distribution and structure, hare densities, and snow 
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conditions) appear to exist at or just above thresholds thought necessary to support persistent 
lynx populations.   
  
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units.  
  
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Ffigure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Ttable 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous United. States., it also seems 
that redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via a catastrophic event.  
 
Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
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substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United. States., suggesting relative maintenance of the breadth of diversity of ecological settings 
occupied within the DPS range. Because there are no indications of significant loss of or current 
threats to the genetic health or adaptive capacity of lynx populations in the DPS, and because 
the current level of representation does not appear to indicate a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation.  
  
Future Conditions  
  
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced probability 
of persistence for all resident populations in the DPS range. We expect that resident populations 
will persist through mid-century in all five of the geographic units that currently support them 
(albeit in reduced numberssizes and distributions), but that lynx may be functionally extirpated 
(loss of the ability to support persistent resident populations) from two or three of the units by 
the end of the century.  
  
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, we expect climate-induced increases in the frequency and 
intensity of wildfires and forest insect outbreaks are expected to increase, particularly in the 
western portion of the DPS, although we do not anticipate such events alone to cause the 
permanent loss of breeding lynx populations in any geographic unit. In Minnesota and Maine 
(units 1 and 2), suitable boreal forest and snow conditions are projected to decline more 
severely than in the western units, and in some climate- modeling scenarios they could 
disappear completely from these units by the end of the century. Over the next 15- to 20 years, 
lynx habitat conditions in Maine are also likely to decline significantly from current historically 
high and anthropogenically influenced levels as private forest management practices, 
particularly a shift away from landscape-level clearcutting, result in forest succession detrimental 
to snowshoe hare and lynx needs.  
 
Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through 
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midcentury but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events.  
  
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given thatis, we conclude that the 
DPS as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially- clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well- distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely.  
  
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate.  
  
DPS-wide Synthesis   
We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numberssizes and distributions, in all five geographic units 
that currently support them through mid-century, but that functional extirpation is likely in two to 
three of those units by the end of the century, driven largely by projected continued climate 
warming. Because resident lynx in many parts of the DPS persist in areas that appear naturally 
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to barely meet thresholds for hare densities and habitat quality and distribution, relatively small 
declines in these features could result in loss of the ability to support resident populations over 
large areas. Because of this, we believeconclude that future lynx habitats and resident 
populations throughout the DPS range are likely to be smaller and more fragmented, and 
geographic units that are already relatively isolated from other lynx populations are likely to 
become even more isolated in the future. Uncertainty increases at mid-century to late-century 
regarding the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change. However, review of the best available 
science in concert with input from lynx experts suggests that the probability of the persistence of 
resident breeding populations will decline in all geographic units, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond 
that time frame.  
  
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through 
midcentury in most of the five geographic units that currently support them. However, we 
believeconclude it is very unlikely that resident lynx populations will persist through the end of 
this century in all of the geographic units that currently support them. That is, we believefind that 
resiliency will be substantially diminished because of reduced population sizes and distributions 
throughout the DPS, with resulting extirpation of resident populations from two to three (of five) 
units more likely than not by the end of the century.  
   
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic units would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century.  

Chapter 1: Introduction  
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S.United 
States as a distinct population segment (DPS) and listed it as threatened under the Endangered 
Species Act of 1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (U.S. District Court 
MT 2014b, p. 2). Thus, we conducted this SSA (version 1.0) to summarize the best available 
information on the current status and likely future viability of the DPS. This SSA will inform a 
determination by Service decision makers of whether (1) the DPS continues to warrant 
protection under the ESA and (2) a recovery plan is needed to guide conservation and recovery 
of the lynx DPS.  
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1.1 Background  
The Canada lynx is a North American wild cat that is most strongly associated with northern 
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809).  
  
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S.United States (Bittner and Rongstad 1982, p. 
146; McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic 
units evaluated in this SSA represent the remaining 2 percent of the species’ breeding 
distribution (approximately 131,168 km2 [50,644 mi2]; see Ffigure 1 and Ttable 2, below). Lynx 
populations in the DPS (as well as some others on the margin of the range in southern 
Canadian provinces) seem to function as peripheral subpopulations (islands) of a larger 
(mainland) metapopulation centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 
FR 40077; also see 2.2 below). The demographic and genetic health and persistence of DPS 
populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 
FR 59434, 59447; 79 FR 54815).  
  
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S.United States occur over a much smaller geographic area 
that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
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also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous U.S.United States, and small breeding populations 
may have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous U.S.United States has been 
documented based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 
54815; McKelvey in Lynx SSA Team 2016, p. 11; also see section 2.3.2, below).  
  
The Service designated lynx in the contiguous U.S.United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 
(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous U.S.United States constitute 
a single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the  
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S.United States, including New Mexico and other states that were not included in 
the original DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 
(USFWS  
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire).  
  
The six geographic units evaluated in this SSA encompass all areas of the contiguous 
U.S.United States that currently support or are believed to have recently supported persistent 
resident lynx populations  
(Ffigure 1, above). Five of the six geographic units were designated as “Core Areas” in the  
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here.  
  
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Ttable 2).  
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 Table 2. Lynx SSA Unit Sizes and Percent Ownership.  

Unit1  
Unit Size 

(km1)  

Percent 
of SSA  
Area  

 Land Ownership/Management (Percent)2   

 Federal3  

Private  State  Tribal  

All  
Federal  

USFS  NPS  BLM  

1  28,909  22.0  1.2  0  1.2  0  90.4  7.3  0.9  

2  21,101  16.1  47.4  44.9  2.5  0.01  15.5  36.2  1.0  

3   26,997  20.6  84.3  69.3  13.6  1.5  8.0  4.1  3.5  

4  5,176  3.9  91.5  84.6  6.7  0.1  0.3  8.2  0  

5  23,687  18.1  97.6  79.7  16.7  1.1  2.2  0.3  0  

6  25,294  19.3  90.1  85.2  1.8  3.1  9.3  0.6  0  

All Units  131,164   100  63.8  55.6  7.1  1.1  26.3  8.8  1.1  

1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado.  

                                                 

1 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Ttribal, Sstate and private lands that met the criteria for critical habitat but 
whichthat were excluded from the designation in accordance with section 4(b)(2) of the Endangered 
Species Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office 
in coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 3 

USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management.  

1.2 SSA Framework and Report  
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of  
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time 
(captured under the broad heading of “species needs”); the 
current condition of the species at the individual, population, 
and range-wide levels in terms of meeting those needs; and 
the likely changes in the environment that may influence the 
species’ future condition and, thus, the viability of the species.   
  
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events;  
redundancy describes the ability of the species to withstand 
catastrophic events; and representation describes the ability of the species to adapt over time to 
long-term changes in the environment. As a result, the SSA characterizes a species’ ability to 
sustain populations in the wild over time based on the best scientific understanding of current 
and future abundance and distribution within the species’ ecological settings. Importantly, the 
SSA neither results in, nor predetermines, any decisions (e.g., listing status, critical habitat 
designations, section 7 consultation requirements, etc.) by the Service under the ESA. Instead 
the SSA provides the biological basis to inform these decisions. The SSA is a dynamic 
document and should be periodically revised as new scientific information becomes available.  
   
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service 
(NPS) and the USFWSService called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html.  

1.3 Analytical Approach and Methods  
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at midcentury- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation 
in terms of the 3 Rs using conceptual modeling (Ffigures 2-5) based on available published 
literature, on other information on the historical and current status of and threats to lynx in the 
                                                 

1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015.  
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DPS, and, where empirical data arewere lacking, on our objective analysis of the best available 
scientific information as informed by our understanding of the basis for formally- elicited expert 
opinion and best professional judgment (Lynx SSA Team 2016, entire).   
  

  
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability.  
  
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units.  
  
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.), and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS.  
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS.  
  
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Ffigure 4 below.  
  

  
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS.  
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally- elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Ffigure 5 below.  
  

  
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS.  
  
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Cchapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence thoese probabilities; and 
the sources of uncertainty that influenced their confidence in their predictions. We then present 
our evaluation of the scientific literature regarding how certain anthropogenic factors may 
influence future conditions for resident lynx in each geographic unit. The factors we consider for 
each geographic unit include regulatory mechanisms (the factor for which the DPS was 
originally listed under the ESA) and the anthropogenic influences identified by the Interagency 
Lynx Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
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conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why.  
  
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that, although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that non-ESA regulatory requirements and nonregulatory 
objectives for species and habitats (not necessarily lynx specific) and an incentive to preclude 
ESA listing of the lynx would contribute conditions for delisting would include requirements and 
incentives to the continueance of  to conservatione efforts benefitting the lynx and its habitats 
and to assure persistence of resident lynx populations in those places that can support them on 
Federal, State, and Tribal, and some private lands (perhaps some private lands as well). Our 
evaluation, therefore, considers the possibility of the future relaxing of some, but not the 
complete absence of all, lynx conservation measuresprotections and conservation efforts, but 
not the complete absence of all protections for lynx.  
  
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly- distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly- specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially- discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.   
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Chapter 2: Lynx Ecology   
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Cchapters 3 through 5.  

2.1 Species Taxonomy, Description, and Genetics  
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are three 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016).  
  
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale brown 
fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In summer, its 
fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long tufts of black 
hairs extending from the tips of its ears, a short, completely black-tipped tail, and often a distinct 
dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 cm (30 to 35 in) 
long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Ttable 1; Moen et al. 2010a, 
Ffigure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished data), and 
males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s large feet 
and long legs make it highly adapted for traversing and hunting in deep, powdery snow, where 
its low foot-loading (weight per surface area of foot) is thought to provide a competitive 
advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) over other 
terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada and the 
northern contiguous U.S., where the southern edge of the lynx range overlaps the northern 
edge of the bobcat range, the two species are easily confused because of their similar size and 
appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail distinguish it 
from the bobcat, which has shorter ear tufts, small feet, and white on the underside of the tail. 
Bobcats are much more common and abundant than lynx in most of the contiguous U.S.  
  
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
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12621266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the two areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas, recent analyses reveal genetic exchange among lynx on either side, 
indicating that some lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; 
Bowman in Lynx SSA Team 2016, p. 12-13).  
  
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations despite 
large separation distances (Schwartz et al. 2002, entire). Their results did not suggest that 
reduced genetic variation among peripheral populations was because of human disturbance 
(i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; Schwartz et 
al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the contiguous 
U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 522).  
  
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793).  
  
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5).  
Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
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35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12).  

2.2 Life History and Population Dynamics  
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare 
(Ffigure 6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et 
al. 1972, pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 
358–359, 363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 
2003, pp. 37–38; Squires et al. 2004a, p. 15, Ttable 8, Olson 2015, pp. 60-69), and hare 
abundance is the major driver of lynx population dynamics. Lynx den site selection, litter sizes, 
pregnancy, as well as recruitment, survival (kitten, subadult and adult) and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34).  
  

  
Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency.  
      
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes with 
high-density snowshoe hare populations for survival and reproduction (McCord and Cardoza 
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1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). Lynx and 
snowshoe hares are strongly associated with what is broadly described as boreal forest (Bittner 
and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and Parker 1987, p. 684; 
Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183191 and 2000b, pp. 
136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation of boreal forest is 
conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) (Elliot-Fisk 1988, pp. 
34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and shrubs (Hodges 2000a, 
pp. 181-183) and are most abundant in forests with dense understories that provide forage, 
cover to escape from predators, and protection during extreme weather (Wolfe et al. 1982, pp. 
665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 and 2000b, pp. 136-
140). Over much of the lynx’s range, hare densities are higher in regenerating, earlier 
successional forest stages because they often have greater understory structure than mature 
forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 1990, pp. 847-
848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin  
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally- stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127).  
  
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809).  
  
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
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427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes.  
  
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).   
  
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267– 
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 
362363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14).  
  
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and  
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Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).   
  
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to  
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
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phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).   
  
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014,  
p. 1). In southern Canada, where hares are less abundant and hare population cycles are muted 
or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment Canada 
2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.213/100 km2 
(24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares were abundant 
(Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 km2 (6/100 mi2) 
in Washington when hare abundance was low (Koehler 1990, pp. 847-850). Correspondingly, 
hare abundance may also influence lynx home range size. Ward and Krebs  
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10- to 15- fold increase in 
lynx density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367).  
  
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS.  
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793).  
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2.2.1 Ecological Requirements of Individuals  
  
At the most fundamental level, the needs of an individual lynx are met if:  
  
1) it is born to a female that occupies a home range containing  

a) secure denning habitat,  
b) adequate hare abundance to support lactation during the early kitten stage and later 

provisioning of the kitten with hare meat,  
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and  
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.);  
  

2) the mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and  
  

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.   

  
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population.  
  
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for 
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lynx/vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population.  
  
Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a,  
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24).  
  
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Ttable 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).   
  
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.   
  

  
Geographic 

Unit  

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

  
References (Page Nos.)  

  

  Female  Male   

N Maine  25-33 (14-70)  39-60 (24-102)  
Vashon et al. 2008a (1482); Mallett 2014  

(169)  

NE Minnesota  17-87 (13-122)  160-267 (86-439)  
Mech 1980 (263-265); Burdett et al. 2007 

(460-463); Moen et al. 2008a (17)  

NW Montana/ 
NE Idaho  43-90 (11-157)  122-220 (29-552)  

Brainerd 1985 (20); Squires and Laurion  
2000 (343-344); Squires et al. 2004a (13, 

Table 6)  
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N-C 
Washington  37-91 (37-91)  49-69 (29-99)  

Brittell et al. 1989 in Stinson 2001 (5);  
Koehler 1990 (847); Maletzke in Lynx SSA  

Team 2016 (21)  

GYA  50-105 (32-105)  116-824 (98-2,181)  
Squires and Laurion 2000 (343-344); 

Squires et al. 2003 (12-13)  

W Colorado  75-704 (NA)  103-387 (NA)  Shenk 2008 (10)  

  
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354).  
  
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
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high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.   
  
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.   
  

2.2.2 Ecological Requirements of Populations and the DPS  
  
Lynx populations require essentially the same things that individual lynx do (see Ffigure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower.  
  
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 
2531). Lynx populations in the DPS are at the periphery of the species’ range and may behave 
as islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.   
  
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22).  
  
Slough and Mowat (1996, p. 952, Ttable 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of  
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Ttable 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined from 
135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the  
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly- cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area  
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21)  
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.   
  
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least  
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality.  
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In summary, lynx populations need large boreal forest landscapes with snow conditions  
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly- cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly- cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789).  

2.3 Historical and Current Lynx Distribution  
  

2.3.1 Lynx Distribution and Status in Canada and Alaska  
   
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince  
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 1192-
1195; Koen et al. 2014a, pp. 757-760).  
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In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers.  
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern  
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington).  
  

2.3.2 Lynx Distribution in the Contiguous United States  

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range  
  
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942).  
  
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077).  
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The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938).  
  
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “...  
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).   
  
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
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(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions.  
  
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above.  

 2.3.2.2 Lynx Distribution within the DPS Range  
  
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp.  
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p.  
6), and overall habitat quality is typically lower.  
  
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
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for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist.  
    
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats or 
coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.   
   
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.   
  
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats in 
Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
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Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.   
  
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S.  
  
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition.  
  
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081,  
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003- to 2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
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lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487).  
  
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially- released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally- invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believefind that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain.  
  
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York.  
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In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 2021, 
45). In the 2014 revised critical habitat designation, the Service noted:   
  

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791).  
  

We concluded that the historical record and recent evidence of lynx occupancy and reproduction 
suggested the presence of a small but persistent resident lynx population in the GYA of 
northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 54825-54826); 
however, the consistency of occupancy over time remains uncertain (Lynx SSA  
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National  
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
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also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).   
  
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so.  
  
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern  
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the sState, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long 
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the sState or if it is a temporary phenomenon related 
to an expanding source population in neighboring northern Maine (79 FR 54821). Although 
bobcat populations have increased and expanded their range in this region in recent decades 
(Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their 
populations (Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest 
declined substantially after two deep snow winters in 2008 and 2009 (Maine Department of 
Inland Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire.  
  
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New Hampshire, 
above) have the strongest historical evidence of continuous lynx presence and recent evidence 
of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 4008640095, 40097-
40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for much of 
Idaho, but many, especially in the central and southern part of the sState, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
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contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the sState are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia.  
  
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the sState (McKelvey et al. 2000a, pp. 211-212; 
Hoving et al. 2003, entire;), which currently is believed to support the largest lynx population in 
the DPS (Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in 
Lynx SSA Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare 
habitat and the number of resident lynx in Maine are all much larger than was suspected at the 
time of listing or the 2003 remand, and all are probably substantially larger now than under likely 
typical historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
sState are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 
40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.   
  
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the sState that seems to be 
the southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the sState, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the sState, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
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lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown.  
  
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the sState (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team  
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 
4647; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the 
time of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12).  
   
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the sState (von Kienast 2003, entire; Maletzke 2004, entire; Koehler 
et al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the sState with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the sState are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).   
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In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither 
broadscale breeding range contraction nor substantial population declines in the contiguous 
U.S. from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016, p. 11). New information summarized above indicates that there are many 
more lynx in Maine and Minnesota than was suspected at the time of listing, and there are 
naturally fewer lynx and a more limited distribution of suitable habitats in the western U.S. than 
was previously thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at 
historically high numbers and may currently be facilitating the recolonization of formerly 
occupied habitat in northern New Hampshire and recent lynx occurrences in northernmost 
Vermont. However, lynx persistence is uncertain in New Hampshire and unlikely in Vermont, 
and lynx numbers in Maine are projected to decline over the next several decades. In the West, 
small breeding populations in the GYA and the Garnet Mountains of Montana may recently have 
become extirpated (although both also may be only temporarily “winked off” in a metapopulation 
dynamics sense). In north-central Washington, lynx habitat and numbers have declined because 
of recent large fires and insect outbreaks, and the persistence of the breeding population there 
could be threatened if additional such impacts occur with similar magnitude and frequency over 
the next several decades. As a result of the release of 218 Canadian and Alaskan lynx from 
1999- to 2006, resident lynx currently occur in western Colorado. Although the number of lynx in 
this population and its future persistence are uncertain, Colorado currently supports more lynx 
than it likely did, based on the historical record, for much of the previous century. The 
geographic units evaluated in this SSA include all areas in the contiguous U.S. with strong 
historical and recent evidence of persistent resident lynx populations. Detailed assessments of 
the current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below.  

Chapter 3: Factors Influencing Viability of the DPS  
 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Thoese 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS.  

3.1 Regulatory Mechanisms  
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation of habitat, creation of barriers, or that 
otherwise alteration of the vegetation mosaics and prey abundances maintained historically by 
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natural disturbance processes may occur in lynx habitats regardless of land ownership and 
management. The extent to which regulations guide such activities to avoid, minimize, or 
mitigate impacts to lynx influences the current and future likelihoods that those habitats will 
provide the physical and biological features needed to support resident lynx populations. As 
described in more detail below, the lynx DPS was listed as threatened because of the lack of 
specific conservation direction and associated regulations on Federal lands. At that time, the 
available information indicated that most lynx habitat in the DPS occurred on Federal lands, 
predominantly in the western U.S. (65 FR 16061). Since then, research and monitoring have 
revealed that non-Federal lands contribute more to the conservation of the DPS than was 
known at the time of listing, particularly in the Northern Maine and Northeastern Minnesota 
regions. Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as Sstate and Ttribal lands.  
  
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership.  
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.   
  

3.1.1 Federal Regulatory Mechanisms  
  
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Ttable 2, above, and Cchapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
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NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.   
  
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx, and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096).  
  
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
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potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).   
  
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083).  
  
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50).  
  
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
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mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, Sstate, and Ttribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097).  
  
Since the 2003 remand, most Forest ServiceUSFS units with lynx forest types have formally 
amended or revised their land management plans to incorporate the conservation measures, 
standards, and guidelines identified in the LCAS. From 2004-2006, forest plans for seven 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson  
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2  
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.   
  
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Ttable 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley,  
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field  
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 



 

49  
  

were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12).  
  
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 2007, 
p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service USFS 
land management activities on at least 94 percent of this area, and more likely nearer to 98 
percent” (USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).   
  
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for whichthat was 
the basis for listing the lynx DPS was listed under the ESA. Although formal effectiveness 
monitoring has not been completed, it’s clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous U.S.  
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3.1.2 State Regulations and Tribal Management  
  
Private, Sstate, and Ttribal lands make up the remaining 36 percent of the lands encompassed 
by the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Ttable 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Ttribal lands in the North-central Washington, GYA, or Western Colorado units. Private, Sstate, 
and Ttribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, Sstate, and Ttribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, Sstate, and Ttribal 
lands within the six geographic units of the DPS, but with a focus on those units with the 
greatest proportions of these lands and on activities on these lands with the greatest potential to 
impact lynx.  
  
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement.  
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Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-traprestrictions/). 
MDIFW also adopted and made available for download on its web page the interagency 
brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats and other 
Furbearers, and modified it to be more specific to Maine. MDIFW also set- up an incidental lynx 
capture hotline, and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 -to 2015 (ten10 lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally- trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act  
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely- distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).   
  
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at:  
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http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern (State 
of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that regulate 
treatment of species designated as endangered and threatened. Also like Maine, Minnesota has 
designated the lynx a species of special concern (MNDNR 2013, p. 2), and coordinates with the 
Service and other agencies to conduct research and monitor lynx populations and habitats.  
   
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 
3637). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 
710), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set of 
reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them.  Specifically, these regulations, which (1) prohibit the use of lethal (non-
relaxing) snares for bobcats, (2) specifiesy the types of sets and baits or attractants that may be 
used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 10-
pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). MTFWP is also responsible for implementing Montana’s Nongame and Endangered 
Species Conservation Act (http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  
https://www.animallaw.info/statute/mtendangered-species-chapter-5-wildlife-protection    
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Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered  
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan  
(http://wdfw.wa.gov/publications/00394/) and a Status Report  
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals.  
  
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats.  
  
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals.  
  
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.   
  
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections  
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to -35 years post-harvest) regenerating forest in prime hare habitat 
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condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit.  
   
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-
landscapeconservation-in-maine/ last accessed 8.18.2016), but easements do not require 
management prescriptions or commitments for lynx. To our knowledge, there are no private 
landowners in Maine who have committed to long-term or permanent protection and creation of 
lynx habitat according to the Service’s lynx management guidelines or LCAS.  
  
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation of 
Federally listed species, but so far no lynx management plans have been developed. Mitigation 
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for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for trapping 
requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat management 
area on the MBPL’s Seboomook Unit for a 15-year period.   
  
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private lands. 
Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 [MFRC 
2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed voluntary 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) that are 
intended for private and State landowners and include some general recommendations for 
wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).   
  
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about four 
percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution  
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 
5483554837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.   
  
Unit 4: North-central Washington - State and private lands constitute about eight percent and  
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State  
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The Forest 
Practices Board, an independent State agency, adopts forest practices rules to protect water 
quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 



 

56  
  

quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below.  
  
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.   
  
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.   
  
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the  
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6.  
  
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15).  
  
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the  
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit.  
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).   
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Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285).  
  
In summary, a variety of Sstate wildlife and forestry regulations and conservation efforts, along 
with Ttribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.   

3.2 Climate Change  
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire).  
   
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change.  
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The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31).  
  
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas).  
   
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
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than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).   
  
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events and 
winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, depth 
hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.   
  
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow- covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five5 months (November–March) to approximately three3 months 
(December to February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that 
contain lower relief, mid-elevation mountain ranges will likely shift relatively quickly into new 
precipitation phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 
4566). The interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated 
areas to warming because much of the region is characterized by relatively warm winter 
temperatures and by mainly mid-elevation mountain ranges. The climatic rain-snow transition 
zone will move up in altitude and north in latitude.   
  
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and 
deciduous/boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved 
upslope in both the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and 
Baker 1980). Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some 
locations up to 100 m) during a recent 50-year period of warming (Kullman 1990). However, 
despite recent warming, the alpine treeline in North America has thus far remained relatively 
static (Butler et al.  
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
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movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201).  
  
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions  
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats.  
  
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous.  
   
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 



 

61  
  

North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9).  
    
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 
13–14). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).   
   
Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48).  
  
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp.  
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below.  
  
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably anticipated 
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include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare cycle, 3) 
reduction in snow conditions necessary to give lynx a competitive advantage, 4) reduction in 
hare habitat quality and populations, 5) reduction in the amount of lynx and hare habitat in the 
U.S., 6) changes in the frequency and pattern of disturbance events, 7) introduction of disease 
and parasites, and 8) reduced gene flow. Synergistic effects between these factors and other 
stressors (e.g., forest management, trapping, development) may intensify their effects (Carroll 
2007). Diminished snow, increasing drought and fire, and increased forest pests and disease 
are believed to currently be the most important stressors for lynx in the DPS, but it is possible 
that other pathways are, or may become, equally important. Over the next decades, southern 
lynx populations will continue to be affected by climate change and associated shifts in habitat, 
prey base, and competition. The extent of such changes and whether lynx are able to adapt to 
them will determine not how, but if, this species can persist in the contiguous U.S. (Murray et al. 
2008).  
   
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation.  
   
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering largescale 
climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81).  
   
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
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in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).   
   
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).   
   
Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp.  
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548– 
4549). These trends are expected to continue with future climate warming (Hamlet and  
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of 
snowcovered and exposed areas, increasing the rate at which melting occurs in spring 
(Groisman et al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has 
led to the average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain 
West (Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and 
desert dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-
darkened landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are 
expected to decline generally in the geographic areas that contain the central and eastern 
portion of the lynx DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require 
prolonged periods of deep fluffy snow, current habitats that lose this feature would decline in 
value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire).  
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Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172).  
   
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx.  
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits their 
efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).   
   
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).   
   
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectivenesssuccess. For example, hard-packed snow is reported to be associated with a 
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higher kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth 
et al. 2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Predator communities are more diverse at the southern part of 
the lynx range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there  
(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares.  
  
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11- percent decline in 
hare survival by mid-century and a 23- percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).   
  
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).   
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Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).   
   
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia, and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102).  
   
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT  
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
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range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103).  
   
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and  
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada.  
   
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest.  
  
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
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irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727).  
  
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 19702004, 
Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of large 
fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. Mesic, 
middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the northern 
Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations.  
  
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).   
   
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
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markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
spruce budworm outbreak in Maine was the primary driver creating the current broad distribution 
of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).   
  
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).   
  
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward.  
  
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).   
   
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al.  
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats  
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(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and 
succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24).  
   
Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644).  
   
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528).  

3.3 Vegetation Management  
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
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throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another.  
   
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx.  
   
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016).  
  
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
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dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares.  
   
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by:  
  

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling;  

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation;  

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or  

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments.  

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage.  

   
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a).  
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North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West).  
   
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).   
   
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et al. 
2005), but an evaluation of harvesting in the last decade indicates these landowners increased 
harvest rates, shortened rotation rates, and shifted to managing and harvesting hardwood tree 
species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine private lands 
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management make lynx management commitments more difficult because shortterm 
landowners are not interested in long-term commitments. On the other hand, some easement 
owners may have an incentive to manage for lynx to meet forest certification requirements.  
   
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of  
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.   
   
Finally, future trends in forest management will be affected by climate change (Irland et al. 2003, 
entire). Many models have been developed to project how U.S. timber production and markets 
may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia et al. 
1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate change, 
total U.S. timber inventories will increase, timber harvest will increase, and product prices will 
decrease relative to an assumed stable climate. Some models predict that consumers will gain 
from climate change while landowners in some regions will lose. The forest industry will adapt to 
climate change in many ways including using alternate tree species in manufacturing, shifts to 
geographic regions of the country with economic advantages in timber growth, and increasing 
forest plantations with new species that are favorably adapted to the new climate and markets. 
Many strategies have been evaluated to increase the quantity of carbon stored in North 
American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in some 
forests to build carbon reserves, increased recycling to reduce use of forest products, converting 
agricultural lands to forests, and substituting wood products for more energy-intensive products. 
Increased atmospheric carbon will increase forest growth slightly, except for softwood (Irland et 
al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, is expected to 
increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth conifer forest to 
sequester carbon could benefit lynx in the West and be to the detriment of lynx in the East.  
   
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS.  
   
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 



 

75  
  

land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival.  
   
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality.  
   
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986,  
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx.  
   
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, moisture, 
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and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. 
(2005) reported that the slash and coarse woody debris remaining after precommercial thinning 
provided both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory that 
would be needed to support pre-treatment snowshoe hare densities. At this time, no other data 
are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed.  
   
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS.  
   
Uneven-aged management (single tree, partial harvest, and small group selection) practices can 
be employed in stands where there is a poorly developed understory, but have the potential to 
produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature 
multistory forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat.  
   
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and 
unevenaged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
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future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx.  
  
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances, there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat.  
   
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares.  
  
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing the 
understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.   
   
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
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reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).   
   
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to -17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569).  
   
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988).  
   
Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high- quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes.  
   
Forest management can fragment and isolate patches of high- quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx.  
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Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of 
high- quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6).  
   
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S.  
   
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to -40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir.  

3.4 Wildland Fire Management  
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 



 

80  
  

They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).   
  
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53).  
  
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land- use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
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Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).   
  
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 
4009340098).  
  
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern  
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats.  
  
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
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communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future.  
  
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al.  
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and altering 
the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely be a 
temporary impact, with burned areas subsequently regenerating into higher-quality habitat, it 
would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover.  
  
Because lynx habitats are naturally patchily- distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
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recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire).  
  
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 20). 
Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where fire 
size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx SSA 
Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were burned by 
the extensive wildfires of 1988. The extent to which those fires may have diminished lynx and 
hare habitats and contributed to the recent absence of resident lynx is uncertain, as is the 
potential for those burned areas to support high hare densities and resident lynx in the future. 
However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future.  
  
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range.  
However, given the trends discussed above and the likely continued increase in future fire 
activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.   

3.5 Habitat Loss and Fragmentation  
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.   
  
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover.  
  
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% percent loss in area (20,000 km2) of forest, and continued expansion of residential 
development will likely reduce forested patches by another 1.2% percent by 2030 (Theobold et 
al. 2011, entire). Human-caused fragmentation in the forested western landscape resulted in a 
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decline of weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current 
conditions, but models predict relatively small declines in the size of forested patches over the 
next 30 years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more 
of the natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to -20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people.  
  
Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.   
  
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high- quality patches themselves (Lewis 
et al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats.  
  
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.   
  
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
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habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.   
  
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high- quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996).  
Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).   
  
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high- quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3three of the 5five 
populations under investigation went extinct in the course of the 3-year study. Fragmentation of 
landscapes exacerbate the effect of predation by allowing carnivores to concentrate their 
hunting efforts on small patches of habitat used by their preferred prey instead of preying 
disproportionately on dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich 
landscapes characteristic of the DPS, this can result in intense predation and competition for a 
limited prey resource.  
  
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat.  
  
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.   
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The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska.  
  
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
mMountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015).  
  
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily 
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.   
  
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
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and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m  
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008).  
  
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity in 
landscapes that have extensive, large patches of habitat in combination with deep, fluffy snow. 
Within their home ranges, lynx strongly select for habitat patches that enhance their foraging 
opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, Squires et al. 
2010). Analysis of winter movements of lynx in Maine indicated that lynx responded to habitat 
heterogeneity at a coarse scale within their home ranges by maximizing their access to 
snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected homogeneous 
spruce-fir patches that supported snowshoe hares and avoided recent clearcuts or other open 
patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) reported that 
landscapes in which hare habitat was more contiguous, or surrounded by a mosaic of similar 
habitat quality, supported more hares than did more fragmented landscapes.  
  
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally patchy 
habitat that is typical throughout much of the DPS range. Anthropogenic activities such as forest 
management, development, and highways alter natural landscape patterns. They cumulatively 
can reduce the total area of habitat, diminish the quality of habitat, increase the isolation of 
habitat patches, and impair the ability of lynx and other wildlife to effectively move between 
patches of habitat. Anthropogenic fragmentation may be permanent, for example by converting 
forest habitat to residential, industrial, or agricultural purposes, or temporary, for example by 
conducting forest management  but allowing trees and shrubs to regrow. Habitat fragmentation 
(both natural and anthropogenic) increases the risk of extirpation of small lynx populations.   
  
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77).  
  
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
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incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).   
  
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural features 
such as rivers, valleys, and mountain passes that may have high value for lynx in providing 
habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and northern 
Maine. Various studies have documented lynx crossings of highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway relative to random expectation, but only 
2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, respectively). In 
southeastern British Columbia, lynx avoided crossing highways within their home ranges (Apps, 
2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with home ranges within 
an 8 km buffer of 2-lane highways,; however, only 12 of these individuals crossed the highway.  
  
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998).  
  
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly have 
fences on both sides, service roads, parallel railroads or power lines, and impediments like  
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two2-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).   
  
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
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Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits.  
  
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke et 
al. 1990), because they often move extensively after their release and are unfamiliar with their 
surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx failed 
and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.).  
  
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195).  
   
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993).  
  
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high- quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx.  
  
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
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human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations  
(including lynx) likely depends on the physical design of highway improvements, the  
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).   
  
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.).  
  
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.   
  
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat.  
  
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares.  
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In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States.  
  
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site, and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, then 
vegetation is removed and materials are excavated. For example, gravel pits are needed for 
logging road development and maintenance and are common occurrences throughout areas of 
the DPS that are in active forest management. Areas developed for salable minerals can vary in 
size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development.  
  
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years.  
  
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting.  
  
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats in 
northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may have 
contributed (along with increasing road densities and an expansion in coyote distribution) to the 
recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 
1195).   
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern.  

Chapter 4: Current Conditions  
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the lynx 
DPS in terms of redundancy, representation, and resiliency. We then provide brief summaries of 
the current conditions in each geographic unit, followed by a more detailed evaluation of the 
status of lynx populations and habitats and the factors currently believed to influence them in 
each unit. Where appropriate, we compare our current understanding to what was known or 
believed when the DPS was listed under the ESA in 2000 and to our understanding of historical 
conditions.  

4.1 Summary of Current Conditions DPS-wide  
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily- distributed than was 
thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
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recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 
19992006, and their subsequent survival and reproduction, resident lynx currently occupy parts 
of western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain.  
  
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Ffigure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate that there is no single catastrophic event that could result in the functional 
extirpation (loss of the ability to support resident lynx populations) of the entire DPS and, further, 
no or a very low likelihood of functional extirpation of any of the individual geographic units 
caused by a single catastrophic event (Lynx SSA Team 2016, p. 56).   
  
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would have 
represented substantially greater redundancy in the contiguous U.S. However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear. The historical record and recent research show that the GYA has supported resident 
lynx. However, it is unclear whether the area consistently supported a resident breeding 
population over time or whether it naturally supported resident lynx only some of the time 
(“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable.  
  
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 

Commented [M29]: How is this a current condition 
conclusion?  See related comments in Executive 
Summary. 

Commented [M30]: See comment above. 



 

94  
  

species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to have 
supported them historically in the contiguous U.S. Because there are no indications of current 
threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the current 
level of representation does not appear to represent a decrease from historical conditions, we 
find that the DPS currently displays an adequate level of representation.  
  
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Ttable 4, below), 
they were collected using different methods, at different times, and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS.  
  
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4), despite the substantial recent wildfire-
mediated loss of habitat, suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Uunits 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 

Commented [M31]: See comments above. 



 

95  
  

substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS.  
  
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places. 
    
4.1.1 Summaries of Current Conditions in Each Geographic Unit      
  
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce- and fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50- percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
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lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.   
  
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx 
radiocollared in Minnesota died after traveling north into Ontario, four from legal 
trapping/hunting, and two of unknown causes.  
  
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
(about 90 percent) of this unit, including Federal, Sstate, Ttribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
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support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then.  
  
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations exist 
in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 
6590 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential 
lynx habitat, led to increased home range size, and may have reduced the current carrying 
capacity of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat 
within this geographic unit may have been influenced by climate change (Westerling et al. 2006, 
pp. 942943). There is significant risk for potential future wildfires to further affect the viability of 
lynx in this geographic unit. Burned habitats are expected to regenerate back into suitable lynx 
habitat, but this may take 35-40 years. The Kettle Range to the east of this unit was suspected 
to have supported a small (likely fewer than 20 individuals) resident population until about 30 
years ago when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). 
Potential impediments to lynx movement between the Kettle Range and the Cascades and 
British Columbia may make natural recolonization of the Kettle Range unlikely. Results of 
snowshoe hare research suggest that the hare population density in Washington exists at the 
low end of the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The 
OWNF and CNF, which administer more than 90 percent of lynx habitat in Washington, continue 
to manage lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, 
which manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.   
  
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether and, if so, 
to what extent other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
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densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. Some lynx 
released in Colorado dispersed northward into this unit and temporarily occupied home ranges 
in areas used previously by native resident lynx, but there is no evidence of reproduction among 
these lynx.   
  
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believeconclude it is reasonable 
that lynx continue to occupy all National Forests within the State of Colorado (Odell 
undocumented pers comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, 
page 3). Habitat that supports snowshoe hares is patchily distributed in this geographic unit, 
which limits their abundance. Because the majority (90 percent) of lynx habitat in Colorado is 
under Federal land management, actions occurring on other ownerships are unlikely to result in 
significant losses of lynx habitat within this unit. The USFS manages over 85 percent of the lynx 
habitat in this unit, providing conservation through the Southern Rockies Lynx Amendment. 
However, regulatory mechanisms for the conservation of lynx are lacking on approximately 
3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx habitats on some BLM and 
some non-Federal lands.  
  
Table 4. Summary of current conditions in six geographic units within the DPS range.   
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4.2 Current Conditions - Detailed Descriptions by Geographic Unit  
4.2.1 Unit 1 - Northern Maine  
  
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.   
  
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April).  
  
Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
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percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).   
  
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and Grafton 
counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al.  
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014,  
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past  
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749).  
  
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat.  
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127).  
  
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the southern 
extent of a larger cross-border population, most of which occurs in the Gaspe region of southern 
Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the northern Maine 
unit are geographically isolated by the St. Lawrence River from lynx populations in central 
Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern Canada are 
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geographically isolated from other lynx populations on the island of Newfoundland (900 km [559 
mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] southeast of 
Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located in 
northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.   
  
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack).  
  
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26year-
old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-yearold) 
partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range scale, 
lynx select landscapes having extensive regenerating conifer forest, but also with some mature 
conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial harvested and 
mature conifer stands because of increased ease of travel and prey access along the extensive 
edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard et al. 2013, p. 574).  
  
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
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the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances.  
  
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation  
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al.  
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx.  
  
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high- quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).   
  
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100).  
  
In general, landscape- scale and home- range- scale habitat selection by lynx on industrial 
forest lands reinforces the importance of dense regenerating conifer forest along with a 
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component of mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, 
Simons 2009, pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 
573) found the probability of lynx occurrence was >50 percent when snowshoe hare landscape 
densities were >0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In 
Maine, lynx selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 
2007, pp. 19831985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years 
post-harvest) partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). Regenerating stands used by lynx typically developed 15–30 years after harvest 
(Hoving et al. 2004, p. 291), and were characterized by high stem density and dense horizontal 
cover within 1 m (3 ft) of the ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller 
and Harrison 2010, p. 12761278). These habitats supported high snowshoe hare densities 
(Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 
2009, pp. 24, 32, 36-44). At a landscape scale, lynx habitat selection did not differ between 
sexes; however, at a home range scale, males tended to use more mature forest dominated by 
conifers than females, and both male and female lynx tended to avoid mature forests that had a 
high deciduous component (Vashon et al. 2008b, pp. 1492-1493).  
  
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11– to 21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>greater than 40 years 
old), short (3.4– to 4.3 m [11– to 14 ft]) regenerating clear-cut or partially harvested stands <less 
than 10 years postharvest, and roads, and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). 
Research of year-round habitat use yielded similar results, with lynx preferentially using conifer-
dominated sapling stands that were 3.4– to 7.3 m (11– to 24 ft) in height and supported high 
densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in 
areas with intermediate to high snowshoe hare densities (tall regenerating or older partial 
harvest stands), which afforded lynx with greater mobility and where snowshoe hares were 
more vulnerable to predation, rather than in the densest stands (short regenerating stands; 
Fuller and Harrison 2010, pp. 1276-1278).  
  
Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517).  
  
Historically, lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour et 
al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests often 
exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
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several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Cchapter 14). The frequency and intensity of spruce 
budworm outbreaks, the most likely insect to affect lynx habitat, have been highly variable in 
Maine and eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, 
wildfire is less significant as a natural agent of disturbance. The typical fire regime is infrequent 
surface fires in the dormant season in the hardwood forests, and slightly more frequent but long-
interval fires in conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 
359-365, Lorimer and White 2003, p. 59). For the past several decades, early successional 
forests and lynx habitat in northern Maine, New Brunswick, and southern Quebec have been 
created almost exclusively by forest management (Lorimer and White 2003, pp. 42-43).  
  
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from 
standreplacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).   
  
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).   
  
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested.  
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Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike for Federal lands management agencies, there is no requirement thatfor private 
landowners to comply with lynx management guidelines, and a Federal nexus for review of 
forestry projects is almost nonexistent. Furthermore, there continues to be high turnover in 
forest land ownership (Hagan et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to 
provide incentives or to work with private landowners. As of 2005, there were 23 landowners in 
northern Maine with land holdings in excess of 100,000 acres including the State, Federal 
government (White Mountain National Forest south of lynx range), a conservation group (The 
Nature Conservancy), two2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with 
much land south of lynx range), and 18 private forest landowners (Nadeau-Drillen and Ippoliti 
2006, p. 13).  
  
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003,  
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the 
Federal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill.  
  
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe,  
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828).  
  
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are proprietary 
and will not be made public per NRCS policy.  
  
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
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lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances,; however, at this time this option has not been explored with landowners.  
  
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner.  
  
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx.  
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833- to 1999, which suggest that lynx 
were widespread throughout the state except for coastal areas. These records included 39 
kittens representing at least 21 litters, primarily in northern and western Maine, from 1864- to 
1999 (Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200- to 
300 lynx were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later 
documented in winter snow track surveys conducted by MDIFW duringfrom 1994- to 1998 
(Vashon et al. 2012, p. 56).  
  
At the time of listing, lynx were known to be present in northern Maine but little was known about 
their distribution, population size, and trend, snowshoe hare populations, and  
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain.  
   
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
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northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.   
  
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern  
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence  
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015).  
  
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believeconclude that the extensive young, regenerating spruce-fir 
habitat created by large-scale clearcutting in the 1970s and 1980s may currently support the 
largest lynx population in the DPS, numbering at least several hundred and perhaps more than 
1,000 resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 
2016, p. 18) . Habitat in northern Maine can support lynx densities in localized areas of high-
quality habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 
23). In 2003 when hare populations were high, lynx density (juveniles and adults) in one of 
Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a,  
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods 
(2.33.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et 
al.  
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix  
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area.  
  
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 
1012.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur 
only ephemerally, winking on an off over time as would be expected at the periphery of the 
range of a mainland-island metapopulation structure, and as suspected for other lynx 
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populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 
95-104). From 1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and 
Wildlife conducted snow track surveys in 66 townships to document the distribution of lynx and 
to inform habitat modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas 
of potential lynx habitat were well-distributed throughout northern Maine in the early 2000s 
(Simons-Legaard et al. 2016, entire; Simons 2016, entire).  
  
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.).  
  
Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087).  
  
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented lynx 
movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 2008b, 
entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 1719), and 
other aspects of their life history (Vashon et al. 2012, entire).. During the period when snowshoe 
hare populations were highest (2000-2006), Maine lynx had among the highest reproductive 
rates (average litter size 2.74, 89 percent of adult females producing litters) in the DPS (Vashon 
et al. 2012, pp. 18-19). During the current (2006-present) period of low hare density, litter size 
was smaller, only 30 percent of females had litters, and mortality was greater. Maine lynx have 
among the smallest home ranges documented in the DPS (Vashon et al. 2008a, p. XX; LCAS 
2013, p. 24; also see Ttable 3, above). Home range sizes were similar during periods of high 
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and low hare density (Mallett 2014). Lynx populations likely increased during the period of high 
hare density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) 
(USFWS, Vortex10, deterministic population simulation 2016; demographic data from Vashon et 
al. 2012).  
   
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016).  
  
Factors Affecting Current Conditions  
  
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished  
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% percent of the time) observed from 1961-1990 to about 18-20 days 
per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to 
affect lynx by reducing snow and boreal forest (see section 5.2.1).  
  
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly at 
least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another two 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last six decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52).  
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Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the lynx 
in northern Maine (1981-2010) was below this threshold  and ranged from 228- to 263 cm (90- 
to  
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England 
(19652005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). 
Thus, average snow conditions in Maine are currently at or below snow depth thresholds for 
lynx, and further declines in annual snow depth would be expected to reduce the probability of 
lynx persistence in the region (Hoving et al. 2005).  
  
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 
(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).   
  
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above.  
  
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 200-
year interval) and generally small (several acres) surface fires in the dormant season.  
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985).  
  
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high- 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above.  
  
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and 
radiotagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species.  
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Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016).  
  
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the  
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000.  
  
In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).   
  
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and 
lowelevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase 
in wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 
2, 2016), and there is increased interest in placing developments on private lands in 
unpopulated areas in northern Maine, New Hampshire, and Vermont. Wind energy is an 
increasingly appealing source of income for investment companies and other landowners who 
own forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been 
proposed in northern Maine and five projects are in operation; two have been proposed in 
northern New Hampshire and two are in operation; and three have been proposed for northeast 
Vermont and two are in operation or under construction. Maine’s two largest wind projects 
(combined over 300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s 
designated lynx critical habitat. The effects of wind energy projects on lynx, hares, and their 
habitats are unknown. Potential direct effects include disturbance or displacement of resident 
lynx from large landscapes and loss and fragmentation of habitat from turbines, roads, and 
transmission lines. Increasing power infrastructure associated with these projects could greatly 
change development potential and patterns in northern Maine by bringing electricity into the 
interior of Maine’s vast undeveloped forest region. Extensive road construction would further 
fragment habitat and increase access for recreation, including trapping.  
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Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 
conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.   
  
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high- quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality.  
   
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River).  
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4.2.2 Unit 2 - Northeastern Minnesota  
  
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tTribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Ttable 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National  
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit.  
  
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed  
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5).  
  
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
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habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9).  
  
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016).  
  
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance.  
  
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data).  
  
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat  
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium.  
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This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5).  
  
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.   
  
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13).  
  
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5).  
   
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
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probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that  
intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.   
    
Factors Affecting Current Conditions  
  
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest 
ServiceUSFS and the Service (USFS and USFWS 2000, entire), for all forest activities that 
occur within LAUs. Active management of forest lands can produce lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has 
developed guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
- these voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife including lynx. The implementation of the MFRC 
guidelines is monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are 
being minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary.  
  
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project.  
  
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
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is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx.  
  
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows.  
  
As described in Cchapter 2, above, lynx are adapted for surviving in areas that have cold 
winters with deep, fluffy snow, where they outcompete potential competitors such as bobcats, 
coyotes, and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; 
Ruediger et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota 
has remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar to 
bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change.  
  
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part of 
the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).   
  

4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho  
  
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
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Ttribal and Sstate lands that were excluded from that designation (79 FR 54825). It 
encompasses approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho 
and Flathead, Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and 
Teton Counties in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 
percent private; 4 percent Sstate; and 4 percent Ttribal. Most Federal lands in this unit (82 
percent) are on national forests managed by the USFS; with NPS (16 percent) and BLM (almost 
2 percent) contributing most of the remainder. This unit includes most of Glacier National Park 
and parts of the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo 
national forests, the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai 
Tribes Flathead Reservation. It also includes (from northwest to southeast) all or parts of the 
Purcell, Cabinet, Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. 
Several areas adjacent  
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit.  
  
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657).  
       



 

119  
  

In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 
36,096km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results 
indicate that much of the area has a low to moderate probability of selection by lynx, and that 
the areas with higher selection probabilities are relatively small and patchily- but widely- 
distributed throughout the unit and are separated by intervening areas of low probability of lynx 
use (Squires et al. 2013; see Ffigure 1(a), p. 189). This patchy distribution of high-quality 
habitats interspersed with areas of low-quality or non-habitat results in naturally lower densities 
of both snowshoe hares and lynx than those in the continuous boreal forests of northern 
Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  
  
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 
14921496). Over a longer interval (1999-2003) when hare populations in this area were thought 
to be stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656).  
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Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Ttable 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497).  
  
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/  
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to  
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).   
  
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 3,658 
km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) managed by 
BLM in its Garnet Resource Area. As described above, potential lynx habitat in this unit is 
patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six national 
forests that contribute lands to this geographic unit, potential lynx habitat was mapped on about 
54 percent of the total national forest area (both inside and outside this SSA unit; USFWS 2007, 
pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 percent of the 
park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 mi2; 27 percent of 
the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 FR 40086, 40089). 
In the Garnet Resource Area, the BLM designated five LAUs (which approximate a lynx home 
range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 61 percent) was mapped 
as lynx habitat (Sparks 2016a, pers. comm.).   
  
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations.  
  
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the  
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
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(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Ttribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).   
  
Much of the remaining USFS lands and the BLM lands have developmental land- use 
allocations where some management activities have the potential to impact lynx or its habitat. 
However, as described above in section 3.1.1, USFS lands in this unit are managed in 
accordance with the NRLMD, which formally amended all forest plans to adopt and implement 
lynx conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were 
developed based on the scientific findings and recommendations of the LCAS (Ruediger et al. 
2000, pp. pp. 7-1 - 7-18). Similarly, the BLM in 2004 amended the Resource Management Plan 
(RMP) for the Garnet  
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.   
  
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and Sstate regulations and by a number of 
private/public conservations partnerships and Sstate agency efforts. As described in section 
3.1., above, some Federal and Sstate regulations guide some activities on private lands, 
including the ESA’s prohibition on take of listed species, and Sstate regulations governing 
trapping and timber management. In addition to these protections, there have been several 
other notable lynx conservation achievements on private lands in this unit since the DPS was 
listed. Two of these, the Clearwater-Blackfoot Project and the Montana Legacy Project, are 
multi-partner and community efforts led by The Nature Conservancy in Montana to purchase 
large tracts of private commercial timberlands, conveying some to the State of Montana and the 
USFS for conservation management, and acquiring conservation easements on others (TNC 
2016a, 2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 
km2 (260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to 
the south and west that may occasionally or temporarily support lynx or provide dispersal 
habitat. Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 
km2 (1,195 mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated 
lynx critical habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the 
northwest part of the unit (MTFWP 2016, pp. 1, 3).   
  
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
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As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust  
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b,  
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust lands 
in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 64 
percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity  
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).   
  
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).   
  
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest ServiceUSFS in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also, as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
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geographic unit currently has a 90- to 95- percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).   
  
Overall, although naturally fragmented and patchily- distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects.  
  
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx habitat 
(Squires 2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7- to 
10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current 
and historical distributions of lynx habitats in the Garnets and found that early- successional 
stands (future hare and lynx foraging habitats) were at 25-50 percent of the historical condition 
in lower- elevation (1,370- to 1,830 m [4,500- to 6,000 ft]) lynx habitats, and 10- to 30 percent in 
higher- elevation (1,675- to 2,130 m [5,500- to 7,000 ft]) habitats. Late- successional (mature 
multistoried) stands (25- to 75 percent of historical condition) and large (>greater than 100 ha 
[250 ac]) patches (25- to 50 percent of historical condition) were also underrepresented at lower 
elevations, but at higher elevations, late- successional stands and large patches exceeded 200 
percent and 100 percent of historical conditions, respectively. Lower elevation habitats were 
fragmented by roads and past management practices (i.e., timber harvest), while higher-
elevation habitat patterns were attributed to the absence of disturbance, including fire (BLM 
2004, p. 5), though fire absence was not attributed to suppression.  
  
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.   
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In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, Sstate, and Ttribal regulations and management direction, 
conservation easements, and an approved HCP. Much of the area consists of designated 
Federal and Ttribal wilderness areas and other nondevelopmental land use allocations, where 
management activities with the potential to adversely affect lynx generally do not occur. On 
lands with development allocations, USFS, BLM, and State management are based on plans 
that incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.   
  
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR  
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic 
substructuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p.  
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20).  
   
From 1998 to 2007, researchers with the Forest ServiceUSFS’s Rocky Mountain Research 
Station in  
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Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 2003-
2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Ttable  
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly- cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown.  
  
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable.  
   
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
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Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20).  
  
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).   
  
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping crew 
in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7).  
  
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural sourcesink 
dynamics of a naturally ephemeral peripheral population in a mainland-island  
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or 
landscapelevel hare densities necessary to support resident lynx populations (79 FR 54818-
54820).  
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Factors Affecting Current Conditions  
  
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount of, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.   
  
Currently, as described above and in section 3.1, all Federal and Ttribal lands, most Sstate 
lands, and large blocks of private or formerly- private land in this unit are managed for the 
conservation of lynx habitats, and much of the unit is in designated wilderness or other 
nondevelopmental land- use allocations. Regulatory mechanisms and conservation measures 
associated with these management strategies are intended to conserve and restore lynx and 
hare habitats across large landscapes and multiple ownerships. Although their effectiveness has 
not been quantitatively evaluated, and despite the potential extirpation of a small population in 
the Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit.  
  
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6).  
  
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the 
harelynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx 
harvest in Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, 
but declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and 
season closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 
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28). Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 
8,000 in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s 
until the year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in 
Canada may influence lynx dispersal across the border and into this geographic unit is 
unknown; however, such dispersal was documented historically when harvest levels in Canada 
were much higher than under current management.   
  
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts are 
likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).   
  
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
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these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most Sstate and Ttribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Ttribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.   
  
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.   
  
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.   
  
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
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habitats are also (like Montana and Idaho) patchily- distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193).  
  
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al.  
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 
[https://www.fws.gov/mountainprairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix
%205%20Presentation%20PD Fs/2015%2010%2013%20-%205%20-
%20Bowman%20Lynx%20Southern%20Canada.pdf]).  
  
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.   
  

4.2.4 Unit 4 - North-central Washington  
  
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
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includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Ttribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit.  
   
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with  
Canada is important to lynx populations in northern Washington and the Cascade Mountains.  
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65).  
   
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in Washington 
for lynx were reduced to one month. In 1987 a restricted permit system was implemented, and 
in 1990 a statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2).  
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Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high- quality 
habitat (Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and high-
quality likely more fragmented, and thus may not be capable of supporting a density of 2.3 
lynx/100 km2. The Kettle Range is also somewhat isolated from other lynx habitats in 
Washington (e.g., the  
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range.  
  
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50).  
   
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% percent (40 of 46) of lynx scats, while red squirrels 
were identified in 28% percent (13 of 46) of lynx scats.  
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Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 
and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).   
   
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016).  
  
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085).  
  
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
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(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur.  
  
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan- 
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and 
SalmonPriest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor 
the Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).   
   
In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington.  
   
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
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during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.   
   
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).   
   
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows:  
   

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or 
nonhabitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21).  
   

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
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estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21).  
  
Factors Affecting Current Condition  
  
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence.  
  
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/  
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest ServiceUSFS entered into a Conservation Agreement (CA) with 
the Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006  
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs.  
   
The LCAS, which was also developed pursuant to the listing by an interagency team 
compriseding of USFS, BLM, Service, and NPS personnel, identified four primary risk factors 
potentially exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
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habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
ServiceUSFS and Service which commits the Forest ServiceUSFS, specifically for Washington 
the OWNF and CNF, to use the LCAS in the management of lynx habitat on their ownerships 
and when designing and implementing projects within LAUs.  
  
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx  
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Ffederally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada.  
  
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2)  
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation.  
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Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit.  
  

4.2.5 Unit 5 - Greater Yellowstone Area  
  
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR  
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon,  
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park,  
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations in 
Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern  
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit.  

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123).  

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
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National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30- 
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of  
1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).   

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).   

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 3,944 
km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by BLM. 
As described above in section 3.1.1, USFS lands in this unit are managed in accordance with 
the NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and Kemmerer districts, 
respectively, to include conservation measures and BMPs for lynx based on the LCAS (BLM 
2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with developmental land- use 
allocations, these amended forest plans and the revised BLM RMPs provide guidance on the 
kinds of activities that can and cannot be implemented in important lynx habitats and thresholds 
for the proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time 
and how much can be converted from suitable to (temporarily) unsuitable over particular time 
frames. Implementation of these plans has likely benefitted lynx by providing a consistently-
applied framework for conserving and restoring important hare and lynx habitats.  

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A12). 
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Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete other 
terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx 
occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
  
This unit includes substantial areas in nondevelopmental land- use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats.  

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45).  

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx.  

Overall, although naturally fragmented and patchily- distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects.  
  
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land- use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land- use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.   

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). However, 
two resident lynx, a male and a female, were trapped, radio-marked, and monitored in the 
Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire).  
  
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires in 
Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526;  
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-/2005 through 2007-/2008, 26 snow 
tracks on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to 
be from five5 individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.).  
    
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920- to 1999 (McKelvey et al. 2000a, p. 
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230); however, surveys in 2001- to 2004 documented at least 3three individual lynx, including 
two kittens, in the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-
released lynx also traveled through the park (Devineau et al. 2010, p. 526), and two possible 
(unconfirmed) lynx tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife 
Research 2009, pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern 
part of the unit, a single female was detected over six consecutive winters (2003/2004 -to 
2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not 
encounter a male or produce kittens during the six6 years she was detected (Gehman et al. 
2010, p. 4).   

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.   

Factors Affecting Current Conditions  

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit.  
Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7), and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing.  
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Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 1415; 
Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to continue 
to occur, there currently is no evidence that climate change has had population-level effects or 
has reduced the ability of this unit to support persistent resident lynx populations. However, 
such impacts would be difficult to document and, as described under Habitat Status, above, 
because lynx habitats in this unit are naturally highly-fragmented and hare densities low in some 
places, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit. Modeling vegetation and snow suitability for 
lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and 
temperate conifer forest biomes were broadly distributed across this geographic unit and that 
snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. (Future 
conditions based on this modeling are described in section 5.1.3, below). As described in 
section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).   

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.   

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.   

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
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roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.   

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain- 
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD 
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).   

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.   

4.2.6 Unit 6 - Western Colorado  
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Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).   
  
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.   
  
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and 
Douglasfir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, 
while southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx.  
   
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx.  
   
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid 
lowerelevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx.  
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Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and 
latesuccessional spruce-fir forests. However, this study was conducted in a very limited area 
and did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare 
hare densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32).  
  
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911).  
   
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.”  
  
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern  
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In  
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25% percent) LAUs 
currently exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These 
changes are mostly in response to the ongoing bark beetle infestations, as well as wildfire 
events that have occurred since 2008.  
  
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
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km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).   
  
Regulatory mechanisms in Colorado are largely provided through Forest ServiceUSFS planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.).  
  
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believeconclude it is reasonable that lynx continue to occupy all National Forests 
within the  
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire).  
   
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent  
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown.  
   
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75– 
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest  
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016).  
   



 

148  
  

Factors Affecting Current Conditions  

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4).  

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.   
   
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for snowshoe 
hares and lynx for several decades, until the crowns again lift above the reach of snowshoe 
hares.  
   
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity.  
  
ILBT (2013 p. 57; 61-62) states:  
  

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
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none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado.  
  
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I70, 
I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx movement, 
as repeated successful crossings by radio-telemetered lynx have been documented on I-
70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. Squires, personal 
communication 2012). At this time, it appears that hit by vehicle mortality may be a less 
significant mortality factor for lynx in Colorado.  
   
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability of 
lynx habitat within localized areas, in part by influencing the distribution or abundance of 
prey resources within the developed area. However, there is also considerable anecdotal 
evidence of lynx using ski areas.  
   
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states.  
   
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely.  

Chapter 5: Future Conditions  
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
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likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six6 geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions.  
  
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Cchapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why.  
  
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and incentives 
to continue to conserve lynx and its habitats and to assure persistence of resident lynx 
populations in those places that can support them on Federal, State and Tribal lands (perhaps 
some private lands as well). Our evaluation, therefore, considers the possibility of the future 
relaxing of some lynx conservation measures and efforts, but not the complete absence of all 
protections for lynx. Implicit in our evaluation of the future for lynx in the contiguous United 
States is our recognition and consideration of a future in which the DPS is not listed under the 
ESA. However, we do not evaluate the unlikely hypothetical future in which all protections and 
conservation efforts disappear. Rather, we assume that, although some protections could be 
relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for some 
states to reinstitute limited trapping/hunting harvest), non-ESA regulatory requirements and 
nonregulatory objectives for species and habitats (not necessarily lynx specific) and an incentive 
to preclude ESA listing of the lynx would contribute to the continuance of conservation efforts 
benefitting the lynx on Federal, state, tribal, and some private lands. Our evaluation, therefore, 
considers the possibility of the future relaxing of some, but not the complete absence of all, lynx 
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conservation protections and conservation efforts. Some of the experts we consulted indicated 
that their projections assumed the status quo (i.e., continued protections under the ESA and 
current Federal and Sstate land management policies). Others indicated their persistence 
probabilities were not influenced by regulatory considerations but that doing so would not have 
altered their projections; they felt that factors influencing lynx persistence on the landscape are 
independent of ESA listing status (Lynx SSA Team 2016, p. 52).  
  
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.   

5.1 Summary of Future Conditions DPS-wide   
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts.  
  
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units, and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
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forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.   
  
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Ttable 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units.  
  
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Ffigure 7).  
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Ffigure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  
  
Our evaluation generally concurs with the expert input we received. We believeconclude that 
lynx populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believeconclude it is more likely than not that resident lynx 
will be functionally extirpated by the end of the century from one or more of the five geographic 
units that currently support them.  
  
We acknowledge that under a “worse case” climate- modeling scenario the boreal and 
subalpine forests and snow conditions lynx need could completely disappear from some units 
and be substantially reduced in the remainder by the end of the century (we are aware of no 
climate modeling that suggests the complete disappearance of potential lynx habitat from the 
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entire contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more 
likely in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case.  
  
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believeconclude the most likely future 
condition of the DPS is that resident lynx populations will continue to persist at the end of the 
century in two or three of the five units that currently support them (i.e., they will be functionally 
extirpated from two or three of the units) and that, even where populations persist, they will be 
reduced in numbersize and distribution and, therefore, resiliency.   
  
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially- discrete event. We recognize that a sequence of 
discrete but spatially- clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well- distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.   
  
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
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units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and likely 
future relative genetic health of the DPS.  
  
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate.  
  
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates to decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events.  
  

5.1.1 Summaries of Future Conditions in Each Geographic Unit    
  
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high- quality hare habitat will drop from 
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about 10 percent to 5 percent of the landscape. High- quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward.  
  
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid-century to 
late century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent disturbance of the forest all will contribute toward the 
trend in the loss of spruce-fir forest and expansion of northern hardwoods, although the 
timeframe for conversion is uncertain. The lynx experts we consulted indicate the probability of 
persistence will decline to about 50% percent by the end of the century, although there was 
wide variation in opinions. After reviewing the scientific literature concerning climate change 
projections (diminishing snow conditions, lack of elevational refugia), some members of the 
Core Team were more pessimistic about the future of lynx in Maine than the lynx expert panel. 
In particular, we observed that there is great uncertainty about the future of forest management 
and future development on private forest lands. We also note that the threat for which the lynx 
DPS was listed, the lack of specific conservation direction in Federal forest planning and 
management regulations and direction, has not been addressed on private lands. There are no 
long-term management plans in place, State forest regulations have greatly influenced 
harvesting practices that have (and will continue to) reduce landscape hare densities, markets 
for forest products are depressed, and projections (under current harvest scenarios) are that 
habitat will diminish and shift southward in the near term because of post-harvest succession 
and recede northward over the longer- term because of continued climate warming.  
  
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity, and persistence of snow, competition, disease, and forest insects, and over the long 
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term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listedUnder a future scenario without Federal 
listing, we predict that the species would be placed on the Forest’s Regional Forester Sensitive 
Species list for at least 5 years, which gives it a higher priority than other species for monitoring 
and management during that time. It is expected that the MFRC guidelines will remain in place 
into the future and that voluntary actions will continue on State and private lands. However, it is 
unclear on what proportion of State and private lands these voluntary actions will be 
implemented into the future. Further, these guidelines are generalized for listed species and 
give no specific direction for lynx. Taking all factors into consideration (i.e., loss of boreal forest, 
increased competition, potential disease and insect outbreaks, loss of snow), lynx experts 
projected the mean probability persistence of lynx in Minnesota to the year 2025 wasto be 
greater than 90 percent, to 2050 wasto decline to 80 percent, and to 2100 to would decline to 
approximately 35 percent by 2100. After reviewing the scientific literature concerning climate 
change projections (diminishing snow conditions, loss of boreal forest, lack of elevational 
refugia, increased competition, and potential disease, and insect outbreaks), some members of 
the  SSA Core Team were slightly more pessimistic about the future of lynx in Minnesota than 
the lynx expert panel. The Core Team concluded that the climate-mediated conversion of boreal 
forest to temperate forest and the loss of favorable snow conditions could occur at a rate and 
extent that would result in a lower probability of persistence than the median most likely 
estimate provided by experts, including the possibility   that resident lynx could be extirpated 
from this unit by the end of the century.  
  
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
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the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency.  
            
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% percent to 90% percent (median = 80% percent), mid-century persistence at 30% percent 
to 80% percent (median = 70% percent), and end-of century (year 2100) persistence 
probabilities less than 50% percent (median = 38% percent) for lynx populations within this 
geographic unit. After considering the best available scientific information and input from lynx 
experts summarized above, the Core Team is generally in agreement with the experts regarding 
the probability of long-term persistence of Canada lynx in this geographic unit. We expect this 
unit will continue to support a small resident lynx population through midcentury but that its 
ability to do so beyond then is questionable, and that functional extirpation of lynx from this unit 
by the end of the century is more likely than not.  
  
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
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other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century.  
  
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in  
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to become 
more fragmented by areas that no longer retain appropriate snow conditions and vegetation. 
However, we anticipate large areas of snow persistence to remain through the end of the 
century. Beetle kill and wildland fire will result in temporary nonfunctional habitat conditions. 
However, affected areas are likely to regenerate and provide excellent habitat conditions to 
support hares and lynx. A caveat to future habitat conditions in light of climate warming is that 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares. Our conclusion, based on the information 
available to us, is that lynx are likely to persist in western Colorado to the end of the century. 
Our conclusion is not without uncertainty, stemming primarily from the historical lack of evidence 
of consistent lynx presence within Colorado prior to the reintroduction effort. Our conclusion is 
generally consistent with that of the experts.  
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Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit.  
  
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties.  
  

Lynx 
population  

Lynx expert 
probability of 
persistence  

Key evidence  Uncertainties  

Unit 1 Maine  2050 median  
80% (range 20 

to 100%)  
   

2100 median 
50% (range 0 to 

100%)  

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range  

● Slight recovery of habitat by end of 
century depending on forestry trends  

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations  

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units  

● Little elevation refugia  

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada  

● Future shifts in land ownership, 
forest products markets, and  
development  

● Extent and pace of deteriorating 
snow conditions  

● Response of hares (pelage 
mismatch), bobcat and fisher to  
changing snow regime  

● Extent and pace of loss of spruce-fir  
● Future trends in hare populations  
● Disease and parasites in lynx  
● Effects of lynx trapping in Quebec  

Unit 2  
Minnesota  

2050 median  
80% (range 35 

to 100%)  
   

2100 median 
35% (range 0 to 

100%)  

● Smaller population could be 
susceptible to stochastic effects  

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods  

● Continued demographic and genetic 
connectivity to southern Ontario 
populations  

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario  

● Extent and pace of deteriorating 
snow conditions   

● Response of bobcat and fisher to 
changing snow regime  

 

 

 ● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx  

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100  

● Rate of decline of spruce-fir  
● Future trends in hare populations  
● Disease and parasites in lynx  
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Unit 3 
Northwester 
n Montana  

2050 median  
90%  

(range 40 to  
100%)  

   
2100 median  

~78%  
(range 10 to  

100%)  

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management  

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations  

● Potential high elevation buffer against 
climate change  

● Recent loss of small 
submetapopulation in Garnet Range  

● Increasing fire frequency  

● Extent and frequency of fire in hare-
lynx habitat  

● Extent and frequency of insect 
outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir  

● Future trends in hare populations  

Unit 4 
Northcentral  
Washington  

2050 median  
70%  

(range 10 to  
100%)  

   
2100 median  

~38%  
(range 0 to 90%)  

● Habitat and population low because 
of recent fires; could be susceptible to 
stochastic effects  

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations  

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration  

● Extent and frequency of fire in hare-
lynx habitat  

● Extent and frequency of insect 
outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Future trends in hare populations  

Unit 5 
Greater  
Yellowstone  

2050 median  
35%  

(range 0 to  
90%)  

   
2100 median  

15%  
(range 0 to 90%)  

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management  

● No connectivity with Canada 
populations; little immigration from 
DPS populations  

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration  

● Low quality habitat; dry; low hare 
populations  

● Smaller population could be 
susceptible to stochastic effects  

● Will habitat support adequate 
landscape hare densities to support 
lynx?  

● Extent to which GYA remains 
demographically isolated from other 
DPS populations; immigration from 
Colorado population  

● Extent and frequency of insect 
outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Future trends in hare populations  
● Extent to which high elevation may 

provide climate and snow refugia  
● Extent to which area will be  

   repopulated by the north and/or the 
south  



 

162  
  

Unit 6 
Western  
Colorado  

2050 median  
80%  

(range 20 to  
100%)  

   
2100 median  

50%  
(range 0 to 

100%)  

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise  
habitat will remain stable with USFS 
management  

● Isolation from other lynx populations  
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration  

● Uncertainty about stability of 
recentlyreintroduced lynx population  

● Demographic and genetic effects of 
isolated population  

● Extent and frequency of fire in hare-
lynx habitat  

● Extent and frequency of future 
insect outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir  

● Future trends in hare populations  

  

5.2 Future Conditions - Detailed Descriptions by Geographic Unit  
  
5.2.1 Unit 1 - Northern Maine  
  
Expert Projections of Lynx Persistence    
  
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.   
  
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid-century to 
the end of the century (2050, 2100). Snow conditions would continue to deteriorate (especially 
in the Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).   
  

Commented [M43]: The issues common to two or 
more of these units are not always addressed 
consistently.  
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In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities).  
  
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past.  
  
The best available science indicates that hare populations have declined by about half across all 
stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.   
  
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWSService’s lynx Core Team generally 
agreed with this prognosis with the exception that some were less optimistic about the 
persistence of this population, especially after reviewing the literature pertaining to climate 
change in this region.  
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Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).   
  
Note: In Ffigure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
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regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire).  
  
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16).  
  
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will use 
widespread use of pesticides to control spruce budworm and herbicides to promote spruce-fir 
regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
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motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).   
  
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for supporting 
lynx.   
  
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.   
  
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.   
  
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
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snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).   
  
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.   
   
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.   
  
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).   
  
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 



 

168  
  

Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire).  
  
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.   
  
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.   
  
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the many 
variables that influence shifting of the forest species composition (emissions scenarios, the long 
lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2). The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).   
  
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides).  
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Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015).  
  
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut in 
the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 
19841985), snowshoe hare densities are approximately 50 percent less in landscapes 
dominated by partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 
1276). Thus, changing forest management practices have and will continue to reduce landscape 
hare density possibly below levels that can support lynx.   
  
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).   
  



 

170  
  

The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032  
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape  
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).   
  
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high- quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high- quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8).  
  
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high- quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).   
  
Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations.  
   
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 



 

171  
  

to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade.  
  
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030.  
  
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled simultaneously 
(K. Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end 
of the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 
2013, entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above) (Legaard et al. 2013). Mixed forests having a high (greater than 50% percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or be 
preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can adapt to 
lower landscape hare densities associated with mixed hardwood-softwood forest. They may 
persist, but at lower densities as they currently do in the western units of the DPS. However, the 
probability of persistence is further diminished by deteriorating snow conditions and increased 
populations of bobcats and other competitors.   
  
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e., wider extremes of summer drought and precipitation) during the 
next century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could 
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create fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947.  
  
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the Sstate’s “unorganized 
townships” are the responsibility of the Land Use Planning Commission (LUPC) in the Maine 
Department of  
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to -15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.   
  
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.   
  
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
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uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about  
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future.  
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it, too, 
may decline because of declining snow (see climate change section, above). The effects of new 
or expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township.  
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit  
  
Within the last five5 years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two2 resorts would be constructed on about 
14 km2 (5.5 mi2), and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.   
  
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010,  
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation 
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180250 
mi2) and become two of the largest such projects in Maine. Mining is not a traditional land use in 
this unit, but a large mining operation is being considered at one location in designated lynx 
critical habitat. Extraction operations for gravel (for road building) are widely- scattered 
throughout the unit.   
  
The area designated as lynx critical habitat is heavily- roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).   
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An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.   
  
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx.  
  
Conclusion  
  
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 
turnover, and development pressures), the Core Team also believedfinds that the population 
status of lynx in Maine will diminish substantially in the future. The Core Team believedfinds that 
lynx populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team further findsbelieved that, given current trends (diminishing snow 
conditions, extensive partial harvesting of the forest, forest fragmentation, possible pelage 
mismatch for hares, increasing populations of bobcat and fishers in a lower snow environment) 
landscape hare densities have declined, and will continue to decline in northern Maine. 
Extended periods of lower hare numbers (as seems to be occurring now), would be expected to 
exacerbate these declines.  
  
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believeconclude that development pressures (residential 
and commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future.  
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The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); forresulting from new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development). Without Federal 
listing, few of these projects would consider lynx. Critical habitat has been an important 
consideration in the Federal review of the aforementioned kinds of development projects. 
Critical habitat also has had a positive influence on land conservation in northern Maine, with 
land trusts and nongovernmental organizations using the lynx and their critical habitat as 
justification for seeking funds for conservation easements. This justification for habitat protection 
would no longer be valid in a future scenario without lynx being Ffederally- listed. The Core 
Team concludes that a future scenario without Federal listing would result in increased habitat 
loss and fragmentation and would result in reduced justification for habitat protection initiatives 
in northern Maine.  
  
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believefind that several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believeconclude that, despite a closed hunting and trapping 
season, incidental take would continue and possibly increase and could become a significant 
threat to a population of lynx that will likely be significantly diminished by mid-century to late-
century.  
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After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high- quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
sState regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believeconclude that climate change is a significant 
threat to lynx in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical 
to the existence of hare and lynx, and snow depth and duration are currently at or below the  
thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce- and fir isare being replaced by 
northern hardwoods because of climate change. Frequent forest cutting and disturbance, 
including a pending spruce budworm outbreak, could accelerate conversion to northern 
hardwoods. We acknowledge that the rate of spruce-fir decline is uncertain, but note that some 
of the science reviewed indicates the spruce-fir forest type could nearly disappear from Maine 
by late-century under both low and high emissions scenarios. Climate change models portend 
declining snow conditions from low- to high- emissions. Because increases in temperature are 
thus far tracking high emissions scenarios, we are less optimistic for snow conditions that favor 
lynx by mid-century to late-century. In the past decade, interest in development has increased in 
lynx critical habitat, especially proposals for large-scale residential and resort development and 
extensive wind energy development that could cover hundreds of square miles. We conclude 
that these threats, individually and cumulatively, indicate diminished populations of lynx and 
their habitat. We find that, Iif these threats are not abated, we believe that the probability of 
persistence will be lower than projected by experts by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century. 
   
5.2.2 Unit 2 - Northeastern Minnesota  
  
Expert Projections of Lynx Persistence  
  
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Ffigure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
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drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change.  
  
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised.  
  
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit).  
  
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38).  
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Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100).  

Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest ServiceUSFS 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can maintain, restore, or create lynx habitat, and the SNF 
has a long-term commitment to doing so. If the SNF continues to follow vegetation and wildland 
fire management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, Under a future scenario without Federal listing, we predict that the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
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during that time. The SNF consults with the FWS to consider the effects of any projects to lynx 
and its critical habitat and is anticipated to do so as long as the species is listed under the ESA.  
   
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest ServiceUSFS and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing.  
   
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests.  
   
The NPS manages Voyageurs National Park, which is also within the Minnesota unit.  
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific direction 
in its management plan (NPS 2002, entire). The National Park consults with the FWS to 
consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as long 
as the species is listed under the ESA. Lynx documented on and near Voyageurs National Park 
are probably transient animals (Moen et al. 2012, p. 348).  
   
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future.  
   
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
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from trapping (ILBT 2013, p. 49). If the DPS waswere not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume.  
  
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future conservation 
of lynx because lynx distribution and habitat is likely to shift upward in elevation within its 
currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). Greatest 
stressors of climate change include diminishing snow depth, quality and duration; competition 
from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004,  
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario.  
   
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).   
   
Lynx require at least four4 months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, and of 24 inches or greater ranged from 10 to 30 days (Kuehnast 
et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in 
the frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception 
of projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).   
   
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.)  
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http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht 
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-winter to-late winter by the 
end of the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).   
    
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next  
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the sState by 2095 (Moen 
and Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of only the small area in Cook County (the extreme 
northeastern corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than 
the majority of the area that is now considered lynx core habitat and would, therefore, support a 
much smaller number of resident lynx than likely occur in the unit now.   
  
Vegetation Management - Vegetation management activities similar to that conducted under 
current  
Forest Plans will likely continue into the future on Forest ServiceUSFS lands in Minnesota as 
long as the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood harvest, partial cut, and uneven-aged cutting; wildlife restoration projects that 
involve tree cutting, shearing, burning, seeding, and planting; prescribed burning for ecological 
purposes, hazardous fuel reduction, and site preparation; and mechanical site preparation. If the 
DPS is delistedUnder a future scenario without Federal listing, we predict that the species would 
be placed on the Forest’s Regional Forester Sensitive Species list for a minimum of five5 years, 
which gives it a higher priority than other species for monitoring and management during that 
time; however, it is unclear what the forest management would entail during or after that period 
of time.  
  
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
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Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended fForest pPlans, using LCAS as a basis. Future Forest Plan revisions will likely 
maintain broad direction to design and implement vegetation management projects to maintain 
or restore conditions for lynx foraging and denning habitat and to maintain or improve 
juxtaposition of required habitat types and connectivity.  
   
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially- thinned harvest, depending on unit size and remaining stand composition 
and structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan.  
  
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).   
  
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW.  
  
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three3 to five5 years, depending on the forest type and 
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number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.   
  
Fragmentation, Development, and Human Access - Throughout the SNF and northern  
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW.  
  
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management  
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.   
  
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
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hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.   
  
Conclusion  
  
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more pessimistic 
about the future of lynx in Minnesota than the lynx expert panel. The Core Team concluded, with 
slightly more certainty than the expert panel, that the lynx may be extirpated at the end of the 
century. The experts predicted the probability of persistence to decline to approximately 35 
percent by 2100 while the Core Team thought the probability of persistence would be lower at 
that time. The threat for which the lynx was listed, lack of specific conservation direction, 
associated regulations, and lynx forest management planning has not been addressed on 
private lands in Minnesota, except through voluntary guidance. There is some uncertainty about 
the future of forest management and future development on private forest lands in Minnesota 
and in adjacent lands in Ontario, although there are some basic voluntary management 
guidelines for private lands in Minnesota. Further, if the DPS is de-listedunder a future scenario 
without Federal listing, there is uncertainty whether the lynx direction on Forest lands would 
continue into the future. It is projected that habitat will diminish and recede northward over the 
mid-term to longer- term because of continued climate warming. Furthermore, hybridization and 
competition with bobcat may increase with diminishing snow conditions because of continued 
climate warming and there are uncertainties how insect outbreaks or disease may affect the 
species or its habitat.  
  
The Core Team believesfinds that the Minnesota lynx populations would be expected to decline 
more rapidly in a future scenario without Federal listing. The lynx is sState listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the sState statute, a person may not take, import, transport, 
or sell any portion of an endangered or threatened species. However, these acts may be 
allowed by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the sState. In Minnesota, the large proportion of lynx core area owned by the Forest 
ServiceUSFS provides a nexus for USFWSService review of ForestUSFS projects under 
section 7 of the Endangered Species ActESA (i.e., there is rarely fFederal funding spent on 
forestry and no fFederal permits required for forest management on private lands), which would 
be lost post de-listingnot occur under a future scenario without Federal listing. Because of their 
Federal listing, Canada lynx are recognized as a priority species for planning by fFederal, 
tTribal, sState, and private forest landowners. Voluntary guidelines that consider the Federal 
listing status may guide private landowners to at least consider measures to help conserve 
listed species in the future. Without Federal listing driving voluntary conservation guidelines, 
however, there would be little or no motivation for private forest landowners to intentionally 
engage in forest management to benefit lynx. With current Federal listing, there is a nexus for 
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the USFWSService to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); forresulting from new highways, transmission lines, 
large-scale energy development, mining, and residential and commercial development). Without 
Federal listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.   
  
Lynx would be at greater risk without Endangered Species ActESA section 9 prohibitions 
against take. In a future scenario without Federal listing, Minnesota’s incidental take planning 
effort for trapping may be further delayed or halted and may result in the diminishment of 
protective measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 
lynx have been reported to be incidentally trapped in Minnesota since listing, resulting in at least 
6 mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without fFederal 
protection. High-profile law Federal law enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota, and trapping would be expected to occur there, thatwhich may lead to 
greater incidental take of lynx. Without fFederal listing, shooting lynx may increase. We 
believefind that despite a closed hunting and trapping season, incidental take would continue 
and possibly increase and could become a significant threat to a population of lynx that will likely 
be significantly diminished by mid-century to late-century.  
  
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by private 
forest landowners to management plans to ameliorate this stressor. After reviewing the best 
available scientific information, we believeconclude that climate change is a significant threat to 
lynx in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy 
snow is critical to the existence of hare and lynx, and snow depth and duration are currently at 
or below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
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decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high 
emissions. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid-century to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believefind that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts.  
  

5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho  
  
Expert Projections of Lynx Persistence  
  
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity.  
   
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95% percent, mid-century 
persistence at 70% percent to 100% percent (median = 90% percent), and end-of-century 
persistence probabilities >= 50% percent (median = 78% percent) (Ffigure 10, below).  
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Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100).  
  
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit.  
   
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
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demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at the 
southern end of this unit may have recently become extirpated.  
   
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires.  
   
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - Federal, Sstate, and Ttribal regulations and land management 
direction could change in the future, but such changes and their potential impacts on lynx 
populations and habitats are difficult to predict. Because most (84 percent) of this geographic 
unit consists of Federal lands, the regulations and guidance that govern management of those 
lands have  
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
ServiceUSFS, Park ServiceNPS, and BLM management plans are revised or amended, they 
require opportunities for public participation in accordance with several statutes (e.g., the 
National Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National 
Parks and Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 
pp. 26-34, also see 3.1, above). If plan amendments or revisions may affect listed species, 
management agencies must consult with the Service in accordance with section 7 of the ESA. If 
in the future the lynx DPS is determined by the Service to be recovered and the protections of 
the ESA no longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered 
and Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the 
States, to monitor the DPS for a minimum of five years to assess its ability to sustain itself 
without the ESA's protective measures. If, within the designated monitoring period, threats to the 
DPS change or unforeseen events affect its stability, then the DPS may be relisted or the 
monitoring period extended. Given these requirements, we expect that future Federal 
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management direction will continue to include regulations and guidance protective of lynx, 
although specific measures may change as new information becomes available.  
   
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with  
nondevelopmental land- use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act.  
  
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the  
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future.  
   
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Ttribal lands.  
   
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future.  
   
If the DPS waswere not listed, it is possible that State-managed trapping could resume in this 
and perhaps other geographic units. We expect that would only occur only if scientific evidence 
were to strongly suggested the presence of a harvestable surplus of lynx and that harvest 
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quotas would be carefully managed to ensure that the viability of resident lynx populations 
would not be diminished or that potential recovery objectives werewould not otherwise be 
compromised.  
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15).  
   
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90- to 95 percent from 1961- to 1990 to 50 percent across much of the unit by the 
end of this century (years 2071-2100), although some parts of this unit are projected to retain 
adequate snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will 
likely be a lag time between the loss of favorable snow conditions and an eventual shift/ 
contraction in vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), 
but continued warming is projected to convert much of the boreal forest in this unit to temperate 
conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and 
hare populations to persist during this lag and to adjust to future habitat distributions is 
uncertain, but habitat quality, quantity, distribution, and connectivity are expected to decline, 
likely compromising this unit’s continued ability to support resident lynx populations.   
   
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily- distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit.  
   
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
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are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below).  
   
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.   
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc.,and other silvicultural 
practices and by encouraging the use of these activities to restore, improve, or create high- 
quality hare and lynx foraging habitats where feasible.   
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future.  
   
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily- distributed 
and landscape-level hare densities are already marginal in many parts of this unit, it is possible 
that very large wildfires or many wildfires over a short time period could tip some parts of this 
unit from just barely capable of supporting resident lynx to incapable of doing so in the future. 



 

192  
  

Although fire suppression was considered a potential risk factor for lynx in the DPS range, given 
the trends discussed above and the likely continued increase in future fire activity resulting from 
continued climate warming and drying, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
resident populations, especially in places already apparently only marginally capable of 
supporting them.   
  
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, hasve been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation.  
   
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx.  
   
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected.  
   
Although the extent to which this factor may influence lynx populations in this unit is unknown,  
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 
19992007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident 
lynx population that needs but is not receiving adequate immigration. If this growth rate was 
applied continuously to a hypothetical resident population of 250 lynx (the midpoint of the range 
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in the number of resident lynx this geographic may support based on expert opinion [Lynx SSA 
Team 2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, as noted above, the lynx population in the Purcell Mountains in the northwestern part 
of this unit was estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 
2016, p. 20) over the last four4 years of the period for which the Seeley Lake population was 
estimated to be declining. In the absence of information on historical, recent, and likely future 
rates of immigration and its contribution to the persistence of lynx populations in this geographic 
unit, impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time.  
  
Conclusion  
  
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, perhaps 
in concert with other factors (e.g., decrease in or complete loss of immigration from Canada), 
result in the functional extirpation of resident lynx from this unit before the end of the century.  
  

5.2.4 Unit 4 - North-central Washington  
  
Expert Projections of Lynx Persistence  
  
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Ffigure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% 
percent to 90% percent (median = 80% percent), and mid-century persistence at 30% percent to 
80% percent (median = 70% percent). All experts predicted end-of-century persistence 
probabilities less than 50% percent, with a (median of= 38% percent,) by 2100 (Ffigure 11). 
However, one expert predicted an increase in persistence probability by midcentury as habitats 
impacted by recent large-scale fires regenerate into optimal hare-lynx habitat.  
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100).  
  
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently- unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
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Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State- managed lands within Washington State.  
  
Further, should lynx be delistedunder a future scenario without Federal listing, the management 
for and status of lynx in this geographic unit should be largely secure (insofar as we can affect 
their status [i.e., notwithstanding effects of climate change)]) as greater than 90 percent of lynx 
habitat in this unit consists of Federal ownership on the OWNF and CNF. We expect that both 
the OWNF and CNF will be required to manage for lynx and their habitat into the future because 
both forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised. However, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to the OWNF and/or 
CNF LRMPs through the National Environmental Policy ActNEPA process. Therefore, we 
expect that both the OWNF and CNF will continue managing for lynx and their habitat into the 
future regardless of their listing status.  
  
Climate Warming - The one risk factor identified by the LCAS whichthat the Forest 
ServiceUSFS, or the WADNR for that matter, has little ability to control or influence is climate 
change. Climate change was identified by the panel of lynx experts convened during 
development of the Canada Lynx Expert Elicitation Workshop Report to potentially represent the 
greatest threat to the long-term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of 
the published literature on this subject leads the Core Team to conclude that climate change 
does indeed pose the greatest risk to the long-term persistence of lynx, including within this 
geographic unit.  
   
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large- wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
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longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that fire 
exclusion had little impact on natural fire regimes. Rather, climate appeared to be the primary 
driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) estimated adult 
lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high- quality lynx habitat in 
the Meadows area of north central Washington (at least relative to other lynx habitat in 
Washington). Much of the lynx habitat in the Meadows was impacted by the recent large, stand 
replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in the northern 
Cascades. Thus, the lynx densities Koehler observed in his study area may not be currently 
supported, because as habitat becomes more fragmented and isolated (i.e., marginal), the 
carrying capacity for a particular species declines.  
   
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit.  
  
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448).  
   
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. Mote 
(2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using data 
collected by weather stations from 1930 to 1995, determined that the temperature increased in 
the Pacific Northwest, and more precipitation fell in the spring and summer months, especially at 
elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined that an 
increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 percent 
decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) determined that 
the Cascades are very sensitive to temperature changes, with large increases in temperature 
potentially resulting in significant declines in snowpack. Corroborating Mote’s speculation, 
Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has declined by up to 
40 percent in the latter half of the twentieth century, which resulted from increased 
temperatures. Furthermore, predicted continued increasing temperature changes of 2° C to 5° C 
over the next century are expected to cause further and accelerated losses in snowpack in the 
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Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the Cascades through 
2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner 
et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx densities 
supported in the Cascades. Finally, some of the best lynx habitat in this geographic unit occurs 
on plateaus that may be more vulnerable to impacts of climate change because of the absence 
of higher elevation areas to which habitats and lynx could migrate in response to climate 
warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of lynx 
habitat to large wildfires, coupled with increasing wildfire risk, the potential for the Cascades to 
support a viable lynx population may be further reduced because of projected climate-mediated 
decreases in snow quantity and quality.  
   
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis.  
  
Conclusion  

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely to 
increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit.  

  

Commented [M58]: The content of these unit 
conclusions is not consistent.  This one doesn’t 
mention land management expectations. 



 

198  
  

5.2.5 Unit 5 - Greater Yellowstone Area  
  
Expert Projections of Lynx Persistence  
   
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% percent to 70% percent (median = 52% percent), and mid-century persistence at 15% 
percent to 60% percent (median = 35% percent). All experts predicted end-of-century 
persistence probabilities less than 50% percent for this unit, with a median of 15% percent, by 
2100 (Ffigure 12). This was the only unit for which most experts believed the present probability 
of persistence is low (i.e., that it is uncertain whether this area currently supports a resident lynx 
population). Some experts increased probability of persistence into mid-century as the 1980s-
era fires regenerate into hare/lynx habitat, and with the possibility of continued immigration of 
lynx from Colorado. Other experts project a 10%-percent to 20%-percent probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area.  
  

  
Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100).  
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Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, Sstate, and Ttribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also, as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be relisted 
or the monitoring period extended. Given these requirements, we expect that future Federal 
management direction will continue to include regulations and guidance protective of lynx, 
although specific measures may change as new information becomes available.  
   
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with  
nondevelopmental land- use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act.  
  
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
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affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future.  
   
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believeconclude it is unlikely that regulatory mechanisms 
on those lands will influence this unit’s future ability to support resident lynx.  
   
If the DPS waswere not listed, State-managed trapping could resume in this geographic unit. 
We expect thatis would occur only if scientific evidence were to strongly suggested the presence 
of a harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure 
that the viability of resident lynx populations would not be diminished or that potential recovery 
objectives werewould not otherwise be compromised.  
   
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15).  
   
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
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lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.   
   
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily- distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit.  
   
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below).  
   
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future.  
   
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc.and other sylvicultural practices, and and by 
encouraging the use of these activities to restore, improve, or create high- quality hare and lynx 
foraging habitats where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future.  
   
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily- distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them.  
   
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation.  
   
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
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potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx.  
   
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time.  
  
Conclusion  
  
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short term 
(through 2025), but that it is very unlikely to support a persistent resident population over that 
time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century.  
  
5.2.6 Unit 6 - Western Colorado  
  
Expert Projections of Lynx Persistence  
   
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Ffigure 13).  
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100.  
  
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily 
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area.  
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Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern  
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest 
ServiceUSFS land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other 
ownerships makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five5 
percent is in other Federal ownership. Other non-Federal ownerships include state, county, 
municipal, etc.other governmental, and private lands. Some BLM resource management plans 
have not been amended to include conservation specifically for lynx. Lynx habitat on BLM 
ownership mostly consists of narrow forest extensions connected to larger blocks of habitat on 
adjacent USFS lands. Generally, these extensions are insufficient on their own to support a lynx 
home range. However, the Gunnison Field Office is the only BLM unit that contains sufficient 
habitat to map and identify LAUs.  
  
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207].  
   
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow  
would continue to be retained late in the 21st century, including the high elevations of Colorado.”  
  
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by 
midcentury relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61]  
  
An analysis of projected 21st century temperature trends as a function of elevation in the  
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern whether 
the warming projected for the higher elevation regions (>10,000’) in the state is substantially 
different from that projected for lower elevations” (Lukas et al. 2014, p. 63).  
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On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65).  
  
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest ServiceFS plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century.  
  
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century.  
  
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky  
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large 
standreplacing fires within lynx habitat may produce young age class snowshoe hare habitat 
after approximately 10-30 years. Although this vegetative condition may provide some high- 
quality snowshoe hare habitat, mature forests are also very important as winter foraging 
habitat.” (USFS 2008, p. 36)  
  
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed, high-
volume highways,; high mountain valley developments,; vegetation management,; ski/recreation 
area development,; and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reducesing lynx habitat. The magnitude of 
fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado.  
  
Conclusion  
  
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historical 
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record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
hadve no data). Despite these uncertainties, we anticipate lynx populations to persist through 
the end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.   
  
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believefind that, as long as the current regulatory mechanisms provided by the 
State of Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains 
in place, lynx are likely protected from take, and their habitat requirements are likely met in a 
significant majority of the available habitat within the sState. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.   
  
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year- round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future.  

Chapter 6:  Synthesis  
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats.  
  
Needs  
  
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
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generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less abundant 
and more patchily distributed than in the core of the range. Maintaining connectivity between 
lynx populations in Canada and the DPS is thought to be important; however, whether and if so 
to what extent the demographic and/or genetic health of DPS populations relies on periodic 
immigration from Canadian populations remains uncertain.   
     
Current Conditions and Threats  
  
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx.  
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) continue 
to support resident lynx, thought to number 200-300, although a small subpopulation in the 
Garnet Mountains on the southern periphery of this unit may have been extirpated recently. In 
North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events.  
  
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
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recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions.  
      
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S.  
   
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In Nnorth-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern  
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain.  
  
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below).  
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Future Conditions and Threats  
  
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS.  
  
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events.  
  
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely.  
  
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently-
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observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, the current and likely future absence of 
significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS.  
  
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate.  
     
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit.  
  
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
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and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat.  
  
DPS Viability  
  
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 
50- percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid-
century to late-century concerning the timing and extent of various stressors that will affect lynx 
and hare habitat and snow regimes, especially those related to climate change. However, 
review of the best available science in concert with input from lynx experts suggests that the 
probability of the persistence of resident breeding populations will decline in all geographic units, 
with the negative DPS-wide trajectory continuing to the end of the century, and (with no 
evidence to the contrary) beyond that time frame.  
  
Our evaluation generally concurs with the expert input we received. We believeconclude that 
lynx populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through 
midcentury in most of the five geographic units that currently support them. However, we 
believeconclude it is very unlikely that resident lynx populations will persist through the end of 
this century in all of the geographic units that currently support them. That is, we 
believeconclude that resiliency will be substantially diminished because of reduced population 
sizes and distributions throughout the DPS, with resulting extirpation of resident populations 
from two to three (of five) units more likely than not by the end of the century.   
   
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
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reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century.  
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From: Parkin, Mary
To: Krishna Gifford; Mark McCollough
Subject: Fwd: Comments on Lynx SSA Report, peer review draft
Date: Friday, January 20, 2017 11:49:58 AM
Attachments: 2017 01 06 DRAFT Lynx SSA Report_MJM-MP commments.docx

Hi both,

Just went back and saw that you were on the email Marty sent regarding the report.  Should
have included you on this email the first time around!

Apologies, and have a restful weekend,
Mary

---------- Forwarded message ----------
From: Parkin, Mary <mary_parkin@fws.gov>
Date: Fri, Jan 20, 2017 at 11:20 AM
Subject: Comments on Lynx SSA Report, peer review draft
To: Paul Phifer <paul_phifer@fws.gov>
Cc: Martin Miller <Martin_Miller@fws.gov>, Spencer Simon <Spencer_Simon@fws.gov>

Hi Paul,

Marty asked me to take a look at his comments on the lynx SSA report before forwarding to
you.  I've done so, and responded via comment bubbles to a couple of points he has raised.  I
agree with all his comments.

I also want to note the massive effort that has gone into this document and the analysis it
presents.  The lead biologist, the core team, and the FIT coaches have put in untold hours to
bring the SSA to this point.  It will be interesting to see what we receive from peer reviewers,
but I think the bulk of the work is done.

My understanding is that you'll send these comments to R6 after you've had a chance to see
them.  Is that correct?

Thanks for your continuing support for this effort,
Mary

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

mailto:mary_parkin@fws.gov


From: Tur, Anthony
To: Zelenak, Jim
Cc: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt

Broderdorp; Mark McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann
Timberman; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant Canterbury; Jeff
Krupka; Karl Halupka; Kate Novak; Kim Garner; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini; Martin
Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall;
Scott Hicks; Sue Livingston; Tom Chapman; Tyler Abbott; Dennis Mackey; Patricia Zenone; Gary Miller; Karen
Cathey; Tom McDowell; Anna Harris; Szymanski, Jennifer; David Simmons

Subject: Re: Draft Canada lynx SSA Report
Date: Friday, January 20, 2017 1:56:26 PM

Jim,

I have recently accepted a promotion to become the Region 5 At-risk Species Coordinator, so I
will no longer be serving as the New England Field Office point-of-contact for Canada lynx. 
Please add David Simmons (copied) to your contact list.

Thank you.
Tony

On Wed, Jan 11, 2017 at 5:19 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All,

Attached is the draft lynx SSA report, which was sent to our peer review contractor on Friday and to State,
Federal, and Tribal partners yesterday and today.  Apologies to those of you who have received this previously
through other/multiple channels.

The draft went through internal FWS review in Oct./Nov.  Thanks to those of you who provided comments; the
SSA Team hopes we addressed them adequately in this revised draft.

We are not soliciting additional FWS review and comment of this draft, but we wanted everyone to have the most
current version in case you get questions from your local State, Federal or Tribal partners. However, if you see
glaring errors or problems, please let me know!

Please note that the lit cited list in this draft is incomplete - the SSA Team is continuing to work on getting all the
cited documents listed and PDFs compiled in one place.  In the mean time, if you need a copy of a cited
document, let me know and we will get it to you.

Also note that we are not posting this for public review and comment, but we will make the final SSA report
publicly available.  We ask that you not distribute this draft to the public, although we anticipate some level of
circulation given all the partner agencies that have been invited to review it and provide comments.

Don't hesitate to contact me or your local SSA Core Team member if you have questions or need additional
information.

Cheers!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
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(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Anthony Tur
Endangered Species Specialist
New England Field Office
70 Commercial Street, Suite 300
Concord, NH 03301

Phone: (603) 223-2541
Anthony_Tur@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: No Lynx Core/FIT call today
Date: Tuesday, January 24, 2017 11:56:55 AM

I'm OK with no call today.  Mark

On Tue, Jan 24, 2017 at 11:30 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

I'm just back in the office but don't think a Core/FIT call is needed today.  Let me know if you strongly disagree
(and if so, why).

We will have the State/Partner coordination call tomorrow as regularly scheduled - i will send out a reminder for
that one before COB today.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: No Lynx Core/FIT call today
Date: Tuesday, January 24, 2017 11:56:55 AM

I'm OK with no call today.  Mark

On Tue, Jan 24, 2017 at 11:30 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

I'm just back in the office but don't think a Core/FIT call is needed today.  Let me know if you strongly disagree
(and if so, why).

We will have the State/Partner coordination call tomorrow as regularly scheduled - i will send out a reminder for
that one before COB today.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton; rita.dixon@idfg.idaho.gov;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov;
bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us; jim.leach@state.mn.us;
Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR); JTubbs@mt.gov; McDonald, Ken; Inman,
Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross; glenn.normandeau@wildlife.nh.gov;
Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov; Jill.Killborn@wildlife.nh.gov;
William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us;
stewart.liley@state.nm.us; rick.winslow@state.nm.us; Stuart, James N., DGF; sean.murphy@state.nm.us;
michael.schiavone@dec.ny.gov; doug.stang@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us;
Gregory Sheehan; Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov;
cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov;
kurt.thiede@wisconsin.gov; Sanjay.Olson@wisconsin.gov; Tom.Hauge@wisconsin.gov;
Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M - DNR; Rossler, Shawn T - DNR;
David.MacFarland@wisconsin.gov; John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka; Zack Walker;
Nichole Bjornlie; susan.patla@wyo.gov; Rick Kahn; Jackson, Scott -FS; Hanvey, Gary -FS; Tripp, Kim; Christopher
Boone; Sparks, James

Cc: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt
Broderdorp; Mark McCollough; Tamara Smith; Anna Harris; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab;
Ann Timberman; Brad Thompson; Chris Mensing; David Stilwell; David Simmons; Drue DeBerry; Eric Rickerson;
Grant Canterbury; Jeff Krupka; Szymanski, Jennifer; Karen Cathey; Karl Halupka; Kate Novak; Kathleen
Hendricks; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle
Eames; Patricia Zenone; Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue
Livingston; Tom Chapman; Tom McDowell; Tyler Abbott; Dennis Mackey

Subject: Lynx SSA Coordination Call
Date: Tuesday, January 24, 2017 4:44:42 PM

Hi All:

We will have a brief State and Federal Partner coordination call tomorrow, Jan. 25, at 1:00 PM Mountain Time.

866-822-7385
Passcode 5396168 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Harris, Anna
To: McCollough, Mark
Subject: Re: Lynx SSA Coordination Call
Date: Wednesday, January 25, 2017 8:41:09 AM

Thanks for the invitation Mark,

I'd like to join you for this call. Your office sounds good. Or the conference room if you'd
rather be near a speaker phone -

On Wed, Jan 25, 2017 at 8:24 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Anna:  We are having a lynx SSA Federal/State coordinating call today at 3:00.  You are
welcome to join me in my office for the call if you wish (or call in yourself).  Mark

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Jan 24, 2017 at 4:44 PM
Subject: Lynx SSA Coordination Call
To: bob.broscheid@state.co.us, craig.mclaughlin@state.co.us, Jake Ivan - DNR
<Jake.ivan@state.co.us>, "Odell, Eric" <eric.odell@state.co.us>, "Moore,Virgil"
<virgil.moore@idfg.idaho.gov>, "Dustin Miller (dustin.miller@osc.idaho.gov)"
<dustin.miller@osc.idaho.gov>, Joshua Uriarte <Joshua.Uriarte@osc.idaho.gov>,
"Sallabanks,Rex" <rex.sallabanks@idfg.idaho.gov>, Sam Eaton
<Sam.Eaton@osc.idaho.gov>, rita.dixon@idfg.idaho.gov, Chandler.woodcock@maine.gov,
"Connolly, James" <James.Connolly@maine.gov>, "Vashon, Jennifer"
<jennifer.vashon@maine.gov>, moritzw@michigan.gov, bumpa@michigan.gov,
kennedyd@michigan.gov, commissioner.dnr@state.mn.us, jim.leach@state.mn.us,
Paul.Telander@state.mn.us, "Baker, Richard (DNR)" <richard.baker@state.mn.us>, "Erb,
John D (DNR)" <john.erb@state.mn.us>, JTubbs@mt.gov, "McDonald, Ken"
<kmcdonald@mt.gov>, "Inman, Bob" <bobinman@mt.gov>, Jay Kolbe
<jkolbe.fwp@gmail.com>, seggeman@mt.gov, "Baty, Ross" <rbaty@mt.gov>,
glenn.normandeau@wildlife.nh.gov, Mark.Ellingwood@wildlife.nh.gov,
john.kanter@wildlife.nh.gov, Jill.Killborn@wildlife.nh.gov,
William.Staats@wildlife.nh.gov, Patrick.Tate@wildlife.nh.gov,
alexandra.sandoval@state.nm.us, stewart.liley@state.nm.us, rick.winslow@state.nm.us,
"Stuart, James N., DGF" <james.stuart@state.nm.us>, sean.murphy@state.nm.us,
michael.schiavone@dec.ny.gov, doug.stang@dec.ny.gov, curt.melcher@state.or.us,
derek.j.broman@state.or.us, Gregory Sheehan <GregSheehan@utah.gov>, Kimberly Hersey
<kimberlyasmus@utah.gov>, louis.porter@state.vt.us, mark scott <mark.scott@state.vt.us>,
"Bernier, Chris" <Chris.Bernier@state.vt.us>, director@dfw.wa.gov, cpl@dnr.wa.gov,
"Lewis, Jeffrey C (DFW)" <Jeffrey.Lewis@dfw.wa.gov>, "Maletzke, Benjamin T (DFW)"
<Benjamin.Maletzke@dfw.wa.gov>, cathy.stepp@wisconsin.gov,
kurt.thiede@wisconsin.gov, Sanjay.Olson@wisconsin.gov, Tom.Hauge@wisconsin.gov,
Erin.Crain@wisconsin.gov, Owen Boyle <Owen.Boyle@wisconsin.gov>, "Roberts, Nathan
M - DNR" <NathanM.Roberts@wisconsin.gov>, "Rossler, Shawn T - DNR"
<Shawn.Rossler@wisconsin.gov>, David.MacFarland@wisconsin.gov,
John.White@wisconsin.gov, scott.talbot@wyo.gov, Bob Lanka <bob.lanka@wyo.gov>,
Zack Walker <zack.walker@wyo.gov>, Nichole Bjornlie <nichole.cudworth@wyo.gov>,
susan.patla@wyo.gov, Rick Kahn <rick_kahn@nps.gov>, "Jackson, Scott -FS"
<sjackson03@fs.fed.us>, "Hanvey, Gary -FS" <ghanvey@fs.fed.us>, "Tripp, Kim"
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<ktripp@blm.gov>, Christopher Boone <ctboone@blm.gov>, "Sparks, James"
<jrsparks@blm.gov>
Cc: Seth Willey <Seth_Willey@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, Heather Bell
<heather_bell@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Jonathan Cummings
<jwcummings@usgs.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, Mark McCollough
<mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Anna Harris
<anna_harris@fws.gov>, Brady McGee <brady_mcgee@fws.gov>, Jeffrey Dillon
<jeffrey_dillon@fws.gov>, Lisa Solberg Schwab <lisa_solbergschwab@fws.gov>, Ann
Timberman <ann_timberman@fws.gov>, Brad Thompson <brad_thompson@fws.gov>,
Chris Mensing <chris_mensing@fws.gov>, David Stilwell <David_Stilwell@fws.gov>,
David Simmons <david_simmons@fws.gov>, Drue DeBerry <drue_deberry@fws.gov>,
Eric Rickerson <eric_rickerson@fws.gov>, Grant Canterbury
<Grant_Canterbury@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>, "Szymanski,
Jennifer" <jennifer_szymanski@fws.gov>, Karen Cathey <karen_cathey@fws.gov>, Karl
Halupka <Karl_Halupka@fws.gov>, Kate Novak <kate_novak@fws.gov>, Kathleen
Hendricks <kathleen_hendricks@fws.gov>, Larry Crist <Larry_Crist@fws.gov>, Laura
Ragan <Laura_Ragan@fws.gov>, Leslie Ellwood <leslie_ellwood@fws.gov>, Mark
Maghini <mark_maghini@fws.gov>, Martin Miller <Martin_Miller@fws.gov>, Megan
Kosterman <megan_kosterman@fws.gov>, Michelle Eames <michelle_eames@fws.gov>,
Patricia Zenone <patricia_zenone@fws.gov>, Paul Casey <paul_casey@fws.gov>, Paul
Henson <paul_henson@fws.gov>, Peter Fasbender <peter_fasbender@fws.gov>, Rollie
White <rollie_white@fws.gov>, Sarah Hall <sarah_hall@fws.gov>, Scott Hicks
<scott_hicks@fws.gov>, Sue Livingston <sue_livingston@fws.gov>, Tom Chapman
<Tom_Chapman@fws.gov>, Tom McDowell <tom_mcdowell@fws.gov>, Tyler Abbott
<Tyler_Abbott@fws.gov>, Dennis Mackey <Dennis_Mackey@fws.gov>

Hi All:

We will have a brief State and Federal Partner coordination call tomorrow, Jan. 25, at 1:00 PM Mountain Time.

866-822-7385
Passcode 5396168 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
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US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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https://www.fws.gov/northeast/mainecomplex/


From: Nelson, Marjorie
To: Michael Thabault
Cc: Jodi Bush
Subject: Re: Lynx decision meeting
Date: Wednesday, January 25, 2017 11:38:10 AM

Only 1 decision maker per Regiions (RDs or their proxy).  Justin was communicating
with the SSA team this message.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258

On Wed, Jan 25, 2017 at 11:31 AM, Michael Thabault <michael_thabault@fws.gov> wrote:
J, I have been getting some questions from my colleagues on the invite
list and expectations for attendance. Do we have a sense?
RD/ARD/PL/Staff?

Michael Thabault
Assistant Regional Director
Ecological Services
Mountain Prairie Region

mailto:marjorie_nelson@fws.gov
mailto:michael_thabault@fws.gov
mailto:jodi_bush@fws.gov
mailto:michael_thabault@fws.gov


From: Nelson, Marjorie
To: Michael Thabault
Cc: Jodi Bush
Subject: Re: Lynx decision meeting
Date: Wednesday, January 25, 2017 11:38:31 AM

and then the SSA team.  

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258

On Wed, Jan 25, 2017 at 11:31 AM, Michael Thabault <michael_thabault@fws.gov> wrote:
J, I have been getting some questions from my colleagues on the invite
list and expectations for attendance. Do we have a sense?
RD/ARD/PL/Staff?

Michael Thabault
Assistant Regional Director
Ecological Services
Mountain Prairie Region
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From: Parkin, Mary
To: Miller, Martin
Cc: Paul Phifer; Spencer Simon; Krishna Gifford
Subject: Re: Comments on Lynx SSA Report, peer review draft
Date: Wednesday, January 25, 2017 5:36:21 PM

Hi all,

As I understand it, R6 is arranging a lynx decision-making meeting, which will be a fairly
formal, inter-regional elicitation (much like the one you participated in for the RPBB,
Spencer).  It should be a fascinating discussion, and I wouldn't bet on any particular outcome.
Comments received on the peer review draft of the SSA report will certainly be taken into
account.

R6 will define the role of non-lead decision makers for the meeting, but bottom line is that
since the immediate decision is a 5-year review recommendation, R5, R3,R1, and possibly R2
will need to provide explicit concurrence either on the spot or afterwards.

Does anyone know what the meeting date is?  I think it's been set but don't know particulars.

Hope this info is accurate and helps a little,
Mary

On Wed, Jan 25, 2017 at 3:11 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Mary - Paul gave me the go ahead to send our comments to Jim, which I will do now.  Paul
will look over our comments and the report to prepare for the next step (not sure if R6 will
hold a Recommendation Team meeting or just ask for our concurrence on a proposed
decision).  Marty

On Fri, Jan 20, 2017 at 11:20 AM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi Paul,

Marty asked me to take a look at his comments on the lynx SSA report before forwarding
to you.  I've done so, and responded via comment bubbles to a couple of points he has
raised.  I agree with all his comments.

I also want to note the massive effort that has gone into this document and the analysis it
presents.  The lead biologist, the core team, and the FIT coaches have put in untold hours
to bring the SSA to this point.  It will be interesting to see what we receive from peer
reviewers, but I think but bulk of the work is done.

My understanding is that you'll send these comments to R6 after you've had a chance to
see them.  Is that correct?

Thanks for your continuing support for this effort,
Mary

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
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U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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From: Parkin, Mary
To: Miller, Martin
Cc: Paul Phifer; Spencer Simon; Krishna Gifford
Subject: Re: Comments on Lynx SSA Report, peer review draft
Date: Wednesday, January 25, 2017 5:36:21 PM

Hi all,

As I understand it, R6 is arranging a lynx decision-making meeting, which will be a fairly
formal, inter-regional elicitation (much like the one you participated in for the RPBB,
Spencer).  It should be a fascinating discussion, and I wouldn't bet on any particular outcome.
Comments received on the peer review draft of the SSA report will certainly be taken into
account.

R6 will define the role of non-lead decision makers for the meeting, but bottom line is that
since the immediate decision is a 5-year review recommendation, R5, R3,R1, and possibly R2
will need to provide explicit concurrence either on the spot or afterwards.

Does anyone know what the meeting date is?  I think it's been set but don't know particulars.

Hope this info is accurate and helps a little,
Mary

On Wed, Jan 25, 2017 at 3:11 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Mary - Paul gave me the go ahead to send our comments to Jim, which I will do now.  Paul
will look over our comments and the report to prepare for the next step (not sure if R6 will
hold a Recommendation Team meeting or just ask for our concurrence on a proposed
decision).  Marty

On Fri, Jan 20, 2017 at 11:20 AM, Parkin, Mary <mary_parkin@fws.gov> wrote:
Hi Paul,

Marty asked me to take a look at his comments on the lynx SSA report before forwarding
to you.  I've done so, and responded via comment bubbles to a couple of points he has
raised.  I agree with all his comments.

I also want to note the massive effort that has gone into this document and the analysis it
presents.  The lead biologist, the core team, and the FIT coaches have put in untold hours
to bring the SSA to this point.  It will be interesting to see what we receive from peer
reviewers, but I think but bulk of the work is done.

My understanding is that you'll send these comments to R6 after you've had a chance to
see them.  Is that correct?

Thanks for your continuing support for this effort,
Mary

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
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U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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From: Nelson, Marjorie
To: Michael Thabault
Cc: Jodi Bush
Subject: Re: Lynx decision meeting
Date: Wednesday, January 25, 2017 11:38:10 AM

Only 1 decision maker per Regiions (RDs or their proxy).  Justin was communicating
with the SSA team this message.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258

On Wed, Jan 25, 2017 at 11:31 AM, Michael Thabault <michael_thabault@fws.gov> wrote:
J, I have been getting some questions from my colleagues on the invite
list and expectations for attendance. Do we have a sense?
RD/ARD/PL/Staff?

Michael Thabault
Assistant Regional Director
Ecological Services
Mountain Prairie Region
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From: Nelson, Marjorie
To: Michael Thabault
Cc: Jodi Bush
Subject: Re: Lynx decision meeting
Date: Wednesday, January 25, 2017 11:38:31 AM

and then the SSA team.  
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NOTE ABOUT THIS DRAFT DOCUMENT, DECEMBER 2016  
  
This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status 
assessment report has not undergone peer review, and it should not be cited or referenced as an 
agency document. At this time it is intended for the sole purpose of soliciting scientific reviews from 
expert peer reviewers, from State and Federal partners with expert knowledge of the species and its 
habitat, and from internal reviewers by Department of the Interior staff. The document is not 
intended to solicit public comment. This document will be revised after this scientific review. This 
document does not predetermine any future agency decision under the Endangered Species Act.  
For more information contact Jim_Zelenak@fws.gov.     
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Executive Summary   
Background  
   
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA), because of the inadequacy—, at that time—, of existing regulatory mechanisms on 
Federal lands. The SSA will provide the scientific basis for the statutorily required 5-year status 
review for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S.United States from Maine to Washington and south along the Rocky 
Mountains to western Colorado (Ffigure 1).  
  

  
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis).  
  
These units encompass the geographic areas in the contiguous United. States. with the 
strongest historical and/or recent evidence of an ability to support persistent resident lynx 
populations, and, combined, they represent approximately the southern two2 percent of the 
species’ entire breeding range (98 percent occurs in Canada and Alaska). The units are 
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relatively isolated from each other, but four of the six units are directly adjacent to lynx 
populations and habitats in  
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous United. States., usually peripheralnear to the SSA geographic units, the ability of 
these peripheral neighboring areas to support persistent resident lynx populations remains 
questionable. Lynx may occur in such areas as small and ephemeral breeding populations or as 
occasional dispersing or transient individuals. The locations and sizes of the SSA geographic 
units are summarized in Ttable 1.  
   
Table 1. Canada Lynx SSA Geographic Units.   

Unit No.  Unit Name and Location  Unit Size (km2)  

Unit 1  Northern Maine  28,909  

Unit 2  Northeastern Minnesota  21,101  

Unit 3  Northwestern Montana/Northeastern Idaho  26,997  

Unit 4  North-central Washington  5,176  

Unit 5  Greater Yellowstone Area  23,687  

Unit 6  Western Colorado  25,294  
  
  
This report represents the Service’s evaluation of the best available scientific information, 
including the formally- elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
themthese populations; and (3) assess the future viability of the DPS in the near term (through 
the year 2025), in the mid-term (through 2050), and through the end of this century in terms of 
the conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”).   
  
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically 
comprisemake up >greater than 90 percent of the lynx’s year-round diet. The lynx has evolved 
morphological adaptions (long legs  and large paws) that allow it to efficiently travel and capture 
hares in snow conditions that are difficult for most other terrestrial hare predators (e.g., bobcats, 
coyotes). These characteristics provide lynx with a seasonal (4- to 5 winter months in most of 
the DPS) competitive advantage over other hare predators and allow them to occupy habitats 
that are unavailable to some of their competitors.  
  
The DPS populations occurs at the southernmost margin of the species’ range and of the its 
environmental thresholds , including: of (1) snow quality, depth, and persistence; (2) hare 
density; and (3) boreal forest conditions that lynx require..  Because of this, lynx habitats, and, 
thus, lynx, are naturally less abundant and more patchily distributed in the DPS than in the core 
of the species’ range in Canada and Alaska.  Maintaining connectivity between the DPS and 
lynx populations in Canada is thought to be important, but whether the demographic and/or 
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genetic health of DPS populations depends on intermittent immigration of lynx from Canada 
and, if so, to what extent, remains uncertain.  
  
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous United. States.  For example, analysis of historical records in the United. 
States. and Canada indicated that many lynx records in the contiguous United. States. have 
coincided with intermittent “irruptions” (mass dispersal events) of lynx from Canada into the 
northern United. States. when hare populations in Canada underwent cyclic declines (every 8-
11 years).  During these irruptions, large numbers of lynx occurred temporarily in (and 
disappeared quickly from) areas that we now believe arefind to be naturally incapable of 
supporting resident populations.  
  
Additionally, although we knew at the time of listing that resident lynx occurred in Maine, we 
lacked information on the historical and recent distribution and quality of lynx habitat.  We now 
know that forest regeneration after large-scale clear-cutting in the 1970s and 1980s has 
contributed substantially to the current broad distribution of high-quality habitat in northern 
Maine, which currently supports the largest resident lynx population in the DPS.  Similarly, we 
were uncertain if Minnesota supported a resident breeding population, but we now know that a 
persistent population occupies the northeastern corner of the state.  Research and monitoring 
also suggest that lynx and habitats in the western United. States. are naturally less abundant 
and more patchily distributed than was thought at the time of listing, and lynx may have been 
extirpated recently from several areas thought to have previously supported small resident 
populations (e.g., the Kettle Mountains in northeastern Washington, the Garnet Mountains in 
western Montana, and the Greater Yellowstone Area of southwestern Montana and 
northwestern Wyoming).  We also know that recent extensive wildfires in north-central 
Washington have temporarily reduced the amount of high-quality lynx habitat and have probably 
caused a decline in lynx numbers there.  Finally, as a result of the release of 218 Canadian and 
Alaskan lynx from 1999 to 2006 and the subsequent survival and reproduction of some of these 
lynx and their offspring, resident lynx currently occupy parts of western Colorado.  
  
SSA Framework  
  
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. Therefore, 
we evaluated the ecological requirements of individual lynx and populations and the current and 
possible  future conditions for resident lynx populations in each geographical unit to assess the 
viability of the DPS. The SSA uses the conservation biology principles of resiliency, redundancy, 
and representation as the framework for assessing current and future conditions.  Resiliency 
describes the ability of the species to withstand stochasticity, redundancy describes the ability of 
the species to withstand catastrophic events, and representation describes the ability of the 
species to adapt over time to long-term changes in the environment.  The 3 Rs can be 
influenced by any number of factors.  For lynx, the factors evaluated in this SSA include:  (1) the 
original factor for which the DPS was listed as threatened (the inadequacy of existing  
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the  
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Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx.  
  
Uncertainties and Assumptions  
  
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations.  We lack similar demographic information for snowshoe hares 
throughout much of the DPS.  Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS.  And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests, constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.   
  
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted.  We treated the 
following assumptions as constants in the analysis.   
  
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska.  
  

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet other 
areas are naturally incapable of supporting resident lynx despite boreal-forest-like vegetation 
and the presence of some hares.  
  

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations.  
  

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations.  
  

● We assume that connectivity with larger lynx populations in Canada is important, and that 
periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain.  
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● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 

persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.   
  

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly- specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming.  

  
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do sohave provide benefits as 
long as those measures and guidance are implemented.  
  

● We assume that the DPS could be delisted in the future and that some ofis not listed and 
therefore does not receive the current protections afforded by the ESA could be lost and/or 
relaxed.  (In evaluating the necessity of continued ESA protection for a listed species, it is 
inappropriate to consider the benefits of ESA protection the species is currently receiving.) 
However, we also assume that conditions for delisting would include requirements and 
incentives toto a certain extent land management agencies and state wildlife agencies will  
continue to conserve lynx and its habitats and to try to assure persistence of resident lynx 
populations in those places that can support them in the DPS range.   

   
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability.  
   
Current Conditions  
  
The current distribution of resident lynx in the contiguous United. States. is likely somewhat 
smaller than the historical distribution because of the potential loss of small populations in 
several places (e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern 
New York, Isle Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, 
more recently, the Greater Yellowstone Area of Southwestern Montana and northwestern 
Wyoming, and perhaps the Garnet Mountains in western Montana). However, based on verified 
historical records, we lack compelling evidence that the current distribution and relative 
abundance of resident lynx in the DPS range are substantially diminished from historical 
conditions, and resident populations continue to persist in the geographic areas with the 
strongest historical evidence of an ability to support them. Nonetheless, in many parts of the 
DPS range habitat features (forest distribution and structure, hare densities, and snow 

Commented [M3]: Etc. not used in combination with 
e.g..  Use one or the other. 

Commented [M4]: Our projections for the future are 
not based on a supposition that the DPS is listed and 
were to be delisted; they’re based on an assumption 
that the DPS is not listed. 
 
This might seem like a distinction without a difference.  
But a supposition that the DPS is listed and were to 
be delisted implies that the status of the lynx actually 
improves to the point of recovery, the species is 
delisted, and postdelisting monitoring occurs.  This is 
not a picture of the DPS without listing; it’s a picture of 
the DPS with listing and then a change in its 
condition.  In evaluating the status of the lynx, we 
simply want to remove the effects of (protections 
afforded by) its current listing under the ESA, not 
assume a change in condition that is inconsistent with 
this removal of ESA protections. 

Commented [PM5]: Here’s some alternative wording 
for clarifying this distinction:  
 
 “In the policy context, we treat this analysis of DPS 
viability “as if” the DPS does not receive the 
protections currently afforded it by the ESA.  Because 
we are evaluating the necessity of continued ESA 
protections, we need to understand the implications to 
viability were those protections not in place.  Even so, 
we assume that, to some extent, land management 
agencies and state wildlife agencies will continue their 
efforts, with or without ESA protections, to conserve 
lynx and their habitats within the DPS in order to 
promote persistence of resident lynx populations.” 



 

9  
  

conditions) appear to exist at or just above thresholds thought necessary to support persistent 
lynx populations.   
  
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units.  
  
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Ffigure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Ttable 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous United. States., it also seems 
that redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via a catastrophic event.  
 
Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
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substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United. States., suggesting relative maintenance of the breadth of diversity of ecological settings 
occupied within the DPS range. Because there are no indications of significant loss of or current 
threats to the genetic health or adaptive capacity of lynx populations in the DPS, and because 
the current level of representation does not appear to indicate a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation.  
  
Future Conditions  
  
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced probability 
of persistence for all resident populations in the DPS range. We expect that resident populations 
will persist through mid-century in all five of the geographic units that currently support them 
(albeit in reduced numberssizes and distributions), but that lynx may be functionally extirpated 
(loss of the ability to support persistent resident populations) from two or three of the units by 
the end of the century.  
  
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, we expect climate-induced increases in the frequency and 
intensity of wildfires and forest insect outbreaks are expected to increase, particularly in the 
western portion of the DPS, although we do not anticipate such events alone to cause the 
permanent loss of breeding lynx populations in any geographic unit. In Minnesota and Maine 
(units 1 and 2), suitable boreal forest and snow conditions are projected to decline more 
severely than in the western units, and in some climate- modeling scenarios they could 
disappear completely from these units by the end of the century. Over the next 15- to 20 years, 
lynx habitat conditions in Maine are also likely to decline significantly from current historically 
high and anthropogenically influenced levels as private forest management practices, 
particularly a shift away from landscape-level clearcutting, result in forest succession detrimental 
to snowshoe hare and lynx needs.  
 
Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through 
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midcentury but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events.  
  
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given thatis, we conclude that the 
DPS as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially- clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well- distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely.  
  
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate.  
  
DPS-wide Synthesis   
We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numberssizes and distributions, in all five geographic units 
that currently support them through mid-century, but that functional extirpation is likely in two to 
three of those units by the end of the century, driven largely by projected continued climate 
warming. Because resident lynx in many parts of the DPS persist in areas that appear naturally 
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to barely meet thresholds for hare densities and habitat quality and distribution, relatively small 
declines in these features could result in loss of the ability to support resident populations over 
large areas. Because of this, we believeconclude that future lynx habitats and resident 
populations throughout the DPS range are likely to be smaller and more fragmented, and 
geographic units that are already relatively isolated from other lynx populations are likely to 
become even more isolated in the future. Uncertainty increases at mid-century to late-century 
regarding the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change. However, review of the best available 
science in concert with input from lynx experts suggests that the probability of the persistence of 
resident breeding populations will decline in all geographic units, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond 
that time frame.  
  
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through 
midcentury in most of the five geographic units that currently support them. However, we 
believeconclude it is very unlikely that resident lynx populations will persist through the end of 
this century in all of the geographic units that currently support them. That is, we believefind that 
resiliency will be substantially diminished because of reduced population sizes and distributions 
throughout the DPS, with resulting extirpation of resident populations from two to three (of five) 
units more likely than not by the end of the century.  
   
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic units would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century.  

Chapter 1: Introduction  
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S.United 
States as a distinct population segment (DPS) and listed it as threatened under the Endangered 
Species Act of 1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (U.S. District Court 
MT 2014b, p. 2). Thus, we conducted this SSA (version 1.0) to summarize the best available 
information on the current status and likely future viability of the DPS. This SSA will inform a 
determination by Service decision makers of whether (1) the DPS continues to warrant 
protection under the ESA and (2) a recovery plan is needed to guide conservation and recovery 
of the lynx DPS.  
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1.1 Background  
The Canada lynx is a North American wild cat that is most strongly associated with northern 
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809).  
  
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S.United States (Bittner and Rongstad 1982, p. 
146; McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic 
units evaluated in this SSA represent the remaining 2 percent of the species’ breeding 
distribution (approximately 131,168 km2 [50,644 mi2]; see Ffigure 1 and Ttable 2, below). Lynx 
populations in the DPS (as well as some others on the margin of the range in southern 
Canadian provinces) seem to function as peripheral subpopulations (islands) of a larger 
(mainland) metapopulation centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 
FR 40077; also see 2.2 below). The demographic and genetic health and persistence of DPS 
populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 
FR 59434, 59447; 79 FR 54815).  
  
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S.United States occur over a much smaller geographic area 
that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
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also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous U.S.United States, and small breeding populations 
may have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous U.S.United States has been 
documented based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 
54815; McKelvey in Lynx SSA Team 2016, p. 11; also see section 2.3.2, below).  
  
The Service designated lynx in the contiguous U.S.United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 
(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous U.S.United States constitute 
a single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the  
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S.United States, including New Mexico and other states that were not included in 
the original DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 
(USFWS  
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire).  
  
The six geographic units evaluated in this SSA encompass all areas of the contiguous 
U.S.United States that currently support or are believed to have recently supported persistent 
resident lynx populations  
(Ffigure 1, above). Five of the six geographic units were designated as “Core Areas” in the  
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here.  
  
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Ttable 2).  
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 Table 2. Lynx SSA Unit Sizes and Percent Ownership.  

Unit1  
Unit Size 

(km1)  

Percent 
of SSA  
Area  

 Land Ownership/Management (Percent)2   

 Federal3  

Private  State  Tribal  

All  
Federal  

USFS  NPS  BLM  

1  28,909  22.0  1.2  0  1.2  0  90.4  7.3  0.9  

2  21,101  16.1  47.4  44.9  2.5  0.01  15.5  36.2  1.0  

3   26,997  20.6  84.3  69.3  13.6  1.5  8.0  4.1  3.5  

4  5,176  3.9  91.5  84.6  6.7  0.1  0.3  8.2  0  

5  23,687  18.1  97.6  79.7  16.7  1.1  2.2  0.3  0  

6  25,294  19.3  90.1  85.2  1.8  3.1  9.3  0.6  0  

All Units  131,164   100  63.8  55.6  7.1  1.1  26.3  8.8  1.1  

1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado.  

                                                 

1 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Ttribal, Sstate and private lands that met the criteria for critical habitat but 
whichthat were excluded from the designation in accordance with section 4(b)(2) of the Endangered 
Species Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office 
in coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 3 

USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management.  

1.2 SSA Framework and Report  
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of  
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time 
(captured under the broad heading of “species needs”); the 
current condition of the species at the individual, population, 
and range-wide levels in terms of meeting those needs; and 
the likely changes in the environment that may influence the 
species’ future condition and, thus, the viability of the species.   
  
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events;  
redundancy describes the ability of the species to withstand 
catastrophic events; and representation describes the ability of the species to adapt over time to 
long-term changes in the environment. As a result, the SSA characterizes a species’ ability to 
sustain populations in the wild over time based on the best scientific understanding of current 
and future abundance and distribution within the species’ ecological settings. Importantly, the 
SSA neither results in, nor predetermines, any decisions (e.g., listing status, critical habitat 
designations, section 7 consultation requirements, etc.) by the Service under the ESA. Instead 
the SSA provides the biological basis to inform these decisions. The SSA is a dynamic 
document and should be periodically revised as new scientific information becomes available.  
   
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service 
(NPS) and the USFWSService called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html.  

1.3 Analytical Approach and Methods  
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at midcentury- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation 
in terms of the 3 Rs using conceptual modeling (Ffigures 2-5) based on available published 
literature, on other information on the historical and current status of and threats to lynx in the 
                                                 

1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015.  
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DPS, and, where empirical data arewere lacking, on our objective analysis of the best available 
scientific information as informed by our understanding of the basis for formally- elicited expert 
opinion and best professional judgment (Lynx SSA Team 2016, entire).   
  

  
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability.  
  
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units.  
  
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.), and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS.  
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS.  
  
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Ffigure 4 below.  
  

  
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS.  
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally- elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Ffigure 5 below.  
  

  
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS.  
  
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Cchapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence thoese probabilities; and 
the sources of uncertainty that influenced their confidence in their predictions. We then present 
our evaluation of the scientific literature regarding how certain anthropogenic factors may 
influence future conditions for resident lynx in each geographic unit. The factors we consider for 
each geographic unit include regulatory mechanisms (the factor for which the DPS was 
originally listed under the ESA) and the anthropogenic influences identified by the Interagency 
Lynx Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
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conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why.  
  
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that, although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that non-ESA regulatory requirements and nonregulatory 
objectives for species and habitats (not necessarily lynx specific) and an incentive to preclude 
ESA listing of the lynx would contribute conditions for delisting would include requirements and 
incentives to the continueance of  to conservatione efforts benefitting the lynx and its habitats 
and to assure persistence of resident lynx populations in those places that can support them on 
Federal, State, and Tribal, and some private lands (perhaps some private lands as well). Our 
evaluation, therefore, considers the possibility of the future relaxing of some, but not the 
complete absence of all, lynx conservation measuresprotections and conservation efforts, but 
not the complete absence of all protections for lynx.  
  
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly- distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly- specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially- discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.   
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Chapter 2: Lynx Ecology   
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Cchapters 3 through 5.  

2.1 Species Taxonomy, Description, and Genetics  
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are three 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016).  
  
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale brown 
fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In summer, its 
fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long tufts of black 
hairs extending from the tips of its ears, a short, completely black-tipped tail, and often a distinct 
dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 cm (30 to 35 in) 
long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Ttable 1; Moen et al. 2010a, 
Ffigure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished data), and 
males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s large feet 
and long legs make it highly adapted for traversing and hunting in deep, powdery snow, where 
its low foot-loading (weight per surface area of foot) is thought to provide a competitive 
advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) over other 
terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada and the 
northern contiguous U.S., where the southern edge of the lynx range overlaps the northern 
edge of the bobcat range, the two species are easily confused because of their similar size and 
appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail distinguish it 
from the bobcat, which has shorter ear tufts, small feet, and white on the underside of the tail. 
Bobcats are much more common and abundant than lynx in most of the contiguous U.S.  
  
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
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12621266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the two areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas, recent analyses reveal genetic exchange among lynx on either side, 
indicating that some lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; 
Bowman in Lynx SSA Team 2016, p. 12-13).  
  
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations despite 
large separation distances (Schwartz et al. 2002, entire). Their results did not suggest that 
reduced genetic variation among peripheral populations was because of human disturbance 
(i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; Schwartz et 
al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the contiguous 
U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 522).  
  
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793).  
  
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5).  
Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
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35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12).  

2.2 Life History and Population Dynamics  
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare 
(Ffigure 6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et 
al. 1972, pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 
358–359, 363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 
2003, pp. 37–38; Squires et al. 2004a, p. 15, Ttable 8, Olson 2015, pp. 60-69), and hare 
abundance is the major driver of lynx population dynamics. Lynx den site selection, litter sizes, 
pregnancy, as well as recruitment, survival (kitten, subadult and adult) and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34).  
  

  
Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency.  
      
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes with 
high-density snowshoe hare populations for survival and reproduction (McCord and Cardoza 
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1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). Lynx and 
snowshoe hares are strongly associated with what is broadly described as boreal forest (Bittner 
and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and Parker 1987, p. 684; 
Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183191 and 2000b, pp. 
136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation of boreal forest is 
conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) (Elliot-Fisk 1988, pp. 
34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and shrubs (Hodges 2000a, 
pp. 181-183) and are most abundant in forests with dense understories that provide forage, 
cover to escape from predators, and protection during extreme weather (Wolfe et al. 1982, pp. 
665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 and 2000b, pp. 136-
140). Over much of the lynx’s range, hare densities are higher in regenerating, earlier 
successional forest stages because they often have greater understory structure than mature 
forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 1990, pp. 847-
848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin  
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally- stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127).  
  
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809).  
  
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
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427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes.  
  
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).   
  
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267– 
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 
362363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14).  
  
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and  
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Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).   
  
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to  
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
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phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).   
  
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014,  
p. 1). In southern Canada, where hares are less abundant and hare population cycles are muted 
or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment Canada 
2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.213/100 km2 
(24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares were abundant 
(Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 km2 (6/100 mi2) 
in Washington when hare abundance was low (Koehler 1990, pp. 847-850). Correspondingly, 
hare abundance may also influence lynx home range size. Ward and Krebs  
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10- to 15- fold increase in 
lynx density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367).  
  
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS.  
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793).  
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2.2.1 Ecological Requirements of Individuals  
  
At the most fundamental level, the needs of an individual lynx are met if:  
  
1) it is born to a female that occupies a home range containing  

a) secure denning habitat,  
b) adequate hare abundance to support lactation during the early kitten stage and later 

provisioning of the kitten with hare meat,  
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and  
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.);  
  

2) the mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and  
  

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.   

  
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population.  
  
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for 
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lynx/vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population.  
  
Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a,  
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24).  
  
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Ttable 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).   
  
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.   
  

  
Geographic 

Unit  

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

  
References (Page Nos.)  

  

  Female  Male   

N Maine  25-33 (14-70)  39-60 (24-102)  
Vashon et al. 2008a (1482); Mallett 2014  

(169)  

NE Minnesota  17-87 (13-122)  160-267 (86-439)  
Mech 1980 (263-265); Burdett et al. 2007 

(460-463); Moen et al. 2008a (17)  

NW Montana/ 
NE Idaho  43-90 (11-157)  122-220 (29-552)  

Brainerd 1985 (20); Squires and Laurion  
2000 (343-344); Squires et al. 2004a (13, 

Table 6)  
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N-C 
Washington  37-91 (37-91)  49-69 (29-99)  

Brittell et al. 1989 in Stinson 2001 (5);  
Koehler 1990 (847); Maletzke in Lynx SSA  

Team 2016 (21)  

GYA  50-105 (32-105)  116-824 (98-2,181)  
Squires and Laurion 2000 (343-344); 

Squires et al. 2003 (12-13)  

W Colorado  75-704 (NA)  103-387 (NA)  Shenk 2008 (10)  

  
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354).  
  
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
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high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.   
  
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.   
  

2.2.2 Ecological Requirements of Populations and the DPS  
  
Lynx populations require essentially the same things that individual lynx do (see Ffigure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower.  
  
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 
2531). Lynx populations in the DPS are at the periphery of the species’ range and may behave 
as islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.   
  
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22).  
  
Slough and Mowat (1996, p. 952, Ttable 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of  
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Ttable 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined from 
135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the  
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly- cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area  
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21)  
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.   
  
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least  
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality.  
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In summary, lynx populations need large boreal forest landscapes with snow conditions  
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly- cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly- cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789).  

2.3 Historical and Current Lynx Distribution  
  

2.3.1 Lynx Distribution and Status in Canada and Alaska  
   
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince  
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 1192-
1195; Koen et al. 2014a, pp. 757-760).  
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In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers.  
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern  
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington).  
  

2.3.2 Lynx Distribution in the Contiguous United States  

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range  
  
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942).  
  
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077).  
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The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938).  
  
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “...  
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).   
  
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
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(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions.  
  
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above.  

 2.3.2.2 Lynx Distribution within the DPS Range  
  
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp.  
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p.  
6), and overall habitat quality is typically lower.  
  
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
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for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist.  
    
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats or 
coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.   
   
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.   
  
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats in 
Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
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Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.   
  
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S.  
  
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition.  
  
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081,  
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003- to 2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 



 

39  
  

lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487).  
  
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially- released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally- invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believefind that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain.  
  
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York.  
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In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 2021, 
45). In the 2014 revised critical habitat designation, the Service noted:   
  

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791).  
  

We concluded that the historical record and recent evidence of lynx occupancy and reproduction 
suggested the presence of a small but persistent resident lynx population in the GYA of 
northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 54825-54826); 
however, the consistency of occupancy over time remains uncertain (Lynx SSA  
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National  
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
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also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).   
  
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so.  
  
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern  
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the sState, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long 
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the sState or if it is a temporary phenomenon related 
to an expanding source population in neighboring northern Maine (79 FR 54821). Although 
bobcat populations have increased and expanded their range in this region in recent decades 
(Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their 
populations (Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest 
declined substantially after two deep snow winters in 2008 and 2009 (Maine Department of 
Inland Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire.  
  
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New Hampshire, 
above) have the strongest historical evidence of continuous lynx presence and recent evidence 
of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 4008640095, 40097-
40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for much of 
Idaho, but many, especially in the central and southern part of the sState, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 



 

42  
  

contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the sState are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia.  
  
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the sState (McKelvey et al. 2000a, pp. 211-212; 
Hoving et al. 2003, entire;), which currently is believed to support the largest lynx population in 
the DPS (Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in 
Lynx SSA Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare 
habitat and the number of resident lynx in Maine are all much larger than was suspected at the 
time of listing or the 2003 remand, and all are probably substantially larger now than under likely 
typical historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
sState are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 
40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.   
  
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the sState that seems to be 
the southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the sState, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the sState, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
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lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown.  
  
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the sState (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team  
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 
4647; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the 
time of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12).  
   
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the sState (von Kienast 2003, entire; Maletzke 2004, entire; Koehler 
et al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the sState with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the sState are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).   
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In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither 
broadscale breeding range contraction nor substantial population declines in the contiguous 
U.S. from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016, p. 11). New information summarized above indicates that there are many 
more lynx in Maine and Minnesota than was suspected at the time of listing, and there are 
naturally fewer lynx and a more limited distribution of suitable habitats in the western U.S. than 
was previously thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at 
historically high numbers and may currently be facilitating the recolonization of formerly 
occupied habitat in northern New Hampshire and recent lynx occurrences in northernmost 
Vermont. However, lynx persistence is uncertain in New Hampshire and unlikely in Vermont, 
and lynx numbers in Maine are projected to decline over the next several decades. In the West, 
small breeding populations in the GYA and the Garnet Mountains of Montana may recently have 
become extirpated (although both also may be only temporarily “winked off” in a metapopulation 
dynamics sense). In north-central Washington, lynx habitat and numbers have declined because 
of recent large fires and insect outbreaks, and the persistence of the breeding population there 
could be threatened if additional such impacts occur with similar magnitude and frequency over 
the next several decades. As a result of the release of 218 Canadian and Alaskan lynx from 
1999- to 2006, resident lynx currently occur in western Colorado. Although the number of lynx in 
this population and its future persistence are uncertain, Colorado currently supports more lynx 
than it likely did, based on the historical record, for much of the previous century. The 
geographic units evaluated in this SSA include all areas in the contiguous U.S. with strong 
historical and recent evidence of persistent resident lynx populations. Detailed assessments of 
the current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below.  

Chapter 3: Factors Influencing Viability of the DPS  
 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Thoese 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS.  

3.1 Regulatory Mechanisms  
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation of habitat, creation of barriers, or that 
otherwise alteration of the vegetation mosaics and prey abundances maintained historically by 
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natural disturbance processes may occur in lynx habitats regardless of land ownership and 
management. The extent to which regulations guide such activities to avoid, minimize, or 
mitigate impacts to lynx influences the current and future likelihoods that those habitats will 
provide the physical and biological features needed to support resident lynx populations. As 
described in more detail below, the lynx DPS was listed as threatened because of the lack of 
specific conservation direction and associated regulations on Federal lands. At that time, the 
available information indicated that most lynx habitat in the DPS occurred on Federal lands, 
predominantly in the western U.S. (65 FR 16061). Since then, research and monitoring have 
revealed that non-Federal lands contribute more to the conservation of the DPS than was 
known at the time of listing, particularly in the Northern Maine and Northeastern Minnesota 
regions. Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as Sstate and Ttribal lands.  
  
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership.  
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.   
  

3.1.1 Federal Regulatory Mechanisms  
  
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Ttable 2, above, and Cchapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 



 

46  
  

NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.   
  
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx, and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096).  
  
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
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potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).   
  
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083).  
  
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50).  
  
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
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mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, Sstate, and Ttribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097).  
  
Since the 2003 remand, most Forest ServiceUSFS units with lynx forest types have formally 
amended or revised their land management plans to incorporate the conservation measures, 
standards, and guidelines identified in the LCAS. From 2004-2006, forest plans for seven 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson  
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2  
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.   
  
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Ttable 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley,  
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field  
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
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were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12).  
  
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 2007, 
p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service USFS 
land management activities on at least 94 percent of this area, and more likely nearer to 98 
percent” (USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).   
  
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for whichthat was 
the basis for listing the lynx DPS was listed under the ESA. Although formal effectiveness 
monitoring has not been completed, it’s clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous U.S.  
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3.1.2 State Regulations and Tribal Management  
  
Private, Sstate, and Ttribal lands make up the remaining 36 percent of the lands encompassed 
by the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Ttable 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Ttribal lands in the North-central Washington, GYA, or Western Colorado units. Private, Sstate, 
and Ttribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, Sstate, and Ttribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, Sstate, and Ttribal 
lands within the six geographic units of the DPS, but with a focus on those units with the 
greatest proportions of these lands and on activities on these lands with the greatest potential to 
impact lynx.  
  
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement.  
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Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-traprestrictions/). 
MDIFW also adopted and made available for download on its web page the interagency 
brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats and other 
Furbearers, and modified it to be more specific to Maine. MDIFW also set- up an incidental lynx 
capture hotline, and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 -to 2015 (ten10 lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally- trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act  
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely- distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).   
  
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at:  



 

52  
  

http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern (State 
of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that regulate 
treatment of species designated as endangered and threatened. Also like Maine, Minnesota has 
designated the lynx a species of special concern (MNDNR 2013, p. 2), and coordinates with the 
Service and other agencies to conduct research and monitor lynx populations and habitats.  
   
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 
3637). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 
710), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set of 
reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them.  Specifically, these regulations, which (1) prohibit the use of lethal (non-
relaxing) snares for bobcats, (2) specifiesy the types of sets and baits or attractants that may be 
used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 10-
pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). MTFWP is also responsible for implementing Montana’s Nongame and Endangered 
Species Conservation Act (http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  
https://www.animallaw.info/statute/mtendangered-species-chapter-5-wildlife-protection    
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Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered  
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan  
(http://wdfw.wa.gov/publications/00394/) and a Status Report  
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals.  
  
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats.  
  
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals.  
  
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.   
  
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections  
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to -35 years post-harvest) regenerating forest in prime hare habitat 
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condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit.  
   
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-
landscapeconservation-in-maine/ last accessed 8.18.2016), but easements do not require 
management prescriptions or commitments for lynx. To our knowledge, there are no private 
landowners in Maine who have committed to long-term or permanent protection and creation of 
lynx habitat according to the Service’s lynx management guidelines or LCAS.  
  
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation of 
Federally listed species, but so far no lynx management plans have been developed. Mitigation 
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for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for trapping 
requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat management 
area on the MBPL’s Seboomook Unit for a 15-year period.   
  
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private lands. 
Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 [MFRC 
2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed voluntary 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) that are 
intended for private and State landowners and include some general recommendations for 
wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).   
  
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about four 
percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution  
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 
5483554837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.   
  
Unit 4: North-central Washington - State and private lands constitute about eight percent and  
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State  
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The Forest 
Practices Board, an independent State agency, adopts forest practices rules to protect water 
quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
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quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below.  
  
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.   
  
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.   
  
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the  
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6.  
  
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15).  
  
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the  
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit.  
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).   
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Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285).  
  
In summary, a variety of Sstate wildlife and forestry regulations and conservation efforts, along 
with Ttribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.   

3.2 Climate Change  
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire).  
   
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change.  
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The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31).  
  
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas).  
   
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
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than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).   
  
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events and 
winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, depth 
hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.   
  
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow- covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five5 months (November–March) to approximately three3 months 
(December to February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that 
contain lower relief, mid-elevation mountain ranges will likely shift relatively quickly into new 
precipitation phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 
4566). The interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated 
areas to warming because much of the region is characterized by relatively warm winter 
temperatures and by mainly mid-elevation mountain ranges. The climatic rain-snow transition 
zone will move up in altitude and north in latitude.   
  
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and 
deciduous/boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved 
upslope in both the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and 
Baker 1980). Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some 
locations up to 100 m) during a recent 50-year period of warming (Kullman 1990). However, 
despite recent warming, the alpine treeline in North America has thus far remained relatively 
static (Butler et al.  
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
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movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201).  
  
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions  
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats.  
  
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous.  
   
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
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North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9).  
    
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 
13–14). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).   
   
Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48).  
  
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp.  
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below.  
  
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably anticipated 
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include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare cycle, 3) 
reduction in snow conditions necessary to give lynx a competitive advantage, 4) reduction in 
hare habitat quality and populations, 5) reduction in the amount of lynx and hare habitat in the 
U.S., 6) changes in the frequency and pattern of disturbance events, 7) introduction of disease 
and parasites, and 8) reduced gene flow. Synergistic effects between these factors and other 
stressors (e.g., forest management, trapping, development) may intensify their effects (Carroll 
2007). Diminished snow, increasing drought and fire, and increased forest pests and disease 
are believed to currently be the most important stressors for lynx in the DPS, but it is possible 
that other pathways are, or may become, equally important. Over the next decades, southern 
lynx populations will continue to be affected by climate change and associated shifts in habitat, 
prey base, and competition. The extent of such changes and whether lynx are able to adapt to 
them will determine not how, but if, this species can persist in the contiguous U.S. (Murray et al. 
2008).  
   
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation.  
   
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering largescale 
climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81).  
   
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
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in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).   
   
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).   
   
Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp.  
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548– 
4549). These trends are expected to continue with future climate warming (Hamlet and  
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of 
snowcovered and exposed areas, increasing the rate at which melting occurs in spring 
(Groisman et al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has 
led to the average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain 
West (Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and 
desert dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-
darkened landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are 
expected to decline generally in the geographic areas that contain the central and eastern 
portion of the lynx DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require 
prolonged periods of deep fluffy snow, current habitats that lose this feature would decline in 
value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire).  
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Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172).  
   
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx.  
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits their 
efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).   
   
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).   
   
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectivenesssuccess. For example, hard-packed snow is reported to be associated with a 
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higher kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth 
et al. 2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Predator communities are more diverse at the southern part of 
the lynx range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there  
(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares.  
  
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11- percent decline in 
hare survival by mid-century and a 23- percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).   
  
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).   
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Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).   
   
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia, and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102).  
   
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT  
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
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range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103).  
   
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and  
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada.  
   
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest.  
  
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
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irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727).  
  
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 19702004, 
Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of large 
fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. Mesic, 
middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the northern 
Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations.  
  
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).   
   
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
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markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
spruce budworm outbreak in Maine was the primary driver creating the current broad distribution 
of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).   
  
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).   
  
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward.  
  
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).   
   
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al.  
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats  
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(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and 
succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24).  
   
Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644).  
   
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528).  

3.3 Vegetation Management  
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
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throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another.  
   
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx.  
   
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016).  
  
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
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dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares.  
   
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by:  
  

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling;  

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation;  

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or  

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments.  

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage.  

   
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a).  
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North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West).  
   
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).   
   
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et al. 
2005), but an evaluation of harvesting in the last decade indicates these landowners increased 
harvest rates, shortened rotation rates, and shifted to managing and harvesting hardwood tree 
species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine private lands 
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management make lynx management commitments more difficult because shortterm 
landowners are not interested in long-term commitments. On the other hand, some easement 
owners may have an incentive to manage for lynx to meet forest certification requirements.  
   
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of  
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.   
   
Finally, future trends in forest management will be affected by climate change (Irland et al. 2003, 
entire). Many models have been developed to project how U.S. timber production and markets 
may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia et al. 
1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate change, 
total U.S. timber inventories will increase, timber harvest will increase, and product prices will 
decrease relative to an assumed stable climate. Some models predict that consumers will gain 
from climate change while landowners in some regions will lose. The forest industry will adapt to 
climate change in many ways including using alternate tree species in manufacturing, shifts to 
geographic regions of the country with economic advantages in timber growth, and increasing 
forest plantations with new species that are favorably adapted to the new climate and markets. 
Many strategies have been evaluated to increase the quantity of carbon stored in North 
American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in some 
forests to build carbon reserves, increased recycling to reduce use of forest products, converting 
agricultural lands to forests, and substituting wood products for more energy-intensive products. 
Increased atmospheric carbon will increase forest growth slightly, except for softwood (Irland et 
al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, is expected to 
increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth conifer forest to 
sequester carbon could benefit lynx in the West and be to the detriment of lynx in the East.  
   
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS.  
   
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
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land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival.  
   
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality.  
   
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986,  
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx.  
   
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, moisture, 
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and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. 
(2005) reported that the slash and coarse woody debris remaining after precommercial thinning 
provided both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory that 
would be needed to support pre-treatment snowshoe hare densities. At this time, no other data 
are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed.  
   
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS.  
   
Uneven-aged management (single tree, partial harvest, and small group selection) practices can 
be employed in stands where there is a poorly developed understory, but have the potential to 
produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature 
multistory forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat.  
   
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and 
unevenaged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
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future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx.  
  
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances, there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat.  
   
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares.  
  
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing the 
understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.   
   
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
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reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).   
   
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to -17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569).  
   
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988).  
   
Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high- quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes.  
   
Forest management can fragment and isolate patches of high- quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx.  
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Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of 
high- quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6).  
   
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S.  
   
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to -40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir.  

3.4 Wildland Fire Management  
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
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They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).   
  
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53).  
  
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land- use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
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Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).   
  
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 
4009340098).  
  
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern  
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats.  
  
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
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communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future.  
  
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al.  
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and altering 
the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely be a 
temporary impact, with burned areas subsequently regenerating into higher-quality habitat, it 
would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover.  
  
Because lynx habitats are naturally patchily- distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
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recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire).  
  
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 20). 
Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where fire 
size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx SSA 
Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were burned by 
the extensive wildfires of 1988. The extent to which those fires may have diminished lynx and 
hare habitats and contributed to the recent absence of resident lynx is uncertain, as is the 
potential for those burned areas to support high hare densities and resident lynx in the future. 
However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future.  
  
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range.  
However, given the trends discussed above and the likely continued increase in future fire 
activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.   

3.5 Habitat Loss and Fragmentation  
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.   
  
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover.  
  
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% percent loss in area (20,000 km2) of forest, and continued expansion of residential 
development will likely reduce forested patches by another 1.2% percent by 2030 (Theobold et 
al. 2011, entire). Human-caused fragmentation in the forested western landscape resulted in a 
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decline of weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current 
conditions, but models predict relatively small declines in the size of forested patches over the 
next 30 years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more 
of the natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to -20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people.  
  
Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.   
  
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high- quality patches themselves (Lewis 
et al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats.  
  
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.   
  
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
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habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.   
  
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high- quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996).  
Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).   
  
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high- quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3three of the 5five 
populations under investigation went extinct in the course of the 3-year study. Fragmentation of 
landscapes exacerbate the effect of predation by allowing carnivores to concentrate their 
hunting efforts on small patches of habitat used by their preferred prey instead of preying 
disproportionately on dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich 
landscapes characteristic of the DPS, this can result in intense predation and competition for a 
limited prey resource.  
  
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat.  
  
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.   
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The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska.  
  
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
mMountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015).  
  
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily 
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.   
  
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 



 

87  
  

and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m  
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008).  
  
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity in 
landscapes that have extensive, large patches of habitat in combination with deep, fluffy snow. 
Within their home ranges, lynx strongly select for habitat patches that enhance their foraging 
opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, Squires et al. 
2010). Analysis of winter movements of lynx in Maine indicated that lynx responded to habitat 
heterogeneity at a coarse scale within their home ranges by maximizing their access to 
snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected homogeneous 
spruce-fir patches that supported snowshoe hares and avoided recent clearcuts or other open 
patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) reported that 
landscapes in which hare habitat was more contiguous, or surrounded by a mosaic of similar 
habitat quality, supported more hares than did more fragmented landscapes.  
  
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally patchy 
habitat that is typical throughout much of the DPS range. Anthropogenic activities such as forest 
management, development, and highways alter natural landscape patterns. They cumulatively 
can reduce the total area of habitat, diminish the quality of habitat, increase the isolation of 
habitat patches, and impair the ability of lynx and other wildlife to effectively move between 
patches of habitat. Anthropogenic fragmentation may be permanent, for example by converting 
forest habitat to residential, industrial, or agricultural purposes, or temporary, for example by 
conducting forest management  but allowing trees and shrubs to regrow. Habitat fragmentation 
(both natural and anthropogenic) increases the risk of extirpation of small lynx populations.   
  
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77).  
  
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
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incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).   
  
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural features 
such as rivers, valleys, and mountain passes that may have high value for lynx in providing 
habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and northern 
Maine. Various studies have documented lynx crossings of highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway relative to random expectation, but only 
2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, respectively). In 
southeastern British Columbia, lynx avoided crossing highways within their home ranges (Apps, 
2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with home ranges within 
an 8 km buffer of 2-lane highways,; however, only 12 of these individuals crossed the highway.  
  
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998).  
  
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly have 
fences on both sides, service roads, parallel railroads or power lines, and impediments like  
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two2-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).   
  
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
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Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits.  
  
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke et 
al. 1990), because they often move extensively after their release and are unfamiliar with their 
surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx failed 
and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.).  
  
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195).  
   
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993).  
  
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high- quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx.  
  
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
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human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations  
(including lynx) likely depends on the physical design of highway improvements, the  
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).   
  
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.).  
  
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.   
  
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat.  
  
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares.  
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In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States.  
  
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site, and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, then 
vegetation is removed and materials are excavated. For example, gravel pits are needed for 
logging road development and maintenance and are common occurrences throughout areas of 
the DPS that are in active forest management. Areas developed for salable minerals can vary in 
size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development.  
  
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years.  
  
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting.  
  
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats in 
northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may have 
contributed (along with increasing road densities and an expansion in coyote distribution) to the 
recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 
1195).   
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern.  

Chapter 4: Current Conditions  
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the lynx 
DPS in terms of redundancy, representation, and resiliency. We then provide brief summaries of 
the current conditions in each geographic unit, followed by a more detailed evaluation of the 
status of lynx populations and habitats and the factors currently believed to influence them in 
each unit. Where appropriate, we compare our current understanding to what was known or 
believed when the DPS was listed under the ESA in 2000 and to our understanding of historical 
conditions.  

4.1 Summary of Current Conditions DPS-wide  
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily- distributed than was 
thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
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recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 
19992006, and their subsequent survival and reproduction, resident lynx currently occupy parts 
of western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain.  
  
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Ffigure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate that there is no single catastrophic event that could result in the functional 
extirpation (loss of the ability to support resident lynx populations) of the entire DPS and, further, 
no or a very low likelihood of functional extirpation of any of the individual geographic units 
caused by a single catastrophic event (Lynx SSA Team 2016, p. 56).   
  
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would have 
represented substantially greater redundancy in the contiguous U.S. However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear. The historical record and recent research show that the GYA has supported resident 
lynx. However, it is unclear whether the area consistently supported a resident breeding 
population over time or whether it naturally supported resident lynx only some of the time 
(“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable.  
  
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 

Commented [M29]: How is this a current condition 
conclusion?  See related comments in Executive 
Summary. 

Commented [M30]: See comment above. 



 

94  
  

species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to have 
supported them historically in the contiguous U.S. Because there are no indications of current 
threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the current 
level of representation does not appear to represent a decrease from historical conditions, we 
find that the DPS currently displays an adequate level of representation.  
  
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Ttable 4, below), 
they were collected using different methods, at different times, and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS.  
  
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4), despite the substantial recent wildfire-
mediated loss of habitat, suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Uunits 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
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substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS.  
  
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places. 
    
4.1.1 Summaries of Current Conditions in Each Geographic Unit      
  
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce- and fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50- percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
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lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.   
  
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx 
radiocollared in Minnesota died after traveling north into Ontario, four from legal 
trapping/hunting, and two of unknown causes.  
  
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
(about 90 percent) of this unit, including Federal, Sstate, Ttribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
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support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then.  
  
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations exist 
in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 
6590 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential 
lynx habitat, led to increased home range size, and may have reduced the current carrying 
capacity of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat 
within this geographic unit may have been influenced by climate change (Westerling et al. 2006, 
pp. 942943). There is significant risk for potential future wildfires to further affect the viability of 
lynx in this geographic unit. Burned habitats are expected to regenerate back into suitable lynx 
habitat, but this may take 35-40 years. The Kettle Range to the east of this unit was suspected 
to have supported a small (likely fewer than 20 individuals) resident population until about 30 
years ago when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). 
Potential impediments to lynx movement between the Kettle Range and the Cascades and 
British Columbia may make natural recolonization of the Kettle Range unlikely. Results of 
snowshoe hare research suggest that the hare population density in Washington exists at the 
low end of the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The 
OWNF and CNF, which administer more than 90 percent of lynx habitat in Washington, continue 
to manage lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, 
which manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.   
  
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether and, if so, 
to what extent other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
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densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. Some lynx 
released in Colorado dispersed northward into this unit and temporarily occupied home ranges 
in areas used previously by native resident lynx, but there is no evidence of reproduction among 
these lynx.   
  
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believeconclude it is reasonable 
that lynx continue to occupy all National Forests within the State of Colorado (Odell 
undocumented pers comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, 
page 3). Habitat that supports snowshoe hares is patchily distributed in this geographic unit, 
which limits their abundance. Because the majority (90 percent) of lynx habitat in Colorado is 
under Federal land management, actions occurring on other ownerships are unlikely to result in 
significant losses of lynx habitat within this unit. The USFS manages over 85 percent of the lynx 
habitat in this unit, providing conservation through the Southern Rockies Lynx Amendment. 
However, regulatory mechanisms for the conservation of lynx are lacking on approximately 
3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx habitats on some BLM and 
some non-Federal lands.  
  
Table 4. Summary of current conditions in six geographic units within the DPS range.   
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4.2 Current Conditions - Detailed Descriptions by Geographic Unit  
4.2.1 Unit 1 - Northern Maine  
  
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.   
  
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April).  
  
Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
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percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).   
  
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and Grafton 
counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al.  
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014,  
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past  
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749).  
  
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat.  
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127).  
  
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the southern 
extent of a larger cross-border population, most of which occurs in the Gaspe region of southern 
Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the northern Maine 
unit are geographically isolated by the St. Lawrence River from lynx populations in central 
Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern Canada are 
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geographically isolated from other lynx populations on the island of Newfoundland (900 km [559 
mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] southeast of 
Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located in 
northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.   
  
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack).  
  
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26year-
old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-yearold) 
partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range scale, 
lynx select landscapes having extensive regenerating conifer forest, but also with some mature 
conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial harvested and 
mature conifer stands because of increased ease of travel and prey access along the extensive 
edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard et al. 2013, p. 574).  
  
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
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the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances.  
  
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation  
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al.  
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx.  
  
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high- quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).   
  
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100).  
  
In general, landscape- scale and home- range- scale habitat selection by lynx on industrial 
forest lands reinforces the importance of dense regenerating conifer forest along with a 
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component of mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, 
Simons 2009, pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 
573) found the probability of lynx occurrence was >50 percent when snowshoe hare landscape 
densities were >0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In 
Maine, lynx selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 
2007, pp. 19831985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years 
post-harvest) partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). Regenerating stands used by lynx typically developed 15–30 years after harvest 
(Hoving et al. 2004, p. 291), and were characterized by high stem density and dense horizontal 
cover within 1 m (3 ft) of the ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller 
and Harrison 2010, p. 12761278). These habitats supported high snowshoe hare densities 
(Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 
2009, pp. 24, 32, 36-44). At a landscape scale, lynx habitat selection did not differ between 
sexes; however, at a home range scale, males tended to use more mature forest dominated by 
conifers than females, and both male and female lynx tended to avoid mature forests that had a 
high deciduous component (Vashon et al. 2008b, pp. 1492-1493).  
  
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11– to 21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>greater than 40 years 
old), short (3.4– to 4.3 m [11– to 14 ft]) regenerating clear-cut or partially harvested stands <less 
than 10 years postharvest, and roads, and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). 
Research of year-round habitat use yielded similar results, with lynx preferentially using conifer-
dominated sapling stands that were 3.4– to 7.3 m (11– to 24 ft) in height and supported high 
densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in 
areas with intermediate to high snowshoe hare densities (tall regenerating or older partial 
harvest stands), which afforded lynx with greater mobility and where snowshoe hares were 
more vulnerable to predation, rather than in the densest stands (short regenerating stands; 
Fuller and Harrison 2010, pp. 1276-1278).  
  
Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517).  
  
Historically, lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour et 
al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests often 
exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
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several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Cchapter 14). The frequency and intensity of spruce 
budworm outbreaks, the most likely insect to affect lynx habitat, have been highly variable in 
Maine and eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, 
wildfire is less significant as a natural agent of disturbance. The typical fire regime is infrequent 
surface fires in the dormant season in the hardwood forests, and slightly more frequent but long-
interval fires in conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 
359-365, Lorimer and White 2003, p. 59). For the past several decades, early successional 
forests and lynx habitat in northern Maine, New Brunswick, and southern Quebec have been 
created almost exclusively by forest management (Lorimer and White 2003, pp. 42-43).  
  
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from 
standreplacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).   
  
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).   
  
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested.  
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Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike for Federal lands management agencies, there is no requirement thatfor private 
landowners to comply with lynx management guidelines, and a Federal nexus for review of 
forestry projects is almost nonexistent. Furthermore, there continues to be high turnover in 
forest land ownership (Hagan et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to 
provide incentives or to work with private landowners. As of 2005, there were 23 landowners in 
northern Maine with land holdings in excess of 100,000 acres including the State, Federal 
government (White Mountain National Forest south of lynx range), a conservation group (The 
Nature Conservancy), two2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with 
much land south of lynx range), and 18 private forest landowners (Nadeau-Drillen and Ippoliti 
2006, p. 13).  
  
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003,  
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the 
Federal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill.  
  
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe,  
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828).  
  
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are proprietary 
and will not be made public per NRCS policy.  
  
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
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lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances,; however, at this time this option has not been explored with landowners.  
  
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner.  
  
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx.  
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833- to 1999, which suggest that lynx 
were widespread throughout the state except for coastal areas. These records included 39 
kittens representing at least 21 litters, primarily in northern and western Maine, from 1864- to 
1999 (Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200- to 
300 lynx were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later 
documented in winter snow track surveys conducted by MDIFW duringfrom 1994- to 1998 
(Vashon et al. 2012, p. 56).  
  
At the time of listing, lynx were known to be present in northern Maine but little was known about 
their distribution, population size, and trend, snowshoe hare populations, and  
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain.  
   
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
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northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.   
  
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern  
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence  
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015).  
  
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believeconclude that the extensive young, regenerating spruce-fir 
habitat created by large-scale clearcutting in the 1970s and 1980s may currently support the 
largest lynx population in the DPS, numbering at least several hundred and perhaps more than 
1,000 resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 
2016, p. 18) . Habitat in northern Maine can support lynx densities in localized areas of high-
quality habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 
23). In 2003 when hare populations were high, lynx density (juveniles and adults) in one of 
Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a,  
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods 
(2.33.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et 
al.  
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix  
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area.  
  
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 
1012.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur 
only ephemerally, winking on an off over time as would be expected at the periphery of the 
range of a mainland-island metapopulation structure, and as suspected for other lynx 
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populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 
95-104). From 1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and 
Wildlife conducted snow track surveys in 66 townships to document the distribution of lynx and 
to inform habitat modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas 
of potential lynx habitat were well-distributed throughout northern Maine in the early 2000s 
(Simons-Legaard et al. 2016, entire; Simons 2016, entire).  
  
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.).  
  
Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087).  
  
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented lynx 
movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 2008b, 
entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 1719), and 
other aspects of their life history (Vashon et al. 2012, entire).. During the period when snowshoe 
hare populations were highest (2000-2006), Maine lynx had among the highest reproductive 
rates (average litter size 2.74, 89 percent of adult females producing litters) in the DPS (Vashon 
et al. 2012, pp. 18-19). During the current (2006-present) period of low hare density, litter size 
was smaller, only 30 percent of females had litters, and mortality was greater. Maine lynx have 
among the smallest home ranges documented in the DPS (Vashon et al. 2008a, p. XX; LCAS 
2013, p. 24; also see Ttable 3, above). Home range sizes were similar during periods of high 
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and low hare density (Mallett 2014). Lynx populations likely increased during the period of high 
hare density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) 
(USFWS, Vortex10, deterministic population simulation 2016; demographic data from Vashon et 
al. 2012).  
   
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016).  
  
Factors Affecting Current Conditions  
  
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished  
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% percent of the time) observed from 1961-1990 to about 18-20 days 
per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to 
affect lynx by reducing snow and boreal forest (see section 5.2.1).  
  
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly at 
least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another two 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last six decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52).  
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Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the lynx 
in northern Maine (1981-2010) was below this threshold  and ranged from 228- to 263 cm (90- 
to  
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England 
(19652005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). 
Thus, average snow conditions in Maine are currently at or below snow depth thresholds for 
lynx, and further declines in annual snow depth would be expected to reduce the probability of 
lynx persistence in the region (Hoving et al. 2005).  
  
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 
(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).   
  
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above.  
  
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 200-
year interval) and generally small (several acres) surface fires in the dormant season.  
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985).  
  
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high- 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above.  
  
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and 
radiotagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species.  
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Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016).  
  
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the  
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000.  
  
In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).   
  
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and 
lowelevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase 
in wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 
2, 2016), and there is increased interest in placing developments on private lands in 
unpopulated areas in northern Maine, New Hampshire, and Vermont. Wind energy is an 
increasingly appealing source of income for investment companies and other landowners who 
own forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been 
proposed in northern Maine and five projects are in operation; two have been proposed in 
northern New Hampshire and two are in operation; and three have been proposed for northeast 
Vermont and two are in operation or under construction. Maine’s two largest wind projects 
(combined over 300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s 
designated lynx critical habitat. The effects of wind energy projects on lynx, hares, and their 
habitats are unknown. Potential direct effects include disturbance or displacement of resident 
lynx from large landscapes and loss and fragmentation of habitat from turbines, roads, and 
transmission lines. Increasing power infrastructure associated with these projects could greatly 
change development potential and patterns in northern Maine by bringing electricity into the 
interior of Maine’s vast undeveloped forest region. Extensive road construction would further 
fragment habitat and increase access for recreation, including trapping.  
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Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 
conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.   
  
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high- quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality.  
   
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River).  
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4.2.2 Unit 2 - Northeastern Minnesota  
  
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tTribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Ttable 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National  
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit.  
  
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed  
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5).  
  
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
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habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9).  
  
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016).  
  
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance.  
  
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data).  
  
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat  
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium.  
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This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5).  
  
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.   
  
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13).  
  
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5).  
   
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
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probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that  
intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.   
    
Factors Affecting Current Conditions  
  
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest 
ServiceUSFS and the Service (USFS and USFWS 2000, entire), for all forest activities that 
occur within LAUs. Active management of forest lands can produce lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has 
developed guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
- these voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife including lynx. The implementation of the MFRC 
guidelines is monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are 
being minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary.  
  
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project.  
  
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
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is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx.  
  
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows.  
  
As described in Cchapter 2, above, lynx are adapted for surviving in areas that have cold 
winters with deep, fluffy snow, where they outcompete potential competitors such as bobcats, 
coyotes, and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; 
Ruediger et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota 
has remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar to 
bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change.  
  
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part of 
the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).   
  

4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho  
  
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
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Ttribal and Sstate lands that were excluded from that designation (79 FR 54825). It 
encompasses approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho 
and Flathead, Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and 
Teton Counties in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 
percent private; 4 percent Sstate; and 4 percent Ttribal. Most Federal lands in this unit (82 
percent) are on national forests managed by the USFS; with NPS (16 percent) and BLM (almost 
2 percent) contributing most of the remainder. This unit includes most of Glacier National Park 
and parts of the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo 
national forests, the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai 
Tribes Flathead Reservation. It also includes (from northwest to southeast) all or parts of the 
Purcell, Cabinet, Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. 
Several areas adjacent  
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit.  
  
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657).  
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 
36,096km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results 
indicate that much of the area has a low to moderate probability of selection by lynx, and that 
the areas with higher selection probabilities are relatively small and patchily- but widely- 
distributed throughout the unit and are separated by intervening areas of low probability of lynx 
use (Squires et al. 2013; see Ffigure 1(a), p. 189). This patchy distribution of high-quality 
habitats interspersed with areas of low-quality or non-habitat results in naturally lower densities 
of both snowshoe hares and lynx than those in the continuous boreal forests of northern 
Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  
  
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 
14921496). Over a longer interval (1999-2003) when hare populations in this area were thought 
to be stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656).  
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Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Ttable 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497).  
  
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/  
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to  
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).   
  
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 3,658 
km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) managed by 
BLM in its Garnet Resource Area. As described above, potential lynx habitat in this unit is 
patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six national 
forests that contribute lands to this geographic unit, potential lynx habitat was mapped on about 
54 percent of the total national forest area (both inside and outside this SSA unit; USFWS 2007, 
pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 percent of the 
park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 mi2; 27 percent of 
the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 FR 40086, 40089). 
In the Garnet Resource Area, the BLM designated five LAUs (which approximate a lynx home 
range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 61 percent) was mapped 
as lynx habitat (Sparks 2016a, pers. comm.).   
  
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations.  
  
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the  
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
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(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Ttribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).   
  
Much of the remaining USFS lands and the BLM lands have developmental land- use 
allocations where some management activities have the potential to impact lynx or its habitat. 
However, as described above in section 3.1.1, USFS lands in this unit are managed in 
accordance with the NRLMD, which formally amended all forest plans to adopt and implement 
lynx conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were 
developed based on the scientific findings and recommendations of the LCAS (Ruediger et al. 
2000, pp. pp. 7-1 - 7-18). Similarly, the BLM in 2004 amended the Resource Management Plan 
(RMP) for the Garnet  
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.   
  
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and Sstate regulations and by a number of 
private/public conservations partnerships and Sstate agency efforts. As described in section 
3.1., above, some Federal and Sstate regulations guide some activities on private lands, 
including the ESA’s prohibition on take of listed species, and Sstate regulations governing 
trapping and timber management. In addition to these protections, there have been several 
other notable lynx conservation achievements on private lands in this unit since the DPS was 
listed. Two of these, the Clearwater-Blackfoot Project and the Montana Legacy Project, are 
multi-partner and community efforts led by The Nature Conservancy in Montana to purchase 
large tracts of private commercial timberlands, conveying some to the State of Montana and the 
USFS for conservation management, and acquiring conservation easements on others (TNC 
2016a, 2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 
km2 (260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to 
the south and west that may occasionally or temporarily support lynx or provide dispersal 
habitat. Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 
km2 (1,195 mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated 
lynx critical habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the 
northwest part of the unit (MTFWP 2016, pp. 1, 3).   
  
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
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As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust  
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b,  
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust lands 
in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 64 
percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity  
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).   
  
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).   
  
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest ServiceUSFS in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also, as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
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geographic unit currently has a 90- to 95- percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).   
  
Overall, although naturally fragmented and patchily- distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects.  
  
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx habitat 
(Squires 2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7- to 
10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current 
and historical distributions of lynx habitats in the Garnets and found that early- successional 
stands (future hare and lynx foraging habitats) were at 25-50 percent of the historical condition 
in lower- elevation (1,370- to 1,830 m [4,500- to 6,000 ft]) lynx habitats, and 10- to 30 percent in 
higher- elevation (1,675- to 2,130 m [5,500- to 7,000 ft]) habitats. Late- successional (mature 
multistoried) stands (25- to 75 percent of historical condition) and large (>greater than 100 ha 
[250 ac]) patches (25- to 50 percent of historical condition) were also underrepresented at lower 
elevations, but at higher elevations, late- successional stands and large patches exceeded 200 
percent and 100 percent of historical conditions, respectively. Lower elevation habitats were 
fragmented by roads and past management practices (i.e., timber harvest), while higher-
elevation habitat patterns were attributed to the absence of disturbance, including fire (BLM 
2004, p. 5), though fire absence was not attributed to suppression.  
  
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.   
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In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, Sstate, and Ttribal regulations and management direction, 
conservation easements, and an approved HCP. Much of the area consists of designated 
Federal and Ttribal wilderness areas and other nondevelopmental land use allocations, where 
management activities with the potential to adversely affect lynx generally do not occur. On 
lands with development allocations, USFS, BLM, and State management are based on plans 
that incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.   
  
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR  
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic 
substructuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p.  
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20).  
   
From 1998 to 2007, researchers with the Forest ServiceUSFS’s Rocky Mountain Research 
Station in  



 

125  
  

Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 2003-
2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Ttable  
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly- cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown.  
  
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable.  
   
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
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Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20).  
  
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).   
  
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping crew 
in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7).  
  
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural sourcesink 
dynamics of a naturally ephemeral peripheral population in a mainland-island  
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or 
landscapelevel hare densities necessary to support resident lynx populations (79 FR 54818-
54820).  
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Factors Affecting Current Conditions  
  
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount of, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.   
  
Currently, as described above and in section 3.1, all Federal and Ttribal lands, most Sstate 
lands, and large blocks of private or formerly- private land in this unit are managed for the 
conservation of lynx habitats, and much of the unit is in designated wilderness or other 
nondevelopmental land- use allocations. Regulatory mechanisms and conservation measures 
associated with these management strategies are intended to conserve and restore lynx and 
hare habitats across large landscapes and multiple ownerships. Although their effectiveness has 
not been quantitatively evaluated, and despite the potential extirpation of a small population in 
the Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit.  
  
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6).  
  
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the 
harelynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx 
harvest in Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, 
but declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and 
season closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 



 

128  
  

28). Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 
8,000 in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s 
until the year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in 
Canada may influence lynx dispersal across the border and into this geographic unit is 
unknown; however, such dispersal was documented historically when harvest levels in Canada 
were much higher than under current management.   
  
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts are 
likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).   
  
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
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these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most Sstate and Ttribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Ttribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.   
  
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.   
  
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.   
  
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
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habitats are also (like Montana and Idaho) patchily- distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193).  
  
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al.  
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 
[https://www.fws.gov/mountainprairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix
%205%20Presentation%20PD Fs/2015%2010%2013%20-%205%20-
%20Bowman%20Lynx%20Southern%20Canada.pdf]).  
  
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.   
  

4.2.4 Unit 4 - North-central Washington  
  
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
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includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Ttribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit.  
   
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with  
Canada is important to lynx populations in northern Washington and the Cascade Mountains.  
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65).  
   
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in Washington 
for lynx were reduced to one month. In 1987 a restricted permit system was implemented, and 
in 1990 a statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2).  
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Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high- quality 
habitat (Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and high-
quality likely more fragmented, and thus may not be capable of supporting a density of 2.3 
lynx/100 km2. The Kettle Range is also somewhat isolated from other lynx habitats in 
Washington (e.g., the  
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range.  
  
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50).  
   
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% percent (40 of 46) of lynx scats, while red squirrels 
were identified in 28% percent (13 of 46) of lynx scats.  
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Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 
and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).   
   
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016).  
  
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085).  
  
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
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(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur.  
  
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan- 
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and 
SalmonPriest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor 
the Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).   
   
In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington.  
   
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
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during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.   
   
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).   
   
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows:  
   

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or 
nonhabitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21).  
   

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
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estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21).  
  
Factors Affecting Current Condition  
  
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence.  
  
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/  
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest ServiceUSFS entered into a Conservation Agreement (CA) with 
the Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006  
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs.  
   
The LCAS, which was also developed pursuant to the listing by an interagency team 
compriseding of USFS, BLM, Service, and NPS personnel, identified four primary risk factors 
potentially exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
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habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
ServiceUSFS and Service which commits the Forest ServiceUSFS, specifically for Washington 
the OWNF and CNF, to use the LCAS in the management of lynx habitat on their ownerships 
and when designing and implementing projects within LAUs.  
  
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx  
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Ffederally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada.  
  
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2)  
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation.  
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Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit.  
  

4.2.5 Unit 5 - Greater Yellowstone Area  
  
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR  
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon,  
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park,  
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations in 
Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern  
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit.  

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123).  

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
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National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30- 
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of  
1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).   

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).   

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 3,944 
km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by BLM. 
As described above in section 3.1.1, USFS lands in this unit are managed in accordance with 
the NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and Kemmerer districts, 
respectively, to include conservation measures and BMPs for lynx based on the LCAS (BLM 
2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with developmental land- use 
allocations, these amended forest plans and the revised BLM RMPs provide guidance on the 
kinds of activities that can and cannot be implemented in important lynx habitats and thresholds 
for the proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time 
and how much can be converted from suitable to (temporarily) unsuitable over particular time 
frames. Implementation of these plans has likely benefitted lynx by providing a consistently-
applied framework for conserving and restoring important hare and lynx habitats.  

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A12). 
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Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete other 
terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx 
occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
  
This unit includes substantial areas in nondevelopmental land- use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats.  

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45).  

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx.  

Overall, although naturally fragmented and patchily- distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects.  
  
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land- use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land- use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.   

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). However, 
two resident lynx, a male and a female, were trapped, radio-marked, and monitored in the 
Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire).  
  
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires in 
Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526;  
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-/2005 through 2007-/2008, 26 snow 
tracks on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to 
be from five5 individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.).  
    
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920- to 1999 (McKelvey et al. 2000a, p. 
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230); however, surveys in 2001- to 2004 documented at least 3three individual lynx, including 
two kittens, in the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-
released lynx also traveled through the park (Devineau et al. 2010, p. 526), and two possible 
(unconfirmed) lynx tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife 
Research 2009, pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern 
part of the unit, a single female was detected over six consecutive winters (2003/2004 -to 
2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not 
encounter a male or produce kittens during the six6 years she was detected (Gehman et al. 
2010, p. 4).   

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.   

Factors Affecting Current Conditions  

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit.  
Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7), and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing.  
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Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 1415; 
Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to continue 
to occur, there currently is no evidence that climate change has had population-level effects or 
has reduced the ability of this unit to support persistent resident lynx populations. However, 
such impacts would be difficult to document and, as described under Habitat Status, above, 
because lynx habitats in this unit are naturally highly-fragmented and hare densities low in some 
places, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit. Modeling vegetation and snow suitability for 
lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and 
temperate conifer forest biomes were broadly distributed across this geographic unit and that 
snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. (Future 
conditions based on this modeling are described in section 5.1.3, below). As described in 
section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).   

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.   

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.   

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
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roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.   

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain- 
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD 
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).   

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.   

4.2.6 Unit 6 - Western Colorado  
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Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).   
  
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.   
  
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and 
Douglasfir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, 
while southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx.  
   
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx.  
   
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid 
lowerelevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx.  
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Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and 
latesuccessional spruce-fir forests. However, this study was conducted in a very limited area 
and did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare 
hare densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32).  
  
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911).  
   
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.”  
  
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern  
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In  
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25% percent) LAUs 
currently exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These 
changes are mostly in response to the ongoing bark beetle infestations, as well as wildfire 
events that have occurred since 2008.  
  
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
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km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).   
  
Regulatory mechanisms in Colorado are largely provided through Forest ServiceUSFS planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.).  
  
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believeconclude it is reasonable that lynx continue to occupy all National Forests 
within the  
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire).  
   
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent  
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown.  
   
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75– 
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest  
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016).  
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Factors Affecting Current Conditions  

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4).  

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.   
   
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for snowshoe 
hares and lynx for several decades, until the crowns again lift above the reach of snowshoe 
hares.  
   
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity.  
  
ILBT (2013 p. 57; 61-62) states:  
  

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
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none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado.  
  
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I70, 
I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx movement, 
as repeated successful crossings by radio-telemetered lynx have been documented on I-
70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. Squires, personal 
communication 2012). At this time, it appears that hit by vehicle mortality may be a less 
significant mortality factor for lynx in Colorado.  
   
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability of 
lynx habitat within localized areas, in part by influencing the distribution or abundance of 
prey resources within the developed area. However, there is also considerable anecdotal 
evidence of lynx using ski areas.  
   
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states.  
   
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely.  

Chapter 5: Future Conditions  
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
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likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six6 geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions.  
  
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Cchapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why.  
  
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and incentives 
to continue to conserve lynx and its habitats and to assure persistence of resident lynx 
populations in those places that can support them on Federal, State and Tribal lands (perhaps 
some private lands as well). Our evaluation, therefore, considers the possibility of the future 
relaxing of some lynx conservation measures and efforts, but not the complete absence of all 
protections for lynx. Implicit in our evaluation of the future for lynx in the contiguous United 
States is our recognition and consideration of a future in which the DPS is not listed under the 
ESA. However, we do not evaluate the unlikely hypothetical future in which all protections and 
conservation efforts disappear. Rather, we assume that, although some protections could be 
relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for some 
states to reinstitute limited trapping/hunting harvest), non-ESA regulatory requirements and 
nonregulatory objectives for species and habitats (not necessarily lynx specific) and an incentive 
to preclude ESA listing of the lynx would contribute to the continuance of conservation efforts 
benefitting the lynx on Federal, state, tribal, and some private lands. Our evaluation, therefore, 
considers the possibility of the future relaxing of some, but not the complete absence of all, lynx 
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conservation protections and conservation efforts. Some of the experts we consulted indicated 
that their projections assumed the status quo (i.e., continued protections under the ESA and 
current Federal and Sstate land management policies). Others indicated their persistence 
probabilities were not influenced by regulatory considerations but that doing so would not have 
altered their projections; they felt that factors influencing lynx persistence on the landscape are 
independent of ESA listing status (Lynx SSA Team 2016, p. 52).  
  
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.   

5.1 Summary of Future Conditions DPS-wide   
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts.  
  
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units, and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
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forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.   
  
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Ttable 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units.  
  
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Ffigure 7).  
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Ffigure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  
  
Our evaluation generally concurs with the expert input we received. We believeconclude that 
lynx populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believeconclude it is more likely than not that resident lynx 
will be functionally extirpated by the end of the century from one or more of the five geographic 
units that currently support them.  
  
We acknowledge that under a “worse case” climate- modeling scenario the boreal and 
subalpine forests and snow conditions lynx need could completely disappear from some units 
and be substantially reduced in the remainder by the end of the century (we are aware of no 
climate modeling that suggests the complete disappearance of potential lynx habitat from the 
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entire contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more 
likely in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case.  
  
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believeconclude the most likely future 
condition of the DPS is that resident lynx populations will continue to persist at the end of the 
century in two or three of the five units that currently support them (i.e., they will be functionally 
extirpated from two or three of the units) and that, even where populations persist, they will be 
reduced in numbersize and distribution and, therefore, resiliency.   
  
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially- discrete event. We recognize that a sequence of 
discrete but spatially- clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well- distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.   
  
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
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units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and likely 
future relative genetic health of the DPS.  
  
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate.  
  
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates to decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events.  
  

5.1.1 Summaries of Future Conditions in Each Geographic Unit    
  
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high- quality hare habitat will drop from 
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about 10 percent to 5 percent of the landscape. High- quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward.  
  
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid-century to 
late century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent disturbance of the forest all will contribute toward the 
trend in the loss of spruce-fir forest and expansion of northern hardwoods, although the 
timeframe for conversion is uncertain. The lynx experts we consulted indicate the probability of 
persistence will decline to about 50% percent by the end of the century, although there was 
wide variation in opinions. After reviewing the scientific literature concerning climate change 
projections (diminishing snow conditions, lack of elevational refugia), some members of the 
Core Team were more pessimistic about the future of lynx in Maine than the lynx expert panel. 
In particular, we observed that there is great uncertainty about the future of forest management 
and future development on private forest lands. We also note that the threat for which the lynx 
DPS was listed, the lack of specific conservation direction in Federal forest planning and 
management regulations and direction, has not been addressed on private lands. There are no 
long-term management plans in place, State forest regulations have greatly influenced 
harvesting practices that have (and will continue to) reduce landscape hare densities, markets 
for forest products are depressed, and projections (under current harvest scenarios) are that 
habitat will diminish and shift southward in the near term because of post-harvest succession 
and recede northward over the longer- term because of continued climate warming.  
  
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity, and persistence of snow, competition, disease, and forest insects, and over the long 
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term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listedUnder a future scenario without Federal 
listing, we predict that the species would be placed on the Forest’s Regional Forester Sensitive 
Species list for at least 5 years, which gives it a higher priority than other species for monitoring 
and management during that time. It is expected that the MFRC guidelines will remain in place 
into the future and that voluntary actions will continue on State and private lands. However, it is 
unclear on what proportion of State and private lands these voluntary actions will be 
implemented into the future. Further, these guidelines are generalized for listed species and 
give no specific direction for lynx. Taking all factors into consideration (i.e., loss of boreal forest, 
increased competition, potential disease and insect outbreaks, loss of snow), lynx experts 
projected the mean probability persistence of lynx in Minnesota to the year 2025 wasto be 
greater than 90 percent, to 2050 wasto decline to 80 percent, and to 2100 to would decline to 
approximately 35 percent by 2100. After reviewing the scientific literature concerning climate 
change projections (diminishing snow conditions, loss of boreal forest, lack of elevational 
refugia, increased competition, and potential disease, and insect outbreaks), some members of 
the  SSA Core Team were slightly more pessimistic about the future of lynx in Minnesota than 
the lynx expert panel. The Core Team concluded that the climate-mediated conversion of boreal 
forest to temperate forest and the loss of favorable snow conditions could occur at a rate and 
extent that would result in a lower probability of persistence than the median most likely 
estimate provided by experts, including the possibility   that resident lynx could be extirpated 
from this unit by the end of the century.  
  
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
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the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency.  
            
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% percent to 90% percent (median = 80% percent), mid-century persistence at 30% percent 
to 80% percent (median = 70% percent), and end-of century (year 2100) persistence 
probabilities less than 50% percent (median = 38% percent) for lynx populations within this 
geographic unit. After considering the best available scientific information and input from lynx 
experts summarized above, the Core Team is generally in agreement with the experts regarding 
the probability of long-term persistence of Canada lynx in this geographic unit. We expect this 
unit will continue to support a small resident lynx population through midcentury but that its 
ability to do so beyond then is questionable, and that functional extirpation of lynx from this unit 
by the end of the century is more likely than not.  
  
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 



 

159  
  

other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century.  
  
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in  
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to become 
more fragmented by areas that no longer retain appropriate snow conditions and vegetation. 
However, we anticipate large areas of snow persistence to remain through the end of the 
century. Beetle kill and wildland fire will result in temporary nonfunctional habitat conditions. 
However, affected areas are likely to regenerate and provide excellent habitat conditions to 
support hares and lynx. A caveat to future habitat conditions in light of climate warming is that 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares. Our conclusion, based on the information 
available to us, is that lynx are likely to persist in western Colorado to the end of the century. 
Our conclusion is not without uncertainty, stemming primarily from the historical lack of evidence 
of consistent lynx presence within Colorado prior to the reintroduction effort. Our conclusion is 
generally consistent with that of the experts.  
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Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit.  
  
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties.  
  

Lynx 
population  

Lynx expert 
probability of 
persistence  

Key evidence  Uncertainties  

Unit 1 Maine  2050 median  
80% (range 20 

to 100%)  
   

2100 median 
50% (range 0 to 

100%)  

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range  

● Slight recovery of habitat by end of 
century depending on forestry trends  

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations  

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units  

● Little elevation refugia  

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada  

● Future shifts in land ownership, 
forest products markets, and  
development  

● Extent and pace of deteriorating 
snow conditions  

● Response of hares (pelage 
mismatch), bobcat and fisher to  
changing snow regime  

● Extent and pace of loss of spruce-fir  
● Future trends in hare populations  
● Disease and parasites in lynx  
● Effects of lynx trapping in Quebec  

Unit 2  
Minnesota  

2050 median  
80% (range 35 

to 100%)  
   

2100 median 
35% (range 0 to 

100%)  

● Smaller population could be 
susceptible to stochastic effects  

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods  

● Continued demographic and genetic 
connectivity to southern Ontario 
populations  

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario  

● Extent and pace of deteriorating 
snow conditions   

● Response of bobcat and fisher to 
changing snow regime  

 

 

 ● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx  

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100  

● Rate of decline of spruce-fir  
● Future trends in hare populations  
● Disease and parasites in lynx  



 

161  
  

Unit 3 
Northwester 
n Montana  

2050 median  
90%  

(range 40 to  
100%)  

   
2100 median  

~78%  
(range 10 to  

100%)  

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management  

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations  

● Potential high elevation buffer against 
climate change  

● Recent loss of small 
submetapopulation in Garnet Range  

● Increasing fire frequency  

● Extent and frequency of fire in hare-
lynx habitat  

● Extent and frequency of insect 
outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir  

● Future trends in hare populations  

Unit 4 
Northcentral  
Washington  

2050 median  
70%  

(range 10 to  
100%)  

   
2100 median  

~38%  
(range 0 to 90%)  

● Habitat and population low because 
of recent fires; could be susceptible to 
stochastic effects  

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations  

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration  

● Extent and frequency of fire in hare-
lynx habitat  

● Extent and frequency of insect 
outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Future trends in hare populations  

Unit 5 
Greater  
Yellowstone  

2050 median  
35%  

(range 0 to  
90%)  

   
2100 median  

15%  
(range 0 to 90%)  

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management  

● No connectivity with Canada 
populations; little immigration from 
DPS populations  

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration  

● Low quality habitat; dry; low hare 
populations  

● Smaller population could be 
susceptible to stochastic effects  

● Will habitat support adequate 
landscape hare densities to support 
lynx?  

● Extent to which GYA remains 
demographically isolated from other 
DPS populations; immigration from 
Colorado population  

● Extent and frequency of insect 
outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Future trends in hare populations  
● Extent to which high elevation may 

provide climate and snow refugia  
● Extent to which area will be  

   repopulated by the north and/or the 
south  
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Unit 6 
Western  
Colorado  

2050 median  
80%  

(range 20 to  
100%)  

   
2100 median  

50%  
(range 0 to 

100%)  

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise  
habitat will remain stable with USFS 
management  

● Isolation from other lynx populations  
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration  

● Uncertainty about stability of 
recentlyreintroduced lynx population  

● Demographic and genetic effects of 
isolated population  

● Extent and frequency of fire in hare-
lynx habitat  

● Extent and frequency of future 
insect outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir  

● Future trends in hare populations  

  

5.2 Future Conditions - Detailed Descriptions by Geographic Unit  
  
5.2.1 Unit 1 - Northern Maine  
  
Expert Projections of Lynx Persistence    
  
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.   
  
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid-century to 
the end of the century (2050, 2100). Snow conditions would continue to deteriorate (especially 
in the Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).   
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In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities).  
  
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past.  
  
The best available science indicates that hare populations have declined by about half across all 
stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.   
  
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWSService’s lynx Core Team generally 
agreed with this prognosis with the exception that some were less optimistic about the 
persistence of this population, especially after reviewing the literature pertaining to climate 
change in this region.  
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Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).   
  
Note: In Ffigure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
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regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire).  
  
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16).  
  
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will use 
widespread use of pesticides to control spruce budworm and herbicides to promote spruce-fir 
regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
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motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).   
  
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for supporting 
lynx.   
  
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.   
  
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.   
  
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
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snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).   
  
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.   
   
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.   
  
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).   
  
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
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Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire).  
  
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.   
  
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.   
  
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the many 
variables that influence shifting of the forest species composition (emissions scenarios, the long 
lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2). The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).   
  
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides).  
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Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015).  
  
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut in 
the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 
19841985), snowshoe hare densities are approximately 50 percent less in landscapes 
dominated by partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 
1276). Thus, changing forest management practices have and will continue to reduce landscape 
hare density possibly below levels that can support lynx.   
  
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).   
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032  
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape  
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).   
  
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high- quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high- quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8).  
  
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high- quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).   
  
Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations.  
   
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
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to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade.  
  
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030.  
  
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled simultaneously 
(K. Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end 
of the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 
2013, entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above) (Legaard et al. 2013). Mixed forests having a high (greater than 50% percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or be 
preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can adapt to 
lower landscape hare densities associated with mixed hardwood-softwood forest. They may 
persist, but at lower densities as they currently do in the western units of the DPS. However, the 
probability of persistence is further diminished by deteriorating snow conditions and increased 
populations of bobcats and other competitors.   
  
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e., wider extremes of summer drought and precipitation) during the 
next century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could 
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create fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947.  
  
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the Sstate’s “unorganized 
townships” are the responsibility of the Land Use Planning Commission (LUPC) in the Maine 
Department of  
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to -15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.   
  
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.   
  
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
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uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about  
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future.  
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it, too, 
may decline because of declining snow (see climate change section, above). The effects of new 
or expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township.  
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit  
  
Within the last five5 years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two2 resorts would be constructed on about 
14 km2 (5.5 mi2), and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.   
  
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010,  
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation 
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180250 
mi2) and become two of the largest such projects in Maine. Mining is not a traditional land use in 
this unit, but a large mining operation is being considered at one location in designated lynx 
critical habitat. Extraction operations for gravel (for road building) are widely- scattered 
throughout the unit.   
  
The area designated as lynx critical habitat is heavily- roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).   
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An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.   
  
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx.  
  
Conclusion  
  
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 
turnover, and development pressures), the Core Team also believedfinds that the population 
status of lynx in Maine will diminish substantially in the future. The Core Team believedfinds that 
lynx populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team further findsbelieved that, given current trends (diminishing snow 
conditions, extensive partial harvesting of the forest, forest fragmentation, possible pelage 
mismatch for hares, increasing populations of bobcat and fishers in a lower snow environment) 
landscape hare densities have declined, and will continue to decline in northern Maine. 
Extended periods of lower hare numbers (as seems to be occurring now), would be expected to 
exacerbate these declines.  
  
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believeconclude that development pressures (residential 
and commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future.  
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The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); forresulting from new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development). Without Federal 
listing, few of these projects would consider lynx. Critical habitat has been an important 
consideration in the Federal review of the aforementioned kinds of development projects. 
Critical habitat also has had a positive influence on land conservation in northern Maine, with 
land trusts and nongovernmental organizations using the lynx and their critical habitat as 
justification for seeking funds for conservation easements. This justification for habitat protection 
would no longer be valid in a future scenario without lynx being Ffederally- listed. The Core 
Team concludes that a future scenario without Federal listing would result in increased habitat 
loss and fragmentation and would result in reduced justification for habitat protection initiatives 
in northern Maine.  
  
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believefind that several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believeconclude that, despite a closed hunting and trapping 
season, incidental take would continue and possibly increase and could become a significant 
threat to a population of lynx that will likely be significantly diminished by mid-century to late-
century.  
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After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high- quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
sState regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believeconclude that climate change is a significant 
threat to lynx in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical 
to the existence of hare and lynx, and snow depth and duration are currently at or below the  
thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce- and fir isare being replaced by 
northern hardwoods because of climate change. Frequent forest cutting and disturbance, 
including a pending spruce budworm outbreak, could accelerate conversion to northern 
hardwoods. We acknowledge that the rate of spruce-fir decline is uncertain, but note that some 
of the science reviewed indicates the spruce-fir forest type could nearly disappear from Maine 
by late-century under both low and high emissions scenarios. Climate change models portend 
declining snow conditions from low- to high- emissions. Because increases in temperature are 
thus far tracking high emissions scenarios, we are less optimistic for snow conditions that favor 
lynx by mid-century to late-century. In the past decade, interest in development has increased in 
lynx critical habitat, especially proposals for large-scale residential and resort development and 
extensive wind energy development that could cover hundreds of square miles. We conclude 
that these threats, individually and cumulatively, indicate diminished populations of lynx and 
their habitat. We find that, Iif these threats are not abated, we believe that the probability of 
persistence will be lower than projected by experts by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century. 
   
5.2.2 Unit 2 - Northeastern Minnesota  
  
Expert Projections of Lynx Persistence  
  
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Ffigure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
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drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change.  
  
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised.  
  
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit).  
  
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38).  
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Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100).  

Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest ServiceUSFS 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can maintain, restore, or create lynx habitat, and the SNF 
has a long-term commitment to doing so. If the SNF continues to follow vegetation and wildland 
fire management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, Under a future scenario without Federal listing, we predict that the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
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during that time. The SNF consults with the FWS to consider the effects of any projects to lynx 
and its critical habitat and is anticipated to do so as long as the species is listed under the ESA.  
   
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest ServiceUSFS and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing.  
   
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests.  
   
The NPS manages Voyageurs National Park, which is also within the Minnesota unit.  
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific direction 
in its management plan (NPS 2002, entire). The National Park consults with the FWS to 
consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as long 
as the species is listed under the ESA. Lynx documented on and near Voyageurs National Park 
are probably transient animals (Moen et al. 2012, p. 348).  
   
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future.  
   
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
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from trapping (ILBT 2013, p. 49). If the DPS waswere not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume.  
  
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future conservation 
of lynx because lynx distribution and habitat is likely to shift upward in elevation within its 
currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). Greatest 
stressors of climate change include diminishing snow depth, quality and duration; competition 
from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004,  
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario.  
   
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).   
   
Lynx require at least four4 months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, and of 24 inches or greater ranged from 10 to 30 days (Kuehnast 
et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in 
the frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception 
of projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).   
   
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.)  
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http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht 
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-winter to-late winter by the 
end of the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).   
    
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next  
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the sState by 2095 (Moen 
and Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of only the small area in Cook County (the extreme 
northeastern corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than 
the majority of the area that is now considered lynx core habitat and would, therefore, support a 
much smaller number of resident lynx than likely occur in the unit now.   
  
Vegetation Management - Vegetation management activities similar to that conducted under 
current  
Forest Plans will likely continue into the future on Forest ServiceUSFS lands in Minnesota as 
long as the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood harvest, partial cut, and uneven-aged cutting; wildlife restoration projects that 
involve tree cutting, shearing, burning, seeding, and planting; prescribed burning for ecological 
purposes, hazardous fuel reduction, and site preparation; and mechanical site preparation. If the 
DPS is delistedUnder a future scenario without Federal listing, we predict that the species would 
be placed on the Forest’s Regional Forester Sensitive Species list for a minimum of five5 years, 
which gives it a higher priority than other species for monitoring and management during that 
time; however, it is unclear what the forest management would entail during or after that period 
of time.  
  
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
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Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended fForest pPlans, using LCAS as a basis. Future Forest Plan revisions will likely 
maintain broad direction to design and implement vegetation management projects to maintain 
or restore conditions for lynx foraging and denning habitat and to maintain or improve 
juxtaposition of required habitat types and connectivity.  
   
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially- thinned harvest, depending on unit size and remaining stand composition 
and structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan.  
  
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).   
  
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW.  
  
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three3 to five5 years, depending on the forest type and 
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number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.   
  
Fragmentation, Development, and Human Access - Throughout the SNF and northern  
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW.  
  
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management  
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.   
  
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
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hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.   
  
Conclusion  
  
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more pessimistic 
about the future of lynx in Minnesota than the lynx expert panel. The Core Team concluded, with 
slightly more certainty than the expert panel, that the lynx may be extirpated at the end of the 
century. The experts predicted the probability of persistence to decline to approximately 35 
percent by 2100 while the Core Team thought the probability of persistence would be lower at 
that time. The threat for which the lynx was listed, lack of specific conservation direction, 
associated regulations, and lynx forest management planning has not been addressed on 
private lands in Minnesota, except through voluntary guidance. There is some uncertainty about 
the future of forest management and future development on private forest lands in Minnesota 
and in adjacent lands in Ontario, although there are some basic voluntary management 
guidelines for private lands in Minnesota. Further, if the DPS is de-listedunder a future scenario 
without Federal listing, there is uncertainty whether the lynx direction on Forest lands would 
continue into the future. It is projected that habitat will diminish and recede northward over the 
mid-term to longer- term because of continued climate warming. Furthermore, hybridization and 
competition with bobcat may increase with diminishing snow conditions because of continued 
climate warming and there are uncertainties how insect outbreaks or disease may affect the 
species or its habitat.  
  
The Core Team believesfinds that the Minnesota lynx populations would be expected to decline 
more rapidly in a future scenario without Federal listing. The lynx is sState listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the sState statute, a person may not take, import, transport, 
or sell any portion of an endangered or threatened species. However, these acts may be 
allowed by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the sState. In Minnesota, the large proportion of lynx core area owned by the Forest 
ServiceUSFS provides a nexus for USFWSService review of ForestUSFS projects under 
section 7 of the Endangered Species ActESA (i.e., there is rarely fFederal funding spent on 
forestry and no fFederal permits required for forest management on private lands), which would 
be lost post de-listingnot occur under a future scenario without Federal listing. Because of their 
Federal listing, Canada lynx are recognized as a priority species for planning by fFederal, 
tTribal, sState, and private forest landowners. Voluntary guidelines that consider the Federal 
listing status may guide private landowners to at least consider measures to help conserve 
listed species in the future. Without Federal listing driving voluntary conservation guidelines, 
however, there would be little or no motivation for private forest landowners to intentionally 
engage in forest management to benefit lynx. With current Federal listing, there is a nexus for 
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the USFWSService to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); forresulting from new highways, transmission lines, 
large-scale energy development, mining, and residential and commercial development). Without 
Federal listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.   
  
Lynx would be at greater risk without Endangered Species ActESA section 9 prohibitions 
against take. In a future scenario without Federal listing, Minnesota’s incidental take planning 
effort for trapping may be further delayed or halted and may result in the diminishment of 
protective measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 
lynx have been reported to be incidentally trapped in Minnesota since listing, resulting in at least 
6 mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without fFederal 
protection. High-profile law Federal law enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota, and trapping would be expected to occur there, thatwhich may lead to 
greater incidental take of lynx. Without fFederal listing, shooting lynx may increase. We 
believefind that despite a closed hunting and trapping season, incidental take would continue 
and possibly increase and could become a significant threat to a population of lynx that will likely 
be significantly diminished by mid-century to late-century.  
  
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by private 
forest landowners to management plans to ameliorate this stressor. After reviewing the best 
available scientific information, we believeconclude that climate change is a significant threat to 
lynx in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy 
snow is critical to the existence of hare and lynx, and snow depth and duration are currently at 
or below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
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decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high 
emissions. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid-century to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believefind that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts.  
  

5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho  
  
Expert Projections of Lynx Persistence  
  
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity.  
   
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95% percent, mid-century 
persistence at 70% percent to 100% percent (median = 90% percent), and end-of-century 
persistence probabilities >= 50% percent (median = 78% percent) (Ffigure 10, below).  
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Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100).  
  
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit.  
   
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
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demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at the 
southern end of this unit may have recently become extirpated.  
   
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires.  
   
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - Federal, Sstate, and Ttribal regulations and land management 
direction could change in the future, but such changes and their potential impacts on lynx 
populations and habitats are difficult to predict. Because most (84 percent) of this geographic 
unit consists of Federal lands, the regulations and guidance that govern management of those 
lands have  
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
ServiceUSFS, Park ServiceNPS, and BLM management plans are revised or amended, they 
require opportunities for public participation in accordance with several statutes (e.g., the 
National Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National 
Parks and Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 
pp. 26-34, also see 3.1, above). If plan amendments or revisions may affect listed species, 
management agencies must consult with the Service in accordance with section 7 of the ESA. If 
in the future the lynx DPS is determined by the Service to be recovered and the protections of 
the ESA no longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered 
and Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the 
States, to monitor the DPS for a minimum of five years to assess its ability to sustain itself 
without the ESA's protective measures. If, within the designated monitoring period, threats to the 
DPS change or unforeseen events affect its stability, then the DPS may be relisted or the 
monitoring period extended. Given these requirements, we expect that future Federal 
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management direction will continue to include regulations and guidance protective of lynx, 
although specific measures may change as new information becomes available.  
   
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with  
nondevelopmental land- use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act.  
  
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the  
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future.  
   
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Ttribal lands.  
   
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future.  
   
If the DPS waswere not listed, it is possible that State-managed trapping could resume in this 
and perhaps other geographic units. We expect that would only occur only if scientific evidence 
were to strongly suggested the presence of a harvestable surplus of lynx and that harvest 
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quotas would be carefully managed to ensure that the viability of resident lynx populations 
would not be diminished or that potential recovery objectives werewould not otherwise be 
compromised.  
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15).  
   
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90- to 95 percent from 1961- to 1990 to 50 percent across much of the unit by the 
end of this century (years 2071-2100), although some parts of this unit are projected to retain 
adequate snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will 
likely be a lag time between the loss of favorable snow conditions and an eventual shift/ 
contraction in vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), 
but continued warming is projected to convert much of the boreal forest in this unit to temperate 
conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and 
hare populations to persist during this lag and to adjust to future habitat distributions is 
uncertain, but habitat quality, quantity, distribution, and connectivity are expected to decline, 
likely compromising this unit’s continued ability to support resident lynx populations.   
   
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily- distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit.  
   
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
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are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below).  
   
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.   
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc.,and other silvicultural 
practices and by encouraging the use of these activities to restore, improve, or create high- 
quality hare and lynx foraging habitats where feasible.   
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future.  
   
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily- distributed 
and landscape-level hare densities are already marginal in many parts of this unit, it is possible 
that very large wildfires or many wildfires over a short time period could tip some parts of this 
unit from just barely capable of supporting resident lynx to incapable of doing so in the future. 
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Although fire suppression was considered a potential risk factor for lynx in the DPS range, given 
the trends discussed above and the likely continued increase in future fire activity resulting from 
continued climate warming and drying, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
resident populations, especially in places already apparently only marginally capable of 
supporting them.   
  
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, hasve been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation.  
   
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx.  
   
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected.  
   
Although the extent to which this factor may influence lynx populations in this unit is unknown,  
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 
19992007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident 
lynx population that needs but is not receiving adequate immigration. If this growth rate was 
applied continuously to a hypothetical resident population of 250 lynx (the midpoint of the range 
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in the number of resident lynx this geographic may support based on expert opinion [Lynx SSA 
Team 2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, as noted above, the lynx population in the Purcell Mountains in the northwestern part 
of this unit was estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 
2016, p. 20) over the last four4 years of the period for which the Seeley Lake population was 
estimated to be declining. In the absence of information on historical, recent, and likely future 
rates of immigration and its contribution to the persistence of lynx populations in this geographic 
unit, impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time.  
  
Conclusion  
  
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, perhaps 
in concert with other factors (e.g., decrease in or complete loss of immigration from Canada), 
result in the functional extirpation of resident lynx from this unit before the end of the century.  
  

5.2.4 Unit 4 - North-central Washington  
  
Expert Projections of Lynx Persistence  
  
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Ffigure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% 
percent to 90% percent (median = 80% percent), and mid-century persistence at 30% percent to 
80% percent (median = 70% percent). All experts predicted end-of-century persistence 
probabilities less than 50% percent, with a (median of= 38% percent,) by 2100 (Ffigure 11). 
However, one expert predicted an increase in persistence probability by midcentury as habitats 
impacted by recent large-scale fires regenerate into optimal hare-lynx habitat.  
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100).  
  
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently- unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
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Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State- managed lands within Washington State.  
  
Further, should lynx be delistedunder a future scenario without Federal listing, the management 
for and status of lynx in this geographic unit should be largely secure (insofar as we can affect 
their status [i.e., notwithstanding effects of climate change)]) as greater than 90 percent of lynx 
habitat in this unit consists of Federal ownership on the OWNF and CNF. We expect that both 
the OWNF and CNF will be required to manage for lynx and their habitat into the future because 
both forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised. However, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to the OWNF and/or 
CNF LRMPs through the National Environmental Policy ActNEPA process. Therefore, we 
expect that both the OWNF and CNF will continue managing for lynx and their habitat into the 
future regardless of their listing status.  
  
Climate Warming - The one risk factor identified by the LCAS whichthat the Forest 
ServiceUSFS, or the WADNR for that matter, has little ability to control or influence is climate 
change. Climate change was identified by the panel of lynx experts convened during 
development of the Canada Lynx Expert Elicitation Workshop Report to potentially represent the 
greatest threat to the long-term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of 
the published literature on this subject leads the Core Team to conclude that climate change 
does indeed pose the greatest risk to the long-term persistence of lynx, including within this 
geographic unit.  
   
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large- wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
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longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that fire 
exclusion had little impact on natural fire regimes. Rather, climate appeared to be the primary 
driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) estimated adult 
lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high- quality lynx habitat in 
the Meadows area of north central Washington (at least relative to other lynx habitat in 
Washington). Much of the lynx habitat in the Meadows was impacted by the recent large, stand 
replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in the northern 
Cascades. Thus, the lynx densities Koehler observed in his study area may not be currently 
supported, because as habitat becomes more fragmented and isolated (i.e., marginal), the 
carrying capacity for a particular species declines.  
   
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit.  
  
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448).  
   
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. Mote 
(2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using data 
collected by weather stations from 1930 to 1995, determined that the temperature increased in 
the Pacific Northwest, and more precipitation fell in the spring and summer months, especially at 
elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined that an 
increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 percent 
decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) determined that 
the Cascades are very sensitive to temperature changes, with large increases in temperature 
potentially resulting in significant declines in snowpack. Corroborating Mote’s speculation, 
Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has declined by up to 
40 percent in the latter half of the twentieth century, which resulted from increased 
temperatures. Furthermore, predicted continued increasing temperature changes of 2° C to 5° C 
over the next century are expected to cause further and accelerated losses in snowpack in the 
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Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the Cascades through 
2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner 
et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx densities 
supported in the Cascades. Finally, some of the best lynx habitat in this geographic unit occurs 
on plateaus that may be more vulnerable to impacts of climate change because of the absence 
of higher elevation areas to which habitats and lynx could migrate in response to climate 
warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of lynx 
habitat to large wildfires, coupled with increasing wildfire risk, the potential for the Cascades to 
support a viable lynx population may be further reduced because of projected climate-mediated 
decreases in snow quantity and quality.  
   
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis.  
  
Conclusion  

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely to 
increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit.  
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5.2.5 Unit 5 - Greater Yellowstone Area  
  
Expert Projections of Lynx Persistence  
   
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% percent to 70% percent (median = 52% percent), and mid-century persistence at 15% 
percent to 60% percent (median = 35% percent). All experts predicted end-of-century 
persistence probabilities less than 50% percent for this unit, with a median of 15% percent, by 
2100 (Ffigure 12). This was the only unit for which most experts believed the present probability 
of persistence is low (i.e., that it is uncertain whether this area currently supports a resident lynx 
population). Some experts increased probability of persistence into mid-century as the 1980s-
era fires regenerate into hare/lynx habitat, and with the possibility of continued immigration of 
lynx from Colorado. Other experts project a 10%-percent to 20%-percent probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area.  
  

  
Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100).  
  



 

199  
  

Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, Sstate, and Ttribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also, as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be relisted 
or the monitoring period extended. Given these requirements, we expect that future Federal 
management direction will continue to include regulations and guidance protective of lynx, 
although specific measures may change as new information becomes available.  
   
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with  
nondevelopmental land- use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act.  
  
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
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affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future.  
   
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believeconclude it is unlikely that regulatory mechanisms 
on those lands will influence this unit’s future ability to support resident lynx.  
   
If the DPS waswere not listed, State-managed trapping could resume in this geographic unit. 
We expect thatis would occur only if scientific evidence were to strongly suggested the presence 
of a harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure 
that the viability of resident lynx populations would not be diminished or that potential recovery 
objectives werewould not otherwise be compromised.  
   
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15).  
   
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
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lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.   
   
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily- distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit.  
   
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below).  
   
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future.  
   
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc.and other sylvicultural practices, and and by 
encouraging the use of these activities to restore, improve, or create high- quality hare and lynx 
foraging habitats where feasible.  



 

202  
  

   
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future.  
   
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily- distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them.  
   
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation.  
   
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
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potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx.  
   
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time.  
  
Conclusion  
  
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short term 
(through 2025), but that it is very unlikely to support a persistent resident population over that 
time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century.  
  
5.2.6 Unit 6 - Western Colorado  
  
Expert Projections of Lynx Persistence  
   
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Ffigure 13).  
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100.  
  
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily 
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area.  
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Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern  
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest 
ServiceUSFS land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other 
ownerships makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five5 
percent is in other Federal ownership. Other non-Federal ownerships include state, county, 
municipal, etc.other governmental, and private lands. Some BLM resource management plans 
have not been amended to include conservation specifically for lynx. Lynx habitat on BLM 
ownership mostly consists of narrow forest extensions connected to larger blocks of habitat on 
adjacent USFS lands. Generally, these extensions are insufficient on their own to support a lynx 
home range. However, the Gunnison Field Office is the only BLM unit that contains sufficient 
habitat to map and identify LAUs.  
  
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207].  
   
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow  
would continue to be retained late in the 21st century, including the high elevations of Colorado.”  
  
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by 
midcentury relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61]  
  
An analysis of projected 21st century temperature trends as a function of elevation in the  
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern whether 
the warming projected for the higher elevation regions (>10,000’) in the state is substantially 
different from that projected for lower elevations” (Lukas et al. 2014, p. 63).  
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On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65).  
  
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest ServiceFS plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century.  
  
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century.  
  
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky  
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large 
standreplacing fires within lynx habitat may produce young age class snowshoe hare habitat 
after approximately 10-30 years. Although this vegetative condition may provide some high- 
quality snowshoe hare habitat, mature forests are also very important as winter foraging 
habitat.” (USFS 2008, p. 36)  
  
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed, high-
volume highways,; high mountain valley developments,; vegetation management,; ski/recreation 
area development,; and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reducesing lynx habitat. The magnitude of 
fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado.  
  
Conclusion  
  
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historical 
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record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
hadve no data). Despite these uncertainties, we anticipate lynx populations to persist through 
the end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.   
  
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believefind that, as long as the current regulatory mechanisms provided by the 
State of Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains 
in place, lynx are likely protected from take, and their habitat requirements are likely met in a 
significant majority of the available habitat within the sState. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.   
  
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year- round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future.  

Chapter 6:  Synthesis  
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats.  
  
Needs  
  
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
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generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less abundant 
and more patchily distributed than in the core of the range. Maintaining connectivity between 
lynx populations in Canada and the DPS is thought to be important; however, whether and if so 
to what extent the demographic and/or genetic health of DPS populations relies on periodic 
immigration from Canadian populations remains uncertain.   
     
Current Conditions and Threats  
  
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx.  
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) continue 
to support resident lynx, thought to number 200-300, although a small subpopulation in the 
Garnet Mountains on the southern periphery of this unit may have been extirpated recently. In 
North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events.  
  
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 



 

209  
  

recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions.  
      
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S.  
   
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In Nnorth-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern  
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain.  
  
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below).  
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Future Conditions and Threats  
  
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS.  
  
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events.  
  
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely.  
  
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently-
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observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, the current and likely future absence of 
significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS.  
  
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate.  
     
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit.  
  
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
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and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat.  
  
DPS Viability  
  
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 
50- percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid-
century to late-century concerning the timing and extent of various stressors that will affect lynx 
and hare habitat and snow regimes, especially those related to climate change. However, 
review of the best available science in concert with input from lynx experts suggests that the 
probability of the persistence of resident breeding populations will decline in all geographic units, 
with the negative DPS-wide trajectory continuing to the end of the century, and (with no 
evidence to the contrary) beyond that time frame.  
  
Our evaluation generally concurs with the expert input we received. We believeconclude that 
lynx populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through 
midcentury in most of the five geographic units that currently support them. However, we 
believeconclude it is very unlikely that resident lynx populations will persist through the end of 
this century in all of the geographic units that currently support them. That is, we 
believeconclude that resiliency will be substantially diminished because of reduced population 
sizes and distributions throughout the DPS, with resulting extirpation of resident populations 
from two to three (of five) units more likely than not by the end of the century.   
   
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
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reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century.  
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Jim - I reviewed this new draft to see how my comments on the previous draft were
addressed.  I identified a few outstanding issues.  I tried my best to provide fixes, but there are
a few issues that only the team can address.  I appreciate all the work the team did, and
especially you, to address my previous comments.  I'm happy to discuss these additional
comments with you (and the team if you'd like).

Thanks for putting together such a well-written document, especially considering its length
and multiple contributors.  I usually spend a lot of time dealing with sentence structure, usage,
and other clarity issues; it was a pleasure not having to struggle to understand what was trying
to be said.  I tried to help polish it with minor edits (GPO Style Manual compliance,
punctuation, etc.); I hope this helps save you some time and make up for some of the extra
work my comments have created.

Marty

On Wed, Jan 11, 2017 at 5:19 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All,

Attached is the draft lynx SSA report, which was sent to our peer review contractor on Friday and to State,
Federal, and Tribal partners yesterday and today.  Apologies to those of you who have received this previously
through other/multiple channels.

The draft went through internal FWS review in Oct./Nov.  Thanks to those of you who provided comments; the
SSA Team hopes we addressed them adequately in this revised draft.

We are not soliciting additional FWS review and comment of this draft, but we wanted everyone to have the most
current version in case you get questions from your local State, Federal or Tribal partners. However, if you see
glaring errors or problems, please let me know!

Please note that the lit cited list in this draft is incomplete - the SSA Team is continuing to work on getting all the
cited documents listed and PDFs compiled in one place.  In the mean time, if you need a copy of a cited
document, let me know and we will get it to you.

Also note that we are not posting this for public review and comment, but we will make the final SSA report
publicly available.  We ask that you not distribute this draft to the public, although we anticipate some level of
circulation given all the partner agencies that have been invited to review it and provide comments.
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Don't hesitate to contact me or your local SSA Core Team member if you have questions or need additional
information.

Cheers!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim; Mary Parkin; Jodi Bush
Cc: Anna Harris
Subject: Re: Draft Canada lynx SSA Report
Date: Thursday, January 26, 2017 12:42:54 PM

Jim and Jodi:  

Marty's comments are thoughtful, insightful, and numerous.  I just reviewed the first 20 pages
of comments, and there is a lot to address.  Given that we are likely to receive a large volume
of comments from the other regions, peer reviewers, states, and possibly tribes, should we get
a head start and start addressing these comments now?

Word choice, punctuation, and other scientific editing are straightforward to address.  I'm
concerned that we have little time to address the substantial comments before handing the SSA
to the Decision Team.

My understand is that senior management in R5 reviewed these comments (likely Paul Phifer,
ES ARD) so they may expect that we address them before we see distribute to the SSA
Decision Team.  Have there been any other comments received from senior management at
any of the other regions (is Lori Nordstrom reviewing?).  

thanks,  Mark
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Jim - I reviewed this new draft to see how my comments on the previous draft were
addressed.  I identified a few outstanding issues.  I tried my best to provide fixes, but there
are a few issues that only the team can address.  I appreciate all the work the team did, and
especially you, to address my previous comments.  I'm happy to discuss these additional
comments with you (and the team if you'd like).

Thanks for putting together such a well-written document, especially considering its length
and multiple contributors.  I usually spend a lot of time dealing with sentence structure,
usage, and other clarity issues; it was a pleasure not having to struggle to understand what
was trying to be said.  I tried to help polish it with minor edits (GPO Style Manual
compliance, punctuation, etc.); I hope this helps save you some time and make up for some
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Hi All,

Attached is the draft lynx SSA report, which was sent to our peer review contractor on Friday and to State,
Federal, and Tribal partners yesterday and today.  Apologies to those of you who have received this previously
through other/multiple channels.

The draft went through internal FWS review in Oct./Nov.  Thanks to those of you who provided comments; the
SSA Team hopes we addressed them adequately in this revised draft.

We are not soliciting additional FWS review and comment of this draft, but we wanted everyone to have the
most current version in case you get questions from your local State, Federal or Tribal partners. However, if
you see glaring errors or problems, please let me know!

Please note that the lit cited list in this draft is incomplete - the SSA Team is continuing to work on getting all
the cited documents listed and PDFs compiled in one place.  In the mean time, if you need a copy of a cited
document, let me know and we will get it to you.

Also note that we are not posting this for public review and comment, but we will make the final SSA report
publicly available.  We ask that you not distribute this draft to the public, although we anticipate some level of
circulation given all the partner agencies that have been invited to review it and provide comments.

Don't hesitate to contact me or your local SSA Core Team member if you have questions or need additional
information.

Cheers!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Vashon, Jennifer
To: Zelenak, Jim; mark_mccollough@fws.gov
Cc: Connolly, James
Subject: RE: literature cited request
Date: Monday, January 30, 2017 11:28:49 AM
Attachments: image001.png

image002.png

Hi Mark,
 
I just wanted to check-in to see if you received this email and when we could expect to receive
copies as the deadline is fast approaching for our comments. In addition, we would like the following
additional papers/data cited in the SSA
 
-Simons-Legaard, E. M. 2016. Modeling timber harvest and habitat uncertainty: landscape trends
(2010-2060) for Canada lynx and American marten in Maine. University of Maine Report to U. S. Fish
and Wildlife Service, Maine Field Office. 19 pp.
 
-D. Harrison, U. Maine, unpubl. data cited on  page 80
 

From: Vashon, Jennifer 
Sent: Thursday, January 26, 2017 5:36 PM
To: 'Zelenak, Jim'; mark_mccollough@fws.gov
Subject: RE: literature cited request
 
Hi Mark,
 
If you have pdfs of all the literature in the climate section of the SSA report compiled, could you
please forward them to me? If they are not compiled, could you please send me the following
citations
 
Danby and Hik 2007
Diefenbach et al. 2016.
Hone et al. 2011
Ims et al. 2008
IPCC 2014
Johnston et al. 2012
Koen et al. 2015
Sultaire et al. 2016
Zimova et al. 2013
Zimova et al. 2016
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, January 26, 2017 1:40 PM
To: Vashon, Jennifer
Subject: Re: literature cited request
 
Attached is the 2012 citation.  I'll await your list of the CC lit. you would most like.  Of
course, feel free to contact Mark directly for particular papers.
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Jim
 
On Thu, Jan 26, 2017 at 11:09 AM, Vashon, Jennifer <Jennifer.Vashon@maine.gov> wrote:
Hi Jim,
 
Thanks for the update, yesterday. Maine will be providing written comments and we are in the
midst of reviewing the document. On the call yesterday, you indicated that pdfs of the
literature cited in the document are available upon request.
 
At this time, we would be interested in getting copies of the literature cited in the climate
section of the report.  We are also interested in a copy of the citation Maine Department of
Inland Fisheries and Wildlife Unpublished data 2012. 
 
Best,
 
Jen
 
____________________________________________
Jennifer Vashon-MDIFW’s Mammal Program
Canada Lynx and Black Bear Biologist
Maine Department of Inland Fisheries and Wildlife
650 State St. Bangor, ME 04401
jennifer.vashon@maine.gov
207.941.4238 (office)
207.941.4450 (fax)
Remember Maine’s Wildlife!
 Purchase a Loon Plate             Contribute at tax time   
 
Correspondence to and from this office is considered a public record and may be subject to a request under the
Maine Freedom of Access Act. Information that you wish to keep confidential should not be included in email
correspondence.
 
 
 

                      
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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ARTICLE

Isolation of peripheral populations of Canada lynx
(Lynx canadensis)
E.L. Koen, J. Bowman, and P.J. Wilson

Abstract: Landscape barriers to gene flow, such as rivers, can affect animal populations by limiting the potential for rescue of
these isolated populations. We tested the riverine barrier hypothesis, predicting that the St. Lawrence River in eastern Canada
would cause genetic divergence of Canada lynx (Lynx canadensis Kerr, 1792) populations by restricting dispersal and gene flow. We
sampled 558 lynx from eastern Canada and genotyped these at 14 microsatellite loci. We found three genetic clusters, defined by
the St. Lawrence River and the Strait of Belle Isle, a waterway separating Newfoundland from mainland Canada. However, these
waterways were not absolute barriers, as we found 24 individuals that appeared to have crossed them. Peripheral populations of
lynx are threatened in parts of Canada and the USA, and it is thought that these populations are maintained by immigration from
the core. Our findings suggest that in eastern North America, rescue might be less likely because the St. Lawrence River restricts
dispersal. We found that ice cover was often sufficient to allow lynx to walk across the ice in winter. If lynx used ice bridges in
winter, then climate warming could cause a reduction in the extent and longevity of river and sea ice, further isolating these
peripheral lynx populations.

Key words: Canada lynx, ice bridge, Lynx canadensis, Newfoundland, population structure, Quebec, riverine barrier hypothesis,
St. Lawrence River, Strait of Belle Isle.

Résumé : Les barrières au flux génétique dans le paysage, comme les rivières, peuvent avoir une incidence sur les populations
d’animaux en limitant la possibilité de sauvetage de populations isolées. Nous avons vérifié l’hypothèse des barrières fluviales,
qui prédit que le fleuve Saint-Laurent, dans l’est du Canada, causerait une divergence génétique de populations de lynx du
Canada (Lynx canadensis Kerr, 1792) en limitant la dispersion et le flux génétique. Nous avons échantillonné 558 lynx de l’est du
Canada et les avons génotypés en 14 microsatellites. Nous avons trouvé trois groupements génétiques définis par le fleuve
Saint-Laurent et le détroit de Belle-Isle, qui sépare Terre-Neuve de la partie continentale du Canada. Cependant, ces plans d’eau
ne sont pas des barrières absolues, puisque nous avons trouvé 24 individus qui semblent les avoir traversés. Des populations
périphériques de lynx sont menacées dans certaines régions du Canada et des États-Unis, et ces populations seraient maintenues
par l’immigration à partir de populations centrales. Nos constatations donnent à penser que, dans l’est de l’Amérique du Nord,
le sauvetage pourrait être moins probable parce que le fleuve Saint-Laurent limite la dispersion. Nous avons constaté que la
couverture de glace était souvent suffisante pour permettre aux lynx de la traverser à pied durant l’hiver. Si les lynx utilisent les
ponts de glace en hiver, le réchauffement climatique pourrait entraîner une réduction de l’étendue et de la durée de la glace de
rivière et de mer, accroissant ainsi l’isolement de ces populations périphériques de lynx. [Traduit par la Rédaction]

Mots-clés : lynx du Canada, pont de glace, Lynx canadensis, Terre-Neuve, structures des populations, Québec, hypothèse des
barrières fluviales, fleuve Saint-Laurent, détroit de Belle-Isle.

Introduction
Landscape-scale impediments to dispersal, such as mountain

ranges (e.g., Reding et al. 2013) and roads (e.g., Epps et al. 2005),
can cause a reduction in gene flow that can lead to reduced ge-
netic diversity and extirpation of isolated populations (O’Grady
et al. 2006). At the leading edge of a shifting species’ distribution,
landscape-scale barriers might limit opportunities for the species’
range to expand as optimal environmental conditions shift (Kerr
and Packer 1998). At the trailing range edge, landscape features that
reduce gene flow could lead to reduced genetic diversity (Koen et al.
2014a) and a reduced potential for already vulnerable populations to
adapt to changing environmental conditions (Pearson et al. 2009).
Landscape barriers might also prevent rescue of isolated populations
by limiting immigration from core populations (Adams et al. 2011).

The influence of rivers on dispersal, species distributions, and
speciation has been of interest for over a century (Wallace 1852;
Grinnell 1914; Goldman 1937). The riverine barrier hypothesis
(Wallace 1852; Ayres and Clutton-Brock 1992) posits that rivers can
act as barriers to dispersal and can limit species’ ranges. It follows
that dispersal rates across rivers would be inversely proportional
to river width and flow rate. Despite the number of empirical
tests, support for this hypothesis is mixed (Colwell 2000). Rivers
have been shown to impede dispersal and gene flow of a diversity
of terrestrial species, including reptiles (lizards: Lamborot et al.
2003), birds (Hayes and Sewlal 2004; Voelker et al. 2013), and
mammals (mustelids: Garroway et al. 2011; primates: Ayres and
Clutton-Brock 1992; Peres et al. 1996). There are also examples of
rivers that do not act as barriers (Patton et al. 1994; Fairley et al.
2002; Lougheed et al. 1999; Côté et al. 2012). Equivocal support for
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the riverine barrier hypothesis might be a function of the ecology
and dispersal abilities of the focal species in relation to the width
and flow rate of the river in question (Haffer 1997). In northern
regions, seasonal river ice can dampen the isolating effects of rivers
by making otherwise isolated regions accessible to nonhibernat-
ing terrestrial mammals via ice bridges (Jackson 1920; Banfield
1954; Fuller and Robinson 1982b; Gaston et al. 2012).

The distribution of Canada lynx (Lynx canadensis Kerr, 1792) across
North America has contracted since European settlement (Laliberte
and Ripple 2004), and the southern extent of the range has con-
tinued to contract northward in recent decades (Koen et al. 2014a).
The Canada lynx is federally listed as threatened in the contermi-
nous USA (U.S. Fish and Wildlife Service 2000) and provincially
listed as endangered in New Brunswick (New Brunswick Endangered
Species Regulation 2013) and Nova Scotia (Parker 2001), Canada.
The St. Lawrence River is over 750 km long and 1–42 km wide and
runs through the southern extent of the lynx range in Quebec,
Canada (Fig. 1). Lynx are known to swim across relatively narrow
rivers (100–300 m; Feierabend and Kielland 2014), but previous
research has suggested that lynx movements are impeded by a

river as wide as the St. Lawrence River (Rueness et al. 2003). Lynx
populations at the southern extent of their range may be main-
tained or supplemented by immigration from core populations
(Schwartz et al. 2002), and in eastern North America, this would
imply that lynx immigrate southward from north of the St. Lawrence
River. Indeed, the possibility of rescue of the threatened south-
ern lynx populations via dispersal from core populations is an
important component of assessment and recovery plans for lynx
(Ruediger et al. 2000; Nordstrom 2005; Nova Scotia Lynx Recovery
Team 2007). Thus, understanding the role of the St. Lawrence
River in shaping genetic structure of lynx is an important conser-
vation goal, as it could have implications for the recovery of
peripheral lynx populations in eastern North America. If the
St. Lawrence River is acting as an impediment to lynx movements
and gene flow, then there should be genetic divergence between
lynx populations on either side of the river. We also estimated
temporal trends in ice cover to assess whether an ice bridge across
the St. Lawrence River exists and could be crossed by lynx in
winter. For context, we compared our results to a known obstacle

Fig. 1. Location of 558 Canada lynx (Lynx canadensis) samples, with circle radius representing the number of samples collected within each
harvest unit (Unités de gestion des animaux à fourrure in Quebec) or province. “QC north” indicates the region of Quebec that is north of the
St. Lawrence River, while “QC south” indicates the region of Quebec that is south of the St. Lawrence River. “M” and “QC” represent the
location of Montréal and Quebec City, respectively, on the St. Lawrence River. “A” represents St. Anthony on the Strait of Belle Isle. The inset
map indicates the study area and current distribution of lynx in North America (grey), reproduced with permission of the International Union
for Conservation of Nature (IUCN 2013). NFLD, Newfoundland; NS, Nova Scotia; NB, New Brunswick; ME, Maine; NH, New Hampshire;
VT, Vermont; NY, New York.
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to lynx gene flow, the Strait of Belle Isle that separates Newfound-
land from mainland Labrador and Quebec, Canada.

Materials and methods
The St. Lawrence River in eastern North America links the Great

Lakes to the Atlantic Ocean. The river ranges from 1 km wide in
the fluvial sections west of Montréal, Quebec, to a mean width of
17 km east of Quebec City, Quebec, and widening to a mean of
42 km at the lower estuary (Environment Canada 2013; Fig. 1).
Portions of the St. Lawrence River freeze periodically during the
winter and sea-ice cover in the Gulf of the St. Lawrence varies
annually (Johnston et al. 2005). Variability in freezing is due to a
combination of factors, including ambient and water tempera-
tures, surface wind, water current, tidal flows, and the North
Atlantic Oscillation (Johnston et al. 2005; Fisheries and Oceans
Canada 2012). The Canadian Coast Guard uses icebreakers to keep
a channel of the St. Lawrence River open during the winter, from
Montréal to Quebec City, for shipping and flood control (Fisheries
and Oceans Canada 2001; Dong 2011). For comparison, the Strait of
Belle Isle, separating Newfoundland from mainland Labrador and
Quebec, Canada, is a 15–60 km wide waterway in the Gulf of the
St. Lawrence that usually freezes in winter (Fisheries and Oceans
Canada 2012; Fig. 1).

Sample collection and genetic profiling
We collected skin samples (2.5 mm × 2.5 mm) from the pelts of

Canada lynx harvested in Quebec, Labrador, and Newfoundland,
Canada, from fur auctions between 2008 and 2011. Furbearer har-
vesting in Quebec was reported by administrative units called
Unités de gestion des animaux à fourrure (UGAF). Thus, we used
the centroid of the UGAF as the sample location (Fig. 1). The mean
(±SD) size of the 58 UGAFs for which we had at least one lynx
sample was 4356.8 ± 7818.0 km2. We were able to categorize the
Newfoundland and Labrador samples as being harvested from
mainland (Labrador) or island (Newfoundland) only. In 2010, we
obtained tissue samples of 15 incidental lynx mortalities in New
Brunswick, Canada, from the New Brunswick museum. We grouped
these samples into one site. As lynx in New Brunswick tended to
occur in the northwest of the province (Parker 2001), we used the
centroid of this region as our site coordinates for New Brunswick
(Fig. 1). The lynx from Quebec and Newfoundland and Labrador
presented by Row et al. (2012, 2014) are a subset of what we present
here. Furthermore, all lynx samples presented here are a subset of
those reported in Koen et al. (2014b). We measured pelt length to
categorize individuals as adult or juvenile (Quinn and Gardner
1984; Slough 1996).

We genotyped lynx at 14 microsatellite loci (Fca031, Fca035,
Fca043, Fca077, Fca090, Fca096, Fca441, Fca391, Fca559, Lc106, Lc109,
Lc110, Lc111, Lc118) according to methods described by Row et al.
(2012). We manually scored allele sizes using GeneMarker version
1.7 (Softgenetics, LLC., State College, Pennsylvania, USA). All sam-
ples for both species were scored by the same individual using the
same criteria; a second person independently scored a subset of
the samples to ensure consistency. We omitted samples that were
missing alleles at ≥5 of 14 loci. We checked for errors with soft-
ware MICRO-CHECKER version 2.2.3 (van Oosterhout et al. 2004) and by
examining summary statistics with the adegenet package version
1.4-2 (Jombart 2008) in R (R Core Team 2014). To determine sex, we
amplified the Y-chromosome-specific Sry locus and the Zfx frag-
ment on the X chromosome (Woods et al. 1999; Ortega et al. 2004;
Zigouris et al. 2012).

Analysis of genetic data
We grouped lynx samples into five sites based on geographic

location: north of the St. Lawrence River in Quebec (n = 331), south of
the St. Lawrence River in Quebec (n = 165), New Brunswick (n = 15),
mainland Labrador (n = 18), and Newfoundland (n = 29). We used
Bonferroni-corrected (� = 0.0012) �2 tests to determine whether

allele frequencies were in Hardy–Weinberg equilibrium (HWE)
and estimated expected and observed heterozygosity with the
adegenet package (Jombart 2008) in R. We used the software
GENEPOP version 4.2 (Raymond and Rousset 1995; Rousset 2008) to
test for linkage disequilibrium (Bonferroni-corrected; � = 0.0005).
We used software HP-RARE version 1.1 (Kalinowski 2005) to estimate
the number of alleles per locus (allelic richness), corrected for a
sample size of 15 with rarefaction, for our five sites. We estimated
FIS for each site, as well as pairwise Dest (Jost 2008) and FST (Weir
and Cockerham 1984) between sites, with the R package diveRsity
(Keenan et al. 2013), with 95% confidence intervals on these esti-
mates (999 bootstraps). For lynx sampled in Quebec, we grouped
samples as north or south of the St. Lawrence River, and within
groups, calculated pairwise Dest and FST between UGAF adminis-
trative units. We grouped lynx sampled from adjacent UGAFs to
increase the sample size in each UGAF (north: 16 sites with a mean
(±SD) of 25.7 ± 16.9 samples/site; south: 7 sites, with a mean (±SD)
of 23.1 ± 16.0 samples/site). To further evaluate the genetic struc-
ture of lynx in our study area, we used an analysis of molecular
variance (AMOVA; Excoffier et al. 1992), with five sites nested
within the three regions delineated by waterways (south of the
St. Lawrence River, north of the St. Lawrence River, and New-
foundland) with the poppr (Kamvar et al. 2014), adegenet (Jombart
2008), and ade4 (Dray and Dufour 2007) packages in R. We used
999 permutations to assess statistical significance with the ade4
and poppr packages, as described by Excoffier et al. (1992).

We used Bayesian-clustering software STRUCTURE version 2.3.4
(Pritchard et al. 2000) to identify genetic clusters. We ran 10 repeti-
tions for each of K = {1, 2, 3, …, 9} with a burn-in of 500 000 Markov
chain Monte Carlo iterations and followed by 1 × 106 iterations. We
used an admixture model without prior location information. We
identified the most likely number of genetic clusters with the
Evanno method (Evanno et al. 2005) using software STRUCTURE
HARVESTER (Earl and vonHoldt 2012). We summarized the 10 repli-
cates with software CLUMPP (Jakobsson and Rosenberg 2007) and
visualized the results with software DISTRUCT (Rosenberg 2004).
We considered individuals to be admixed if they had 0.3 ≥ Q ≥ 0.7,
where Q represented the proportion of an individual’s genome
assigned to a population (Pritchard et al. 2000). We conducted a
principal components analysis (PCA) of microsatellite genotypes
with the ade4 package (Dray and Dufour 2007) in R. We used PCA
as a complementary analysis to program STRUCTURE because,
unlike STRUCTURE, PCA does not rely on the assumption that
populations are in HWE. We note, however, that STRUCTURE ap-
pears to be robust to departures from HWE (Hauser et al. 2006,
Rodríguez-Ramilo et al. 2009). We estimated pairwise Dest (Jost
2008) and FST (Weir and Cockerham 1984) between clusters (in
addition to between sites) with the R package diveRsity. For this
analysis, we assigned admixed samples to the cluster that ac-
counted for >50% of its ancestry.

Ice cover on the St. Lawrence River and Strait of Belle Isle
We were interested in examining whether the St. Lawrence

River and Strait of Belle Isle froze in the winter such that lynx
could walk across the ice. We analyzed weekly ice charts for the
Eastern Coast region from the Canadian Ice Service Archive
(Meteorological Service of Canada, Environment Canada) from
1 December to 15 May, for each of 8 years (2004–2011), to assess
temporal trends in ice cover. We restricted our analysis to these
years because ice charts prior to 2004 with World Meteorological
Organization colour-coding were not available and our samples
were collected prior to 2011. From these data, we identified how
many weeks (not necessarily consecutive) that there was an ice
bridge across the St. Lawrence River east of Quebec City and across
the narrow reaches of the Strait of Belle Isle near St. Anthony,
Newfoundland (Fig. 1). We defined an ice bridge as ice, connecting
both banks of the river or strait, with a concentration of ≥9. Ice
concentration is the proportion of the water surface in a defined
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area that is covered by ice, on a scale from 1 to 10 (Environment
Canada 2005). We considered grey ice (10–15 cm thick), grey–white
ice (15–30 cm thick), and first-year ice (>30 cm thick) to be of
sufficient thickness for crossing.

Results

Analysis of genetic data
We successfully genotyped 558 lynx from Quebec (n = 331 north

of the St. Lawrence River, n = 165 south of the St. Lawrence River),
New Brunswick (n = 15), Labrador (n = 18), and Newfoundland (n =
29; Table 1). We omitted seven samples from Quebec and two
samples from Labrador because they were missing alleles at ≥5 of
14 loci. Both Newfoundland lynx and Quebec lynx south of the
St. Lawrence River departed from HWE at 6 of 14 loci (NFLD:
Lc111, Fca35, Lc109, Fca559, Lc106, Fca77; QC south: Fca441, Fca96,
Fca35, Lc106, Lc109, Lc110; p < 0.0012), whereas lynx north of the
St. Lawrence River departed from HWE at one locus only (Fca96).
The New Brunswick and Labrador sites were in HWE at all loci.
There was evidence of linkage disequilibrium for four pairs of loci
(Fca96 and Fca559; Fca559 and Fca31; Fca31 and Fca441; Fca391 and
Fca110; p < 0.0005).

Allelic richness and private allelic richness in Quebec south of
the St. Lawrence River were 16.6% and 67.5%, respectively, lower
than in Quebec north of the St. Lawrence River (Table 2). Allelic
richness and private allelic richness in Newfoundland were 38.8%
and 51.8%, respectively, lower than in Labrador (Table 2). Both FST
and Dest indicated high genetic differentiation on either side of
the St. Lawrence River and the Strait of Belle Isle relative to sites
on the same side of the waterway (Table 3). There was greater
genetic differentiation between Newfoundland and Labrador
than between populations north and south of the St. Lawrence
River in Quebec (Table 3). Within Quebec, gene flow was relatively
high between lynx on the same side of the St. Lawrence River: FST
and Dest between pairs of UGAFs on the same side of the river were
lower (Supplementary Tables S1 and S2)1 than values that we ob-
served for sites on opposite sides of the river (Table 3). We de-
tected evidence of relatively high inbreeding among lynx in
Newfoundland (Table 2).

The likelihood values from our STRUCTURE analysis indicated
two genetic clusters (Supplementary Figs. S1a and S1b)1 separating
Newfoundland, Labrador, and Quebec (north of the St. Lawrence
River) from New Brunswick and Quebec (south of the St. Lawrence
River). Our PCA results (Fig. 2), however, suggested three genetic
clusters that grouped New Brunswick and Quebec (south of the St.
Lawrence River) into one cluster, Labrador and Quebec (north of
the St. Lawrence River) into a second cluster, and Newfoundland
as a third cluster. FST and Dest values (Table 3) were consistent with
the latter finding that the St. Lawrence River and the Strait of Belle
Isle are impediments to gene flow. Furthermore, the three clus-
ters themselves were genetically differentiated (Supplementary
Table S3).1 Our AMOVA showed that that although the majority
(88.9%) of the variation was within sites (� = 0.110, p < 0.001), a
significant proportion (10.4%) of the genetic variation was parti-
tioned among regions separated by waterways (i.e., south of the
St. Lawrence River, north of the St. Lawrence River, and New-
foundland; � = 0.104, p < 0.001), with less variation attributed to
sites nested within regions (0.7%, � = 0.007, p = 0.042). Visual
inspection of our STRUCTURE plot also suggested three genetic
clusters (Fig. 3), and although this is not demonstrated by our
likelihood values (Supplementary Fig. S1b),1 it does agree with our
PCA, AMOVA, FST, and Dest results, as well as with findings from
Row et al. (2012) that lynx in Newfoundland are a separate genetic
cluster from mainland lynx. As such and as suggested by Evanno
et al. (2005), we have used the weight of evidence to interpret our
results as three genetic clusters.

Dispersal across the St. Lawrence River
We found nine (2.7%) lynx (seven adult males, two adult fe-

males) north of the St. Lawrence River that clustered with lynx
south of the St. Lawrence River. Likewise, we found nine (5.4%)
lynx (five adult males, three adult females) south of the St. Law-
rence River that clustered with lynx north of the St. Lawrence
River: one of these (male of unknown age) was sampled in New
Brunswick. We found one (6.7%) lynx (adult of unknown sex) in
Labrador that clustered with lynx south of the St. Lawrence River
(Fig. 4). All of these individuals were likely first generation dispers-
ers (0.1 > Q > 0.90). We identified the same 19 individuals with both
STRUCTURE and PCA. We identified four admixed lynx (sharing
DNA between north and south clusters): two (adult males) were
found north of the St. Lawrence River and two were found south
of the St. Lawrence River in Quebec (adult male) and New Bruns-
wick (female of unknown age) (Fig. 4).

1Supplementary Tables S1–S3 and Figs. S1a and S1b are available with the article through the journal Web site at http://nrcresearchpress.com/doi/suppl/
10.1139/cjz-2014-0227.

Table 1. Summary statistics for 14 microsatellite
loci used to genotype Canada lynx (Lynx canadensis)
from Quebec (n = 496), New Brunswick (n = 15),
Labrador (n = 18), and Newfoundland (n = 29).

Locus ID No. of alleles Ho He

Fca31 8 0.689 0.740
Fca35 21 0.760 0.873
Fca391 7 0.705 0.741
Fca43 6 0.620 0.632
Fca441 7 0.720 0.771
Fca559 18 0.826 0.874
Fca77 7 0.667 0.723
Fca90 6 0.428 0.482
Fca96 9 0.743 0.801
Lc106 8 0.640 0.710
Lc109 8 0.720 0.826
Lc110 9 0.740 0.812
Lc111 8 0.689 0.724
Lc118 8 0.725 0.735

Note: Locus names beginning with Lc were developed
from the lynx (Carmichael et al. 2000) and locus names
beginning with Fca were developed from the domestic cat
(Felis catus L., 1758) (Menotti-Raymond et al. 1999). Ho,
observed heterozygosity; He, expected heterozygosity.

Table 2. Allelic richness (i.e., mean number of alleles per locus) and
private allelic richness (i.e., mean number of alleles per locus that are
unique to a site) of 558 Canada lynx (Lynx canadensis) grouped by sam-
ple location and corrected for a sample size of 15 using rarefaction, as
well as inbreeding coefficient estimates (FIS).

FIS

Allelic
richness

Private allelic
richness Estimate

95% CI
(lower)

95% CI
(upper)

QC north 5.19 0.40 0.021 0.005 0.037
QC south 4.33 0.13 0.051 0.022 0.079
NB 4.32 0.20 −0.016 −0.134 0.084
LAB 5.47 0.56 −0.027 −0.102 0.044
NFLD 3.35 0.27 0.127 0.033 0.222

Note: Lynx were grouped by harvest location: north of the St. Lawrence River
in Quebec (QC north; n = 331), south of the St. Lawrence River in Quebec (QC
south; n = 165), New Brunswick (NB; n = 15), Labrador mainland (LAB; n = 18), and
Newfoundland (NFLD; n = 29). FIS and 95% confidence limits (999 bootstraps)
were estimated with the R package diveRsity (Keenan et al. 2013).
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Table 3. Pairwise FST (Weir and Cockerham 1984; lower) and Dest (Jost 2008; upper), with 95% confidence intervals in parentheses,
of 558 Canada lynx (Lynx canadensis) samples in Canada and grouped by sample location.

QC north QC south NB LAB NFLD

QC north 0.109 (0.093–0.126) 0.100 (0.068–0.156) 0.020 (0–0.062) 0.177 (0.130–0.218)
QC south 0.053 (0.045–0.060) 0.016 (0–0.052) 0.105 (0.057–0.160) 0.196 (0.145–0.242)
NB 0.045 (0.028–0.068) 0.006 (0–0.029) 0.101 (0.044–0.169) 0.193 (0.130–0.263)
LAB 0.005 (0–0.022) 0.049 (0.028–0.074) 0.046 (0.014–0.082) 0.177 (0.102–0.256)
NFLD 0.154 (0.121–0.181) 0.220 (0.186–0.248) 0.239 (0.188–0.289) 0.179 (0.125–0.230)

Note: Lynx were grouped by harvest location: north of the St. Lawrence River in Quebec (QC north; n = 331), south of the St. Lawrence River in
Quebec (QC south; n = 165), New Brunswick (NB; n = 15), Labrador mainland (LAB; n = 18), and Newfoundland (NFLD; n = 29).

Fig. 2. Plot of principal component axes 1 and 2 showing genetic clustering of 558 Canada lynx (Lynx canadensis) found north (QC north) and south
(QC south) of the St. Lawrence River in Quebec, New Brunswick, Labrador, and Newfoundland, Canada. Symbols represent sample locations.
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Dispersal across the Strait of Belle Isle
We found four (13.8%) lynx (one adult male, two adult females,

one adult of unknown sex) in Newfoundland that clustered with
lynx from Labrador and Quebec (north of the St. Lawrence River).
We also found one (0.6%) lynx (adult female) south of the St. Lawrence
River in Quebec that was assigned to the Newfoundland cluster
(Fig. 4). We estimated that this individual was a first-generation
disperser (Q = 0.996), and although we do not know its travel
route, the lynx likely crossed both the Strait of Belle Isle and the
St. Lawrence River. We identified the same five individuals as
dispersers with both STRUCTURE and PCA. We found one lynx
(female of unknown age) north of the St. Lawrence River in Que-

bec that was admixed, sharing DNA from the north cluster and
Newfoundland (Fig. 4).

Ice cover on the St. Lawrence River and Strait of Belle Isle
Between 2004 and 2011, there was an ice bridge across the

St. Lawrence River east of Quebec City every year (Table 4). The
number of weeks that an ice bridge was present varied across
years and those weeks were not necessarily consecutive. When an
ice bridge was present across the St. Lawrence River, it tended to
be composed of relatively thin grey (10–15 cm thick) or grey–white
(15–30 cm thick) ice. There was also an ice bridge across the Strait
of Belle Isle every year: it tended to form later in the winter and

Fig. 3. STRUCTURE plot (Pritchard et al. 2000), based on 10 replicates, representing the proportion of an individual’s genome assigned to one
of three populations. Individual Canada lynx (Lynx canadensis) are grouped based on sample site (QC north, north of the St. Lawrence River in
Quebec; QC south, south of the St. Lawrence River in Quebec; NB, New Brunswick; LAB, Labrador; NFLD, Newfoundland) and shading
represents cluster assignment.

Fig. 4. Locations of 558 Canada lynx (Lynx canadensis) samples representing three genetic clusters: north of the St. Lawrence River (dark grey:
Quebec and Labrador), south of the St. Lawrence River (light grey: Quebec and New Brunswick), and Newfoundland (black diamonds), with
admixed individuals (0.3 ≤ Q ≤ 0.7) represented by ×. We randomly located samples within the respective harvest management units or near
the centroid of Newfoundland and Labrador for presentation.
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was present for longer (Table 4). The ice bridge tended to be com-
posed of thin (30–70 cm thick), medium-thick (70–120 cm thick),
and thick (>120 cm thick) first-year ice.

Discussion
The St. Lawrence River appeared to pose an impediment to lynx

dispersal and gene flow: we found genetic clustering on either
side of the river, as demonstrated by Bayesian clustering, PCA,
AMOVA, and pairwise differentiation metrics, supporting the riv-
erine barrier hypothesis. We found only four admixed animals,
further corroborating that the river restricts lynx gene flow. How-
ever, the St. Lawrence River and Strait of Belle Isle are not absolute
barriers because we found 24 adult lynx that crossed these water-
ways. A prediction of the riverine barrier hypothesis is that wider
segments of the river near the mouth represent a stronger barrier
than narrower segments near the headwater. Although we do not
know where along the bank lynx crossed the St. Lawrence River,
our results lend some support for this prediction: 13 of the
19 first-generation river crossers were sampled closer to the head-
water than the mouth of the river (Fig. 4). The admixed lynx that
we sampled must have been the offspring of a river-crossing dis-
perser and an individual that did not cross the river, suggesting
that river crossing by lynx has occurred over several generations.

We found greater genetic structure between Newfoundland
and Labrador than between the north and the south sides of the
St. Lawrence River, implying that the Strait of Belle Isle restricts
lynx gene flow more so than the St. Lawrence River does. Previous
research has shown that lynx across Canada have relatively low
genetic structure owing to high gene flow and the ability of lynx
to disperse long distances (Schwartz et al. 2002; Campbell and
Strobeck 2006; Row et al. 2012). Our findings add to our under-
standing of the population structure of this putatively vagile and
panmictic species. A comparison of FST values suggests that the
St. Lawrence River (FST = 0.053) and the Strait of Belle Isle (FST = 0.179)
pose a greater impediment to lynx dispersal than does the Rocky
Mountains in western Canada (FST ≈ 0.016; Rueness et al. 2003).
Likewise, the FST that we observed in lynx on either side of the
St. Lawrence River was an order of magnitude higher than that
observed across the entire continent (FST = 0.007 for Alaska to Que-
bec; Row et al. 2012). The striking genetic structure in this other-
wise vagile species underlines the importance of waterways in
shaping past and future genetic compositions of the lynx.

We do not know whether the lynx in our study walked across
the ice in winter or swam across during ice-free seasons. Lynx can
swim across rivers: Feierabend and Kielland (2014) observed two
lynx repeatedly crossing an unfrozen, 100–300 m wide glacial
river at air temperatures of –27 °C. The width of the St. Lawrence

River ranges from <1 km west of Montréal to >42 km at the river’s
mouth. It is possible that lynx swim across the narrower sections
of the St. Lawrence River, but it seems less likely that lynx would
swim across the 15–60 km wide Strait of Belle Isle. Our main
objective in assessing ice cover, however, was not to determine
whether lynx walked or swam across the waterways, but simply to
evaluate whether walking was typically possible. The extent of ice
cover on the St. Lawrence River was variable within and between
years and a channel through much of the river is kept open with
icebreakers. Coyotes (Canis latrans Say, 1823) and red fox (Vulpes
vulpes (L., 1758)) will readily cross river ice once shipping lanes
have refrozen (Fuller and Robinson 1982a) and it is also possible
that lynx walked across river ice on the St. Lawrence River despite
the periodically open channel. The thickness and extent of ice
cover on the Strait of Belle Isle tended to be greater than that of
the St. Lawrence River, thus it is possible that lynx walked across
the 15–60 km of sea ice; lynx have been shown to cross up to
50 km of sea ice in the Arctic (Gaston et al. 2012).

The timing of juvenile lynx dispersal can be variable: Poole
(1997) found that lynx kittens generally dispersed between March
and November. In addition to juvenile dispersal, adult lynx make
long-distance exploratory movements at various times of the year
(Squires and Laurion 2000; Squires and Oakleaf 2005; Moen et al.
2010). Lynx are obligate predators of the snowshoe hare (Lepus
americanus Erxleben, 1777) and are known to exhibit a 10-year
cyclic fluctuation with hares (Elton and Nicholson 1942). Several
studies have reported dispersal rates of adult lynx to be highest
following declines in hare population (Ward and Krebs 1985;
Slough and Mowat 1996; Poole 1997). In nearby central Ontario,
abundance of hare population peaked in 2007 and reached a
low in 2013 (Ontario Ministry of Natural Resources, unpublished
data). The adult lynx that crossed the river did so before our
sampling occurred (beginning in 2008) and might have been mov-
ing in response to the concomitant decline in hare populations.
This speculation could explain our finding of few admixed
individuals—the influx of first-generation dispersers was recent
(in response to the recent hare decline).

Narrower segments of the St. Lawrence River in southern On-
tario are permeable to movement by other medium-sized carni-
vores. Carr et al. (2007) showed that the St. Lawrence River has not
impeded the range expansion of fishers (Pekania (Martes) pennanti
(Erxleben, 1777)) from the Adirondack region of New York, USA,
into eastern Ontario, Canada. Likewise, Cullingham et al. (2009)
showed that the St. Lawrence River has allowed gene flow of rac-
coons (Procyon lotor (L., 1758)), and thus did not stop the spread of
the raccoon rabies virus from New York into southeastern On-
tario, Canada. The Strait of Belle Isle appears to be less permeable

Table 4. Presence of an ice bridge across the St. Lawrence River east of Quebec City, Quebec, or across
the Strait of Belle Isle between Newfoundland and mainland Canada.

St. Lawrence River Strait of Belle Isle

Season*
No. of
weeks†

Date of first
bridge

Date of last
bridge

No. of
weeks†

Date of first
bridge

Date of last
bridge

2004 6 12-1-2004 1-3-2004 10 10-2-2004 26-4-2004
2005 8 13-12-2004 14-3-2005 10 17-1-2005 28-3-2005
2006 3 26-12-2005 20-2-2006 10 23-1-2006 3-4-2006
2007 3 12-2-2007 19-3-2007 15 29-1-2007 8-5-2007
2008 10 17-12-2007 24-3-2008 12 14-1-2008 28-4-2008
2009 8 22-12-2008 9-3-2009 13 19-1-2009 20-4-2009
2010 5 21-12-2009 1-2-2010 3 8-2-2010 26-4-2010
2011 8 27-12-2010 14-3-2011 3 21-2-2011 28-3-2011

Note: An ice bridge is defined as ice (concentration ≥9 on a scale of 1 to 10 and thickness >10 cm) connecting both
banks of the waterway. Data are from weekly ice charts obtained from the Canadian Ice Service Archive (Meteorological
Service of Canada, Environment Canada, Gatineau, Quebec). Date format is day-month-year.

*A season is defined as 1 December to 15 May (24 weeks). For example, 2004 corresponds to 1 December 2003 to 15 May
2004.

†The number of weeks (not necessarily consecutive) during the season that there was an ice bridge.
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to terrestrial mammalian dispersers. It is thought that black bears
(Ursus americanus hamiltoni Cameron, 1957) (Paetkau and Strobeck
1996; Marshall et al. 2011) colonized Newfoundland from Labrador
across the Strait of Belle Isle, but such migration events by bears
are rare (Paetkau and Strobeck 1996). Recent occurrences of
wolves (Canis lupus L., 1758) on Newfoundland are thought to be
migrants from Labrador (Government of Newfoundland and
Labrador 2012), and recent outbreaks of rabies on the island of
Newfoundland suggest immigration of arctic fox (Alopex lagopus
(L., 1758)) or red fox from Labrador or Quebec (Nadin-Davis et al.
2008). Lynx in Newfoundland are morphologically (Saunders 1964;
van Zyll de Jong 1975; Khidas et al. 2013) and genetically (Row et al.
2012) distinct from mainland lynx populations. We found that
lynx cross the Strait of Belle Isle from mainland (Labrador and (or)
Quebec) to Newfoundland and vice versa—this is one of few con-
temporary examples of medium-sized carnivores crossing the
Strait of Belle Isle.

Peripheral populations of lynx are already vulnerable because
less suitable environmental conditions tend to be correlated with
low gene flow and low genetic diversity (Koen et al. 2014a). Simi-
larly, we found that lynx south of the St. Lawrence River and on
the island of Newfoundland have relatively low neutral allelic
richness. If there is a correlation between neutral and adaptive
genetic variation, our results could indicate that these peripheral
lynx populations are less likely to adapt to changing environmen-
tal conditions.

It is expected that climate change will further limit the distri-
bution of lynx in eastern North America (Carroll 2007). Climate
change is also expected to cause a northward shift in bobcat (Lynx
rufus (Schreber, 1777)) distribution (Anderson and Lovallo 2003;
Roberts and Crimmins 2010), increasing the area of sympatry of
lynx and bobcat. This interspecies range overlap will threaten
lynx population persistence at the southern extent of their range
through competition (Peers et al. 2013) and hybridization (Schwartz
et al. 2004; Homyack et al. 2008; Koen et al. 2014b). If the St.
Lawrence River impedes bobcat gene flow as it does lynx, then it is
possible that the river might protect the core of lynx range north
of the St. Lawrence River by limiting northward expansion of the
range of bobcats from south of the river. It is unclear whether
climate warming will reduce the likelihood of ice bridges forming
across the river because ice formation in the Gulf of the St. Lawrence
is a function of not just temperature, but also wind, water current,
tidal flow, and the North Atlantic Oscillation (Johnston et al 2005;
Fisheries and Oceans Canada 2012). Between 1969 and 2002, how-
ever, there was a 20%–40% reduction in sea-ice cover during the
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005).

The St. Lawrence River and the Strait of Belle Isle have important
roles in shaping the future distribution of lynx in eastern North
America. Lynx populations south of the St. Lawrence River—in
New Brunswick, Nova Scotia, and the northeastern United States—
are already classified as threatened or provincially endangered. It
is thought that peripheral populations of lynx are maintained by
immigration of lynx from the core of the range (Schwartz et al.
2002). We showed that the St. Lawrence River and the Strait of
Belle Isle act as impediments to gene flow, isolating these popu-
lations from the range core. Thus, rescue of these isolated popu-
lations by dispersers is less likely than previously thought. If
individual lynx are crossing the St. Lawrence River and the Strait
of Belle Isle in the winter by walking across the ice, then climate
warming could reduce the duration and extent of ice bridges
across the waterways, further isolating these peripheral lynx pop-
ulations.
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Abstract
Context. Predator dynamics may be related to prey abundance and influenced by environmental effects, such as climate.

Predator–prey interactionsmay be represented bymechanistic models that comprise a deterministic skeleton with stochastic
climatic forcing.

Aims.The aimof this studywas to evaluate the effects of climate onpredator–prey dynamics. The lynx and snowshoehare
predator–prey system in the Kluane region of the Yukon, Canada, is used as a case study. The specific hypothesis is that
climate influences the relationship between lynx and hare abundance.

Methods.Weevaluate 10 linear relationships between predator andprey abundance and effects of climate.Weuse data on
lynx and snowshoe hare abundance over 21 years in theYukon as the predator–prey system, and three alternative broad-scale
climate indices: the winter North Atlantic Oscillation (NAO), the Pacific NorthAmerican (PNA) index and the North Pacific
index (NPI).

Keyresults.Therewasmore support, as assessedbyAkaikeweights (wi = 0.600), evidence ratio (=4.73) andR
2 (=0.77) for

a model of predator (lynx) and prior prey (hare) abundance with an effect of prior climate (winter NAO)when combined in a
multiplicative, rather than in an additive, manner. The results infer that climate changes the amplitude of the lynx cycle with
lower predator (lynx) abundance with positive values of winter NAO for a given hare density.

Conclusions. The study provides evidence that predator–prey dynamics are related to climate in an interactive manner.
The ecologicalmechanism for the interactive effect is not clear, and alternative hypotheses are proposed for future evaluation.

Implications. The study implies that changes in climate may alter predator–prey relationships.

Additional keywords: climate change, Lynx canadensis, North Atlantic Oscillation, population dynamics, predator–prey
models.

Introduction

A plethora of predator–prey models exist (May 1981; Bonsall
and Hassell 2007) and it is not obvious which model has most
empirical support for studying predator density. Predator
dynamics may be related to prey density and environmental
effects, such as climate, as well as competitors and pathogens.
Long-term monitoring can be used to assess trends in wildlife
including predator and prey abundance and can also be used to
evaluate ecological theory (Williams et al. 2002:681;Nichols and
Williams 2006).

Climate influenceswildlife dynamics (Andrewartha andBirch
1954; Stenseth et al. 2002; Hallett et al. 2004). A broad-scale
measure of climate is thewinterNorthAtlanticOscillation (NAO;
see below for description) (Hurrell 1995; Ottersen et al. 2001).
Climate, measured as the NAO, has a strong influence on moose
(Alces alces) annual population growth rate in the presence of
canine parvovirus (CPV) in wolves (Canis lupus), an important

predator of moose (Wilmers et al. 2006). In the absence of
CPV the effect of climate is much weaker. Hence, climate may
act directly on dynamics or may interact indirectly with wildlife
abundance, either through predators or prey. Post et al. (1999)
reported that an increase in winter snow correlated with wolves
killing more moose, reducing moose abundance and leading to
increased growth of balsam fir (Abies balsamea).

The NAO is a broad-scale climate index related to air pressure
differences between Iceland and Portugal that has continental-
wide effects (Hurrell 1995; Hallett et al. 2004). The NAO is
significantly related to weather across North America including
in the southern Yukon (Stenseth et al. 2004; fig. 1b). The winter
NAO is considered more related to surface temperatures in
Canada than the Pacific North American (PNA) index, another
broad-scale climate index, and is likely the source of a common
structure of lynx dynamics across Canada (Stenseth et al. 1999).
The PNA index reflects air pressure differences across North
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America (Trenberth and Hurrell 1994). Another broad-scale
climate index in North America is the North Pacific index
(NPI) (Trenberth and Hurrell 1994). The NPI is a measure of
sea level air pressure in the North Pacific Ocean between
November and March (Trenberth and Hurrell 1994). The
temperature across large areas of North America is correlated
with the NPI (Trenberth and Hurrell 1994; fig. 10).

Lynx (Lynx canadensis) populations cycle over 8 to 10 years
across northern Canada and have done so apparently for over
200 years (Elton and Nicholson 1942). The main prey of lynx is
the snowshoe hare (Lepus americanus) (O’Donoghue et al. 1997,
1998; Krebs et al. 2001). The lynx–hare system is one of the
classic predator–prey interactions described in many ecology
textbooks. Lynx abundance is positively related to the abundance
of snowshoe hares (Brand et al. 1976; Slough and Mowat 1996;
O’Donoghue et al. 1997). Models of the lynx–hare system (for
example, Trostel et al. 1987; Akcakaya 1992; Royama 1992;
Stenseth et al. 1997; Tyson et al. 2010) focus on predator–prey
relationships in various ways, but do not examine effects of
climate on the relationship between lynx and hare abundance.

Climate may be important in lynx dynamics. Lynx trapping
records inparts ofCanada arepositively correlatedwithminimum
temperatures in the winter two years previous (Moran 1953) and
hare survival over winter is negatively related to snow (Watt
1973; fig. 5.9) in Minnesota. In the Yukon, predation is the main
cause ofmortality of juvenile and adult hares (O’Donoghue 1994;
Krebs et al. 2001). Climate, by changing snow conditions, may
influence the lynx functional response. For example, hard-packed
snow is reported to be associatedwith a higher kill rate of hares by
lynx than soft snow (Stenseth et al. 2004). The higher kill rate
could generate higher lynx abundance as a numerical response.

The aim of this study was to evaluate the effects of climate
on predator–prey dynamics. The lynx and snowshoe hare
predator–prey system in the Kluane region of the Yukon was
used as a case study. The specific hypothesis was that prior winter

climate influences the relationship between lynx and prior hare
abundance.We evaluated this by assessing support for models of
lynx abundance with, and without, effects of climate included.
We showed that there is most support for models of the
relationship between lynx and hare abundances that include an
interactive effect of prior winter climate and prior hares.

Materials and methods
Models

There are several ways effects of prey, predators and climate
can be represented mathematically in ecological models. These
are evaluated here as alternative hypotheses in the sense of
Chamberlin (1965). The models evaluated represent
combinations of linear effects of prey and climate on lynx
density. The ecological models formulated here are
mechanistic (Sibly and Hone 2002) models that comprise a
deterministic skeleton with stochastic climatic forcing, in the
sense of Coulson et al. (2004), and are non-demographic, and
non-spatial models. Intraguild predation (Polis et al. 1989), for
example wolves and wolverines (Gulo gulo) killing lynx
(O’Donoghue 1997), is not included in the models to restrict
the size of the analysis. The number of models was small as
recommended (Anderson 2008). Ecological models of annual
lynx population growth rate (r) were examined previously
(Hone et al. 2007), so are not evaluated here.

Model 1 assumes a linear relationship (Fig. 1a) between lynx
abundance (Lt) and hare abundance in the previous year (Ht–1) as
reported by Brand et al. (1976) and O’Donoghue et al. (1997).
The model is:

Lt ¼ aþ bHt�1 ð1Þ
The intercept (a) can be greater than zero if lynx have

alternative food, so even if hares become extinct (H = 0), the
lynx could survive by eating the alternative food. Model 1 is
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Fig. 1. (a) The hypothesised relationship between predator (lynx) density index (Lt) and prior prey (snowshoe hare) density
(Ht–1) as described in model 1, and derived relationships between predator density index and prey density with (b) an interactive
effect of climate (Wt–1) as described in model 2, (c) an additive effect of climate as described in model 3 and (d) interactive and
additive effects of climate as described in model 4. Numerical values are hypothetical.
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consistent with the results of O’Donoghue et al. (1997) if b> 0.
A threshold hare density of 0.5 hares per ha for lynx population
persistence has been suggested (Ruggiero et al. 2000). The
existence of such a threshold would generate an intercept (a)
below 0 on the y-axis (lynx abundance), whichwould correspond
to an intercept to the right of the origin on the x-axis
(hare abundance). In model 1, for example, lynx in the winter
of 1988–89 (Lt) were related to hares in autumn (August or
September) of 1987 (Ht–1). Hence, for example, high hare
abundance in year t–1 (1987) could result in high lynx
survival the next winter (1987–88) and high lynx reproductive
success the next spring (1988), leading to high lynx abundance in
the winter of year t (1988–89). The timing reflects that used in
past analyses (O’Donoghue et al. 1997). Preliminary analysis
evaluated whether there was evidence of a curved relationship
between lynx and hares. The exponent (c) of a power relationship,
Lt = a+ bHt–1

c, had a 95%CI that included 1.0, implying support
for a linear (c= 1) relationship between lynx and hare density.
Hence, only linear models are evaluated here.

The relationship between lynx and prior hares in Equation 1
could be influenced by climate in several ways. The effectmay be
on the slope (b), the intercept (a) or both. Such effects could occur
on hare or lynx survival from year t–1 to year t maybe relating to
predator efficiency and snow conditions, and effects may also
occur through lynx fecundity relating also to predator foraging
efficiency.

If the slope (b) of the relationship between lynx and hares in
model 1 is assumed to be linearly related to climate (Wt–1), such as
b=m+ dW, then after substitution, rearrangement and given that
m= b when Wt–1 = 0, it can be shown that:

Lt ¼ aþ bHt�1 þ dWt�1 � Ht�1 ð2Þ
which shows an interaction of hares and climate (Fig. 1b). This is
model 2, which is analogous to the hypothesis of Stenseth et al.
(2004), which included an interaction term for effects of snow
hardness and hare density in the lynx functional response. Model
2 reduces to model 1 if the effect of climate is zero (Wt–1 = 0), or
d= 0when there is no effect of climate. In thismodel, for example,
lynx in thewinter of 1988–89 (Lt) were related to hares in autumn
(August) of 1987 (Ht–1) and climate in the winter of 1987–88
(Wt–1).

If the intercept (a) of the relationship between lynxandhares in
model 1 is assumed to be linearly related to climate (W), such as

a= h+ f Wt–1, then after substitution, rearrangement and given
that h = a when Wt–1 = 0, it can be shown that:

Lt ¼ aþ bHt�1 þ fWt�1 ð3Þ
which is an additivemodel of effects of hares and climate (Fig. 1c)
and is model 3. Model 3 is hence different from the interaction of
climate and hares in the results of Stenseth et al. (2004). Model 3
reduces to model 1 if Wt–1 = 0, as can occur with a climate index
such as the NAO, or f= 0 when there is no effect of climate.

If the intercept (a) of the relationship between lynx and hares
in model 1 is assumed to be linearly related to climate (W), such
as a= h+ f Wt–1, and if the slope (b) of the relationship between
lynx and hares in model 1 is assumed to be linearly related to
climate (Wt–1), such as b=m+ dWt–1, then after substitution and
rearrangement it can be shown that:

Lt ¼ aþ bHt�1 þ fWt�1 þ dWt�1 � Ht�1 ð4Þ
which is model 4 (Fig. 1d). The model has an additive effect of
climate and an interaction of climate and hares.

The effect of climate in models 2, 3 and 4 can be evaluated
using one or moremeasures of climate. In this study, three broad-
scale measures of climate were evaluated, the winter North
Atlantic Oscillation (NAO=A), the Pacific North American
(PNA=P) and the North Pacific index (NPI =N). These
alternative climate measures were investigated to determine
whether predator (lynx) dynamics in the Yukon in western
Canada were more related to climate in the North Pacific
region or to the dominant north Atlantic influence as
represented by the winter NAO. Hence, there are three models
(models 2, 3 and 4) for each of the three climate measures (A, P
and N), and one model with no climate component (model 1), for
a total of 10 models (Table 1).

Data

The study site was the boreal white spruce (Picea glauca) forests
near Kluane Lake in the Yukon, north-western Canada (Krebs
et al. 2001). The lynx density index was estimated by snow track
counts between October andMarch each year along 25 km of the
old Alaska Highway, and hare density on two trapping grids by
the jackknife estimator in mark–recapture analysis (Krebs 1999)
in August or September each year (Hone et al. 2007). Lynx
snow track counts were estimated using the ratio (Jolly) estimate

Table 1. The residual sums of squares (RSS), parameters (K), Akaike information criterion corrected for sample size (AICc), Akaike weights (vi),
coefficients of determination (R2) of models of predator (lynx, Lt) and prey (hares, Ht–1) abundance and climate (Wt–1)

Climatewasmeasuredas: thewinterNAO,A; thePacificNorthAmerican,P; andNorthPacific Index,N; themodelwith thehighestAkaikeweight is shown inbold

Model Equation RSS K AICc wi R2

1 Lt = a+ bHt–1 4005.99 3 117.683 0.017 0.62
2A Lt = a+ bHt–1 + dAt–1�Ht–1 2464.80 4 110.572 0.600 0.77
3A Lt = a+ bHt–1 + fAt–1 3045.86 4 115.017 0.065 0.71
4A Lt = a+ bHt–1 + fAt–1 + dAt–1�Ht–1 2459.98 5 114.031 0.107 0.77
2P Lt = a+ bHt–1 + dPt–1�Ht–1 3380.61 4 117.207 0.022 0.68
3P Lt = a+ bHt–1 + f Pt–1 3869.52 4 120.044 0.005 0.63
4P Lt = a+ bHt–1 + f Pt–1 + dPt–1 � Ht–1 3155.78 5 119.262 0.008 0.70
2N Lt = a+ bHt–1 + dNt–1�Ht–1 2858.00 4 113.680 0.127 0.73
3N Lt = a+ bHt–1 + f Nt–1 3580.93 4 118.416 0.012 0.66
4N Lt = a+ bHt–1 + f Nt–1 + dNt–1�Ht–1 2717.46 5 116.122 0.038 0.74
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(Krebs 1999) for unequal lengths of transect sample segments.
Data were collected annually between 1987–88 and 2008–09
inclusive. Track counts are highly correlated with actual lynx
density (r= 0.82, d.f. = 7, P< 0.01) (Hone et al. 2007); the latter
estimated by intensive snow tracking and radio-tracking studies
(O’Donoghue 1997). To evaluate whether the track counts were
an artefact of weather conditions rather than directly related to
actual lynx density, a partial correlation analysis was used, with
the effects of actual lynx density removed. A significant effect
would suggest track countswere influenced by climate and a non-
significant result would imply no effect, or no detectable effect of
climate on track counts. Partial correlation analysis showed that
lynx track counts over nine yearswere not significantly correlated
with thewinterNAO(r= –0.32, d.f. = 9–3 = 6,P = 0.43), thePNA
index (r= 0.33, d.f. = 6, P= 0.45) or the NPI (r= –0.52, d.f. = 6,
P = 0.18) after adjusting for effects of actual lynx density. Hence,
there was no evidence that the lynx density index (tracks in the
snow) was an artefact of weather conditions. Winter (December
to March inclusive) station-based NAO data, accessed from
the Jim Hurrell website (http://www.cgd.ucar.edu/cas/jhurrell,

verified 5October 2011)were used as one broad-scalemeasure of
climate (Hallett et al. 2004). The NPI was also accessed from the
Jim Hurrell website. The PNA index was averaged here for the
wintermonthsDecember toMarch.PacificNorthAmerican index
data were accessed from the USA National Weather Service
website (http://www.cpc.noaa.gov, verified 5 October 2011).

Relative support for allmodelswas evaluatedusing theAkaike
information criterion (AIC) corrected for sample size (AICc),
Akaike weights (wi) assessed weight of evidence and evidence
ratios and coefficients of determination (R2) were also estimated
(Anderson 2008) using SAS (Freund and Little 1986). The
regression analyses assume normally distributed errors and
inspection of residuals supported the assumption.

Results

Lynx (Fig. 2a) and hare (Fig. 2b) densities cycled over years.
Climate varied over years, as measured by winter NAO (Fig. 2c),
the PNA index (Fig. 2d) and the NPI (Fig. 2e). There was
no simple relationship between lynx abundance and winter
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NAO (R2 = 0.03, n= 21), the PNA (R2 = 0.02, n= 21) or NPI
(R2 = 0.004, n= 21).

The hypothesis (model 2A) with most support (w2 = 0.60,
R2 = 0.77) included a positive effect of prey (hare) density, and an
interaction of climate (measured as the winter NAO) and prey
density (Table 1). The interaction term was negative when the
NAO value was positive corresponding to lower lynx density,
and positive when the NAO value was negative, corresponding
to higher lynx density. The evidence ratio of the best (2A) to
the second best (2N) model was 4.73. The best fitting model
reconstructed the main features of the lynx cycles (Fig. 3) though
the first two peaks in lynx abundance lagged one year. The
equation for the best model for the years 1988–89 to 2008–09
was:

Lt ¼ 0:50þ 30:51� Ht�1 � 3:33�Wt�1 � Ht�1

whereLt ismean lynx tracks per track night per 100 kmof transect
at time t;Ht–1 is hare density per hectare at time t–1; andWt–1 is the
winter NAO index at time t–1 (Table 2).

The 95%CI of the estimated intercept (a) in all models (i.e. in
10 of 10 analyses) included 0.0, implying no evidence of a
threshold hare density for lynx to occur. The parameter
estimates of all models estimated over the full dataset are
shown in Table 2.

The effect ofwinterNAOon the positive relationship between
lynx and previous hare abundance, as estimated by model 2A, is
shown in Fig. 4. The results infer that positive values of thewinter
NAO correspond to lower lynx abundance, and negative winter
NAOvalues correspond tohigher lynxabundance for a givenhare
density (Fig. 4). This result is preliminary, as most winter NAO
values were positive (Fig. 2c) during the period of study.

Themodels (2A, 4A, 2P, 4P, 2N and 4N)with an interaction of
climate and hares account for nearly all the evidence as assessed
by Akaike weights (Swi = 0.9007; Table 1). Model 1 assuming
effects of hares only had very little relative support (w1 = 0.0172;
Table 1). Models using the PNA index and the NPI had little
relative support (Swi = 0.2112).

Discussion

Some predator–prey relationships are known to be related to
climate, such as reported for wolves (Post et al. 1999; Wilmers
et al. 2006), and the analysis here provides evidence for such
effects for lynx and snowshoe hares. The results support the
positive relationship between lynx and prior hare abundance
reported previously (Brand et al. 1976; O’Donoghue et al.
1997), but the new result here provides evidence that the
relationship is related in an interactive manner to climate,
especially the winter NAO. The present study extends the
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Table 2. Details of model parameter (a, b, f and d) estimates (SE) for
predator–prey (lynx–hare) models for the years 1988–89 to 2008–09

inclusive (n= 21)
na, not applicable. Themodel (2A)with the highestAkaikeweight is shown in
bold. Parameter a is the intercept, b is the coefficient of the effect of hares
(Ht–1), f is the coefficient of the effect of climate (Wt–1) and d is the coefficient

of the effect of the interaction of climate and hares (Wt–1�Ht–1)

Model a b f d

1 3.258 21.748 na na
(5.057) (3.894)

2A 0.502 30.510 na –3.333
(4.158) (4.083) (0.994)

3A 5.224 24.237 –3.374 na
(4.605) (3.642) (1.417)

4A 0.036 30.906 0.419 –3.601
(4.979) (4.725) (2.296) (1.790)

2P 1.469 22.062 na 8.680
(4.873) (3.679) (4.757)

3P 0.468 22.814 6.052 na
(6.192) (4.154) (7.596)

4P 6.138 19.966 –13.399 15.994
(6.440) (4.124) (12.175) (8.156)

2N 1.376 50.893 na –2.979
(4.444) (11.354) (1.108)

3N 25.753 23.603 –2.793 na
(16.155) (3.990) (1.911)

4N –21.729 63.274 2.755 –4.431
(25.041) (17.439) (2.938) (1.907)
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previous results of effects of temperature (Moran 1953; Watt
1973) and the models of lynx–hare relationships (Trostel et al.
1987; Akcakaya 1992; Royama 1992; Stenseth et al. 1997;
Tyson et al. 2010) by providing evidence of a hare–climate
interaction and its relationship with lynx abundance. Models
with a hare–climate interaction have nearly all the support in
the AICc analysis.

We suggest that climate may alter the effects of hare
abundance on lynx abundance, though we do not know the
mechanism. The results here infer that positive values of NAO
broadly correspond to lower lynx abundance and negative
values of NAO broadly correspond to higher lynx abundance,
for a given hare density. A higher kill rate of hares by lynx with
hard-packed snow, as reported by the analysis of Stenseth et al.
(2004), would be expected to correspond to higher lynx
abundance, in contrast to our findings, unless a higher kill rate
in year t–1 results in fewer hares in year t–1 and hence fewer lynx
in year t. Analysis in the present study of lynx sinking depth
(the inverse of snow hardness) and winter NAO at Kluane
(C. J. Krebs and M. O’Donoghue, unpubl. data) shows a non-
significant correlation (r= –0.37, d.f. = 6, P = 0.37), though
inferences are limited by the small sample size. If climate
in year t–1 modifies the effects of hares in year t–1 on lynx
in year t, then possiblemechanisms are through effects on lynx or
hare survival (in year t–1 to year t), lynx fecundity (in year t), or
both. Additional research data are required to differentiate
between these hypotheses.

The relationshipbetween the localweather and thebroad-scale
winter NAO weather index was unclear. During the period of
study, the NAO was weakly correlated with mean minimum
temperature (�C) (r= –0.35, d.f. = 13, P= 0.20), mean maximum
temperature (r= –0.38, d.f. = 13, P = 0.17), snow depth (cm)
(r= 0.38, d.f. = 13, P= 0.16) and extreme maximum
temperature (r= 0.32, d.f. = 13, P = 0.25), weather data for
Whitehorse, ~150 km east of Kluane Lake, during December
to March inclusive. The weather data were accessed from the
Environment Canada website (http://www.climate.weather
office.ec.gc.ca, verified 5 October 2011). The low correlations
of the winter NAO with local weather conditions reflect the
broad-scale nature of the NAO index and have been reported
elsewhere (Stenseth et al. 2002, 2003; Stenseth and Mysterud
2005). The analyses provide more support for an association of
weather as measured by the winter NAO than the two North
Pacific climate indices (PNA and NPI).

Lynx dynamics may alter if climate change causes more
negative or more positive values of NAO. From our analysis, a
prolonged sequence of positive NAO values is predicted to
correspond to lower lynx abundance (Fig. 4) and dampen the
lynx cycle oscillations. Recently, NAO values have been mainly
positive (Fig. 2c, and Hurrell 1995) but if that changes to a
negative phase as occurred in the 1960s it may lead to higher lynx
density (Fig. 4) than shown in the present analysis. If climate
change causes a change in the frequency of extreme weather,
then winters with very high or very low NAO values would
be expected to generate more pronounced changes in lynx
abundance, i.e. the amplitude of the lynx cycles would
increase, although this would depend on the actual year-to-
year sequence of high and low NAO values. Climate-induced
reductions in lynx abundance may generate increases in hare

abundance, given experimental evidence of top-down effects of
lynx on hares (Krebs et al. 2001). These are hypotheses that could
be evaluated by future monitoring, in the sense of Nichols and
Williams (2006). With more pronounced troughs in abundance
there is a higher probability of lynx abundance going to such low
values that local extinction may occur. However, local extinction
seems unlikely, as solution of the relationships (Figs 3, 4) shows
that across all hare densities mean lynx abundance is positive.
Also, lynx are quite mobile (Krebs et al. 2001) so lynx
populations may be re-established by immigration. The lynx is
classified as a threatened species in the USA (Ruggiero et al.
2000) and climate changemay influence that conservation status.

Lynx population persistence has been suggested to require
long-term hare density of at least 0.5 (Ruggiero et al. 2000) or 1.5
(Murray et al. 2008) hares per ha. The existence of such a
threshold would have generated an intercept to the right of the
origin on the x-axis (hare abundance) in Fig. 4. All estimated
intercepts were not different from 0 (the origin). The results here
show that lynx populations can exist for short periods in the
Kluane region even when hare density is low, such as below 0.5
hares per ha (Figs 2b, 4). Alternative prey of lynx include red
squirrels (Tamiasciurus hudsonicus) (O’Donoghue et al. 1998)
and some individual lynx can specialise on red squirrels when
hares are very scarce.

This study provides evidence that predator–prey dynamics
may be related to a broad-scale climate index in an interactive
manner. The study demonstrates how monitoring data can be
used to evaluate ecological theory. We encourage the use of
monitoring data to evaluate such ecological theory, including
other predator–prey systems.
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Abstract. We examined potential impacts of climate change over the next century on eight mammal

species of conservation concern in western Washington State, under four warming scenarios. Using two

species distribution models, including a logistic regression-based model and the ‘‘maximum entropy’’

(MaxEnt) model, we predicted the location and extent of the potential current and future range of each

species based on a suite of environmental and geographical variables. Both models projected significant

losses in range size within the focal area over the next century across all warming scenarios. Projections

suggest that future ranges of high elevation species are likely to shrink inward and upward rather than

shifting into new areas, and the average range elevation of most species is projected to increase

significantly over time. Future projections for higher elevation species largely agreed across species

distribution models, global climate model data, and carbon emission scenarios, although projections for

lower elevation species were less consistent. The high elevation of the major national parks in this region is

likely to aid in their ability to continue to support these species, and they are predicted to continue to act as

important protected refuges, even while species’ ranges may shrink dramatically elsewhere.
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INTRODUCTION

Climate change is altering the structure and
functioning of communities and ecosystems by
causing massive poleward and elevational shifts
in the geographic range distributions of numer-
ous plants and animals (Lovejoy and Hannah
2006, Malcolm et al. 2006, Parmesan 2006,
Barnosky 2009, Walther 2010). These changes
may jeopardize existing conservation efforts
because parks and protected areas—the domi-
nant strategy for biodiversity conservation—will
have difficulty to meet their mandate to conserve

communities of species that currently exist
within their fixed jurisdictional boundaries (Pe-
ters and Darling 1985, Burns et al. 2003, Araújo et
al. 2004, Hannah et al. 2007, Baron et al. 2009).
Conservation must now deal with the inevitable
fact that parks and protected areas may harbor
new combinations of species and hence associat-
ed new community and ecosystem types and
functioning (Burns et al. 2003, Baron et al. 2009,
Lawler et al. 2010). This has accordingly precip-
itated calls for adapting conservation and man-
agement activities in ways that anticipate and
respond to climate change. But, confronting and
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strategically responding to change will require
knowing the number and kinds of species
undergoing range shifts and the spatial extent
of range shifting; information that is currently
lacking for many parks and protected areas
networks (Burns et al. 2003, Araújo et al. 2004,
Hannah et al. 2007, Baron et al. 2009).

We addressed this uncertainty by conducting
an analysis of potential range loss and range
shifting of montane mammal species within the
broader mountainous Cascadia region of the US
Pacific Northwest and assessing whether these
species will be retained over the next century
within the three national parks—Olympic,
Mount Rainier and North Cascades—that are
nested within this region. It is hypothesized that
montane species are especially vulnerable to
climate change because they have limited geo-
graphic range sizes to begin with, they tend to be
geographically isolated, and they have unique
adaptations to montane environmental condi-
tions (Theurillat and Guisan, 2001, Moritz et al.
2008, Barnosky 2009, LaSorte and Jetz 2010). We
used species distribution modeling to address
this hypothesis by relating data on species’
geographic locations to environmental data or
other predictor variables (Guisan and Thuiller
2005). Our study focused on eight mammal
species (American marten (Martes americana),
American pika (Ochotona princeps), Canada lynx
(Lynx canadensis), elk (Cervus canadensis) gray
squirrel (Sciurus griseus), hoary marmot (Marmota
caligata), mountain goat (Oreamnos americanus),
and wolverine (Gulo gulo)), under a variety of
climate change scenarios. These species are high
conservation priority mammal species based on
the Washington Department of Fish and Wildlife
Priority Habitats and Species List (WDFW 2008).

METHODS

The focal area for analysis was the western
three-quarters of Washington State (45.5428 to
49.0048 latitude and 124.7378 to 118.7628 longi-
tude, see Fig. 1). This topographically complex
landscape encompasses the three national parks
and varying types of human-built environment
surrounding them including managed forests,
refuges, state, and private lands. The vegetation
across the western half of the focal area is
primarily maritime evergreen forest, while the

southeastern section is dominated by temperate
shrubland. The Cascade Range divides the study
area from north to south, and is characterized by
a mix temperate evergreen forest, subalpine fir,
and tundra at increasingly higher elevations
(Rogers 2009). Climate change is predicted to
have varied effects in this region, including
decreasing snow pack and extent of glaciers;
disappearing alpine habitats; drying wetlands
and soils; and changing precipitation patterns
(Elsner 2009).

Overall modeling approach
Our goal was to develop, through the use of

species distribution modeling, a sense of plausi-
ble future scenarios that, with expert opinion,
could assist in devising conservation planning to
support species conservation under changing
climate. Modeling climate effects on species
distributions requires the sequential use of
different kinds of models, (e.g., models of future
emissions of greenhouse gases, models of how
global atmosphere respond to these emissions,
models to downscale global climate projections
to smaller spatial extents, models of the species’
responses to climate change) that each carries
uncertainties. We therefore ran multiple scenar-
ios to cover the range of uncertainty in the
different models.

Data sets
Variables that were included in the species

distribution modeling were chosen because they
were considered by the Washington State GAP
program to be biologically important and mean-
ingful for the focal species. Elevation data
(variable ‘‘elevation’’) at approximately 30 meters
were obtained from the United States Geological
Survey National Map (USGS National Map
Seamless Server 2009), and were also used to
create slope (‘‘slope’’) and aspect (‘‘aspect’’)
rasters using the ArcMap version 9.3.1. Data on
current city limits and road networks were
obtained from the Washington State Department
of Transportation GeoData Distribution Catalog
(WSDOT 2010) and were used to create ‘‘distance
to roads’’ (‘‘disthigh’’) and ‘‘distance to cities’’
(‘‘distcity’’) rasters. In addition, climatic and
ecological variables were obtained from the
MAPSS-CENTURY 1 (MC1) dynamic general
vegetation model, from Oregon State University
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(Bachelet et al. 2001, Rogers 2009, Rogers et al.
2011). This data source provided the climate
variables precipitation (‘‘ppt1991’’), and mean
annual temperature (‘‘tmp1991’’), as well as a
categorical variable describing vegetation type
(‘‘veg’’) (e.g., see Fig. 1) at a grain size of 800
meters.

Data for the mammal species’ current ranges
were obtained from the Washington State Gap
Analysis Project (Johnson and Cassidy 1997).
Both ‘‘core’’ and ‘‘peripheral’’ habitat was
mapped for each species, at an approximately
100-hectare grain size. All species were found in
at least one of the national parks analyzed here
(NPSpecies 2009). The average elevation of the
current range (‘‘range elevation’’) of each species
is presented in Table 1.

Future climate and ecological data (all provid-
ed by the Oregon State MC1 model) were based
on two widely used general circulation models
(GCMs), including the high-sensitivity MIROC
3.2 medres (‘‘Miroc’’; Hasumi and Emori 2004)
and the intermediate-sensitivity Hadley CM 3
(‘‘Hadley’’; Johns et al. 2003) models. Projections

were compiled from each GCM using two
different carbon dioxide emission scenarios
prepared by the Intergovernmental Panel on
Climate Change (IPCC), each with different
assumptions for future greenhouse gas pollution,
land-use and other driving forces that predict
different degrees of reliance on carbon-based or
fossil fuel energy. Scenarios included the A1B
(mid-level, relying on ‘‘balanced’’ energy sources
in an ‘‘integrated’’ world) and A2 (high-level,
based on an increasingly populated and ‘‘divid-
ed’’ world) emission scenarios (IPCC 2000).
These scenarios capture the more likely trends
in future emissions growth: the increasingly
unlikely B1/B2 (lower level) scenarios were not
considered here.

All data were analyzed in ArcGIS/ArcInfo
version 9.3.1 (ESRI 2009). Raster files were
created and projected in the NAD 1983 State
Plane Coordinate System for Washington
(South). The climate data was the coarsest of
the datasets at an approximately 800 meter grain
size, and thus each cell in the climate data was
approximately 0.65 square kilometers or 65

Fig. 1. Study area and vegetation types for contemporary (1991) scenario, from (MC1) dynamic general

vegetation model. Major national parks present in this study are also shown.
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hectares in size. We treated both core and
peripheral habitat equally as presence areas.
Outside the species distribution we considered
as absence.

We analyzed five-year running averages
(modes) for the years 2020–2024 (early century),
2050–2054 (mid-century) and 2095–2099 (late-
century), to provide three snapshots of potential
range shifts throughout the 21st century for each
of the four warming scenarios. Focusing on two
GCMs and two emission scenarios gave us a total
of four ‘‘warming scenarios’’ that capture a range
of uncertainty in climate sensitivity and emission
levels. We used two common species distribu-
tions modeling approaches: regression-based and
maximum entropy species distribution models
(Guisan and Zimmerman 2000) that differ in
assumptions about species detectability (pres-
ence/absence in regression vs. presence only in
maximum entropy). Our rationale for using both
modeling approaches is that a higher level of
confidence can be attributed to those areas where
all the models agree and additional analysis
should occur where they disagree. The climate
model outputs in combination with the species
distribution modeling resulted in 13 projections
(one ‘‘contemporary’’ and 12 future) for each
species per species distribution modeling ap-
proach, or 26 projections per species in total.

Regression-based presence/absence modeling
We used logistic regression to predict the

probability that each mammal species was
present at each geographical location (or cell)
based on environmental variables. This technique
has been used widely to predict the occurrence
and habitat use of sensitive and at-risk species

(Pearce and Ferrier 2000), and has been applied
to analyses of climate change on wildlife (e.g.,
Johnston and Schmitz 1997, Burns et al. 2003).
Logistic regression is applicable for our purposes
because, unlike many data sets where true
absences are uncertain, the GAP distributions
used in this study meets this presence/absence
requirement well.

Logistic regression as a general linear model
(GLM) is a parametric approach that requires
independent observations. Both the dependent
and independent variables used in our study
originate from GIS raster data and thus tend to
be spatially autocorrelated, causing us to
violate the requirement for independent obser-
vations if we used the full set of rasters in our
analyses. We therefore constructed a GIS layer
of random sample points distributed within the
study area boundary. To avoid pseudoreplica-
ton, no two sample-points were within the
distance of the diagonal of cells within the
rasters. The values of the dependent and
independent variables at the sample point
locations (derived from the corresponding
raster) were assigned to the point locations.
There are alternative statistical approaches such
as general linear mixed model (GLMM) or
general least squares (GLS) approaches that
could allow us to address autocorrelation
explicitly. But, we implemented GLM because
of the need to compare results with the
alternative presence-only maximum entropy
modeling that also does not address spatial
autocorrelation in its calculations. We wanted
to implement two models that address spatial
autocorrelation in the same way so that
comparisons of output were not confounded

Table 1. Mammal species of conservation concern included in analysis; approximate average range elevation

within study area is provided.

Common name Scientific name Family National Park Elevation (m)

Hoary marmot Marmota caligata Sciuridae MR, NC, ONP� 1580
Canada lynx Lynx canadensis Felidae MR,� NC 1565
Wolverine Gulo gulo Mustelidae MR, NC 1295
Mountain goat Oreamnos americanus Bovidae MR, NC, ONP 1175
American pika Ochotona princeps Ochotonidae MR, NC 1140
American marten Martes americana Mustelidae MR, NC, ONP� 940
Western gray squirrel Sciurus griseus Sciuridae NC 800
Elk Cervus elaphus Cervidae MR, NC, ONP 765

Note: National Park abbreviations are as follows: Mount Rainier (MR), North Cascades (NC), Olympic National Park (ONP).
The double dagger symbol (‘‘�’’) indicates that the National Park Service Species Database does not list the species as present,
but the Gap Analysis range data overlaps the park boundaries. The dagger symbol (‘‘�’’) indicates the reverse.
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by differences due to treatment of autocorrela-
tion.

We created the base model by running logistic
regression on the 1991 GAP data that represented
the ‘‘current’’ or baseline time period. For each
species, the values for the dependent and
independent variables were extracted from each
1991 raster and were associated to each sample
point. Using a custom tool created within
ArcGIS, the sample points were imported into
the companion R logistic regression statistical
program.

We ran scenarios with all variables (the
independent variables) that are known to be
biologically significant to each species. These
included vegetation types, average yearly pre-
cipitation, average yearly temperature, eleva-
tion, slope, aspect, distance from cities, and
distance from road. The identified variables
that gave significant model fits and their fitted
coefficients are presented for each species in
Appendix A. We then explored whether or not
including just those variables that were signif-
icant at P , 0.1 and P , 0.05 gave better model
fits. Pilot analyses revealed that generally the
AIC for models with fewer variables provided
as good or poorer fit than models that included
all of the significant predictor variables. Given
that we were comparing two modeling ap-
proaches for consistency, we took the position
that all the identified significant independent
variables contribute something to the model
fits (whether they met the P , 0.1 or 0.05
criterion or not) and thus kept all of the
variables in the model.

Using the general logistic equation, multi-
plying each cell for each independent variable
by the appropriate coefficient creates an Arc-
GIS Spatial Analyst Map Algebra statement.
The product of each independent variable is
added (using the general logistic equation) to
create a probability surface identifying the
likelihood of finding the species at each cell
location given current conditions. All cell
locations with a probability of 50% (0.5) or
greater were selected to identify the potential
distribution for the species. We selected 0.5 or
50% as the threshold value for creating distri-
bution surfaces from the resulting probability
surfaces. It may be possible to obtain a closer
predicted distribution surface relative to the

actual current distribution by varying the
probability threshold because generally as the
area covered by a species increases (more than
50%), the higher the optimum threshold value
(greater than 0.5). Alternatively, generally if the
area covered by the species is less than 50% of
the study area, then a threshold value less than
0.5 will produce a range distribution closer to
the actual. However, there were exceptions to
both cases. The actual distribution provided a
priori information about the species distribu-
tion, about the statistical population for the
species. Since, we did not have knowledge of
the distribution or the area the species would
cover in the future, we could not assume that
the future population will have the same a
priori information about the existing distribu-
tion. So, conservatively, the only threshold that
can be applied to future predictions with any
level of confidence is 0.5 or 50% probability. We
then used the same coefficients to project future
distributions using biophysical landscape data
from the climate change models for year 2015,
2050, and 2100. This process is repeated for
each species.

Maximum entropy presence-only modeling
We prepared the Gap Analysis mammal

range rasters for use in presence-only modeling
by creating a randomly generated set of points
across the study area and overlaid it with each
range to produce presence points for each
species. We then used the maximum entropy
model MaxEnt to project future distributions.
MaxEnt performs well in comparison with
other distribution models, and it seems to be
emerging as one of the most well-performing
and easiest to use distribution models currently
in practice (Elith et al. 2006).

For each species, we first ran MaxEnt Version
3.3.2 using all ten environmental variables
under the current (1991) conditions. For each
model run, MaxEnt automatically selected the
best-fit combination of variables, and created a
distribution map showing the probability of
presence of a species at each cell under present
conditions. Model performance was evaluated
by dividing the presence points into random
training (90%) and test (10%) datasets, and by
analyzing the sensitivity and specificity across
all thresholds (AUC score). We then used the
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same (best-fit) model to predict future distri-
butions for each species under each climate
change scenario. Again, we defined a threshold
of 0.5 (at least 50% probability of presence) as
the cut-off for predicting the presence of a
species.

Reliability of species distribution models
We evaluated the reliability of the model

approaches by comparing model projections
under current (1991) environmental conditions
with our ‘‘known’’ species range data from the
same year. Building on existing approaches
(Fielding and Bell 1997) we evaluated model
performances for each species by calculating
the sensitivity and specificity of each model
prediction (at a 0.5 threshold) in relation to the
original distribution (Table 2) using the follow-
ing equations:

sensitivity ¼ true positives

true positives þ false negatives

specificity ¼ true negatives

truenegativesþ false positives

accuracy¼ true positivesþ true negatives

true positivesþ false positives

þtrue negativesþ false negatives

:

We also calculated a measure of accuracy
based on a combination of these metrics
(Pearce and Ferrier 2000), and compared the
total size of the original and predicted ranges
under each model.

Projecting future distributions
We calculated the total area of the projected

future range within our focal area under each

warming scenario. We then determined the
percent decline (or increase) in area in relation
to the original (Gap Analysis) species range for
each of the three snapshot periods (2020–2024,
2050–2054, 2095–2099). We also calculated the
percentage change in elevation within each
snapshot period. We conducted simple linear
regressions using the original range size or
elevation and the corresponding estimates for
snapshot periods to examine changes in species
range size and elevation over time. The
rationale for this analysis was to test whether
there was a projected decreasing or increasing
trend in range size or elevation over time. We
ran regressions across both models and sepa-
rately for each model, and tested for differences
between model projections using a pooled t-
test.

RESULTS

Maps comparing current (1991) observed and
predicted distributions for all mammal species
examined in our study are provided in Appen-
dix B. We present in Fig. 2 for illustrative
purposes the distribution of the wolverine from
the original Gap Analysis data and the current
distribution as projected by the logistic regres-
sion model and the MaxEnt model. Both
models tended to show similar sensitivity,
specificity, and accuracy for each species (Table
2). Accuracy was highest for both models for
the hoary marmot and Canada lynx, and
lowest for the American pika, American mar-
ten, and elk. Sensitivity was lower than
specificity in most cases for both models, which
suggests the models may be slightly underes-
timating current species presence at a proba-

Table 2. Sensitivity, specificity, accuracy for the logistic regression and MaxEnt models for predicted current

species distributions.

Species

Logistic regression model MaxEnt model

Sensitivity Specificity Accuracy Sensitivity Specificity Accuracy

Hoary marmot 0.659 0.970 0.936 0.623 0.982 0.942
Canada lynx 0.615 0.986 0.959 0.620 0.991 0.964
Wolverine 0.835 0.937 0.909 0.724 0.967 0.900
American pika 0.709 0.910 0.848 0.593 0.947 0.836
Mountain goat 0.750 0.931 0.880 0.695 0.967 0.889
American marten 0.786 0.879 0.842 0.668 0.960 0.845
W. gray squirrel 0.171 0.992 0.936 0.586 0.950 0.925
Elk 0.822 0.874 0.846 0.658 0.975 0.800
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bility threshold of 0.5. Higher specificity for the
MaxEnt model suggests that this model is
conservative by not over-predicting species
presence, but in contrast may be under-pre-
dicting presence.

Future projections—range size
For illustration, the projected future range for

the wolverine under one warming scenario is
shown in Fig. 3 (see Appendix C for maps of
all projections for all species). Projected trends

(Fig. 4) indicate that climate change may result
in significant loss in geographic range size of
higher elevation species, and this trends holds
across all models and scenarios (Table 3). Both
models projected that the high and mid
elevation species (American pika, hoary mar-
mot and mountain goat and wolverine) would
experience the greatest range losses with up to
80% range loss by the end of the century for
these species (Fig. 4), while the lynx is
projected to virtually disappear from the focal

Fig. 2. Original (current) distribution of the wolverine matches predicted current distributions from the logistic

regression and MaxEnt model well, using a 0.5 (50%) probability threshold.

Fig. 3. Example of a projected range distribution of the wolverine for the early, mid, and late century, all under

the MaxEnt model based on the Hadley data and the ‘‘high’’ (A2) carbon emission scenario. See Appendix C for

projections for all species under all emissions scenarios and species distribution models.
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Fig. 4. For each modeled climate change scenario, the predicted range size expressed as a percentage of the

original Gap Analysis range is shown.
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area by 2100. There were no significant
differences between range loss projections from
the MaxEnt and logistic regression models for
these species, and trends were consistent across
global climate models (Hadley vs. Miroc) and
emission scenarios (A2 vs. A1B) as well (Table
3).

For lower elevation species including the
American marten, western gray squirrel, and
the elk, the picture is more complicated. While
trends were consistent between global climate
models and emission scenarios, there were
significant differences between projections gen-
erated by the MaxEnt and logistic regression
models for these species (Table 3). For the
American marten, both models predict signif-
icant range loss, but MaxEnt predicts a rapid
reduction to more than 90% loss by the end of
the century. In contrast, the logistic regression
projects a more gradual decline to approxi-
mately 40% loss by 2100. For the western gray
squirrel, both models project large range
expansion over the next century (Table 3).
However, MaxEnt projected a more gradual
increase in range size than the logistic regres-
sion model. For the elk, the models disagree as
to whether the range is likely to expand or
contract over time. MaxEnt projects significant
declines in range size (Table 3), while the
logistic regression model projects a significant
increase in range size. This translates to a near
doubling of the range across all warming
scenarios and an expansion across virtually
the entire focal area. Due to these opposite
trend projections, model disagreement is high-
est for this species.

Future projections—elevation shifts
Both the logistic regression and MaxEnt

models predict that the average elevation of
most species’ ranges will significantly increase
over the coming century (Fig. 5). This trend
was consistent across both the Hadley and
Miroc global climate model data, using the A2
or ‘‘high emission’’ scenario. The species pro-
jected to increase most significantly in average
elevation is the Canada lynx (Fig. 5). For all
other species where ranges are projected to
significantly contract (hoary marmot, wolver-
ine, mountain goat, American pika, and Amer-
ican marten), their elevation is also projected to
rise significantly (P , 0.001) over the next
century (Fig. 5).

In contrast, there are no significant trends for
the lower elevation species: the average eleva-
tion of the western gray squirrel is not
expected to change, while models once again
disagree with regards to projections for the elk.
While the MaxEnt model predicts significant
elevation gain similar to patterns seen for the
higher elevation species, the logistic regression
model predicts no rise in average elevation,
and even a potential decline.

DISCUSSION

This study examines the potential fate of
mammal species in Cascadia’s parks under
projected climate warming over the next
century. The clearest emerging trend is that
range losses are projected for the higher
elevation mammal species considered here,
including the hoary marmot, Canada lynx,

Table 3. Tests for significant trends in range size loss or gain for each species, under the MaxEnt and logistic

regression distribution models and both models combined. The t-test compares regression model slopes to

determine consistency of the different models to project trends. No significant difference means the models

give congruent insights.

Species

Both models MaxEnt Logistic regression
t-test model difference

R2 P R2 P R2 P P

Hoary marmot 0.773 ,0.001 0.660 0.001 0.953 ,0.001 No, .0.05
Canada lynx 0.612 ,0.001 0.470 0.01 0.827 ,0.001 No, .0.05
Wolverine 0.901 ,0.001 0.852 ,0.001 0.871 ,0.001 No, .0.05
Mountain goat 0.857 ,0.001 0.797 ,0.001 0.947 ,0.001 No, .0.05
American pika 0.906 ,0.001 0.892 ,0.001 0.927 ,0.001 No, .0.05
American marten 0.502 ,0.001 0.928 ,0.001 0.902 ,0.001 Yes, ,0.005
Western gray squirrel 0.713 ,0.001 0.697 ,0.001 0.844 ,0.001 Yes, ,0.005
Elk 0.029 .0.1 0.792 ,0.001 0.830 ,0.001 Yes, ,0.001
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Fig. 5. Predicted elevation of the range of the (a) highest elevation, (b) middle elevation, and (c) lower elevation

species over time, from logistic regression and MaxEnt species distribution models, run using both the Hadley

and Miroc global climate models under the A2 carbon emission scenario. Values are species averages calculated

from outputs of logistic regression and MaxEnt approaches for different GCM scenarios.
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wolverine, American pika, and mountain goat.
Both species distribution models agree that the
future ranges of these mammals in our focal
area are likely to be smaller by the end of the
century than they are today, across all warming
scenarios. Trends are quite consistent between
species: ranges are projected to shrink by as
much as 80% or more by 2100, and are
projected to become more fragmented and
isolated as well. However, there is little
evidence of range shifting into new, previously
unoccupied areas for these species within the
focal cascades region (Appendix C). Instead,
projected ranges appear to shrink inward
toward the core areas over time. In addition,
one species (the Canada lynx) was projected to
be virtually absent from this area by 2100.
Whether or not species are able to move
beyond this region into Canada remains uncer-
tain and requires further analyses that are
beyond the goals of the current assessment.

The picture for the lower elevation species
we analyzed, including the American marten,
western gray squirrel, and the elk is somewhat
more complicated. Projections differ somewhat
between the logistic regression model and the
MaxEnt model. Generally, both models project
little range loss for these more widespread and
generalist species, and that some species may
expand their ranges over the next century,
especially in the eastern portion of our focal
area.

For most species we examined, including the
five higher elevation species as well as the
American marten, the second clear trend is that
as ranges shrink over time, species are project-
ed to retreat further upwards into even higher
elevation areas. Rates of increase are relatively
consistent across models at approximately 50
(40–60) meters of elevation gain per decade
over the next century, with only the Canada
lynx projected to increase in elevation more

Fig. 6. Three-dimensional illustration of predicted range shifts of the wolverine over time, with a composite

illustration at lower right. Elevations are exaggerated for ease of viewing. From the logistic regression model

under the Miroc global climate model using the high/A2 emission scenario.
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rapidly as its range virtually disappears. For
these species, we should expect range loss to
occur primarily in the lower elevation portions
of each species’ range, while the highest alpine
areas are more likely to serve as refuges that
will continue to support species over time (e.g.,
see Fig. 6). In contrast, significant elevation
shifts are not projected for the lower elevation
species (elk and western gray squirrel), as they
are projected to expand their range into other
low elevation areas.

Future projections of climate change carry
high degrees of uncertainty because disparate
data sources that are used in the projections
vary in their degree of uncertainty (e.g.,
modeled climate data are less certain that
empirically measured or expert opinion-based
geographic range data). Moreover, the projec-
tions are difficult to validate because effects of
climate change over then next century is an
ongoing experiment. We have, however, taken
several measures to constrain the ‘‘unreliabili-
ty’’ of our projections. First, we used only those
environmental variables that are deemed by the
Washington State GAP program to be biolog-
ically important and meaningful for the focal
species. We used two modeling approaches
that have different assumptions about species
detectability (presence/absence vs. presence
only), and differ in the algorithms used to
project future geographic range distributions.
We ensured model validity by making sure that
the projections for species’ current geographic
ranges aligned with actual current geographic
ranges; and we did this for both modeling
approaches (Appendix B). We then used the
same coefficients to project future species
distributions using biophysical landscape data
from the climate change models. Because
insights from these approaches were generally
congruent, we can place some faith in the
reliability of the projections. Of course, any
modeling such as this ultimately only provides
heuristic value through presentation of plausi-
ble scenarios, and so management aimed at
land-use planning for climate adaptation
should use such assessments with complemen-
tary insight from other studies that have
measured climate effects over recent history
within the study region (e.g., Moritz et al. 2008,
Barnosky 2009). Using information from mul-

tiple modeling approaches and empirical data
allows one to assign higher levels of confidence
where the insights are congruent and explore
further with additional analysis and data
where they disagree (Lawler et al. 2010). A
potentially confounding factor, that remains
highly uncertain, is how the changing human
built environment in consequence to the need
to adapt to climate change will alter the
geographic distribution of species within the
Cascadia landscape. Developing such insights
would enable updating projections by changing
the value of the variables distance to roads and
cities.

National Parks as high elevation refuges
Based on the projected future range distri-

butions from both models and across all
warming scenarios, we found that in general
the primary national parks in our focal area—
Olympic, Mount Rainier and North Cascades—
are likely to remain important refuges for these
high elevation mammal species throughout the
next century, even as ranges could dramatically
decline in size. The fact that these parks are
located in some of the highest elevation regions
of the focal area may assist in their ability to
support and maintain these high elevation
species over time, though complete losses of
certain species from these refuges are still
projected. We should note that we looked only
at whether models projected species presence
in a particular park by the end of the century
based on geographic distribution only. Howev-
er, no analyses on the amount of contiguous
range or habitat or other environmental vari-
ables necessary to support viable populations
within those geographic ranges were per-
formed. Such analyses might include more
focused analyses on how snowfall levels and
seasonal, rather than annual, temperatures
(Wang et al. 2002, White et al. 2011). In
addition, we do not account for the geographic
distribution of prey species of the predators
examine here. While this kind of analysis has
been called for (Schmitz et al. 2003), the spatial
modeling tools and data resolution needed to
evaluate such interactions to understand spe-
cies viability do not yet exist for this region.

Our models project that Mount Rainier
National Park, with the highest average eleva-
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tion of approximately 1580 meters, is likely to
continue to support the high elevation species
considered here (hoary marmot, wolverine,
mountain goat, American pika, and American
marten) throughout this century, even as their
ranges shrink elsewhere. Mount Rainier could
even serve as one of the last refuges in the state
for the Canada lynx, which is projected to
almost completely disappear from the rest of
the focal area by the end of the century. This
park is also projected to support an increasing
amount of elk range as it expands over time.

Similarly, North Cascades National Park,
with an average elevation of approximately
1460 meters, is also projected to continue to
support all high elevation species considered
here, with the exception of the lynx. It is also
likely to include a greater amount of elk range
over time. While the initial Western gray
squirrel range was only marginally included
in the park, models project future expansion
eastward away from the park boundaries.

Finally, the Olympic National Park, with a
somewhat lower average elevation of approx-
imately 950 meters, may be more likely to lose
certain high elevation species as their ranges
contract upwards. While the park is projected
to continue to contain the range of the
mountain goat, American pika, and American
marten, models project only very scattered
remnant portions (if any) of hoary marmot
and wolverine range, and a likely loss of lynx
range by the end of the century. Again,
Olympic National Park is projected to support
elk throughout the next century.

Implications
Our analysis provides a range of possible

future scenarios for how high and mid-eleva-
tion mammal species may react to climate
change over the coming century, and are
intended to assist in planning for the future
management of these species of conservation
concern. The maps provided in Appendices B
and C illustrate these possible scenarios, but
the consistent trends are likely to be more
informative for managers than individual pro-
jections. While only eight species were ana-
lyzed, our results suggest that trends for even
unrelated high elevation mammals seem to be
largely consistent between species. Our results

confirm speculation (Barnosky 2009) and pre-
vious analyses (Burns et al. 2003) that montane
national parks and protected areas will require
special attention under climate change. To this
end, managers may want to prioritize conser-
vation activities in high elevation areas that are
likely to serve as future refuges for these
species, over lower elevation areas that may
become less suitable over time (Baron et al.
2009). Finally, it may make sense to prioritize
efforts either toward species such as the
Canada lynx, hoary marmot, or American pika
which are projected to lose significant range
area over lower elevation species such as the
elk or western gray squirrel, which may be less
likely to lose significant range area under
climate change.
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SUPPLEMENTAL MATERIAL

APPENDIX A

Table A1. Regression coefficients for the 15 environmental variables used in logistic

regression models to predict eight montane mammal species range distributions.

Variable Coefficient SE Significance probability

American marten
Intercept 0.485097 0.716093 0.498139
tmp1991 �0.417109 0.048341 0.000000
ppt1991 0.010308 0.000544 0.000000
veg8_10 0.239035 0.495726 0.629670
veg7_10 0.662336 0.488013 0.174715
veg6_10 �2.786528 0.512850 0.000000
veg2_10 �6.531055 0.612250 0.000000
veg17_10 �0.743395 0.523548 0.155632
veg16_10 �3.189199 0.621198 0.000000
veg12_10 �0.191953 0.552853 0.728438
veg10_10 7.902377 105.414358 0.940243
slope 0.032844 0.002796 0.000000
elevation 0.000051 0.000216 0.813365
aspect �0.000023 0.000286 0.937105
disthigh 0.000002 0.000005 0.595026
distcity 0.000039 0.000003 0.000000

American pika
Intercept 1.117310 0.765029 0.144158
tmp1991 �0.480580 0.047673 0.000000
ppt1991 0.002653 0.000472 0.000000
veg8_10 �0.284804 0.579299 0.622978
veg7_10 1.122645 0.575708 0.051173
veg6_10 �0.618755 0.596094 0.299263
veg2_10 �3.802801 0.648612 0.000000
veg17_10 �1.085374 0.618826 0.079444
veg16_10 �4.355516 0.913900 0.000002
veg12_10 �1.125377 0.651992 0.084337
veg10_10 10.932915 200.589043 0.956534
slope 0.018221 0.002701 0.000000
elevation 0.001217 0.000214 0.000000
aspect 0.000112 0.000296 0.704660
disthigh �0.000027 0.000005 0.000000
distcity 0.000014 0.000003 0.000000

Canada lynx
Intercept 6.568681 0.995249 0.000000
tmp1991 �1.154056 0.085560 0.000000
ppt1991 �0.023077 0.001559 0.000000
veg8_10 0.516895 0.354187 0.144460
veg7_10 �2.484888 0.510547 0.000001
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Table A1. Continued.

Variable Coefficient SE Significance probability

veg6_10 0.002095 0.405013 0.995872
veg2_10 �1.093918 0.535604 0.041112
veg17_10 �0.651225 0.544192 0.231430
veg16_10 �1.265681 0.619958 0.041195
veg12_10 �1.893900 93.852530 0.983900
veg10_10 0.056149 0.005028 0.000000
slope �0.002244 0.000401 0.000000
elevation �0.000575 0.000560 0.303858
aspect 0.000032 0.000007 0.000001
disthigh 0.000042 0.000005 0.000000
distcity 6.568681 0.995249 0.000000

Elk
Intercept �14.205008 0.770438 0.000000
tmp1991 0.853241 0.053620 0.000000
ppt1991 0.036901 0.001087 0.000000
veg8_10 1.015124 0.449070 0.023790
veg7_10 0.127290 0.437860 0.771274
veg6_10 �2.623861 0.475970 0.000000
veg2_10 �6.473873 0.662417 0.000000
veg17_10 2.960567 0.463926 0.000000
veg16_10 0.550910 0.447559 0.218352
veg12_10 0.539418 0.509085 0.289334
veg10_10 1.818501 60.704361 0.976102
slope 0.016606 0.003111 0.000000
elevation 0.004707 0.000269 0.000000
aspect �0.000649 0.000278 0.019441
disthigh 0.000008 0.000005 0.097126
distcity 0.000025 0.000003 0.000000

Gray squirrel
Intercept �8.227370 0.938328 0.000000
tmp1991 0.574669 0.075230 0.000000
ppt1991 �0.027103 0.002156 0.000000
veg8_10 1.372453 0.295805 0.000003
veg7_10 0.527046 0.345235 0.126853
veg6_10 �0.093754 0.511439 0.854551
veg2_10 �3.488608 6.744762 0.604994
veg17_10 2.001335 0.306631 0.000000
veg16_10 �1.816991 0.313380 0.000000
veg12_10 �1.510794 78.152858 0.984577
veg10_10 0.024453 0.004490 0.000000
slope 0.002273 0.000371 0.000000
elevation �0.000463 0.000446 0.298453
aspect �0.000002 0.000007 0.733603
disthigh 0.000021 0.000005 0.000050
distcity �8.227370 0.938328 0.000000

Hoary marmot
Intercept �3.862441 0.797812 0.000001
tmp1991 �0.631301 0.066122 0.000000
ppt1991 0.003594 0.000611 0.000000
veg8_10 2.235676 0.306777 0.000000
veg7_10 2.806007 0.314874 0.000000
veg6_10 2.587150 0.286182 0.000000
veg2_10 1.753453 0.701775 0.012469
veg17_10 13.051071 34.836342 0.707929
veg16_10 0.017655 0.003774 0.000003
veg12_10 0.001349 0.000317 0.000021
veg10_10 �0.000265 0.000452 0.557421
slope 0.000001 0.000006 0.811576
elevation 0.000030 0.000004 0.000000
aspect �3.862441 0.797812 0.000001
disthigh �0.631301 0.066122 0.000000
distcity 0.003594 0.000611 0.000000

Mountain goat
Intercept 3.666304 0.808878 0.000006
tmp1991 �0.771135 0.053473 0.000000
ppt1991 0.010422 0.000565 0.000000
veg8_10 �0.204171 0.584760 0.726974
veg7_10 �0.267074 0.579144 0.644689

v www.esajournals.org 16 November 2012 v Volume 3(11) v Article 97

JOHNSTON ET AL.



Table A1. Continued.

Variable Coefficient SE Significance probability

veg6_10 �0.010150 0.612262 0.986773
veg2_10 �4.151078 0.663605 0.000000
veg17_10 �0.564655 0.627358 0.368093
veg16_10 �3.059676 0.822157 0.000198
veg12_10 �0.636302 0.666287 0.339580
veg10_10 9.464514 218.078353 0.965383
slope 0.050502 0.002975 0.000000
elevation �0.000754 0.000234 0.001269
aspect �0.000103 0.000326 0.753056
disthigh �0.000038 0.000005 0.000000
distcity 0.000021 0.000002 0.000000

Wolverine
Intercept 9.595857 1.030067 0.000000
tmp1991 �1.282120 0.067181 0.000000
ppt1991 �0.003687 0.000620 0.000000
veg8_10 0.426121 0.760436 0.575231
veg7_10 �0.560821 0.758949 0.459941
veg6_10 �2.077028 0.783944 0.008062
veg2_10 �2.941375 1.291093 0.022714
veg17_10 �0.496024 0.778692 0.524127
veg16_10 �1.740473 0.788057 0.027205
veg12_10 0.557113 0.793265 0.482490
veg10_10 �7.103907 70.353999 0.919571
slope 0.016223 0.003485 0.000003
elevation �0.000674 0.000294 0.021970
aspect �0.000555 0.000394 0.158467
disthigh �0.000062 0.000006 0.000000
distcity 0.000049 0.000004 0.000000

Notes: Abbreviations are: Tmp1991¼mean annual 1991 temperature; ppt1991¼mean annual
1991 precipitation; vegetation type: 2 ¼ tundra; 6 ¼ subalpine forest; 7 ¼ maritime evergreen
needleleaf forest; 8¼ temperate evergreen needleleaf forest; 10¼ temperate cool mixed forest; 12
¼ temperate evergreen needleleaf woodland; 16 ¼ temperate shrubland; 17 ¼ temperate
grassland; disthigh¼ distance to highway; distcity¼ distance to city.
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Collapsing population cycles
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Opinion
During the past two decades population cycles in voles,
grouse and insects have been fading out in Europe. Here,
we discuss the cause and implication of these changes.
Several lines of evidence now point to climate forcing as
the general underlying cause. However, how climate
interacts with demography to induce regime shifts in
population dynamics is likely to differ among species
and ecosystems. Herbivores with high-amplitude popu-
lation cycles, such as voles, lemmings, snowshoe hares
and forest Lepidoptera, form the heart of terrestrial food
web dynamics. Thus, collapses of these cycles are also
expected to imply collapses of important ecosystem
functions, such as the pulsed flows of resources and
disturbances.

Introduction
Multi-annual population cycles (i.e. the regular, high-
amplitude density oscillations displayed by some animal
populations) are among the most studied and discussed
ecological phenomena. Prime examples of cyclic population
dynamics include the three–four-year cycles in voles and
lemmings, the four–ten-year cycles in ptarmigan and for-
est grouse, and the nine–eleven-year snowshoe hare and
forest insect cycles. Ecologically, population cycles, where
they occur, have profound influences on the functioning of
ecosystems. Population cycles are also important because
they provide unique insights into the mechanisms of popu-
lation and community dynamics. Modern textbooks exploit
the examples of cyclic populations to introduce students to
state-of-the-art theory of population regulation and trophic
interactions, to analytical tools for analyzing ecological
dynamics and to discussion of the effects of pulsed disturb-
ance and flows on ecosystem structure and function.

However, there is now reason to believe that some of the
most well-known examples of cyclic dynamics have become
lessons of history rather than analyses of contemporary
ecology. During the past two decades, cycles in voles, forest
grouse and forest insects have been fading out in Europe.
The first indications of such changes were published
during the mid-1990s [1–3], although their significance
then was questioned [4]. Here, we provide an updated
evaluation of the phenomenon of collapsing cycles, in the
light of both the most recent empirical evidence and
relevant insights derived from earlier research on popu-
lation cycles. Although drifting in and out of cyclic
dynamics might be expected to be within the range of
normal nonlinear population dynamics, we argue that
the recent events of collapsing cycles are more widespread
and simultaneous thanwould be expected from an accumu-
lation of independent events.
Corresponding author: Ims, R.A. (rolf.ims@ib.uit.no).
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Modeling collapsing cycles
Mathematical and statistical modeling is a central issue in
research on population cycles. The modeling literature is
vast, but many useful syntheses have been made [4–7].
Models differ along a continuum from complexmechanistic
models to rather simple phenomenological models.
Whereas the mechanistic models are primarily used to
deduce population dynamics from assumed or known bio-
logical mechanisms [5], the phenomenological models are
mainly tools for inferring processes from patterns con-
tained in population time series data [4,8].

Theoretically, there are at least as many ways that
population cycles can be lost as there are ways that they
can be generated. Mechanistic modeling has shown that
population cycles can originate from many different types
of nonlinear biological interaction, either intrinsic (e.g.
maternal effects) or extrinsic (i.e. resources or enemies)
to the populations [5]. However, the identity of the decisive
interactions, even in much studied cases, such as the vole
cycle, is still in dispute [9]. The precise empirical infor-
mation needed for feeding mechanistic models, and thus
for pinpointing the cycle-generating mechanism, can
usually be obtained only from laboratory populations
[10]. By contrast, data from natural populations are typi-
cally represented by short and noisy time series of crude
indices of yearly abundance based on hunting bags, catch
per effort or damage levels. Such data provide information
that is amenable only to phenomenological analysis.
Inferences from log–linear modeling

The most influential phenomenological approach is
stochastic log–linear models fitted to time series data by
autoregression analysis. In this approach, population
dynamics are interpreted in terms of different orders of
density dependence. Recent studies have shown that sec-
ond-order log–linear models (Box 1) parsimoniously
describe the population dynamics for a wide range of
species and ecological settings. In this model, the first-
order term quantifies direct density dependence, which
phenomenologically represents population self-regulation
or predator functional response. The second-order term
quantifies delayed density dependence and reflects trophic
interactions (e.g. predator numerical response or pathogen
dynamics). The magnitude of the direct and delayed
density-dependent parameters determines whether the
population displays cyclic oscillations and, eventually,
the period and amplitude of the cycle. Incrementally chan-
ging the parameter values can lead to the collapse of cycles
through period shortening or lengthening and/or ampli-
tude dampening (Box 1). The second-order log–linear
model has been instrumental in elucidating how cyclic
10.010 Available online 11 January 2008 79
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Box 1. Collapsing cycles in second-order log–linear models

The second-order, stochastic log–linear model has played a promi-

nent role in the analysis of cyclic dynamics [4,8,16,45], including

changes in cycle period and collapse of cyclicity in time and space.

The model is written as Equation I:

xt ¼ b0 þ b1xt�1 þ b2xt�2 þ et ; (Equation I)

where xt is the logarithm of population density in year t, b1 and b2 are

the parameters of the direct and the delayed density dependence,

respectively, and et is a noise term quantifying the stochastic variation

(e.g. in the environment). This model gives rise to sustained cycles for

certain combinations of b1 and b2, given that et > 0. Figure I shows the

dynamics of the model as defined by two density-dependent

parameters.

Proper multi-annual cycles (i.e. cycle period two years) occur in the

region under the thick semi-circle as defined by (1 + b1)2 + 4b2 < 0.

The lines within the region of the semi-circle define isoclines of

different cycle periods (cycle periods >8 years are not shown). Arrows

and associated letters depict three ways by which cycles can collapse

into noncyclic dynamics. A: period lengthening by weakening of the

delayed density dependence (b2); B: period shortening by strengthen-

ing the direct density dependence (1 + b1) and C: amplitude dampen-

ing with no change of a cycle period. Amplitude dampening will in

most cases be associated with weakened delayed density depen-

dence (e.g. alternative A).

The magnitude of the noise term of the log–linear model (et) affects

the variance of both cycle amplitude and period. Thus realizations of

the stochastic process might sometimes produce dynamics that

appear to deviate from a cyclic pattern (Figure II) especially if the

noise term is large.

Usually log–linear models are fit by autoregression analysis (e.g.

autoregressive moving average (ARMA) models [16]) to time series

on the basis of annual population indices. However, if more than one

population index per year is available (e.g. spring and autumn

indices), the analysis can be elaborated so that the density-dependent

parameters can be made conditional on season (summer and winter)

[28,46,47]. This elaboration has been helpful for highlighting the

expected outcome of climate change. For instance, if delayed density

dependence acts primarily over the winter season, shorter winters

are expected to dampen cycle amplitude. Moreover, continuously

time varying parameters can be fitted to explore the extent to which

the density-dependent structure and the period of the cycle change

through time (Figure 4, main text).

Figure I. The parameter plane of the second-order log–linear model showing the

region with proper multi-annual cycles (under the semi-circle). Curved isoclines

under the semi-circle show parameter combinations with different cycle periods

in years (periods >8 years are not shown). Colored broken arrows labeled with

capital letters indicate three alternative routes towards collapse of cyclic

dynamics. Blue arrow (A) shows decreased delayed density dependence and

period lengthening. Red arrow (B) shows increased direct dependence and

period shortening. Green arrow (C) shows a decrease in both direct and delayed

density dependence without any change in the three-year period before the cycle

disappears.

Opinion Trends in Ecology and Evolution Vol.23 No.2
Figure II. Simulated time series of population density (Nt) from a model with parameter (1 + b1) = 0, b2 = �0.625 and et = 0.5. According to the density-dependent

parameters, a four-year cycle is expected (Figure I). A high degree of stochasticity yields a period of transient, apparently noncyclic dynamics (denoted by the red line).
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populations collapse in space and time based on time series
data.

Collapsing cycles in space
More than eighty year ago Charles Elton was the first to
realize that population cycles of snowshoe hares and voles
were regionalized in the sense that they were mainly
northern phenomena. His conjecture has been verified
analytically and extended taxonomically to many species
of mammals, birds and insects [11]. Although ecologists
initially emphasized a north–south dichotomy between
cyclic and noncyclic dynamics, the focus later changed to
explore clinal geographical patterns, whenever panels of
time-series data with adequate spatial coverage were
available [12]. Such geographical clines in cycle amplitude
or periodicity ending in ‘spatial collapses of cyclicity’ have
now been demonstrated by log–linear autoregression
analyses for different taxa and geographical areas
(Table 1). In all these cases, there is a gradual amplitude
dampening towards the regions where the cycles disap-
pear. However, the cases differ with respect to whether the
route towards loss of cyclicity is associatedwith a change in
period duration and, eventually, whether period lengthen-
ing or shortening is involved (Table 1). For instance, in
Fennoscandian voles, there is a period shortening from a
five-year cycle in the northernmost region to a mainly
three-year cycle in the south–central Fennoscandia, before
the population cycle collapses into stable dynamics in the
far south [13,14]. The period shortening is due to the
increased strength of direct density dependence [15], which
is attributed to an increased abundance of generalist pre-
dators towards the south [13]. In American forest grouse,
the cycles appear to collapse towards the south bymeans of
period lengthening and a decrease in the strength of
delayed density dependence [16]. Moreover, in Hokkaido
(Japan) the clinal period shortening in the gray-sided vole
Table 1. Species and geographical areas with spatial clines in pop
more stable dynamics within their distribution range

Species Geographical area Cline typea D

Myodes and Microtus

voles

Fennoscandia North–south amplitude

dampening and period

shortening

I

Common vole Microtus

arvalis

Central Europe Inland–coast amplitude

dampening

D

d

Grey-sided vole

M. rufocanus

Hokkaido, Japan South–west north–east

amplitude dampening

D

d

Ermine Mustela erminea Canada North–south amplitude

dampening

D

Bonasa and Tympanichus

forest grouse

North America North–south period

lengthening

D

Tetrao, Lagopus and

Bonasa grouse spp.

Europe North–south amplitude

dampening

D

Snowshoe hare Lepus

americanus

North America North–south amplitude

dampening

D

Autumnal moth Epirrita

autumnata

Fennoscandia North–south amplitude

dampening and less

regular outbreaks

N

Abbreviation: N/A, not available.
aDescribed with respect to direction and change in density dependence (DD) towards r
bEstimated by log–linear time series analysis in all studies.
cNoted when such a proposition was available.
Myodes rufocanus is due to a decrease in both direct and
delayed density dependence [17].

Not all population cycles are boreal or arctic [18],
neither do all spatial clines in cycle amplitude or period
end in a southern collapse [19]. Thus, collapses of cycles in
other directions occur along certain coast–inland gradients
[19,20] or altitudinal gradients [21,22]. There seems, how-
ever, to be a common denominator for all the cases of
spatial clines: the cycles appear to fade with shorter win-
ters. In closing this short review of collapsing cycles in the
spatial domain, we note that in the case of red grouse
Lagopus lagopus scoticus in the UK, where both cyclicity
and period duration appear to be regionalized, evidence for
consistent clines in dynamics is at the best weak [23].
Moreover, the more erratic dynamics of the famous
Norwegian lemming Lemmus lemmus (Figure 1) might
not quite adhere to the general pattern of Fennoscandian
voles [24], although period shortening towards the
southern part of the mountain chain is suggested in this
case too [25].

Collapsing cycles in time
The cases

Among all cases of cyclic population dynamics, the vole
cycle in Fennoscandia is probably the most celebrated
owing to the many long time series and the richly geo-
graphically patterned dynamics. The first recent incidence
of a deviation from the ‘normal Fennoscandian vole cycle’
was reported from northern Finnish taiga two decades ago
[26]. Soon similar events of missed cyclic peak years were
reported to have taken place at approximately the same
time (i.e. mid-1980s) over vast tracts of the boreal forest
zone [1–3]. This initiated an era of regime shift in popu-
lation dynamics, leading to a collapse of the boreal vole
cycle. The aberrant dynamics has lasted until present and,
thus, for a period of four–six cycles. The shifted dynamics
ulation dynamics from clear multi-annual population cycles to

ensity dependence (DD)b Proposed mechanismc Refs

ncreased direct DD North–south gradient in

winter season duration and

number of generalist

predators

[15]

ecreased direct and

elayed DD

Inland–coast gradient in

winter season duration

[19]

ecreased direct and

elayed DD

South–west, north–east

gradients in winter season

duration

[17]

ecreased delayed DD Geographical cline in prey

dynamics

[48]

ecreased delayed DD Increased number of generalist

predators towards the south

[16]

ecreased DD N/A [49]

ecreased DD Increased amount of generalist

and environmental heterogeneity

towards south

[50,51]

/A Increased number of generalist

parasitoids and predators

towards the south

[52]

egions with collapsed cycles.
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Figure 1. (a) Live and (b) dead Norwegian lemmings Lemmus lemmus on the

snow surface in the Norwegian Arctic in March 2007. Although the Norwegian

lemming has become famous for its three–five-year population cycles [4], these

cycles have typically been less stable than those of other sympatric small rodent

species (i.e. voles) in alpine and arctic tundra [24,25,27]. When lemming

population outbreaks occur, they are generally synchronous with those of

sympatric vole species [24]. However, Norwegian lemmings are quite frequently

missing in the research catches in the summer of small rodent peak years [24,27].

In such years, there have sometimes been signs of a build-up of the lemming

population in the preceding winter, but observations of live and dead lemmings on

the snow have coincided with population crash. It has been suggested that

Norwegian lemmings are especially sensitive to variation in winter climate

conditions [25]. One reason for this might be that they rely on mosses as their

main winter food, whereas arctic–alpine voles rely mainly on vascular plants. As

the lowest vegetation stratum, mosses are probably more readily locked in ice

after mild spells [37,38] than are the more erect vascular plants. Photographs: Rolf

A. Ims.

Opinion Trends in Ecology and Evolution Vol.23 No.2
in the boreal forest later appeared to expand northwards to
other ecosystems. In subarctic birch forest in north-wes-
tern Finland, where the time series extends back nearly
60 years, the cyclic peaks have beenmissing since the early
1990s [27]. In hemi-arctic Norwegian tundra even further
north, a five-year cycle in voles still prevails, but now has
distinctly shifted to lower spring densities and dampened
cycle amplitude [24]. Population cycles have also prevailed,
at least until recently, in some other localities in Fennos-
candia (e.g. see Ref. [20]). However, the overall picture
from Fennoscandia is that the vole cycle has collapsed over
vast areas, in particular in forested ecosystems.

Outside Fennoscandia, there is statistical evidence for
recent collapses of vole cycles in northern England [28] and
82
central Europe [18]. Recent regime shifts between cyclic
and noncyclic dynamics in the Japanese gray-sided vole
occurred between the late 1970s and the early 1990s on
Hokkaido [29]. Unfortunately, there are no reports on how
gray-sided vole dynamics have developed in Hokkaido
since then. There is no statistical evidence for collapsing
vole cycles in North America. This might be due to the
scarcity of continuous long-term population time series
from the northern taiga and arctic tundra, which were
the regions where the North American vole and lemming
cycles were known to prevail [4]. There are also fewer
reports on collapsing cycles in taxa with longer cycle
periods than the three–five-year vole cycle. Obviously,
demonstrating altered dynamics in populations with long
cycle periods will require longer time series. Nevertheless,
the six–seven-year cycle in Finnish black grouse Tetrao
tetrix became noncyclic during the mid-1980s [30]. At the
same time, the cyclic mass outbreaks of the larch budmoth
Zeiraphera diniana in the European Alps were lost or
severely dampened [31]. The latter case is exceptional as
it could be demonstrated that the recent gap in the aston-
ishingly regular nine-year moth outbreak clockwork is the
first and only for a period of 1200 years (Figure 2).

Patterns of transition in time
Whereas the shift from cyclic to noncyclic dynamics
appeared to happen abruptly in some cases, it was pre-
ceded by a period of gradual amplitude dampening in
others (Table 2). The most astonishing example of gradual
amplitude dampening before loss of cyclicity is from Birger
Hörnfeldt’s spatially extensive monitoring program of bor-
eal voles in northern Sweden (Figure 3). Statistical evi-
dence for change in period duration (i.e. period
lengthening) preceding the collapse of the cycle has so
far been reported only for the field vole Microtus agrestis
in northern England [28] (Figure 4). Demonstrating shifts
in cycle period in the temporal domain requires sophisti-
cated statistical analyses [28,29] and adequate data. The
clearest demonstrations of gradual temporal change (e.g.
see Refs [28,30,32]) are based on data obtained from popu-
lation monitoring with extensive spatial sampling frames.
Thus, the apparent discrepancy between the abrupt and
gradual transitions can to some extent originate from
spatial averaging of locally asynchronous collapses. Cycli-
city and spatial synchrony appear to be intertwined [33].
Consequently, in northern England [28] and northern
Fennoscandia [27], temporal loss of cyclicity was associ-
ated with loss of spatial synchrony.

Collapsing cycles: a case for intrinsic systemic
variability?
Except in the extreme case of the larch budmoth (Figure 2),
all other cases of collapsing cycles have been demonstrated
in time series shorter than 60 years, usually shorter than
30 years. Obviously, the duration of the time series con-
strains empirically based inferences about the causal
mechanism. A challenge is thus to distinguish between
‘normal’ intrinsic variability and systemic changes due to
some external force. The inherent variability in stochastic
log–linear systems sometimes leads to accidental devi-
ations from the dominant cyclic pattern (Box 1). However,



Figure 2. Long-term outbreak dynamics of larch budmoth Zeiraphera diniana and temperature variation for the European Alps in the past 1200 years demonstrating how

the cyclic moth outbreaks disappear at the end of the time series coincident with rapidly increasing temperatures. (a) Larch budmoth outbreak reconstruction since AD 832

based on tree-ring density variation. The bars denote tree-ring ‘density declines’ resulting from moth outbreaks. The vertical dashed line indicates the last mass outbreak in

1981, and the horizontal dashed line indicates the upper standard error limit recorded during the late 9th century. (b) Long-term variation in temperature reconstructed on

the basis of tree-ring width. The white curve is the annual mean derived from a temperature model and the colored band is the standard error. Reproduced, with

permission, from [31].
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we doubt that this can explain the large extent of the recent
cases of collapsed cycles (Table 2). This conclusion is also
bolstered by log–linear analyses demonstrating that the
temporal changes are statistically significant [28,29,32].
Figure 3. Cycle amplitude dampening towards a temporal collapse of the four-year cyc

series of combined fall catches from a region covering 10 000 km2. (b) The normalized wa

the change in dynamics. The likelihood of the power spectrum increases from blue to red

showing a significant approximately four-year periodicity until 1985. Thereafter, the

periodicity, until no periodic signal remains after 1990. The dotted envelope indicates the

inferences are weaker at the end and start of the time series. (c) The global wavelet powe

broken line shows the 5% significance level. The time series data were obtained from
However, the problem of nonstationary (or transient)
cyclic dynamics due to intrinsic systemic variability is
accentuated in the presence of strongly nonlinear density
dependence [6,34]. Transient noncyclic dynamics in voles,
le in boreal gray-sided vole Myodes rufocanus in northern Sweden [32]. (a) Time

velet power spectrum [43] for the time series showing the statistical significance of

. The black contour line encloses the region with greater than 95% confidence, thus

cyclic nature of the dynamics gradually disappears, perhaps with a decreasing

‘cone of influence’. Outside this ‘cone’ the interpretations are dubious, because the

r spectrum, showing the significant periodic signal at approximately four years. The

[44].
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Table 2. Examples of cyclic population dynamics subjected to temporal changes

Cases Geographical area Type of change Onset of change Proposed cause Refs

Myodes and Microtus voles Middle boreal forest,

central Scandinavia

Loss of three–four-year cycles; possibly

decreased winter survival

Mid-1980s Poor winter survival [1,3]

Myodes and Microtus voles Northern boreal forest,

northern Sweden

Loss of four-year cycles; amplitude

dampening; decreased delayed DD;

decreased winter survival

Early 1980s Adverse winter quality,

landscape changes

[32]

Myodes and Microtus,

lemmings and voles

Northern boreal forest,

northern Finland

Loss of four–five-year cycles; loss of

delayed DD; decreased winter survival

Mid-1980s N/A [36]

Lemmus, Myodes and

Microtus, lemmings and

voles

Subarctic birch forest,

north-western Finland

Loss of five-year cycles; decreased

winter survival

Late 1980s N/A [27]

Myodes and Microtus voles Mountain tundra,

northern Norway

Amplitude dampening of four–five-year

cycle

Late 1980s N/A [24]

Field vole Microtus agrestis Clear-cuts in spruce

plantations, northern

England

Loss of four-year cycles; amplitude

dampening and period lengthening;

loss of delayed DD

Early 1990s Shorter winters, altered

trophic interactions

[28]

Common vole Microtus arvalis Agricultural fields,

France

Amplitude dampening Early 1990s N/A [18]

Grey-sided vole M. rufocanus Mixed forest, North

East Hokkaido, Japan

Shifting in and out of cyclic dynamics;

changes in DD

Late 1970s until

1980s

Temporary climate

regime shift

[29]

Black grouse Tetrao tetrix Boreal forest, Finland Amplitude dampening Mid-1980s Reduced chick survival

due to climate change

[30]

Larch budmoth Zeiraphera

diniana

Subalpine larch forest,

central Europe

Loss of mass outbreaks; amplitude

dampening

1980s Climatic warming [31]

Abbreviation: N/A, not available.
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generated by nonlinear community dynamics models, can
persist for long periods [2]. In this case, conclusions about
externally enforced systemic shifts, based on log–linear
analyses of local and short-term time series, will be decep-
tive. Moreover, a similar conclusion based on the (large)
spatial extent of the change phenomena might be unwar-
Figure 4. Gradual change in population dynamics from cyclic to noncyclic in the field vo

population cycles are analyzed in terms of density-dependent parameters of a second-or

(a) The time series of the mean (standard errors given by vertical lines) of the estimate

locations from 1984 to 2004. Triangles summer; squares autumn; circles spring. (b) The

log–linear model of annual autumn densities. The black curve with arrowheads superim

change gradually from a four-year cycle in the beginning of the time series, through a

and there are no more cyclic dynamics at the end of the time period. (c) Evidence for a

ground snow cover in Kielder Forest from the 1 November to the 31 March during the
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ranted, because spatial coupling, for instance owing to
dispersal, can act to regionalize temporally transient
dynamics [35]. However, because the recent large-scale
collapse of cycles in Europe transcends ecosystem borders
and geographical barriers, we argue that the phenomenon
is not due to intrinsic system variability.
le Microtus agrestis population in Kielder Forest, northern England. The collapsing

der log–linear model (Box 1) and are related to a change in winter season duration.

d seasonal densities (voles per hectare) of the vole populations averaged over all

change in direct and delayed density dependence over the time period based on a

posed on grey parameter isolines (explained in Box 1) shows that the dynamics

five–six-year cycle, until the delayed density dependence eventually becomes zero

shorter winter season over the twenty-year time period. The number of days with

winter from 1984–1985 to 2000–2001. Reproduced, with permission, from [28].
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Collapsing cycles resulting from climatic forcing
The strongest causal inferences have been derived from
analyses in which the collapse process has been related to
concurrent climate change. A particularly illuminating
case is the detailed analysis of the process of collapse of
the field vole cycles in northern England [28], where the
increasingly shorter winters since the early 1990s have
been decisive (Figure 4). This study complements the ear-
lier studies of geographic clines in vole dynamics along
gradients of seasonality. Indeed, vole cycles appear to
vanish when winter becomes shorter both in the spatial
and the temporal domain. In northern England [28] and
Fennoscandia [36], the collapses of vole cycles appeared to
be driven by a loss of delayed density dependence in the
rate of change over the winters. However, whereas a
drastically shortened season with snow cover (<1 month)
appeared to be decisive in northern England, such a con-
nection has not been made for northern Fennoscandia,
where snow cover still lasts for about half a year. Indeed,
the fact that winter climate differs vastly between the
geographical regions with collapsing cycles indicates that
the change mechanisms are also likely to differ. In boreal
and alpine Fennoscandia, detailed demographic analyses
of tundra vole Microtus oeconomus populations have
pointed to melting–freezing events during the winter,
leading to ground ice-crust formation, as being detrimental
for winter survival [37,38]. An increasing frequency of such
events in northern areas due to increased climatic vari-
ation [39] might have shifted the winter dynamics into a
regime in which weather-induced mortality overrides
density-dependent processes. For instance, spring
densities of voles might never exceed the threshold for
which specialized predators are able to respond numeri-
cally.

The principle of disrupted density dependence and
cyclicity through climatic forcing can apply widely to differ-
ent species and ecosystems. However, the specific season
and mechanisms involved are likely to vary. For instance,
the Finnish black grouse cycle appears to have collapsed
owing to severely reduced chick survival after a mismatch
between the grouse breeding phenology and the progress of
the spring season developed [30]. In addition, in the case of
the dampening of larch budmoth outbreaks in the Euro-
pean Alps, which commenced simultaneously with the
onset of the warmest period of the past 1200 years
(Figure 3), mismatched phenologies in spring might have
been involved. The added complexity of the many climate-
sensitive life stages and trophic interactions in insects
provides more scope for weather-induced changes in the
outbreak dynamics than in homeothermic vertebrates.

Conclusions and perspectives
Paradigms on how population cycles vary in space have
shifted as more and longer population time series have
accumulated and more refined analytical tools have been
used. Hence, to some extent, the current realization of
temporally changing cycles might also be data and method
driven. Indeed, drifting in and out of cyclic dynamics over
long time scales can be expected to be within the range of
the normal behavior of some populations and ecosystems.
However, the many cases of collapsing cycles occurring at
the end of the last century are exceptional in the sense that
they aremore widespread and simultaneous thanwould be
expected from a coincidental accumulation of independent
events. Collapsing cycles in some of the longest time series
available, and thorough analyses of the processes of change
in spatially extensive datasets, have shown compelling
connections to climatic warming. Moreover, the consist-
ency between the recent demonstrations of shifted
dynamics and the largely analogous, well-known spatial
transitions adds significantly to theweight of evidence for a
common climatic cause. Our interpretation of the space–
time connection is that the geographical borders between
cyclic and noncyclic populations currently are on the move
after changing climatic isoclines and that the regions with
cycles are shrinking. Exactly how climate change interacts
with population dynamics in each case is likely to differ
between taxa and ecosystems. Identifying the mechan-
ism(s) will require hypothesis-targeted study approaches
beyond the uninformed surveillances [40] normally giving
rise to time-series data.

Identifying the mechanisms behind the collapses of
cyclic dynamics will not be easy, shown by the fact that
the cause of the vole cycle is still in debate after >80 years
of research. Ironically, however, the way in which cycles
eventually disappear can provide the best (and last) clues
as to how they were generated. The collapse of population
cycles will also demonstrate their role in the ecosystems to
which they belonged. The latter aspect represents a sincere
concern. Herbivores with high-amplitude population
cycles, such as voles, lemmings, snowshoe hares and forest
Lepidoptera, form the heart of terrestrial food-web
dynamics [41]. Thus, collapses of these cycles will also
imply collapses of important ecosystem functions, such
as the pulsed flows of resources and disturbances through-
out the ecosystem. The consequences of dampening of
spring abundance of northern lemmings and voles are
already reflected in severe population declines in northern
predators [41] owing to reduced abundance of rodent prey,
and increasing cover of mosses owing to reduced rodent-
induced disturbance of vegetation [42]. Indeed, if we are to
predict the effect of climate change on northern ecosys-
tems, we need to be able to understand processes of the
collapsing population cycles and their consequences.
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Summary

1. Habitat degradation is the leading threat to US federally listed species, but monitoring changes

in habitat extent, fragmentation or quality is not generally included in species recovery plans.

2. Consecutive satellite images of the same area through time are commonly used to assess

landscape changes, and image data are increasingly used to generate predictor variables for

species–habitat models. A time series of satellite images has, however, rarely been used in

conjunction with a species–habitat model to map changes in habitat extent or to predict

wildlife–habitat dynamics through time.

3. We used a time series of forest disturbance encompassing 16 530 km2 of forestland in

Maine to map and quantify change in forest types that influence probability of occurrence

(POC) of the threatened Canada lynx Lynx canadensis. Integration with a predictive occur-

rence model developed from landscape conditions c. 2004 allowed us to retrospectively (1973–
2004) assess changes at 2- to 4-year intervals, update predictions (2004–2010) and project the

spatial distribution and extent of lynx foraging habitat over the next decade.

4. Between 1975 and 1991, 40% of mature conifer forest in our study area was removed by

stand-replacing harvests, coincident with the last regional outbreak of eastern spruce bud-

worm Choristoneura fumiferana (Clem.). As those areas regenerated between 1991 and 2010,

POC increased dramatically as broad-scale habitat conditions for lynx’s primary prey, snow-

shoe hare Lepus americanus, improved. Projections suggest that continued forest regrowth will

provide new habitat over the next decade, but fragmentation will increase, and by 2022 the

habitat distribution will shift southwards into areas where climate change or interspecific

competition may limit lynx population expansion.

5. Synthesis and applications. Conservation planning for vagile species that depend on ephemeral

forest types, such as the Canada lynx in the north-eastern USA, requires habitat monitoring strate-

gies that can adapt to changing landscape conditions. Although Maine’s lynx population has

increased since the 1990s, we recommend that continued monitoring of lynx habitat and popula-

tion status is critical given habitat and climate uncertainty. We also recommend that habitat man-

agement efforts be targeted not only at areas currently occupied by lynx but also where habitat loss

is expected to occur near-term from succession or in anticipation of the next budworm outbreak.

Key-words: Canada lynx, habitat monitoring, landsat, landscape, Lepus americanus, Lynx

canadensis, Maine, occurrence, snowshoe hare, threatened

Introduction

For species listed as threatened or endangered under the

Endangered Species Act (ESA), three of the top four most

prevalent threats to species persistence involve direct or

indirect negative effects of human-mediated habitat

change (Lawler et al. 2002). Surprisingly, habitat monitor-

ing is infrequently proposed as a specific task in species

recovery plans and even less frequently accomplished,

even when declining habitat quantity or quality has been*Correspondence author. E-mail: erin.simons@maine.edu
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identified as a primary threat (Campbell et al. 2002).

Campbell et al. (2002) suggest this may occur because

monitoring a species’ habitat does not benefit the species

in the same direct way as, for example, captive breeding.

Habitat monitoring for listed species on non-federal lands

may also be perceived as too challenging or impractical

because protection from adverse habitat modification in

areas designated as critical habitat by the US Fish and

Wildlife Service (USFWS) is limited to federal actions

(Hoekstra, Fagan & Bradley 2002). Species of conserva-

tion concern that are vagile and have wide geographic

ranges present particular challenges for habitat monitor-

ing because of the size of the area that must be invento-

ried and evaluated. As a consequence, species recovery

planning can become dependent on outdated information

that may discount ongoing or emerging threats to habitat,

which can only be understood via broad-scale spatiotem-

poral monitoring.

Remotely sensed data, particularly from Landsat satel-

lites, are increasingly being used to map land cover and

monitor trends in landscape change (Wulder et al. 2008).

Consecutive images of an area can be compared to map

disturbance or changes in land cover using, for example,

change detection methods based on vegetation indices

such as the Normalized Difference Vegetation Index

(NDVI) (Sader & Winne 1992). Disturbances can include

permanent land conversion (e.g. from forested to devel-

oped) or temporary changes in forest canopy caused by

events such as timber harvesting or insect defoliation. A

chronosequence of digital maps can be generated from

these data to provide high-resolution information about

timing, location and even causes of landscape distur-

bances (Coppin et al. 2004; Rullan-Silva et al. 2013).

Landsat Thematic Mapper (TM) imagery has been used

widely in the process of building habitat models for a

wide array of wildlife species (e.g. Mace et al. 1999; Hov-

ing et al. 2004; Bartel & Sexton 2009). Typically, applica-

tions use a single image or map to generate variables (e.g.

raw band values, vegetation indices calculated from multi-

ple bands, or thematic classes) that are included in

species–habitat models. Recently, researchers have used

multiple images acquired over a growing season to assess

how interannual variability in vegetation productivity

influences movement behaviour and habitat selection of

migratory species (Pettorelli et al. 2011). Very few studies,

however, have assembled a multidecadal time series of

Landsat imagery to evaluate longer-term dynamics of a

species’ habitat ecology or habitat selection (Bartel & Sex-

ton 2009). White et al. (2011) compiled a 35-year history

of anthropogenic disturbances, including timber harvest-

ing, oil and gas development, and associated infrastruc-

ture expansion, for a 15 547-km2 study area in Alberta by

comparing vegetation indices derived from 14 Landsat

images. Additional to broad-scale trends in landscape dis-

turbances, the time series provided information used by

Stewart et al. (2012) to model the effects of clear-cut age

on habitat selection by grizzly bear Ursus arctos (L.).

Although they highlight the value of using a disturbance

time series to map ephemeral habitats for a vagile species,

those applications were not designed to evaluate past

habitat trends or to predict future changes in habitat

quantity, habitat distribution or landscape suitability.

Occurrence of the US federally threatened Canada lynx

Lynx canadensis (Kerr 1792) in boreal and sub-boreal

forests of Canada and northern USA is also influenced

by the spatial and temporal distribution of disturbances.

Although inadequacy of existing regulatory mechanisms

was the stated reason for listing, declining availability of

foraging habitat has also been cited as a potential threat

to lynx persistence (USFWS 2008, 2014). Snowshoe hares

are a primary food source for lynx throughout their geo-

graphic range (Roth et al. 2007) and snowshoe hare den-

sity is closely associated with the density of vegetation

cover in regenerating forest or mature forest understories

(Hodges 2000a; Berg et al. 2012). Consequently, avail-

ability of forest types that support high densities of

snowshoe hares has been instrumental in determinations

of what areas have been designated as ‘critical habitat’

for lynx (USFWS 2014). In regions where snowshoe hare

densities are high in regenerating (i.e. sapling-sized) forest

but low in mature forest, hare density follows the

same trajectory as horizontal cover, which peaks as the

canopy closes in a young stand and then eventually decli-

nes as tree competition and height growth reduce hori-

zontal cover (Hodson, Fortin & B�elanger 2011).

Maintaining foraging habitat for lynx in those systems,

thus, requires creation of new habitat through additional

disturbances.

Species–habitat models typically rely on correlations

between occurrence and environmental variables. Conse-

quently, the likely presence of low discriminatory power

or bias when applied to new environmental data often

raises concerns about the validity or efficacy of extrapo-

lating predictions (Pearce & Ferrier 2000; Guisan &

Thuiller 2005). Further, even robust models may not be

generalizable if appropriate spatiotemporal data are lack-

ing. Thematic maps used for species–habitat modelling

(e.g. National Land Cover Dataset) generally only pro-

vide a snapshot of recent habitat conditions. Habitat

variables derived from one source of land cover data

may not be transferable to another land cover map devel-

oped from different remote sensing data or methods.

The goal of our study was to map change and quan-

tify spatiotemporal trends in lynx habitat since the

1970s and within the c. 23 527-km2 area designated in

2014 as critical habitat for lynx in north-eastern USA

(Fig. 1). A key strength of our approach was that data

from a time series of forest disturbance derived from

Landsat satellite imagery (Legaard, Sader & Simons-

Legaard 2015) were directly incorporated into a model

we previously developed to predict lynx occurrence c.

2004 (Simons-Legaard et al. 2013). Using the time series

as the basis for extrapolation allowed us to seamlessly

evaluate retrospective changes in habitat extent and dis-

© 2016 The Authors. Journal of Applied Ecology © 2016 British Ecological Society, Journal of Applied Ecology, 53, 1260–1269
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tribution (1973–2004), update predictions with newer

imagery (2004–2010) and predict future patterns in dis-

tribution of foraging habitat for lynx (2010–2022). With

acquisition of new imagery, we will have the opportu-

nity to continue monitoring forest and habitat changes

and to update forecasts of future landscape conditions.

If future surveys of lynx occurrence are conducted, then

there could also be new opportunities for validation

and refinement of the species–habitat model (Bartel &

Sexton 2009).

STUDY AREA

The Northern Forest of the north-eastern USA covers

more than 11 million hectares (Likens & Franklin 2009)

and marks the transition between the temperate hard-

wood forests of south-eastern USA and the softwood

forests of the northern boreal region. Commonly occur-

ring tree species include the following: balsam fir Abies

balsamea, white Picea glauca, red P. rubens; and black

P. mariana spruce, white pine Pinus strobus, white Betula

papyrifera and yellow B. alleghaniensis birch; red Acer

rubrum and sugar A. saccharum maple; and American

beech Fagus grandifolia. Sixty-five per cent of the North-

ern Forest is in Maine, an area that constitutes one of

the largest contiguous blocks of predominantly privately

owned commercial forestland in the USA. Our 16 530-

km2 study area was defined by the overlap between

Landsat Worldwide Reference System (LWRS) path 12,

row 28 and the north-western political boundary between

Maine and Quebec, Canada (Fig. 1). Although land

ownership was mostly private, state-owned parcels were

also included, as well as Maine’s largest forest reserve,

Baxter State Park. Population density (0–25 people

mile�2) and urban or residential development are all

exceptionally low in our study area (McWilliams et al.

2005).

Materials and methods

DISTURBANCE TIME SERIES

The time series of forest disturbance that we used in our analyses

was assembled from 5 Multispectral Scanner (MSS) images and 11

Thematic Mapper (TM) and Enhanced Thematic Mapper Plus

(ETM+) images (Table 1) (Legaard, Sader & Simons-Legaard

2015). A sequence of leaf-on (i.e. May–September) images with the

least cloud cover and shortest temporal interval between consecutive

images were acquired between 1973 and 2010 to maximize accuracy

of detecting harvest events with Normalized Difference Vegetation

Index (NDVI) or Normalized Difference Moisture Index (NDMI)

(Sader & Winne 1992; Wilson & Sader 2002). After image coregis-

tration (root mean square error <15 m) and cloud masking, all

images were transformed into a common radiometric scale. The-

matic disturbance maps were produced via unsupervised classifica-

tion of three-date sequences of NDMI images derived from

normalized TM and ETM+ images. Disturbances represented tim-

ber harvests, which were classified as stand-replacing or partial

according to magnitude of NDMI change, which was corroborated

by visual image inspection. A similar process was used to detect and

map stand-replacing harvests from MSS imagery using NDVI

because MSS did not record reflected radiation in the mid-infrared

range, which NDMI requires. Partial harvests were not mapped

between 1970 and 1988 because they could not be reliably classified

Study area

Lynx critical habitat 2014

Baxter state park

Fig. 1. The 16 530-km2 study area (bold black line) overlapped

with area designated as critical habitat for the federally listed

Canada lynx in 2014 (hatched) and Maine’s largest forest reserve,

Baxter State Park (black). Parcels excluded from critical habitat

(interior white polygons) were included in our analyses.

Table 1. Landsat images from Multispectral Scanner (MSS), The-

matic Mapper (TM) and Enhanced Thematic Mapper Plus

(ETM+) used to assemble time series of forest disturbance over

Landsat Worldwide Reference System (WRS)-2 path 12, row 28

(1985–2010) and WRS-1 path 13, row 28 (1973‒1982). Adapted

from Legaard, Sader & Simons-Legaard (2015)

Acquisition date Landsat sensor Landsat satellite

30 August 2010 TM 5

17 June 2007 TM 5

10 June 2004 TM 5

25 May 2001 ETM+ 7

26 August 2000 ETM+ 7

13 June 1999 TM 5

23 June 1997 TM 5

4 July 1995 TM 5

16 September 1993 TM 5

7 June 1991 TM 5

2 September 1988 TM 5

2 September 1988 MSS 5

22 June 1985 MSS 5

30 July 1982 MSS 3

11 August 1978 MSS 2

9 August 1975 MSS 2

23 July 1973 MSS 1
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fromMSS-derived data. User accuracy estimates for stand-replacing

and partial harvests aggregated across time intervals were 90�2%
and 75%, respectively. Overall accuracy of all mapped classes was

89�3%. See Legaard, Sader & Simons-Legaard (2015) for additional

details about remote sensing methods and accuracy assessment.

LYNX OCCURRENCE MODEL

In a companion study, information from the time series of forest

disturbances was combined with a classified map of forest over-

storey composition c. 2004 (Table 2) to map forest type and, ulti-

mately, to derive predictor variables to model lynx occurrence at

the landscape (i.e. home range) scale (Simons-Legaard et al.

2013). Simons-Legaard et al. (2013) constructed a priori candi-

date models to evaluate alternative hypotheses about lynx occur-

rence and (i) amount of high-quality hare habitat (HQHH),

which was defined as 15- to 35-year-old, conifer or mixed wood

forest; (ii) configuration of HQHH; or (iii) average snowshoe

hare density. Models were parameterized using occupied and

unoccupied home ranges simulated from empirical presence/ab-

sence data recorded during systematic snow track surveys within

our study area. The top-ranked model (eqn. 1), which received

59% of the weight of evidence based on AICc (Burnham &

Anderson 1998), included the following: average hare density

(HARES), percentage of mature conifer (C) and the interaction.

ðp=1�pÞ¼�1�268�1�271ðHARESÞ�0�378ðCÞþ0�926ðHARES�CÞ
(1)

No alternative model had a DAICc ≤ 2. Area under the recei-

ver operating curve (AUC) generated from leave-one-out

cross-validation was 0�69. See Simons-Legaard et al. (2013) for

additional details on snow track survey design or development of

lynx occurrence model.

SPATIOTEMPORAL ANALYSES

In this study, we mapped and quantified change for each interval

between 1975 and 2010 in C and each forest type that influenced

POC at the scale of a lynx home range via its contribution to

average hare density. We used the same forest type–hare density

scheme as Simons-Legaard et al. (2013) (Table 2). Average age of

unharvested conifer forest classified as ‘mature’ was >80 years

old (Simons-Legaard et al. 2013), which has a structure charac-

terized by >65% canopy closure in winter and average diameter

at breast height >12 cm (Fuller, Harrison & Vashon 2007).

Because partial harvests were not mapped between 1970 and

1988, change in C was likely underestimated during that period.

We expect, however, that any bias in C, and by extension

HARES, was limited because in the 1970s and 1980s most of the

harvests were pre- or post-salvage clear-cuts in response to a

widespread insect outbreak (Seymour 1992).

Based on the forest type maps, we generated continuous sur-

faces of C and HARES for each interval between 1985 and 2010

using a circular moving window. The radius of the circle was 2�9-
km, which corresponds to the average area of a lynx home range

in Maine (26�4-km2 for adult males and females combined; Vashon

et al. 2008). We restricted this part of our analyses to the latter

half of the time series so that all forest types, including those with

a time-lag required to reach suitable conditions (e.g. minimum

15 years post-harvest for HQHH), were available for calculating

HARES. Surfaces served as inputs to eqn. 1 to estimate POC for

every forested pixel within our study area. Additionally, we calcu-

lated per-interval averages of HARES and C, and percentage of

forestland with a value equal to or greater than the minimum land-

scape-scale hare density associated with lynx occurrence in our

study area (i.e. 0�5 hares ha�1; Simons-Legaard et al. 2013).

Finally, we used the 2010 forest type map as the basis for pre-

dicting where forest meeting the conditions of HQHH will likely

occur in the next decade. In Maine, HQHH has been determined

to support the highest hare densities in northern forests (Fuller &

Harrison 2005), to be selected by foraging lynx (Fuller, Harrison

& Vashon 2007; Vashon et al. 2008) and to be positively and

nonlinearly associated with lynx occurrence (Simons-Legaard

et al. 2013). As with the retrospective analysis, areas were identi-

fied as HQHH based on time since harvest and forest composi-

tion. For areas harvested between 2004 and 2010, we assumed

that regenerating forest composition would match pre-harvest

composition, as identified in the 2004 forest composition map

(Legaard, Sader & Simons-Legaard 2015). We set the end point

of our analysis at 2022, which corresponded to the first year har-

vests mapped in our final harvest interval (i.e. 2007–2010) could

have reached the minimum age criterion for HQHH (i.e. 15 years

post-harvest). To characterize change in distribution or configura-

tion of HQHH, we used FRAGSTATS to calculate the following:

(i) number of patches (NP); (ii) largest patch index (LPI); (iii)

average patch area (AREA); (iv) average radius of gyration

(GYRATE); and (v) average interpatch connectivity (PROX) for

the 2010 and 2022 maps. GYRATE provides a measure (in

metres) of average patch extent that incorporates both patch size

and shape. PROX is a measure of average distance (m) between

patches within a biologically defined landscape (i.e. home range).

A ‘patch’ of HQHH was identified based on the rule of 8-neigh-

bour connectivity. We did not apply a minimum size when identi-

fying patches, but did use the area-weighted version of the

aforementioned metrics. Finally, we calculated percentage of

forestland comprised of HQHH c. 2022 using the same moving

window approach as with C and HARES and compared it to the

distribution c. 2010.

Results

In 1975, the preponderance (95%) of forest within our

study area was mature, second-growth forest, of which c.

30% had a conifer-dominated overstorey (Fig. 2).

Approximately 60% of forestland within our study area

was harvested between 1975 and 2010. Rates of stand-

Table 2. Forest types classified by a combination of i) harvest

intensity, ii) time since harvest and iii) overstorey forest composi-

tion, and associated average density of snowshoe hares. Adapted

from Simons-Legaard et al. (2013)

Forest type

Years since

harvest Hares ha�1

Mature, coniferous >35 0�24
Mature, mixed wood or deciduous >35 0�24
Partially harvested 1–16 0�8
Regenerating, recent 1–9 0�0
Regenerating, coniferous or mixed 10–35 0�2–1�8
Regenerating, deciduous 10–35 0�4
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replacing harvests were highest within mature conifer for-

est (C) during the 1980s; annual areal rates of removal

were 3�3% on average compared to 1�3% during the

1990s and 2000s. Cumulatively, 40% of C was harvested

between 1975 and 1991, which contributed to a rapid and

substantial increase in landscape availability of high-qual-

ity habitat for snowshoe hares (HQHH) during the 1990s

(Fig. 2). The extent of HQHH increased >160% between

1991 and 2000.

Rates of partial harvesting were relatively high in the

late 1990s, with 2–3�5% of mature forest partially har-

vested annually (Fig. 2). In C, partial harvest rates were

high throughout the 1990s with an average 4% harvested

annually. The 2000s were generally characterized by a

doubling of the average annual rate of partial harvesting

in deciduous or mixed wood forest (6�9%) compared to

the 1990s (3�5%) and continued increase in HQHH,

resulting from a succession of clear-cuts created in the

1980s. There was, however, a net loss of younger regener-

ating forest (<15 years post-harvest) during the 2000s

(Fig. 2), which resulted from the decline of clear-cutting

in our study area during the 1990s.

Those broad-scale shifts in amounts and distributions

of forest types resulted in substantial change in habitat

quantity and quality within the typical lynx home range,

which greatly affected probability of lynx occurrence

(POC) across our study area between 1988 and 2010. In

1988, a potential lynx home range had on average

18�2% (SD = 13�0%) C and an estimated hare density

of 0�23 hares ha�1 (SD = 0�04 hares ha�1) (Table 3). By

2010, percentage of C declined by 54% to an average

of 8�4% (SD = 7�4%) and hare density increased by

156% to an estimated 0�59 hares ha�1 (SD = 0�19).
During the same period, percentage of forestland area

with an average hare density equal to or >0�5 hares

ha�1, which appears to be a habitat threshold for lynx

(Simons-Legaard et al. 2013), increased from <1 to

64�1%. As average hare density increased, POC also

increased in central and northern regions of our study

area (Fig. 3). In the early 1990s, areas of high probabil-

ity were small and disjunct, emerging first where har-

vesting in C occurred during the late 1970s or early

1980s. By the late 2000s, additional harvests had regen-

erated, creating two large and relatively contiguous

blocks of moderate to high POC that extended north to

south.

Habitat conditions for snowshoe hare and lynx in our

study area have improved since the 1970s, and we project

that the amount of HQHH for lynx will remain relatively

stable at c. 200 000 ha between 2010 and 2022. Patches of

HQHH, however, will be more fragmented in the future

compared to the current distribution. The number of

patches of HQHH will be 57% greater, but average patch

area will decline by 87% (Table 4). The percentage of our

study area encompassed by the largest patch of HQHH

(LPI) and average distance that a lynx can travel within a

Fig. 2. Temporal change in forest type cre-

ated by timber harvesting and succession

between 1975 and 2010 across our study

area in Maine, USA. Forest which was

not harvested in any time interval, 1975–
2010, was classified as ‘Mature conifer’

(solid line) based on dominant overstorey

composition (≥75% conifer). Forest regen-

erating after a stand-replacing harvest was

classified as HQHH (high-quality hare

habitat; dotted line) based on time since

harvest (15–35 years) and composition

(≥25% conifer). Partial harvests were not

mapped prior to 1988.

Table 3. Study area averages (SD) at the end of each interval for

percentage of mature conifer forest, average snowshoe hare den-

sity and percentage of the study area with ≥0�5 hares ha�1

Year

Average percentage

of mature conifer

Average snowshoe

hare density

(hares ha�1)
% Area with

≥0�5 hares ha�1

1988 18�2% (13�0%) 0�23 (0�04) 0�2%
1991 15�8% (11�5%) 0�27 (0�07) 1�7%
1993 14�4% (10�9%) 0�30 (0�09) 1�9%
1995 13�3% (10�1%) 0�34 (0�11) 8�7%
1997 12�5% (9�5%) 0�38 (0�13) 15�3%
1999 11�8% (9�1%) 0�43 (0�14) 24�8%
2000 11�3% (8�9%) 0�45 (0�15) 29�5%
2001 11�1% (8�7%) 0�48 (0�16) 35�6%
2004 10�0% (8�0%) 0�54 (0�18) 52�0%
2007 8�9% (7�6%) 0�57 (0�19) 60�4%
2010 8�4% (7�4%) 0�59 (0�19) 64�1%
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patch of HQHH (GYRATE) will decline, respectively, by

51% and 60%. Similarly, the proximity index (PROX)

will decline by 78%, indicating that in addition to patches

being smaller, patches of HQHH within lynx home ranges

will also be more isolated.

Along with changes in extent and configuration will be

a southerly shift in the distribution of regenerating forest

that can support high densities of hare (i.e. HQHH;

Fig. 4). Succession-induced declines in snowshoe hare

density, which occur as forest age exceeds 35–40 years

post-harvest, will result in a loss of c. 102 980 ha of

HQHH, predominately in the northern half of our study

area where extensive clear-cutting occurred earlier and

where POC first increased (Fig. 4). Habitat loss will be

completely offset by forest regrowth in other areas that

were more recently harvested (c. 107 920 ha), resulting in

no net loss of HQHH. Much of the emerging habitat will,

however, be in the south-western region of our study area

where habitat extent was relatively limited c. 2010

(Fig. 4). Approximately 72 580 ha of HQHH c. 2010 will

remain so c. 2022.

Discussion

Spatial or temporal variability in habitat amount and con-

figuration at the scale of an individual home range, along

with shifting distribution of habitat across broader land-

scapes has important implications for conservation of

wildlife populations. Unfortunately, application of time-

or area-specific species–habitat models to predict the

effects of changing conditions is often hampered by lack

of model generalizability. Linking a species–habitat model

derived from empirical data (Simons-Legaard et al. 2013)

with information provided by a Landsat-derived time ser-

ies of forest disturbance (Legaard, Sader & Simons-

Legaard 2015) allowed us to extrapolate model predic-

tions spatially and temporally, and to clearly demonstrate

how timber harvesting has driven broad-scale changes in

availability of forest types that are positively associated

with lynx occurrence since the 1970s. As forest continues

to regenerate in harvested areas, we predict that the

amount of habitat capable of supporting high densities of

snowshoe hare (HQHH) will be relatively stable in our

study area over the next decade. The distribution of

HQHH will, however, continue to be dynamic, with much

of the new habitat occurring south of the area occupied

by lynx c. 2006 where snow depths are also historically

lower (Hoving et al. 2005) and where competition with

less snow-adapted mesocarnivores such as fishers Martes

pennanti and bobcats Lynx rufus may be heightened

(Krohn et al. 2004).

Between 1970 and 2010, 65% of the mature conifer for-

est (C) from our 16 530-km2 study area was removed by

stand-replacing harvests. The majority of forest in north-

ern Maine was second-growth and in a mid-successional
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Fig. 3. Probability of lynx occurrence (POC) across our study area in Maine, USA, in the years (a) 1991, (b) 1995, (c) 2001 and (d)

2010.

Table 4. Comparison of extent and configuration of high-quality

hare habitat in the study area c. 2010 and 2022

Metric name

FRAGSTATS

code Units 2010 2022

Number of

patches

NP # 36 311 56 968

Average patch

area*

AREA_AM ha 590 75

Average radius

of gyration*

GYRATE_AM m 900 361

Largest patch

index

LPI % 0�17 0�08

Average Proximity

Index†
PROX_AM None 667 150

*Area-weighted metrics.
†Search radius used was 2900 m.
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condition in the early 1970s (McWilliams et al. 2005),

having originated from harvests in the 1920s after the

1913–1919 outbreak of eastern spruce budworm Choris-

toneura fumiferana (Clem.) (Seymour 1992). Periodic

outbreaks of budworm occur every 30–50 years in the

north-eastern USA and eastern Canada, causing wide-

spread defoliation, growth reduction and mortality of

balsam fir Abies balsamea and spruce Picea spp. trees

(MacLean 1980). Although rare through the 1960s,

clear-cutting became common in Maine in the 1970s as

mechanized harvesters became more widely used and as

landowners attempted to salvage trees during the severe

1975–1983 budworm outbreak (Hart 1963; Seymour

1992). By 1991, 40% of C in our study area had been

removed, representing an annual removal rate of on aver-

age 3%. In the 1990s, harvest rates in C continued to be

high, but harvests were predominantly partial rather than

stand-replacing. This observed shift was coincident with

implementation of Maine’s Forest Practices Act (FPA)

(12 MRSA §8867-A to §8888 & Maine Forest Service

Rules Chapter 20), which set forth Maine’s first definition

and regulations of a ‘clear-cut’. Between the 1989 enact-

ment and 1991 implementation of the FPA, acres reported

by landowners to the Maine Forest Service (MFS) har-

vested by clear-cut declined by almost 50% (MFS 1995).

As areas harvested in the 1970s and 1980s regenerated,

there was an eventual 9�5-fold increase in HQHH.

Between 1982 and 1991, the area of regenerating forest in

our study area doubled, and by 2010 it had tripled. Sixty-

seven per cent of that regenerating forest returned as

HQHH, which in the north-eastern USA can support c.

79 the hare density (1�8 hares ha�1) relative to mature

forests (0�24 hares ha�1) (Fuller & Harrison 2005; Homy-

ack, Harrison & Krohn 2007). Average hare density at the

scale of a lynx home range, which as a predictor variable

was highly correlated (rP = 0�967) with HQHH (Simons-

Legaard et al. 2013), more than doubled between 1988

and 2010 from an estimated 0�23–0�59 hares ha�1. A hare

density of 0�5 hares ha�1 has been previously suggested as

the minimum required for supporting a lynx population

(Ruggiero et al. 2000) and in our study area lynx did not

occupy areas where average density was <0�5 hares ha�1

at the scale of a lynx home range during surveys from

2003–2006 (Simons-Legaard et al. 2013). Maine’s lynx

population is thought to have increased starting in the

mid- to late-1990s (Hoving et al. 2004), and our results

suggest that the percentage of forestland with an average

density >0�5 hares ha�1 increased c. 400%.

In our study area, increases in probability of lynx occur-

rence (POC) were greatest in areas where average hare

densities were high and where C remained in close proxi-

mity. At the broad scale, our results clearly indicate that

escalated rates of stand-replacing harvests during the bud-

worm outbreak and salvage logging period influenced the

amount and configuration of regenerating forest in ways

that benefitted lynx in Maine. Given the increase in

Maine’s lynx population in the 1990s (Hoving et al. 2004)

and ongoing expansion in the 2000s (USFWS 2014), the

positive effects of harvesting on hare density were suffi-

cient to offset any negative effects of declining C, which is

also positively associated with POC in our study area

(Simons-Legaard et al. 2013). In other regions of the USA

where mature conifer forest supports relatively high hare

densities and is selected for by lynx (e.g. Northern Rocky

Mountains; Squires et al. 2010), one would not expect the

net effects of extensive harvesting in mature conifer forest

to be positive as it was in our region. Our results suggest

instead that broad-scale declines in the extent of clear-cut-
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Fig. 4. Spatial distribution of high-quality hare habitat (HQHH)

across our study area in Maine, USA, at the scale of an average

lynx home range based on (a) mapped conditions in 2010 and (b)

projected conditions in 2022.
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ting in Maine since the early 1990s will present a future

challenge for lynx conservation in north-eastern USA.

Based on our habitat projections, fragmentation of

HQHH will increase over the next decade and the distri-

bution will shift southwards. Much of the new habitat will

occur in the south-western region of our study area c.

2022 where snow track surveys carried out between 2003

and 2006 indicated there was not a resident population

of lynx (Simons-Legaard et al. 2013). Lynx expanding

southwards may be at greater risk of experiencing nega-

tive effects from climate change (e.g. reduced snowfall;

Fernandez et al. 2015) or interspecific competition with

mesocarnivores that have higher foot loading and are less

adapted to deep snow (e.g. bobcats or fishers; Krohn

et al. 2004). Although not previously occupied by lynx,

the higher elevational gradients in western Maine may

provide some climatic refuge in the future compared to

northern Maine (Fernandez et al. 2015), which may bene-

fit lynx if competitive interactions do not limit their ability

to expand into areas of new habitat (e.g. Peers, Thorton

& Murray 2013). Loss and fragmentation of habitat in

northern Maine may have important implications for lynx

conservation if persistence of Maine’s population, which

occurs along the southern periphery of the species’ geo-

graphic range, requires connectivity to boreal populations

(Walpole et al. 2012; Squires et al. 2013).

Because the lynx occurrence model was linked to a 32-

year time series of forest disturbance, we had the data

necessary to extrapolate model predictions in both space

and time. Our ability to make reliable predictions during

a period of changing landscape conditions was also

improved by the nature of lynx habitat selection, which

previous research has demonstrated is consistent across all

phases of the snowshoe hare cycle in northern populations

(i.e. >49°) where densities can change 5- to 25-fold over

8–11 years (Hodges 2000b). Further, fluctuations in

southern hare populations are not as extreme as in north-

ern populations and, there is little evidence of true popu-

lation cyclicity (Murray, Steury & Roth 2008). Given

consistency in habitat selection and greater temporal sta-

bility in hare populations within our region, our predic-

tions of future habitat conditions for lynx are likely less

subject to population uncertainty compared to more

northerly regions. There are, however, other important

sources of uncertainty in north-eastern USA that limit

our ability to make additional predictions about lynx per-

sistence, including changes in forest policy, timber har-

vesting methods, timberland ownership and timber

markets – all of which occurred in the 1990s and 2000s.

In Maine, few of the long-term, industrial landowners

present in the 1980s remain (Hagan, Irland & Whitman

2005), and spruce and fir trees are no longer the primary

source for pulpwood (MFS 2015). The current landowner

landscape is dominated by financial investors who may be

less inclined to intensively manage for spruce and fir after

the next outbreak of spruce budworm, which is expected

to start in the next 3–10 years in Maine.

Habitat monitoring for threatened or endangered spe-

cies that are dependent on ephemeral resources presents a

conservation challenge. That dependence is, however, pre-

cisely why monitoring habitat should be a primary task of

species recovery plans for listed species. More generally,

disturbance history is an important factor for many spe-

cies, and the high accuracy of the time series of distur-

bance maps that we used (overall accuracy 89�3%;

Legaard, Sader & Simons-Legaard 2015) underscores the

potential for deriving habitat trends for other species of

conservation concern in our region, including those asso-

ciated with mid- or late-successional forest (e.g. American

marten Martes americana).

Our results clearly demonstrate timber harvesting can

cause rapid and dramatic changes in habitat conditions

for lynx in north-eastern USA. We recommend that con-

tinued habitat monitoring is necessitated by the south-

ward shift of HQHH we have projected, climate

projections indicating that snowfall will decline statewide

over the next 20–40 years (Fernandez et al. 2015), and

uncertainty about how the next budworm outbreak will

impact lynx habitat. Because Maine has little federal land

and, thus, the USFWS has limited opportunity to directly

manage for lynx habitat, we also recommend that the

USFWS promote development of Habitat Conservation

Plans with landowners in areas currently occupied by lynx

and where significant loss of HQHH is expected to occur

over the next decade due to succession or to forest man-

agement in anticipation of the next budworm outbreak.

Finally, we recommend regular surveys to detect changes

in lynx population status. New survey data would also

provide valuable opportunities for additional validation

and refinement of the predictive model, which was devel-

oped during a period when the lynx population was likely

still expanding (Simons-Legaard et al. 2013). Monitoring

and modelling can, thereby, be coupled to improve predic-

tion and to support efforts to locate areas for future man-

agement actions.
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Introduction: 
     Over the last few decades, timber harvesting patterns on Maine’s commercial forestlands have evolved under 
the influence of significant changes in forest management strategy and forest policy. During the 1970s and 1980s, 
timber harvesting was driven by the salvage of spruce-fir forest infested by the spruce budworm ((Chorisoneura 
fumiferana (Clem.)). More recently, implementation of new forest policies enacted in 1989 in the wake of the last 
budworm outbreak have contributed to a broad-scale shift towards greater reliance on partial harvesting and a 
dramatic increase in the annual acreage harvested (Figure 1). Between 1995 and 2005, greater than 80% of the 
timberland in Maine also changed ownership, often 2 or 3 times. What was a vertically-integrated  
landscape owned by a relatively small number of large 
industrial forest products companies before the last 
budworm outbreak is now substantially more parcelized 
and owned primarily by financial investment firms. Many 
of these new owners are arguably less tied to the long-
term, sustainable production of timber than the previous 
industrial owners. 
     Landscape simulation has become an essential tool for 
understanding the long-term effects of land-use activities 
across large areas. Spatially explicit simulations of forest 
disturbance and succession provide information about 
future forest conditions critical to evaluating interactions 
between resource management and ecosystem process. 
Forest landscape models such as LANDIS (LANDscape 
DIsturbance and Succession) have been used to simulate 

the effects of alternative management strategies on forest composition and landscape pattern (e.g., Radeloff 
et al. 2006, Zollner et al. 2008), wildfire dynamics (e.g., Sturtevant et al. 2009), habitat suitability (e.g., Shifley 
et al. 2006, Shifley et al. 2008), and carbon sequestration (e.g., Swanson 2009). This body of research 
suggests that even small differences forest management can result in broad-scale changes forest dynamics 
over time.  

Figure 1. Annual acres harvested by clearcut (black bars) 
and partial harvest (gray bars) between 1988 and 2006.   



Background: 

Figure 2. Current study area encompassed  approximately10 million acres of 
forestland in Maine. 
 

     In large commercially-managed forests, particularly those that are highly parcelized and privately 
owned, understanding how management will impact landscape pattern and future forest dynamics 

and extensive partial harvesting in a predominantly spruce-fir forest result in comparatively high harvest 
rates, reduced carbon stocks, and higher resource uncertainty. 
     The goal of this project was to provide a better understanding of how timber harvesting has and will 
influence habitat conditions for Canada lynx and, secondarily, American marten. Canada lynx and 
American marten are considered umbrella species for managing biodiversity in young (lynx) and mature 
(marten) forest (J. Hepinstall & D. Harrison Unpublished Report). Specific objectives were to (1) expand 
predictions of probability of lynx occurrence (POC) to the new study area based on current habitat 
conditions; and (2) use the forest landscape model LANDIS-II to simulate the cumulative effects of timber 
harvesting across a diverse owner landscape and disturbance-succession dynamics on lynx and marten 
habitat over the next 50 years.  
 
 

requires consideration of differences in 
management between landowners. This project 
builds upon recent work that expanded forest 
change detection and forest modeling with 
LANDIS-II (Scheller et al. 2007) to include 10 
million acres of Maine (Figure 2). This area 
encompasses >80 major landowners and >500 
parcels. Previous research has focused on 
modeling the effects of forest policy1 or 
interactions between forest harvesting and 
spruce budworm2, and addressed, for example, 
the hypothesis that management strategies that 
include very limited even-aged management 



Methods: 
     I used maps of percent species biomass for the 13 most abundant tree species (Table 1) in the study 
area and disturbance history, developed as part of a companion 

Species Common name 

Abies balsamea Balsam fir 

Acer rubrum Red maple 

Acer saccharum Sugar maple 

Betula alleghaniensis Yellow birch 

Betula papyrifera Paper birch 

Fagus grandifolia American beech 

Fraxinus americana White ash 

Picea glauca White spruce 

Picea mariana Black spruce 

Picea rubens Red spruce 

Pinus strobus White pine 

Thuja occidentalis Northern white cedar 

Tsuga canadensis Eastern hemlock 

regenerating forest created by stand-replacing 
harvests that were 15-35 years post-harvest. I then 
used the percent species biomass maps to identify 
which of those areas were spruce-fir forest (e.g., 
≥50% of the percent biomass composed of balsam 
fir or spruce sp.). Other classes were similarly 
identified. A cell size of 30m was maintained 
through the mapping process. 

Table 1. Tree species included in analyses. 

study (Legaard et al. In preparation), to derive a map of forest 
and habitat conditions ca. 2010 for the study area (Figure 2). 
Both percent biomass and disturbance maps were developed 
using a novel and rigorous modeling framework that combines 
support vector machines (SVMs) and a multi-objective Genetic 
Algorithm (GA). Predictor variables included spectral data 
derived from Landsat imagery, along with terrain and soil data 
for species maps. Reference data was provided by USFS Forest 
Inventory and Analysis (FIA) field plots. And error rate of <15% 
was achieved across all species and disturbance maps. 
     I used a modified version of the schema developed by 
Simons-Legaard et al. (2013) when classifying and mapping 
forest and habitat conditions (Table 2). For example,  
when identifying areas of high-quality hare habitat (HQHH) I 
first used the disturbance history data to identify areas of 

Table 2. Forest types classified based on harvest history and forest composition, 
and associated average density of snowshoe hares. Adapted from Simons-Legaard 
et al. 2013. 



Methods: 
     As in previous analyses, I used the forest type map as the basis for modeling the probability of lynx 
occurrence (POC) ca. 2010. I generated continuous surfaces of the variables included in the top-ranked 
model for predicting POC (i.e., average estimated density of snowshoe hare (HARES) and percent mature 
conifer (C)) using a moving window approach. The radius of the circle (2.9 km) corresponded to the size 
of an average lynx home range in Maine (27 km2; Vashon et al. 2008). Those surfaces then served as 
inputs into the logistic model: (π /1- π) = -1.268 - 1.271(HARES) - 0.378(C) + 0.926(HARES*C), to estimate 
POC for all forested pixels in the study area. The map of current forest conditions also served as the basis 
for simulations using  the forest landscape model LANDIS-II 

Figure 3.Example of the cell-based system used by LANDIS-II to 
represent a single species (Red Spruce) even-aged (100 year old) 
area of forest.  Conditions within each cell are assumed to be 
homogenous.  

version 6.0.  
     LANDIS-II is a raster-based program in which landscapes 
are represented by a grid of cells. Each cell is populated 
with cohorts of trees defined by species and age (Figure 3). 
Each cell can contain multiple cohorts and the successional 
processes of cohort establishment, growth, reproduction, 
and mortality are simulated for each, influenced by both 
intra-cohort and inter-species competition. We used the 
Biomass Succession extension (version 3.1.1) (Scheller & Mladenoff, 2004) to simulate succession and 
the Biomass Harvest extension (version 2.1) (Gustafson et al. 2000) to simulate timber harvesting.  
     I used LANDIS-II to simulate harvest and succession for 50 years, a common timeline for strategic 
planning . I designed the harvest scenario to emulate observed rates and patterns of landowners 
harvesting timber in the study area between 2001 and 2010 (min, max, median), as determined from the 
maps of disturbance history. Management units were delineated based on ownership boundaries ca. 
2010, which encompassed >500 parcels and >80 landowners (Figure 4). In addition to commercially-
managed forest, the study area included ~179,000 ha of publically- or privately-owned forest managed 
as preserves and ~82,000 ha of forest that I identified as inaccessible due to elevation or slope.  



Methods cont’d: 

Figure 4. Study area (black outline) encompassed more 
than 80 private landowners, including Timber Investment 
Management Organizations, Real Estate Investment 
Trusts, and Non-profit organizations (e.g., The Nature 
Conservancy), as well as state and federal public and 
reserve areas.  

     I assigned target harvest rates proportionally and systematically, 
as a percentage of a given owner’s land base to be harvested per 
time step, to two prescriptions: “clearcut” or “partial harvest.” 
Observed total annual harvest rates for individual owners upon 
which I based the simulations ranged from <1% to ~8% of the 
owner land base. During assignment, I also referenced the rate of 
stand-replacing harvests for each owner along with the total 
harvest rate to set clearcut targets. For example, if an owner’s total 
harvest rate was 5% of which 0% was stand-replacing - the owner 
was assigned to harvest 5% of the land base as a “partial harvest.” 
If instead 25% of the 5% was stand-replacing, the owner’s target 
rates were 4% partial harvest and 1% clearcut.  The partial harvest 
prescription was designed to target an overall mean removal of 40-
70% AGB with interspersed patches of higher (90-100%) removal in 
accordance with recent harvest impact data collected in the study 
area (Rice et al. 2012). The clearcut prescription was designed to 
remove all mature trees and 70-100% of live aboveground biomass 
(AGB). Reference clearcut rates were iteratively adjusted to 
maintain an overall ~4% average clearcut rate across ownerships in 

accordance with annual landowner harvest reports to the Maine  
Forest Service (MFS).  
     L-II models stochasticity in some of the successional processes (e.g., seed dispersal and cohort 
establishment). Thus, I replicated each scenario five times to capture variance in modeled outcomes. 
For each replicate, I used available output extensions to map AGB (g m-2) for each tree species at each 
time step, as well as age of oldest cohort.  



Methods cont’d: 
     To track projected changes in forest and habitat conditions between 2010 and 2060, I used the maps of tree 
species AGB and forest age generated from LANDIS-II to identify areas of potential HQHH at each interval. As 
part of this analysis, I summarized projected trends using different thresholds associated with the relative 
abundance of spruce-fir (i.e., 25%, 50%, and 75% of total AGB). Previous research suggests that HQHH may be 
associated with a high density of fir and spruce stems within a stand (e.g., 80-90% of the regenerating 
stems/ha; Homyack et al. 2004) and that hare density increases with conifer stem density (Robinson 2006). 
Hare studies in Maine have not yet, however, identified a lower threshold of spruce-fir abundance associated 
with a reference hare density (e.g., 1.8 hares ha-1) that can be used to “define” HQHH. Thus, I evaluated the 
effects of uncertainty in habitat definition on modeled outcomes for lynx. I also mapped percent HQHH at the 
scale of a lynx home range using the same circular moving window approach described above for POC based on 
the 50% spruce-fir map. I did not model POC for each time interval because of the complete lack of information 
about temporal trends in hare density associated with partial harvests and the limited information about the 
temporal trajectory of hare density in HQHH after 40 years.  

     

Figure 5. Modeled relationship between AGB and basal area based 
on FIA plot data.  

     Finally, I tracked marten habitat change between 2010 and 
2060 using a similar strategy. I defined marten habitat in two 
ways to again assess the effects of habitat definition on model 
outcomes. The first definition was based only on forest age (i.e., 
“mature” forest greater or equal to 40 years-old) as used in 
previous analyses (Simons 2009). The second definition also 
included a threshold based on AGB to mimic marten habitat use 
patterns associated with basal area. Using a simple non-linear 
regression model and reference data from U.S. Forest Service 
Forest Inventory and Analysis plots within our study area (Figure 
5; R2 = 0.827), I converted the previously defined basal area 
threshold (>80 ft2 ac-1; Payer and Harrison 2003) associated with 
marten habitat use in Maine to AGB (>5,855 g m-2) because 
basal area is not a output metric that is available from LANDIS-II.  
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Figure 6. Although the underlying harvest and composition data are different, similar patterns of high vs. low 
probability are evident ca. 2010 between (a) the newly mapped 10 million acre study area and (b) the 
previously mapped 4 million acre study area (Simons-Legaard et al. Accepted). Areas of agreement in high 
probability included 1) west of Baxter State Park, 2) north of Moosehead lake, 3) the Churchill lake area, and 
4) northeast of Baker lake. Newly mapped areas of high probability were primarily in the southern portion of 
the 4 mil acre study area. Areas the new harvest and composition data were able to better resolve high 
probability areas included 1) areas south of Moosehead around the West Shirley bog and southern Indian 
Pond and 2) the area between Moosehead and First Roach pond. 

Results: Probability of lynx occurrence ca. 2010 



Figure 7. Assuming harvest rates and patterns observed between 2000 and 2010 in our study area continue, 
projections indicate that on average ~50 Mg of aboveground live biomass will be harvested every ten years 
(black bars) and that standing biomass (black line) will remain relatively stable at ~250 Mg. These data 
suggest that over the next 50 years forest growth will likely offset harvest.  

Results: Aboveground live biomass (standing and removed by harvest) 



Figure 8. The effects of adopting different definitions of high-quality hare habitat (HQHH) with respect to 
relative spruce-fir abundance increase through time (Note: results from the business-as-usual scenario 
shown). Circa 2010 the percent of forestland identified as HQHH varied from 7% based on a threshold of 
≥75% spruce-fir relative abundance (blue line) to 12%  with a threshold of ≥25% spruce-fir relative 
abundance (red line). In the near term (i.e., 2010 to 2030), HQHH declines at a similar rate regardless of 
habitat definition. After 2030, however, the projected trend varies with definition - from increasing (red line; 
≥25% spruce-fir relative abundance) to relatively stability (blue line; ≥75% spruce-fir relative abundance). It 
is important to note that the harvest projections included no intensive management in regenerating stands, 
such as herbicide application or thinning.  

Results: Habitat definition effects on percent of forestland composed of HQHH  



Figure 9. Projected outcome in terms of the percent of forestland composed of HQHH (in this example based 
on ≥50% spruce-fir relative abundance) varied by simulated harvest rate, providing an assessment of the 
range on uncertainty that may be generated by variability in timber harvesting rates. Lower and upper 
bounds (dotted lines) were associated with the min and median (or business-as-usual) scenarios, 
respectively. As in the previous analysis (Figure 8), near term outcomes (i.e., 2010 to 2030) were similar. 
Between 2030 and 2040, however, assumptions about broad-scale harvest rate were influential on projected 
outcomes. Rate of increase varied from 43% (min) to 74% (median) during that period.  

Results: Harvest rate effects on percent of forestland composed of HQHH 
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Figure 10. At the low point in availability of HQHH (i.e., 2030), HQHH will still be distributed broadly across 
northern Maine based on the 50% threshold of relative spruce-fir abundance. Few areas will, however, 
exceed 15% of the forestland at the scale of a lynx home range.  Areas occupied by lynx in Maine ca. 2004 
had an average of 27% HQHH (Simons-Legaard et al. 2014).  

Results: Percent of forestland composed of HQHH at the lynx home-range scale  



Figure 11. As with HQHH (see Figure 8), using a more conservative definition of marten habitat resulted in a 
reduction in habitat amount in all periods (a). Using a more conservative definition based on both forest age 
(>40 years old) and live above ground biomass (AGB >5,855 g m-2), as a proxy for basal area, resulted in an 
average 23% decrease in the area qualifying as marten habitat. Unlike HQHH, different harvest scenarios 
resulted in different trajectories for marten habitat between 2010 and 2030. Under the median harvest 
scenario (lower bound), marten habitat declines slightly over the next 50 years. Under the minimum harvest 
scenario (upper bound), marten habitat increases between 2010 and 2030 and then stabilizes.  

Results: Effects of habitat definition and harvest rate uncertainty on marten habitat 



Discussion: 

      

     The goal of this project was to provide a better understanding of how timber harvesting has and will 
influence habitat conditions for Canada lynx, and secondarily American marten, between 2010 and 
2060. The study area encompassed approximately 10 million acres of primarily privately-owned but 
largely non-industrial commercial forestland. This area also overlaps with the 23,527 km2 that were 
designated as critical habitat for lynx in 2013 (Figure 12), and, thus, provides a  picture of how habitat 
conditions are likely to change within the area of Maine that was identified as essential to lynx recovery.  
       Circa 2010, areas of high probability of lynx occurrence (POC) were 
well-distributed and relatively well connected in northern Maine (Figure 
6). This new map represents an expansion of previous work (Simons-
Legaard et al. 2013) that highlighted new areas of higher POC both 
within and outside the previously modeled 4 million acre study area. 
Differences in predicted POC between the current and previous analysis 
stem primarily from the two underlying harvest datasets, which were 
derived using different methods. Direct comparison of the 4 million acre 
and the 10 million acre POC maps should, thus, be done with caution. In 
the overlapping area, depictions of HQHH ca. 2010 were generally 
similar between datasets; greater differences were apparent in how 
recent harvests (2000-2010) were classified in areas newly predicted to 
have high POC. The general pattern of dissimilarity that caused an 
apparent increase in POC in those areas was that recent harvests were 
generally classified as stand-replacing in the previous harvest dataset 
(Simons-Legaard et al. 2013) and partial in the new dataset (Legaard et 
al. In preparation). As a consequence, the hare density assigned in the 
newer dataset would have been 0.8 hares ha-1 (i.e., partial harvest; Table 
2) compared to 0 hares ha-1 (recent, regenerating; Table 2) in the older 
dataset (Simons-Legaard et al. 2013).  

Figure 12. Overlap between study area (bold black line) 
and area designated as critical habitat for Canada lynx 
in Maine in 2013 (hatched) .  



Discussion: 

      

     Projections indicate that the availability of habitat that can support high densities of lynx’s primary 
prey, snowshoe hare, is very likely to decline over the next 15-20 years (Figures 8 and 9). This decline, 
which is a legacy of the broad-scale shift in harvest practices towards increased reliance on partial 
harvesting that occurred after implementation of Maine’s Forest Practices Act (FPA), follows a high 
period of habitat availability (Figure 13). That lynx habitat is currently at an all time high is also a 
consequence of past harvesting. The extent of clearcut 
harvesting in Maine reached a historical high during 
1980s as a result of 1) the need to salvage infested 
spruce-fir forest during the last outbreak of eastern 
spruce budworm (1973-1985) and 2) the increased 
availability and use of mechanical harvesters. Starting in 
the 1990s, as those clearcuts regenerated, lynx became 
one of the beneficiaries of the budworm salvage.  
     Rates of herbicide application were also high in the 
1990s, and many of the salvage clearcuts regenerated 
into stands with a high density of spruce-fir saplings. In 
the Acadian Forest, conifer stem density is positively 
associated with hare density (Robinson 2006) and HQHH 
is the forest type that support the highest densities of 

Figure 13. Change in percent forestland for high-quality hare habitat 
(HQHH; dotted line) and mature conifer forest (black line) between 
1975 and 2010 on a previously modeled 4 million acre study area.  
Adapted from Simons-Legaard et al. Accepted.   

snowshoe hare in northern Maine. The FPA was, however, intended to limit the application of the type 
of large, unregulated clearcuts (e.g., >250 acres), which contributed to the increase in HQHH (Figure 
13). Its implementation achieved this aim; it also had the more general effect of reducing the size of 
individual clearcuts and the total rate of clearcut harvesting statewide. As a consequence, there will be 
a net loss of HQHH as succession-induced declines in hare density in older regenerating forest will not 
be entirely offset by the amount of HQHH that will be created by partial harvests or limited clearcutting.  



     After 2030, projected outcomes for lynx become more dependent on assumptions about habitat 
definition and harvest rates. Previous analyses of lynx habitat in Maine (Simons-Legaard et al. 2013, 
Simons-Legaard et al. Accepted) were based on pre-defined classes of forest type, as are typically found 
in national land cover data sets (e.g., National Land Cover Dataset or NLCD). Thus, evaluating the effects 
of competing definitions of habitat were not possible. In the current study, maps of individual tree 
species abundance were available (Legaard et al. In Preparation), which offered an opportunity to 
evaluate the effect of varying the threshold of relative abundance of spruce-fir in regenerating forest 
(≥25%, ≥50%, or ≥75%) on projected outcomes. Changing the threshold had some effect on the percent 
of forestland composed of HQHH; decreasing the relative abundance of spruce-fir from 75% to 25% 
resulted in a increase from 6% to 11% of forestland. Changing the threshold had little to no effect on 
the projected habitat trajectory between 2010 and 2030. After 2030, however, redefining the 
composition of HQHH resulted in differing outcomes, with the lower thresholds suggesting that habitat 
might rebound somewhat after 2030. It is important to note, however, that the harvest projections 
included no intensive management in regenerating stands, such as chemical or manual thinning, which 
could reduce habitat quality (Homyack et al. 2004). Further, any reversal in the trajectory after 2030 is 
dependent on the ability of the current system of extensive partial harvesting to generate HQHH. In our 
projections, we allowed for this possibility, but additional research is needed to determine how often 
conditions associated with HQHH occur in the field after different types of partial harvest treatments. 
     Despite high rates of conversion from mature forest to regenerating forest in the 1970s and 1980s, 
results suggest that marten habitat composed a higher percent of forestland in the study area ca. 2010 
than HQHH. Including live aboveground biomass in the definition of marten habitat as a proxy for basal 
area, which resulted in a average reduction in the percent forestland in marten habitat of 23%, likely 
provides a more realistic assessment of current and future marten habitat than forest age alone. Even 
that more conservative habitat definition, however, may produce trend that is overly optimistic because 
live aboveground biomass includes foliage as well as woody biomass. Thus, a biomass-based threshold  

Discussion: 



is likely biased low relative to basal area. Further, forest age is not necessarily a good proxy for other 
stand-level attributes associated with marten habitat, such as forest height (Payer and Harrison 2003, 
Fuller and Harrison 2005). It may be that using average rather than maximum forest age may have 
allowed me to capture additional effects of partial harvesting, in particular, on tree size distribution 
within a stand.  
     Projections suggest that marten habitat is likely to decline over the next 50 years unless harvest rates 
decrease. A primary reason that the apparent decline is, however, not expected to be dramatic is due to 
the transition of older HQHH into marten habitat. As with HQHH, it is important to note that the harvest 
simulations did not include intensive management such as commercial thinning. Were areas of HQHH to 
be thinned after reaching pole-size, this would likely contribute to the negative trend that is otherwise 
being generated by loss of structure in some partial harvests. As harvest events are constrained but also 
stochastic, and because initial forest conditions vary widely across the study area, there is a high degree 
of pixel-to-pixel variability in if marten habitat conditions are met after a simulated partial harvest. The 
ability to represent this realistic variability is an important strength of forest landscape models like 
LANDIS-II.  
     In addition to intensive management, these projections also did not include the next outbreak of 
spruce budworm. After being low for the last 20 years, numbers of spruce budworm are again building 
in Maine and New Brunswick towards epidemic levels. Defoliation is expected to begin in the next 2-5 
years in Maine, given the recent broad-scale increases in moth abundance. Although research in Maine 
has clearly demonstrated that landowner response to the last outbreak resulted in unintended, positive 
benefits for lynx 20 years later - our ability to infer what effects the next outbreak will have on lynx 
habitat is still limited because of how much forest and landowner conditions have changed since the 
1990s. Few of the long-term, industrial landowners present during the last outbreak remain (Hagan et 
al. 2005). The current landowner landscape is dominated by financial investors who may be more 
inclined to pre-salvage stands that are nearing financial maturity but still support elevated hare 
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densities (i.e., pole-sized), and less inclined to intensively manage for spruce and fir after the next 
outbreak. Also now present is the FPA, which may act as an additional constraint on motivation to 
clearcut infested stands even with recently enacted changes (i.e., LD 870) intended to reduce the 
regulatory burden on landowners. How landowners respond to the next outbreak will have important 
implications for the short-term persistence of current habitat and the long-term continuation of habitat 
availability in the northeastern U.S. 

Discussion: 
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ASSESSING AND MANAGING THE RISKS OF CLIMATE CHANGE

Human interference with the climate system is occurring,1 and climate change poses risks for human and natural systems (Figure SPM.1). The

assessment of impacts, adaptation, and vulnerability in the Working Group II contribution to the IPCC’s Fifth Assessment Report (WGII AR5)

evaluates how patterns of risks and potential benefits are shifting due to climate change. It considers how impacts and risks related to climate

change can be reduced and managed through adaptation and mitigation. The report assesses needs, options, opportunities, constraints,

resilience, limits, and other aspects associated with adaptation.

Climate change involves complex interactions and changing likelihoods of diverse impacts. A focus on risk, which is new in this report, supports

decision making in the context of climate change and complements other elements of the report. People and societies may perceive or rank

risks and potential benefits differently, given diverse values and goals.

Compared to past WGII reports, the WGII AR5 assesses a substantially larger knowledge base of relevant scientific, technical, and socioeconomic

literature. Increased literature has facilitated comprehensive assessment across a broader set of topics and sectors, with expanded coverage of

human systems, adaptation, and the ocean. See Background Box SPM.1.2

Section A of this summary characterizes observed impacts, vulnerability and exposure, and adaptive responses to date. Section B examines future

risks and potential benefits. Section C considers principles for effective adaptation and the broader interactions among adaptation, mitigation,

EMISSIONS 
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Figure SPM.1 | Illustration of the core concepts of the WGII AR5. Risk of climate-related impacts results from the interaction of climate-related hazards (including hazardous 
events and trends) with the vulnerability and exposure of human and natural systems. Changes in both the climate system (left) and socioeconomic processes including 
adaptation and mitigation (right) are drivers of hazards, exposure, and vulnerability. [19.2, Figure 19-1]

Summary for Policymakers

1 A key finding of the WGI AR5 is, “It is extremely likely that human influence has been the dominant cause of the observed warming since the mid-20th century.”
[WGI AR5 SPM Section D.3, 2.2, 6.3, 10.3-6, 10.9]

2 1.1, Figure 1-1
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and sustainable development. Background Box SPM.2 defines central concepts, and Background Box SPM.3 introduces terms used to convey

the degree of certainty in key findings. Chapter references in brackets and in footnotes indicate support for findings, figures, and tables.

A: OBSERVED IMPACTS, VULNERABILITY, AND ADAPTATION IN A COMPLEX AND CHANGING WORLD

A-1. Observed Impacts, Vulnerability, and Exposure

In recent decades, changes in climate have caused impacts on natural and human systems on all continents and across the

oceans. Evidence of climate-change impacts is strongest and most comprehensive for natural systems. Some impacts on human systems have

also been attributed5 to climate change, with a major or minor contribution of climate change distinguishable from other influences. See

Figure SPM.2. Attribution of observed impacts in the WGII AR5 generally links responses of natural and human systems to observed climate

change, regardless of its cause.6

In many regions, changing precipitation or melting snow and ice are altering hydrological systems, affecting water resources in

terms of quantity and quality (medium confidence). Glaciers continue to shrink almost worldwide due to climate change (high confidence),

affecting runoff and water resources downstream (medium confidence). Climate change is causing permafrost warming and thawing in high-

latitude regions and in high-elevation regions (high confidence).7

Many terrestrial, freshwater, and marine species have shifted their geographic ranges, seasonal activities, migration patterns,

abundances, and species interactions in response to ongoing climate change (high confidence). See Figure SPM.2B. While only a few recent

species extinctions have been attributed as yet to climate change (high confidence), natural global climate change at rates slower than current

anthropogenic climate change caused significant ecosystem shifts and species extinctions during the past millions of years (high confidence).8

Based on many studies covering a wide range of regions and crops, negative impacts of climate change on crop yields have

been more common than positive impacts (high confidence). The smaller number of studies showing positive impacts relate mainly to

Background Box SPM.1 | Context for the Assessment 

For the past 2 decades, IPCC’s Working Group II has developed assessments of climate-change impacts, adaptation, and vulnerability.
The WGII AR5 builds from the WGII contribution to the IPCC’s Fourth Assessment Report (WGII AR4), published in 2007, and the
Special Report on Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation (SREX), published in
2012. It follows the Working Group I contribution to the AR5 (WGI AR5).3

The number of scientific publications available for assessing climate-change impacts, adaptation, and vulnerability more than
doubled between 2005 and 2010, with especially rapid increases in publications related to adaptation. Authorship of climate-change
publications from developing countries has increased, although it still represents a small fraction of the total.4

The WGII AR5 is presented in two parts (Part A: Global and Sectoral Aspects, and Part B: Regional Aspects), reflecting the expanded
literature basis and multidisciplinary approach, increased focus on societal impacts and responses, and continued regionally
comprehensive coverage.

3 1.2-3
4 1.1, Figure 1-1
5 The term attribution is used differently in WGI and WGII. Attribution in WGII considers the links between impacts on natural and human systems and observed climate change,
regardless of its cause. By comparison, attribution in WGI quantifies the links between observed climate change and human activity, as well as other external climate drivers.

6 18.1, 18.3-6
7 3.2, 4.3, 18.3, 18.5, 24.4, 26.2, 28.2, Tables 3-1 and 25-1, Figures 18-2 and 26-1
8 4.2-4, 5.3-4, 6.1, 6.3-4, 18.3, 18.5, 22.3, 24.4, 25.6, 28.2, 30.4-5, Boxes 4-2, 4-3, 25-3, CC-CR, and CC-MB
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Background Box SPM.2 | Terms Central for Understanding the Summary9

Climate change: Climate change refers to a change in the state of the climate that can be identified (e.g., by using statistical tests)
by changes in the mean and/or the variability of its properties, and that persists for an extended period, typically decades or longer.
Climate change may be due to natural internal processes or external forcings such as modulations of the solar cycles, volcanic
eruptions, and persistent anthropogenic changes in the composition of the atmosphere or in land use. Note that the Framework
Convention on Climate Change (UNFCCC), in its Article 1, defines climate change as: “a change of climate which is attributed directly or
indirectly to human activity that alters the composition of the global atmosphere and which is in addition to natural climate variability
observed over comparable time periods.” The UNFCCC thus makes a distinction between climate change attributable to human
activities altering the atmospheric composition, and climate variability attributable to natural causes.

Hazard: The potential occurrence of a natural or human-induced physical event or trend or physical impact that may cause loss of
life, injury, or other health impacts, as well as damage and loss to property, infrastructure, livelihoods, service provision, ecosystems,
and environmental resources. In this report, the term hazard usually refers to climate-related physical events or trends or their physical
impacts.

Exposure: The presence of people, livelihoods, species or ecosystems, environmental functions, services, and resources, infrastructure,
or economic, social, or cultural assets in places and settings that could be adversely affected.

Vulnerability: The propensity or predisposition to be adversely affected. Vulnerability encompasses a variety of concepts and
elements including sensitivity or susceptibility to harm and lack of capacity to cope and adapt.

Impacts: Effects on natural and human systems. In this report, the term impacts is used primarily to refer to the effects on natural
and human systems of extreme weather and climate events and of climate change. Impacts generally refer to effects on lives,
livelihoods, health, ecosystems, economies, societies, cultures, services, and infrastructure due to the interaction of climate changes or
hazardous climate events occurring within a specific time period and the vulnerability of an exposed society or system. Impacts are
also referred to as consequences and outcomes. The impacts of climate change on geophysical systems, including floods, droughts,
and sea level rise, are a subset of impacts called physical impacts.

Risk: The potential for consequences where something of value is at stake and where the outcome is uncertain, recognizing the
diversity of values. Risk is often represented as probability of occurrence of hazardous events or trends multiplied by the impacts if
these events or trends occur. Risk results from the interaction of vulnerability, exposure, and hazard (see Figure SPM.1). In this report,
the term risk is used primarily to refer to the risks of climate-change impacts.

Adaptation: The process of adjustment to actual or expected climate and its effects. In human systems, adaptation seeks to moderate
or avoid harm or exploit beneficial opportunities. In some natural systems, human intervention may facilitate adjustment to expected
climate and its effects.

Transformation: A change in the fundamental attributes of natural and human systems. Within this summary, transformation could
reflect strengthened, altered, or aligned paradigms, goals, or values towards promoting adaptation for sustainable development,
including poverty reduction.

Resilience: The capacity of social, economic, and environmental systems to cope with a hazardous event or trend or disturbance,
responding or reorganizing in ways that maintain their essential function, identity, and structure, while also maintaining the capacity
for adaptation, learning, and transformation.

9 The WGII AR5 glossary defines many terms used across chapters of the report. Reflecting progress in science, some definitions differ in breadth and focus from the definitions
used in the AR4 and other IPCC reports.

high-latitude regions, though it is not yet clear whether the balance of impacts has been negative or positive in these regions (high confidence).

Climate change has negatively affected wheat and maize yields for many regions and in the global aggregate (medium confidence). Effects on

rice and soybean yield have been smaller in major production regions and globally, with a median change of zero across all available data,

which are fewer for soy compared to the other crops. Observed impacts relate mainly to production aspects of food security rather than access
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or other components of food security. See Figure SPM.2C. Since AR4, several periods of rapid food and cereal price increases following climate

extremes in key producing regions indicate a sensitivity of current markets to climate extremes among other factors (medium confidence).11

At present the worldwide burden of human ill-health from climate change is relatively small compared with effects of other

stressors and is not well quantified. However, there has been increased heat-related mortality and decreased cold-related mortality in some

regions as a result of warming (medium confidence). Local changes in temperature and rainfall have altered the distribution of some water-

borne illnesses and disease vectors (medium confidence).12

Differences in vulnerability and exposure arise from non-climatic factors and from multidimensional inequalities often produced

by uneven development processes (very high confidence). These differences shape differential risks from climate change. See

Figure SPM.1. People who are socially, economically, culturally, politically, institutionally, or otherwise marginalized are especially vulnerable to

climate change and also to some adaptation and mitigation responses (medium evidence, high agreement). This heightened vulnerability is

rarely due to a single cause. Rather, it is the product of intersecting social processes that result in inequalities in socioeconomic status and

income, as well as in exposure. Such social processes include, for example, discrimination on the basis of gender, class, ethnicity, age, and

(dis)ability.13

Impacts from recent climate-related extremes, such as heat waves, droughts, floods, cyclones, and wildfires, reveal significant

vulnerability and exposure of some ecosystems and many human systems to current climate variability (very high confidence).

Impacts of such climate-related extremes include alteration of ecosystems, disruption of food production and water supply, damage to

infrastructure and settlements, morbidity and mortality, and consequences for mental health and human well-being. For countries at all levels

of development, these impacts are consistent with a significant lack of preparedness for current climate variability in some sectors.14

Climate-related hazards exacerbate other stressors, often with negative outcomes for livelihoods, especially for people living in

poverty (high confidence). Climate-related hazards affect poor people’s lives directly through impacts on livelihoods, reductions in crop

Background Box SPM.3 | Communication of the Degree of Certainty in Assessment Findings10

The degree of certainty in each key finding of the assessment is based on the type, amount, quality, and consistency of evidence (e.g.,
data, mechanistic understanding, theory, models, expert judgment) and the degree of agreement. The summary terms to describe
evidence are: limited, medium, or robust; and agreement: low, medium, or high. 

Confidence in the validity of a finding synthesizes the evaluation of evidence and agreement. Levels of confidence include five
qualifiers: very low, low, medium, high, and very high.

The likelihood, or probability, of some well-defined outcome having occurred or occurring in the future can be described quantitatively
through the following terms: virtually certain, 99–100% probability; extremely likely, 95–100%; very likely, 90–100%; likely,
66–100%; more likely than not, >50–100%; about as likely as not, 33–66%; unlikely, 0–33%; very unlikely, 0–10%; extremely unlikely,
0–5%; and exceptionally unlikely, 0–1%. Unless otherwise indicated, findings assigned a likelihood term are associated with high or
very high confidence. Where appropriate, findings are also formulated as statements of fact without using uncertainty qualifiers.

Within paragraphs of this summary, the confidence, evidence, and agreement terms given for a bold key finding apply to subsequent
statements in the paragraph, unless additional terms are provided.

10 1.1, Box 1-1
11 7.2, 18.4, 22.3, 26.5, Figures 7-2, 7-3, and 7-7
12 11.4-6, 18.4, 25.8
13 8.1-2, 9.3-4, 10.9, 11.1, 11.3-5, 12.2-5, 13.1-3, 14.1-3, 18.4, 19.6, 23.5, 25.8, 26.6, 26.8, 28.4, Box CC-GC
14 3.2, 4.2-3, 8.1, 9.3, 10.7, 11.3, 11.7, 13.2, 14.1, 18.6, 22.3, 25.6-8, 26.6-7, 30.5, Tables 18-3 and 23-1, Figure 26-2, Boxes 4-3, 4-4, 25-5, 25-6, 25-8, and CC-CR
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Figure SPM.2 | Widespread impacts in a changing world. (A) Global patterns of impacts in recent decades attributed to climate change, based on studies since the AR4. Impacts 
are shown at a range of geographic scales. Symbols indicate categories of attributed impacts, the relative contribution of climate change (major or minor) to the observed impact, 
and confidence in attribution. See supplementary Table SPM.A1 for descriptions of the impacts. (B) Average rates of change in distribution (km per decade) for marine taxonomic 
groups based on observations over 1900–2010. Positive distribution changes are consistent with warming (moving into previously cooler waters, generally poleward). The 
number of responses analyzed is given within parentheses for each category. (C) Summary of estimated impacts of observed climate changes on yields over 1960–2013 for four 
major crops in temperate and tropical regions, with the number of data points analyzed given within parentheses for each category. [Figures 7-2, 18-3, and MB-2]
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yields, or destruction of homes and indirectly through, for example, increased food prices and food insecurity. Observed positive effects for poor

and marginalized people, which are limited and often indirect, include examples such as diversification of social networks and of agricultural

practices.15

Violent conflict increases vulnerability to climate change (medium evidence, high agreement). Large-scale violent conflict harms

assets that facilitate adaptation, including infrastructure, institutions, natural resources, social capital, and livelihood opportunities.16

A-2. Adaptation Experience 

Throughout history, people and societies have adjusted to and coped with climate, climate variability, and extremes, with varying degrees of

success. This section focuses on adaptive human responses to observed and projected climate-change impacts, which can also address broader

risk-reduction and development objectives.

Adaptation is becoming embedded in some planning processes, with more limited implementation of responses (high confidence).

Engineered and technological options are commonly implemented adaptive responses, often integrated within existing programs such as disaster

risk management and water management. There is increasing recognition of the value of social, institutional, and ecosystem-based measures

and of the extent of constraints to adaptation. Adaptation options adopted to date continue to emphasize incremental adjustments and co-

benefits and are starting to emphasize flexibility and learning (medium evidence, medium agreement). Most assessments of adaptation have

been restricted to impacts, vulnerability, and adaptation planning, with very few assessing the processes of implementation or the effects of

adaptation actions (medium evidence, high agreement).17

Adaptation experience is accumulating across regions in the public and private sector and within communities (high confidence).

Governments at various levels are starting to develop adaptation plans and policies and to integrate climate-change considerations

into broader development plans. Examples of adaptation across regions include the following:

• In Africa, most national governments are initiating governance systems for adaptation. Disaster risk management, adjustments in technologies

and infrastructure, ecosystem-based approaches, basic public health measures, and livelihood diversification are reducing vulnerability,

although efforts to date tend to be isolated.18

• In Europe, adaptation policy has been developed across all levels of government, with some adaptation planning integrated into coastal

and water management, into environmental protection and land planning, and into disaster risk management.19

• In Asia, adaptation is being facilitated in some areas through mainstreaming climate adaptation action into subnational development

planning, early warning systems, integrated water resources management, agroforestry, and coastal reforestation of mangroves.20

• In Australasia, planning for sea level rise, and in southern Australia for reduced water availability, is becoming adopted widely. Planning for

sea level rise has evolved considerably over the past 2 decades and shows a diversity of approaches, although its implementation remains

piecemeal.21

• In North America, governments are engaging in incremental adaptation assessment and planning, particularly at the municipal level. Some

proactive adaptation is occurring to protect longer-term investments in energy and public infrastructure.22

• In Central and South America, ecosystem-based adaptation including protected areas, conservation agreements, and community

management of natural areas is occurring. Resilient crop varieties, climate forecasts, and integrated water resources management are

being adopted within the agricultural sector in some areas.23

15 8.2-3, 9.3, 11.3, 13.1-3, 22.3, 24.4, 26.8
16 12.5, 19.2, 19.6
17 4.4, 5.5, 6.4, 8.3, 9.4, 11.7, 14.1, 14.3-4, 15.2-5, 17.2-3, 21.3, 21.5, 22.4, 23.7, 25.4, 26.8-9, 30.6, Boxes 25-1, 25-2, 25-9, and CC-EA
18 22.4
19 23.7, Boxes 5-1 and 23-3
20 24.4-6, 24.9 Box CC-TC
21 25.4, 25.10, Table 25-2, Boxes 25-1, 25-2, and 25-9
22 26.7-9
23 27.3
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• In the Arctic, some communities have begun to deploy adaptive co-management strategies and communications infrastructure, combining

traditional and scientific knowledge.24

• In small islands, which have diverse physical and human attributes, community-based adaptation has been shown to generate larger

benefits when delivered in conjunction with other development activities.25

• In the ocean, international cooperation and marine spatial planning are starting to facilitate adaptation to climate change, with constraints

from challenges of spatial scale and governance issues.26

A-3. The Decision-making Context

Climate variability and extremes have long been important in many decision-making contexts. Climate-related risks are now evolving over time

due to both climate change and development. This section builds from existing experience with decision making and risk management. It creates

a foundation for understanding the report’s assessment of future climate-related risks and potential responses.

Responding to climate-related risks involves decision making in a changing world, with continuing uncertainty about the severity

and timing of climate-change impacts and with limits to the effectiveness of adaptation (high confidence). Iterative risk management

is a useful framework for decision making in complex situations characterized by large potential consequences, persistent uncertainties, long

timeframes, potential for learning, and multiple climatic and non-climatic influences changing over time. See Figure SPM.3. Assessment of the

widest possible range of potential impacts, including low-probability outcomes with large consequences, is central to understanding the benefits

and trade-offs of alternative risk management actions. The complexity of adaptation actions across scales and contexts means that monitoring

and learning are important components of effective adaptation.27

Adaptation and mitigation choices in the near term will affect the risks of climate change throughout the 21st century (high

confidence). Figure SPM.4 illustrates projected warming under a low-emission mitigation scenario and a high-emission scenario [Representative

Concentration Pathways (RCPs) 2.6 and 8.5], along with observed temperature changes. The benefits of adaptation and mitigation occur over

different but overlapping timeframes. Projected global temperature increase over the next few decades is similar across emission scenarios

(Figure SPM.4B).28 During this near-term period, risks will evolve as socioeconomic trends interact with the changing climate. Societal

Scoping
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& learn

Implement 
decision
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Assess 
risks

Identify 
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tradeoffs
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Scopppinggg
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Figure SPM.3 |  Climate-change adaptation 
as an iterative risk management process with 
multiple feedbacks. People and knowledge shape 
the process and its outcomes. [Figure 2-1]
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24 28.2, 28.4
25 29.3, 29.6, Table 29-3, Figure 29-1
26 30.6
27 2.1-4, 3.6, 14.1-3, 15.2-4, 16.2-4, 17.1-3, 17.5, 20.6, 22.4, 25.4, Figure 1-5
28 WGI AR5 11.3
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responses, particularly adaptations, will influence near-term outcomes. In the second half of the 21st century and beyond, global temperature

increase diverges across emission scenarios (Figure SPM.4B and 4C).29 For this longer-term period, near-term and longer-term adaptation and

mitigation, as well as development pathways, will determine the risks of climate change.30

Assessment of risks in the WGII AR5 relies on diverse forms of evidence. Expert judgment is used to integrate evidence into

evaluations of risks. Forms of evidence include, for example, empirical observations, experimental results, process-based understanding,

statistical approaches, and simulation and descriptive models. Future risks related to climate change vary substantially across plausible

alternative development pathways, and the relative importance of development and climate change varies by sector, region, and time period

(high confidence). Scenarios are useful tools for characterizing possible future socioeconomic pathways, climate change and its risks, and policy

implications. Climate-model projections informing evaluations of risks in this report are generally based on the RCPs (Figure SPM.4), as well as

the older IPCC Special Report on Emission Scenarios (SRES) scenarios.31

Uncertainties about future vulnerability, exposure, and responses of interlinked human and natural systems are large (high

confidence). This motivates exploration of a wide range of socioeconomic futures in assessments of risks. Understanding future

vulnerability, exposure, and response capacity of interlinked human and natural systems is challenging due to the number of interacting social,

economic, and cultural factors, which have been incompletely considered to date. These factors include wealth and its distribution across

society, demographics, migration, access to technology and information, employment patterns, the quality of adaptive responses, societal

values, governance structures, and institutions to resolve conflicts. International dimensions such as trade and relations among states are also

important for understanding the risks of climate change at regional scales.32

B: FUTURE RISKS AND OPPORTUNITIES FOR ADAPTATION

This section presents future risks and more limited potential benefits across sectors and regions, over the next few decades and in the second

half of the 21st century and beyond. It examines how they are affected by the magnitude and rate of climate change and by socioeconomic

choices. It also assesses opportunities for reducing impacts and managing risks through adaptation and mitigation.

B-1. Key Risks across Sectors and Regions

Key risks are potentially severe impacts relevant to Article 2 of the United Nations Framework Convention on Climate Change, which refers to

“dangerous anthropogenic interference with the climate system.” Risks are considered key due to high hazard or high vulnerability of societies

and systems exposed, or both. Identification of key risks was based on expert judgment using the following specific criteria: large magnitude,

Figure SPM.4 Technical Details

(A) Map of observed annual average temperature change from 1901–2012, derived from a linear trend where sufficient data permit a robust estimate; other areas are white. 
Solid colors indicate areas where trends are significant at the 10% level. Diagonal lines indicate areas where trends are not significant. Observed data (range of grid-point values: 
–0.53 to 2.50°C over period) are from WGI AR5 Figures SPM.1 and 2.21. (B) Observed and projected future global annual average temperature relative to 1986–2005. Observed 
warming from 1850–1900 to 1986–2005 is 0.61°C (5–95% confidence interval: 0.55 to 0.67°C). Black lines show temperature estimates from three datasets. Blue and red 
lines and shading denote the ensemble mean and ±1.64 standard deviation range, based on CMIP5 simulations from 32 models for RCP2.6 and 39 models for RCP8.5. (C) 
CMIP5 multi-model mean projections of annual average temperature changes for 2081–2100 under RCP2.6 and 8.5, relative to 1986–2005. Solid colors indicate areas with very 
strong agreement, where the multi-model mean change is greater than twice the baseline variability (natural internal variability in 20-yr means) and ≥90% of models agree on 
sign of change. Colors with white dots indicate areas with strong agreement, where ≥66% of models show change greater than the baseline variability and ≥66% of models 
agree on sign of change. Gray indicates areas with divergent changes, where ≥66% of models show change greater than the baseline variability, but <66% agree on sign of 
change. Colors with diagonal lines indicate areas with little or no change, where <66% of models show change greater than the baseline variability, although there may be 
significant change at shorter timescales such as seasons, months, or days. Analysis uses model data (range of grid-point values across RCP2.6 and 8.5: 0.06 to 11.71°C) from 
WGI AR5 Figure SPM.8, with full description of methods in Box CC-RC. See also Annex I of WGI AR5. [Boxes 21-2 and CC-RC; WGI AR5 2.4, Figures SPM.1, SPM.7, and 2.21]

Summary for Policymakers

29 WGI AR5 12.4 and Table SPM.2
30 2.5, 21.2-3, 21.5, Box CC-RC
31 1.1, 1.3, 2.2-3, 19.6, 20.2, 21.3, 21.5, 26.2, Box CC-RC; WGI AR5 Box SPM.1
32 11.3, 12.6, 21.3-5, 25.3-4, 25.11, 26.2
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high probability, or irreversibility of impacts; timing of impacts; persistent vulnerability or exposure contributing to risks; or limited potential to

reduce risks through adaptation or mitigation. Key risks are integrated into five complementary and overarching reasons for concern (RFCs) in

Assessment Box SPM.1.

The key risks that follow, all of which are identified with high confidence, span sectors and regions. Each of these key risks

contributes to one or more RFCs.36

33 WGI AR5 SPM, 2.2, 6.3, 10.3-6, 10.9
34 18.6, 19.6; observed warming from 1850–1900 to 1986–2005 is 0.61°C (5–95% confidence interval: 0.55 to 0.67°C). [WGI AR5 2.4]
35 Current estimates indicate that this threshold is greater than about 1°C (low confidence) but less than about 4°C (medium confidence) sustained global mean warming above
preindustrial levels. [WGI AR5 SPM, 5.8, 13.4-5]

36 19.2-4, 19.6, Table 19-4, Boxes 19-2 and CC-KR

Assessment Box SPM.1 | Human Interference with the Climate System

Human influence on the climate system is clear.33 Yet determining whether such influence constitutes “dangerous anthropogenic
interference” in the words of Article 2 of the UNFCCC involves both risk assessment and value judgments. This report assesses risks
across contexts and through time, providing a basis for judgments about the level of climate change at which risks become dangerous.

Five integrative reasons for concern (RFCs) provide a framework for summarizing key risks across sectors and regions.
First identified in the IPCC Third Assessment Report, the RFCs illustrate the implications of warming and of adaptation limits for people,
economies, and ecosystems. They provide one starting point for evaluating dangerous anthropogenic interference with the climate system.
Risks for each RFC, updated based on assessment of the literature and expert judgments, are presented below and in Assessment Box
SPM.1 Figure 1. All temperatures below are given as global average temperature change relative to 1986–2005 (“recent”).34

1) Unique and threatened systems: Some unique and threatened systems, including ecosystems and cultures, are already at risk
from climate change (high confidence). The number of such systems at risk of severe consequences is higher with additional
warming of around 1°C. Many species and systems with limited adaptive capacity are subject to very high risks with additional
warming of 2°C, particularly Arctic-sea-ice and coral-reef systems.

2) Extreme weather events: Climate-change-related risks from extreme events, such as heat waves, extreme precipitation, and
coastal flooding, are already moderate (high confidence) and high with 1°C additional warming (medium confidence). Risks
associated with some types of extreme events (e.g., extreme heat) increase further at higher temperatures (high confidence).

3) Distribution of impacts: Risks are unevenly distributed and are generally greater for disadvantaged people and communities in
countries at all levels of development. Risks are already moderate because of regionally differentiated climate-change impacts on
crop production in particular (medium to high confidence). Based on projected decreases in regional crop yields and water
availability, risks of unevenly distributed impacts are high for additional warming above 2°C (medium confidence). 

4) Global aggregate impacts: Risks of global aggregate impacts are moderate for additional warming between 1–2°C, reflecting
impacts to both Earth’s biodiversity and the overall global economy (medium confidence). Extensive biodiversity loss with associated
loss of ecosystem goods and services results in high risks around 3°C additional warming (high confidence). Aggregate economic
damages accelerate with increasing temperature (limited evidence, high agreement), but few quantitative estimates have been
completed for additional warming around 3°C or above. 

5) Large-scale singular events: With increasing warming, some physical systems or ecosystems may be at risk of abrupt and
irreversible changes. Risks associated with such tipping points become moderate between 0–1°C additional warming, due to early
warning signs that both warm-water coral reef and Arctic ecosystems are already experiencing irreversible regime shifts (medium
confidence). Risks increase disproportionately as temperature increases between 1–2°C additional warming and become high
above 3°C, due to the potential for a large and irreversible sea level rise from ice sheet loss. For sustained warming greater than
some threshold,35 near-complete loss of the Greenland ice sheet would occur over a millennium or more, contributing up to 7 m of
global mean sea level rise.
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i) Risk of death, injury, ill-health, or disrupted livelihoods in low-lying coastal zones and small island developing states and other small

islands, due to storm surges, coastal flooding, and sea level rise.37 [RFC 1-5]

ii) Risk of severe ill-health and disrupted livelihoods for large urban populations due to inland flooding in some regions.38 [RFC 2 and 3]

iii) Systemic risks due to extreme weather events leading to breakdown of infrastructure networks and critical services such as electricity,

water supply, and health and emergency services.39 [RFC 2-4]

iv) Risk of mortality and morbidity during periods of extreme heat, particularly for vulnerable urban populations and those working outdoors

in urban or rural areas.40 [RFC 2 and 3]

v) Risk of food insecurity and the breakdown of food systems linked to warming, drought, flooding, and precipitation variability and extremes,

particularly for poorer populations in urban and rural settings.41 [RFC 2-4]

vi) Risk of loss of rural livelihoods and income due to insufficient access to drinking and irrigation water and reduced agricultural productivity,

particularly for farmers and pastoralists with minimal capital in semi-arid regions.42 [RFC 2 and 3]

vii) Risk of loss of marine and coastal ecosystems, biodiversity, and the ecosystem goods, functions, and services they provide for coastal

livelihoods, especially for fishing communities in the tropics and the Arctic.43 [RFC 1, 2, and 4]

viii) Risk of loss of terrestrial and inland water ecosystems, biodiversity, and the ecosystem goods, functions, and services they provide for

livelihoods.44 [RFC 1, 3, and 4]

Many key risks constitute particular challenges for the least developed countries and vulnerable communities, given their limited ability to

cope.
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change. The color shading indicates the additional risk due to climate change when a temperature level is reached and then sustained or exceeded. Undetectable risk (white) 
indicates no associated impacts are detectable and attributable to climate change. Moderate risk (yellow) indicates that associated impacts are both detectable and attributable 
to climate change with at least medium confidence, also accounting for the other specific criteria for key risks. High risk (red) indicates severe and widespread impacts, also 
accounting for the other specific criteria for key risks. Purple, introduced in this assessment, shows that very high risk is indicated by all specific criteria for key risks. [Figure 19-4] 
For reference, past and projected global annual average surface temperature is shown at left, as in Figure SPM.4. [Figure RC-1, Box CC-RC; WGI AR5 Figures SPM.1 and SPM.7] 
Based on the longest global surface temperature dataset available, the observed change between the average of the period 1850–1900 and of the AR5 reference period 
(1986–2005) is 0.61°C (5–95% confidence interval: 0.55 to 0.67°C) [WGI AR5 SPM, 2.4], which is used here as an approximation of the change in global mean surface 
temperature since preindustrial times, referred to as the period before 1750. [WGI and WGII AR5 glossaries]
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37 5.4, 8.2, 13.2, 19.2-4, 19.6-7, 24.4-5, 26.7-8, 29.3, 30.3, Tables 19-4 and 26-1, Figure 26-2, Boxes 25-1, 25-7, and CC-KR
38 3.4-5, 8.2, 13.2, 19.6, 25.10, 26.3, 26.8, 27.3, Tables 19-4 and 26-1, Boxes 25-8 and CC-KR
39 5.4, 8.1-2, 9.3, 10.2-3, 12.6, 19.6, 23.9, 25.10, 26.7-8, 28.3, Table 19-4, Boxes CC-KR and CC-HS
40 8.1-2, 11.3-4, 11.6, 13.2, 19.3, 19.6, 23.5, 24.4, 25.8, 26.6, 26.8, Tables 19-4 and 26-1, Boxes CC-KR and CC-HS
41 3.5, 7.4-5, 8.2-3, 9.3, 11.3, 11.6, 13.2, 19.3-4, 19.6, 22.3, 24.4, 25.5, 25.7, 26.5, 26.8, 27.3, 28.2, 28.4, Table 19-4, Box CC-KR
42 3.4-5, 9.3, 12.2, 13.2, 19.3, 19.6, 24.4, 25.7, 26.8, Table 19-4, Boxes 25-5 and CC-KR
43 5.4, 6.3, 7.4, 9.3, 19.5-6, 22.3, 25.6, 27.3, 28.2-3, 29.3, 30.5-7, Table 19-4, Boxes CC-OA, CC-CR, CC-KR, and CC-HS
44 4.3, 9.3, 19.3-6, 22.3, 25.6, 27.3, 28.2-3, Table 19-4, Boxes CC-KR and CC-WE
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Increasing magnitudes of warming increase the likelihood of severe, pervasive, and irreversible impacts. Some risks of climate

change are considerable at 1 or 2°C above preindustrial levels (as shown in Assessment Box SPM.1). Global climate change risks are high to

very high with global mean temperature increase of 4°C or more above preindustrial levels in all reasons for concern (Assessment Box SPM.1),

and include severe and widespread impacts on unique and threatened systems, substantial species extinction, large risks to global and regional

food security, and the combination of high temperature and humidity compromising normal human activities, including growing food or

working outdoors in some areas for parts of the year (high confidence). The precise levels of climate change sufficient to trigger tipping points

(thresholds for abrupt and irreversible change) remain uncertain, but the risk associated with crossing multiple tipping points in the earth

system or in interlinked human and natural systems increases with rising temperature (medium confidence).45

The overall risks of climate change impacts can be reduced by limiting the rate and magnitude of climate change. Risks are

reduced substantially under the assessed scenario with the lowest temperature projections (RCP2.6 – low emissions) compared to the highest

temperature projections (RCP8.5 – high emissions), particularly in the second half of the 21st century (very high confidence). Reducing climate

change can also reduce the scale of adaptation that might be required. Under all assessed scenarios for adaptation and mitigation, some risk

from adverse impacts remains (very high confidence).46

B-2. Sectoral Risks and Potential for Adaptation

Climate change is projected to amplify existing climate-related risks and create new risks for natural and human systems. Some of these risks

will be limited to a particular sector or region, and others will have cascading effects. To a lesser extent, climate change is also projected to

have some potential benefits.

Freshwater resources

Freshwater-related risks of climate change increase significantly with increasing greenhouse gas concentrations (robust evidence,

high agreement). The fraction of global population experiencing water scarcity and the fraction affected by major river floods increase with

the level of warming in the 21st century.47

Climate change over the 21st century is projected to reduce renewable surface water and groundwater resources significantly in

most dry subtropical regions (robust evidence, high agreement), intensifying competition for water among sectors (limited

evidence, medium agreement). In presently dry regions, drought frequency will likely increase by the end of the 21st century under RCP8.5

(medium confidence). In contrast, water resources are projected to increase at high latitudes (robust evidence, high agreement). Climate

change is projected to reduce raw water quality and pose risks to drinking water quality even with conventional treatment, due to interacting

factors: increased temperature; increased sediment, nutrient, and pollutant loadings from heavy rainfall; increased concentration of pollutants

during droughts; and disruption of treatment facilities during floods (medium evidence, high agreement). Adaptive water management

techniques, including scenario planning, learning-based approaches, and flexible and low-regret solutions, can help create resilience to

uncertain hydrological changes and impacts due to climate change (limited evidence, high agreement).48

Terrestrial and freshwater ecosystems

A large fraction of both terrestrial and freshwater species faces increased extinction risk under projected climate change during

and beyond the 21st century, especially as climate change interacts with other stressors, such as habitat modification, over-

45 4.2-3, 11.8, 19.5, 19.7, 26.5, Box CC-HS
46 3.4-5, 16.6, 17.2, 19.7, 20.3, 25.10, Tables 3-2, 8-3, and 8-6, Boxes 16-3 and 25-1
47 3.4-5, 26.3, Table 3-2, Box 25-8
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exploitation, pollution, and invasive species (high confidence). Extinction risk is increased under all RCP scenarios, with risk increasing

with both magnitude and rate of climate change. Many species will be unable to track suitable climates under mid- and high-range rates of

climate change (i.e., RCP4.5, 6.0, and 8.5) during the 21st century (medium confidence). Lower rates of change (i.e., RCP2.6) will pose fewer

problems. See Figure SPM.5. Some species will adapt to new climates. Those that cannot adapt sufficiently fast will decrease in abundance or

go extinct in part or all of their ranges. Management actions, such as maintenance of genetic diversity, assisted species migration and dispersal,

manipulation of disturbance regimes (e.g., fires, floods), and reduction of other stressors, can reduce, but not eliminate, risks of impacts to

terrestrial and freshwater ecosystems due to climate change, as well as increase the inherent capacity of ecosystems and their species to adapt

to a changing climate (high confidence).49

Within this century, magnitudes and rates of climate change associated with medium- to high-emission scenarios (RCP4.5, 6.0,

and 8.5) pose high risk of abrupt and irreversible regional-scale change in the composition, structure, and function of terrestrial

and freshwater ecosystems, including wetlands (medium confidence). Examples that could lead to substantial impact on climate are the

boreal-tundra Arctic system (medium confidence) and the Amazon forest (low confidence). Carbon stored in the terrestrial biosphere (e.g., in

peatlands, permafrost, and forests) is susceptible to loss to the atmosphere as a result of climate change, deforestation, and ecosystem

degradation (high confidence). Increased tree mortality and associated forest dieback is projected to occur in many regions over the 21st

century, due to increased temperatures and drought (medium confidence). Forest dieback poses risks for carbon storage, biodiversity, wood

production, water quality, amenity, and economic activity.50
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Figure SPM.5 | Maximum speeds at which species can move across landscapes (based on observations and models; vertical axis on left), compared with speeds at which 
temperatures are projected to move across landscapes (climate velocities for temperature; vertical axis on right). Human interventions, such as transport or habitat fragmentation, 
can greatly increase or decrease speeds of movement. White boxes with black bars indicate ranges and medians of maximum movement speeds for trees, plants, mammals, 
plant-feeding insects (median not estimated), and freshwater mollusks. For RCP2.6, 4.5, 6.0, and 8.5 for 2050–2090, horizontal lines show climate velocity for the 
global-land-area average and for large flat regions. Species with maximum speeds below each line are expected to be unable to track warming in the absence of human 
intervention. [Figure 4-5]
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48 3.2, 3.4-6, 22.3, 23.9, 25.5, 26.3, Table 3-2, Table 23-3, Boxes 25-2, CC-RF, and CC-WE; WGI AR5 12.4
49 4.3-4, 25.6, 26.4, Box CC-RF
50 4.2-3, Figure 4-8, Boxes 4-2, 4-3, and 4-4
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Change in maximum catch potential (2051–2060 compared to 2001–2010, SRES A1B)
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Coastal systems and low-lying areas

Due to sea level rise projected throughout the 21st century and beyond, coastal systems and low-lying areas will increasingly

experience adverse impacts such as submergence, coastal flooding, and coastal erosion (very high confidence). The population and

assets projected to be exposed to coastal risks as well as human pressures on coastal ecosystems will increase significantly in the coming

decades due to population growth, economic development, and urbanization (high confidence). The relative costs of coastal adaptation vary

strongly among and within regions and countries for the 21st century. Some low-lying developing countries and small island states are expected

to face very high impacts that, in some cases, could have associated damage and adaptation costs of several percentage points of GDP.51

Marine systems

Due to projected climate change by the mid 21st century and beyond, global marine-species redistribution and marine-biodiversity

reduction in sensitive regions will challenge the sustained provision of fisheries productivity and other ecosystem services (high

confidence). Spatial shifts of marine species due to projected warming will cause high-latitude invasions and high local-extinction rates in the

tropics and semi-enclosed seas (medium confidence). Species richness and fisheries catch potential are projected to increase, on average, at

mid and high latitudes (high confidence) and decrease at tropical latitudes (medium confidence). See Figure SPM.6A. The progressive expansion

of oxygen minimum zones and anoxic “dead zones” is projected to further constrain fish habitat. Open-ocean net primary production is

projected to redistribute and, by 2100, fall globally under all RCP scenarios. Climate change adds to the threats of over-fishing and other non-

climatic stressors, thus complicating marine management regimes (high confidence).52

For medium- to high-emission scenarios (RCP4.5, 6.0, and 8.5), ocean acidification poses substantial risks to marine ecosystems,

especially polar ecosystems and coral reefs, associated with impacts on the physiology, behavior, and population dynamics of

individual species from phytoplankton to animals (medium to high confidence). Highly calcified mollusks, echinoderms, and reef-building

corals are more sensitive than crustaceans (high confidence) and fishes (low confidence), with potentially detrimental consequences for fisheries

and livelihoods. See Figure SPM.6B. Ocean acidification acts together with other global changes (e.g., warming, decreasing oxygen levels) and

with local changes (e.g., pollution, eutrophication) (high confidence). Simultaneous drivers, such as warming and ocean acidification, can lead

to interactive, complex, and amplified impacts for species and ecosystems.53

Food security and food production systems 

For the major crops (wheat, rice, and maize) in tropical and temperate regions, climate change without adaptation is projected to

negatively impact production for local temperature increases of 2°C or more above late-20th-century levels, although individual

locations may benefit (medium confidence). Projected impacts vary across crops and regions and adaptation scenarios, with about 10% of

projections for the period 2030–2049 showing yield gains of more than 10%, and about 10% of projections showing yield losses of more than

Figure SPM.6 | Climate change risks for fisheries. (A) Projected global redistribution of maximum catch potential of ~1000 exploited fish and invertebrate species. Projections 
compare the 10-year averages 2001–2010 and 2051–2060 using SRES A1B, without analysis of potential impacts of overfishing or ocean acidification. (B) Marine mollusk and 
crustacean fisheries (present-day estimated annual catch rates ≥0.005 tonnes km-2) and known locations of cold- and warm-water corals, depicted on a global map showing the 
projected distribution of ocean acidification under RCP8.5 (pH change from 1986–2005 to 2081–2100). [WGI AR5 Figure SPM.8] The bottom panel compares sensitivity to 
ocean acidification across mollusks, crustaceans, and corals, vulnerable animal phyla with socioeconomic relevance (e.g., for coastal protection and fisheries). The number of 
species analyzed across studies is given for each category of elevated CO2. For 2100, RCP scenarios falling within each CO2 partial pressure (pCO2) category are as follows: 
RCP4.5 for 500–650 μatm (approximately equivalent to ppm in the atmosphere), RCP6.0 for 651–850 μatm, and RCP8.5 for 851–1370 μatm. By 2150, RCP8.5 falls within the 
1371–2900 μatm category. The control category corresponds to 380 μatm. [6.1, 6.3, 30.5, Figures 6-10 and 6-14; WGI AR5 Box SPM.1]

Summary for Policymakers

51 5.3-5, 8.2, 22.3, 24.4, 25.6, 26.3, 26.8, Table 26-1, Box 25-1
52 6.3-5, 7.4, 25.6, 28.3, 30.6-7, Boxes CC-MB and CC-PP
53 5.4, 6.3-5, 22.3, 25.6, 28.3, 30.5, Boxes CC-CR, CC-OA, and TS.7
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25%, compared to the late 20th century. After 2050 the risk of more severe yield impacts increases and depends on the level of warming. See

Figure SPM.7. Climate change is projected to progressively increase inter-annual variability of crop yields in many regions. These projected

impacts will occur in the context of rapidly rising crop demand.54

All aspects of food security are potentially affected by climate change, including food access, utilization, and price stability (high

confidence). Redistribution of marine fisheries catch potential towards higher latitudes poses risk of reduced supplies, income, and employment

in tropical countries, with potential implications for food security (medium confidence). Global temperature increases of ~4°C or more above

late-20th-century levels, combined with increasing food demand, would pose large risks to food security globally and regionally (high

confidence). Risks to food security are generally greater in low-latitude areas.55

Urban areas

Many global risks of climate change are concentrated in urban areas (medium confidence). Steps that build resilience and enable

sustainable development can accelerate successful climate-change adaptation globally. Heat stress, extreme precipitation, inland and

coastal flooding, landslides, air pollution, drought, and water scarcity pose risks in urban areas for people, assets, economies, and ecosystems

(very high confidence). Risks are amplified for those lacking essential infrastructure and services or living in poor-quality housing and exposed

areas. Reducing basic service deficits, improving housing, and building resilient infrastructure systems could significantly reduce vulnerability

and exposure in urban areas. Urban adaptation benefits from effective multi-level urban risk governance, alignment of policies and incentives,

strengthened local government and community adaptation capacity, synergies with the private sector, and appropriate financing and

institutional development (medium confidence). Increased capacity, voice, and influence of low-income groups and vulnerable communities

and their partnerships with local governments also benefit adaptation.56

Figure SPM.7 | Summary of projected changes in crop yields, due to climate change over the 21st century. The figure includes projections for different emission scenarios, for 
tropical and temperate regions, and for adaptation and no-adaptation cases combined. Relatively few studies have considered impacts on cropping systems for scenarios where 
global mean temperatures increase by 4°C or more. For five timeframes in the near term and long term, data (n=1090) are plotted in the 20-year period on the horizontal axis 
that includes the midpoint of each future projection period. Changes in crop yields are relative to late-20th-century levels. Data for each timeframe sum to 100%. [Figure 7-5]
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54 7.4-5, 22.3, 24.4, 25.7, 26.5, Table 7-2, Figures 7-4, 7-5, 7-6, 7-7, and 7-8
55 6.3-5, 7.4-5, 9.3, 22.3, 24.4, 25.7, 26.5, Table 7-3, Figures 7-1, 7-4, and 7-7, Box 7-1
56 3.5, 8.2-4, 22.3, 24.4-5, 26.8, Table 8-2, Boxes 25-9 and CC-HS
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Rural areas

Major future rural impacts are expected in the near term and beyond through impacts on water availability and supply, food

security, and agricultural incomes, including shifts in production areas of food and non-food crops across the world (high

confidence). These impacts are expected to disproportionately affect the welfare of the poor in rural areas, such as female-headed households

and those with limited access to land, modern agricultural inputs, infrastructure, and education. Further adaptations for agriculture, water,

forestry, and biodiversity can occur through policies taking account of rural decision-making contexts. Trade reform and investment can improve

market access for small-scale farms (medium confidence).57

Key economic sectors and services

For most economic sectors, the impacts of drivers such as changes in population, age structure, income, technology, relative prices,

lifestyle, regulation, and governance are projected to be large relative to the impacts of climate change (medium evidence, high

agreement). Climate change is projected to reduce energy demand for heating and increase energy demand for cooling in the residential and

commercial sectors (robust evidence, high agreement). Climate change is projected to affect energy sources and technologies differently,

depending on resources (e.g., water flow, wind, insolation), technological processes (e.g., cooling), or locations (e.g., coastal regions, floodplains)

involved. More severe and/or frequent extreme weather events and/or hazard types are projected to increase losses and loss variability in

various regions and challenge insurance systems to offer affordable coverage while raising more risk-based capital, particularly in developing

countries. Large-scale public-private risk reduction initiatives and economic diversification are examples of adaptation actions.58

Global economic impacts from climate change are difficult to estimate. Economic impact estimates completed over the past 20 years

vary in their coverage of subsets of economic sectors and depend on a large number of assumptions, many of which are disputable, and many

estimates do not account for catastrophic changes, tipping points, and many other factors.59 With these recognized limitations, the incomplete

estimates of global annual economic losses for additional temperature increases of ~2°C are between 0.2 and 2.0% of income (±1 standard

deviation around the mean) (medium evidence, medium agreement). Losses are more likely than not to be greater, rather than smaller, than

this range (limited evidence, high agreement). Additionally, there are large differences between and within countries. Losses accelerate with

greater warming (limited evidence, high agreement), but few quantitative estimates have been completed for additional warming around 3°C

or above. Estimates of the incremental economic impact of emitting carbon dioxide lie between a few dollars and several hundreds of dollars

per tonne of carbon60 (robust evidence, medium agreement). Estimates vary strongly with the assumed damage function and discount rate.61

Human health

Until mid-century, projected climate change will impact human health mainly by exacerbating health problems that already exist

(very high confidence). Throughout the 21st century, climate change is expected to lead to increases in ill-health in many regions

and especially in developing countries with low income, as compared to a baseline without climate change (high confidence).

Examples include greater likelihood of injury, disease, and death due to more intense heat waves and fires (very high confidence); increased

likelihood of under-nutrition resulting from diminished food production in poor regions (high confidence); risks from lost work capacity and

reduced labor productivity in vulnerable populations; and increased risks from food- and water-borne diseases (very high confidence) and

Summary for Policymakers

57 9.3, 25.9, 26.8, 28.2, 28.4, Box 25-5
58 3.5, 10.2, 10.7, 10.10, 17.4-5, 25.7, 26.7-9, Box 25-7
59 Disaster loss estimates are lower-bound estimates because many impacts, such as loss of human lives, cultural heritage, and ecosystem services, are difficult to value and
monetize, and thus they are poorly reflected in estimates of losses. Impacts on the informal or undocumented economy as well as indirect economic effects can be very
important in some areas and sectors, but are generally not counted in reported estimates of losses. [SREX 4.5]

60 1 tonne of carbon = 3.667 tonne of CO2
61 10.9
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vector-borne diseases (medium confidence). Positive effects are expected to include modest reductions in cold-related mortality and morbidity

in some areas due to fewer cold extremes (low confidence), geographical shifts in food production (medium confidence), and reduced capacity

of vectors to transmit some diseases. But globally over the 21st century, the magnitude and severity of negative impacts are projected to

increasingly outweigh positive impacts (high confidence). The most effective vulnerability reduction measures for health in the near term are

programs that implement and improve basic public health measures such as provision of clean water and sanitation, secure essential health

care including vaccination and child health services, increase capacity for disaster preparedness and response, and alleviate poverty (very high

confidence). By 2100 for the high-emission scenario RCP8.5, the combination of high temperature and humidity in some areas for parts of the

year is projected to compromise normal human activities, including growing food or working outdoors (high confidence).62

Human security

Climate change over the 21st century is projected to increase displacement of people (medium evidence, high agreement).

Displacement risk increases when populations that lack the resources for planned migration experience higher exposure to extreme weather

events, in both rural and urban areas, particularly in developing countries with low income. Expanding opportunities for mobility can reduce

vulnerability for such populations. Changes in migration patterns can be responses to both extreme weather events and longer-term climate

variability and change, and migration can also be an effective adaptation strategy. There is low confidence in quantitative projections of

changes in mobility, due to its complex, multi-causal nature.63

Climate change can indirectly increase risks of violent conflicts in the form of civil war and inter-group violence by amplifying

well-documented drivers of these conflicts such as poverty and economic shocks (medium confidence). Multiple lines of evidence

relate climate variability to these forms of conflict.64

The impacts of climate change on the critical infrastructure and territorial integrity of many states are expected to influence

national security policies (medium evidence, medium agreement). For example, land inundation due to sea level rise poses risks to the

territorial integrity of small island states and states with extensive coastlines. Some transboundary impacts of climate change, such as changes

in sea ice, shared water resources, and pelagic fish stocks, have the potential to increase rivalry among states, but robust national and

intergovernmental institutions can enhance cooperation and manage many of these rivalries.65

Livelihoods and poverty

Throughout the 21st century, climate-change impacts are projected to slow down economic growth, make poverty reduction

more difficult, further erode food security, and prolong existing and create new poverty traps, the latter particularly in urban

areas and emerging hotspots of hunger (medium confidence). Climate-change impacts are expected to exacerbate poverty in most

developing countries and create new poverty pockets in countries with increasing inequality, in both developed and developing countries. In

urban and rural areas, wage-labor-dependent poor households that are net buyers of food are expected to be particularly affected due to food

price increases, including in regions with high food insecurity and high inequality (particularly in Africa), although the agricultural self-

employed could benefit. Insurance programs, social protection measures, and disaster risk management may enhance long-term livelihood

resilience among poor and marginalized people, if policies address poverty and multidimensional inequalities.66

B-3. Regional Key Risks and Potential for Adaptation

Risks will vary through time across regions and populations, dependent on myriad factors including the extent of adaptation and mitigation. A

selection of key regional risks identified with medium to high confidence is presented in Assessment Box SPM.2. For extended summary of
regional risks and potential benefits, see Technical Summary Section B-3 and WGII AR5 Part B: Regional Aspects.
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Key risk Adaptation issues & prospects  Climatic
drivers

Risk & potential for 
adaptationTimeframe

Africa

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Carbon dioxide 
fertilization

CO O

Damaging 
cyclone

Ocean 
acidificationPrecipitation

CO O

Climate-related drivers of impacts

Warming 
trend

Extreme 
precipitation

Extreme 
temperature

Sea 
level

Level of risk & potential for adaptation
Potential for additional adaptation 

to reduce risk

Risk level with 
current adaptation

Risk level with 
high adaptation

Drying 
trend

Snow 
cover

Compounded stress on water resources facing 
significant strain from overexploitation and 
degradation at present and increased demand in the 
future, with drought stress exacerbated in 
drought-prone regions of Africa (high confidence) 

[22.3-4]

• Reducing non-climate stressors on water resources
• Strengthening institutional capacities for demand management, 
groundwater assessment, integrated water-wastewater planning, 
and integrated land and water governance
• Sustainable urban development

Reduced crop productivity associated with heat and 
drought stress, with strong adverse effects on 
regional, national, and household livelihood and food 
security, also given increased pest and disease 
damage and flood impacts on food system 
infrastructure (high confidence)

[22.3-4]

• Technological adaptation responses (e.g., stress-tolerant crop 
varieties, irrigation, enhanced observation systems)
• Enhancing smallholder access to credit and other critical production 
resources; Diversifying livelihoods
• Strengthening institutions at local, national, and regional levels to 
support agriculture (including early warning systems) and 
gender-oriented policy
• Agronomic adaptation responses (e.g., agroforestry, conservation 
agriculture)

Changes in the incidence and geographic range of 
vector- and water-borne diseases due to changes in 
the mean and variability of temperature and 
precipitation, particularly along the edges of their 
distribution (medium confidence)

[22.3]

• Achieving development goals, particularly improved access to safe 
water and improved sanitation, and enhancement of public health 
functions such as surveillance
• Vulnerability mapping and early warning systems
• Coordination across sectors
• Sustainable urban development

Continued next page

Assessment Box SPM.2 Table 1 | Key regional risks from climate change and the potential for reducing risks through adaptation and mitigation. Each key risk is characterized as 
very low to very high for three timeframes: the present, near term (here, assessed over 2030–2040), and longer term (here, assessed over 2080–2100). In the near term, 
projected levels of global mean temperature increase do not diverge substantially for different emission scenarios. For the longer term, risk levels are presented for two scenarios 
of global mean temperature increase (2°C and 4°C above preindustrial levels). These scenarios illustrate the potential for mitigation and adaptation to reduce the risks related to 
climate change. Climate-related drivers of impacts are indicated by icons.

Summary for Policymakers

62 8.2, 11.3-8, 19.3, 22.3, 25.8, 26.6, Figure 25-5, Box CC-HS
63 9.3, 12.4, 19.4, 22.3, 25.9
64 12.5, 13.2, 19.4
65 12.5-6, 23.9, 25.9
66 8.1, 8.3-4, 9.3, 10.9, 13.2-4, 22.3, 26.8

Assessment Box SPM.2 | Regional Key Risks

The accompanying Assessment Box SPM.2 Table 1 highlights several representative key risks for each region. Key risks have been
identified based on assessment of the relevant scientific, technical, and socioeconomic literature detailed in supporting chapter sections.
Identification of key risks was based on expert judgment using the following specific criteria: large magnitude, high probability, or
irreversibility of impacts; timing of impacts; persistent vulnerability or exposure contributing to risks; or limited potential to reduce risks
through adaptation or mitigation.

For each key risk, risk levels were assessed for three timeframes. For the present, risk levels were estimated for current adaptation and
a hypothetical highly adapted state, identifying where current adaptation deficits exist. For two future timeframes, risk levels were
estimated for a continuation of current adaptation and for a highly adapted state, representing the potential for and limits to adaptation.
The risk levels integrate probability and consequence over the widest possible range of potential outcomes, based on available literature.
These potential outcomes result from the interaction of climate-related hazards, vulnerability, and exposure. Each risk level reflects total
risk from climatic and non-climatic factors. Key risks and risk levels vary across regions and over time, given differing socioeconomic
development pathways, vulnerability and exposure to hazards, adaptive capacity, and risk perceptions. Risk levels are not necessarily
comparable, especially across regions, because the assessment considers potential impacts and adaptation in different physical,
biological, and human systems across diverse contexts. This assessment of risks acknowledges the importance of differences in values
and objectives in interpretation of the assessed risk levels.
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Key risk Adaptation issues & prospects  Climatic
drivers

Risk & potential for 
adaptationTimeframe

Europe

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Increased economic losses and people affected by 
flooding in river basins and coasts, driven by 
increasing urbanization,  increasing sea levels, 
coastal erosion, and peak river discharges 
(high confidence)

[23.2-3, 23.7]

Adaptation can prevent most of the projected damages (high 
confidence). 
• Significant experience in hard flood-protection technologies and 
increasing experience with restoring wetlands
• High costs for increasing flood protection 
• Potential barriers to implementation: demand for land in Europe 
and environmental and landscape concerns

Increased water restrictions. Significant reduction in 
water availability from river abstraction and from 
groundwater resources, combined with increased 
water demand (e.g., for irrigation, energy and industry, 
domestic use) and with reduced water drainage and 
runoff as a result of increased evaporative demand, 
particularly in southern Europe (high confidence)

[23.4, 23.7]

• Proven adaptation potential from adoption of more water-efficient 
technologies and of water-saving strategies (e.g., for irrigation, crop 
species, land cover, industries, domestic use)
• Implementation of best practices and governance instruments in 
river basin management plans and integrated water management

Increased economic losses and people affected by 
extreme heat events: impacts on health and 
well-being, labor productivity, crop production, air 
quality, and increasing risk of wildfires in southern 
Europe and in Russian boreal region 
(medium confidence)

[23.3-7, Table 23-1]

• Implementation of warning systems
• Adaptation of dwellings and workplaces and of transport and 
energy infrastructure
• Reductions in emissions to improve air quality
• Improved wildfire management
• Development of insurance products against weather-related yield 
variations

Key risk Adaptation issues & prospects  Climatic
drivers

Risk & potential for 
adaptationTimeframe

Asia

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Increased riverine, coastal, and urban 
flooding leading to widespread damage 
to infrastructure, livelihoods, and 
settlements in Asia (medium confidence)

[24.4]

• Exposure reduction via structural and non-structural measures, effective 
land-use planning, and selective relocation
• Reduction in the vulnerability of lifeline infrastructure and services (e.g., water, 
energy, waste management, food, biomass, mobility, local ecosystems, 
telecommunications)
• Construction of monitoring and early warning systems; Measures to identify 
exposed areas, assist vulnerable areas and households, and diversify livelihoods
• Economic diversification

Increased risk of heat-related mortality 
(high confidence)

[24.4]

• Heat health warning systems
• Urban planning to reduce heat islands; Improvement of the built environment; 
Development of sustainable cities
• New work practices to avoid heat stress among outdoor workers

Increased risk of drought-related water 
and food shortage causing malnutrition 
(high confidence)

[24.4]

• Disaster preparedness including early-warning systems and local coping 
strategies
• Adaptive/integrated water resource management
• Water infrastructure and reservoir development
• Diversification of water sources including water re-use
• More efficient use of water (e.g., improved agricultural practices, irrigation 
management, and resilient agriculture)

Assessment Box SPM.2 Table 1 (continued)
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CO O

Key risk Adaptation issues & prospects  Climatic
drivers

Risk & potential for 
adaptationTimeframe

Australasia

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Significant change in community 
composition and structure of coral reef 
systems in Australia (high confidence)

[25.6, 30.5, Boxes CC-CR and CC-OA]

• Ability of corals to adapt naturally appears limited and insufficient to offset the 
detrimental effects of rising temperatures and acidification.
• Other options are mostly limited to reducing other stresses (water quality, 
tourism, fishing) and early warning systems; direct interventions such as assisted 
colonization and shading have been proposed but remain untested at scale.

Increased frequency and intensity of flood 
damage to infrastructure and settlements 
in Australia and New Zealand 
(high confidence)

[Table 25-1, Boxes 25-8 and 25-9]

• Significant adaptation deficit in some regions to current flood risk.
• Effective adaptation includes land-use controls and relocation as well as 
protection and accommodation of increased risk to ensure flexibility.

Increasing risks to coastal infrastructure 
and low-lying ecosystems in Australia and 
New Zealand, with widespread damage 
towards the upper end of projected 
sea-level-rise ranges (high confidence)

[25.6, 25.10, Box 25-1]

• Adaptation deficit in some locations to current coastal erosion and flood risk. 
Successive building and protection cycles constrain flexible responses.
• Effective adaptation includes land-use controls and ultimately relocation as well 
as protection and accommodation.

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Heat-related human mortality 
(high confidence)

[26.6, 26.8]

• Residential air conditioning (A/C) can effectively reduce risk. However, 
availability and usage of A/C is highly variable and is subject to complete loss 
during power failures. Vulnerable populations include athletes and outdoor 
workers for whom A/C is not available. 
• Community- and household-scale adaptations have the potential to reduce 
exposure to heat extremes via family support, early heat warning systems, 
cooling centers, greening, and high-albedo surfaces.

Urban floods in riverine and coastal areas, 
inducing property and infrastructure 
damage; supply chain, ecosystem, and 
social system disruption; public health 
impacts; and water quality impairment, due 
to sea level rise, extreme precipitation, and 
cyclones (high confidence)

[26.2-4, 26.8]

• Implementing management of urban drainage is expensive and disruptive to 
urban areas. 
• Low-regret strategies with co-benefits include less impervious surfaces leading 
to more groundwater recharge, green infrastructure, and rooftop gardens. 
• Sea level rise increases water elevations in coastal outfalls, which impedes 
drainage. In many cases, older rainfall design standards are being used that need 
to be updated to reflect current climate conditions.
• Conservation of wetlands, including mangroves, and land-use planning 
strategies can reduce the intensity of flood events.

Key risk Adaptation issues & prospects  Climatic
drivers

Risk & potential for 
adaptationTimeframe

North America

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium Wildfire-induced loss of ecosystem 

integrity, property loss, human morbidity, 
and mortality as a result of increased 
drying trend and temperature trend 
(high confidence)

[26.4, 26.8, Box 26-2]

• Some ecosystems are more fire-adapted than others. Forest managers and 
municipal planners are increasingly incorporating fire protection measures (e.g., 
prescribed burning, introduction of resilient vegetation). Institutional capacity to 
support ecosystem adaptation is limited. 
• Adaptation of human settlements is constrained by rapid private property 
development in high-risk areas and by limited household-level adaptive capacity.
• Agroforestry can be an effective strategy for reduction of slash and burn 
practices in Mexico.

Assessment Box SPM.2 Table 1 (continued)

Summary for Policymakers
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not available

not available

Key risk Adaptation issues & prospects  Climatic
drivers

Risk & potential for 
adaptationTimeframe

Central and South America

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

CO O

Water availability in semi-arid and 
glacier-melt-dependent regions and Central 
America; flooding and landslides in urban 
and rural areas due to extreme precipitation 
(high confidence)

[27.3]

• Integrated water resource management
• Urban and rural flood management (including infrastructure), early warning 
systems, better weather and runoff forecasts, and infectious disease control

Decreased food production and food quality 
(medium confidence)

[27.3]

• Development of new crop varieties more adapted to climate change  
(temperature and drought)
• Offsetting of human and animal health impacts of reduced food quality
• Offsetting of economic impacts of land-use change
• Strengthening traditional indigenous knowledge systems and practices

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium Spread of vector-borne diseases in altitude 

and latitude (high confidence)

[27.3]

• Development of early warning systems for disease control and mitigation 
based on climatic and other relevant inputs. Many factors augment 
vulnerability. 
• Establishing programs to extend basic public health services

Very
low 

Very 
high Medium 

Key risk Adaptation issues & prospects  Climatic
drivers

Risk & potential for 
adaptationTimeframe

Small Islands

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Key risk Adaptation issues & prospects  Climatic
drivers

Risk & potential for 
adaptationTimeframe

Polar Regions

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

CO O

CO O

Loss of livelihoods, coastal settlements, 
infrastructure, ecosystem services, and 
economic stability (high confidence)

[29.6, 29.8, Figure 29-4]

• Significant potential exists for adaptation in islands, but additional external 
resources and technologies will enhance response.
• Maintenance and enhancement of ecosystem functions and services and of 
water and food security
• Efficacy of traditional community coping strategies is expected to be 
substantially reduced in the future.

The interaction of rising global mean sea level 
in the 21st century with high-water-level 
events will threaten low-lying coastal areas 
(high confidence)

[29.4, Table 29-1; WGI AR5 13.5, Table 13.5]

• High ratio of coastal area to land mass will make adaptation a significant 
financial and resource challenge for islands. 
• Adaptation options include maintenance and restoration of coastal landforms 
and ecosystems, improved management of soils and freshwater resources, and 
appropriate building codes and settlement patterns.

Risks for freshwater and terrestrial ecosystems 
(high confidence) and marine ecosystems 
(medium confidence), due to changes in ice, 
snow cover, permafrost, and freshwater/ocean 
conditions, affecting species´ habitat quality, 
ranges, phenology, and productivity, as well as 
dependent economies

[28.2-4]

• Improved understanding through scientific and indigenous knowledge, 
producing more effective solutions and/or technological innovations
• Enhanced monitoring, regulation, and warning systems that achieve safe and 
sustainable use of ecosystem resources
• Hunting or fishing for different species, if possible, and diversifying income 
sources

Risks for the health and well-being of Arctic 
residents, resulting from injuries and illness 
from the changing physical environment, 
food insecurity, lack of reliable and safe 
drinking water, and damage to 
infrastructure, including infrastructure in 
permafrost regions (high confidence)

[28.2-4]

• Co-production of more robust solutions that combine science and technology 
with indigenous knowledge                                                                                                                                                          
• Enhanced observation, monitoring, and warning systems
• Improved communications, education, and training                                                                                  
• Shifting resource bases, land use, and/or settlement areas                                                                      

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Unprecedented challenges for northern 
communities due to complex inter-linkages 
between climate-related hazards and societal 
factors, particularly if rate of change is faster 
than social systems can adapt 
(high confidence)

[28.2-4]

• Co-production of more robust solutions that combine science and 
technology with indigenous knowledge                                                                                                                                                        
• Enhanced observation, monitoring, and warning systems 
• Improved communications, education, and training
• Adaptive co-management responses developed through the settlement of 
land claims 

Assessment Box SPM.2 Table 1 (continued)
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Key risk Adaptation issues & prospects  Climatic
drivers

Risk & potential for 
adaptationTimeframe

The Ocean

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

CO O

CO O

Distributional shift in fish and invertebrate 
species, and decrease in fisheries catch 
potential at low latitudes, e.g., in equatorial 
upwelling and coastal boundary systems and 
sub-tropical gyres (high confidence)

[6.3, 30.5-6, Tables 6-6 and 30-3, Box 
CC-MB]

• Evolutionary adaptation potential of fish and invertebrate species to warming 
is limited as indicated by their changes in distribution to maintain temperatures. 
• Human adaptation options: Large-scale translocation of industrial fishing 
activities following the regional decreases (low latitude) vs. possibly transient 
increases (high latitude) in catch potential; Flexible management that can react 
to variability and change; Improvement of fish resilience to thermal stress by 
reducing other stressors such as pollution and eutrophication; Expansion of 
sustainable aquaculture and the development of alternative livelihoods in some 
regions.

Reduced biodiversity, fisheries abundance, 
and coastal protection by coral reefs due to 
heat-induced mass coral bleaching and 
mortality increases, exacerbated by ocean 
acidification, e.g., in coastal boundary systems 
and sub-tropical gyres (high confidence)

[5.4, 6.4, 30.3, 30.5-6, Tables 6-6 and 30-3, 
Box CC-CR]

• Evidence of rapid evolution by corals is very limited. Some corals may migrate 
to higher latitudes, but entire reef systems are not expected to be able to track 
the high rates of temperature shifts. 
• Human adaptation options are limited to reducing other stresses, mainly by 
enhancing water quality, and limiting pressures from tourism and fishing. These 
options will delay human impacts of climate change by a few decades, but their 
efficacy will be severely reduced as thermal stress increases.

Coastal inundation and habitat loss due to 
sea level rise, extreme events, changes in 
precipitation, and reduced ecological 
resilience, e.g., in coastal boundary systems 
and sub-tropical gyres 
(medium to high confidence)

[5.5, 30.5-6, Tables 6-6 and 30-3, Box 
CC-CR]

• Human adaptation options are limited to reducing other stresses, mainly by 
reducing pollution and limiting pressures from tourism, fishing, physical 
destruction, and unsustainable aquaculture. 
• Reducing deforestation and increasing reforestation of river catchments and 
coastal areas to retain sediments and nutrients
• Increased mangrove, coral reef, and seagrass protection, and restoration to 
protect numerous ecosystem goods and services such as coastal protection, 
tourist value, and fish habitat

Assessment Box SPM.2 Table 1 (continued)

C: MANAGING FUTURE RISKS AND BUILDING RESILIENCE

Managing the risks of climate change involves adaptation and mitigation decisions with implications for future generations, economies, and

environments. This section evaluates adaptation as a means to build resilience and to adjust to climate-change impacts. It also considers limits

to adaptation, climate-resilient pathways, and the role of transformation. See Figure SPM.8 for an overview of responses for addressing risk

related to climate change.

C-1. Principles for Effective Adaptation 

Adaptation is place- and context-specific, with no single approach for reducing risks appropriate across all settings (high

confidence). Effective risk reduction and adaptation strategies consider the dynamics of vulnerability and exposure and their linkages with

socioeconomic processes, sustainable development, and climate change. Specific examples of responses to climate change are presented in

Table SPM.1.67

Adaptation planning and implementation can be enhanced through complementary actions across levels, from individuals to

governments (high confidence). National governments can coordinate adaptation efforts of local and subnational governments, for example

by protecting vulnerable groups, by supporting economic diversification, and by providing information, policy and legal frameworks, and

financial support (robust evidence, high agreement). Local government and the private sector are increasingly recognized as critical to progress

in adaptation, given their roles in scaling up adaptation of communities, households, and civil society and in managing risk information and

financing (medium evidence, high agreement).68

A first step towards adaptation to future climate change is reducing vulnerability and exposure to present climate variability

(high confidence). Strategies include actions with co-benefits for other objectives. Available strategies and actions can increase

resilience across a range of possible future climates while helping to improve human health, livelihoods, social and economic well-being, and

Summary for Policymakers

67 2.1, 8.3-4, 13.1, 13.3-4, 15.2-3, 15.5, 16.2-3, 16.5, 17.2, 17.4, 19.6, 21.3, 22.4, 26.8-9, 29.6, 29.8
68 2.1-4, 3.6, 5.5, 8.3-4, 9.3-4, 14.2, 15.2-3, 15.5, 16.2-5, 17.2-3, 22.4, 24.4, 25.4, 26.8-9, 30.7, Tables 21-1, 21-5, & 21-6, Box 16-2



environmental quality. See Table SPM.1. Integration of adaptation into planning and decision making can promote synergies with development

and disaster risk reduction.69

Adaptation planning and implementation at all levels of governance are contingent on societal values, objectives, and risk

perceptions (high confidence). Recognition of diverse interests, circumstances, social-cultural contexts, and expectations can

benefit decision-making processes. Indigenous, local, and traditional knowledge systems and practices, including indigenous peoples’

holistic view of community and environment, are a major resource for adapting to climate change, but these have not been used consistently in

existing adaptation efforts. Integrating such forms of knowledge with existing practices increases the effectiveness of adaptation.70

Decision support is most effective when it is sensitive to context and the diversity of decision types, decision processes, and

constituencies (robust evidence, high agreement). Organizations bridging science and decision making, including climate services, play

an important role in the communication, transfer, and development of climate-related knowledge, including translation, engagement, and

knowledge exchange (medium evidence, high agreement).71

Existing and emerging economic instruments can foster adaptation by providing incentives for anticipating and reducing impacts

(medium confidence). Instruments include public-private finance partnerships, loans, payments for environmental services, improved resource

pricing, charges and subsidies, norms and regulations, and risk sharing and transfer mechanisms. Risk financing mechanisms in the public and

private sector, such as insurance and risk pools, can contribute to increasing resilience, but without attention to major design challenges, they

can also provide disincentives, cause market failure, and decrease equity. Governments often play key roles as regulators, providers, or insurers

of last resort.72

Constraints can interact to impede adaptation planning and implementation (high confidence). Common constraints on

implementation arise from the following: limited financial and human resources; limited integration or coordination of governance; uncertainties
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EMISSIONS
and Land-use Change

Hazards

Anthropogenic 
Climate Change

Socioeconomic 
Pathways

Adaptation and 
Mitigation 

Actions

Governance

IMPACTS

Natural 
Variability

SOCIOECONOMIC
PROCESSES

CLIMATE

Socioeconomic Pathways

Adaptation & Interactions 
with Mitigation

Governance

•   Diverse values & objectives [A-3]
•  Climate-resilient pathways [C-2]
•   Transformation [C-2]

•   Decision making under 
  uncertainty [A-3]
•   Learning, monitoring, & flexibility 
   [A-2, A-3, C-1]
• Coordination across scales [A-2, C-1]

• Incremental & transformational 
adaptation [A-2, A-3, C-2]

• Co-benefits, synergies, & 
tradeoffs [A-2, C-1, C-2]

• Context-specific adaptation [C-1]
• Complementary actions [C-1]
• Limits to adaptation [C-2]

Exposure

Vulnerability

RISK

Vulnerability & Exposure

Risk

•   Vulnerability & exposure  
     reduction [C-1]
•   Low-regrets strategies &
     actions [C-1]
•   Addressing multidimensional 
     inequalities [A-1, C-1]

•   Risk assessment [B]
•   Iterative risk management
     [A-3]
•   Risk perception [A-3, C-1]

Anthropogenic 
Climate Change

•   Mitigation [WGIII AR5]

RISKR

Figure SPM.8 | The solution space. Core concepts of the WGII AR5, illustrating overlapping entry points and approaches, as well as key considerations, in managing risks related 
to climate change, as assessed in this report and presented throughout this SPM. Bracketed references indicate sections of this summary with corresponding assessment findings.

69 3.6, 8.3, 9.4, 14.3, 15.2-3, 17.2, 20.4, 20.6, 22.4, 24.4-5, 25.4, 25.10, 27.3-5, 29.6, Boxes 25-2 and 25-6
70 2.2-4, 9.4, 12.3, 13.2, 15.2, 16.2-4, 16.7, 17.2-3, 21.3, 22.4, 24.4, 24.6, 25.4, 25.8, 26.9, 28.2, 28.4, Table 15-1, Box 25-7
71 2.1-4, 8.4, 14.4, 16.2-3, 16.5, 21.2-3, 21.5, 22.4, Box 9-4
72 10.7, 10.9, 13.3, 17.4-5, Box 25-7
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Overlapping 
Approaches Category Examples Chapter Reference(s)

Human 
development

Improved access to education, nutrition, health facilities, energy, safe housing & settlement structures, 
& social support structures; Reduced gender inequality & marginalization in other forms.

8.3, 9.3, 13.1-3, 14.2-3, 22.4

Poverty alleviation Improved access to & control of local resources; Land tenure; Disaster risk reduction; Social safety nets 
& social protection; Insurance schemes.

8.3-4, 9.3, 13.1-3

Livelihood security
Income, asset, & livelihood diversifi cation; Improved infrastructure; Access to technology & decision-
making fora; Increased decision-making power; Changed cropping, livestock, & aquaculture practices; 
Reliance on social networks.

7.5, 9.4, 13.1-3, 22.3-4, 23.4, 26.5, 
27.3, 29.6, Table SM24-7

Disaster risk 
management

Early warning systems; Hazard & vulnerability mapping; Diversifying water resources; Improved 
drainage; Flood & cyclone shelters; Building codes & practices; Storm & wastewater management; 
Transport & road infrastructure improvements.

8.2-4, 11.7, 14.3, 15.4, 22.4, 24.4, 
26.6, 28.4, Box 25-1, Table 3-3

Ecosystem 
management

Maintaining wetlands & urban green spaces; Coastal afforestation; Watershed & reservoir 
management; Reduction of other stressors on ecosystems & of habitat fragmentation; Maintenance 
of genetic diversity; Manipulation of disturbance regimes; Community-based natural resource 
management.

4.3-4, 8.3, 22.4, Table 3-3, Boxes 4-3, 
8-2, 15-1, 25-8, 25-9, & CC-EA

Spatial or land-use 
planning

Provisioning of adequate housing, infrastructure, & services; Managing development in fl ood prone & 
other high risk areas; Urban planning & upgrading programs; Land zoning laws; Easements; Protected 
areas.

4.4, 8.1-4, 22.4, 23.7-8, 27.3, Box 25-8

Structural/physical

Engineered & built-environment options: Sea walls & coastal protection structures; Flood levees;  
Water storage; Improved drainage; Flood & cyclone shelters; Building codes & practices; Storm & 
wastewater management; Transport & road infrastructure improvements; Floating houses; Power plant 
& electricity grid adjustments.

3.5-6, 5.5, 8.2-3, 10.2, 11.7, 23.3, 
24.4, 25.7, 26.3, 26.8, Boxes 15-1, 
25-1, 25-2, & 25-8

Technological options: New crop & animal varieties; Indigenous, traditional, & local knowledge, 
technologies, & methods; Effi cient irrigation; Water-saving technologies; Desalinization; Conservation 
agriculture; Food storage & preservation facilities; Hazard & vulnerability mapping & monitoring; Early 
warning systems; Building insulation; Mechanical & passive cooling; Technology development, transfer, 
& diffusion.

7.5, 8.3, 9.4, 10.3, 15.4, 22.4, 24.4, 
26.3, 26.5, 27.3, 28.2, 28.4, 29.6-7, 
Boxes 20-5 & 25-2, Tables 3-3 & 15-1

Ecosystem-based options: Ecological restoration; Soil conservation; Afforestation & reforestation; 
Mangrove conservation & replanting; Green infrastructure (e.g., shade trees, green roofs); 
Controlling overfi shing; Fisheries co-management; Assisted species migration & dispersal; Ecological 
corridors; Seed banks, gene banks, & other ex situ conservation; Community-based natural resource 
management.

4.4, 5.5, 6.4, 8.3, 9.4, 11.7, 15.4, 22.4, 
23.6-7, 24.4, 25.6, 27.3, 28.2, 29.7, 
30.6, Boxes 15-1, 22-2, 25-9, 26-2, 
& CC-EA

Services: Social safety nets & social protection; Food banks & distribution of food surplus; Municipal 
services including water & sanitation; Vaccination programs; Essential public health services; Enhanced 
emergency medical services.

3.5-6, 8.3, 9.3, 11.7, 11.9, 22.4, 29.6, 
Box 13-2

Institutional

Economic options: Financial incentives; Insurance; Catastrophe bonds; Payments for ecosystem 
services; Pricing water to encourage universal provision and careful use; Microfi nance; Disaster 
contingency funds; Cash transfers; Public-private partnerships.

8.3-4, 9.4, 10.7, 11.7, 13.3, 15.4, 17.5, 
22.4, 26.7, 27.6, 29.6, Box 25-7

Laws & regulations: Land zoning laws; Building standards & practices; Easements; Water regulations 
& agreements; Laws to support disaster risk reduction; Laws to encourage insurance purchasing; 
Defi ned property rights & land tenure security; Protected areas; Fishing quotas; Patent pools & 
technology transfer.

4.4, 8.3, 9.3, 10.5, 10.7, 15.2, 15.4, 
17.5, 22.4, 23.4, 23.7, 24.4, 25.4, 26.3, 
27.3, 30.6, Table 25-2, Box CC-CR

National & government policies & programs: National & regional adaptation plans including 
mainstreaming; Sub-national & local adaptation plans; Economic diversifi cation; Urban upgrading 
programs; Municipal water management programs; Disaster planning & preparedness; Integrated 
water resource management; Integrated coastal zone management; Ecosystem-based management; 
Community-based adaptation.

2.4, 3.6, 4.4, 5.5, 6.4, 7.5, 8.3, 11.7, 
15.2-5, 22.4, 23.7, 25.4, 25.8, 26.8-9, 
27.3-4, 29.6, Boxes 25-1, 25-2, & 25-9, 
Tables 9-2 & 17-1

Social

Educational options: Awareness raising & integrating into education; Gender equity in education; 
Extension services; Sharing indigenous, traditional, & local knowledge; Participatory action research & 
social learning; Knowledge-sharing & learning platforms.

8.3-4, 9.4, 11.7, 12.3, 15.2-4, 22.4, 
25.4, 28.4, 29.6, Tables 15-1 & 25-2

Informational options: Hazard & vulnerability mapping; Early warning & response systems; 
Systematic monitoring & remote sensing; Climate services; Use of indigenous climate observations; 
Participatory scenario development; Integrated assessments.

2.4, 5.5, 8.3-4, 9.4, 11.7, 15.2-4, 22.4, 
23.5, 24.4, 25.8, 26.6, 26.8, 27.3, 28.2, 
28.5, 30.6, Table 25-2, Box 26-3

Behavioral options: Household preparation & evacuation planning; Migration; Soil & water 
conservation; Storm drain clearance; Livelihood diversifi cation; Changed cropping, livestock, & 
aquaculture practices; Reliance on social networks.

5.5, 7.5, 9.4, 12.4, 22.3-4, 23.4, 23.7, 
25.7, 26.5, 27.3, 29.6, Table SM24-7, 
Box 25-5

Spheres of change

Practical: Social & technical innovations, behavioral shifts, or institutional & managerial changes that 
produce substantial shifts in outcomes.

8.3, 17.3, 20.5, Box 25-5

Political: Political, social, cultural, & ecological decisions & actions consistent with reducing 
vulnerability & risk & supporting adaptation, mitigation, & sustainable development.

14.2-3, 20.5, 25.4, 30.7, Table 14-1

Personal: Individual & collective assumptions, beliefs, values, & worldviews infl uencing climate-change 
responses.

14.2-3, 20.5, 25.4, Table 14-1
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Table SPM.1 | Approaches for managing the risks of climate change. These approaches should be considered overlapping rather than discrete, and they are often pursued 
simultaneously. Mitigation is considered essential for managing the risks of climate change. It is not addressed in this table as mitigation is the focus of WGIII AR5. Examples are 
presented in no specifi c order and can be relevant to more than one category. [14.2-3, Table 14-1]
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about projected impacts; different perceptions of risks; competing values; absence of key adaptation leaders and advocates; and limited tools

to monitor adaptation effectiveness. Another constraint includes insufficient research, monitoring, and observation and the finance to maintain

them. Underestimating the complexity of adaptation as a social process can create unrealistic expectations about achieving intended adaptation

outcomes.73

Poor planning, overemphasizing short-term outcomes, or failing to sufficiently anticipate consequences can result in maladaptation

(medium evidence, high agreement). Maladaptation can increase the vulnerability or exposure of the target group in the future, or the

vulnerability of other people, places, or sectors. Some near-term responses to increasing risks related to climate change may also limit future

choices. For example, enhanced protection of exposed assets can lock in dependence on further protection measures.74

Limited evidence indicates a gap between global adaptation needs and the funds available for adaptation (medium confidence).

There is a need for a better assessment of global adaptation costs, funding, and investment. Studies estimating the global cost of adaptation

are characterized by shortcomings in data, methods, and coverage (high confidence).75

Significant co-benefits, synergies, and trade-offs exist between mitigation and adaptation and among different adaptation

responses; interactions occur both within and across regions (very high confidence). Increasing efforts to mitigate and adapt to climate

change imply an increasing complexity of interactions, particularly at the intersections among water, energy, land use, and biodiversity, but

tools to understand and manage these interactions remain limited. Examples of actions with co-benefits include (i) improved energy efficiency

and cleaner energy sources, leading to reduced emissions of health-damaging climate-altering air pollutants; (ii) reduced energy and water

consumption in urban areas through greening cities and recycling water; (iii) sustainable agriculture and forestry; and (iv) protection of

ecosystems for carbon storage and other ecosystem services.76

C-2. Climate-resilient Pathways and Transformation

Climate-resilient pathways are sustainable-development trajectories that combine adaptation and mitigation to reduce climate change and its

impacts. They include iterative processes to ensure that effective risk management can be implemented and sustained. See Figure SPM.9.77

Prospects for climate-resilient pathways for sustainable development are related fundamentally to what the world accomplishes

with climate-change mitigation (high confidence). Since mitigation reduces the rate as well as the magnitude of warming, it also

increases the time available for adaptation to a particular level of climate change, potentially by several decades. Delaying mitigation actions

may reduce options for climate-resilient pathways in the future.78

Greater rates and magnitude of climate change increase the likelihood of exceeding adaptation limits (high confidence). Limits to

adaptation occur when adaptive actions to avoid intolerable risks for an actor’s objectives or for the needs of a system are not possible or are

not currently available. Value-based judgments of what constitutes an intolerable risk may differ. Limits to adaptation emerge from the

interaction among climate change and biophysical and/or socioeconomic constraints. Opportunities to take advantage of positive synergies

between adaptation and mitigation may decrease with time, particularly if limits to adaptation are exceeded. In some parts of the world,

insufficient responses to emerging impacts are already eroding the basis for sustainable development.79

73 3.6, 4.4, 5.5, 8.4, 9.4, 13.2-3, 14.2, 14.5, 15.2-3, 15.5, 16.2-3, 16.5, 17.2-3, 22.4, 23.7, 24.5, 25.4, 25.10, 26.8-9, 30.6, Table 16-3, Boxes 16-1 and 16-3
74 5.5, 8.4, 14.6, 15.5, 16.3, 17.2-3, 20.2, 22.4, 24.4, 25.10, 26.8, Table 14-4, Box 25-1
75 14.2, 17.4, Tables 17-2 and 17-3
76 2.4-5, 3.7, 4.2, 4.4, 5.4-5, 8.4, 9.3, 11.9, 13.3, 17.2, 19.3-4, 20.2-5, 21.4, 22.6, 23.8, 24.6, 25.6-7, 25.9, 26.8-9, 27.3, 29.6-8, Boxes 25-2, 25-9, 25-10, 30.6-7, CC-WE,
and CC-RF

77 2.5, 20.3-4
78 1.1, 19.7, 20.2-3, 20.6, Figure 1-5
79 1.1, 11.8, 13.4, 16.2-7, 17.2, 20.2-3, 20.5-6, 25.10, 26.5, Boxes 16-1, 16-3, and 16-4
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Transformations in economic, social, technological, and political decisions and actions can enable climate-resilient pathways (high

confidence). Specific examples are presented in Table SPM.1. Strategies and actions can be pursued now that will move towards climate-

resilient pathways for sustainable development, while at the same time helping to improve livelihoods, social and economic well-being, and

responsible environmental management. At the national level, transformation is considered most effective when it reflects a country’s own

visions and approaches to achieving sustainable development in accordance with its national circumstances and priorities. Transformations to

sustainability are considered to benefit from iterative learning, deliberative processes, and innovation.80

Low risk High resilience

(D) Decision points

(E) Climate-resilient pathways

Low resilience High risk

(B) Opportunity space

(F) Pathways that lower resilience

(C) Possible futures

Resilience space

Multiple stressors
including 

 climate change

(A) Our world

Social stressors 

Biophysical stressors 

Figure SPM.9 | Opportunity space and climate-resilient pathways. (A) Our world [Sections A-1 and B-1] is threatened by multiple stressors that impinge on resilience from many directions, 
represented here simply as biophysical and social stressors. Stressors include climate change, climate variability, land-use change, degradation of ecosystems, poverty and inequality, and 
cultural factors. (B) Opportunity space [Sections A-2, A-3, B-2, C-1, and C-2] refers to decision points and pathways that lead to a range of (C) possible futures [Sections C and B-3] with 
differing levels of resilience and risk. (D) Decision points result in actions or failures-to-act throughout the opportunity space, and together they constitute the process of managing or failing 
to manage risks related to climate change. (E) Climate-resilient pathways (in green) within the opportunity space lead to a more resilient world through adaptive learning, increasing scientific 
knowledge, effective adaptation and mitigation measures, and other choices that reduce risks. (F) Pathways that lower resilience (in red) can involve insufficient mitigation, maladaptation, 
failure to learn and use knowledge, and other actions that lower resilience; and they can be irreversible in terms of possible futures.
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80 1.1, 2.1, 2.5, 8.4, 14.1, 14.3, 16.2-7, 20.5, 22.4, 25.4, 25.10, Figure 1-5, Boxes 16-1, 16-4, and TS.8
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SUPPLEMENTARY MATERIAL

Continued next page

Africa

Snow & Ice, 
Rivers & Lakes, 
Floods & Drought

• Retreat of tropical highland glaciers in East Africa ( high confi dence, major contribution from climate change)
• Reduced discharge in West African rivers ( low confi dence, major contribution from climate change)
• Lake surface warming and water column stratifi cation increases in the Great Lakes and Lake Kariba ( high confi dence, major contribution from climate change)
• Increased soil moisture drought in the Sahel since 1970, partially wetter conditions since 1990 ( medium confi dence, major contribution from climate change)
[22.2-3, Tables 18-5, 18-6, and 22-3]

Terrestrial 
Ecosystems

• Tree density decreases in western Sahel and semi-arid Morocco, beyond changes due to land use ( medium confi dence, major contribution from climate change)
• Range shifts of several southern plants and animals, beyond changes due to land use ( medium confi dence, major contribution from climate change)
• Increases in wildfi res on Mt. Kilimanjaro ( low confi dence, major contribution from climate change)
[22.3, Tables 18-7 and 22-3]

Coastal Erosion 
& Marine 
Ecosystems

• Decline in coral reefs in tropical African waters, beyond decline due to human impacts ( high confi dence, major contribution from climate change)
[Table 18-8]

Food Production 
& Livelihoods

• Adaptive responses to changing rainfall by South African farmers, beyond changes due to economic conditions ( very low confi dence, major contribution from climate 
change)

• Decline in fruit-bearing trees in Sahel ( low confi dence, major contribution from climate change)
• Malaria increases in Kenyan highlands, beyond changes due to vaccination, drug resistance, demography, and livelihoods ( low confi dence, minor contribution from 

climate change)
• Reduced fi sheries productivity of Great Lakes and Lake Kariba, beyond changes due to fi sheries management and land use ( low confi dence, minor contribution from 

climate change)
[7.2, 11.5, 13.2, 22.3, Table 18-9]

Europe

Snow & Ice, 
Rivers & Lakes, 
Floods & Drought

• Retreat of Alpine, Scandinavian, and Icelandic glaciers ( high confi dence, major contribution from climate change)
• Increase in rock slope failures in western Alps ( medium confi dence, major contribution from climate change)
• Changed occurrence of extreme river discharges and fl oods ( very low confi dence, minor contribution from climate change)
[18.3, 23.2-3, Tables 18-5 and 18-6; WGI AR5 4.3]

Terrestrial 
Ecosystems

• Earlier greening, leaf emergence, and fruiting in temperate and boreal trees ( high confi dence, major contribution from climate change)
• Increased colonization of alien plant species in Europe, beyond a baseline of some invasion ( medium confi dence, major contribution from climate change)
• Earlier arrival of migratory birds in Europe since 1970 ( medium confi dence, major contribution from climate change)
• Upward shift in tree-line in Europe, beyond changes due to land use ( low confi dence, major contribution from climate change)
• Increasing burnt forest areas during recent decades in Portugal and Greece, beyond some increase due to land use ( high confi dence, major contribution from climate 

change)
[4.3, 18.3, Tables 18-7 and 23-6]

Coastal Erosion 
& Marine 
Ecosystems

• Northward distributional shifts of zooplankton, fi shes, seabirds, and benthic invertebrates in northeast Atlantic ( high confi dence, major contribution from climate 
change)

• Northward and depth shift in distribution of many fi sh species across European seas ( medium confi dence, major contribution from climate change)
• Plankton phenology changes in northeast Atlantic ( medium confi dence, major contribution from climate change)
• Spread of warm water species into the Mediterranean, beyond changes due to invasive species and human impacts ( medium confi dence, major contribution from 

climate change)
[6.3, 23.6, 30.5, Tables 6-2 and 18-8, Boxes 6-1 and CC-MB]

Food Production 
& Livelihoods

• Shift from cold-related mortality to heat-related mortality in England and Wales, beyond changes due to exposure and health care ( low confi dence, major contribution 
from climate change)

• Impacts on livelihoods of Sámi people in northern Europe, beyond effects of economic and sociopolitical changes ( medium confi dence, major contribution from 
climate change)

• Stagnation of wheat yields in some countries in recent decades, despite improved technology ( medium confi dence, minor contribution from climate change)
• Positive yield impacts for some crops mainly in northern Europe, beyond increase due to improved technology ( medium confi dence, minor contribution from climate 

change)
• Spread of bluetongue virus in sheep and of ticks across parts of Europe ( medium confi dence, minor contribution from climate change)
[18.4, 23.4-5, Table 18-9, Figure 7-2]

Table SPM.A1 |  Observed impacts attributed to climate change reported in the scientifi c literature since the AR4. These impacts have been attributed to climate change with 
very low, low, medium, or high confi dence, with the relative contribution of climate change to the observed change indicated (major or minor), for natural and human systems 
across eight major world regions over the past several decades. [Tables 18-5, 18-6, 18-7, 18-8, and 18-9] Absence from the table of additional impacts attributed to climate 
change does not imply that such impacts have not occurred.
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Asia

Snow & Ice, 
Rivers & Lakes, 
Floods & Drought

• Permafrost degradation in Siberia, Central Asia, and Tibetan Plateau ( high confi dence, major contribution from climate change)
• Shrinking mountain glaciers across most of Asia ( medium confi dence, major contribution from climate change)
• Changed water availability in many Chinese rivers, beyond changes due to land use ( low confi dence, minor contribution from climate change)
• Increased fl ow in several rivers due to shrinking glaciers ( high confi dence, major contribution from climate change)
• Earlier timing of maximum spring fl ood in Russian rivers ( medium confi dence, major contribution from climate change)
• Reduced soil moisture in north-central and northeast China (1950 – 2006) ( medium confi dence, major contribution from climate change)
• Surface water degradation in parts of Asia, beyond changes due to land use ( medium confi dence, minor contribution from climate change)
[24.3-4, 28.2, Tables 18-5, 18-6, and SM24-4, Box 3-1; WGI AR5 4.3, 10.5]

Terrestrial 
Ecosystems

• Changes in plant phenology and growth in many parts of Asia (earlier greening), particularly in the north and east ( medium confi dence, major contribution from 
climate change)

• Distribution shifts of many plant and animal species upwards in elevation or polewards, particularly in the north of Asia ( medium confi dence, major contribution from 
climate change)

• Invasion of Siberian larch forests by pine and spruce during recent decades ( low confi dence, major contribution from climate change)
• Advance of shrubs into the Siberian tundra ( high confi dence, major contribution from climate change)
[4.3, 24.4, 28.2, Table 18-7, Figure 4-4]

Coastal Erosion 
& Marine 
Ecosystems

• Decline in coral reefs in tropical Asian waters, beyond decline due to human impacts ( high confi dence, major contribution from climate change)
• Northward range extension of corals in the East China Sea and western Pacifi c, and of a predatory fi sh in the Sea of Japan ( medium confi dence, major contribution 

from climate change)
• Shift from sardines to anchovies in the western North Pacifi c, beyond fl uctuations due to fi sheries ( low confi dence, major contribution from climate change)
• Increased coastal erosion in Arctic Asia ( low confi dence, major contribution from climate change)
[6.3, 24.4, 30.5, Tables 6-2 and 18-8]

Food Production 
& Livelihoods

• Impacts on livelihoods of indigenous groups in Arctic Russia, beyond economic and sociopolitical changes ( low confi dence, major contribution from climate change)
• Negative impacts on aggregate wheat yields in South Asia, beyond increase due to improved technology ( medium confi dence, minor contribution from climate change)
• Negative impacts on aggregate wheat and maize yields in China, beyond increase due to improved technology ( low confi dence, minor contribution from climate change)
• Increases in a water-borne disease in Israel ( low confi dence, minor contribution from climate change)
[7.2, 13.2, 18.4, 28.2, Tables 18-4 and 18-9, Figure 7-2]

Australasia

Snow & Ice, 
Rivers & Lakes, 
Floods & Drought

• Signifi cant decline in late-season snow depth at 3 of 4 alpine sites in Australia (1957– 2002) ( medium confi dence, major contribution from climate change)
• Substantial reduction in ice and glacier ice volume in New Zealand ( medium confi dence, major contribution from climate change)
• Intensifi cation of hydrological drought due to regional warming in southeast Australia ( low confi dence, minor contribution from climate change)
• Reduced infl ow in river systems in southwestern Australia (since the mid-1970s) ( high confi dence, major contribution from climate change)
[25.5, Tables 18-5, 18-6, and 25-1; WGI AR5 4.3]

Terrestrial 
Ecosystems

• Changes in genetics, growth, distribution, and phenology of many species, in particular birds, butterfl ies, and plants in Australia, beyond fl uctuations due to variable 
local climates, land use, pollution, and invasive species ( high confi dence, major contribution from climate change)

• Expansion of some wetlands and contraction of adjacent woodlands in southeast Australia ( low confi dence, major contribution from climate change)
• Expansion of monsoon rainforest at expense of savannah and grasslands in northern Australia ( medium confi dence, major contribution from climate change)
• Migration of glass eels advanced by several weeks in Waikato River, New Zealand ( low confi dence, major contribution from climate change)
[Tables 18-7 and 25-3]

Coastal Erosion 
& Marine 
Ecosystems

• Southward shifts in the distribution of marine species near Australia, beyond changes due to short-term environmental fl uctuations, fi shing, and pollution ( medium 
confi dence, major contribution from climate change)

• Change in timing of migration of seabirds in Australia ( low confi dence, major contribution from climate change)
• Increased coral bleaching in Great Barrier Reef and western Australian reefs, beyond effects from pollution and physical disturbance ( high confi dence, major 

contribution from climate change)
• Changed coral disease patterns at Great Barrier Reef, beyond effects from pollution ( medium confi dence, major contribution from climate change)
[6.3, 25.6, Tables 18-8 and 25-3]

Food Production 
& Livelihoods

• Advanced timing of wine-grape maturation in recent decades, beyond advance due to improved management ( medium confi dence, major contribution from climate 
change)

• Shift in winter vs. summer human mortality in Australia, beyond changes due to exposure and health care ( low confi dence, major contribution from climate change)
• Relocation or diversifi cation of agricultural activities in Australia, beyond changes due to policy, markets, and short-term climate variability ( low confi dence, minor 

contribution from climate change)
[11.4, 18.4, 25.7-8, Tables 18-9 and 25-3, Box 25-5]

North America

Snow & Ice, 
Rivers & Lakes, 
Floods & Drought

• Shrinkage of glaciers across western and northern North America ( high confi dence, major contribution from climate change)
• Decreasing amount of water in spring snowpack in western North America (1960 – 2002) ( high confi dence, major contribution from climate change)
• Shift to earlier peak fl ow in snow dominated rivers in western North America ( high confi dence, major contribution from climate change)
• Increased runoff in the midwestern and northeastern US ( medium confi dence, minor contribution from climate change)
[Tables 18-5 and 18-6; WGI AR5 2.6, 4.3]

Terrestrial 
Ecosystems

• Phenology changes and species distribution shifts upward in elevation and northward across multiple taxa ( medium confi dence, major contribution from climate change)
• Increased wildfi re frequency in subarctic conifer forests and tundra ( medium confi dence, major contribution from climate change)
• Regional increases in tree mortality and insect infestations in forests ( low confi dence, minor contribution from climate change)
• Increase in wildfi re activity, fi re frequency and duration, and burnt area in forests of the western US and boreal forests in Canada, beyond changes due to land use 

and fi re management ( medium confi dence, minor contribution from climate change)
[26.4, 28.2, Table 18-7, Box 26-2]

Coastal Erosion 
& Marine 
Ecosystems

• Northward distributional shifts of northwest Atlantic fi sh species ( high confi dence, major contribution from climate change)
• Changes in musselbeds along the west coast of US ( high confi dence, major contribution from climate change)
• Changed migration and survival of salmon in northeast Pacifi c ( high confi dence, major contribution from climate change)
• Increased coastal erosion in Alaska and Canada ( medium confi dence, major contribution from climate change)
[18.3, 30.5, Tables 6-2 and 18-8]

Food Production 
& Livelihoods

• Impacts on livelihoods of indigenous groups in the Canadian Arctic, beyond effects of economic and sociopolitical changes ( medium confi dence, major contribution 
from climate change)

[18.4, 28.2, Tables 18-4 and 18-9]

Table SPM.A1 (continued)
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Central and South America

Snow & Ice, 
Rivers & Lakes, 
Floods & Drought

• Shrinkage of Andean glaciers ( high confi dence, major contribution from climate change)
• Changes in extreme fl ows in Amazon River ( medium confi dence, major contribution from climate change)
• Changing discharge patterns in rivers in the western Andes ( medium confi dence, major contribution from climate change)
• Increased streamfl ow in sub-basins of the La Plata River, beyond increase due to land-use change ( high confi dence, major contribution from climate change)
[27.3, Tables 18-5, 18-6, and 27-3; WGI AR5 4.3]

Terrestrial 
Ecosystems

• Increased tree mortality and forest fi re in the Amazon ( low confi dence, minor contribution from climate change)
• Rainforest degradation and recession in the Amazon, beyond reference trends in deforestation and land degradation ( low confi dence, minor contribution from climate 

change)
[4.3, 18.3, 27.2-3, Table 18-7]

Coastal Erosion 
& Marine 
Ecosystems

• Increased coral bleaching in western Caribbean, beyond effects from pollution and physical disturbance ( high confi dence, major contribution from climate change)
• Mangrove degradation on north coast of South America, beyond degradation due to pollution and land use ( low confi dence, minor contribution from climate change)
[27.3, Table 18-8]

Food Production 
& Livelihoods

• More vulnerable livelihood trajectories for indigenous Aymara farmers in Bolivia due to water shortage, beyond effects of increasing social and economic stress 
( medium confi dence, major contribution from climate change)

• Increase in agricultural yields and expansion of agricultural areas in southeastern South America, beyond increase due to improved technology ( medium confi dence, 
major contribution from climate change)

[13.1, 27.3, Table 18-9]

Polar Regions

Snow & Ice, 
Rivers & Lakes, 
Floods & Drought

• Decreasing Arctic sea ice cover in summer ( high confi dence, major contribution from climate change)
• Reduction in ice volume in Arctic glaciers ( high confi dence, major contribution from climate change)
• Decreasing snow cover extent across the Arctic ( medium confi dence, major contribution from climate change)
• Widespread permafrost degradation, especially in the southern Arctic ( high confi dence, major contribution from climate change)
• Ice mass loss along coastal Antarctica ( medium confi dence, major contribution from climate change)
• Increased river discharge for large circumpolar rivers (1997–2007) ( low confi dence, major contribution from climate change)
• Increased winter minimum river fl ow in most of the Arctic ( medium confi dence, major contribution from climate change)
• Increased lake water temperatures 1985–2009 and prolonged ice-free seasons ( medium confi dence, major contribution from climate change)
• Disappearance of thermokarst lakes due to permafrost degradation in the low Arctic. New lakes created in areas of formerly frozen peat ( high confi dence, major 

contribution from climate change)
[28.2, Tables 18-5 and 18-6; WGI AR5 4.2-4, 4.6, 10.5]

Terrestrial 
Ecosystems

• Increased shrub cover in tundra in North America and Eurasia ( high confi dence, major contribution from climate change)
• Advance of Arctic tree-line in latitude and altitude ( medium confi dence, major contribution from climate change)
• Changed breeding area and population size of subarctic birds, due to snowbed reduction and/or tundra shrub encroachment ( medium confi dence, major contribution 

from climate change) 
• Loss of snow-bed ecosystems and tussock tundra ( high confi dence, major contribution from climate change)
• Impacts on tundra animals from increased ice layers in snow pack, following rain-on-snow events ( medium confi dence, major contribution from climate change)
• Increased plant species ranges in the West Antarctic Peninsula and nearby islands over the past 50 years ( high confi dence, major contribution from climate change)
• Increased phytoplankton productivity in Signy Island lake waters ( high confi dence, major contribution from climate change)
[28.2, Table 18-7]

Coastal Erosion 
& Marine 
Ecosystems

• Increased coastal erosion across Arctic ( medium confi dence, major contribution from climate change) 
• Negative effects on non-migratory Arctic species ( high confi dence, major contribution from climate change)
• Decreased reproductive success in Arctic seabirds ( medium confi dence, major contribution from climate change)
• Decline in Southern Ocean seals and seabirds ( medium confi dence, major contribution from climate change)
• Reduced thickness of foraminiferal shells in southern oceans, due to ocean acidifi cation ( medium confi dence, major contribution from climate change)
• Reduced krill density in Scotia Sea ( medium confi dence, major contribution from climate change)
[6.3, 18.3, 28.2-3, Table 18-8]

Food Production 
& Livelihoods

• Impact on livelihoods of Arctic indigenous peoples, beyond effects of economic and sociopolitical changes ( medium confi dence, major contribution from climate 
change)

• Increased shipping traffi c across the Bering Strait ( medium confi dence, major contribution from climate change)
[18.4, 28.2, Tables 18-4 and 18-9, Figure 28-4]

Small Islands

Snow & Ice, 
Rivers & Lakes, 
Floods & Drought

• Increased water scarcity in Jamaica, beyond increase due to water use ( very low confi dence, minor contribution from climate change)
[Table 18-6]

Terrestrial 
Ecosystems

• Tropical bird population changes in Mauritius ( medium confi dence, major contribution from climate change) 
• Decline of an endemic plant in Hawai’i ( medium confi dence, major contribution from climate change) 
• Upward trend in tree-lines and associated fauna on high-elevation islands ( low confi dence, minor contribution from climate change)
[29.3, Table 18-7]

Coastal Erosion 
& Marine 
Ecosystems

• Increased coral bleaching near many tropical small islands, beyond effects of degradation due to fi shing and pollution ( high confi dence, major contribution from 
climate change)

• Degradation of mangroves, wetlands, and seagrass around small islands, beyond degradation due to other disturbances ( very low confi dence, minor contribution from 
climate change)

• Increased fl ooding and erosion, beyond erosion due to human activities, natural erosion, and accretion ( low confi dence, minor contribution from climate change)
• Degradation of groundwater and freshwater ecosystems due to saline intrusion, beyond degradation due to pollution and groundwater pumping ( low confi dence, 

minor contribution from climate change)
[29.3, Table 18-8]

Food Production 
& Livelihoods

• Increased degradation of coastal fi sheries due to direct effects and effects of increased coral reef bleaching, beyond degradation due to overfi shing and pollution ( low 
confi dence, minor contribution from climate change)

[18.3-4, 29.3, 30.6, Table 18-9, Box CC-CR]

Table SPM.A1 (continued)
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Abstract
Anthropogenic climate change has created myriad stressors that threaten to cause local extinctions
if wild populations fail to adapt to novel conditions. We studied individual and population-level
fitness costs of a climate change-induced stressor: camouflage mismatch in seasonally colour molt-
ing species confronting decreasing snow cover duration. Based on field measurements of radiocol-
lared snowshoe hares, we found strong selection on coat colour molt phenology, such that
animals mismatched with the colour of their background experienced weekly survival decreases up
to 7%. In the absence of adaptive response, we show that these mortality costs would result in
strong population-level declines by the end of the century. However, natural selection acting on
wide individual variation in molt phenology might enable evolutionary adaptation to camouflage
mismatch. We conclude that evolutionary rescue will be critical for hares and other colour molt-
ing species to keep up with climate change.

Keywords
Camouflage, climate change, evolutionary adaptation, evolutionary rescue, fitness, molt phenol-
ogy, natural selection, phenological mismatch, snow cover, snowshoe hare.

Ecology Letters (2016) 19: 299–307

INTRODUCTION

Organisms have always been subjected to biotic and abiotic
changes in their environment that forced them to either move
or adapt in situ to avoid extinction. These background ‘natu-
ral’ stressors are now being exacerbated by myriad new
human-induced challenges occurring on a global scale and at
rapid rates, often synergistically with each other. Because
migrations to avoid those stressors are not always a viable
option in contemporary landscapes, organisms increasingly
rely on adaptation to ameliorate their effects. In the face of
global environmental change, two urgent questions in ecology
arise; first, what are the individual and population fitness con-
sequences of anthropogenic stressors on wild populations, and
second, what is the potential for local adaptation to the stres-
sors through phenotypic plasticity and evolution?
Anthropogenic climate change poses a serious threat to per-

sistence of wild species and is projected to occur at unprece-
dented rates in the 21st century (IPCC 2013). The most
commonly discussed consequences of climate change involve
phenological mismatches between locally adapted traits and
novel environmental conditions (Root et al. 2003). Although
phenological mismatches under climate change have been
widely described (Parmesan 2007; Miller-Rushing et al. 2010;
Thackeray et al. 2010), only a few studies have quantified
actual demographic consequences of climate change: some
populations successfully responded via phenotypic plasticity
or evolution (Reale et al. 2003; Charmantier et al. 2008),
while others experienced declines in vital rates due to inability
to sufficiently track change (Both et al. 2006; Visser et al.
2006; Lane et al. 2012; Tafani et al. 2013). Further, progress
in attributing phenological mismatches directly to climate
change has been hampered by the fact that climate variables

change in complex ways across space and time, and often
interact with other stressors that can confound the signal from
climate change.
We focus on a direct climate change-induced phenological

mismatch that arises from shortened duration of seasonal
snow cover across temperate regions of the globe. With later
onset of snow in the fall and earlier loss of snow in the spring,
decreasing duration of snow cover is among the strongest and
most globally consistent consequences of anthropogenic green-
house gas emissions (Kapnick & Hall 2012; Diffenbaugh &
Field 2013). This has potential to cause a mismatch in sea-
sonal camouflage for at least 14 species undergoing colour
molts from white to brown to minimize colour contrast when
snow is seasonally present or absent (Mills et al. 2013).
Because white animals appear extremely conspicuous against
the snowless backgrounds, we predict that they face higher
predation risk with fitness costs that could, in the absence of
sufficient adaptive tracking, endanger population persistence.
Snowshoe hares (Lepus americanus) are an ideal organism

to investigate consequences of camouflage mismatch because
seasonal camouflage represents a critical adaptation for this
strongly interacting prey species. We expect background
matching to be under strong selection for hares, as 85–100%
of mortality is predation related (Hodges 2000). To date, we
have found limited plasticity in coat colour molt phenology of
hares across multiple years, with some shifts in the spring
molt phenology in relation to temperature or snow, but a
fixed onset and rate of the fall molt (Mills et al. 2013; Zimova
et al. 2014; Kumar 2015). Additionally, hares did not adjust
their anti-predatory behaviours to reduce either the extent of
camouflage mismatch (e.g. microsite selection) or vulnerability
when mismatched (e.g. concealment via hiding, flight
response) (Zimova et al. 2014). Based on locally downscaled
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snow duration projections, the shortened duration of snow
and the limited phenotypic plasticity exhibited by hares would
be expected to yield 4–8 fold increase in the number of days
of camouflage mismatch by the end of the century (from 9 to
39–68 days; Mills et al. 2013). The next key questions are
whether this mismatch results in negative mortality conse-
quences that could lead to population declines and local extir-
pation, and whether adaptive rescue may be possible.
Here, we quantify natural selection directly driven by

anthropomorphic climate change in a wild population. We
demonstrate high among-individual phenotypic variation in
an ecologically important trait under selection and extend the
survival costs to future population dynamics. Based on weekly
observations of 186 radio collared snowshoe hares over
three years at two sites, we first calculated survival costs of
camouflage mismatch and found strong natural selection act-
ing on seasonal molt phenology which was highly variable
across individuals. Second, incorporating predicted future mis-
match frequency due to decreased snow duration, we pro-
jected annual survival into the 21st century under two climate
change scenarios. Lastly, we translated observed mortality
costs of camouflage mismatch into population growth rate
and demonstrated that selection against mismatch is capable
of causing considerable population declines. We conclude that
evolutionary rescue represents a critically important process
to avert population declines due to future camouflage mis-
match.

MATERIAL AND METHODS

Study area

We conducted our research in two areas in Western Montana,
separated by about 330 km: Seeley Lake in the Lolo National
Forest (Morrel Creek drainage, Lat. = 47.23°, Long. =
�113.43°) and Gardiner in the Gallatin National Forest
(Bear Creek drainage, Lat. = 45.08°, Long. = �110.57°). The
Gardiner study site is about twice as high in elevation (2400–
2700 m a.s.l.) as the Seeley Lake site (1300–1450 m a.s.l.),
with associated cooler temperatures and longer duration of
snow cover; continuous snowpack typically persists from late
October until May at the Gardiner site (Zimmer et al. 2008)
vs. December to April at the Seeley Lake site (Mills et al.
2013). The Seeley Lake site is 240 km south of the Gardiner
site. Both areas consist of boreal coniferous forests with little
to no permanent human habitation and moderate logging as
the primary land use. Common predators for hares at both
sites include the Canada lynx (Lynx canadensis), bobcat (L.
rufus), coyote (Canis latrans), red fox (Vulpes vulpes), long-
tailed weasel (Mustela frenata), American marten (Martes
americana), great horned owl (Bubo virginianus), northern
goshawk (Accipiter gentilis), and red-tailed hawk (Buteo
jamaicensis).

Survival monitoring

We captured hares continuously throughout the year in live
traps (Tomahawk Live Trap Company, Tomahawk, WI).
Hares weighing > 900 g were fitted with VHF radiocollars

(Wildlife Materials, Murphysboro, IL) equipped with mortal-
ity sensors. The radiocollars weighed < 40 g, below the well-
accepted radiocollar threshold of 5% of body weight (Wilson
et al. 1996). All handling procedures were approved by the
University of Montana Animal Care and Use Committee
(Protocol No. 021-10SMWB-051110).
We monitored weekly survival status using radiotelemetry

of a total of 186 radiocollared hares, including 136 in the See-
ley Lake study site from 4 July 2009 to 16 June 2012 and 50
in the Gardiner study site from 8 August 2010 to 16 June
2012. When a mortality signal was detected, the individual
was located to determine the cause of death. We confirmed
124 predator-related deaths (= 67% of all monitored hares).
Next, 24 individuals were right censored as mortality was
obviously not caused by predation (i.e. mortalities within
10 days of capture or when a hare body was found intact)
and 17 individuals were right censored due to radiocollar fail-
ure or permanent emigration out of the study area. The
remaining 21 individuals were alive at the time the study ter-
minated. Weekly sample size of monitored individuals varied
throughout the year with a median of 37 hares (SD = 15).

Molt and snow cover phenology monitoring

We attempted to visually locate all hares once a week using
radiotelemetry to quantify coat colour molt phenology and
snow cover around each hare following the methods
described in (Mills et al. 2013; Zimova et al. 2014). The per-
centage of white coat colour (hare whiteness) was visually
estimated in 20% increments with a standardized protocol of
observations and photographs to control for light conditions
and distance. Animals that just initiated or nearly completed
the molt were classified as 5 or 95% white. All final percent-
ages were visually estimated by a single observer, using pri-
marily the photographs, and secondarily the field visual
estimates when the quality of the photograph was insufficient
and did not show the whole hare’s body, or the photograph
was absent.
Similarly, using standardized protocols of observations and

photographs, we estimated the percentage of ground snow
cover within a 10-m radius circle centered at each hare’s rest-
ing spot in 20% increments. Weekly mean snow cover for
each site was averaged across all the snow cover observations
collected at each site during that week.

Statistical analysis

Colour contrast modelling
Because we could not quantify coat colour of each hare every
week, we used a nonlinear model for missing observations of
coat colour. The model took the form as follows:

Wi;j ¼ 100

ð1þ exp �a0;i þ a1;i � JDj

� �þ e;

where the value of whiteness (Wi,j) for individual i in week j
was a function of the maximum observable whiteness (100),
and the effect of standardized Julian day (JDj). The stan-
dardized Julian day was calculated by first subtracting the
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day on which population mean whiteness was nearest 50%
and then divided by the standard deviation of (JD1:j). The ai
parameters were considered individual level random effects
that controlled the shape of the curve. Individual level prior
distributions of the ai parameters were specified as N(A, ra)
and the population level parameter A was specified as N(0,
0.001), whereas dispersion parameter ra received U(0, 50)
prior. Finally, we assumed normal residual error e about the
mean with prior N(0, r). The prior distribution for r
assumed the same U(0, 50) form as previous dispersion
parameters.
Colour contrast was calculated as the absolute difference

between the individual’s estimated weekly coat colour
and weekly mean snow cover at its respective study site.
We referred to hares as being mismatched when contrast was
≥ |60|% (see Mills et al. 2013, for consideration of other
thresholds), as at this threshold hares appear highly conspicu-
ous against their surroundings. To allow for mismatch to
affect survival for either a white hare against a brown back-
ground or vice versa, colour contrast was defined on an abso-
lute scale.

Survival cost of camouflage mismatch
We used hierarchical known fate survival models to test
whether survival was equal at the two sites and to calculate
the fitness cost of camouflage mismatch on individual sur-
vival. The hierarchical known fate survival models had a lin-
ear predictor of the form:

logitð/i;jÞ ¼ b0 þ b1 � xi;j þ ci;

where /i,j is the expected weekly survival estimate for individ-
ual i at time j given the mean overall survival b0, the level of
the covariate xi,j and the effect of that covariate on survival
b1, and ci is an individual level random effect.
We first tested whether the mean survival of the two study

populations (Seeley Lake and Gardiner) was equal by includ-
ing the study site as the sole categorical covariate in the
model. Because we found negligible differences in survival
between the two populations (see Results), we pooled all 186
individuals for the rest of the analysis. Next, to calculate the
effects of colour contrast on individual survival, we combined
the model estimating weekly varying individual colour con-
trast with the survival model. Combining the models had the
advantage of propagating uncertainty in colour contrast, such
that xi,j itself was a distribution estimated by the colour con-
trast model described above.
The models were fitted within a Bayesian framework which

eased implementation of random effects and the simultaneous
modelling of missing covariate values and derived parameters
(e.g. annual survival). We included an individual level random
effect to account for the repeated measures design and a lack
of independence among individuals (Lebreton et al. 1992),
and to minimize bias arising from individual heterogeneity
(Cam et al. 2002). Modelling at the individual level allowed
us to account for a staggered entry (i.e. animals entering the
study at different times) and right censoring (i.e. animals leav-
ing the study prior to its completion) of individuals. Error
was assumed to be distributed according to a Bernoulli distri-
bution.

We obtained posterior distributions along with their 95%
credible intervals (CRI), using Markov Chain Monte Carlo
(MCMC) methods (Gilks et al. 1996). Uniform priors U(�10,
10) were placed on both b parameters, while the standard devi-
ation of individual random effects received a U(0, 50) prior.
Convergence was assessed, using the Gelman and Rubin poten-
tial scale reduction statistic Ȓ (Gelman & Rubin 1992) and
visual inspection of the plotted chains and posteriors. The Ȓ
values were ≤ 1.1 for all parameters after running three parallel
chains of length 200 000 and discarding the first 50 000 as
burn-in. We thinned such that every 10th observation was
retained for parameter estimation. Colour contrast data were
scaled by dividing by 100 such that they took values from 0 to
1 except for the single estimate of the selection coefficient as
specified below. The effect size of the colour contrast in Fig. 3
was extrapolated across the entire plausible range of colour
contrast. All analyses were conducted in JAGS software (Plum-
mer 2003), run from R 2.15.2 (R Development Core Team,
2012) via the R2jags package (Su & Yajima 2012).

Selection coefficient
We quantified a standardized linear selection coefficient of
colour contrast on survival by rerunning the survival model
with temporally standardized weekly colour contrast data. We
standardized by subtracting the mean colour contrast of all
individuals observed each week from each individual’s colour
contrast in the same week and then divided by the standard
deviation of the population’s colour contrast. Given the
extreme amount of variability in the colour contrast within a
year, we chose to standardize data on a weekly scale to best
approximate the temporal scale of selection on this trait and
thus considered the trait an individual level time-varying trait.
The estimated slope quantified the deviation from the mean
weekly survival that is due to the individual’s colour contrast
relative to the population’s mean level of contrast – a stan-
dardized selection coefficient (Kingsolver & Smith 1995;
Gimenez et al. 2008). We assumed that the form of selection
against colour contrast would be directional; survival proba-
bility decreases linearly as hares become more contrasted
against their background.

Annual survival rate projections
We projected annual survival rates into the 21st century under
specific climate change scenarios. First, weekly survival esti-
mates /j were calculated for colour contrast of 0 and 60%
(the lowest degree of contrast when hares are considered mis-
matched) in the following way:

logitð/jÞ ¼ b0 þ b1 � weekly colour contrastj;

where /j is the expected weekly survival estimate at week j
given the mean overall survival b0, the degree of colour con-
trast during that week (0 or 60%) and the effect of colour
contrast on survival b1 as calculated by the survival model
with weekly colour contrast. Next, annual survival estimates
/Annual were calculated by multiplying weekly survival esti-
mates for the predicted number of weeks out of the year
(52 weeks total) hares are expected to experience colour
contrast of either 0 or 60% under specific climate change
scenarios:
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/Annual ¼ /
0%contrast

ðcÞ � /
60%contrast

ð52-cÞ:

The number of weeks of the year with 0% colour contrast
(c) and 60% colour contrast was derived from the estimates
of additional number of weeks of that colour contrast in the
future (Table 1). We previously modelled future snow cover
at our sites using a locally calibrated temperature index snow-
fall-snowmelt model to estimate future daily snow water
equivalent (SWE) at our sites (for complete description of the
snow downscaling methods see Mills et al. 2013). The addi-
tional number of weeks was then calculated for two future
time periods: mid-century (2030–2059) and late century (2070–
2099). We considered two different climate change scenarios
that were originally described by the Intergovernmental
Panel on Climate Change (IPCC) Fifth Assessment Report
(AR5). The scenarios include both the representative concen-
tration pathway (RCP) 4.5 (medium-low emissions) scenario
and the RCP8.5 (high emissions) scenario (Mills et al. 2013;
Table 1).

Population growth rate projections
Survival cost due to camouflage mismatch is a direct index of
fitness, but absolute fitness and consequences on population
dynamics can be estimated by k, representing both the annual
geometric growth rate of the population and average individ-
ual fitness (Tuljapurkar et al. 2009). We used the measured
survival costs of camouflage mismatch in a Lefkovitch matrix
population model to ask how population growth would be
affected in the future for a snowshoe hare population whose
complete demographic rates were intensively monitored 1999–
2002 within 20 km of our Seeley Lake population (Griffin &
Mills 2009). The asymptotic geometric population growth rate
(k) was 1.15 for this baseline population. To calculate k for
the future time periods, we projected the population matrix
retaining these baseline vital rates, but modifying juvenile and
adult spring and fall survival rates according to the cost of
mismatch under decreased snow duration.
Specifically, we used the proportionate reduction in weekly

survival due to camouflage mismatch measured in this study
[(weekly survival when colour contrast is 60%)/(weekly sur-

vival when colour contrast is 0%)] as a decrement in weekly
survival for each additional week in the future where absence
of snow leads to colour contrast of ≥ 60%. As in the previous
section, the number of additional weeks at the mid-century
and late century leading to colour contrast ≥ 60% was based
on locally downscaled snow duration projections for spring
and fall under the two emissions scenarios (Table 1; Mills
et al. 2013).
We did not adjust reproductive rates (e.g. pre-weaning sur-

vival, litter size, number of litters), because weaning occurs
before the fall molt and no obvious mechanism would connect
camouflage mismatch to changes in reproductive rates. Fur-
ther, reproductive rates are unlikely to confound the strong
influence of post-weaning survival on population growth rate,
because formal sensitivity analyses (Haydon et al. 1999) and
other modelling of snowshoe hare population dynamics (Grif-
fin & Mills 2009) show an overwhelming influence of post-
weaning survival.

RESULTS

Individual variation in molt phenology and colour contrast

We found considerable phenotypic variation in seasonal col-
our molt phenology among individuals within populations
(Fig. 1), translating to individual variation in colour contrast
(Fig. 2). Different individuals within a population had > 50%
differences in percent white of coat colour for an average of
7 weeks each year. Camouflage mismatch (colour contrast
≥ 60%) occurred infrequently for any particular individual,
with each hare experiencing mismatch for < 1 week per year
on average (Fig. 2).

Survival cost of camouflage mismatch and selection coefficient

The cost of being mismatched was high. According to the sur-
vival model including weekly colour contrast, the effect size of
colour contrast on weekly survival was strongly negative
[(bContrast = �0.95, 95% CRI = (�1.82, �0.035)] on the logit
scale (Fig. 3), such that a completely mismatched hare (100%
contrast) had a 7% lower weekly survival than a hare at the
same time and place that matched its background (0%
contrast). When we rerun this model, using temporally stan-
dardized weekly colour contrast, it yielded a significantly neg-
ative standardized selection coefficient of �0.04, 95%
CRI = (�0.061, �0.017). Finally, the univariate survival
model with site as a covariate showed that the mean survival
of the two study populations was equal [bSite = 0.004, 95%
CRI = (�0.54, 0.52)]. Plots of Markov chains revealed well
mixed chains that appeared ‘grassy’ and free of trends. Den-
sity plots of all parameters were smooth and unimodal. In
aggregate, the Gelman–Rubin statistics and graphical checks
indicated convergence.

Annual survival rate projections

Projecting current costs of colour contrast of 60% into a
future where climate change decreased snow duration and
therefore increased the number of weeks with camouflage mis-

Table 1 Projected additional number of weeks of 60% colour contrast

and projected annual survival. The current annual survival probability for

our snowshoe hare population was 0.093. For each time period and future

emissions scenario combination we show the additional number of weeks

of contrast for the spring and fall seasons and total for the whole year

(derived from locally downscaled prospective snow models; see Mills et al.

2013). The two future time periods are mid-century (2030–2059) and late

century (2070–2099). The two climate change emissions scenarios are

RCP4.5 (medium-low emissions) and RCP8.5 (high emissions)

Mid-century

RCP4.5

Late century

RCP4.5

Mid-century

RCP8.5

Late century

RCP8.5

Additional no. weeks of 60% colour contrast

Fall 0.9 1.4 1.3 2.6

Spring 1.9 2.9 2.4 5.9

Total 2.7 4.3 3.7 8.4

Annual

survival

probability

0.085 0.080 0.082 0.070
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(a)

(b)

Figure 1 Individual coat colour molt phenology of radiocollared snowshoe hares. Continuous coloured lines represent modelled molt phenology of different

individuals monitored from (a) August 2010 to July 2012 at Gardiner, MT (n = 50 individuals) and from (b) August 2009 to June 2012 at Seeley Lake, MT

(n = 136 individuals).

(a)

(b)

Figure 2 Individual colour contrast of radiocollared snowshoe hares. Continuous coloured lines represent modelled colour contrast phenology of different

individuals monitored (a) from August 2010 to July 2012 at Gardiner, MT (n = 50 individuals) and (b) from August 2009 to June 2012 at Seeley Lake, MT

(n = 136 individuals). Contrast ≥ 60% signifies camouflage mismatch.
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match, led to steeply decreasing annual survival. For colour
contrast of 60%, annual survival declined from 0.093 to 0.082
by mid-century and to 0.070 by the late century under the
high emissions scenario (RCP8.5, Table 1). Similar conse-
quences were predicted using the medium-low emissions sce-
nario (RCP4.5, Table 1).

Population growth rate projections

The high measured costs of camouflage mismatch on sur-
vival translated into steep population declines when projected
against the expected higher duration of mismatch in the
future under climate change. The measured population
growth rate (k = 1.15) for an adjacent baseline hare popula-
tion declined to nearly stationary (k = 1.02) by the mid-cen-
tury and to strongly decreasing (k = 0.88) by the late
century under the high emissions scenario (RCP8.5, Table 2).
The population consequences of 60% colour contrast were
milder for the medium-low emissions scenario (RCP4.5)
with k decreasing substantially but not dropping below
replacement at mid- (k = 1.05) and late century (k = 1.00)
(Table 2).

DISCUSSION

Here, we describe individual and population-level conse-
quences of decreased snow cover duration on snowshoe hares
as their seasonal molt phenology becomes maladaptive under
the rapidly changing climate. This is among the first field-
based studies that both demonstrates direct anthropogenic cli-
mate change induced selection on a highly variable trait in a
wild population, and projects the potential demographic con-
sequences of such selection under various climate change sce-
narios. Based on our results we conclude that, in the absence
of evolutionary rescue, the high fitness costs of camouflage
mismatch have the potential to drive population growth
towards steep declines by the end of the century.

As we predicted, increased colour contrast leading to mis-
match in camouflage had large negative consequences on indi-
vidual fitness. During weeks when hares were mismatched
against their background, weekly survival probability
decreased from 0.96 for hares matching their background col-
our to 0.92 when colour contrast was 60% and to 0.89 when
contrast was 100% (Fig. 3). Thus, as hares became colour
mismatched (60–100%) their probability of survival during
that particular week was 4–7% lower than that of hares in the
same population that match their backgrounds. This is direct
evidence of ongoing natural selection against molt phenology
mistimed with snow cover duration, with a standardized selec-
tion coefficient of �0.04 (�0.061, �0.017).
The important, yet rarely answered question is what would

be the demographic consequences of strong selection caused
by a particular stressor, given the anticipated frequency of the
stressor in the future? We previously predicted that camou-
flage mismatch in our study region will increase by up to four
additional weeks by mid-21st century and up to eight addi-
tional weeks by the end of this century under the high emis-
sions scenario (RCP8.5, Table 1; Mills et al. 2013). Here, we
estimate that under this scenario, annual survival would, in
the absence of evolutionary shifts, decrease by 11% by
mid-century and 23% by the late century (Table 1). Similar
trends would be expected under the medium-low emissions
scenario (RCP4.5; Table 1).
The substantial cost of camouflage mismatch on survival

would be sufficient to decrease population growth rate (k) in
the future. Effects were especially strong under the high emis-
sions scenario (RCP8.5) in which the projected population

(a) (b)

Figure 3 Effect of individual colour contrast on weekly snowshoe hare

survival. Dashed lines indicate 95% credible intervals, while the solid line

depicts mean survival at a given level of colour contrast between an

individual hare and its background. Photographs depict radiocollared

hares from our study showing (a) 0% and (b) 100% contrast.

Table 2 Field-estimated (= baseline) and projected vital rates used to cal-

culate population growth rate (k) for the baseline population and for

each future time period and emissions scenario combination. The vital

rates for the baseline population were estimated during 1999–2002 from

radiocollared hares in dense mature forest (Griffin & Mills 2009). The

other columns modify weekly survival of adults (SAd) and juveniles (SJuv)

in spring and fall based on the cost of 60% colour contrast for the respec-

tive number of weeks of that given colour contrast under the medium-low

(RCP4.5) and high (RCP8.5) emissions scenarios. The resulting k values

are included in the last row. F stands for fertility, f1, f2, f3 are fecundity

rates in each of three birth pulses and (SLev) is survival of leverets to

weaning

Baseline

Mid-century

RCP4.5

Late

century

RCP4.5

Mid-century

RCP8.5

Late

century

RCP8.5

SAd Spring 0.97 0.97 0.96 0.97 0.96

SAd Summer 0.99 0.99 0.99 0.99 0.99

SAd Fall 0.97 0.97 0.97 0.97 0.97

SAd Winter 0.99 0.99 0.99 0.99 0.99

SJuv Spring 0.97 0.96 0.96 0.96 0.95

SJuv Summer 0.99 0.99 0.99 0.99 0.99

SJuv Fall 0.97 0.97 0.97 0.97 0.96

SJuv Winter 0.99 0.99 0.99 0.99 0.99

SLev 0.56 0.56 0.56 0.56 0.56

f1 1.40 1.40 1.40 1.40 1.40

f2 1.87 1.87 1.87 1.87 1.87

f3 0.89 0.89 0.89 0.89 0.89

F 0.81 0.74 0.70 0.57 0.62

k 1.15 1.05 1.00 1.02 0.88
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growth rate for a baseline hare population with field-measured
vital rates went from increasing (k = 1.15) to nearly stationary
(k = 1.02) by the mid-century to strongly decreasing
(k = 0.88) by the late century (Table 2). Overall, the strong
influence of camouflage mismatch on snowshoe hare survival
rate would cause k to proportionately decrease by 11% by the
mid-century and by 24% by the late century under the high
emissions scenario. Although the demographic cost of mis-
match is only relevant for a few weeks per year, the severe fit-
ness consequences and expected higher frequency in the future
would cause growing populations to decline rapidly in the
absence of evolutionary change in the molt phenology or phe-
notypic plasticity.
Importantly, our estimates of future fitness consequences

(annual survival and absolute fitness or population growth
rate) are conservative, because survival rate was only penal-
ized by a cost of 60% colour contrast (the lowest contrast at
which we consider hares to appear mismatched). Survival
costs increased steeply with colour contrast severity (Fig. 3);
therefore, for the weeks where hares reached colour contrast
≥ 60%, survival would be even lower than we modeled, caus-
ing even greater decreases than projected. Additionally, our
estimates of fitness costs ignored survival costs observed when
colour contrast was < 60% (Fig. 3).
A population declining strongly under environmental

change can, however, undergo an evolutionary rescue (Gonza-
lez et al. 2012; Carlson et al. 2014), when evolution occurs
sufficiently fast and allows population recovery before extinc-
tion ensues. Evolutionary rescue requires ample additive
genetic variation in the trait under selection (Lynch & Lande
1993; B€urger & Lynch 1995). The substantial variation in
molt phenology (and colour contrast) across individuals
(Figs 1 and 2) implies a rich template for selection to adap-
tively track directional changes in snow conditions. Anecdo-
tally, on some days during spring and fall over the years of
our studies, we have observed hares exhibiting the full range
of coat colours, from just initiating the molt to almost com-
pletely molted. How much of the observed variation in molt
phenology reflects heritable genetic variation is currently
unknown, but limited captive studies imply a strong genetic
component for Lepus species (Severaid 1945; Bergengren
1969).
Further, the fate of a population in a changing environment

and the likelihood of evolutionary rescue can be affected by
phenotypic plasticity. Phenotypic plasticity can produce rapid
adaptive response (Hendry et al. 2008) or may itself evolve in
response to selection (Chevin & Lande 2010). For snowshoe
hare colour molt phenology, field studies did not detect plas-
ticity in the fall, but some adaptive plasticity was shown in
spring molt onset and rate of change in response to snow
cover and or temperature (Mills et al. 2013; Zimova et al.
2014; Kumar 2015). While the quantified standing plasticity
seems unlikely to prevent increase in camouflage mismatch or
its consequences in the future, it may evolve itself in response
to selection against camouflage mismatch and accelerate adap-
tation.
Additional support for the potential of adaptive evolution

to ‘rescue’ colour molting species from camouflage mismatch
comes from the broad consensus for an adaptive basis of coat

colour. Camouflage in mammals is the most important evolu-
tionary force explaining coloration (Stoner et al. 2003; Caro
2005; Stevens & Merilaita 2009) and rapid evolutionary
change in cryptic coloration has been observed in the wild
(Majerus 1998; Forsman et al. 2011). Seasonal camouflage in
regions with winter snowpack has evolved independently
across multiple taxa (including weasels, arctic foxes, ptarmi-
gans, lemmings), and within colour molting species the timing
of the molt across populations reflects local adaptation to
snow duration (Zimova et al. 2014). Further, in some mar-
itime populations with especially brief or erratic snow cover,
the white molt has been lost and animals remain brown in
winter (Dalquest 1942; Angerbj€orn & Flux 1995). However,
whether genetic shifts in molt phenology or in phenotypic
plasticity may occur quickly enough to track rapidly decreas-
ing snow cover duration under climate change remains
unknown.
Because many of the species that undergo seasonal coat col-

our change are cyclic (including snowshoe hares), it is possible
that this phenologic mismatch under selection may affect cyc-
lic dynamics. Snow patterns have been proposed to potentially
play a role in dampening cycles (Cornulier et al. 2013); colour
contrast may be a useful covariate to include in analyses of
cycles as a potential mechanism linking decreased snow cover
duration to abundance and population growth.
The actual response of any species to global change will be

influenced by simultaneous shifts in population dynamics of
other species in other trophic levels (Zarnetske et al. 2012).
Although those community-level effects have rarely been mea-
sured in any wild system, including ours, we show unequivo-
cal consequences of a single powerful stressor operating in a
wild population. Here, we demonstrate individual fitness costs
of strong natural selection operating on a phenotypically vari-
able trait. We show that if the intensive selection continues
unchanged into the future and populations fail to respond
through evolutionary change, the demographic consequences
may be dire. To avert the negative population-level conse-
quences of camouflage mismatch, the required conditions for
evolutionary rescue to occur must be promoted by the mainte-
nance of large population sizes with adequate gene flow and
reduction in anthropogenic stressors including climate change
(Bell & Collins 2008; Hoffmann & Sgr�o 2011; Vander Wal
et al. 2013).
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ABSTRACT 
 
 As wild species face anthropogenic stressors, they will either adapt, shift their 
geographic range, or decline, perhaps towards extinction.  The relative scope of these 
responses has not been well studied, especially for climate change where geographic range 
shifts and population declines have been widely discussed but the potential for adaptation 
mostly ignored.  Adaptation to anthropogenic stressors can occur through phenotypic 
plasticity and/or evolution.  My thesis first establishes, based on field studies of wild 
snowshoe hares, a novel and high-profile stressor directly linked to climate change.  The 
stressor arises from a decrease in snow duration due to climate change, which causes 
seasonal coat color molt of individual hares to become mismatched with their background.  
The immediate adaptive solution to this form of camouflage mismatch is phenotypic 
plasticity, either in phenology of seasonal color molts or in behaviors that reduce mismatch 
or its consequences.  Based on nearly 200 snowshoe hares across a wide range of snow 
conditions and two study sites in Montana, USA that differed in elevation and climate, I 
found minimal plasticity in response to mismatch between coat color and background.  I 
found that molt phenology varied between study sites, likely due to differences in 
photoperiod and climate, but was largely fixed within study sites where seasonal changes in 
phenology were limited across years of very different snow duration.  Hares exhibited some 
plasticity in the rate of the spring molt in response to immediate snow conditions but 
temperature or snow cover were not strong modifiers of the white-to-brown molt 
phenology.  I also found no evidence that individual hares modify their behavior in response 
to color mismatch.  Hiding and fleeing behaviors and immediate microsite preference of 
hares were more affected by variables related to season, site, and concealment, than by color 
mismatch.  Although hares do not appear to be responding to camouflage mismatch with 
behavioral plasticity, adaptation could also occur through evolutionary changes facilitated by 
natural selection.  We found that the raw material for natural selection to act on does exist in 
our populations in the form of individual variation in coat color phenology and consequently 
in color mismatch.  We also found high fitness costs of coat color mismatch, with hares 
suffering 3 to 7% lower weekly survival rates when mismatched against their background.  
Coupling these fitness costs to local estimates of increased seasonal color mismatch as snow 
duration decreases in the future, we predict that annual hare survival will decline up to 12% 
by mid- and 24% by late century.  Such changes in survival are sufficient to cause increasing 
hare populations to decline strongly towards extinction, with annual population geometric 
growth rate decreasing by 11% (24%) by mid (late) century.  We conclude that plasticity in 
molt phenology and behaviors in snowshoe hares is insufficient for adaptation to 
camouflage mismatch, and that potential adaptive responses to future climate change will 
have to be facilitated by natural selection.  These results form the basis for future work to 
evaluate whether evolution by natural selection can operate fast enough to prevent decline of 
this species.  
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CHAPTER 1: INTRODUCTION 

The warming of the climate system and its effects on organisms are unequivocal.  Global mean air 

temperatures have risen by about 0.74°C over the last 100 years and the warming is expected to 

accelerate in the future (Solomon et al. 2007).  In temperate regions the rises in air temperatures is 

reducing duration of snow cover, with later onset of snow in the fall and earlier loss of snow in the 

spring (Brown and Mote 2009, Pederson et al. 2011, Kapnick and Hall 2012).  The decreased 

duration of snowpack represents a new, potentially severe stressor for at least eleven animal species 

undergoing seasonal coat color molts.  

In ecosystems with seasonal snow cover, color molting from brown to white presumably 

provides background matching, a form of crypsis that minimizes color contrast between the animals 

and their surroundings.  Snowshoe hares (Lepus americanus), a key prey species of boreal forests, 

undergo seasonal coat color molts to avoid predator detection.  The mistiming between ground 

snow cover presence and photoperiod-induced color molts results in camouflage mismatch during 

spring and fall.  White animals on non-snowy background (or vice versa) are extremely conspicuous 

and would appear to be easier to detect by a visually hunting predator. 

Seasonally molting species, including snowshoe hares, may successfully respond to 

camouflage mismatch by individual phenotypic plasticity or evolution.  Phenotypic plasticity, the 

range of phenotypes expressed by a genotype in different environmental conditions, is the most 

immediate adaptive solution to the rapid pace of climate change (Gienapp et al. 2008).  In some 

cases, plasticity in circannual behavior and other traits has explained most of the observed change in 

phenology (Przybylo et al. 2000, Valtonen et al. 2011) and has been shown to maintain or increase 

fitness (Berteaux et al. 2004, Charmantier et al. 2008, Ozgul et al. 2010).  The obvious adaptive 

solution to decreased snow cover would be to adjust the phenology of the color molts to the 

changed snow conditions.   
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Another form of phenotypic plasticity in response to color mismatch or its potential costs 

would be individual adjustments in certain anti-predatory behaviors.  Ptarmigans (Lagopus lagopus and 

L. mutus), a widely distributed color molting species, modify their behaviors in response to color 

mismatch (Steen et al. 1992, Montgomerie et al. 2001).  Snowshoe hares rely strongly on their crypsis 

to avoid predation; they sit completely still with minimal attempts at hiding or concealment and do 

not flee until immediate danger arises.  Intuitively, this strategy is maladaptive when selection of a 

microsite results in mismatch between coat color and background.  One possible behavioral 

modification that could reduce camouflage mismatch is selection of microsites that match the hares’ 

coat color.  Alternatively, mismatched hares might achieve effective camouflage by selecting sites 

associated with cover provided by dense understory, trees, or rocks.  Finally, because hares rely on 

both crypsis and flight, mismatched hares may increase the distance at which they flee when 

approached by a predator, thus minimizing the potential consequences of camouflage mismatch.   

Separate from or in combination with phenotypic plasticity, color molting species may adapt 

to camouflage mismatch through natural selection.  Adaptive changes on the genetic level have 

successfully facilitated adaptation to recent climate change (Nussey et al. 2005, Bradshaw and 

Holzapfel 2008).  Evolution of a trait proceeds fastest when populations are under strong selection 

and when the trait is variable and heritable.  For hares, the selective cost of mismatch is unknown 

but expected to be strong, as previous research on mice demonstrated high fitness costs and strong 

selection against contrasting coloration (Dice 1947, Kaufman 1974, Linnen et al. 2009, Vignieri et al. 

2010).  Further, considerable variation in the seasonal coat color in hares at the individual and 

population level suggests the potential for natural selection.  Both the timing and rate of the molts 

varies between individuals (Grange 1932, Aldous 1937, Severaid 1945).  At the population level, 

snowshoe hares (and indeed other species with seasonal coat color change [Hall 1951, Hewson 1958, 

Hansen and Bear 1963]) show geographic variation in seasonal coat color, indicating local adaptation 
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to regions with less predictable winter snow.  Snowshoe hares on the Pacific coast (coastal 

Washington and Oregon, U.S. and southern British Columbia, Canada), maritime areas without 

continuous winter snow cover, retain brown coat color all year (Dalquest 1942, Nagorsen 1983).  

Finally, the heritable component of molt phenology is not well established, but limited captive 

studies indicate a strong genetic component of molt initiation (Severaid 1945).   

In my Master’s thesis I describe color mismatch between snowshoe hares’ coat color and 

their surroundings, and provide an evaluation of hares’ adaptive potential to this novel climate 

change induced stressor.  This thesis consists of an appendix and two main chapters.  The appendix, 

published in 2013, identifies color mismatch in hares as a new form of seasonal mistiming induced 

by climate change, provides an evaluation of phenotypic plasticity in the phenology of the color 

molts, and projects future frequencies of color mismatch under different climate change scenarios.  

The paper depends strongly on data collected during my M.S. research and is the first description of 

the seasonal coat color change phenomenon.  The reason this paper is not a main chapter of my 

thesis is that my advisor (L.S. Mills) is the primary author, because he began work on this topic 

before I became his student.  

In Chapter 2, I extend the exploration of phenotypic plasticity in coat color molt phenology 

to an independent replicate study site and conduct additional analysis of modifiers of molt 

phenology.  I then examine for the first time how snowshoe hares’ anti-predatory behaviors may be 

modified in response to color mismatch.  Collectively, this chapter evaluates the adaptive potential 

of snowshoe hares to minimize color mismatch and its consequences through phenotypic plasticity.   

Finally, to complete the evaluation of hares’ adaptive potential, in Chapter 3, I quantify the 

fitness costs of color mismatch.  I first describe the current levels of individual variation in coat 

color molt phenology and consequently in the degree of color contrast over time between 

individuals and their surroundings.  I then test a series of hypotheses to quantify the fitness costs of 



4 
 

color contrast using innovative approaches to model and accommodate for the weekly varying 

individual color contrast variable.  Lastly, I simulate future survival rates under downscaled snow 

cover reduction scenarios using the estimated fitness cost of color contrast and projected 

frequencies of color contrast resulting from future reductions in snow cover duration. 

Overall, this research enhances our knowledge on how an ecologically important species is 

affected by a novel stressor and enables us to predict how it will respond.  The focus is on adaptive 

potential of snowshoe hares to a newly identified phenological mismatch induced by climate change, 

but the methods and implications are much more general.  At least eleven other color molting 

species (including arctic fox [Vulpes lagopus] and several species of weasels [Mustelidae spp.]), 

collectively distributed across the temperate and arctic regions of the planet, are likely experiencing 

camouflage mismatch.  The research methods and results described here can be directly applied to, 

or motivate research on, any other color molting species.  At a broader level, this work addresses the 

question of how much a species can adapt in place to climate change and what mechanisms can 

facilitate its adaptive response.  Finally, due to the high visual appeal of this research, it lends itself to 

fostering awareness and enhancing public knowledge of potential impacts and responses of wildlife 

to climate change.   

The following thesis chapters are formatted for publication in peer-reviewed scientific 

journals.  As all of the work contained in this thesis reflects the efforts of many important 

collaborators (see Acknowledgements section above), I use the collective “we” throughout the 

thesis. 
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CHAPTER 2 

Title: Snowshoe hares display limited phenotypic plasticity to mismatch in seasonal camouflage.  

Authors:  Marketa Zimova1,*, L. Scott Mills1, †, Paul M. Lukacs1, Michael S. Mitchell2 

Affiliations:  

1Wildlife Biology Program, Department of Ecosystem and Conservation Sciences, University of 
Montana, Missoula, MT 59812, USA. 
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University, Raleigh, NC 27695, USA. 

2U.S. Geological Survey, Montana Cooperative Wildlife Research Unit, University of Montana, 
Missoula, MT 59812, USA. 
 
*Correspondence to:  marketzimova@gmail.com 

Summary: As duration of snow cover decreases due to climate change, species undergoing seasonal 

colour moults can become colour mismatched with their background.  The immediate adaptive 

solution to this mismatch is phenotypic plasticity, either in phenology of seasonal colour moults or 

in behaviours that reduce mismatch or its consequences.  We observed nearly 200 snowshoe hares 

across a wide range of snow conditions and two study sites in Montana, USA, and found minimal 

plasticity in response to mismatch between coat colour and background.  We found that moult 

phenology varied between study sites, likely due to differences in photoperiod and climate, but was 

largely fixed within study sites with only minimal plasticity to snow conditions during the spring 

white-to-brown moult.  We also found no evidence that hares modify their behaviour in response to 

colour mismatch.  Hiding and fleeing behaviours and resting spot preference of hares were more 

affected by variables related to season, site, and concealment by vegetation, than by colour 

mismatch.  We conclude that plasticity in moult phenology and behaviours in snowshoe hares is 

insufficient for adaptation to camouflage mismatch, suggesting that any future adaptation to climate 

change will require natural selection on moult phenology or behaviour.   
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INTRODUCTION 

Phenological shifts in plant and animal populations have been linked widely to climate 

change [1, 2].  Pressing questions of interest include how these phenological shifts link 

mechanistically to climate variables and whether the observed shifts are adaptive.  Although 

evolution by natural selection is a possible means of adaptation, the most immediate adaptive 

solution to the rapid pace of climate change is phenotypic plasticity [3], the range of phenotypes 

expressed by a genotype in different environmental conditions.  In some cases, plasticity in 

circannual behaviour and other traits has explained most of the observed change in phenology [4, 5] 

and has been shown to maintain or increase fitness [6].  For instance, plasticity in phenology of egg 

laying in a population of great tits (Parus major) in the United Kingdom was adaptive in minimizing 

phenological mismatch with food sources, thereby maintaining population growth [7]. 

Snowshoe hares (Lepus americanus), and at least nine other mammal species globally, undergo 

seasonal moults to a white or brown coat to match the presence or absence of snow.  Background 

matching is a crypsis strategy that reduces risk of detection by predators [8, 9].  In recent decades, 

persistence of snow cover in the Northern Hemisphere has decreased due to increased air 

temperatures and more precipitation falling as rain instead of snow [10-12].  In a recent study of the 

mistiming between presence of ground snow cover and seasonal colour moults in snowshoe hares, 

strong background mismatch was documented during spring and fall, and predicted to greatly 

increase in the future [13].  White animals on non-snowy backgrounds are extremely conspicuous 

and would appear to be easier to detect by a predator that hunts visually.  Both individual behaviours 
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and population dynamics of hares are overwhelmingly shaped by predation, which can comprise 85-

100% of mortality [14].   

Snowshoe hares might be able to minimize fitness costs of seasonal mismatch in camouflage 

through plasticity in the phenology of coat colour moults.  Timing of moult in fall and spring is 

presumably initiated by photoperiod, but temperature and possibly presence of snow may affect the 

rate of the change [15-17].  Mills et al. [13] showed average timing of the fall and spring moult in 

snowshoe hares in Montana to be fixed across years with disparate snow cover, with some plasticity 

in the rate of spring moult, once the white-to-brown transition had been initiated. 

Separate from or in combination with phenological shifts, hares might be able to modify 

their behaviour to minimize the mismatch of coat colour or its potential costs.  Snowshoe hares rely 

strongly on their crypsis to avoid predation, with minimal attempts at hiding in vegetation (here 

referred to as concealment).  In contrast to other lagomorphs in the region that stay brown during 

the winter (i.e., Mountain cottontails [Sylvilagus nuttallii] or pikas [Ochotona  princeps]), snowshoe hares 

do not build burrows for escape underground.  Rather, during the day, hares sit completely still at a 

resting spot and do not flee until immediate danger arises.  Intuitively, this strategy is maladaptive 

when selection of a resting spot results in mismatch between coat colour and background.  Steen et 

al. [18] observed that willow ptarmigans (Lagopus lagopus) moulting from white to brown plumage 

during snow melt fed in areas that matched their coloration, even though areas selected for optimal 

crypsis often offered less nutritious food.  Similarly, hares could be resting during the day at spots 

where background colour is similar to their coat colour, and thus reduces colour contrast.  Whether 

hares are able to recognize their coat colour and choose resting spots that match it is not known.  

Alternatively, mismatched hares might achieve effective camouflage by selecting resting spots 

associated with cover provided by dense understory, trees, or rocks, as suggested by [19].  Finally, 
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because hares rely on both crypsis and flight, mismatched hares may increase the distance at which 

they flee when approached by a predator [20].  Crypsis in prey species decreases the risk perceived 

by an animal and thus consequently can decrease flight initiation distance (FID) [21, 22].  For 

example, round-tailed horned lizards (Phrynosoma modestum), whose colouring resembles small stones, 

displayed shorter FIDs on rocky substrates than on uniform sand, likely as a response to higher 

crypsis among rocks [23].  Similarly, hares mismatched to their background might perceive higher 

predation risk and flee sooner (longer FID). 

Here we provide an evaluation of the adaptive potential of snowshoe hares to minimize 

negative effects of colour mismatch through phenotypic plasticity in moult phenology and 

behaviour.  Mills et al. [13] found little plasticity in seasonal coat colour change at a single study site 

(Seeley Lake, MT).  Here we extend that investigation to a second site which differed considerably in 

climate and photoperiod, and compare moult phenologies at both sites.  Next, we analyse at both 

sites variables influencing moult phenology, and explore reaction norms in moult phenology.  Lastly, 

we examine, whether anti-predatory behaviours are being modified in response to colour mismatch 

and consequently evaluate whether behavioural plasticity may ameliorate negative effects of colour 

mismatch.  

MATERIALS AND METHODS 

Study Area 

We conducted our research at two sites in western Montana, USA separated by 

approximately 330 km: the Seeley Lake study site (used in [13]) in the Lolo National Forest (Morrel 

Creek drainage) and the Gardiner study site in the Gallatin National Forest (Bear Creek drainage).  

The Gardiner study site is about twice as high in elevation (2400 to 2700 m ASL) as the Seeley Lake 
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study site (1300 to 1450 m ASL).  This elevation difference leads to cooler temperature and longer 

duration of snow cover in the Gardiner study site; snowpack persists at the Gardiner site from late 

October until May [24], compared to December to April at the Seeley Lake site [13].  The Seeley 

Lake site (Lat.= 47.23, Long.= -113.43) is 240 km further north than the Gardiner site (Lat.= 

45.08, Long.= -110.57).  

Both sites are temperate boreal coniferous forest on U.S. Forest Service lands with little to 

no permanent human habitation, and logging being the primary land use.  Common predators of 

hares in the sites include Canada lynx (Lynx canadensis), bobcat (L. rufus), coyote (Canis latrans), red 

fox (Vulpes vulpes), American marten (Martes americana), great horned owl (Bubo virginianus), and 

northern goshawk (Accipiter gentilis). 

Capture and Handling 

We captured hares at each study site throughout the year in live traps (Tomahawk Live Trap 

Company, Tomahawk, WI), then ear-tagged, weighed and sexed each individual; hares weighing over 

900 g (=199 individuals) were fitted with VHF radiocollars (weight ≤ 40 g, Wildlife Materials, 

Murphysboro, IL, USA; [25, 26]).  All handling procedures were approved by the University of 

Montana Animal Care and Use Committee (Protocol No. 021-10SMWB-051110).  

Moult Phenology  

At the Gardiner site, we applied the methods used by Mills et al. [13] at the Seeley Lake site, 

of visually locating hares weekly using radiotelemetry to quantify coat colour phenology and colour 

contrast between hares and their background.  We monitored 51 hares (32 different hares in 2011, 

and 31 in 2012) at the Gardiner study site and 148 hares (43 different hares in 2010, 63 in 2011, and 

58 in 2012) at the Seeley Lake study site.  The percentage of white coat colour (% whiteness) and the 
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percentage of ground snow cover within 1- and 10-m radii circles centred at each hare’s resting spot 

(% snow cover) were visually estimated in 20% increments with a standardized protocol of 

observation and photographs to control for light conditions and distance.  All final percentages were 

visually estimated by a single observer using primarily the photographs, and secondarily the field 

visual estimates when the quality of the photograph was insufficient, did not show the whole hare’s 

body, or the photograph was absent.  We classified animals that just initiated or nearly completed 

the moult as 5% or 95% white.  We measured colour contrast as the difference between per cent 

whiteness of the hare and the per cent snow cover.  It is not known at which scale crypsis may be 

perceived by either prey or predators; thus we measured colour contrast within the 1- and 10-m radii 

circles.  We chose these radii because we felt that they were reasonable approximations of the finest 

and coarsest scales at which crypsis could be effective (i.e., crypsis would be completely ineffective 

at <1 m, and completely effective at >10 m).  A positive contrast indicated a white hare on a non-

snowy background, whereas a negative value indicated a brown hare on a snowy background.  We 

considered a hare mismatched when the absolute difference (here referred to as contrast) between 

its coat colour and background was at least 60% [see 13 for consideration of other thresholds], as at 

this threshold hares began to clearly stand out against their surroundings.  

Anti-predatory Behaviours 

We evaluated behaviour of each located hare at both sites.  For hares stationary at a resting 

spot we visually estimated concealment as the percentage of the hare’s body concealed by vegetation 

at four levels (1= 0- 25% of body concealed to 4= 75- 100% concealed), from the direction from 

which the hare was initially sighted and from a low angle (approx. 1 m above ground, mimicking the 

view of common mammalian carnivores).  To estimate FID, observers approached a hare at a 

consistent walking pace (approximately 0.5 m/s) until the hare fled or the observer was within 3 m 



13 
 

of the hare.  We used a digital laser rangefinder (Leupold, Beaverton, OR, USA) to estimate FID to 

the nearest meter. We used a minimum approach distance of 3 m to minimize disturbance to the 

hare; hares that did not flush at the 3-m distance were recorded as “no flush” and were not 

disturbed further.  The maximum distance at which we were able to estimate distance reliably in the 

forest was 20 m.  

Finally, we tested whether hares randomly chose spots to rest with respect to minimizing 

colour contrast or snow presence in their immediate vicinity.  We estimated percentage of snow 

cover (20% increments) at eight, non-overlapping subsections of the 10-m radius circle around each 

hare by photographing the ground from where the hare rested at each cardinal and inter-cardinal 

direction to create eight ‘pie slices’.  Snow cover and colour contrast at these eight ‘available’ spots 

were compared to that in the 1-m radius immediately surrounding the hare’s resting spot; we 

excluded from analysis resting spots where all subsections and the resting spot were entirely snow-

covered or snow-free, as these cases provided no information on whether the chosen resting spot 

differed from the surroundings.  Our final sample sizes for this analysis yielded a total of 251 

observations from 77 individual hares.   

Statistical Analysis 

Moult phenology 

We used a mixed effects change point analysis to estimate the population mean initiation and 

completion dates of coat colour change phenology in the Gardiner site (as previously done for the 

Seeley Lake site [13]), and to test for the effects of snow, temperature, and sex on moult phenology 

at both sites.  We assessed temperature as the rate of seasonal cooling in the fall and warming in the 
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spring; we calculated degree days for each day as the cumulative sum of mean temperature below 

0°C in the fall (September–December) and above 0°C in the spring (March–June).  

We were able to document individual moult phenology over >1 fall or spring moult for none 

of the hares at the Seeley Lake site and only seven individuals in the Gardiner site due to the high 

mortality rates typical of snowshoe hares [25, 27] and due to incomplete detection.  We plotted coat 

colour observations over time of those seven individuals for visual assessment of the reaction norm 

(range of phenotypes produced by a particular genotype in different environmental conditions) in 

the moult phenology.  

Concealment   

To test whether concealment behaviour increased with colour contrast we fitted linear mixed 

effects models in software R version 2.15.2 (R Development Core Team, 2012) using the package 

lme4 [28].  We included the identity of individual hares as a random effect to control for variation 

among individuals.  We included the fixed effects of coat colour (per cent whiteness), snow cover 

around hares (at 1 and 10-m radius), coat colour contrast (at 1 and 10-m radius; ranging from -100 

to 100), coat colour mismatch (at 1 and 10-m radius), site, sex and season.  Coat colour mismatch 

was a categorical variable distinguishing between positive (white hare on brown background: 

contrast ≥ 60), negative (brown hare on white background: contrast ≤ -60) and no mismatch (-60 < 

contrast < 60).  Further, to examine whether the two different types of contrast and mismatch 

(positive and negative) had equivalent effects, we established an absolute contrast covariate (ranging 

from 0 to 100) and a binary categorical covariate for absolute mismatch (mismatch: contrast ≤ -60 

and contrast ≥ 60 versus no mismatch:  -60 < contrast < 60).  In addition to linear terms, we used 

quadratic terms to allow for the possibility of a curvilinear response of concealment to contrast.  We 

differentiated seasons separately for the two sites based on local climate (Seeley Lake: winter [Dec- 



15 
 

Mar], spring [Apr- May], summer [Jun- Aug], fall [Sep- Nov]; Gardiner: winter [Nov- Apr], spring 

[May- Jun], summer [Jul- Aug], fall [Sep- Oct]).   

Because hare whiteness and snow cover at both the 1- and 10-m radius around hares were 

highly correlated for most of the year (r ≥ 0.8), we considered each separately in model construction.  

Whiteness and contrast as well as snow cover and contrast were not highly correlated (r ≤ 0.1 and r 

≥ -0.5, respectively) and so were both present in some models.  To test for habituation in 

concealment behaviour to human observers we ran a univariate linear mixed model, with 

concealment as a function of number of location attempts per hare (including unsuccessful 

sightings) and individual hares coded as random effects to control for variation among individuals.   

We selected a set of best models (within 2 ΔAICc) fitted with maximum likelihood using 

AICc criterion [29].  The precision of model parameters was based on a sample (100,000 iterations) 

from the posterior distribution of the fixed effects parameters using a Markov Chain Monte Carlo 

approach (function mcmcsamp) to determine if the 95% highest posterior density (HPD) intervals 

included zero.  

Flight initiation distance  

We used Cox proportional hazards regression [30] to test whether FID increased with colour 

mismatch.  Our data were a form of time-to-event data, with flight the event of interest and 

observations with no flight response at the maximum approaching distance of 3 m classified as 

right-censored data.  We fitted the models using the package survival [31] in R.  We included the 

same covariates and potential correlations among them as in the previous analysis: whiteness, snow 

cover around hares, colour contrast (regular and absolute), colour mismatch (regular and absolute), 

site, sex, season, and concealment.  We also tested for potential habituation in FID behaviour as in 
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the previous analysis.  The proportional hazard assumption was tested using score test and 

scatterplots of scaled Schoenfeld residuals.  We selected a set of best models (within 2 ΔAICc) fitted 

with maximum likelihood using AICc criterion. 

Resting spots 

To test whether hares chose resting spots randomly with respect to colour contrast and 

snow cover, we fitted separate mixed effects models with fixed effects of colour contrast and snow 

cover.  The models were fitted with binomial error distribution and a logit link function in R using 

the package lme4 [28].  The binomial dependent variable coded as one for the immediate resting 

spot (1-m) and zero for the eight other available ‘pie slices’ within the 10-m radius of the hare.  The 

identity of individual hares and the date of when each hare was located were included as random 

effects to control for variation among individuals and to specify a nested design of the nine spots 

available to a hare at each location.  We compared importance of the tested predictors using the 

statistical significance of the fixed effects slopes and the models’ AICc. 

RESULTS 

Phenology 

The colour moult phenology analysis at the Gardiner site in two years that differed strongly 

in amount of snowpack indicated that drivers of this circannual trait, and plasticity across different 

snow years, were similar to our previous findings at the Seeley Lake study site [13].  The fall moult 

for hares in the Gardiner site was fixed across 2011 and 2012 both for initiation date and rate of 

change (overlapping confidence intervals among initiation and completion dates; Figure 1).  For the 

spring moult, we detected plasticity in the rate of the white-to-brown moult.  The completion date 
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of the spring moult occurred 19 days later in 2011, consistent with the month longer snow duration 

in that year (Figure 1).  

Analysis of the spring initiation date in the Gardiner site was compromised by a small 

sample size in spring 2012.  Specifically, only three radiocollared hares were alive between May 4th 

and May 30th, as 16 out of 19 hares were depredated in April and early May, and new hares were not 

collared until early June (see the electronic supplementary material S1).  Thus, the model likely 

underestimated the initiation date of the spring 2012 moult, leading to the 95% credible intervals of 

initiation dates between the two years being separated by 1 day in timing (Figure 1). 

The limited sample size in spring 2012 also restricted our analysis of the effects of snow 

cover, temperature, and sex on the rate of the spring moult in the Gardiner site by biasing model 

results.  Thus, we combined the Gardiner site data and the Seeley Lake site data from springs 2010-

2012 to test for the effects of the covariates on the spring moult rate using a larger sample size.  

Snow cover was negatively related to the rate of change, but the magnitude of the effect was small.  

A change from 100% to 0% snow shifted the average completion date of the spring moult by only 3 

days (βSnow= 0.054, SD= 0.015).  Temperature also had an effect on the rate of the moult, but the 

coat colour phenology model with temperature (degree days) as a covariate predicted that the span 

from 0°C to 23.1°C (the highest daily average temperature during the spring moult period) explained 

only a 1-day modification of the completion date of the spring moult (βTemp= 0.15, SD= 0.016).  

Lastly, when testing for the effects of sex on spring moult rate at the two sites, the sex-skewed 

spring data from the Gardiner site in 2012 positively biased the estimate.  In spring 2012, five out of 

the seven hares observed to change to 5 or 0% white were females, which indicated that females 

completed the spring moult 14 days earlier than males.  By contrast, omitting the Gardiner spring 

2012 data resulted in a minimal influence of sex on the rate of the spring moult, with females 

completing the spring moult on average 2 days earlier than males (βSex= -4.43, SD= 5.27).   
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We observed a large difference in the timing of the coat colour moult phenology between 

our two study sites.  For each year, hares at the Gardiner site initiated fall moults by about two 

weeks earlier in the fall and by a month later in the spring, corresponding to cooler temperatures and 

longer lasting snowpack in the Gardiner site.  However, the duration of the colour moults was very 

similar across sites with fall and spring moults lasting on average 39.9 days (SD= 3.22) and 41.9 days 

(SD= 7.00), respectively. 

Finally, our limited data for the seven individuals that were observed over multiple seasons 

at the Gardiner site also indicated no plasticity in the fall but some in the spring rate of moult.  

According to the plots, reaction norms of the six hares that we observed over two disparate falls 

displayed similar phenologies, differing by only 0- 10 days between the two falls (Figure 2a).  In 

contrast, the one hare which was observed over two springs had moult phenologies that differed 

between springs by 15-20 days, comparable to the range of plasticity observed across all six 

individuals in the fall moult (Figure 2b).   

Concealment 

Contrary to our predictions, hares did not conceal themselves more with increasing colour 

contrast; rather, the level of concealment was mostly affected by season and site.  First, we detected 

habituation to human observers, as concealment began to significantly decrease with number of 

location attempts when hares were located more than 9 times.  Therefore, we truncated the dataset 

to include only the first 9 observations per hare which yielded a total of 731 observations from 139 

radiocollared individuals at the two sites.  Each individual was observed an average of 4.6 occasions 

(SD= 2.5).   

The best model included season, site, and quadratic form of colour contrast at 1 m (see the 

electronic supplementary material S2 for the set of best models tested).  The other three best models 
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included one additional term each: snow at 10 m, whiteness, and snow at 1 m (in order) that had 

positive effects on concealment, but their 95% highest posterior density (HPD) intervals included 

zero.  The significant quadratic relationship of contrast on concealment was in the opposite 

direction than expected, with highest concealment at medium levels of positive colour contrast and 

reduced concealment at high negative and high positive contrasts (βContrast= 0.0051, SD= 0.0021; 

βContrast
2= -0.000085, SD= 0.000026) (see the electronic supplementary materials S3 and S4).  

Concealment varied seasonally, and hares were on average concealed by 25% more in the summer 

and 8% more in the fall than in the winter, but not significantly different in the spring than in the 

winter.  Concealment was significantly different at the two sites; hares at the Seeley Lake site were 

on average 11% more concealed than at the Gardiner site.   

Flight Initiation Distance 

Hares did not flee at farther distances with increasing mismatch as we predicted, but rather 

their concealment level, season, and site variables played important roles in predicting their FID.  

We detected habituation to human observers, as FID began to significantly decrease with number of 

location attempts when hares were located more than 5 times.  Therefore, we truncated the dataset 

to include only the first five observations per hare which yielded a total of 284 observations from 91 

radiocollared individuals.  Each individual was located on average 2.9 occasions (SD= 1.4).   

Our set of best models included concealment, site, season, sex, and either contrast or 

mismatch (see the electronic supplementary material S5 for the set of best models tested).  The 

model results can be interpreted as the increase in probability of flight initiation throughout the 

distance within which we measured the FID response (=20 m).  Our first, second, and sixth best 

model included mismatch at 10 m.  Hares matched with their background were 5.6 times more likely 

to flee than brown hares on snowy background (hazard ratioNegativeMismatch= 5.62, SE= 1.72), but there 
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was no difference for white hares on brown background (hazard ratioPositiveMismatch= 1.62, SE= 1.39; 

see the electronic supplementary material S6 for a list of coefficients from the best model).  A 

similar trend was observed in the fourth and fifth best model that included absolute mismatch at 10 

m scale, where matched hares were about 2 times (4th best model: hazard ratioAbsMismatch= 2.02, SE= 

1.33; 5th best model: hazard ratioAbsMismatch= 1.87, SE= 1.33) more likely to flee than mismatched 

hares.  The third best model included a linear relationship with colour contrast at 1 m.  Hares were 

0.77% more likely to flee with each 1% decrement in colour contrast (hazard ratioContrast= 1.01, SE= 

1.00). 

Concealment significantly decreased flight distance; with each 25% increment in body 

concealed hares were 26% less likely to flee.  There was a significant difference in FID at the two 

sites; hares at the Gardiner site were 89% more likely to flee than hares at the Seeley Lake site.  

Season appeared in all best models but only summer was significantly different from winter; hares 

were 21% more likely to flee in summer than in winter.  Sex was present in all best models as it 

improved model fit but was not significant in any of them.  Similarly, snow at 1 m around hares and 

whiteness were present in three models of the best models set but their effects were not significant 

in any.  According to the score tests and scatterplots of scaled Schoenfeld residuals, there was no 

evidence of non-proportional hazards in any of the terms in the best models.   

Resting Spots 

Hares were not more likely to rest at spots within their immediate vicinity where colour 

contrast was reduced but instead preferred spots with relatively little snow.  Colour contrast was an 

important predictor of presence but hares were located at spots that resulted in higher colour 

contrast relative to the available spots within 10-m radius of the hares (β= 0.0076, SD= 0.0022).  

Further, we found strong evidence that hares were more likely to be found at spots with less snow 
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cover.  The probability that a hare would be found at a spot with no snow cover was 3.92 times 

higher than at a spot with complete (100%) snow cover (β= -0.016, SD= 0.0019, Figure 3).  The 

model which included snow cover received more support than the model including colour contrast 

(ΔAICc= 63) or the null model (ΔAICc= 72). 

DISCUSSION 

Across a wide range of snow conditions and two study sites, snowshoe hares demonstrated 

little plasticity for modifying coat colour phenology or behaviours to track seasonal snowpack.  The 

fixed initiation dates of coat colour moults are consistent with a photoperiod modulator of timing, 

as occurs for other circannual processes [32-34].  We observed no plasticity in the rate of the fall 

brown-to-white moult on both the population (Figure 1) and individual level (Figure 2).  Consistent 

with the findings of [13], we found plasticity in the rate of the spring white-to-brown moult with 

mean completion dates shifted by 19 days across two years of different snowpack.  Additionally, we 

observed plasticity in the individual rate of moult in the spring.  The one hare which was observed 

over two springs at the Gardiner site displayed different moult phenology each year, with a 

difference in spring moult rates nearly as large as observed across all of the six individuals over 

multiple fall moults (Figure 2).   

The mechanisms for a fixed fall moult phenology and only limited plasticity in the spring 

rate are unclear.  One explanation for plasticity in the spring moult could be an elevated predation 

rate in the spring (Zimova et al., In Prep), placing higher selection pressure to adjust the rate of the 

spring moult as a means of optimizing camouflage against immediate snow conditions.  Further, 

hares might simply be able to trace the change in the snow conditions better in the spring than in 

the fall.  Over three years and two study sites, we observed four substantial snow fluctuations (> 

30% and in the opposite direction of the seasonal change) in the weekly average snow cover around 
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hares in the falls and only one such fluctuation in the springs.  Thus, the spring change in the snow 

conditions might be more predictable compared to fall snow change, where early snowfalls are often 

followed by full melt-out before continuous winter snow cover builds up. 

We did not detect any strong variables influencing the rate of the spring white-to-brown 

moult.  Despite the more consistent snow change in the spring, our change point analysis indicated 

that snow cover explained only about a 3-day shift in the average spring completion date.  

Temperature also was not a strong regulator of the spring moult rate as it only explained a 1-day 

shift in the completion date.  Finally, the rate of moult in the spring was not significantly influenced 

by sex, with females completing the spring moult on average two days earlier than males. The faster 

colour moult for females is consistent with previous observations [13, 35, 36].  

The spring and fall moults across the different study sites were similar in duration, each 

lasting about 40 days.  Despite this similarity in moult length and limited coat colour plasticity within 

sites, natural selection appears to have aligned the moult phenology to correspond to average local 

climate at each site.  Although the Gardiner site is slightly south of the Seeley Lake site, and 

therefore has a similar or slightly longer photoperiod, the higher elevation of the Gardiner site leads 

to considerably longer lasting snowpack.  As might be expected with the longer snowpack, hares in 

the higher elevation Gardiner site obtained their white coats sooner in the fall and retained them 

longer in the spring.  Elevational and latitudinal gradients have been shown to affect the timing of 

the moults in several leporid species.  Watson [15] showed that mountain hares (L. timidus) 

occupying high elevations became white earlier, turned dark later, and became whiter in winter than 

those at low elevations.  Similarly, latitudinal differences were observed in museum specimens [37], 

where snowshoe hares from northern latitudes moulted from brown to white earlier in the fall and 

retained the white coat longer.   
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We found that hares did not modify their hiding behaviour in a manner that reduced colour 

contrast at either the 1- or 10-m radius scale.  If our assessment of the range at which predators 

visually perceive hares is correct, then hares mismatched to their surroundings within a radius of up 

to 10 m (an area of 314 m2) are more vulnerable to detection.  The relationship between 

concealment and colour contrast suggested that hares most concealed themselves when their coats 

were about 40% whiter than their immediate (1-m radius) background (40% contrast) and least 

when brown hares were on snowy backgrounds (-100% contrast; see the electronic supplementary 

material S3).  Because the effect size was small this relationship may represent weak biological 

importance.  Overall, concealment levels of hares seemed to be most affected by season and site, 

which may be good proxies for available hiding cover.  Hares were more concealed in the summer 

and fall when leafy vegetation in the understory provided more horizontal cover than in the winter 

and spring when leafy vegetation was either absent or covered by snow. 

Second, we did not find evidence for hares responding to colour contrast at either the 1- or 

10-m radius scale by fleeing at a farther distance from a potential threat.  FID of positively 

mismatched hares (white hares on brown background) was no different than for matched hares; 

negatively mismatched hares (brown hares on snowy background) consistently had the shortest FID.  

On the contrary, concealment had a strong effect on FID; hares that were most concealed stayed 

still longest.  Shorter FIDs with high concealment likely represented decreased perceptions of risk, 

as has been reported, for example, for pygmy rabbits (Brachylagus idahoensis; [22]).  Seasonally, hares 

fled at longer distances in the summer than in the winter, consistent with our field observations that 

hares seemed to be more active in the summer (see also [38] who observed lowest activity for hares 

in winter).  Longer flight distance in summer is also consistent with the general expectation that prey 

flees at farther distances when in better body condition [21].  Indeed, our personal field observations 

of hares during winter are that they generally appear calmer when approached, flee less even if they 
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are fully exposed, and often have their eyes closed, perhaps a strategy to save energy during winter 

periods of food limitation.  Additionally, hares might perceive less predation risk in winter as their 

low foot loading provides a likely escape advantage from potential carnivores on snow [39]. 

Lastly, we found no evidence of hares preferring resting spots with colour background that 

would reduce colour contrast.  On the contrary, hares were more likely to be found at spots within 

their immediate surroundings that increased their colour contrast with the background within 10-m 

radius.  This is likely result of their overall preference to rest at spots with little snow cover.  We 

noticed this behaviour during field observations; when snow cover was heterogeneous on the 

landscape, hares were located at non-snowy spots such as under logs or in tree wells.  

Thermoregulation may therefore be playing an important role in resting spot choice.   

Finally, we note several caveats and assumptions.  First, our choices of 1- and 10-m radius of 

snow cover around hares might not represent the spatial scale of perceived colour contrast for hares 

and/or their predators.  We did not consider larger areas than 10-m radius for estimating colour 

contrast based on the assumption that visual detection of hares by predators at such scales was 

unlikely in these relatively dense forests.  Second, because little is known about the drivers of the 

circannual rhythm of the moult, our measurements of moult regulators (e.g. snow cover, cumulative 

sum of temperature degree days) may not capture the correct regulators of colour moult phenology 

in the wild.  Likewise, hares may be pursuing behavioural strategies to reduce colour contrast that we 

did not measure.  Hares and many of their predators are primarily crepuscular and nocturnal, and 

thus hares could be deploying anti-predatory strategies that minimize colour contrast during the 

main periods of activity.  For example, hares could be foraging during the night preferentially at 

areas that match their coat colour or they could be modifying their FID in response to colour 

contrast during those times of the day.  Finally, our use of human observers as a proxy for predators 

assumes that FID response to humans is the same as to hares’ natural terrestrial predators.   
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Nevertheless, across multiple years, two study sites, a wide range of snow conditions, and 

nearly 200 hares monitored in the wild, we find no evidence that hares perceive coat colour 

mismatch and act to shift concealment or flight behaviours or immediate microsite choice.  We also 

confirm that moult initiation dates are fixed across years of different snowpacks, even as the moult 

phenology is locally shaped within regions by a combination of photoperiod and climate.  Given the 

prospect for substantially decreased snowpack duration in the future due to climate change [13, 40], 

it seems that the most likely avenue for reducing camouflage mismatch or its potential predation 

consequences in local populations is evolutionary shifts in moult phenologies or anti-predatory 

behaviours.  
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Figure 1.  Coat colour phenology, snow cover, and degree days at the Gardiner study site, MT (9/17/2010 – 7/9/2012), with fall seasons 

on the left and spring seasons on the right. (a) Weekly average of observed coat colour of 51 hares (2010 [red], 2011 [black], and 2012 

[blue]). Dotted lines show the results of Bayesian change point analyses, giving the 95% credible intervals for the mean dates of initiation 

and completion of the colour moult for each season each year.  (b) Weekly average of observed snow cover in a 10-m radius around each 

hare.  (c) Degree days as a measure of cooling trend in the fall and warming trend in the spring. 
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Figure 2.  Spring moult phenology reaction norms of hares at the Gardiner study site, MT 

(9/17/2010 – 7/9/2012).  (a) Fall coat colour moult phenologies of six individual hares observed 

over two falls.  (b) Fall (left) moult reaction norms of the individuals shown in panel (a) combined, 

and spring (right) moult reaction norm of one hare observed over two springs. Each coloured line 

represents reaction norms of a different individual in year 2011 (dashed line) and either 2010 or 2012 

(full lines).  
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Figure 3.  Probability of presence of a hare at a resting site with percentage of snow cover at the 

Gardiner and Seeley Lake study sites, MT (9/17/2009 – 7/9/2012).  Dashed lines show 95% 

confidence intervals.  
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ELECTRONIC SUPPLEMENTAL MATERIAL: 

 
S1. Spring 2012 phenology data from Gardiner study site.  Dots represent coat colour 

observations of hares radiocollared during the previous seasons (red dots) and in May and June 2012 

(blue dots).  Vertical black full lines show estimated mean initiation and completion dates with 95% 

credible intervals (dashed black lines) based on the change point analysis.  Dotted black line shows 

estimated slope of the change.    
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S2. Set of best models tested to explain variation in concealment (Conc) for hares at the 

Gardiner and Seeley Lake sites, MT (9/17/2009 – 7/9/2012).  AICcWt stands for AICc weight, 

and LL for log likelihood. 

# Model K AICc Δ AICc AICcWt LL 

1 
Conc ~ Season + Site + Contrast1m 

+ Contrast1m2 
9 2122.85 0.00 0.35 -1052.30 

2 
Conc ~ Season + Site + Contrast 

1m + Contrast 1m2 + Snow10m 
10 2124.70 1.86 0.14 -1052.19 

3 
Conc ~ Season + Site + Contrast 

1m + Contrast 1m2 + Whiteness 
10 2124.77 1.93 0.13 -1052.23 

4 
Conc ~ Season + Site + Contrast 

1m + Contrast 1m2 + Snow1m 
10 2124.77 1.93 0.13 -1052.23 
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S3. Effect of colour contrast within 1-m radius on hares’ concealment at the Gardiner and 

Seeley Lake study sites, MT (9/17/2009 – 7/9/2012).  Relationship is based on coefficients from 

the best model according to AIC (see the electronic supplementary material S4). 
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 S4. Effects of season, site and colour contrast at 1 m (Contrast1m) on concealment (Conc) 

according to the best model.  95% HPD are the 95% highest posterior density intervals for the 

coefficients. Variables with statistically significant effects are identified by two asterisks (**). 

Conc ~ Season + Site + 

Contrast1m + Contrast1m2 Coefficient SD 95% HDP 

Season (spring) -0.13 0.15 (-0.46, 0.099)

Season (summer)**  1.00 0.26 (0.45, 1.47)

Season (fall)**  0.33 0.11 (0.11, 0.54)

Site (Seeley Lake)**  0.43 0.12 (0.23, 0.65)

Contrast1m**  0.0051 0.0021 (0.0012, 0.0092) 

Contrast1m2** -0.000085 0.000026 

(-0.00014, -

0.000036) 
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S5. The best models tested to explain variation in FID for hares at the Gardiner and Seeley 

Lake sites, MT. Conc is concealment. AICcWt stands for AICc weight, and LL for log likelihood. 

# Model K AICc Δ AICc AICcWt LL 

1 
FID ~ Conc + Sex + Site + 

Season + Mismatch10m  
8 1577.35 0.00 0.15 

-

780.42 

2 

FID ~ Conc + Sex + Site + 

Season + Mismatch10m + 

Snow1m 

9 1577.63 0.27 0.13 
-

779.48 

3 
FID ~ Conc + Sex + Site + 

Season + Contrast1m 
7 1577.99 0.64 0.11 

-

781.79 

4 
FID ~ Conc + Sex+ Site + Season 

+ AbsMismatch10m  
7 1578.62 1.27 0.080 

-

782.11 

5 

FID ~ Conc + Sex+  Site + 

Season + AbsMismatch10m + 

Snow1m 

8 1578.69 1.34 0.080 
-

781.08 

6 

FID ~ Conc + Sex + Site + 

Season + Mismatch10m + 

Whiteness 

9 1579.28 1.93 0.060 
-

780.31 
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S6. Effects of concealment (Conc), sex, site, season, and colour mismatch at 10-m radius 

(Mismatch10m) around hares on flight initiation distance (FID) according to the best 

model.  Variables with statistically significant effects are identified by two asterisks (**). 

 Model: FID ~ Conc + Sex + Site 

+ Season + Mismatch10m 

Hazard 

Ratio P-value 95% CI 

Conc** 1.26 0.00059 (1.10, 1.44)

Sex (female) 1.06 0.73 (0.77,1.45)

Site (Seeley Lake)** 1.89 0.0054 (1.21, 2.97)

Season (spring) 0.88 0.64 (0.53, 1.47)

Season (summer)** 0.21 0.00054 (0.086, 0.51) 

Season (fall) 1.17 0.54 (0.71, 1.95)

Mismatch10m (positive) 1.62 0.14 (0.85, 3.07)

Mismatch10m (negative)** 5.62 0.0014 (1.95, 16.18) 
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Abstract:  Reduction in snow duration represents a direct potential stressor for species undergoing 

seasonal color molts.  Over 3 widely disparate snow years in 2 study regions, we found high fitness 

consequences of color mismatch for wild snowshoe hares, with weekly individual survival rates 

reduced by 3-7%.  In the absence of adaptive changes in the molt phenology, by midcentury these 

fitness costs coupled to decreasing duration of snow season are projected to decrease annual survival 

by 12% by mid-century and 24% by late-century.  Such changes in survival are sufficient to cause 

increasing hare populations to decline strongly towards extinction, with annual population geometric 

growth rate decreasing by 11% (24%) by mid (late) century.  While we establish color mismatch as a 

powerful case for joint attribution of biological consequence to anthropogenic climate change, we 

also find high individual variation in the trait that might enable microevolutionary response to future 

seasonal mismatch. 

One Sentence Summary: Climate change-induced seasonal camouflage mismatch is projected to 

decrease annual survival and population growth rates by about a quarter by the end of the century. 

Draft manuscript for Science 



40 
 

MAIN TEXT 

Duration of seasonal snow cover on earth is rapidly decreasing as a result of anthropogenic 

greenhouse gas emissions, with later onset of snow in the fall and earlier loss of snow in the spring 

(1, 2).  For at least 10 mammal species occupying ecosystems with seasonal snow cover, color 

molting from brown to white presumably provides background matching, a form of camouflage that 

minimizes color contrast between the animals and their surroundings to avoid predator detection.  

Photoperiod-induced change of seasonal coat color, and subsequent mismatch in the face of 

decreasing snowpack, could be expected to have strong fitness consequences for individuals and 

populations as white prey species become increasingly exposed to brown snowless backgrounds in 

the future (3).  

Individual and population fitness costs have rarely been quantified for any climate-induced 

phenologic mismatch (4-6) and may be especially severe for snowshoe hares (Lepus americanus), where 

predation comprises 85- 100% of mortality (7) and shapes both population dynamics and behaviors 

(8, 9).  Further, we previously found minimal plasticity in molt phenology to track seasonal 

snowpack or in anti-predatory behaviors to minimize camouflage mismatch (10) for 2 snowshoe 

hare populations, implying a 4-8 fold increase in color mismatch by the end of the century as snow 

cover decreases under various climate scenarios (3).  Because seasonal coat color mismatch occurs at 

local spatial scales and is not confounded by interactions with other anthropogenic stressors or by 

organism mobility or life cycle complexities, this trait lacks the controversial aspects of joint 

attribution (11-14); in this case the trait serves as a strong test of whether a clear anthropogenic 

climate change stressor (decreased snow duration) results in detection of a biologically critical impact 

(increased mortality) in a wild population.  

Here, we quantify individual and population consequences of color mismatch using weekly 

observations on 186 radiocollared hares over 3 years at 2 sites separated by >300 km in the US 
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Northern Rockies.  First, we describe the individual variation in the coat color molt phenology and 

consequent color contrast between hares and their surroundings.  Second, we quantify the survival 

costs of increased color contrast using several different hypotheses.  Next, we project future survival 

and population growth rates, given the estimated fitness costs of color contrast and future snow 

cover reductions under a scenario without future plasticity or microevolution to reduce mismatch or 

its consequences.  Lastly, we discuss the potential of microevolutionary response to rescue hares 

from the dire climate change consequences. 

Individual variation 

Within-population individual variation in seasonal color molt phenology, and resulting 

mismatch with the background, was considerable (15-17).  On average, for 7 weeks out of a year we 

found >50% differences in percent white of coat color among individuals sampled in one week.  

Anecdotally, in the field it was not uncommon on the same day and site to observe hares with the 

full range of coat colors, ranging from just initiating the molt to almost completely color changed.  

When combined with mean snow cover at each site, the individual variation in coat color phenology 

resulted in individual variation in color contrast [difference between % white of an individual and % 

coverage of snow cover (18)], with maximum weekly difference in color contrast among individuals 

exceeding 50% for on average 4 weeks out of a year.   

Survival cost of mismatch 

To assess the mortality consequences of increased color contrast, we tested a series of a priori 

hierarchical known fate survival models (table S1).  First, we predicted that hares with higher color 

contrast each week will have lower survival.  This prediction was highly supported, providing strong 

evidence for decreased survival for individuals in weeks when they were highly contrasted with 

background color.  According to this model, annual and weekly survival probability at the two sites 
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was 0.10 (SD= 0.026) and 0.96 (SD= 0.0050), respectively, and the effect size of color contrast on 

survival was -0.95 [95% CRI= (-1.82, -0.035)] on the logit scale (Fig. 2, Table 1).  Such effects 

indicate that during weeks when hares are color mismatched (color contrast >60%) weekly survival 

probability proportionally decreases by 3.27- 6.53%.   

Second, we tested whether hares that have higher lifetime propensity to be color contrasted 

with their background (= higher average color contrast during each hare’s monitoring period) have 

lower survival.  Interestingly, an individual’s color contrast propensity had no effect on hares’ 

survival, likely because most of the time hares were not mismatched with their background and thus 

contrast propensity index was similarly very low for all hares (Table1).   

Next, we predicted lower survival during weeks of high population color contrast (= average 

weekly color contrast of all individuals at each site) than during weeks when hares match their 

background.  We found some support for negative effect of population color contrast on weekly 

survival (Table 1, fig. S2).  This population contrast has lower explanatory power than weekly 

individual color contrast, probably because of the large individual variation in color contrast, with 

some hares almost 100% contrasted to their surroundings while others match perfectly on the same 

week (Fig. 1).  Further, population color contrast exceeded 60% for only 1 week out of a year on 

average. 

Lastly, we tested whether hares’ survival was higher during years with snow conditions most 

similar to the recent past.  Coat color molt phenology of hares is locally shaped by latitude and 

elevation and corresponding snow conditions (17, 19).  Thus, we predicted higher survival in years 

closest to historic mean snow phenology.  Specifically, we predicted that hares would have the 

highest survival in 2012 as the snow conditions were most similar to the climatic mean of recent past 

(1970- 1999) in terms of both snow cover duration and snow water equivalent (SWE) (3).  However, 

the amount of color contrast did not vary between years with widely varying snowpacks (P2011= 
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0.066, P2012= 0.11), and we did not find differences in survival across years (Table 1) (18).  We 

suggest that the high level of individual variation in the molt phenology maintains constant annual 

survival even in years when snow conditions vary considerably from the climactic mean.  If natural 

selection directionally selects for individuals having shorter periods with white coats, thereby 

decreasing population-level variation in the trait, then the loss of among-year buffering may make 

populations more vulnerable to extreme weather events with long snow seasons. 

Next, we further explored the effects of color contrast in relation to other covariates 

possibly affected or complemented by color contrast.  We first tested for effects of 4 seasons 

(winter, spring, summer, fall) and month, because hare survival has been shown to vary over the 

year, with lowest survival during the spring and fall periods of color contrast occurrence (9).  We 

found weekly survival to be fairly high and stable during the winter, dropping sharply in April and 

May, and steadily increasing over the summer before peaking in the fall (fig. S3).  When we included 

individual weekly color contrast in the univariate model with month, color contrast had a strongly 

negative effect on survival and improved model by providing additional explanatory power to the 

temporal variation in survival (Table 1).  Although seasonal changes in predation pressure and food 

types likely contribute to the spring survival decrease, coat color contrast evidently plays a 

substantial role as well.  First, the two months associated with lowest survival in spring are those 

with highest color contrast.  Also, the strong individual fitness costs associated with hares of 

changing color contrasts monitored through these same months support contrast per se as a driver of 

decreased spring survival.  Next, the univariate model with 4 seasons provided some evidence that 

color contrast negatively affects hare survival, despite the peak in hare survival in the fall during 

which hares also experience color contrast.  The basis of the increased survival in the fall remains 

unclear, but apparently other biological mechanisms, including top-down (e.g. predation) and 

bottom-up (e.g. foraging) dynamics, overwhelm the signal of color contrast.  
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Lastly, based on findings that males retain the white coat longer than females (3, 15, 16), 

which in turn might produce fitness differences between the sexes, we tested for an additive effect 

of sex and weekly individual color contrast on hares’ survival.  We did not find evidence for males 

having lower survival, but again, individual weekly color contrast was strongly negative in the model 

(Table 1).  

Future survival and population growth rate projections 

Because this phenologic mismatch lacks the confounding alternative anthropogenic factors 

that often cloud the connection between a climate forcing and biological effect, a pressing question 

relevant to policymaking is how increased anthropogenic climate forcing in the future would affect 

snowshoe hares in the future, assuming coat color phenology remains as it is currently.  Without 

adaptive shifts in the molt phenology or its phenotypic plasticity, projected consequences for hare 

populations will be considerable.  Using our field-estimated effect size of color contrast on survival 

(18), we find a steep survival decrease as current coat color phenology confronts additional weeks of 

color contrast in the future (Fig. 3).  We have shown previously that hares will confront decreased 

snowpack duration that will increase their mismatch (color contrast >60%) by up to 4 additional 

weeks by mid-century and up to 9 additional weeks by the end of the century (3).  With this many 

more weeks of mismatch, we project that annual survival would proportionately decrease by 12% by 

mid-century and by 24% by late century (Fig. 3).   

A related way to envision the consequences of increased mortality due to mismatch is at the 

population level, where λ represents both the annual geometric growth rate and the population mean 

fitness (20-22).  Again, assuming current molt phenology unchanged into the future, we can extend 

our measured costs of mismatch on weekly survival rate to projected future changes in λ.  We 

decremented spring and fall survival rates based on the cost of mismatch for the predicted increase 

in number of weeks of mismatch (3) and projected them through a matrix population model along 
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with other previously field-estimated vital rates for an adjacent snowshoe hare population (18).  The 

population growth rate for that baseline hare population went from strongly increasing (λ=1.14) to 

nearly stationary by mid-century (an 11 % decrease in annual growth rate).  By late century this 

population would be catastrophically declining, experiencing a 24% decrease to λ=0.87.  Thus, 

despite the fact that the demographic cost of mismatch is only relevant for a few weeks per year, its 

severe mortality consequences and the expected longer duration of mismatch in the future imply 

serious effects that would cause healthy, growing populations to decline towards extinction.  

Potential role of natural selection 

Importantly, future population dynamics consequences could be ameliorated if natural 

selection acts to minimize color mismatch either through shifting molt phenology or increasing its 

plasticity.  Documented strong selection on coat color leading to cryptic background matching (23) 

and recurrent evolution of seasonal camouflage in seasonally variable environments suggest high 

potential for microevolutionary change in response to color mismatch.  Further, selection on body 

color has been recently demonstrated in tawny owls (Strix aluco), probably  in response to altered 

snow conditions by climate change, although the fitness advantages of the color morphs are unclear 

(24).   

The color contrast regression coefficient from the univariate survival model with individual 

contrast can also be interpreted as a directional selection coefficient on the trait (25).  The negative 

value of -0.95 (Table 1) of color contrast on survival indicates strong selection for decreased color 

contrast in hares and its magnitude is particularly striking when compared to other selection 

coefficients documented in natural populations with a median strength of absolute value of 0.16 (26, 

27).  Further, if the observed phenotypic variation between individuals is a result of heritable genetic 

variation, natural selection for reduced mismatch could occur.  Whether and how much of the 

variation in molt phenology is heritable remains unknown, but limited captive studies indicate a 
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strong genetic component of the molt phenology (16).  Further, snowshoe hares (and other species 

with seasonal molts) show geographic variation in the occurrence and timing of seasonal coat color 

molts, indicating local adaptation to regions with less predictable winter snow (28, 29). 

In short, in the emerging framework for identifying vulnerability to evaluate conservation 

responses to climate change (30) we can now state with high certainty that snowshoe hares (and 

likely other seasonal coat color changing species) will have substantial exposure to decreased 

snowpack as an anthropogenic stressor, and that sensitivity to this exposure is high in the form of 

decreased survival, population mean fitness, and population growth rate.  Although we find ample 

material on which natural selection could act to ameliorate fitness consequences of coat color 

mismatch, a deep understanding of the genomic basis of seasonal coat color change is required to 

determine adaptive capacity, or the potential for evolutionary rescue, in the face of rapid 

anthropogenic climate change. 
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Table 1.  Results from 11 a priori models used to assess the survival costs of seasonal color contrast.  Models are ordered by Δ DIC (DIC= 1 

Deviance Information Criterion; an estimate of expected predictive error analogous to frequentist Δ AIC).  Covariate coefficients are the 2 

regression coefficients from the model reported on the logit scale.  When only one coefficient is reported for a multivariate model, it is for 3 

the color contrast covariate.  95% CRI are the 95% credible intervals analogous to frequentist confidence intervals. Bolded model 4 

represents the selection coefficient of color contrast on survival. 5 

 6 

# Survival model Δ  DIC DIC 
Covariate 
coefficient 

95% CRI 

11 S = Month + Individual contrast 0.0 943.6 -1.21 (-2.22, -0.12) 
10 S = Month 2.6 946.2 - - 

6 S = Season 18.9 962.5 

 0.68 SeasonSummer (0.11, 1.30) SeasonSummer 

 1.14 SeasonFall (0.60, 1.69) SeasonFall 

 0.84 SeasonWinter (0.39, 1.29) SeasonWinter 
7 S = Season + Individual contrast 19.0 962.6 -1.00 (-2.07, 0.14) 
9 S = Constant 24.5 968.1 - - 
2 S = Individual contrast 25.4 969.0 -0.95 (-1.82, -0.035) 
3 S = Population contrast 25.5 969.1 -0.70 (-1.65, +0.37) 
4 S = Individual contrast propensity 28.5 972.1  0.93 (-3.58, 5.64) 
1 S = Site 30.5 974.1  0.004 (-0.54, 0.52) 

5 S = Year 35.5 979.1 
 0.13 Year2011 (-0.65, 0.84) Year2011 

-0.32 Year2012 (-1.09, 0.38) Year2012 

8 S = Sex + Individual contrast 278.5 1222.1
 0.15 SexMale (-0.23, 0.54) SexMale 

-0.95 Contrast (-1.80, -0.02) Contrast 
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 7 

8 
Fig. 1.  Mean estimated individual color contrast of radiocollared snowshoe hares from August 2010 9 

to July 2012 at Gardiner, MT (A) and from August 2009 to June 2012 at Seeley Lake, MT (B).   10 
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 11 
Fig. 2.  Effects of individual color contrast on weekly snowshoe hare survival probability as 12 

estimated by a univariate model including individual contrast (Table 1).  Dashed lines indicate 95% 13 

credible intervals.  The effect size was extrapolated across the entire range of color contrast. 14 
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 15 
Fig. 3.  Simulated snowshoe hare annual survival probability under different color contrast 16 

scenarios.  Full lines represent mean annual survival and dashed lines 95% credible intervals.  17 

Different colors indicate different degrees of weekly individual color contrast.   18 
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SUPPLEMENTARY MATERIALS: 19 

Materials and Methods 20 

Figures S1-S3 21 

Table S1 22 

References (30-37) 23 

MATERIALS AND METHODS:  24 

Study Area 25 

We conducted our research in two areas in Western Montana, separated by about 330 km: 26 

Seeley Lake study site [used in (3)] in the Lolo National Forest (Morrel Creek drainage) and Gardiner 27 

study site in the Gallatin National Forest (Bear Creek drainage).  The Gardiner study site is about 28 

twice as high in elevation (2400 to 2700 m ASL) as the Seeley Lake study site (1300 to 1450 m ASL).  29 

This elevational difference leads to cooler temperatures and longer duration of snow cover in the 30 

Gardiner study site; continuous snowpack persists at the Gardiner site from late October until May 31 

at the Gardiner site (31) and from December to April at the Seeley Lake site (3).  The Seeley Lake 32 

site (Lat.= 47.23, Long.= -113.43) is 240 km further north than the Gardiner site (Lat.= 45.08, 33 

Long.= -110.57).  34 

Both areas have little to no permanent human habitation, with moderate logging being the 35 

primary land use.  The Seeley Lake study site is characterized by alternating 2.6 km2 sections of clear 36 

cuts and mildly thinned to mature closed stands that create heterogeneous hare densities and 37 

population growth rates (9).  Large portions of the Gardiner study site contain thinned forest stands 38 

resulting from extensive timber harvest during the 1940s and 1970s (31), with the rest of the site 39 

characterized by mature forest types.   40 
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Dominant tree species at both areas include Lodgepole pine (Pinus contorta), Douglas fir 41 

(Pseudotsuga menziesii), subalpine fir (Abies lasiocarpa), Engelmann spruce (Picea engelmannii), and in 42 

Gardiner also whitebark pine (Pinus albicaulis).  The common hare predators at both sites include 43 

Canada lynx (Lynx canadensis), bobcat (L. rufus), coyote (Canis latrans), red fox (Vulpes vulpes), 44 

American marten (Martes americana), great horned owl (Bubo virginianus), northern goshawk (Accipiter 45 

gentilis), and red-tailed hawk (Buteo jamaicensis). 46 

Capture and handling 47 

 Hares were captured continuously throughout the year in live traps (Tomahawk Live Trap 48 

Company, Tomahawk, WI), then eartagged, weighed and sexed.  Hares weighing > 900 g were fitted 49 

with VHF radiocollars (Wildlife Materials, Murphysboro, IL) equipped with mortality sensors.  The 50 

radiocollars weighing < 40 g were below the well-accepted radiocollar threshold of 5% of the 51 

animal’s body weight (32).  All handling procedures were approved by the University of Montana 52 

Animal Care and Use Committee (Protocol No. 021-10SMWB-051110).  53 

Survival and color contrast monitoring 54 

We monitored weekly survival status using radiotelemetry of a total of 186 radiocollared 55 

hares, including 136 in the Seeley Lake study site from July 4, 2009 to June 16, 2012 and 50 in the 56 

Gardiner study site from August 8, 2010 to June 16, 2012.  When a mortality signal was detected, the 57 

individual was located to determine the cause of death.  We confirmed 124 (67% of total) predation 58 

related mortalities.  Mortalities within 10 days of capture or obviously not caused by predation (i.e. 59 

hare body found intact) were right censored (24 individuals).  An additional 17 individuals were right 60 

censored due to radiocollar failure or permanent emigration out of the study area.  61 

We attempted to visually locate all hares once a week using radiotelemetry to quantify coat 62 

color phenology and color contrast between hares and their surroundings at the two sites following 63 
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the methods of Mills et al. (3).  The percentage of white coat colour (% hare whiteness) and the 64 

percentage of ground snow cover within 10-m radius circle centred at each hare’s resting spot (% 65 

snow cover) were visually estimated in 20% increments with a standardized protocol of observation 66 

and photographs to control for light conditions and distance.  Animals that just initiated or nearly 67 

completed the moult were classified as 5% or 95% white.  All final percentages were visually 68 

estimated by a single observer using primarily the photographs, and secondarily the field visual 69 

estimates when the quality of the photograph was insufficient, did not show the whole hare’s body, 70 

or the photograph was absent.  We measured colour contrast as the difference between the percent 71 

of white coat colour and the percent of snow cover.  We considered a hare mismatched when this 72 

difference was > |60|% [see (3) for consideration of other thresholds], as at this threshold hares 73 

began to clearly stand out against their surroundings. 74 

We used t-tests to test whether the degree of variation in coat color varied between the 2 75 

populations of snowshoe hares and between the fall and spring seasons, assuming unequal variance 76 

between two samples.  Linear univariate regression models with year as a covariate were used to test 77 

whether the variation in coat color and the amount of color contrast varied between the three years. 78 

We found that the degree of variation was equal between the populations (P= 0.48), seasons (P= 79 

0.11), and across the 3 years (P2011= 0.32, P2012 =0.63).   80 

Statistical Analysis 81 

Color contrast modeling 82 

 Because we could not quantify coat color of each hare every week, we modeled missing 83 

observations of  coat color using  a logistic growth model and subsequently derived molt initiation, 84 

completion date and rate of molt for each hare.  A fixed effect year was incorporated to allow for 85 

years to vary.  Weekly individual color contrast was calculated as the absolute difference between the 86 
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individual’s coat color and a weekly mean snow cover at each site.  Weekly mean snow cover was 87 

calculated from all snow cover observations collected during that week in a 10-m radius circle 88 

around each observed hare at the respective site.  Color contrast was defined on an absolute scale to 89 

allow estimation of mortality costs for both brown hares on white snowy backgrounds and white 90 

hares on brown backgrounds.  We also calculated weekly population color contrast as the average of 91 

all individual color contrasts at each site each week.  Lastly, we calculated color contrast propensity 92 

as a measure of an individual’s tendency to be contrasted with its background by averaging all the 93 

modeled weekly color contrasts experienced by each animal.   94 

Survival analysis 95 

To quantify the effects of color contrast on hares’ survival, we tested a series of a priori 96 

hierarchical known fate survival models (table S1).  We first tested whether the mean survival of the 97 

two study populations (Seeley Lake and Gardiner) is equal by including study site as a categorical 98 

covariate.  We found negligible differences in survival between the Seeley Lake and Gardiner 99 

populations (Table 1), allowing us to pool all 186 individuals together for the rest of the analyses.  100 

Next, we tested the hypothesis that color contrast negatively affects hares’ survival using four 101 

different univariate models.  First, we incorporated the model estimating weekly varying individual 102 

color contrast with its associated variance into the hierarchical survival model.  Second, we included 103 

weekly varying population color contrast (= weekly mean of all hares within a site).  Third, we 104 

included individual’s color contrast propensity (= the mean individual’s weekly color contrasts 105 

during each individual’s monitoring period).  Lastly, we included categorical variable year (2010, 106 

2011, and 2012) as a proxy for different snow conditions. 107 

Next we tested a set of models including covariates that are potentially affected or 108 

complemented by color contrast (= month, season, and sex).  Month was included as a random 109 

effect.  Season was a categorical covariate differentiated separately for the two sites based on local 110 
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climate (Seeley Lake: winter [Dec- Mar], spring [Apr- May], summer [Jun- Aug], fall [Sep- Nov]; 111 

Gardiner: winter [Nov- Apr], spring [May- Jun], summer [Jul- Aug], fall [Sep- Oct]).  Lastly, we 112 

included weekly color contrast to each of these three models and determined using deviance 113 

information criterion (DIC; Bayesian equivalent to AIC) (33), whether color contrast provided 114 

additional explanatory power to the variation in survival.   115 

All the hierarchical known fate survival models had linear predictors of the form: 116 

                             	 , β β , ∗ , ⋯ γ                                  (1) 117 

Where phi is the expected monthly survival estimate given the covariate x and the estimated effects 118 

β and γi is an individual level random effect.  Error was assumed to be distributed according to a 119 

Bernoulli distribution.  We included an individual level random effect to account for the repeated 120 

measures design and a lack of independence among individuals (34).  Modeling at the individual level 121 

allowed us to account for staggered entry and right censoring of individuals.  The model was fitted 122 

within a Bayesian framework which eased implementation of random effects and the simultaneous 123 

modeling of missing covariate values and derived parameters.  We obtained posterior distributions 124 

along with their 95% credible intervals (CRI) using Markov chain Monte Carlo (MCMC) methods 125 

(35).  Uniform priors were implemented on all parameters so that the inference was dominated by 126 

the information in the data.  Convergence was assessed using the Gelman and Rubin potential scale 127 

reduction statistic   (36) and visual inspection of the plotted chains and posteriors.  The  values 128 

were ≤ 1.1 for all parameters after running three parallel chains of length 100,000 and discarding the 129 

first 50,000 as burn-in.  We thinned such that every 10th observation was retained for parameter 130 

estimation.  All continuous variables were centered and scaled.  All analyses were conducted in 131 

JAGS software (37), run from R 2.15.2 (R Development Core Team, 2012) via the R2jags package 132 

(38). 133 
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Future survival simulations 134 

 We simulated future annual survival rates under different color contrast scenarios.  Survival 135 

estimates were calculated by sampling the posterior distributions of the estimated slope and 136 

intercept of color contrast from the survival model including weekly individual color contrast 137 

(model # 2, Table 1) in the following way:  138 

       	 β β ∗ weekly	color	contrast                (2) 139 

Annual survival rates were obtained by multiplying weekly survival estimates; for each future color 140 

contrast scenario we modified the number of weeks of the year with no color contrast and either 20, 141 

40, 60, 80, or 100% contrast.  The resulting survival rates were then plotted along with their credible 142 

intervals.  The credible intervals resulted from sampling the posterior distributions of the estimated 143 

parameters. 144 

Future population growth rate projections 145 

Next, we used the survival rates calculated in the previous section to estimate proportionate 146 

reduction in weekly survival due to mismatch by dividing weekly survival when color contrast is 0% 147 

by weekly survival rate when color contrast is 60%.  This reduction value represents a decrement in 148 

weekly survival for each additional week in the future where absence of snow leads to color contrast 149 

of 60%, the lowest contrast at which we consider hares to appear mismatched.  We note that this 150 

decrement is conservative, because for some weeks with no snow hares will reach color contrast 151 

>60%, and survival costs also occur when color contrast is <60%. 152 

   We predicted hares to experience more weeks of mismatch in the future, with 1.3 additional 153 

weeks of 60% color contrast in the fall and 2.4 weeks in the spring at mid-century and 2.6 additional 154 

weeks in the fall and 5.9 weeks in the spring by late century using the emission scenario 8.5 (3).  155 

Seasonal survival rates at mid-century and late-century were calculated for juveniles and adults by 156 

exponentiation of weekly survival rates under 0% and 60% contrast by their respective predicted 157 
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number of weeks at mid-century and late century.  Baseline vital rates (stage-specific reproduction 158 

and seasonal survival) and an associated matrix population projection model were based on a hare 159 

population monitored 1999- 2002 within 20 km of the Seeley Lake population in the current study 160 

(9), with λ = 1.14.  To calculate λ for the future time periods we projected the population matrix 161 

retaining these baseline vital rates, but replacing juvenile and adult spring and fall survival rates with 162 

the projected seasonal survival rates for mid- and late century. 163 
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 164 

 165 

Fig. S1:  Individual molt phenology from August 2010 to July 2012 at the Gardiner, MT (top) and from August 2009 to June 2012 at the 166 

Seeley Lake, MT (bottom) study sites.  Each colored line represents modeled phenology of a different individual. 167 
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Fig. S2.  Effects of population color contrast on weekly survival probability as estimated by 

a univariate model including population contrast (Table 1).  Dashed lines indicate 95% 

credible intervals.  The effects size was extrapolated across the entire range of color contrast.
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Fig. S3.  Monthly survival averaged over 3 years at both sites as estimated by the model 

including month as a random effect.  Dashed lines represent 95% credible intervals of the 

estimated survival probability.  
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Table S1.  11 a priori models testing specific predictions to assess the fitness costs of 

seasonal color contrast.  

# Survival model Prediction 

1 S = Site Hares’ survival will differ between the two populations. 

2 S = Individual contrast 
Hares’ survival will be lower when individuals have higher color 
contrast. 

3 S = Population contrast Hares will have lower survival during weeks of high color 
contrast. 

4 
S = Individual contrast  
propensity 

Hares with higher color contrast propensity will have lower 
survival. 

5 S = Year 
Hares will have lower survival when snow conditions differ from 
the climatic mean. 

6 S = Season Hares’ survival will be lower during spring and fall. 

7 S = Season + Individual 
contrast 

Hares’ survival will be lower during spring and fall and when 
individuals have higher color contrast. 

8 S = Sex + Individual contrast 
Hares’ survival will be lower for males and when individuals have 
higher color contrast. 

9 S = Constant Hares’ survival will be constant over time. 

10 S = Month Hares’ survival will vary monthly. 

11 S = Month + Individual 
contrast 

Hares’ survival will vary monthly, and will be higher when 
individuals have higher color contrast. 
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Abstract:  Most examples of seasonal mismatches in phenology span multiple trophic levels, 

with timing of animal reproduction, hibernation or migration becoming detached from peak 

food supply.  The consequences of such mismatches are difficult to link to specific future 

climate change scenarios because the responses across trophic levels have complex 

underlying climate drivers often confounded by other stressors.  In contrast, seasonal coat 

color polyphenism creating camouflage against snow is a direct and potentially severe type of 

seasonal mismatch if crypsis becomes compromised by the animal being white when snow is 

absent.  It is unknown whether plasticity in the initiation or rate of coat color change will be 

able to reduce mismatch between the seasonal coat color and an increasingly snow-free 

background.  We find that natural populations of snowshoe hare exposed to three years of 

widely varying snowpack have plasticity in the rate of the spring white-to-brown molt, but 

not in either the initiation dates of color change or the rate of the fall brown-to-white molt.  

Using an ensemble of locally downscaled climate projections, we also show that annual 

average duration of snowpack is forecast to decrease by 29-35 days by mid-century and 40 - 

69 days by the end of the century.  Without evolution in coat color phenology, the reduced 

snow duration will increase the number of days that white hares will be mismatched on a 

snowless background by 3 – 8 fold.  This novel and visually compelling climate-change 

induced stressor likely applies to >9 widely distributed mammals with seasonal coat color. 
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INTRODUCTION 

Shifts in annual timing of life history events are a common response of plant and 

animal populations to climate change (1, 2).  In many cases these phenological shifts span 

multiple trophic levels, creating mistiming as animal reproduction (3), hibernation emergence 

(4, 5) or migration (6) become detached from peak timing of food or habitat structure (7).  

The consequences of such mismatches are difficult to link to specific outcomes under future 

climate change because the multi-trophic level responses have complex underlying climate 

drivers that are often confounded by other anthropogenic stressors.   

A much more direct phenological mismatch could occur for the 9 or more widely 

distributed mammal species that molt seasonally from brown to white so that coat color 

tracks the presence of snow (Fig. 1).   A decrease in the number of days with seasonal snow 

on the ground is one of the temperate region’s strongest climate change indicators (8, 9).  

Because the circannual seasonal color polyphenism is likely regulated by photoperiod (10), 

an inflexible pattern of coat color change in the face of shortened snow seasons would 

presumably lead to increased mismatch between a winter white coat and a non-snowy 

background.  In the same way that cases of mismatch in animal camouflage are high profile 

(e.g. [11]), seasonal coat color mismatch produces a striking visual metaphor for direct 

effects of climate change (Fig. 2).  This novel form of phenological mismatch due to climate 

change also leads to immediate implications for fitness and population persistence because 

coat color matching in mammals is known to be a critical form of crypsis from visually 

hunting predators (12). 

We investigated whether current levels of plasticity in the initiation or rate of coat 

color change would be able to reduce mismatch between the seasonal coat color and an 

increasingly snow-free background expected in the future.  Our target organism was wild 
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snowshoe hares (Lepus americanus), a member of the most widespread genus showing 

seasonal coat color change (Fig. 1).  Snowshoe hares are a key prey item in northern North 

America food webs and an essential prey for the U.S. Threatened Canada lynx (Lynx 

canadensis), making it an appropriate focal species for understanding functional mismatches 

among interacting species under climate change (13).  Both individual behaviors and 

population dynamics of hares are overwhelmingly shaped by predation, which comprises 85-

100% of mortality in different regions and different years (14).  For example, hares move 

less and die more when illuminated to predator under a full moon on snow (15), and they 

tend to avoid risky canopy gaps within closed forests (16).  At the population level, 

differences in adult survival in different stand structure types are sufficient to dampen 

population cycles in their southern range (17, 18). 

 The pervasive influence of predation on hares implies strong selection on their 

cryptic coloration (19) and against sustained seasonal mismatch in coat color (17, 20).  

Indeed, naturalists have long noted the remarkable concordance between phenology of hare 

seasonal coat color change and the presence of snow across elevational, latitudinal, and 

seasonal gradients (21-23).   

 Although local adaptation to reduced snow through natural selection is possible for 

any trait enduring a phenological mismatch, the most immediate adaptive solution to 

minimize seasonal color mismatch is through plasticity (3, 6, 24).  For example, male rock 

ptarmigan (Lagopus mutus) exhibit behavioral plasticity to reduce conspicuousness by soiling 

their white plumage after their mates begin egg-laying in spring, a phenomenon likely 

underlain by tradeoffs between sexual selection and predation risk  (25).   A more direct 

avenue for plasticity to reduce mismatch when confronted by reduced snow duration would 

arise from plasticity in the initiation date or the rate of the seasonal coat color molts.  It is 
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not known how much plasticity exists in these traits, nor how much seasonal color mismatch 

is expected in the future as snow cover lasts a shorter time in the fall and spring.  

 An evaluation of plasticity in response to changing snow conditions requires that the 

seasonal coat color trait be exposed to a wide range of snowpacks representative of past 

extremes and applicable to the future. We took advantage of a serendipitous triplet of 

consecutive winters (2010-12) at our U.S. Northern Rockies study site in western Montana 

that spanned among the shortest and longest snow years in the recent past.  We monitored 

148 different snowshoe hares over the study period (43 different hares in 2010, 63 in 2011, 

and 58 in 2012), using radiotelemetry to locate hares weekly to quantify coat color phenology 

and the snow around each hare (see Methods and Materials).  The percentage of white color 

of hares and the percentage of snow cover within 10-m of each hare were quantified in 20% 

increments with a standardized protocol of observation and photographs.  We classified 

animals that just initiated or nearly completed the molt as 5% or 95% white; rate of molt was 

based on the number of days between the initiation date and completion date.   A hare was 

considered mismatched when the contrast between its coat color and background was at 

least 60% [mismatch = (hare % white - ground % white) ≥ 60%].  

We used a repeated-measures change point analysis (26) to estimate the population 

mean initiation and completion dates of hare coat color change for each of the three years 

(see Materials and Methods).  Bayesian credible intervals (analogous to frequentist 

confidence intervals) for the initiation and completion date of both spring and fall color 

molts were derived from the change point analysis, providing explicit statistical tests across 

years of the population reaction norm for initiation and rate of coat color change.  Further, 

we used the model to test for other potential modifiers of the circannual coat color rhythm, 

including temperature, percent snow around hares, and gender.  
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To quantify how these three years differed in snow cover and how they compared to 

the recent past and expected future, we developed ecologically relevant downscaled snow 

duration and temperature models applicable to our study area (Methods and Materials).  We 

modeled daily snow water equivalent (SWE) at our site for the recent past (1970-1999) and 

present (2010, 2011, and 2012) using a locally calibrated temperature-index snow model (27).  

The daily temperature and precipitation values needed to drive the model were estimated 

using a topographically-informed interpolation of surrounding weather station observations 

(28).  To quantify the rates of seasonal cooling and warming in the three years, we calculated 

a cumulative sum of degree days below 0⁰C in the fall (Sept- Dec) and above 0⁰C in the 

spring (Mar-Jun).  Annual snow season duration was calculated as the longest annual period 

of temporally continuous snow cover from July to June.   

To assay prospective snow conditions at our study site, we next drove the snow 

model using a change factor approach that perturbs observed interpolated weather station 

data for our site using an ensemble of climate projections.  A total of  19 different climate 

models from the fifth phase of the Coupled Model Intercomparison Project (CMIP5) were 

used under two representative concentration pathways (RCP) experiments including 

medium-low (RCP4.5) and high (RCP8.5) forcings (Table S1).  Projected changes in average 

monthly temperature and precipitation, downscaled to our sites, were summarized and 

examined for two future 30-year time periods (“mid-century”=2030-2059; “late-

century”=2070-2099) relative to a recent (1970-1999) baseline.  The snow model was then 

driven separately for each of the 19 models and RCP scenarios producing a total of 38 

different outcomes for both mid- and late-century (Figure S1). 
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RESULTS AND DISCUSSION 

The three sampled years (2010, 2011, and 2012) spanned the range of snowpacks for 

the recent past (1970-1999 baseline) in terms of both number of days with snow on the 

ground (Fig. 3a) and SWE (Fig. 3b).   Furthermore, the range of SWE across these years 

included the expected mean for the mid-century and for one of the two late-century forcing 

scenarios (Figure 3b).  Collectively, the retrospective and prospective snow modeling 

confirms that the three winters we sampled exposed the color polyphenism to drastic 

differences in snow amount and duration that approached the extremes of the recent past 

and to a lesser extent the future.  These field conditions provided a powerful test, for a 

natural population, of the potential for plasticity in the circannual rhythm of coat color molt 

to reduce camouflage mismatch between white hares and increasingly brown backgrounds in 

the fall and spring.  

  Across these three years with vastly different snow conditions, the initiation date of 

the color molts was fixed both in the fall and spring (overlapping Bayesian confidence 

intervals among annual initiation dates across the 3 years; Figs. 4a and S2), consistent with a 

photoperiod driver for this circannual trait (2).  Also, the rate of coat color change (number 

of days between initiation and completion dates) in the fall was fixed (overlapping 

confidence intervals among completion dates; Fig. 4a), taking about 40 days each year for 

hares to transition from brown to white.  In contrast to initiation dates and the fall rate of 

change, plasticity in the rate of color change was apparent in spring (non-overlapping 

confidence intervals among completion dates);  in concert with the substantially longer snow 

season in 2011, hares completed the molt from white to brown 16 days later in 2011 

compared to 2010 (Figs. 3a, 4, S2).   
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The fixed initiation dates of molt, with plasticity only in spring rate of molt from 

white to brown, would result in increased coat color mismatch as snow seasons shorten 

under future climate change.    Our ensemble prospective snow modeling  results indicate 

that, relative to the recent past, for a medium-low (high) emissions scenario, the main winter 

snowpack at our study site will persist for 29 (35) fewer days by the mid-century and 40 (69) 

fewer days by the late-century (Fig. 3a, 5).   Consistent with previous observational and 

sensitivity analyses of North American snow cover (8, 29), this projected decrease in 

snowpack duration is dominated by changes in spring snow cover (Fig. 5). 

Linking this decreased snow duration to our average observed hare phenology and 

conservative definition of mismatch (≥60% difference between hare coat color and snow 

cover) translates the reduced snow days into a measure of future mismatch between white 

hares and brown ground: without an evolved shift in initiation of the seasonal molt, coat 

color mismatch of white hares on brown snowless backgrounds will increase by as much as 

4-fold by the mid-century and by 8-fold by the late-century under the high emission scenario 

(Fig. 5, Table S2). 

 With the expected compromised camouflage due to lack of plasticity in molt 

initiation dates and only limited plasticity in spring rate of color molt, key unresolved 

questions include the environmental variables that underlie the plasticity in the rate of the 

white to brown coat color molt in spring, and more generally the potential to modify the 

circannual rhythm of seasonal coat color molt through genetic and epigenetic mechanisms 

(30). Environmental drivers of the reaction norm of coat color molt are unknown; however 

other circannual processes synchronized by photoperiod may be affected by modifiers such 

as temperature and snow presence (31).  Our simple indices describing temperature and 

snow presence in our natural hare populations appeared to rank consistently with rate of 
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spring molts across the 3 years; for example molt from white to brown was slowest in spring 

2011, which was both the coldest spring of the 3 years and had the longest lasting snowpack 

(Fig. 3, 4).  In the statistical models, however, the biological effects across individuals and 

years for these putative modifiers were relatively small (Materials and Methods).  For the 

coat color phenology model with percent snow as a covariate, a change from 100% to 0% 

snow shifted the average completion date of molt from white to brown by only 4 days.  

Similarly, the coat color phenology model with temperature (degree days) as a covariate 

predicted that the span from 0⁰C to 15.4⁰C (the highest daily average temperature during the 

spring molt period) explains only a 3 day modification of the completion date of molt from 

white to brown.  In comparison to the 16 days difference between completion dates between 

springs 2010 and 2011, these indices appear to be minimally informative as drivers of the 

reaction norm in the rate of spring coat color molt.  Additionally, the rate of molt in the 

spring was slightly influenced by sex, with females completing the spring molt on average 

3 d earlier than males.  Previous studies have similarly suggested faster color molt for 

females (32, 33).  

As a threshold trait with distinct initiation and rate components that determine 

crypsis, coat color mismatch is a more direct climate change-induced phenological stressor 

than the trophic-level asynchronies usually discussed.  The compelling image of a white 

animal on a brown snowless background can be a poster child for both educational outreach 

and for profound scientific inquiry into fitness consequences, mechanisms of seasonal coat 

color change, and the potential for rapid local adaptation.   
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MATERIALS AND METHODS  

Field Methods  

The study area (Morrell Creek) is located in the U.S. Northern Rockies near Seeley 

Lake, Montana at an elevation of about 1400 m (Lat.= 47.23, Lon.= -113.43).  The area is 

temperate boreal coniferous forest comprised of an array of uncut and harvested stands 

mostly on US Forest Service lands that are largely unpopulated.  Hare densities in this region 

vary but tend to be less than 2 hares/ha (34). Snowshoe hares were live-trapped using 

Tomahawk traps (Tomahawk Live Trap Company, Tomahawk, WI) and fitted with 

radiocollars (Wildlife Materials, Murphysboro, IL) (17).  We monitored weekly 148 

radiocollared hares over the study periods (43 different hares in 2010, 63 in 2011, and 58 

different hares in 2012).  As animals died new individuals were radiocollared, year-round and 

throughout the study.  Wild snowshoe hares generally have low annual survival rates (17, 35), 

limiting the expression of individual plasticity across >1 year.  Of our 148 different animals 

monitored, only 7 survived for >1 fall or spring molt and only one survived for >1.5 years 

after collaring; because of incomplete detection and temporary emigration of radiocollared 

animals we were not able to document consecutive spring or fall molts for any of these 7 

hares.   

Molt Phenology Analysis 

We used a repeated-measures change point analysis to estimate the initiation date 

and rate of coat color change.  Change point analyses are similar to standard linear mixed 

models such as ANOVA with the addition of a parameter estimating the timing of a change 

in pattern (= molt initiation date).  We considered individual hares to be the primary 

sampling unit (random effects) with repeated measures through time of coat color for each 
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hare.  Because hare mortality, temporary emigration and incomplete detection punctuate 

individual hare phenologies, and new individuals must be staggered into the analysis as 

others die, we chose to fit the model with Bayesian methods to more cleanly handle the 

random effect of individual hares than could be done with maximum likelihood.   

We fit the change point regression model with Markov chain Monte Carlo (MCMC) 

in WinBugs (36).  Inference was made from 5 chains of 100,000 MCMC iterations after 

discarding 10,000 burn-in iterations.  We used the Gelman-Rubin statistic to test for chain 

convergence, which was achieved (R≤ 1.1 for all data sets). Slopes of the regression line 

prior to initiation date and after completion date were fixed to zero (0% white in summer 

and 100% white in winter).  To quantify phenology of coat color change across days for each 

year, we included in the model parameters for initiation date (change point in the fixed 

slope) and slope of the change, and ran models separately for each combination of observed 

season (fall and spring) and year (2009, 2010, 2011 and 2012).  Completion date was derived 

from the regression line as the date it reaches the slope fixed at zero [fall  completion date = 

100 / (β +  initiation date); spring completion date = -100 / (β  +  initiation date)]. Resulting 

means and credible intervals (the Bayesian analog of confidence intervals) (as shown in Fig. 

4a) were used to test for statistically significant differences between years in initiation and 

completion dates and slopes of change. Further, the posterior probability distributions of the 

derived parameters confirmed the significant differences between years (Figure S2).   

Next we ran a series of change point regression models using spring data pooled 

across the 3 years to determine effect of each of the following covariates on the rate of the 

molt:  snow (% snow cover within 10m radius around each individual hare on the date coat 

color was measured), temperature (sum of daily averages above 0⁰C)  and gender. The effect 

size of these covariates on the rate of the molt (number of days between the initiation and 
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completion date) was then derived from how the slope of the molt changed across the range 

of the covariate [molt rate = (-100 - β1* Covariate value)/β], where β indicates the slope of 

the molt and β1 indicates the slope of a covariate.  The range of values for the snow was 0 to 

100% snow (β1= 0.093, sd= 0.02), for temperature from 0⁰C to 15.4⁰C (= highest daily 

maximum during spring) (β1= -0.354, sd= 0.015); and gender was binary (1= females, 0= 

males) (β1=-7.402, sd= 6.678).  

Future Coat Color Mismatch 

To estimate the increase in mismatch extent under future snow conditions we used 

average observed phenology of hares across the three years of study to calculate the number 

of days during which hares would be mismatched during the recent past, and in the future 

(mid-century and late-century) (Table S2). We explored the sensitivity of our threshold 

defining mismatch (60% white hare on a snowless background) by also projecting number of 

days of mismatch using 40% and 80% thresholds (Table S3). 

Snow and Climate Modeling 

Daily SWE was modeled at the site from 1970-2012 using a form of the soil water 

assessment tool (SWAT) temperature-index snowfall-snowmelt model (27) with 

modifications to the calculation of a snowmelt rate factor detailed by (37).  Model 

parameters were calibrated to 23.5 years (1989-2012) of daily SWE observations from a 

nearby snow telemetry (SNOTEL) weather station 25 km to the west (Table S4). 

Interpolation of daily temperature and precipitation from surrounding weather stations was 

conducted via empirically modeling the effect of elevation on temperature and precipitation 

as described by (28).  A total of 41 surrounding stations from 7 to 91 km from the site were 
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used to interpolate temperature while 38 stations from 7 to 89 km away were used for 

precipitation.  

Compared to site observations, the annual modeled snow on date (first day of the 

snow season), was 2, 2, and 4 days too late in fall 2009, 2010, and 2011, respectively. The 

annual modeled snow off date (last day of the snow season), was 12 days too early in spring 

2010, 1 day too late in spring 2011, and 4 days too early in spring 2012.  The larger 

difference between the model and observations in spring 2010 was mainly due to a late 

spring snowfall.  Observed snow cover was 2.5% on April 24th, close to the modeled snow 

off date of April 22nd, but then new snowfall extended the season to May 4th before snow 

cover reached 0% (Fig. 3b).   

Climate projections from 19 CMIP5 models were summarized by projected change 

in average monthly minimum temperature, maximum temperature, and precipitation in the 

mid-century (2030-2059) and late-century (2070-2099) relative to the recent past (1970-1999) 

using inverse distance weighting from the native resolute of each climate model to the study 

area.  Projected changes for both the representative concentration pathways RCP4.5 

(moderate-low emissions scenario) and RCP8.5 (high emissions scenario) were applied to the 

daily interpolated historical temperature and precipitation values to statistically downscale 

the projections to the site.  This type of downscaling removed possible climate model bias, 

but assumed that future weather would have the same variability as the recent past.  The 

locally-calibrated snow model was run for each 30-year future time period, climate model, 

and RCP combination to test the degree to which future snow conditions could change at 

the site. 
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Figure 1| Seasonally color changing species around the world. Geographical distributions of 

9 mammal species with seasonal coat color changes from brown to white in at least some 

populations. Species include Arctic fox (Alopex lagopus), collared lemming (Dicrostonyx 

groenlandicus), long-tailed weasel (Mustela frenata), stoat (M. erminea), snowshoe hare (Lepus 

americanus), mountain hare (L. timidus), Arctic hare (L. arcticus), white-tailed jackrabbit (L. 

townsendii), and Siberian hamster (Phodopus sungorus). Additional species with seasonal coat 

color change (eg least weasel; Mustela nivalis) are not shown.  Maps derived from IUCN 

redlist metadata (http://www.iucnredlist.org/technical-documents/spatial-data#mammals). 

  



84 
 

 

Figure 2| Types of contrast between seasonal coat color and snow background. 

Radiocollared snowshoe hares from this study showing: a, 100% contrast (mismatch); b, 

60% contrast  (mismatch); c, 0% contrast (no mismatch); d, 0% contrast (no mismatch). 
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Figure 3| Modeled baseline and future snow conditions. a, Length of the main snow season 

for the 3 observation years (black horizontal lines) and boxplots of snow season length for 

the recent past (1970-1999) baseline (blue shading) and future time periods (mid-century = 

2030 – 2059; late-century = 2070-2099) and emissions scenarios (orange shading = RCP4.5, 

red shading = RCP8.5). Future boxplots represent entire population of results from 19-

member climate model ensemble. Bold horizontal lines are the median and diamonds are the 

mean. b, is the same as (a) except for annual maximum snow water equivalent.  
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Figure 4| Coat color phenology, snow cover, and degree days. a, Weekly average of 

observed coat color for a population of wild snowshoe hares in each of 3 years [2009 (blue), 

2010 (red), 2011 (black) and 2012 (green)], with fall seasons on the left panel and springs on 

the right. Dotted lines show the results of Bayesian change point analyses, giving the 95% 

credible intervals for the mean dates of initiation and completion of the color molt for each 

season each year.  b, Weekly average of observed snow cover in a 10-m radius around each 

wild hare for each of the 3 years (fall on left and spring on right). c, Degree days as a 

measure of cooling trend in the fall and warming trend in the spring  at our study site for 

each of the 3 years. 
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Figure 5| Projections of increasing seasonal color mismatch in the future. The black line for 

all panels shows average phenology of hare seasonal color molt across the 3 years of the field 

study. The blue line shows mean modeled snow duration for the recent past (1970-1999).  

The orange and red lines show the future (mid-century and late-century) mean modeled 

snow duration for different emissions scenarios. The gray highlighted regions represent coat 

color mismatch, where white hares (≥60%) would be expected on a snowless background. 

As the duration with snow on the ground decreases in the future, mismatch will increase by 

as much as 4-fold in the mid-century and 8-fold in the late-century.  
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SUPPLEMENTARY MATERIALS 

 
Figure S1. Modeled baseline and entire ensemble of future snow conditions.  a, Boxplots of 

snow season duration for the 1980s baseline (blue shading) and for each climate model 

ensemble member in the future time periods and emissions scenarios (orange shading = 

RCP4.5, red shading = RCP8.5). Climate model ensemble members are identified in Table 

S1. Within each boxplot, bold horizontal lines are the median and diamonds are the mean.  

Horizontal lines in each time period/scenario are the overall ensemble mean. b, is the same 

as (a) except for annual maximum snow water equivalent. 
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Figure S2. Posterior Bayesian probability distributions of the molt phenology parameters for 

different years resulting from the change point analysis.  Posterior distributions of initiation 

dates (a), completion dates (b) and slopes (c) of spring (right side panels) and fall (left side 

panels) coat color molts color coded for years 2009 (blue), 2010 (red), 2011 (black) and 2012 

(green line). The peaks in the distributions indicate the most probable means of the 

parameters and the overlap in the distributions represents the probability of the parameters 

being equal. 
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Table S1. Names of CMIP5 models used in the analysis. 
 

Modeling Center (or Group)  Model Name Model Letter 
Beijing Climate Center, China 
Meteorological Administration 

BCC-CSM1.1 A 

Canadian Centre for Climate Modelling 
and Analysis 

CanESM2 B 

National Center for Atmospheric 
Research 

CCSM4 C 

Centre National de Recherches 
Meteorologiques / Centre Europeen de 
Recherche et Formation Avancees en 
Calcul Scientifique 

CNRM-CM5 D 

Commonwealth Scientific and Industrial 
Research Organization in collaboration 
with Queensland Climate Change Centre 
of Excellence 

CSIRO-Mk3.6.0 E 

LASG, Institute of Atmospheric 
Physics, Chinese Academy of Sciences 
and CESS,Tsinghua University 

FGOALS-g2 F 

NOAA Geophysical Fluid Dynamics 
Laboratory 

GFDL-CM3 G 
GFDL-ESM2M H 

NASA Goddard Institute for Space 
Studies 

GISS-E2-R I 

Met Office Hadley Centre HadGEM2-ES J 

Institute for Numerical Mathematics INM-CM4 K 

Institut Pierre-Simon Laplace 
IPSL-CM5A-LR  L 
IPSL-CM5A-MR  M 

Atmosphere and Ocean Research 
Institute (The University of Tokyo), 
National Institute for Environmental 
Studies, and Japan Agency for Marine-
Earth Science and Technology 

MIROC5 N 

Japan Agency for Marine-Earth Science 
and Technology, Atmosphere and 
Ocean Research Institute (The 
University of Tokyo), and National 
Institute for Environmental Studies 

MIROC-ESM-
CHEM 

O 

MIROC-ESM P 

Max Planck Institute for Meteorology MPI-ESM-LR Q 

Meteorological Research Institute MRI-CGCM3 R 

Norwegian Climate Centre NorESM1-M S 
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Table S2. Number of days of expected hare mismatch, where mismatch is defined as ≥60% 

difference between hare coat color (based on average phenology across the 3 years of field 

data) and the modeled snow presence/absence. Recent past = 1970-1999; mid-century = 

2030-2059; late-century= 2070-2099. Emission scenarios: 4.5 = moderate-low; 8 = high. 

 

  Recent past
Mid Century 

4.5 
Mid Century 

8.5 
Late 

Century 4.5 
Late 

Century 8.5 

  60% 60% 60% 60% 60% 

# days of 
mismatch in fall 

9 15 18 19 27 

# days of 
mismatch in 

spring 
0 13 17 20 41 

# days total  9 28 35 39 68 

-fold to recent 
past 

1 3 4 4 8 
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Table S3. Number of days of expected hare mismatch, where mismatch is now defined as 

≥40% and ≥80% difference between hare coat color (based on average phenology across 

the 3 years of field data) and the modeled snow presence/absence. Recent past = 1970-1999; 

mid-century = 2030-2059; late-century= 2070-2099. Emission scenarios: 4.5 = moderate-

low; 8 = high. 

 

 Recent past
Mid Century 

4.5 
Mid Century 

8.5 
Late 

Century 4.5 
Late 

Century 8.5 

  40% 80% 40% 80% 40% 80% 40% 80% 40% 80% 

# days of 
mismatch in fall 14 2 20 8 23 11 24 12 32 20 

# days of 
mismatch in 

spring 
0 0 20 9 24 13 27 16 48 37 

# days total  14 2 40 17 47 24 51 28 80 57 

-fold to recent 
past 

1 1 3 9 3 12 4 14 6 29 
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Table S4. Snow model parameter values before and after calibration. 
 
Parameter Initial Value  Calibrated Value  
 
Snowfall Temperature (°C): cutoff daily 
average temperature for precipitation as 
snow vs. rain 

 
1.0°C 

 
1.0°C (held constant23) 

 
Snowmelt Base Temperature (°C): daily 
average temperature at which snowpack will 
melt 

 
0.0°C 

 
0.0°C (held constant23) 

 
Snowpack Temperature Lag Factor: factor 
that controls influence of current daily 
average temperature on snowpack 
temperature compared to previous days 

 
0.5 

 
0.05 

 
Minimum Melt Factor for Snow on 12/31 
(mm/°C) 

 
4.0 mm/°C 

 
0.0 mm/°C 

 
Maximum Melt Factor for Snow on 6/21 
(mm/°C) 
 

 
6.5 mm/°C 

 
3.2 mm/°C 
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ABSTRACT Range boundaries are a manifestation of species’ tolerances to environmental factors, including
climate and human disturbance. As such, studying populations persisting along range boundaries can provide
important insights into species’ sensitivity to environmental change. Because multiple environmental
influences may contribute to a range limit, studies focusing on range boundaries can guide management and
conservation of these critical populations. To this end, we quantified the environmental factors associated
with snowshoe hare (Lepus americanus) occurrence at their southern range limit in Wisconsin. We surveyed
199 locations across a regional southern range boundary of snowshoe hares and analyzed the data within an
occupancy modeling framework to test the hypothesis that this range boundary results from an interaction
between winter climate and land cover. We found that dense vegetation structure and increasing forest and
snow cover duration had positive effects on snowshoe hare occupancy along their southern range boundary,
supporting our prediction that a suite of abiotic factors is associated with the southerly distribution of this
winter-adapted mammal. These effects were additive and we found limited support for climate–land cover
interactions, forest composition, winter snow depth, or predator occurrence. Spatial predictions of occupancy
using only forest and snow cover variables denote a sharp range boundary, further illustrating the importance
of these variables in shaping this species distribution. Our results highlight an important vulnerability of
snowshoe hares to future climate change, and options for mediating this vulnerability through the
maintenance of early successional habitat and forested landscapes along their southern range boundary.
� 2016 The Wildlife Society.

KEY WORDS climate change vulnerability, Lepus americanus, occupancy modeling, range boundary, snowshoe hares,
trailing edge.

The factors forming range limits remain poorly understood
for many species (Gaston 2009), but range boundaries are
particularly sensitive to environmental change (Cahill et al.
2013). Given that anthropogenic climate change is already
influencing shifts in the distribution of species (Chen et al.
2011), understanding the environmental constraints operat-
ing along range boundaries has taken on important
conservation implications. In particular, populations occur-
ring along low latitudes (i.e., trailing edge range limits) are
expected to be most vulnerable to climate change because they
may persist at the warm extreme of a species’ climatic niche
(Cahill et al. 2013). Consequently, studying the environ-
mental conditions along these boundaries can provide insight

into how populations and species will respond to environ-
mental change across their range (Sexton et al. 2009).
Although range boundary populations constitute a small
percentage of a species overall distribution, these populations
often have a disproportionate amount of unique alleles and
serve as important sources for adaptation and speciation
(Hampe and Petit 2005); they also represent a significant
component of regional biodiversity (Steen and Barrett 2015).
Such range boundary populations are bellwethers of future
change and are of particular conservation value.
Climate is important in structuring species ranges across

broad spatial scales (Wiens 2011); however, evidence for the
direct impacts of climate on species occurrence at local scales
is less apparent (Pearson and Dawson 2003). At local scales,
the effect of habitat availability and species interactions are
thought to overwhelm the role of climate on species
occurrences (Vale et al. 2013). Most studies on species
distributions relate species occurrence to broad-scale
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environmental factors like climate, and deemphasize the
effect of local-scale habitat and its potential interaction with
climate. Studies that simultaneously investigate how climate,
land cover, and local habitat conditions limit species
occurrences will yield more accurate estimates of vulnerabil-
ity to future climate change and identify options for
addressing this vulnerability through habitat management.
Snowshoe hares (Lepus americanus), with their seasonal

molt to white in winter and low foot loading for efficient
locomotion in deep snow, are a consummate winter-adapted
species in North America. Widely distributed throughout
the boreal ecosystem of North America, the range of
snowshoe hares terminates across the northern coterminous
United States, with southern extensions along the Sierra
Nevada, Rocky, and Appalachian mountains (Fig. 1). In the
simplified topography of the Great Lakes Region, this
species has a southern range boundary that coincides with a
vegetative tension zone between the dry prairie-hardwood
forests to the south and cooler mixed forests of the north
(Curtis and McIntosh 1951, Buehler and Keith 1982).
Historical land use change has played an important role,
further fragmenting an already patchily distributed north-
ern-forest ecosystem.
There are numerous studies on snowshoe hare biology

within the southern portion of their range, with many

focusing on the effects of local habitat on demography and
movement (Wirsing et al. 2002, Griffin andMills 2009, Ivan
et al. 2014). These studies and those elsewhere in snowshoe
hare range indicate that predation has a strong influence on
snowshoe hare population dynamics, but these relationships
can be mediated by habitat (Sievert and Keith 1985, Griffin
andMills 2009) and climate (Hone et al. 2011). As snowshoe
hare habitat in the southern range is patchily distributed,
landscape context appears to be particularly important in
constraining their occurrence (Lewis et al. 2011, Thornton
et al. 2012). However, few studies have rigorously quantified
how broad-scale patterns in winter climate and forest cover
together shape snowshoe hare occurrence in their southern
range (Sultaire et al. 2016). A phenological mismatch
between the snowshoe hare’s seasonal molt to white and
background snow cover could be an important variable
influencing their survival (Mills et al. 2013, Zimova et al.
2016) and occupancy.
The goal of our study was to quantify the relationship

between climate and occupancy along the southern range
boundary of snowshoe hares in Wisconsin, and further
identify local habitat features that modify this relationship.
We had 3 main hypotheses: 1) the contemporary range
boundary of snowshoe hares is a product of patch- and
landscape-scale forest cover features; 2) snow cover duration

Figure 1. Locations where we performed snow-tracking surveys to determine snowshoe hare presence (n¼ 199), at the southern extent of snowshoe hare range
inWisconsin, USA.We surveyed sites in winters of 2012–2013 and 2013–2014. Filled circles indicate survey sites where we detected snowshoe hares. The study
extent approximately coincides with the tension zone, a transition between southerly deciduous and northerly coniferous forests, except in the east where
extensive historical forest loss occurred (denoted by area inside gray lines).
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is an important climate variable shaping the range boundary
of snowshoe hares; and 3) forest and snow cover conditions
exhibit a strong interaction in limiting snowshoe hare
occurrence along their southern range boundary. Specifically,
we predicted that snowshoe hares would be more likely
to occupy sites with high vegetative (horizontal) cover
embedded within landscapes of extensive forest cover. We
further predicted that forest would positively interact
with more persistent snow cover to increase snowshoe
hare occupancy. Because high horizontal cover can buffer
snowshoe hare populations against predation (Griffin and
Mills 2009), we predicted a strong synergistic effect between
landscape-scale forest and local-scale vegetative cover, where
the positive relationship between landscape forest cover and
snowshoe hare occupancy would be stronger within sites with
high horizontal cover. These predictions resulted, in part,
from the assumption that forested landscapes are more
conducive to dispersal between subpopulations and the
assumption of reduced use by generalist predators that select
heavily for edge habitats (Oehler and Litvaitis 1996).

STUDY AREA

Our study area was roughly 100 km north-south by 400 km
east-west and approximately centered at 44.308N and
90.08W. The study area coincided with the vegetative
transition zone between the southern hardwoods and
northern mixed forest in central Wisconsin, USA (Fig. 1;
Curtis and McIntosh 1951). North of the zone, summers
were short and cool with extensive winter snow cover,
whereas south of the zone summers were longer and drier,
with more heterogeneous snow cover extent and duration
(Curtis 1959). Land cover was a mosaic of forest, agricultural
land, and small urban areas, with the central part of the study
area having more contiguous forest cover and sandy soils.
Forests were a mix of conifers and hardwoods, with maples
(Acer spp.), oaks (Quercus spp.), pines (Pinus spp.), and poplar
(Populus spp.) species dominating uplands, whereas the
lowlands were mainly spruce (Picea mariana), cedar (Thuja
occidentalis), and tamarack (Larix laricina) conifer species.
Carnivore species present included coyotes (Canis latrans),
bobcats (Lynx rufus), fishers (Martes pennanti), and foxes
(Vulpes, Urocyon spp.). The eastern part of the study, where
agriculture was most extensive, was north of the transition
zone. This eastern portion of the study area had the shortest
snow cover season approximately 95 days annual snow cover
on average, which increased to approximately 130 days in
the northwest. Topographic relief within the region was
minimal and all areas were <500m in elevation.

METHODS

Site Selection
To map the southern distributional limit of snowshoe hares
in Wisconsin, we used a combination of snow-tracking
surveys and occupancy modeling. We constructed our initial
sampling extent based on 131 locations that were part of a
previous survey for snowshoe hares at the southern extreme
of their range in Wisconsin (circa 1980). Of these original

sites, 109 had detections of snowshoe hares during winters
1979 and 1980 (Buehler and Keith 1982). These sites were
stratified by township (92.16-km2 block), and we obtained
survey locations at a 2.56-km2 resolution within each
township. These sections were originally selected as the most
forested section within the township. If >1 section in a
township was surveyed historically, we chose 1 to survey.
We conducted our surveys within, or as close to, historical
locations as possible (i.e., <1.60 km). The goal of our
sampling design was to map the southern extent of
snowshoe hare occupancy across the longitudinal breadth
of Wisconsin and to achieve this goal, we surveyed an
additional 68 sites that were not part of the original survey
design of the early 1980s. For these new sites, we targeted
townships that were not previously surveyed and were north
of the previous survey extent. We selected these sites based
on the same stratification (township), except that we
identified the 5 most forested sections within it. We
then used generalized randomized tessellated stratification
(GRTS; Stevens and Olsen 2004), to randomly order all
these selected sections in a spatially balanced manner, and
preferentially sampled from the top of the order. If access
was not granted at the primary section, we moved down the
ordered list to the next section (Stevens and Olsen 2004).
We chose GRTS to account for the spatial relationship
between survey sites to obtain a more spatially balanced
resultwhen selecting sites in clumped environmental gradients
like forest cover (Stevens and Olsen 2004). Although we
targeted areas of high forest cover, a strong gradient of
forest cover between townships ensured that landscapes with
varying amounts of forest cover were sampled.
While mapping the range boundary, we approached

sampling in an adaptive fashion. We sampled selected
sections in a portion of the study area until we had a
snowshoe hare detection north of sites with no snowshoe
hare detections. We sought to obtain this pattern of
detections north of non-detections across the full longitu-
dinal breadth of Wisconsin but allowed for a gap of 1
township between detections across the range boundary.
This adaptive sampling framework meant that not all
selected sites needed to be surveyed to meet our sampling
goals, and 25% of the selected sites were not surveyed.

Snow-Tracking Surveys
We performed snow track surveys from December through
March for winters 2012–2013 and 2013–2014, when snow
was present. Surveys consisted of a standardized search for
tracks along a series of 125-m transects, spaced 75m apart
(Burt et al. 2016).We standardized the surveys based on time
rather than distance, with each survey lasting for 1 hour. We
completed 3–10 transects per survey; however, the inter-
quartile range was between 5 and 7, so most surveys covered a
similar area. During each survey period, we recorded the
detection of each set of hare tracks encountered along
the transect. For analysis, we reduced counts to presence-
absence and pooled occupancy across transects. We distin-
guished the tracks of snowshoe hares and the sympatric
eastern cottontail (Sylvilagus floridanus) based on track size
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(snowshoe hare tracks are 50% larger; Buehler and Keith
1982). Because predation affects snowshoe hare populations
(Krebs 2011), their use of survey sites may influence
snowshoe hare occurrence. We counted all carnivore tracks
encountered during surveys, and used this metric as a
covariate in our modeling process to represent carnivore use
of sites (see Occupancy Modeling and Estimation section).
Carnivore species counted included canids (coyotes and
foxes), fishers, and bobcats.
To account for imperfect detection, we designed our

surveys and analyzed the data using a single-season
occupancy model (MacKenzie et al. 2002) in a hierarchal
framework (Royle and Dorazio 2008). The traditional
implementation of these models uses species detection-
nondetections from temporal repeat surveys of sites to
estimate species detection probability in relation to
environmental covariates, and yields more robust estimates
of species occupancy (MacKenzie et al. 2006). Because of our
goal of mapping the snowshoe hare range boundary across
Wisconsin (over 400 km) and our finite survey effort, we
targeted a subset of survey sites to conduct repeated surveys.
Preliminary power simulations (Guillera-Arroita et al. 2010)
indicated that resurveying a minimum of 40 sites 3 times
provided reliable estimates of occupancy and detectability
with an assumed detection probability of 0.7 and probability
of occupancy between 0.3 and 0.5 (Supplementary Fig. S1,
available online in Supporting Information). To ensure
independence of observations between repeat visits, once
we detected hares at a site, we did not repeat the survey
until new snowfall covered existing tracks. Although we
conducted surveys across 2 winters, once we surveyed a site
we conducted the repeat survey within the same winter, to
better approximate population closure.

Covariate Measurements
Because forest structure is an important component of hare
habitat (Litvaitis et al. 1985), we measured within-site
horizontal cover, or the distribution of plants as viewed from
the horizontal perspective, using the sphere and staff method
(Collins and Becker 2001). We included all types of
horizontal visual obstruction (e.g., live stems, logs, brush
piles) in our estimate at 1-m and 2-m heights because we
predicted all of these features were important for protecting
hares from predators. We further identified the proportional
amount of cover that was provided by conifer species because
habitats dominated by conifers correlate with hare relative
abundance in the region (Buehler and Keith 1982). We
performed these measurements at 3–4 plots/survey section,
which were spaced 150m apart on a transect that crossed
the tracking transects at 208. We used the average of all
plot measurements to provide an aggregate statistic for each
site. For sites with repeated visits, we further averaged the
cover measurements from the different surveys to obtain a
single site-level covariate for each site. During each survey
we collected snow density and depth (cm) measurements at
each vegetative plot. Density measurements consisted of
dropping a 200-g cylinder from a height of 50 cm and
measuring penetrating depth (cm).

We quantified land cover variables associated with hare
occurrence using the National Landcover Database 2006 and
Program FragStats (Fragstats v4, www.umass.edu/landeco/
research/fragstats/fragstats, accessed 30 Apr 2013). We
aggregated all forest cover classes (i.e., woody wetland and
deciduous, coniferous, and mixed forest) into a single forest
class to represent available hare habitat. We also included
emergent wetland in this class because of classification error
between this cover type and woody wetlands. Although hares
typically do not use habitats dominated by herbaceous
species, we predicted that this land cover type had a minimal
negative effect on snowshoe hare occupancy compared to
other unsuitable habitats like agriculture. Next, we used this
reclassified land cover map to quantify landscape structure
and composition within a 5-km buffer around survey sites.
We chose this scale because hares regularly disperse across
this distance (Keith and Bloomer 1993, Gillis and Krebs
2000); hence, this scale represents the distance that rescue
effect likely operates (Thornton et al. 2012). Within this
buffer, we calculated percent forest cover, edge density (m of
edge/ha), and contagion (probability that a cell is adjacent to
a cell of the same cover type). We selected edge density
because landscapes with high edge are more conducive to
generalist predator species (Oehler and Litvaitis 1996),
which could influence hare survival. We chose contagion as a
metric to quantify spatial patterns of forest fragmentation
that might impede hare dispersal beyond the total proportion
of forest in the surrounding landscape.
To investigate climatic constraints on snowshoe hare

distribution in Wisconsin, we used PRISM climate data
(PRISM Climate Group) and a snow cover product derived
from interpolated weather station data. The snow cover
product used data from 692 weather stations in the region
to create a daily snow depth map (mm) at a 0.1-degree
resolution (�13� 18 km). We computed snow cover for
each 0.1-degree grid cell from the 10 closest weather stations
using inverse distance weighting. Using the snow cover
model, we calculated the mean duration of snow cover of
>1 cm (days), variation in mean duration of snow cover, and
average snow depth from November to April. For each site
we averaged snow cover variables over the previous 5-year
period (not inclusive of year sampled) because we predicted
patterns of snowshoe hare occupancy to respond to climate
conditions on short temporal scales. From PRISM data, we
calculated maximum temperature of the warmest month,
which correlates with broad-scale snowshoe hare distribution
(Peers et al. 2013) and is an important variable shaping tree
species composition in the region (Fisichelli et al. 2013). We
calculated this variable for each year at an 800-m resolution
and averaged over the 30-year period prior to surveys because
tree species composition has responded to regional warming
over this time period (Fisichelli et al. 2013).

Occupancy Modeling and Estimation
To estimate snowshoe hare occupancy, we employed a
single-species, single-season occupancy model (MacKenzie
et al. 2002). This hierarchical logistic regression model
simultaneously estimates species probability of occupancy
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and detection probability, conditional on occupancy, in
relation to covariates (MacKenzie et al. 2006). We modeled
detectability as a function of time since last snow (nights),
average minimum temperature (8C) since last snowfall, lunar
cycle, use of sites by carnivores (no. of tracks counted/survey
of all predator species combined), and snow density (cm).We
aggregated lunar cycle to a 3-level variable that indicated
whether a survey occurred in periods of low, moderate, or
high periods of moonlight, not accounting for cloud cover.
Site-level occupancy covariates included landscape metrics,
climate variables, horizontal cover, conifer cover, carnivore
track counts, and latitude. For the carnivore data, we
included track counts as an index of relative carnivore
abundance at sites and relative intensity of use, both of which
we predicted to influence hare predation risk. We divided
track counts by the number of nights since the last snowfall
>1 cm to account for the greater track accumulation over
time (Buehler and Keith 1982). We also fit a 2-level factor as
a site-level covariate indicating whether the site was a
historical site, or a newly selected site to test for any potential
sampling bias associated with including sites based on
historical occupancy.
Prior to any modeling, we assessed multicollinearity

between predictor variables and did not fit any models
with variables correlated more than 0.6 (Dormann et al.
2013). To aid in maximum likelihood estimation, we scaled
all site-level covariates with mean of 0 and standard deviation
of 1. To identify parameters influencing snowshoe hare
detection, we fit models with different hypothesized
combinations of observation-level covariates. During this
process, we kept occupancy fully parameterized, allowing
these parameters to account for variation in occupancy when
estimating detection. Once we identified a model accounting
for detectability, we fit occupancy covariates consistent with
the hypothesis that environmental variables moderate species
occurrence in a hierarchical fashion: first local habitat, then
landscape composition, and lastly climate must be suitable
for a species to occur in an area (Pearson and Dawson 2003).
Hence, we identified the best model including only plot-scale
covariates, then incorporated land cover variables, and finally
climate variables. We included the carnivore track data as
plot-level variables because we only expected these indices to
represent local-scale carnivore use, and not be indicative of
the predator community in the landscape surrounding sites.
At each level in the process, we started by adding our
hypothesized most important variable (i.e., percent forest,
snow cover duration), and added additional variables to
explain residual variation. As such, we retained variables
further into the model-fitting process if they resulted in an
improvement in corrected Akaike’s Information Criterion
(AICc) over the smaller nested models. We also fit a factor
covariate at the end of the model-selection process,
indicating whether snowshoe hares were historically detected
at the site. We included this covariate to investigate whether
sites of known previous occupancy had a higher level of
occupancy, not explained by the environmental covariates
currently present at the site. The total number of occupancy
covariates was small (11), and hence the number of models fit

at each level was restricted, with 3 models each at the plot-
scale and landscape-scale level, and 8 models that included
climate and interaction covariates (15 total models testing
occupancy hypotheses).
We performed model selection within an information-

theoretic framework using AICc because of our small sample
size (n¼ 199 survey sites). To assess model fit, we performed
a parametric bootstrapping procedure on our global model
(all occupancy parameters included) using 1,000 simulations
(MacKenzie and Bailey 2004). This method generates
simulated data using the maximum likelihood estimates of
the model and conducts a Pearson chi-squared test to
compare this simulation to the distribution of the actual data
to obtain a test statistic and subsequent P-value. Good fitting
models produce simulated data that is not significantly
different from the observed data. We analyzed occupancy
data in program unmarked (Fiske and Chandler 2011) in the
R statistical platform (R Core Team 2013).
Spatial-autocorrelation (SAC), or the tendency for data

points closer spatially to be more similar than points more
distant, is commonly present in species distribution data.
Failure to account for SAC can lead to artificially high levels
of model certainty (Dormann et al. 2007). The typical
approach of including a distance-weighted autocovariate
term in a model to account for SAC is, however, difficult to
implement in occupancy models because the true occupancy
state of a site without detections is not known (Chelgren
et al. 2011). We performed a diagnostic test for the presence
of SAC in our global model residuals to understand whether
using an analysis technique that explicitly accounts for this
process was warranted (Johnson et al. 2013). To obtain site-
level residuals, we averaged the Pearson residuals of the
surveys conducted at a site and used these values to calculate a
Moran’s I correlogram using the R package NCF (R package
NCF, www.cran.r-project.org/web/packages/ncf, accessed
25 Jul 2013).

Species Distribution Model
Once we assessed the models for goodness of fit and SAC, we
used the top-ranked models to predict the species’
distribution across the state of Wisconsin (K�ery et al.
2010, Rota et al. 2011). We considered models that were<2
AICc points from of the top model without more parameters
to have support, and we model averaged their predictions
(not coefficients) to account for model selection uncertainty.
Because the spatial distribution of local variables (e.g.,
vegetative cover) was not known for areas beyond our survey
sites, for purposes of prediction we used the top model
lacking local habitat variables. However, we simulated spatial
predictions of snowshoe hare occupancy under 3 different
scenarios of local vegetative cover. These scenarios predicted
occupancy conditional on a range of vegetative cover
observed at our survey sites, including low cover (1 SD
below �x), mean cover (�x vegetative cover), and high cover
(2 SD above �x). Because dense woody understory cover is one
of the most common habitat elements targeted by manage-
ment of snowshoe hare populations (Ellsworth and Reynolds
2006), this scenario testing was meant as a broad-scale
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evaluation of the potential effect of habitat management
on the regional hare distribution, given current climatic
conditions. We projected snowshoe hare distribution at a
2.56-km2 resolution to be consistent with our scale of site
selection. For each 2.56-km2 cell, we applied the 5-km buffer
from the centroid of each cell and calculated landscape
scale variables within this buffer.
We evaluated the discriminatory power of the species

distribution model lacking vegetative cover, by calculating
the receiver operating characteristic area-under-the-curve
(AUC). An AUC statistic represents the probability that a
model classifies a random positive occurrence higher than a
random negative occurrence. An AUC value of 0.5 indicates
model performance no better than random, whereas an AUC
value of >0.7 indicates a model has acceptable power to
discriminate between sites where a species is present and
absent. We also report the sensitivity (proportion of correctly
classified presences) and the specificity (proportion of
correctly classified absences) for the top model. For observed
presence data in the AUC calculation, we treated all sites
where hares were detected as true presences because we did
not falsely identify hares as present. For observed absences,
we used data only from sites that had no hare detections and
were repeatedly surveyed, to better ensure non-detections
approximated true absence. Because detectability for our
surveys was high (see Results), the observed detection non-
detection data should approximate the true occupancy state.
We calculated AUC values using the package PresenceAb-
sence (Freeman and Moisen 2008; R package PresenceAb-
sence, cran.r-project.org/web/packages/PresenceAbsence,
accessed 31 Jul 2013).

RESULTS

During winters 2012 ̶ 2013 and 2013 ̶ 2014, we surveyed 199
sites and detected snowshoe hares at 53 sites. Of these 199
sites, 48 sites were surveyed 3 times, 21 sites twice, and the
remainder surveyed once, achieving the desired repeat
sample size that our preliminary simulations deemed
adequate. We performed 4 vegetation plot surveys on 157
sites, and surveyed 3 vegetation plots on the remaining sites
(41). For sites that had 4 vegetation plots, we did not detect a
significant difference between the amount of cover when
averaged across 3 plots or 4 plots (t156¼�0.41, P¼ 0.68). At
the landscape-scale, percent forest cover ranged from 13.11%
to 93.94% (�x¼ 62.15%, SE¼ 19.09), edge density ranged
from 23.82m/ha (low edge) to 97.85m/ha (high edge;
�x¼ 49.64m/ha, SE¼ 12.16), and contagion ranged from
43.43% (low aggregation) to 84.07% (high aggregation;
Supplementary Fig. S2) but was correlated with percent
forest cover (r¼ 0.59) and edge density (r¼�0.52). Edge
density and percent forest cover were uncorrelated (r¼ 0.02).
Snow cover varied considerably across the study area
with mean duration of snow cover differing by 30 days
(min.¼ 91.8 days, max.¼ 121.4 days) and average snow
depth varied from 75.2mm to 144.1mm (Supplementary
Fig. S2). As expected, snow cover duration and depth were
correlated across the study region (r¼ 0.63). Predator track
counts ranged from 0 to 42 tracks/survey (median¼ 0.93,

SE¼ 4.50), and the distribution was highly right skewed
(Supplementary Fig. S2).
Our best-ranked model for detection probability included

the effect of snow density (b¼�0.26, SE¼ 0.08; Table 1).
Because greater sink-depths indicate lower snow density, this
negative relationship indicates that detection of hares
increased with snow density (Supplementary Fig. S3). The
probability of detecting a hare, conditional on occupancy,
was 0.69 (SE¼ 0.08) given the mean observed value of
snow density. Based on AICc, we did not find support for
the effects time since last snow (b¼ 0.03 SE¼ 0.01), average
minimum temperature (b¼ –0.01 SE¼ 0.05), survey date
(b¼ 0.01, SE¼ 0.01), lunar cycle (b¼ 0.48 SE¼ 0.44), or
predator track counts (0.07 SE¼ 0.22) on snowshoe hare
detection. The number of transects completed per survey
could have been interpreted as an important detection
covariate, however, the estimated relationship was negative
(b¼�0.53, SE¼ 0.23). This may have resulted from
observers walking more slowly when they were actively
tallying hare tracks. Because we pooled detection data across
all transects, whether we slowed down after initially tallying a
hare track had no influence on our occupancy estimate
because we considered the site occupied after the initial
detection. The importance of this result is that we were not
less likely to detect snowshoe hares in surveys where we
walked fewer transects.
Our top-ranked model for snowshoe hare occupancy

included plot-scale vegetation, land cover, and snow cover
variables (Table 2 and Fig. 2). The results of our parametric
bootstrap test indicated that the top-ranked model was a
good fit for the data (P> 0.37, ĉ¼ 1.05), although the ĉ value
>1.0 indicates there is slightly more variation in the data
than the model describes (overdispersion). The spatial-
correlogram results identified weak but significant positive
SAC in <10% of comparisons (6 of 98), and the Moran’s I
statistic was >0.32 for all lag distances within 400 km
(SupplementaryFig. S4).This indicated thatSACwaspresent
but not strong in our model residuals, and we proceeded with
analysis without any adjustments to the model.

Table 1. Model selection results for snowshoe hare detectability,
Wisconsin, USA, using 1-hour snow tracking surveys. We tested for the
effects of snow density (density), day in relation to first survey date (date),
average minimum temperature since last snowfall (Tmin), nights since last
snow fall (last snow), predator tracks recorded (predator), and lunar phase
during survey period (lunar). The model with the strongest support, given
the data, included only snow density. All models contained full
parametrization for occupancy with the parameters horizontal cover,
percent forest cover within a 5-km landscape, edge density, snow cover
duration, variation in snow cover duration, latitude, maximum summer
temperature, and average winter snow depth. Constant is a model which
lacks detection covariates. K¼ number of parameters, AICc¼ sample size
adjusted Akaike’s Information Criterion score, DAICc¼AICc distance
from top model, wi¼AICc model weight.

Model K AICc DAICc wi

Density 11 279.15 0.00 0.64
Densityþ date 12 280.50 1.35 0.33
DensityþTminþ dateþ last

snowþ predatorþ lunarþ transects
17 285.53 6.38 0.03

Constant 10 291.83 12.68 0.00
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The highest ranked plot-scale model only included
horizontal cover at 1-m height with a positive influence
on occupancy (b¼ 0.78, SE¼ 0.29; Supplementary
Table S2), indicating that snowshoe hares were more likely
to occur in forests with higher levels of vegetative cover
(Fig. 2A). The inclusion of carnivore track counts did not
have strong support and we did not retain this covariate in
further models (Supplementary Table S2). At landscape
scales, snowshoe hare occupancy was higher in areas with
greater percent forest (b¼ 1.18, SE¼ 0.30; Fig. 2B) and
lower edge density (b¼ –0.70, SE¼ 0.29; Table 2). Dura-
tion of snow cover was the most influential climate variable
(b¼ 0.60, SE¼ 0.32; Table 2 and Fig. 2), followed by a
negative effect of interannual variation in snow cover
duration (b¼�0.48, SE¼ 0.31). Snowshoe hare occupancy
was higher in areas with longer and less variable snow
seasons; however, this effect was mediated by levels of
horizontal (Fig. 2A) and forest (Fig. 2B) cover at the plot-
and landscape-scale, respectively. The second-ranked and
competitive model (DAIC <2) was identical to the top
model but excluded the snow cover variation term. A model
including the interaction term between duration of snow
cover and percent forest cover was also competitive (Table 2)
but contained an additional parameter so was not used in
model-averaged predictions (Arnold 2010). Based on AICc,
we did not find any support for an effect of conifer cover
(b¼ 0.36, SE¼ 0.18), average winter snow depth (b¼ 0.47,
SE¼ 0.25), latitude (b¼ 0.37, 0.41), maximum summer
temperature (b¼�0.47 SE¼ 0.28), or an interaction
between horizontal cover and landscape forest cover (b¼
�0.17, SE¼ 0.30) on snowshoe hare occupancy (Table 2).
We did not find evidence that sites with known historical
hare presence had higher contemporary occupancy probabil-
ity; including the site-selection factor as a covariate did not
improve AICc, and the coefficient estimate was close to 0
(b¼ 0.06, SE¼ 0.29).
We used the top 2 models, which had 98% of the model

weight after removing uninformative parameters, to generate
the model-averaged predictions ofWisconsin snowshoe hare
distribution (Supplementary Table S2). Our species distri-
bution model indicated an abrupt transition between low

probability of snowshoe hare occupancy in the southern part
of the state and high probability of occupancy in the northern
part of the state (Fig. 3C). Predictions far from the range
boundary were based on relatively novel snow cover

Table 2. Model selection results for snowshoe hare occupancy along their range boundary in Wisconsin, USA. We tested for the effects of horizontal cover
at 1-m height (cover), percent forest cover within a 5-km landscape (PLAND), edge density (ED), landscape contagion (CONT), maximum summer
temperature (MaxTemp), winter snow cover depth (depth), snow duration (duration), variation in snow duration (SdDuration), and Latitude (Lat).
K¼ number of parameters, AICc¼ sample size adjusted Akaike’s Information Criterion score, DAICc¼AICc distance from top model, wi¼AICc model
weight.

Model K AICc DAICc wi

CoverþPLANDþEDþ durationþSdDuration 8 273.95 0.00 0.29
CoverþPLANDþEDþ duration 7 274.27 0.32 0.25
CoverþPLANDþEDþ durationþPLAND� duration 8 275.00 1.06 0.17
CoverþPLANDþEDþ durationþSdDurationþLat 9 275.32 1.37 0.15
CoverþPLANDþEDþ durationþPLAND� cover 8 276.14 2.19 0.10
PLANDþEDþ durationþSdDuration 7 279.89 5.94 0.02
CoverþPLANDþEDþ depth 7 280.77 6.82 0.01
CoverþPLANDþEDþMaxTemp 7 281.58 7.63 0.01
CoverþPLANDþED 6 282.32 8.38 0.00
CoverþPLAND 5 289.11 15.16 0.00
CoverþEDþCONT 6 300.03 26.08 0.00
Cover 4 312.37 38.42 0.00

Figure 2. Relationship between predicted snowshoe hare occupancy and
duration of snow cover in Wisconsin, USA, (Nov–Apr) at varying levels of
plot-scale vegetative cover (A) and landscape-scale forest cover (B). High
and low values are modeled as the first and third quartiles of observed range
of covariate values, respectively. Shaded regions represent 1 standard error.
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conditions that did not occur on our survey sites (range: 56–
136 days), contributing to relatively higher prediction error
along thedistributionalboundary (Fig.3D).Ourhighestimate
of snowshoe hare detection assisted in validating our spatial
prediction by ensuring that observed absences approximated
true absence. The AUC value calculated from the distribution
model without plot-scale horizontal cover had an AUC value
of 0.80 (Supplementary Fig. S5). The model specificity, or
proportion of snowshoe hare absences (non-detections)
correctly classified was 0.88, and the model sensitivity, or
proportionof siteswith snowshoehares correctly classified,was
0.55. The AUC value of 0.8 indicated our model had good
discriminatory power, but its ability to correctly classify
absences (specificity), was better than its ability to correctly
classify presences (sensitivity). This low sensitivity may stem
from the fact that we omitted the horizontal cover variable
from the model we used for spatial predictions.

DISCUSSION

We found a strong association between snowshoe hare
occupancy and winter climate and forest cover in our study

region. As we predicted, landscape-scale forest amount and
local vegetative cover were 2 important constraints of the
snowshoe hare range limit. Throughout their southern
distribution, snowshoe hare metapopulations require high
immigration rates to sustain peripheral subpopulations
(Keith and Bloomer 1993, Wirsing et al. 2002, Griffin
and Mills 2009) and landscapes with more contiguous forest
cover may facilitate the necessary interchange between
subpopulations and enhance population persistence. How-
ever, in fragmented landscapes, even where high-quality
habitat exists, dispersal may not be sufficient to sustain
populations if climate conditions are suboptimal. Studies in
the Rocky Mountains reported that landscape forest cover
was a poor predictor of extinction and colonization dynamics
for snowshoe hare metapopulations, but this study was
conducted in a region characterized by a variegated forested
landscape (Thornton et al. 2012), unlike the forest-
agriculture mosaic that exists in Wisconsin.
Individual movement as discussed above could violate the

closure between repeat surveys that is an assumption of the
occupancy model used in our analysis. However, our unit of

Figure 3. Snowshoe hare occurrence at their southern range limit inWisconsin, USA was best predicted using proportion forest cover in a 5-km buffer around
site (A) and 5-year average snow cover duration (days; B). Species distribution models of predicted occupancy (C) and standard error (D) of predictions for
snowshoe hares across Wisconsin were based on predictions from the 2 highest ranked models, mapped at 2.56-km2 resolution. Prediction covariates also
included edge density and variation in snow cover. Neither forest cover nor snow duration alone predicted snowshoe hare occurrence, and occupancy was highest
in regions with high values of both environmental factors. Prediction shown is for 2014 and was generated with a model fit with survey data from 199 sites
surveyed between December 2012 and March 2014.
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inference (2.56-km2 block) was larger than a hare home
range (>3 ha), and our estimate of occupancy should be less
sensitive to movement within home ranges. Because most
hares in our study area move <1.5 km (Keith and Bloomer
1993), only the largest dispersal distances would violate
closure at our scale of inference. In this sense, our estimate of
detectability more aligns with that of the interpretation of
availability and perceptibility (Latif et al. 2015), which
incorporates movement out of the survey area but within
the area of occupancy inference. Because we attribute the
positive effect of snow density on snowshoe hare detectability
to increased movement under dense snow conditions, we are
also capturing an important component of the environmental
factors influencing movement in the survey area.
Consistent with their ecology in other regions, we found

plot-scale horizontal cover to be important to snowshoe
occupancy at this range limit. However, a lack of support for
an interaction between landscape forest and local habitat
features indicates that high levels of cover will not overcome
the negative effect of forest fragmentation and loss at
landscape scales. Although past studies in Wisconsin
reported that snowshoe hare relative abundance was highest
in forest types dominated by conifers (Buehler and Keith
1982), we found more support for the effect of total
horizontal cover than the proportion of cover provided by
conifer species. This has positive implications for the species’
persistence under climate change; under future climate
change projections, tree species composition throughout the
Upper Midwest will become increasingly dominated by
deciduous species (Fisichelli et al. 2013).
Our study suggests that, in addition to forest and

horizontal cover, winter snow conditions are playing an
important role along the southern range boundary of
snowshoe hares. The seasonal coat color change of snowshoe
hares is primarily influenced by photoperiod (Lincoln et al.
2006), and there is limited phenotypic plasticity in this
trait (Mills et al. 2013). Decreased and more variable snow
cover duration at more southerly latitudes could increase
the prevalence of phenotypic mismatch, thus enhancing
predation rates and reducing survival (Zimova et al. 2016),
leading to a range limit (Sultaire et al. 2016). Theoretical
studies support our conclusions that generalist predators
(e.g., coyotes) can promote abrupt range limits of prey species
(Holt and Barfield 2011). Consistent with this conclusion,
predation and habitat fragmentation have been hypothesized
to explain the lack of population cycles in southern
populations compared to highly cyclic boreal populations
(Wolff 1980). Fragmentation prevents populations from
synchronizing across broad spatial scales (Wirsing et al.
2002), and generalist predators can switch prey species more
readily as opposed to tracking hare populations numerically.
It follows that these same factors, which suppress cycles,
may promote a range boundary for snowshoe hare.
Somewhat inconsistent with our conclusions on the role

of snow cover and forest cover in shaping predation at this
range boundary, was our failure to detect a relationship
between observed carnivore track counts and snowshoe
hare occupancy. Because our tracking surveys were targeted

toward detecting hares, this apparent lack of a relationship
may not reflect biological reality but rather an artifact of
suboptimal sampling of carnivores on transects designed
to detect hares. Consequently, we cannot rule out that
segregation between hares and their predators promotes
the occurrence of snowshoe hares along the range boundary.
This may be the reason for the negative effect of edge density
on snowshoe hare occupancy because many predators prefer
foraging along edge habitats (Oehler and Litvaitis 1996).
However, this lack of correlation does support the role of
snow cover duration in shaping distribution of snowshoe
hares; we predict snow cover duration would influence
predator foraging efficiency, rather than their occurrence and
habitat use. Climate variables that we predicted to influence
predator space use (e.g., average winter snow depth; Murray
and Boutin 1991), received considerably less support. The
lack of support for the effect of historical hare presence on
contemporary snowshoe hare occupancy indicates that our
results are not sensitive to including both sites of known
previous occupancy, and newly selected sites of unknown
historical snowshoe hare presence into our analysis. This is
not surprising considering that the previous survey was
conducted >30 years prior to our survey. Our results suggest
that rather than being contingent on where they occurred
previously, snowshoe hare occurrence in our study area is a
reflection of the contemporary environmental factors that
we have identified, many of which are temporally dynamic
(i.e., snow cover, forest structure; Sultaire et al. 2016).
An important concern for the conservation of peripheral

populations is their failure to adapt to current environmental
conditions, ultimately leading to the formation of a modern-
day range limit. Two main mechanisms have been put
forward to explain this phenomenon: 1) genetic swamping
from the interior of the species range prevents differentiation
of peripheral populations; or 2) peripheral populations lack
sufficient genetic diversity to adapt to conditions at the
range boundary (Bridle and Vines 2007). Elsewhere within
the range of snowshoe hares (e.g., the Pacific Northwest),
populations have adapted to the absence of winter snow and
do not undergo a seasonal molt (Nagorsen 1983). The Pacific
Northwest population of snowshoe hares is unique in that it
is the most genetically diverged from the core of their range
and shows evidence of hybridization with the congener
black-tailed jackrabbit (Lepus californicus), a species that does
not undergo a seasonal coat color change (Melo-Ferreira
et al. 2014). In contrast, snowshoe hare populations in our
study region genetically cluster with boreal populations but
also have lower genetic diversity than populations at the core
of their range (Cheng et al. 2014). This suggests that both
of the above mechanisms may be acting to reduce the
adaptive potential of this snowshoe hare population; gene
flow from core populations further north and reduced
population sizes could inhibit adaptation to reduced snow
cover conditions along the range boundary.
Given our results that snowshoe hare populations existing

along this range boundary require large blocks of contiguous
forest, the effect of genetic swamping from core populations
may be particularly pronounced for this species. Because high
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levels of immigration are needed to maintain snowshoe hare
populations in their southern range (Keith and Bloomer
1993, Wirsing et al. 2002), it is highly unlikely that any
population will be able to establish itself in isolation, which
would promote in situ adaptation. This has implications for
the entire eastern portion of the species range because these
populations all follow a similar pattern of low genetic
differentiation and decreased genetic diversity compared to
core boreal populations (Cheng et al. 2014). Although our
empirical data and spatial predictions indicate a large disjunct
area of snowshoe hare occurrence (Fig. 3), it is not known
whether this population is connected to core populations
further north.
The positive association between snowshoe hare occu-

pancy and persistent snow cover in our study area could
make snowshoe hares sensitive to the future impacts of
climate change in the region. Throughout the upper
midwestern United States, winter snow cover duration is
predicted to decrease 16–28 days by mid-century depending
on emission scenario (Notaro et al. 2011). Under the
maximum change scenario, portions of our study area that
currently have the longest snow season will resemble the
areas with the lowest contemporary snow cover. Although
we have found that the range boundary of snowshoe hares
in the region is predicted to contract in response to this
trend (Sultaire et al. 2016), these results suggest that the
magnitude of this shift can be ameliorated through local-
and landscape-scaled management efforts promoting exten-
sive forests with high levels of cover (Fig. 4). Our scenario
testing of variation in local horizontal cover found that
spatial predictions of occupancy were markedly higher along
the range boundary at higher levels of vegetative cover
(Fig. 4). These scenarios indicate that through local habitat
management, 35% (9,927 km2) more optimal habitat
(probability of occupancy >0.5) would be maintained
near the range boundary in the high cover scenario
compared to the low cover scenario, given the current level
of snow cover (Fig. 4).

MANAGEMENT IMPLICATIONS

Snowshoe hares have one of most extensive distributions of
any North American mammal, and the conservation and
management of snowshoe hare populations is a priority for
agencies interested in maintaining the ecological integrity of
boreal and hemiboreal forests. Within this region, local-scale
forest management that creates dense forest with high cover
has the potential to benefit snowshoe hares in the region, but
the surrounding landscape needs to be taken into consid-
eration. Managers of snowshoe hare habitat should target
landscapes with �60% forest cover; our results indicate a
more dramatic increase in occupancy probability at this level.
These landscapes also need to contain low levels of edge
between forest and non-forest cover types. The specific
composition of the forest being targeted for management
(conifer vs. deciduous) is less important, as long as dense
cover can be maintained. In addition, because snow cover
projections are now available for the region (Notaro et al.
2011), management actions should be targeted toward areas

Figure 4. Predicted probability of snowshoe hare occupancy based on
different scenarios of local horizontal cover, Wisconsin, USA. The 3
different scenarios simulated conditional predictions based on our observed
range of within-site horizontal cover values. They include low (1 SD below
�x; A), �x (B), and high (2 SD above �x; C) horizontal cover. Higher levels of
local horizontal cover led to increased occupancy along the range boundary,
highlighting the potential of forest management as a tool for maintaining
important refugia. For the purposes of visualization, we present optimal
suitability areas (predicted occurrence probability >0.5).
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that are projected to have more stable snow cover duration
into the future.
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Evidence for Range Contraction of Snowshoe Hare in 
Pennsylvania 

Duane R. Diefenbach1,*, Stephen L. Rathbun2,3, Justin K. Vreeland4,5, 
Deborah Grove6, and William J. Kanapaux4

Abstract - In Pennsylvania, Lepus americanus (Snowshoe Hare) is near the southern limits 
of its range and at risk of range contraction because of loss of early-successional forest and 
impacts of climate change. We used hunter-harvest data to investigate changes in the distri-
bution of Snowshoe Hare in Pennsylvania (1983–2011), forest inventory and land-use data 
to assess changes in amount and distribution of early-successional forest (1988–2011), and 
occupancy modeling (2004) to identify habitat and climate variables that explain the current 
distribution of Snowshoe Hare. We determined presence of Snowshoe Hare based on visual 
sightings, observations of tracks, and DNA analysis of fecal pellets, and used repeated visits 
to sampling sites and occupancy models to estimate occupancy rates (Ψ). Hunter-harvest 
data indicated the range of Snowshoe Hare in Pennsylvania contracted towards northwest-
ern and northeastern portions of the state. Based on occupancy modeling, Snowshoe Hare 
were most likely to occupy early-successional and mixed deciduous–coniferous forest types 
and areas with colder winter temperatures, which coincided with the distribution of hunter 
harvests. Among the 4 forest types, we estimated Ψ = 0.52–0.79 and Ψ = 0.10–0.32 where 
winter temperatures were coldest and warmest, respectively. Total forest loss was <1% dur-
ing 1988–2011, and the loss of early-successional forest in the current and former range 
of Snowshoe Hares was similar as were mean patch size and a fragmentation metric of 
early-successional habitat. Thus, changes in forest characteristics did not explain the range 
contraction we observed. We used climate-model predictions and our occupancy model to 
predict that average occupancy probability across northern Pennsylvania may decline from 
0.27 in 2004 to 0.10–0.18 by 2050–2059, depending on the climate model. The range of 
Snowshoe Hare in Pennsylvania has contracted to regions of Pennsylvania with the coldest 
winter temperatures and most persistent snowpack, and based on projected climate change, 
our results suggest further range contraction of Snowshoe Hare in Pennsylvania.

Introduction

 Lepus americanus Erxleben (Snowshoe Hare), is considered secure and abundant 
in North America (NatureServe 2012) as a whole, but ranges from secure to extir-
pated in the mid-Atlantic region of the eastern US. The Snowshoe Hare is ranked as 
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secure in New York, vulnerable and apparently secure in Pennsylvania, vulnerable in 
West Virginia, critically imperiled in Virginia, possibly extirpated in Maryland, and 
presumed extirpated in Ohio (NatureServe 2012). The southern-range boundary of 
the species along the Appalachian Mountains is situated within those states reporting 
vulnerable or extirpated populations, which raised concern that climate change may 
be affecting these populations (Mills et al. 2013; Zimova et al. 2014, 2016); however, 
loss of habitat also could adversely affect their population status. Much of the land in 
the eastern US is privately owned, land parcels are becoming smaller (Brooks 2003, 
Litvaitis 2001), and early-successional habitats are likely to become increasingly 
fragmented (Brooks 2003), which has been identified as a problem for Snowshoe 
Hare in Pennsylvania (Brown 1984, Scott and Yahner 1989). 
 Climate change is thought to be a concern for Snowshoe Hare because it could 
lead to less snowfall and fewer days with snow on the ground. Consequently, 
Snowshoe Hares may experience greater predation risk because their white pelage 
in winter would not match environmental conditions (Mills et al. 2013; Zimova et 
al. 2014, 2016). Annual temperature in Pennsylvania is predicted to increase 2–7 °C 
during the 21st century depending on human choices made regarding development, 
technological progress in reducing carbon emissions, and the type of climate model 
used (IPCC 2007a). Predictions regarding changes in precipitation are less certain, 
but overall precipitation may increase 7%, and whether increased precipitation will 
occur as snow or rain is unclear (Burakowski et al. 2008, IPCC 2007a, Kunkel et al. 
2002). We expect that without compensatory changes in survival in other seasons or 
increased reproduction, Showshoe Hare populations will decline under current cli-
mate change scenarios, and the species’ range will likely contract towards regions 
with colder winters with more snow.
 Along with the potential for adverse effects of climate change (e.g., Zimova et 
al. 2016), recent trends in the composition and structure of eastern US forests may 
be detrimental to the Snowshoe Hare. Most research on habitat use of Snowshoe 
Hare, however, has occurred where populations are considered secure (Natureserve 
2012). In Maine, Litvaitis et al. (1985), Monthey (1986), and Fuller and Harrison 
(2013) reported that Snowshoe Hare are associated with high understory densities 
of hardwood and softwood tree species, although softwood understories provide 
more visual cover from predators and greater thermal protection. Conroy et al. 
(1979) reported that Snowshoe Hare in Michigan were unlikely to use habitats 
>200–400 m from lowlands dominated by Thuja occidentalis L. (Northern White 
Cedar) and Abies balsamea L. (Balsam Fir). In contrast to more northern popula-
tions, Snowshoe Hare in Pennsylvania are generally limited to forested habitats at 
higher elevations (>450 m) and scrub–shrub-type wetlands (Brown 1984, Doutt et 
al. 1996, Glazer 1959). Coniferous tree species are considered an important pre-
ferred habitat component of northern Snowshoe Hare populations (e.g., Litvaitis et 
al. 1985); however, Pennsylvania has little of this forest type (McWilliams et al. 
2007). Balsam Fir, Picea rubens L. (Red Spruce), and Northern White Cedar are 
tree species commonly associated with preferred Snowshoe Hare habitat (Conroy 
et al. 1979, Fuller and Harrison 2013, Litvaitis et al. 1985); however, these species 
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are rare and only occur at high elevations or near bogs in Pennsylvania (Rhoads and 
Block 2007).
 Brown (1984) and Scott and Yahner (1989) reported that stem densities in 
regenerating hardwood stands in Pennsylvania (>10,000 stems/ha) provided suffi-
cient browse and protective cover, and Brown (1984) noted that areas with Kalmia 
latifolia L. (Mountain Laurel) or Tsuga canadensis (L.) Carr. (Eastern Hemlock) 
were used less than 5–15-year-old clearcuts when all 3 habitat types were available 
in close proximity. Scott and Yahner (1989) concluded that proximity (<0.5 km) 
of other clearcut stands was important to Snowshoe Hares because these nearby 
habitats provided alternate sources of food and cover, and that habitat availability 
may be critical to the viability of Snowshoe Hare populations in Pennsylvania. 
Consequently, the vulnerability of Snowshoe Hare populations could be related to 
changes in the amount and dispersion of early-successional habitat.
  Our objectives were to determine if (1) there were changes in the distribution 
of Snowshoe Hare in Pennsylvania during 1983–2011 as reflected by the distribu-
tion of hunter harvests, (2) occupancy models would indicate that certain habitat 
and environmental variables plausibly explain the current distribution of Snowshoe 
Hare in Pennsylvania, and (3) climate variables could explain current distribution, 
thus enabling us to use models of climate change to predict the future distribution 
of Snowshoe Hare in Pennsylvania. 

Field-Site Description

 The study area included Pennsylvania north of Interstate 80 from Warren, For-
est, and Clarion counties in the west to the eastern border of Pennsylvania with 
New York and New Jersey (39,516 km2). We used a geographic information system 
(GIS) with vegetative data from the Pennsylvania GAP Analysis Project (http://
www.orser.psu.edu/pagap) to classify forest vegetation as 1 of 4 types used in this 
study—early-successional forest (3076 km2; 5–40% woody plant foliage, shru-
bland or forest regeneration), deciduous forest (24,896 km2; ≤30% of tree canopy 
evergreen), mixed deciduous–coniferous forest (4112 km2; with deciduous trees 
present and evergreen trees comprising >30% of canopy cover), and coniferous 
forest (776 km2; ≤30% of tree canopy cover deciduous). We did not expect other 
vegetation types, including annual or perennial herbaceous vegetation, water, wet-
lands, or anthropogenic land-use types (6656 km2) to be occupied by Snowshoe 
Hares and excluded these areas from our study.
 Pennsylvania is currently in the transition zone between oak–hickory forests to 
the south and northern hardwood forests to the north (Cuff et al. 1989). In southern 
Pennsylvania, common tree species include Quercus alba L. (White Oak), Quercus 
prinus L. (Chestnut Oak), Quercus rubra L. (Red Oak), Liriodendron tulipifera L. 
(Yellow Poplar), and Acer rubrum L. (Red Maple). Species composition of under-
stories was diverse, except on drier sites with shallow soils where the understory 
is commonly dominated by Mountain Laurel, Gaylusacia spp. (huckleberries spp.) 
and Vaccinium spp. (blueberries). The transition between the oak–hickory and 
northern hardwood forests occurrs at mid-latitudes in Pennsylvania, although the 
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oak–hickory forests extend farther north than northern hardwoods extend south. 
Common tree species in northern hardwood stands were Prunus serotina Ehrh. 
(Black Cherry), Red Maple, Betula alleghaniensis Britton (Yellow Birch), Red 
Oak, and Acer saccharum Marsh. (Sugar Maple).
 Temperatures in Pennsylvania are warmest in southeastern Pennsylvania (aver-
age of <20 days with daytime high <0 °C) and coolest in northcentral Pennsylvania 
(average of ≥40 days with daytime high temperatures <0 °C) (Cuff et al. 1989). Winter 
precipitation is greatest in northwestern Pennsylvania, in the south through the Laurel 
Highlands, and in eastern Pennsylvania along the Delaware River. Average annual 
snowfall is greatest in northwestern Pennsylvania (152–229 cm) because of lake-ef-
fect snowfall from Lake Erie, but is also relatively high in northeastern Pennsylvania 
(102–127 cm) because of cooler temperatures and greater amounts of winter 
precipitation. Recent trends (1980–2010) indicated increasing temperatures across 
Pennsylvania (≤0.75 °C/decade; http://climate.psu.edu/features/changing_climate/).

Methods

Snowshoe Hare distribution based on harvest
 We used data from the Pennsylvania Game Commission’s (PGC) annual game-
take survey for 1983–2011 to determine the county or wildlife management unit 
(WMU) where hunters reported harvesting Snowshoe Hare. The PGC survey is a 
statistically based program for monitoring hunter effort and harvest. The Snow-
shoe Hare hunting seasons in Pennsylvania were short (<3 weeks), and the annual 
statewide harvest was 510–14,749 hares during 1983–2011. Each year, the PGC 
randomly surveyed 2% of hunting-license buyers and received ~10,000 responses 
(response rate of >60%). During the 1983–2002 period, harvest was reported by 
county, and during 2003–2011 by WMU. We summarized harvest data by 7-year 
intervals for analysis: 1983–1989, 1990–1996, 1997–2002, and 2005–2011. We 
excluded the 2003 survey data because it was the first year that harvest data were 
collected by WMU and the PGC did not conduct a survey in 2004.
 We assumed that hunter harvest was related to the relative abundance and range 
distribution of Snowshoe Hare in Pennsylvania, although harvest counts reflect the 
combination of hunter effort and hare abundance. Therefore, we used the estimated 
number of Snowshoe Hares harvested by county or WMU per 5000 hunters to adjust 
for hunter effort and map the distribution and relative size of harvest. The number of 
Snowshoe Hare hunters changed over time and declined by 1795 hunters/year between 
1985–1989 (28,960 in 1983 to 17,568 in 1989) and declined by 170 hunters/year dur-
ing 1990–2011 (7831 in 1990 to 4039 in 2011). We excluded data when harvests were 
reported in counties where it was unlikely that Snowshoe Hare existed according to 
results of mammal surveys conducted by the PGC in the 1940s or were unlikely to exist 
based on land use. Only 1–2 hunters per 7-y period per county or WMU reported any 
harvest in counties we classified as unlikely to have Snowshoe Hare.

Snowshoe Hare distribution based on field surveys
  We selected 240 sampling sites and allocated sites equally (n = 60) among the 
4 forest types under the constraint that no pair of sampling sites was located ≤10 
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km of one another. We included 6 extra sites per stratum as alternates intended to 
replace sampling sites when access was not possible. Snowshoe Hares are thought 
to favor early-successional forest, such that the distribution of Snowshoe Hares in 
this forest type may yield better information regarding the distribution of Snowshoe 
Hares in northern Pennsylvania. Therefore, when the primary forest type sampled 
was coniferous, mixed, or deciduous forest, we attempted to locate and sample an 
additional site with early-successional forest habitat within 5 km of the original 
non-early-successional sample site. 
 We sampled sites during January–April 2004 and visited them in clusters in 
such a way that the date of visitation was not spatially correlated across the study 
area. This approach minimized travel distance between sites and also minimized 
any non-random ordering of date of visit to sample sites. At each sampling site, we 
surveyed a 1000-m transect; we selected the shape and orientation of transects in 
the field to ensure the entire transect fit within a single patch of the desired forest 
type. If the forest type at the sampling site differed from that determined by GIS, 
we identified a new sampling site of the prescribed forest type within 5 km of the 
randomly selected site.
 On each transect, we searched for lagomorph sign, which included fecal pellets, 
tracks, and visual observations of Snowshoe Hare. Investigation of probable tracks 
detected on transects to confirm species presence was permitted, but wandering 
off transects was not. To maximize the probability of encountering tracks or fecal 
pellets, we tried to visit sampling sites 12–48 hours after a snow event; otherwise, 
we conducted surveys any time regardless of snow cover. To be able to estimate 
the probability of detecting Snowshoe Hare, we revisited 24 sites where we previ-
ously detected hares (visually observing Snowshoe Hare or their tracks in snow). 
Also, we recorded if no or partial snow cover was present (= 0), or complete snow 
cover was present (= 1) to be used as a covariate to model detection-probability as 
a function of snow cover.
 We collected fecal pellets so that we could employ DNA techniques (Kovach 
et al. 2003) to distinguish fecal pellets of Snowshoe Hare, Silvilagus floridanus 
J.A. Allen (Eastern Cottontail), and Silvilagus obscurus Chapman (Appalachian 
Cottontail). When collecting pellets, technicians wore surgical gloves and stored 
pellets in Whirl-pak (Nasco, Fort Atkinson, WI) bags. We sometimes placed mul-
tiple pellets in a single Whirl-pak, but only pellets collected <3 m from each other. 
We kept pellet samples cool or frozen until they were brought to the PSU nucleic 
acid facility where they were stored at -20 °C until DNA extraction.

Fecal DNA analysis
 We used a modified procedure to extract DNA with the QIAmp® DNA stool Mini 
kit (Qiagen, Valencia CA). We used wood applicators to break up the pellets into 
small pieces in 15-ml centrifuge tubes. We modified the stool-kit procedures by 
(1) adding 1.8 ml of buffer ASL supplied in the kit in 3 aliquots to the macerated 
pellet and then spinning down the particulate matter with each aliquot as in the kit 
protocol, and (2) centrifuging the lysate a second time after the 70 oC incubation 
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period and before the addition of ethanol. Amounts of DNA extracted ranged from 
200 ng to 2000 ng per pellet.
 Primer/probe sets for the 3 lagomorphs were from consensus sequences for the 
mitochondrial (mt) DNA gene coding the proline tRNA gene and the conserved D-
loop. We used Primer Express version 1.0 (Applied Biosystems, Foster City, CA) 
to select the primers/probe sets. We used sequences from Genbank (http://www.
ncbi.nlm.nih.gov/genbank/) as identified by the accession numbers listed with each 
species below. The forward and reverse primers for Eastern Cottontail were 5'–TTC 
CCC ATG CAT ATA AGC TAG T–3' and 5'–AAA AGT ATA TGT GGA GTT AGG 
GTT AAG–3', respectively (Accession No. AF497543). For Appalachian Cotton-
tail, the forward and reverse primers were 5'–TTA ACA AAT TTT TCC ACA ACC 
CTA TG 3' and 5' CCC ATG TTG GTT ATG GAA TTA TTG TAC–3' (Accession 
No. AF002244). For Snowshoe Hare, the forward and reverse primers were 5'–
CGA AAA CCC TCT TCG TGC TAT G–3' and 5'–TAT GCA TGG GGC AGA ACT 
TTA–3' (Accession No. AF497544). The probe sequence for Eastern Cottontail was 
5'–FAM-CAT TCC TGC TTT ATC GGA CAT AGA CCA–3'-BHQ1, and the shared 
Appalachian Cottontail and Snowshoe Hare probe was 5'–VIC-AAT TCG GGC 
ATT ACT GCT TTT CCC CA–3'-TAMRA.
 We synthesized primers using phosphoramidite chemistry in MerMade 12 (Bio-
automation, Plano, TX) at the Penn State University Genomics Core Facility. The 
Eastern Cottontail probe was synthesized by Biosearch Technologies (Novato, CA), 
and the Snowshoe Hare and Appalachian Cottontail probe was synthesized by Ap-
plied Biosystems.
 We added DNA (1–50 ng) to a master mix containing 10X Taqman® Buffer (Ap-
plied Biosystems), 4-mM MgCl2, 10 nmol each of deoxynucleotidetriphosphates 
(dNTPs), 10 pmol of primer, 500 pmol of probe, and 2.5 units of Taqman® Gold 
polymerase. (Applied Biosystems). We assayed samples in duplicate in a 96-well 
thin-walled PCR plate in an Applied Biosystems 7300 Sequence Detector. The cy-
cling protocol was 2 min at 50 oC, 10 min at 95 oC, and 45 cycles of 15 sec at 95 oC 
and 75 sec at 60 oC. We multiplexed Eastern Cottontail and Appalachian Cottontail 
primers/probes simultaneously and assayed Snowshoe Hare samples separately.

Climate data
 We obtained daily minimum temperature, daily snowfall, and daily snow depth 
from 232 weather stations in Pennsylvania and surrounding states using daily Global 
Historical Climatology Network data from the National Oceanic and Atmospheric 
Administration’s (NOAA) National Climatic Data Center for December–March from 
1995 to 2005. We selected weather stations that had data for at least 10 of the 11 win-
ter seasons and at least 75% of days in each December–March period. We used these 
data to create 3 statistics to characterize winter weather conditions: sum of minimum 
temperature (degree days), number of days with snow on the ground (snow days), 
and total snowfall (snowfall) for December–March. To account for days with missing 
data at individual weather stations, we calculated the average daily value for degree 
days, snowfall, and snow days (and multiplied the average by the number of days in 
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the December–March period. We were able to use data from 122 stations for snow 
days, 144 stations for snowfall, and 98 stations for degree days.
 We projected all spatial data used in this study in NAD 1983 State Plane Penn-
sylvania North FIPS 3701. We created shapefiles in ArcGIS 10.1 for degree days, 
snow days, and snowfall at each weather station’s geographic location. We used 
the data in these shapefiles to interpolate weather characteristics across the state 
at a resolution of 30 m × 30 m by kriging with a spherical semivariogram model. 
Using data from weather stations beyond the Pennsylvania border ensured that the 
interpolations created climate data for the entire spatial extent of the study area. We 
used the spatial coordinates for each of our sampling sites to extract interpolated 
data for the 3 weather statistics at each sampling location.
 To create spatial data to investigate effects of future climate change on occu-
pancy probability, we used dynamically downscaled simulations of present and 
future climate over eastern North America developed by the US Geological Survey 
and researchers at the College of Oceanic and Atmospheric Sciences, Oregon State 
University, Corvallis, OR. These downscaled simulations used the regional climate 
model RegCM3 to simulate regional climate conditions from the outputs of 3 general 
circulation models: GFDL CM 2.0, from NOAA’s Geophysical Fluid Dynamics 
Laboratory, Princeton, NJ; MPI ECHAM5, from the Max Planck Institute for Me-
teorology, Hamburg, Germany; and GENMOM, a coupled atmosphere–ocean model 
(Hostetler et al. 2011). Dynamical downscaling accounts for the effects of terrain on 
coarser general-circulation models, and we used downscaled simulations of the study 
area’s climate for 2050–2059 described by Hostetler et al. (2011) based on the IPCC 
A2 scenario (2007b), which provides a best estimate of a 3.4-ºC increase in global 
temperature in the period 2090–2099 relative to 1980–1999, and a likely increase 
ranging from 2.0–5.4 ºC. We created maps of projected degree days using the 3 
downscaled simulations, which are calculated for 15-km-wide grids, and resampled 
them to match the 30 m × 30 m grid used for the forest-type data.

Occupancy modeling
 We used occupancy models (MacKenzie et al. 2006) to estimate the probabili-
ties that Snowshoe Hares were detected (p) and the proportion of sampling sites 
occupied by Snowshoe Hares (Ψ). We used program MARK (White and Burnham 
1999) and Akaike’s information criterion adjusted for sample size (AICc) to se-
lect the most parsimonious model. In all models, we used a logit link to model 
occupancy and detection probability as a linear function of predictive variables. 
We modeled detection probability as a function of snow cover when the sampling 
site was visited and assumed that detection probability did not differ among forest 
types. We developed a model that estimated occupancy by forest type as well as 
models that included climate variables. We created both additive models and cross-
classified models. Additive models indicated that the climate variable had the same 
relationship (same slope but different intercept terms) across forest types, whereas 
cross-classified models allowed the climate effect (intercept and slope) to differ for 
each forest type. The climate variables we investigated were correlated with each 
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other; thus, we did not include more than 1 variable in a given model. (Pearson’s |r| 
ranging from 0.67 to 0.83, n = 750–1265, P < 0.001).
 Based on the selected model, we used the coefficients in a GIS to create maps 
of the probability of occupancy across the range of Snowshoe Hares in Pennsylva-
nia. We used the forest type and climate variables associated with each 30 m × 30 
m cell in the GIS to calculate predicted occupancy based on our best model. We 
created maps of future occupancy by Snowshoe Hares to reflect potential changes 
as a result of climate change. Because the scale at which we estimated occupancy 
(1000-m transects) differed from the scale at which we mapped occupancy (30 m × 
30 m cells), the maps overestimate occupancy probabilities for each cell, but pro-
vide relative measures of occupancy among cells.

Changes in amount and distribution of early successional habitat
 We obtained forest statistics for Pennsylvania for 1987–1988 (Alerich 1989) and 
2007–2011 (US Department of Agriculture Forest Service, Forest Inventory and 
Analysis, Newtown Square, PA, unpubl. data) by county. We used the estimated 
area of small-diameter forest—defined as areas where >50% of live trees were seed-
lings (<2.5 cm diameter but >30.5-cm tall) and saplings (2.54–12.5 cm dbh)—as a 
measure of the area of available habitat for Snowshoe Hares. We placed counties 
into 2 groups: (1) core counties that represented the 15 counties where Snowshoe 
Hares were harvested during 1997–2002 (Bradford, Carbon, Clearfield, Elk, Forest, 
Jefferson, Lackawanna, Luzerne, McKean, Monroe, Pike, Sullivan, Susquehanna, 
Warren, and Wayne counties), and (2) 19 peripheral counties where Snowshoe 
Hares were harvested during 1983–1989 but not during 1997–2002. For each group 
of counties, we estimated the change in area and percent change in area between 
1988 and 2011. The percent sampling error for these groups of counties was <5%.
 In addition to changes in the amount of early-successional forest, we investi-
gated if the spatial configuration of this forest-vegetation type differed among 3 
regions: the 15 core counties where Snowshoe Hares were most recently harvested, 
10 counties in the Laurel Highland and Ridge and Valley region where Snowshoe 
Hares were no longer harvested (Bedford, Cambria, Columbia, Huntingdon, In-
diana, Northampton, Northumberland, Schuylkill, Somerset, and Westmoreland 
counties), and 4 counties in north-central Pennsylvania where Snowshoe Hares 
were no longer harvested (Centre, Lycoming, Potter, and Tioga counties). We used 
a GIS with vegetative data from 2000 (Pennsylvania State University, Pennsylva-
nia Spatial Data Access, http://www.pasda.psu.edu) and the SDMTools package 
in the statistical programming language R (R Core Team 2012) to calculate mean 
patch size and fragmentation (proportion of grid cells of early-successional forest 
that were adjacent to another grid cell of the same forest type) for each county. We 
hypothesized that if loss of habitat was the reason for range contraction, loss of 
early-successional forest would be greater and patches of early-successional forest 
would be smaller and more fragmented in counties where Snowshoe Hares were no 
longer harvested than in the counties where Snowshow Hares were still observed.
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Results

 Harvest records indicated a range contraction of Snowshoe Hares towards 
northeastern and northwestern Pennsylvania during 1983–2011 (Figs. 1, 2). Dur-
ing 1983–1989, Snowshoe Hare harvests occurred across the northern counties of 

Figure 1. Average harvest of Snowshoe Hare per 5000 hunters in Pennsylvania for (A) 
1983–1989 and (B) 1990–1996. Based on data from PGC annual surveys.



Northeastern Naturalist

238

D.R. Diefenbach, S.L. Rathbun, J.K. Vreeland, D. Grove, and W.J. Kanapaux
2016 Vol. 23, No. 2

Pennsylvania and extended from the northeastern part of the state south to Schuylkill 
County. From the northwest, harvests were reported south to the Maryland border in 
counties that encompassed the Laurel Highlands. Counties with the largest harvests 
were in the northeast and in the northwest, south through the Laurel Highlands 
(Fig. 1A). During 1990–1996, there was evidence of range contraction and limited 

Figure 2. Average harvest of Snowshoe Hare per 5000 hunters in Pennsylvania for (A) 1997–
2002 by county and (B) 2005–2011 by WMU. Based on data from PGC annual surveys.
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evidence of Snowshoe Hares being harvested throughout the Laurel Highlands 
(Fig. 1B). During 1997–2002, harvests were restricted to northeastern and some 
northwestern counties (Fig. 2A). The distribution of harvest did not seem to change 
for 2005–2011. Harvest records for this period were calculated by WMUs; thus, it 
was difficult to assess whether coarser-scale data collection was masking results 
and further range contraction had actually occurred or if there was some range ex-
pansion into the north-central region of PA. (Fig. 2B).
 We sampled 238 sites (43 conifer, 57 deciduous, 53 mixed, and 85 early succes-
sional) during January–April 2004 and detected Snowshoe Hares at 69 sites. Not 
accounting for detection probability, 8 of 57 deciduous sites were occupied (14%), 
7 of 43 conifer sites were occupied (16%), 20 of 53 mixed deciduous–conifer sites 
were occupied (38%), and 34 of 85 early-successional sites were occupied (40%). 
Presence of Snowshoe Hares was detected via DNA analysis of pellets on 50 of 87 
visits, via tracks on 14 visits, and the remainder via some combination of 2 or more 
types of sign. We visually detected Snowshoe Hares at 2 sites but also detected them 
at these same sites via tracks or DNA.
 We found that detection probability was greater when snow cover was pres-
ent at the time we visited the sampling site, so we modeled detection probability 
as a function of snow cover in all models. The model with the lowest AICc value 
included different intercepts and slopes for the occupancy relationship of snowfall 
with each forest type, but not all parameters were estimable (Table 1). This model 
indicated that the deciduous forest type, had the lowest occupancy rates and early-
successional and mixed deciduous–conifer forest types had greater occupancy 
rates; no relationship was estimable for the conifer forest type.
 We selected the model that was ranked second by AICc because all parameters 
were estimable, the occupancy rates among forest types were similar to the best 
model, and the covariate that explained occupancy (degree days) was correlated 

Table 1. Models of presence of Snowshoe Hare in northern Pennsylvania, 2004, based on detection 
probability (p) as a function of snow cover (0 = no snow, 1 = full or partial snow cover) where oc-
cupancy (Ψ) was a function of 4 habitat types, as well as the number of days with snow on the ground 
(snow days), sum of minimum temperatures (degree days in C°), and total snowfall (snowfall) for 
the period December–March (1995–2005). K = number of parameters in the model. -2×log(L) = log-
likelihood multiplied by -2. Models with a + indicate additive models where the climate variable 
had different intercepts but the same slope by habitat type. Models with a ×  indicate cross-classified 
models in which intercept and slope differed for each habitat type.

Model ∆ AICc AICc weight Model likelihood K -2×log(L)

Ψ(habitat × snowfall)A 0.00 0.91 1.00 10 292.7
Ψ(habitat + degree days) 5.68 0.05 0.06 7 304.8
Ψ(habitat) 8.89 0.01 0.01 6 310.2
Ψ(habitat + snow days) 8.91 0.01 0.01 7 308.1
Ψ(habitat + snowfall) 9.22 0.01 0.01 7 308.4
Ψ(habitat × degree days) 10.25 0.01 0.01 10 302.9
Ψ(habitat × snow days) 14.78 <0.01 <0.01 10 307.4
AThis model was excluded from consideration because not all parameters were estimable and snowfall 
was correlated with degree days (second-ranked model).
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with the snowfall covariate in the best model (Pearson’s r = -0.67, n = 917, 
P < 0.001). The selected model was additive; occupancy declined as degree days 
increased for all forest types, but the intercept differed among forest types (Table 2, 
Fig. 3). Estimated probability of detection was 0.71 (95% CI = 0.42–0.89) when 
snow covered the ground and 0.49 (95% CI = 0.32–0.67) when snow cover was 
partial or lacking. The estimated probability of occupancy ranged 0.52–0.79 among 
forest types when the value for degree days was -1085 Cº and  0.10–0.32 when the 
degree days value was -635 Cº (Fig. 3).

Figure 3. Lines 
depicting pre-
dic ted prob-
ability of oc-
cupancy  fo r 
Snowshoe Hare 
in Pennsylva-
nia for early-
s u c c e s s i o n a l 
( s q u a r e s ) , 
mixed decid-
u o u s - c o n i f e r 
( t r i a n g l e s ) , 
conifer (dia-
monds) ,  and 
d e c i d u o u s 
(x’s) forest as 
a function of 
the sum of De-
cember–March 
minimum tem-
peratures (de-
gree days in 
Cº), 2004.

Table 2. Coefficient estimates to calculate the probability of detection (p) as a linear function of snow 
cover (1 = full; 0 = partial or no snow) and probability of occupancy (Ψ) as a linear function of habitat 
type (conifer, early successional, mixed conifer–deciduous; deciduous is the reference-habitat type) 
and degree days (sum of minimum temperatures December–March, Cº) using a logit link function.

Parameter Coefficient Estimate SE 85% CI Odds ratio (85% CI)

p Intercept -0.022 0.371 -0.557–0.513 
p Snow cover 0.916 0.603 0.048–1.785 2.50 (1.05–5.96)
Ψ Intercept -5.127 2.014 -8.026– -2.227 
Ψ Conifer 0.275 0.646 -0.655–1.205 1.32 (0.52–3.34)
Ψ Early successional 1.481 0.602 0.615–2.348 4.40 (1.85–10.47)
Ψ Mixed 1.319 0.600 0.455–2.184 3.74 (1.58–8.88)
Ψ Degree days -0.005 0.002 -0.008– -0.001 1.58 (1.12–2.23)A

AOdds of a habitat more likely to be occupied for every 100 degree-day (C°) decrease in December–
March daily minimum temperature.
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 Mapping the selected model of occupancy across the study area indicated that 
forests in the Poconos in northeastern Pennsylvania and Elk, Forest, McKean, Pot-
ter, and Warren counties in the northwest, which were associated with the coolest 
temperatures and greatest snowfall and snow days (Fig. 4B, C, D), had the greatest 
predicted occupancy (Fig. 5A). Using the downscaled climate simulations, mean 
occupancy probabilities within the study area indicated a decline from 0.27 for 
2004 to a range of 0.10–0.18 in 2050–2059 (Table 3; Fig. 5B, C, D).
 The amount of forested area in Pennsylvania declined by <1% between 1988 
and 2011. However, statewide, the area of small-diameter stands decreased by 
33%. The area of small-diameter stands declined by 28.5% within the core coun-
ties (counties where Snowshoe Hares were harvested during 1997–2002; Fig. 2A), 
and declined 31.6% in peripheral counties (counties where Snowshoe Hares were 
harvested during 1983–1989 but not during 1997–2002; Fig. 1A). Mean patch size 
and fragmentation did not differ among core counties, areas in the Laurel Highland 
and Ridge and Valley Region where Snowshoe Hares used to be harvested, or areas 
of north-central Pennsylvania where they used to be harvested (Fig. 6).

Discussion

 Our evaluation of hunter-harvest data indicated that range contraction for Snow-
shoe Hare has occurred in Pennsylvania. Furthermore, the most recent harvests of 
Snowshoe Hare (Fig. 2) occurred in 2 regions of Pennsylvania with the coldest 
temperatures and most days with snow on the ground (Fig. 4D). These findings 
were supported by our field survey of the occurrence of Snowshoe Hare, which 
indicated that probability of occupancy was highest in these same 2 regions of 
Pennsylvania (Fig. 5A). This range contraction was similar to the one in Wisonsin 
recently reported by Sultair et al. (2016) . If climate conditions are an important 
driver of the distribution of Snowshoe Hare in Pennsylvania, then predictions from 
climate change models indicate that further range contraction is likely (Fig. 5B, 
C, D). Based on work by the Intergovernmental Panel on Climate Change (IPCC 
2007b), the mean projected temperature increase in Pennsylvania is 3.5 °C dur-
ing this century (>400 degree days increase for December–March). Moreover, 

Table 3. A comparison of minimum, maximum, and mean occupancy probability for Snowshoe Hare in 
all habitat types in the study area in Pennsylvania based on the average sum of minimum temperatures 
for December–March, from 1995 to 2005 (degree days) and projected degree days based on 3 dynami-
cally downscaled climate-change projections for the study area in 2050–2059. MPI ECHAM5 = general 
circulation model from the Max Planck Institute for Meteorology, GENMOM = a coupled atmosphere–
ocean model (Hostetler et al. 2011), and GFDL CM 2.0 = a general circulation model from the Geophys-
ical Fluid Dynamics Laboratory at the US National Oceanic and Atmospheric Administration.

 Probability of occupancy

Scenario Degree days (C°) Maximum Minimum Mean SD

Baseline (1995–2005) -854.6 0.82 0.08 0.27 0.13
MPI ECHAM5  -736.5 0.63 0.05 0.18 0.09
GENMOM  -697.2 0.55 0.04 0.15 0.08
GFDL CM 2.0  -570.9 0.38 0.03 0.10 0.05
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Figure 4. Maps 
of variables used 
to estimate oc-
c u r r e n c e  o f 
Snowshoe Hare. 
(A) Distribution 
of 4 forest types. 
(B) Interpolated 
values for degree 
days. (C) Inter-
polated values 
for annual snow-
fall. (D) Interpo-
lated values for 
number of days 
with snow on the 
ground. Degree 
days (minimum 
temperature, C°), 
snowfa l l ,  and 
snow days (days 
with snow on 
the ground) cal-
culated as mean 
of daily values 
for December–
March multiplied 
by number of 
days December–
March and aver-
aged for 1995–
2005.
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Figure 5. Probability of occupancy of Snowshoe Hare across northern Pennsylvania: 
(A) Estimated probability based on sum of December–March minimum temperatures 
(degree days in Cº), 2004. Predicted probability if sum of minimum temperatures (degree 
days) for December–March, 2050–2059 increased as projected by dynamically downscaled 
climate models from (B) GENMOM, (C) MPI ECHAM5, and(D) GFDL CM 2.0. Areas in 
white were non-forested habitat.
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the IPCC (2007a) predicts that minimum winter temperatures may exhibit greater 
increases or greater variability than the average temperature. Consequently, predic-
tive climate models may be conservative, and the potential decline in occupancy of 
Snowshoe Hares could be greater than we have modeled, with a mean probability of 
occupancy of 0.10–0.18 in northern Pennsylvania by 2050–2059 (Table 3; Fig. 5B, 
C, D). Similarly, Sultaire et al. (2016) suggested that climate change will continue 
to be the major driver of range contraction of Snowshoe Hares in Wisconsin.
 Climate change has already reduced winter duration in North America (Mag-
nuson et al. 2000). Although models of climate change that include precipitation 

Figure 6. Mean patch-size (circles) and fragmentation (triangles) of early-successional for-
est (with 95% confidence intervals) in Pennsylvania, 2000. Patch size measured in ha and 
fragmentation represented as the proportion of 30 m × 30 m grid cells of early-successional 
forest adjacent to the same forest type. Statistics were calculated for 15 counties where 
Snowshoe Hares were harvested during 1997–2002 (Core), 10 counties in the Ridge and 
Valley and Laurel Highland regions where Snowshoe Hares were not harvested during 
1997–2002 (Ridge and Valley), and 4 north-central counties (North-Central) where Snow-
shoe Hares were not harvested during 1997–2002 in Pennsylvania.
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and snowfall are not as well developed as temperature models, weather data for 
our study area in Pennsylvania indicated that the number of days with snow on the 
ground (snow days) was negatively correlated with degree days (r = -0.83, n = 750, 
P < 0.001). Therefore, predicted milder and shorter winters likely will provide 
fewer days of snow on the ground as winter temperatures warm. Only 2 harvests of 
Snowshoe Hare in Pennsylvania have been reported in WMUs south of Interstate 80 
since 2006. Although the presence of Snowshoe Hare has been detected in Hunting-
don and Westmoreland counties (E. Boyd, Pennsylvania Game Commission, Har-
risburg, PA, pers. observ.), our results suggest that connectivity of Snowshoe Hare 
populations in the higher elevations of Maryland and West Virginia with northern 
Pennsylvania may be limited.
 The mechanism by which climate change is thought to adversely affect Snow-
shoe Hare is through mismatched pelage coloration and environmental conditions 
(Mills et al. 2013; Zimova et al. 2014, 2016). Shorter winters could increase the 
length of time in which the white camouflage coloration of Snowshoe Hare is mis-
matched with lack of snow, and this mismatch could put Snowshoe Hares at greater 
risk of predation. However, some subspecies of Snowshoe Hare in the southern 
range have evolved to forego pelage coloration change (Dalquest 1942, Nagorsen 
1983), and recent research in Pennsylvania has found that some Snowshoe Hare in 
northeastern Pennsylvania do not develop a white pelage in winter or become only 
partially white (Gigliotti 2016).
 Several potential sources of error could have affected our results, including er-
rors in the forest-type map and the kriging of weather data. Forest-type error did 
affect the map of occupancy based on forest type but did not affect occupancy 
modeling (Tables 1, 2) because forest type was determined in the field and not from 
the map. The kriging we conducted to interpolate weather data could have large and 
spatially autocorrelated interpolation errors among local grid-cells but less bias at 
broader scales (Holmes et al. 2000). Interpolation errors with a strong spatial pat-
tern could result in local prediction errors, but if the error structure were consistent 
between the predicted values and the modeling data, the model should reflect the er-
rors, and the predictions should be consistent with the data (Barry and Elith 2006). 
Measurement error in a covariate when using logistic regression usually attenuates 
the estimates of occupancy (overestimates low probabilities and underestimates 
high probabilities; Stefanski and Carroll 1985).
 Our sample locations may not have been completely representative due to con-
straints imposed by logistical challenges and random sampling. We had limited a 
priori information available on the expected occupancy of habitats except that we 
expected the early-successional forest type to have the greatest occupancy rates. 
Also, we were limited by the accuracy of the forest-type map and the relative rar-
ity of early-successional habitat, which led us to direct field technicians to sample 
additional early-successional sites near the conifer, mixed deciduous–conifer, and 
deciduous forest-type sampling sites. However, this approach would not have af-
fected our estimates of occupancy by forest type unless these additional sampling 
sites were not representative.
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 Despite the relationship we discovered between climate and distribution of Snow-
shoe Hare in Pennsylvania, the amount and distribution of suitable habitat is essential 
to the viability of the species. Snowshoe Hare are associated with early-successional 
forest types, and from 1978 to 2002 the total acreage of Pennsylvania forestland 
remained stable but the proportion in early-successional stages declined from 21% 
to 12% because succession of forest vegetation outpaced timber-harvest rates (Mc-
Williams et al. 2007). Wildlife managers may be able to mitigate effects of climate 
change by employing strategies to increase resilience of ecosystems and species 
(Mawdsley et al. 2009), which for the Snowshoe Hare would include increasing the 
amount of early-successional forest and improving habitat connectivity. 
 We found the greatest occupancy rates in early-successional forest, and other 
researchers have noted the association of Snowshoe Hares in Pennsylvania with 
young forest age-classes (Brown 1984, Scott and Yahner 1989), similar to popula-
tions studied in Michigan and Maine (Conroy et al. 1979, Fuller and Harrison 2013, 
Litvaitis et al. 1985). Consequently, the loss of early-successional habitat in Penn-
sylvania likely impacts the populations of the species. Despite the loss of habitat, 
however, we found no evidence that loss of early-successional habitat explained 
the pattern of range contraction we observed. Loss of habitat in Pennsylvania was 
similar in areas where Snowshoe Hare were no longer harvested compared to where 
harvests still occurred. Moreover, patch size and fragmentation of early-succession-
al habitat was similar, with no evidence for differences among counties in the Ridge 
and Valley and Laurel Highland regions (southern Pennsylvania) or north-central 
Pennsylvania, where Snowshoe Hares have not been recently harvested compared 
to those counties where harvests still occurred (Fig. 7).
 We believe climate change will be a challenge for maintaining the viability 
of Snowshoe Hare in Pennsylvania. Although the species’ conservation status is 
currently defined as vulnerable (S3) and apparently secure (S4) in Pennsylvania 
(Natureserve 2012), our data suggest the status of Snowshoe Hare is not stable and 
becoming less secure. Better understanding of the effect of climate change on this 
species, and how that factor may interact with loss of early-successional forest, will 
be important to developing effective conservation strategies for the species.
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We would appreciate a copy of this data for our review and hope that you would facilitate that for
us.
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I think you would have to ask Dan for that.  Mark
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NOTE ABOUT THIS DRAFT DOCUMENT, DECEMBER 2016  
  
This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status 
assessment report has not undergone peer review, and it should not be cited or referenced as an 
agency document. At this time it is intended for the sole purpose of soliciting scientific reviews from 
expert peer reviewers, from State and Federal partners with expert knowledge of the species and its 
habitat, and from internal reviewers by Department of the Interior staff. The document is not 
intended to solicit public comment. This document will be revised after this scientific review. This 
document does not predetermine any future agency decision under the Endangered Species Act.  
For more information contact Jim_Zelenak@fws.gov.     
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Executive Summary   
Background  
   
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA), because of the inadequacy—, at that time—, of existing regulatory mechanisms on 
Federal lands. The SSA will provide the scientific basis for the statutorily required 5-year status 
review for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S.United States from Maine to Washington and south along the Rocky 
Mountains to western Colorado (Ffigure 1).  
  

  
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis).  
  
These units encompass the geographic areas in the contiguous United. States. with the 
strongest historical and/or recent evidence of an ability to support persistent resident lynx 
populations, and, combined, they represent approximately the southern two2 percent of the 
species’ entire breeding range (98 percent occurs in Canada and Alaska). The units are 
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relatively isolated from each other, but four of the six units are directly adjacent to lynx 
populations and habitats in  
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous United. States., usually peripheralnear to the SSA geographic units, the ability of 
these peripheral neighboring areas to support persistent resident lynx populations remains 
questionable. Lynx may occur in such areas as small and ephemeral breeding populations or as 
occasional dispersing or transient individuals. The locations and sizes of the SSA geographic 
units are summarized in Ttable 1.  
   
Table 1. Canada Lynx SSA Geographic Units.   

Unit No.  Unit Name and Location  Unit Size (km2)  

Unit 1  Northern Maine  28,909  

Unit 2  Northeastern Minnesota  21,101  

Unit 3  Northwestern Montana/Northeastern Idaho  26,997  

Unit 4  North-central Washington  5,176  

Unit 5  Greater Yellowstone Area  23,687  

Unit 6  Western Colorado  25,294  
  
  
This report represents the Service’s evaluation of the best available scientific information, 
including the formally- elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
themthese populations; and (3) assess the future viability of the DPS in the near term (through 
the year 2025), in the mid-term (through 2050), and through the end of this century in terms of 
the conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”).   
  
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically 
comprisemake up >greater than 90 percent of the lynx’s year-round diet. The lynx has evolved 
morphological adaptions (long legs  and large paws) that allow it to efficiently travel and capture 
hares in snow conditions that are difficult for most other terrestrial hare predators (e.g., bobcats, 
coyotes). These characteristics provide lynx with a seasonal (4- to 5 winter months in most of 
the DPS) competitive advantage over other hare predators and allow them to occupy habitats 
that are unavailable to some of their competitors.  
  
The DPS populations occurs at the southernmost margin of the species’ range and of the its 
environmental thresholds , including: of (1) snow quality, depth, and persistence; (2) hare 
density; and (3) boreal forest conditions that lynx require..  Because of this, lynx habitats, and, 
thus, lynx, are naturally less abundant and more patchily distributed in the DPS than in the core 
of the species’ range in Canada and Alaska.  Maintaining connectivity between the DPS and 
lynx populations in Canada is thought to be important, but whether the demographic and/or 
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genetic health of DPS populations depends on intermittent immigration of lynx from Canada 
and, if so, to what extent, remains uncertain.  
  
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous United. States.  For example, analysis of historical records in the United. 
States. and Canada indicated that many lynx records in the contiguous United. States. have 
coincided with intermittent “irruptions” (mass dispersal events) of lynx from Canada into the 
northern United. States. when hare populations in Canada underwent cyclic declines (every 8-
11 years).  During these irruptions, large numbers of lynx occurred temporarily in (and 
disappeared quickly from) areas that we now believe arefind to be naturally incapable of 
supporting resident populations.  
  
Additionally, although we knew at the time of listing that resident lynx occurred in Maine, we 
lacked information on the historical and recent distribution and quality of lynx habitat.  We now 
know that forest regeneration after large-scale clear-cutting in the 1970s and 1980s has 
contributed substantially to the current broad distribution of high-quality habitat in northern 
Maine, which currently supports the largest resident lynx population in the DPS.  Similarly, we 
were uncertain if Minnesota supported a resident breeding population, but we now know that a 
persistent population occupies the northeastern corner of the state.  Research and monitoring 
also suggest that lynx and habitats in the western United. States. are naturally less abundant 
and more patchily distributed than was thought at the time of listing, and lynx may have been 
extirpated recently from several areas thought to have previously supported small resident 
populations (e.g., the Kettle Mountains in northeastern Washington, the Garnet Mountains in 
western Montana, and the Greater Yellowstone Area of southwestern Montana and 
northwestern Wyoming).  We also know that recent extensive wildfires in north-central 
Washington have temporarily reduced the amount of high-quality lynx habitat and have probably 
caused a decline in lynx numbers there.  Finally, as a result of the release of 218 Canadian and 
Alaskan lynx from 1999 to 2006 and the subsequent survival and reproduction of some of these 
lynx and their offspring, resident lynx currently occupy parts of western Colorado.  
  
SSA Framework  
  
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. Therefore, 
we evaluated the ecological requirements of individual lynx and populations and the current and 
possible  future conditions for resident lynx populations in each geographical unit to assess the 
viability of the DPS. The SSA uses the conservation biology principles of resiliency, redundancy, 
and representation as the framework for assessing current and future conditions.  Resiliency 
describes the ability of the species to withstand stochasticity, redundancy describes the ability of 
the species to withstand catastrophic events, and representation describes the ability of the 
species to adapt over time to long-term changes in the environment.  The 3 Rs can be 
influenced by any number of factors.  For lynx, the factors evaluated in this SSA include:  (1) the 
original factor for which the DPS was listed as threatened (the inadequacy of existing  
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the  
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Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx.  
  
Uncertainties and Assumptions  
  
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations.  We lack similar demographic information for snowshoe hares 
throughout much of the DPS.  Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS.  And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests, constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.   
  
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted.  We treated the 
following assumptions as constants in the analysis.   
  
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska.  
  

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet other 
areas are naturally incapable of supporting resident lynx despite boreal-forest-like vegetation 
and the presence of some hares.  
  

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations.  
  

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations.  
  

● We assume that connectivity with larger lynx populations in Canada is important, and that 
periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain.  
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● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 

persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.   
  

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly- specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming.  

  
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do sohave provide benefits as 
long as those measures and guidance are implemented.  
  

● We assume that the DPS could be delisted in the future and that some ofis not listed and 
therefore does not receive the current protections afforded by the ESA could be lost and/or 
relaxed.  (In evaluating the necessity of continued ESA protection for a listed species, it is 
inappropriate to consider the benefits of ESA protection the species is currently receiving.) 
However, we also assume that conditions for delisting would include requirements and 
incentives toto a certain extent land management agencies and state wildlife agencies will  
continue to conserve lynx and its habitats and to try to assure persistence of resident lynx 
populations in those places that can support them in the DPS range.   

   
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability.  
   
Current Conditions  
  
The current distribution of resident lynx in the contiguous United. States. is likely somewhat 
smaller than the historical distribution because of the potential loss of small populations in 
several places (e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern 
New York, Isle Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, 
more recently, the Greater Yellowstone Area of Southwestern Montana and northwestern 
Wyoming, and perhaps the Garnet Mountains in western Montana). However, based on verified 
historical records, we lack compelling evidence that the current distribution and relative 
abundance of resident lynx in the DPS range are substantially diminished from historical 
conditions, and resident populations continue to persist in the geographic areas with the 
strongest historical evidence of an ability to support them. Nonetheless, in many parts of the 
DPS range habitat features (forest distribution and structure, hare densities, and snow 
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conditions) appear to exist at or just above thresholds thought necessary to support persistent 
lynx populations.   
  
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units.  
  
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Ffigure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Ttable 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous United. States., it also seems 
that redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via a catastrophic event.  
 
Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
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substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United. States., suggesting relative maintenance of the breadth of diversity of ecological settings 
occupied within the DPS range. Because there are no indications of significant loss of or current 
threats to the genetic health or adaptive capacity of lynx populations in the DPS, and because 
the current level of representation does not appear to indicate a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation.  
  
Future Conditions  
  
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced probability 
of persistence for all resident populations in the DPS range. We expect that resident populations 
will persist through mid-century in all five of the geographic units that currently support them 
(albeit in reduced numberssizes and distributions), but that lynx may be functionally extirpated 
(loss of the ability to support persistent resident populations) from two or three of the units by 
the end of the century.  
  
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, we expect climate-induced increases in the frequency and 
intensity of wildfires and forest insect outbreaks are expected to increase, particularly in the 
western portion of the DPS, although we do not anticipate such events alone to cause the 
permanent loss of breeding lynx populations in any geographic unit. In Minnesota and Maine 
(units 1 and 2), suitable boreal forest and snow conditions are projected to decline more 
severely than in the western units, and in some climate- modeling scenarios they could 
disappear completely from these units by the end of the century. Over the next 15- to 20 years, 
lynx habitat conditions in Maine are also likely to decline significantly from current historically 
high and anthropogenically influenced levels as private forest management practices, 
particularly a shift away from landscape-level clearcutting, result in forest succession detrimental 
to snowshoe hare and lynx needs.  
 
Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through 
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midcentury but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events.  
  
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given thatis, we conclude that the 
DPS as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially- clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well- distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely.  
  
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate.  
  
DPS-wide Synthesis   
We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numberssizes and distributions, in all five geographic units 
that currently support them through mid-century, but that functional extirpation is likely in two to 
three of those units by the end of the century, driven largely by projected continued climate 
warming. Because resident lynx in many parts of the DPS persist in areas that appear naturally 
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to barely meet thresholds for hare densities and habitat quality and distribution, relatively small 
declines in these features could result in loss of the ability to support resident populations over 
large areas. Because of this, we believeconclude that future lynx habitats and resident 
populations throughout the DPS range are likely to be smaller and more fragmented, and 
geographic units that are already relatively isolated from other lynx populations are likely to 
become even more isolated in the future. Uncertainty increases at mid-century to late-century 
regarding the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change. However, review of the best available 
science in concert with input from lynx experts suggests that the probability of the persistence of 
resident breeding populations will decline in all geographic units, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond 
that time frame.  
  
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through 
midcentury in most of the five geographic units that currently support them. However, we 
believeconclude it is very unlikely that resident lynx populations will persist through the end of 
this century in all of the geographic units that currently support them. That is, we believefind that 
resiliency will be substantially diminished because of reduced population sizes and distributions 
throughout the DPS, with resulting extirpation of resident populations from two to three (of five) 
units more likely than not by the end of the century.  
   
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic units would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century.  

Chapter 1: Introduction  
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S.United 
States as a distinct population segment (DPS) and listed it as threatened under the Endangered 
Species Act of 1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (U.S. District Court 
MT 2014b, p. 2). Thus, we conducted this SSA (version 1.0) to summarize the best available 
information on the current status and likely future viability of the DPS. This SSA will inform a 
determination by Service decision makers of whether (1) the DPS continues to warrant 
protection under the ESA and (2) a recovery plan is needed to guide conservation and recovery 
of the lynx DPS.  
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1.1 Background  
The Canada lynx is a North American wild cat that is most strongly associated with northern 
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809).  
  
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S.United States (Bittner and Rongstad 1982, p. 
146; McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic 
units evaluated in this SSA represent the remaining 2 percent of the species’ breeding 
distribution (approximately 131,168 km2 [50,644 mi2]; see Ffigure 1 and Ttable 2, below). Lynx 
populations in the DPS (as well as some others on the margin of the range in southern 
Canadian provinces) seem to function as peripheral subpopulations (islands) of a larger 
(mainland) metapopulation centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 
FR 40077; also see 2.2 below). The demographic and genetic health and persistence of DPS 
populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 
FR 59434, 59447; 79 FR 54815).  
  
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S.United States occur over a much smaller geographic area 
that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
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also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous U.S.United States, and small breeding populations 
may have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous U.S.United States has been 
documented based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 
54815; McKelvey in Lynx SSA Team 2016, p. 11; also see section 2.3.2, below).  
  
The Service designated lynx in the contiguous U.S.United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 
(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous U.S.United States constitute 
a single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the  
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S.United States, including New Mexico and other states that were not included in 
the original DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 
(USFWS  
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire).  
  
The six geographic units evaluated in this SSA encompass all areas of the contiguous 
U.S.United States that currently support or are believed to have recently supported persistent 
resident lynx populations  
(Ffigure 1, above). Five of the six geographic units were designated as “Core Areas” in the  
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here.  
  
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Ttable 2).  
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 Table 2. Lynx SSA Unit Sizes and Percent Ownership.  

Unit1  
Unit Size 

(km1)  

Percent 
of SSA  
Area  

 Land Ownership/Management (Percent)2   

 Federal3  

Private  State  Tribal  

All  
Federal  

USFS  NPS  BLM  

1  28,909  22.0  1.2  0  1.2  0  90.4  7.3  0.9  

2  21,101  16.1  47.4  44.9  2.5  0.01  15.5  36.2  1.0  

3   26,997  20.6  84.3  69.3  13.6  1.5  8.0  4.1  3.5  

4  5,176  3.9  91.5  84.6  6.7  0.1  0.3  8.2  0  

5  23,687  18.1  97.6  79.7  16.7  1.1  2.2  0.3  0  

6  25,294  19.3  90.1  85.2  1.8  3.1  9.3  0.6  0  

All Units  131,164   100  63.8  55.6  7.1  1.1  26.3  8.8  1.1  

1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado.  

                                                 

1 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Ttribal, Sstate and private lands that met the criteria for critical habitat but 
whichthat were excluded from the designation in accordance with section 4(b)(2) of the Endangered 
Species Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office 
in coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 3 

USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management.  

1.2 SSA Framework and Report  
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of  



 

16  
  

species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time 
(captured under the broad heading of “species needs”); the 
current condition of the species at the individual, population, 
and range-wide levels in terms of meeting those needs; and 
the likely changes in the environment that may influence the 
species’ future condition and, thus, the viability of the species.   
  
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events;  
redundancy describes the ability of the species to withstand 
catastrophic events; and representation describes the ability of the species to adapt over time to 
long-term changes in the environment. As a result, the SSA characterizes a species’ ability to 
sustain populations in the wild over time based on the best scientific understanding of current 
and future abundance and distribution within the species’ ecological settings. Importantly, the 
SSA neither results in, nor predetermines, any decisions (e.g., listing status, critical habitat 
designations, section 7 consultation requirements, etc.) by the Service under the ESA. Instead 
the SSA provides the biological basis to inform these decisions. The SSA is a dynamic 
document and should be periodically revised as new scientific information becomes available.  
   
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service 
(NPS) and the USFWSService called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html.  

1.3 Analytical Approach and Methods  
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at midcentury- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation 
in terms of the 3 Rs using conceptual modeling (Ffigures 2-5) based on available published 
literature, on other information on the historical and current status of and threats to lynx in the 
                                                 

1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015.  
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DPS, and, where empirical data arewere lacking, on our objective analysis of the best available 
scientific information as informed by our understanding of the basis for formally- elicited expert 
opinion and best professional judgment (Lynx SSA Team 2016, entire).   
  

  
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability.  
  
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units.  
  
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.), and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS.  
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS.  
  
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Ffigure 4 below.  
  

  
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS.  
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally- elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Ffigure 5 below.  
  

  
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS.  
  
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Cchapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence thoese probabilities; and 
the sources of uncertainty that influenced their confidence in their predictions. We then present 
our evaluation of the scientific literature regarding how certain anthropogenic factors may 
influence future conditions for resident lynx in each geographic unit. The factors we consider for 
each geographic unit include regulatory mechanisms (the factor for which the DPS was 
originally listed under the ESA) and the anthropogenic influences identified by the Interagency 
Lynx Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
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conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why.  
  
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that, although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that non-ESA regulatory requirements and nonregulatory 
objectives for species and habitats (not necessarily lynx specific) and an incentive to preclude 
ESA listing of the lynx would contribute conditions for delisting would include requirements and 
incentives to the continueance of  to conservatione efforts benefitting the lynx and its habitats 
and to assure persistence of resident lynx populations in those places that can support them on 
Federal, State, and Tribal, and some private lands (perhaps some private lands as well). Our 
evaluation, therefore, considers the possibility of the future relaxing of some, but not the 
complete absence of all, lynx conservation measuresprotections and conservation efforts, but 
not the complete absence of all protections for lynx.  
  
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly- distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly- specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially- discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.   
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Chapter 2: Lynx Ecology   
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Cchapters 3 through 5.  

2.1 Species Taxonomy, Description, and Genetics  
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are three 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016).  
  
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale brown 
fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In summer, its 
fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long tufts of black 
hairs extending from the tips of its ears, a short, completely black-tipped tail, and often a distinct 
dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 cm (30 to 35 in) 
long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Ttable 1; Moen et al. 2010a, 
Ffigure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished data), and 
males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s large feet 
and long legs make it highly adapted for traversing and hunting in deep, powdery snow, where 
its low foot-loading (weight per surface area of foot) is thought to provide a competitive 
advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) over other 
terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada and the 
northern contiguous U.S., where the southern edge of the lynx range overlaps the northern 
edge of the bobcat range, the two species are easily confused because of their similar size and 
appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail distinguish it 
from the bobcat, which has shorter ear tufts, small feet, and white on the underside of the tail. 
Bobcats are much more common and abundant than lynx in most of the contiguous U.S.  
  
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
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12621266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the two areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas, recent analyses reveal genetic exchange among lynx on either side, 
indicating that some lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; 
Bowman in Lynx SSA Team 2016, p. 12-13).  
  
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations despite 
large separation distances (Schwartz et al. 2002, entire). Their results did not suggest that 
reduced genetic variation among peripheral populations was because of human disturbance 
(i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; Schwartz et 
al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the contiguous 
U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 522).  
  
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793).  
  
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5).  
Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
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35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12).  

2.2 Life History and Population Dynamics  
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare 
(Ffigure 6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et 
al. 1972, pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 
358–359, 363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 
2003, pp. 37–38; Squires et al. 2004a, p. 15, Ttable 8, Olson 2015, pp. 60-69), and hare 
abundance is the major driver of lynx population dynamics. Lynx den site selection, litter sizes, 
pregnancy, as well as recruitment, survival (kitten, subadult and adult) and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34).  
  

  
Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency.  
      
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes with 
high-density snowshoe hare populations for survival and reproduction (McCord and Cardoza 
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1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). Lynx and 
snowshoe hares are strongly associated with what is broadly described as boreal forest (Bittner 
and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and Parker 1987, p. 684; 
Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183191 and 2000b, pp. 
136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation of boreal forest is 
conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) (Elliot-Fisk 1988, pp. 
34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and shrubs (Hodges 2000a, 
pp. 181-183) and are most abundant in forests with dense understories that provide forage, 
cover to escape from predators, and protection during extreme weather (Wolfe et al. 1982, pp. 
665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 and 2000b, pp. 136-
140). Over much of the lynx’s range, hare densities are higher in regenerating, earlier 
successional forest stages because they often have greater understory structure than mature 
forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 1990, pp. 847-
848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin  
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally- stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127).  
  
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809).  
  
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
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427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes.  
  
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).   
  
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267– 
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 
362363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14).  
  
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and  
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Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).   
  
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to  
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
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phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).   
  
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014,  
p. 1). In southern Canada, where hares are less abundant and hare population cycles are muted 
or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment Canada 
2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.213/100 km2 
(24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares were abundant 
(Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 km2 (6/100 mi2) 
in Washington when hare abundance was low (Koehler 1990, pp. 847-850). Correspondingly, 
hare abundance may also influence lynx home range size. Ward and Krebs  
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10- to 15- fold increase in 
lynx density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367).  
  
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS.  
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793).  
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2.2.1 Ecological Requirements of Individuals  
  
At the most fundamental level, the needs of an individual lynx are met if:  
  
1) it is born to a female that occupies a home range containing  

a) secure denning habitat,  
b) adequate hare abundance to support lactation during the early kitten stage and later 

provisioning of the kitten with hare meat,  
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and  
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.);  
  

2) the mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and  
  

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.   

  
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population.  
  
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for 
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lynx/vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population.  
  
Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a,  
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24).  
  
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Ttable 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).   
  
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.   
  

  
Geographic 

Unit  

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

  
References (Page Nos.)  

  

  Female  Male   

N Maine  25-33 (14-70)  39-60 (24-102)  
Vashon et al. 2008a (1482); Mallett 2014  

(169)  

NE Minnesota  17-87 (13-122)  160-267 (86-439)  
Mech 1980 (263-265); Burdett et al. 2007 

(460-463); Moen et al. 2008a (17)  

NW Montana/ 
NE Idaho  43-90 (11-157)  122-220 (29-552)  

Brainerd 1985 (20); Squires and Laurion  
2000 (343-344); Squires et al. 2004a (13, 

Table 6)  
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N-C 
Washington  37-91 (37-91)  49-69 (29-99)  

Brittell et al. 1989 in Stinson 2001 (5);  
Koehler 1990 (847); Maletzke in Lynx SSA  

Team 2016 (21)  

GYA  50-105 (32-105)  116-824 (98-2,181)  
Squires and Laurion 2000 (343-344); 

Squires et al. 2003 (12-13)  

W Colorado  75-704 (NA)  103-387 (NA)  Shenk 2008 (10)  

  
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354).  
  
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
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high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.   
  
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.   
  

2.2.2 Ecological Requirements of Populations and the DPS  
  
Lynx populations require essentially the same things that individual lynx do (see Ffigure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower.  
  
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 
2531). Lynx populations in the DPS are at the periphery of the species’ range and may behave 
as islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.   
  
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22).  
  
Slough and Mowat (1996, p. 952, Ttable 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of  
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Ttable 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined from 
135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the  
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly- cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area  
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21)  
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.   
  
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least  
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality.  
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In summary, lynx populations need large boreal forest landscapes with snow conditions  
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly- cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly- cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789).  

2.3 Historical and Current Lynx Distribution  
  

2.3.1 Lynx Distribution and Status in Canada and Alaska  
   
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince  
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 1192-
1195; Koen et al. 2014a, pp. 757-760).  
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In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers.  
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern  
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington).  
  

2.3.2 Lynx Distribution in the Contiguous United States  

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range  
  
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942).  
  
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077).  
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The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938).  
  
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “...  
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).   
  
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
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(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions.  
  
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above.  

 2.3.2.2 Lynx Distribution within the DPS Range  
  
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp.  
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p.  
6), and overall habitat quality is typically lower.  
  
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
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for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist.  
    
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats or 
coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.   
   
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.   
  
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats in 
Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
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Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.   
  
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S.  
  
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition.  
  
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081,  
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003- to 2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
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lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487).  
  
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially- released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally- invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believefind that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain.  
  
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York.  
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In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 2021, 
45). In the 2014 revised critical habitat designation, the Service noted:   
  

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791).  
  

We concluded that the historical record and recent evidence of lynx occupancy and reproduction 
suggested the presence of a small but persistent resident lynx population in the GYA of 
northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 54825-54826); 
however, the consistency of occupancy over time remains uncertain (Lynx SSA  
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National  
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
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also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).   
  
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so.  
  
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern  
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the sState, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long 
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the sState or if it is a temporary phenomenon related 
to an expanding source population in neighboring northern Maine (79 FR 54821). Although 
bobcat populations have increased and expanded their range in this region in recent decades 
(Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their 
populations (Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest 
declined substantially after two deep snow winters in 2008 and 2009 (Maine Department of 
Inland Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire.  
  
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New Hampshire, 
above) have the strongest historical evidence of continuous lynx presence and recent evidence 
of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 4008640095, 40097-
40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for much of 
Idaho, but many, especially in the central and southern part of the sState, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
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contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the sState are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia.  
  
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the sState (McKelvey et al. 2000a, pp. 211-212; 
Hoving et al. 2003, entire;), which currently is believed to support the largest lynx population in 
the DPS (Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in 
Lynx SSA Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare 
habitat and the number of resident lynx in Maine are all much larger than was suspected at the 
time of listing or the 2003 remand, and all are probably substantially larger now than under likely 
typical historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
sState are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 
40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.   
  
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the sState that seems to be 
the southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the sState, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the sState, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
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lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown.  
  
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the sState (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team  
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 
4647; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the 
time of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12).  
   
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the sState (von Kienast 2003, entire; Maletzke 2004, entire; Koehler 
et al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the sState with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the sState are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).   
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In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither 
broadscale breeding range contraction nor substantial population declines in the contiguous 
U.S. from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016, p. 11). New information summarized above indicates that there are many 
more lynx in Maine and Minnesota than was suspected at the time of listing, and there are 
naturally fewer lynx and a more limited distribution of suitable habitats in the western U.S. than 
was previously thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at 
historically high numbers and may currently be facilitating the recolonization of formerly 
occupied habitat in northern New Hampshire and recent lynx occurrences in northernmost 
Vermont. However, lynx persistence is uncertain in New Hampshire and unlikely in Vermont, 
and lynx numbers in Maine are projected to decline over the next several decades. In the West, 
small breeding populations in the GYA and the Garnet Mountains of Montana may recently have 
become extirpated (although both also may be only temporarily “winked off” in a metapopulation 
dynamics sense). In north-central Washington, lynx habitat and numbers have declined because 
of recent large fires and insect outbreaks, and the persistence of the breeding population there 
could be threatened if additional such impacts occur with similar magnitude and frequency over 
the next several decades. As a result of the release of 218 Canadian and Alaskan lynx from 
1999- to 2006, resident lynx currently occur in western Colorado. Although the number of lynx in 
this population and its future persistence are uncertain, Colorado currently supports more lynx 
than it likely did, based on the historical record, for much of the previous century. The 
geographic units evaluated in this SSA include all areas in the contiguous U.S. with strong 
historical and recent evidence of persistent resident lynx populations. Detailed assessments of 
the current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below.  

Chapter 3: Factors Influencing Viability of the DPS  
 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Thoese 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS.  

3.1 Regulatory Mechanisms  
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation of habitat, creation of barriers, or that 
otherwise alteration of the vegetation mosaics and prey abundances maintained historically by 
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natural disturbance processes may occur in lynx habitats regardless of land ownership and 
management. The extent to which regulations guide such activities to avoid, minimize, or 
mitigate impacts to lynx influences the current and future likelihoods that those habitats will 
provide the physical and biological features needed to support resident lynx populations. As 
described in more detail below, the lynx DPS was listed as threatened because of the lack of 
specific conservation direction and associated regulations on Federal lands. At that time, the 
available information indicated that most lynx habitat in the DPS occurred on Federal lands, 
predominantly in the western U.S. (65 FR 16061). Since then, research and monitoring have 
revealed that non-Federal lands contribute more to the conservation of the DPS than was 
known at the time of listing, particularly in the Northern Maine and Northeastern Minnesota 
regions. Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as Sstate and Ttribal lands.  
  
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership.  
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.   
  

3.1.1 Federal Regulatory Mechanisms  
  
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Ttable 2, above, and Cchapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
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NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.   
  
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx, and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096).  
  
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
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potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).   
  
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083).  
  
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50).  
  
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
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mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, Sstate, and Ttribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097).  
  
Since the 2003 remand, most Forest ServiceUSFS units with lynx forest types have formally 
amended or revised their land management plans to incorporate the conservation measures, 
standards, and guidelines identified in the LCAS. From 2004-2006, forest plans for seven 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson  
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2  
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.   
  
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Ttable 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley,  
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field  
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
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were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12).  
  
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 2007, 
p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service USFS 
land management activities on at least 94 percent of this area, and more likely nearer to 98 
percent” (USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).   
  
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for whichthat was 
the basis for listing the lynx DPS was listed under the ESA. Although formal effectiveness 
monitoring has not been completed, it’s clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous U.S.  
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3.1.2 State Regulations and Tribal Management  
  
Private, Sstate, and Ttribal lands make up the remaining 36 percent of the lands encompassed 
by the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Ttable 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Ttribal lands in the North-central Washington, GYA, or Western Colorado units. Private, Sstate, 
and Ttribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, Sstate, and Ttribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, Sstate, and Ttribal 
lands within the six geographic units of the DPS, but with a focus on those units with the 
greatest proportions of these lands and on activities on these lands with the greatest potential to 
impact lynx.  
  
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement.  
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Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-traprestrictions/). 
MDIFW also adopted and made available for download on its web page the interagency 
brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats and other 
Furbearers, and modified it to be more specific to Maine. MDIFW also set- up an incidental lynx 
capture hotline, and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 -to 2015 (ten10 lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally- trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act  
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely- distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).   
  
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at:  
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http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern (State 
of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that regulate 
treatment of species designated as endangered and threatened. Also like Maine, Minnesota has 
designated the lynx a species of special concern (MNDNR 2013, p. 2), and coordinates with the 
Service and other agencies to conduct research and monitor lynx populations and habitats.  
   
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 
3637). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 
710), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set of 
reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them.  Specifically, these regulations, which (1) prohibit the use of lethal (non-
relaxing) snares for bobcats, (2) specifiesy the types of sets and baits or attractants that may be 
used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 10-
pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). MTFWP is also responsible for implementing Montana’s Nongame and Endangered 
Species Conservation Act (http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  
https://www.animallaw.info/statute/mtendangered-species-chapter-5-wildlife-protection    
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Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered  
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan  
(http://wdfw.wa.gov/publications/00394/) and a Status Report  
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals.  
  
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats.  
  
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals.  
  
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.   
  
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections  
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to -35 years post-harvest) regenerating forest in prime hare habitat 
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condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit.  
   
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-
landscapeconservation-in-maine/ last accessed 8.18.2016), but easements do not require 
management prescriptions or commitments for lynx. To our knowledge, there are no private 
landowners in Maine who have committed to long-term or permanent protection and creation of 
lynx habitat according to the Service’s lynx management guidelines or LCAS.  
  
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation of 
Federally listed species, but so far no lynx management plans have been developed. Mitigation 
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for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for trapping 
requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat management 
area on the MBPL’s Seboomook Unit for a 15-year period.   
  
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private lands. 
Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 [MFRC 
2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed voluntary 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) that are 
intended for private and State landowners and include some general recommendations for 
wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).   
  
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about four 
percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution  
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 
5483554837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.   
  
Unit 4: North-central Washington - State and private lands constitute about eight percent and  
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State  
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The Forest 
Practices Board, an independent State agency, adopts forest practices rules to protect water 
quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
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quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below.  
  
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.   
  
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.   
  
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the  
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6.  
  
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15).  
  
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the  
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit.  
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).   
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Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285).  
  
In summary, a variety of Sstate wildlife and forestry regulations and conservation efforts, along 
with Ttribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.   

3.2 Climate Change  
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire).  
   
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change.  
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The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31).  
  
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas).  
   
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
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than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).   
  
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events and 
winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, depth 
hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.   
  
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow- covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five5 months (November–March) to approximately three3 months 
(December to February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that 
contain lower relief, mid-elevation mountain ranges will likely shift relatively quickly into new 
precipitation phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 
4566). The interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated 
areas to warming because much of the region is characterized by relatively warm winter 
temperatures and by mainly mid-elevation mountain ranges. The climatic rain-snow transition 
zone will move up in altitude and north in latitude.   
  
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and 
deciduous/boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved 
upslope in both the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and 
Baker 1980). Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some 
locations up to 100 m) during a recent 50-year period of warming (Kullman 1990). However, 
despite recent warming, the alpine treeline in North America has thus far remained relatively 
static (Butler et al.  
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
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movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201).  
  
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions  
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats.  
  
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous.  
   
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
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North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9).  
    
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 
13–14). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).   
   
Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48).  
  
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp.  
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below.  
  
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably anticipated 
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include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare cycle, 3) 
reduction in snow conditions necessary to give lynx a competitive advantage, 4) reduction in 
hare habitat quality and populations, 5) reduction in the amount of lynx and hare habitat in the 
U.S., 6) changes in the frequency and pattern of disturbance events, 7) introduction of disease 
and parasites, and 8) reduced gene flow. Synergistic effects between these factors and other 
stressors (e.g., forest management, trapping, development) may intensify their effects (Carroll 
2007). Diminished snow, increasing drought and fire, and increased forest pests and disease 
are believed to currently be the most important stressors for lynx in the DPS, but it is possible 
that other pathways are, or may become, equally important. Over the next decades, southern 
lynx populations will continue to be affected by climate change and associated shifts in habitat, 
prey base, and competition. The extent of such changes and whether lynx are able to adapt to 
them will determine not how, but if, this species can persist in the contiguous U.S. (Murray et al. 
2008).  
   
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation.  
   
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering largescale 
climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81).  
   
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
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in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).   
   
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).   
   
Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp.  
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548– 
4549). These trends are expected to continue with future climate warming (Hamlet and  
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of 
snowcovered and exposed areas, increasing the rate at which melting occurs in spring 
(Groisman et al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has 
led to the average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain 
West (Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and 
desert dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-
darkened landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are 
expected to decline generally in the geographic areas that contain the central and eastern 
portion of the lynx DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require 
prolonged periods of deep fluffy snow, current habitats that lose this feature would decline in 
value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire).  
   



 

64  
  

Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172).  
   
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx.  
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits their 
efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).   
   
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).   
   
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectivenesssuccess. For example, hard-packed snow is reported to be associated with a 
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higher kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth 
et al. 2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Predator communities are more diverse at the southern part of 
the lynx range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there  
(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares.  
  
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11- percent decline in 
hare survival by mid-century and a 23- percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).   
  
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).   
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Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).   
   
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia, and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102).  
   
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT  
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
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range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103).  
   
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and  
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada.  
   
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest.  
  
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
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irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727).  
  
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 19702004, 
Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of large 
fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. Mesic, 
middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the northern 
Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations.  
  
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).   
   
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
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markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
spruce budworm outbreak in Maine was the primary driver creating the current broad distribution 
of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).   
  
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).   
  
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward.  
  
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).   
   
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al.  
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats  
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(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and 
succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24).  
   
Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644).  
   
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528).  

3.3 Vegetation Management  
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
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throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another.  
   
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx.  
   
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016).  
  
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
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dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares.  
   
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by:  
  

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling;  

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation;  

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or  

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments.  

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage.  

   
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a).  
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North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West).  
   
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).   
   
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et al. 
2005), but an evaluation of harvesting in the last decade indicates these landowners increased 
harvest rates, shortened rotation rates, and shifted to managing and harvesting hardwood tree 
species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine private lands 
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management make lynx management commitments more difficult because shortterm 
landowners are not interested in long-term commitments. On the other hand, some easement 
owners may have an incentive to manage for lynx to meet forest certification requirements.  
   
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of  
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.   
   
Finally, future trends in forest management will be affected by climate change (Irland et al. 2003, 
entire). Many models have been developed to project how U.S. timber production and markets 
may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia et al. 
1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate change, 
total U.S. timber inventories will increase, timber harvest will increase, and product prices will 
decrease relative to an assumed stable climate. Some models predict that consumers will gain 
from climate change while landowners in some regions will lose. The forest industry will adapt to 
climate change in many ways including using alternate tree species in manufacturing, shifts to 
geographic regions of the country with economic advantages in timber growth, and increasing 
forest plantations with new species that are favorably adapted to the new climate and markets. 
Many strategies have been evaluated to increase the quantity of carbon stored in North 
American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in some 
forests to build carbon reserves, increased recycling to reduce use of forest products, converting 
agricultural lands to forests, and substituting wood products for more energy-intensive products. 
Increased atmospheric carbon will increase forest growth slightly, except for softwood (Irland et 
al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, is expected to 
increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth conifer forest to 
sequester carbon could benefit lynx in the West and be to the detriment of lynx in the East.  
   
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS.  
   
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
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land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival.  
   
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality.  
   
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986,  
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx.  
   
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, moisture, 
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and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. 
(2005) reported that the slash and coarse woody debris remaining after precommercial thinning 
provided both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory that 
would be needed to support pre-treatment snowshoe hare densities. At this time, no other data 
are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed.  
   
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS.  
   
Uneven-aged management (single tree, partial harvest, and small group selection) practices can 
be employed in stands where there is a poorly developed understory, but have the potential to 
produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature 
multistory forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat.  
   
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and 
unevenaged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
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future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx.  
  
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances, there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat.  
   
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares.  
  
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing the 
understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.   
   
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
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reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).   
   
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to -17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569).  
   
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988).  
   
Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high- quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes.  
   
Forest management can fragment and isolate patches of high- quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx.  
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Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of 
high- quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6).  
   
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S.  
   
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to -40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir.  

3.4 Wildland Fire Management  
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
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They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).   
  
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53).  
  
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land- use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
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Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).   
  
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 
4009340098).  
  
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern  
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats.  
  
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 



 

82  
  

communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future.  
  
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al.  
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and altering 
the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely be a 
temporary impact, with burned areas subsequently regenerating into higher-quality habitat, it 
would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover.  
  
Because lynx habitats are naturally patchily- distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
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recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire).  
  
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 20). 
Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where fire 
size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx SSA 
Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were burned by 
the extensive wildfires of 1988. The extent to which those fires may have diminished lynx and 
hare habitats and contributed to the recent absence of resident lynx is uncertain, as is the 
potential for those burned areas to support high hare densities and resident lynx in the future. 
However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future.  
  
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range.  
However, given the trends discussed above and the likely continued increase in future fire 
activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.   

3.5 Habitat Loss and Fragmentation  
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.   
  
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover.  
  
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% percent loss in area (20,000 km2) of forest, and continued expansion of residential 
development will likely reduce forested patches by another 1.2% percent by 2030 (Theobold et 
al. 2011, entire). Human-caused fragmentation in the forested western landscape resulted in a 
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decline of weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current 
conditions, but models predict relatively small declines in the size of forested patches over the 
next 30 years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more 
of the natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to -20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people.  
  
Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.   
  
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high- quality patches themselves (Lewis 
et al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats.  
  
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.   
  
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
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habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.   
  
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high- quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996).  
Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).   
  
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high- quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3three of the 5five 
populations under investigation went extinct in the course of the 3-year study. Fragmentation of 
landscapes exacerbate the effect of predation by allowing carnivores to concentrate their 
hunting efforts on small patches of habitat used by their preferred prey instead of preying 
disproportionately on dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich 
landscapes characteristic of the DPS, this can result in intense predation and competition for a 
limited prey resource.  
  
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat.  
  
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.   
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The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska.  
  
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
mMountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015).  
  
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily 
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.   
  
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
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and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m  
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008).  
  
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity in 
landscapes that have extensive, large patches of habitat in combination with deep, fluffy snow. 
Within their home ranges, lynx strongly select for habitat patches that enhance their foraging 
opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, Squires et al. 
2010). Analysis of winter movements of lynx in Maine indicated that lynx responded to habitat 
heterogeneity at a coarse scale within their home ranges by maximizing their access to 
snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected homogeneous 
spruce-fir patches that supported snowshoe hares and avoided recent clearcuts or other open 
patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) reported that 
landscapes in which hare habitat was more contiguous, or surrounded by a mosaic of similar 
habitat quality, supported more hares than did more fragmented landscapes.  
  
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally patchy 
habitat that is typical throughout much of the DPS range. Anthropogenic activities such as forest 
management, development, and highways alter natural landscape patterns. They cumulatively 
can reduce the total area of habitat, diminish the quality of habitat, increase the isolation of 
habitat patches, and impair the ability of lynx and other wildlife to effectively move between 
patches of habitat. Anthropogenic fragmentation may be permanent, for example by converting 
forest habitat to residential, industrial, or agricultural purposes, or temporary, for example by 
conducting forest management  but allowing trees and shrubs to regrow. Habitat fragmentation 
(both natural and anthropogenic) increases the risk of extirpation of small lynx populations.   
  
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77).  
  
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
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incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).   
  
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural features 
such as rivers, valleys, and mountain passes that may have high value for lynx in providing 
habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and northern 
Maine. Various studies have documented lynx crossings of highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway relative to random expectation, but only 
2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, respectively). In 
southeastern British Columbia, lynx avoided crossing highways within their home ranges (Apps, 
2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with home ranges within 
an 8 km buffer of 2-lane highways,; however, only 12 of these individuals crossed the highway.  
  
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998).  
  
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly have 
fences on both sides, service roads, parallel railroads or power lines, and impediments like  
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two2-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).   
  
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
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Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits.  
  
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke et 
al. 1990), because they often move extensively after their release and are unfamiliar with their 
surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx failed 
and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.).  
  
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195).  
   
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993).  
  
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high- quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx.  
  
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
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human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations  
(including lynx) likely depends on the physical design of highway improvements, the  
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).   
  
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.).  
  
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.   
  
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat.  
  
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares.  
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In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States.  
  
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site, and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, then 
vegetation is removed and materials are excavated. For example, gravel pits are needed for 
logging road development and maintenance and are common occurrences throughout areas of 
the DPS that are in active forest management. Areas developed for salable minerals can vary in 
size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development.  
  
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years.  
  
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting.  
  
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats in 
northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may have 
contributed (along with increasing road densities and an expansion in coyote distribution) to the 
recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 
1195).   
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern.  

Chapter 4: Current Conditions  
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the lynx 
DPS in terms of redundancy, representation, and resiliency. We then provide brief summaries of 
the current conditions in each geographic unit, followed by a more detailed evaluation of the 
status of lynx populations and habitats and the factors currently believed to influence them in 
each unit. Where appropriate, we compare our current understanding to what was known or 
believed when the DPS was listed under the ESA in 2000 and to our understanding of historical 
conditions.  

4.1 Summary of Current Conditions DPS-wide  
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily- distributed than was 
thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
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recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 
19992006, and their subsequent survival and reproduction, resident lynx currently occupy parts 
of western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain.  
  
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Ffigure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate that there is no single catastrophic event that could result in the functional 
extirpation (loss of the ability to support resident lynx populations) of the entire DPS and, further, 
no or a very low likelihood of functional extirpation of any of the individual geographic units 
caused by a single catastrophic event (Lynx SSA Team 2016, p. 56).   
  
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would have 
represented substantially greater redundancy in the contiguous U.S. However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear. The historical record and recent research show that the GYA has supported resident 
lynx. However, it is unclear whether the area consistently supported a resident breeding 
population over time or whether it naturally supported resident lynx only some of the time 
(“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable.  
  
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
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species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to have 
supported them historically in the contiguous U.S. Because there are no indications of current 
threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the current 
level of representation does not appear to represent a decrease from historical conditions, we 
find that the DPS currently displays an adequate level of representation.  
  
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Ttable 4, below), 
they were collected using different methods, at different times, and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS.  
  
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4), despite the substantial recent wildfire-
mediated loss of habitat, suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Uunits 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
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substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS.  
  
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places. 
    
4.1.1 Summaries of Current Conditions in Each Geographic Unit      
  
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce- and fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50- percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
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lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.   
  
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx 
radiocollared in Minnesota died after traveling north into Ontario, four from legal 
trapping/hunting, and two of unknown causes.  
  
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
(about 90 percent) of this unit, including Federal, Sstate, Ttribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 



 

97  
  

support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then.  
  
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations exist 
in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 
6590 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential 
lynx habitat, led to increased home range size, and may have reduced the current carrying 
capacity of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat 
within this geographic unit may have been influenced by climate change (Westerling et al. 2006, 
pp. 942943). There is significant risk for potential future wildfires to further affect the viability of 
lynx in this geographic unit. Burned habitats are expected to regenerate back into suitable lynx 
habitat, but this may take 35-40 years. The Kettle Range to the east of this unit was suspected 
to have supported a small (likely fewer than 20 individuals) resident population until about 30 
years ago when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). 
Potential impediments to lynx movement between the Kettle Range and the Cascades and 
British Columbia may make natural recolonization of the Kettle Range unlikely. Results of 
snowshoe hare research suggest that the hare population density in Washington exists at the 
low end of the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The 
OWNF and CNF, which administer more than 90 percent of lynx habitat in Washington, continue 
to manage lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, 
which manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.   
  
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether and, if so, 
to what extent other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
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densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. Some lynx 
released in Colorado dispersed northward into this unit and temporarily occupied home ranges 
in areas used previously by native resident lynx, but there is no evidence of reproduction among 
these lynx.   
  
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believeconclude it is reasonable 
that lynx continue to occupy all National Forests within the State of Colorado (Odell 
undocumented pers comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, 
page 3). Habitat that supports snowshoe hares is patchily distributed in this geographic unit, 
which limits their abundance. Because the majority (90 percent) of lynx habitat in Colorado is 
under Federal land management, actions occurring on other ownerships are unlikely to result in 
significant losses of lynx habitat within this unit. The USFS manages over 85 percent of the lynx 
habitat in this unit, providing conservation through the Southern Rockies Lynx Amendment. 
However, regulatory mechanisms for the conservation of lynx are lacking on approximately 
3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx habitats on some BLM and 
some non-Federal lands.  
  
Table 4. Summary of current conditions in six geographic units within the DPS range.   
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4.2 Current Conditions - Detailed Descriptions by Geographic Unit  
4.2.1 Unit 1 - Northern Maine  
  
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.   
  
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April).  
  
Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
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percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).   
  
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and Grafton 
counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al.  
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014,  
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past  
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749).  
  
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat.  
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127).  
  
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the southern 
extent of a larger cross-border population, most of which occurs in the Gaspe region of southern 
Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the northern Maine 
unit are geographically isolated by the St. Lawrence River from lynx populations in central 
Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern Canada are 



 

101  
  

geographically isolated from other lynx populations on the island of Newfoundland (900 km [559 
mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] southeast of 
Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located in 
northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.   
  
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack).  
  
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26year-
old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-yearold) 
partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range scale, 
lynx select landscapes having extensive regenerating conifer forest, but also with some mature 
conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial harvested and 
mature conifer stands because of increased ease of travel and prey access along the extensive 
edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard et al. 2013, p. 574).  
  
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
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the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances.  
  
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation  
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al.  
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx.  
  
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high- quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).   
  
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100).  
  
In general, landscape- scale and home- range- scale habitat selection by lynx on industrial 
forest lands reinforces the importance of dense regenerating conifer forest along with a 
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component of mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, 
Simons 2009, pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 
573) found the probability of lynx occurrence was >50 percent when snowshoe hare landscape 
densities were >0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In 
Maine, lynx selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 
2007, pp. 19831985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years 
post-harvest) partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). Regenerating stands used by lynx typically developed 15–30 years after harvest 
(Hoving et al. 2004, p. 291), and were characterized by high stem density and dense horizontal 
cover within 1 m (3 ft) of the ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller 
and Harrison 2010, p. 12761278). These habitats supported high snowshoe hare densities 
(Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 
2009, pp. 24, 32, 36-44). At a landscape scale, lynx habitat selection did not differ between 
sexes; however, at a home range scale, males tended to use more mature forest dominated by 
conifers than females, and both male and female lynx tended to avoid mature forests that had a 
high deciduous component (Vashon et al. 2008b, pp. 1492-1493).  
  
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11– to 21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>greater than 40 years 
old), short (3.4– to 4.3 m [11– to 14 ft]) regenerating clear-cut or partially harvested stands <less 
than 10 years postharvest, and roads, and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). 
Research of year-round habitat use yielded similar results, with lynx preferentially using conifer-
dominated sapling stands that were 3.4– to 7.3 m (11– to 24 ft) in height and supported high 
densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in 
areas with intermediate to high snowshoe hare densities (tall regenerating or older partial 
harvest stands), which afforded lynx with greater mobility and where snowshoe hares were 
more vulnerable to predation, rather than in the densest stands (short regenerating stands; 
Fuller and Harrison 2010, pp. 1276-1278).  
  
Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517).  
  
Historically, lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour et 
al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests often 
exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
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several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Cchapter 14). The frequency and intensity of spruce 
budworm outbreaks, the most likely insect to affect lynx habitat, have been highly variable in 
Maine and eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, 
wildfire is less significant as a natural agent of disturbance. The typical fire regime is infrequent 
surface fires in the dormant season in the hardwood forests, and slightly more frequent but long-
interval fires in conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 
359-365, Lorimer and White 2003, p. 59). For the past several decades, early successional 
forests and lynx habitat in northern Maine, New Brunswick, and southern Quebec have been 
created almost exclusively by forest management (Lorimer and White 2003, pp. 42-43).  
  
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from 
standreplacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).   
  
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).   
  
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested.  
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Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike for Federal lands management agencies, there is no requirement thatfor private 
landowners to comply with lynx management guidelines, and a Federal nexus for review of 
forestry projects is almost nonexistent. Furthermore, there continues to be high turnover in 
forest land ownership (Hagan et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to 
provide incentives or to work with private landowners. As of 2005, there were 23 landowners in 
northern Maine with land holdings in excess of 100,000 acres including the State, Federal 
government (White Mountain National Forest south of lynx range), a conservation group (The 
Nature Conservancy), two2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with 
much land south of lynx range), and 18 private forest landowners (Nadeau-Drillen and Ippoliti 
2006, p. 13).  
  
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003,  
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the 
Federal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill.  
  
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe,  
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828).  
  
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are proprietary 
and will not be made public per NRCS policy.  
  
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
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lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances,; however, at this time this option has not been explored with landowners.  
  
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner.  
  
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx.  
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833- to 1999, which suggest that lynx 
were widespread throughout the state except for coastal areas. These records included 39 
kittens representing at least 21 litters, primarily in northern and western Maine, from 1864- to 
1999 (Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200- to 
300 lynx were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later 
documented in winter snow track surveys conducted by MDIFW duringfrom 1994- to 1998 
(Vashon et al. 2012, p. 56).  
  
At the time of listing, lynx were known to be present in northern Maine but little was known about 
their distribution, population size, and trend, snowshoe hare populations, and  
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain.  
   
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
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northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.   
  
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern  
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence  
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015).  
  
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believeconclude that the extensive young, regenerating spruce-fir 
habitat created by large-scale clearcutting in the 1970s and 1980s may currently support the 
largest lynx population in the DPS, numbering at least several hundred and perhaps more than 
1,000 resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 
2016, p. 18) . Habitat in northern Maine can support lynx densities in localized areas of high-
quality habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 
23). In 2003 when hare populations were high, lynx density (juveniles and adults) in one of 
Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a,  
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods 
(2.33.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et 
al.  
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix  
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area.  
  
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 
1012.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur 
only ephemerally, winking on an off over time as would be expected at the periphery of the 
range of a mainland-island metapopulation structure, and as suspected for other lynx 
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populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 
95-104). From 1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and 
Wildlife conducted snow track surveys in 66 townships to document the distribution of lynx and 
to inform habitat modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas 
of potential lynx habitat were well-distributed throughout northern Maine in the early 2000s 
(Simons-Legaard et al. 2016, entire; Simons 2016, entire).  
  
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.).  
  
Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087).  
  
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented lynx 
movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 2008b, 
entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 1719), and 
other aspects of their life history (Vashon et al. 2012, entire).. During the period when snowshoe 
hare populations were highest (2000-2006), Maine lynx had among the highest reproductive 
rates (average litter size 2.74, 89 percent of adult females producing litters) in the DPS (Vashon 
et al. 2012, pp. 18-19). During the current (2006-present) period of low hare density, litter size 
was smaller, only 30 percent of females had litters, and mortality was greater. Maine lynx have 
among the smallest home ranges documented in the DPS (Vashon et al. 2008a, p. XX; LCAS 
2013, p. 24; also see Ttable 3, above). Home range sizes were similar during periods of high 
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and low hare density (Mallett 2014). Lynx populations likely increased during the period of high 
hare density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) 
(USFWS, Vortex10, deterministic population simulation 2016; demographic data from Vashon et 
al. 2012).  
   
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016).  
  
Factors Affecting Current Conditions  
  
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished  
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% percent of the time) observed from 1961-1990 to about 18-20 days 
per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to 
affect lynx by reducing snow and boreal forest (see section 5.2.1).  
  
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly at 
least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another two 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last six decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52).  
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Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the lynx 
in northern Maine (1981-2010) was below this threshold  and ranged from 228- to 263 cm (90- 
to  
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England 
(19652005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). 
Thus, average snow conditions in Maine are currently at or below snow depth thresholds for 
lynx, and further declines in annual snow depth would be expected to reduce the probability of 
lynx persistence in the region (Hoving et al. 2005).  
  
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 
(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).   
  
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above.  
  
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 200-
year interval) and generally small (several acres) surface fires in the dormant season.  
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985).  
  
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high- 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above.  
  
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and 
radiotagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species.  
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Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016).  
  
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the  
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000.  
  
In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).   
  
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and 
lowelevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase 
in wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 
2, 2016), and there is increased interest in placing developments on private lands in 
unpopulated areas in northern Maine, New Hampshire, and Vermont. Wind energy is an 
increasingly appealing source of income for investment companies and other landowners who 
own forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been 
proposed in northern Maine and five projects are in operation; two have been proposed in 
northern New Hampshire and two are in operation; and three have been proposed for northeast 
Vermont and two are in operation or under construction. Maine’s two largest wind projects 
(combined over 300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s 
designated lynx critical habitat. The effects of wind energy projects on lynx, hares, and their 
habitats are unknown. Potential direct effects include disturbance or displacement of resident 
lynx from large landscapes and loss and fragmentation of habitat from turbines, roads, and 
transmission lines. Increasing power infrastructure associated with these projects could greatly 
change development potential and patterns in northern Maine by bringing electricity into the 
interior of Maine’s vast undeveloped forest region. Extensive road construction would further 
fragment habitat and increase access for recreation, including trapping.  
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Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 
conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.   
  
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high- quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality.  
   
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River).  
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4.2.2 Unit 2 - Northeastern Minnesota  
  
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tTribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Ttable 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National  
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit.  
  
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed  
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5).  
  
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
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habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9).  
  
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016).  
  
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance.  
  
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data).  
  
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat  
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium.  
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This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5).  
  
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.   
  
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13).  
  
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5).  
   
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
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probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that  
intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.   
    
Factors Affecting Current Conditions  
  
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest 
ServiceUSFS and the Service (USFS and USFWS 2000, entire), for all forest activities that 
occur within LAUs. Active management of forest lands can produce lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has 
developed guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
- these voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife including lynx. The implementation of the MFRC 
guidelines is monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are 
being minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary.  
  
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project.  
  
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
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is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx.  
  
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows.  
  
As described in Cchapter 2, above, lynx are adapted for surviving in areas that have cold 
winters with deep, fluffy snow, where they outcompete potential competitors such as bobcats, 
coyotes, and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; 
Ruediger et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota 
has remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar to 
bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change.  
  
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part of 
the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).   
  

4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho  
  
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
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Ttribal and Sstate lands that were excluded from that designation (79 FR 54825). It 
encompasses approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho 
and Flathead, Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and 
Teton Counties in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 
percent private; 4 percent Sstate; and 4 percent Ttribal. Most Federal lands in this unit (82 
percent) are on national forests managed by the USFS; with NPS (16 percent) and BLM (almost 
2 percent) contributing most of the remainder. This unit includes most of Glacier National Park 
and parts of the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo 
national forests, the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai 
Tribes Flathead Reservation. It also includes (from northwest to southeast) all or parts of the 
Purcell, Cabinet, Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. 
Several areas adjacent  
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit.  
  
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657).  
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 
36,096km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results 
indicate that much of the area has a low to moderate probability of selection by lynx, and that 
the areas with higher selection probabilities are relatively small and patchily- but widely- 
distributed throughout the unit and are separated by intervening areas of low probability of lynx 
use (Squires et al. 2013; see Ffigure 1(a), p. 189). This patchy distribution of high-quality 
habitats interspersed with areas of low-quality or non-habitat results in naturally lower densities 
of both snowshoe hares and lynx than those in the continuous boreal forests of northern 
Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  
  
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 
14921496). Over a longer interval (1999-2003) when hare populations in this area were thought 
to be stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656).  
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Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Ttable 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497).  
  
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/  
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to  
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).   
  
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 3,658 
km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) managed by 
BLM in its Garnet Resource Area. As described above, potential lynx habitat in this unit is 
patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six national 
forests that contribute lands to this geographic unit, potential lynx habitat was mapped on about 
54 percent of the total national forest area (both inside and outside this SSA unit; USFWS 2007, 
pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 percent of the 
park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 mi2; 27 percent of 
the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 FR 40086, 40089). 
In the Garnet Resource Area, the BLM designated five LAUs (which approximate a lynx home 
range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 61 percent) was mapped 
as lynx habitat (Sparks 2016a, pers. comm.).   
  
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations.  
  
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the  
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
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(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Ttribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).   
  
Much of the remaining USFS lands and the BLM lands have developmental land- use 
allocations where some management activities have the potential to impact lynx or its habitat. 
However, as described above in section 3.1.1, USFS lands in this unit are managed in 
accordance with the NRLMD, which formally amended all forest plans to adopt and implement 
lynx conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were 
developed based on the scientific findings and recommendations of the LCAS (Ruediger et al. 
2000, pp. pp. 7-1 - 7-18). Similarly, the BLM in 2004 amended the Resource Management Plan 
(RMP) for the Garnet  
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.   
  
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and Sstate regulations and by a number of 
private/public conservations partnerships and Sstate agency efforts. As described in section 
3.1., above, some Federal and Sstate regulations guide some activities on private lands, 
including the ESA’s prohibition on take of listed species, and Sstate regulations governing 
trapping and timber management. In addition to these protections, there have been several 
other notable lynx conservation achievements on private lands in this unit since the DPS was 
listed. Two of these, the Clearwater-Blackfoot Project and the Montana Legacy Project, are 
multi-partner and community efforts led by The Nature Conservancy in Montana to purchase 
large tracts of private commercial timberlands, conveying some to the State of Montana and the 
USFS for conservation management, and acquiring conservation easements on others (TNC 
2016a, 2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 
km2 (260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to 
the south and west that may occasionally or temporarily support lynx or provide dispersal 
habitat. Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 
km2 (1,195 mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated 
lynx critical habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the 
northwest part of the unit (MTFWP 2016, pp. 1, 3).   
  
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
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As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust  
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b,  
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust lands 
in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 64 
percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity  
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).   
  
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).   
  
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest ServiceUSFS in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also, as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
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geographic unit currently has a 90- to 95- percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).   
  
Overall, although naturally fragmented and patchily- distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects.  
  
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx habitat 
(Squires 2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7- to 
10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current 
and historical distributions of lynx habitats in the Garnets and found that early- successional 
stands (future hare and lynx foraging habitats) were at 25-50 percent of the historical condition 
in lower- elevation (1,370- to 1,830 m [4,500- to 6,000 ft]) lynx habitats, and 10- to 30 percent in 
higher- elevation (1,675- to 2,130 m [5,500- to 7,000 ft]) habitats. Late- successional (mature 
multistoried) stands (25- to 75 percent of historical condition) and large (>greater than 100 ha 
[250 ac]) patches (25- to 50 percent of historical condition) were also underrepresented at lower 
elevations, but at higher elevations, late- successional stands and large patches exceeded 200 
percent and 100 percent of historical conditions, respectively. Lower elevation habitats were 
fragmented by roads and past management practices (i.e., timber harvest), while higher-
elevation habitat patterns were attributed to the absence of disturbance, including fire (BLM 
2004, p. 5), though fire absence was not attributed to suppression.  
  
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.   
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In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, Sstate, and Ttribal regulations and management direction, 
conservation easements, and an approved HCP. Much of the area consists of designated 
Federal and Ttribal wilderness areas and other nondevelopmental land use allocations, where 
management activities with the potential to adversely affect lynx generally do not occur. On 
lands with development allocations, USFS, BLM, and State management are based on plans 
that incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.   
  
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR  
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic 
substructuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p.  
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20).  
   
From 1998 to 2007, researchers with the Forest ServiceUSFS’s Rocky Mountain Research 
Station in  
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Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 2003-
2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Ttable  
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly- cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown.  
  
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable.  
   
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
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Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20).  
  
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).   
  
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping crew 
in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7).  
  
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural sourcesink 
dynamics of a naturally ephemeral peripheral population in a mainland-island  
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or 
landscapelevel hare densities necessary to support resident lynx populations (79 FR 54818-
54820).  
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Factors Affecting Current Conditions  
  
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount of, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.   
  
Currently, as described above and in section 3.1, all Federal and Ttribal lands, most Sstate 
lands, and large blocks of private or formerly- private land in this unit are managed for the 
conservation of lynx habitats, and much of the unit is in designated wilderness or other 
nondevelopmental land- use allocations. Regulatory mechanisms and conservation measures 
associated with these management strategies are intended to conserve and restore lynx and 
hare habitats across large landscapes and multiple ownerships. Although their effectiveness has 
not been quantitatively evaluated, and despite the potential extirpation of a small population in 
the Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit.  
  
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6).  
  
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the 
harelynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx 
harvest in Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, 
but declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and 
season closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 
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28). Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 
8,000 in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s 
until the year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in 
Canada may influence lynx dispersal across the border and into this geographic unit is 
unknown; however, such dispersal was documented historically when harvest levels in Canada 
were much higher than under current management.   
  
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts are 
likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).   
  
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
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these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most Sstate and Ttribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Ttribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.   
  
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.   
  
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.   
  
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
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habitats are also (like Montana and Idaho) patchily- distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193).  
  
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al.  
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 
[https://www.fws.gov/mountainprairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix
%205%20Presentation%20PD Fs/2015%2010%2013%20-%205%20-
%20Bowman%20Lynx%20Southern%20Canada.pdf]).  
  
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.   
  

4.2.4 Unit 4 - North-central Washington  
  
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
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includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Ttribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit.  
   
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with  
Canada is important to lynx populations in northern Washington and the Cascade Mountains.  
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65).  
   
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in Washington 
for lynx were reduced to one month. In 1987 a restricted permit system was implemented, and 
in 1990 a statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2).  
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Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high- quality 
habitat (Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and high-
quality likely more fragmented, and thus may not be capable of supporting a density of 2.3 
lynx/100 km2. The Kettle Range is also somewhat isolated from other lynx habitats in 
Washington (e.g., the  
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range.  
  
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50).  
   
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% percent (40 of 46) of lynx scats, while red squirrels 
were identified in 28% percent (13 of 46) of lynx scats.  
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Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 
and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).   
   
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016).  
  
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085).  
  
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 



 

134  
  

(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur.  
  
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan- 
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and 
SalmonPriest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor 
the Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).   
   
In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington.  
   
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
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during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.   
   
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).   
   
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows:  
   

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or 
nonhabitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21).  
   

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
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estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21).  
  
Factors Affecting Current Condition  
  
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence.  
  
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/  
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest ServiceUSFS entered into a Conservation Agreement (CA) with 
the Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006  
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs.  
   
The LCAS, which was also developed pursuant to the listing by an interagency team 
compriseding of USFS, BLM, Service, and NPS personnel, identified four primary risk factors 
potentially exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
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habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
ServiceUSFS and Service which commits the Forest ServiceUSFS, specifically for Washington 
the OWNF and CNF, to use the LCAS in the management of lynx habitat on their ownerships 
and when designing and implementing projects within LAUs.  
  
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx  
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Ffederally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada.  
  
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2)  
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation.  
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Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit.  
  

4.2.5 Unit 5 - Greater Yellowstone Area  
  
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR  
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon,  
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park,  
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations in 
Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern  
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit.  

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123).  

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
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National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30- 
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of  
1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).   

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).   

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 3,944 
km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by BLM. 
As described above in section 3.1.1, USFS lands in this unit are managed in accordance with 
the NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and Kemmerer districts, 
respectively, to include conservation measures and BMPs for lynx based on the LCAS (BLM 
2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with developmental land- use 
allocations, these amended forest plans and the revised BLM RMPs provide guidance on the 
kinds of activities that can and cannot be implemented in important lynx habitats and thresholds 
for the proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time 
and how much can be converted from suitable to (temporarily) unsuitable over particular time 
frames. Implementation of these plans has likely benefitted lynx by providing a consistently-
applied framework for conserving and restoring important hare and lynx habitats.  

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A12). 
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Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete other 
terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx 
occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
  
This unit includes substantial areas in nondevelopmental land- use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats.  

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45).  

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx.  

Overall, although naturally fragmented and patchily- distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects.  
  
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land- use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land- use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.   

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). However, 
two resident lynx, a male and a female, were trapped, radio-marked, and monitored in the 
Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire).  
  
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires in 
Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526;  
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-/2005 through 2007-/2008, 26 snow 
tracks on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to 
be from five5 individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.).  
    
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920- to 1999 (McKelvey et al. 2000a, p. 
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230); however, surveys in 2001- to 2004 documented at least 3three individual lynx, including 
two kittens, in the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-
released lynx also traveled through the park (Devineau et al. 2010, p. 526), and two possible 
(unconfirmed) lynx tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife 
Research 2009, pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern 
part of the unit, a single female was detected over six consecutive winters (2003/2004 -to 
2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not 
encounter a male or produce kittens during the six6 years she was detected (Gehman et al. 
2010, p. 4).   

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.   

Factors Affecting Current Conditions  

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit.  
Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7), and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing.  
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Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 1415; 
Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to continue 
to occur, there currently is no evidence that climate change has had population-level effects or 
has reduced the ability of this unit to support persistent resident lynx populations. However, 
such impacts would be difficult to document and, as described under Habitat Status, above, 
because lynx habitats in this unit are naturally highly-fragmented and hare densities low in some 
places, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit. Modeling vegetation and snow suitability for 
lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and 
temperate conifer forest biomes were broadly distributed across this geographic unit and that 
snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. (Future 
conditions based on this modeling are described in section 5.1.3, below). As described in 
section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).   

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.   

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.   

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
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roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.   

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain- 
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD 
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).   

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.   

4.2.6 Unit 6 - Western Colorado  
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Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).   
  
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.   
  
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and 
Douglasfir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, 
while southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx.  
   
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx.  
   
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid 
lowerelevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx.  
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Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and 
latesuccessional spruce-fir forests. However, this study was conducted in a very limited area 
and did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare 
hare densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32).  
  
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911).  
   
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.”  
  
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern  
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In  
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25% percent) LAUs 
currently exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These 
changes are mostly in response to the ongoing bark beetle infestations, as well as wildfire 
events that have occurred since 2008.  
  
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
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km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).   
  
Regulatory mechanisms in Colorado are largely provided through Forest ServiceUSFS planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.).  
  
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believeconclude it is reasonable that lynx continue to occupy all National Forests 
within the  
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire).  
   
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent  
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown.  
   
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75– 
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest  
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016).  
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Factors Affecting Current Conditions  

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4).  

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.   
   
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for snowshoe 
hares and lynx for several decades, until the crowns again lift above the reach of snowshoe 
hares.  
   
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity.  
  
ILBT (2013 p. 57; 61-62) states:  
  

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 



 

149  
  

none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado.  
  
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I70, 
I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx movement, 
as repeated successful crossings by radio-telemetered lynx have been documented on I-
70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. Squires, personal 
communication 2012). At this time, it appears that hit by vehicle mortality may be a less 
significant mortality factor for lynx in Colorado.  
   
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability of 
lynx habitat within localized areas, in part by influencing the distribution or abundance of 
prey resources within the developed area. However, there is also considerable anecdotal 
evidence of lynx using ski areas.  
   
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states.  
   
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely.  

Chapter 5: Future Conditions  
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
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likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six6 geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions.  
  
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Cchapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why.  
  
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and incentives 
to continue to conserve lynx and its habitats and to assure persistence of resident lynx 
populations in those places that can support them on Federal, State and Tribal lands (perhaps 
some private lands as well). Our evaluation, therefore, considers the possibility of the future 
relaxing of some lynx conservation measures and efforts, but not the complete absence of all 
protections for lynx. Implicit in our evaluation of the future for lynx in the contiguous United 
States is our recognition and consideration of a future in which the DPS is not listed under the 
ESA. However, we do not evaluate the unlikely hypothetical future in which all protections and 
conservation efforts disappear. Rather, we assume that, although some protections could be 
relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for some 
states to reinstitute limited trapping/hunting harvest), non-ESA regulatory requirements and 
nonregulatory objectives for species and habitats (not necessarily lynx specific) and an incentive 
to preclude ESA listing of the lynx would contribute to the continuance of conservation efforts 
benefitting the lynx on Federal, state, tribal, and some private lands. Our evaluation, therefore, 
considers the possibility of the future relaxing of some, but not the complete absence of all, lynx 
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conservation protections and conservation efforts. Some of the experts we consulted indicated 
that their projections assumed the status quo (i.e., continued protections under the ESA and 
current Federal and Sstate land management policies). Others indicated their persistence 
probabilities were not influenced by regulatory considerations but that doing so would not have 
altered their projections; they felt that factors influencing lynx persistence on the landscape are 
independent of ESA listing status (Lynx SSA Team 2016, p. 52).  
  
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.   

5.1 Summary of Future Conditions DPS-wide   
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts.  
  
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units, and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
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forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.   
  
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Ttable 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units.  
  
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Ffigure 7).  
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Ffigure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  
  
Our evaluation generally concurs with the expert input we received. We believeconclude that 
lynx populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believeconclude it is more likely than not that resident lynx 
will be functionally extirpated by the end of the century from one or more of the five geographic 
units that currently support them.  
  
We acknowledge that under a “worse case” climate- modeling scenario the boreal and 
subalpine forests and snow conditions lynx need could completely disappear from some units 
and be substantially reduced in the remainder by the end of the century (we are aware of no 
climate modeling that suggests the complete disappearance of potential lynx habitat from the 
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entire contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more 
likely in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case.  
  
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believeconclude the most likely future 
condition of the DPS is that resident lynx populations will continue to persist at the end of the 
century in two or three of the five units that currently support them (i.e., they will be functionally 
extirpated from two or three of the units) and that, even where populations persist, they will be 
reduced in numbersize and distribution and, therefore, resiliency.   
  
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially- discrete event. We recognize that a sequence of 
discrete but spatially- clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well- distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.   
  
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
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units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and likely 
future relative genetic health of the DPS.  
  
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate.  
  
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates to decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events.  
  

5.1.1 Summaries of Future Conditions in Each Geographic Unit    
  
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high- quality hare habitat will drop from 
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about 10 percent to 5 percent of the landscape. High- quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward.  
  
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid-century to 
late century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent disturbance of the forest all will contribute toward the 
trend in the loss of spruce-fir forest and expansion of northern hardwoods, although the 
timeframe for conversion is uncertain. The lynx experts we consulted indicate the probability of 
persistence will decline to about 50% percent by the end of the century, although there was 
wide variation in opinions. After reviewing the scientific literature concerning climate change 
projections (diminishing snow conditions, lack of elevational refugia), some members of the 
Core Team were more pessimistic about the future of lynx in Maine than the lynx expert panel. 
In particular, we observed that there is great uncertainty about the future of forest management 
and future development on private forest lands. We also note that the threat for which the lynx 
DPS was listed, the lack of specific conservation direction in Federal forest planning and 
management regulations and direction, has not been addressed on private lands. There are no 
long-term management plans in place, State forest regulations have greatly influenced 
harvesting practices that have (and will continue to) reduce landscape hare densities, markets 
for forest products are depressed, and projections (under current harvest scenarios) are that 
habitat will diminish and shift southward in the near term because of post-harvest succession 
and recede northward over the longer- term because of continued climate warming.  
  
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity, and persistence of snow, competition, disease, and forest insects, and over the long 
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term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listedUnder a future scenario without Federal 
listing, we predict that the species would be placed on the Forest’s Regional Forester Sensitive 
Species list for at least 5 years, which gives it a higher priority than other species for monitoring 
and management during that time. It is expected that the MFRC guidelines will remain in place 
into the future and that voluntary actions will continue on State and private lands. However, it is 
unclear on what proportion of State and private lands these voluntary actions will be 
implemented into the future. Further, these guidelines are generalized for listed species and 
give no specific direction for lynx. Taking all factors into consideration (i.e., loss of boreal forest, 
increased competition, potential disease and insect outbreaks, loss of snow), lynx experts 
projected the mean probability persistence of lynx in Minnesota to the year 2025 wasto be 
greater than 90 percent, to 2050 wasto decline to 80 percent, and to 2100 to would decline to 
approximately 35 percent by 2100. After reviewing the scientific literature concerning climate 
change projections (diminishing snow conditions, loss of boreal forest, lack of elevational 
refugia, increased competition, and potential disease, and insect outbreaks), some members of 
the  SSA Core Team were slightly more pessimistic about the future of lynx in Minnesota than 
the lynx expert panel. The Core Team concluded that the climate-mediated conversion of boreal 
forest to temperate forest and the loss of favorable snow conditions could occur at a rate and 
extent that would result in a lower probability of persistence than the median most likely 
estimate provided by experts, including the possibility   that resident lynx could be extirpated 
from this unit by the end of the century.  
  
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
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the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency.  
            
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% percent to 90% percent (median = 80% percent), mid-century persistence at 30% percent 
to 80% percent (median = 70% percent), and end-of century (year 2100) persistence 
probabilities less than 50% percent (median = 38% percent) for lynx populations within this 
geographic unit. After considering the best available scientific information and input from lynx 
experts summarized above, the Core Team is generally in agreement with the experts regarding 
the probability of long-term persistence of Canada lynx in this geographic unit. We expect this 
unit will continue to support a small resident lynx population through midcentury but that its 
ability to do so beyond then is questionable, and that functional extirpation of lynx from this unit 
by the end of the century is more likely than not.  
  
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
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other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century.  
  
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in  
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to become 
more fragmented by areas that no longer retain appropriate snow conditions and vegetation. 
However, we anticipate large areas of snow persistence to remain through the end of the 
century. Beetle kill and wildland fire will result in temporary nonfunctional habitat conditions. 
However, affected areas are likely to regenerate and provide excellent habitat conditions to 
support hares and lynx. A caveat to future habitat conditions in light of climate warming is that 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares. Our conclusion, based on the information 
available to us, is that lynx are likely to persist in western Colorado to the end of the century. 
Our conclusion is not without uncertainty, stemming primarily from the historical lack of evidence 
of consistent lynx presence within Colorado prior to the reintroduction effort. Our conclusion is 
generally consistent with that of the experts.  
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Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit.  
  
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties.  
  

Lynx 
population  

Lynx expert 
probability of 
persistence  

Key evidence  Uncertainties  

Unit 1 Maine  2050 median  
80% (range 20 

to 100%)  
   

2100 median 
50% (range 0 to 

100%)  

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range  

● Slight recovery of habitat by end of 
century depending on forestry trends  

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations  

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units  

● Little elevation refugia  

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada  

● Future shifts in land ownership, 
forest products markets, and  
development  

● Extent and pace of deteriorating 
snow conditions  

● Response of hares (pelage 
mismatch), bobcat and fisher to  
changing snow regime  

● Extent and pace of loss of spruce-fir  
● Future trends in hare populations  
● Disease and parasites in lynx  
● Effects of lynx trapping in Quebec  

Unit 2  
Minnesota  

2050 median  
80% (range 35 

to 100%)  
   

2100 median 
35% (range 0 to 

100%)  

● Smaller population could be 
susceptible to stochastic effects  

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods  

● Continued demographic and genetic 
connectivity to southern Ontario 
populations  

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario  

● Extent and pace of deteriorating 
snow conditions   

● Response of bobcat and fisher to 
changing snow regime  

 

 

 ● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx  

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100  

● Rate of decline of spruce-fir  
● Future trends in hare populations  
● Disease and parasites in lynx  
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Unit 3 
Northwester 
n Montana  

2050 median  
90%  

(range 40 to  
100%)  

   
2100 median  

~78%  
(range 10 to  

100%)  

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management  

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations  

● Potential high elevation buffer against 
climate change  

● Recent loss of small 
submetapopulation in Garnet Range  

● Increasing fire frequency  

● Extent and frequency of fire in hare-
lynx habitat  

● Extent and frequency of insect 
outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir  

● Future trends in hare populations  

Unit 4 
Northcentral  
Washington  

2050 median  
70%  

(range 10 to  
100%)  

   
2100 median  

~38%  
(range 0 to 90%)  

● Habitat and population low because 
of recent fires; could be susceptible to 
stochastic effects  

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations  

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration  

● Extent and frequency of fire in hare-
lynx habitat  

● Extent and frequency of insect 
outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Future trends in hare populations  

Unit 5 
Greater  
Yellowstone  

2050 median  
35%  

(range 0 to  
90%)  

   
2100 median  

15%  
(range 0 to 90%)  

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management  

● No connectivity with Canada 
populations; little immigration from 
DPS populations  

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration  

● Low quality habitat; dry; low hare 
populations  

● Smaller population could be 
susceptible to stochastic effects  

● Will habitat support adequate 
landscape hare densities to support 
lynx?  

● Extent to which GYA remains 
demographically isolated from other 
DPS populations; immigration from 
Colorado population  

● Extent and frequency of insect 
outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Future trends in hare populations  
● Extent to which high elevation may 

provide climate and snow refugia  
● Extent to which area will be  

   repopulated by the north and/or the 
south  
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Unit 6 
Western  
Colorado  

2050 median  
80%  

(range 20 to  
100%)  

   
2100 median  

50%  
(range 0 to 

100%)  

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise  
habitat will remain stable with USFS 
management  

● Isolation from other lynx populations  
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration  

● Uncertainty about stability of 
recentlyreintroduced lynx population  

● Demographic and genetic effects of 
isolated population  

● Extent and frequency of fire in hare-
lynx habitat  

● Extent and frequency of future 
insect outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir  

● Future trends in hare populations  

  

5.2 Future Conditions - Detailed Descriptions by Geographic Unit  
  
5.2.1 Unit 1 - Northern Maine  
  
Expert Projections of Lynx Persistence    
  
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.   
  
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid-century to 
the end of the century (2050, 2100). Snow conditions would continue to deteriorate (especially 
in the Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).   
  

Commented [M43]: The issues common to two or 
more of these units are not always addressed 
consistently.  
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In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities).  
  
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past.  
  
The best available science indicates that hare populations have declined by about half across all 
stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.   
  
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWSService’s lynx Core Team generally 
agreed with this prognosis with the exception that some were less optimistic about the 
persistence of this population, especially after reviewing the literature pertaining to climate 
change in this region.  
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Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).   
  
Note: In Ffigure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 



 

165  
  

regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire).  
  
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16).  
  
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will use 
widespread use of pesticides to control spruce budworm and herbicides to promote spruce-fir 
regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
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motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).   
  
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for supporting 
lynx.   
  
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.   
  
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.   
  
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
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snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).   
  
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.   
   
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.   
  
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).   
  
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
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Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire).  
  
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.   
  
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.   
  
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the many 
variables that influence shifting of the forest species composition (emissions scenarios, the long 
lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2). The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).   
  
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides).  
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Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015).  
  
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut in 
the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 
19841985), snowshoe hare densities are approximately 50 percent less in landscapes 
dominated by partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 
1276). Thus, changing forest management practices have and will continue to reduce landscape 
hare density possibly below levels that can support lynx.   
  
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).   
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032  
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape  
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).   
  
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high- quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high- quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8).  
  
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high- quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).   
  
Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations.  
   
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
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to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade.  
  
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030.  
  
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled simultaneously 
(K. Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end 
of the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 
2013, entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above) (Legaard et al. 2013). Mixed forests having a high (greater than 50% percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or be 
preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can adapt to 
lower landscape hare densities associated with mixed hardwood-softwood forest. They may 
persist, but at lower densities as they currently do in the western units of the DPS. However, the 
probability of persistence is further diminished by deteriorating snow conditions and increased 
populations of bobcats and other competitors.   
  
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e., wider extremes of summer drought and precipitation) during the 
next century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could 
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create fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947.  
  
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the Sstate’s “unorganized 
townships” are the responsibility of the Land Use Planning Commission (LUPC) in the Maine 
Department of  
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to -15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.   
  
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.   
  
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
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uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about  
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future.  
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it, too, 
may decline because of declining snow (see climate change section, above). The effects of new 
or expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township.  
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit  
  
Within the last five5 years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two2 resorts would be constructed on about 
14 km2 (5.5 mi2), and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.   
  
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010,  
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation 
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180250 
mi2) and become two of the largest such projects in Maine. Mining is not a traditional land use in 
this unit, but a large mining operation is being considered at one location in designated lynx 
critical habitat. Extraction operations for gravel (for road building) are widely- scattered 
throughout the unit.   
  
The area designated as lynx critical habitat is heavily- roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).   
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An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.   
  
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx.  
  
Conclusion  
  
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 
turnover, and development pressures), the Core Team also believedfinds that the population 
status of lynx in Maine will diminish substantially in the future. The Core Team believedfinds that 
lynx populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team further findsbelieved that, given current trends (diminishing snow 
conditions, extensive partial harvesting of the forest, forest fragmentation, possible pelage 
mismatch for hares, increasing populations of bobcat and fishers in a lower snow environment) 
landscape hare densities have declined, and will continue to decline in northern Maine. 
Extended periods of lower hare numbers (as seems to be occurring now), would be expected to 
exacerbate these declines.  
  
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believeconclude that development pressures (residential 
and commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future.  
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The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); forresulting from new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development). Without Federal 
listing, few of these projects would consider lynx. Critical habitat has been an important 
consideration in the Federal review of the aforementioned kinds of development projects. 
Critical habitat also has had a positive influence on land conservation in northern Maine, with 
land trusts and nongovernmental organizations using the lynx and their critical habitat as 
justification for seeking funds for conservation easements. This justification for habitat protection 
would no longer be valid in a future scenario without lynx being Ffederally- listed. The Core 
Team concludes that a future scenario without Federal listing would result in increased habitat 
loss and fragmentation and would result in reduced justification for habitat protection initiatives 
in northern Maine.  
  
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believefind that several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believeconclude that, despite a closed hunting and trapping 
season, incidental take would continue and possibly increase and could become a significant 
threat to a population of lynx that will likely be significantly diminished by mid-century to late-
century.  
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After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high- quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
sState regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believeconclude that climate change is a significant 
threat to lynx in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical 
to the existence of hare and lynx, and snow depth and duration are currently at or below the  
thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce- and fir isare being replaced by 
northern hardwoods because of climate change. Frequent forest cutting and disturbance, 
including a pending spruce budworm outbreak, could accelerate conversion to northern 
hardwoods. We acknowledge that the rate of spruce-fir decline is uncertain, but note that some 
of the science reviewed indicates the spruce-fir forest type could nearly disappear from Maine 
by late-century under both low and high emissions scenarios. Climate change models portend 
declining snow conditions from low- to high- emissions. Because increases in temperature are 
thus far tracking high emissions scenarios, we are less optimistic for snow conditions that favor 
lynx by mid-century to late-century. In the past decade, interest in development has increased in 
lynx critical habitat, especially proposals for large-scale residential and resort development and 
extensive wind energy development that could cover hundreds of square miles. We conclude 
that these threats, individually and cumulatively, indicate diminished populations of lynx and 
their habitat. We find that, Iif these threats are not abated, we believe that the probability of 
persistence will be lower than projected by experts by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century. 
   
5.2.2 Unit 2 - Northeastern Minnesota  
  
Expert Projections of Lynx Persistence  
  
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Ffigure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 



 

177  
  

drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change.  
  
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised.  
  
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit).  
  
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38).  
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Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100).  

Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest ServiceUSFS 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can maintain, restore, or create lynx habitat, and the SNF 
has a long-term commitment to doing so. If the SNF continues to follow vegetation and wildland 
fire management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, Under a future scenario without Federal listing, we predict that the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
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during that time. The SNF consults with the FWS to consider the effects of any projects to lynx 
and its critical habitat and is anticipated to do so as long as the species is listed under the ESA.  
   
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest ServiceUSFS and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing.  
   
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests.  
   
The NPS manages Voyageurs National Park, which is also within the Minnesota unit.  
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific direction 
in its management plan (NPS 2002, entire). The National Park consults with the FWS to 
consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as long 
as the species is listed under the ESA. Lynx documented on and near Voyageurs National Park 
are probably transient animals (Moen et al. 2012, p. 348).  
   
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future.  
   
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
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from trapping (ILBT 2013, p. 49). If the DPS waswere not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume.  
  
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future conservation 
of lynx because lynx distribution and habitat is likely to shift upward in elevation within its 
currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). Greatest 
stressors of climate change include diminishing snow depth, quality and duration; competition 
from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004,  
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario.  
   
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).   
   
Lynx require at least four4 months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, and of 24 inches or greater ranged from 10 to 30 days (Kuehnast 
et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in 
the frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception 
of projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).   
   
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.)  
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http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht 
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-winter to-late winter by the 
end of the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).   
    
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next  
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the sState by 2095 (Moen 
and Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of only the small area in Cook County (the extreme 
northeastern corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than 
the majority of the area that is now considered lynx core habitat and would, therefore, support a 
much smaller number of resident lynx than likely occur in the unit now.   
  
Vegetation Management - Vegetation management activities similar to that conducted under 
current  
Forest Plans will likely continue into the future on Forest ServiceUSFS lands in Minnesota as 
long as the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood harvest, partial cut, and uneven-aged cutting; wildlife restoration projects that 
involve tree cutting, shearing, burning, seeding, and planting; prescribed burning for ecological 
purposes, hazardous fuel reduction, and site preparation; and mechanical site preparation. If the 
DPS is delistedUnder a future scenario without Federal listing, we predict that the species would 
be placed on the Forest’s Regional Forester Sensitive Species list for a minimum of five5 years, 
which gives it a higher priority than other species for monitoring and management during that 
time; however, it is unclear what the forest management would entail during or after that period 
of time.  
  
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
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Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended fForest pPlans, using LCAS as a basis. Future Forest Plan revisions will likely 
maintain broad direction to design and implement vegetation management projects to maintain 
or restore conditions for lynx foraging and denning habitat and to maintain or improve 
juxtaposition of required habitat types and connectivity.  
   
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially- thinned harvest, depending on unit size and remaining stand composition 
and structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan.  
  
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).   
  
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW.  
  
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three3 to five5 years, depending on the forest type and 
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number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.   
  
Fragmentation, Development, and Human Access - Throughout the SNF and northern  
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW.  
  
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management  
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.   
  
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
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hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.   
  
Conclusion  
  
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more pessimistic 
about the future of lynx in Minnesota than the lynx expert panel. The Core Team concluded, with 
slightly more certainty than the expert panel, that the lynx may be extirpated at the end of the 
century. The experts predicted the probability of persistence to decline to approximately 35 
percent by 2100 while the Core Team thought the probability of persistence would be lower at 
that time. The threat for which the lynx was listed, lack of specific conservation direction, 
associated regulations, and lynx forest management planning has not been addressed on 
private lands in Minnesota, except through voluntary guidance. There is some uncertainty about 
the future of forest management and future development on private forest lands in Minnesota 
and in adjacent lands in Ontario, although there are some basic voluntary management 
guidelines for private lands in Minnesota. Further, if the DPS is de-listedunder a future scenario 
without Federal listing, there is uncertainty whether the lynx direction on Forest lands would 
continue into the future. It is projected that habitat will diminish and recede northward over the 
mid-term to longer- term because of continued climate warming. Furthermore, hybridization and 
competition with bobcat may increase with diminishing snow conditions because of continued 
climate warming and there are uncertainties how insect outbreaks or disease may affect the 
species or its habitat.  
  
The Core Team believesfinds that the Minnesota lynx populations would be expected to decline 
more rapidly in a future scenario without Federal listing. The lynx is sState listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the sState statute, a person may not take, import, transport, 
or sell any portion of an endangered or threatened species. However, these acts may be 
allowed by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the sState. In Minnesota, the large proportion of lynx core area owned by the Forest 
ServiceUSFS provides a nexus for USFWSService review of ForestUSFS projects under 
section 7 of the Endangered Species ActESA (i.e., there is rarely fFederal funding spent on 
forestry and no fFederal permits required for forest management on private lands), which would 
be lost post de-listingnot occur under a future scenario without Federal listing. Because of their 
Federal listing, Canada lynx are recognized as a priority species for planning by fFederal, 
tTribal, sState, and private forest landowners. Voluntary guidelines that consider the Federal 
listing status may guide private landowners to at least consider measures to help conserve 
listed species in the future. Without Federal listing driving voluntary conservation guidelines, 
however, there would be little or no motivation for private forest landowners to intentionally 
engage in forest management to benefit lynx. With current Federal listing, there is a nexus for 
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the USFWSService to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); forresulting from new highways, transmission lines, 
large-scale energy development, mining, and residential and commercial development). Without 
Federal listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.   
  
Lynx would be at greater risk without Endangered Species ActESA section 9 prohibitions 
against take. In a future scenario without Federal listing, Minnesota’s incidental take planning 
effort for trapping may be further delayed or halted and may result in the diminishment of 
protective measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 
lynx have been reported to be incidentally trapped in Minnesota since listing, resulting in at least 
6 mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without fFederal 
protection. High-profile law Federal law enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota, and trapping would be expected to occur there, thatwhich may lead to 
greater incidental take of lynx. Without fFederal listing, shooting lynx may increase. We 
believefind that despite a closed hunting and trapping season, incidental take would continue 
and possibly increase and could become a significant threat to a population of lynx that will likely 
be significantly diminished by mid-century to late-century.  
  
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by private 
forest landowners to management plans to ameliorate this stressor. After reviewing the best 
available scientific information, we believeconclude that climate change is a significant threat to 
lynx in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy 
snow is critical to the existence of hare and lynx, and snow depth and duration are currently at 
or below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
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decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high 
emissions. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid-century to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believefind that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts.  
  

5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho  
  
Expert Projections of Lynx Persistence  
  
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity.  
   
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95% percent, mid-century 
persistence at 70% percent to 100% percent (median = 90% percent), and end-of-century 
persistence probabilities >= 50% percent (median = 78% percent) (Ffigure 10, below).  
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Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100).  
  
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit.  
   
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
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demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at the 
southern end of this unit may have recently become extirpated.  
   
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires.  
   
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - Federal, Sstate, and Ttribal regulations and land management 
direction could change in the future, but such changes and their potential impacts on lynx 
populations and habitats are difficult to predict. Because most (84 percent) of this geographic 
unit consists of Federal lands, the regulations and guidance that govern management of those 
lands have  
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
ServiceUSFS, Park ServiceNPS, and BLM management plans are revised or amended, they 
require opportunities for public participation in accordance with several statutes (e.g., the 
National Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National 
Parks and Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 
pp. 26-34, also see 3.1, above). If plan amendments or revisions may affect listed species, 
management agencies must consult with the Service in accordance with section 7 of the ESA. If 
in the future the lynx DPS is determined by the Service to be recovered and the protections of 
the ESA no longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered 
and Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the 
States, to monitor the DPS for a minimum of five years to assess its ability to sustain itself 
without the ESA's protective measures. If, within the designated monitoring period, threats to the 
DPS change or unforeseen events affect its stability, then the DPS may be relisted or the 
monitoring period extended. Given these requirements, we expect that future Federal 
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management direction will continue to include regulations and guidance protective of lynx, 
although specific measures may change as new information becomes available.  
   
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with  
nondevelopmental land- use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act.  
  
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the  
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future.  
   
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Ttribal lands.  
   
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future.  
   
If the DPS waswere not listed, it is possible that State-managed trapping could resume in this 
and perhaps other geographic units. We expect that would only occur only if scientific evidence 
were to strongly suggested the presence of a harvestable surplus of lynx and that harvest 
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quotas would be carefully managed to ensure that the viability of resident lynx populations 
would not be diminished or that potential recovery objectives werewould not otherwise be 
compromised.  
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15).  
   
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90- to 95 percent from 1961- to 1990 to 50 percent across much of the unit by the 
end of this century (years 2071-2100), although some parts of this unit are projected to retain 
adequate snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will 
likely be a lag time between the loss of favorable snow conditions and an eventual shift/ 
contraction in vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), 
but continued warming is projected to convert much of the boreal forest in this unit to temperate 
conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and 
hare populations to persist during this lag and to adjust to future habitat distributions is 
uncertain, but habitat quality, quantity, distribution, and connectivity are expected to decline, 
likely compromising this unit’s continued ability to support resident lynx populations.   
   
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily- distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit.  
   
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
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are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below).  
   
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.   
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc.,and other silvicultural 
practices and by encouraging the use of these activities to restore, improve, or create high- 
quality hare and lynx foraging habitats where feasible.   
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future.  
   
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily- distributed 
and landscape-level hare densities are already marginal in many parts of this unit, it is possible 
that very large wildfires or many wildfires over a short time period could tip some parts of this 
unit from just barely capable of supporting resident lynx to incapable of doing so in the future. 
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Although fire suppression was considered a potential risk factor for lynx in the DPS range, given 
the trends discussed above and the likely continued increase in future fire activity resulting from 
continued climate warming and drying, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
resident populations, especially in places already apparently only marginally capable of 
supporting them.   
  
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, hasve been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation.  
   
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx.  
   
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected.  
   
Although the extent to which this factor may influence lynx populations in this unit is unknown,  
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 
19992007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident 
lynx population that needs but is not receiving adequate immigration. If this growth rate was 
applied continuously to a hypothetical resident population of 250 lynx (the midpoint of the range 
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in the number of resident lynx this geographic may support based on expert opinion [Lynx SSA 
Team 2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, as noted above, the lynx population in the Purcell Mountains in the northwestern part 
of this unit was estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 
2016, p. 20) over the last four4 years of the period for which the Seeley Lake population was 
estimated to be declining. In the absence of information on historical, recent, and likely future 
rates of immigration and its contribution to the persistence of lynx populations in this geographic 
unit, impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time.  
  
Conclusion  
  
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, perhaps 
in concert with other factors (e.g., decrease in or complete loss of immigration from Canada), 
result in the functional extirpation of resident lynx from this unit before the end of the century.  
  

5.2.4 Unit 4 - North-central Washington  
  
Expert Projections of Lynx Persistence  
  
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Ffigure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% 
percent to 90% percent (median = 80% percent), and mid-century persistence at 30% percent to 
80% percent (median = 70% percent). All experts predicted end-of-century persistence 
probabilities less than 50% percent, with a (median of= 38% percent,) by 2100 (Ffigure 11). 
However, one expert predicted an increase in persistence probability by midcentury as habitats 
impacted by recent large-scale fires regenerate into optimal hare-lynx habitat.  
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100).  
  
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently- unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
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Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State- managed lands within Washington State.  
  
Further, should lynx be delistedunder a future scenario without Federal listing, the management 
for and status of lynx in this geographic unit should be largely secure (insofar as we can affect 
their status [i.e., notwithstanding effects of climate change)]) as greater than 90 percent of lynx 
habitat in this unit consists of Federal ownership on the OWNF and CNF. We expect that both 
the OWNF and CNF will be required to manage for lynx and their habitat into the future because 
both forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised. However, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to the OWNF and/or 
CNF LRMPs through the National Environmental Policy ActNEPA process. Therefore, we 
expect that both the OWNF and CNF will continue managing for lynx and their habitat into the 
future regardless of their listing status.  
  
Climate Warming - The one risk factor identified by the LCAS whichthat the Forest 
ServiceUSFS, or the WADNR for that matter, has little ability to control or influence is climate 
change. Climate change was identified by the panel of lynx experts convened during 
development of the Canada Lynx Expert Elicitation Workshop Report to potentially represent the 
greatest threat to the long-term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of 
the published literature on this subject leads the Core Team to conclude that climate change 
does indeed pose the greatest risk to the long-term persistence of lynx, including within this 
geographic unit.  
   
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large- wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
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longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that fire 
exclusion had little impact on natural fire regimes. Rather, climate appeared to be the primary 
driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) estimated adult 
lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high- quality lynx habitat in 
the Meadows area of north central Washington (at least relative to other lynx habitat in 
Washington). Much of the lynx habitat in the Meadows was impacted by the recent large, stand 
replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in the northern 
Cascades. Thus, the lynx densities Koehler observed in his study area may not be currently 
supported, because as habitat becomes more fragmented and isolated (i.e., marginal), the 
carrying capacity for a particular species declines.  
   
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit.  
  
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448).  
   
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. Mote 
(2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using data 
collected by weather stations from 1930 to 1995, determined that the temperature increased in 
the Pacific Northwest, and more precipitation fell in the spring and summer months, especially at 
elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined that an 
increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 percent 
decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) determined that 
the Cascades are very sensitive to temperature changes, with large increases in temperature 
potentially resulting in significant declines in snowpack. Corroborating Mote’s speculation, 
Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has declined by up to 
40 percent in the latter half of the twentieth century, which resulted from increased 
temperatures. Furthermore, predicted continued increasing temperature changes of 2° C to 5° C 
over the next century are expected to cause further and accelerated losses in snowpack in the 
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Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the Cascades through 
2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner 
et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx densities 
supported in the Cascades. Finally, some of the best lynx habitat in this geographic unit occurs 
on plateaus that may be more vulnerable to impacts of climate change because of the absence 
of higher elevation areas to which habitats and lynx could migrate in response to climate 
warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of lynx 
habitat to large wildfires, coupled with increasing wildfire risk, the potential for the Cascades to 
support a viable lynx population may be further reduced because of projected climate-mediated 
decreases in snow quantity and quality.  
   
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis.  
  
Conclusion  

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely to 
increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit.  
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5.2.5 Unit 5 - Greater Yellowstone Area  
  
Expert Projections of Lynx Persistence  
   
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% percent to 70% percent (median = 52% percent), and mid-century persistence at 15% 
percent to 60% percent (median = 35% percent). All experts predicted end-of-century 
persistence probabilities less than 50% percent for this unit, with a median of 15% percent, by 
2100 (Ffigure 12). This was the only unit for which most experts believed the present probability 
of persistence is low (i.e., that it is uncertain whether this area currently supports a resident lynx 
population). Some experts increased probability of persistence into mid-century as the 1980s-
era fires regenerate into hare/lynx habitat, and with the possibility of continued immigration of 
lynx from Colorado. Other experts project a 10%-percent to 20%-percent probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area.  
  

  
Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100).  
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Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, Sstate, and Ttribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also, as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be relisted 
or the monitoring period extended. Given these requirements, we expect that future Federal 
management direction will continue to include regulations and guidance protective of lynx, 
although specific measures may change as new information becomes available.  
   
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with  
nondevelopmental land- use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act.  
  
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
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affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future.  
   
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believeconclude it is unlikely that regulatory mechanisms 
on those lands will influence this unit’s future ability to support resident lynx.  
   
If the DPS waswere not listed, State-managed trapping could resume in this geographic unit. 
We expect thatis would occur only if scientific evidence were to strongly suggested the presence 
of a harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure 
that the viability of resident lynx populations would not be diminished or that potential recovery 
objectives werewould not otherwise be compromised.  
   
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15).  
   
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
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lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.   
   
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily- distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit.  
   
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below).  
   
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future.  
   
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc.and other sylvicultural practices, and and by 
encouraging the use of these activities to restore, improve, or create high- quality hare and lynx 
foraging habitats where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future.  
   
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily- distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them.  
   
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation.  
   
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
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potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx.  
   
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time.  
  
Conclusion  
  
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short term 
(through 2025), but that it is very unlikely to support a persistent resident population over that 
time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century.  
  
5.2.6 Unit 6 - Western Colorado  
  
Expert Projections of Lynx Persistence  
   
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Ffigure 13).  
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100.  
  
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily 
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area.  
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Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern  
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest 
ServiceUSFS land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other 
ownerships makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five5 
percent is in other Federal ownership. Other non-Federal ownerships include state, county, 
municipal, etc.other governmental, and private lands. Some BLM resource management plans 
have not been amended to include conservation specifically for lynx. Lynx habitat on BLM 
ownership mostly consists of narrow forest extensions connected to larger blocks of habitat on 
adjacent USFS lands. Generally, these extensions are insufficient on their own to support a lynx 
home range. However, the Gunnison Field Office is the only BLM unit that contains sufficient 
habitat to map and identify LAUs.  
  
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207].  
   
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow  
would continue to be retained late in the 21st century, including the high elevations of Colorado.”  
  
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by 
midcentury relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61]  
  
An analysis of projected 21st century temperature trends as a function of elevation in the  
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern whether 
the warming projected for the higher elevation regions (>10,000’) in the state is substantially 
different from that projected for lower elevations” (Lukas et al. 2014, p. 63).  
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On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65).  
  
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest ServiceFS plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century.  
  
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century.  
  
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky  
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large 
standreplacing fires within lynx habitat may produce young age class snowshoe hare habitat 
after approximately 10-30 years. Although this vegetative condition may provide some high- 
quality snowshoe hare habitat, mature forests are also very important as winter foraging 
habitat.” (USFS 2008, p. 36)  
  
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed, high-
volume highways,; high mountain valley developments,; vegetation management,; ski/recreation 
area development,; and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reducesing lynx habitat. The magnitude of 
fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado.  
  
Conclusion  
  
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historical 
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record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
hadve no data). Despite these uncertainties, we anticipate lynx populations to persist through 
the end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.   
  
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believefind that, as long as the current regulatory mechanisms provided by the 
State of Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains 
in place, lynx are likely protected from take, and their habitat requirements are likely met in a 
significant majority of the available habitat within the sState. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.   
  
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year- round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future.  

Chapter 6:  Synthesis  
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats.  
  
Needs  
  
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
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generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less abundant 
and more patchily distributed than in the core of the range. Maintaining connectivity between 
lynx populations in Canada and the DPS is thought to be important; however, whether and if so 
to what extent the demographic and/or genetic health of DPS populations relies on periodic 
immigration from Canadian populations remains uncertain.   
     
Current Conditions and Threats  
  
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx.  
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) continue 
to support resident lynx, thought to number 200-300, although a small subpopulation in the 
Garnet Mountains on the southern periphery of this unit may have been extirpated recently. In 
North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events.  
  
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
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recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions.  
      
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S.  
   
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In Nnorth-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern  
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain.  
  
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below).  
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Future Conditions and Threats  
  
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS.  
  
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events.  
  
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely.  
  
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently-
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observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, the current and likely future absence of 
significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS.  
  
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate.  
     
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit.  
  
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
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and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat.  
  
DPS Viability  
  
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 
50- percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid-
century to late-century concerning the timing and extent of various stressors that will affect lynx 
and hare habitat and snow regimes, especially those related to climate change. However, 
review of the best available science in concert with input from lynx experts suggests that the 
probability of the persistence of resident breeding populations will decline in all geographic units, 
with the negative DPS-wide trajectory continuing to the end of the century, and (with no 
evidence to the contrary) beyond that time frame.  
  
Our evaluation generally concurs with the expert input we received. We believeconclude that 
lynx populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through 
midcentury in most of the five geographic units that currently support them. However, we 
believeconclude it is very unlikely that resident lynx populations will persist through the end of 
this century in all of the geographic units that currently support them. That is, we 
believeconclude that resiliency will be substantially diminished because of reduced population 
sizes and distributions throughout the DPS, with resulting extirpation of resident populations 
from two to three (of five) units more likely than not by the end of the century.   
   
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 



 

213  
  

reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century.  
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NOTE ABOUT THIS DRAFT DOCUMENT, DECEMBER 2016 
 
This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status 
assessment report has not undergone peer review, and it should not be cited or referenced as an 
agency document. At this time it is intended for the sole purpose of soliciting scientific reviews 
from expert peer reviewers, from State and Federal partners with expert knowledge of the species 
and its habitat, and from internal reviewers by Department of Interior staff. The document is not 
intended to solicit public comment. This document will be revised after this scientific review. This 
document does not predetermine any future agency decision under the Endangered Species Act. 
For more information contact Jim_Zelenak@fws.gov.     
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 

http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/endangered/improving_ESA/
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 
the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 
nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
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conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
 



 

30 
 

Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 



 

48 
 

included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 



 

50 
 

with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 



 

55 
 

(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 

http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 



 

61 
 

migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 

http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 



 

98 
 

 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
 



 

102 
 

Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 

http://www.eia.gov/electricity/data/browser
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 



 

122 
 

were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

https://snowfall.weatherdb.com/d/a/Montana
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  

https://snowfall.weatherdb.com/d/a/Washington
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 

https://snowfall.weatherdb.com/d/a/Montana
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 



 

166 
 

persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 



 

172 
 

2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 



 

180 
 

of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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Dear Colleagues,

I trust that this message finds you well. The U. S. Fish and Wildlife Service has asked the
Association of Fish and Wildlife Agencies (AFWA) to assist with state fish and wildlife agency
review of the DRAFT Species Status Assessment (SSA) document for the Canada Lynx -
Contiguous United States Distinct Population Segment (DPS).  

Attached to this e-mail message you will find the DRAFT SSA document for the Canada Lynx -
Contiguous United States DPS.  Please also see the e-mail message of transmittal from Jodi
Bush at U. S. FWS below which contains important information about this document and the
specific input that is being solicited from the state fish and wildlife agencies at this time.

To facilitate this review, we would ask that comments from you and your colleagues be
provided to AFWA by COB on Friday, February 10th, 2017.  Comments can be sent
electronically as e-mail attachments to the following e-mail address:
jmawdsley@fishwildlife.org  

AFWA will compile all comments and share all comments directly with the U. S. Fish and
Wildlife Service.  Input from multiple individuals within a single agency is certainly welcome,
but if possible it would be helpful for us to receive a single set of comments from each of the
lynx range states.

Many thanks in advance for your help in providing a robust review of the attached
document.  I look forward to hearing from you.

With best regards,

Jonathan Mawdsley

Jonathan R. Mawdsley, Ph.D.

mailto:jmawdsley@fishwildlife.org


Science Advisor

Association of Fish and Wildlife Agencies

1100 First Street NE, Suite 825

Washington, DC 20002 USA

Phone: (202) 997-6628

E-mail: jmawdsley@fishwildlife.org 

Web: http://www.fishwildlife.org 

From: Bush, Jodi <jodi_bush@fws.gov>
Sent: Tuesday, January 10, 2017 6:24 PM
To: Jonathan Mawdsley
Subject: Fwd: Draft Lynx SSA Transmittal email
 
Jonathan.  

As we discussed, attached please find the DRAFT Species Status Assessment (SSA) for the Canada Lynx - Contiguous
United States Distinct Population Segment (DPS).  As you are aware, the draft report is currently undergoing peer
review.

We are providing this draft to you for dissemination to our State Fish and Game Partners for
review by those individuals with expert knowledge of the species and its habitat.  Their review
will help us ensure that we have appropriately considered the best scientific and commercial
information when evaluating the current status and future viability of the lynx DPS.  We
request their independent scientific perspectives on the comprehensiveness and logic of the
document, as well as how well the technical conclusions are supported by the data and
analyses.

Please note that the Literature Cited list is not complete at this time.  If you need a copy of any
document cited in the draft report, please contact Jim Zelenak at the email address below.

This document is not intended to solicit public comment and will be revised after this scientific
review. This document does not predetermine any future agency decision under the
Endangered Species Act.

In general we ask that your comments on the draft SSA report focus specifically on whether the best available information
was used, the quality of the scientific information, and our interpretation and analyses of the data with regard to the species’
viability in the contiguous United States.  We request that you direct your review to the scientific issues and assumptions
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related to your expertise.

General Information about SSAs:

The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to improve transparency
while conducting listing determinations and other Act actions, and peer review of our analyses of the viability of species is part
of that new process.  The attached draft SSA report is a rough draft; we are seeking comments at this stage to ensure that we
have time to incorporate any substantial comments as we finalize the report.

 

In reviewing the document, please note that this draft SSA report does not result in or predetermine a decision by the Service
on whether the Canada lynx warrants protections of the Act.  This document is strictly a characterization of the viability
species’ viability in the contiguous United States. As a reminder, all reviews and comments submitted to the Service will
become public documents and part of our administrative record for this document.  

As we discussed, you will likely need to provide 30 days of review for the State Fish and Wildlife Agencies and may
need some additional time to collate those comments.  We welcome those consolidated comments as soon as
possible after February 10, 2017.  Please send comments to jim_zelenak@fws.gov.

I have also attached a list of the State Wildlife Agencies and contacts we have been in working with throughout this process
for your use.  Feel free to expand as necessary.  Thank you for your interest and assistance.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jim_zelenak@fws.gov


Draft Lynx Recommendation  Team Meeting Agenda Outline 

Morning of Day 1 

• Presentation of the results of the SSA 
• Q & A for clarification and other questions 
• Presentation & discussion of current policy on foreseeable future, threatened and endangered, 

SPR. 

Afternoon of Day 1 

• First run through scoring of parameters that will lead to the decision.   
o For example, A question could be “Is the species in danger of extinction?” The 

participants would then, anonymously, distribute 100 points between “yes” or “no” for 
each scenario.  We would do the same for “Is the species in danger of extinction in the 
foreseeable future” and so on. 

o Bulleted rationales would also be garnered while decision-makers are scoring. 
o Responses will be compiled and displayed (anonymously) followed by a discussion of 

results and opportunity to seek clarification. 
Re-scoring and discussion repeated until all decision-makers are satisfied with their 
individual scores. 

Morning of Day 2 

• Review results of Day 1 results 
• Continue with scoring & discussion rounds until all exercises are completed.  
• Recommendation and recording of rationale.  

With this methodology, we will be able to understand how uncertainty fits into the policy determination 
(in this case, the 5 year review recommendation).  The SSA allows us to separate the policy from the 
science.  Through the SSA, we explore the nature and degree of uncertainty in the science (as there is 
always uncertainty in the science) and express a risk profile of the species within possible scenarios.  At 
the decision meeting, the science is presented and the decision makers explore the likelihood of the 
scenarios, and how the risk profile, and any uncertainty within that risk profile, meets with the policy 
definitions. 

Core team’s  Roll Options  

The SSA core team biologists from Regions 1, 6, 3, and 5 will be present to provide the background on 
the SSA and field any questions. 

 

 



Option 1: The “decision-makers” will participate in the scoring exercises.  The core team will be on hand 
to answer questions but will not participate in the scoring.  

Advantages: clearly separates the science from the policy decision.   

Disadvantages: Some members have a strong desire to express their opinion on the policy call. 

 

Option 2: Both the decision makers and the core team biologists will participate in the scoring exercises 
as described above. 

Advantage: Allows for staff biologists experience in applying the policy to the decision.   

Disadvantages: This may lead to a blurring of science vs policy. 

 

Option 3a/3b: In place of the above scoring methodology, we could simply “vote” as to whether the 
species meets the definition of threatened or endangered or recommend delisting.  This methodology 
can either include “voting” from the decision makers (option 3a) or “voting” from both the core team 
and decision makers.  

 Advantages: This method is simpler to execute.   

Disadvantages:  This method would not fully explore how uncertainty plays a role in the 
decision, such as “foreseeable future”.   Therefore, it will take more effort for the 5 year review 
to be written as the author would not have the breadth of the rationale. 



From: Nelson, Marjorie
To: Jim Zelenak; Justin Shoemaker/R6/FWS/DOI
Cc: Jodi Bush; Sarah Backsen; Craig Hansen; Jennifer Szymanski
Subject: Re: Lynx decision meeting
Date: Thursday, February 02, 2017 3:35:43 PM
Attachments: Draft lynx agenda outline.docx

Attached is an outline of some options for the decision meeting.  I am particularly
interested in the advantages and disadvantages of the different options.
thanks for your help!
Marj 

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258

On Thu, Feb 2, 2017 at 3:15 PM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
Hi all,
Jodi, Mike and I are on Noreen's calendar for next Tuesday.  Presumably, after that
meeting we will be able to gel the agenda and the core team role.  Please let me
know if you have any questions.
thanks,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258
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From: McCollough, Mark
To: Harris, Anna
Subject: Re: Trip to Denver March 1-4
Date: Friday, February 03, 2017 8:00:57 AM

Anna:  

Thanks for your support.  Yes, I would like to talk with you about the listing decision.  We
were notified on Wednesday that all Core members must attend a conference call for several
hours today with Jennifer Symansky (our SSA expert nationwide).  Topics include preparation
for the Decision Team meeting and developing our individual and collective Core Team
thoughts about listing.  So, I should know more after this morning.  Maybe we could find time
on Monday to discuss.  I'd like to know if you are hearing anything from Paul.

Today is my flex day, so I will keep a tally of comp time.  I will just try to muddle through the
next few pay periods with my comp time.  There will be some days I have to work longer and
other days I will try to take some hours off.  There will be comp time associated with my
travel.  Everyone will depart Denver mid-day on Friday, but I will have to stay over and fly
home on Saturday.  Every supervisor is different on how they want us to record time.  I'll try
to have Quicktime reflect what I am actually doing, but that is not always feasible.  We've had
supervisors who just said to keep an unofficial tally.  The bottom line is that I want to keep
you informed, especially when I plan to take an entire day off, which I will do through
Quicktime requests to you.

I will cancel the bumblebee meeting.  I already saw folks from MDIFW yesterday, but will
send out an email today.

Have a good weekend,  Mark

On Thu, Feb 2, 2017 at 11:48 AM, Harris, Anna <anna_harris@fws.gov> wrote:
Mark,

I have not heard of any travel restrictions for our region. I would go ahead and make travel
plans as usual.

Thank you for your time and commitment to this. Let me know how you'd like to handle the
time-off/comp time. This does sound like quite a heavy lift from you and others on the Core
team.

I appreciate what you did to schedule the March 2nd meeting. I'd say cancel that and wait
until you're back from Denver to reschedule.

I would like discuss your perspectives on the status, threats and agreements/difference of
opinions with the comments before you go to the decision meeting. Can we find a time
before March 1?

Thanks,
Anna

On Tue, Jan 31, 2017 at 2:29 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:

mailto:mark_mccollough@fws.gov
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Anna:

We just found out at the end of the day yesterday that the lynx listing decision meeting
will be March 2 and 3 in Denver.  I am expected to be there.  I will have to fly out March1
and return Saturday, March 4.

We had a lynx core team call today.  Prior to the Decision Team meeting, Jenifer
Symansky (who is facilitating the meeting, SSA expert) will lead the Core Team to
develop our own thoughts and recommendations concerning listing.  Thus far, we have
intentionally avoided that topic.

Paul Phifer is the designated invitee to represent Region 5 management.

We are expected to be prepared for any questions from the Decision Team concerning the
DPS as a whole and concerning our respective units.  We will be asked to prepare a 2-3
page summary/briefing paper concerning our respective DPS units and a power point
presentation summarizing status and threats.  

Between Feb. 15 and departing for Denver, we will be expected to read, digest, and
summarize major issues identified by all the reviewers - state, peer review, tribes, federal
agencies.  We will be expected to explain why we are in agreement with reviewers or have
differences of opinion.  We will not have enough time to revise the SSA prior to the
Decision Team meeting, but we should be prepared to discuss where would make
revisions.

This is an unexpected workload.  As I explained at staff meeting, I have 70 hours of
unused comp time on the books that expires by early March (pay period 9) and another 14
hours of time I worked over Christmas holidays (that is not in quicktime).  I am willing to
be flexible and give of my time as needed, but...

Also, you probably realized, March 2 is the date we just set for the rusty-patched
bumblebee meeting.  I put considerable time into finding a date that worked for everyone,
but will have to start that process all over again.  Maybe in mid- to late-March.

Fortunately, I do not have a lot scheduled between now and March 1.  The only full-day
commitment is the "change" training on Feb. 16.

I will work with Shay on making flight plans, etc.  I heard rumors today of travel
restrictions in other regions.  You haven't heard anything for R5?????

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services



Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Harris, Anna
Subject: Re: Trip to Denver March 1-4
Date: Friday, February 03, 2017 8:00:57 AM

Anna:  

Thanks for your support.  Yes, I would like to talk with you about the listing decision.  We
were notified on Wednesday that all Core members must attend a conference call for several
hours today with Jennifer Symansky (our SSA expert nationwide).  Topics include preparation
for the Decision Team meeting and developing our individual and collective Core Team
thoughts about listing.  So, I should know more after this morning.  Maybe we could find time
on Monday to discuss.  I'd like to know if you are hearing anything from Paul.

Today is my flex day, so I will keep a tally of comp time.  I will just try to muddle through the
next few pay periods with my comp time.  There will be some days I have to work longer and
other days I will try to take some hours off.  There will be comp time associated with my
travel.  Everyone will depart Denver mid-day on Friday, but I will have to stay over and fly
home on Saturday.  Every supervisor is different on how they want us to record time.  I'll try
to have Quicktime reflect what I am actually doing, but that is not always feasible.  We've had
supervisors who just said to keep an unofficial tally.  The bottom line is that I want to keep
you informed, especially when I plan to take an entire day off, which I will do through
Quicktime requests to you.

I will cancel the bumblebee meeting.  I already saw folks from MDIFW yesterday, but will
send out an email today.

Have a good weekend,  Mark

On Thu, Feb 2, 2017 at 11:48 AM, Harris, Anna <anna_harris@fws.gov> wrote:
Mark,

I have not heard of any travel restrictions for our region. I would go ahead and make travel
plans as usual.

Thank you for your time and commitment to this. Let me know how you'd like to handle the
time-off/comp time. This does sound like quite a heavy lift from you and others on the Core
team.

I appreciate what you did to schedule the March 2nd meeting. I'd say cancel that and wait
until you're back from Denver to reschedule.

I would like discuss your perspectives on the status, threats and agreements/difference of
opinions with the comments before you go to the decision meeting. Can we find a time
before March 1?

Thanks,
Anna

On Tue, Jan 31, 2017 at 2:29 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
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Anna:

We just found out at the end of the day yesterday that the lynx listing decision meeting
will be March 2 and 3 in Denver.  I am expected to be there.  I will have to fly out March1
and return Saturday, March 4.

We had a lynx core team call today.  Prior to the Decision Team meeting, Jenifer
Symansky (who is facilitating the meeting, SSA expert) will lead the Core Team to
develop our own thoughts and recommendations concerning listing.  Thus far, we have
intentionally avoided that topic.

Paul Phifer is the designated invitee to represent Region 5 management.

We are expected to be prepared for any questions from the Decision Team concerning the
DPS as a whole and concerning our respective units.  We will be asked to prepare a 2-3
page summary/briefing paper concerning our respective DPS units and a power point
presentation summarizing status and threats.  

Between Feb. 15 and departing for Denver, we will be expected to read, digest, and
summarize major issues identified by all the reviewers - state, peer review, tribes, federal
agencies.  We will be expected to explain why we are in agreement with reviewers or have
differences of opinion.  We will not have enough time to revise the SSA prior to the
Decision Team meeting, but we should be prepared to discuss where would make
revisions.

This is an unexpected workload.  As I explained at staff meeting, I have 70 hours of
unused comp time on the books that expires by early March (pay period 9) and another 14
hours of time I worked over Christmas holidays (that is not in quicktime).  I am willing to
be flexible and give of my time as needed, but...

Also, you probably realized, March 2 is the date we just set for the rusty-patched
bumblebee meeting.  I put considerable time into finding a date that worked for everyone,
but will have to start that process all over again.  Maybe in mid- to late-March.

Fortunately, I do not have a lot scheduled between now and March 1.  The only full-day
commitment is the "change" training on Feb. 16.

I will work with Shay on making flight plans, etc.  I heard rumors today of travel
restrictions in other regions.  You haven't heard anything for R5?????

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services



Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp; Heather Bell; Jonathan Cummings; Justin

Shoemaker; Jodi Bush
Subject: Fwd: Draft Canada lynx SSA Report
Date: Friday, February 03, 2017 9:54:07 AM

Additional thoughts from Marty.

---------- Forwarded message ----------
From: Miller, Martin <martin_miller@fws.gov>
Date: Fri, Feb 3, 2017 at 4:57 AM
Subject: Re: Draft Canada lynx SSA Report
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: Mary Parkin <mary_parkin@fws.gov>, Krishna Gifford <krishna_gifford@fws.gov>

Jim - I realized I made a mistake in my comments 28 and 37 regarding the need for formalized
conservation efforts to satisfy PECE to be considered in a listing determination.  While in
conducting a 5-year review we're not anticipating a change in status (our objective is to
determine whether such a change in status is necessary), the outcome could be a
recommendation to delist or uplist.  And because the PECE does not apply to delisting,
downlisting, and uplisting, we should not evaluate formalized conservation efforts under
PECE.  For a 5-year review (or any delisting, downlisting, or uplisting rule), conservation
efforts that are not yet implemented and/or proven effective cannot be considered - even if
they satisfy PECE.  Sorry for the confusion.  Marty

On Wed, Jan 25, 2017 at 3:27 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Jim - I reviewed this new draft to see how my comments on the previous draft were
addressed.  I identified a few outstanding issues.  I tried my best to provide fixes, but there
are a few issues that only the team can address.  I appreciate all the work the team did, and
especially you, to address my previous comments.  I'm happy to discuss these additional
comments with you (and the team if you'd like).

Thanks for putting together such a well-written document, especially considering its length
and multiple contributors.  I usually spend a lot of time dealing with sentence structure,
usage, and other clarity issues; it was a pleasure not having to struggle to understand what
was trying to be said.  I tried to help polish it with minor edits (GPO Style Manual
compliance, punctuation, etc.); I hope this helps save you some time and make up for some
of the extra work my comments have created.

Marty

On Wed, Jan 11, 2017 at 5:19 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All,

Attached is the draft lynx SSA report, which was sent to our peer review contractor on Friday and to State,
Federal, and Tribal partners yesterday and today.  Apologies to those of you who have received this previously
through other/multiple channels.

The draft went through internal FWS review in Oct./Nov.  Thanks to those of you who provided comments; the
SSA Team hopes we addressed them adequately in this revised draft.
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We are not soliciting additional FWS review and comment of this draft, but we wanted everyone to have the
most current version in case you get questions from your local State, Federal or Tribal partners. However, if
you see glaring errors or problems, please let me know!

Please note that the lit cited list in this draft is incomplete - the SSA Team is continuing to work on getting all
the cited documents listed and PDFs compiled in one place.  In the mean time, if you need a copy of a cited
document, let me know and we will get it to you.

Also note that we are not posting this for public review and comment, but we will make the final SSA report
publicly available.  We ask that you not distribute this draft to the public, although we anticipate some level of
circulation given all the partner agencies that have been invited to review it and provide comments.

Don't hesitate to contact me or your local SSA Core Team member if you have questions or need additional
information.

Cheers!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Jonathan Mawdsley
Subject: Fwd: no extension for Draft Lynx SSA review deadline
Date: Friday, February 03, 2017 10:15:53 AM
Attachments: NMDGF comment letter Lynx SSA 2017feb02.pdf

Jonathan -comments from NM.  To add to your compilation.  Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Liley, Stewart, DGF <Stewart.Liley@state.nm.us>
Date: Thu, Feb 2, 2017 at 3:18 PM
Subject: RE: no extension for Draft Lynx SSA review deadline
To: "Bush, Jodi" <jodi_bush@fws.gov>

Jodi,

 

Please find New Mexico Department of Game and Fish’s response to the Lynx SSP.

 

If you have any questions please feel free to contact me.

 

Stewart

 

 

Stewart Liley, Chief

Wildlife Management Division

New Mexico Game and Fish

One Wildlife Way

Santa Fe, NM 87507

Ph: 505-476-8038
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stewart.liley@state.nm.us

 

Conserving New Mexico’s Wildlife for Future Generations

 

CONFIDENTIALITY NOTICE: This e-mail, including all attachments is for the sole use of the intended recipient[s] and
may contain confidential and/or privileged information. Any unauthorized review, use, copying, disclosure or
distribution is prohibited, unless specifically provided under the New Mexico Inspection of Public Records Act. If you
are not the intended recipient, please contact the sender at once and destroy all copies of this message.

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, February 02, 2017 8:56 AM
To: Jonathan Mawdsley
Cc: Broscheidb@outlook.com; Craig McLaughlin - DNR; jake.ivan@state.co.us; Eric Odell; Moore,Virgil;
Sallabanks,Rex; chandler.woodcock@maine.gov; Connolly, James; jennifer.vashon@maine.gov; William
Moritz; Mason, Russ (DNR); bumpa@michigan.gov; Kennedy, Daniel (DNR);
commissioner.dnr@state.mn.us; jim.leach@state.mn.us; Paul.Telander@state.mn.us;
richard.baker@state.mn.us; john.erb@state.mn.us; kmcdonald@mt.gov; Inman, Bob;
jkolbe.fwp@gmail.com; seggeman@mt.gov; 'Glenn Normandeau; mark.ellingwood@wildlife.nh.gov;
John.Kanter@wildlife.nh.gov; jill.killborn@wildlife.nh.gov; William.staats@wildlife.nh.gov;
patrick.tate@wildlife.nh.gov; Sandoval, Alexandra J., DGF; Liley, Stewart, DGF;
rick.winslow@state.nm.us; james.stuart@state.mn.us; doug.stang@dec.ny.gov;
michael.schiavone@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us;
kimberlyasmus@utah.gov; Greg Sheehan; louis.porter@state.vt.us; mark.scott@state.vt.us;
chris.bernier@state.vt.us; director@dfw.wa.gov; jeffrey.lewis@dfw.wa.gov; Becker, Penny A (DFW);
DNRSecretary@wisconsin.gov; kurt.thiede@wisconsin.gov; sanjay.olson@wisconsin.gov;
tom.hauge@wisconsin.gov; erin.crain@wisconsin.gov; owen.boyle@wisconsin.gov;
nathanm.roberts@wisconsin.gov; shawn.rossler@wisconsin.gov; david.macfarland@wisconsin.gov;
john.white@wisconsin.gov; Scott Talbott; john.kennedy@wyo.gov; bob.lanka@wyo.gov;
zach.walker@wyo.gov; nichole.bjornlie@wyo.gov; susan.patla@wyo.gov; Gardner, Eric S (DFW);
Dixon,Rita; jhagener@mt.gov; mwilliams@mt.gov; Jen Mock Schaeffer; Mark Humpert; Jim Zelenak
Subject: Re: no extension for Draft Lynx SSA review deadline

 

Dear Colleagues.  For some reason -my message below seemed to have editing issues in the
version that was forwarded to you.  Hopefully the corrected version below is eaiser to read. 
JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601
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(406) 449-5225, ext.205

 

 

On Thu, Feb 2, 2017 at 7:45 AM, Jonathan Mawdsley <jmawdsley@fishwildlife.org> wrote:

Dear Colleagues,

 

Please note the following e-mail message from Jodi Bush at the U. S. Fish and Wildlife Service.

 

AFWA had requested a 30-day extension for the comment period on the Canada Lynx Species Status
Assessment.

 

This request has been turned down by U. S. Fish and Wildlife Service, for reasons stated in the e-mail
message below.

 

Accordingly, please make sure that you submit your comments by the original February 10th

deadline.  AFWA has agreed to help compile state agency comments on this SSA, but comments may
also be submitted directly to Jodi Bush at the U. S. Fish and Wildlife Service (Jodi_bush@fws.gov). 

 

Sincerely,

Jonathan Mawdsley

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 01, 2017 1:28 PM
To: Jonathan Mawdsley
Cc: Jim Zelenak
Subject: Re: extension requested for Draft Lynx SSA review deadline

 

Good afternoon Jonathan.  

 

As you know, the Service is currently preparing a Species Status Assessment 
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(SSA) to document a 5 year review process for the Canada lynx DPS.  If the outcome of this 5 year review is
a recommendation  that the DPS  remain listed,  we will move forward with recovery planning.  We have a
settlement agreement that calls for a final recovery plan to be completed by January 2018.  

 

We are behind our schedule to meet this court mandated timeline.  

 

On March 2 and 3, we have a Service meeting where decision makers will review the SSA and consider any
comments we have received.  The outcome from that meeting will be one of three determinations: (1) keep
the DPS  status as threatened,(2) upgrade it to endangered, or (3) determine that the DPS no longer warrants
listing.  

 

Comments received later than Feb. 10 (and outside of your attempt to collate comments) and before our meeting
will still be considered but may not get the same level of consideration in the Service meeting as comments received
by Feb. 10.  

 

The draft SSA is being reviewed through a blind Peer Review process. We have also shared the draft SSA with our
Federal and Tribal partners.  It has also been shared across the range of the DPS  with our State partners in fish
and game agencies as well as other State natural resource agencies. This is a lot of comments to review before our
internal meeting.  

 

We encourage the States to provide meaningful comments regarding the scientific information as captured in
the SSA to us as soon as possible and at a minimum to you -Jonathan -by Feb. 10.  Comments received after that
point and before our March 2/3 meeting will be considered  within the SSA  as we are able.  We realize that more
time would be helpful but are unable to grant an additional 30 days review time to anyone at this time.  

 

Please note that regardless of the outcome of the 5 year review, there will be additional opportunities
to provide input, either through a recovery planning process or a proposed rule to delist.  

 

We appreciate your interest  and participation in the lynx SSA process.  Thank you.  JB 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1



Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Tue, Jan 31, 2017 at 10:23 AM, Jonathan Mawdsley <jmawdsley@fishwildlife.org>
wrote:

Jodi,

 

I have heard now from several of the states involved in the review of the draft Canada Lynx
SSA.  An extension of 30 days would be very helpful to them in reviewing the document
and providing constructive feedback to the Service.  Please advise if a 30 day extension is
possible and I will communicate to the state reviewers.  Many thanks in advance for your
consideration – I look forward to hearing from you.

 

With best regards,

Jonathan Mawdsley

 

Jonathan R. Mawdsley, Ph.D.

Science Advisor

Association of Fish and Wildlife Agencies

1100 First Street, NE, Suite 825

Washington, DC 20002 USA

Phone: (202) 838-3462

Cell: (202) 997-6628

Fax: (202) 350-9869

E-mail: jmawdsley@fishwildlife.org

Web: http://www.fishwildlife.org
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Agenda: Hours: Noreen:
Gen Meeting logistics Marj Roles DM = ARD + Jody + TE Chie?f; core   
SSA 3R - why & importance Justin Exercises defs of T and E
SSA Analytical approach Jim degrees of belief if Endangered
SSA Synthesis/findings/uncertainties Jim **ask LJR for thoughts on mussel   
SSA Summary of peer  review Jim 0.00
SSA Summary of  partner review Jim
SSA  Q&As All 0.00
DM DM hazards JAS Notetaker- CH
DM Listing Objectives & Constraints Justin 0.00
DM Definitions of E and T Justin 0.00
DM ???Ex. 1 Definition of "present" and "FF" JAS 0.00
DM Ex. 2. Classification Exercises JAS
DM State decision & summarize rationale All
DM

0.00

Need add exercises for identifying the recovery thresholds…either incorporate into T & E or as a separate exercise.



        e team= biology input

      vs emr approach**



30 to 40 mins maximum; cheatsheet in advance & for the meeting
Topics
SSA approach: 

defined the individual, pop-level, sp-level requisites Pop-level: habitat needs, demography unknown?, immigration from Canada?
used these to describe the the historical, current and future condition

Results
Species level needs

Representation preserving the breadth of AD; generally, greater adaptive GD & diversity of ecological & environmental    
Resiliency recruiting pops & immigration fromCanada? Distributed across the breadth of AD.

Redundancy breeding pops distributed across the breadth of AD
Historical condition: 

distribution of lynx, breeding status & distribution
distribution & breeding status at time of listing

factors responsible
Current condition

distribution of lynx, breeding status & distribution
factors responsible (protections, etc)

Future condition
Future scenarios
Key assumptions ESA protections

distribution of lynx, breeding status & distribution
Viability Synthesis

Representation no discernible differences in genetic or ecological diversity, thus unable to delineate variation in AC.  General princ              
Used the geographical distinct areas to characterize RES and RED across the range

Resiliency P(p) for each unit and rangewide (all scenarios)
Redundancy talk about how unit P(p) influences vulnerability to CE.



              l conditions, greater AC potential.

                 ciples maintain across broad distribution E to W and N to S; elevational gradients.



Questions for the SSA Core Team:
1 Please clarify SSA conclusions regarding REP: are there variations in AD, and thus AC, across the range?
2 Do the experts projections incorporate risks from catastrophic events?
3 How do you want to characterize the ESA regulations issue?

Excerpts from the SSA
1 How the potential loss of resident lynx from one or more geographic unit may affect

representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in
the fundamental components (vegetation, snow conditions, and hares) that define the ecological
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent.
The loss of resident lynx from any of the
geographic units could result in the loss of behavioral and potential future genetic adaptations to
the climate-mediated changes now occurring and likely to continue into the future at the
southern edge of the lynx range. Such potential adaptability to diminished snow conditions,
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important
to the taxon as a whole faced with a rapidly changing climate.
Given the high percentage of Federal land ownership in the West,

2  With regard to redundancy, however, we find that none of the five geographic units that currently support resid        
single catastrophic event. Given
We recognize that a sequence of discrete but spatially-clustered catastrophic
events in lynx habitats over a short time could increase the potential for functional extirpation in
one or more of the individual geographic units (especially the possibility of additional large
wildfires in north-central Washington), thereby reducing redundancy within the DPS.

3 Some of the experts we consulted indicated that their projections
assumed the status quo (i.e., continued protections under the ESA and current Federal and
State land management policies). Others indicated their persistence probabilities were not
influenced by regulatory considerations but that doing so would not have altered their
projections; they felt that factors influencing lynx persistence on the landscape are independent
of ESA listing status (Lynx SSA Team 2016, p. 52).

Rather, we assume that although some protections could be relaxed (e.g., less
stringent analyses of project-related impacts, potential for some states to reinstitute limited
trapping/hunting harvest), that conditions for delisting would include requirements and
incentives to continue to conserve lynx and its habitats and to assure persistence of resident
lynx populations in those places that can support them on Federal, State and Tribal lands
(perhaps some private lands as well).



Scenario Options:
1 3 distinction scenarios: median high, most likely, and low estimates geographic unit. The y axis of each grid in Fig           
2 4 distinct scenarios: median high, most likely, and low estimates  + core team deviations geographic units indicated by the x axis of th          

Unit 1 -- too optimistic (10 to 20%) right the grids show the range of expert resp       
Unit 2 -- too optimistic (5 to 10%) response. Therefore, looking down a column          
Unit 6 -- too pessmistic (unsure); Note: JZ thinks experts projections here are substantially too optimistic (most likely 10-20% high at 2025; 20-40% high at mid century; and 50% high at end of century) - based on historical reco                   through time and looking across a row of grid          

3 1 scenario: present median most likely, with range of uncertainty in parentheses persistence for a given time period.

P(p)= not functional extirpation; so in 2015, 1 unit is functionally extirpated
persistence=support a resident breeding pop



         gure 7 is the probability that at least the number of
        e grid persist. The probability in a bar reaches 1

        ponses by summary selection type and probability
     n of grids provides a view of the trend in persistence

        ds provides a view of the range of uncertainty in



Option 1: 3 scenarios Please insert the median values
Please provide a list of pops persisting for each square for Table 2

Scenario 1: Median Highest Expert Judgments Scenario 2: Median Most Likely Expert Judgments Scenario 3: Median Lowest Expert Judgments

Table 1 2015 2025 2050 2100 2015 2025 2050 2100 2015 2025 2050 2100
Unit 1 1.00 1.00 0.98 0.90 Unit 1 1.00 0.97 0.80 0.50 Unit 1 1.00 0.90 0.65 0.15
Unit 2 1.00 1.00 0.90 0.70 Unit 2 1.00 0.97 0.80 0.35 Unit 2 1.00 0.92 0.60 0.05
Unit 3 1.00 1.00 1.00 0.98 Unit 3 1.00 0.98 0.90 0.78 Unit 3 1.00 0.95 0.80 0.55
Unit 4 1.00 0.95 0.90 0.73 Unit 4 1.00 0.80 0.70 0.38 Unit 4 1.00 0.70 0.50 0.10
Unit 5 0.68 0.70 0.55 0.50 Unit 5 0.50 0.52 0.35 0.15 Unit 5 0.25 0.25 0.10 0.00
Unit 6 1.00 1.00 0.95 0.88 Unit 6 1.00 0.90 0.80 0.50 Unit 6 1.00 0.75 0.50 0.18

Table 2
6 units 5 units 4 units 3 units 2 units 1 unit 6 units 5 units 4 units 3 units 2 units 1 unit 6 units 5 units 4 units 3 units 2 units 1 unit

Current 0.70 1.00 1.00 1.00 1.00 1.00 Current 0.50 1.00 1.00 1.00 1.00 1.00 Current 0.25 1.00 1.00 1.00 1.00 1.00
2025 0.70 1.00 1.00 1.00 1.00 1.00 2025 0.35 0.80 0.99 1.00 1.00 1.00 2025 0.10 0.50 0.87 0.99 1.00 1.00
2050 0.40 0.85 1.00 1.00 1.00 1.00 2050 0.10 0.45 0.80 0.95 1.00 1.00 2050 0.01 0.20 0.37 0.75 0.92 0.99
2100 0.20 0.60 0.90 0.99 1.00 1.00 2100 0.01 0.05 0.20 0.55 0.85 0.95 2100 0.00 0.00 0.00 0.05 0.25 0.75

P(persistence)= likelihood of a resident, breeding population persisting P(persistence)= P(persistence)= likelihood of a resident, breeding population persisting

P(persistence) over X years P(persistence) at year t P(persistence) over X years

P(persistence) over t years P(persistence) over at year t P(persistence) over t years

0.00

0.20

0.40

0.60

0.80

1.00

1.20

2015 2025 2050 2100

Chart Title

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6

Maybe present Table 1 as a graph instead of a table.  



Option 2: 4 scenarios (same as Option 1, but Core Team deviation) Please insert the median values
Please provide a list of pops persisting for each square for Table 2

Scenario 1: Median Highest Expert Judgments Scenario 2: Median Most Likely Expert Judgments Scenario 3: Median Lowest Expert Judgments Scenario 4: Core Team Judgments

Table 1 2015 2025 2050 2100 2015 2025 2050 2100 2015 2025 2050 2100 2015 2025 2050 2100
Unit 1 Unit 1 0.80 0.50 Unit 1 Unit 1
Unit 2 Unit 2 0.80 0.78 Unit 2 Unit 2
Unit 3 Unit 3 0.90 0.35 Unit 3 Unit 3
Unit 4 Unit 4 0.70 0.38 Unit 4 Unit 4
Unit 5 Unit 5 0.35 0.15 Unit 5 Unit 5
Unit 6 Unit 6 0.80 0.50 Unit 6 Unit 6

Table 2
6 units 5 units 4 units 3 units 2 units 1 unit 6 units 5 units 4 units 3 units 2 units 1 unit 6 units 5 units 4 units 3 units 2 units 1 unit 6 units 5 units 4 units 3 units 2 units 1 unit

Current Current 0.50 1.00 1.00 1.00 1.00 1.00 Current Current
2025 2025 0.30 0.75 0.99 1.00 1.00 1.00 2025 2025
2050 2050 0.10 0.45 0.80 0.90 1.00 1.00 2050 2050
2100 2100 0.00 0.05 0.15 0.50 0.80 0.90 2100 2100

P(persistence)= likelihood of a resident, breeding population persisting P(persistence)= P(persistence)= likelihood of a resident, breeding population persisting P(persistence)= likelihood of a resident, breeding population persisting

P(persistence) over t years

P(persistence) over X years

P(persistence) over t years P(persistence) over at year t P(persistence) over t years

P(persistence) over X years P(persistence) at year t P(persistence) over X years



Not fully developed yet…intent is to provide median most likely projections  with range in ()
Add 2015 and 2025 data, graph most likely and range as credible intervals

2015 2015 2015 2025 2025 2025 2050 2050 2050 2100 2100 2100
Med Low Med ML Med High Med Low Med ML Med High Med Low Med ML Med High Med Low Med ML Med High

Unit 1 0.20 0.00
Unit 2 0.35 0.00
Unit 3 0.90 0.10
Unit 4 0.70 0.00
Unit 5 0.35 0.00
Unit 6 0.80 0.00

p(persisten    6 units 5 units 4 units 3 units 2 units 1 unit
Current 0.5 1.0 1.0 1.0 1.0 1.0

2025 0.3 0.75 0.99 1.0 1.0 1.0
2050 0.1 0.45 0.8 0.9 1.0 1.0
2100 0 0.05 0.15 0.5 0.8 0.9

P(persistence) over at year t



1



Ex. 2A Degrees of Belief 

Threatened= Is RPBB in danger of becoming endangered (becoming in danger of extinction) within (insert timeframe)?

Provide bulleted rationale

Round 1 1 2 3 4 5
Is in danger of becoming 

Endangered in the 
foreseeable future

Not in danger of becoming 
Endangered in the foreseeable 

future T T T T T Min Max Median

#NUM! #NUM! Yes Y 0 0 #NUM!
No N 0 0 #NUM!

Round 2
Is in danger of becoming 

Endangered in the 
Not in danger of becoming 

Endangered in the foreseeable 1 2 3 4 5
T T T T T Min Max Median

#NUM! #NUM! Yes Y 0 0 #NUM!
No N 0 0 #NUM!

Round 3
Is in danger of becoming 

Endangered in the 
Not in danger of becoming 

Endangered in the foreseeable 1 2 3 4 5
T T T T T Min Max Median

#NUM! #NUM! Yes Y 0 0 #NUM!
No N 0 0 #NUM!

Which determination is 
most scientifically & 
legally defensible?

Instructions: Distribute 100 points between 2 options based on the 
"degree of belief"  that the alternative best supports the stated 
question.

Decision Maker
Alternatives

Which determination is 
most scientifically & 
legally defensible?

Alternatives Decision Maker

Alternatives Decision Maker

Which determination is 
most scientifically & 
legally defensible?



From: Zelenak, Jim
To: Szymanski, Jennifer; Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Marjorie Nelson; Jodi Bush; Justin Shoemaker
Subject: Re: Draft scenarios for lynx DM
Date: Friday, February 03, 2017 3:51:01 PM
Attachments: 2017 02 03 Lynx Decision Meeting_Agenda and Exercises jz ads.xlsx

Thanks Jennifer!

I filled in the tables in ScenOpt1 as requested based on the graphics in the SSA Report (same as in EE Workshop
Report), and I supplied my thoughts and rationale on pessimistic/optimistic in the Scenarios tab.

Core Team - please double check the tables for your geographic unit and, as Jennifer said below, call or email both
of us with questions/concerns. 

On Fri, Feb 3, 2017 at 10:37 AM, Szymanski, Jennifer <jennifer_szymanski@fws.gov> wrote:
Hi Jim,

See attached for an draft outline of SSA topics and tables to complete for the scenarios. If you
complete, the tables on tab ScenOpt1, I can do the rest.

Please forward to the core team and remind them to call or email if they have any concerns or
suggestions.

Thanks much,
Jennifer

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Liley, Stewart, DGF
Subject: Re: no extension for Draft Lynx SSA review deadline
Date: Friday, February 03, 2017 10:15:20 AM

thank you.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Feb 2, 2017 at 3:18 PM, Liley, Stewart, DGF <Stewart.Liley@state.nm.us> wrote:

Jodi,

 

Please find New Mexico Department of Game and Fish’s response to the Lynx SSP.

 

If you have any questions please feel free to contact me.

 

Stewart

 

 

Stewart Liley, Chief

Wildlife Management Division

New Mexico Game and Fish

One Wildlife Way

Santa Fe, NM 87507

Ph: 505-476-8038

stewart.liley@state.nm.us

 

Conserving New Mexico’s Wildlife for Future Generations
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CONFIDENTIALITY NOTICE: This e-mail, including all attachments is for the sole use of the intended recipient[s]
and may contain confidential and/or privileged information. Any unauthorized review, use, copying, disclosure or
distribution is prohibited, unless specifically provided under the New Mexico Inspection of Public Records Act. If
you are not the intended recipient, please contact the sender at once and destroy all copies of this message.

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, February 02, 2017 8:56 AM
To: Jonathan Mawdsley
Cc: Broscheidb@outlook.com; Craig McLaughlin - DNR; jake.ivan@state.co.us; Eric Odell; Moore,Virgil;
Sallabanks,Rex; chandler.woodcock@maine.gov; Connolly, James; jennifer.vashon@maine.gov; William
Moritz; Mason, Russ (DNR); bumpa@michigan.gov; Kennedy, Daniel (DNR);
commissioner.dnr@state.mn.us; jim.leach@state.mn.us; Paul.Telander@state.mn.us;
richard.baker@state.mn.us; john.erb@state.mn.us; kmcdonald@mt.gov; Inman, Bob;
jkolbe.fwp@gmail.com; seggeman@mt.gov; 'Glenn Normandeau; mark.ellingwood@wildlife.nh.gov;
John.Kanter@wildlife.nh.gov; jill.killborn@wildlife.nh.gov; William.staats@wildlife.nh.gov;
patrick.tate@wildlife.nh.gov; Sandoval, Alexandra J., DGF; Liley, Stewart, DGF;
rick.winslow@state.nm.us; james.stuart@state.mn.us; doug.stang@dec.ny.gov;
michael.schiavone@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us;
kimberlyasmus@utah.gov; Greg Sheehan; louis.porter@state.vt.us; mark.scott@state.vt.us;
chris.bernier@state.vt.us; director@dfw.wa.gov; jeffrey.lewis@dfw.wa.gov; Becker, Penny A (DFW);
DNRSecretary@wisconsin.gov; kurt.thiede@wisconsin.gov; sanjay.olson@wisconsin.gov;
tom.hauge@wisconsin.gov; erin.crain@wisconsin.gov; owen.boyle@wisconsin.gov;
nathanm.roberts@wisconsin.gov; shawn.rossler@wisconsin.gov; david.macfarland@wisconsin.gov;
john.white@wisconsin.gov; Scott Talbott; john.kennedy@wyo.gov; bob.lanka@wyo.gov;
zach.walker@wyo.gov; nichole.bjornlie@wyo.gov; susan.patla@wyo.gov; Gardner, Eric S (DFW);
Dixon,Rita; jhagener@mt.gov; mwilliams@mt.gov; Jen Mock Schaeffer; Mark Humpert; Jim Zelenak
Subject: Re: no extension for Draft Lynx SSA review deadline

 

Dear Colleagues.  For some reason -my message below seemed to have editing issues in the
version that was forwarded to you.  Hopefully the corrected version below is eaiser to read. 
JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Thu, Feb 2, 2017 at 7:45 AM, Jonathan Mawdsley <jmawdsley@fishwildlife.org>
wrote:
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Dear Colleagues,

 

Please note the following e-mail message from Jodi Bush at the U. S. Fish and Wildlife Service.

 

AFWA had requested a 30-day extension for the comment period on the Canada Lynx Species
Status Assessment.

 

This request has been turned down by U. S. Fish and Wildlife Service, for reasons stated in the e-
mail message below.

 

Accordingly, please make sure that you submit your comments by the original February 10th

deadline.  AFWA has agreed to help compile state agency comments on this SSA, but comments
may also be submitted directly to Jodi Bush at the U. S. Fish and Wildlife Service
(Jodi_bush@fws.gov). 

 

Sincerely,

Jonathan Mawdsley

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 01, 2017 1:28 PM
To: Jonathan Mawdsley
Cc: Jim Zelenak
Subject: Re: extension requested for Draft Lynx SSA review deadline

 

Good afternoon Jonathan.  

 

As you know, the Service is currently preparing a Species Status Assessment 

(SSA) to document a 5 year review process for the Canada lynx DPS.  If the outcome of this 5 year review is
a recommendation  that the DPS  remain listed,  we will move forward with recovery planning.  We have a
settlement agreement that calls for a final recovery plan to be completed by January 2018.  
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We are behind our schedule to meet this court mandated timeline.  

 

On March 2 and 3, we have a Service meeting where decision makers will review the SSA and consider any
comments we have received.  The outcome from that meeting will be one of three determinations: (1) keep
the DPS  status as threatened,(2) upgrade it to endangered, or (3) determine that the DPS no longer warrants
listing.  

 

Comments received later than Feb. 10 (and outside of your attempt to collate comments) and before our meeting
will still be considered but may not get the same level of consideration in the Service meeting as comments
received by Feb. 10.  

 

The draft SSA is being reviewed through a blind Peer Review process. We have also shared the draft SSA with
our Federal and Tribal partners.  It has also been shared across the range of the DPS  with our State partners in
fish and game agencies as well as other State natural resource agencies. This is a lot of comments to review
before our internal meeting.  

 

We encourage the States to provide meaningful comments regarding the scientific information as captured in
the SSA to us as soon as possible and at a minimum to you -Jonathan -by Feb. 10.  Comments received after that
point and before our March 2/3 meeting will be considered  within the SSA  as we are able.  We realize that
more time would be helpful but are unable to grant an additional 30 days review time to anyone at this time.  

 

Please note that regardless of the outcome of the 5 year review, there will be additional opportunities
to provide input, either through a recovery planning process or a proposed rule to
delist.  

 

We appreciate your interest  and participation in the lynx SSA process.  Thank you.  JB 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 



 

On Tue, Jan 31, 2017 at 10:23 AM, Jonathan Mawdsley <jmawdsley@fishwildlife.org>
wrote:

Jodi,

 

I have heard now from several of the states involved in the review of the draft Canada
Lynx SSA.  An extension of 30 days would be very helpful to them in reviewing the
document and providing constructive feedback to the Service.  Please advise if a 30 day
extension is possible and I will communicate to the state reviewers.  Many thanks in
advance for your consideration – I look forward to hearing from you.

 

With best regards,

Jonathan Mawdsley

 

Jonathan R. Mawdsley, Ph.D.

Science Advisor

Association of Fish and Wildlife Agencies

1100 First Street, NE, Suite 825

Washington, DC 20002 USA

Phone: (202) 838-3462

Cell: (202) 997-6628

Fax: (202) 350-9869

E-mail: jmawdsley@fishwildlife.org

Web: http://www.fishwildlife.org
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From: McCollough, Mark
To: Miller, Martin
Cc: Anna Harris; Mary Parkin
Subject: Re: Lynx SSA comments
Date: Monday, February 06, 2017 8:06:16 AM

Thanks Marty.  Yes, any help to reduce the work between now and early March is welcome! 
I'm sure we will have many complex responses from the dozens of people who are reviewing
the SSA and only a week or two to try to assess and address them.

Anna and I will be discussing next steps on the SSA and briefing Paul today.  We'll be in
touch.

Thanks,  Mark

On Fri, Feb 3, 2017 at 12:05 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Hi Mark - yes, I'd like to be involved.  I shared my comments with Paul, but we have not
discussed the substance of the review.

I just forwarded you an email I just sent to Jim correcting the two comments I made
regarding PECE.  I had forgotten that PECE essentially does not apply to determinations for
listed species.  The policy does not specifically say it does not apply to 5-year reviews, but
its description of what it does apply to seems to rule out it applying to any outcome of a 5-
year review (delisting, downlisting, uplisting).  So, the consequence is that formalized
conservation efforts that have not yet been implemented and/or demonstrated effectiveness
cannot not be considered, even if they satisfy PECE.  This should be good news in that it
will be less work.

Marty

On Fri, Feb 3, 2017 at 11:53 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Marty:

As you may have heard, the lynx Decision Team meeting will be in Denver March 2 and
3.  Core Team members are expected to attend and Paul is on the list to represent our RD.

Jim distributed your recent comments on the SSA to the Core Team, and we will address. 
Thanks for your clarification on the PECE-like considerations in future scenarios.  We
expect peer review, state, federal partner questions in the week or so before the Decision
meeting.

This morning, the Core Team spent two hours on a conference call/webinar with Jennifer
Szymanski to start to prepare for the Decision Team meeting.  We discussed how to
present current and future conditions and probability of persistence of lynx.  Your
comments came up several times, so we will have to be specific concerning the
assumptions used in our future probability of persistence.  It is still not clear whether we
have fully considered a future without ESA protection or US Forest Service planning for
lynx.  So we are mulling that over.  We are uncertain whether the Decision-makers think a
scenario of this type is important.  

Core Team members were encouraged to brief our respective decision-makers, especially
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concerning unique considerations for our units (ME, NH, VT), stressors, and our thoughts
on listing.  I want to talk to Anna in detail about how and when we best do this briefing
and get on Paul's schedule.  Given that you have provided some excellent input into this
SSA, would you like to be involved in our briefing with Paul before we head to Denver?

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Miller, Martin
Cc: Anna Harris; Mary Parkin
Subject: Re: Lynx SSA comments
Date: Monday, February 06, 2017 8:06:16 AM

Thanks Marty.  Yes, any help to reduce the work between now and early March is welcome! 
I'm sure we will have many complex responses from the dozens of people who are reviewing
the SSA and only a week or two to try to assess and address them.

Anna and I will be discussing next steps on the SSA and briefing Paul today.  We'll be in
touch.

Thanks,  Mark

On Fri, Feb 3, 2017 at 12:05 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Hi Mark - yes, I'd like to be involved.  I shared my comments with Paul, but we have not
discussed the substance of the review.

I just forwarded you an email I just sent to Jim correcting the two comments I made
regarding PECE.  I had forgotten that PECE essentially does not apply to determinations for
listed species.  The policy does not specifically say it does not apply to 5-year reviews, but
its description of what it does apply to seems to rule out it applying to any outcome of a 5-
year review (delisting, downlisting, uplisting).  So, the consequence is that formalized
conservation efforts that have not yet been implemented and/or demonstrated effectiveness
cannot not be considered, even if they satisfy PECE.  This should be good news in that it
will be less work.

Marty

On Fri, Feb 3, 2017 at 11:53 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Marty:

As you may have heard, the lynx Decision Team meeting will be in Denver March 2 and
3.  Core Team members are expected to attend and Paul is on the list to represent our RD.

Jim distributed your recent comments on the SSA to the Core Team, and we will address. 
Thanks for your clarification on the PECE-like considerations in future scenarios.  We
expect peer review, state, federal partner questions in the week or so before the Decision
meeting.

This morning, the Core Team spent two hours on a conference call/webinar with Jennifer
Szymanski to start to prepare for the Decision Team meeting.  We discussed how to
present current and future conditions and probability of persistence of lynx.  Your
comments came up several times, so we will have to be specific concerning the
assumptions used in our future probability of persistence.  It is still not clear whether we
have fully considered a future without ESA protection or US Forest Service planning for
lynx.  So we are mulling that over.  We are uncertain whether the Decision-makers think a
scenario of this type is important.  

Core Team members were encouraged to brief our respective decision-makers, especially
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concerning unique considerations for our units (ME, NH, VT), stressors, and our thoughts
on listing.  I want to talk to Anna in detail about how and when we best do this briefing
and get on Paul's schedule.  Given that you have provided some excellent input into this
SSA, would you like to be involved in our briefing with Paul before we head to Denver?

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Docs from Jon Fisher
Date: Monday, February 06, 2017 8:08:34 AM

Yes, I've been seeing the emails.  Lot's to do here.

My supervisor and I are meeting this afternoon to discuss briefing our ARD, Paul Phifier, who
will be attending the Decision Team meeting.  Marty Miller wants to be part of our briefing. 
So will be working on that this week...and maybe some lit cited.

Mark

On Fri, Feb 3, 2017 at 12:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Mark,

I'm assuming that you will get the docs John has been sending into the PDF folder on the drive.

Don't hesitate to contact him if there are other outstanding docs you/we need PDFs of for the SSA report- he's
very helpful.

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Docs from Jon Fisher
Date: Monday, February 06, 2017 8:08:34 AM

Yes, I've been seeing the emails.  Lot's to do here.

My supervisor and I are meeting this afternoon to discuss briefing our ARD, Paul Phifier, who
will be attending the Decision Team meeting.  Marty Miller wants to be part of our briefing. 
So will be working on that this week...and maybe some lit cited.

Mark

On Fri, Feb 3, 2017 at 12:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Mark,

I'm assuming that you will get the docs John has been sending into the PDF folder on the drive.

Don't hesitate to contact him if there are other outstanding docs you/we need PDFs of for the SSA report- he's
very helpful.

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


From: Zelenak, Jim
To: Seth Willey; Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt

Broderdorp; Mark McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann
Timberman; Anthony Tur; Brad Thompson; Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant
Canterbury; Jeff Krupka; Karl Halupka; Kate Novak; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini;
Martin Miller; Megan Kosterman; Michelle Eames; Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah
Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tyler Abbott; Wally Murphy; Dennis Mackey; Patricia Zenone;
Gary Miller; Karen Cathey; Tom McDowell; Anna Harris; Szymanski, Jennifer; David Simmons

Subject: Cancelled - Internal Lynx SSA Coordination Call
Date: Tuesday, February 07, 2017 10:56:03 AM

Hi All:

No Lynx SSA coordination call today.  As we discussed on our last call (Jan. 10), the Draft SSA Report remains out
for peer and partner review.  We expect comments to begin trickling in in the next week or so, which would give us
some time to try to wrap our heads around them so we can accurately convey them to Service decision makers at the
lynx decision meeting scheduled for early March.

You all should know we've received request from several State partners through AFWA for additional review time. 
Because you may receive similar requests, I've copied Jodi's message to Jonathan Mawdsley at AFWA, below.

Please let me know if you have any questions or need other information.  Our next internal FWS
update/coordination call is scheduled for Tues., March 7.  I'll send out a reminder a day or so ahead.

Jodi's message regarding comment deadline extension:

Good afternoon Jonathan.  
 
As you know, the Service is currently preparing a Species Status Assessment 
(SSA) to document a 5 year review process for the Canada lynx DPS.  If the outcome of this 5
year review is a recommendation that the DPS  remain listed, we will move forward with
recovery planning.  We have a settlement agreement that calls for a final recovery plan to be
completed by January 2018.  
 
We are behind our schedule to meet this court mandated timeline.  
 
On March 2 and 3, we have a Service meeting where decision makers will review the SSA and
consider any comments we have received.  The outcome from that meeting will be one of
three determinations: (1) keep the DPS  status as threatened,(2) upgrade it to endangered, or
(3) determine that the DPS no longer warrants listing.  
 
Comments received later than Feb. 10 (and outside of your attempt to collate comments) and
before our meeting will still be considered but may not get the same level of consideration in
the Service meeting as comments received by Feb. 10.  
 
The draft SSA is being reviewed through a blind Peer Review process. We have also shared
the draft SSA with our Federal and Tribal partners.  It has also been shared across the range of
the DPS  with our State partners in fish and game agencies as well as other State natural
resource agencies. This is a lot of comments to review before our internal meeting.  
 
We encourage the States to provide meaningful comments regarding the scientific information
as captured in the SSA to us as soon as possible and at a minimum to you -Jonathan -by Feb.
10.  Comments received after that point and before our March 2/3 meeting will be considered 
within the SSA  as we are able.  We realize that more time would be helpful but are unable to
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grant an additional 30 days review time to anyone at this time.  
 
Please note that regardless of the outcome of the 5 year review, there will be additional
opportunities to provide input, either through a recovery planning process or a proposed rule
to delist.  
 
We appreciate your interest  and participation in the lynx SSA process.  Thank you.  JB   

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Harris, Anna
To: McCollough, Mark
Subject: Re: Cancelled - Internal Lynx SSA Coordination Call
Date: Tuesday, February 07, 2017 11:09:32 AM

Thanks for sending Mark,

On Tue, Feb 7, 2017 at 10:59 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
A response from Helena Field Office concerning requests to extend the comment period by
the state agencies and how we will address comments that arrive after Feb. 10.  

Mark

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Feb 7, 2017 at 10:55 AM
Subject: Cancelled - Internal Lynx SSA Coordination Call
To: Seth Willey <Seth_Willey@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, Heather Bell
<heather_bell@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Jonathan Cummings
<jwcummings@usgs.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>, Mark McCollough
<mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Brady McGee
<brady_mcgee@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Lisa Solberg Schwab
<lisa_solbergschwab@fws.gov>, Ann Timberman <ann_timberman@fws.gov>, Anthony
Tur <Anthony_Tur@fws.gov>, Brad Thompson <brad_thompson@fws.gov>, Chris
Mensing <chris_mensing@fws.gov>, David Stilwell <David_Stilwell@fws.gov>, Drue
DeBerry <drue_deberry@fws.gov>, Eric Rickerson <eric_rickerson@fws.gov>, Grant
Canterbury <Grant_Canterbury@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>, Karl
Halupka <Karl_Halupka@fws.gov>, Kate Novak <kate_novak@fws.gov>, Larry Crist
<Larry_Crist@fws.gov>, Laura Ragan <Laura_Ragan@fws.gov>, Leslie Ellwood
<leslie_ellwood@fws.gov>, Mark Maghini <mark_maghini@fws.gov>, Martin Miller
<Martin_Miller@fws.gov>, Megan Kosterman <megan_kosterman@fws.gov>, Michelle
Eames <michelle_eames@fws.gov>, Paul Casey <paul_casey@fws.gov>, Paul Henson
<paul_henson@fws.gov>, Peter Fasbender <peter_fasbender@fws.gov>, Rollie White
<rollie_white@fws.gov>, Sarah Hall <sarah_hall@fws.gov>, Scott Hicks
<scott_hicks@fws.gov>, Sue Livingston <sue_livingston@fws.gov>, Tom Chapman
<Tom_Chapman@fws.gov>, Tyler Abbott <Tyler_Abbott@fws.gov>, Wally Murphy
<wally_murphy@fws.gov>, Dennis Mackey <Dennis_Mackey@fws.gov>, Patricia Zenone
<patricia_zenone@fws.gov>, Gary Miller <gary_miller@fws.gov>, Karen Cathey
<karen_cathey@fws.gov>, Tom McDowell <tom_mcdowell@fws.gov>, Anna Harris
<anna_harris@fws.gov>, "Szymanski, Jennifer" <jennifer_szymanski@fws.gov>, David
Simmons <David_Simmons@fws.gov>

Hi All:

No Lynx SSA coordination call today.  As we discussed on our last call (Jan. 10), the Draft SSA Report remains
out for peer and partner review.  We expect comments to begin trickling in in the next week or so, which would
give us some time to try to wrap our heads around them so we can accurately convey them to Service decision
makers at the lynx decision meeting scheduled for early March.
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You all should know we've received request from several State partners through AFWA for additional review
time.  Because you may receive similar requests, I've copied Jodi's message to Jonathan Mawdsley at AFWA,
below.

Please let me know if you have any questions or need other information.  Our next internal FWS
update/coordination call is scheduled for Tues., March 7.  I'll send out a reminder a day or so ahead.

Jodi's message regarding comment deadline extension:

Good afternoon Jonathan.  
 
As you know, the Service is currently preparing a Species Status Assessment 
(SSA) to document a 5 year review process for the Canada lynx DPS.  If the outcome of this
5 year review is a recommendation that the DPS  remain listed, we will move forward with
recovery planning.  We have a settlement agreement that calls for a final recovery plan to be
completed by January 2018.  
 
We are behind our schedule to meet this court mandated timeline.  
 
On March 2 and 3, we have a Service meeting where decision makers will review the SSA
and consider any comments we have received.  The outcome from that meeting will be one
of three determinations: (1) keep the DPS  status as threatened,(2) upgrade it to endangered,
or (3) determine that the DPS no longer warrants listing.  
 
Comments received later than Feb. 10 (and outside of your attempt to collate comments) and
before our meeting will still be considered but may not get the same level of consideration in
the Service meeting as comments received by Feb. 10.  
 
The draft SSA is being reviewed through a blind Peer Review process. We have also shared
the draft SSA with our Federal and Tribal partners.  It has also been shared across the range
of the DPS  with our State partners in fish and game agencies as well as other State natural
resource agencies. This is a lot of comments to review before our internal meeting.  
 
We encourage the States to provide meaningful comments regarding the scientific
information as captured in the SSA to us as soon as possible and at a minimum to you -
Jonathan -by Feb. 10.  Comments received after that point and before our March 2/3 meeting
will be considered  within the SSA  as we are able.  We realize that more time would be
helpful but are unable to grant an additional 30 days review time to anyone at this time.  
 
Please note that regardless of the outcome of the 5 year review, there will be additional
opportunities to provide input, either through a recovery planning process or a proposed rule
to delist.  
 
We appreciate your interest  and participation in the lynx SSA process.  Thank you.  JB   

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1



Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
https://www.fws.gov/northeast/mainecomplex/


Draft Lynx Recommendation  Team Meeting Agenda Outline 

Morning of Day 1 

• Presentation of the results of the SSA 
• Q & A for clarification and other questions 
• Presentation & discussion of current policy on foreseeable future, threatened and endangered, 

SPR. 

Afternoon of Day 1 

• First run through scoring of parameters that will lead to the decision.   
o For example, A question could be “Is the species in danger of extinction?” The 

participants would then, anonymously, distribute 100 points between “yes” or “no” for 
each scenario.  We would do the same for “Is the species in danger of extinction in the 
foreseeable future” and so on. 

o Bulleted rationales would also be garnered while decision-makers are scoring. 
o Responses will be compiled and displayed (anonymously) followed by a discussion of 

results and opportunity to seek clarification. 
Re-scoring and discussion repeated until all decision-makers are satisfied with their 
individual scores. 

Morning of Day 2 

• Review results of Day 1 results 
• Continue with scoring & discussion rounds until all exercises are completed.  
• Recommendation and recording of rationale.  

With this methodology, we will be able to understand how uncertainty fits into the policy determination 
(in this case, the 5 year review recommendation).  The SSA allows us to separate the policy from the 
science.  Through the SSA, we explore the nature and degree of uncertainty in the science (as there is 
always uncertainty in the science) and express a risk profile of the species within possible scenarios.  At 
the decision meeting, the science is presented and the decision makers explore the likelihood of the 
scenarios, and how the risk profile, and any uncertainty within that risk profile, meets with the policy 
definitions. 

Core team’s  Roll Options  

The SSA core team biologists from Regions 1, 6, 3, and 5 will be present to provide the background on 
the SSA and field any questions. 

 



Option 1: Both the decision makers and the core team biologists will participate in the scoring exercises 
on Day 1,as described above.  Any additional scoring on Day 2 would be done by only the decision 
makers.   

Advantage: Allows for staff biologists experience in applying the policy to the decision, yet 
separates the policy decision from the science information. 

Disadvantages: Some members have a strong desire to express their opinion on the policy call.. 

 

Option 2: The “decision-makers” will participate in the scoring exercises.  The core team will be on hand 
to answer questions but will not participate in the scoring.  

Advantages: clearly separates the science from the policy decision.   

Disadvantages: Some members have a strong desire to express their opinion on the policy call. 

 

Option 3: Both the decision makers and the core team biologists will participate in the scoring exercises 
as described above. 

Advantage: Allows for staff biologists experience in applying the policy to the decision.   

Disadvantages: This may lead to a blurring of science vs policy. 

 



From: Nelson, Marjorie
To: Jodi Bush
Subject: revised options
Date: Tuesday, February 07, 2017 12:47:42 PM
Attachments: Draft lynx agenda outline.docx

Hi Jodi, 
I'm not sure if I sent this to you yesterday, so I'm sending now.  I changed up the
options based on a conversation I had with Mike.  
let me know if you have any questions - I'll try calling you if your light turns green.
Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258

mailto:marjorie_nelson@fws.gov
mailto:jodi_bush@fws.gov
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Attachment A. 

 

Raw Data – Lynx Expert Elicitation Panel 

Responses Regarding the Probability of Persistence 



























































































































From: Inman, Bob
To: Zelenak, Jim; Bush, Jodi
Subject: Lynx SSA
Date: Tuesday, February 07, 2017 2:15:19 PM
Attachments: Montana FWP Comments on Draft Lynx Species Status Assessment Final Feb 7 2017.pdf

Hello Jim and Jodi,
 
Montana’s comments on the SSA are attached. We sent them to Johnathan at AFWA also. We
appreciate your time and effort on this and understand that it represents a team effort involving
several authors on different sections. Hopefully our comments are constructive and may help weigh
in on any questions that may have been debated within the group of authors. Please call if I can help
clarify anything.
 
Take care,
 
-Bob Inman
 
 
 
Robert M. Inman, PhD
Carnivore-Furbearer Coordinator
Montana Fish, Wildlife and Parks
1420 East 6th Ave., PO Box 200701,
Helena, MT 59620-0701
406-444-0042 (o)
406-570-5326 (c)
bobinman@mt.gov
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mailto:bobinman@mt.gov


From: Harris, Anna
To: McCollough, Mark
Subject: Re: Mark teleworking today
Date: Tuesday, February 07, 2017 2:23:50 PM

Thanks for the update Mark,

You and I can discuss Marty's comments, you don't need to sent those along - they sound
lengthy.

It might be helpful to have two briefings with Paul. I'll check in with Spencer and Karen to see
what his schedule looks like.

On Tue, Feb 7, 2017 at 1:22 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Anna:

I just finished our weekly lynx SSA call for the Core Team.  A few developments:

We discussed Marty's comments at length.  We will be able to incorporate many of his
suggestions, but he suggested some fundamental changes in how we presented current
and future scenarios.  With advice of our SSA FIT team, we are not going to be able
to accommodate Marty's more substantial comments.  (The nature of this comments
are too complicated to describe here, but I could provide you with a copy of his
comments if you wish.)  The FIT team will reach out to Marty to let him know of our
decision and assure him they will be incorporated into future SSAs.
Jim Zelenak suggested that we communicate with our respective Decision Team
representatives now and perhaps a second time after we receive many of the peer and
state comments.  I will prepare a draft of the white paper.  I'd appreciate your advice
on whether we brief Paul soon than again just before I leave for Denver OR address
everything just before we leave for the Decision Team meeting March 2, 3.

Region 6 reiterated how important this upcoming meeting is - the first time they have gone
through a structured SSA process.  

Mark

On Tue, Feb 7, 2017 at 8:21 AM, Harris, Anna <anna_harris@fws.gov> wrote:
Thanks Mark,

the wheels are in motion to have a briefing with Paul. I also added Mary Parkin at Paul's
request.

I'll send you the briefing paper template in a separate email, 

On Tue, Feb 7, 2017 at 8:15 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

no travel planned today. working on lynx briefing paper and climate change
presentation.

mailto:anna_harris@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
mailto:anna_harris@fws.gov
mailto:mark_mccollough@fws.gov


-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)
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Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Jodi Bush; Szymanski, Jennifer
Subject: Re: New Folders on Lynx SSA Drive
Date: Tuesday, February 07, 2017 5:26:43 PM

We just also received comments from State of Montana - I added them to the drive.  The bulk of the document is
copies we made available of the expert graphs from the EE Workshop, but with an "uncertainty analysis" that FWP
put together and, contrary to our review instructions, lots of commentary on listing status, DPS definition, etc.  I
suspect we will hear similar things from other partners.

Of interest, perhaps especially for Jonathan, is their assessment of the elicitation process and what they view as its
limitations. Anyway, I can think of several possible responses off the cuff, but may at some point look for help from
the elicitation gurus in drafting responses or otherwise addressing these kinds of comments.

Cheers!

On Tue, Feb 7, 2017 at 2:04 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I've added a new folder "Peer and Partner Review Jan 2017" that includes a PDF of the Draft SSA that was sent
out for peer and partner review and several subfolders for the various reviewing groups and one for the current
working draft of the SSA Report.  As review comments come in, I will move copies to the appropriate folders. 
Right now we only have Marty's and Mary's most recent comments in the "FWS Reviews" folder and a short
letter from New Mexico Dept. of Game and Fish in the "State Agency Reviews" folder. 

Core Team - please open the Google Docs version of the working draft and make sure that you can access and
edit and insert comments (do a test run/fake comment even if you have no edits or comments so I can verify that
you have access) - please use suggesting mode so all changes are visible.

Lynx SSA > SSA > SSA Documentation and Report > Peer and Partner Review Jan 2017 > Working Draft.

Please let me know if you have any trouble.  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Jodi Bush; Szymanski, Jennifer
Subject: Re: New Folders on Lynx SSA Drive
Date: Tuesday, February 07, 2017 5:26:43 PM

We just also received comments from State of Montana - I added them to the drive.  The bulk of the document is
copies we made available of the expert graphs from the EE Workshop, but with an "uncertainty analysis" that FWP
put together and, contrary to our review instructions, lots of commentary on listing status, DPS definition, etc.  I
suspect we will hear similar things from other partners.

Of interest, perhaps especially for Jonathan, is their assessment of the elicitation process and what they view as its
limitations. Anyway, I can think of several possible responses off the cuff, but may at some point look for help from
the elicitation gurus in drafting responses or otherwise addressing these kinds of comments.

Cheers!

On Tue, Feb 7, 2017 at 2:04 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I've added a new folder "Peer and Partner Review Jan 2017" that includes a PDF of the Draft SSA that was sent
out for peer and partner review and several subfolders for the various reviewing groups and one for the current
working draft of the SSA Report.  As review comments come in, I will move copies to the appropriate folders. 
Right now we only have Marty's and Mary's most recent comments in the "FWS Reviews" folder and a short
letter from New Mexico Dept. of Game and Fish in the "State Agency Reviews" folder. 

Core Team - please open the Google Docs version of the working draft and make sure that you can access and
edit and insert comments (do a test run/fake comment even if you have no edits or comments so I can verify that
you have access) - please use suggesting mode so all changes are visible.

Lynx SSA > SSA > SSA Documentation and Report > Peer and Partner Review Jan 2017 > Working Draft.

Please let me know if you have any trouble.  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Smith, Tamara
To: Zelenak, Jim
Cc: Mark McCollough; Bryon Holt; Kurt Broderdorp; Heather Bell; Mary Parkin; Jonathan Cummings; Justin

Shoemaker; Jodi Bush; Szymanski, Jennifer
Subject: Re: New Folders on Lynx SSA Drive
Date: Tuesday, February 07, 2017 6:08:57 PM

(Fake) suggested edits and comments worked fine for me.

On Tue, Feb 7, 2017 at 3:04 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I've added a new folder "Peer and Partner Review Jan 2017" that includes a PDF of the Draft SSA that was sent
out for peer and partner review and several subfolders for the various reviewing groups and one for the current
working draft of the SSA Report.  As review comments come in, I will move copies to the appropriate folders. 
Right now we only have Marty's and Mary's most recent comments in the "FWS Reviews" folder and a short
letter from New Mexico Dept. of Game and Fish in the "State Agency Reviews" folder. 

Core Team - please open the Google Docs version of the working draft and make sure that you can access and
edit and insert comments (do a test run/fake comment even if you have no edits or comments so I can verify that
you have access) - please use suggesting mode so all changes are visible.

Lynx SSA > SSA > SSA Documentation and Report > Peer and Partner Review Jan 2017 > Working Draft.

Please let me know if you have any trouble.  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell
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From: Smith, Tamara
To: Zelenak, Jim
Cc: Mark McCollough; Bryon Holt; Kurt Broderdorp; Heather Bell; Mary Parkin; Jonathan Cummings; Justin

Shoemaker; Jodi Bush; Szymanski, Jennifer
Subject: Re: New Folders on Lynx SSA Drive
Date: Tuesday, February 07, 2017 6:08:57 PM

(Fake) suggested edits and comments worked fine for me.

On Tue, Feb 7, 2017 at 3:04 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I've added a new folder "Peer and Partner Review Jan 2017" that includes a PDF of the Draft SSA that was sent
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Right now we only have Marty's and Mary's most recent comments in the "FWS Reviews" folder and a short
letter from New Mexico Dept. of Game and Fish in the "State Agency Reviews" folder. 

Core Team - please open the Google Docs version of the working draft and make sure that you can access and
edit and insert comments (do a test run/fake comment even if you have no edits or comments so I can verify that
you have access) - please use suggesting mode so all changes are visible.

Lynx SSA > SSA > SSA Documentation and Report > Peer and Partner Review Jan 2017 > Working Draft.

Please let me know if you have any trouble.  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell
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STATE OF WYOMING 

WYOMING LYNX INVENTORIES 
COMPLETION REPORT 

NONGAME MAMMALS - Species of Special Concern 
Lynx 

PERIOD COVERED: 15 April1999- 14 April2000 

PREPARED BY: Tom Laurion, Nongame Biologist 
Bob Oakleaf, Nongame Coordinator 

INTRODUCTION 

c 

c· 

Lynx (Lynx lynx) have been present in Wyoming prehistorically (Kurten and 
Anderson 1980) and historically (Reeve 1986), and the species persists. Lynx were 
protected by Wyoming State Statute in 1973. The Wyoming Game and Fish Department 
(Department) Nongame Program lists the lynx as a Species of Special Concern 2 
primarily due to the relatively unknown status of the Wyoming population and the 
perceived threat to its habitat. Lynx were a low priority for inventories because its 
protected status was mistakenly assumed to mitigate factors that might cause population ( 
declines. It is also a U.S. Forest Service (USFS) Region 2 Sensitive Species, and a 
Convention on International Trade of Endangered Species (CITES) Appendix II species. 
On 24 March 2000, the U.S. Fish and Wildlife Service (USFWS) published a final rule in 
the Federal Register to list the lynx as a threatened species in the contiguous United 
States under the Endangered Species Act. This action will take affect on 24 April 2000. 

Historical records document resident populations of lynx in 17 northern and western 
states. Presently, the species is confirmed as breeding in only Wyoming, Idaho, 
Montana, Washington, and Maine. Colorado implemented a reintroduction program in 
February of 1999. Lynx are still relatively common in portions of Alaska and Canada. ( 

Surveys for lynx in the Shoshone National Forest (SNF) were initiated during the 
winter 1995/1996, and were cooperatively funded by the SNF and Department. 
Difficulties locating lynx in the SNF and a fruitless trapping effort during that first winter 
prompted Department funded surveys, lynx capture, and radio telemetry in the Wyoming 
Range portion ofthe Bridger-Teton National forest (BTNF) in western Wyoming 
(Laurion et a!. 1997). This area was known to have had a healthy breeding population in 
the late 1960s and early 1970s (B. Neely and J. Welch, pers. comm.). Although much 
reduced from that period, reproducing lynx remained and provided an opportunity to 
monitor individuals through radio telemetry and develop survey skills for the SNF and 
BTNF. Surveys funded cooperatively between the BTNF and Department began during 
the winter 1998/1999. Surveys during the 1999/2000 reporting period were funded by 
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the SNF, BTNF, Department, and the USFS Rocky Mountain Research Station (RMRS) 
in Missoula, Montana. 

The purpose of this report is to compile recent information on lynx in Wyoming, 
and summarize survey and monitoring results. 

METHODS 

Snow Track Survevs 

Surveys for lynx tracks were conducted primarily with snowmachines on roads, and 
to a large extent adjacent to, but off of, these established routes. Department personnel 
searched for lynx in 4 general areas (Fig. 1) during the period December 1999 through 
April2000. The 4 general areas were: 

1) Dubois CSNF)- Horse, Burroughs, Long, Warm Springs, and Sheridan Creeks 
drainages. 
2) Merna CBTNF)- Pass, Horse, Spring, Lead, Dry Beaver, South Beaver, Chall, North 
Fork Middle Beaver, North and South Cottonwood Creeks drainages. 
3) Upper Green River (BTNF)- Gypsum, Moose, Wagon, Tepee, Tosi, Lime, Eagle, 
Rock, and Twin Creeks drainages. 
4) Lower Greys River (BTNF)- Lower Greys River proper, Little Greys River, BuU 
Hollow, Blind Bull Creek, and Squaw Creek drainages. 

Four additional routes were surveyed 1 time each. The Flagg Ranch road in the 
Targhee National Forest was surveyed on skis (S. Patla, pers. comrn.). Three routes, 1 on 
Salt River Pass administered by the Bureau of Land Management (BLM), 1 in the Hams 
Fork area of the Wyoming Range (BTNF), and 1 in the Mill/Jack Creek area of the Upper 
Hoback River drainage (BTNF) were surveyed on snowmachine. 

Hair Snagging Carpet Pads 

Following the protocol ofMcKelvey et al. (1999), 2 grid arrays of25 sites each 
were laid out in the SNF (Fig. 2). One grid was in the Dubois area (Fig. 3), and the other 
in the Beartooth/Sunlight Basin area (Fig. 4 ). The sites were spaced 3.2 km (2 mi) from 
each other within the grid. Each site consisted of 5 stations which were spaced 100 m 
328 ft) apart on a transect proceeding downhill from the plot's #1 station [therefore, the 
transects are 400 m (1312 ft) long]. Each station consisted of a 10 x 10 em (3.94 x 3.94 
in.) carpet pad with 12 to 15, 3 em (1.18 in.) roofing nails penetrating it (the heads of the 
nails against the back of the carpet), and nailed to a tree 45.7 em (18 in.) above ground 
level. Initially, 10 cc of lure was applied to each carpet pad. The lure was a mixture of 
beaver (Castor canadensis) castorium, 90 drops of pure catnip (Nepeta cataria) oil per 
0.23 L (0.06 gal) of the castorium, propylene glycole at 1:6, and glycerine at 1:6. Dried 
and chopped catnip leaves were put on the pads at 7 gm (0.25 oz) per pad. A 23 em (9 
in.) aluminum pie plate used as a visual attractant hung from a 40 em (15.75 in.) piece of 
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fine wire with a swivel in the middle. The wire hung from a loop bent at the terminus of ( 
a piece of baling wire attached to a tree limb above and in front of the carpet pad on the 
tree trunk. The pie plate hung at about shoulder height. Another piece of carpet, 5 x 5 
em (1.97 X 1.97 in.), without nails, was pierced through the center with the baling wire, 
and sat on the loop at the fine wire/baling wire junction, backing side down. This piece 
of carpet received the same amount of lure as the hair snagging carpet on the tree trunk. 

Animals, preferably lynx, were attracted to the station and induced to rub on the pad 
nailed to the tree. The stations were visited at 2 weeks to re-scent the pads with 5 cc of 
the lure, and collect hair samples caught on the nails. Hair was removed with care not to 
contaminate the samples with foreign material or DNA. They were visited again at 4 
weeks to collect hair samples, disassemble, and remove each station. ( 

Krebs et a!. (1986) Snowshoe Hare Pellet Transects 

Five transects of 600 m (1969 ft) each were laid out in the Horse Creek/Pass Creek 
area in the Wyoming Range, and 4 transects of750 m (2461 ft) each were laid out in the 
Horse Creek/Burroughs Creek area near Dubois during the summer of 1996. Transects of 
900 m (2953 ft), 750 m (2461 ft), 600 m (1969 ft), and 600 m (1969 ft) were laid out in 
the Muddy Creek area of the Beartooth Mountains during the summer of 1997 (Fig. 5). 
Each transect contained quadrats of5.08 x 305 em (2 x 120 in.) [0.155 m2 (0.19 yd2

)] 

spaced every 30m (98 ft). These quadrats (N=300) were cleared of hare pellets at the 
time of transect layout; pellets were then counted and cleared once each year in late June 
or early July. ( 

A comparative year-to-year index was calculated with software provided by Dr. 
Krebs, which uses a log( e) -log( e) regression: log(hares) = 0.888962 x log(pellets)-
1.203391 with correction for bias from Sprugel (1983). 

Care was taken with the assistance of the USFS to place the transects in areas that 
were safe from logging, as these data should be collected over a period of at least 10 
years. 

Lvnx Radio Telemetry 

Utilizing both aerial and ground techniques, an effort was made to get locations on 
the transmitered lynx at least once per week, and if possible twice per week. Home range 
was calculated using the 95% and 50% confidence region adaptive kemal (Worton 1989) 
component of the CALHOME (Kie eta!. 1994) home range analysis program. 
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RESULTS 

Snow Track Surveys 

In the 4 intensively surveyed areas, 2658 km (1661 mi) were surveyed (Table 1). In 
the Dubois area, 672 km (420 mi) were surveyed. In the Merna area, 1350 km (850 mi) 
were surveyed. The Upper Green River received an effort of 366 km (229 mi), and the 
Lower Greys River 259 km (162 mi). 

The 4 other areas were surveyed an additional146 km (91 mi); the breakdown 
being Flagg Ranch 26 km (16 mi), Salt River Pass 38 km (24 mi), Hams Fork areas 58 
km (36 mi), and the Mill/Jack Creek area 24 km (15 mi). 

In the Dubois area, there was a sighting reported on the Long Creek road between 
the West Fork and Middle Fork of Long Creek, on or around 18 February 2000 (F. 
Meyer, pers. comm.). Searches with and without the informant present produced no lynx 
tracks. No lynx tracks were found in the Dubois area during the 1999/2000 search 
period. 

On 3 occasions, track intersects ofnontransmitered lynx were found in the Merna 
area: a single set of tracks, possibly a male, on 10 December 1999; a female and single 
juvenile on 7 January 2000; and, what appeared to be from weathered tracks, a single 
female on 2 February 2000. A track in poor condition found on 5 April2000 in South 
Cottonwood Creek was thought to be a male lynx and could have been made by the 
transmitered male. Lynx tracks were not found in the Upper Green River. 

No tracks were found on the Flagg Ranch Road, and Mill/Jack Creek routes. On the 
Hams Fork route, the transmitered male lynx tracks were found. There was an 
unconfirmed report oflynx tracks by a BLM contractor (G. Beauvais, pers. comm.) in the 
Water Canyon drainage of the Salt River Pass area. 

The RMRS, BTNF, and Department hired 4 additional technicians to survey the 
entire Wyoming Range during the winter of 1999/2000 in an attempt to bolster the 
transmitered lynx sample size (results of this survey are reported by RMRS, Missoula, 
MT). No new lynx were collared or verifiably located. The weather conditions were 
generally not favorable, with either lack of fresh snow or frequent windy days when it did 
snow. 

Hair Snagging Carpet Pads 

No lynx were detected on either of the SNF grids. One bobcat (Lynx rufus) was 
detected on the Dubois grid. 

111 



Pellet Transects 

The Krebs snowshoe hare pellet transects were tallied and cleared in 1997, 1998, 
1999, and 2000 (Table 3). Densities for snowshoe hares in the Wyoming Range were 
0.66, 1.36, 1.18, and 1.33 hares/hectare (0.26, 0.55, 0.47, and 0.53 hares/acre) for 1997, 
1998, 1999, and 2000, respectively. Densities in the Dubois area were 0.77, 0.80, 0.55, 
and 0.76 hares/hectare (0.31, 0.32, 0.22, and 0.30 hares/acre) for the same years, 
respectively. Beartooth transects were established I year later, so data are not available 
from 1997. Densities for 1998, 1999, and 2000 were 0.21, 0.28, and 0.35 hares/hectare 
(0.08, 0.11, and 0.14 hares/acre), respectively. 

Lvnx Radio Telemetry 

The adult male lynx was originally captured on 6 December 1996, recaptured on 20 
December 1997 to replace the !-year-battery transmitter, and recaptured again on 13 
November 1998. The adult female originally captured on 15 March 1997 was recaptured 
on 19 November 1997 (also to replace the !-year collar), and recaptured again on 23 
November 1998. Recapture in 1998 replaced the !-year collars on both lynx with 2-year 
collars, which will be due for replacement in November of2000. 

( 

( 

A total of 206 locations for the male and 188 locations for the female have been 
collected as of this date. Home range calculations were not performed for the male 
because of the large area covered in the apparent non-home range like movements (Fig. 
6). These figures reflect movements away from the previously calculated home range for ( 
this individual (Laurion and Oakleaf 1999). It spent more than 6 months during the 
reporting period outside those home range bounds, and made multiple forays into the 
expansion/exploritory areas. The 95% and 50% confidence regions for the female were 
113.6 km2 (43.8 mi'}, and 18.49 km2(7.13 mi2

) respectively (Fig. 7). 

On 11 June 1999 the female was located at her den site with 2 kittens approximately 
14-18 days old. They were not handled so their sex was not determined. The last date 
both kittens were known to be with the female was 7 January 2000. A single kitten was 
on site when the adult female was found dead on 2 March 2000. The necropsy 
determined that she had starved. Contributing factors were undetermined. It is not c· 
known if either of the kittens survived. ·· · 

DISCUSSION 

Snow Track Surveys 

Surveys for lynx were conducted in all or most of these areas during the winters of 
1995/1996 (Laurion eta!. 1997), 1996/1997 (Laurion 1998), 1997/1998 (Laurion and 
Oakleaf 1998), and 1998/1999 (Laurion and Oakleaf 1999). 
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Snowmachine surveys carried out by Department personnel over the past 5 winters 
were 2680 km (1675 mi) for 1995/1996 (Laurion eta!. 1997), 4000 km (2500 mi) for 
199611997 (Laurion 1998), 4443 km (2777 mi) for 1997/1998, 3661 km (2288 mi) for 
199811999, and 2778 km (1736 mi) for 1999/2000. Snowshoe and ski route surveys for 
the same periods were 80 km (50 mi), 224 km (140 mi), 203 km (127 mi) (Stevenson 
1997, D. Stevenson pers. comm.), 81.6 km (51 mi), and 26 km (16 mi), respectively. The 
summation of this survey effort is 21,015 km (12,609 mi), which yielded numerous new 
lynx records early, but fewer and fewer in later years. The survey has benefited greatly 
from observations shared by non-survey personnel. Other benefits have been experience 
and familiarization with snow tracking, winter habitat use and associations with 
snowshoe hares, and incidental observations of interspecific relationships. Experience, 
coupled with the ability to rapidly survey a long route of -160 km ( -1 00 mi) in 1 day are 
valuable assets in this survey work. This would apply, of course, to non-wilderness areas 
of the National Forest system in which most of the lynx have been located. 

Hair Snagging Carpet Pads 

Along with the 2 SNF grids, there was a single grid maintained by the USFS, on the 
Merna study area of the BTNF. There were no lynx detected on that grid, although there 
were an additional5 bobcats, and a cougar (Felis concolor) detected. 

Having a slight snow cover is helpful in identifying that lynx and bobcat can be 
present on the transects, but apparently not induced to rub on the carpet pad (Laurion and 
Oakleaf 1999). This would seem not to be a favorable trait for a survey technique when 
low numbers of lynx with large home ranges are present in an area but are not being 
detected. The transmitered female reduced and localized its home range and was not 
detected by a sampling site within that home range. The RMRS is planning to continue 
these trials for 2 more years in an attempt to eliminate these problems. 

Snowshoe Hare Pellet Plots 

Tallies from these Wyoming transects reflect, albeit guardedly, densities reported in 
the Northwest Territories (Poole 1994), and in Yukon (Mowat eta!. 1996) at snowshoe 
hare population lows. We intend to view our data as an index of snowshoe hare 
population densities that can be collected over time in an efficient and economical 
manner (Forys and Humphrey 1997). Snowshoe hare home range size in the fragmented 
habitat of Wyoming may be larger than those in more homogenous study sites of British 
Columbia, Northwest Territories, and the Yukon; therefore, direct comparison of 
densities may not be valid. Currently, work is being done in Idaho and Montana to test 
the validity of the Krebs Plots in the southern Rocky Mountains. Preliminary results of 
the Idaho study say that Krebs plots overestimate hare numbers (D. Murray, pers. 
comm.), while the Montana study suggests that Krebs plots underestimate hare numbers 
(J. Squires, pers. comm.). Some mark/recapture work was done on the Merna study site 
during the summer of 1999; these data are reported and maintained by the RMRS. 
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Lvnx Capture And Telernetrv 

The Merna study area was chosen because of the numerous historic records, 
including at least 18 lynx trapped in that area and north to the Hoback Rim during a few 
months in 1972. Initially, due to very limited funding, we decided to collar 2 lynx in an 
effort to monitor the local population that may use all or parts of the home ranges of the 2 
collared animals. The large home ranges of the 2 collared lynx (reflective offew 
snowshoe hares) overlapped almost completely, so identifying noncollared individuals 
tracks during winter was generally workable. During the winter of 1997/1998, it was 
estimated there were 5 to 7 lynx in the area, which included the 2 transmitered 
individuals. That estimate has been reduced to a liberal estimate of 1 to 3 after the 
1999/2000 winter. 

Analysis of telemetry data is being conducted by the RMRS. 

CONCLUSIONS AND RECOMMENDATIONS 

C' 

c 

The prime consideration for lynx is habitat for snowshoe hares (L. Keith, pers. 
comm.). Wyoming's hare habitat situation is one of natural fragmentation, and the 
additional fragmentation caused by logging and possibly grazing. This situation can 
cause larger snowshoe hare home ranges, which leads to more movement by residents 
and dispersing juveniles through habitat with little cover, which greatly increases 
predation rates (Dolbeer and Clark 1975, Sievert and Keith 1985, Villafuerte et al. 1997). ( 
In Michigan, Conroy eta!. (1979) found that hare activity was positively correlated with 
distance from lowland coniferous-hardwood types and favorable habitat interspersion. 

The habitat variable that has consistently been shown to relate to higher hare 
densities (Bookout 1965, Buehler and Keith 1982, Wolfe 1980, Wolfe eta!. 1982, 
Carreker 1985, Murrey eta!. 1994), and protection from predation (Small and Keith 
1992) is horizontal cover. Koehler and Aubry (1994) proposed a 2:40% horizontal cover 
figure. Fuller and Heisey (1986) found that balsam fir (Abies balsamea) and white spruce 
(Picea glauca) provided low, dense cover that was occupied by hares during all phases of 
the hare population cycle. Good understory density can create refugia critical to hare 
survival during low population periods (Keith and Windberg 1978, Wolff 1980, Litvaitis 
et al. 1985, Poole 1994), in late winter at snow maximum, and during extremely cold 
periods. Yukon work suggests the best snowshoe hare habitat is dense regenerating 
coniferous, pine/spruce/fir inclusive (G. Mowat, pers. comm.). This regeneration can 
take place in existing old growth understory, burn sites, or cutblocks. In these potential 
feeding sites of regenerating conifer [lodgepole pine (Pinus contorta) in this area], the 
recommendation to increase use and survival for snowshoe hares might be to mimic a 
blow down, disease, or post-bum situation with logs and debris on the ground. If slash 
must be piled, it probably would be better to place it near the edges of the cut areas 
(Conroy eta!. 1979). The regeneration areas may also be managed with minimum 
thinning to maintain density and retard the self-pruning process or, conversely, thinning 
often to retard self-pruning but maintain density. 
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There are numerous caveats that could be applied to this management in Wyoming 
that are taken from other studies. Each study applies their recommendations to that 
geographic area, and points to the need for investigations in other locations. A snowshoe 
hare habitat research project is needed for this region of Wyoming. · 

Kitten survival on the Merna study site is, at this point, thought to be a rare 
occurrence. The transmitered female had a litter of 4 kittens in late May of 1998; none of 
these survived. It appeared from the lack of uterine scars (Mowat et a!. 1996) that the 
female capture mortality had not been pregnant the previous breeding season. Obviously 
there is a problem with recruitment. 

The direct approach would be to implant transmitters in the kittens (G. Mowat, pers. 
comm.) and determine if starvation or predation is causing lynx kitten mortality. This is 
being done in Norway and Sweden on the Eurasian lynx (Lynx lynx) (H. Andren and R. 
Andersen, pers. comm.) but has not been done on bobcat or lynx in North America. Our 
feeling is that this procedure is somewhat aggressive and invasive for our low and 
sensitive population level. Montana's more resilient (relatively speaking) population 
might be a better candidate to work out the procedure, and then apply it here. Or, apply 
the same rehearsal procedures on bobcats (Felis rufos) in the Merna area and learn if 
bobcat kittens are surviving where lynx kittens are not, and why. 

Heterospecific competition from coyotes (Canis latrans) (Murry and Boutin 1991) 
and bobcats (Parker et a!. 1983, Litvaitis et a!. 1986), along with possible agonistic 
interactions, including interference competition with bobcats, should be investigated. 
Human activities have probably increased the number of coyotes in lynx habitat; i.e. 
roads, snowmachine trails, grazing, xerification, associated deborealization through 
extensive clear cutting (Beauvais 1997), and wolf removal. Low fur prices causing a 
general lack of human related mortality accentuate these aspects of habitat alteration 
positively for coyotes. Applying GIS telemetry technology to coyote movements would 
go a long way in identifying travel patterns (snowmachine trails?) and, possibly, habitat 
use. 

Fire, logging, grazing, recreation, hunting, and trapping all affect lynx and their 
prey, both positively and negatively. How and to what degree to regulate and manage 
these activities is the challenge and goal to viably maintain lynx in Wyoming. The target 
ofthis endeavor might be to maintain a native lynx population in Wyoming, by whatever 
means, until a positive snowshoe hare and lynx response to both the conifer regeneration 
post 1988 Yellowstone National Park fires and wolf reintroduction is seen within that 
refugium. 
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I 
Table I. Snow track surveys for lynx (Lynx lyitX) conducted by Wyoming Game and 
Fish Department personnel on the Shoshone National Forest (SNF), Bridger-Teton 
National Forest (BTNF), and Targhee National Forest (TNF) in western Wyoming 
during the winter of 1999-2000. · 

Survey Area' 

Dubois-SNF 

Horse/Burroughs 
Creek 

Long Creek 

Warm Springs/ 
Sheridan Creek 

MER.~A-BTNF 

Survey 
Date 

26Jan00 
l!FebOO 

25Jan00 
16Feb00 
20Feb00 
29Feb00 
4Apr00 

29Jan00 
17Feb00 
18Feb00 
13Mar00 
3Apr00 

!0Dec99 
22Dec99 

7Jan00 
2Feb00 

22Feb00 
23Feb00 
24Feb00 

2Mar00 
3Mar00 
6Mar00 

IOMarOO 
!5Mar00 
21Mar00 
22Mar00 
23Mar00 
25Mar00 
30Mar00 
31Mar00 

5Apr00 
6Apr00 
7Apr00 

Distance 
(km) 

32.0 
67.2 

41.6 
48.0 
40.0 
54.4 
57.6 

67.2 
67.2 
68.8 
43.2 
84.8 

35.2 
83.2 
28.8 
28.8 
81.6 
65.6 
65.6 
46.4 
65.6 
35.2 
60.8 
78.4 
67.2 
76.8 
108.8 
72.0 
67.2 
97.6 
60.8 
51.2 
41.6 

Mode 

smb 
sm 

sm 
sm 
sm 
sm 
sm 

sm 
sm 
sm 
sm 
sm 

sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
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Lynx Tracks 
Found' 

N 
N 

N 
N 
N 
N 
N 

N 
N 
N 
N 
N 

y 
N 
y 
y 
y 
N 
N 
N 
N 
y 
N 
N 
N 
N 
N 
N 
N 
N 
y 
N 
N 



Table 1. Continued. ( ~, 

Survey Distance Lynx Tracks 
Survey Areaa Date (km) Mode Found' 

U1mer Green 9Mar00 81.6 sm N 
River-BTNF 14Mar00 112.0 sm N 

16Mar00 94.4 sm N 
24Mar00 78.4 sm N 

Lower Grevs ( 
River- BTNF' 6Mar00 11.2 sm N 

7Mar00 28.8 sm N 
8Mar00 14.4 sm N 
IOMarOO 17.6 sm N 
14Mar00 14.4 sm N 
15Mar00 14.4 sm N 
17Mar00 14.4 sm N 
21Mar00 14.4 sm N 
22Mar00 72.0 sm N 
23Mar00 43.2 sm N 
24Mar00 14.4 sm N 

Salt River Pass- 8Feb00 38.4 sm N ( BLM' 

Hams Fork-BTNF 9Feb00 57.6 sm N 

Mill/Jack Creek 4Feb00 24.0 sm N 
BTNF 

Flagg Ranch Road- 9Mar00 26.0 ski N 
TNF' 

' Exact location of survey routes and details of each survey are maintained by the Department's ( 
N ongarne Program in the Lander Regional Office. 

b sm=snowmachine 
' Track intersects oftransmittered lynx were not recorded. 
d BLM=Bureau of Land Management 

Surveys conducted by S. Patla (Department). 

l 
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Table 2. Dates and locations of samples taken from hair snagging stations on the Shoshone 
National Forest, Wyoming, during the period 18 August 1999 through 13 October 1999. 

Dubois Beartooth/Sunlight 

Date Site/Station Date Site/Station 
6Sep99 2/#1 20Sep99 8/#4 
9Sep99 20/#3 8/#4 
12Sep99 13/#4 9/#3 
16Sep99 11#2 10/#4 

4/#2 29Sep99 16./#5 
4/#5 24/#5 

17Sep99 2/#1 40ct99 6/#4 
3/#5 8/#3 

21Sep99 20/#5 11/#4 
20/#3 120ct99 13/#3 
24/#4 130ct99 25#4 
24/#4 

Table 3. Snowshoe hare (Lepus americanus) density index's (hares/ha) 
calculated using Kreb's pellet plots for 3 locations in northwestern 
Wyoming. 

1997 1998 1999 2000 

Merna 0.66 1.36 1.18 1.33 

Dubois 0.77 0.8 0.55 0.76 

Beartooth 0.21 0.28 0.35 

121 



3~ '1 "-----'" /l 

Yellowstone \ 

National 

Park 

{ 
? 

~ ' ) 1_, 

· /Shoshone r 
('_ ·I" 

v--1 National l 
~.i 

·Forest ( ~~\ 
\_,·· ( 

""! 
; 

i ) 

' ~ ~ { {/w, .-
~-

,..,_ J ~ .? ~ '. .---OYOOis '"'' )' ")~·~ C, ( (" Bridger-Teton ~ ~ 
)~ ~ "'\ \../"\ 0, , I ' National \ ; 

Lower Gr~ysRiver \' U \~"I R' 
lT"))~- ~pper~ 1ver 

~"l»Merna Ll-~ \ 

l ~ 
r F(Jrest r " '( 
i . ': \. 

I ' 
··~ 

I
I'; \ \ 

·-.........l., : '-'-. ·--.. 

I !J L' ~ ! ~ ~ 

·-l r 
"'--'U 

c 
N 

( 

( .. 

Fig. 1. Lynx snow track survey areas searched by Wyoming Game and Fish Department 
personnel, from December 1999 through April 2000, in northwest Wyoming. 

( 

122 



Beartooth/r=S..;;u_nl~ig~h:.:.t --~, 
. : .. 

. 1. • .. ··-··· •• •. 
• •• .... ' .... ' ··-·· •• 

· <Niitlonar 

Forest 

.Cody 

N 

A 

• Lander 

Fig. 2. Lynx hair-snagging survey grid locations, Shoshone National Forest, 
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STATE OF WYOMING 

WYOMING LYNX INVENTORIES 
COMPLETION REPORT 

NONGAME MAMMALS - Species of Special Concern 
Lynx 

PERIOD COVERED: 15 April1997- 14 April1998 

PREPARED BY: Tom Laurion, Nongame Biologist 
Bob Oakleaf, Nongame Coordinator 

INTRODUCTION 

Lynx (Lynx canadensis) have been present in Wyoming prehistorically (Kurten and 
Anderson 1980), historically (Reeve et al. 1986), and the species persists (Fig. 1). Lynx 
were protected by Wyoming State Statute in 1973. The Wyoming Game and Fish 
Department (Department) Nongame Program lists the lynx as a Species of Special 
Concern 2, primarily due to the relatively unknown status of the Wyoming population and 
the perceived threat to its habitat. Lynx were a low priority for inventories because its 
protected status provided some safeguards, and it was mistakenly assumed that large 
expanses of designated wilderness areas provided secure habitat. The U.S. Forest Service 
(USFS) Region 2 lists the lynx as a Sensitive Species, and it is a Convention on 
International Trade of Endangered Species (CITES) Appendix II species. Recently, the 
U.S. Fish and Wildlife Service (USFWS) proposed listing the lynx in the contiguous 
United States under the Endangered Species Act as threatened species (Federal Register 
1998). A public hearing period of3 months will ensue, culminating with a final listing 
determination. 

Historical records document resident populations oflynx in 16 northern and western 
states; however, at present the species is confirmed as breeding in only Wyoming, 
Montana, Washington, and Maine. Lynx are still relatively common in portions of Alaska 
and Canada. Colorado and Idaho are in the planning stages for reintroduction efforts in 
the near future. 

Surveys for lynx were initiated in the Shoshone National Forest (SNF) during winter 
1995/1996. Surveys were cooperatively funded by the Department and SNF. When few 
lynx were located on the SNF, the Department funded lynx surveys in the Wyoming 
Range, Bridger-Teton National Forest (BTNF). A healthy breeding population occurred 
in this area during the early 1970s (B. Neely and J. Welch, pers. comm.). Although much 
reduced, a reproducing population remains and provided an opportunity to monitor 
individuals and develop survey skills for the SNF and other portions of the BTNF. 
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The purpose of this report is to compile recent information on lynx in Wyoming, 
summarize survey and monitoring results, and detail results of recent work. 

METHODS 

Snow Track Surveys 

Surveys for lynx tracks were conducted with snowmachines on preexisting 
snowmachine routes and, to a larger extent, areas adjacent to, but off ot; these established 
routes. Search areas were associated with historic lynx locations, snowshoe hare (Lepus 
americanus) presence, areas identified with a GIS generated habitat map (Fig. 2), or 
compatible habitats identified during previous searches in the winters of 1995/1996 and 
1996/1997 (Laurion et al. 1997, Laurion 1998). 

A wilderness area snowshoe survey route was established (D. Stevenson pers. 
comm.) on the Soda Fork near Moran. In addition, 8 "camera-trap" stations were set up 
within walking distance of roads in the Jackson Hole basin. 

Snowshoe Hare Transects 

( 

( 

Five snowshoe hare turd transects (Krebs et al. 1987) of600 m (1969 ft) each were c· 
established in the Horse Creek/Pass Creek area, Wyoming Range. Four transects of 750 
m (2461 ft) each were laid out in the Horse Creek/Burroughs Creek area near Dubois. 
Four transects of900 m (2952 ft), 750 m (2460 ft), 600 m (1969 ft), and 600 m (1969 ft) 
were laid out in the Muddy Creek area in the Beartooth Mountains (Fig. 3). Each transect 
contained quadrats of5.08 x 305 em (2x 120 in.) [(0.155m2

) (1.7 ft2
)] spaced every 30m 

(96 ft). These quadrats (N=300) are cleared of hare turds when transects are established. 
Turds are then counted and cleared once a year in late June. Hare densities are calculated 
for each of the 3 areas (Slough and Mowat 1996). Transects were located in areas where 
logging is not planned by the USFWS, as these data should be collected over a period of 
at least 10 years. 

Lynx Capture and Subsequent Radio Telemetry 

Lynx in the Horse Creek area of the Wyoming Range were located by searching for 
their tracks in snow. They were captured utilizing Walker Hounds, which pursued and 
treed lynx after being released on tracks. Treed lynx were darted with a plastic, 
pneumatically pressurized syringe/ dart shot from a C02 pressurized scoped rifle (Wildlife 
Pharmaceuticals, Ft. Collins, CO.). Telazol®(Fort Dodge Labs. IA) at 5mg/kg (Poole et 
al. 1993) was used to anesthetize the lynx. Drugged lynx were either caught with a large 
net-like piece of material held by 2 or 3 people, or a person climbed the tree and lowered 
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the lynx with a rope. Radio transmitters (Telonics, Mesa, AZ.) were fitted. Blood, hair, 
and standard measurements were collected from all processed lynx. 

Locations oftransmittered lynx were recorded from the ground at least once per 
week and, if possible, twice per week. Some locations were collected with the assistance 
of aircraft. Home range was plotted using the 95% and 50% confidence region adaptive 
kernal (Worton 1989) component of the CALHOME (Kie et al. 1994) home range 
analysis program. 

RESULTS 

Snow Track Surveys 

Approximately 2055 km (1277 mi) of maintained snowmachine routes and 2400 km 
(1500 mi) of nonmaintained trails were searched in 12 survey areas (Fig. 4) from October 
1997 to April1998 (Table 1). Lynx tracks were encountered on 6 occasions. These 
statistics do not include the Horse Creek study area. 

A 16 km (1 0 mi) snowshoe route was surveyed 10 times during the winter 
1997/1998. One set oflynx tracks was identified (D. Stevenson pers. comm.). The 
"camera-trap" sites yielded no photos oflynx (D. Stevenson pers. comm.). 

Since August of 1997, lynx presence has been documented through the observation 
of tracks by Department personnel near Dubois in the Horse Creek/Burroughs Creek area, 
Long Creek area, Warm Springs/Sheridan Creek area, DuNoir area, and Togwotee Pass 
area. Lynx tracks were also located near Lander in the Limestone Mountain area, near 
Moran on the Soda Fork, in Moran Canyon on Jackson Lake, and near Cora in the Upper 
Green River, and, of course, in the Horse Creek study area near Merna. Since August of 
1997, private individuals reported observing free-ranging lynx in the Upper Greys River, 
Middle Piney Creek near Big Piney, Fontenelle Creek near Kemmerer, and Brooks Lake 
Creek and Kitten Creek near Dubois. Tracks were observed by private individuals on the 
Hams Fork near Kemmerer, and on Horse Creek near Dubois (Fig. 5). 

Turd Transects 

The Krebs snowshoe hare turd transects were tallied and cleared in 1997 and 1998. 
Densities for snowshoe hares in the Wyoming Range were 0.84 and 1.36 hares/hectare 
(0.34 and 0.55 hares/acre) for 1997 and 1998, respectively. Densities in the Dubois area 
were 0.92 and 0.95 hares/hectare (0.37 and 0.38 hares/acre) for 1997 and 1998, 
respectively. Beartooth transects were established 1 year later. Therefore, density from 
1997 is not available. Density for 1998 was 0.55 hares/hectare (0.22 hares/acre). 
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Estimated snowshoe hare densities in the 3 study areas for 1998 differed significantly 
from each other (F=26.78, 299 df, p< 0.001). Estimated densities for the Wyoming Range 
in 1997 and 1998 differed significantly (t=4.21, 198 df, p<0.001). Estimated 1997 and 
1998 densities for the Dubois transects did not differ significantly (t=0.29, 198 df, 
p=0.7727). 

Lynx Capture and Telemetry 

One adult male was captured on 7 December 1996 and a female was captured on 15 
March 1997. The female was recaptured on 19 November 1997 to replace the collar and 
to put the 1 or 2 year recapture/collar replacement cycle in the fall. The male was 
recaptured on 20 December 1997, but during the recapture this individual was injured and 
was not released until4 February 1998. 

A total of 108locations for the male and 75 locations for the female have been 
collected as of this date. The male 95% and 50% confidence regions were 131 km2 

(49.91 mi2) and 35 km2 (13.51 mi2), respectively. The 95% and 50% confidence regions 
for the female were 137 km2 (52.89 mi2) and 12 km2 (4.6 mi2

), respectively (Fig. 6 and 
Fig. 7). 

These telemetry locations were used to identifY generalized criteria, i.e. slope of8o 
to 12°, elevation of2437 m (7798 ft) to 2937 m (9633 ft), with a spruce/fir/lodgepole 
vegetative cover type in order to produce a GIS lynx habitat map (Fig. 2). 

The transmittered female produced a litter of 4 kittens (2 males, 2 females) on 27 
May 1998 (+/- 1 day). On 14 June, they were weighed and measured, and hair and mouth 
swabs were collected for future DNA work. Transponders were inserted subcutaneously 
between the scapula for future identification. 

DISCUSSION 

( 

( 

Snowmachine surveys for lynx tracks have been conducted over the past 3 winters 
and total2680 Ian (1675 mi) for 1995/1996 (Laurion et al. 1997), 4000 Ian (2500 mi) for ( 
1996/1997 (Laurion 1998), and 4443 Ian (2777 mi) for 1997/1998. Snowshoe route 
surveys for the same periods were 80 Ian (50 mi), 224 Ian (140 mi), and 203 Ian (127 mi), 
respectively (Stevenson 1997, D. Stevenson pers. comm.). The summation of this survey 
effort is 11630 Ian (7269 mi). The survey has located lynx; given survey personnel 
valuable experience with snow track recognition; and familiarized survey personnel with 
lynx winter habitat use, association with snowshoe hares, and interspecific relationships. 
It has also allowed interaction with private individuals who have shared incidental 
observations oflynx. All of the above greatly enhance survey efficiency. I have found 
that there is no substitute for experience and familiarity with tracks, coupled with the 
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ability to rapidly survey a long route [~100 km (6.2 mi)] in 1 day. This would apply, 
however, to nonwilderness areas. 

The consistency and reliability of snow track surveys when applied as a management 
tool is still evolving (Halfpenny eta!. 1995, K. Poole pers. comm.). Although work done 
by Golden (1994, 1996) in Alaska seems to be the most current and usable, the teclmique 
continues to be developed. Snow track surveys may be a good method to initiate to 
produce distribution and possibly trend information for marten (Maries americana), long
tailed weasel (Mustelajrenata), short-tailed weasel (Mustela erminea), coyote (Canis 
/atrans), red fox (Vulpes vulpes), bobcat (Lynx rufus), and red squirrel (Tamiasscurius 
hudsonicus), which are all fairly numerous harvestable game or furbearer species. 

Snowshoe hare densities calculated from Wyoming transects are similar to densities 
reported during cyclic lows in the Northwest Territories (Poole 1994) and in Yukon 
(Mowat and Slough 1996). Tallies from these Wyoming transects can be used to calculate 
a hare density, or simply an index of hare population levels in an efficient and economical 
manner over time (Forys and Humphrey 1997). These data are hypothetically comparable 
to studies on cycling populations of snowshoe hares in the Northwest Territories, Yukon, 
and British Columbia. Recently, research projects have been initiated in Idaho and 
Montana which use the same teclmique, or a variation on the theme. 

The Horse Creek study area near Merna was chosen because of numerous historic 
records, including 18 lynx trapped in that area and north to the Hoback Rim during a few 
months in 1972. Also, observations of tracks from 1970 to 1973 indicated a healthy 
population between Hoback Rim and South Piney Creek (J. Welch, pers. comm.). Only 2 
lynx (1 male, 1 female) were collared due to limited funding. Home ranges of these 2lynx 
overlap almost completely. Monitoring collared lynx allowed for the identification of 
tracks ofnoncollared lynx in the area. Since the project's inception 1.5 years ago, the 
estimation is that 5-7 lynx are in the area, including the 2 transmittered individuals. Home 
range sizes for these 2 lynx are similar to home ranges for lynx at hare population lows in 
the Northwest Territories (K. Poole, pers. comm.). The collared female lynx was 
probably captured on its mother's home range, stayed there for another 14 months, and 
had a litter of 4 kittens. After 15 months of monitoring, that lynx is missing. The male 
was monitored on the same home range for 18 months, and is also missing. 

The Central Rocky Mountain boreal forest component is generally fragmented due 
to topography (i.e. elevation, slope, aspect) and the associated ramifications. The scale of 
the map presented in Figure 2 grossly illustrates larger habitat patches in the Wyoming 
Range, Togwotee Pass/Dubois/Upper Green River area, and Bighorn Mountains. 

The Bighorn Mountains have not been formally surveyed. Although Beauvais 
(1997) intensively monitored 2 study areas on the eastern slope, he did not detect lynx. 
There are historic records, albeit few. The Bighorns insularity and concomitant ingress 
jeopardy compound the impacts from incidental trapping mortality, logging, fire 
suppression, and interspecific competition. These impacts in the Central Rocky Mountains 
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would slow or stop ingress and, therefore, any lynx population response to these impacts 
in the Bighorn Mountains themselves. It is not known if the Bighorn Mountains have a 
depressed or extirpated population. 

Togwotee Pass/Dubois/Upper Green River and the Wyoming Range are known to 
have reproducing lynx, and there are many historic records. These areas have maintained 
resident lynx populations, but were probably periodically bolstered because of the 
geographic connection through Montana from Canada. Whether lynx continue to ingress 
from the altered eCosystems ofMontana, southern Alberta, and British Columbia is 
unknown. 

CONCLUSIONS AND RECOMMENDATIONS 

Lynx may not persist in the face of continued alteration oflynx/snowshoe hare 
habitat in Wyoming,. Ingressed or reintroduced individuals would suffer the same fate as 
resident lynx. Wilderness areas offer little or no potential lynx habitat due to steep slopes 
and elevations above boreal habitat. The Wind River Mountains demonstrate a strip of 
habitat which, under present day constraints, may only support transient individuals. 
Portions of the Wyoming Range and the Togwotee Pass/Dubois/Upper Green River area 
are seen as critical to lynx presence in Wyoming. 

( ' 

( 

The prime consideration for lynx is habitat for snowshoe hares (L. Keith, pers. ( 
comm.). Results from a Yukon study suggest the best snowshoe hare habitat is 
regenerating coniferous forest: pine/spruce/fir inclusive (G. Mowat, pers. comm.). This 
regeneration can take place in existing old growth understory, burn sites, or cutblocks. 
There are numerous caveats that could be applied to this management in Wyoming that 
are taken from other studies. Each of the studies applies their recommendations to that 
geographic area, and point to the need for investigations in other locations. The 
overriding consensus fur snowshoe hares is mimic a postburn situation, and produce 
cover, cover, cover. This is most important in late winter, at snow maximum, and during 
extremely cold periods. A snowshoe hare habitat research project is needed for this 
resident, reproducing, southern lynx population. 

Lynx kitten survival is another important consideration. Survival through their first 
summer seems to be a rare occurrence in Wyoming, as early winter track surveys have 
found only 2 cases of an adult with a juvenile. The recommendation would be to 
determine why. The best way known to determine this is implant transmitters (G. Mowat, 
pers. comm. ), and the only way to find lynx kittens is to have females transmittered. The 
results are not available at this time, but the method has been utilized on at least 70 
Eurasian lynx (Lynx lynx) kittens in Norway and Sweden (H. Andren and R Andersen, 
pers. comm.). The method has not been used on bobcat, or lynx in North America. The 
other alternative is that they are not breeding. I do not believe this is the case. 
Transmittered females, a larger aged sample from the population, or a much needed DNA 
evaluation of the population could help answer this question. ( 
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Heterospecific competition, primarily from coyotes and to a lesser extent from 
bobcats, should be investigated. Numerous aspects of human activity have probably 
increased the number of coyotes in lynx habitat, i.e. roads, snowmachine trails, grazing, 
xerification through extensive clear cutting (Beauvais 1997), or deborealization, and wolf 
removal. These are accentuated by low fur prices and the associated low human removal 
of coyotes. 

Lynx/snowshoe hare habitat is limited and fragmented, especially on the SNF. Even 
relatively small projects could have significant impacts. These impacts, such as fire, 
logging, grazing, recreation, hunting, and trapping, could be positive as well as negative. 
Proposed projects in this habitat should be carefully evaluated to assure negative impacts 
are avoided or mitigated. Opportunities to enhance habitat for lynx and snowshoe hares 
should be promoted. 
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Table 1. Snowmachine snow track surveys for lynx (Lynx caJUUlensis) in western 
Wyoming, during the winter of 1997-1998. 

Survey Area• 
Survey 
Date 

Shoshone National Forest 

Long Creek 16Dec97 
17Dec97 
28Jan98 
8Mar98 

14Mar98 

Loop Road 14Jan98 
23Mar98 

9Apr98 

Limestone Peak 130ct97 
27Jan98 
11Feb98 
17Feb98 
3Mar98 

Warm Springs/ 18Dec97 
Sheridan Creek 23Dec97 

23Jan98 
28Jan98 
10Feb98 
26Feb98 
17Mar98 

3Apr98 
7Apr98 

Togwotee Pass 17Dec97 
Area 22Dec97 

27Feb98 
18Mar98 

8Apr98 

Distance 
(km) 

16.0 
14.6 
8.0 

12.8 
28.8 

60.8 
33.6 
83.2 

12.8 
12.8. 
19.2 
17.6 
12.8 

64.0 
41.6 
68.8 
25.6 
36.8 
44.8 
57.6 
64.0 
24.0 

9.6 
11.2 
51.2 
80.0 
80.0 
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Snow 
Conditionsb 

-/+ 
+ 
+ 
-/+ 
-I+ 

+ 

+I-
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
-/+ 
+ 
-/+ 
+!-
-I+ 

-I+ 
+ 
+ 
+!-

Lynx Tracks 
Found 

y 
N 
N 
N 
y 

N 
N 
N 

N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
y 

N 
N 
N 
y 
N 
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Table 1. Continued. 

Survey Area 

Burroughs/Horse 
Creek 
Wiggins Fork 

Beartooth Mtns. 

Dead Indian/ 
Sunlight Creek 

Crow/Grinnell 
Creek 

Survey 
Date 

9Jan98 
22Jan98 
29Jan98 

5Jan98 
6Jan98 
7Jan98 

26Jan98 
18Feb98 
19Feb98 

25Mar98 

9Mar98 

2Mar98 
10Mar98 
24Mar98 

Bridger-Teton National Forest" 

Hams Fork 12Mar98 
13Mar98 
18Mar98 
19Mar98 
20Mar98 

7Apr98 
16Apr98 

La Barge Creek 12Feb98 
1Apr98 
8Apr98 

Piney Creek 5Mar98 
31Mar98 

1Apr98 
2Apr98 

Distance 
(km) 

14.4 
33.6 
38.4 

36.8 
36.8 
4.8 

41.6 
17.6 
16.0 
19.2 

38.4 

4.8 
4.8 
4.8 

43.2 
6.4 

44.8 
9.6 

11.2 
36.8 
24.0 

64.0 
41.6 . 
49.6 

36.8 
19.2 
16.0 
16.0 
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Snow 
Conditions 

+ 
+!-
-/+ 

+ 
+ 
+ 
+ 
+ 
+ 

+/-

+ 
-/+ 

-/+ 
+ 
+ 
+/-
+ 

+ 

+ 

+ 

Lynx Tracks 
Found 

N 
N 
N 

N 
N 
N 
N 
N 
N 
N 

N 

N 
N 
N 

N 
N 
N 
N 
N 
N 
N 

N 
N 
N 

N 
N 
N 
N 



Table 1. Continued. 

Survey Area 

Cottonwood Creek 

Upper Green River 

Survey 
Date 

5Mar98 
2Apr98 
9Apr98 

9Jan98 
20Jan98 
21Jan98 
29Jan98 
3Feb98 
4Feb98 
6Feb98 

Distance 
(km) 

22.4 
41.6 
43.2 

60.8 
51.2 
19.2 
43.2 
64.0 
51.2 
64.0 

Snow 
Conditions 

+ 

+ 

+ 
+/-
+/-
+ 
+ 
+ 
+ 

Lynx Tracks 
Found 

N 
N 
N 

N 
N 
y 
y 
N 
N 
N 

' Exact location of survey routes and details of each survey are maintained by the 
Department's Lander Regional Office. 

b Snow conditions are summarized: +=very good conditions to observe fresh and 
recognizable tracks, +/-=more good than poor conditions, -/+ = more poor than good 
conditions, - = generally poor conditions. 

• Surveys for lynx in the Horse Creek area are reported separately and not included in this 
table. 
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Fig.1.-Documented and probable lynx locations (triangles) reported by Reeves et. al. 

(1986) for the period 1856 to 1986, and documented and probable lynx locations (pluses) 

for the period 1987 to the present 
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0 20 40 KllomMI' ... 

Fig. 2.- Potential lynx habitat in Wyoming-A GIS generated model from 2 lynx in western 

Wyoming utilizing general home range criteria, i.e., slope=B-12%,. elevation=2356-2869 m, 

spruce/fir/lodgepole pine vegetative component 
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Fig. 3.- Kreb's snowshoe hare turd transect locations. 
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Fig. 4.-Twelve search areas, including the Horse Creek study area, that were surveyed for 

lynx during the winter of 1997-1998. 
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National Forest, western Wyoming. UnHs are the UTM coordinate system. 
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National Forest, western Wyoming. Units are the UTM coordinate system. 
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CANADA LYNX TRAPPING ON THE SHOSHONE AND BRIDGER-TETON 
NATIONAL FORESTS, WYOMING 

STATE OF WYOMING 

COMPLETION REPORT 

NONGAME MAMMALS - Species of Special Concern 
Canada Lynx 

PERIOD COVERED: 15 April 2005-14 April 2006 

PREPARED BY: Laurie Van Fleet, Nongame Biologist 
Matt Wells, Nongame Biologist 
Martin Grenier, Nongame Mammal Biologist 
Bob Oakleaf, Nongame Coordinator 

INTRODUCTION 

Canada lynx have been present in Wyoming prehistorically (Kurten and Anderson 
1980) and historically (Reeve et al. 1986). Wyoming State Statue protected lynx in 1973. 
The Wyoming Game and Fish Department (Department) Nongame Program lists the lynx 
as. a Species of Greatest Conservation Need (SGCN) in the Comprehensive Wildlife 
Conservation Strategy (Wyoming Game and Fish Department 2005), primarily due to the 
declining abundance of the species and its habitat (Laurion and Oakleaf2000, Squires et 
al. 2003). The U.S. Forest Service (USFS) Region 2 lists the lynx as a Sensitive Species, 
and it is a Convention on International Trade of Endangered Species Appendix II species. 
1n 2000, the U.S. Fish and Wildlife Service listed the Canada lynx as Threatened under 
the federal Endangered Species Act of 1973. 

During a five-year hiatus from lynx surveys (Laurion and Oakleaf, 2000), the 
Department received credible lynx track reports with growing frequency (Nate Berg, 
Endeavor Wildlife Research Foundation, personal communication). As such, the 
Department resumed surveys for lynx in the fall of 2005 and continued through the spring 
of2006. The objectives of the resumed surveys were to: 1) document areas currently 
occupied by lynx, and 2) attempt to capture and collar at least two lynx. 

METHODS 

Snow Track Surveys 

Department surveys were conducted by snowmachine in three areas near Togwotee 
Pass (the Flagstaff drainage, Long Creek, and Sheridan Creek) and in several drainages in 
the Wyoming Range. Lynx were previously recorded in all of these areas during 
Department surveys in 1994-2000 (Laurion and Oakleaf2000). Efforts were coordinated 
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with the USFS, Bridger-Teton and Shoshone National Forests. Studies by other research 
groups with other objectives were likely to document the presence or absence oflynx 
during 2005-2006, and added to our results. 

In addition, hair and scat samples associated with lynx tracks were submitted to the 
Wildlife Genetics Laboratory, Rocky Mountain Research Station, USFS in Missoula, MT 
for DNA analysis to verify species identification and, if possible, individual origin. 

Lynx Trapping and Subsequent Radio Telemetry 

To continue building on our knowledge of habitat use by lynx in Wyoming, the 
Department attempted to trap and radio collar lynx in the Long Creek and Flagstaff areas. 
Trap sets consisted of five traps and were set along routes where recent lynx tracks were 
observed. Box traps were used to capture lynx (Kolbe eta!. 2003). These lightweight 
traps were constructed of PVC pipe and chicken wire and were easily transported by 
snowmachine for on-site set up. Traps were placed under the canopy oflarge conifers, 
the top and sides of each trap were covered with pine boughs, and traps were baited with 
road-killed deer and beaver castor. Visual attractants such as compact discs and grouse 
wings were hung nearby with monofilament fishing line. Traps were checked every 24-
36 hours and were re-baited and/or re-set if necessary. 

Captured lynx were to be darted with a plastic, pneumatically pressurized 
syringe/dart administered with a jab stick. Te1azol®(Fort Dodge Labs, IA) at 5mglkg 
(Poole eta!. 1993) will be used to anesthetize the lynx. We were prepared to equip 
captured lynx with GPS collars and radio transmitters (Sirtrack Limited, Havelock, New 
Zealand) and collect blood, hair, and standard measurements from all processed lynx. 

RESULTS 

Snow Track Surveys 

Approximately 1,046 miles (1,683 km) ofsnowmachine trails were searched by the 
Department in the Flagstaff drainage, Long Creek, Sheridan Creek, and several drainages 
in the Wyoming Range from November 2005 to April 2006 (Figure. 1, Table I). Lynx 
tracks were observed on 14 occasions: twice on the Flagstaff Road and 12 times in the 
Long Creek area. One of the sets of tracks on the Flagstaff Road was confirmed as a 
male previously recorded by a study in Yellowstone National Park, while the other track 
was confirmed as a Wyoming lynx (Nate Berg, Endeavor Wildlife Research Foundation, 
personal communication). DNA analysis of hair collected during track surveys (Kim 
Johnson, USPS Jackson, personal communication), telemetry locations, and captures in 
the Long Creek area all confirmed Long Creek lynx were a pair oflynx from Quebec 
released in Colorado in an effort to establish a lynx population in that state. No lynx 
tracks or sightings were observed in Sheridan Creek or any of the Wyoming Range 
surveys, during winter 2005/2006. Marten tracks were seen in two areas and wolf tracks 
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were observed once at both the Long Creek and Flagstaff Road areas. Coyote tracks 
were common and observed on all routes. 

The Absaroka Beartooth Wolverine Project surveyed a total of 557 miles (896 km); 
520 miles (837 km) using snowmachines and 37miles (60 km) on snowshoes (Figure 1, 
Table 2). Transects were located in Sunlight, Muddy, Gilbert, Pilot and Republic Creeks. 
No lynx tracks or sightings were observed during these surveys (Jason Wilmot, personal 
communication). 

The Wildlife Conservation Society conducted wolverine trapping and track surveys 
in the Greater Yellowstone area including the Tetons, Togwotee Pass, Teton Wilderness, 
and the Gros Ventre and Snake River areas. A total of 1,376miles (2,214 km) were 
conducted by snowmachine, 820 miles (1,320 km) on snowshoes or skis,. and 214miles 
(334 km) by combined skiing/snowmachining (Figure 1, Table 2). One lynx track was 
observed near Togwotee Pass during a trap check (Robert Inman, personal 
communication). 

John P. Whiteman, University of Wyoming Department of Zoology and 
Physiology, conducted snowtrack surveys in the Medicine Bow National Forest and the 
southern Wind River Mountains from December 2005 through March 2006. A total of 
7.98 miles (12.85 km) were surveyed along 20 routes by skis/snowshoes in the Medicine 
Bow Forest and 1.6 miles (2.5 km) in the Southern Wind River Mountains of the 
Shoshone National Forest with surveys conducted on snowshoes during three visits, 
totaling 1.6 miles (2.5 km) searched (Figure 1, Table 2). No lynx tracks or sightings were 
observed during these surveys (John Whiteman and Steven Buskirk, personal 
communication). 

A combined effort of all four surveys between November 2005 and April 2006 
resulted in a total of3,977miles (6,400 km) surveyed; 2,942miles (4,735 km) using 
snowmachines, 858 miles (1,381 km) using skis/snowshoes, and 214 miles (344 km) 
using a snowmachine/ski combination. Only two lynx of Wyoming origin were located. 

Lynx Trapping and Subsequent Radio Telemetry 

A total of 203 trap nights were utilized between February 2006 and March 2006 
(Table 1 ). Two marten were captured at the Togwotee Pass site along with trap doors 
found closed five times with no animals present. The Colorado male lynx was captured 
six times at the Long Creek site. On 26 February 2006, the male was anesthetized, bled, 
measured, weighed, and refitted with a satellite radio collar supplied by Tanya Shenk, 
Colorado Division of Wildlife. The female lynx approached traps several times but was 
never caught. Habitat use and movements of translocated lynx were not part of our 
objectives. 

In April and May, the female was closely monitored to determine denning and 
potential reproduction, because behavior of the male and female indicated a breeding 
pair. The female did seem to localize during 9 May through 16 May 2006 and again on 
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22 May 2006. On 23 May, using techniques that successfully located three dens of radio 
collared lynx in the Wyoming Range (Laurion and Oakleaf 2000), observations indicated 
that she was not successful. Long distance dispersal of both the male and female 
followed within a few days. 

DISCUSSION 

Lynx habitat in Wyoming has historically been fragmented. Following extensive 
surveys in the mid and late 1990s, Laurion and Oakleaf (1998) concluded that the 
persistence of lynx in Wyoming was questionable given the continued alteration of 
habitat. The continued alteration of habitat, especially in the Wyoming Range, has 
significantly reduced the amount of available habitat and has complicated lynx 
conservation efforts in Wyoming. The little remaining lynx habitat in Wyoming is quite 
restrictive and disjunct with little to no potential existing in protected Wilderness Areas. 

Detection of lynx tracks during the winter of2004/2005 marked the first record of 
lynx in Wyoming since the death of the last known collared lynx in February of2002. 
Follow up surveys ofthese recent detections were planned for the winter of2005/2006. 
Consequently, efforts were made to capture and collar any native Wyoming lynx. At 
least four individuals were identified through track surveys prior to the start of the 
trapping season in February of 2006. Lab results from DNA analysis taken from hair and 
scat samples located during the backtracking of detected lynx has revealed that at least 
four individual lynx were present in northwestern Wyoming. However, only two of these 
were confirmed as native Wyoming lynx and both were detected in the Flagstaff area. 
Unfortunately, lynx in this area appeared to have dispersed out ofthe area prior to our 
trapping effort, as no lynx tracks were detected and no individuals were trapped. One of 
these lynx appears to have moved back toY ellowstone prior to the start of our trapping 
effort. 

Several conservation implications exist as a result of these immigrated Colorado 
lynx,· and the impacts to native Wyoming lynx populations are unknown but of concern. 
The Department has since learned that as many as six of these Colorado translocated lynx 
have been documented at different times and in different regions of Wyoming in the last 
year. Although these immigrants could serve to bolster native populations in the short
term by increasing the number oflynx in Wyoming, the long-term impacts are unknown 
and are of concern. The benefits ofthese immigrants could be offset if the native lynx 
population is genetically different, which could result in a diffusion of native lynx 
genetics, especially if immigration rates are higher than local recruitment. Efforts are 
underway to identifY potential genetic differences between Wyoming lynx and these 
transplanted lynx that originated from Quebec, Canada. 

Laurion and Oaldeaf (1998) also concluded that Wyoming may only support 
transient individuals in the future due to the continuing alteration of habitat. Under 
current management paradigms, it is also likely that Wyoming may now be a sink for 
lynx and that long-term persistence of the species is questionable. Empirical data from 
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this past survey effort suggest that lynx detected during the fall of 2005 are transient and 
have been difficult to locate in the same area consistently. It is possible that the lynx 
detected in the Flagstaff area are dispersing individuals from Montana. Lynx have been 
documented making very large exploratory movements in the early summer and early fall 
(Squires eta!. 2003). The timing of these exploratory movements has coincided with the 
detection of lynx in the Flagstaff area and may explain why no individuals were detected 
after January. 
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Forest Carnivore Study Areas in 2005/2006 
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Figure 1. Forest carnivore study areas in 2005/2006. 
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Table 1. Wyoming Game and Fish Department snow track surveys for Canada lynx 
and other forest carnivores in western Wyoming during the winter of2005/2006. 

Survey Survey Distance Snow Lynx Tracks Other Carnivore 
Area Dale (miles) Condilionsa Found Tracksb/Comments 

Togwotee 11/2/2005 2 + N c 
Pass 11/3/2005 8 +I- y c 

11/4/2005 9 +I- N 
2/3/2006 9 + N C,M 
2/14/2006 12 +I- N C,M,W 
2/21/2006 12 - N c 
2/22/2006 12 +I- N C,M 
2/24/2006 13 - N M 
2/25/2006 13 +I- N M 
2/26/2006 15 N c 
2/27/2006 12 - N C,M 
2/28/2006 12 - N 
3/1/2006 13 +I- N 
3/2/2006 16 + N C,M 
3/3/2006 13 +I- N c 

. 3/4/2006 13 - N Min trap #3 
3/5/2006 49 +I- N 
3/6/2006 12 - N 
3/7/2006 16 +I- N C,M 
3/8/2006 12 -/+ N 
3/9/2006 15 +I- N C,M 

Long 2/8/2006 7 - Y (2 sets) w 
Creek 2/14/2006 7 +I- N 

2/16/2006 7 +I- N c 
2/17/2006 7 + y 
2/21/2006 7 - y c 
2/22/2006 7 - y L male captured/released 
2/24/2006 8 - N 
2/25/2006 8 -!+ y . L male captured in #5, 

female tracks at #4 & #5 
2/26/2006 8 -!+ y L male processed and 

released 
2/27/2006 7 - y L tracks at #3 
2/28/2006 21 -/+ N C,M 
3/1/2006 8 +I- N M 
3/2/2006 7 + N c 
3/3/2006 7 + N 
3/4/2006 53 - y L male released from #3 
3/5/2006 8 +I- N 
3/6/2006 5 - N 
3/7/2006 7 +I- y C, L male in #4 
3/8/2006 11 - y C, L male in #4 
3/9/2006 6 -!+ N c 
3/10/2006 5 +I- y C, L male in #4 

Sheridan 
Creek 2/16/2006 10 +I- N c 

Survev Summary - 43 surveys, 509 miles surveyed, 13 lynx detected 
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Table 1. Continued. 

• Snow conditions are summarized as follows: 
+ excellent conditions to observe fresh and recognizable tracks 
+/- good conditions 
-/+ fair conditions 

poor conditions 

b Other carnivore tracks observed: 
C coyote 
M marten 
W wolf 
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Table 2. Additional studies with high potential for locating lynx. 

Snowmachine 
Distance 

Agency Survey Area (miles) 
Absaroka Sunlight Creek 249.05 
Beartooth Muddy Creek 90.7 
Wolverine Gilbert Creek 66.96 
Project Pilot Creek 

Pilot Creek to State line 113.9 
Republic Creek 

Total 519.9 

Wildlife Tetons 1,328 
Conser- Togwotee Pass 
vation Teton Wilderness 
Society Teton Wilderness Access 48 

Gros Ventre 
Snakes 

Total 1,376 

University Laramie RanQer District, Medicine Bow NF 
of Platte River Wilderness, Medicine Bow NF 
Wyoming Savage Run Wilderness, Medicine Bow NF 

Total 

' Ski/Snowshoe Combined 
Distance Ski/Snomachine 
(miles) Distance (miles) 

10.5 
6.9 
4.8 
5.6 
2.6 

6.25 
36.65 

258 30.1 
13.5 16.8 

548.5 

111.2 
55.9 

820 214 

6.65 
1 

0.31 
7.96 

Number 
of 

Repetitions 
25 
21 
15 
28 
25 
1 

Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 

Unknown 
Unknown 

Lynx 
Sign 

(tracks/visual) 
0 
0 
0 
0 
0 
0 

0 
1 T 
0 
0 
0 
0 

0 
0 

- \ 



HISTORIC AND RECENT DISTRIBUTION 
OF THE LYNX IN WYOMING 

COMPLETION REPORT 

STATE OF WYOMING NONGAME MAMMALS- Priority 
Species: 

PERIOD COVERED: 

PREPARED ElY: Archie Reeve, Frederick Llndzey, 
Steven Bus!< 11'1< 

Lynx 

Till' following is a condensed ver·sion of a 
Wyoming Cooperative Researo:l1 Unit report (Reeve, et 
a l • , 1 986) • 

SummarY 

1), Records of 262 lynx in Wyoming and contiguous 
areas In adJoining states were obtained from 
museum collections, publications, state and 
federal agency records and personnel, and 
private individuals. These records cover a 
130-year period, 1856-1986. 

2), Concentrations of lynx records were observed in 
northwestern Wyoming, the WYoming and Salt River 
ranges, the Absaroka and Wind River· ranges, and 
the Vinta Range In Utah. 

3), Lynx may be present in the Sig Horn Range and 
sporad i ca 11 y occur In eastern Wyoming, pass i bl y 
during periods of d i spersa 1 fr·om nor· thern 
popu I at ions. 

4). The distribution of recor·ds sirtce lYr•x bec.ame 
protected In 1973 is consistent with the 
distribution of records before 1973. 
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5) • Moet lynx records outside of Yellowstone 
National ParK were above 2500 m elevation in 
lodgepole pine or spruce-fir vegetation. 

6>. Present management pol I des ~oro teet I ng 1 yux may 
be adequate to maintain present populations but 
de• not prtJv I de i nforma tl c•n about popu 1 at I ou 
status. ' 

'l). 81 te-spec.l f i c. b i ol og i ca 1 i r1forma ti oro about 
population siz~, natality, mortality, and 
habl tat c:ondl tlon Is needed before pol ic:ies 
affecting lynx c:an be revised to ac:cornrn.:>date 
c.orr~erc:lal or recreational trapping. 
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From: Jonathan Mawdsley
To: Bush, Jodi
Subject: FW: WER 9074.06 Draft Species Status Assessment-Canada Lynx Contiguous United States Distinct Population

Segment
Date: Wednesday, February 08, 2017 7:47:27 AM
Attachments: wer9074.06_Signed Letter.pdf

Reeve&Buskirk_1987.pdf
VanFleet et al_2006.pdf
Laurion&Oakleaf_1998.pdf
Laurion&Oakleaf_2000.pdf

FYI from Wyoming…
 
From: Nancy Stange [mailto:nancy.stange@wyo.gov] 
Sent: Wednesday, February 08, 2017 9:44 AM
To: Jonathan Mawdsley
Cc: Brian Nesvik; Doug Brimeyer; Bob Lanka; Zack Walker; Nichole Bjornlie; Susan Patla; Matthew Fry;
Chris Wichmann
Subject: WER 9074.06 Draft Species Status Assessment-Canada Lynx Contiguous United States Distinct
Population Segment
 
Mr. Mawdsley,
The Wyoming Game and Fish Department's comments for WER 9074.06 Draft Species Status
Assessment-Canada Lynx Contiguous United States Distinct Population Segment are
attached. 
Thank you, 
 

Nancy Stange
Wyoming Game and Fish Department
Habitat Protection Secretary
5400 Bishop Blvd.
307-777-4506
nancy.stange@wyo.gov

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

mailto:jmawdsley@fishwildlife.org
mailto:jodi_bush@fws.gov
mailto:nancy.stange@wyo.gov


STATE OF WYOMING 

WYOMING LYNX INVENTORIES 
COMPLETION REPORT 

NONGAME MAMMALS - Species of Special Concern 
Lynx 

PERIOD COVERED: 15 April1999- 14 April2000 

PREPARED BY: Tom Laurion, Nongame Biologist 
Bob Oakleaf, Nongame Coordinator 

INTRODUCTION 

c 

c· 

Lynx (Lynx lynx) have been present in Wyoming prehistorically (Kurten and 
Anderson 1980) and historically (Reeve 1986), and the species persists. Lynx were 
protected by Wyoming State Statute in 1973. The Wyoming Game and Fish Department 
(Department) Nongame Program lists the lynx as a Species of Special Concern 2 
primarily due to the relatively unknown status of the Wyoming population and the 
perceived threat to its habitat. Lynx were a low priority for inventories because its 
protected status was mistakenly assumed to mitigate factors that might cause population ( 
declines. It is also a U.S. Forest Service (USFS) Region 2 Sensitive Species, and a 
Convention on International Trade of Endangered Species (CITES) Appendix II species. 
On 24 March 2000, the U.S. Fish and Wildlife Service (USFWS) published a final rule in 
the Federal Register to list the lynx as a threatened species in the contiguous United 
States under the Endangered Species Act. This action will take affect on 24 April 2000. 

Historical records document resident populations of lynx in 17 northern and western 
states. Presently, the species is confirmed as breeding in only Wyoming, Idaho, 
Montana, Washington, and Maine. Colorado implemented a reintroduction program in 
February of 1999. Lynx are still relatively common in portions of Alaska and Canada. ( 

Surveys for lynx in the Shoshone National Forest (SNF) were initiated during the 
winter 1995/1996, and were cooperatively funded by the SNF and Department. 
Difficulties locating lynx in the SNF and a fruitless trapping effort during that first winter 
prompted Department funded surveys, lynx capture, and radio telemetry in the Wyoming 
Range portion ofthe Bridger-Teton National forest (BTNF) in western Wyoming 
(Laurion et a!. 1997). This area was known to have had a healthy breeding population in 
the late 1960s and early 1970s (B. Neely and J. Welch, pers. comm.). Although much 
reduced from that period, reproducing lynx remained and provided an opportunity to 
monitor individuals through radio telemetry and develop survey skills for the SNF and 
BTNF. Surveys funded cooperatively between the BTNF and Department began during 
the winter 1998/1999. Surveys during the 1999/2000 reporting period were funded by 
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the SNF, BTNF, Department, and the USFS Rocky Mountain Research Station (RMRS) 
in Missoula, Montana. 

The purpose of this report is to compile recent information on lynx in Wyoming, 
and summarize survey and monitoring results. 

METHODS 

Snow Track Survevs 

Surveys for lynx tracks were conducted primarily with snowmachines on roads, and 
to a large extent adjacent to, but off of, these established routes. Department personnel 
searched for lynx in 4 general areas (Fig. 1) during the period December 1999 through 
April2000. The 4 general areas were: 

1) Dubois CSNF)- Horse, Burroughs, Long, Warm Springs, and Sheridan Creeks 
drainages. 
2) Merna CBTNF)- Pass, Horse, Spring, Lead, Dry Beaver, South Beaver, Chall, North 
Fork Middle Beaver, North and South Cottonwood Creeks drainages. 
3) Upper Green River (BTNF)- Gypsum, Moose, Wagon, Tepee, Tosi, Lime, Eagle, 
Rock, and Twin Creeks drainages. 
4) Lower Greys River (BTNF)- Lower Greys River proper, Little Greys River, BuU 
Hollow, Blind Bull Creek, and Squaw Creek drainages. 

Four additional routes were surveyed 1 time each. The Flagg Ranch road in the 
Targhee National Forest was surveyed on skis (S. Patla, pers. comrn.). Three routes, 1 on 
Salt River Pass administered by the Bureau of Land Management (BLM), 1 in the Hams 
Fork area of the Wyoming Range (BTNF), and 1 in the Mill/Jack Creek area of the Upper 
Hoback River drainage (BTNF) were surveyed on snowmachine. 

Hair Snagging Carpet Pads 

Following the protocol ofMcKelvey et al. (1999), 2 grid arrays of25 sites each 
were laid out in the SNF (Fig. 2). One grid was in the Dubois area (Fig. 3), and the other 
in the Beartooth/Sunlight Basin area (Fig. 4 ). The sites were spaced 3.2 km (2 mi) from 
each other within the grid. Each site consisted of 5 stations which were spaced 100 m 
328 ft) apart on a transect proceeding downhill from the plot's #1 station [therefore, the 
transects are 400 m (1312 ft) long]. Each station consisted of a 10 x 10 em (3.94 x 3.94 
in.) carpet pad with 12 to 15, 3 em (1.18 in.) roofing nails penetrating it (the heads of the 
nails against the back of the carpet), and nailed to a tree 45.7 em (18 in.) above ground 
level. Initially, 10 cc of lure was applied to each carpet pad. The lure was a mixture of 
beaver (Castor canadensis) castorium, 90 drops of pure catnip (Nepeta cataria) oil per 
0.23 L (0.06 gal) of the castorium, propylene glycole at 1:6, and glycerine at 1:6. Dried 
and chopped catnip leaves were put on the pads at 7 gm (0.25 oz) per pad. A 23 em (9 
in.) aluminum pie plate used as a visual attractant hung from a 40 em (15.75 in.) piece of 
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fine wire with a swivel in the middle. The wire hung from a loop bent at the terminus of ( 
a piece of baling wire attached to a tree limb above and in front of the carpet pad on the 
tree trunk. The pie plate hung at about shoulder height. Another piece of carpet, 5 x 5 
em (1.97 X 1.97 in.), without nails, was pierced through the center with the baling wire, 
and sat on the loop at the fine wire/baling wire junction, backing side down. This piece 
of carpet received the same amount of lure as the hair snagging carpet on the tree trunk. 

Animals, preferably lynx, were attracted to the station and induced to rub on the pad 
nailed to the tree. The stations were visited at 2 weeks to re-scent the pads with 5 cc of 
the lure, and collect hair samples caught on the nails. Hair was removed with care not to 
contaminate the samples with foreign material or DNA. They were visited again at 4 
weeks to collect hair samples, disassemble, and remove each station. ( 

Krebs et a!. (1986) Snowshoe Hare Pellet Transects 

Five transects of 600 m (1969 ft) each were laid out in the Horse Creek/Pass Creek 
area in the Wyoming Range, and 4 transects of750 m (2461 ft) each were laid out in the 
Horse Creek/Burroughs Creek area near Dubois during the summer of 1996. Transects of 
900 m (2953 ft), 750 m (2461 ft), 600 m (1969 ft), and 600 m (1969 ft) were laid out in 
the Muddy Creek area of the Beartooth Mountains during the summer of 1997 (Fig. 5). 
Each transect contained quadrats of5.08 x 305 em (2 x 120 in.) [0.155 m2 (0.19 yd2

)] 

spaced every 30m (98 ft). These quadrats (N=300) were cleared of hare pellets at the 
time of transect layout; pellets were then counted and cleared once each year in late June 
or early July. ( 

A comparative year-to-year index was calculated with software provided by Dr. 
Krebs, which uses a log( e) -log( e) regression: log(hares) = 0.888962 x log(pellets)-
1.203391 with correction for bias from Sprugel (1983). 

Care was taken with the assistance of the USFS to place the transects in areas that 
were safe from logging, as these data should be collected over a period of at least 10 
years. 

Lvnx Radio Telemetry 

Utilizing both aerial and ground techniques, an effort was made to get locations on 
the transmitered lynx at least once per week, and if possible twice per week. Home range 
was calculated using the 95% and 50% confidence region adaptive kemal (Worton 1989) 
component of the CALHOME (Kie eta!. 1994) home range analysis program. 
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RESULTS 

Snow Track Surveys 

In the 4 intensively surveyed areas, 2658 km (1661 mi) were surveyed (Table 1). In 
the Dubois area, 672 km (420 mi) were surveyed. In the Merna area, 1350 km (850 mi) 
were surveyed. The Upper Green River received an effort of 366 km (229 mi), and the 
Lower Greys River 259 km (162 mi). 

The 4 other areas were surveyed an additional146 km (91 mi); the breakdown 
being Flagg Ranch 26 km (16 mi), Salt River Pass 38 km (24 mi), Hams Fork areas 58 
km (36 mi), and the Mill/Jack Creek area 24 km (15 mi). 

In the Dubois area, there was a sighting reported on the Long Creek road between 
the West Fork and Middle Fork of Long Creek, on or around 18 February 2000 (F. 
Meyer, pers. comm.). Searches with and without the informant present produced no lynx 
tracks. No lynx tracks were found in the Dubois area during the 1999/2000 search 
period. 

On 3 occasions, track intersects ofnontransmitered lynx were found in the Merna 
area: a single set of tracks, possibly a male, on 10 December 1999; a female and single 
juvenile on 7 January 2000; and, what appeared to be from weathered tracks, a single 
female on 2 February 2000. A track in poor condition found on 5 April2000 in South 
Cottonwood Creek was thought to be a male lynx and could have been made by the 
transmitered male. Lynx tracks were not found in the Upper Green River. 

No tracks were found on the Flagg Ranch Road, and Mill/Jack Creek routes. On the 
Hams Fork route, the transmitered male lynx tracks were found. There was an 
unconfirmed report oflynx tracks by a BLM contractor (G. Beauvais, pers. comm.) in the 
Water Canyon drainage of the Salt River Pass area. 

The RMRS, BTNF, and Department hired 4 additional technicians to survey the 
entire Wyoming Range during the winter of 1999/2000 in an attempt to bolster the 
transmitered lynx sample size (results of this survey are reported by RMRS, Missoula, 
MT). No new lynx were collared or verifiably located. The weather conditions were 
generally not favorable, with either lack of fresh snow or frequent windy days when it did 
snow. 

Hair Snagging Carpet Pads 

No lynx were detected on either of the SNF grids. One bobcat (Lynx rufus) was 
detected on the Dubois grid. 

111 



Pellet Transects 

The Krebs snowshoe hare pellet transects were tallied and cleared in 1997, 1998, 
1999, and 2000 (Table 3). Densities for snowshoe hares in the Wyoming Range were 
0.66, 1.36, 1.18, and 1.33 hares/hectare (0.26, 0.55, 0.47, and 0.53 hares/acre) for 1997, 
1998, 1999, and 2000, respectively. Densities in the Dubois area were 0.77, 0.80, 0.55, 
and 0.76 hares/hectare (0.31, 0.32, 0.22, and 0.30 hares/acre) for the same years, 
respectively. Beartooth transects were established I year later, so data are not available 
from 1997. Densities for 1998, 1999, and 2000 were 0.21, 0.28, and 0.35 hares/hectare 
(0.08, 0.11, and 0.14 hares/acre), respectively. 

Lvnx Radio Telemetry 

The adult male lynx was originally captured on 6 December 1996, recaptured on 20 
December 1997 to replace the !-year-battery transmitter, and recaptured again on 13 
November 1998. The adult female originally captured on 15 March 1997 was recaptured 
on 19 November 1997 (also to replace the !-year collar), and recaptured again on 23 
November 1998. Recapture in 1998 replaced the !-year collars on both lynx with 2-year 
collars, which will be due for replacement in November of2000. 

( 

( 

A total of 206 locations for the male and 188 locations for the female have been 
collected as of this date. Home range calculations were not performed for the male 
because of the large area covered in the apparent non-home range like movements (Fig. 
6). These figures reflect movements away from the previously calculated home range for ( 
this individual (Laurion and Oakleaf 1999). It spent more than 6 months during the 
reporting period outside those home range bounds, and made multiple forays into the 
expansion/exploritory areas. The 95% and 50% confidence regions for the female were 
113.6 km2 (43.8 mi'}, and 18.49 km2(7.13 mi2

) respectively (Fig. 7). 

On 11 June 1999 the female was located at her den site with 2 kittens approximately 
14-18 days old. They were not handled so their sex was not determined. The last date 
both kittens were known to be with the female was 7 January 2000. A single kitten was 
on site when the adult female was found dead on 2 March 2000. The necropsy 
determined that she had starved. Contributing factors were undetermined. It is not c· 
known if either of the kittens survived. ·· · 

DISCUSSION 

Snow Track Surveys 

Surveys for lynx were conducted in all or most of these areas during the winters of 
1995/1996 (Laurion eta!. 1997), 1996/1997 (Laurion 1998), 1997/1998 (Laurion and 
Oakleaf 1998), and 1998/1999 (Laurion and Oakleaf 1999). 
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Snowmachine surveys carried out by Department personnel over the past 5 winters 
were 2680 km (1675 mi) for 1995/1996 (Laurion eta!. 1997), 4000 km (2500 mi) for 
199611997 (Laurion 1998), 4443 km (2777 mi) for 1997/1998, 3661 km (2288 mi) for 
199811999, and 2778 km (1736 mi) for 1999/2000. Snowshoe and ski route surveys for 
the same periods were 80 km (50 mi), 224 km (140 mi), 203 km (127 mi) (Stevenson 
1997, D. Stevenson pers. comm.), 81.6 km (51 mi), and 26 km (16 mi), respectively. The 
summation of this survey effort is 21,015 km (12,609 mi), which yielded numerous new 
lynx records early, but fewer and fewer in later years. The survey has benefited greatly 
from observations shared by non-survey personnel. Other benefits have been experience 
and familiarization with snow tracking, winter habitat use and associations with 
snowshoe hares, and incidental observations of interspecific relationships. Experience, 
coupled with the ability to rapidly survey a long route of -160 km ( -1 00 mi) in 1 day are 
valuable assets in this survey work. This would apply, of course, to non-wilderness areas 
of the National Forest system in which most of the lynx have been located. 

Hair Snagging Carpet Pads 

Along with the 2 SNF grids, there was a single grid maintained by the USFS, on the 
Merna study area of the BTNF. There were no lynx detected on that grid, although there 
were an additional5 bobcats, and a cougar (Felis concolor) detected. 

Having a slight snow cover is helpful in identifying that lynx and bobcat can be 
present on the transects, but apparently not induced to rub on the carpet pad (Laurion and 
Oakleaf 1999). This would seem not to be a favorable trait for a survey technique when 
low numbers of lynx with large home ranges are present in an area but are not being 
detected. The transmitered female reduced and localized its home range and was not 
detected by a sampling site within that home range. The RMRS is planning to continue 
these trials for 2 more years in an attempt to eliminate these problems. 

Snowshoe Hare Pellet Plots 

Tallies from these Wyoming transects reflect, albeit guardedly, densities reported in 
the Northwest Territories (Poole 1994), and in Yukon (Mowat eta!. 1996) at snowshoe 
hare population lows. We intend to view our data as an index of snowshoe hare 
population densities that can be collected over time in an efficient and economical 
manner (Forys and Humphrey 1997). Snowshoe hare home range size in the fragmented 
habitat of Wyoming may be larger than those in more homogenous study sites of British 
Columbia, Northwest Territories, and the Yukon; therefore, direct comparison of 
densities may not be valid. Currently, work is being done in Idaho and Montana to test 
the validity of the Krebs Plots in the southern Rocky Mountains. Preliminary results of 
the Idaho study say that Krebs plots overestimate hare numbers (D. Murray, pers. 
comm.), while the Montana study suggests that Krebs plots underestimate hare numbers 
(J. Squires, pers. comm.). Some mark/recapture work was done on the Merna study site 
during the summer of 1999; these data are reported and maintained by the RMRS. 
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Lvnx Capture And Telernetrv 

The Merna study area was chosen because of the numerous historic records, 
including at least 18 lynx trapped in that area and north to the Hoback Rim during a few 
months in 1972. Initially, due to very limited funding, we decided to collar 2 lynx in an 
effort to monitor the local population that may use all or parts of the home ranges of the 2 
collared animals. The large home ranges of the 2 collared lynx (reflective offew 
snowshoe hares) overlapped almost completely, so identifying noncollared individuals 
tracks during winter was generally workable. During the winter of 1997/1998, it was 
estimated there were 5 to 7 lynx in the area, which included the 2 transmitered 
individuals. That estimate has been reduced to a liberal estimate of 1 to 3 after the 
1999/2000 winter. 

Analysis of telemetry data is being conducted by the RMRS. 

CONCLUSIONS AND RECOMMENDATIONS 

C' 

c 

The prime consideration for lynx is habitat for snowshoe hares (L. Keith, pers. 
comm.). Wyoming's hare habitat situation is one of natural fragmentation, and the 
additional fragmentation caused by logging and possibly grazing. This situation can 
cause larger snowshoe hare home ranges, which leads to more movement by residents 
and dispersing juveniles through habitat with little cover, which greatly increases 
predation rates (Dolbeer and Clark 1975, Sievert and Keith 1985, Villafuerte et al. 1997). ( 
In Michigan, Conroy eta!. (1979) found that hare activity was positively correlated with 
distance from lowland coniferous-hardwood types and favorable habitat interspersion. 

The habitat variable that has consistently been shown to relate to higher hare 
densities (Bookout 1965, Buehler and Keith 1982, Wolfe 1980, Wolfe eta!. 1982, 
Carreker 1985, Murrey eta!. 1994), and protection from predation (Small and Keith 
1992) is horizontal cover. Koehler and Aubry (1994) proposed a 2:40% horizontal cover 
figure. Fuller and Heisey (1986) found that balsam fir (Abies balsamea) and white spruce 
(Picea glauca) provided low, dense cover that was occupied by hares during all phases of 
the hare population cycle. Good understory density can create refugia critical to hare 
survival during low population periods (Keith and Windberg 1978, Wolff 1980, Litvaitis 
et al. 1985, Poole 1994), in late winter at snow maximum, and during extremely cold 
periods. Yukon work suggests the best snowshoe hare habitat is dense regenerating 
coniferous, pine/spruce/fir inclusive (G. Mowat, pers. comm.). This regeneration can 
take place in existing old growth understory, burn sites, or cutblocks. In these potential 
feeding sites of regenerating conifer [lodgepole pine (Pinus contorta) in this area], the 
recommendation to increase use and survival for snowshoe hares might be to mimic a 
blow down, disease, or post-bum situation with logs and debris on the ground. If slash 
must be piled, it probably would be better to place it near the edges of the cut areas 
(Conroy eta!. 1979). The regeneration areas may also be managed with minimum 
thinning to maintain density and retard the self-pruning process or, conversely, thinning 
often to retard self-pruning but maintain density. 
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There are numerous caveats that could be applied to this management in Wyoming 
that are taken from other studies. Each study applies their recommendations to that 
geographic area, and points to the need for investigations in other locations. A snowshoe 
hare habitat research project is needed for this region of Wyoming. · 

Kitten survival on the Merna study site is, at this point, thought to be a rare 
occurrence. The transmitered female had a litter of 4 kittens in late May of 1998; none of 
these survived. It appeared from the lack of uterine scars (Mowat et a!. 1996) that the 
female capture mortality had not been pregnant the previous breeding season. Obviously 
there is a problem with recruitment. 

The direct approach would be to implant transmitters in the kittens (G. Mowat, pers. 
comm.) and determine if starvation or predation is causing lynx kitten mortality. This is 
being done in Norway and Sweden on the Eurasian lynx (Lynx lynx) (H. Andren and R. 
Andersen, pers. comm.) but has not been done on bobcat or lynx in North America. Our 
feeling is that this procedure is somewhat aggressive and invasive for our low and 
sensitive population level. Montana's more resilient (relatively speaking) population 
might be a better candidate to work out the procedure, and then apply it here. Or, apply 
the same rehearsal procedures on bobcats (Felis rufos) in the Merna area and learn if 
bobcat kittens are surviving where lynx kittens are not, and why. 

Heterospecific competition from coyotes (Canis latrans) (Murry and Boutin 1991) 
and bobcats (Parker et a!. 1983, Litvaitis et a!. 1986), along with possible agonistic 
interactions, including interference competition with bobcats, should be investigated. 
Human activities have probably increased the number of coyotes in lynx habitat; i.e. 
roads, snowmachine trails, grazing, xerification, associated deborealization through 
extensive clear cutting (Beauvais 1997), and wolf removal. Low fur prices causing a 
general lack of human related mortality accentuate these aspects of habitat alteration 
positively for coyotes. Applying GIS telemetry technology to coyote movements would 
go a long way in identifying travel patterns (snowmachine trails?) and, possibly, habitat 
use. 

Fire, logging, grazing, recreation, hunting, and trapping all affect lynx and their 
prey, both positively and negatively. How and to what degree to regulate and manage 
these activities is the challenge and goal to viably maintain lynx in Wyoming. The target 
ofthis endeavor might be to maintain a native lynx population in Wyoming, by whatever 
means, until a positive snowshoe hare and lynx response to both the conifer regeneration 
post 1988 Yellowstone National Park fires and wolf reintroduction is seen within that 
refugium. 
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I 
Table I. Snow track surveys for lynx (Lynx lyitX) conducted by Wyoming Game and 
Fish Department personnel on the Shoshone National Forest (SNF), Bridger-Teton 
National Forest (BTNF), and Targhee National Forest (TNF) in western Wyoming 
during the winter of 1999-2000. · 

Survey Area' 

Dubois-SNF 

Horse/Burroughs 
Creek 

Long Creek 

Warm Springs/ 
Sheridan Creek 

MER.~A-BTNF 

Survey 
Date 

26Jan00 
l!FebOO 

25Jan00 
16Feb00 
20Feb00 
29Feb00 
4Apr00 

29Jan00 
17Feb00 
18Feb00 
13Mar00 
3Apr00 

!0Dec99 
22Dec99 

7Jan00 
2Feb00 

22Feb00 
23Feb00 
24Feb00 

2Mar00 
3Mar00 
6Mar00 

IOMarOO 
!5Mar00 
21Mar00 
22Mar00 
23Mar00 
25Mar00 
30Mar00 
31Mar00 

5Apr00 
6Apr00 
7Apr00 

Distance 
(km) 

32.0 
67.2 

41.6 
48.0 
40.0 
54.4 
57.6 

67.2 
67.2 
68.8 
43.2 
84.8 

35.2 
83.2 
28.8 
28.8 
81.6 
65.6 
65.6 
46.4 
65.6 
35.2 
60.8 
78.4 
67.2 
76.8 
108.8 
72.0 
67.2 
97.6 
60.8 
51.2 
41.6 

Mode 

smb 
sm 

sm 
sm 
sm 
sm 
sm 

sm 
sm 
sm 
sm 
sm 

sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
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Lynx Tracks 
Found' 

N 
N 

N 
N 
N 
N 
N 

N 
N 
N 
N 
N 

y 
N 
y 
y 
y 
N 
N 
N 
N 
y 
N 
N 
N 
N 
N 
N 
N 
N 
y 
N 
N 



Table 1. Continued. ( ~, 

Survey Distance Lynx Tracks 
Survey Areaa Date (km) Mode Found' 

U1mer Green 9Mar00 81.6 sm N 
River-BTNF 14Mar00 112.0 sm N 

16Mar00 94.4 sm N 
24Mar00 78.4 sm N 

Lower Grevs ( 
River- BTNF' 6Mar00 11.2 sm N 

7Mar00 28.8 sm N 
8Mar00 14.4 sm N 
IOMarOO 17.6 sm N 
14Mar00 14.4 sm N 
15Mar00 14.4 sm N 
17Mar00 14.4 sm N 
21Mar00 14.4 sm N 
22Mar00 72.0 sm N 
23Mar00 43.2 sm N 
24Mar00 14.4 sm N 

Salt River Pass- 8Feb00 38.4 sm N ( BLM' 

Hams Fork-BTNF 9Feb00 57.6 sm N 

Mill/Jack Creek 4Feb00 24.0 sm N 
BTNF 

Flagg Ranch Road- 9Mar00 26.0 ski N 
TNF' 

' Exact location of survey routes and details of each survey are maintained by the Department's ( 
N ongarne Program in the Lander Regional Office. 

b sm=snowmachine 
' Track intersects oftransmittered lynx were not recorded. 
d BLM=Bureau of Land Management 

Surveys conducted by S. Patla (Department). 
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Table 2. Dates and locations of samples taken from hair snagging stations on the Shoshone 
National Forest, Wyoming, during the period 18 August 1999 through 13 October 1999. 

Dubois Beartooth/Sunlight 

Date Site/Station Date Site/Station 
6Sep99 2/#1 20Sep99 8/#4 
9Sep99 20/#3 8/#4 
12Sep99 13/#4 9/#3 
16Sep99 11#2 10/#4 

4/#2 29Sep99 16./#5 
4/#5 24/#5 

17Sep99 2/#1 40ct99 6/#4 
3/#5 8/#3 

21Sep99 20/#5 11/#4 
20/#3 120ct99 13/#3 
24/#4 130ct99 25#4 
24/#4 

Table 3. Snowshoe hare (Lepus americanus) density index's (hares/ha) 
calculated using Kreb's pellet plots for 3 locations in northwestern 
Wyoming. 

1997 1998 1999 2000 

Merna 0.66 1.36 1.18 1.33 

Dubois 0.77 0.8 0.55 0.76 

Beartooth 0.21 0.28 0.35 
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Fig. 1. Lynx snow track survey areas searched by Wyoming Game and Fish Department 
personnel, from December 1999 through April 2000, in northwest Wyoming. 
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Wyoming, August- October, 1999. 
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INTRODUCTION 

Lynx (Lynx canadensis) have been present in Wyoming prehistorically (Kurten and 
Anderson 1980), historically (Reeve et al. 1986), and the species persists (Fig. 1). Lynx 
were protected by Wyoming State Statute in 1973. The Wyoming Game and Fish 
Department (Department) Nongame Program lists the lynx as a Species of Special 
Concern 2, primarily due to the relatively unknown status of the Wyoming population and 
the perceived threat to its habitat. Lynx were a low priority for inventories because its 
protected status provided some safeguards, and it was mistakenly assumed that large 
expanses of designated wilderness areas provided secure habitat. The U.S. Forest Service 
(USFS) Region 2 lists the lynx as a Sensitive Species, and it is a Convention on 
International Trade of Endangered Species (CITES) Appendix II species. Recently, the 
U.S. Fish and Wildlife Service (USFWS) proposed listing the lynx in the contiguous 
United States under the Endangered Species Act as threatened species (Federal Register 
1998). A public hearing period of3 months will ensue, culminating with a final listing 
determination. 

Historical records document resident populations oflynx in 16 northern and western 
states; however, at present the species is confirmed as breeding in only Wyoming, 
Montana, Washington, and Maine. Lynx are still relatively common in portions of Alaska 
and Canada. Colorado and Idaho are in the planning stages for reintroduction efforts in 
the near future. 

Surveys for lynx were initiated in the Shoshone National Forest (SNF) during winter 
1995/1996. Surveys were cooperatively funded by the Department and SNF. When few 
lynx were located on the SNF, the Department funded lynx surveys in the Wyoming 
Range, Bridger-Teton National Forest (BTNF). A healthy breeding population occurred 
in this area during the early 1970s (B. Neely and J. Welch, pers. comm.). Although much 
reduced, a reproducing population remains and provided an opportunity to monitor 
individuals and develop survey skills for the SNF and other portions of the BTNF. 
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The purpose of this report is to compile recent information on lynx in Wyoming, 
summarize survey and monitoring results, and detail results of recent work. 

METHODS 

Snow Track Surveys 

Surveys for lynx tracks were conducted with snowmachines on preexisting 
snowmachine routes and, to a larger extent, areas adjacent to, but off ot; these established 
routes. Search areas were associated with historic lynx locations, snowshoe hare (Lepus 
americanus) presence, areas identified with a GIS generated habitat map (Fig. 2), or 
compatible habitats identified during previous searches in the winters of 1995/1996 and 
1996/1997 (Laurion et al. 1997, Laurion 1998). 

A wilderness area snowshoe survey route was established (D. Stevenson pers. 
comm.) on the Soda Fork near Moran. In addition, 8 "camera-trap" stations were set up 
within walking distance of roads in the Jackson Hole basin. 

Snowshoe Hare Transects 

( 

( 

Five snowshoe hare turd transects (Krebs et al. 1987) of600 m (1969 ft) each were c· 
established in the Horse Creek/Pass Creek area, Wyoming Range. Four transects of 750 
m (2461 ft) each were laid out in the Horse Creek/Burroughs Creek area near Dubois. 
Four transects of900 m (2952 ft), 750 m (2460 ft), 600 m (1969 ft), and 600 m (1969 ft) 
were laid out in the Muddy Creek area in the Beartooth Mountains (Fig. 3). Each transect 
contained quadrats of5.08 x 305 em (2x 120 in.) [(0.155m2

) (1.7 ft2
)] spaced every 30m 

(96 ft). These quadrats (N=300) are cleared of hare turds when transects are established. 
Turds are then counted and cleared once a year in late June. Hare densities are calculated 
for each of the 3 areas (Slough and Mowat 1996). Transects were located in areas where 
logging is not planned by the USFWS, as these data should be collected over a period of 
at least 10 years. 

Lynx Capture and Subsequent Radio Telemetry 

Lynx in the Horse Creek area of the Wyoming Range were located by searching for 
their tracks in snow. They were captured utilizing Walker Hounds, which pursued and 
treed lynx after being released on tracks. Treed lynx were darted with a plastic, 
pneumatically pressurized syringe/ dart shot from a C02 pressurized scoped rifle (Wildlife 
Pharmaceuticals, Ft. Collins, CO.). Telazol®(Fort Dodge Labs. IA) at 5mg/kg (Poole et 
al. 1993) was used to anesthetize the lynx. Drugged lynx were either caught with a large 
net-like piece of material held by 2 or 3 people, or a person climbed the tree and lowered 
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the lynx with a rope. Radio transmitters (Telonics, Mesa, AZ.) were fitted. Blood, hair, 
and standard measurements were collected from all processed lynx. 

Locations oftransmittered lynx were recorded from the ground at least once per 
week and, if possible, twice per week. Some locations were collected with the assistance 
of aircraft. Home range was plotted using the 95% and 50% confidence region adaptive 
kernal (Worton 1989) component of the CALHOME (Kie et al. 1994) home range 
analysis program. 

RESULTS 

Snow Track Surveys 

Approximately 2055 km (1277 mi) of maintained snowmachine routes and 2400 km 
(1500 mi) of nonmaintained trails were searched in 12 survey areas (Fig. 4) from October 
1997 to April1998 (Table 1). Lynx tracks were encountered on 6 occasions. These 
statistics do not include the Horse Creek study area. 

A 16 km (1 0 mi) snowshoe route was surveyed 10 times during the winter 
1997/1998. One set oflynx tracks was identified (D. Stevenson pers. comm.). The 
"camera-trap" sites yielded no photos oflynx (D. Stevenson pers. comm.). 

Since August of 1997, lynx presence has been documented through the observation 
of tracks by Department personnel near Dubois in the Horse Creek/Burroughs Creek area, 
Long Creek area, Warm Springs/Sheridan Creek area, DuNoir area, and Togwotee Pass 
area. Lynx tracks were also located near Lander in the Limestone Mountain area, near 
Moran on the Soda Fork, in Moran Canyon on Jackson Lake, and near Cora in the Upper 
Green River, and, of course, in the Horse Creek study area near Merna. Since August of 
1997, private individuals reported observing free-ranging lynx in the Upper Greys River, 
Middle Piney Creek near Big Piney, Fontenelle Creek near Kemmerer, and Brooks Lake 
Creek and Kitten Creek near Dubois. Tracks were observed by private individuals on the 
Hams Fork near Kemmerer, and on Horse Creek near Dubois (Fig. 5). 

Turd Transects 

The Krebs snowshoe hare turd transects were tallied and cleared in 1997 and 1998. 
Densities for snowshoe hares in the Wyoming Range were 0.84 and 1.36 hares/hectare 
(0.34 and 0.55 hares/acre) for 1997 and 1998, respectively. Densities in the Dubois area 
were 0.92 and 0.95 hares/hectare (0.37 and 0.38 hares/acre) for 1997 and 1998, 
respectively. Beartooth transects were established 1 year later. Therefore, density from 
1997 is not available. Density for 1998 was 0.55 hares/hectare (0.22 hares/acre). 
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Estimated snowshoe hare densities in the 3 study areas for 1998 differed significantly 
from each other (F=26.78, 299 df, p< 0.001). Estimated densities for the Wyoming Range 
in 1997 and 1998 differed significantly (t=4.21, 198 df, p<0.001). Estimated 1997 and 
1998 densities for the Dubois transects did not differ significantly (t=0.29, 198 df, 
p=0.7727). 

Lynx Capture and Telemetry 

One adult male was captured on 7 December 1996 and a female was captured on 15 
March 1997. The female was recaptured on 19 November 1997 to replace the collar and 
to put the 1 or 2 year recapture/collar replacement cycle in the fall. The male was 
recaptured on 20 December 1997, but during the recapture this individual was injured and 
was not released until4 February 1998. 

A total of 108locations for the male and 75 locations for the female have been 
collected as of this date. The male 95% and 50% confidence regions were 131 km2 

(49.91 mi2) and 35 km2 (13.51 mi2), respectively. The 95% and 50% confidence regions 
for the female were 137 km2 (52.89 mi2) and 12 km2 (4.6 mi2

), respectively (Fig. 6 and 
Fig. 7). 

These telemetry locations were used to identifY generalized criteria, i.e. slope of8o 
to 12°, elevation of2437 m (7798 ft) to 2937 m (9633 ft), with a spruce/fir/lodgepole 
vegetative cover type in order to produce a GIS lynx habitat map (Fig. 2). 

The transmittered female produced a litter of 4 kittens (2 males, 2 females) on 27 
May 1998 (+/- 1 day). On 14 June, they were weighed and measured, and hair and mouth 
swabs were collected for future DNA work. Transponders were inserted subcutaneously 
between the scapula for future identification. 

DISCUSSION 

( 

( 

Snowmachine surveys for lynx tracks have been conducted over the past 3 winters 
and total2680 Ian (1675 mi) for 1995/1996 (Laurion et al. 1997), 4000 Ian (2500 mi) for ( 
1996/1997 (Laurion 1998), and 4443 Ian (2777 mi) for 1997/1998. Snowshoe route 
surveys for the same periods were 80 Ian (50 mi), 224 Ian (140 mi), and 203 Ian (127 mi), 
respectively (Stevenson 1997, D. Stevenson pers. comm.). The summation of this survey 
effort is 11630 Ian (7269 mi). The survey has located lynx; given survey personnel 
valuable experience with snow track recognition; and familiarized survey personnel with 
lynx winter habitat use, association with snowshoe hares, and interspecific relationships. 
It has also allowed interaction with private individuals who have shared incidental 
observations oflynx. All of the above greatly enhance survey efficiency. I have found 
that there is no substitute for experience and familiarity with tracks, coupled with the 
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ability to rapidly survey a long route [~100 km (6.2 mi)] in 1 day. This would apply, 
however, to nonwilderness areas. 

The consistency and reliability of snow track surveys when applied as a management 
tool is still evolving (Halfpenny eta!. 1995, K. Poole pers. comm.). Although work done 
by Golden (1994, 1996) in Alaska seems to be the most current and usable, the teclmique 
continues to be developed. Snow track surveys may be a good method to initiate to 
produce distribution and possibly trend information for marten (Maries americana), long
tailed weasel (Mustelajrenata), short-tailed weasel (Mustela erminea), coyote (Canis 
/atrans), red fox (Vulpes vulpes), bobcat (Lynx rufus), and red squirrel (Tamiasscurius 
hudsonicus), which are all fairly numerous harvestable game or furbearer species. 

Snowshoe hare densities calculated from Wyoming transects are similar to densities 
reported during cyclic lows in the Northwest Territories (Poole 1994) and in Yukon 
(Mowat and Slough 1996). Tallies from these Wyoming transects can be used to calculate 
a hare density, or simply an index of hare population levels in an efficient and economical 
manner over time (Forys and Humphrey 1997). These data are hypothetically comparable 
to studies on cycling populations of snowshoe hares in the Northwest Territories, Yukon, 
and British Columbia. Recently, research projects have been initiated in Idaho and 
Montana which use the same teclmique, or a variation on the theme. 

The Horse Creek study area near Merna was chosen because of numerous historic 
records, including 18 lynx trapped in that area and north to the Hoback Rim during a few 
months in 1972. Also, observations of tracks from 1970 to 1973 indicated a healthy 
population between Hoback Rim and South Piney Creek (J. Welch, pers. comm.). Only 2 
lynx (1 male, 1 female) were collared due to limited funding. Home ranges of these 2lynx 
overlap almost completely. Monitoring collared lynx allowed for the identification of 
tracks ofnoncollared lynx in the area. Since the project's inception 1.5 years ago, the 
estimation is that 5-7 lynx are in the area, including the 2 transmittered individuals. Home 
range sizes for these 2 lynx are similar to home ranges for lynx at hare population lows in 
the Northwest Territories (K. Poole, pers. comm.). The collared female lynx was 
probably captured on its mother's home range, stayed there for another 14 months, and 
had a litter of 4 kittens. After 15 months of monitoring, that lynx is missing. The male 
was monitored on the same home range for 18 months, and is also missing. 

The Central Rocky Mountain boreal forest component is generally fragmented due 
to topography (i.e. elevation, slope, aspect) and the associated ramifications. The scale of 
the map presented in Figure 2 grossly illustrates larger habitat patches in the Wyoming 
Range, Togwotee Pass/Dubois/Upper Green River area, and Bighorn Mountains. 

The Bighorn Mountains have not been formally surveyed. Although Beauvais 
(1997) intensively monitored 2 study areas on the eastern slope, he did not detect lynx. 
There are historic records, albeit few. The Bighorns insularity and concomitant ingress 
jeopardy compound the impacts from incidental trapping mortality, logging, fire 
suppression, and interspecific competition. These impacts in the Central Rocky Mountains 
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would slow or stop ingress and, therefore, any lynx population response to these impacts 
in the Bighorn Mountains themselves. It is not known if the Bighorn Mountains have a 
depressed or extirpated population. 

Togwotee Pass/Dubois/Upper Green River and the Wyoming Range are known to 
have reproducing lynx, and there are many historic records. These areas have maintained 
resident lynx populations, but were probably periodically bolstered because of the 
geographic connection through Montana from Canada. Whether lynx continue to ingress 
from the altered eCosystems ofMontana, southern Alberta, and British Columbia is 
unknown. 

CONCLUSIONS AND RECOMMENDATIONS 

Lynx may not persist in the face of continued alteration oflynx/snowshoe hare 
habitat in Wyoming,. Ingressed or reintroduced individuals would suffer the same fate as 
resident lynx. Wilderness areas offer little or no potential lynx habitat due to steep slopes 
and elevations above boreal habitat. The Wind River Mountains demonstrate a strip of 
habitat which, under present day constraints, may only support transient individuals. 
Portions of the Wyoming Range and the Togwotee Pass/Dubois/Upper Green River area 
are seen as critical to lynx presence in Wyoming. 

( ' 

( 

The prime consideration for lynx is habitat for snowshoe hares (L. Keith, pers. ( 
comm.). Results from a Yukon study suggest the best snowshoe hare habitat is 
regenerating coniferous forest: pine/spruce/fir inclusive (G. Mowat, pers. comm.). This 
regeneration can take place in existing old growth understory, burn sites, or cutblocks. 
There are numerous caveats that could be applied to this management in Wyoming that 
are taken from other studies. Each of the studies applies their recommendations to that 
geographic area, and point to the need for investigations in other locations. The 
overriding consensus fur snowshoe hares is mimic a postburn situation, and produce 
cover, cover, cover. This is most important in late winter, at snow maximum, and during 
extremely cold periods. A snowshoe hare habitat research project is needed for this 
resident, reproducing, southern lynx population. 

Lynx kitten survival is another important consideration. Survival through their first 
summer seems to be a rare occurrence in Wyoming, as early winter track surveys have 
found only 2 cases of an adult with a juvenile. The recommendation would be to 
determine why. The best way known to determine this is implant transmitters (G. Mowat, 
pers. comm. ), and the only way to find lynx kittens is to have females transmittered. The 
results are not available at this time, but the method has been utilized on at least 70 
Eurasian lynx (Lynx lynx) kittens in Norway and Sweden (H. Andren and R Andersen, 
pers. comm.). The method has not been used on bobcat, or lynx in North America. The 
other alternative is that they are not breeding. I do not believe this is the case. 
Transmittered females, a larger aged sample from the population, or a much needed DNA 
evaluation of the population could help answer this question. ( 

174 



Heterospecific competition, primarily from coyotes and to a lesser extent from 
bobcats, should be investigated. Numerous aspects of human activity have probably 
increased the number of coyotes in lynx habitat, i.e. roads, snowmachine trails, grazing, 
xerification through extensive clear cutting (Beauvais 1997), or deborealization, and wolf 
removal. These are accentuated by low fur prices and the associated low human removal 
of coyotes. 

Lynx/snowshoe hare habitat is limited and fragmented, especially on the SNF. Even 
relatively small projects could have significant impacts. These impacts, such as fire, 
logging, grazing, recreation, hunting, and trapping, could be positive as well as negative. 
Proposed projects in this habitat should be carefully evaluated to assure negative impacts 
are avoided or mitigated. Opportunities to enhance habitat for lynx and snowshoe hares 
should be promoted. 
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Table 1. Snowmachine snow track surveys for lynx (Lynx caJUUlensis) in western 
Wyoming, during the winter of 1997-1998. 

Survey Area• 
Survey 
Date 

Shoshone National Forest 

Long Creek 16Dec97 
17Dec97 
28Jan98 
8Mar98 

14Mar98 

Loop Road 14Jan98 
23Mar98 

9Apr98 

Limestone Peak 130ct97 
27Jan98 
11Feb98 
17Feb98 
3Mar98 

Warm Springs/ 18Dec97 
Sheridan Creek 23Dec97 

23Jan98 
28Jan98 
10Feb98 
26Feb98 
17Mar98 

3Apr98 
7Apr98 

Togwotee Pass 17Dec97 
Area 22Dec97 

27Feb98 
18Mar98 

8Apr98 

Distance 
(km) 

16.0 
14.6 
8.0 

12.8 
28.8 

60.8 
33.6 
83.2 

12.8 
12.8. 
19.2 
17.6 
12.8 

64.0 
41.6 
68.8 
25.6 
36.8 
44.8 
57.6 
64.0 
24.0 

9.6 
11.2 
51.2 
80.0 
80.0 
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Snow 
Conditionsb 

-/+ 
+ 
+ 
-/+ 
-I+ 

+ 

+I-
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
-/+ 
+ 
-/+ 
+!-
-I+ 

-I+ 
+ 
+ 
+!-

Lynx Tracks 
Found 

y 
N 
N 
N 
y 

N 
N 
N 

N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
y 

N 
N 
N 
y 
N 
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Table 1. Continued. 

Survey Area 

Burroughs/Horse 
Creek 
Wiggins Fork 

Beartooth Mtns. 

Dead Indian/ 
Sunlight Creek 

Crow/Grinnell 
Creek 

Survey 
Date 

9Jan98 
22Jan98 
29Jan98 

5Jan98 
6Jan98 
7Jan98 

26Jan98 
18Feb98 
19Feb98 

25Mar98 

9Mar98 

2Mar98 
10Mar98 
24Mar98 

Bridger-Teton National Forest" 

Hams Fork 12Mar98 
13Mar98 
18Mar98 
19Mar98 
20Mar98 

7Apr98 
16Apr98 

La Barge Creek 12Feb98 
1Apr98 
8Apr98 

Piney Creek 5Mar98 
31Mar98 

1Apr98 
2Apr98 

Distance 
(km) 

14.4 
33.6 
38.4 

36.8 
36.8 
4.8 

41.6 
17.6 
16.0 
19.2 

38.4 

4.8 
4.8 
4.8 

43.2 
6.4 

44.8 
9.6 

11.2 
36.8 
24.0 

64.0 
41.6 . 
49.6 

36.8 
19.2 
16.0 
16.0 
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Snow 
Conditions 

+ 
+!-
-/+ 

+ 
+ 
+ 
+ 
+ 
+ 

+/-

+ 
-/+ 

-/+ 
+ 
+ 
+/-
+ 

+ 

+ 

+ 

Lynx Tracks 
Found 

N 
N 
N 

N 
N 
N 
N 
N 
N 
N 

N 

N 
N 
N 

N 
N 
N 
N 
N 
N 
N 

N 
N 
N 

N 
N 
N 
N 



Table 1. Continued. 

Survey Area 

Cottonwood Creek 

Upper Green River 

Survey 
Date 

5Mar98 
2Apr98 
9Apr98 

9Jan98 
20Jan98 
21Jan98 
29Jan98 
3Feb98 
4Feb98 
6Feb98 

Distance 
(km) 

22.4 
41.6 
43.2 

60.8 
51.2 
19.2 
43.2 
64.0 
51.2 
64.0 

Snow 
Conditions 

+ 

+ 

+ 
+/-
+/-
+ 
+ 
+ 
+ 

Lynx Tracks 
Found 

N 
N 
N 

N 
N 
y 
y 
N 
N 
N 

' Exact location of survey routes and details of each survey are maintained by the 
Department's Lander Regional Office. 

b Snow conditions are summarized: +=very good conditions to observe fresh and 
recognizable tracks, +/-=more good than poor conditions, -/+ = more poor than good 
conditions, - = generally poor conditions. 

• Surveys for lynx in the Horse Creek area are reported separately and not included in this 
table. 
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Fig.1.-Documented and probable lynx locations (triangles) reported by Reeves et. al. 

(1986) for the period 1856 to 1986, and documented and probable lynx locations (pluses) 

for the period 1987 to the present 
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0 20 40 KllomMI' ... 

Fig. 2.- Potential lynx habitat in Wyoming-A GIS generated model from 2 lynx in western 

Wyoming utilizing general home range criteria, i.e., slope=B-12%,. elevation=2356-2869 m, 

spruce/fir/lodgepole pine vegetative component 
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Fig. 3.- Kreb's snowshoe hare turd transect locations. 
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Fig. 6.-Male lynx adaptive kemal 95% (outer circle), and 50% (inner circle) confidence 

regions for the period 7 December 1996 to 2 June 1998, Wyoming Range, Bridger-Teton 

National Forest, western Wyoming. UnHs are the UTM coordinate system. 
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CANADA LYNX TRAPPING ON THE SHOSHONE AND BRIDGER-TETON 
NATIONAL FORESTS, WYOMING 

STATE OF WYOMING 

COMPLETION REPORT 

NONGAME MAMMALS - Species of Special Concern 
Canada Lynx 

PERIOD COVERED: 15 April 2005-14 April 2006 

PREPARED BY: Laurie Van Fleet, Nongame Biologist 
Matt Wells, Nongame Biologist 
Martin Grenier, Nongame Mammal Biologist 
Bob Oakleaf, Nongame Coordinator 

INTRODUCTION 

Canada lynx have been present in Wyoming prehistorically (Kurten and Anderson 
1980) and historically (Reeve et al. 1986). Wyoming State Statue protected lynx in 1973. 
The Wyoming Game and Fish Department (Department) Nongame Program lists the lynx 
as. a Species of Greatest Conservation Need (SGCN) in the Comprehensive Wildlife 
Conservation Strategy (Wyoming Game and Fish Department 2005), primarily due to the 
declining abundance of the species and its habitat (Laurion and Oakleaf2000, Squires et 
al. 2003). The U.S. Forest Service (USFS) Region 2 lists the lynx as a Sensitive Species, 
and it is a Convention on International Trade of Endangered Species Appendix II species. 
1n 2000, the U.S. Fish and Wildlife Service listed the Canada lynx as Threatened under 
the federal Endangered Species Act of 1973. 

During a five-year hiatus from lynx surveys (Laurion and Oakleaf, 2000), the 
Department received credible lynx track reports with growing frequency (Nate Berg, 
Endeavor Wildlife Research Foundation, personal communication). As such, the 
Department resumed surveys for lynx in the fall of 2005 and continued through the spring 
of2006. The objectives of the resumed surveys were to: 1) document areas currently 
occupied by lynx, and 2) attempt to capture and collar at least two lynx. 

METHODS 

Snow Track Surveys 

Department surveys were conducted by snowmachine in three areas near Togwotee 
Pass (the Flagstaff drainage, Long Creek, and Sheridan Creek) and in several drainages in 
the Wyoming Range. Lynx were previously recorded in all of these areas during 
Department surveys in 1994-2000 (Laurion and Oakleaf2000). Efforts were coordinated 
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with the USFS, Bridger-Teton and Shoshone National Forests. Studies by other research 
groups with other objectives were likely to document the presence or absence oflynx 
during 2005-2006, and added to our results. 

In addition, hair and scat samples associated with lynx tracks were submitted to the 
Wildlife Genetics Laboratory, Rocky Mountain Research Station, USFS in Missoula, MT 
for DNA analysis to verify species identification and, if possible, individual origin. 

Lynx Trapping and Subsequent Radio Telemetry 

To continue building on our knowledge of habitat use by lynx in Wyoming, the 
Department attempted to trap and radio collar lynx in the Long Creek and Flagstaff areas. 
Trap sets consisted of five traps and were set along routes where recent lynx tracks were 
observed. Box traps were used to capture lynx (Kolbe eta!. 2003). These lightweight 
traps were constructed of PVC pipe and chicken wire and were easily transported by 
snowmachine for on-site set up. Traps were placed under the canopy oflarge conifers, 
the top and sides of each trap were covered with pine boughs, and traps were baited with 
road-killed deer and beaver castor. Visual attractants such as compact discs and grouse 
wings were hung nearby with monofilament fishing line. Traps were checked every 24-
36 hours and were re-baited and/or re-set if necessary. 

Captured lynx were to be darted with a plastic, pneumatically pressurized 
syringe/dart administered with a jab stick. Te1azol®(Fort Dodge Labs, IA) at 5mglkg 
(Poole eta!. 1993) will be used to anesthetize the lynx. We were prepared to equip 
captured lynx with GPS collars and radio transmitters (Sirtrack Limited, Havelock, New 
Zealand) and collect blood, hair, and standard measurements from all processed lynx. 

RESULTS 

Snow Track Surveys 

Approximately 1,046 miles (1,683 km) ofsnowmachine trails were searched by the 
Department in the Flagstaff drainage, Long Creek, Sheridan Creek, and several drainages 
in the Wyoming Range from November 2005 to April 2006 (Figure. 1, Table I). Lynx 
tracks were observed on 14 occasions: twice on the Flagstaff Road and 12 times in the 
Long Creek area. One of the sets of tracks on the Flagstaff Road was confirmed as a 
male previously recorded by a study in Yellowstone National Park, while the other track 
was confirmed as a Wyoming lynx (Nate Berg, Endeavor Wildlife Research Foundation, 
personal communication). DNA analysis of hair collected during track surveys (Kim 
Johnson, USPS Jackson, personal communication), telemetry locations, and captures in 
the Long Creek area all confirmed Long Creek lynx were a pair oflynx from Quebec 
released in Colorado in an effort to establish a lynx population in that state. No lynx 
tracks or sightings were observed in Sheridan Creek or any of the Wyoming Range 
surveys, during winter 2005/2006. Marten tracks were seen in two areas and wolf tracks 
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were observed once at both the Long Creek and Flagstaff Road areas. Coyote tracks 
were common and observed on all routes. 

The Absaroka Beartooth Wolverine Project surveyed a total of 557 miles (896 km); 
520 miles (837 km) using snowmachines and 37miles (60 km) on snowshoes (Figure 1, 
Table 2). Transects were located in Sunlight, Muddy, Gilbert, Pilot and Republic Creeks. 
No lynx tracks or sightings were observed during these surveys (Jason Wilmot, personal 
communication). 

The Wildlife Conservation Society conducted wolverine trapping and track surveys 
in the Greater Yellowstone area including the Tetons, Togwotee Pass, Teton Wilderness, 
and the Gros Ventre and Snake River areas. A total of 1,376miles (2,214 km) were 
conducted by snowmachine, 820 miles (1,320 km) on snowshoes or skis,. and 214miles 
(334 km) by combined skiing/snowmachining (Figure 1, Table 2). One lynx track was 
observed near Togwotee Pass during a trap check (Robert Inman, personal 
communication). 

John P. Whiteman, University of Wyoming Department of Zoology and 
Physiology, conducted snowtrack surveys in the Medicine Bow National Forest and the 
southern Wind River Mountains from December 2005 through March 2006. A total of 
7.98 miles (12.85 km) were surveyed along 20 routes by skis/snowshoes in the Medicine 
Bow Forest and 1.6 miles (2.5 km) in the Southern Wind River Mountains of the 
Shoshone National Forest with surveys conducted on snowshoes during three visits, 
totaling 1.6 miles (2.5 km) searched (Figure 1, Table 2). No lynx tracks or sightings were 
observed during these surveys (John Whiteman and Steven Buskirk, personal 
communication). 

A combined effort of all four surveys between November 2005 and April 2006 
resulted in a total of3,977miles (6,400 km) surveyed; 2,942miles (4,735 km) using 
snowmachines, 858 miles (1,381 km) using skis/snowshoes, and 214 miles (344 km) 
using a snowmachine/ski combination. Only two lynx of Wyoming origin were located. 

Lynx Trapping and Subsequent Radio Telemetry 

A total of 203 trap nights were utilized between February 2006 and March 2006 
(Table 1 ). Two marten were captured at the Togwotee Pass site along with trap doors 
found closed five times with no animals present. The Colorado male lynx was captured 
six times at the Long Creek site. On 26 February 2006, the male was anesthetized, bled, 
measured, weighed, and refitted with a satellite radio collar supplied by Tanya Shenk, 
Colorado Division of Wildlife. The female lynx approached traps several times but was 
never caught. Habitat use and movements of translocated lynx were not part of our 
objectives. 

In April and May, the female was closely monitored to determine denning and 
potential reproduction, because behavior of the male and female indicated a breeding 
pair. The female did seem to localize during 9 May through 16 May 2006 and again on 
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22 May 2006. On 23 May, using techniques that successfully located three dens of radio 
collared lynx in the Wyoming Range (Laurion and Oakleaf 2000), observations indicated 
that she was not successful. Long distance dispersal of both the male and female 
followed within a few days. 

DISCUSSION 

Lynx habitat in Wyoming has historically been fragmented. Following extensive 
surveys in the mid and late 1990s, Laurion and Oakleaf (1998) concluded that the 
persistence of lynx in Wyoming was questionable given the continued alteration of 
habitat. The continued alteration of habitat, especially in the Wyoming Range, has 
significantly reduced the amount of available habitat and has complicated lynx 
conservation efforts in Wyoming. The little remaining lynx habitat in Wyoming is quite 
restrictive and disjunct with little to no potential existing in protected Wilderness Areas. 

Detection of lynx tracks during the winter of2004/2005 marked the first record of 
lynx in Wyoming since the death of the last known collared lynx in February of2002. 
Follow up surveys ofthese recent detections were planned for the winter of2005/2006. 
Consequently, efforts were made to capture and collar any native Wyoming lynx. At 
least four individuals were identified through track surveys prior to the start of the 
trapping season in February of 2006. Lab results from DNA analysis taken from hair and 
scat samples located during the backtracking of detected lynx has revealed that at least 
four individual lynx were present in northwestern Wyoming. However, only two of these 
were confirmed as native Wyoming lynx and both were detected in the Flagstaff area. 
Unfortunately, lynx in this area appeared to have dispersed out ofthe area prior to our 
trapping effort, as no lynx tracks were detected and no individuals were trapped. One of 
these lynx appears to have moved back toY ellowstone prior to the start of our trapping 
effort. 

Several conservation implications exist as a result of these immigrated Colorado 
lynx,· and the impacts to native Wyoming lynx populations are unknown but of concern. 
The Department has since learned that as many as six of these Colorado translocated lynx 
have been documented at different times and in different regions of Wyoming in the last 
year. Although these immigrants could serve to bolster native populations in the short
term by increasing the number oflynx in Wyoming, the long-term impacts are unknown 
and are of concern. The benefits ofthese immigrants could be offset if the native lynx 
population is genetically different, which could result in a diffusion of native lynx 
genetics, especially if immigration rates are higher than local recruitment. Efforts are 
underway to identifY potential genetic differences between Wyoming lynx and these 
transplanted lynx that originated from Quebec, Canada. 

Laurion and Oaldeaf (1998) also concluded that Wyoming may only support 
transient individuals in the future due to the continuing alteration of habitat. Under 
current management paradigms, it is also likely that Wyoming may now be a sink for 
lynx and that long-term persistence of the species is questionable. Empirical data from 
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this past survey effort suggest that lynx detected during the fall of 2005 are transient and 
have been difficult to locate in the same area consistently. It is possible that the lynx 
detected in the Flagstaff area are dispersing individuals from Montana. Lynx have been 
documented making very large exploratory movements in the early summer and early fall 
(Squires eta!. 2003). The timing of these exploratory movements has coincided with the 
detection of lynx in the Flagstaff area and may explain why no individuals were detected 
after January. 
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Forest Carnivore Study Areas in 2005/2006 
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Figure 1. Forest carnivore study areas in 2005/2006. 
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Table 1. Wyoming Game and Fish Department snow track surveys for Canada lynx 
and other forest carnivores in western Wyoming during the winter of2005/2006. 

Survey Survey Distance Snow Lynx Tracks Other Carnivore 
Area Dale (miles) Condilionsa Found Tracksb/Comments 

Togwotee 11/2/2005 2 + N c 
Pass 11/3/2005 8 +I- y c 

11/4/2005 9 +I- N 
2/3/2006 9 + N C,M 
2/14/2006 12 +I- N C,M,W 
2/21/2006 12 - N c 
2/22/2006 12 +I- N C,M 
2/24/2006 13 - N M 
2/25/2006 13 +I- N M 
2/26/2006 15 N c 
2/27/2006 12 - N C,M 
2/28/2006 12 - N 
3/1/2006 13 +I- N 
3/2/2006 16 + N C,M 
3/3/2006 13 +I- N c 

. 3/4/2006 13 - N Min trap #3 
3/5/2006 49 +I- N 
3/6/2006 12 - N 
3/7/2006 16 +I- N C,M 
3/8/2006 12 -/+ N 
3/9/2006 15 +I- N C,M 

Long 2/8/2006 7 - Y (2 sets) w 
Creek 2/14/2006 7 +I- N 

2/16/2006 7 +I- N c 
2/17/2006 7 + y 
2/21/2006 7 - y c 
2/22/2006 7 - y L male captured/released 
2/24/2006 8 - N 
2/25/2006 8 -!+ y . L male captured in #5, 

female tracks at #4 & #5 
2/26/2006 8 -!+ y L male processed and 

released 
2/27/2006 7 - y L tracks at #3 
2/28/2006 21 -/+ N C,M 
3/1/2006 8 +I- N M 
3/2/2006 7 + N c 
3/3/2006 7 + N 
3/4/2006 53 - y L male released from #3 
3/5/2006 8 +I- N 
3/6/2006 5 - N 
3/7/2006 7 +I- y C, L male in #4 
3/8/2006 11 - y C, L male in #4 
3/9/2006 6 -!+ N c 
3/10/2006 5 +I- y C, L male in #4 

Sheridan 
Creek 2/16/2006 10 +I- N c 

Survev Summary - 43 surveys, 509 miles surveyed, 13 lynx detected 
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Table 1. Continued. 

• Snow conditions are summarized as follows: 
+ excellent conditions to observe fresh and recognizable tracks 
+/- good conditions 
-/+ fair conditions 

poor conditions 

b Other carnivore tracks observed: 
C coyote 
M marten 
W wolf 
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Table 2. Additional studies with high potential for locating lynx. 

Snowmachine 
Distance 

Agency Survey Area (miles) 
Absaroka Sunlight Creek 249.05 
Beartooth Muddy Creek 90.7 
Wolverine Gilbert Creek 66.96 
Project Pilot Creek 

Pilot Creek to State line 113.9 
Republic Creek 

Total 519.9 

Wildlife Tetons 1,328 
Conser- Togwotee Pass 
vation Teton Wilderness 
Society Teton Wilderness Access 48 

Gros Ventre 
Snakes 

Total 1,376 

University Laramie RanQer District, Medicine Bow NF 
of Platte River Wilderness, Medicine Bow NF 
Wyoming Savage Run Wilderness, Medicine Bow NF 

Total 

' Ski/Snowshoe Combined 
Distance Ski/Snomachine 
(miles) Distance (miles) 

10.5 
6.9 
4.8 
5.6 
2.6 

6.25 
36.65 

258 30.1 
13.5 16.8 

548.5 

111.2 
55.9 

820 214 

6.65 
1 

0.31 
7.96 

Number 
of 

Repetitions 
25 
21 
15 
28 
25 
1 

Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 

Unknown 
Unknown 

Lynx 
Sign 

(tracks/visual) 
0 
0 
0 
0 
0 
0 

0 
1 T 
0 
0 
0 
0 

0 
0 

- \ 



HISTORIC AND RECENT DISTRIBUTION 
OF THE LYNX IN WYOMING 

COMPLETION REPORT 

STATE OF WYOMING NONGAME MAMMALS- Priority 
Species: 

PERIOD COVERED: 

PREPARED ElY: Archie Reeve, Frederick Llndzey, 
Steven Bus!< 11'1< 

Lynx 

Till' following is a condensed ver·sion of a 
Wyoming Cooperative Researo:l1 Unit report (Reeve, et 
a l • , 1 986) • 

SummarY 

1), Records of 262 lynx in Wyoming and contiguous 
areas In adJoining states were obtained from 
museum collections, publications, state and 
federal agency records and personnel, and 
private individuals. These records cover a 
130-year period, 1856-1986. 

2), Concentrations of lynx records were observed in 
northwestern Wyoming, the WYoming and Salt River 
ranges, the Absaroka and Wind River· ranges, and 
the Vinta Range In Utah. 

3), Lynx may be present in the Sig Horn Range and 
sporad i ca 11 y occur In eastern Wyoming, pass i bl y 
during periods of d i spersa 1 fr·om nor· thern 
popu I at ions. 

4). The distribution of recor·ds sirtce lYr•x bec.ame 
protected In 1973 is consistent with the 
distribution of records before 1973. 
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5) • Moet lynx records outside of Yellowstone 
National ParK were above 2500 m elevation in 
lodgepole pine or spruce-fir vegetation. 

6>. Present management pol I des ~oro teet I ng 1 yux may 
be adequate to maintain present populations but 
de• not prtJv I de i nforma tl c•n about popu 1 at I ou 
status. ' 

'l). 81 te-spec.l f i c. b i ol og i ca 1 i r1forma ti oro about 
population siz~, natality, mortality, and 
habl tat c:ondl tlon Is needed before pol ic:ies 
affecting lynx c:an be revised to ac:cornrn.:>date 
c.orr~erc:lal or recreational trapping. 
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From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: FW: WER 9074.06 Draft Species Status Assessment-Canada Lynx Contiguous United States Distinct

Population Segment
Date: Wednesday, February 08, 2017 8:00:04 AM
Attachments: wer9074.06_Signed Letter.pdf

Reeve&Buskirk_1987.pdf
VanFleet et al_2006.pdf
Laurion&Oakleaf_1998.pdf
Laurion&Oakleaf_2000.pdf

this makes me wonder if Jonathan plans on compiling these responses. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Jonathan Mawdsley <jmawdsley@fishwildlife.org>
Date: Wed, Feb 8, 2017 at 7:45 AM
Subject: FW: WER 9074.06 Draft Species Status Assessment-Canada Lynx Contiguous
United States Distinct Population Segment
To: "Bush, Jodi" <jodi_bush@fws.gov>

FYI from Wyoming…

 

From: Nancy Stange [mailto:nancy.stange@wyo.gov] 
Sent: Wednesday, February 08, 2017 9:44 AM
To: Jonathan Mawdsley
Cc: Brian Nesvik; Doug Brimeyer; Bob Lanka; Zack Walker; Nichole Bjornlie; Susan Patla; Matthew Fry;
Chris Wichmann
Subject: WER 9074.06 Draft Species Status Assessment-Canada Lynx Contiguous United States Distinct
Population Segment

 

Mr. Mawdsley,

The Wyoming Game and Fish Department's comments for WER 9074.06 Draft Species Status
Assessment-Canada Lynx Contiguous United States Distinct Population Segment are
attached. 

Thank you, 

 

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jmawdsley@fishwildlife.org
mailto:jodi_bush@fws.gov
mailto:nancy.stange@wyo.gov


Nancy Stange

Wyoming Game and Fish Department

Habitat Protection Secretary

5400 Bishop Blvd.

307-777-4506

nancy.stange@wyo.gov

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.

mailto:nancy.stange@wyo.gov


From: McCollough, Mark
To: Harris, Anna
Subject: Re: Mark teleworking today
Date: Wednesday, February 08, 2017 8:53:03 AM

will try to get a photo...Mark

On Wed, Feb 8, 2017 at 8:51 AM, Harris, Anna <anna_harris@fws.gov> wrote:
Thanks Mark,

If you can get a picture of the group or if someone can take a picture while you're giving
your presentation, I'd really like to include this in the ES weekly report. Appreciate your
community outreach,

On Wed, Feb 8, 2017 at 7:41 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Roads are messy in Hampden this morning so I will be teleworking.  Working on briefing
paper for lynx SSA and final prep for lynx-climate change talk in Bangor at 6:00 this
evening.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

mailto:mark_mccollough@fws.gov
mailto:anna_harris@fws.gov
mailto:anna_harris@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
https://www.fws.gov/northeast/mainecomplex/


-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
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New Hampshire – There were 19 87 confirmed lynx records indicating 28 individual lynx in northern New 
Hampshire from 2006 to 20132016, with evidence of reproduction in 2010 and 2011 (79 FE 54820).  
Formal track transects conducted during the winters from 2012 through 2015 resulted in the majority of 
the track intercepts included in the confirmed records.  An In additional 30 lynx detections were 
documented in 2014in 2014, 2015, and 2016 using 14 different remote cameras dispersed throughout 
the northernmost section of the state (Siren 2016, per. comm.)(Siren 2014, p.7), 24 lynx track intercepts 
were recorded during snow-tracking surveys during the winter of 2014-2015 (Siren 2016, p.1), and 
surveys in 2016 also detected lynx (Siren 2016, pers. Comm.).  Most records since 2006 are in the vicinity 
of Pittsburg in the northernmost reaches of the state, though lynx detections in 2015 and 2016 suggest a 
southern expansion from the area where they had been documented in 2006 through 2014in 2006-2014 
detections (Siren 2016, p. 1; Siren 2016, pers. cComm.).  Despite recent evidence of lynx residency and 
reproduction, the Service concluded in the 2014 revised critical habitat designation that, based on 
modelling of the amount of potentially suitable habitat and favorable snow conditions (Hoving et al. 
2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-928, it is unlikely that northern New Hampshire will 
support a resident breeding population over the long term (79 FR 54820-54821).  Siren (2014, p. 10) 
suspected that the relatively few lynx detections documented in 2012-2014 may be related to the 
presence and abundance of bobcat, coyote and fisher populations in much of northern New Hampshire.  
We conclude that northern and central New Hampshire likely supported a small resident lynx population 
historically that was extirpated during the latter half of the 20th century.  We are uncertain whether lynx 
detections in northern most New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary phenomenon 
related to an expanding source population in neighboring northern Maine (79 FR 54821).  Although 
bobcat populations have increased and expanded their range in this region in recent decades (Lavoie et 
al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations (Reed 
2009, pp. 29-33; McCord, 1974, pp. 433-434).  Maine’s bobcat harvest declined substantially after two 
deep snow winters in 2008 and 2009 (Maine Department of Inland Fisheries and Wildlife 2015, p. 37).  It 
is possible that these anomalous deep snow winters provided a temporary competitive advantage to 
lynx in northern New Hampshire.   

 

 

 

 

 

Commented [j1]: Recent research documenting biases in snow 
distribution and abundance modelling may change this.  Snow 
depths were under represented in Pittsburg where lynx have 
become more persistent on the landscape.   

Commented [j2]: Especially due to unusually open winter 
conditions 
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New Hampshire – Habitat in northern New Hampshire is not within the designated critical habitat.  
Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that support lynx in New 
Hampshire are much smaller than those in northern Maine (Litvaitis and Tash 2005, Gig. 2 and p. A-298; 
Robinson 2006, Fig. 2.2., p.99).  Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat 
having a greater than 50 percent probability of being occupied by lynx 968 FR 40086).  Litvaitis and Tash 
(2005, p. A-29) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada 
lynx habitat.  Historical distribution in New Hampshire included Coos and northern Carrol and Grafton 
counties (i.e., White Mountain National forest; Siegler 1971, Silver 1974, Hoving et al. 2003).  Habitats 
with the highest probability of occurrence are in Pittsburg in northern New Hampshire and the White 
Mountain National forest in the central area of the State (Siren 2014), p. 34).  The majority of the habitat 
in northern New Hampshire is located on the 101-km2 (39-mi2 Connecticut Lakes Natural Area (CLNA), 
which is owned and managed by New Hampshire Fish and Game.  Surrounding habitat is owned and 
managed by the Connecticut Lakes Timber Company under a conservation easement held by the State.  
Occurrence records from the past 10 years have been centered on these two ownerships (Kilborn 2015, 
App.  A, pp. 42-43).  The CLNA, under a conservation easement, includes a 61 km2 (23 mi2) area that will 
be allowed to mature to a climax forest type which is contained within what is considered core lynx 
habitat.   with a conservation easement under which it will be allowed to mature to a climax forest type; 
This area will potentially provideing good denning habitat but will likely restricting the amount of 
snowshoe hare habitat in the foreseeable future.  Current conditions are in a transition state, and 
portions of the core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43).  Regional scale modelling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire are unlikely to 
support viable lynx populations over time (Hoving et al. 2005 pp. 739, 749). 

 

 



From: Kanter, John
To: "Jodi_bush@fws.gov"
Cc: Kilborn, Jillian; jmawdsley@fishwildlife.org
Subject: NH Comments
Date: Wednesday, February 08, 2017 11:19:55 AM
Attachments: SSA_doc_comments_NH.DOCX

 
Hi Jodi:
Attached are revisions/updates for the draft Canada Lynx SSA. Jill Kilborn, our Lynx project leader,
can provide additional information if needed (copied on this email).
Thanks,
John
 
John Kanter
Nongame and Endangered Wildlife Supervisor
NH Fish and Game Department
 

mailto:John.Kanter@wildlife.nh.gov
mailto:jodi_bush@fws.gov
mailto:jillian.kilborn@wildlife.nh.gov
mailto:jmawdsley@fishwildlife.org
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New Hampshire – There were 19 87 confirmed lynx records indicating 28 individual lynx in northern New 
Hampshire from 2006 to 20132016, with evidence of reproduction in 2010 and 2011 (79 FE 54820).  
Formal track transects conducted during the winters from 2012 through 2015 resulted in the majority of 
the track intercepts included in the confirmed records.  An In additional 30 lynx detections were 
documented in 2014in 2014, 2015, and 2016 using 14 different remote cameras dispersed throughout 
the northernmost section of the state (Siren 2016, per. comm.)(Siren 2014, p.7), 24 lynx track intercepts 
were recorded during snow-tracking surveys during the winter of 2014-2015 (Siren 2016, p.1), and 
surveys in 2016 also detected lynx (Siren 2016, pers. Comm.).  Most records since 2006 are in the vicinity 
of Pittsburg in the northernmost reaches of the state, though lynx detections in 2015 and 2016 suggest a 
southern expansion from the area where they had been documented in 2006 through 2014in 2006-2014 
detections (Siren 2016, p. 1; Siren 2016, pers. cComm.).  Despite recent evidence of lynx residency and 
reproduction, the Service concluded in the 2014 revised critical habitat designation that, based on 
modelling of the amount of potentially suitable habitat and favorable snow conditions (Hoving et al. 
2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-928, it is unlikely that northern New Hampshire will 
support a resident breeding population over the long term (79 FR 54820-54821).  Siren (2014, p. 10) 
suspected that the relatively few lynx detections documented in 2012-2014 may be related to the 
presence and abundance of bobcat, coyote and fisher populations in much of northern New Hampshire.  
We conclude that northern and central New Hampshire likely supported a small resident lynx population 
historically that was extirpated during the latter half of the 20th century.  We are uncertain whether lynx 
detections in northern most New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary phenomenon 
related to an expanding source population in neighboring northern Maine (79 FR 54821).  Although 
bobcat populations have increased and expanded their range in this region in recent decades (Lavoie et 
al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations (Reed 
2009, pp. 29-33; McCord, 1974, pp. 433-434).  Maine’s bobcat harvest declined substantially after two 
deep snow winters in 2008 and 2009 (Maine Department of Inland Fisheries and Wildlife 2015, p. 37).  It 
is possible that these anomalous deep snow winters provided a temporary competitive advantage to 
lynx in northern New Hampshire.   
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New Hampshire – Habitat in northern New Hampshire is not within the designated critical habitat.  
Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that support lynx in New 
Hampshire are much smaller than those in northern Maine (Litvaitis and Tash 2005, Gig. 2 and p. A-298; 
Robinson 2006, Fig. 2.2., p.99).  Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat 
having a greater than 50 percent probability of being occupied by lynx 968 FR 40086).  Litvaitis and Tash 
(2005, p. A-29) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada 
lynx habitat.  Historical distribution in New Hampshire included Coos and northern Carrol and Grafton 
counties (i.e., White Mountain National forest; Siegler 1971, Silver 1974, Hoving et al. 2003).  Habitats 
with the highest probability of occurrence are in Pittsburg in northern New Hampshire and the White 
Mountain National forest in the central area of the State (Siren 2014), p. 34).  The majority of the habitat 
in northern New Hampshire is located on the 101-km2 (39-mi2 Connecticut Lakes Natural Area (CLNA), 
which is owned and managed by New Hampshire Fish and Game.  Surrounding habitat is owned and 
managed by the Connecticut Lakes Timber Company under a conservation easement held by the State.  
Occurrence records from the past 10 years have been centered on these two ownerships (Kilborn 2015, 
App.  A, pp. 42-43).  The CLNA, under a conservation easement, includes a 61 km2 (23 mi2) area that will 
be allowed to mature to a climax forest type which is contained within what is considered core lynx 
habitat.   with a conservation easement under which it will be allowed to mature to a climax forest type; 
This area will potentially provideing good denning habitat but will likely restricting the amount of 
snowshoe hare habitat in the foreseeable future.  Current conditions are in a transition state, and 
portions of the core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43).  Regional scale modelling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire are unlikely to 
support viable lynx populations over time (Hoving et al. 2005 pp. 739, 749). 

 

 



From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: NH Comments
Date: Wednesday, February 08, 2017 11:21:02 AM
Attachments: SSA_doc_comments_NH.DOCX

more comments. This time from NH.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Kanter, John <John.Kanter@wildlife.nh.gov>
Date: Wed, Feb 8, 2017 at 11:18 AM
Subject: NH Comments
To: "Jodi_bush@fws.gov" <Jodi_bush@fws.gov>
Cc: "Kilborn, Jillian" <jillian.kilborn@wildlife.nh.gov>, "jmawdsley@fishwildlife.org"
<jmawdsley@fishwildlife.org>

 

Hi Jodi:

Attached are revisions/updates for the draft Canada Lynx SSA. Jill Kilborn, our Lynx project
leader, can provide additional information if needed (copied on this email).

Thanks,

John

 

John Kanter

Nongame and Endangered Wildlife Supervisor

NH Fish and Game Department
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INFORMATION MEMORANDUM FOR THE REGIONAL DIRECTOR 

DATE:  February X, 2017  
 
FROM:  Anna Harris, Supervisor, Maine Field Office 

SUBJECT:  Decision Meeting to review the draft Species Status Assessment (SSA) 
and determine the listing status of the Canada lynx   

Statement of Purpose:  This briefing document was drafted to provide background information 
concerning a March 1-2, 2017 meeting of decision-makers from Regions 1, 3, 5, and 6 who will 
assemble at Region 6 headquarters in Lakewood, Colorado to review the draft Canada lynx SSA 
and to participate in a decision process to determine whether the Canada lynx should remain 
listed as threatened, be uplisted to endangered, or be found to no longer warrant listing on the 
Federal endangered species list.  
 
BACKGROUND 
 
The Canada lynx DPS was listed as threatened under the Endangered Species Act (Act) in 
2000. We were remanded the listing decision after litigation to list the lynx as endangered.  We 
addressed the remand and published our decision to retain the lynx listed as threatened in 2003.  
The initial reason for listing was Factor D - inadequacy of existing regulatory mechanisms on 
Federal lands. Lynx in the contiguous U.S. were considered a single DPS because of differences 
in management in Canada (harvesting). Since listing, the U. S. Forest Service (USFS) and 
Bureau of Land Management have developed agreements with the Service to manage lynx and 
incorporated standards for lynx management into their management plans. At the time of listing, 
lynx were believed to occur primarily in the western U. S., but since then populations have been 
documented in Maine and Minnesota, which occur mostly on private industrial forest lands.  
Comparable, long-term agreements with private forest landowners have not been developed.  As 
the science of climate change has advanced, the Service has increasingly acknowledged, in our 
Federal Register documents that climate change is a significant stressor to the continued 
existence of Canada lynx DPS.  Lynx require boreal forest, and deep, fluffy snow to support high 
snowshoe hare populations, their primary prey and to maintain a competitive advantage over 
bobcats and other species.  Additional stressors identified in the USFS Lynx Conservation 
Assessment and Strategy (LCAS) and critical habitat documents include incompatible forest 
management, habitat loss and fragmentation, and development. 
 
We published a Recovery Outline for the DPS in 2005 that focused on interim conservation 
measures in six “core” areas in Maine, Minnesota, Montana and northern Idaho, the Greater 
Yellowstone Area, Colorado, and Washington.  We designated critical habitat for the DPS in 
2006. As a result of litigation, we revised critical habitat in 2009 and again in 2014 and 
designated critical habitat in five of the six core areas (not in Colorado where lynx were 
reintroduced and where, at the time, we believed they had an uncertain future).  We also 
expanded the DPS to wherever lynx occur in the contiguous U.S., but still acknowledged the 
importance of the six core areas for recovery. The Court remanded the most recent critical 
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habitat rule, especially concerning lynx in Colorado, and we have not determined next steps in 
our response to this litigation.   
 
In 2013 the Service was sued for not having a recovery plan, and in 2014 a Federal court in 
Montana found the Service’s delay was unreasonable, and a settlement agreement specified that 
a recovery plan would be completed by January, 2018 if the lynx remained listed as endangered 
or threatened. 
 
INTRODUCTION 
 
In 2007 the Service announced it would initiate a 5-year status review of the Canada lynx, but it 
was never started because of litigation demands concerning critical habitat.  In response to the 
remand concerning a recovery plan, in January 2015 the Service announced that we would re-
initiate a five-year status review.  In March 2015 the Service determined that we would use the 
SSA format to inform classification decisions, recovery planning direction, and other 
determinations required by the ESA.  A FIT team was assigned to work with a core team of lynx 
biologists from Regions 1, 3, 5, and 6, representing each of the core lynx areas (and who had 
been engaged for years with the USFS and were authors of the LCAS). 
 
As part of the process to assemble and interpret the best available science for the SSA, the 
Service invited a panel of lynx, snowshoe hare, climate change, and forest management experts 
to a workshop in Minnesota in October 2015.  Workshop participants, facilitated by the FIT 
team, spent three days giving presentations and participating in facilitated exercises to document 
the status and stresses to lynx and snowshoe hares.  A final report summarizing the workshop 
was completed in January, 2016. 
 
Between January and November, 2016 the core team wrote the draft SSA. In January, 2017 the 
Service initiated a 30-day review of the draft SSA by a blind Peer Review process, State and 
Federal agencies, Tribes, lynx experts who attended the workshop, and several others.  The draft 
SSA will be used first to inform the 5-year review for lynx.  A Decision Team representing each 
of the USFWS core areas where lynx occur, will meet with the authors of the SSA and others on 
March 2 and 3, 2017 to review the SSA, consider the comments we have received, and make one 
of three determinations: (1) keep the DPS status as threatened, (2) upgrade it to endangered, or 
(3) determine that the DPS no longer warrants listing.  If the lynx remains listed as threatened or 
endangered, the core team will complete the SSA and 5-year review and write a recovery plan by 
January, 2018. 
 
DISCUSSION 
 
The SSA for the Canada lynx is a comprehensive document summarizing the best available 
science to assess the current status of, threats to, and future viability of the lynx DPS.  We were 
fortunate that the USFS (and most of the USFWS core team) had recently (2013) authored a 
revision of the LCAS that assembled much of the scientific information.  The experts at the SSA 
workshop provide additional information, especially concerning their interpretation of climate 
change and the status of lynx in the DPS and in Canada.  The Service’s core team had a short, 
but productive period of several months to assemble additional scientific literature not included 
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in the LCAS or presented or considered by the lynx experts.  The core SSA and FIT team met in 
Denver in March 2016 to complete exercises to evaluate the current and future status of lynx in 
relationship to representation, resilience, and redundancy.  Conclusions of the SSA are 
summarized in the Executive Summary and further condensed here: 
 
Representation:  Lynx are specialist carnivores that require boreal forest and deep-fluffy snow 
that support high populations of snowshoe hares, their primary prey.  It is widely accepted that 
lynx populations in the DPS depend to some degree on periodic dispersal of lynx from Canada 
during the peak of the 10-year snowshoe hare cycle. They cannot adapt to alternate forest types, 
lower snow regimes, or alternative prey. We conclude that there is currently minor genetic 
variation in North American lynx populations because they have an exceptional ability to 
disperse and there are few barriers to dispersal. We lack evidence of past genetic constraints, 
however there could be further genetic structuring or bottlenecks as habitat retracts northward or 
upward in elevation diminishing the frequency of gene flow between populations in the DPS and 
Canada.  For example, increasingly ice-free conditions in the St. Lawrence Seaway will further 
reduce or eliminate gene flow between lynx populations in the Maine unit with core populations 
in northern Canada. There are differences in behavior, ecological settings, and perhaps genetic 
adaptations that are currently expressed throughout the DPS and could be vital for the future 
persistence of lynx in a changing climate. To date we have not detected meaningful loss of 
ecological breadth in the DPS at the southern margin of the species' range where change is 
rapidly occurring. 
 
Redundancy:  The DPS is widely scattered in six geographic units from Maine to Washington, 
thus we do not believe the DPS as a whole is vulnerable to extirpation from a single catastrophic 
(except climate change). Similarly, there is currently a low likelihood of functional extirpation of 
any of the individual geographic units from a single catastrophic event.   
 
Resilience: We (and experts) question whether the Greater Yellowstone Unit currently supports 
a viable population. We expect resident lynx populations in the five remaining geographic units 
to be smaller and more fragmented and isolated in the future, and each geographic unit and the 
DPS as a whole will, therefore be less resilient in the future.  We (and lynx experts) anticipate 4 
of the 5 units to have a >50% probability of persistence by mid-century, but only 2 or 3 of 5 units 
to persist until the end of the century.  (These results are from the “median” scenario.  “High” 
and “low” scenarios are also presented in the SSA to address uncertainty and high and low CO2 
emissions scenarios). The SSA Team generally agreed with lynx experts on the outcomes of 
future scenarios, but were perhaps less optimistic about some units.  The most vulnerable units 
may be Maine and Minnesota where climate change effects are expected to be greatest and there 
is little high elevation refugia. Loss of units will reduce resilience, representation (loss of 
adaptive capacity, ecological settings, and perhaps some genetic attributes), and redundancy 
(smaller, more fragmented populations will be more vulnerable to catastrophic events).   
 
Stressors:  The best available science, lynx experts, and authors of the SSA indicate that climate 
change is the current and overriding stressor to the Canada lynx DPS in the next century.  This is 
because climate change is reducing the deep, fluffly snow conditions that lynx require, causing 
declines in spruce and fir, and likely dampening snowshoe hare cycles and populations on which 
lynx in the DPS require.  Whereas the original factor for listing, inadequate regulations on 
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Federal lands, has largely been addressed (but effectiveness uncertain, untested), there has been 
almost no effort to assure lynx management on private forest lands where habitat is declining 
rapidly because of current forest management practices (Maine).  The SSA explains why 
development, wildlfire, and loss and habitat fragmentation are also primary stressors to lynx in 
the DPS.   
 
Overall conclusion:  We conclude that the functional extirpation of resident lynx populations 
from one or more geographic units by mid-century and two or three (of five) units by the end of 
the century would demonstrate a loss of resiliency, reduced redundancy, and, possibly, reduced 
representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
 
NEXT STEPS: 
 
Peer review, State and Federal agency, tribal, and other comments are due by February 10.  
AFWA, on behalf of the State wildlife agencies, recently asked for a 30-day extension.  The 
Service explained our tight timeline and scheduled Decision Team meeting on March 2 and 3.  
We explained that all comments would be considered for the final SSA, but those received prior 
to the end of February would have the most relevance to the Decision Team.  The SSA core team 
will review comments received by about February 20 and develop a summary for decision-
makers.  It is possible that we could brief R5 decision makers on the number and nature of 
comments received prior to departing for the March 2-3 meeting.  The SSA core team will not 
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requested to attend to answer questions.  Jim Zelenak, lead biologist for the Canada lynx in the 
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PREPARED BY: Mark McCollough and Anna Harris DATE:  February 2, 2017   
 

BP  IM-RD  

 

 

 

 

APPROVED BY: ___________________________ DATE:  ____________________ 

   Paul R. Phifer, Ph.D. 
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From: McCollough, Mark
To: Anna Harris
Subject: Lynx SSA briefing paper
Date: Wednesday, February 08, 2017 11:56:08 AM
Attachments: Draft INFO_BRIEFING MEMO on SSA for RD 2.8.2017.docx

Anna:  Attached is a draft briefing paper.  I would be glad to discuss with you (tomorrow), but
if you want to edit and forward to Paul and Marty that would be fine.  If there are major edits,
we can discuss tomorrow before forwarding to Hadley.

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:anna_harris@fws.gov
mailto:mark_mccollough@fws.gov


From: Harris, Anna
To: McCollough, Mark
Subject: Re: Lynx SSA briefing paper
Date: Wednesday, February 08, 2017 12:26:52 PM

Thanks for sending Mark,

I will look at this either later today or tomorrow morning. I doubt that I'll have any major edits
so will plan to forward up to the RO once I've had a chance to review. 

On Wed, Feb 8, 2017 at 11:56 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Anna:  Attached is a draft briefing paper.  I would be glad to discuss with you (tomorrow),
but if you want to edit and forward to Paul and Marty that would be fine.  If there are major
edits, we can discuss tomorrow before forwarding to Hadley.

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

mailto:anna_harris@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
https://www.fws.gov/northeast/mainecomplex/


From: Harris, Anna
To: McCollough, Mark
Subject: Re: Lynx SSA briefing paper
Date: Wednesday, February 08, 2017 12:26:52 PM
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
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(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

mailto:anna_harris@fws.gov
mailto:mark_mccollough@fws.gov
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mailto:mark_mccollough@fws.gov
https://www.fws.gov/northeast/mainecomplex/


From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: NH Comments
Date: Wednesday, February 08, 2017 1:44:17 PM

Agreed - these are helpful and easy to incorporate, and not game-changers.  So far the comments from States have
not been too critical (well, except some of MT's comments), and should be fairly straight forward to deal with.

On Wed, Feb 8, 2017 at 11:40 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Interesting.  I'm pleased to see that they reviewed their sections of the SSA closely and
offered a few clarification and edits.  I appreciate that.  Nothing that changes our
conclusions about NH.    Mark

On Wed, Feb 8, 2017 at 1:35 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I saved this as a PDF and placed on the drive, but thought I'd forward to you the word version we received from
NHF&GD.

 
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, Feb 8, 2017 at 11:21 AM
Subject: Fwd: NH Comments
To: Jim Zelenak <jim_zelenak@fws.gov>

more comments. This time from NH.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Kanter, John <John.Kanter@wildlife.nh.gov>
Date: Wed, Feb 8, 2017 at 11:18 AM
Subject: NH Comments
To: "Jodi_bush@fws.gov" <Jodi_bush@fws.gov>
Cc: "Kilborn, Jillian" <jillian.kilborn@wildlife.nh.gov>, "jmawdsley@fishwildlife.org"
<jmawdsley@fishwildlife.org>

 

Hi Jodi:

Attached are revisions/updates for the draft Canada Lynx SSA. Jill Kilborn, our Lynx
project leader, can provide additional information if needed (copied on this email).

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:John.Kanter@wildlife.nh.gov
mailto:Jodi_bush@fws.gov
mailto:Jodi_bush@fws.gov
mailto:jillian.kilborn@wildlife.nh.gov
mailto:jmawdsley@fishwildlife.org
mailto:jmawdsley@fishwildlife.org


Thanks,

John

 

John Kanter

Nongame and Endangered Wildlife Supervisor

NH Fish and Game Department

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
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Thanks,

John

 

John Kanter

Nongame and Endangered Wildlife Supervisor

NH Fish and Game Department

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: McCollough, Mark
To: Jim Zelenak
Subject: Region 5 SSA briefing on Friday
Date: Wednesday, February 08, 2017 2:00:50 PM

Jim:

I will be briefing Paul Phifer, Marty Miller, and Anna Harris on the lynx SSA on Friday. 
Anna asked me to prepare a briefing paper for Paul (and maybe our Regional Director).  I will
let you know how it goes.  Paul already saw our powerpoint a few months ago, a copy of the
SSA, and Marty's comments, so I imagine it will more be an opportunity for him to ask
questions.  I did not make any listing recommendation.  The concluding paragraphs of the
SSA speak for themselves.  If pressed, I personally would recommend the lynx remain
threatened.  We may be asked to prepare another briefing just before March 2 concerning the
number and nature of comments received.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
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-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Fwd: Lynx SSA Review
Date: Wednesday, February 08, 2017 3:57:25 PM

I think this is all we will receive from BLM in terms of review.  I've saved as a PDF and added it to the drive as
well.

---------- Forwarded message ----------
From: Tripp, Kim <ktripp@blm.gov>
Date: Wed, Feb 8, 2017 at 1:40 PM
Subject: Re: Lynx SSA Review
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Dear Jim,

 

Thank you for the opportunity to review the Draft Species Status Assessment for the Canada Lynx. The Bureau of Land
Management (BLM) Division of Fish and Wildlife Conservation appreciates being included in this peer review process.  

 

As indicated in the document, the BLM manages only 1% of the overall Canadian lynx habitat, and so our level of
contribution to this document is limited due to the scale of our involvement in lynx management.  

 

Due to the timing and the nature of the short term review, not all of our pertinent offices could participate in this
review exercise. However, the two state offices that have participated, Montana and Colorado, are supportive of the
document, and are in agreement with the characterizations of the existing habitat conditions, threats, and long term
predictions.  

 

Again, thank you for the opportunity to review the document.  Please feel free to contact me, if you have any questions or
additional requests.

 

Sincerely,

Kim 

Kim Tripp

National Program Lead
Threatened and Endangered Species
Division of Fish and Wildlife
Bureau of Land Management
20 M Street SE
Washington, D.C. 20003
Office: 202-912-7237
Cell:  202-573-4140
Fax:  202-245-0028

mailto:jim_zelenak@fws.gov
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Kim Tripp
National Program Lead
Threatened and Endangered Species
Division of Fish and Wildlife
Bureau of Land Management
20 M Street SE
Washington, D.C. 20003
Office: 202-912-7237
Cell:  202-573-4140
Fax:  202-245-0028

On Wed, Feb 8, 2017 at 3:13 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Kim, Rick, and Scott,

Jodi asked me to check in with you to see if there is anything you need from us to facilitate your review of the
Draft Lynx SSA Report and to let you know we look forward to receiving your comments and anticipate that they
will help us improve the final document.

Please let me know if you have questions of if I can provide any additional information.

Thanks in advance for your time and efforts to help us improve the lynx status assessment.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Chapter 8

History and Distribution
of Lynx in the Contiguous
United States

Kevin S. McKelvey, USDA Forest Service, Rocky Mountain Research Station,
800 E. Beckwith, Missoula, MT 59807

Keith B. Aubry, USDA Forest Service, Pacific Northwest Research Station,
3625 93rd Ave. SW, Olympia, WA 98512

Yvette K. Ortega, USDA Forest Service, Rocky Mountain Research Station,
800 E. Beckwith, Missoula, MT 59807

Abstract—Using written accounts, trapping records, and spatially referenced
occurrence data, the authors reconstructed the history and distribution of lynx in
the contiguous United States from the 1800s to the present. Records show lynx
occurrence in 24 states. Data over broad scales of space and time show lynx
distribution relative to topography and vegetation. For all three study regions
(Northeastern states, Great Lakes and North-Central states, and Western
Mountain states), high frequencies of occurrence were in cool, coniferous forests,
with occurrences at primarily higher elevations in the West.

Introduction

Understanding the geographic distribution of an organism can provide
important insights into its ecology. In this chapter we compile and analyze
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occurrence data for lynx in the contiguous United States. We’ve organized
our analyses into three sections. In the first, we evaluate available informa-
tion on the history of lynx occurrence. Because data were generally collected
independently by each state, this analysis is presented state-by-state. In
the second, we evaluate the extent to which population dynamics of lynx in
the states adjacent to Canada are associated with Canadian population
dynamics and investigate the nature of observed relationships. In the third
section, we identify the broadly defined vegetation cover types and eleva-
tion zones that encompass the majority of lynx occurrence records and
examine the spatial relationships of records occurring outside these core
areas.

The Nature of the Data

The analyses and discussion presented in this chapter are based on a
variety of data from many sources. We believe they represent most of what
is known concerning where and when lynx have occurred within the con-
tiguous United States. We divide these data into three types. The first type
is written accounts describing the occurrence patterns of lynx. For many of
these accounts, and particularly the older ones, data are not presented to
support the written statements. Because of the paucity of other information,
our understandings of the historical distribution of lynx prior to the 20th
century rely heavily on these accounts.

The second type of data are state- and province-level trapping records.
These data are recorded in Novak et al. (1987) for all states and Canadian
provinces that maintained records. The strength of trapping data is that it
has been collected annually for many years using similar methods. These
data have been used to analyze time trends (Elton and Nicholson 1942;
Ranta et al. 1997), but there are several problems associated with using
these data in this manner. A general problem with trapping data is that they
do not represent constant effort: More lynx trapped could be due to more
trapper effort rather than more lynx. A particular problem associated with
lynx is confusion with bobcats, especially large, pale bobcats that were often
referred to as “lynx-cats” (Novak et al. 1987). For these reasons, we limit our
analysis of trapping data to those states for which we could confirm that lynx
and bobcat harvest records were tabulated separately.

Lastly we have spatially referenced occurrence data. These data come from
many sources: the primary literature, unpublished reports, museum speci-
mens, state survey efforts, and casual observations (See Appendix 8.1).
These data, because of their sources and types, have varying reliability.
Although these data carry a reliability index, the index is not constant
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across data sets. Even if it were, reliability at the level of the individual
observation does not necessarily infer overall reliability for a data set.
Reliability of the data set depends not only on the intrinsic reliability of
each datum, but also on the rarity of the organism. That is, as an organism
becomes more rare, the proportion of false positives increases. For example,
we know that bobcats are sometimes misidentified as lynx. If lynx were
correctly identified 100% of the time and bobcats correctly identified 99%
of the time, we have very reliable identification at the level of the individual
observation. However, if 1,000 bobcats are seen for every lynx, then for
every 1,000 wildcat identifications 10 will be classified as lynx, but on
average only one will actually be a lynx. Even if lynx were extirpated from
the area in question, these data would still include 10 “lynx.” While we note
the number of “reliable” points by type for each state (Table 8.1), we do no
formal analyses based on these designations. Rather, for analyses where
high reliability for each occurrence is essential, we used a subset of these
data we call “verified records.” We considered a record to be verified only
if it was represented by a museum specimen or a written account in which
a lynx was either in someone’s possession or observed closely, i.e., where a
lynx was killed, photographed, trapped and released, or treed by dogs.
Information obtained from snow-tracking surveys conducted by trained
individuals are discussed where appropriate, but neither tracks nor sighting
reports were considered to represent a verified record.

Data quantity and quality vary greatly from state to state (Table 8.1).
Because none of these data, with the possible exception of trapping records,
represent anything like a census, using numbers of occurrences to infer
numbers of lynx in an area during a specific time period or to make
comparisons between states is not appropriate. Assessing changes in occur-
rence at the state level can be attempted from the verified records, but we
caution that inferences derived from those data are potentially unreliable.
We know, for instance, that a lynx was killed in New Hampshire in 1992. This
does not, however, lead to any conclusions concerning the current status of
lynx populations in New Hampshire. Similarly, simply because we have
no verified records for lynx in Michigan after 1985 does not mean that lynx
are currently absent from Michigan.

In most states, the majority of the data consist of physical remains or track
data collected by state agencies. In the West, however, Colorado and Oregon
have a high proportion of visual data (Table 8.1), and the patterns in these
states should be considered to be less reliable. In the Great Lakes states,
Wisconsin has a high proportion of visual sightings, but the areas in which
they occur also contain physical specimens and particularly tracks.
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History of Lynx Occurrence in the Contiguous
United States

In previously published distribution maps for lynx in North America, the
lynx’s range in the United States is depicted as marginal or peninsular
extensions of the northern taiga into the western mountains, Great Lakes
region, and Northeast (Burt 1946; Seton 1929; Hall 1981; McCord and
Cardoza 1982). As explained in Chapter 3, these regions represent southern
extensions of boreal forest in the United States, each of which has unique
tree species composition, natural disturbance regimes, and histories of
human-mediated changes in the composition, extent, and juxtaposition of
available habitats. In the next section, we review the history of lynx
occurrence and abundance in each of these three regions on a state-by-state
basis. Although state boundaries generally do not correspond to ecological
ones, lynx populations are managed by individual state wildlife or game
agencies, and published literature is often limited to reporting or sum-
marizing information from a particular state.

To evaluate the history of lynx occurrence in the contiguous United States,
we compiled verified records from each state by obtaining data on museum
specimens and reviewing published literature and unpublished state agency
reports and harvest records. If there was a discrepancy between published
tabulations of harvest data (Novak et al. 1987) and records obtained directly
from state or provincial agencies, we assumed the latter to be more reliable
and used those data in our analyses. To obtain museum specimen records of
lynx in the contiguous United States, we contacted 88 museums or private
collections in North America, including all mammal collections with >10,000
specimens, any museum from which lynx specimens had been reported, and
at least one major museum from each state in which lynx have been
reported to occur. We located 343 museum records of lynx in the contigu-
ous United States from 41 museums or private collections, dating from
1842 to 1993.

Northeastern States

Maine—We located 35 museum specimens from Maine: 15 have no date
associated with them and 12 were collected between 1862 and 1897. Only
eight were obtained during this century: one in 1903, four in 1948, two in
1954, and one in 1993. Among these specimens, seven are kittens that either
have no date of collection or were collected in the 1860s, verifying that a
breeding population of lynx occurred in Maine during historical times.
Reproduction of lynx in Maine during recent times was verified in 1964,
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when three kittens were presented to the state for bounty; additional
verified records are known from 1966, 1973 (2 lynx), 1987, 1989, 1990, 1993,
and 1998 (Hunt 1974; Jakubus 1997; Maine Dept. of Inland Fisheries and
Wildlife, unpublished). Anecdotal evidence suggests that lynx were also
breeding in the state during the 1970s; Chief Warden Alanson Noble re-
ported seeing an adult lynx and kitten on the Southwest Branch of the St.
John River in March 1976 (Jakubus 1997). Snow-tracking surveys have
been conducted by the Maine Dept. of Inland Fisheries and Wildlife in
areas with historical lynx records each winter since 1994-1995. Lynx tracks
were found in all years to date except 1995-1996 and 1996-1997 (Jakubus
1997; C. McLaughlin, personal communication). Radiotelemetry research
on lynx was initiated by the state in 1999; to date (September 1999), one
female and one male lynx have been trapped and radio-collared. In June
1999, radiotelemetry monitoring of the female led researchers to a den with
2 kittens, verifying reproduction of lynx in Maine for the first time since
1964 (C. McLaughlin, personal communication).

Written records of Manly Hardy, a trapper and fur buyer in northern and
eastern Maine during the late 1800s, indicate that during this time lynx
occurred only in the northern portion of the state, and were not abundant;
Manly also noted that lynx numbers varied greatly in different years,
suggesting that population fluctuations may have occurred historically
(Jakubus 1997, unpublished). According to Palmer (1937, unpublished),
lynx had not been found in extreme southwestern Maine since the time of
European colonization; by the 1930s, lynx only occurred in the northern
half of the state. By the mid-1960s, lynx were reportedly absent from all
but the north and northwestern portion of the state, where they were
considered scarce (Hunt 1964). In 1967, the Maine legislature repealed the
lynx bounty payment and gave the species complete protection from hunt-
ing or trapping.

New Hampshire—New Hampshire is the only state in the Northeast
with a long and detailed history of commercial lynx harvest: From 1928 to
1964, 139 lynx were harvested in New Hampshire (Orff 1985, unpublished).
In the 10-year period from 1928 to 1939, 114 lynx were harvested (mean = 10.4
per year, range 1-20), but the population appears to have declined signifi-
cantly in the late 1930s; only 25 lynx were taken from 1940 to 1964 (mean =
1.0 per year, range 0-3), when trapping of lynx in the White Mountain
National Forest was prohibited (Fig. 8.1). According to data compiled by
Clark Stevens of the University of New Hampshire, 97% of lynx bountied
from 1931 to 1954 were killed in the White Mountains of northern New
Hampshire in Coos, Grafton, and Carroll Counties (Silver 1974). In 1965, the
bounty was repealed by the State legislature but was reinstituted outside the
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White Mountains in 1967 (Siegler 1971). In 1971, the lynx was protected
from all harvest in New Hampshire; in 1980 it was listed as a state endan-
gered species (Orff 1985, unpublished).

Except for harvest data, there are few verified records of lynx from New
Hampshire; only four museum specimens are known: one undated and one
each from 1860, 1947, and 1948. Only two recent verified records are known
from New Hampshire; both were adult males that were road-killed in 1966
and 1992 (Litvaitis 1994; E. Orff, personal communication). From January
to March 1986, Litvaitis et al. (1991) surveyed approximately 100 km2 of
the White Mountain National Forest on snowshoes (20 transects 2.5-10.0 km
long) 24-96 hours after snowfall but found no lynx tracks. They con-
cluded that their failure to find tracks and the scarcity of recent verified
detections indicated that a viable population of lynx did not occur in
New Hampshire at that time. We found no direct evidence of lynx breeding
in New Hampshire in either historic or recent times.
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Figure 8.1—Lynx harvest data from New Hampshire, 1928-1964.
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The history of lynx in New Hampshire has been summarized in detail by
several authors (Litvaitis et al. 1991; Siegler 1971; Silver 1974). Information
on lynx occurrence and population status prior to the early 1900s is frag-
mentary and difficult to interpret because lynx and bobcat were typically
considered together as “wildcat” in early records and reports (Silver 1974).
From the late 1920s through the 1930s, lynx harvests in New Hampshire
were relatively high (from 1934 to 1937, ≥15 lynx were trapped/year) and
fluctuated strongly in number, reaching a peak in the mid-1930s that was
coincident with a population peak recorded in Quebec (Figs. 8.1 and 8.2;
Litvaitis et al. 1991). After 1940, lynx harvests remained low (0-3 trapped/
year) until the trapping season was closed in 1965 (Fig. 8.1). Based on these
records, Litvaitis et al. (1991) argued that historic populations of lynx in
New Hampshire (and, probably, Maine) and Quebec were continuous at one
time, and that immigrating lynx entered New Hampshire on a regular
basis. They further speculated that large-scale timber harvesting for agricul-
tural and residential development north of the Saint Lawrence Seaway in
southern Quebec resulted in the isolation of lynx populations in New
England, which were unable to remain viable without occasional immigra-
tions of lynx from the north.
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Vermont—Published distribution maps for lynx in New England include
Vermont within the range of lynx (Hamilton 1943; Godin 1977), but only four
records verifying their occurrence at any time in the state could be found.
Only one museum specimen is known from Vermont, a lynx collected in
1965 from Royalton in northern Windsor County. A lynx was reportedly
killed in 1928 in Windam, Windam County (Osgood 1938); another was
taken in Ripton, Addison County in 1937 (Hamilton and Whittaker 1979),
and a third was trapped in the town of St. Albans, Franklin County in 1968
(Anonymous 1987, unpublished). In 1987, the Vermont Agency of Natural
Resources classified the lynx as a state endangered species.

Massachusetts and Connecticut—No museum specimens of lynx could
be found from Massachusetts or Connecticut, and verified records of lynx
occurrence in these states are extremely rare. Parker (1939) describes a
mounted specimen in the Worcester Museum of Natural History taken in
Princeton in the winter of 1884-1885, but we were unable to locate this
specimen. A lynx was reportedly killed in Concord, Middlesex County
about 1855 (F.C.B. 1878), one was trapped about 1865 in Goshen, Hampshire
County (Barrus 1881), one was killed in 1905 in Lanesborough, Berkshire
County (Central 1905), and another was captured in 1918 near Mt. Greylock,
also in Berkshire County (Eaton 1919). Crane (1931) considered the lynx to
be “very rare” in western Massachusetts and quoted a report from 1840 that
stated, “[The lynx] was once common in the State, but appears now only in
the depth of winter, and as a straggler.” The lynx is now considered
extirpated from Massachusetts (Cardoza, in press). Only one verified record
of lynx in Connecticut was found: one was shot at Southington, Hartford
County in 1839 (Goodwin 1935). Goodwin (1935) concluded that the “lynx
is now a very rare animal in Connecticut, and it probably never was very
common.”

New York—The history of lynx in New York was described in detail by
Bergstrom (1977, unpublished) and Brocke (1982, unpublished), and much
of the following account comes from these sources. Historical records
suggest that the lynx was once relatively common in New York, but that its
range retreated northeastward as early as the mid- to late-1800s. Rafinesque
(1817) observed lynx in the Catskill, Allegheny, and Adirondack Mountains,
and a lynx was killed near Rhineback on the Hudson River in the eastern
foothills of the Catskill Mountains in southeastern New York during the
winter of 1877-1878 (Mearns 1899). A report on the zoology of New York in
1842, however, failed to note the lynx’s presence in the southern portion of
the state, describing its range as “not uncommon in the northern districts of
the state [presumably the Adirondack Mountains]” (DeKay 1842). Anec-
dotal reports gathered by Harper (1929) indicated that the lynx was fairly
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common in the Adirondacks in the 1880s and 1890s, but a report on the
mammals of the Adirondack region in 1884 described the lynx as rare and
occurring mostly in the eastern portions of the region (Merriam 1884). By the
turn of the century, Miller (1899) speculated that, although the lynx still
occurred in the Adirondacks and may still occur in the Catskills, the species
was rapidly approaching extinction in New York.

Verified evidence of the occurrence of lynx in New York after 1900 consists
of 23 records scattered in time from 1907 to 1973 (Table 8.2). All but four
of these records are from the Adirondack Mountains, an area of boreal
forest adjacent to the Green Mountains of Vermont and the White Moun-
tains of New Hampshire. These high-elevation boreal zones may have
served as a corridor of suitable habitat, providing connectivity among areas
occupied by lynx in the northeastern United States with those in southeast-
ern Canada (see map in Bailey 1998). Until 1970, the lynx was an unprotected
species in New York and bounty payments were made for their pelts. The
bounty was removed in 1970, but the lynx remained unprotected until 1976,
when it was declared a game animal with closed hunting and trapping
seasons. The New York Department of Environmental Conservation con-
siders the lynx to be extirpated as a breeding species in the State, and has
recommended that it be listed as a state endangered species (Bergstrom 1977,
unpublished).

In response to a lack of evidence for the continued presence of lynx in the
State, a program to reintroduce lynx to the Adirondack Mountains was
initiated in the late 1970s (Brocke et al. 1990). A feasibility study (Brocke 1982,

Table 8.2—Verified records of lynx in New York.

Date Record Reference

Unknown 1 specimen from Jefferson County (western Adirondacks) Academy of Natural Sciences of
Philadelphia

1877-88 1 killed near Rhinebeck on the Hudson River (southeastern New York) Mearns 1899
1907 2 killed in Willseyville, Tioga County (south-central New York) Seagers 1948
1908 1 killed in Nine Mile Swamp, near North Brookfield (Adirondacks) Whish 1919
1908 3 killed in the Quaker Bridge region (Adirondacks) Whish 1919
1909 5 killed near Lowville, Lewis County (western Adirondacks) Whish 1919
1916 1 killed in Oneida County (southwestern Adirondacks) Anonymous 1952
1918 1 trapped near Upper Jay, Essex County (northeastern Adirondacks) Anonymous 1918
1928 1 killed on Hogback Mountain, Essex County (northeastern Adirondacks) Anonymous 1952
1930 1 taken alive near Elizabethtown, Essex County (northeastern Adirondacks) Seagers 1948
Late 1930s 1 killed near Azure Mountain, Waverly, Franklin County (northern Adirondacks) Bergstrom 1977, unpublished
1951 1 shot on Battle Hill, Washington County (eastern New York) Seagers 1951
1961 1 shot near Sherman Lake, Crown Point, Essex County (northeastern Adirondacks) Bergstrom 1977, unpublished
1962 1 trapped on Black Cat Mountain in Arietta, Hamilton County (central Adirondacks) Anonymous 1963
1964 1 killed near Croghan, Lewis County (western Adirondacks) Fountain 1976
Winter 1965-66 1 trapped on Pine Mountain, near Wells, Hamilton County (central Adirondacks) Anonymous 1966
1968 1 specimen from Catskill, Delaware County (southeastern New York) American Museum of Natural

History
1973 1 trapped in Altona, Clinton County (northeastern Adirondacks) Bergstrom 1977, unpublished
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unpublished) indicated that a suitable colonization area for lynx existed in
the Adirondacks above 800 m where bobcats (a potential competitor) were
rare and where snowshoe hare populations were dense enough to support
lynx. Between 1989 and 1991, after about 10 years of planning and public
input, 83 lynx ranging in age from <1 to 10.5 years were translocated from
the Whitehorse area of the Yukon Territory in Canada, radio-collared, and
released in the High Peaks area of the Adirondack Mountains (Brocke et al.
1991; K. Gustafson, personal communication). These animals were moni-
tored for two years until the transmitter batteries failed; recorded mortality
was high: 37 of 83 were known to have died, 16 of which were road-killed.
Available evidence indicates that the reintroduction was unsuccessful; since
the last radiotracking season in the winter of 1992-1993, there have been no
verified records of lynx in the Adirondacks and no indication that any
reintroduced lynx bred after they were released (K. Gustafson, personal
communication).

Pennsylvania—A comprehensive review of paleontological, historical,
and specimen records of lynx in Pennsylvania was conducted by Williams
et al. (1985). Surprisingly, they report 26 records of lynx being killed in
Pennsylvania from 1790 to 1900. Bobcats and lynx were often confused in
reports from the 18th and 19th centuries, however, so we view these records
with caution. Recent records are extremely scarce: Only one museum
specimen exists, a lynx collected near Antrium, Tioga County in 1923. A lynx
was reportedly killed in 1903 in Clinton County and two others in 1926 in
Monroe County (Shoemaker 1929; Grimm and Whitebread 1952, unpub-
lished). The majority of records reported by Williams et al. (1985) are from
the northern counties where unbroken, mature boreal forest existed prior to
extensive logging of Pennsylvania forests in the latter half of the 19th
century. This area also represents the southwestern-most extension of mixed
deciduous-coniferous forest in the northeastern United States (Bailey 1998).

Great Lakes and North-Central States

Michigan—Historical accounts of varying reliability, summarized by
Burt (1946) and Baker (1983), suggest that in the 1800s lynx may have been
widely distributed in both the Lower and Upper Peninsulas of Michigan.
However, six of seven verified records from the 1800s are from the Upper
Peninsula near the Wisconsin border; a lynx killed in Washtenaw County in
1842 and five lynx trapped along the Au Sable River in Oscoda County in
1917 represent the only verified records of lynx from the Lower Peninsula
(Table 8.3). Verified records of lynx occurrence in Michigan in the early 1900s
are extremely scarce: five specimens were collected on Isle Royale in 1904
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and 1905, and mortality records from the Upper Peninsula are known only
from 1910, 1912, 1923, and 1928 (Table 8.3). By 1928, the Michigan Depart-
ment of Conservation reported the lynx to be extirpated from the Lower
Peninsula and nearly so from the Upper Peninsula; by 1938, the lynx was
declared on the verge of extinction throughout Michigan and, in later
reports, was not even mentioned (Harger 1965).

Table 8.3—Verified records of lynx in Michigan.

Date Record Reference

Unknown 1 specimen from Michigan. Zoology Museum, University of Michigan
(1842)a 1 taken near Petersburg, Monroe County (LP)b Wood and Dice 1924
1842 1 killed in Washtenaw County (LP) Wood 1922
(1844)a 1 killed along the Au Sable River, Oscoda County (LP) Wood and Dice 1924
Prior to 1874 3 specimens from Marquette, Marquette County (UP)c Peabody Museum, Yale University
1874 1 specimen from Gogebic County (UP) Milwaukee Public Museum
(1875)a Several caught at headwaters of Manistique River,

Schoolcraft County (UP) Wood and Dice 1924
1889 1 specimen from Ishpening, Marquette County (UP) Milwaukee Public Museum
1890-91 1 taken near Gogebic Lake, Gogebic County (UP) Dice and Sherman 1922
(1894)a 1 taken 18 miles east of Cadillac, Wexford County (LP) Wood and Dice 1924
(1894-95)a 34 killed in Mackinac County (UP) Wood and Dice 1924
(1903)a 1 trapped at Big Creek, Oscoda County (LP) Wood and Dice 1924
1904-05 5 collected on Isle Royale, Keneenaw County (UP) Zoology Museum, University of Michigan
1910 1 taken at Rudyar, Chippewa County (UP) Wood and Dice 1924
1912 1 taken near Sault Ste. Marie, Chippewa County (UP) Wood and Dice 1924
1917 5 trapped along the Au Sable River near Luzerne,

Oscoda County (LP) Harger 1965
1923 1 specimen from Mackinac County (UP) National Museum of Natural History
1928 1 trapped in Ontonagon County (UP) Baker 1983
1940 1 trapped on Bois Blanc Island, Mackinac County (UP) Harger 1965
1949 1 trapped at Engadine, Mackinac County (UP) Harger 1965
1953 1 specimen from Dunbar, Marquette County (UP) Erickson 1955; Zoology Museum, University of  Michigan
1955 1 specimen from Marquette County (UP) Grand Rapids Public Museum
1958 1 specimen from Rockview, Chippewa County (UP) Michigan State University Museum
1960 1 shot near Rockview, Chippewa County (UP) Harger 1965
1960 1 specimen from Trout Lake, Chippewa County (UP) Michigan State University Museum
1961 1 specimen from Pickford, Chippewa County (UP) Zoology Museum, University of Michigan
1961 1 shot near Dafter, Chippewa County (UP) Harger 1965
1962 1 shot near Pickford, Chippewa County (UP) Harger 1965
1962 1 shot near Nun’s Creek, Mackinac County (UP) Harger 1965
1962 1 trapped near Channing, Dickinson County (UP) Harger 1965
1962 1 shot 7 mi. N of Iron Mountain, Dickinson County (UP) Harger 1965
1962 1 specimen from Dunbar, Chippewa County (UP) Michigan State University Museum
1962 1 shot in Ontonagon County (UP) Harger 1965
1962 1 shot near Sagola, Dickinson County (UP) Harger 1965
1962 1 shot near Trout Lake, Chippewa County (UP) Harger 1965
1962 1 shot near Manistique, Schoolcraft County (UP) Harger 1965
1962 1 shot between Topaz and Matchwood, Ontonagon County (UP) Harger 1965
1962 1 specimen from Sault Ste. Marie, Chippewa County (UP) Michigan State University Museum
1962 1 shot near Dafter, Chippewa County (UP) Harger 1965
1966 1 specimen from Schoolcraft County (UP) Michigan State University Museum
1983 1 killed in Mackinac County (UP) Michigan Dept. of Natural Resources

aWood and Dice (1924) caution that there is a strong possibility that some of these records may be of bobcats; we therefore consider these records to be probable,
but not verified, records of lynx in Michigan.

bLP = Lower Peninsula.
cUP = Upper Peninsula.
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By the mid-1940s, Burt (1946) considered the lynx to be “probably
gone from the fauna of Michigan,” but there are verified records from
1940, 1949, 1953, 1955, and 1958 (Table 8.3). From 1960 to 1962, 16 lynx were
killed on the Upper Peninsula, including 12 in 1962, following an unusually
large irruption of lynx in south-central Canada during the early 1960s
(Adams 1963; Gunderson 1978). Harvest records from Ontario, Manitoba,
and Saskatchewan clearly depict the irruption of lynx during this time and
its unusually high amplitude (Fig. 8.3), which was several times greater
than during previous peaks recorded this century. Since the early 1960s,
however, only two verified records of lynx in Michigan could be found: one
in 1966 and another in 1983 (Table 8.3). The lynx has been fully protected in
Michigan since 1983, when it was classified as a threatened species; it was
reclassified as a state endangered species in 1987.

Wisconsin—The history of lynx in Wisconsin was reviewed in detail by
Thiel (1987), including a comprehensive compilation of specimen and
mortality records. Only 11 verified records of lynx in Wisconsin prior to
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1962 are known, including eight records dating from 1870 to 1926 and three
specimens collected in 1946, 1954, and 1955 (Table 8.4). The lynx is reported
to have always occurred most frequently in the northern portion of Wiscon-
sin (Jackson 1961), and the distribution of verified records supports this
assertion. Only three records are known from the southernmost counties
near the Illinois border; the last of these was in 1946. The last known
occurrence of the lynx in central Wisconsin was in 1972, and all but a few
records since 1965 are from counties located near the borders of northern
Minnesota and the Upper Peninsula of Michigan (Table 8.4). An unusual
increase in lynx mortalities occurred in Wisconsin during the 1960s and early
1970s (Table 8.4; Thiel 1987). The number of verified records of lynx being
killed (16) in Wisconsin during this time period exceeded those from the
previous 100 years (Table 8.4). Similar increases in lynx mortalities during
these same time periods have been reported for Minnesota, North Dakota,
and Montana (Adams 1963; Gunderson 1978; Mech 1973, 1980).

Table 8.4—Verified records of lynx in Wisconsin.

Date Record Reference

1870 1 specimen from Jefferson County Zoological Museum, University of Wisconsin, Madison
1899 2 specimens from Iron County Zoological Museum, University of Wisconsin, Madison
1901 1 specimen from Gordon, Douglas County Zoological Museum, University of Wisconsin, Madison
1907 1 killed in Middleton, Dane County Schorger 1947
1908 1 specimen from Edson, Chippewa County Museum of Natural History, Wisconsin State

University, Stevens Point
1917 1 trapped in La Crosse, La Crosse County Milwaukee Public Museum
1926 1 shot in Shell Lake, Washburn County Stouffer 1961 (cited in Thiel 1987)
1946 1 specimen from Spring Green, Sauk County Zoological Museum, University of Wisconsin, Madison
1954 1 specimen from Hurley, Iron County Zoological Museum, University of Wisconsin, Madison
1955 1 specimen from Richland, Rusk County Zoological Museum, University of Wisconsin, Madison
1962 1 shot in Rusk County Thiel 1987
1963 1 shot in Douglas County Thiel 1987
1964 1 killed in Jackson County Thiel 1987
1965 or 1968 1 killed in Pierce County Thiel 1987
1965 1 killed in Green Lake County Thiel 1987
1965 1 killed by a train near Viroqua, Pierce County Thiel 1987
1965 1 specimen shot while swimming at the mouth of the

St. Louis River, Douglas County University of Wisconsin, Superior
1971 1 shot in Trempealeau County Thiel 1987
1972 1 shot in Trempealeau County Thiel 1987
1972 1 specimen from Woodruff, Vilas County Zoological Museum, University of Wisconsin, Madison
1972 1 killed by car in Oneida County Thiel 1987
1972 1 trapped in Price County Thiel 1987
1972 1 specimen from Lake Noquebay, Marinette County Technical Center, University of Wisconsin, Marinette
1972 1 shot in Tomahawk, Lincoln County Thiel 1987
1973 1 trapped in Iron County Thiel 1987
Winter 1972-1973 1 specimen from Oneida or Vilas County Zoological Museum, University of Wisconsin, Madison
1992 1 specimen from Burnette County Museum of Natural History, Wisconsin State

University, Stevens Point
1992 1 specimen from St. Croix County Museum of Natural History, Wisconsin State

University, Stevens Point
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Since that time, only two records of lynx being killed in Wisconsin are
known; both were in 1992. Lynx tracks were detected by the Wisconsin
Department of Natural Resources during wolf surveys from 1993 to 1997,
but all were within six to seven miles of each other, suggesting that they may
represent the same individual (Wydeven 1998, unpublished). Lynx have
been completely protected in Wisconsin since 1957, when harvest seasons
and bounty payments were eliminated; in 1972, the lynx was placed on the
state endangered species list.

Indiana, Illinois, Ohio, and Iowa—Lyon (1936) reviewed published
reports of lynx from Indiana in the 1800s and concluded that none could be
considered verified records, given the confusion over terms used for cougar,
bobcat, and lynx in these sources. Mumford (1969) believed that some of
these records might be authentic, however, and cited a report of a lynx being
killed at Bicknell, Knox County in southwestern Indiana in 1832. Records
from Illinois are similarly scanty; Kennicott (1855) included the lynx in his
list of mammals occurring in Cook County (now metropolitan Chicago),
and specimen records of the Academy of Natural Sciences of Philadelphia
include a lynx collected in Illinois that was obtained by the museum in
June 1842 (this specimen is now missing from the collection). No verified
records of lynx from Ohio could be found, but Smith et al. (1973) included the
species in a list of mammals that once bred in Ohio but which have now been
extirpated. Historical records of lynx in Iowa are more prevalent; Spurrell
(1917) reported that three lynx were trapped in Sac County in northwestern
Iowa in 1869 and one in 1875; another lynx was apparently killed in Iowa in
1906 (Gunderson 1978). In July 1963, a lynx was shot in Shelby County in
west-central Iowa (Rasmussen 1969); none has been reported since that time.

Minnesota—Published historical information on lynx in Minnesota is
virtually nonexistent. In an early monograph on the mammals of
Minnesota, Herrick (1892) was uncertain if the lynx was even a member of
the state’s fauna at that time. Hunters consistently told him that two species
of wildcats occupied the state but all specimens he examined, including
those presented to him as “lynx,” proved to be bobcats. Although lynx were
apparently not common at that time, their presence in Minnesota during the
late 1800s is confirmed by the existence of eight museum specimens dating
from 1892 to 1900. Two of these specimens are from Sherbourne County in
south-central Minnesota and the remainder are from Itaska County in the
north-central portion of the state. Verified records prior to the south-central
Canadian population peak of 1959 are scarce: a lynx was collected in
Sherbourne County in 1927, one in Morrison County in 1928, one in St. Louis
County in 1951, one in Aitkin County in 1953, and one in Lake of the Woods
County in 1955.
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The only other documented information on lynx in Minnesota prior to
1960 are harvest records published by the state Department of Natural
Resources (Fig. 8.4; Henderson 1978). However, these records should be
considered with caution; data from 1930 to 1976 do not represent reports of
catch or carcass records obtained during the year of harvest but, rather, are
estimates of harvest obtained in later years by mail survey. These records
indicate, however, that lynx have been harvested in relatively high numbers
in Minnesota in most years since 1930 (mean = 103 per year, range = 0-400).
Peaks in the harvest record that occurred in 1962 and 1973 are also reflected
in museum specimen records. All other specimens from Minnesota are from
the early 1960s and early 1970s: one from 1960, one from 1961, four from
1962, 14 from 1963, one from 1964, 25 from 1972, and one from 1973. During
this time, Mech (1980) trapped 14 lynx in northeastern Minnesota: five in
1972, three in 1973, four in 1974, and two in 1975.
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The continued occurrence of lynx in Minnesota in the late 1970s and early
1980s is verified by state records dating from 1977 to 1983, which represent
reports of catch from hunters and trappers at the close of each trapping
season. Altogether, 161 lynx were harvested in Minnesota during this
period (mean = 23, range = 9-42). When expected increases in lynx numbers
failed to occur in the early 1980s, the state closed the harvest season for lynx;
it has not been reopened. Since the closure of lynx harvests, only three
verified lynx records are known: one trapped in Cook County in 1992, and
one illegal possession in Anoka County and one road-kill in St. Louis County
in 1993 (DonCarlos 1994, unpublished). The only documented records of
lynx breeding in Minnesota are two females that gave birth to kittens in the
spring of 1972 (Mech 1973).

North Dakota—The northern Great Plains are generally not included in
the range of lynx (Burt 1946; McCord and Cardoza 1982; Quinn and Parker
1987; Seton 1929), yet there are a surprising number of historical specimen
records from this region. Bailey (1926) reports numerous anecdotal accounts
of lynx being trapped in North Dakota in the 1800s and lists three specimen
records: one collected at Fort Union (now Buford, North Dakota, on the
Montana border) in 1850, one at Arrowhead Lake in east-central North
Dakota in 1907, and one at Cannonball near the south-central border in 1915.
Other reports include several lynx that were killed in the northeastern
portion of the state, including one at Lakota in 1915 and two near Grafton in
1909 and 1911. Bailey (1926) makes several references to periodic increases
in lynx numbers in this region, noting that “in some years, the lynx is
common over the northern portion of North Dakota,” and that many lynx
were captured in north-central North Dakota and brought into taxidermists’
shops in 1908 and 1909, when they were apparently “wandering in search of
new hunting fields.” Two lynx were bountied during the winter of 1954-1955
in the northeastern corner of North Dakota (Adams 1963; Gunderson 1978).
In addition, many lynx apparently were killed in North Dakota during the
lynx irruptions of the 1960s and 1970s (Adams 1963). According to records
of the North Dakota Game and Fish Department, 53 lynx were harvested
from 1962 to 1965 and another 24 from 1972 to 1973. With the exception of
eight museum specimens collected in 1962 and 1963, no other verified lynx
records from North Dakota could be found.

South Dakota and Nebraska—The earliest records of lynx in South
Dakota are both from the southeastern corner of the state, near the borders
of Minnesota and Iowa: One lynx was taken above Sioux City in 1875 and a
museum specimen was collected at Bullhead, Corson County in 1925. Other
reports include one killed in Meade County and two in Pennington County
in 1944; one near Briton, Chamberlain County in 1962; one near Marindahl,
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Yankton County in 1962; one near Chamberlain, Brule County in 1963
(Gunderson 1978; Turner 1974); a museum specimen collected in north-
eastern South Dakota in 1965; and, according to federal Animal Damage
Control records, one killed in 1973 on the Cheyenne River in Pennington
County. Records from Nebraska are of a similar nature: a museum speci-
men was collected in 1890 near Norfolk in Madison County, and Jones
(1964) reports that a lynx was killed in 1915 near Bassett in north-central
Nebraska, another along the North Platte River near Keystone in 1917, and
a third near Ewing in 1958. All other verified records are associated with
mid-continent lynx irruptions in the early 1960s, 1970s, and 1980s: five from
1963 to 1964; three from 1972 to 1974; and a specimen collected near Herman,
Washington County in 1983 (Nebraska Game and Parks records).

Western Mountain States

Montana—Available information on the history of lynx in Montana in the
late 1800s and early 1900s consists of 12 museum specimens collected
between 1887 and 1921; published information on the recent or historical
status of Montana mammals is limited (Hoffmann et al. 1969). Four speci-
mens were collected in Rosebud and Musselshell Counties in southeastern
Montana in 1887, one in 1895 at upper St. Mary Lake in Glacier National Park,
three in the Bitterroot Mountains in 1910 (two at Bass Creek and one at Elk
Lake), two in 1916 (one without a specific collecting locality and another at
Deer Lodge, Powell County in west-central Montana), one in 1918 at Kintla
Lake in Glacier National Park, and one in 1921 in northwestern Montana
near Plains, Sanders County. The status of lynx in the Glacier Park area of
northwestern Montana during the early 1900s was reviewed by Bailey
(1918), who considered the lynx “more or less common throughout the
Glacier Park region.” He noted, however, that “during years when rabbits
are abundant, [lynx] too, become abundant, and when there are few rabbits,
they are correspondingly scarce.” Five specimens were collected in north-
western Montana in the 1940s and 1950s: one in Lincoln County in 1941, two
in Flathead County in 1954 and 1956, one in Missoula County in 1958, and
one from an unknown locality in the late 1950s.

As in the Great Lakes and north-central States, most later specimen
records are associated with lynx irruptions in the early 1960s and 1970s.
The remaining 19 specimens include 14 obtained from 1962 to 1966 and
five from 1971 to 1976. Data on lynx harvests in the state have been kept
since 1950, however, and show continuous presence of lynx in the state
(Fig. 8.5); since 1977, over 475 lynx were harvested in Montana. Smith (1984,
unpublished) and Brainerd (1985, unpublished) captured 10 lynx during
radiotelemetry studies in western Montana in the 1980s, and an ongoing
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study begun in 1998 in the area around Seeley Lake (Chapter 11) has
captured 18 lynx to date (June 1999). Although reliable data on lynx repro-
duction in Montana are scarce, Brainerd (1985, unpublished) examined 20
trapper-killed lynx carcasses, including several kittens, and found a preg-
nancy rate for all ages of 70.6%. As was noted for New Hampshire, lynx
harvest data from Montana is cyclic in nature, with peaks corresponding
closely in time and magnitude with those occurring in western Canada,
especially for 1963 and 1971 (Figs. 8.5 and 8.6).

Idaho—Specimen records of lynx in Idaho during the early 1900s are
relatively common; there are 22 museum specimens dating from 1874 to
1917, all of which were collected in the northern and central montane regions
of Idaho north of the Snake River Plain. Specimens were later collected in
central Idaho in 1939 on the Payette National Forest in Valley County and in
1940 in Idaho County. The only other museum records are both from the
northern panhandle region: one from Bonner County in 1954 and one from
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Shoshone County in 1955. Other verified records prior to 1960 include one
from Shoshone County in 1901, one from Boundary County in 1919, one
from Idaho County in 1936, one from northwest Idaho in 1939, one from
Clearwater County in 1942, five from Caribou County in 1947, two from
Bonneville County in 1955, and one from Idaho County in 1947 (Anonymous
1999, unpublished; Dalquest 1948). With the exception of Caribou and
Bonneville Counties, which are located along the Wyoming border, all of
these records are from the north-central and northern regions of the state.

In an early account of the mammals of Idaho, Davis (1939) described lynx
occurring “in the mountainous regions north and east of the Snake River
Plain.” Rust’s (1946) assessment of the status of lynx in northern Idaho is
similar: “While nowhere abundant in northern Idaho, the Canadian lynx is
fairly well distributed throughout the wooded areas of eight of the 10
northern counties, largely in the Canadian and Hudsonian zones.” He noted
that 25-30 lynx are usually taken by local trappers in addition to those killed
by predator control agents.
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There are 35 verified records from 1960 to 1991: four from 1962 to 1969,
18 from 1970 to 1979, 10 from 1982 to 1989, and three from 1990 to 1991;
there are no verified records of lynx in Idaho since 1991 (Anonymous 1999,
unpublished). Although most of these records are from the northern and
central regions of Idaho where lynx occurred historically, six are from
counties in the Snake River Plain, in areas where forest types occupied by
lynx are absent or very fragmentary in extent (see “Lynx Associations with
Broad Cover Types”). These include records from Blaine, Butte, Jerome, and
Twin Falls Counties in 1972; one from Blaine County in 1984; and one from
Power County in 1990. As in other western and midwestern states, there are
a number of anecdotal accounts of lynx being killed or captured in anoma-
lous, low-elevation habitats during lynx irruptions in the 1960s and 1970s
(Lewis and Wenger 1998). These accounts are derived from interviews
initiated in 1997, however, and the lack of similar reports from the 1980s or
1990s suggests that these records represent transient lynx.

Lynx harvest records for Idaho from 1934 to 1981 are available (Novak
et al. 1987), but state biologists consider these data to be unreliable prior
to the late 1980s due to the inclusion of large, pale bobcats in these totals. This
concern appears to be valid; after 1981, when a mandatory pelt-tagging
program was instituted, no lynx was harvested for the next seven trapping
seasons (Anonymous 1999, unpublished). The lynx was unprotected in
Idaho before 1977, when it was classified as a furbearer and harvest was
restricted to a one-month trapping season and a three-month pursuit season.
In 1990, a state-wide quota of three lynx per year was imposed; the season
was closed in 1996.

Washington—Verified records of lynx in Washington are numerous and
well-distributed since the late 1800s. There are 78 museum specimens of
lynx from Washington—more than any other state in the contiguous United
States. The earliest records are represented by 10 specimens collected in
1896 and 1897 on Mt. Adams in the southern Cascade Range near the
border of Oregon. All but a few subsequent specimen records, however, are
from the north-central and northeastern portions of the state near the
Canadian border, including 32 from 1916 to 1920, three from 1928 to 1930,
four from 1939 to 1940, eight from 1951 to 1959, one in 1965, and 17 from
1976 to 1983. In addition, there are three specimens from southeastern
Washington: one from the Blue Mountains in 1931 and two from arid
grassland habitats in 1962 and 1963. A lynx was reportedly trapped near
the southern boundary of Mt. Rainier National Park “some years” prior to
1927 (Taylor and Shaw 1927) and nine lynx were trapped west of Oroville
in Okanogan County in 1938 (photo in Dalquest 1948). According to
Dalquest (1948), each of several trappers regularly took a dozen or more
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lynx from remote areas of northeastern Washington each year. No verified
records of lynx are known from coastal areas west of the Cascade Range.
Lynx populations in Washington have been studied in the field more than
anywhere else in the contiguous United States, and most of what is known
of lynx ecology in southern boreal forests comes from these studies (Chapter
13; Koehler and Aubry 1994). Thirty lynx were studied with radiotelemetry
in north-central Washington from 1981 to 1988 (Brittell et al. 1989, unpub-
lished; Koehler 1990), including two radio-collared females that each gave
birth to kittens in 1986 and 1987; snow-tracking indicated that a third,
uncollared female also had a litter of kittens in 1986 (Koehler 1990). From
1995 to 1999, 16 remote-camera photographs of lynx were taken at bait
stations in north-central Washington (J. Rohrer and M. Skatrud, personal
communication).

Management of lynx in Washington began in 1933, when the Washington
Department of Game was established and the lynx was classified as a fur-
bearer that could only be harvested by trapping; the first lynx trapping
season was in the winter of 1934-1935. Monitoring of the lynx harvest did
not begin until 1961, however, at which time trappers were required to
submit reports of catch to the Department of Game. In 1978, the state initiated
mandatory tagging of lynx pelts within 10 days of the close of each trapping
season (Brittell et al. 1989, unpublished). Washington harvest data from
1961 to 1984 (Fig. 8.7) suggests that Washington lynx populations may also
exhibit cyclic patterns of abundance. During the peak harvest of 1969, 26 of
the 31 lynx taken were from the Kettle Range in Ferry County. Only a few
were harvested in this area from 1970 to 1974, but 14 of 19 lynx taken in
Washington in 1975 and 17 of 39 taken in 1976 came from this area. Of the
25 lynx harvested since that time, only two were from Ferry County.
Although trapper effort and pelt prices undoubtedly influence these data,
the lynx population in the Kettle Range appears to have undergone several
dramatic increases and decreases in number from 1961 to 1977. Snow-
tracking surveys conducted from 1992 to 1996 in the Kettle Range resulted
in only two sets of tracks: one in 1991-1992 and one in 1995-1996 (Washington
Dept. of Fish and Wildlife, unpublished data). Trapping seasons lasted
2-2.5 months from 1961 to 1977 but were shortened to about one month
beginning in 1978; in 1987, a restricted permit system was implemented.
Thus, harvest data after 1977 are not directly comparable to previous data.
A statewide closure of the lynx trapping season was implemented in 1990,
and the lynx was classified as a threatened species in Washington in 1993.

Oregon—The presence of lynx in Oregon in the late 1800s and early 1900s
is documented by nine museum specimens collected from 1897 to 1927.
Verified records after that time, however, are extremely rare. Only three
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recent specimens are known, and all were collected in anomalous habitats
within several years of lynx population peaks in western Canada (see “Lynx
Associations With Broad Cover Types”): one in bunchgrass-rimrock habitat in
Wallowa County in 1964, one in a suburban residential area in Benton County
in 1974 (Verts and Carraway 1998), and a third in Harney County in
southeastern Oregon in 1993, where there are only small fragments of
forest types associated with lynx occurrence (see “Lynx Associations With
Broad Cover Types”). Although Bailey (1936) describes early anecdotal
reports of lynx in western Oregon, the 1974 specimen is the only verified
record of lynx west of the Cascade Crest in Oregon.

Wyoming—Reeve et al. (1986, unpublished) conducted a thorough and
comprehensive review of existing information on lynx in Wyoming, in-
cluding verified records and information obtained through a mail and
telephone survey of knowledgeable individuals in the state. The only verified
record not located by these authors was a museum specimen obtained at
Fort Frederick Steele in Carbon County in southeastern Wyoming
sometime prior to 1872. There are three specimen records from the 1800s,

Figure 8.7—Lynx harvest data from Washington, 1960-1989; years of peak
harvest values are indicated.
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including another from southeastern Wyoming in 1856 and one collected
near the headwaters of the Wind River in northwestern Wyoming in 1893.
All other early specimens were from the northwestern portion of the state:
one from the Big Horn Mountains in 1919, two from the Wind River Range
in 1908 and 1919, and seven collected from 1904 to 1920 in the area in and
around Yellowstone National Park in what is now referred to as the “Greater
Yellowstone Ecosystem” (GYE). In an early monograph on the animal life of
Yellowstone Park, Bailey (1930) wrote that lynx “were said to be common
and generally distributed throughout the timbered region.” There are no
recent verified records from the GYE.

Verified records of lynx in Wyoming after 1920 are rare; there are nine
verified records from 1940 to 1957, and all were lynx killed near the west-
central border of the state. A lynx was collected in 1940 at Hoback Rim in
northwestern Sublette County and another in 1949 near Afton, Lincoln
County. The remaining seven records are described by Halloran and
Blanchard (1959) and include five lynx trapped by state predator control
agents in northern Lincoln County from 1952 to 1955, a specimen collected
in northwestern Sublette County in 1954, and a kitten collected in southwest-
ern Teton County in 1957. The only other verified records are a lynx taken in
Albany County in the Laramie Range of southeastern Wyoming in 1963
(Long 1965), and one from an anomalous locality near Douglas, Converse
County in east-central Wyoming in 1983 (Reeve et al. 1986). A radiotelemetry
study was initiated in western Wyoming in 1996, resulting in the capture of
two lynx: a male in December 1996 and a female in March 1997; the female
produced a litter of four kittens in May 1998 (Chapter 11). Prior to 1973, when
the lynx was given full protection in Wyoming, it was considered a predator
that could be harvested legally anytime of year without a license; conse-
quently, no reliable harvest records are available from Wyoming.

Colorado—A thorough review of the history of documented lynx records
in Colorado was conducted by Halfpenny et al. (1989, unpublished) and, except
for the discovery of several more historical specimen records, little new
information has become available since their analysis. Unlike other western
montane regions considered thus far, boreal forest habitat in Colorado is
insular in nature and isolated from similar habitat in Utah and Wyoming by
more than 150 km of lower elevation habitats in the Green River Valley and
Wyoming Basin (Findley and Anderson 1956). All but a few specimen
records are from the center of this island of boreal forest habitat in west-
central Colorado. There are four specimens from the late 1800s: one without
a specific collecting locality, one from Cumbres County near the New
Mexico border, one from Breckenridge, Summit County, and one from
Colorado Springs, El Paso County. Halfpenny et al. (1989, unpublished)
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reported that Edwin Carter’s taxidermy notes in the Denver Museum of
Natural History included a lynx trapped in Soda Gulch, Clear Creek County
in 1878. Museum specimens were also found from Grand Lake, Grand
County in 1904-1905; Jefferson, Park County in 1912; and southwestern
Gunnison County in 1925. Terrell (1971) reported one lynx trapped at Red
Cliff, Eagle County in 1929 and one at Marble, Gunnison County in 1931.
Through interviews with trappers, Halfpenny et al. concluded that reports
of three lynx being trapped in Eagle County in 1930 and 1936 were reliable.

After 1936, no lynx specimens or reports of kills are known until 1969,
when a specimen was trapped near Leadville, Lake County, and others were
reportedly shot on the Frying Pan River, Pitkin County (Terrell 1971) and on
the south side of Vail Mountain, Eagle County (Halfpenny et al. 1989,
unpublished). In 1972, a lynx specimen was trapped on Guanella Pass, Clear
Creek County and, in 1974, two were trapped (one is preserved as a
specimen) on the north side of Vail Mountain, Eagle County. Since that time,
only tracks have been found, including three sets on the Frying Pan River,
Eagle and Pitkin Counties and five sets near Mt. Evans, Clear Creek County
(Halfpenny et al. 1989, unpublished). There are no verified records of lynx
in Colorado since 1974, despite large-scale snow-tracking efforts (Carney
1993, unpublished). The management history of lynx in Colorado is similar
to that reported for Wyoming: The lynx was designated an unprotected
predator until 1970, when all harvest of lynx was prohibited; in 1973, it was
classified as a state endangered species.

Utah—Our understanding of the distribution and status of lynx in Utah
comes entirely from scattered mortality records. Barnes (1927) reported that
103 lynx were trapped in a number of counties in Utah in 1915 and 1916, but
Durrant (1952) questioned the validity of these records and believed that
most were actually large bobcats. The relative scarcity of early specimen
records supports this conclusion. Only three specimens of lynx from Utah
in the early 1900s were found in museums, including one collected in 1916
from Wasatch County, one in 1931 from Sanpete County, and one in 1937
from Daggett County. Later records are all from the northwestern portion of
Utah near the southern borders of Wyoming and Idaho. Those records
include one museum specimen collected in 1957 from Daggett County,
mortality reports from Uintah County in 1958 and Summit County in 1958
and 1962 (McKay 1991, unpublished), one specimen from Summit County in
1963, a mortality report from the north slope of the Uinta Mountains in 1972
(McKay 1991, unpublished) and a lynx trapped in Cache County in 1991
(R. McKay, personal communication). No verified records are known after
this time. The lynx is listed as a sensitive species in Utah and has been
protected from all intentional harvest since 1974.
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Nevada—There are two museum specimens from Nevada; both were
collected in 1916 in Elko County in north-central Nevada near the Oregon
border (Schantz 1947). These specimens represent the southernmost records
of lynx occurrence west of the Rocky Mountains and are the only verified
records of lynx from Nevada. Three of the 12 specimens from Oregon were
also collected in 1916, suggesting that this may have been a year during
which lynx were dispersing south of their primary range; peaks in lynx
pelt returns from British Columbia and southern Alberta were recorded in
1915 and 1916, respectively (Elton and Nicholson 1942; p. 229).

Synchrony Between United States and Canadian
Trapping Data

Lynx populations in the contiguous United States occur at the southern
margin of a large, interconnected distribution whose geographic center lies
in the northern taiga (McCord and Cardoza 1982; Quinn and Parker 1987).
It has been suggested that the persistence of some lynx populations in the
contiguous United States may be dependent upon the periodic immigration
of lynx into the United States during the crash of northern lynx populations
(Thiel 1987). In the following section, we analyze harvest data, occurrence
data, and verified records from the United States in relation to lynx cycles in
Canada to address the following questions: (1) Are lynx records in the
contiguous United States associated with cyclic population highs in Canada?
and (2) If so, do similar patterns occur repeatedly across time and space?

In southern boreal forests, lynx are believed to occur at relatively low
population densities (Koehler and Aubry 1994), and throughout the 20th
century, harvest records for lynx in Canada have been two to three orders of
magnitude larger than those for the contiguous United States (Novak et al.
1987). In the taiga, long-range emigrations from core populations are associ-
ated with the crash of snowshoe hare populations; when prey becomes
scarce, home ranges dissolve and lynx become nomadic (Chapter 9). Thus,
it is possible that periodic immigrations of lynx into the United States
from southern Canadian provinces may occur during such events.

Thiel (1987) argues that periodic immigrations of lynx into the United
States from Canada will produce large increases in lynx records in the United
States occurring several years after cyclic highs in Canada, the lag being the
immigration time. Additionally, we would expect many of these records to
occur in cover types generally not used by lynx and in geographic areas in
which lynx records are generally scarce. However, lagged dynamics and
unusual occurrence patterns, while suggestive, do not necessarily mean
that such occurrences are directly attributable to transients. Complex
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asynchronous dynamics are predicted by predator/prey diffusion reaction
models (see Hastings and Harrison 1994 for a review) and occur due to the
interactions between local population dynamics and changes due to dis-
persal. Mowat et al. (Chapter 9), for instance, suggest that lynx dynamics in
the taiga exhibit lagged synchrony and that the lynx cycle in Canada
“emanates” from central Canada with the patterns in Yukon, Alaska, and
Quebec lagged several years behind those of Saskatchewan and Manitoba.
Correlation analyses of Canadian trapping data (Ranta et al. 1997) also
indicate that, on a continental scale, patterns are least synchronous at
intermediate distances and most synchronous when comparing locations
that are either very close or very far.

Methods

We evaluated Mowat et al.’s (Chapter 9) hypothesis by comparing data
from the central provinces of Alberta and Saskatchewan with data from
areas to the northwest (Alberta + Saskatchewan ➔  Yukon ➔  Alaska) and the
east (Alberta + Saskatchewan ➔  Manitoba ➔  Ontario ➔   Quebec). We
computed correlation coefficients between trapping data for the provinces
of Alberta and Saskatchewan and the other provinces and Alaska in-
crementally shifted back in time 0-5 years, noted the time lag associated with
the highest correlation, and tested whether lagging the data caused signifi-
cant changes in correlation coefficients (Zar 1996, pp. 384-386).

For states with reliable and long-term lynx harvest data (New Hampshire,
Minnesota, Montana, and Washington), we repeated the correlation analy-
ses (above) to determine the extent to which these data were correlated with
harvest data from Canadian provinces and whether these data were lagged.
For these analyses we correlated state trapping data with those Canadian
provinces which, due to their proximity, were most likely to contribute to the
local populations. For each state, we visually examined the data using the
most correlated lag time to determine if the patterns appeared synchronous.

Because our primary data are trapping records, which may show pat-
terns and synchrony that result solely from social and economic factors,
we looked to other data to provide a check on the trapping records as well
as to provide information for times and places where trapping data were
absent. Occurrence data and the verified records are not directly associated
with trapping activity and are available for states such as Michigan and
Wisconsin where we have no state-level trapping data. For comparisons of
Canadian trapping data with verified records and general occurrence data,
we used the most correlated lag times for the Canadian data from the
analyses of trapping data described above. Because occurrence data are
often sparse and erratic, we used visual methods to identify potential
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associations between these data sets. For Michigan and Wisconsin, where we
lacked trapping data, we compared patterns in the occurrence of verified
lynx records to peaks in harvest data from the Canadian provinces using
the lag time that was most correlated with the Minnesota trapping data. For
the Great Lakes region we estimated the degree to which general occurrence
patterns in data other than harvest records were correlated with Canadian
harvest data lagged as indicated by correlation with Minnesota trapping
records.

Another line of inquiry concerns the degree to which patterns in the lynx
data are correlated with local patterns of hare abundance. For the Great
Lakes region, hare data were available and were highly correlated within the
region (Chapter 7). For Minnesota, we were able to check these data against
independently collected hare occurrence data and the relationship was
strong (r = 0.89, Fig. 8.8). Local lynx populations should respond to changes
in local hare abundances, and the resultant patterns, therefore, may allow
separation of local and dispersal dynamics. We compared lynx trapping and
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Unpublished data provided by the Minnesota Department of Natural Resources.
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occurrence data in the Great Lakes region with local patterns of hare
abundance for the period in which hare-trapping was recorded. We used
hare-trapping data from Minnesota because it is complete, is highly corre-
lated with data from Wisconsin and Michigan, and has been indepen-
dently verified for the last 22 years. Additionally we could compare it
directly to lynx harvest records in Minnesota. Specifically, we were looking
for local increases in hare harvest associated with the peak lynx harvests in
the 1960s and 1970s and a response in lynx occurrence data to a large increase
in hare abundance between 1975 and 1983 (Fig. 8.8). This increase was
thought to be unusually large, perhaps representing the highest densities of
hares in that region during the 20th century (Fig. 8.8; B. Berg, personal
communication); thus, if resident lynx populations were present, they
should have responded numerically to this large irruption in primary prey
populations.

Results

Trapping data—Lagging provincial and Alaskan trapping data 0-2 years
produced the highest correlations when compared with the central prov-
inces of Alberta and Saskatchewan (Table 8.5). With the exception of Yukon,

Table 8.5—Pearson correlation coefficients (r) between trapping data from central Canada and states in the United States
and provinces to the northwest and east. Correlations are to central Canadian data shifted 0-5 years. The best fit
for each state or province is indicated in bold type. In the contiguous United States, correlation coefficients are only
significantly different (Zar 1996, pp. 384-386) for Montana.

Time Shifted
Comparison period 0 years 1 year 2 years 3 years 4 years 5 years Significance

Contiguous U.S.
New Hampshire with 1928-1964 0.23 0.20 0.02 –0.13 –0.20 –0.18 0.273

Quebec
Minnesota with Ontario + 1930-1983 –0.10 0.12 0.22 0.32 0.24 0.00 0.240

Manitoba + Saskatchewan
Montana with Alberta + 1950-1989 0.35 0.69 0.74 0.62 0.35 0.05 <0.001

British Columbia
Washington with Alberta + 1961-1977 –0.24 –0.29 –0.05 0.17 0.25 0.21 0.538

British Columbia

Northwest
Yukon with Alberta + 1934-1996 0.08 0.28 0.36 0.26 0.06 –0.12 0.070

Saskatchewan
Alaska with Alberta + 1934-1996 0.30 0.63 0.79 0.77 0.60 0.31 <0.001

Saskatchewan

East
Manitoba with Alberta + 1924-1997 0.92 0.68 0.38 0.11 –0.04 –0.01 <0.001

Saskatchewan
Ontario with Alberta + 1924-1997 0.74 0.77 0.64 0.39 0.12 –0.06 <0.001

Saskatchewan
Quebec with Alberta + 1924-1997 0.38 0.60 0.71 0.68 0.53 0.33 <0.001

Saskatchewan
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lagging the data caused significant (p < 0.05) changes in the correlation
coefficients. The correlation patterns to the east were consistent with Mowat
et al.’s “emanation” hypothesis. Manitoba was synchronous with Alberta
and Saskatchewan, Ontario lagged one year, and Quebec lagged two years
(Table 8.5). Patterns to the northwest were not as clear. Both Yukon and
Alaska had the highest correlations when lagged two years, and Alaska was
much more highly correlated than was Yukon (Table 8.5).

For those states and years for which reliable annual trapping data were
recorded, correlations between harvest totals from the United States and
adjacent Canadian provinces were generally modest (Table 8.5), Montana
being the exception. New Hampshire was the only state for which non-
lagged data provided the strongest correlation. Correlations between United
States and Canadian harvest data for the other three states were all improved
by shifting the Canadian data back in time: two years gave the best fit for
Montana, three years for Minnesota, and four years for Washington. Visual
inspection of these data suggests that increases in correlation coefficients
were due to improved alignment of the oscillations in numbers of lynx
trapped (Figs. 8.9-8.12).
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Figure 8.9—Lynx trapping data from New Hampshire (Fig. 8.1) overlaid
on lynx trapping data from Quebec (Fig. 8.2). The strongest correlation
between these data sets was with no lag between New Hampshire and
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Central provinces shifted 3 years

Minnesota
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Figure 8.10—Lynx trapping data from Minnesota (Fig. 8.4) overlaid
on lynx trapping data from Ontario, Manitoba, and Saskatchewan
combined (Fig. 8.3). The strongest correlation between these data
sets was with a three-year lag between Minnesota and south-central
Canada.

Figure 8.11—Lynx trapping data from Montana (Fig. 8.5) overlaid on lynx
trapping data from Alberta and British Columbia combined (Fig. 8.6). The
strongest correlation between these data sets was with a two-year lag
between Montana and southwestern Canada.
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One reason that the correlations were not stronger between states and
adjacent provinces was that the patterns were not constant over time. For
example, in New Hampshire, raw data for the first 12 years (1928-1939) are
highly correlated with populations in Quebec (r = 0.76), when an average
of 10 lynx were harvested each year; after this period, however, harvest
records declined to only 0-3 lynx per year and the data become erratic and
difficult to interpret (Fig. 8.9). In Minnesota, a three-year lag with data
from the south-central Canadian provinces resulted in a strong correlation
for the most recent period (r = 0.73, 1960-1983) but the pattern is out of
phase in the previous 26 years (Fig. 8.10).

Occurrence data—Trapping data were removed from the general lynx
occurrence database (Table 8.1) to produce as independent a data set as
possible. Visual inspection of occurrence data from the Great Lakes region
suggest that these fluctuations were aligned with trapping data from the
south-central Canadian provinces with a three-year lag (Fig. 8.13). The
verified lynx occurrences for Michigan and Wisconsin (Tables 8.3 and 8.4),
for the period 1934-1997, are a subset of the occurrence data presented
above and, in some years, make up the bulk of these data. These data are also
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Figure 8.12—Lynx trapping data from Washington (Fig. 8.7) overlaid on lynx
trapping data from Alberta and British Columbia combined (Fig. 8.6). The
strongest correlation between these data sets was with a four-year lag between
Washington and southwestern Canada.
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concordant with the general occurrence data and are aligned with trapping
data from the south-central provinces with a three-year time lag (Fig. 8.14).

Hare densities—To look for responses to the regional increase in hare
populations in the Great Lakes states during the late 1970s and early 1980s
(Fig. 8.8), we compared hare harvest data from Minnesota with general
occurrence data from the Great Lakes region. Based on these data, there
appears to be no relationship between this recent increase in hare density
and numbers of lynx observed (Fig. 8.15). We also compared hare and lynx
harvest data for the state of Minnesota (Fig. 8.16). The large peaks in lynx
harvest in the 1960s and 1970s, which occurred three years after similar
irruptive dynamics in central Canada, do not appear to be associated with
increases in local hare harvest.

Discussion

The idea that lynx population dynamics emanate from the center of the
taiga outward toward the periphery is supported by these analyses.
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Figure 8.15—Lynx occurrence data for the Great Lakes
region (Fig. 8.13) overlaid on snowshoe hare harvest data for
Minnesota.
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Patterns in the contiguous United States, while weaker, are consistent
with the patterns observed within Canada and between Canada and
Alaska. With the exception of the northeastern United States, both cor-
relation metrics (for those data where we applied them) and visual inspec-
tion suggested that lagging the Canadian data forward by two to four
years improved the correlation with United States data. While there are
several nonbiological factors that could lead to these patterns, the consis-
tency of lagged correlations between the trapping data and the occurrence
data and across various states and regions suggests that these patterns are
biologically based.

For the Canadian provinces and Alaska, correlation patterns were gener-
ally very strong and were consistent across the entire time series (>60 years
in all cases). In the United States, correlations were generally weak and, with
the exception of New Hampshire, were primarily associated with the large
irruptive peaks in the 1960s and 1970s.

If we assume that observed patterns indicate general changes in numbers
of lynx, then there are several hypotheses that could explain these patterns.
One is the immigration hypothesis presented above, another is that local
populations are responding to the same factors that are controlling northern
populations and, hence, are in synchrony, and a third is that the dynamics
are some combination of the two.
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In the Canadian provinces, Alaska, Montana, and Washington, we know
that there are local reproductive populations, knowledge that invalidates a
pure immigration hypothesis. For these areas, we can only state that they
appear to be a part of a population in which lagged synchronous dynamics
occur. Because we do not know why these dynamics occur, we cannot say to
what extent they are affected by changes in local dynamics and the role
that immigration might play.

For the most recent decades, dynamics in the Great Lakes region may be
strongly driven by immigration. Though the data are weak, the lack of a
response in the occurrence data to an extremely large regional increase in
hares that peaked in 1980 coupled with low hare densities during the lynx
peaks in the 1960s and 1970s suggest these irruptive dynamics may not be
local in origin. This does not tell us whether or not there are local populations
present, however; it merely indicates that the large “spikes” that dominate
recent temporal patterns of lynx occurrence in the Lake States are at least
partially Canadian in origin.

Given this, we find puzzling the lack of lynx occurrence records associated
with a large population peak occurring in the central provinces during the
early 1980s. This population peak was higher than any recorded in the 20th
century prior to 1959, but there was no evidence from museum specimens,
verified mortality records, or anecdotal observations that unusual numbers
of lynx occurred in any portion of its range in the contiguous United States.
In 1984, after the expected increase in lynx numbers in Minnesota failed to
occur, the state closed the lynx harvest (DonCarlos 1994, unpublished).

The “explosions” of lynx in the early 1960s and 1970s were unprecedented
events in the 20th century (Fig. 8.3). Many lynx observed during these
“explosions” were found in anomalous habitats and geographic regions,
exhibited abnormal behavior, and suffered high mortality (Gunderson 1978;
Thiel 1987). Mech (1980) reported that lynx numbers declined dramatically
in Minnesota after the 1972 influx; trapping records also indicate that post-
irruptive populations were low: 215 were trapped in 1972, 691 in 1973, 88 in
1974, and 0 in 1975 and 1976. Lynx occurrence records in Michigan and
Wisconsin similarly declined to very low levels within a few years after the
peak irruptive periods (Thiel 1987; Fig. 8.14). It may be that the correlations
which we observed between lynx occurrences in the northern United States
and Canada following these irruptions are historically unusual as well.

Lynx Associations With Broad Cover Types

By considering lynx occurrence data over broad scales of space and time,
we can describe patterns in the distribution of occurrences relative to
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topography and vegetation to elucidate the nature of their range in the
contiguous United States (Fig. 8.17). Because of the irregularities in the data,
we do not use the data themselves to define the bounding polygons as one
would for home range data (White and Garrott 1990). Instead, we simply
ask: Which cover types and elevation zones contain most of the occurrences?

To examine the distribution of lynx occurrences by elevation, we used data
from a Digital Elevation Model (1,040 m/pixel) re-coded into 250-m eleva-
tion classes. For the Northeast and Great Lakes states, we used provinces
from Bailey’s (1998) ecoregion classification to describe vegetation at the
broader scale, and subsection-level “potential dominant vegetation-1” (Keys
et al. 1995) at the finer scale. For western states, Bailey’s ecoregions were overly
broad, and we lacked a subsection-level map. We therefore characterized
western vegetation using Küchler (1964), with the form classification repre-
senting a large-scale cover class, and “vegetation type” representing a finer-
scale class of potential vegetation.

All occurrences with at least county-level resolution within the three
regions (Table 8.1) were included in these habitat analyses. In the Northeast
and Great Lakes states, where most of the data were at county-level resolu-
tion, counties were assigned to vegetation and elevation classes using a
majority-area rule, and occurrences with county-level resolution were then
assigned to these county-level classes. To describe the distribution of
occurrences by habitat type, we emphasized the classes of vegetation and
elevation which encompassed at least 75% of the occurrences in a region and
referred to them as “primary” types. The distribution of occurrences was
also compared to the areal distribution of the types within each region.
Because elevational relationships are likely to vary among states along
ecological gradients, we also considered elevation distributions on a state-
by-state basis.

Habitat Patterns Associated With Lynx Occurrences

West—Elevations in the West are variable, ranging from 0 to 4,180 m. Lynx
occurrences generally occurred at higher elevations than is reflected by the
areal distribution of elevation zones: 70% of occurrences fell within the
1,500-2,000-m class, which comprised only 42% of the area. This pattern is
highly influenced by variation among states in the number of occurrences:
95% of the occurrences in the 1,250-2,000-m range are from Montana and
Washington. However, frequency distributions for the individual states
continue to demonstrate peak numbers of occurrences at mid-elevations
that deviate from the areal distribution of elevation classes (Fig. 8.18).
Additional patterns emerge from the state-by-state distributions. Examin-
ing elevation patterns across the region, both point and area distributions
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shift to increasingly higher elevations as one moves southward from
Idaho and Montana to Wyoming, Utah, and Colorado (Fig. 8.18).

Vegetation types are also effective in characterizing the distribution of
occurrences. At the larger vegetation scale, Rocky Mountain Conifer Forest
contains 83% of the occurrences but represents only 27% of the area in the
region (Fig. 8.19). The other conifer-dominated class in the region, PNW
Conifer Forest, had the second highest point frequency (7%), which was
generally equivalent to its areal frequency, but occurrences were located
only in areas adjacent to Rocky Mountain Conifer Forest. Less than 3% of the
occurrences were located in each of the remaining classes, with decreasing
frequencies of occurrences with greater distance from areas of Rocky Moun-
tain Conifer Forest (Fig. 8.19). On the finer scale of vegetation classification,
the distribution of occurrences also differed significantly from the areal
distribution of types. The primary types, Douglas-fir and western spruce/
fir forests of the Rocky Mountain Conifer class, and fir/hemlock of the
PNW Conifer class, encompass 79% of the occurrences but only 15% of
the area. Occurrences are rare within the remaining vegetation types, which
include both non-forest and drier forest types.

Areas that encompass primary classes of both elevation and vegetation
contain 67% of the occurrences, including a majority of the occurrences
within most states (Fig. 8.20). The area within this combined habitat type
generally increases from south to north. From Montana southeast to Utah
and Colorado, clusters of this combined habitat type become increasingly
isolated. From Washington to Oregon, the width of the strip representing
primary habitat narrows as one moves southward.

Great Lakes region—Elevations in this region are low and of low
variability, ranging from 170 to 660 m. The distribution of occurrences
parallels the areal distribution of elevations in the region, with 80% of
occurrences falling in the mid-elevation zone of 250-500 m, which repre-
sents 78% of the total area. This relationship also holds within the individual
states; thus, elevation was not important in characterizing the distribution of
occurrences in this region.

The locations of lynx records in these states were associated with vegeta-
tion type, however. At the coarser vegetation scale, 88% of occurrences are
within Mixed Deciduous-Coniferous Forest, which accounts for <50% of
the area (Fig. 8.21). The remaining 12% of occurrences were located in
Broadleaved Continental Forests and Forest-Steppes and Prairies. At the
finer vegetation scale, the seven vegetation types containing occurrences
encompassed 73% of occurrences but only 32% of the area; of the seven
types, sugar maple-basswood, jack pine, and white pine-red pine forest
types had the highest frequencies of occurrences (each >15%). All of these
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Figure 8.19—Lynx occurrence data overlaid on Küchler (1964) vegetation classes in the western
United States. The Rocky Mountain Conifer cover-type enclosed 83% of lynx occurrences.

Figure 8.20—Areas of primary lynx occurrence are those areas that (1) consist of a cover type
associated with at least 75% of lynx occurrences and (2) lie within an elevation zone enclosing
at least 75% of lynx occurrences in each state; 67% of lynx records fell within this area.
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Figure 8.21—Lynx occurrence data overlaid on Bailey (1998) vegetation classes in the Great
Lakes region. The Mixed Deciduous-Coniferous Forest type enclosed 88% of lynx records.

primary types are classified as Mixed Deciduous-Coniferous Forest, except
for the sugar maple-basswood type which falls into Broadleaved Continen-
tal Forest. The distribution of these primary vegetation types occurs pri-
marily in northern Wisconsin and Minnesota, with <15% within Michigan
(Fig. 8.22). Conversely, areas lacking occurrences are found in southern
areas and represent mostly non-conifer or unforested types.

Northeast—Elevations in the Northeast range from 0 to 1,745 m. The dis-
tribution of occurrences by elevation is shifted toward higher elevations
compared to the areal distribution of elevations in the region: 77% of
occurrences were at mid-elevations ranging from 250 to 750 m, which
comprises 59% of the total area. The 0-250-m class has the greatest difference
between occurrences and area with only 20% of occurrences compared to
39% of the area. These patterns also hold within Maine, New Hampshire,
and New York, but Vermont, Massachusetts, and Pennsylvania had too
few occurrences to allow comparison (Table 8.1).

Vegetation also serves to describe the distribution of lynx occurrences in
the region (Fig. 8.23). At the broader scale, the most northerly and mountain-
ous class in the region, Mixed Forest-Coniferous Forest-Tundra, encom-
passes 88% of the occurrences compared to only 29% of the area, and the
remaining occurrences fell into five other provinces. At the finer scale,
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100 KM

Area Per State
(square km)

MN  48,000
WI 72,000
MI 17,600

Figure 8.22—Areas of primary lynx occurrence in the Great Lakes region are those
areas that enclose 73% of lynx records based on potential dominant vegetation
types (Keys et al. 1995). Elevation was not used to define areas of primary
occurrence in this region.

100 KM

Area Per State
(square km)

ME 28,500
NH 9,800
VT 8,000

NY 27,400
MA 1,000
PA 8,000

Figure 8.23—Areas of primary lynx occurrence in the northeastern states based on
potential dominant vegetation types (Keys et al. 1995) and elevations >250 m; 70% of
lynx records fell within these areas.
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occurrences are located within 10 vegetation types, with the highest fre-
quency in red spruce-balsam fir/sugar maple-birch-beech forest (53%).
The primary types also include sugar maple-birch-beech forest and red
spruce-balsam fir forest; the three types together comprise 84% of occur-
rences compared to 29% of the area and are found within Mixed Forest-
Coniferous Forest-Tundra. The types that include spruce-fir are absent
south of Vermont and the northern Adirondack Mountains. In general, lynx
occurrences were rare within areas typed as dry forest or non-forest.

Intersecting the primary vegetation classes with the primary elevation
classes left an area that is primarily contained within Mixed Forest-
Coniferous Forest-Tundra, includes 70% of the occurrences, and encom-
passes a majority of the occurrences within each state (Fig. 8.23). More than
60% of this area occurs in Maine and New York, followed by Vermont,
New Hampshire and Pennsylvania, with trace amounts in Massachusetts.
From Maine south to Pennsylvania, areas of primary occurrence become
increasingly disjunct.

Implications of Habitat Relationships

Because our analyses of habitat associations were conducted with data that
varied greatly among states (Table 8.1), observed patterns within a region
are heavily weighted by those states with the most occurrences. However,
even in states with relatively few occurrences, the locations generally fell
within the predicted habitat classes. In the Northeast, most of the occur-
rences were in the White Mountains of New Hampshire; but predicted
vegetation associations that were based largely on these data include most
of the locations in New York and Maine (Fig. 8.23). Thus, broad-scale
patterns in vegetation and elevation effectively capture regional patterns in
the distribution of lynx occurrences. The consistency across states within a
region adds support to the idea that these patterns reflect general habitat
use patterns of lynx.

For all three regions, high frequencies of occurrence records correspond to
cool, coniferous forests in northern areas. For the western and northeastern
regions, these forests occur at mid-elevations in montane areas; frequencies
of occurrences decrease from these areas toward the more maritime zones.
In all three regions, areas of primary occurrence become increasingly rare
and fragmented as one moves away from these northerly concentrations
of coniferous forests and, in the West, primary forest types also occur at
higher elevations along this gradient. The range of the snowshoe hare, the
primary prey of lynx, is also coincident with montane areas in the West and
Northeast and northern areas in the Great Lakes region (Chapter 7).
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Ephemeral locations and dispersal potential—Although the primary
vegetation classes encompassed the majority of occurrences, many occur-
rences fell into other vegetation classes. Occurrences could be associated
with these types because of location or vegetation classification errors or
dispersal movements, or they could be indicative of small resident popula-
tions. While we cannot differentiate between these causes in an absolute
sense, we can use the spatial distributions of these locations to explore the
most likely explanations.

For those 349 occurrences in the focal states of the West that were located
outside of the Rocky Mountain or PNW Conifer classes (Fig. 8.19), we
calculated the nearest straight-line distance to a conifer-type polygon. We
compared these distances to those of random locations placed within the
non-conifer types using a X2 homogeneity test. Data from the northeastern
and Great Lakes regions were not analyzed because of their limited spatial
resolution (generally only at county level).

Both error and dispersal occurrences should be close to source types,
whereas occurrences from resident populations may be distributed ran-
domly with respect to source areas. Occurrences representing errors are
generally concentrated in a narrow “epsilon band” around the source type
(Blakemore 1984; Dunn et al. 1990) due to granularity along the boundary.
Such an error distribution should decline very quickly with distance from
the source. In contrast, a simple dispersal model of constant probability of
detection with distance (usually through mortality) should show exponen-
tial decline with distance.

Points located in non-conifer types are significantly closer to conifer
forest types than expectation (p < 0.001), indicating that they are associated
with conifer forests. Most of the occurrences are extremely close to a conifer
type (Fig. 8.24), and 79% (274 of 349) are within 10 km of conifer forest.
Undoubtedly, many of these occurrences actually occurred within conifer
forests and lie outside of these types due to errors in location and vegeta-
tion mapping, while others may be associated with normal within-home
range or short-range exploratory movements. Assuming that many of the
non-conifer locations within 10 km of conifer types may be due to
mapping error, we are left with 75 locations >10 km from conifer forest
whose distance distribution generally declines exponentially with distance
from conifer forests (Fig. 8.25).

These remaining occurrences are reasonably distant from the nearest area
typed as conifer forest, at an average distance of 39 km and maximum
distance of 259 km, and are probably in non-conifer, and generally non-
forested types. In addition, because most of the non-conifer types in the
region are non-forest (Fig. 8.19), these distances represent conservative
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Figure 8.24—Distances to the nearest conifer forest for those lynx
occurrences in non-conifer cover types in the West. Lynx
occurrences were significantly closer to conifer types than would
be expected based on random placement within non-conifer types.
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estimates of the amount of non-forested landscape crossed by lynx prior to
detection. We also have 20 records of lynx locations in Nevada and the
Plains states (Table 8.1) that probably represent much longer dispersals
across open lands. However, our data suggest that long-distance dispersals
are relatively rare, as only four of 3,803 occurrences in the Western region
were >100 km from conifer forest.

Conclusions

There are records of lynx occurrence in 24 states. Generally, verified
records extend to the mid 1800s, and, due to confusion with bobcats, earlier
accounts are often suspect. For four of these states—Minnesota, Montana,
New Hampshire, and Washington—we have reliable trapping data, and
for Minnesota and Montana, fairly large numbers of lynx were trapped in
the 20th century (5,585 and 3,012, respectively). For most states, data are
too fragmentary to infer much concerning lynx beyond simple occurrence.
In the states where we have trapping data, dynamics appear to be associ-
ated with patterns of lagged synchrony that occur across Canada and
Alaska, but the mechanisms that underlie these dynamics are unknown.
Given our current lack of understanding of these dynamics, their presence
increases our uncertainty concerning the meaning of an occurrence, or even
many occurrences. In Minnesota, for instance, the 5,585 lynx trapped in the
20th century could have been produced by a local population, or as some
researchers have hypothesized, be mostly immigrants or any combination of
local lynx and dispersers.

Lynx occurrences in the 20th century are closely associated with conifer
forest types associated with the southern extensions of the boreal forest, a
pattern that conforms to our biological understandings of lynx habitat
(Chapter 13). There is little evidence of occurrence in other types such as pure
deciduous forests in the East or shrub-steppe types in the West. Where
occurrences are in unusual types, most of the locations are immediately
adjacent to the conifer cover types containing most of the occurrences.
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Appendix 8.1

Sources for Lynx Occurrence Data in the United States

Colorado: The Colorado Natural Heritage Program maintains a state
database that is a compilation of museum records, Colorado Division of
Wildlife harvest records, sightings reported to the Division, and published
reports. The White River National Forest reported five visual observations
and Rocky Mountain National Park reported one. Museum specimen
records were obtained from the  Denver Museum of Natural History,
Academy of Natural Sciences of Philadelphia, Milwaukee Public Museum,
and the National Museum of Natural History. Records from the database
compiled by O.S. Garton and Mary Maj and previously published in Ruggiero
et al. (1994) are also included.

Idaho: The state database for Idaho is maintained by the Idaho Fish
Conservation Data Center (IDFG CDC) and is a compilation of museum
records, IDFG harvest records, sightings of animals and tracks reported to
the CDC and interviews of knowledgeable hound hunters and trappers.
Visual observations and/or tracks were reported by the following National
Forests: Beaverhead-Deerlodge, Bitterroot, Idaho Panhandle, Nez Perce,
and Sawtooth. Museum specimen records were obtained from Harvard
Museum of Comparative Zoology, National Museum of Natural History,
University of Colorado Museum, and the Slater Museum of Natural History
at the University of Puget Sound. Records from the database compiled by
O.S. Garton and Mary Maj and previously published in Ruggiero et al.
(1994) are also included.

Illinois: We have only one record for the state of Illinois and that is of a
mounted skin from the Academy of Natural Sciences of Philadelphia.

Iowa: The one Iowa record we have is from a mounted skin belonging to
the private collection of Jerry L. Rasmussen of Rock Island, Illinois.

Maine: Museum specimen records were obtained from the Harvard
Museum of Comparative Zoology, the Museum of Zoology at the University
of Michigan, and the National Museum of Natural History. Also included
are harvest records as published in Ontario’s Ministry of Natural Resources
“Furbearer harvests in North America 1600-1984” by Milan Novak et al.
Winter track counts were conducted from 1994 to 1997 by the State of
Maine Department of Inland Fisheries and Wildlife, and track observations
during the winter of 1994-1995 are reflected here. This same agency com-
piled records of incidental takings and historical observations.
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Massachusetts: The only records for Massachusetts are from state har-
vest reports and bounty records kept by the Massachusetts Division of
Fisheries and Wildlife.

Michigan: Museum specimen records were obtained from the following:
Michigan State University Museum, Peabody Museum at Yale, Grand
Rapids Public Museum, Milwaukee Public Museum, Museum of Zoology
at the University of Michigan, and the National Museum of Natural History.
Various sightings compiled by both the Michigan Department of Natural
Resources and the Michigan Natural Heritage Natural Features Inven-
tory are reported here as well as historical data from two articles,
Elsworth M. Harger’s 1965 “The Status of the Canada Lynx in Michigan”
and “Michigan Mammals” by Rollin H. Baker, published in 1983. Dean
Beyer (University of Northern Michigan) compiled a database of approxi-
mately 45 lynx records that includes sightings, tracks, and museum
specimen records from various sources. One visual observation was re-
ported by the Ottawa National Forest.

Minnesota: Data points for Minnesota include harvest records and
records of confiscated carcasses and accidental lynx mortalities obtained
from the Minnesota Department of Natural Resources (MNDNR). The
MNDNR also provided us with records they had compiled of personal
reports of sightings and tracks, reports from newspaper articles, and
shootings. Two surveys were done by the MNDNR that yielded data points,
a winter track survey conducted 1991 through 1997 (one observation of
tracks), and a predator and furbearer scent post census 1975 through 1997
(four detections). L. David Mech trapped and radio-collared a number of
lynx from 1972 through 1978 and published the results in “Age, Sex,
Reproduction, and Spatial Organization of Lynxes Colonizing Northeastern
Minnesota” in 1980. The capture points of those lynx are reflected here.
Additionally, Mech kept autopsy records for lynx trapped, shot, or other-
wise killed from 1972 to 1974, and those data points are included in our
database. Museum specimen records were reported by the following: Bell
Museum of Natural History; National Museum of Natural History; the Bird
and Mammals Collection at University of California, Los Angeles; the
Illinois State Museum, the University of Wisconsin Zoological Museum; and
the Los Angeles County Museum.

Montana: The Montana state database is maintained by the Montana
Department of Fish, Wildlife and Parks (MDFWP). Occurrence records for
this database were obtained from MDFWP harvest records, logbooks, occur-
rence reports by individuals, and winter track surveys. A number of Na-
tional Forests reported visual observations, tracks, and physical remains.
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These forests include Flathead, Beaverhead-Deerlodge, Gallatin, Kootenai,
Lewis and Clark, and Lolo National Forests. Glacier National Park also
reported visual observations and tracks. Museum specimen records were
obtained from the following: American Museum of Natural History, The
Glacier Collection at Glacier National Park, University of Nebraska State
Museum, University of North Dakota, Illinois State Museum, National
Museum of Natural History, and the Philip Wright Zoological Museum.
Records from the database compiled by O.S. Garton and Mary Maj and
previously published in Ruggiero et al. (1994) are also included.

Nebraska: The U.S. Fish and Game, South Dakota Field Office provided
seven confirmed lynx records. Museum specimen records were obtained
from the University of Nebraska State Museum.

Nevada: Nevada has only two records; both were obtained from the
National Museum of Natural History.

New Hampshire: The New Hampshire Fish and Game provided harvest/
bounty reports as well as a compilation of records from various sources
such as personal accounts of observations and newspaper articles. From
the White Mountain National Forest we obtained a compilation of records
from personal reports and responses to questionnaires. The Audubon
Society of New Hampshire provided points from their Endangered Species
Program database. Museum specimen records were obtained from the
Museum of Comparative Zoology at Harvard, Cornell University Verte-
brate Collections, and the University of Maine.

New York: The majority of the data points for New York came from the
U.S. Fish and Wildlife Service report, “The Status of the Lynx in New York
(Lynx canadensis)” by A.S. Bergstrom (1977, unpublished). The New York
State Department of Environmental Conservation reported two rather re-
cent lynx occurrences, one shot and one sighted. Museum specimen records
were obtained from the American Museum of Natural History and the
Academy of Natural Sciences of Philadelphia.

North Dakota: Most of the North Dakota points are from museum
specimen records from the Los Angeles County Museum, University of
North Dakota, the Museum of Southwestern Biology at the University of
New Mexico, and the National Museum of Natural History. The North
Dakota Game and Fish Department reported the total number of lynx taken
for two time periods, 1962-65 and 1972-73, on a statewide basis.

Oregon: The Oregon Department of Fish and Wildlife (ODFW) maintains
a state database made up of ODFW harvest records, published reports, and
sightings reported to the ODFW. Three National Forests reported visual
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observations: Malheur, Umatilla, and Willamette. Museum specimen
records in the database are from the following museums: National Museum
of Natural History, Oregon State University, the private collection of Wendell
Weaver, the University of Kansas Museum of Natural History, and the
Slater Museum of Natural History at University of Puget Sound. Records
from the database compiled by O.S. Garton and Mary Maj and previously
published in Ruggiero et al. (1994) are also included.

Pennsylvania: The Nature Conservancy’s Pennsylvania Science Office
reported the “last known record” of naturally occurring lynx. One museum
specimen record was obtained from the Reading Public Museum and Art
Gallery.

South Dakota: Six records of lynx observations were obtained from the
South Dakota Department of Game, Fish and Parks, which manages the
South Dakota Natural Heritage Data Base. Museum specimen records were
obtained from South Dakota State University and the National Museum of
Natural History.

Utah: Records were obtained from the Utah Division of Wildlife Resources
(UDWR) Rare Mammal Sighting Program, UDWR harvest records, other
UDWR records, published reports, and interviews with various organiza-
tions and private individuals. These records make up the state database that
is maintained by the UDWR Utah Natural Heritage Program. Museum
specimen records were obtained from the Carnegie Museum of Natural
History, Utah Museum of Natural History, and the National Museum of
Natural History. Ashley National Forest reported five visual observations.
Records from the database compiled by O.S. Garton and Mary Maj and
previously published in Ruggiero et al. (1994) are also included.

Vermont: The points for Vermont come from two sources: the Vermont
Department of Fish and Wildlife (historical records of lynx taken) and the
Dartmouth College Museum.

Washington: Details of the Washington state database are lacking and as
such, many of the sources are listed as “unknown.” Sources that are listed
include the U.S. Forest Service, U.S. Bureau of Land Management, the
Washington Department of Natural Resources, and data from local counties.
We received point data directly from the Okanogan National Forest. These
observations were from winter track surveys and camera/bait stations
during 1981-1988. Other survey data included here are from a telemetry
study done by the Washington Department of Fish and Game, 1981-1988.
The Idaho Panhandle and Mount Baker-Snoqualmie National Forests and
North Cascades National Park reported a variety of visual observations,



264

Chapter 8—McKelvey

tracks, and physical remains. A number of museums contained speci-
mens, including the Conner Museum at Washington State University,
National Museum of Natural History, University of Washington Burke
Museum, the Museum of Vertebrate Zoology at Berkeley, the University of
Massachusetts, and the Slater Museum of Natural History at the University
of Puget Sound. Records from the database compiled by O.S. Garton and
Mary Maj and previously published in Ruggiero et al. (1994) are included.

Wisconsin: The Wisconsin Department of Natural Resources (WIDNR)
provided data points from harvest records, trapper questionnaires, and
confirmed personal accounts. Richard Thiel (Bureau of Endangered Re-
sources, WIDNR) compiled quite an extensive collection of lynx/lynx
sign observations from sources such as newspaper articles, hunter-
trapper questionnaires, museum records, and personal accounts. This
“raw data” is summarized in Thiel’s 1987 publication “The Status of
Canada Lynx in Wisconsin, 1865-1980.” Another report by the WIDNR
from which data points were taken is Adrian Wydeven’s 1998 report,
“Lynx Status in Wisconsin.” The Nicolet National Forest ran winter track
surveys 1993 through 1998, and track observations from that study are
included here. Lastly, museum specimen records were obtained from the
following: University of Wisconsin at Madison Zoological Museum,
Museum of Natural History at the University of Wisconsin at Stevens
Point, the Milwaukee Public Museum, the University of Wisconsin at
Superior, and the University of Wisconsin Tech Center at Marinette.

Wyoming: The Wyoming state database is maintained by the Wyoming
Department of Game and Fish (WDGF) and is a compilation of data from the
following sources: WDGF records, publications, federal agency records,
interviews with trappers, and a lynx research project in the Wyoming
Range of southwestern Wyoming. A number of records were compiled by
Reeve et al. (1986, unpublished) and some of the more recent records were
compiled by Tom Laurion (WDGF). Three visual observations were re-
ported by Yellowstone National Park. Museum specimen records were
obtained from Harvard Museum of Comparative Zoology, University of
Kansas Museum of Natural History, National Museum of Natural History,
University of Wyoming Museum of Zoology, and the Carnegie Museum of
Natural History. Records from the database compiled by O.S. Garton and
Mary Maj and previously published in Ruggiero et al. (1994) are included.
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In conservation and wildlife biology, establishing the
presence of rare or elusive species, including some that have

long been considered extinct, can become a near-mythic
quest. Because the occurrence of a rare species—or even one
that has recently been declared extinct—seems plausible, we
tend to believe anecdotal observations (i.e., observations that
lack conclusive physical evidence) despite widespread under -
standing of the intrinsic problems associated with such data.
Just as it is difficult to doubt the veracity of a detailed and
seemingly reliable statement from an eyewitness in a court of
law, it is also difficult to discount a visual observation of a rare,
elusive, or extinct species when it is reported by a trained and
experienced biologist. Compounding this problem, anec -
dotal data are often accompanied by inconclusive physical 
evidence, such as castings or pictures of tracks, fuzzy or 
distant photographs, or nondiagnostic acoustic recordings.
Unfortunately, such weak corroborative data are often treated
as confirmatory. Consequently, anecdotal occurrence data
continue to be used for making important conservation 
decisions, such as delineating the current geographic range
or deriving rudimentary estimates of abundance for species
of concern.

For these reasons, we argue that the use of anecdotal data
to establish the presence or geographic range of rare or elu-
sive species is inherently unreliable and can lead to errors with
substantial negative impacts on conservation decision making
and resulting conservation efforts. This is not to say that
anecdotal data cannot provide useful preliminary informa-
tion for conservation. The multitude of citizen scientists who
provide anecdotal observations serve as important sentinels
for detecting potential changes in the status of species of
concern. For example, anecdotal information can provide
early warnings of population declines when numerous ob-
servers report that once-common organisms now appear
scarce. Alternatively, repeated sightings of species of concern
in a given area can be used to identify high-priority areas for
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Using Anecdotal Occurrence
Data for Rare or Elusive
Species: The Illusion of Reality
and a Call for Evidentiary
Standards 

KEVIN S. MCKELVEY, KEITH B. AUBRY, AND MICHAEL K. SCHWARTZ

Anecdotal occurrence data (unverifiable observations of organisms or their sign) and inconclusive physical data are often used to assess the current
and historical ranges of rare or elusive species. However, the use of such data for species conservation can lead to large errors of omission and
commission, which can influence the allocation of limited funds and the efficacy of subsequent conservation efforts. We present three examples of
biological misunderstandings, all of them with significant conservation implications, that resulted from the acceptance of anecdotal observations as
empirical evidence. To avoid such errors, we recommend that a priori standards constrain the acceptance of occurrence data, with more stringent
standards applied to the data for rare species. Because data standards are likely to be taxon specific, professional societies should develop specific
evidentiary standards to use when assessing occurrence data for their taxa of interest.
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initiating systematic surveys or new research. However, we ar-
gue that conclusions regarding the presence of rare or elusive
species must be based on verifiable physical evidence. We
present three case histories to illustrate how the use of anec-
dotal data to assess the current distribution or population 
status of species of concern can adversely affect conservation
goals. Our examples include delays in obtaining needed habi-
tat protections (the fisher [Martes pennanti] in the Pacific
states), delays in initiating reintroductions or other conser-
vation actions (the wolverine [Gulo gulo] in California), and
the misallocation of scarce resources for conservation (the
ivory-billed woodpecker [Campephilus principalis] in the
southeastern states). We then show how evidentiary stan-
dards for species’ occurrence data could be delineated using
a gradient of reliability based on current knowledge of the
species’ status. 

Case history 1: The fisher in the Pacific states
Fishers once occurred in most coniferous forest habitats in the
Pacific states of Washington, Oregon, and California (Aubry
and Lewis 2003). Perceived range losses and potential threats
to their primary habitat resulted in the submission of two 
petitions during the 1990s to list the fisher in the Pacific
states under the Endangered Species Act (Beckwitt 1990,
Carlton 1994). Both petitions were denied, the first because
reliable information on the status of fisher populations was
lacking (USFWS 1991) and the second because anecdotal
occurrence data indicated that fishers were distributed con-
tinuously across much of their historical range (figure 1a, map
at left; USFWS 1996). 

To investigate the reliability of these anecdotal data, Aubry
and Lewis (2003) mapped the geographic distribution of
anecdotal observations of fishers in the Pacific states 
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Figure 1. Recent occurrence records for (a) fisher in the Pacific states (1954–1992; map reproduced from Aubry and Lewis
[2003]), (b) wolverine in California (ca. 1960–1974; map reproduced from Schempf and White [1977]), and (c) ivory-billed
woodpecker in the southeastern states (1944–2005; modified from www.fws.gov/ivorybill/IBW-range-map.pdf). The 
locations of standardized surveys conducted from 1989 to 2000 for fishers in the Pacific states are shown in (a), center map
(“Remote camera and trackplate surveys”); verifiable fisher detections obtained during those surveys and the presumed 
historical range (gray shading) of the fisher in the Pacific states are shown in (a), map at right (“Resulting verifiable fisher 
detections”). The arrow in this map points to an introduced population from sources in Minnesota and in British Columbia,
Canada. In (b), numbers in parentheses are the number of occurrences associated with each symbol. In (b) and (c), all 
occurrences are anecdotal. 



obtained during the last several decades (figure 1a, map at left),
and compared their geographic extent with that of verifiable
occurrence records obtained during the most recent decade
using standardized detection protocols (figure 1a, center
map; Zielinski and Kucera 1995). Compared with anecdotal
records, the results of recent standardized survey efforts re-
vealed a dramatically different assessment of the current dis-
tribution of fishers in the Pacific states (figure 1a, map at right).
Although standardized surveys have been conducted through-
out most forested areas in that region (figure 1a, center map),
and many were intentionally located in areas where multiple
anec dotal observations of fishers had been made, fishers
were detected only in restricted portions of southwestern
Oregon and in several disjunct areas in California (figure 1a,
map at right). These findings revealed extensive range losses
in Washington and Oregon (figure 1a, map at right) and the
isolation of extant fisher populations in the Pacific states
from other populations in North America (Aubry and Lewis
2003). These results were supported by genetic studies demon-
strating that fishers occurring in the southern Cascade Range
in Oregon were introduced from British Columbia and Min-
nesota (Drew et al. 2003), and that populations in the Siskiyou
Mountains of northwestern California and southwestern
Oregon are indigenous and isolated from the introduced
population in the Oregon Cascades (figure 1a, map at right;
Aubry et al. 2004, Wisely et al. 2004). Based partly on these
findings, a third petition submitted in 2000 (Greenwald et al.
2000) resulted in Pacific Coast fishers being declared “war-
ranted but precluded” for listing under the Endangered
Species Act (USFWS 2004), meaning that the US Fish and
Wildlife Service (USFWS) acknowledged the need for federal
protection, but listing was precluded by higher priorities.

For the Pacific fisher, the use of anecdotal occurrence data
led to a significant overestimation of the species’ current dis-
tribution and a failure to recognize the extent to which range
losses had occurred. The 2004 designation of  “warranted but
precluded” further demonstrated the need for conservation
actions to protect fisher populations on the Pacific Coast
and initiated a wide array of conservation and management 
activities, including the establishment of an international
team of biologists charged with developing a conservation 
assessment and strategy for fishers in the Pacific states and
British Columbia. Thus, it is likely that misconceptions 
created by the acceptance of anecdotal occurrence data as 
empirical evidence delayed the initiation of conservation 
actions for Pacific Coast fishers by at least a decade.

Case history 2: The wolverine in California
Grinnell and colleagues (1937) described the California
wolverine as being confined to the southern Sierra Nevada and
on the verge of extinction. However, from the 1950s to the
1970s, numerous anecdotal occurrence records were compiled
and reported in both primary (Ruth 1954, Jones 1955, 
Cunningham 1959) and gray literature sources (Bruce and 
Weick 1973, Schempf and White 1977, CDFG 1978, Kovach
1981). In particular, relying entirely on anecdotal data,

Schempf and White (1977) arrived at the remarkable con-
clusion that wolverines were present throughout most of the
mountainous regions of California. The authors claimed
that the data they compiled left “no doubt” that wolverines
were present in the North Coast and North Sierra regions, 
areas where wolverines were thought absent in Grinnell’s
time (figure 1b). Subsequently, a status report published by
the state of California stated, “Available information suggests
that wolverine numbers are increasing in California” (CDFG
1978, p. 66). The broad, contiguous geographic range de-
scribed in Schempf and White (1977), and expanded by 
Kovach (1981) to include the White Mountains, has been 
accepted and repeated by others (Banci 1994) and is still
California’s official position (CDFG 2008).

Beginning in the late 1980s, a series of survey efforts were
initiated to verify wolverine presence using remote cameras,
bait stations, and helicopter surveys in many areas of California
(Kucera and Barrett 1993, Zielinski et al. 2005). People con-
tinue to claim that they have seen wolverines in California, and
our molecular genetics facility (www.fs.fed.us/rm/wildlife/
genetics/index.php) is often called upon to analyze feces and
hair samples collected in California near putative wolverine
dens or observations. To date, however, none of these surveys
or DNA (deoxyribonucleic acid) analyses has detected wolver-
ines in California; the last verifiable evidence of wolverine 
occurrence in California was obtained in 1922 (box 1; Aubry
et al. 2007). 

Aubry and colleagues (2007) conducted a detailed analy-
sis of historical patterns of wolverine distribution through-
out the contiguous United States. Considering historical
records and the current distribution and extent of suitable
habitat conditions for wolverines, they concluded that wolver-
ines most likely never occupied montane areas that lacked 
extensive alpine habitat conditions, such as the North Coast
region of California. Schwartz and colleagues’ (2007) genetic
analyses provided empirical support for these conclusions, in-
dicating that wolverines in the Sierra Nevada of California were
isolated from other populations in North America. Thus,
the assertion that the wolverine was rapidly expanding its range
in California during the 1970s was clearly inaccurate. Most
likely, wolverines were extirpated in California early in the 20th
century, as Grinnell and colleagues (1937) anticipated. 

Case history 3: The ivory-billed woodpecker 
in the southeastern states
The last verifiable evidence of the ivory-billed woodpecker was
obtained in 1944 in northeastern Louisiana (Fitzpatrick et al.
2005). Since then, however, many people have claimed to
have seen the bird. The USFWS has compiled records of
these sightings (figure 1c), and they display two traits that are
associated with many anecdotal occurrence records: (1) they
are located in areas where the sighting is plausible, according
to historical information on the organism’s distribution and
ecological relations; and (2) they show that the species is
well distributed within this area of plausibility. Recently,
there has been a spate of ivory-bill sightings in Arkansas.
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Fitzpatrick and colleagues (2005) claimed that at least one male
ivory-billed woodpecker persisted in the Big Woods region of
eastern Arkansas, reversing the common belief that the species
became extinct in continental North America in the mid-
1900s. Their announcement was based on inconclusive phys-
ical evidence and on seven anecdotal visual observations
made by individuals whom the authors believed to be expe-
rienced and knowledgeable.

Fitzpatrick and colleagues (2005) present two pieces of
equivocal physical data: first, acoustic recordings that they 
acknowledge “cannot be positively distinguished from ex-
ceptional calls by blue jays,” and second, the “blurred and 
pixilated” video footage taken by David Luneau in April
2004. Despite the authors’ assertions, the video evidence is 
not diagnostic of the ivory-bill and may represent the 
pileated woodpecker (Dryocopus pileatus), which is similar in
appearance and occurs throughout the historical range of the
ivory-billed woodpecker (Sibley et al. 2006, Collinson 2007).
The appropriate response to the video was taken: a coordinated
and extensive search effort was initiated. However, after more
than a year of intensive searches by a large cadre of observers
(Fitzpatrick et al. 2005, Wilcove 2005), no conclusive evi-
dence was found. Consequently, the announcement that the
ivory-billed woodpecker persisted in North America relied on
anecdotal visual observations as confirmatory evidence. Fitz-
patrick and colleagues stated: 

T. Gallagher and B. Harrison were struck by the
apparent authenticity of this [Sparling’s] sighting and
arranged to be guided through the region by Sparling.
At 13:15 CST on 27 February 2004, within 0.5 km of
the original sighting, an ivory-billed woodpecker (sex
unknown) flew directly in front of their canoe with the
apparent intention of landing on a tree near the canoe,
thereby fully revealing its dorsal wing pattern.
(Fitzpatrick et al. 2005, p. 1460)

In the view of Fitzpatrick and colleagues (2005), there is no
uncertainty about whether an ivory-billed woodpecker was
seen. Doubts about the match between evidence and con-
clusions were raised (Jackson 2006) but largely ignored in the
general furor and ebullience associated with the “discovery”
that a charismatic and iconic species was not extinct after all.
In addition to purportedly confirming its escape from ex-
tinction, Fitzpatrick and colleagues (2005) made claims about
the ivory-bill’s population size and reproduction. Others
echoed these speculations (Wilcove 2005), and the reported
finding was seen as the validation of numerous conservation
efforts (Dickinson 2005). In part because of the prestige of the
journal Science, which published the account, the persistence
of a population of ivory-billed woodpeckers has been widely
accepted by the general public, and new conservation strate-
gies have been initiated (USFWS 2005). In Arkansas, more
than 7400 hectares of swampland have been given protected
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On 28 February  2008, a wolverine was photographed near Lake Tahoe in the north-central Sierra Nevada by a remotely triggered
camera. The camera was deployed during a study of the American marten (Martes americana) by Katie Moriarty of the US Department
of Agriculture (USDA) Forest Service’s Pacific Southwest Research Station and Oregon State University. This record represents the first
confirmed occurrence of the wolverine in California since 1922 (Aubry et al. 2007). The photograph, and others taken of the same
individual at nearby camera stations, was diagnostic; there was no doubt that the organism was a wolverine. 

The discovery made the national news and generated a great deal of excitement in California and elsewhere. However, uncertainty
remained concerning the wolverine’s origin. It could have been a member of a previously undetected population of California
wolverines that had persisted since 1922, a natural immigrant from populations in the northern Cascade Range or Rocky Mountains, or
a released or escaped captive. Thus, the next step for evaluating the biological significance of this record was to identify the wolverine’s
source population. The historical population of California wolverines had unique mitochondrial haplotypes substantially different from
other haplotypes in North America (Schwartz et al. 2007); consequently, DNA (deoxyribonucleic acid) analysis could determine
whether the animal was part of a remnant population of California wolverines. Furthermore, some haplotypes found in northern
populations (i.e., Alaska and northern Canada) are absent from extant populations in northern Washington, central Idaho, and
northwestern Wyoming. Thus, if the wolverine had any of these exclusively northern haplotypes, it would be reasonable to conclude that
it was translocated. If, however, its haplotype occurred in the Cascade or Rocky Mountains, then it could have either dispersed naturally
or been translocated.

Noninvasive sampling (hair and scats) was initiated by a group including the USDA Forest Service’s Pacific Southwest Research Station,
Oregon State University, Tahoe National Forest, and the California Department of Fish and Game, and samples were quickly obtained.
The wolverine was haplotype “A” (Wilson et al. 2000), a genetic group that occurs throughout the Rocky Mountains, Alaska, and Canada
(USFS 2008). A gender test (Hedmark et al. 2004) revealed that the animal was a male. Thus, although researchers were able to
determine that the animal was not a native California wolverine, its exact origins and means of arrival in California remain unknown.
These results did, however, have significant implications for wolverine conservation in the contiguous United States, and exemplify the
kind of empirical evidence needed to determine appropriate responses to extralimital occurrence records for rare and elusive species.
The photographic evidence was diagnostic, but additional DNA evidence was necessary to determine the biological significance of 
this record.

Box 1. Wolverine recently found in California: Remnant native, natural disperser, or transplant?



status to provide habitat for the ivory-bill (White 2006).
Funds for habitat acquisition and land stewardship con-
sumed approximately $4,200,000 of federal funds and an
additional $2,000,000 in grants (USFWS 2006).

A year later, Hill and colleagues (2006) used similar evi-
dence to report the possible presence of ivory-billed wood-
peckers in Florida. Although Hill and colleagues are much
more circumspect than Fitzpatrick and colleagues (2005) in
their conclusions, they also propose that the ivory-billed
woodpecker is present in Florida, without providing any
conclusive evidence. Their data consist of sightings (14),
many putative vocalizations, and cavities that appeared larger
than those created by pileated woodpeckers (Hill et al. 2006).

It is now more than four years since the blurry video was
taken in Arkansas, and it remains the only physical data sup-
porting the claim that an ivory-billed woodpecker was found,
despite intensive surveys in swampy areas that included 
annual searches coordinated by the Cornell Laboratory of 
Ornithology, and ad hoc searches by countless amateurs. 
Diagnostic DNA markers have recently been developed from
museum specimens (Fleischer et al. 2006), so now even a
feather or guano could provide proof of the presence of
ivory-bills. However, none of these survey efforts has produced
any indisputable physical evidence of the persistence of ivory-
bills in North America. Although it is always possible to 
invent rationales to explain the lack of conclusive evidence
(e.g., Bivings 2006), available evidence indicates that the
ivory-billed woodpecker probably became extinct in the
southeastern United States by the middle of the 20th century.

Conclusions
Anecdotal data are considered notoriously unreliable by most
scientists, and many disciplines have endeavored to limit or
eliminate their influence. However, anecdotal information con-
tinues to influence our political and legal systems as well as
the public’s understanding of the natural world. In a court of
law, jurors generally consider eyewitness accounts to be 
particularly reliable—much more so than they actually are
(Heller 2006). Juries can often be convinced to give little
weight to forensic evidence (Thompson and Schumann
1987), but, as Supreme Court Justice William Brennan noted,
“[T]here is almost nothing more convincing than a live 
human being who takes the stand, points a finger at the 
defendant, and says ‘That’s the one!’” (Handberg 1995, p.
1014). 

Thus, it is important to carefully consider why, for exam-
ple, we are willing to convict an alleged perpetrator on the 
basis of a single eyewitness’s testimony, but are unwilling to
believe hundreds of often compelling sighting reports of the
Loch Ness monster or other creatures unknown to science. It
seems clear that our weighting of anecdotal data is not related
to its intrinsic reliability, but rather to our preconceptions
about the described phenomena. We overestimate the relia-
bility of eyewitness accounts in courts of law as much as
fivefold (Brigham and Bothwell 1983), but no amount of
anecdotal data will convince most people that the Loch Ness

monster or Bigfoot exists. The degree to which we accept or
reject anecdotal data is therefore largely a matter of belief, not
reason. Some have cast the dispute over the presence of the
ivory-billed woodpecker in terms of believers versus non -
believers (Jackson 2006, White 2006), but if the debate is
thus reduced, it will never be resolved. 

In all three of the case histories presented here, reliance on
anecdotal occurrence data led to significant errors regarding
the presence, population dynamics, and range of the species
in question. For the California wolverine and the ivory-billed
woodpecker, the use of anecdotal data led to the resurrection
of extinct organisms. In California, not only were wolverines
assumed to be present, but the case was made that they were
expanding their range and recolonizing their putative former
habitat, much of which probably did not support wolverines
historically (Aubry et al. 2007). In the case of the fisher, 
extreme overestimation of its current range led the USFWS
to conclude that populations of fishers were large and well con-
nected, when in fact they were small and highly fragmented.
In all three cases, the use of anecdotal occurrence data resulted
in vast overestimations of range and abundance (figure 1). As
the fisher case history illustrates, anecdotal occurrence records
are particularly insidious in a conservation context because
they are often numerous and well distributed in time and
space; consequently, they can preclude biologists from doc-
umenting range losses in time for appropriate conservation
actions to be taken. Had conservation decisions been based
solely on verifiable records, accurate understandings would
have been derived and more appropriate management deci-
sions would probably have been made. 

Large numbers of anecdotal occurrence records can accu-
mulate over time, and they frequently contain convincing 
details and occur in plausible locations or habitats. Observers
are typically well-meaning and conscientious individuals,
and sometimes are experienced, well-trained biologists (e.g.,
Fitzpatrick et al. 2005). Consequently, it is not surprising
that anecdotal data are difficult for many people to dismiss
as lacking in scientific value. However, even a very small
misidentification rate associated with hundreds of observa-
tions made over many decades (60 and 80 years, respectively,
in the cases of the ivory-billed woodpecker and California
wolverine) will produce a large number of very convincing but
misleading occurrence records.

We propose that the reliability of an occurrence data set 
depends not only on the intrinsic reliability of each record 
but also on the rarity of the species. As a species becomes 
rarer, the proportion of false positives will increase. For 
example, in the contiguous United States, bobcats (Lynx 
rufus) are common and Canada lynx (Lynx canadensis) are
rare; occasionally bobcat observations are misidentified as 
lynx. Even if such misidentifications happen only 1 percent
of the time, for every 1000 bobcat sightings, 10 will be iden-
tified as lynx, and false lynx observations can easily out-
number actual ones. Even if lynx were extirpated from the area,
lynx would continue to be reported each year and, over many
years, hundreds of spurious lynx records would accumulate.
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Records obtained with this misidentification rate would be 
useful and reliable for bobcats, but extremely misleading for
lynx.

Species rarity not only decreases the average reliability of
occurrence data but simultaneously increases the social and
economic consequences associated with decisions based on
such data. Thus, an accepted evidentiary standard for docu-
menting the occurrence of the common American robin
(Turdus migratorius) would not be appropriate for the 
potentially extinct ivory-billed woodpecker. We therefore 
propose the use of a gradient of evidentiary standards for 
occurrence records that increases in rigor with species’ rarity
(figure 2). For example, a set of standards might permit the
use of anecdotal data when an organism is common and
easily recognized, but require indisputable physical evidence
before the announcement of the rediscovery of a species
thought to be extinct. The best approach to deriving specific
standards may be for professional societies associated with 
particular taxa (e.g., American Society of Mammalogists,
American Ornithological Union) to independently develop
evidentiary standards for the use of occurrence data by their
membership and in their publications. For example, guide-
lines for the appropriate use of anecdotal data could be in-
cluded in instructions for authors and reviewers. Once rules
were adopted, they could be used to standardize reliability 

ratings for existing databases, greatly enhancing their value.
Such standards should consider a species’ rarity, prior evidence
of its existence, and the goals of the study or survey (figure
2). We recognize the value of coordinated, long-term survey
efforts, such as the Breeding Bird Survey and the Christmas
Bird Count, and we do not intend that the establishment of
evidentiary standards interfere with the collection of useful
data for common species. However, for rare or elusive species,
such standards are essential for accurately determining their
distribution and status.

Some have argued that making decisions on the basis of the
possibility that a species of concern is present is a prudent 
approach to conservation (i.e., the precautionary principle).
Indeed, the Endangered Species Act and many other conser-
vation agreements and accords specifically apply this prin ciple
to conservation (Applegate 2000). We agree with the appli-
cation of the precautionary principle in conservation, but its
application is a matter of policy, not science. Consequently,
we believe the best way to ensure that policy decisions are based
on reliable data and sound understanding is for scientists to
establish evidentiary standards for the use of occurrence
data. Just as evidentiary standards for the rejection of exper-
imental hypotheses should be arrived at a priori, the existence
and distribution of rare organisms should be debated within
the context of established evidentiary standards.
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From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: Lynx SSA Review
Date: Thursday, February 09, 2017 10:41:24 AM
Attachments: McKelvey et al. 2008.pdf

McKelvey et al 2000a.pdf
2014 09 12 Revised CH Final Rule 79 FR 54782.pdf

FYI - my response to Rick's question below.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Thu, Feb 9, 2017 at 10:14 AM
Subject: Re: Lynx SSA Review
To: "Kahn, Rick" <rick_kahn@nps.gov>

Thanks Rick,

I don't think we, in this draft report or in our recent critical habitat analysis/designation, discount early records.
Rather, when trying to evaluate historical distribution of resident lynx populations in the Lower 48, we agreed with
McKelvey et al's 2008 recognition that scientifically-valid assessments must rely on verified occurrence data and not
on anecdotal information, especially for naturally rare species and even more so for those that are easily confused
with another sympatric species. In that paper, the authors used lynx and bobcats as the example of the significant
errors that could result from only a few misidentifications (see last paragraph on p. 553 of that document, attached
below).  McKelvey et al. 2000 (Chapter 8, pages 208-210, in Ecology and Conservation of Lynx in the United
States, also attached) had also pointed this out earlier.  

As we noted in the CH designation (also attached, see pp. 54787-54789 [comment 10 and response], 54793-54795
[comment 23 and response], and 54816-54817), McKelvey et al. 2000 found only 17 verified records of lynx in
Colorado prior to the 1999-2006 releases; Cary's (1911) records are largely anecdotal accounts from trappers, which
were questioned by Halfpenny and Miller (1980, p. 8) and by Armstrong 1972 (as cited by Halfpenny and Miller);
and Meaney (2002, entire) noted lots of issues with early anecdotal information, including misidentification of large
pale bobcats as lynx - exactly the problem McKelvey et al. 2008 highlighted.

Anyway, after considering all of this and relying on the verified records, we found little compelling evidence that
the S. Rockies had historically supported persistent resident lynx populations.  We recognize the possibility that
there may have been some places in the S. Rockies that did support small but persistent pops, but we don't feel the
best available information suggests that is the case, and we cannot explain why populations there would have been
extirpated and failed to become re-established when they apparently faced similar threats that lynx elsewhere did. 
That is, we have no compelling evidence that trapping pressure was greater, that habitat loss/alteration was more
extensive, that poisoning had a greater impact, etc. - yet lynx populations in other places exposed to these same
threats persisted.

The success thus far of Colorado's lynx program is encouraging and the persistence of resident lynx there may
suggest that habitat quality is not the issue but that perhaps lack of connectivity is more responsible for the S.
Rockies' apparent historical inability to previously support a persistent resident pop. I suppose time will tell if lynx
can persist there over the long term without additional supplementation but, regardless, the program was an amazing
effort and has resulted in a wealth of information that was largely lacking from our understanding of lynx dynamics
in the Lower 48.

Thanks again for overseeing your agency's review of the drat SSA report.

Jim 

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:rick_kahn@nps.gov


On Wed, Feb 8, 2017 at 2:04 PM, Kahn, Rick <rick_kahn@nps.gov> wrote:
Jim,

Nope, I am awaiting comments back from our lynx parks (Maine, Minn, Northern Rockies
and Southern Rockies) and will send them along.  One item I will let you know about:

Based on conversations I have had with some former Colorado Wildlife employees they
wanted me to ask about why the Report seems to discount many of the early records for the
Southern Rockies as "ephemeral" or being artifacts of years of northerly emigration only and
not a small persistent population?  This is not an NPS issue and I am aware that a couple of
lynx scientists support this, however it seems to be strong message that runs through the
report and may be counter to historical reports as cited in Carey and other early 20th century
authors.

thanks

rk

On Wed, Feb 8, 2017 at 1:13 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Kim, Rick, and Scott,

Jodi asked me to check in with you to see if there is anything you need from us to facilitate your review of the
Draft Lynx SSA Report and to let you know we look forward to receiving your comments and anticipate that
they will help us improve the final document.

Please let me know if you have questions of if I can provide any additional information.

Thanks in advance for your time and efforts to help us improve the lynx status assessment.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Rick Kahn
Wildlife Biologist
National Park Service
NRSS Biological Resource Management Division
1201 Oakridge Drive, Suite 200
Fort Collins, Colorado 80525
970-267-7294(O)
970-420-6802(C)
Rick_Kahn@nps.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Harris, Anna
To: McCollough, Mark
Subject: Re: Friday report
Date: Thursday, February 09, 2017 11:36:15 AM
Attachments: image.png

image.png

Thanks Mark!

I appreciate you sending some information about the talk. Too bad you were competing with
the film festival but glad to hear folks were engaged in the discussion,

The snow is finally starting to fall here!

On Thu, Feb 9, 2017 at 7:47 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Hi Anna:

My talk went well last night, although only about a dozen people attended.  I heard that I
was competing with the second night of the Banff Film Festival here in Bangor.  At any rate,
got a lot of good questions and interest in the topic.

I was not able to get a photo last night, but here is a write-up for the Friday report and a few
images from the power point.

Mark McCollough from the Maine Field Office is a member of the core team who for the
last year have been writing the Canada lynx SSA.  A Federal court ruled that the Service
must complete a recovery plan for the lynx by January, 2018.  A Decision Team will meet
with the SSA authors in Denver on March 2-3 to review the draft SSA and make a
determination on the listing status of the lynx.  If the lynx remains listed as threatened or
endangered, the SSA team will write a recovery plan by the end of the year.

The effects of climate change on lynx and their primary prey snowshoe hares has been
identified as the overriding stressor to the future of lynx in the contiguous United States. 
Lynx are specialist carnivores that depend on deep snow, boreal forest, and snowshoe hares,
all diminishing because of a warming climate.  Forest management and development also
stress lynx populations, particularly in Maine where nearly all lynx habitat is on private
forest lands.  Service biologists and lynx experts consulted for the SSA anticipate that lynx
will persist in only 2 or 3 of the 5 units that currently support lynx in the DPS by the end of
the century. 

Mark gave a talk this week to the Maine Chapter of the Appalachian Mountain Club on
climate change and the Canada lynx and other northern wildlife.  A lively discussion ensued
concerning what actions we can take individually and as a society to curb carbon emissions. 
There were also discussion recognizing how important Maine's North Maine Woods (and
waters) will become as a corridor for wildlife species to move north in response to a
warming climate.   
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-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

https://www.fws.gov/northeast/mainecomplex/


 

 

February 9, 2017 

 

 
Jodi Bush 
United States Fish and Wildlife Service  
Montana Ecological Services Office 

585 Shepard Way, Suite 1 

Helena, MT 59601 

 

Dear Ms. Bush, 

 

The Wisconsin Department of Natural Resources appreciates the invitation and opportunity to review and 

comment on the draft Species Status Assessment for the Canada Lynx (Lynx Canadensis) – Contiguous United 

States Population Segment.  We would like to stress our agreement with US Fish and Wildlife Service statements 

that the state of Wisconsin does not, and has not, contributed to the overall persistence and conservation of lynx in 

the contiguous United States.  There is no compelling evidence that a significant population currently exists, or 

ever existed, in Wisconsin.  Therefore, we support the conclusions regarding Wisconsin.   

Thank you for the opportunity to comment on this draft and these important issues. 

 

Best regards, 

 

 

 
 

 

Nathan M. Roberts, PhD 

 

Natural Resource Research Scientist 

Wisconsin Department of Natural Resources 

 

 

 

 

 

CC: 

Cathy Stepp, Secretary, Wisconsin Department of Natural Resources 

Kurt Thiede, Deputy Secretary, Wisconsin Department of Natural Resources 

Dr. Jonathan Mawdsley, Association of Fish and Wildlife Agencies 

 
 

Scott Walker, Governor 
Cathy Stepp, Secretary 

 Telephone 608-266-2621 
Toll Free 1-888-936-7463 

TTY Access via relay - 711 
 

State of Wisconsin 
DEPARTMENT OF NATURAL RESOURCES 
 

 dnr.wi.gov 
wisconsin.gov 



From: Roberts, Nathan M - DNR
To: Bush, Jodi; Zelenak, Jim
Cc: Jonathan Mawdsley; Hull, Scott D - DNR
Subject: SSA comments from WI
Date: Thursday, February 09, 2017 3:05:31 PM
Attachments: StateofWI_LynxSSA_comments.pdf

Hello Jim and Jodi,
I have attached a letter with our comments from WI.  Thank you for the opportunity to be involved
with this important process.
Best wishes,
-Nathan Roberts
 
 
Nathan M. Roberts, PhD
Bear, Wolf, and Furbearer Research Scientist
Wisconsin Department of Natural Resources
107 Sutliff Ave.
Rhinelander, WI 54501
 
NathanM.Roberts@wisconsin.gov
715.490.9345
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From: Paul Phifer
To: St Cyr, Karen
Cc: Anna Harris; Martin Miller
Subject: Re: Lynx meeting
Date: Friday, February 10, 2017 8:26:37 AM

No.  Anna and Marty should be invited.  Are there others we should invite, Anna and Marty? 

Sent from my iPhone

On Feb 10, 2017, at 7:19 AM, St Cyr, Karen <karen_stcyr@fws.gov> wrote:

Are you and Jim Connolly the only participants in this meeting?

---------- Forwarded message ----------
From: Connolly, James <James.Connolly@maine.gov>
Date: Wed, Feb 8, 2017 at 4:40 PM
Subject: RE: Lynx meeting
To: "Phifer, Paul" <paul_phifer@fws.gov>
Cc: Karen St Cyr <karen_stcyr@fws.gov>

She can work with me.    Jim

 

From: Phifer, Paul [mailto:paul_phifer@fws.gov] 
Sent: Wednesday, February 08, 2017 2:48 PM
To: Connolly, James
Cc: Karen St Cyr
Subject: Lynx meeting

 

Jim - I'd like my assistant, Karen, to set up a meeting on lynx prior to the
March 2 decision meeting in CO.  With whom should she coordinate to get
a meeting set?  

 

Thanks, Paul

______________

Paul Phifer, PhD

Assistant Regional Director - Ecological Services

Northeast Region
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Dept of the Interior

US Fish and Wildlife Service

413.253.8698 work

413.687.4764 cell

-- 
Karen A. St. Cyr 
U.S. Fish and Wildlife Service
Office of the Assistant Regional Director 
Ecological Services
300 Westgate Center Drive
Hadley, MA  01035
PH:  413-253-8304



From: Paul Phifer
To: St Cyr, Karen
Cc: Anna Harris; Martin Miller
Subject: Re: Lynx meeting
Date: Friday, February 10, 2017 8:26:37 AM

No.  Anna and Marty should be invited.  Are there others we should invite, Anna and Marty? 

Sent from my iPhone

On Feb 10, 2017, at 7:19 AM, St Cyr, Karen <karen_stcyr@fws.gov> wrote:

Are you and Jim Connolly the only participants in this meeting?
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To: "Phifer, Paul" <paul_phifer@fws.gov>
Cc: Karen St Cyr <karen_stcyr@fws.gov>

She can work with me.    Jim
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Jim - I'd like my assistant, Karen, to set up a meeting on lynx prior to the
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Paul Phifer, PhD

Assistant Regional Director - Ecological Services

Northeast Region
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-- 
Karen A. St. Cyr 
U.S. Fish and Wildlife Service
Office of the Assistant Regional Director 
Ecological Services
300 Westgate Center Drive
Hadley, MA  01035
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From: McCollough, Mark
To: Shoemaker, Justin
Subject: Re: lynx drive?
Date: Friday, February 10, 2017 12:32:17 PM

Justin:  I'm not an expert with Google Drive...but click on the icon with nine squares/boxes in
the top right of your screen.  Click on the "Drive" icon.  Click on option on option on left side
of screen "Shared with me."  Click on the folder labeled "Lynx SSA."  there are a multitude of
folders in the lynx SSA folder.  Not sure what document you are looking for, but you will have
to search around there.

If Jim has not "shared" the Lynx SSA folder with you, I don't know what to advise...

Hope this helped.   Mark

On Fri, Feb 10, 2017 at 10:15 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Mark,

How do we get to the lynx drive?  Jim is out, otherwise I'd ask him.

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
1511 47th Avenue, Moline, IL 61265
Phone: 309-757-5800 ext. 214
Email: justin_shoemaker@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:mark_mccollough@fws.gov


From: Harris, Anna
To: Paul Phifer
Cc: Miller, Martin; St Cyr, Karen
Subject: Re: Lynx meeting
Date: Friday, February 10, 2017 1:27:58 PM

I would recommend Peter Lamothe be included, 

On Fri, Feb 10, 2017 at 11:54 AM, Paul Phifer <paul_phifer@fws.gov> wrote:
Yes

Sent from my iPhone

On Feb 10, 2017, at 10:53 AM, Miller, Martin <martin_miller@fws.gov> wrote:

Will this be a managers only meeting?  If not, we might want to invite Mary and
Mark.  Mary helped as an SSA coach.  She may not be able to travel here (she
had knee replacement surgery this week), but perhaps she can call in.

On Fri, Feb 10, 2017 at 8:26 AM, Paul Phifer <paul_phifer@fws.gov> wrote:
No.  Anna and Marty should be invited.  Are there others we should invite,
Anna and Marty? 

Sent from my iPhone

On Feb 10, 2017, at 7:19 AM, St Cyr, Karen <karen_stcyr@fws.gov> wrote:

Are you and Jim Connolly the only participants in this meeting?

---------- Forwarded message ----------
From: Connolly, James <James.Connolly@maine.gov>
Date: Wed, Feb 8, 2017 at 4:40 PM
Subject: RE: Lynx meeting
To: "Phifer, Paul" <paul_phifer@fws.gov>
Cc: Karen St Cyr <karen_stcyr@fws.gov>

She can work with me.    Jim

 

From: Phifer, Paul [mailto:paul_phifer@fws.gov] 
Sent: Wednesday, February 08, 2017 2:48 PM
To: Connolly, James
Cc: Karen St Cyr
Subject: Lynx meeting

 

mailto:anna_harris@fws.gov
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mailto:martin_miller@fws.gov
mailto:karen_stcyr@fws.gov
mailto:paul_phifer@fws.gov
mailto:martin_miller@fws.gov
mailto:paul_phifer@fws.gov
mailto:karen_stcyr@fws.gov
mailto:James.Connolly@maine.gov
mailto:paul_phifer@fws.gov
mailto:karen_stcyr@fws.gov
mailto:paul_phifer@fws.gov


Jim - I'd like my assistant, Karen, to set up a meeting on
lynx prior to the March 2 decision meeting in CO.  With
whom should she coordinate to get a meeting set?  

 

Thanks, Paul

______________

Paul Phifer, PhD

Assistant Regional Director - Ecological Services

Northeast Region

Dept of the Interior

US Fish and Wildlife Service

413.253.8698 work

413.687.4764 cell

-- 
Karen A. St. Cyr 
U.S. Fish and Wildlife Service
Office of the Assistant Regional Director 
Ecological Services
300 Westgate Center Drive
Hadley, MA  01035
PH:  413-253-8304

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S.
Fish and Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035,
413-253-8615

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex



(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

https://www.fws.gov/northeast/mainecomplex/
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NOTE ABOUT THIS DRAFT DOCUMENT, DECEMBER 2016 
 
This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status 
assessment report has not undergone peer review, and it should not be cited or referenced as an 
agency document. At this time it is intended for the sole purpose of soliciting scientific reviews 
from expert peer reviewers, from State and Federal partners with expert knowledge of the species 
and its habitat, and from internal reviewers by Department of Interior staff. The document is not 
intended to solicit public comment. This document will be revised after this scientific review. This 
document does not predetermine any future agency decision under the Endangered Species Act. 
For more information contact Jim_Zelenak@fws.gov.     

mailto:Jim_Zelenak@fws.gov
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 
breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 
including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 
thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 
Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 
(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 
Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 
portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 
1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 

http://www.fws.gov/endangered/improving_ESA/
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 
and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 
the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 
nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
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conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 
lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 
large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 
and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 
regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 
islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 
from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
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suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 

ivanj
Inserted Text
and/or elevational 

ivanj
Comment on Text
but they are also more ephemeral.  Hares are more consistent in the lower 48.



 

38 
 

 
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 
substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 
In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 
and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 
trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 

http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 

ivanj
Comment on Text
Needs more information and discussion about retention.  Needs more balance.  Certainly the outlook is not great, but also not as bad as it could be if these high elevation areas did not exist.



 

62 
 

warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–
4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 
2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 

IvanJ
Sticky Note
This is all well and good, but expected impact to lynx is???  The tone it's written with indicates this will be bad.  I don't think it will be castastrophic, and am not so sure it won't turn out to be pretty good.

IvanJ
Comment on Text
Something amiss here.  Wildfire doesn't increase vulnerability to bark beetles Beetles don't lay eggs in burned up trees. Very poor logic in this sentence.

IvanJ
Sticky Note
There are some good paragraphs of information embedded in these last 10 or so pages (like this one), but lots of other empty paragraphs, ones in which the language is too strong, and several which are just plain repetitive. The document should be read and edited with this in mind.

IvanJ
Inserted Text
al

IvanJ
Cross-Out



 

72 
 

spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
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al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 

http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
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providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 
2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 
resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 
2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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ivanj
Sticky Note
Correct?  75km2 is winter home range size for reproductive females.  HR for reproductive males is probably ~150km2 .  Not sure it's fair to include HR size for males during summer, which includes many exploratory movements. Home Range size for a non-reproductive female is 704km^2. It should be clarified in the table whether you are referring to winter or annual home ranges. There is not much utility to these numbers without knowing what we are looking at and whether these numbers are comparable.

ivanj
Sticky Note
Mention that we know of several long-distance dispersal events to areas encompassed by the Montana population and even into Canada itself.  Rates are unknown for sure, but we know if is possible and has been replicated several times over roughly a decade of monitoring. Limited connection to lynx habitats/populations in Montana, GYA, and Alberta;  Of 218 individuals translocated to Colorado, 10 were known to travel to Unit 5, 8 to Unit 3, and 1 to Canada.  Connectivity is possible but current, natural rates of immigration/emigration are unknown
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 
al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 
hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 
demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp


 

116 
 

In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 
300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 

http://www.eia.gov/electricity/data/browser
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
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population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

https://snowfall.weatherdb.com/d/a/Montana
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 
Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 



 

132 
 

2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
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environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  

https://snowfall.weatherdb.com/d/a/Washington
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 

https://snowfall.weatherdb.com/d/a/Montana
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 



 

149 
 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 



 

158 
 

condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
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Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 
are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 
Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
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long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 
1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 



 

188 
 

the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 



 

203 
 

wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 
estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
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lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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The Maine Department of Inland Fisheries and Wildlife (MDIFW) offers the following comments on the 

Draft Species Status Assessment for Canada lynx (Lynx canadensis) Contiguous United States Distinct 

Population Segment, Version 1 Draft 2016, USFWS.  MDIFW’s review of the Draft Species Status 

Assessment (SSA) consists of an overview of principal areas of scientific agreement and concern, 

followed by comments on specific statements in the SSA.  Rather than attempting a line-by-line review 

of the document, MDIFW chose to focus on major areas of agreement or concern.  MDIFW appreciates 

the opportunity to have the USFWS consider its comments as it reviews the current status of the lynx 

Distinct Population Segment (DPS), future threats to the lynx DPS, and general strategies for lynx 

conservation in the southernmost range limits of the species. 

 

Overview 

SSA Framework 

MDIFW concurs with the Lynx SSA Team’s findings that the initial threat -- inadequate management on 

federal lands -- has been resolved, and agrees with the generally favorable analyses of the DPS’s 

Resiliency, Redundancy, and Representation (3Rs).  The lack of focused attention on the “five-factor 

analyses” that guides ESA status changes (https://www.fws.gov/endangered/esa-

library/pdf/delisting.pdf) is perplexing, however.  In the absence of a recovery plan with specific 

conservation objectives, a periodic “5-year” status review should provide a clear evaluation of the 

species with regard to ESA listing factors.  This seems essential in the SSA if it will be the only evaluation 

of lynx DPS status after 17 years of listing  under the ESA.   

 

Current Resiliency of DPS 

Of the six geographic units discussed in the SSA, Maine has the largest area of lynx habitat and largest 

lynx population.  The relatively large population of lynx in Maine is the result of commercial forest 

operations, on private land holdings, that created large areas of regenerating spruce/fir forests that are 

favorable for the primary prey species of lynx - the snowshoe hare (Lepus americanus).  Since MDIFW 
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began its lynx telemetry study in 1999, biologists have documented an expansion in Maine’s lynx range 

and population size.  This expansion occurred while approximately 90% of the land base in northern 

Maine was privately owned.  The benefits to lynx from commercial forest operations in Maine and the 

improved management plans for lynx on federal lands, throughout the DPS, strengthen the overall 

resiliency of the DPS.  

 

Given the success of lynx populations on private lands in Maine, MDIFW finds statements, such as 

the one on p. 76 of the SSA, “Whereas management of State and Federal forest lands have been 
relatively stable in recent decades, management and ownership of private forest land ownership has 
been extremely unstable. This has resulted in major shifts in forest management strategies, outcomes, 
and products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the “northern 
forest” (Adirondacks to northern Maine) were sold to many different kinds of financial groups (Hagan et 
al. 2005)” overstate the threat posed by private land management to lynx.  The period of greatest lynx 
population growth in Maine occurred during the same period (referenced above) that caused “major 
shifts in forest management strategies, outcomes, and products”.  The majority of ESA success stories for 
widely distributed species involve a significant role for private lands.  In the eastern U.S., private lands 
are integral to recovery programs and conservation efforts.  “Working woodland” easements now 
encompass >10,000 km2 across northern Maine.  These covenants do not specify specific management 
practices or outcomes beyond sustainable forestry, but they do ensure that conversions to other land 
uses will never occur. 
 

While MDIFW agrees with the Lynx SSA Team’s findings that the current lynx population in Maine is 
resilient, MDIFW strongly disagrees with statements in the SSA that Maine’s lynx population and 
lynx/snowshoe hare habitat have declined since 2006, i.e., “The best available science indicates that 
hare populations have declined by about half across all stand types (and in adjacent Quebec) since 2006 
and apparently have not rebounded.”  No references are given in the SSA to substantiate this claim.  
MDIFW asserts that there is insufficient scientific evidence to conclude that hares have declined at a 
landscape level and have remained low since 2006 in northern Maine.  Hare densities in stands subject 
to shelterwood and overstory removal harvests more than doubled from 2008 to 2011.  As of 2011 (the 
last year of monitoring in this stand type), hare densities in these stands were approximately double 
those in regenerating clearcuts (D. Harrison, unpublished data).  Given the prevalence of shelterwood 
harvests in northern Maine recently, and the fact that many of these stands may only now be reaching a 
stage where they provide ideal hare habitat, MDIFW contends that more information on hare densities 
is needed before conclusions on hare population trends can be made.  MDIFW has information on the 
current status of lynx in Maine, which suggests the lynx population is both increasing in numbers and 
expanding its range, and questions why this information presented at the Expert Elicitation Workshop 
(EEW) was not included in the draft Lynx SSA.  MDIFW urges the USFWS to consider the data and 
arguments presented in this review and at the EEW to arrive at a more objective perspective on the 
resiliency of Maine’s current lynx population.  
 

Future Resiliency of DPS 

Climate Change 
The effects of climate change present a threat to many wildlife species in North America, but the 
magnitude, nature, and timing of these threats is still uncertain.  MDIFW agrees with the authors of the 
IPCC Climate Change 2014 Synthesis Report that “An integral feature of IPCC reports is the 
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communication of the strength of and uncertainties in scientific understanding underlying assessment 
findings” (p.37).  Unfortunately, many of the conclusions and the tone of the Climate Change Section 
in the SSA do not communicate this uncertainty and are definitive in nature.  For example on p. 68, 
“Climate change will diminish the amount of lynx habitat throughout the DPS by a) reducing the areas 
where snow conditions give lynx a competitive advantage over bobcats and other species, and b) 
reducing the amount of spruce-fir habitat required by snowshoe hares”, or on p.218, “Although 
uncertainty remains regarding the timing, extent, and biological consequences…..hare populations will 
decline… This in turn will reduce lynx abundance….” (underlines added).  MDIFW is concerned about the 
objectivity of the climate change sections in the SSA and urges a thorough review of this section -- 
especially given the USFWS SSA Core Team’s admission that they took a more pessimistic view of 
climate change impacts to lynx than the experts at the EEW.  Furthermore, MDIFW asks, are 50-year 
projections an appropriate standard for the “foreseeable future” language of the ESA? 

 

Perhaps of greater significance than the tone of the climate change sections is the over reliance on 
modeling to predict the persistence of lynx in the face of contradicting field data.  For example, on p. 66 
of the SSA it states, “Reduced snow depth and duration may reduce lynx’s competitive advantage over 
bobcats, which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the closest 
related species to lynx in North America, and it outcompetes or displaces lynx wherever the two species 
overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983;Robinson 2006, pp. 120-
129) geographic scales.”  However, field observations and surveys indicate that lynx have expanded 
their range in Maine, and that lynx are now living and reproducing in Downeast Maine (i.e., sections of 
Penobscot, Washington, and Hancock Counties).  Northern sections of Downeast Maine have long been 
considered one of the best bobcat regions in Maine, and this region has historically had lower snowfall 
totals than northern interior Maine because of the influence of maritime weather patterns.  These field 
observations call into question whether marginally lower snow levels and bobcat are a significant threat 
to lynx in Maine.  MDIFW urges the USFWS to consider the data and arguments presented in this review 
and at the EEW to arrive at a more objective understanding of the threat that climate change poses to 
the DPS in the near future.   
 
Habitat Changes 
MDIFW questions the conclusions reached in the SSA regarding predictions that Maine’s forests will 
change in a manner that threatens lynx and snowshoe hare populations.  The SSA predicts these 
changes will occur because of climate change, forest maturation, and changes in forestry practices.  For 
example p. 169 of the SSA states, “Models indicate that aging of past clearcuts and changes in forest 
practices to partial harvesting will diminish the current lynx habitat by half in coming decades.”  MDIFW 
presents information substantiating that these predictions are based on inaccurate figures on hare 
densities in shelterwood harvests, and the misperception that changes in forest species composition will 
occur at equal rates on managed and unmanaged forests.  For example, the SSA states on p. 171,  
“Currently, partial harvesting comprises about 94 percent of acres cut annually in Maine (Simons 2009, 
p. 50)” and “Foremost, snowshoe hare densities in partially harvested forests are on average about 50 
percent lower (but range from 20 to 90 percent lower) than in regenerating conifer stands created by 
clearcutting (Robinson 2006, pp. 5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape 
hare density and presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; 
Simons-Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire).” However, MDIFW points out that 
according to the Maine Forest Service, since 2006, of the total acreage meeting the definition of “partial 
harvest”, 46% were shelterwood harvests.  Shelterwood harvests do not have the same hare densities as 
other forms of partial harvest.  Scott (2009) demonstrates that as of 2009, stands subject to 
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shelterwood/overstory removal (even age management) had only slightly lower winter hare densities 
than regenerating clearcuts, and 2.5X the winter hare density of stands subject to selection harvests 
(uneven-age management).  MDIFW argues that the presentation of forest and hare data is misleading, 
and that more research is needed on hare densities in shelterwood stands.   
 
MDIFW points out that while climate conditions in the Northeast may make conditions less favorable for 
spruce/fir forests and more favorable for deciduous trees, the rate of change will likely differ on private 
forests that are actively managed vs. unmanaged forests.  Private landowners manage their lands for 
specific outcomes (see attached letter from Maine’s Forest Products Council).  Therefore, inferences on 
how lynx populations will respond to changes in forest type must take into account the forest 
management plans of private landowner, especially in a state where 90% of lynx habitat occurs on 
private lands.  From 1995  to 2015, the total acrage of conifer forest has actually increased in Maine 
(2,515,732 to 2,904,462 acres) with the acreage of conifer saplings staying relatively consistent 
(1,062,863 acres in 2015; personal communication, Ken Laustsen, Maine Forest Service).  
 

Trapping and Hunting 

MDIFW disagrees with statements that Maine’s lynx population would face increased threats from 
trapping and hunting if they did not have not have protection under the federal ESA.  Trapping was 
evaluated at the time of listing (USFWS 2000) and was determined not to be a significant threat to the 
lynx population.  Currently, the vast majority of lynx caught in foothold traps are released with little to 
no injury.  MDIFW contends there is no evidence to support statements such as, (p. 182) “Lynx would 
be at greater risk without ESA section 9 prohibitions against take. In a future scenario without Federal 
listing, Maine’s incidental take plan for trapping would be rescinded, and it is likely that many protective 
measures to minimize injury, take, and mortality of lynx would cease or diminish.”  MDIFW submits that 
in the event of delisting, the Department would continue to be committed to protecting lynx 
populations through trapper and hunter education, regulations focused to minimize captures in traps, 
and an active law enforcement presence.  Prior to the federal ESA listing of lynx, MDIFW implemented a 
number of measures to protect the species (MDIFW 2014, p. 78-79).  These included closing the season 
on lynx hunting and trapping in 1967, and providing information to trappers on how to distinguish 
bobcats from lynx to avoid lynx incidental captures and trapping mortalities.   
 
MDIFW disagrees with the Lynx SSA Team’s conclusion that lynx face an increased risk because of 
Animal Damage Control (ADC) activities if lynx were no longer protected under the ESA.  The SSA states 
(p. 182), “There have been a few situations where lynx have destroyed livestock, but lethal actions to 
remove lynx were avoided because of Federal listing. Without Federal listing, justification for shooting 
lynx in these situations would likely increase.”  There has never been a documented lethal taking of lynx 
related to ADC activities in Maine, and it is very rare to get a report of lynx getting into someone’s 
“livestock” (i.e., chickens).  The assertion that there is an increased likelihood of a lynx being shot to 
protect chickens is pure speculation.  MDIFW strongly urges the USFWS to reevaluate claims that 
delisting would threaten Maine’s lynx population because of increased mortalities from hunting, 
trapping, and ADC activities.  
 

Redundancy and Representation 

MDIFW agrees with the Lynx SSA Team that none of individual geographic units that currently support 
resident lynx are vulnerable to extirpation from a single catastrophic event (p.9, SSA).  For Geographic 
Unit 1 (Maine), its proximity and prominent connectivity to relatively large lynx populations in Quebec 
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and New Brunswick not only ensures that a single catastrophic event would not decimate the regional 
lynx population but also facilitates lynx dispersal and gene flow (i.e., Representation).  
 
General Comments 

MDIFW suggests that a broader more forthright discussion is needed on the structure of the DPS.  In the 

description of the geographical units of the SSA, MDIFW suggests stating, “The DPS designation reflects 

a jurisdictional boundary, not a biological one, for Canada lynx.  The species is widespread and relatively 

secure in Canadian provinces adjacent to the DPS.”  Would the USFWS be willing to state, in the list of 

assumptions (p. 8, SSA), “We assume that the statuses of lynx within individual SSA geographic units are 

mostly independent of one another”?  This assumption is requested to critically reconsider conservation 

strategies and outcomes given “the units are relatively isolated from each other” (SSA, p. 5).  In fact, 

Unit 1 (northern Maine) and Unit 2 (northeastern Minnesota) are extremely isolated from other units by 

distance and marginal habitat.  As the USFWS has experienced with recovery efforts for Canis lupus, the 

improbability of “recovery” occurring concurrently in three (or more) regionally distinct SSA units greatly 

handicaps any scenario for delisting. 

 

MDIFW finds the statement on p. 20 of the SSA, lines 6-7 troubling:  “… we do not evaluate the unlikely 

hypothetical future in which the DPS is not listed and conservation efforts disappear.”  An inference that 

lynx conservation is totally dependent upon ESA seems unfortunate.  The traditional role of state 

conservation efforts is apparently discounted, and current examples of cooperative efforts among states 

and the USFWS to prevent listings (e.g., New England cottontail) may have not been considered.  

MDIFW does not argue that ESA protections are sometimes appropriate and value-added, but USFWS 

should not ignore the long-standing primary jurisdiction of states for most wildlife resources, critically 

important partnerships with states for conservation of vulnerable species, the second generation of 

State Wildlife Action Plans, etc.  On p. 6, lines 13-15, MDIFW believes the SSA is presenting an “all or 

nothing” worst-case scenario for the lynx DPS:  “Our evaluation, therefore, considers the possibility of 

the future relaxing of some lynx conservation measures and efforts, but not the complete absence of all 

protections for lynx.”  MDIFW concurs that the lynx DPS needs thoughtful conservation attention at its 

southernmost range limits.  However, our Department (1) strongly disagrees that the ESA is the only 

effective protection, and (2) counters that state conservation strategies, which may be inspired by the 

ESA, are generally a better, more lasting solution. 

 

We provide more detailed response on the following pages.  
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Canada Lynx Conservation in Relation to ESA 

 

 Findings behind designation of the DPS for Canada Lynx in the contiguous U.S. 

o Clarification of this issue would benefit all readers of the Executive Summary:  “The DPS is 

deemed to be ‘discreet’ on the basis of a jurisdictional boundary, not a biological barrier, for 

Canada Lynx.  The species is widespread and generally secure in Canadian provinces adjacent 

to the DPS. The finding that the lynx DPS is ‘significant’ to the broader occurrence of the 

species reflects atypical ecological conditions at its southernmost range limit.” 

There is a wealth of information in the draft SSA, but this particular issue is not clearly offered despite 
repeated scrutiny from USFWS (68 FR: 40075 [2003]; 72 FR: 1187 [2007]) and the Court.  Readers of the 
document may well arrive at a similar conclusion if attentive to hints made in the document. 
Conservation of any species at the periphery of its range is always challenging and remains the 
fundamental dilemma facing the lynx DPS in the contiguous U.S.  The SSA should provide a clear context 
to facilitate subsequent status judgments.  Instead, “The DPS listing history …” (pg. 20) is identified as a 
basis for not considering “… the unlikely hypothetical future in which the DPS is not listed.”  

 

 SSA framework 

o The SSA does not formally review the five factors for status evaluations (ESA Section 4; 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf).  

As currently written, the draft SSA examines threats facing lynx as well as resiliency, redundancy, and 
representation of the DPS.  “ESA’s requirements for delisting …” are cited (pg. 20) as a second rationale 
for not considering “… the unlikely hypothetical future in which the DPS is not listed.”  We are unaware 
of “requirements” other than specific objectives established in recovery plans and the five factors 
guiding ESA status decisions listed in statute.  The SSA is a thoughtful evaluation of species vulnerability 
relative to ESA.  We hope that discussion of the five factors for listing is an option in any SSA but suggest 
that it particularly should not be omitted in the first status review of the lynx DPS after 17 years as an 
ESA Threatened Species. 
 

o Several statements at the close of the “Introduction” (pg. 20) seem to stray from the 

presentation and interpretation of facts intended in an SSA: 

 

1. “The “DPS’s listing history …” (line 6) does not seem relevant to the SSA beyond 

consideration of the sole factor cited in the listing rule:  inadequate regulatory 

mechanisms on Federal lands (pg. 4; 65 FR 16052 [2000]).   

If this historical reference alludes to petitions and court findings, it is an especially 
inappropriate justification.  SSAs are science based and should not reflect speculation about 
legal interventions. 
 

2. “We do not evaluate the unlikely hypothetical future in which the DPS is not listed and all 

protections and conservation efforts disappear” (lines 6-7).  This statement is troubling.   

 

An inference that the future of the lynx DPS and effective conservation is totally dependent 
upon ESA is unfortunate.  The traditional role of states is apparently discounted.  We do not 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf


7 

 

argue that ESA protections are sometimes appropriate and value-added, but USFWS should 
not ignore the long-standing primary jurisdiction of states for most wildlife resources, the 
critically important partnerships with states for conservation of vulnerable species, more 
proactive attempts to address species vulnerability via State Wildlife Action Plans, etc.   
 

3. “ … conditions for delisting would include requirements and incentives to continue to 

conserve lynx and its habitats …” (lines 10-11) should be justified on the basis of facts 

provided in the SSA. 

Speculation about additional delisting requirements in the absence of a recovery plan 
(above and beyond the five-factor analysis outlined in ESA Section 4) may or may not be 
appropriate in the SSA.  If this is deemed integral to the current process, then the draft SSA 
should evaluate conservation of lynx and habitats in the DPS afforded by states.  The latter 
should not exclude strategies on private lands.  We do not debate the need or intent of ESA, 
but most policies that result from listing prove an impediment to actual incentives. 
 

4.  “Our evaluation, therefore, considers the possibility of the future relaxing of some lynx 

conservation measures and efforts, but not the complete absence of all protections for 

lynx.”   

Lines 13-15 (pg. 6) again hint of a premise for an “all or nothing” worst-case scenario for the 
lynx DPS that is fully reliant on ESA listing.  We concur that the lynx DPS needs thoughtful 
conservation attention at its southernmost range limits.   However, we (1) strongly disagree 
that ESA is the only effective protection and (2) counter that regionalized landscape 
strategies that may be inspired by ESA offer a better, more lasting solution. 
 
Prominent examples of state protections in SSA Unit #1 (northern Maine) include (1) closed 
seasons for hunting or trapping lynx since 1967; (2) safeguards for minimizing incidental lynx 
captures from other trapping; (3) habitat assurances via “working forest” easements on >2.5 
million acres that ensure no land use conversions and sustainable forestry; and (4) the 
contingency role of the Maine Endangered Species Act in the event that diminished 
population abundance and/or unfavorable population trends in Maine justify future listing 
under established criteria (http://www.maine.gov/ifw/pdfs/listingHandbook.pdf).  

 

 Role of private lands in conservation  

o The phrase (lines 12-13) “ …assure persistence of resident lynx populations in those places 

that can support them on Federal, State and Tribal lands (perhaps some private lands as 

well) …” is an unfortunate, inaccurate outlook. 

The majority of ESA success stories for widely distributed species certainly involve a significant 
role for private lands.  In the eastern U.S., private lands are integral to recovery programs and 
conservation of many vulnerable species.  ESA listing petitions will never cease if status is judged 
primarily by public land ownership and disregards the role of private lands. 
 

o The compilations (Table 1, pg. 15 and Table 4, pg. 103) and brief discussion of types of land 

ownership in various lynx SSA units clearly reinforces a bias against private lands.  The 

attention to Federal agencies is understandable since land use policies on U.S. Government 

http://www.maine.gov/ifw/pdfs/listingHandbook.pdf
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lands were the primary justification for ESA listing.  Intended or not, in combination with 

other statements that demote the role of private lands in lynx conservation, the data imply 

extreme jeopardy for lynx habitats in SSA Unit 1 where private lands predominate. 

However, Maine offers the largest block of lynx habitat and apparently the most robust lynx 
population in the entire DPS … despite 90% private land ownership.  Maine’s northern 
woodlands have been subject to various harvest regimens for centuries but remain a functional 
landscape for Canada lynx with high connectivity to source populations in Canada.  “Working 
woodland” easements now encompass >10,000 km2 across northern Maine.  These covenants 
do not specify specific management practices or outcomes beyond sustainable forestry, but 
they do ensure that conversions to other land uses will never occur.  
 
Landscape conservation of functional habitats for Canada lynx may be the only effective tool to 
promote a future for the species in the DPS.  Strict preservation of forest lands will certainly not 
benefit lynx, and suitable habitat in the face of long-term climate change impacts may be best 
maintained by silvicultural practices.  These require more incentives than a regulatory emphasis. 
 

 Threats in the “foreseeable future”  

o Evaluation of the 3Rs reveals no current liabilities for the lynx DPS.  This statement (pg. 9) 

concludes sufficient resiliency: “The apparent long-term (historical and current) persistence 

of resident lynx populations in at least four of the six geographic units (Units 1-4) and the 

absence of reliable information indicating that the current distribution and relative 

abundance of resident lynx are substantially reduced from historical conditions suggest 

adequate historical and recent levels of resiliency among lynx populations in the DPS.”  

The conclusion (pg. 9) on redundancy is more emphatic:  “The current broad distribution of 

resident lynx populations in large, geographically discrete areas makes the DPS invulnerable 

to extirpation caused by a single catastrophic event.” The evaluation of representation (pg. 

10) is also favorable in the lynx DPS:  “Because there are no indications of significant loss of 

or current threats to the genetic health or adaptive capacity of lynx populations in the DPS, 

and the current level of representation does not appear to indicate a decrease from historical 

conditions, we find that the DPS currently displays an adequate level of representation.” 

Future conjectures of vulnerability are left as the only indication of jeopardy following (1) the 
resolution of the primary justification (pp. 4, 217, etc.) for the original listing of the lynx DPS and 
(2) a favorable evaluation of the 3Rs in the current lynx DPS. 
 

o Is the “… declining probability of persistence (loss of resiliency) for each of the 

geographic units within the DPS throughout the rest of this century …” (pg. 216) 

sufficiently certain in likelihood or immediacy for current eligibility under ESA? 

The five-factor analyses (https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf; ESA 
Section 4) for evaluating threats describes four criteria only in the present tense.  A single factor 
identifies a future time reference:  “Is there a present or threatened destruction, modification, or 
curtailment of the species’ habitat or range?”  To our knowledge, the ESA phrase “foreseeable 
future” is not clearly defined in statute, related rules, or policy.  We simply caution that 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
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speculation on the future condition of habitats (especially in relation to projections on the 
impacts of climate change that may take effect 20-50 years or more into the future) may not be 
the appropriate timetable under ESA or in the best interest of advancing current opportunities 
to perpetuate a functional landscape for Canada Lynx in the DPS. 

 

 

Conjecture on Protection of Lynx Relative to ESA 

 

 Lynx would be at greater risk without ESA section 9 prohibitions against take, page 182 

o The SSA states:  “If Maine’s ITP was rescinded it is likely that measures to minimize 

injury, take and mortality will be rescinded. “ 

 

MDIFW was committed to protecting lynx populations from incidental take from 

trapping before the federal ESA listing (p. 79, MDIFW 2014), and lynx have been 

protected by a closed season on hunting and trapping since 1967.  Maine’s ITP 

addresses incidental take through trapping, research, and ADC related activities; all 

potential sources that were evaluated and determined to not be factors threatening 

lynx at time of listing (65 FR:16078 [2000]).  Although incidental take was not 

determined to be a threat in the listing document, MDIFW identified this as a potential 

source of mortality to lynx, and has been successful in addressing this threat both 

before and during listing.  This has been accomplished through: lynx related educational 

material in hunting and trapping courses and in our law books, restricting trapping 

methods to minimize lynx capture, and an active law enforcement division.  In the event 

of delisting, Maine would continue to successfully minimize take to lynx in the form of 

hunting, trapping, research, and ADC related activities. 

 

o The SSA states: “It is unlikely that lynx would become a legally harvested furbearer in 

Maine (although some Maine trappers have suggested that).” 

 

We agree that lynx would remain protected from hunting and trapping through Maine 

state law in the event of delisting (they were protected from these forms of mortality by 

state law for 33 years prior to listing).  Why is the suggestion of some Maine trappers 

relevant to this document? 

 

o The SSA states: “Illegal shooting and non-reporting would likely increase without federal 

protection.  We believe several high-profile Federal Law enforcement cases have helped 

to reduce illegal shooting of lynx.” 

Where is the evidence to support these statements?  The Maine Warden Service has 

been successful in protecting lynx and enforcing related laws before federal listing and 

has led the enforcement, investigation, and prosecution of the majority of lynx cases 

since listing.  With only two special agents assigned to Maine, the USFWS relies on the 

field presence and experience of the more than 100 Maine wardens.  Maine Title 12 
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MRSA section 11201and section 11251-3 are state statutes which make it a Class E 

crime to hunt or trap animals or possess an animal for which there is no open hunting or 

trapping season. This includes lynx.   Both statutes are “strict liability”, meaning that the 

state isn’t required to prove that the hunter or trapper killed or trapped the animal 

“intentionally, knowingly, recklessly or with criminal negligence.”  The “state of mind” of 

the person taking the lynx is not an element of the crime, which must be proven in 

court. In contrast, the USFWS agents generally operate under a standard operating 

procedure (often referred to as the McKittrick standard) whereby proof is required that 

a suspect knew that the species they were taking was a lynx which is subject to federal 

protection. Because federal prosecution prefers a “knowingly” culpable state of mind 

and the state statute does not, prosecutions at the state level are more efficient and 

less burdensome.  In closing, Maine game wardens are the driving force of law 

enforcement as it relates to protecting lynx in the state.  They provide the field 

presence, enforce rules associated with minimizing take, and prosecute the majority of 

cases.  This presence will continue to protect lynx in the event of delisting. 

 

o The SSA states: “Incidental take from bobcat trapping, running with dogs, and hunting 

will likely increase without federal listing.” 

 

How did the authors arrive at this conclusion? The methods to pursue bobcats through 

trapping, running with dogs, and hunting did not change after federal listing.  MDIFW 

has documented lynx being killed by bobcat hunters on a single occasion in the 1970’s; 

one occasion in 49 years.  Since then MDIFW has successfully addressed this potential 

threat through lynx related educational material to the hunting and trapping 

community, providing a section devoted to lynx avoidance in trapping education classes, 

and increasing awareness of lynx protection statewide.  Additionally, incidental take 

through these methods were evaluated and determined not to be a factor threatening 

lynx in the federal register (p. 16078, USFWS 2000).  In the event of delisting MDIFW will 

continue to successfully minimize take through education, regulations that only allow 

trapping methods that minimize potential capture to lynx, and law enforcement. 

 

o The SSA states: “Without federal listing justification for shooting lynx in situations where 

lynx destroyed livestock would likely increase.” 

First, by livestock we are assuming that the authors mean poultry and rabbits.  Lynx 

have never been documented depredating on sheep, cattle, or pigs in Maine, nor are we 

aware of livestock depredation being a concern anywhere within the species range.  We 

agree that that only a few situations exist where lynx have damaged poultry.  In fact, 

since protection of lynx from hunting and trapping in 1967 MDIFW has not documented 

a single case of lethal removal of lynx due to ADC related issues.  Therefore why was this 

listed as a threat to lynx populations in Maine?  Furthermore, any ADC related activities 

that occur in the state must go through review and approval by regional wildlife 
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biologists and warden service staff; it is highly unlikely that lethal removal of lynx 

damaging poultry (or any other livestock) would be used as a management tool even in 

the event of delisting.  

 

 

Climate Change and the Future of Lynx Conservation – Pages 172-175 

 

MDIFW agrees that with the basic premise that, on average, a warming climate will likely cause many 

species at the southern edge of their distribution to shift northward.  However, we believe the SSA 

overstates the confidence with which climate models can be used to inform future trends in lynx 

distribution and population size in Maine.  Uncertainty regarding changes in the amount and duration of 

snowfall, and the response to these changes by hares, lynx, and potential lynx competitors such as 

bobcats and coyotes, make projecting impacts on lynx very challenging.  In addition, we feel that 

conclusions about changing forest species composition in northern Maine due to climate change are 

overstated and not supported by current data (see MFPC letter and other sections of MDIFW response). 

 

Mean annual temperature in Maine is projected to increase by 1.7 – 2.8° C from 2014 to 2054, but 

precipitation is expected to increase by 5-10%, with the greatest increase occurring in interior Maine 

(Fernandez et al. 2015).  While the duration of snowpack is projected to decline by about 2 weeks over 

the next  50 years, in northern Maine total accumulated winter snow is projected to decrease by <20%, 

and extreme snowfall events are projected to increase in frequency (Fernandez et al. 2015).  Although 

the SSA presents many hypotheses about the response of hares, lynx, and other carnivores to changing 

snow conditions, MDIFW believes the underlying mechanisms describing the relationship between these 

species and snow are largely unknown.  The distribution of bobcats and coyotes, for example, may be 

just as limited by a future scenario with shorter winters that have higher average snow depths as they 

are by current winters that have longer snow duration but less average accumulation.  Therefore, we are 

not convinced that projected changes to Maine’s climate will necessarily result in significant range 

contraction by lynx.  We suggest that the sections on climate change in the SSA should be recast to 

reflect the inherent uncertainty in climate models and the response of lynx to potential changes. 
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Current Status of Lynx in Maine 

 

 Reference to reliability of population estimates 

o Page 99 of the SSA–states: “No reliable estimates of current or historical resident lynx 

numbers”.  

 

How did the authors come to this determination? Vashon et al. 2012 (cited throughout 

the document), provides estimates of past and current lynx populations in Maine and 

how those estimates were derived.  The USFWS accepted these population estimates in 

the Incidental Take Plan for Maine’s Trapping Program (2014) and issued the state an 

Incidental Take Permit based on these population estimates.   Furthermore, if the above 

statement in the SSA were true, it implies that statements on current population trends 

and status of lynx throughout the SSA should be discounted (e.g., largest lynx population 

in the lower 48, higher than historic levels etc.).   

 

o Page 112 and page 117 of the SSA states: “The actual population size is unknown 

because there are no methods available to measure and produce true population 

estimates over such a large geographic area.” 

 We question why this statement is here. Only a direct count of animals in a 

closed system can give the absolute population value for a moment in time 

(seldom the case for wildlife populations).  The inclusion of this sentence holds 

Maine’s population estimates to a standard that is not obtainable.   

 

 Demographic data collected by MDIFW is not accurately portrayed 

o Page 99 of the SSA States – “Reproduction and survival rates in the low hare 

environment after 2006 suggest a slightly declining population.”  No reference is 

provided for statement and it is contrary to data in Vashon et al. 2012 (Table 1.2 page 

18 and see Appendix VI) where there was no difference in the average annual mortality 

between periods of hare abundance (26% 1999-2006 and 26% between 2007-2011). 

 

 Population estimates for Maine are not consistently reported  

o On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 117 

the SSA states 500 to a 1,000 lynx, and then on Page 111 the SSA states several hundred 

to a 1,000 in Maine 

 MDIFW shared at the Expert Elicitation Workshop an estimate of 750-1,000 

adults in 2006 with recent data supporting an increasing population (IFW 

biologists have noted an increase in incidental captures, vehicle strikes, 

sightings, in detection probabilities and in occupancy between 2003-2008 and 

2015-17 winter track surveys).  Thus, Maine’s current lynx population likely 

exceeds 1,000 adults.   

 The method used to generate the estimate of 750-1,000 provided at the EEW is 

provided in Vashon et al. 2012 as cited throughout the SSA.  
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 Population and habitat are not decreasing 

o Page 99 – …after 2006 suggest slightly decreasing population 

This statement is not cited and is contrary to data presented at the Expert Elicitation 

Workshop that supports an expanding lynx population in Maine.  At the workshop, we 

shared the first year of data from snowtrack surveys to monitor changes in lynx 

detections and occupancy over time.  We now have another winter and a half of data.  

Between January 2015 and Febuary 2017, we have resurveyed 30 towns across northern 

Maine.  During initial surveys (2003-08) lynx were detected in 14 of 30 towns (43%), 

during resurvey efforts lynx have been detected in 28 of the same 30 towns (93%). 

 

o Page 99 (also see page 105 3rd paragraph) – hare went under a 50% decline in 2006 and 

have remained at lower levels.  This statement is not cited.  There is no study at the 

scale this sentence implies.   

 

 Vortex Model  

o MDIFW questions the Vortex model produced by the USFWS in the SSA  (see page 33 

and page 113 paragraph 2, last sentence) 

 MDIFW questions why this was done since a model by the researchers collecting 

the data was already available.      

 In addition, this Vortex model was part of Maine’s Incidental Take Plan 

submitted to the USFWS which was accepted on 11/4/2014. 

 MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (Lambda = 1.05) for 

Maine’s lynx population based on demographic data from a radiotelemetry 

study that we collected over a 12-year period (see Vashon et al. 2012 Appendix 

VI).   This is contrary to the model reported in the SSA. 

 

 Habitat Status 

o Only present data from University of Maine models when there are other data available 

on current conditions. For Example, Maine Forest Inventory Data should be presented. 

 

o Simons-Legaard 2016 provides updates to Simons 2009 model – reporting patterns 

from earlier model have improved. Thus, we question why references to projected 

declines in lynx probability of occurrence and habitat from Simons 2009 model are 

included.    

 

 Statements in document do not match field data: question validity of models or no citation 

provided to back up assertion   – we suggest recasting sentences 

Snow depth 

o Page 90 2nd paragraph states: “ the Gulf of Maine has the reserve effect and its warming 

influence reduces snow depth and duration inland.  Distribution models by Hoving (2001 

p.74) indicate that eastern Maine has extensive areas of boreal forest but does not 
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achieve snowfall thresholds that gave lynx an advantage over bobcats and other 

competitors “ 

 

o Page 114, 2nd and 3rd paragraph have surprisingly similar sentences with different 

references leads to the question if cited correctly and also if redundancy is needed. Also 

repeated on page 100 (1st paragraph).  

 2nd paragraph:  Thus, average conditions in Maine are currently at or below the 

snow persistence thresholds believed to be needed to support lynx (Gonzalez et 

al. 2007) 

 3rd paragraph:  Thus, average snow conditions in Maine are currently at or 

below snow depth thresholds for lynx and further declines in annual snow 

depth would be expected to reduce the probability of lynx persistence in the 

region (Hoving et al. 2005). 

 Contrary to field data from Maine collected by MDIFW: i.e., periodic winter 

snow-track surveys to detect lynx shows lynx are expanding into eastern Maine 

where snow conditions are more variable due to maritime weather on the 

coast.  Also, all field data suggests and increasing population since the 1990s, 

which is contrary to the above statements.  If you keep these statements, you 

need to share that these hypotheses have not yet been born true by field data.  

Corridors 

o Page 95 – indicates that farming in NE Maine fragments corridors between Maine and 

New Brunswick.  No citation provided.  We have detected lynx during recent monitoring 

efforts (track surveys) and have documented movements of tagged lynx across ME/NB 

border, which contradicts statement made here.  Recast sentence. 
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Hare Densities and Forest Management – Pages 80, 99, 106, 109, 117, 162, 169, 171, 176 

MDIFW agrees that the pulse of large-scale clearcutting in the 1970s and 1980s in response to the 

spruce budworm epidemic resulted in historic highs in hare abundance, which is contributing to 

excellent habitat conditions for lynx throughout much of northern Maine.  However, we feel that 

available research on hare densities in Maine (Homyack et al. 2006, Robinson 2006, Scott 2009) and 

projections of lynx habitat quality (Simons-Legaard et al. 2013, Simons-Legaard et al 2016, Simons-

Legaard 2016) have not adequately addressed the potential for other forms of silviculture  to create 

regenerating conifer stands that may support high hare densities.  Therefore, we question the 

assumptions made in the SSA regarding declining trends in hare densities across Northern Maine, and 

feel that more research is needed to quantify hare response to current forest harvest practices. 

Since the early 1990s, the prevalence of clearcutting has declined and has been largely replaced with 

various types of ‘partial harvests’ as the dominant harvest method in northern Maine (Maine Forest 

Service, unpublished data; Fig. 1).  Partial harvests include a wide variety of silivicultural techniques 

(including seed-tree, shelterwood, group selection, and single tree removal), and both even-aged and 

uneven-aged management.  To date, available research has assumed a density of 0.8 hares/ha for all 

partially harvested stands, regardless of stand composition (hardwood dominated, softwood dominated, 

or mixed wood), time since harvest, or silvicultural objectives.  This hare density estimate was developed 

by sampling a group stands that represented the range in conditions likely to be present in stands 

subject to partial harvest (including hardwood dominated stands), but were not intended to be a 

random sample of partially harvested stands across the landscape (Robinson 2006). MDIFW believes 

that applying a single hare density estimate to all stands subjected to partial harvest greatly 

oversimplifies the complex relationships between initial forest stand conditions, site quality, harvest 

methods, stage of regeneration, and hare densities.   

 

Although we acknowledge that many ‘partially harvested’ stands likely have low hare densities, others 

may have densities comparable to clearcuts at a similar stage of regeneration.  Although sample sizes 

were relatively small, in some cases stands harvested with shelterwood techniques have exhibited hare 

densities only slightly below densities in regenerating clearcuts (Robinson 2006).  More recently, hare 

density in a small sample of stands harvested with shelterwood methods remained stable, and in some 

cases increased, even while hare densities in regenerating clearcuts declined; as of 2011 these stands 

exhibited hare densities approximately 2X those in regenerating clearcuts (Scott 2009, D. Harrison, 

unpublished data).  Although we believe further research is required, the available evidence suggests, 

and the SSA acknowledges (page 80) that conifer dominated stands that are regenerated using 

shelterwood methods likely create high-quality hare habitat.  In fact, at the within home-range scale, 

lynx selected some partially harvested stands more strongly than regenerating clearcuts, and 

encountered hares with similar frequency in partially harvested stands and regenerating clearcuts 

(Fuller et al. 2007). 

 

Over the past 25 years, shelterwood methods have gradually replaced clearcutting as the primary 

harvest approach in stands managed using even-aged methods (Maine Forest Service, unpublished data; 

Fig. 2).  Within Aroostook, Piscataquis, and Somerset Counties, which comprise the majority of lynx 

range in Maine, the average annual acreage harvested using an initial shelterwood entry during 2003-
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2015 was 91% of the average annual acreage harvested with clearcuts from 1982-1989 (Maine Forest 

Service, unpublished data; Fig. 2).    Overall, the total acreage in the spruce-fir forest type within 

northern Maine has been increasing since 1995, and the acreage in regenerating young conifer sapling 

stands (0-30 years) has remained stable (Maine Forest Service unpublished data; Table 1)   

Given the continued prevalence of even-aged forest management in northern Maine, continued 

availability of regenerating conifer stands, and evidence which suggests that hare densities in some of 

these stands may be similar to, or in some cases even exceed densities in similar aged regenerating 

clearcuts, we believe that the conclusions made within the SSA regarding future habitat supply for lynx 

in Maine are premature.  More research is required to determine the impacts of the complex suite of 

forest management practices currently in use across lynx range in Maine on current and future hare 

densities, and on habitat supply for lynx.  

 

 
Figure 1.  Annual forest harvests (in acres) within Aroostook, Somerset, and Piscataquis 

counties in Northern Maine from 1982-2015 by silvicultural method. 
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Figure 2.  Average annual forest harvests (in acres) within Aroostook, Somerset, and 

Piscataquis counties in Northern Maine from 1970-2015 by time period and silvicultural 

method. 

 

 

Table 1.  Estimates of timberland acres by 4 Age Groupings in Northern Maine (Aroostook, 

Piscataquis, and Somerset Counties) for the Primary Spruce/Fir Forest Types in selected 

inventory years of 1995, 2005, 2010, and 2015; Maine FIA data, EVALIDator download. 

      

Inventory  
Year  

Ending 

Regenerating  
Young Conifer 

(Saplings) 
(0 - 30 Years) 

Poletimber 
Stands 

(31 - 60 Years) 

Mature 
Sawtimber  

Stands 
(61+ years) 

Mixed  
Age 

(Unassigned) 

Total  
Timberland  

Acres 

1995           719,739            243,423    1,029,482          523,088  2,515,732 

2005        1,150,974            559,407    1,046,192                    -    2,756,573 

2010        1,138,944            768,442       852,151                    -    2,759,537 

2015        1,062,863            990,338       851,261                    -    2,904,462 
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Hare Population Trends – Pages 80, 106, 109, 113, 117, 162, 169, 172, 181 

MDIFW does not agree with numerous statements in the SSA that suggest that sufficient scientific 

evidence is available to conclude that hares have declined at the landscape level in the northern Maine 

unit and have remained low since 2006. Scientific information on recent hare population trends in 

Maine are limited to 4 stand types:  regenerating conifer stands 19-40 years post clearcut, stands 

subject to overstory removal and shelterwood retention harvests, stands subject to selection harvests, 

and  mature softwood/mixedwood stands (Homyack et al. 2006, Robinson 2006, Scott 2009, D. Harrison 

unpublished data).  These data include a time series of hare densities in regenerating clearcuts from 

2001-2015, hare densities in selection harvested stands from 2005-2015, mature stands from 2008-

2015, and shelterwood/overstory removal stands from 2005-2011.  Although hare densities in 

regenerating clearcuts were substantially lower in 2007-2015 than in 2001-2006 and this could be 

indicative of a landscape level hare decline, long-term trends in the other stand types are less apparent 

because monitoring did not begin until 2005 or 2008.  However, although sample sizes are small, hare 

densities in stands subject to shelterwood and overstory removal harvests more than doubled from 

2008 to 2011.  As of 2011 (the last year of monitoring in this stand type), hare densities in these stands 

were~2X those in regenerating clearcuts (D. Harrison, unpublished data).  Given the prevalence of 

shelterwood harvests in northern Maine during the past 25 years (Fig.1, Fig. 2), and the fact that stands 

harvested with shelterwood methods in the mid-1990s may only now be reaching a stage where they 

provide ideal hare habitat, we believe that more information on hare densities in these stands is 

required before conclusions can be reached about landscape-level hare densities and population trends 

over time.  At the very least, statements in the SSA such as the following (page 172) should be modified 

to reflect that hare monitoring has occurred in only certain stand types, and that hare density in some 

stand types has remained relatively stable or even increased since 2009: 

 

Snowshoe hare density declined by 69.3 percent from a period of high hare density in 

2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 

density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest 

stand types and across a broad geographic area of Maine (Scott 2009, p. 36) and the 

adjacent Gaspe region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). 

Hares remained at these lower numbers through 2013 (D. Harrison, University of 

Maine, unpublished data). 

 

Changes in Forest Composition – Page 83, 174 

The SSA implies that intensive harvests and shorter rotations have resulted in a decline in preferred tree 

species for hare and lynx, and an increase in early successional species favored by frequent harvest 

disturbance, such as red maple, paper birch, aspen, and balsam fir.  The SSA also suggests that spruce/fir 

forests have already declined and will decline more dramatically over the next century due to climate 

change. In reality, over the past 20 years the only early successional tree species that has increased 

across all size classes is balsam fir, which is often a major component of the dense regenerating stands 

that are preferred by hares (Maine Forest Service, unpublished data; Fig. 3).  Red maple and paper birch 

have declined across all size classes.  As noted above, total acreage in the spruce/fir forest type has 

actually increased since 1995 (Table 1.) 
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Figure 3.  20-year change in the percentage change of early successional tree species out of 

all live trees in the Aroostook, Somerset, and Piscataquis counties, Maine. 

 

Current and Future Lynx Population Trends – Pages 99, 108, 113, 162, 169, 176, 181 

Due to the uncertainty we believe exists with current and future landscape level hare densities in 

northern Maine, the reliance of recent lynx occupancy and population modeling on assumptions of hare 

densities in different forest stand types, and misrepresentations of changes in the composition of the 

forest in northern Maine, we believe that the SSA conclusions on current and future lynx populations 

trends in Maine may not be accurate. 

 

Scientific data on lynx demography in Maine is limited to a study conducted by MDIFW within a ~400km2 

study area from 1999-2011. A Vortex population model based upon these data indicated that, on 

average, the lynx population was increasing throughout this period (Vashon et al. 2012).  This model has 

been reviewed and accepted by the USFWS, and is supported by winter track surveys which indicate an 

expanding lynx population in Maine (MDIFW, unpublished data).   Although reproduction appeared to 

decline from 2006-2009, by 2010 reproduction had recovered, potentially in response to increasing hare 

densities in shelterwood stands (Vashon et al. 2012).  Therefore, we question the unpublished model 

referenced in the SSA (page 83), which apparently uses the data from Vashon et al. (2012), but 

concludes that the lynx population is currently declining. 

Sapling Poletimber Sawtimber

balsam fir 9.0% 10.1% 1.1%

red maple 0.4% -0.3% -0.4%

paper birch -2.6% -0.7% 0.2%

aspen -2.2% -1.4% 2.3%
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In addition to making assumptions about current lynx population trends which we believe are not 

supported by the available data collected by MDIFW, we feel that that more research is required on 

hare densities in forest stands harvested with shelterwood methods before relying on models that 

predict future habitat supply for lynx to infer potential population trends.  Although hare densities in the 

large clearcuts created during the spruce budworm epidemic during the 1970s and 1980s will certainly 

decline in the future, we believe that other stand types may be able to support relatively high hare 

densities for the foreseeable future (see above).  However, we acknowledge that the reduced parcel size 

of these stands could reduce lynx foraging efficiency compared to large regenerating clearcuts.  

Therefore, we urge the USFWS to reconsider the conclusions in the SSA regarding future trends in lynx 

habitat, and acknowledge the complexity and uncertainty of this issue. 

 

 



Summary of MDIFW review 

In conclusion, we agree with experts regarding a key statement in the SSA:  in the near future (mid-

century), climate change will not significantly diminish resiliency of the lynx DPS.  MDIFW acknowledges 

more uncertainty in long-term projections of lynx resiliency in the DPS at the end of century as reflected 

by the highly variable opinions of experts.  However, we are concerned with statements in the SSA that 

imply more certainty in the long term climate predictions and urge careful reconsideration.    

We disagree with statements made throughout the SSA that imply Federal land ownership or assurances 

are necessary for long-term persistence.  This approach discounts the efforts of states and private land 

owners that have effectively benefitted lynx at the edge of their range.   The SSA notes that the present 

status of lynx populations and habitats in the DPS is likely comparable to historic levels. 

The SSA frequently cites information from models or hypotheses by researchers that are not supported 

by field data.  Early models constructed on limited data may be in error.   We urge the SSA to rely more 

on current information as the best available science.  Earlier predications sometimes conflict with recent 

findings.  Notably, the omission of (1) current data on lynx occurrence and occupancy models and (2) 

Maine Forest Inventory Assessment (FIA) data is problematic.  These data conflict with both snow 

(Gonzales and Hoving) and habitat models (Simons 2009) referenced in the SSA.    Maine FIA shows lynx 

habitat in Maine has continued to increase:  a complete contradiction of conjectures in the Simons 

(2009) model and uncited statements in the SSA that infer habitat for lynx in Maine is currently 

declining.  Inaccurate interpretations of lynx reproduction and survival rates determined by MDIFW, 

published population estimates for Maine (Vashon et al. 2012), and Vortex Population models by 

MDIFW need correction in the SSA.           

Throughout the SSA, but especially in Chapters 3 and 4, statements are made without citations.  If this is 

to be an objective science-based document, these statements need specific references to be valid.     

Chapter 3 (Factors Affecting Long-term Viability of the DPS) considers only adverse factors.  We urge 

USFWS to balance the discussion by giving due attention to factors that have been beneficial to lynx in 

the DPS.  Many of the risks (e.g., mining, pre-commercial thinning, windpower, land development, etc.) 

have little information, no documented impacts to lynx, or are not significant issues in the DPS.  

Speculation not supported by facts is inappropriate.   We urge careful review of these statements before 

public review and decision-making.   

In Chapter 4, the intent is to describe current conditions. However, references to future conditions are 

intermixed.  This is confusing and misleading.  Please omit references to evaluations of the DPS in the 

within this section. 

Finally, we strongly endorse major conclusions in the SSA that (1) the initial threat for listing the lynx 

DPS has been met; (2) that the DPS currently is resilient, redundant, and representative; and (3) 

although there is tremendous uncertainty with long-term projections, we agree with the EEW experts 

that in the foreseeable future (at least through the next 25 years) lynx stats is secure in the DPS.    



 1 

MFPC comments about Species Status Assessment for the Canada Lynx  
Contiguous United States Population Segment 

 

Compiled by Roberta Scruggs, communications director 

  

Pages 56-57: 
Current timber harvest and management on State and private lands in Maine are governed by the Maine Forest 
Practices Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, and management of 
clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) clear-cuts are still permitted, but 
require special permits. [Because of this regulatory burden and public referendums opposed to clear-cutting, the 
extensive clear-cutting of the past has largely been replaced by various forms of partial harvest techniques; many 
of which are unlikely to maintain the current unnaturally high amount and distribution of high-quality hare 
habitat. The consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, are discussed below 
in sections 4.1.1 and 5.1.1, along with other programs that may influence private lands forest management in this 
unit.  

In Maine, there are no long term management agreements in place on private lands to assure management of lynx. 
In 2006 and 2007, the Natural Resource Conservation Service (NRCS) provided funds to Maine for a pilot 
Healthy Forest Reserve Program (HFRP) specifically to manage for Canada lynx and American marten. Five 
landowners enrolled in the program, but one withdrew. The remaining four landowners were provided funding to 
develop lynx plans on a total of about 630,000 acres (about 10 percent of the critical habitat area). These 
landowners selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was targeted for managing 
lynx. All four landowners completed lynx plans using guidelines in the Service’s Canada lynx management 
guidelines for Maine (McCollough 2007). NRCS contracts with the landowners last 10 years and will expire in 
2016 and 2017. The HFRP described an opportunity for enrollees to apply for Safe Harbor Agreements when 
their contracts expired, although none have indicated an interest yet in doing so. Management plans were written 
for a 70-year period so some landowners may continue voluntary lynx management activities. Many private 
landowners in Maine are enrolled in forest certification programs; the Sustainable Forestry Initiative (SFI) and 
Forest Stewardship Council (FSC). Both programs require landowners to protect endangered species and their 
habitats, but there are not specific recommendations pertaining to lynx. About 2.5 million acres in northern Maine 
is under conservation easement  (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-
maine/ last accessed 8.18.2016), but easements do not require management prescriptions or commitments for 
lynx. To our knowledge, there are no private landowners in Maine who have committed to long-term or 
permanent protection and creation of lynx habitat according to the Service’s lynx management guidelines or 
LCAS. 

 

Pages 76-77 
Markets for softwood products are particularly volatile and depend on demand for paper and housing. Thus, 
softwood management is affected by economic factors that are difficult to predict. In recent years, the forest 
products industry throughout the U. S. experienced a downturn in output levels not seen in decades, and 
employment losses in the hundreds of thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one 
area of increasing interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence and Security Act 
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(2007) mandates a five-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet sector 
is expected to grow, although woody biomass is typically the lowest value wood commodity sold from the forest. 
Thus, it is questionable whether wood energy revenues would be enough to sustain forest investments and forest 
management into the future (Woodall et al. 2011, p. 601).  

Whereas management of State and Federal forest lands have been relatively stable in recent decades, management 
and ownership of private forest land ownership has been extremely unstable. This has resulted in major shifts in 
forest management strategies, outcomes, and products. For example, in the last two decades in Maine, where 
nearly all the lynx critical habitat is on private land, about 23.8 million acres (80 percent) of industrial land 
ownerships in the “northern forest” (Adirondacks to northern Maine) were sold to many different kinds of 
financial groups (Hagan et al. 2005). These groups have short-term investment goals and different management 
objectives and have dramatically changed harvest practices. Whereas the previous large industrial landowners 
focused on the forest land base as a supply for their manufacturing facilities, the new Timber Investment 
Management Organizations (TIMOs) and Real Estate Investment Trusts (REITs) focus on maximizing return on 
their investment (Jin and Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain 
(McWilliams et al. 2005), but an evaluation of harvesting in the last decade indicates these landowners increased 
harvest rates, shortened rotation rates, and shifted to managing and harvesting hardwood tree species (Jin and 
Sader 2006, p. 183-185). On one hand, these trends in Maine private lands management make lynx management 
commitments more difficult because short-term landowners are not interested in long-term commitments. On the 
other hand, some easement owners may have an incentive to manage for lynx to meet forest certification 
requirements.  

The extensive sale of private forestlands initiated the growth of conservation easements in this region (deGooyer 
and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of Maine’s State area increased from 
less than 5 percent in 1987 to approximately 19 percent by 2012 (Beck et al. 2012, p. 15). [MFS: The writers 
should consult with the state for up to date information on easement acreage.]  Conservation easements restrict 
development but usually do not affect forest management; neither do they typically require management for lynx 
and other rare species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of private forestland in 
Montana and 185,000 acres of private forestland in northern Maine. Lands in conservation ownership have a high 
probability of being managed to benefit hares and lynx.  

 

Page 83 
After several centuries of forest management, stand age structures in the Acadian forest have become simplified, 
and commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 
2002). Although the prevalence of these younger even-aged forest stands on the landscape may benefit hares and 
lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species favored by frequent 
harvest disturbance, such as red-maple, paper birch, aspen, and balsam fir. 

 

Pages 99-100 
State forestry regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle in this region, 
but underwent a 50 percent decline starting in 2006 and have remained at lower levels. Reproduction and survival 
rates in the low-hare environment after 2006 suggest a slightly declining population. Unlike other units of the 
DPS, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands. Very little land is 
tied to processing facilities.], and landowners do not have long-term commitments to lynx management. The 
majority of lands in Maine are owned now by investment companies who wish to diversify income from their 
investments, which could result in forest practices inconsistent with hare and lynx habitat maintenance and 
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conservation. Other potential stressors on private lands include incidental trapping, road mortality, large-scale 
wind energy development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, but forestry 
response by investment landowners is uncertain. Climate change is a concern as snow depth and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage over bobcats and 
other mesocarnivores. There is currently no clear evidence of climate change effects on lynx distribution. 

 

Pages 108-110 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale salvage cutting 
(clearcutting) following a spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, p. 291). After 
salvage harvest of the affected trees, a portion of the area was sprayed with herbicide to reduce deciduous 
competition (Scott 2009, pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce 
(Scott 2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-replacing salvage 
harvests during the last budworm outbreak (Simons 2009, pp. 122-229; Simons-Legaard et al. 2016, entire). 
During this time period, the percentage of forestland with an average landscape hare density greater than 0.5 
hares/ha increased 400 percent (Simons-Legaard et al. 2016, p. 7).  

Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat will decline in the 
near future. In response to the widespread clearcutting in the 1980s, in 1989 Maine passed the Forest Practices 
Act. This Act regulated clearcutting. Various forms of partial harvesting replaced clearcutting as the predominant 
form of forest management in northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood 
harvest, overstory removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On average, partially 
harvested stands support about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006, p. 26-27).  

Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, p. 8; Simons 
2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime results in lower landscape densities 
of snowshoe hares (Fuller 1999, Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial 
harvesting is that a much greater acreage needs to be cut annually to attain similar harvest volume (as compared to 
clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before the Forest Practices 
Act) to about 500,000 acres per year (after the Act). Thus, 17 years after the Maine Forest Practices Act, much of 
the forested landscape in northern Maine has been partially harvested.  

Long-term, binding land management commitments are lacking in the northern Maine unit. Unlike Federal lands, 
there is no requirement that private landowners comply with lynx management guidelines, and a Federal nexus for 
review of forestry projects is almost nonexistent. Furthermore, there continues to be high turnover in forest land 
ownership (Hagan et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to 
work with private landowners. As of 2005, there were 23 landowners in northern Maine with land holdings in 
excess of 100,000 acres including the State, Federal government (White Mountain National Forest south of lynx 
range), a conservation group (The Nature Conservancy), two tribes (Penobscot Indian Nation and Passamaquoddy 
Tribe with much land south of lynx range) and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 
13).  

There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, Congress passed 
the Healthy Forest Restoration Act. Title V of this Act designates a Healthy Forest Reserve Program (HFRP) with 
objectives to: (1) promote the recovery of threatened and endangered species, (2) improve biodiversity, and (3) 
enhance carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, Arkansas, 
and Mississippi were chosen as pilot States to receive funding through their respective Natural Resources 
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Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the HFRP was 
reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in theFederal Register (75 FR 
6539) amending regulations for the HFRP based on provisions amended by the bill. 

In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx critical habitat unit in 
Maine to promote development of Canada lynx forest management plans. Since that time four private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin Forestlands successfully 
enrolled in the program. Collectively, these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of 
the total designated critical habitat in northern Maine in 2014 (79 FR 54828).  

The NRCS required that lynx forest management plans must be based on the Service’s ‘‘Canada Lynx Habitat 
Management Guidelines for Maine’’ (McCollough 2007, entire). These guidelines were developed from the best 
available science on lynx management for Maine. The guidelines required maintenance of landscapes having hare 
densities that support reproducing lynx populations. Notably, HFRP forest management plans provided a net 
conservation benefit for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and guidelines and 
complied with numerous environmental standards. Plans were reviewed and approved by the NRCS with 
assistance from the Service. The details of the plans are proprietary and will not be made public per NRCS policy.  

Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest plans on Federal 
lands, HFRP plans lack long term commitments beyond an initial 10-year contract period. Plans were prepared for 
a forest rotation (70 years) and include a decade-by-decade assessment of the location and anticipated condition of 
lynx habitat on the ownership. However, landowners are only committed to a 10-year contract, and long-term 
commitments to lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten (umbrella species 
for mature forest) and other biodiversity objectives. All four plans have been completed and contracts with NRCS 
will expire in 2016 and 2017. Landowners have the option to convert HFRP contracts into Safe Harbor 
Agreements or other agreements to provide regulatory assurances, however, at this time this option has not been 
explored with landowners.  

Many large private forest landowners in the northern Maine unit could potentially include lynx management as 
part of endangered species management required by forest certification programs. For example, The Nature 
Conservancy land enrolled in the HFRP is also enrolled in the Forest Stewardship Council (FSC) forest 
certification program, which requires safeguards for threatened and endangered species. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require planning for 
threatened and endangered species. However, certification programs are also voluntary and may not include long-
term commitments. Few certified landowners have consulted with the Service on forest management for lynx. 
Given the frequent turnover in Maine forest lands, new landowners do not always renew certification or resume 
the certification programs initiated by the previous landowner.  

 
Page 158 
In addition to climate change, forest management also has the potential to influence (negatively or positively) hare 
and lynx habitats in the DPS range. Forest management on private lands that lack lynx conservation commitments 
may contribute to future declines in the amount and quality of lynx habitats, particularly in Maine and perhaps 
also in Minnesota (private lands contribute minimally to lynx habitats in the other geographic units – see Table 2, 
above). Uncertain future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations and thus the units. 
The lack of evaluation of the effectiveness of forest management plans for lynx on Federal lands is of concern for 
western units.  

 

Commented [RS45]: Did it increase hare densities and 
lynx population over the 10 years? 

Commented [RS46]: How many acres of lynx habitat 
were provided by these 4 landowners? 

Commented [RS47]: And Merriweather LLC 

Commented [RS48]: Again, there has been little 
incentive to do so. 

Commented [RS49]: Yet 50% of Maine’s working forest 
is certified to at least one of 3 certifications. This appears 
anecdotal. I would be curious to know the actual #s  

Commented [RS50]: Provide data to support this 
statement.  Much of northern Maine forest land is 
certified and remains certified following transfer.  
Certified acreage appears to be stable. 
 

Commented [RS51]: MFPC has a statewide table of 
certification acres for 2013 and 2016, not a lot of change.  
The 2006 Forest Economy Book has a trend line figure on 
Forest Certification. 
 

Commented [RS52]: Or increases.  Seems like we did 
pretty well with no commitments previously. 

Commented [RS53]: What pressure? Again where is 
the justification for this in relation to the lynx habitat in 
the DPS unit?  This is like the CLUP narrative all over 
again.   



 5 

Page 162 
Unit 1 – Northern Maine: Although the Northern Maine geographic unit currently has extensive lynx habitat, it 
may be one of the units in the DPS at greater risk. Forestry practices, climate change, habitat loss and 
fragmentation, and development will be the greatest future drivers of hare and lynx habitat in this unit. Lynx 
habitat and numbers are expected to decline by 50 to 60 percent by 2032 in response to aging of the budworm-era 
clearcuts and the effects of 27 years of extensive partial harvesting. In the next few decades, high quality hare 
habitat will drop from about 10 percent to 5 percent of the landscape. High quality habitat patches will become 
more fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For the next few 
decades the best habitat will occur in the southern portion of the range where effects of climate change and 
competition with bobcats are likely to be greatest. Absent long-term lynx management agreements, the future of 
lynx habitat is uncertain. Wood products markets will continue to change, and could be affected by interest in 
carbon sequestration in response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged, conservation lands) will 
compete with forest management as the primary land use. Conservation easements will help reduce development 
pressures and keep some lands as working forest, but forest practices (e.g., partial harvesting, northern hardwood 
management) may not be conducive to creating new lynx habitat. Climate change is expected to affect the Maine 
unit more than others in the DPS because snow depth and duration already seem to be at thresholds for lynx and 
there are few potential elevational refugia. In the near term and to mid-century, snow quantity and quality will 
continue to deteriorate, likely causing the range of lynx to begin contracting northward.  

Our review of the published literature and input from lynx experts lead some members of the SSA Core Team to 
conclude that lynx could become extirpated from the unit by mid- to late-century. Climate change, increasing 
demand for hardwood forest products, a pending spruce-budworm outbreak, and frequent disturbance of the forest 
all will contribute toward the trend in the loss of spruce-fir forest and expansion of northern hardwoods, although 
the timeframe for conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in opinions. After 
reviewing the scientific literature concerning climate change projections (diminishing snow conditions, lack of 
elevational refugia), some members of the Core Team were more pessimistic about the future of lynx in Maine 
than the lynx expert panel. In particular, we observed that there is great uncertainty about the future of forest 
management and future development on private forest lands. We also note that the threat for which the lynx DPS 
was listed, the lack of specific conservation direction in Federal forest planning and management regulations and 
direction, has not been addressed on private lands. There are no long-term management plans in place, State forest 
regulations have greatly influenced harvesting practices that have (and will continue to) reduce landscape hare 
densities, markets for forest products are depressed, and projections (under current harvest scenarios) are that 
habitat will diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 

 
Pages 171-172 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in northern Maine, in 1989 
the Maine Legislature passed the Maine Forest Practices Act (MFPA). The MFPA regulates maximum size of 
clearcuts (250 acres), separation zones between clearcuts, harvest plans, and notification to the Maine Forest 
Service. Clearcuts are not banned, but require varying levels of State permits depending on their size. As a result 
of these regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, p. 349-350; 
McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, the percentage of acreage 
clearcut annually in Maine declined from 40 percent to four percent (Simons 2009, pp. 45-46). The average size 
of clearcuts has been reduced from >125 acres (Maine Forest Service 1995, entire) to <25 acres (Maine Forest 
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Service 2003, entire; 2005, entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres 
cut annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed relatively little. The 
partial harvest that replaced clearcuts include a variety of silvicultural treatments, including both even-aged (e.g., 
shelterwood) and uneven-aged (e.g., selection) management that result in a wide range of residual stand 
conditions (Robinson 2006, pp. 5-37), which have important implications for lynx conservation. Foremost, 
snowshoe hare densities in partially harvested forests are on average about 50 percent lower (but range from 20 to 
90 percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 5-37; Scott 
2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and presenting a challenge for future lynx 
conservation (Simons 2009, pp. 206, 209, 217; Simons-Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire).  

To harvest the same volume of wood annually, landowners must partial harvest many more acres than they would 
under former clearcutting silvicultural systems. The acres of forest harvested annually in Maine have increased 
from about 250,000 acres pre-MFPA to 550,000 acres post-MFPA (McWilliams et al. 2003, p. 35). [MFS: Earlier 
in the document, it states pre-FPA harvest acreage at 100,000.  250,000 is closer to reality.] Currently, 27 years 
after implementing the MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested 
– some areas being partially harvested on multiple occasions. Extensive partial harvesting and aging of the spruce 
budworm-era clearcuts have and will continue to reduce landscape hare densities (Simons-Legaard et al. 2016, 9-
10). If the current landowners continue to harvest using similar methods at and similar rates, habitat for lynx will 
diminish by about 50 percent by 2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx 
habitat become more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 2008b, pp. 1490, 
1492-1494). If one defines lynx habitat as stands having greater than 75 percent spruce-fir, then habitat will 
decline by about 50 percent by 2030 and remain at about at this level through 2060 (Simons-Legaard 2016, pp. 
9,16).  

These projections do not consider the effects of the next outbreak of spruce budworm. After being low for the last 
20 years, spruce budworm numbers are again building toward epidemic levels in Maine, southern Quebec, and 
northern New Brunswick. Significant defoliation in Maine is expected in the next few years and the outbreak may 
last for about a decade (Wagner et al. 2016; pp. 12-16). Although Maine research has clearly demonstrated that 
landowner response to the last outbreak resulted in unintended, positive benefits for lynx from one to three 
decades later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. Land 
ownership has changed dramatically since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare populations. Some may be 
less inclined to intensively manage for spruce-fir and may switch to an emphasis on northern hardwoods. It is 
unlikely that current landowners will use widespread use of pesticides to control spruce budworm and herbicides 
to promote spruce-fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce the regulatory 
burden for landowners. Landowner response to the pending outbreak will have important implications for the 
short- and long-term persistence of lynx habitat in the northern Maine unit (Simons-Legaard 2016, pp. 16-17).  

Nor do these projections consider a substantial decline in snowshoe hare densities that has occurred in Maine. 
Snowshoe hare density declined by 69.3 percent from a period of high hare density in 2001-2006 (average of 2.1 
hares/ha in regenerating conifer) to a period of lower hare density 2007-2009 (average of 1.0 hares/ha). This 
decline occurred across all forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36) and 
the adjacent Gaspe region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If future hare 
populations remain low, then Maine habitats will have a lower capacity for supporting lynx. 

Pages 174-175 
The spruce-fir forest type has come and gone from New England during the post-glacial period. It nearly 
disappeared from the Northeast during the interglacial warming period 1000 years ago, then moved south into 
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New England only in the past few centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; 
DeHayes et al. 2000, entire). Because of its sensitivity to climate and mobile nature, Iverson et al. (2008, p. 403) 
predicted a significant decline (low emissions) or the disappearance (high emissions) of the spruce-fir forest type 
in northern Maine in response to climate change.  

Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree species in the Northeast 
and will be affected by climate change in different ways. Mechanisms of injury to spruce-fir include winter injury 
from freeze-thaw cycles, spring drought (because of reduced snowpack), and reduced seed germination (Auclair 
et al. 2010, pp. 694-695). Thus, the range of spruce-fir is limited by summer heat and drought. Mohan et al. 
(2009) projected that suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for balsam fir and red 
spruce to mid-century, after which they would decline.  

The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the many variables that 
influence shifting of the forest species composition (emissions scenarios, the long lifespan of trees, slowness of 
tree dispersal, frequency of disturbance, competition from advancing hardwoods and invasive tree species, 
complex interactions with moisture, and synergistic effects with other pollutants). Arguments in favor of an 
accelerated decline include evidence that spruce-fir is already in decline and is being replaced in Maine by 
northern hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce/fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et al. 2016, p. 2).The decline of the 
spruce-fir forest type may be accelerated by forest disturbances when northern hardwoods replace areas formerly 
occupied by spruce-fir. In some situations, disturbance may favor persistence of balsam fir and help it persist 
longer in a warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak and 
frequent disturbance from forest management could accelerate conversion to northern. Other climate-related 
forest disturbances (forest pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et 
al. 2008, p. 404).  

In contrast, some authors note that trees migrate slowly in response to a changing climate and are long-lived. 
Therefore, a time lag may occur in shifting forest composition from spruce-fir to northern hardwoods (Mohan et 
al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some northern Maine industrial forest landowners could 
“adapt” to climate change by intentionally favoring spruce-fir (e.g., by plantations and use of herbicides). 

 

Page 181 
The Core Team concurred with expert assessments concerning trends in forest management, but we also note that 
development pressures in northern Maine did not receive much discussion at our expert elicitation workshop. We 
believe that development pressures (residential and commercial development, energy development, transmission 
lines, roads, mining) will increasingly become competing land uses on private lands in northern Maine. We also 
expect the rapid turnover and subdivision of private forest lands in northern Maine to continue, which will 
accelerate opportunities for non-forestry land uses. Turnover in land ownership have provided opportunities to 
conserve some areas of the north Maine woods through purchase of conservation easements and fee title 
acquisitions, including a new Katahdin Woods and Waters National Monument. However, conservation  
easements do not fully protect these lands from some kinds of development that could adversely affect lynx and 
their habitat. For example, many conservation easements allow large-scale, industrial wind power development. 
We conclude that various forms of development in northern Maine will continue in the future.  

The Core Team believes Maine lynx populations would be expected to decline more rapidly in a future scenario 
without Federal listing. The lynx is not State-listed in Maine and there is currently little consideration of lynx in 
the review of projects requiring state permits. There is a closed season on lynx, so intentional take would continue 
to be prohibited. There is rarely a nexus for Service review of forestry projects under section 7 of the ESA (i.e., no 
Federal funding or permits are typically required for forest management on private lands). Nevertheless, because 
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of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, and private forest 
landowners. Although few private landowners have thus far made formal commitments to intentionally manage 
their forests for lynx, by virtue of their Federal listing status they at least consider the possibility of doing so in the 
future. This is particularly true of landowners who must plan for Federal listed species as a requirement of their 
enrollment in green certification programs. Without Federal listing, there would be no incentive or motivation for 
private forest landowners to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx.  

 
Page 220 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions suggest impacts 
to lynx and hare populations throughout the DPS, persistence of resident lynx in Maine and Minnesota may be 
relatively lower than the western geographic units given the smaller percent of Federal lands and the absence of 
associated regulatory commitments to lynx conservation, and the lack of potential elevational refugia. 
Additionally, as noted above, changes to regulations governing timber harvest on private forest lands in Maine are 
unlikely to maintain the current historically-high amount and distribution of good lynx habitat or the current large 
population of resident lynx. These changes, which may affect over 90 percent of lynx habitats in northern Maine, 
are projected to result in substantial declines in habitat quality and distribution, and lynx numbers, over the next 
10-30 years, primarily through restrictions on clearcutting and the proliferation of partial harvesting, which are 
detrimental to snowshoe hare and lynx needs. On private forest lands, energy development (wind energy, mining), 
rapid turnover in ownership and parcelization of forest land, and uncertain forest markets may also reduce the 
future quality and quantity of lynx habitat. 
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 February 9, 2017  

Maine Department of Inland Fisheries and Wildlife 

41 State House Station 

Augusta, ME 04333-0041 

Attn: Nate Webb, IFW Wildlife Division, mailto:nathan.webb@maine.gov. 

DATE: February 10, 2017 

RE: Comments from the Maine Forest Products Council regarding the U.S. Fish and Wildlife Spe-

cies Status Assessment for the Canada Lynx  

The Maine Forest Products Council (MFPC) is a not-for-profit trade association formed in 1961. 

The Council represents all segments of the forest industry in Maine, including logging contractors, 

sawmills, paper mills, biomass energy facilities, pellet manufacturers, and the owners of more than 

nine million acres of commercial forestland in Maine. 

We appreciate your invitation to review the draft of the Lynx Status Assessment from the U.S. 

Fish and Wildlife and provide perspective on the sections dealing with forest management and 

land ownership trends in northern Maine. 

Comments about specific provisions are addressed in the attachment, but our primary concern is 

that the assessment does not accurately capture the dynamics of timber harvesting activities in 

Maine, omits significant information and uses vague terminology, including:  

 The document presents no measure of the quantity or quality of current lynx habitat and 

only contains vague references to “current unnaturally high amount and distribution of high-

quality hare habitat.” 

 “Partial cutting” is a vague term referenced throughout the document but it is not a habitat 

type or a silvicultural system.  Clearcutting and shelterwood are both even-aged management sys-

tems that can produce suitable hare/lynx habitat. 

 Ownership boundaries do not “fragment habitat” and implications to the contrary are false. 

 Short-term market trends, such as Maine is currently experiencing, should not be extrapo-

lated too far into the future.  Overall, Maine’s forest products industry has markets for a wide vari-

ety of species. The most important fact for lynx and all other species is that the forests of Maine 

will continue to be actively managed for forest products and all of the associated societal benefits 

including wildlife and fish habitat, clean air, clean water and outdoor recreation.  There is no trend 

away from that. 

 Landowners are not or should not manage for a single species such as the lynx, as implied 

by this narrowly focused document. The variety of ownerships and owner objectives across north-

ern Maine are what provide for a landscape scale diversity of habitats. 

 The impact of landowner objectives and the negative impact of development is speculative 

and not supported by data. Market demand, economics, infrastructure, and regulations are not ade-

quately considered when discussing development nor is research presented that documents the im-

plied negative impact of development on lynx populations.  

mailto:nathan.webb@maine.gov
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MFPC research, compiled for a presentation 

to LUPC in 2015, showed that 95 percent of 

building permits for the Unorganized Territo-

ry were within one mile of a public road, and 

interior permits were tracking at one per 

township per decade. As the chart at right 

shows, that pace has been diminishing, not 

increasing. This area will remain 

unfragmented and a unique habitat for a vari-

ety of species in a working forest environ-

ment.  

It’s true that from the 1990s and into the early 

2000s, clearcutting represented a small per-

centage of the total acres harvested in Maine 

(13,838 acres/2.4 percent). However, the sta-

tus assessment doesn’t take into account the 

fact that large landowners have increasingly recognized the need to manage their forests on a stand basis and not 

break up stands into smaller chunks through “FPA (Forest Practices Act) avoidance” harvests, either heavy partial 

harvests or small clearcuts separated by the minimum required separation zones.   

In 2015, clearcutting took place on 25,082 acres, 6.3 percent of total acres harvested.  Over the same period, average 

clearcut size on the larger ownerships has increased from 24 acres to 36 acres.   

The number of Category 3 clearcuts (76-250 acres) has increased from two -- covering 174 acres -- to 42, covering 

5,659 acres. The introduction of Outcome Based Forestry (currently three landowners who collectively manage more 

than 1.5 million acres) has further reduced the disincentives for landowners to create silviculturally appropriate 

clearcuts.  Many large landowners are already taking steps to anticipate the arrival of the spruce budworm and initiat-

ing clearcuts to remove older spruce and fir stands. 

The concern in the assessment regarding the significant increase in partial harvesting is not justified. Final entry 

shelterwood harvesting (aka overstory removals) accounted for 109,882 acres of the total harvest in 2015, or 27.4 

percent. An overstory removal generally takes place when the understory is adequately regenerated, and softwood 

trees are at least three feet in height and/or hardwood trees are at least five feet in height. The post-harvest conditions 

in an overstory removal look remarkably like a clearcut that has regenerated naturally or been planted and provide 

hare cover. 

In regard to forest certification, the same certification standards that require forest landowners to consider threatened 

and endangered species in their management actions also require them to consider and manage for the protection and 

enhancement of high value conservation forests, aka late successional/old growth forest.  This requires certified land-

owners to consider the needs of species across the spectrum of forest age and size classes, not just focus on a single 

species. 

Finally, this report should do a more thorough job of ranking the threats to hare and lynx habitat and provide ade-

quate documentation to support the ranking. 

Thank you for your consideration. 

Sincerely, 

 

Patrick  J. Strauch 

Executive Director 

Attachments: Comments about specific passages in status assessment.  



From: Connolly, James
To: Jonathan Mawdsley; Bush, Jodi
Cc: Paul_Phifer@fws.gov
Subject: Maine Inland Fisheries and Wildlife Review: Draft Lynx Species Status Assessment document
Date: Friday, February 10, 2017 2:51:05 PM
Attachments: MFPC to MDIFW Letter about lynx status 2-10-2017.pdf

MFPC comments received on selected excerpts Lynx Status Assessment FINAL.docx
2017 Review of Lynx SSA FinalComplete packet.pdf

Jodi and Jonathan, Attached please find Maine’s review of the draft Lynx SSA.   We appreciate the
opportunity to participate in this review.   Commissioner Woodcock did reach out to the maine
Forest Products Council to getsome additional information which is a part of MDIFW’s review
although it is attached as separate files.   If you have any questions please feel free to call me at 207-
592-7856.     Jim
 
James M. Connolly
Director, Bureau of Resource Management
Maine Department of Inland Fisheries & Wildlife
284 State Street
41 State House Station
Augusta ME 04333-0041
(207) 287-5259
(207) 287-6395 fax
 
Correspondence to and from this
office is considered a public record
and may be subject to a request
under the Maine Freedom of Access
Act. Information that you wish to
keep confidential should not be
included in email correspondence.
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NOTE ABOUT THIS DRAFT DOCUMENT, DECEMBER 2016  
  
This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status 
assessment report has not undergone peer review, and it should not be cited or referenced as an 
agency document. At this time it is intended for the sole purpose of soliciting scientific reviews from 
expert peer reviewers, from State and Federal partners with expert knowledge of the species and its 
habitat, and from internal reviewers by Department of the Interior staff. The document is not 
intended to solicit public comment. This document will be revised after this scientific review. This 
document does not predetermine any future agency decision under the Endangered Species Act.  
For more information contact Jim_Zelenak@fws.gov.     
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Executive Summary   
Background  
   
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 
canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA), because of the inadequacy—, at that time—, of existing regulatory mechanisms on 
Federal lands. The SSA will provide the scientific basis for the statutorily required 5-year status 
review for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S.United States from Maine to Washington and south along the Rocky 
Mountains to western Colorado (Ffigure 1).  
  

  
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis).  
  
These units encompass the geographic areas in the contiguous United. States. with the 
strongest historical and/or recent evidence of an ability to support persistent resident lynx 
populations, and, combined, they represent approximately the southern two2 percent of the 
species’ entire breeding range (98 percent occurs in Canada and Alaska). The units are 
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relatively isolated from each other, but four of the six units are directly adjacent to lynx 
populations and habitats in  
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous United. States., usually peripheralnear to the SSA geographic units, the ability of 
these peripheral neighboring areas to support persistent resident lynx populations remains 
questionable. Lynx may occur in such areas as small and ephemeral breeding populations or as 
occasional dispersing or transient individuals. The locations and sizes of the SSA geographic 
units are summarized in Ttable 1.  
   
Table 1. Canada Lynx SSA Geographic Units.   

Unit No.  Unit Name and Location  Unit Size (km2)  

Unit 1  Northern Maine  28,909  

Unit 2  Northeastern Minnesota  21,101  

Unit 3  Northwestern Montana/Northeastern Idaho  26,997  

Unit 4  North-central Washington  5,176  

Unit 5  Greater Yellowstone Area  23,687  

Unit 6  Western Colorado  25,294  
  
  
This report represents the Service’s evaluation of the best available scientific information, 
including the formally- elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
themthese populations; and (3) assess the future viability of the DPS in the near term (through 
the year 2025), in the mid-term (through 2050), and through the end of this century in terms of 
the conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”).   
  
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically 
comprisemake up >greater than 90 percent of the lynx’s year-round diet. The lynx has evolved 
morphological adaptions (long legs  and large paws) that allow it to efficiently travel and capture 
hares in snow conditions that are difficult for most other terrestrial hare predators (e.g., bobcats, 
coyotes). These characteristics provide lynx with a seasonal (4- to 5 winter months in most of 
the DPS) competitive advantage over other hare predators and allow them to occupy habitats 
that are unavailable to some of their competitors.  
  
The DPS populations occurs at the southernmost margin of the species’ range and of the its 
environmental thresholds , including: of (1) snow quality, depth, and persistence; (2) hare 
density; and (3) boreal forest conditions that lynx require..  Because of this, lynx habitats, and, 
thus, lynx, are naturally less abundant and more patchily distributed in the DPS than in the core 
of the species’ range in Canada and Alaska.  Maintaining connectivity between the DPS and 
lynx populations in Canada is thought to be important, but whether the demographic and/or 
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genetic health of DPS populations depends on intermittent immigration of lynx from Canada 
and, if so, to what extent, remains uncertain.  
  
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous United. States.  For example, analysis of historical records in the United. 
States. and Canada indicated that many lynx records in the contiguous United. States. have 
coincided with intermittent “irruptions” (mass dispersal events) of lynx from Canada into the 
northern United. States. when hare populations in Canada underwent cyclic declines (every 8-
11 years).  During these irruptions, large numbers of lynx occurred temporarily in (and 
disappeared quickly from) areas that we now believe arefind to be naturally incapable of 
supporting resident populations.  
  
Additionally, although we knew at the time of listing that resident lynx occurred in Maine, we 
lacked information on the historical and recent distribution and quality of lynx habitat.  We now 
know that forest regeneration after large-scale clear-cutting in the 1970s and 1980s has 
contributed substantially to the current broad distribution of high-quality habitat in northern 
Maine, which currently supports the largest resident lynx population in the DPS.  Similarly, we 
were uncertain if Minnesota supported a resident breeding population, but we now know that a 
persistent population occupies the northeastern corner of the state.  Research and monitoring 
also suggest that lynx and habitats in the western United. States. are naturally less abundant 
and more patchily distributed than was thought at the time of listing, and lynx may have been 
extirpated recently from several areas thought to have previously supported small resident 
populations (e.g., the Kettle Mountains in northeastern Washington, the Garnet Mountains in 
western Montana, and the Greater Yellowstone Area of southwestern Montana and 
northwestern Wyoming).  We also know that recent extensive wildfires in north-central 
Washington have temporarily reduced the amount of high-quality lynx habitat and have probably 
caused a decline in lynx numbers there.  Finally, as a result of the release of 218 Canadian and 
Alaskan lynx from 1999 to 2006 and the subsequent survival and reproduction of some of these 
lynx and their offspring, resident lynx currently occupy parts of western Colorado.  
  
SSA Framework  
  
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. Therefore, 
we evaluated the ecological requirements of individual lynx and populations and the current and 
possible  future conditions for resident lynx populations in each geographical unit to assess the 
viability of the DPS. The SSA uses the conservation biology principles of resiliency, redundancy, 
and representation as the framework for assessing current and future conditions.  Resiliency 
describes the ability of the species to withstand stochasticity, redundancy describes the ability of 
the species to withstand catastrophic events, and representation describes the ability of the 
species to adapt over time to long-term changes in the environment.  The 3 Rs can be 
influenced by any number of factors.  For lynx, the factors evaluated in this SSA include:  (1) the 
original factor for which the DPS was listed as threatened (the inadequacy of existing  
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the  
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Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx.  
  
Uncertainties and Assumptions  
  
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations.  We lack similar demographic information for snowshoe hares 
throughout much of the DPS.  Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS.  And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests, constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.   
  
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted.  We treated the 
following assumptions as constants in the analysis.   
  
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 
including the DPS, than in the core of the species’ range in Canada and Alaska.  
  

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet other 
areas are naturally incapable of supporting resident lynx despite boreal-forest-like vegetation 
and the presence of some hares.  
  

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations.  
  

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations.  
  

● We assume that connectivity with larger lynx populations in Canada is important, and that 
periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain.  
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● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 

persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.   
  

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly- specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming.  

  
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do sohave provide benefits as 
long as those measures and guidance are implemented.  
  

● We assume that the DPS could be delisted in the future and that some ofis not listed and 
therefore does not receive the current protections afforded by the ESA could be lost and/or 
relaxed.  (In evaluating the necessity of continued ESA protection for a listed species, it is 
inappropriate to consider the benefits of ESA protection the species is currently receiving.) 
However, we also assume that conditions for delisting would include requirements and 
incentives toto a certain extent land management agencies and state wildlife agencies will  
continue to conserve lynx and its habitats and to try to assure persistence of resident lynx 
populations in those places that can support them in the DPS range.   

   
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability.  
   
Current Conditions  
  
The current distribution of resident lynx in the contiguous United. States. is likely somewhat 
smaller than the historical distribution because of the potential loss of small populations in 
several places (e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern 
New York, Isle Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, 
more recently, the Greater Yellowstone Area of Southwestern Montana and northwestern 
Wyoming, and perhaps the Garnet Mountains in western Montana). However, based on verified 
historical records, we lack compelling evidence that the current distribution and relative 
abundance of resident lynx in the DPS range are substantially diminished from historical 
conditions, and resident populations continue to persist in the geographic areas with the 
strongest historical evidence of an ability to support them. Nonetheless, in many parts of the 
DPS range habitat features (forest distribution and structure, hare densities, and snow 
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conditions) appear to exist at or just above thresholds thought necessary to support persistent 
lynx populations.   
  
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units.  
  
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Ffigure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Ttable 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous United. States., it also seems 
that redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via a catastrophic event.  
 
Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 
absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
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substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United. States., suggesting relative maintenance of the breadth of diversity of ecological settings 
occupied within the DPS range. Because there are no indications of significant loss of or current 
threats to the genetic health or adaptive capacity of lynx populations in the DPS, and because 
the current level of representation does not appear to indicate a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation.  
  
Future Conditions  
  
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced probability 
of persistence for all resident populations in the DPS range. We expect that resident populations 
will persist through mid-century in all five of the geographic units that currently support them 
(albeit in reduced numberssizes and distributions), but that lynx may be functionally extirpated 
(loss of the ability to support persistent resident populations) from two or three of the units by 
the end of the century.  
  
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, we expect climate-induced increases in the frequency and 
intensity of wildfires and forest insect outbreaks are expected to increase, particularly in the 
western portion of the DPS, although we do not anticipate such events alone to cause the 
permanent loss of breeding lynx populations in any geographic unit. In Minnesota and Maine 
(units 1 and 2), suitable boreal forest and snow conditions are projected to decline more 
severely than in the western units, and in some climate- modeling scenarios they could 
disappear completely from these units by the end of the century. Over the next 15- to 20 years, 
lynx habitat conditions in Maine are also likely to decline significantly from current historically 
high and anthropogenically influenced levels as private forest management practices, 
particularly a shift away from landscape-level clearcutting, result in forest succession detrimental 
to snowshoe hare and lynx needs.  
 
Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through 
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midcentury but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events.  
  
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given thatis, we conclude that the 
DPS as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially- clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well- distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely.  
  
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate.  
  
DPS-wide Synthesis   
We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numberssizes and distributions, in all five geographic units 
that currently support them through mid-century, but that functional extirpation is likely in two to 
three of those units by the end of the century, driven largely by projected continued climate 
warming. Because resident lynx in many parts of the DPS persist in areas that appear naturally 
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to barely meet thresholds for hare densities and habitat quality and distribution, relatively small 
declines in these features could result in loss of the ability to support resident populations over 
large areas. Because of this, we believeconclude that future lynx habitats and resident 
populations throughout the DPS range are likely to be smaller and more fragmented, and 
geographic units that are already relatively isolated from other lynx populations are likely to 
become even more isolated in the future. Uncertainty increases at mid-century to late-century 
regarding the timing and extent of various stressors that will affect lynx and hare habitat and 
snow regimes, especially those related to climate change. However, review of the best available 
science in concert with input from lynx experts suggests that the probability of the persistence of 
resident breeding populations will decline in all geographic units, with the negative DPS-wide 
trajectory continuing to the end of the century, and (with no evidence to the contrary) beyond 
that time frame.  
  
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through 
midcentury in most of the five geographic units that currently support them. However, we 
believeconclude it is very unlikely that resident lynx populations will persist through the end of 
this century in all of the geographic units that currently support them. That is, we believefind that 
resiliency will be substantially diminished because of reduced population sizes and distributions 
throughout the DPS, with resulting extirpation of resident populations from two to three (of five) 
units more likely than not by the end of the century.  
   
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic units would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century.  

Chapter 1: Introduction  
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S.United 
States as a distinct population segment (DPS) and listed it as threatened under the Endangered 
Species Act of 1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (U.S. District Court 
MT 2014b, p. 2). Thus, we conducted this SSA (version 1.0) to summarize the best available 
information on the current status and likely future viability of the DPS. This SSA will inform a 
determination by Service decision makers of whether (1) the DPS continues to warrant 
protection under the ESA and (2) a recovery plan is needed to guide conservation and recovery 
of the lynx DPS.  
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1.1 Background  
The Canada lynx is a North American wild cat that is most strongly associated with northern 
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 
al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809).  
  
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S.United States (Bittner and Rongstad 1982, p. 
146; McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic 
units evaluated in this SSA represent the remaining 2 percent of the species’ breeding 
distribution (approximately 131,168 km2 [50,644 mi2]; see Ffigure 1 and Ttable 2, below). Lynx 
populations in the DPS (as well as some others on the margin of the range in southern 
Canadian provinces) seem to function as peripheral subpopulations (islands) of a larger 
(mainland) metapopulation centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 
FR 40077; also see 2.2 below). The demographic and genetic health and persistence of DPS 
populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 
FR 59434, 59447; 79 FR 54815).  
  
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S.United States occur over a much smaller geographic area 
that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
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also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous U.S.United States, and small breeding populations 
may have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous U.S.United States has been 
documented based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 
54815; McKelvey in Lynx SSA Team 2016, p. 11; also see section 2.3.2, below).  
  
The Service designated lynx in the contiguous U.S.United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 
(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous U.S.United States constitute 
a single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the  
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 
contiguous U.S.United States, including New Mexico and other states that were not included in 
the original DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 
(USFWS  
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire).  
  
The six geographic units evaluated in this SSA encompass all areas of the contiguous 
U.S.United States that currently support or are believed to have recently supported persistent 
resident lynx populations  
(Ffigure 1, above). Five of the six geographic units were designated as “Core Areas” in the  
Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 
habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here.  
  
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Ttable 2).  
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 Table 2. Lynx SSA Unit Sizes and Percent Ownership.  

Unit1  
Unit Size 

(km1)  

Percent 
of SSA  
Area  

 Land Ownership/Management (Percent)2   

 Federal3  

Private  State  Tribal  

All  
Federal  

USFS  NPS  BLM  

1  28,909  22.0  1.2  0  1.2  0  90.4  7.3  0.9  

2  21,101  16.1  47.4  44.9  2.5  0.01  15.5  36.2  1.0  

3   26,997  20.6  84.3  69.3  13.6  1.5  8.0  4.1  3.5  

4  5,176  3.9  91.5  84.6  6.7  0.1  0.3  8.2  0  

5  23,687  18.1  97.6  79.7  16.7  1.1  2.2  0.3  0  

6  25,294  19.3  90.1  85.2  1.8  3.1  9.3  0.6  0  

All Units  131,164   100  63.8  55.6  7.1  1.1  26.3  8.8  1.1  

1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado.  

                                                

1 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Ttribal, Sstate and private lands that met the criteria for critical habitat but 
whichthat were excluded from the designation in accordance with section 4(b)(2) of the Endangered 
Species Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office 
in coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 3 

USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management.  

1.2 SSA Framework and Report  
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of  
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time 
(captured under the broad heading of “species needs”); the 
current condition of the species at the individual, population, 
and range-wide levels in terms of meeting those needs; and 
the likely changes in the environment that may influence the 
species’ future condition and, thus, the viability of the species.   
  
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 
future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events;  
redundancy describes the ability of the species to withstand 
catastrophic events; and representation describes the ability of the species to adapt over time to 
long-term changes in the environment. As a result, the SSA characterizes a species’ ability to 
sustain populations in the wild over time based on the best scientific understanding of current 
and future abundance and distribution within the species’ ecological settings. Importantly, the 
SSA neither results in, nor predetermines, any decisions (e.g., listing status, critical habitat 
designations, section 7 consultation requirements, etc.) by the Service under the ESA. Instead 
the SSA provides the biological basis to inform these decisions. The SSA is a dynamic 
document and should be periodically revised as new scientific information becomes available.  
   
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service 
(NPS) and the USFWSService called “ServCat” at the following IP address: 
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html.  

1.3 Analytical Approach and Methods  
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at midcentury- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation 
in terms of the 3 Rs using conceptual modeling (Ffigures 2-5) based on available published 
literature, on other information on the historical and current status of and threats to lynx in the 
                                                

1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015.  
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DPS, and, where empirical data arewere lacking, on our objective analysis of the best available 
scientific information as informed by our understanding of the basis for formally- elicited expert 
opinion and best professional judgment (Lynx SSA Team 2016, entire).   
  

  
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability.  
  
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units.  
  
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.), and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS.  
  

Comment [M25]: This sounds too much 
as if we hold expert input to be 
something we consider in addition to best 
available information or something that 
constitutes best available information just 
because it’s from experts.  We need to 
understand the bases for the experts’ 
opinions and judgments, determine 
which ones are the most rational then 
reject them because our conclusions are 
more rational, adopt those that are more 
rational than ours, or use the most 
rational ones to inform/revise ours. 
 
I tried to address this in my edits. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS.  
  
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Ffigure 4 below.  
  

  
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS.  
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally- elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Ffigure 5 below.  
  

  
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS.  
  
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Cchapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence thoese probabilities; and 
the sources of uncertainty that influenced their confidence in their predictions. We then present 
our evaluation of the scientific literature regarding how certain anthropogenic factors may 
influence future conditions for resident lynx in each geographic unit. The factors we consider for 
each geographic unit include regulatory mechanisms (the factor for which the DPS was 
originally listed under the ESA) and the anthropogenic influences identified by the Interagency 
Lynx Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
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conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why.  
  
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that, although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that non-ESA regulatory requirements and nonregulatory 
objectives for species and habitats (not necessarily lynx specific) and an incentive to preclude 
ESA listing of the lynx would contribute conditions for delisting would include requirements and 
incentives to the continueance of  to conservatione efforts benefitting the lynx and its habitats 
and to assure persistence of resident lynx populations in those places that can support them on 
Federal, State, and Tribal, and some private lands (perhaps some private lands as well). Our 
evaluation, therefore, considers the possibility of the future relaxing of some, but not the 
complete absence of all, lynx conservation measuresprotections and conservation efforts, but 
not the complete absence of all protections for lynx.  
  
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly- distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly- specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially- discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS.   

Comment [M26]: This undermines the 
previous sentence. 

Comment [M27]: We need to describe 
the future without listing but not without 
the ESA.  It is about what people might 
do to preclude listing (if anything), not 
what delisting requires. 

Comment [M28]: Note - Formalized 
conservation efforts that are not yet 
implemented or not yet proven effective 
must satisfy the criteria of the Policy for 
the Evaluation of Conservation Efforts 
(PECE) to be considered in a listing 
decision.  
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Chapter 2: Lynx Ecology   
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Cchapters 3 through 5.  

2.1 Species Taxonomy, Description, and Genetics  
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are three 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016).  
  
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale brown 
fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In summer, its 
fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long tufts of black 
hairs extending from the tips of its ears, a short, completely black-tipped tail, and often a distinct 
dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 cm (30 to 35 in) 
long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Ttable 1; Moen et al. 2010a, 
Ffigure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished data), and 
males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s large feet 
and long legs make it highly adapted for traversing and hunting in deep, powdery snow, where 
its low foot-loading (weight per surface area of foot) is thought to provide a competitive 
advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) over other 
terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada and the 
northern contiguous U.S., where the southern edge of the lynx range overlaps the northern 
edge of the bobcat range, the two species are easily confused because of their similar size and 
appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail distinguish it 
from the bobcat, which has shorter ear tufts, small feet, and white on the underside of the tail. 
Bobcats are much more common and abundant than lynx in most of the contiguous U.S.  
  
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
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12621266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the two areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas, recent analyses reveal genetic exchange among lynx on either side, 
indicating that some lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; 
Bowman in Lynx SSA Team 2016, p. 12-13).  
  
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations despite 
large separation distances (Schwartz et al. 2002, entire). Their results did not suggest that 
reduced genetic variation among peripheral populations was because of human disturbance 
(i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; Schwartz et 
al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the contiguous 
U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 522).  
  
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793).  
  
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5).  
Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 
2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
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35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12).  

2.2 Life History and Population Dynamics  
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare 
(Ffigure 6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et 
al. 1972, pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 
358–359, 363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 
2003, pp. 37–38; Squires et al. 2004a, p. 15, Ttable 8, Olson 2015, pp. 60-69), and hare 
abundance is the major driver of lynx population dynamics. Lynx den site selection, litter sizes, 
pregnancy, as well as recruitment, survival (kitten, subadult and adult) and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34).  
  

  
Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency.  
      
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes with 
high-density snowshoe hare populations for survival and reproduction (McCord and Cardoza 
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1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). Lynx and 
snowshoe hares are strongly associated with what is broadly described as boreal forest (Bittner 
and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and Parker 1987, p. 684; 
Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183191 and 2000b, pp. 
136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation of boreal forest is 
conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) (Elliot-Fisk 1988, pp. 
34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and shrubs (Hodges 2000a, 
pp. 181-183) and are most abundant in forests with dense understories that provide forage, 
cover to escape from predators, and protection during extreme weather (Wolfe et al. 1982, pp. 
665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 and 2000b, pp. 136-
140). Over much of the lynx’s range, hare densities are higher in regenerating, earlier 
successional forest stages because they often have greater understory structure than mature 
forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 1990, pp. 847-
848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin  
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally- stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127).  
  
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809).  
  
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
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427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes.  
  
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).   
  
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267– 
268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 
362363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14).  
  
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and  
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Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 
2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).   
  
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to  
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 
2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 
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phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).   
  
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014,  
p. 1). In southern Canada, where hares are less abundant and hare population cycles are muted 
or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment Canada 
2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.213/100 km2 
(24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares were abundant 
(Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 km2 (6/100 mi2) 
in Washington when hare abundance was low (Koehler 1990, pp. 847-850). Correspondingly, 
hare abundance may also influence lynx home range size. Ward and Krebs  
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 
(1993, p. 552) reported no change in lynx home range size despite a 10- to 15- fold increase in 
lynx density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 
contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367).  
  
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 
2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS.  
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793).  
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2.2.1 Ecological Requirements of Individuals  
  
At the most fundamental level, the needs of an individual lynx are met if:  
  
1) it is born to a female that occupies a home range containing  

a) secure denning habitat,  
b) adequate hare abundance to support lactation during the early kitten stage and later 

provisioning of the kitten with hare meat,  
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and  
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.);  
  

2) the mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and  
  

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.   

  
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 
al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 
during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population.  
  
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 
2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for 
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lynx/vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population.  
  
Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a,  
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24).  
  
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Ttable 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).   
  
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.   
  

  
Geographic 

Unit  

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

  
References (Page Nos.)  

  

  Female  Male   

N Maine  25-33 (14-70)  39-60 (24-102)  
Vashon et al. 2008a (1482); Mallett 2014  

(169)  

NE Minnesota  17-87 (13-122)  160-267 (86-439)  
Mech 1980 (263-265); Burdett et al. 2007 

(460-463); Moen et al. 2008a (17)  

NW Montana/ 
NE Idaho  43-90 (11-157)  122-220 (29-552)  

Brainerd 1985 (20); Squires and Laurion  
2000 (343-344); Squires et al. 2004a (13, 

Table 6)  
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N-C 
Washington  37-91 (37-91)  49-69 (29-99)  

Brittell et al. 1989 in Stinson 2001 (5);  
Koehler 1990 (847); Maletzke in Lynx SSA  

Team 2016 (21)  

GYA  50-105 (32-105)  116-824 (98-2,181)  
Squires and Laurion 2000 (343-344); 

Squires et al. 2003 (12-13)  

W Colorado  75-704 (NA)  103-387 (NA)  Shenk 2008 (10)  

  
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 
al. 2012, pp. 352–354).  
  
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 
pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 
vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
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high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.   
  
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.   
  

2.2.2 Ecological Requirements of Populations and the DPS  
  
Lynx populations require essentially the same things that individual lynx do (see Ffigure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower.  
  
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 
2531). Lynx populations in the DPS are at the periphery of the species’ range and may behave 
as islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 
that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 
source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.   
  
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22).  
  
Slough and Mowat (1996, p. 952, Ttable 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of  
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 
during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Ttable 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined from 
135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the  
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly- cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area  
(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21)  
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 
and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 
northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.   
  
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least  
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 
favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 
(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality.  
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In summary, lynx populations need large boreal forest landscapes with snow conditions  
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly- cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly- cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789).  

2.3 Historical and Current Lynx Distribution  
  

2.3.1 Lynx Distribution and Status in Canada and Alaska  
   
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince  
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 1192-
1195; Koen et al. 2014a, pp. 757-760).  
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In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers.  
comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 
apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern  
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington).  
  

2.3.2 Lynx Distribution in the Contiguous United States  

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range  
  
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942).  
  
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077).  
   



 

35  
  

The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 
2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 
entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 
should be considered to constitute the species’ range. In its 2003 remanded determination, the 
Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 
scientists and the public about where lynx populations may be viable (74 FR 66938).  
  
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “...  
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).   
  
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
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(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions.  
  
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above.  

 2.3.2.2 Lynx Distribution within the DPS Range  
  
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp.  
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p.  
6), and overall habitat quality is typically lower.  
  
The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
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for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist.  
    
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats or 
coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 
2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 
al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.   
   
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.   
  
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats in 
Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
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Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.   
  
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S.  
  
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition.  
  
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 
cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081,  
40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003- to 2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
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lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487).  
  
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially- released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally- invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believefind that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain.  
  
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York.  
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In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 2021, 
45). In the 2014 revised critical habitat designation, the Service noted:   
  

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791).  
  

We concluded that the historical record and recent evidence of lynx occupancy and reproduction 
suggested the presence of a small but persistent resident lynx population in the GYA of 
northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 54825-54826); 
however, the consistency of occupancy over time remains uncertain (Lynx SSA  
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National  
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
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also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).   
  
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so.  
  
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern  
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the sState, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long 
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the sState or if it is a temporary phenomenon related 
to an expanding source population in neighboring northern Maine (79 FR 54821). Although 
bobcat populations have increased and expanded their range in this region in recent decades 
(Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their 
populations (Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest 
declined substantially after two deep snow winters in 2008 and 2009 (Maine Department of 
Inland Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire.  
  
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New Hampshire, 
above) have the strongest historical evidence of continuous lynx presence and recent evidence 
of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 4008640095, 40097-
40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for much of 
Idaho, but many, especially in the central and southern part of the sState, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
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contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the sState are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia.  
  
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the sState (McKelvey et al. 2000a, pp. 211-212; 
Hoving et al. 2003, entire;), which currently is believed to support the largest lynx population in 
the DPS (Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in 
Lynx SSA Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare 
habitat and the number of resident lynx in Maine are all much larger than was suspected at the 
time of listing or the 2003 remand, and all are probably substantially larger now than under likely 
typical historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
sState are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 
40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.   
  
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the sState that seems to be 
the southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the sState, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the sState, 
and areas to the south and west are dominated by bobcats. Although there are currently more 
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lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown.  
  
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the sState (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team  
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 
4647; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the 
time of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12).  
   
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the sState (von Kienast 2003, entire; Maletzke 2004, entire; Koehler 
et al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the sState with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the sState are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).   
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In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither 
broadscale breeding range contraction nor substantial population declines in the contiguous 
U.S. from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016, p. 11). New information summarized above indicates that there are many 
more lynx in Maine and Minnesota than was suspected at the time of listing, and there are 
naturally fewer lynx and a more limited distribution of suitable habitats in the western U.S. than 
was previously thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at 
historically high numbers and may currently be facilitating the recolonization of formerly 
occupied habitat in northern New Hampshire and recent lynx occurrences in northernmost 
Vermont. However, lynx persistence is uncertain in New Hampshire and unlikely in Vermont, 
and lynx numbers in Maine are projected to decline over the next several decades. In the West, 
small breeding populations in the GYA and the Garnet Mountains of Montana may recently have 
become extirpated (although both also may be only temporarily “winked off” in a metapopulation 
dynamics sense). In north-central Washington, lynx habitat and numbers have declined because 
of recent large fires and insect outbreaks, and the persistence of the breeding population there 
could be threatened if additional such impacts occur with similar magnitude and frequency over 
the next several decades. As a result of the release of 218 Canadian and Alaskan lynx from 
1999- to 2006, resident lynx currently occur in western Colorado. Although the number of lynx in 
this population and its future persistence are uncertain, Colorado currently supports more lynx 
than it likely did, based on the historical record, for much of the previous century. The 
geographic units evaluated in this SSA include all areas in the contiguous U.S. with strong 
historical and recent evidence of persistent resident lynx populations. Detailed assessments of 
the current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below.  

Chapter 3: Factors Influencing Viability of the DPS  
 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Thoese 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS.  

3.1 Regulatory Mechanisms  
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation of habitat, creation of barriers, or that 
otherwise alteration of the vegetation mosaics and prey abundances maintained historically by 
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natural disturbance processes may occur in lynx habitats regardless of land ownership and 
management. The extent to which regulations guide such activities to avoid, minimize, or 
mitigate impacts to lynx influences the current and future likelihoods that those habitats will 
provide the physical and biological features needed to support resident lynx populations. As 
described in more detail below, the lynx DPS was listed as threatened because of the lack of 
specific conservation direction and associated regulations on Federal lands. At that time, the 
available information indicated that most lynx habitat in the DPS occurred on Federal lands, 
predominantly in the western U.S. (65 FR 16061). Since then, research and monitoring have 
revealed that non-Federal lands contribute more to the conservation of the DPS than was 
known at the time of listing, particularly in the Northern Maine and Northeastern Minnesota 
regions. Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as Sstate and Ttribal lands.  
  
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership.  
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.   
  

3.1.1 Federal Regulatory Mechanisms  
  
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Ttable 2, above, and Cchapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
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NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.   
  
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 
time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx, and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096).  
  
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
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potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).   
  
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083).  
  
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50).  
  
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
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mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, Sstate, and Ttribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097).  
  
Since the 2003 remand, most Forest ServiceUSFS units with lynx forest types have formally 
amended or revised their land management plans to incorporate the conservation measures, 
standards, and guidelines identified in the LCAS. From 2004-2006, forest plans for seven 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson  
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2  
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.   
  
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Ttable 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley,  
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field  
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
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were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12).  
  
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 2007, 
p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service USFS 
land management activities on at least 94 percent of this area, and more likely nearer to 98 
percent” (USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).   
  
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 
collaboration with the Service, to address and ameliorate the singular threat for whichthat was 
the basis for listing the lynx DPS was listed under the ESA. Although formal effectiveness 
monitoring has not been completed, it’s clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous U.S.  
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3.1.2 State Regulations and Tribal Management  
  
Private, Sstate, and Ttribal lands make up the remaining 36 percent of the lands encompassed 
by the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Ttable 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Ttribal lands in the North-central Washington, GYA, or Western Colorado units. Private, Sstate, 
and Ttribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, Sstate, and Ttribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, Sstate, and Ttribal 
lands within the six geographic units of the DPS, but with a focus on those units with the 
greatest proportions of these lands and on activities on these lands with the greatest potential to 
impact lynx.  
  
State Wildlife Management Regulations - The following information is derived from the Service’s 
2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement.  
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Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-traprestrictions/). 
MDIFW also adopted and made available for download on its web page the interagency 
brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats and other 
Furbearers, and modified it to be more specific to Maine. MDIFW also set- up an incidental lynx 
capture hotline, and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 -to 2015 (ten10 lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally- trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act  
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 
(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely- distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).   
  
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 
Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at:  
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http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 
trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern (State 
of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that regulate 
treatment of species designated as endangered and threatened. Also like Maine, Minnesota has 
designated the lynx a species of special concern (MNDNR 2013, p. 2), and coordinates with the 
Service and other agencies to conduct research and monitor lynx populations and habitats.  
   
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 
3637). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 
710), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set of 
reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them.  Specifically, these regulations, which (1) prohibit the use of lethal (non-
relaxing) snares for bobcats, (2) specifiesy the types of sets and baits or attractants that may be 
used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 10-
pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). MTFWP is also responsible for implementing Montana’s Nongame and Endangered 
Species Conservation Act (http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  
https://www.animallaw.info/statute/mtendangered-species-chapter-5-wildlife-protection    
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Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered  
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan  
(http://wdfw.wa.gov/publications/00394/) and a Status Report  
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals.  
  
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats.  
  
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals.  
  
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.   
  
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections  
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to -35 years post-harvest) regenerating forest in prime hare habitat 
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condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit.  
   
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-
landscapeconservation-in-maine/ last accessed 8.18.2016), but easements do not require 
management prescriptions or commitments for lynx. To our knowledge, there are no private 
landowners in Maine who have committed to long-term or permanent protection and creation of 
lynx habitat according to the Service’s lynx management guidelines or LCAS.  
  
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation of 
Federally listed species, but so far no lynx management plans have been developed. Mitigation 
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for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for trapping 
requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat management 
area on the MBPL’s Seboomook Unit for a 15-year period.   
  
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private lands. 
Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 [MFRC 
2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed voluntary 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) that are 
intended for private and State landowners and include some general recommendations for 
wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).   
  
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about four 
percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution  
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 
5483554837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.   
  
Unit 4: North-central Washington - State and private lands constitute about eight percent and  
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State  
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The Forest 
Practices Board, an independent State agency, adopts forest practices rules to protect water 
quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
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quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below.  
  
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.   
  
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.   
  
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the  
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6.  
  
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15).  
  
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the  
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit.  
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).   
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Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285).  
  
In summary, a variety of Sstate wildlife and forestry regulations and conservation efforts, along 
with Ttribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.   

3.2 Climate Change  
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire).  
   
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change.  
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The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31).  
  
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas).  
   
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
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than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).   
  
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events and 
winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, depth 
hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.   
  
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow- covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five5 months (November–March) to approximately three3 months 
(December to February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that 
contain lower relief, mid-elevation mountain ranges will likely shift relatively quickly into new 
precipitation phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 
4566). The interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated 
areas to warming because much of the region is characterized by relatively warm winter 
temperatures and by mainly mid-elevation mountain ranges. The climatic rain-snow transition 
zone will move up in altitude and north in latitude.   
  
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and 
deciduous/boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved 
upslope in both the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and 
Baker 1980). Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some 
locations up to 100 m) during a recent 50-year period of warming (Kullman 1990). However, 
despite recent warming, the alpine treeline in North America has thus far remained relatively 
static (Butler et al.  
1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
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movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201).  
  
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions  
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats.  
  
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 
al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous.  
   
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
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North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9).  
    
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 
13–14). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).   
   
Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 
2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48).  
  
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp.  
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below.  
  
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably anticipated 
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include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare cycle, 3) 
reduction in snow conditions necessary to give lynx a competitive advantage, 4) reduction in 
hare habitat quality and populations, 5) reduction in the amount of lynx and hare habitat in the 
U.S., 6) changes in the frequency and pattern of disturbance events, 7) introduction of disease 
and parasites, and 8) reduced gene flow. Synergistic effects between these factors and other 
stressors (e.g., forest management, trapping, development) may intensify their effects (Carroll 
2007). Diminished snow, increasing drought and fire, and increased forest pests and disease 
are believed to currently be the most important stressors for lynx in the DPS, but it is possible 
that other pathways are, or may become, equally important. Over the next decades, southern 
lynx populations will continue to be affected by climate change and associated shifts in habitat, 
prey base, and competition. The extent of such changes and whether lynx are able to adapt to 
them will determine not how, but if, this species can persist in the contiguous U.S. (Murray et al. 
2008).  
   
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation.  
   
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering largescale 
climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81).  
   
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
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in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).   
   
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 
2016, entire; 79 FR 54809).   
   
Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp.  
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548– 
4549). These trends are expected to continue with future climate warming (Hamlet and  
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 
are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 
runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of 
snowcovered and exposed areas, increasing the rate at which melting occurs in spring 
(Groisman et al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has 
led to the average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain 
West (Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and 
desert dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-
darkened landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are 
expected to decline generally in the geographic areas that contain the central and eastern 
portion of the lynx DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require 
prolonged periods of deep fluffy snow, current habitats that lose this feature would decline in 
value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire).  
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Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 
which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172).  
   
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx.  
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits their 
efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).   
   
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 
2015, p. 528).   
   
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectivenesssuccess. For example, hard-packed snow is reported to be associated with a 
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higher kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth 
et al. 2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Predator communities are more diverse at the southern part of 
the lynx range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there  
(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares.  
  
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 
et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11- percent decline in 
hare survival by mid-century and a 23- percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 
2016a, entire).   
  
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).   
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Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).   
   
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia, and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102).  
   
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 
2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT  
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
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range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103).  
   
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and  
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada.  
   
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest.  
  
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
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irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727).  
  
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 19702004, 
Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of large 
fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. Mesic, 
middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the northern 
Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 
2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 
2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations.  
  
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008; ILBT 2013, p. 70).   
   
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
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markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
spruce budworm outbreak in Maine was the primary driver creating the current broad distribution 
of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).   
  
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).   
  
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 
2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward.  
  
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).   
   
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al.  
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats  
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(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and 
succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24).  
   
Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 
and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 
al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 
2014, pp. 10633-10644).  
   
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528).  

3.3 Vegetation Management  
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 



 

71  
  

throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another.  
   
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 
2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx.  
   
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016).  
  
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 
particularly within-stand competition for light, nutrients, and space, determine how forests grow 
and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
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dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares.  
   
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by:  
  

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling;  

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation;  

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or  

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments.  

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage.  

   
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a).  
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North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West).  
   
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 
2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).   
   
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et al. 
2005), but an evaluation of harvesting in the last decade indicates these landowners increased 
harvest rates, shortened rotation rates, and shifted to managing and harvesting hardwood tree 
species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine private lands 
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management make lynx management commitments more difficult because shortterm 
landowners are not interested in long-term commitments. On the other hand, some easement 
owners may have an incentive to manage for lynx to meet forest certification requirements.  
   
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of  
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.   
   
Finally, future trends in forest management will be affected by climate change (Irland et al. 2003, 
entire). Many models have been developed to project how U.S. timber production and markets 
may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia et al. 
1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate change, 
total U.S. timber inventories will increase, timber harvest will increase, and product prices will 
decrease relative to an assumed stable climate. Some models predict that consumers will gain 
from climate change while landowners in some regions will lose. The forest industry will adapt to 
climate change in many ways including using alternate tree species in manufacturing, shifts to 
geographic regions of the country with economic advantages in timber growth, and increasing 
forest plantations with new species that are favorably adapted to the new climate and markets. 
Many strategies have been evaluated to increase the quantity of carbon stored in North 
American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in some 
forests to build carbon reserves, increased recycling to reduce use of forest products, converting 
agricultural lands to forests, and substituting wood products for more energy-intensive products. 
Increased atmospheric carbon will increase forest growth slightly, except for softwood (Irland et 
al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, is expected to 
increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth conifer forest to 
sequester carbon could benefit lynx in the West and be to the detriment of lynx in the East.  
   
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS.  
   
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 



 

75  
  

land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival.  
   
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality.  
   
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986,  
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx.  
   
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, moisture, 
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and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. 
(2005) reported that the slash and coarse woody debris remaining after precommercial thinning 
provided both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory that 
would be needed to support pre-treatment snowshoe hare densities. At this time, no other data 
are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed.  
   
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS.  
   
Uneven-aged management (single tree, partial harvest, and small group selection) practices can 
be employed in stands where there is a poorly developed understory, but have the potential to 
produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature 
multistory forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat.  
   
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and 
unevenaged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
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future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx.  
  
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances, there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat.  
   
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares.  
  
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing the 
understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.   
   
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
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reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).   
   
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to -17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569).  
   
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988).  
   
Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high- quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 
2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes.  
   
Forest management can fragment and isolate patches of high- quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx.  
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Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of 
high- quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6).  
   
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S.  
   
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to -40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir.  

3.4 Wildland Fire Management  
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
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They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).   
  
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53).  
  
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land- use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
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Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).   
  
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 
4009340098).  
  
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern  
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats.  
  
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
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communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future.  
  
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al.  
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and altering 
the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely be a 
temporary impact, with burned areas subsequently regenerating into higher-quality habitat, it 
would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover.  
  
Because lynx habitats are naturally patchily- distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 
population contributed substantially to the Washington Department of Fish and Wildlife’s recent 
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recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire).  
  
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 20). 
Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where fire 
size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx SSA 
Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were burned by 
the extensive wildfires of 1988. The extent to which those fires may have diminished lynx and 
hare habitats and contributed to the recent absence of resident lynx is uncertain, as is the 
potential for those burned areas to support high hare densities and resident lynx in the future. 
However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future.  
  
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range.  
However, given the trends discussed above and the likely continued increase in future fire 
activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.   

3.5 Habitat Loss and Fragmentation  
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.   
  
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover.  
  
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% percent loss in area (20,000 km2) of forest, and continued expansion of residential 
development will likely reduce forested patches by another 1.2% percent by 2030 (Theobold et 
al. 2011, entire). Human-caused fragmentation in the forested western landscape resulted in a 
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decline of weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current 
conditions, but models predict relatively small declines in the size of forested patches over the 
next 30 years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more 
of the natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 
since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to -20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people.  
  
Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.   
  
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high- quality patches themselves (Lewis 
et al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats.  
  
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.   
  
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
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habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.   
  
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high- quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996).  
Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).   
  
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high- quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3three of the 5five 
populations under investigation went extinct in the course of the 3-year study. Fragmentation of 
landscapes exacerbate the effect of predation by allowing carnivores to concentrate their 
hunting efforts on small patches of habitat used by their preferred prey instead of preying 
disproportionately on dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich 
landscapes characteristic of the DPS, this can result in intense predation and competition for a 
limited prey resource.  
  
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat.  
  
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.   
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The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska.  
  
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
mMountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015).  
  
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily 
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.   
  
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
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and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m  
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008).  
  
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity in 
landscapes that have extensive, large patches of habitat in combination with deep, fluffy snow. 
Within their home ranges, lynx strongly select for habitat patches that enhance their foraging 
opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, Squires et al. 
2010). Analysis of winter movements of lynx in Maine indicated that lynx responded to habitat 
heterogeneity at a coarse scale within their home ranges by maximizing their access to 
snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected homogeneous 
spruce-fir patches that supported snowshoe hares and avoided recent clearcuts or other open 
patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) reported that 
landscapes in which hare habitat was more contiguous, or surrounded by a mosaic of similar 
habitat quality, supported more hares than did more fragmented landscapes.  
  
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally patchy 
habitat that is typical throughout much of the DPS range. Anthropogenic activities such as forest 
management, development, and highways alter natural landscape patterns. They cumulatively 
can reduce the total area of habitat, diminish the quality of habitat, increase the isolation of 
habitat patches, and impair the ability of lynx and other wildlife to effectively move between 
patches of habitat. Anthropogenic fragmentation may be permanent, for example by converting 
forest habitat to residential, industrial, or agricultural purposes, or temporary, for example by 
conducting forest management  but allowing trees and shrubs to regrow. Habitat fragmentation 
(both natural and anthropogenic) increases the risk of extirpation of small lynx populations.   
  
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77).  
  
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 



 

88  
  

incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).   
  
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural features 
such as rivers, valleys, and mountain passes that may have high value for lynx in providing 
habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and northern 
Maine. Various studies have documented lynx crossings of highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway relative to random expectation, but only 
2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, respectively). In 
southeastern British Columbia, lynx avoided crossing highways within their home ranges (Apps, 
2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with home ranges within 
an 8 km buffer of 2-lane highways,; however, only 12 of these individuals crossed the highway.  
  
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998).  
  
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly have 
fences on both sides, service roads, parallel railroads or power lines, and impediments like  
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two2-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).   
  
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
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Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits.  
  
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke et 
al. 1990), because they often move extensively after their release and are unfamiliar with their 
surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx failed 
and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.).  
  
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195).  
   
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993).  
  
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high- quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx.  
  
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
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human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations  
(including lynx) likely depends on the physical design of highway improvements, the  
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).   
  
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.).  
  
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.   
  
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat.  
  
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares.  
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In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States.  
  
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site, and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, then 
vegetation is removed and materials are excavated. For example, gravel pits are needed for 
logging road development and maintenance and are common occurrences throughout areas of 
the DPS that are in active forest management. Areas developed for salable minerals can vary in 
size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development.  
  
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years.  
  
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting.  
  
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats in 
northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may have 
contributed (along with increasing road densities and an expansion in coyote distribution) to the 
recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 
1195).   
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern.  

Chapter 4: Current Conditions  
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the lynx 
DPS in terms of redundancy, representation, and resiliency. We then provide brief summaries of 
the current conditions in each geographic unit, followed by a more detailed evaluation of the 
status of lynx populations and habitats and the factors currently believed to influence them in 
each unit. Where appropriate, we compare our current understanding to what was known or 
believed when the DPS was listed under the ESA in 2000 and to our understanding of historical 
conditions.  

4.1 Summary of Current Conditions DPS-wide  
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily- distributed than was 
thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
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recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 
19992006, and their subsequent survival and reproduction, resident lynx currently occupy parts 
of western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain.  
  
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Ffigure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate that there is no single catastrophic event that could result in the functional 
extirpation (loss of the ability to support resident lynx populations) of the entire DPS and, further, 
no or a very low likelihood of functional extirpation of any of the individual geographic units 
caused by a single catastrophic event (Lynx SSA Team 2016, p. 56).   
  
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would have 
represented substantially greater redundancy in the contiguous U.S. However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear. The historical record and recent research show that the GYA has supported resident 
lynx. However, it is unclear whether the area consistently supported a resident breeding 
population over time or whether it naturally supported resident lynx only some of the time 
(“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable.  
  
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
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species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to have 
supported them historically in the contiguous U.S. Because there are no indications of current 
threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the current 
level of representation does not appear to represent a decrease from historical conditions, we 
find that the DPS currently displays an adequate level of representation.  
  
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Ttable 4, below), 
they were collected using different methods, at different times, and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS.  
  
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4), despite the substantial recent wildfire-
mediated loss of habitat, suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Uunits 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
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substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS.  
  
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places. 
    
4.1.1 Summaries of Current Conditions in Each Geographic Unit      
  
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce- and fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50- percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
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lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.   
  
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx 
radiocollared in Minnesota died after traveling north into Ontario, four from legal 
trapping/hunting, and two of unknown causes.  
  
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
(about 90 percent) of this unit, including Federal, Sstate, Ttribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 
being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
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support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then.  
  
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations exist 
in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 
6590 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential 
lynx habitat, led to increased home range size, and may have reduced the current carrying 
capacity of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat 
within this geographic unit may have been influenced by climate change (Westerling et al. 2006, 
pp. 942943). There is significant risk for potential future wildfires to further affect the viability of 
lynx in this geographic unit. Burned habitats are expected to regenerate back into suitable lynx 
habitat, but this may take 35-40 years. The Kettle Range to the east of this unit was suspected 
to have supported a small (likely fewer than 20 individuals) resident population until about 30 
years ago when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). 
Potential impediments to lynx movement between the Kettle Range and the Cascades and 
British Columbia may make natural recolonization of the Kettle Range unlikely. Results of 
snowshoe hare research suggest that the hare population density in Washington exists at the 
low end of the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The 
OWNF and CNF, which administer more than 90 percent of lynx habitat in Washington, continue 
to manage lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, 
which manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.   
  
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether and, if so, 
to what extent other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
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densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. Some lynx 
released in Colorado dispersed northward into this unit and temporarily occupied home ranges 
in areas used previously by native resident lynx, but there is no evidence of reproduction among 
these lynx.   
  
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believeconclude it is reasonable 
that lynx continue to occupy all National Forests within the State of Colorado (Odell 
undocumented pers comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, 
page 3). Habitat that supports snowshoe hares is patchily distributed in this geographic unit, 
which limits their abundance. Because the majority (90 percent) of lynx habitat in Colorado is 
under Federal land management, actions occurring on other ownerships are unlikely to result in 
significant losses of lynx habitat within this unit. The USFS manages over 85 percent of the lynx 
habitat in this unit, providing conservation through the Southern Rockies Lynx Amendment. 
However, regulatory mechanisms for the conservation of lynx are lacking on approximately 
3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx habitats on some BLM and 
some non-Federal lands.  
  
Table 4. Summary of current conditions in six geographic units within the DPS range.   



 

99  
  

  

4.2 Current Conditions - Detailed Descriptions by Geographic Unit  
4.2.1 Unit 1 - Northern Maine  
  
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 
designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.   
  
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April).  
  
Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
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percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).   
  
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and Grafton 
counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al.  
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014,  
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past  
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749).  
  
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat.  
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127).  
  
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the southern 
extent of a larger cross-border population, most of which occurs in the Gaspe region of southern 
Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the northern Maine 
unit are geographically isolated by the St. Lawrence River from lynx populations in central 
Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern Canada are 
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geographically isolated from other lynx populations on the island of Newfoundland (900 km [559 
mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] southeast of 
Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located in 
northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.   
  
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack).  
  
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26year-
old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-yearold) 
partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range scale, 
lynx select landscapes having extensive regenerating conifer forest, but also with some mature 
conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial harvested and 
mature conifer stands because of increased ease of travel and prey access along the extensive 
edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard et al. 2013, p. 574).  
  
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
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the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances.  
  
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation  
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al.  
2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx.  
  
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high- quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).   
  
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100).  
  
In general, landscape- scale and home- range- scale habitat selection by lynx on industrial 
forest lands reinforces the importance of dense regenerating conifer forest along with a 
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component of mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, 
Simons 2009, pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 
573) found the probability of lynx occurrence was >50 percent when snowshoe hare landscape 
densities were >0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In 
Maine, lynx selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 
2007, pp. 19831985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years 
post-harvest) partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). Regenerating stands used by lynx typically developed 15–30 years after harvest 
(Hoving et al. 2004, p. 291), and were characterized by high stem density and dense horizontal 
cover within 1 m (3 ft) of the ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller 
and Harrison 2010, p. 12761278). These habitats supported high snowshoe hare densities 
(Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 
2009, pp. 24, 32, 36-44). At a landscape scale, lynx habitat selection did not differ between 
sexes; however, at a home range scale, males tended to use more mature forest dominated by 
conifers than females, and both male and female lynx tended to avoid mature forests that had a 
high deciduous component (Vashon et al. 2008b, pp. 1492-1493).  
  
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11– to 21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>greater than 40 years 
old), short (3.4– to 4.3 m [11– to 14 ft]) regenerating clear-cut or partially harvested stands <less 
than 10 years postharvest, and roads, and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). 
Research of year-round habitat use yielded similar results, with lynx preferentially using conifer-
dominated sapling stands that were 3.4– to 7.3 m (11– to 24 ft) in height and supported high 
densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in 
areas with intermediate to high snowshoe hare densities (tall regenerating or older partial 
harvest stands), which afforded lynx with greater mobility and where snowshoe hares were 
more vulnerable to predation, rather than in the densest stands (short regenerating stands; 
Fuller and Harrison 2010, pp. 1276-1278).  
  
Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517).  
  
Historically, lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour et 
al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests often 
exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
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several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Cchapter 14). The frequency and intensity of spruce 
budworm outbreaks, the most likely insect to affect lynx habitat, have been highly variable in 
Maine and eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, 
wildfire is less significant as a natural agent of disturbance. The typical fire regime is infrequent 
surface fires in the dormant season in the hardwood forests, and slightly more frequent but long-
interval fires in conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 
359-365, Lorimer and White 2003, p. 59). For the past several decades, early successional 
forests and lynx habitat in northern Maine, New Brunswick, and southern Quebec have been 
created almost exclusively by forest management (Lorimer and White 2003, pp. 42-43).  
  
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from 
standreplacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).   
  
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).   
  
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested.  
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Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike for Federal lands management agencies, there is no requirement thatfor private 
landowners to comply with lynx management guidelines, and a Federal nexus for review of 
forestry projects is almost nonexistent. Furthermore, there continues to be high turnover in 
forest land ownership (Hagan et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to 
provide incentives or to work with private landowners. As of 2005, there were 23 landowners in 
northern Maine with land holdings in excess of 100,000 acres including the State, Federal 
government (White Mountain National Forest south of lynx range), a conservation group (The 
Nature Conservancy), two2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with 
much land south of lynx range), and 18 private forest landowners (Nadeau-Drillen and Ippoliti 
2006, p. 13).  
  
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003,  
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the 
Federal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill.  
  
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe,  
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828).  
  
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are proprietary 
and will not be made public per NRCS policy.  
  
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
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lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances,; however, at this time this option has not been explored with landowners.  
  
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner.  
  
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx.  
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833- to 1999, which suggest that lynx 
were widespread throughout the state except for coastal areas. These records included 39 
kittens representing at least 21 litters, primarily in northern and western Maine, from 1864- to 
1999 (Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200- to 
300 lynx were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later 
documented in winter snow track surveys conducted by MDIFW duringfrom 1994- to 1998 
(Vashon et al. 2012, p. 56).  
  
At the time of listing, lynx were known to be present in northern Maine but little was known about 
their distribution, population size, and trend, snowshoe hare populations, and  
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain.  
   
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
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northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.   
  
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern  
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence  
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015).  
  
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believeconclude that the extensive young, regenerating spruce-fir 
habitat created by large-scale clearcutting in the 1970s and 1980s may currently support the 
largest lynx population in the DPS, numbering at least several hundred and perhaps more than 
1,000 resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 
2016, p. 18) . Habitat in northern Maine can support lynx densities in localized areas of high-
quality habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 
23). In 2003 when hare populations were high, lynx density (juveniles and adults) in one of 
Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a,  
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods 
(2.33.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et 
al.  
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix  
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area.  
  
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 
1012.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur 
only ephemerally, winking on an off over time as would be expected at the periphery of the 
range of a mainland-island metapopulation structure, and as suspected for other lynx 
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populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 
95-104). From 1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and 
Wildlife conducted snow track surveys in 66 townships to document the distribution of lynx and 
to inform habitat modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas 
of potential lynx habitat were well-distributed throughout northern Maine in the early 2000s 
(Simons-Legaard et al. 2016, entire; Simons 2016, entire).  
  
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.).  
  
Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087).  
  
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented lynx 
movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 2008b, 
entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 1719), and 
other aspects of their life history (Vashon et al. 2012, entire).. During the period when snowshoe 
hare populations were highest (2000-2006), Maine lynx had among the highest reproductive 
rates (average litter size 2.74, 89 percent of adult females producing litters) in the DPS (Vashon 
et al. 2012, pp. 18-19). During the current (2006-present) period of low hare density, litter size 
was smaller, only 30 percent of females had litters, and mortality was greater. Maine lynx have 
among the smallest home ranges documented in the DPS (Vashon et al. 2008a, p. XX; LCAS 
2013, p. 24; also see Ttable 3, above). Home range sizes were similar during periods of high 
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and low hare density (Mallett 2014). Lynx populations likely increased during the period of high 
hare density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) 
(USFWS, Vortex10, deterministic population simulation 2016; demographic data from Vashon et 
al. 2012).  
   
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 
2016).  
  
Factors Affecting Current Conditions  
  
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished  
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% percent of the time) observed from 1961-1990 to about 18-20 days 
per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to 
affect lynx by reducing snow and boreal forest (see section 5.2.1).  
  
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly at 
least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another two 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last six decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52).  
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Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 
2013). Average annual snow depth at all five NOAA weather stations within the range of the lynx 
in northern Maine (1981-2010) was below this threshold  and ranged from 228- to 263 cm (90- 
to  
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England 
(19652005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). 
Thus, average snow conditions in Maine are currently at or below snow depth thresholds for 
lynx, and further declines in annual snow depth would be expected to reduce the probability of 
lynx persistence in the region (Hoving et al. 2005).  
  
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 
has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 
(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).   
  
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above.  
  
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 200-
year interval) and generally small (several acres) surface fires in the dormant season.  
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985).  
  
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high- 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above.  
  
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and 
radiotagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species.  
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Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016).  
  
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the  
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000.  
  
In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).   
  
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and 
lowelevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase 
in wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 
2, 2016), and there is increased interest in placing developments on private lands in 
unpopulated areas in northern Maine, New Hampshire, and Vermont. Wind energy is an 
increasingly appealing source of income for investment companies and other landowners who 
own forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been 
proposed in northern Maine and five projects are in operation; two have been proposed in 
northern New Hampshire and two are in operation; and three have been proposed for northeast 
Vermont and two are in operation or under construction. Maine’s two largest wind projects 
(combined over 300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s 
designated lynx critical habitat. The effects of wind energy projects on lynx, hares, and their 
habitats are unknown. Potential direct effects include disturbance or displacement of resident 
lynx from large landscapes and loss and fragmentation of habitat from turbines, roads, and 
transmission lines. Increasing power infrastructure associated with these projects could greatly 
change development potential and patterns in northern Maine by bringing electricity into the 
interior of Maine’s vast undeveloped forest region. Extensive road construction would further 
fragment habitat and increase access for recreation, including trapping.  
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Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 
conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.   
  
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high- quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality.  
   
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River).  
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4.2.2 Unit 2 - Northeastern Minnesota  
  
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tTribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Ttable 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National  
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit.  
  
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed  
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5).  
  
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
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habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9).  
  
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016).  
  
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance.  
  
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data).  
  
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat  
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium.  
  



 

115  
  

This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5).  
  
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 
population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 
(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.   
  
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13).  
  
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5).  
   
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
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probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that  
intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.   
    
Factors Affecting Current Conditions  
  
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest 
ServiceUSFS and the Service (USFS and USFWS 2000, entire), for all forest activities that 
occur within LAUs. Active management of forest lands can produce lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has 
developed guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
- these voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife including lynx. The implementation of the MFRC 
guidelines is monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are 
being minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary.  
  
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project.  
  
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
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is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx.  
  
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows.  
  
As described in Cchapter 2, above, lynx are adapted for surviving in areas that have cold 
winters with deep, fluffy snow, where they outcompete potential competitors such as bobcats, 
coyotes, and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; 
Ruediger et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota 
has remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar to 
bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change.  
  
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part of 
the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).   
  

4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho  
  
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
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Ttribal and Sstate lands that were excluded from that designation (79 FR 54825). It 
encompasses approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho 
and Flathead, Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and 
Teton Counties in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 
percent private; 4 percent Sstate; and 4 percent Ttribal. Most Federal lands in this unit (82 
percent) are on national forests managed by the USFS; with NPS (16 percent) and BLM (almost 
2 percent) contributing most of the remainder. This unit includes most of Glacier National Park 
and parts of the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo 
national forests, the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai 
Tribes Flathead Reservation. It also includes (from northwest to southeast) all or parts of the 
Purcell, Cabinet, Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. 
Several areas adjacent  
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit.  
  
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657).  
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 
36,096km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results 
indicate that much of the area has a low to moderate probability of selection by lynx, and that 
the areas with higher selection probabilities are relatively small and patchily- but widely- 
distributed throughout the unit and are separated by intervening areas of low probability of lynx 
use (Squires et al. 2013; see Ffigure 1(a), p. 189). This patchy distribution of high-quality 
habitats interspersed with areas of low-quality or non-habitat results in naturally lower densities 
of both snowshoe hares and lynx than those in the continuous boreal forests of northern 
Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  
  
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 
14921496). Over a longer interval (1999-2003) when hare populations in this area were thought 
to be stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656).  
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Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Ttable 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497).  
  
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/  
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to  
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).   
  
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 3,658 
km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) managed by 
BLM in its Garnet Resource Area. As described above, potential lynx habitat in this unit is 
patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six national 
forests that contribute lands to this geographic unit, potential lynx habitat was mapped on about 
54 percent of the total national forest area (both inside and outside this SSA unit; USFWS 2007, 
pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 percent of the 
park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 mi2; 27 percent of 
the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 FR 40086, 40089). 
In the Garnet Resource Area, the BLM designated five LAUs (which approximate a lynx home 
range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 61 percent) was mapped 
as lynx habitat (Sparks 2016a, pers. comm.).   
  
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations.  
  
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the  
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
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(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Ttribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).   
  
Much of the remaining USFS lands and the BLM lands have developmental land- use 
allocations where some management activities have the potential to impact lynx or its habitat. 
However, as described above in section 3.1.1, USFS lands in this unit are managed in 
accordance with the NRLMD, which formally amended all forest plans to adopt and implement 
lynx conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were 
developed based on the scientific findings and recommendations of the LCAS (Ruediger et al. 
2000, pp. pp. 7-1 - 7-18). Similarly, the BLM in 2004 amended the Resource Management Plan 
(RMP) for the Garnet  
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.   
  
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and Sstate regulations and by a number of 
private/public conservations partnerships and Sstate agency efforts. As described in section 
3.1., above, some Federal and Sstate regulations guide some activities on private lands, 
including the ESA’s prohibition on take of listed species, and Sstate regulations governing 
trapping and timber management. In addition to these protections, there have been several 
other notable lynx conservation achievements on private lands in this unit since the DPS was 
listed. Two of these, the Clearwater-Blackfoot Project and the Montana Legacy Project, are 
multi-partner and community efforts led by The Nature Conservancy in Montana to purchase 
large tracts of private commercial timberlands, conveying some to the State of Montana and the 
USFS for conservation management, and acquiring conservation easements on others (TNC 
2016a, 2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 
km2 (260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to 
the south and west that may occasionally or temporarily support lynx or provide dispersal 
habitat. Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 
km2 (1,195 mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated 
lynx critical habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the 
northwest part of the unit (MTFWP 2016, pp. 1, 3).   
  
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
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As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust  
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b,  
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust lands 
in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 64 
percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity  
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).   
  
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).   
  
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest ServiceUSFS in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also, as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
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geographic unit currently has a 90- to 95- percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).   
  
Overall, although naturally fragmented and patchily- distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects.  
  
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx habitat 
(Squires 2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7- to 
10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current 
and historical distributions of lynx habitats in the Garnets and found that early- successional 
stands (future hare and lynx foraging habitats) were at 25-50 percent of the historical condition 
in lower- elevation (1,370- to 1,830 m [4,500- to 6,000 ft]) lynx habitats, and 10- to 30 percent in 
higher- elevation (1,675- to 2,130 m [5,500- to 7,000 ft]) habitats. Late- successional (mature 
multistoried) stands (25- to 75 percent of historical condition) and large (>greater than 100 ha 
[250 ac]) patches (25- to 50 percent of historical condition) were also underrepresented at lower 
elevations, but at higher elevations, late- successional stands and large patches exceeded 200 
percent and 100 percent of historical conditions, respectively. Lower elevation habitats were 
fragmented by roads and past management practices (i.e., timber harvest), while higher-
elevation habitat patterns were attributed to the absence of disturbance, including fire (BLM 
2004, p. 5), though fire absence was not attributed to suppression.  
  
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.   
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In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, Sstate, and Ttribal regulations and management direction, 
conservation easements, and an approved HCP. Much of the area consists of designated 
Federal and Ttribal wilderness areas and other nondevelopmental land use allocations, where 
management activities with the potential to adversely affect lynx generally do not occur. On 
lands with development allocations, USFS, BLM, and State management are based on plans 
that incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.   
  
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR  
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic 
substructuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p.  
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20).  
   
From 1998 to 2007, researchers with the Forest ServiceUSFS’s Rocky Mountain Research 
Station in  
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Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake area 
(i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 2003-
2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Ttable  
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly- cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown.  
  
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
“winked on” again in the future is unknown and perhaps irresolvable.  
   
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
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Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20).  
  
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).   
  
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 
geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping crew 
in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7).  
  
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural sourcesink 
dynamics of a naturally ephemeral peripheral population in a mainland-island  
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or 
landscapelevel hare densities necessary to support resident lynx populations (79 FR 54818-
54820).  
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Factors Affecting Current Conditions  
  
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount of, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.   
  
Currently, as described above and in section 3.1, all Federal and Ttribal lands, most Sstate 
lands, and large blocks of private or formerly- private land in this unit are managed for the 
conservation of lynx habitats, and much of the unit is in designated wilderness or other 
nondevelopmental land- use allocations. Regulatory mechanisms and conservation measures 
associated with these management strategies are intended to conserve and restore lynx and 
hare habitats across large landscapes and multiple ownerships. Although their effectiveness has 
not been quantitatively evaluated, and despite the potential extirpation of a small population in 
the Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit.  
  
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6).  
  
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the 
harelynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx 
harvest in Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, 
but declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and 
season closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 
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28). Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 
8,000 in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s 
until the year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in 
Canada may influence lynx dispersal across the border and into this geographic unit is 
unknown; however, such dispersal was documented historically when harvest levels in Canada 
were much higher than under current management.   
  
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts are 
likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).   
  
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
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these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most Sstate and Ttribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Ttribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.   
  
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.   
  
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.   
  
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
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habitats are also (like Montana and Idaho) patchily- distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193).  
  
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al.  
2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 
[https://www.fws.gov/mountainprairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix
%205%20Presentation%20PD Fs/2015%2010%2013%20-%205%20-
%20Bowman%20Lynx%20Southern%20Canada.pdf]).  
  
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 
which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.   
  

4.2.4 Unit 4 - North-central Washington  
  
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
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includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Ttribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit.  
   
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with  
Canada is important to lynx populations in northern Washington and the Cascade Mountains.  
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 
2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65).  
   
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in Washington 
for lynx were reduced to one month. In 1987 a restricted permit system was implemented, and 
in 1990 a statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2).  
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Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high- quality 
habitat (Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and high-
quality likely more fragmented, and thus may not be capable of supporting a density of 2.3 
lynx/100 km2. The Kettle Range is also somewhat isolated from other lynx habitats in 
Washington (e.g., the  
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range.  
  
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50).  
   
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 
al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% percent (40 of 46) of lynx scats, while red squirrels 
were identified in 28% percent (13 of 46) of lynx scats.  
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Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 
and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).   
   
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 
environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016).  
  
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085).  
  
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
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(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur.  
  
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan- 
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and 
SalmonPriest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor 
the Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).   
   
In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 
Washington, may overestimate the overall lynx population capable of being supported in 
Washington.  
   
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
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during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 
(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.   
   
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).   
   
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows:  
   

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or 
nonhabitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21).  
   

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
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estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21).  
  
Factors Affecting Current Condition  
  
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence.  
  
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/  
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest ServiceUSFS entered into a Conservation Agreement (CA) with 
the Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006  
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs.  
   
The LCAS, which was also developed pursuant to the listing by an interagency team 
compriseding of USFS, BLM, Service, and NPS personnel, identified four primary risk factors 
potentially exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
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habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
ServiceUSFS and Service which commits the Forest ServiceUSFS, specifically for Washington 
the OWNF and CNF, to use the LCAS in the management of lynx habitat on their ownerships 
and when designing and implementing projects within LAUs.  
  
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx  
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Ffederally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada.  
  
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2)  
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation.  
  

Comment [M34]: Should this be 
“especially?”  “Specifically” implies it is 
the only area in Washington. 

Comment [M35]: I don’t understand how 
this is relevant to our analysis if our 
analysis is to assume the lynx is not 
listed. 
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Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit.  
  

4.2.5 Unit 5 - Greater Yellowstone Area  
  
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR  
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon,  
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park,  
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations in 
Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern  
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit.  

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123).  

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
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National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30- 
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of  
1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).   

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).   

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 3,944 
km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by BLM. 
As described above in section 3.1.1, USFS lands in this unit are managed in accordance with 
the NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and Kemmerer districts, 
respectively, to include conservation measures and BMPs for lynx based on the LCAS (BLM 
2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with developmental land- use 
allocations, these amended forest plans and the revised BLM RMPs provide guidance on the 
kinds of activities that can and cannot be implemented in important lynx habitats and thresholds 
for the proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time 
and how much can be converted from suitable to (temporarily) unsuitable over particular time 
frames. Implementation of these plans has likely benefitted lynx by providing a consistently-
applied framework for conserving and restoring important hare and lynx habitats.  

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A12). 
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Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete other 
terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx 
occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
  
This unit includes substantial areas in nondevelopmental land- use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats.  

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45).  

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx.  

Overall, although naturally fragmented and patchily- distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects.  
  
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land- use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land- use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.   

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 
places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). However, 
two resident lynx, a male and a female, were trapped, radio-marked, and monitored in the 
Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire).  
  
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires in 
Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526;  
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-/2005 through 2007-/2008, 26 snow 
tracks on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to 
be from five5 individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.).  
    
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920- to 1999 (McKelvey et al. 2000a, p. 
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230); however, surveys in 2001- to 2004 documented at least 3three individual lynx, including 
two kittens, in the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-
released lynx also traveled through the park (Devineau et al. 2010, p. 526), and two possible 
(unconfirmed) lynx tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife 
Research 2009, pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern 
part of the unit, a single female was detected over six consecutive winters (2003/2004 -to 
2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not 
encounter a male or produce kittens during the six6 years she was detected (Gehman et al. 
2010, p. 4).   

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.   

Factors Affecting Current Conditions  

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit.  
Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7), and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing.  
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Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 1415; 
Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to continue 
to occur, there currently is no evidence that climate change has had population-level effects or 
has reduced the ability of this unit to support persistent resident lynx populations. However, 
such impacts would be difficult to document and, as described under Habitat Status, above, 
because lynx habitats in this unit are naturally highly-fragmented and hare densities low in some 
places, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit. Modeling vegetation and snow suitability for 
lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and 
temperate conifer forest biomes were broadly distributed across this geographic unit and that 
snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. (Future 
conditions based on this modeling are described in section 5.1.3, below). As described in 
section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).   

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.   

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.   

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
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roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.   

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain- 
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD 
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).   

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.   

4.2.6 Unit 6 - Western Colorado  
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Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).   
  
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.   
  
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and 
Douglasfir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, 
while southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx.  
   
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx.  
   
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid 
lowerelevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 
Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx.  
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Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and 
latesuccessional spruce-fir forests. However, this study was conducted in a very limited area 
and did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare 
hare densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32).  
  
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911).  
   
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 
2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 
in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.”  
  
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern  
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In  
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25% percent) LAUs 
currently exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These 
changes are mostly in response to the ongoing bark beetle infestations, as well as wildfire 
events that have occurred since 2008.  
  
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
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km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).   
  
Regulatory mechanisms in Colorado are largely provided through Forest ServiceUSFS planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.).  
  
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believeconclude it is reasonable that lynx continue to occupy all National Forests 
within the  
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire).  
   
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent  
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown.  
   
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75– 
0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest  
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016).  
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Factors Affecting Current Conditions  

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4).  

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.   
   
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for snowshoe 
hares and lynx for several decades, until the crowns again lift above the reach of snowshoe 
hares.  
   
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity.  
  
ILBT (2013 p. 57; 61-62) states:  
  

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
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none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado.  
  
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I70, 
I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx movement, 
as repeated successful crossings by radio-telemetered lynx have been documented on I-
70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. Squires, personal 
communication 2012). At this time, it appears that hit by vehicle mortality may be a less 
significant mortality factor for lynx in Colorado.  
   
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability of 
lynx habitat within localized areas, in part by influencing the distribution or abundance of 
prey resources within the developed area. However, there is also considerable anecdotal 
evidence of lynx using ski areas.  
   
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states.  
   
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely.  

Chapter 5: Future Conditions  
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
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likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six6 geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 
the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions.  
  
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Cchapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 
ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why.  
  
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and incentives 
to continue to conserve lynx and its habitats and to assure persistence of resident lynx 
populations in those places that can support them on Federal, State and Tribal lands (perhaps 
some private lands as well). Our evaluation, therefore, considers the possibility of the future 
relaxing of some lynx conservation measures and efforts, but not the complete absence of all 
protections for lynx. Implicit in our evaluation of the future for lynx in the contiguous United 
States is our recognition and consideration of a future in which the DPS is not listed under the 
ESA. However, we do not evaluate the unlikely hypothetical future in which all protections and 
conservation efforts disappear. Rather, we assume that, although some protections could be 
relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for some 
states to reinstitute limited trapping/hunting harvest), non-ESA regulatory requirements and 
nonregulatory objectives for species and habitats (not necessarily lynx specific) and an incentive 
to preclude ESA listing of the lynx would contribute to the continuance of conservation efforts 
benefitting the lynx on Federal, state, tribal, and some private lands. Our evaluation, therefore, 
considers the possibility of the future relaxing of some, but not the complete absence of all, lynx 
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conservation protections and conservation efforts. Some of the experts we consulted indicated 
that their projections assumed the status quo (i.e., continued protections under the ESA and 
current Federal and Sstate land management policies). Others indicated their persistence 
probabilities were not influenced by regulatory considerations but that doing so would not have 
altered their projections; they felt that factors influencing lynx persistence on the landscape are 
independent of ESA listing status (Lynx SSA Team 2016, p. 52).  
  
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.   

5.1 Summary of Future Conditions DPS-wide   
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts.  
  
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units, and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
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forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.   
  
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Ttable 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units.  
  
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Ffigure 7).  
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Ffigure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  
  
Our evaluation generally concurs with the expert input we received. We believeconclude that 
lynx populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believeconclude it is more likely than not that resident lynx 
will be functionally extirpated by the end of the century from one or more of the five geographic 
units that currently support them.  
  
We acknowledge that under a “worse case” climate- modeling scenario the boreal and 
subalpine forests and snow conditions lynx need could completely disappear from some units 
and be substantially reduced in the remainder by the end of the century (we are aware of no 
climate modeling that suggests the complete disappearance of potential lynx habitat from the 
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entire contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more 
likely in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case.  
  
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 
forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 
predictions regarding persistence. Nonetheless, we believeconclude the most likely future 
condition of the DPS is that resident lynx populations will continue to persist at the end of the 
century in two or three of the five units that currently support them (i.e., they will be functionally 
extirpated from two or three of the units) and that, even where populations persist, they will be 
reduced in numbersize and distribution and, therefore, resiliency.   
  
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially- discrete event. We recognize that a sequence of 
discrete but spatially- clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well- distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.   
  
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
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units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and likely 
future relative genetic health of the DPS.  
  
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate.  
  
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates to decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events.  
  

5.1.1 Summaries of Future Conditions in Each Geographic Unit    
  
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high- quality hare habitat will drop from 
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about 10 percent to 5 percent of the landscape. High- quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward.  
  
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid-century to 
late century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent disturbance of the forest all will contribute toward the 
trend in the loss of spruce-fir forest and expansion of northern hardwoods, although the 
timeframe for conversion is uncertain. The lynx experts we consulted indicate the probability of 
persistence will decline to about 50% percent by the end of the century, although there was 
wide variation in opinions. After reviewing the scientific literature concerning climate change 
projections (diminishing snow conditions, lack of elevational refugia), some members of the 
Core Team were more pessimistic about the future of lynx in Maine than the lynx expert panel. 
In particular, we observed that there is great uncertainty about the future of forest management 
and future development on private forest lands. We also note that the threat for which the lynx 
DPS was listed, the lack of specific conservation direction in Federal forest planning and 
management regulations and direction, has not been addressed on private lands. There are no 
long-term management plans in place, State forest regulations have greatly influenced 
harvesting practices that have (and will continue to) reduce landscape hare densities, markets 
for forest products are depressed, and projections (under current harvest scenarios) are that 
habitat will diminish and shift southward in the near term because of post-harvest succession 
and recede northward over the longer- term because of continued climate warming.  
  
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity, and persistence of snow, competition, disease, and forest insects, and over the long 
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term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listedUnder a future scenario without Federal 
listing, we predict that the species would be placed on the Forest’s Regional Forester Sensitive 
Species list for at least 5 years, which gives it a higher priority than other species for monitoring 
and management during that time. It is expected that the MFRC guidelines will remain in place 
into the future and that voluntary actions will continue on State and private lands. However, it is 
unclear on what proportion of State and private lands these voluntary actions will be 
implemented into the future. Further, these guidelines are generalized for listed species and 
give no specific direction for lynx. Taking all factors into consideration (i.e., loss of boreal forest, 
increased competition, potential disease and insect outbreaks, loss of snow), lynx experts 
projected the mean probability persistence of lynx in Minnesota to the year 2025 wasto be 
greater than 90 percent, to 2050 wasto decline to 80 percent, and to 2100 to would decline to 
approximately 35 percent by 2100. After reviewing the scientific literature concerning climate 
change projections (diminishing snow conditions, loss of boreal forest, lack of elevational 
refugia, increased competition, and potential disease, and insect outbreaks), some members of 
the  SSA Core Team were slightly more pessimistic about the future of lynx in Minnesota than 
the lynx expert panel. The Core Team concluded that the climate-mediated conversion of boreal 
forest to temperate forest and the loss of favorable snow conditions could occur at a rate and 
extent that would result in a lower probability of persistence than the median most likely 
estimate provided by experts, including the possibility   that resident lynx could be extirpated 
from this unit by the end of the century.  
  
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
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the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency.  
            
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% percent to 90% percent (median = 80% percent), mid-century persistence at 30% percent 
to 80% percent (median = 70% percent), and end-of century (year 2100) persistence 
probabilities less than 50% percent (median = 38% percent) for lynx populations within this 
geographic unit. After considering the best available scientific information and input from lynx 
experts summarized above, the Core Team is generally in agreement with the experts regarding 
the probability of long-term persistence of Canada lynx in this geographic unit. We expect this 
unit will continue to support a small resident lynx population through midcentury but that its 
ability to do so beyond then is questionable, and that functional extirpation of lynx from this unit 
by the end of the century is more likely than not.  
  
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
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other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century.  
  
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in  
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to become 
more fragmented by areas that no longer retain appropriate snow conditions and vegetation. 
However, we anticipate large areas of snow persistence to remain through the end of the 
century. Beetle kill and wildland fire will result in temporary nonfunctional habitat conditions. 
However, affected areas are likely to regenerate and provide excellent habitat conditions to 
support hares and lynx. A caveat to future habitat conditions in light of climate warming is that 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares. Our conclusion, based on the information 
available to us, is that lynx are likely to persist in western Colorado to the end of the century. 
Our conclusion is not without uncertainty, stemming primarily from the historical lack of evidence 
of consistent lynx presence within Colorado prior to the reintroduction effort. Our conclusion is 
generally consistent with that of the experts.  
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Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit.  
  
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties.  
  

Lynx 
population  

Lynx expert 
probability of 
persistence  

Key evidence  Uncertainties  

Unit 1 Maine  2050 median  
80% (range 20 

to 100%)  
   

2100 median 
50% (range 0 to 

100%)  

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range  

● Slight recovery of habitat by end of 
century depending on forestry trends  

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations  

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units  

● Little elevation refugia  

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada  

● Future shifts in land ownership, 
forest products markets, and  
development  

● Extent and pace of deteriorating 
snow conditions  

● Response of hares (pelage 
mismatch), bobcat and fisher to  
changing snow regime  

● Extent and pace of loss of spruce-fir  
● Future trends in hare populations  
● Disease and parasites in lynx  
● Effects of lynx trapping in Quebec  

Unit 2  
Minnesota  

2050 median  
80% (range 35 

to 100%)  
   

2100 median 
35% (range 0 to 

100%)  

● Smaller population could be 
susceptible to stochastic effects  

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods  

● Continued demographic and genetic 
connectivity to southern Ontario 
populations  

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario  

● Extent and pace of deteriorating 
snow conditions   

● Response of bobcat and fisher to 
changing snow regime  

 

 

 ● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx  

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100  

● Rate of decline of spruce-fir  
● Future trends in hare populations  
● Disease and parasites in lynx  
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Unit 3 
Northwester 
n Montana  

2050 median  
90%  

(range 40 to  
100%)  

   
2100 median  

~78%  
(range 10 to  

100%)  

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management  

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations  

● Potential high elevation buffer against 
climate change  

● Recent loss of small 
submetapopulation in Garnet Range  

● Increasing fire frequency  

● Extent and frequency of fire in hare-
lynx habitat  

● Extent and frequency of insect 
outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir  

● Future trends in hare populations  

Unit 4 
Northcentral  
Washington  

2050 median  
70%  

(range 10 to  
100%)  

   
2100 median  

~38%  
(range 0 to 90%)  

● Habitat and population low because 
of recent fires; could be susceptible to 
stochastic effects  

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations  

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration  

● Extent and frequency of fire in hare-
lynx habitat  

● Extent and frequency of insect 
outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Future trends in hare populations  

Unit 5 
Greater  
Yellowstone  

2050 median  
35%  

(range 0 to  
90%)  

   
2100 median  

15%  
(range 0 to 90%)  

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management  

● No connectivity with Canada 
populations; little immigration from 
DPS populations  

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration  

● Low quality habitat; dry; low hare 
populations  

● Smaller population could be 
susceptible to stochastic effects  

● Will habitat support adequate 
landscape hare densities to support 
lynx?  

● Extent to which GYA remains 
demographically isolated from other 
DPS populations; immigration from 
Colorado population  

● Extent and frequency of insect 
outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Future trends in hare populations  
● Extent to which high elevation may 

provide climate and snow refugia  
● Extent to which area will be  

   repopulated by the north and/or the 
south  
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Unit 6 
Western  
Colorado  

2050 median  
80%  

(range 20 to  
100%)  

   
2100 median  

50%  
(range 0 to 

100%)  

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise  
habitat will remain stable with USFS 
management  

● Isolation from other lynx populations  
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration  

● Uncertainty about stability of 
recentlyreintroduced lynx population  

● Demographic and genetic effects of 
isolated population  

● Extent and frequency of fire in hare-
lynx habitat  

● Extent and frequency of future 
insect outbreaks  

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat, pumas, 
coyotes to changing snow regime  

● Extent and pace of elevational 
migration of spruce-fir  

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir  

● Future trends in hare populations  

  

5.2 Future Conditions - Detailed Descriptions by Geographic Unit  
  
5.2.1 Unit 1 - Northern Maine  
  
Expert Projections of Lynx Persistence    
  
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.   
  
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid-century to 
the end of the century (2050, 2100). Snow conditions would continue to deteriorate (especially 
in the Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).   
  

Comment [M43]: The issues common to 
two or more of these units are not always 
addressed consistently.  
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In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities).  
  
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past.  
  
The best available science indicates that hare populations have declined by about half across all 
stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.   
  
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 
Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWSService’s lynx Core Team generally 
agreed with this prognosis with the exception that some were less optimistic about the 
persistence of this population, especially after reviewing the literature pertaining to climate 
change in this region.  
  



 

164  
  

  

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).   
  
Note: In Ffigure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 
individual responses or presented outside the context of the accompanying discussion.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
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regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire).  
  
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16).  
  
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will use 
widespread use of pesticides to control spruce budworm and herbicides to promote spruce-fir 
regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
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motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).   
  
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for supporting 
lynx.   
  
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.   
  
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.   
  
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
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snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60).   
  
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.   
   
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.   
  
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).   
  
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 
2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
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Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire).  
  
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 
(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.   
  
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.   
  
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the many 
variables that influence shifting of the forest species composition (emissions scenarios, the long 
lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 
al. 2016, p. 2). The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).   
  
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides).  
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Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015).  
  
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut in 
the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 
19841985), snowshoe hare densities are approximately 50 percent less in landscapes 
dominated by partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 
1276). Thus, changing forest management practices have and will continue to reduce landscape 
hare density possibly below levels that can support lynx.   
  
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).   
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032  
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape  
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).   
  
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high- quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high- quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8).  
  
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high- quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).   
  
Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations.  
   
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
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to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2016, p. 18-22). A typical outbreak lasts for a decade.  
  
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030.  
  
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled simultaneously 
(K. Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end 
of the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 
2013, entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above) (Legaard et al. 2013). Mixed forests having a high (greater than 50% percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or be 
preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can adapt to 
lower landscape hare densities associated with mixed hardwood-softwood forest. They may 
persist, but at lower densities as they currently do in the western units of the DPS. However, the 
probability of persistence is further diminished by deteriorating snow conditions and increased 
populations of bobcats and other competitors.   
  
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e., wider extremes of summer drought and precipitation) during the 
next century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could 
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create fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947.  
  
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 
debate (Baldwin et al. 2007, entire). Land use and zoning in the Sstate’s “unorganized 
townships” are the responsibility of the Land Use Planning Commission (LUPC) in the Maine 
Department of  
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to -15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.   
  
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.   
  
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
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uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about  
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future.  
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it, too, 
may decline because of declining snow (see climate change section, above). The effects of new 
or expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township.  
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit  
  
Within the last five5 years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two2 resorts would be constructed on about 
14 km2 (5.5 mi2), and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.   
  
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010,  
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation 
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180250 
mi2) and become two of the largest such projects in Maine. Mining is not a traditional land use in 
this unit, but a large mining operation is being considered at one location in designated lynx 
critical habitat. Extraction operations for gravel (for road building) are widely- scattered 
throughout the unit.   
  
The area designated as lynx critical habitat is heavily- roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 
al. 2012, p. 38).   
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An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.   
  
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx.  
  
Conclusion  
  
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 
turnover, and development pressures), the Core Team also believedfinds that the population 
status of lynx in Maine will diminish substantially in the future. The Core Team believedfinds that 
lynx populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team further findsbelieved that, given current trends (diminishing snow 
conditions, extensive partial harvesting of the forest, forest fragmentation, possible pelage 
mismatch for hares, increasing populations of bobcat and fishers in a lower snow environment) 
landscape hare densities have declined, and will continue to decline in northern Maine. 
Extended periods of lower hare numbers (as seems to be occurring now), would be expected to 
exacerbate these declines.  
  
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believeconclude that development pressures (residential 
and commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future.  
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The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); forresulting from new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development). Without Federal 
listing, few of these projects would consider lynx. Critical habitat has been an important 
consideration in the Federal review of the aforementioned kinds of development projects. 
Critical habitat also has had a positive influence on land conservation in northern Maine, with 
land trusts and nongovernmental organizations using the lynx and their critical habitat as 
justification for seeking funds for conservation easements. This justification for habitat protection 
would no longer be valid in a future scenario without lynx being Ffederally- listed. The Core 
Team concludes that a future scenario without Federal listing would result in increased habitat 
loss and fragmentation and would result in reduced justification for habitat protection initiatives 
in northern Maine.  
  
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believefind that several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believeconclude that, despite a closed hunting and trapping 
season, incidental take would continue and possibly increase and could become a significant 
threat to a population of lynx that will likely be significantly diminished by mid-century to late-
century.  

Comment [M44]: We don’t think there 
would be some incentive to preclude 
listing? 
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After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high- quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
sState regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believeconclude that climate change is a significant 
threat to lynx in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical 
to the existence of hare and lynx, and snow depth and duration are currently at or below the  
thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce- and fir isare being replaced by 
northern hardwoods because of climate change. Frequent forest cutting and disturbance, 
including a pending spruce budworm outbreak, could accelerate conversion to northern 
hardwoods. We acknowledge that the rate of spruce-fir decline is uncertain, but note that some 
of the science reviewed indicates the spruce-fir forest type could nearly disappear from Maine 
by late-century under both low and high emissions scenarios. Climate change models portend 
declining snow conditions from low- to high- emissions. Because increases in temperature are 
thus far tracking high emissions scenarios, we are less optimistic for snow conditions that favor 
lynx by mid-century to late-century. In the past decade, interest in development has increased in 
lynx critical habitat, especially proposals for large-scale residential and resort development and 
extensive wind energy development that could cover hundreds of square miles. We conclude 
that these threats, individually and cumulatively, indicate diminished populations of lynx and 
their habitat. We find that, Iif these threats are not abated, we believe that the probability of 
persistence will be lower than projected by experts by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century. 
   
5.2.2 Unit 2 - Northeastern Minnesota  
  
Expert Projections of Lynx Persistence  
  
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Ffigure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
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drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change.  
  
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised.  
  
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit).  
  
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38).  
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Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100).  

Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest ServiceUSFS 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can maintain, restore, or create lynx habitat, and the SNF 
has a long-term commitment to doing so. If the SNF continues to follow vegetation and wildland 
fire management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, Under a future scenario without Federal listing, we predict that the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
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during that time. The SNF consults with the FWS to consider the effects of any projects to lynx 
and its critical habitat and is anticipated to do so as long as the species is listed under the ESA.  
   
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest ServiceUSFS and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing.  
   
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests.  
   
The NPS manages Voyageurs National Park, which is also within the Minnesota unit.  
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific direction 
in its management plan (NPS 2002, entire). The National Park consults with the FWS to 
consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as long 
as the species is listed under the ESA. Lynx documented on and near Voyageurs National Park 
are probably transient animals (Moen et al. 2012, p. 348).  
   
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire) and are expected to continue into the future.  
   
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
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from trapping (ILBT 2013, p. 49). If the DPS waswere not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume.  
  
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future conservation 
of lynx because lynx distribution and habitat is likely to shift upward in elevation within its 
currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). Greatest 
stressors of climate change include diminishing snow depth, quality and duration; competition 
from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004,  
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario.  
   
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).   
   
Lynx require at least four4 months (120 days) of continuous snow coverage (Gonzalez et al. 
2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, and of 24 inches or greater ranged from 10 to 30 days (Kuehnast 
et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in 
the frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception 
of projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).   
   
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.)  
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http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht 
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 
al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-winter to-late winter by the 
end of the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).   
    
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next  
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the sState by 2095 (Moen 
and Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of only the small area in Cook County (the extreme 
northeastern corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than 
the majority of the area that is now considered lynx core habitat and would, therefore, support a 
much smaller number of resident lynx than likely occur in the unit now.   
  
Vegetation Management - Vegetation management activities similar to that conducted under 
current  
Forest Plans will likely continue into the future on Forest ServiceUSFS lands in Minnesota as 
long as the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood harvest, partial cut, and uneven-aged cutting; wildlife restoration projects that 
involve tree cutting, shearing, burning, seeding, and planting; prescribed burning for ecological 
purposes, hazardous fuel reduction, and site preparation; and mechanical site preparation. If the 
DPS is delistedUnder a future scenario without Federal listing, we predict that the species would 
be placed on the Forest’s Regional Forester Sensitive Species list for a minimum of five5 years, 
which gives it a higher priority than other species for monitoring and management during that 
time; however, it is unclear what the forest management would entail during or after that period 
of time.  
  
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
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Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended fForest pPlans, using LCAS as a basis. Future Forest Plan revisions will likely 
maintain broad direction to design and implement vegetation management projects to maintain 
or restore conditions for lynx foraging and denning habitat and to maintain or improve 
juxtaposition of required habitat types and connectivity.  
   
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially- thinned harvest, depending on unit size and remaining stand composition 
and structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan.  
  
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).   
  
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW.  
  
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three3 to five5 years, depending on the forest type and 
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number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.   
  
Fragmentation, Development, and Human Access - Throughout the SNF and northern  
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW.  
  
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management  
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.   
  
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
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hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.   
  
Conclusion  
  
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more pessimistic 
about the future of lynx in Minnesota than the lynx expert panel. The Core Team concluded, with 
slightly more certainty than the expert panel, that the lynx may be extirpated at the end of the 
century. The experts predicted the probability of persistence to decline to approximately 35 
percent by 2100 while the Core Team thought the probability of persistence would be lower at 
that time. The threat for which the lynx was listed, lack of specific conservation direction, 
associated regulations, and lynx forest management planning has not been addressed on 
private lands in Minnesota, except through voluntary guidance. There is some uncertainty about 
the future of forest management and future development on private forest lands in Minnesota 
and in adjacent lands in Ontario, although there are some basic voluntary management 
guidelines for private lands in Minnesota. Further, if the DPS is de-listedunder a future scenario 
without Federal listing, there is uncertainty whether the lynx direction on Forest lands would 
continue into the future. It is projected that habitat will diminish and recede northward over the 
mid-term to longer- term because of continued climate warming. Furthermore, hybridization and 
competition with bobcat may increase with diminishing snow conditions because of continued 
climate warming and there are uncertainties how insect outbreaks or disease may affect the 
species or its habitat.  
  
The Core Team believesfinds that the Minnesota lynx populations would be expected to decline 
more rapidly in a future scenario without Federal listing. The lynx is sState listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the sState statute, a person may not take, import, transport, 
or sell any portion of an endangered or threatened species. However, these acts may be 
allowed by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the sState. In Minnesota, the large proportion of lynx core area owned by the Forest 
ServiceUSFS provides a nexus for USFWSService review of ForestUSFS projects under 
section 7 of the Endangered Species ActESA (i.e., there is rarely fFederal funding spent on 
forestry and no fFederal permits required for forest management on private lands), which would 
be lost post de-listingnot occur under a future scenario without Federal listing. Because of their 
Federal listing, Canada lynx are recognized as a priority species for planning by fFederal, 
tTribal, sState, and private forest landowners. Voluntary guidelines that consider the Federal 
listing status may guide private landowners to at least consider measures to help conserve 
listed species in the future. Without Federal listing driving voluntary conservation guidelines, 
however, there would be little or no motivation for private forest landowners to intentionally 
engage in forest management to benefit lynx. With current Federal listing, there is a nexus for 
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the USFWSService to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); forresulting from new highways, transmission lines, 
large-scale energy development, mining, and residential and commercial development). Without 
Federal listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.   
  
Lynx would be at greater risk without Endangered Species ActESA section 9 prohibitions 
against take. In a future scenario without Federal listing, Minnesota’s incidental take planning 
effort for trapping may be further delayed or halted and may result in the diminishment of 
protective measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 
lynx have been reported to be incidentally trapped in Minnesota since listing, resulting in at least 
6 mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without fFederal 
protection. High-profile law Federal law enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota, and trapping would be expected to occur there, thatwhich may lead to 
greater incidental take of lynx. Without fFederal listing, shooting lynx may increase. We 
believefind that despite a closed hunting and trapping season, incidental take would continue 
and possibly increase and could become a significant threat to a population of lynx that will likely 
be significantly diminished by mid-century to late-century.  
  
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by private 
forest landowners to management plans to ameliorate this stressor. After reviewing the best 
available scientific information, we believeconclude that climate change is a significant threat to 
lynx in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy 
snow is critical to the existence of hare and lynx, and snow depth and duration are currently at 
or below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
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decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high 
emissions. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid-century to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believefind that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts.  
  

5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho  
  
Expert Projections of Lynx Persistence  
  
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity.  
   
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95% percent, mid-century 
persistence at 70% percent to 100% percent (median = 90% percent), and end-of-century 
persistence probabilities >= 50% percent (median = 78% percent) (Ffigure 10, below).  
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Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100).  
  
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit.  
   
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
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demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at the 
southern end of this unit may have recently become extirpated.  
   
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires.  
   
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - Federal, Sstate, and Ttribal regulations and land management 
direction could change in the future, but such changes and their potential impacts on lynx 
populations and habitats are difficult to predict. Because most (84 percent) of this geographic 
unit consists of Federal lands, the regulations and guidance that govern management of those 
lands have  
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
ServiceUSFS, Park ServiceNPS, and BLM management plans are revised or amended, they 
require opportunities for public participation in accordance with several statutes (e.g., the 
National Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National 
Parks and Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 
pp. 26-34, also see 3.1, above). If plan amendments or revisions may affect listed species, 
management agencies must consult with the Service in accordance with section 7 of the ESA. If 
in the future the lynx DPS is determined by the Service to be recovered and the protections of 
the ESA no longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered 
and Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the 
States, to monitor the DPS for a minimum of five years to assess its ability to sustain itself 
without the ESA's protective measures. If, within the designated monitoring period, threats to the 
DPS change or unforeseen events affect its stability, then the DPS may be relisted or the 
monitoring period extended. Given these requirements, we expect that future Federal 
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management direction will continue to include regulations and guidance protective of lynx, 
although specific measures may change as new information becomes available.  
   
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with  
nondevelopmental land- use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act.  
  
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the  
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future.  
   
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Ttribal lands.  
   
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future.  
   
If the DPS waswere not listed, it is possible that State-managed trapping could resume in this 
and perhaps other geographic units. We expect that would only occur only if scientific evidence 
were to strongly suggested the presence of a harvestable surplus of lynx and that harvest 
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quotas would be carefully managed to ensure that the viability of resident lynx populations 
would not be diminished or that potential recovery objectives werewould not otherwise be 
compromised.  
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15).  
   
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90- to 95 percent from 1961- to 1990 to 50 percent across much of the unit by the 
end of this century (years 2071-2100), although some parts of this unit are projected to retain 
adequate snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will 
likely be a lag time between the loss of favorable snow conditions and an eventual shift/ 
contraction in vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), 
but continued warming is projected to convert much of the boreal forest in this unit to temperate 
conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and 
hare populations to persist during this lag and to adjust to future habitat distributions is 
uncertain, but habitat quality, quantity, distribution, and connectivity are expected to decline, 
likely compromising this unit’s continued ability to support resident lynx populations.   
   
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily- distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit.  
   
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
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are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below).  
   
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.   
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc.,and other silvicultural 
practices and by encouraging the use of these activities to restore, improve, or create high- 
quality hare and lynx foraging habitats where feasible.   
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future.  
   
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily- distributed 
and landscape-level hare densities are already marginal in many parts of this unit, it is possible 
that very large wildfires or many wildfires over a short time period could tip some parts of this 
unit from just barely capable of supporting resident lynx to incapable of doing so in the future. 
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Although fire suppression was considered a potential risk factor for lynx in the DPS range, given 
the trends discussed above and the likely continued increase in future fire activity resulting from 
continued climate warming and drying, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
resident populations, especially in places already apparently only marginally capable of 
supporting them.   
  
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, hasve been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation.  
   
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx.  
   
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected.  
   
Although the extent to which this factor may influence lynx populations in this unit is unknown,  
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 
19992007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident 
lynx population that needs but is not receiving adequate immigration. If this growth rate was 
applied continuously to a hypothetical resident population of 250 lynx (the midpoint of the range 
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in the number of resident lynx this geographic may support based on expert opinion [Lynx SSA 
Team 2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, as noted above, the lynx population in the Purcell Mountains in the northwestern part 
of this unit was estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 
2016, p. 20) over the last four4 years of the period for which the Seeley Lake population was 
estimated to be declining. In the absence of information on historical, recent, and likely future 
rates of immigration and its contribution to the persistence of lynx populations in this geographic 
unit, impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time.  
  
Conclusion  
  
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, perhaps 
in concert with other factors (e.g., decrease in or complete loss of immigration from Canada), 
result in the functional extirpation of resident lynx from this unit before the end of the century.  
  

5.2.4 Unit 4 - North-central Washington  
  
Expert Projections of Lynx Persistence  
  
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Ffigure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% 
percent to 90% percent (median = 80% percent), and mid-century persistence at 30% percent to 
80% percent (median = 70% percent). All experts predicted end-of-century persistence 
probabilities less than 50% percent, with a (median of= 38% percent,) by 2100 (Ffigure 11). 
However, one expert predicted an increase in persistence probability by midcentury as habitats 
impacted by recent large-scale fires regenerate into optimal hare-lynx habitat.  
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100).  
  
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently- unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
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Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State- managed lands within Washington State.  
  
Further, should lynx be delistedunder a future scenario without Federal listing, the management 
for and status of lynx in this geographic unit should be largely secure (insofar as we can affect 
their status [i.e., notwithstanding effects of climate change)]) as greater than 90 percent of lynx 
habitat in this unit consists of Federal ownership on the OWNF and CNF. We expect that both 
the OWNF and CNF will be required to manage for lynx and their habitat into the future because 
both forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised. However, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to the OWNF and/or 
CNF LRMPs through the National Environmental Policy ActNEPA process. Therefore, we 
expect that both the OWNF and CNF will continue managing for lynx and their habitat into the 
future regardless of their listing status.  
  
Climate Warming - The one risk factor identified by the LCAS whichthat the Forest 
ServiceUSFS, or the WADNR for that matter, has little ability to control or influence is climate 
change. Climate change was identified by the panel of lynx experts convened during 
development of the Canada Lynx Expert Elicitation Workshop Report to potentially represent the 
greatest threat to the long-term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of 
the published literature on this subject leads the Core Team to conclude that climate change 
does indeed pose the greatest risk to the long-term persistence of lynx, including within this 
geographic unit.  
   
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
wildfires in the western U.S. from 1970-2004 and found that large- wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
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longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that fire 
exclusion had little impact on natural fire regimes. Rather, climate appeared to be the primary 
driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) estimated adult 
lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high- quality lynx habitat in 
the Meadows area of north central Washington (at least relative to other lynx habitat in 
Washington). Much of the lynx habitat in the Meadows was impacted by the recent large, stand 
replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in the northern 
Cascades. Thus, the lynx densities Koehler observed in his study area may not be currently 
supported, because as habitat becomes more fragmented and isolated (i.e., marginal), the 
carrying capacity for a particular species declines.  
   
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 
elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 
Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit.  
  
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 
comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448).  
   
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. Mote 
(2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using data 
collected by weather stations from 1930 to 1995, determined that the temperature increased in 
the Pacific Northwest, and more precipitation fell in the spring and summer months, especially at 
elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined that an 
increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 percent 
decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) determined that 
the Cascades are very sensitive to temperature changes, with large increases in temperature 
potentially resulting in significant declines in snowpack. Corroborating Mote’s speculation, 
Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has declined by up to 
40 percent in the latter half of the twentieth century, which resulted from increased 
temperatures. Furthermore, predicted continued increasing temperature changes of 2° C to 5° C 
over the next century are expected to cause further and accelerated losses in snowpack in the 
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Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the Cascades through 
2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner 
et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx densities 
supported in the Cascades. Finally, some of the best lynx habitat in this geographic unit occurs 
on plateaus that may be more vulnerable to impacts of climate change because of the absence 
of higher elevation areas to which habitats and lynx could migrate in response to climate 
warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of lynx 
habitat to large wildfires, coupled with increasing wildfire risk, the potential for the Cascades to 
support a viable lynx population may be further reduced because of projected climate-mediated 
decreases in snow quantity and quality.  
   
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis.  
  
Conclusion  

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely to 
increase the population’s vulnerability to stochastic environmental and demographic events. 
Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit.  
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5.2.5 Unit 5 - Greater Yellowstone Area  
  
Expert Projections of Lynx Persistence  
   
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% percent to 70% percent (median = 52% percent), and mid-century persistence at 15% 
percent to 60% percent (median = 35% percent). All experts predicted end-of-century 
persistence probabilities less than 50% percent for this unit, with a median of 15% percent, by 
2100 (Ffigure 12). This was the only unit for which most experts believed the present probability 
of persistence is low (i.e., that it is uncertain whether this area currently supports a resident lynx 
population). Some experts increased probability of persistence into mid-century as the 1980s-
era fires regenerate into hare/lynx habitat, and with the possibility of continued immigration of 
lynx from Colorado. Other experts project a 10%-percent to 20%-percent probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area.  
  

  
Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100).  
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Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA.  
  
Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, Sstate, and Ttribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also, as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be relisted 
or the monitoring period extended. Given these requirements, we expect that future Federal 
management direction will continue to include regulations and guidance protective of lynx, 
although specific measures may change as new information becomes available.  
   
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with  
nondevelopmental land- use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act.  
  
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
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affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future.  
   
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believeconclude it is unlikely that regulatory mechanisms 
on those lands will influence this unit’s future ability to support resident lynx.  
   
If the DPS waswere not listed, State-managed trapping could resume in this geographic unit. 
We expect thatis would occur only if scientific evidence were to strongly suggested the presence 
of a harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure 
that the viability of resident lynx populations would not be diminished or that potential recovery 
objectives werewould not otherwise be compromised.  
   
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15).  
   
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
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lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.   
   
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily- distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit.  
   
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below).  
   
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future.  
   
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc.and other sylvicultural practices, and and by 
encouraging the use of these activities to restore, improve, or create high- quality hare and lynx 
foraging habitats where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future.  
   
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily- distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them.  
   
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation.  
   
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
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potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx.  
   
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time.  
  
Conclusion  
  
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short term 
(through 2025), but that it is very unlikely to support a persistent resident population over that 
time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century.  
  
5.2.6 Unit 6 - Western Colorado  
  
Expert Projections of Lynx Persistence  
   
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Ffigure 13).  
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100.  
  
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily 
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 
exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area.  
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Service Evaluation of Factors Potentially Influencing Future Conditions  
  
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern  
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest 
ServiceUSFS land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other 
ownerships makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five5 
percent is in other Federal ownership. Other non-Federal ownerships include state, county, 
municipal, etc.other governmental, and private lands. Some BLM resource management plans 
have not been amended to include conservation specifically for lynx. Lynx habitat on BLM 
ownership mostly consists of narrow forest extensions connected to larger blocks of habitat on 
adjacent USFS lands. Generally, these extensions are insufficient on their own to support a lynx 
home range. However, the Gunnison Field Office is the only BLM unit that contains sufficient 
habitat to map and identify LAUs.  
  
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207].  
   
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 
warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow  
would continue to be retained late in the 21st century, including the high elevations of Colorado.”  
  
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by 
midcentury relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61]  
  
An analysis of projected 21st century temperature trends as a function of elevation in the  
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern whether 
the warming projected for the higher elevation regions (>10,000’) in the state is substantially 
different from that projected for lower elevations” (Lukas et al. 2014, p. 63).  

Comment [M61]: This discussion 
doesn’t address most of the things in the 
other unit sections.   And this one doesn’t 
speak at all to what we expect in the 
future and why. 



 

206  
  

  
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65).  
  
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest ServiceFS plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century.  
  
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century.  
  
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky  
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large 
standreplacing fires within lynx habitat may produce young age class snowshoe hare habitat 
after approximately 10-30 years. Although this vegetative condition may provide some high- 
quality snowshoe hare habitat, mature forests are also very important as winter foraging 
habitat.” (USFS 2008, p. 36)  
  
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed, high-
volume highways,; high mountain valley developments,; vegetation management,; ski/recreation 
area development,; and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reducesing lynx habitat. The magnitude of 
fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado.  
  
Conclusion  
  
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historical 
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record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
hadve no data). Despite these uncertainties, we anticipate lynx populations to persist through 
the end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.   
  
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believefind that, as long as the current regulatory mechanisms provided by the 
State of Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains 
in place, lynx are likely protected from take, and their habitat requirements are likely met in a 
significant majority of the available habitat within the sState. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.   
  
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 
fully exploit habitats year- round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future.  

Chapter 6:  Synthesis  
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats.  
  
Needs  
  
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 
temperate conifer and hardwood forests, and where snow conditions and hare abundance 
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generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 
range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less abundant 
and more patchily distributed than in the core of the range. Maintaining connectivity between 
lynx populations in Canada and the DPS is thought to be important; however, whether and if so 
to what extent the demographic and/or genetic health of DPS populations relies on periodic 
immigration from Canadian populations remains uncertain.   
     
Current Conditions and Threats  
  
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx.  
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) continue 
to support resident lynx, thought to number 200-300, although a small subpopulation in the 
Garnet Mountains on the southern periphery of this unit may have been extirpated recently. In 
North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events.  
  
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
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recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions.  
      
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S.  
   
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In Nnorth-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 
to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern  
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain.  
  
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below).  
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Future Conditions and Threats  
  
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS.  
  
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events.  
  
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely.  
  
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently-
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observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, the current and likely future absence of 
significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS.  
  
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate.  
     
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit.  
  
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 



 

212  
  

and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat.  
  
DPS Viability  
  
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 
50- percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid-
century to late-century concerning the timing and extent of various stressors that will affect lynx 
and hare habitat and snow regimes, especially those related to climate change. However, 
review of the best available science in concert with input from lynx experts suggests that the 
probability of the persistence of resident breeding populations will decline in all geographic units, 
with the negative DPS-wide trajectory continuing to the end of the century, and (with no 
evidence to the contrary) beyond that time frame.  
  
Our evaluation generally concurs with the expert input we received. We believeconclude that 
lynx populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through 
midcentury in most of the five geographic units that currently support them. However, we 
believeconclude it is very unlikely that resident lynx populations will persist through the end of 
this century in all of the geographic units that currently support them. That is, we 
believeconclude that resiliency will be substantially diminished because of reduced population 
sizes and distributions throughout the DPS, with resulting extirpation of resident populations 
from two to three (of five) units more likely than not by the end of the century.   
   
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
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reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century.  
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Update on Canada Lynx 
Species Status Assessment

April 13, 2016



 What are we doing and why?
 Completing an SSA to inform recovery planning 

Court-ordered deadline to finalize a lynx recovery 
plan by January 2018

Unless we determine one is not needed (i.e., the 
DPS is recovered)

 Prior to moving forward with recovery planning
 SSA provides analysis necessary to re-evaluate the 

status of the DPS
 Documented through a five year review

Objectives



Key Points

 December 2014 - announced initiation of five-year 
status review

 April 2015 – determined need to complete SSA
 Information in the SSA will be used by FWS 

decision makers to inform:
 Classification decisions 
 Recovery planning direction
 Other determinations required by the ESA 



Lynx Basics
 Boreal forest species dependent on snowshoe hares 

and favorable snow conditions

 At southern periphery of ranges in contiguous US –
populations and trends unknown

 Habitat becomes patchy; hare densities and snow 
conditions become suboptimal/marginal for 
supporting lynx populations

 Historical cyclic “irruptions” of lynx from Canada 
into northern U.S. when hares in Canada declined 
(currently with climate change?)





Figure 1.  Six geographic units within the range of  the contiguous U.S. distinct 
population segment of  Canada lynx (Lynx canadensis) that currently support or 
recently supported (GYA) resident lynx populations.



Potential Findings

DPS remains T

DPS warrants 
Delisting

Final Recovery Plan
due 1/15/2018

Future Uplisting/ 
Delisting Rule

Formal Memo 
Exempting DPS 
from Recovery 

Planning

DPS warrants E



 Through the SSA process we are:
 Assessing the current status, threats, and future 

viability of the lynx DPS 
 Compiling and summarizing the best available 

scientific and commercial data, including empirical 
data, published literature, and expert input

 How is SSA different from traditional recovery 
planning? – No 5-factor analysis. Status assessed 
by how threats affect resiliency, redundancy, 
representation; modeling to best evaluate 
potential future conditions, threats and viability

Key Points







Conceptual models







IPS Tables – Individual Population Species Needs



Expert Elicitation Workshop

 October 2015 – Lynx SSA Team (FWS & USGS) 
convened a workshop with lynx experts to address 
current and likely future status of lynx populations 
in the DPS
 Expert panel included state and federal biologists and 

academic researchers across the range of the DPS and 
southern Canada 

 The resultant workshop report is one component of 
the SSA 



 Developed criteria; 19 candidates were identified 
and contacted to determine availability

 Lynx Expert Panel – 10 members representing 
expertise across DPS and southern Canada

 Information from other experts on lynx 
management, genetics, snowshoe hares, boreal 
forest ecology, and climate modeling 

 Information elicited from expert panel addressed 
viability of the DPS based on the 3Rs: 
Representation, Redundancy, Resiliency and 
considering climate science related to lynx

Expert Elicitation Workshop



 Responses:  Representation
 Few threats to the genetic fitness or adaptive 

capacity of lynx in the DPS
High gene flow; no major barriers to dispersal

 Adaptability and evolutionary capacity of the 
DPS does not appear to have been diminished 
and is unlikely to become so, independent of 
threats that may impact the redundancy and 
persistence of lynx populations

Expert Elicitation Workshop



 Responses:  Redundancy
 DPS as a whole is not vulnerable to extirpation 

from a single catastrophic event
No catastrophic event that could result in the 

functional extirpation of the entire DPS

 No or a very low likelihood of functional 
extirpation of any of the individual geographic 
units due to a single catastrophic event

Expert Elicitation Workshop





 Responses:  Resiliency
 All 5 occupied units have >70% expectation of 

supporting resident lynx populations by year 2050

 Declining likelihood and greater uncertainty by 2100

 Responses suggest overarching threat to long-term 
persistence of DPS is climate change
 Loss of snow conditions favorable for lynx
 Subsequent (lagged) loss of boreal forest habitats
 Timing and magnitude of such losses are uncertain

Expert Elicitation Workshop



 Overall message of the expert workshop report
Expert Elicitation Workshop





Workshop notes             core team            experts             project leader              experts

ARDs               RDs



 What happens next with workshop report?
 Brief FWS R6 Regional Director (Walsh) April 11
 Post on internet and share with partners by mid-April

 Continuing work on the SSA
 SSA Team convened in Denver early March
 Writing the SSA and compiling /assessing/ 

summarizing new information

Next Steps



Revised Timeline

 Workshop Report FINAL, MID-APRIL 2016
 SSA “light”      DRAFT, APRIL 15, 2016

 Internal Review Complete ~APRIL 29, 2016
 Peer & State Review Complete ~MAY 15, 2016
 Final Report Complete ~MAY 30, 2016

 Five-year Review
 Draft ~MAY 5, 2016
 Final ~MAY 30, 2016

 Complete final SSA ??????????
 Draft Recovery Plan (if necessary) JANUARY 2017??
 Final Recovery Plan (If necessary) JANUARY 2018



Concerns and observations

• SSA methodology still evolving; reliant on 
USGS/USFWS coaches

• Applicability of  many SSA exercises still unclear to 
Core Team

• SSA too reliant on expert opinion; too little on peer-
reviewed literature?

• Challenge: to simply and quickly explain to decision 
makers how threats influence complex biological 
relationships and the nature and importance of  
uncertainty?

• How to address political influences in background of  
SSA process?

• Difficult writing by committee.  Short timeframes. 



Questions?



From: McCollough, Mark
To: Anna Harris
Subject: Marty"s comments on the lynx SSA
Date: Friday, February 10, 2017 3:28:04 PM
Attachments: 2016 04 12 R5 SSA workshop.ppt

2017 01 06 DRAFT Lynx SSA Report_MJM-MP commments (2).pdf

Anna: thanks for being on the lynx call today and being there to "debrief" from the briefing.
 here are Marty's comments on the SSA and the lynx expert workshop report that Paul asked
for.

I will assemble the information that Paul asked for on Monday and make sure I copy you.

thanks,   Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:anna_harris@fws.gov
mailto:mark_mccollough@fws.gov
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INTRODUCTION AND OBJECTIVE 

Canada lynx (Lynx canadensis) is a species native to boreal forests of north-central and north-eastern 

Washington State. Once found in large numbers, particularly in the northern portion of the state, populations 

have declined due to habitat loss and hunting (Lewis 2016). The Canada lynx was listed as a Washington State 

threatened species in 1993, resulting in development of a recovery plan in 2001 (Stinson 2001). Lynx were listed 

as a Threatened species under the Federal Endangered Species Act in April 2000. Key threats identified in the 

Washington recovery plan included: forest management, fire and fire suppression, insect epidemics, and 

management of lynx harvest and habitats in southern British Columbia. Fifteen years later, these threats are still 

identified as important issues while recent research suggests climate change is likely to impact lynx, potentially 

exacerbating habitat loss through increased wildfire, leading to even smaller and more isolated populations in 

the future with decreased habitat suitability and genetic diversity (Hoving et al. 2005, Gonzalez et al. 2007, Yan 

et al. 2013).  

Historically lynx were believed to occupy six Lynx Management Zones (LMZ), but Washington’s lynx 

population is now largely restricted to the Okanogan LMZ (Fig. 1) (Lewis 2016), which falls under multiple 

land-management jurisdictions, including the Okanogan-Wenatchee National Forest, North Cascades National 

Park, Mount Baker-Snoqualmie National Forest, and Washington Department of Natural Resources. Occasional 

detections of lynx in the Kettle LMZ suggest lynx are present but likely not part of a resident population (Lewis 

2016). The Kettle LMZ is predominantly managed by the Colville National Forest and the Confederated Colville 

Tribes. 

Over the past 35 years understanding of lynx habitat use and population ecology, and methods to estimate the 

potential carrying capacity of wildlife populations within ecosystems have advanced tremendously. Our goal 

was to synthesize these advances and integrate spatial habitat data and demographic parameter estimates using 

a spatially explicit, individual-based population modeling approach. We used this model to address two 

questions: 1) What is the potential carrying capacity for Canada lynx in the Okanogan and Kettle LMZs, and 2) 

How have changes in habitat influenced carrying capacity over time within those LMZs?  

Figure 1.  Lynx management zones (LMZs) in Washington indicate the general areas historically occupied by lynx in 

northcentral and northeastern Washington (WDNR 2006). 
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ANALYSIS AREA 

Our analysis area included the portion of the Okanogan LMZ north of Lake Chelan and the entire Kettle LMZ. 

The Okanogan LMZ is approximately 9,200 km2 (3,552 mi2) and the Kettle LMZ is approximately 3,300 km2 

(1,274 mi2) (Fig 2). Both LMZs include a range of land uses from designated wilderness to multiple use resource 

lands to heavily populated urban areas.  

The Okanogan LMZ varies from extensive lush subalpine forests and alpine meadows along the central spine of 

the North Cascades Mountains, transitioning rapidly to dry forests and dry, lowland valleys on the eastern portion 

of the ecosystem. Elevation ranges from 242 m in the eastern valleys, to peaks reaching 2755 m. Road densities 

vary across the landscape with a large expanse of predominantly roadless area in the western and northwestern 

portion of the LMZ. Similarly, the Kettle LMZ varies from subalpine forests and alpine meadows along the 

central spine of the Kettle Range, then transitions rapidly to dry forests and dry, lowland valleys along all edges 

of the LMZ. Elevation ranges from 390 m around the edges of the LMZ, to peaks exceeding 2,100 m along the 

center of the LMZ. Road densities vary across the landscape with minimal expanses of roadless areas.  

Both LMZs share a northern border with British Columbia. The LMZs are divided into Lynx Analysis Units 

(LAUs) to identify assessment units for monitoring and evaluation of cumulative effects (Gaines et al. 2003, 

ILBT 2013). These analysis units approximate a female lynx home range and are large enough to allow the 

assessment of seasonal habitats and the cumulative effects of human activities on these habitats. There are 50 

LAUs in the Okanogan LMZ and 14 LAUs in the Kettle LMZ (Fig 2).  

Both LMZs are also located in fire-prone landscapes with varying fire return intervals and risk for large fires 

(Hessburg et al. 2005, Perry et al. 2011). Over the past 15 years both of these areas have experienced an increase 

in substantial wildfire activity. Wildfires have impacted over 2000 km2 within the Okanogan LMZ study area 

and 360km2on the Kettle LMZ.  

 

METHODS 

To estimate carrying capacity we developed a suite of spatially-explicit, individual-based population models 

using HexSim software (version 4.0.3.0, Schumaker 2016) that integrated information on habitat selection, and 

population dynamics and changes in resource availability. HexSim software provides a framework for 

implementing population simulation models that has been used to investigate potential population outcomes 

based on empirical information regarding habitat associations and demographic rates (Heinrichs et al. 2010, 

Spencer et al. 2011, Huber at al. 2014). We developed Canada lynx population models that provided the 

appropriate information and flexibility to address two key questions: 1) What is the potential carrying capacity 

for lynx in the Okanogan and Kettle LMZs? and 2) How have wildfire and habitat changes influenced carrying 

capacity?  

Application of HexSim required information on resource selection, home range size, dispersal, survival, and 

fecundity. We used data primarily from the Okanogan LMZ and expert knowledge from biologists familiar with 

lynx in Washington to populate these parameters. When site-specific data were unavailable we used information 

from the literature, primarily from ecosystems that resembled the southern periphery nature of the Okanogan 

and Kettle LMZs. We then extrapolated this model to the Kettle LMZ.  
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Figure 2. Okanogan and Kettle Lynx Management Zones, Lynx Analysis Units and wildfire activity from 2000 through 

2015 within Washington State, US. 

 

Development of Resource Layers – Lynx Habitat Modeling 

HexSim requires that each hexagon within the model be assigned a habitat resource value based on the quality 

of habitat within the hexagon. To estimate carrying capacity for the two different LMZs at two time periods, we 

built several different resource layers based on available spatial data. This resulted in resource layers that 

represented:  

1) OLMZ 2013 post-fire 

2) OLMZ 2000 pre-fire 

3) KLMZ 2015 post-fire  

4) KLMZ 2000 pre-fire 

To include spatial data that could show changes on the landscape we included canopy cover, forest structure and 

greenness in our model selection process. We anticipated that these variables would change between the pre and 
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post-fire conditions in response to the effect of not only wildfire but also effects of harvest, insect and disease, 

and succession.  

The initial resource values and habitat quality classifications were calculated using a resource selection function 

(RSF) (Manley et al. 2002, Proctor et al. 2015). We used GPS data from radio-collared lynx within the Okanogan 

LMZ to assess habitat selection at the scale of the Lynx Management Zone for both female and male lynx to 

develop a general annual model for the region. Developing an RSF model for the Okanogan LMZ based on 

telemetry data provided a model of “current” habitat selection. We acquired GPS data from Washington 

Department of Fish and Wildlife (WDFW) for 16 lynx over the time period: February 2008 through June 2013. 

We selected a random sample of 80% of available lynx locations for model development and withheld the 

remaining 20% for model evaluation.   

We estimated a 100% minimum convex polygon range of all of the lynx telemetry locations to delineate our 

study area for model development. We only used locations within the United States, due to spatial data layer 

constraints. We used GPS radio-collar locations and an equal number of random locations from within the 100% 

MCP home range of all lynx to develop the RSF. We estimated model parameters with mixed effects logistic 

regression with individual lynx as a random effect (n=14) and applied a square root transformation to transform 

and normalize the positive skewing of exponential RSF values using R software (version 3.2.2, R Development 

Core Team, Vienna, Austria) and ArcGIS (version 10.4, ESRI, Inc.). Only three of the collared lynx were female 

so we pooled male and female lynx telemetry data to provide a more robust analysis of lynx habitat selection. 

We acknowledge that male selection may differ from females but the pooled information likely provides an 

adequate general picture of habitat selection. We tested all covariates for pairwise correlations (Spearman) and 

when correlations were found (r>= 0.7) we did not use those pairings in the same model. All continuous variables 

were standardized to examine relative influence on RSFs. 

We developed a set of 30 a priori models and used Akaike’s Information Criterion (AIC, Burnham and Anderson 

2002) to select the model that best fit the structure of our data. We calculated a bootstrapped (n=100) mean and 

confidence interval for resultant coefficient estimates. Although we recognize that this set of models may be 

conservative, our objective was to provide a descriptive and biologically meaningful multivariate model of lynx 

resource selection that could be generalized to the population and provide the foundation for subsequent 

population carrying capacity modeling.  

We examined selection ratios (use/availability) for individual lynx between the model evaluation dataset and 

model development dataset to assess how well the RSF predicted use. We mapped the resource selection function 

across the Okanogan LMZ and initially classified the transformed RSF values into 10 equal interval bins where 

habitat use equaled the proportion of withheld GPS locations within each bin (relative to total locations) and 

availability equaled the proportion of area within each bin (relative to total area). Selection ratios also determined 

the subsequent break points for final resource layer classes.  

To develop the initial resource map and to classify habitat for HexSim we classified the RSF scores into three 

categories based on habitat selection where 1 = habitat selected less than available (low quality habitat); 2 = 

selection approximately equal to availability (moderate quality habitat); and 3 = habitat selection greater than 

available (high quality habitat). We removed non-habitat types of ice, rock, and water bodies larger than 10km2. 

This initial resource map functioned as our post-fire scenario. We also mapped RSF values with the pre-fire data 

layers to create the “pre-fire” scenario resource map.  

Data Layers 

Occupancy, reproduction and habitat selection have been documented during several studies that occurred during 

the 1980-2012 time period in the Okanogan LMZ (Brittell et al. 1989, Koehler 1990, McKelvey et al. 2000, von 

Keinast 2003, Maletzke 2004, Koehler et al. 2008, Vanbianchi 2015). These studies and work in other 
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ecosystems (Squires et al. 2010, Squires et al. 2013) provided a group of variables we used in our suite of models 

to describe habitat. Our final set of variables included those that provided a direct measurement (i.e. canopy 

cover) as well as those that could be considered as an index or surrogate (i.e. greenness and solar radiation). Our 

static terrain variables included slope, elevation, aspect, surface ruggedness, topographic wetness index and solar 

radiation derived with a Digital Elevation Model (smoothed to remove banding. See Copeland et al. 2007) in 

ARCGIS. We linearized aspect (McKelvey et al. 2000) to provide values that ranged from 0 on the coldest, 

wettest slopes (due northeast) to 180 on the warmest, driest slopes (due southwest).  

We also considered dynamic variables that could potentially capture changes in habitat over time, such as 

increases due to succession, or decreases due to disturbances such as wildfire, insects and disease or harvest. 

Our dynamic variables included greenness, vegetative cover type (forest structure type) and canopy cover. 

Greenness is an index of leafy green productivity calculated with a tasseled cap transformation (Baig et al. 2014). 

We derived greenness from Landsat 8 imagery during the summer of 2000 and 2013. These two time periods 

provided the most recent comparable imagery of good quality for the Okanogan and Kettle LMZs that coincided 

with vegetative data for the post-fire time period as well as a comparable pre-fire snapshot. Vegetative 

classification was based on GNN data from 2000 and 2012 (Ohmann et al. 2011). We reclassified the original 

GNN forest type into four categories: mesic-forest (i.e. Engelmann spruce, lodgepole, ABLA dominated), dry 

forest (i.e. PSME & PIPO dominated), Other forest and Non-forest (i.e. agricultural lands, remnant forest with 

<10% canopy, grasslands, wet and mesic shrublands and shrub-steppe) (Table 1). Canopy cover data was 

obtained from the GNN dataset. We included quadratic forms for canopy cover and elevation in some models. 

For the sake of simplicity the resource maps developed for the post-fire analysis are referred to as “2013 post-

fire”.  

Table 1. Variables used in resource selection function development. 

Category Variable Units 

Vegetation Canopy Cover continuous 

 Dry Forest categorical 

 Mesic Forest categorical 

 Other forest categorical 

 Non-forest categorical 

Ecological Greenness continuous 

 Solar radiation kj/m2 

 Elevation meters 

 Slope degrees 

 Aspect continuous 

 Surface Roughness ratio 

 

Wildfire and other changes to habitat 

By using Landsat and GNN data from 2000 as compared to 2013 we hoped to capture changes in vegetation due 

to fires over a 13 year period. This would capture effects from approximately 2000 km2 of wildfire on the OLMZ. 

Most of the wildfire activity on the OLMZ after 2013 occurred outside of lynx habitat and burn intensity data 

was unavailable at the time of this assessment so was not included here (Fig. 5). 

 In contrast, substantial fire activity within lynx habitat on the Kettle LMZ occurred in 2015. As such we adjusted 

the 2013 resource layer for the Kettle to account for those changes (see below under Kettle LMZ Resource Layer 

development). Wildfire impacted approximately 360 km2 on the Kettle LMZ from 2000 through 2015. We 

attempted to use the best available data consistently across the LMZs to describe the current habitat condition 

but did not want to disregard the significant recent fire activity on the KLMZ.  
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Carrying Capacity Model – HexSim Input 

HexSim is an individual-based population modeling framework that represents population function based on a 

series of annual life history events. The Canada lynx model incorporated survival, reproduction, movement, 

resource acquisition, home range establishment and a population census, all of which are influenced by habitat 

conditions. We used a female-only, single-sex model structure because: 1) lynx are polygynous, 2) reproductive 

output is limited by the number of females of reproductive age, 3) female survival influences population trend 

more than male survival (Aubry et al. 2000, Anderson and Lovallo 2003) and 4) to reduce the complexity of the 

model. Model parameters were based on local empirical information, estimates from the literature or professional 

opinion depending on availability of information. 

 

Figure 3. HexSim flowchart – HexSim is an individual-based population modeling framework that represents population 

function based on a series of annual life history events. Events in the lynx model included: 1) Survival, 2) Reproduction, 3) 

Movement, 4) Resource Acquisition / Home Range Establishment, and 5) Population Census. The process repeats as 

individuals age by a year.   

 

Habitat Resources 

HexSim uses a hexagonal grid to represent habitat conditions that influence individual movement, survival, and 

reproduction. The Okanogan and Kettle landscapes were represented as a grid of 16.2 ha (500m diameter) 

hexagons. We chose this hexagon size because it captured relatively fine-scale landscape patterns that we expect 

would influence lynx habitat selection without becoming computationally limiting. Each hexagon was assigned 

a resource score based on underlying habitat values. We calculated a focal sum of Habitat Classes 1 (poor 

quality) through 3 (high quality) at a 250m radius across the study area. We attributed hexagons with the focal 

sum value at the center of the hexagon. Simulated individuals were assigned to a resource quality class based on 

the total resource scores of all hexagons within their home ranges (see Resource Acquisition / Home Range 

section below).   

Survival 

Survival rates of females were incorporated into the model relative to age class and resource quality. Modeled 

individuals were assigned to four age classes: kitten (<1 year), yearling (age 1 year), sub-adult (age 2 years) and 

adult (age >2 years). Survival values for each age class were estimated based on data available from other lynx 

populations. Although there were extensive data available in the literature relative to survival estimates for the 

four age classes, (kitten, yearling, subadult and adult), no quantifiable information on the relationship between 
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survivorship and habitat quality was available. As such we estimated female survival for kittens, yearlings, 

subadults, and adults in low, moderate and high quality habitat based on general published values. We 

determined the values for each life stage in the high habitat quality class as the highest values from our literature 

review less 5%, in the moderate habitat quality class as the mean value from the literature, and in the low habitat 

quality class as 25% less than the lowest value in the literature (Table 2). The resource quality class refers to 

lynx whose home range meets the home range requirements as defined in HexSim. A home range in the high 

resource quality class had a minimum of 60% of the home range in the high quality category. A home range in 

the Moderate resource quality class had 40 to 59% of the home range in the high quality category. Home ranges 

that did not meet the high or moderate classes defaulted to the low resource quality class.  

 

Table 2. Annual female lynx survival values for all combinations of age classes and resource quality classes used in 

population model. Values were determined for each life stage in the high habitat quality class as the highest value from our 

literature review less 5%, in the moderate habitat quality class as the mean value from the literature, and in the low habitat 

quality class as 25% less than the lowest value in the literature.  

   Resource Quality Class 

Age Class Low  Moderate High 

Kitten 0.09 0.45 0.74 

Yearlings* 0.39 0.60 0.65 

Sub-adult 0.39 0.60 0.65 

Adult 0.56 0.85 0.88 
*data specific to yearlings was unavailable in the literature so were set equal to sub-adults. 

 

Reproduction 

Like many aspects of lynx population dynamics, lynx reproduction is closely tied to hare populations and will 

fluctuate according to hare density (Aubry et al. 2000). Lynx have a moderate reproductive rate, resulting 

primarily from the early age of first reproduction (as early as one year old), a litter size that generally ranges 

from 1-4 kittens and a short interval between litters (at most annually, but interval may increase dependent on 

prey densities) (Brittell et al. 1989, Koehler 1990, Brainerd 1985, Squires 2016). Fecundity in lynx is defined as 

the average number of young per adult female per year. Fecundity values were estimated based on data available 

from other lynx populations. In our model only yearling, subadult, and adult females with home ranges that met 

the moderate or high habitat quality class as defined in HexSim were allowed to reproduce. Similar to the 

survival estimates, we determined fecundity rates in the high habitat quality class as the highest value from our 

literature review less 5%, in the moderate habitat quality class as the mean value from the literature, and zero in 

the low habitat quality class (Table 3). The age of first reproduction was set at one year.  

 

Table 3. Annual female lynx fecundity values for all combinations of age classes and resource quality classes used in 

population model. Values were determined for each life stage in the high habitat quality class as the highest value from our 

literature review less 5%, in the moderate habitat quality class as the mean value from the literature, and in the low habitat 

quality class as 25% less than the lowest value in the literature.  

 Resource Quality Class 

Age Class Low Moderate High 

Kitten 0 0 0 

Yearling* 0 0.15 0.29 

Sub-adult 0 0.15 0.29 

Adult 0 0.83 1.20 
*data specific to yearlings was unavailable in the literature so were set equal to sub-adults. 
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Movement 

Movement parameters for dispersing individuals were based on information from other lynx populations and 

data from the OLMZ. Published information on female lynx dispersal is limited in southern boreal forests (Aubry 

et al. 2000) and available information in other ecosystems suggests a wide range of possibilities (Poole 1997, 

Mowat et al. 2000). Although information has been recorded on long-distance movements, female lynx may not 

disperse long distances, and may establish home ranges that are near or overlap their natal home range (Aubry 

et al. 2000, Mowat et al. 2000). We calculated mean home range diameters for female lynx in the OLMZ of 

approximately 13km. As such we set the dispersal value as 11km to allow lynx to disperse but still allow for 

overlap. Only individuals that failed to acquire adequate resources to establish a home range dispersed. Generally 

we assumed that lynx were dispersal habitat generalists and were not strongly influenced by habitat suitability 

in their dispersal movements. Marcot et al. (2015) found that HexSim population estimates had relatively low 

sensitivity to dispersal movement parameters compared to other model parameters they investigated.  

Resource Acquisition and Home Range 

Home Range 

To determine the home range sizes for HexSim scenarios we calculated 95% minimum convex polygon home 

ranges (Calenge 2006) for female lynx in the OLMZ and also used values from lynx work completed earlier in 

the analysis area (Koehler 1990). As such the home-range sizes used in the carrying capacity models were 39km2 

(Koehler 1990), 55km2 (mid-range value) and 72km2 (the mean OLMZ female home range estimate). In our 

model, individual lynx were classified as group members (female lynx with established home ranges), or floaters 

(dispersing female lynx without home ranges).  

Territoriality 

Although lynx may have home ranges that overlap, the degree of overlap, or territoriality, often depends on the 

sex of the individuals. Related females and opposite sex tend to be more tolerant of overlap (Poole 1995, Mowat 

et al. 2000). We incorporated territoriality by requiring lynx to defend a proportion of their home range, thus 

preventing other lynx from using those resources. Quantitative data on territoriality is limited so we analyzed 

the spatial and temporal overlap of female lynx in the OLMZ with a straightforward method. We estimated a 

60% fixed kernel core home range and then examined the degree of overlap. We found female lynx (n=2) that 

exhibited spatial and temporal overlap had 79 – 87% overlap of the core home range. We also examined model 

sensitivity to territoriality values and found population size increased to an optimal value when territoriality was 

equal to 30%. As territoriality increased the population size and variability decreased. For our scenarios we set 

territoriality at 30%, recognizing that this would optimize population densities and values will vary depending 

on actual defended territory. 

Carrying Capacity Model –Scenarios 

Because data on lynx demographics and habitat use can vary considerably, we created several different model 

scenarios to examine carrying capacity of the Okanogan and Kettle LMZs and the influence of disturbance. We 

developed multiple scenarios to assure key model variables were included and to address the uncertainty 

associated with modeling a potential population. A complete description of all model input is provided in 

Appendix S1.  

Our preliminary analysis resulted in a suite of three different model scenarios that we believed were most 

plausible and likely bound the actual carrying capacity of the OLMZ (Table 4). Each model was run for a total 

of 175 years, including a 75 year “burn-in” period followed by a 100 year simulation period. Models were 

initiated with 1000 individuals randomly placed across the landscape. The “burn-in” period allowed populations 

to approach equilibrium in the landscape and develop a representative distribution of age classes prior to the 
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simulation period (Singleton 2013). We ran the three scenarios on the 2013 post-fire resource map and on the 

2000 pre-fire resource map to examine effects of habitat changes on population outcomes. However, it should 

be noted that the two different time steps are represented by snapshots of habitat quality at defined intervals. The 

model outputs are best interpreted as indices of habitat carrying capacity under landscape conditions at two 

specific times, given model uncertainty and assumptions.  

 

Table 4. Description of model scenarios developed to estimate carrying capacity for lynx in the OLMZ. The number in the 

Scenario name refers to the home range size used in the model. All models used the same initial resource layer as indicated 

by pre-fire or post-fire.  

Scenario Description 

39_pre-fire 
39 km2 home range size. Resource layer to 

describe pre-fire habitat conditions in 2000.  

39_post-fire 
39 km2 home range size. Resource layer to 

describe post-fire habitat conditions in 2013.  
  

55_pre-fire 
55 km2 home range size. Resource layer to 

describe pre-fire habitat conditions in 2000.  

55_post-fire 
55 km2 home range size. Resource layer to 

describe post-fire habitat conditions in 2013. 
  

72_pre-fire 
72 km2 home range size. Resource layer to 

describe pre-fire habitat conditions in 2000.  

72_post-fire 
72 km2 home range size. Resource layer to 

describe post-fire habitat conditions in 2013. 

 

We ran 25 population simulation replicates per scenario. Preliminary analysis indicated that 25 replicates were 

adequate to capture the variability in annual population size and distribution estimates produced by repeated 

simulations. We used simulation-duration mean number of individuals to represent the carrying capacity metric. 

We summarized patterns of spatial distribution of the modeled populations across the LMZ by calculating the 

annual mean number of female lynx with home ranges by LAU. All model output compilation, statistical analysis 

and mapping were conducted using R software (version 3.2.2, R Development Core Team, Vienna, Austria) and 

ArcGIS (version 10.4, ESRI, Inc.).  

To calibrate our model results we compared our population outcomes with previously calculated density 

estimates for the OLMZ and other similar ecosystems. We calculated a population size for each LMZ where: 

population size = density estimate from literature (#lynx /100km2) * LAU area (100km2). Although these other 

ecosystems may not be at carrying capacity, a comparison of density estimates provided a plausibility test of 

model outcomes.  

 

Resource Layer and Carrying Capacity Model – Kettle LMZ 

Because site specific information on lynx in the Kettle LMZ is unavailable, we applied the Okanogan LMZ 

model to the Kettle LMZ landscape. We developed the resource layer using the same spatial data sources, 

specific to the Kettle region. To account for the 2015 fire activity and to provide a more accurate representation 

of the current situation, we adjusted the initial RSF output with recent fire activity data. We overlayed Rapid 

Assessment of Vegetation Condition after Wildfire (RAVG) data from the US Forest Service to discount RSF 

values within fire boundaries in 2015 (http://www.fs.fed.us/postfirevegcondition/whatis.shtml).  

RAVG provided a seven-class basal area loss layer (Table 5) that was used to adjust the Kettle 2015 Resource 

Map. For the purposes of this exercise, areas within RAVG Classes 1 and 2 did not change the resource map 
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habitat class. Areas within RAVG Class 3 decreased the resource map habitat class by 1 (from high quality to 

moderate quality habitat or from moderate quality habitat to low quality habitat). Areas within RAVG Classes 

4-7 decreased the resource map habitat class to Class 1-low quality habitat.  

Table 5. Rapid Assessment of Vegetation Condition after Wildfire (RAVG) classes and associated loss of basal area 

vegetation resulting from wildfire.  

RAVG Class % basal area loss 

1 0 

2 0 - < 10 

3 10 - < 25 

4 50 - < 75 

5 25 - < 50 

6 75 - < 90 

7 90 or greater 

 

RESULTS and DISCUSSION 

Lynx Habitat Modeling – Okanogan and Kettle LMZs 

The most parsimonious RSF habitat model contained greenness, mesic forest, non-forest, surface ruggedness, 

aspect, elevation and canopy cover and the quadratics for elevation and canopy cover (Table 6.). This RSF model 

had considerably greater empirical support as compared to the remaining models (second “best” model ∆AICc 

=30). Habitat selection results indicated a positive relationship with greenness, mesic forest, non-forest, 

elevation and canopy cover, a negative relationship with aspect, surface ruggedness and a quadratic effect for 

elevation and canopy cover. Correlations between surface ruggedness and slope and between aspect and solar 

radiation eliminated pairing of these variables in subsequent models.   

Table 6. Parameters and associated coefficients in the Okanogan LMZ habitat model. 

Fixed Effects    95% Confidence Interval 

  Estimate Standard Error Lower Upper 

greenness 0.39 0.01 0.29 0.47 

mesic forest 0.44 0.03 0.29 0.59 

non-forest 2.18 0.08 1.58 2.79 

surface ruggedness -0.6 0.02 -1.04 -0.17 

aspect -0.18 0.01 -0.26 -0.1 

elevation 15.54 0.28 11.83 20.26 

elevation2 -13.29 0.24 -17.57 -10.08 

canopy cover 3.06 0.10 1.96 4.19 

canopy cover2 -2.18 0.08 -3.08 -1.15 

Intercept -4.3 0.13 -5.14 -3.36 

 

Selection ratios from model development and evaluation datasets indicated that the threshold for habitat selection 

occurred when transformed RSF scores were ≥0.4. We looked at selection of individual lynx to determine 

classification and categorized the resource layer map as follows: 

 Class 1 = RSF score <0.4. Selection less than available (poor quality lynx habitat) 

 Class 2 = RSF score ~0.4-0.5. Selection equal to or slightly greater than available (moderate quality 

lynx habitat). 

 Class 3 = RSF score >0.5. Selection greater than available (high quality lynx habitat).  
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Eighty-seven percent of withheld lynx locations had RSF values ≥0.4 (moderate to high quality habitat), whereas 

only 36% of the model development area had values ≥0.4. The resulting resource maps depict relative quality 

of habitat across the LMZ in the pre-fire (Fig 4a) and post-fire (Fig. 4b) time periods. Approximately 260 km2 

(3%) of lynx habitat in the OLMZ decreased from high quality habitat (Class 3) to low quality habitat (Class 1), 

primarily as a result of wildfire.  

Our resource maps provided a reasonable and consistent general description of lynx habitat selection in the 

Okanogan analysis area. Previous studies in the Okanogan area found lynx select for Engelmann spruce and 

subalpine fir forest, moderate canopy cover, flat to moderate slopes, and relatively high elevations; and select 

against Douglas-fir and ponderosa pine forests, forest openings, recent burns, sparse canopy and understory, and 

relatively steep slopes (Koehler et al. 2008, Maletzke et al. 2008).  

Other studies have shown quality foraging habitat for lynx occurs where forest structure provides habitat for 

snowshoe hares (Koehler 1990, Agee 2000, Hodges 2000) in the form of dense, multi-layered understory 

(Hodges 2000, Lewis et al. 2011) that maximizes cover and browse at varying snow depths throughout the 

winter. Such habitat structure is common in early-seral stages but may also occur in coniferous forests with 

mature but relatively open overstories (Hodges 2000, Lewis et al. 2011). Another important component of lynx 

habitat is areas that are used for denning (Koehler 1990, Moen et al. 2008, Squires et al. 2008) which generally 

consists of large woody debris, in the form of either down logs or root wads (Koehler 1990, Mowat et al. 2000, 

Slough 1999, Squires et al. 2008). These structures are often associated with late-successional forests and may 

be located within older regenerating stands (>20 years since disturbance) or in mature conifer or mixed conifer-

deciduous (typically spruce/fir or spruce/birch) forests (Koehler 1990, Slough 1999, Squires et al. 2008). Lynx 

habitat selection was strongly associated with elevation as lynx are highly adapted to environments that receive 

considerable winter snowpack (Koehler and Aubry 1994, Aubry et al. 2000, von Keinast 2003, Maletzke 2004). 

Recent research in the Okanogan area indicated that lynx avoid recently burned areas, particularly areas that 

burned with higher intensity, but may use unburned stands within fire boundaries (Vanbianchi 2015). These 

“skips” may provide connectivity across large burned areas. It should be noted that lynx survivorship, 

productivity and population dynamics are closely related to snowshoe hare density, although potentially to a 

lesser degree in the southern boreal forests (Aubry et al. 2000, Mowat et al. 2000), but subsequent model 

complexity and a lack of data prohibited including prey density in our model. 

Kettle LMZ Resource Layers 

Application of the RSF model to the Kettle LMZ suggested lynx habitat is primarily located along the center of 

the LMZ where elevations and habitat types fall into those preferred by lynx. (Fig. 6a and 6b). Approximately 

95 km2 (3%) of lynx habitat in the KLMZ decreased from high and moderate quality habitat (Class 3 and 2) to 

low quality habitat (Class 1), primarily as a result of wildfire. 

  



Figure 4. Annual mixed effect resource selection function reclassified to relative habitat quality classes mapped within the Okanogan Lynx Management Zone. 4a) 

depicts the 2000 pre-fire condition, prior to substantial wildfire activity from 2000-2013, while 4b) depicts the 2013 post-fire condition.  

4a) 2000 pre-fire         4b) 2013 post-fire  
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Figure 5. Okanogan Lynx Management Zone post-fire resource map with fire activity polygons from 2000-2015. The majority of fire activity after 2013 occurred outside 

of lynx habitat and burn intensity data was unavailable at the time of this assessment so was not included here. 

  

 

 

  



17 
 

Figure 6. Annual mixed effect resource selection function reclassified to relative habitat quality classes mapped within the Kettle Lynx Management Zone. 6a) depicts 

the 2000 pre-fire condition prior to substantial wildfire activity from 2000-2015, while 6b) depicts the 2015 post-fire condition. Red polygons depict fire boundaries for 

wildfire activity from 2000 through 2015.  

6a) 2000 pre-fire               6b) 2015 post-fire 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Carrying Capacity Estimates – Okanogan and Kettle LMZs 

The range of model outcomes for the pre-fire time period indicated the OLMZ was capable of supporting a lynx 

population that ranged from a low of four females to a high of 70 females (Table 7). Results varied greatly depending 

on the home range size and, as expected, larger home ranges resulted in smaller carrying capacity estimates. The HexSim 

modeling framework also demonstrated the negative impact that wildfire has on carrying capacity for lynx. Habitat 

changes due to wildfire resulted in a reduction in total female population estimates ranging from 36-68% (Table 7) as 

compared to the pre-fire scenarios. Several simulations reached a population size of zero before the completion of the 

run. This suggests that the LMZ may not be capable of sustaining a lynx population in isolation and may be dependent 

on immigration, particularly given larger home range size assumptions.  

The Kettle LMZ displayed similar results. The range of model outcomes for the pre-fire time period indicated the KLMZ 

was capable of supporting a lynx population that ranged from a low of three females to a high of 24 females (Table 7). 

Results varied greatly depending on the home range size and, as expected, larger home ranges resulted in smaller carrying 

capacity estimates. Habitat changes due to wildfire resulted in a reduction in total female population estimates ranging 

from 30-52% (Table 7) as compared to the pre-fire scenarios. Only the 39_prefire scenario replicates reached simulation 

completion each time, suggesting the KLMZ may be even more limited than the OLMZ with regard to sustaining a lynx 

population in isolation.  

Model Calibration: Are these estimates plausible? 

Our simulation results provided a range of potential lynx carrying capacity values for the Okanogan and Kettle LMZs. 

To examine if these estimates were plausible we compared our results to density estimates from a variety of other 

ecosystems. Density estimates ranged considerably depending on the ecosystem (i.e. northern boreal vs. southern boreal) 

and snowshoe hare density. As such our population estimate comparisons may be conservative. For this exercise we 

compared our estimates to those of southern boreal forests such as the Okanogan (Brittell et al. 1989, Koehler 1990), or 

more northerly ecosystems during low hare density years such as the Yukon (Slough and Mowat 1996) and the NW 

Territories (Poole 1994), which provided a range of densities from 2 – 3 lynx /100km2.  

 

Based on those densities reflected in the literature we estimated approximately 60-91 females within the Okanogan LMZ. 

Our post-fire simulations resulted in population estimates that ranged from 1-45 females in the OLMZ, which was 

slightly lower than the range estimated from other Washington studies or ecosystems. Based on those densities reflected 

in the literature we estimated approximately 10-15 females within the Kettle LMZ. Our post-fire simulations resulted in 

population estimates that ranged from 1-16 females in the KLMZ, which was similar to the range estimated from other 

Washington studies or ecosystems.  

 

Spatial patterns of lynx occupancy within both LMZs were generally consistent across the model variants (Fig. 7 and 8). 

Lynx were predicted to occur throughout the LAUs within the LMZs in the pre-fire scenarios, while LAUs in the current 

scenarios occasionally equaled zero. Predicted lynx abundance generally followed the pattern of the resource map with 

higher densities occurring in areas of contiguous higher quality habitat, and then shifted with the post-fire resource layer 

and correlated with the location of large wildfires that occurred from 2000-2015.   

Okanogan LMZ 

LAUs on the east side of the ecosystem (Loomis Central/North/South) and in the Pasayten Wilderness generally had the 

highest density of territorial females across pre-fire scenarios (Fig. 7). Including the influence of habitat changes 

decreased overall densities throughout the LMZ. Some LAUs with substantial fire activity reached densities of zero. 

These patterns were relatively consistent across scenarios.  
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Kettle LMZ 

Lambert, Indian and U.S. LAUs generally had the highest density of territorial females across pre-fire scenarios (Fig. 8). 

This seemed reasonable given the high quality habitat mapped by the RSF model along the central portion of the LMZ. 

However, including the influence of habitat changes decreased overall densities throughout the LMZ. Lambert and North 

Sherman LAUs, centrally located in the LMZ, had the highest post-fire densities. The lowest density LAUs were on the 

north end of the LMZ where the majority of the wildfire impacts occurred. These patterns were relatively consistent 

across scenarios.  

The spatial distribution estimates along the international border may be somewhat inaccurate because our analysis area 

created a false barrier along the northern edge where hypothetical lynx could not disperse and habitat values diminished. 

This was an artifact of our model framework that could be addressed by expanding the spatial extent of the model into 

Canada. This approach should be considered as our simulations indicated these populations are likely dependent on 

immigration from BC for persistence. Because habitat is limited, lynx populations in the US are small relative to the 

larger populations in Canada. As such US lynx populations may depend on immigration from populations in Canada to 

ensure genetic diversity and population persistence (Ruggiero et al. 2000). Koehler et al. (2008) discussed how trapping, 

wildfire and timber harvest contributed to decreased lynx populations in the Okanogan and Kettle regions over 10 years 

ago. The challenges associated with these LMZs, such as isolated habitat, increased wildfire, and potential dispersal 

obstacles (fencing, major roadways), are still significant conservation challenges.  

Conclusion 

Through modeled simulations we have estimated the carrying capacity of lynx in the Okanogan and Kettle Lynx 

Management Zones, which can inform efforts to manage lynx in these ecosystems. Lynx populations in Washington 

have experienced a decline over the past 20 years that can be partially attributed to the loss of quality habitat to wildfire. 

Our modeling approach involved estimating carrying capacities for two landscapes that received no immigration from 

outside population sources.  Using this approach, the small carrying capacities we estimated may correspond to low 

probabilities of persistence until habitat conditions in these LMZs could support larger populations. However, the lynx 

population in Washington is not isolated and because it is on the margin of their range, the connection with the larger 

population to the north in Canada is likely sustaining the Washington population. On-going habitat loss and 

fragmentation warrants further consideration relative to population persistence. We explored carrying capacity with a 

single sex model, acknowledging these models have limitations for representing small population processes (including 

Allee effects and demographic stochasticity) that can contribute to small population extinction and meta-population 

instability. Additionally, the population we modeled is based on demographic characteristics from resident populations, 

however the characteristics of the lynx population currently residing in the Okanogan LMZ may differ substantially from 

a typical resident population. The population’s relatively small size, its position at the margin of the range, the possible 

limitations of demographic support (i.e. immigration) from BC, and the fragmented configuration of habitat within the 

LMZ, may significantly influence the sex ratio, age structure and reproductive potential of this population, and 

ultimately, its probability of persistence. As such, creating a two-sex model to simulate population viability would be a 

logical next step to further assess the stability, viability and probability of persistence of the Washington population to 

inform recovery objectives and strategies.  
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Table 7. Simulation-duration annual mean number of female individuals for the total, group and floater populations in the Okanogan and Kettle LMZs for six scenarios. 

The change in population carrying capacity as a result of changes in habitat due to wildfire and other disturbances, as well as succession, was calculated as the percent 

change in total population size between scenarios (Post-Fire – Pre-Fire). Group members were female lynx in the total population with established home ranges and 

floaters were dispersing female lynx in the total population without home ranges.  

LMZ Scenario 

Total 

Population 

(#) 

90% 

quantile 

range 

SE 

Group 

Members 

(#) 

90% 

quantile 

range 

SE 
Floaters 

(#) 

90% 

quantile 

range 

SE 

Decrease 

in 

Population 

Size (%) 

Number of 

simulations 

that reached 

100 years 

(out of 25 

simulations) 

Mean 

persistence 

(years) 

OKANOGAN 39_pre-fire 70 49-89 0.5 40 29-51 0.3 30 19-40 0.3  25 100 

  39_post-fire 45 29-63 0.4 25 16-34 0.2 19 11-29 0.2 36 25 100 

                

  55_pre-fire 39 24-54 0.4 22 14-31 0.2 16 9-24 0.2  25 100 

  55_post-fire 21 0-36 0.4 12 0-19 0.2 9 0-17 0.2 46 4 90 

                

  72_pre-fire 4 0-14 0.1 2 0-7 0.1 2 0-7 0.1  3 44 

  72_post-fire 1 0-5 0.1 1 0-3 0.03 1 0-2 0.03 68 0 16 

                

KETTLE 39_pre-fire 24 12-35 0.2 14 7-20 0.1 10 4-16 0.1  25 100 

  39_post-fire 16 0-28 0.2 9 0-16 0.1 7 0-13 0.1 33 20 87 

                

  55_pre-fire 12 0-22 0.2 7 0-13 0.1 5 0-10 0.1  19 87 

  55_post-fire 8 0-19 0.2 5 0-11 0.1 4 0-9 0.1 30 10 72 

                

  72_pre-fire 3 0-9 0.1 1 0-4 0.04 1 0-4 0.04  4 30 

  72_post-fire 1 0-5 0.1 1 0-3 0.03 1 0-2 0.04 52 0 4 
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Figure 7. Spatial distribution of mean annual territorial female lynx density (# per 100km2) by LAU in the Okanogan LMZ. Differences between scenarios were a result 

of resource changes due to disturbance, primarily wildfire, with three different home range sizes (39km2, 55km2, and 72 km2). Color scheme and range of values were 

held constant within each home range to show the influence of disturbance on modeled density outcomes.  
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Scenario: 39_pre-fire         Scenario: 39_post-fire 
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Figure 7. continued 

Home Range: 55km2  

Scenario: 55_pre-fire         Scenario: 55_post-fire 
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Figure 7. continued 

Home Range: 72 km2 

Scenario: 72_pre-fire        Scenario: 72_post-fire 
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Figure 8. Spatial distribution of mean annual territorial female lynx density (# per 100km2) by LAU in the Kettle LMZ. Differences between scenarios were a result of 

resource changes due to disturbance, primarily wildfire, with three different home range sizes (39km2, 55km2, and 72 km2). Color scheme and range of values were held 

constant within each home range to show the influence of disturbance on modeled density outcomes. 

Home Range: 39km2 

Scenario: 39_pre-fire         Scenario: 39_post-fire 
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Figure 8. continued 

Home Range: 55km2 

Scenario: 55_pre-fire         Scenario: 55_post-fire 
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Figure 8. continued 

Home Range: 72 km2 

Scenario: 72_pre-fire         Scenario: 72_post-fire 
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Appendix S1. Literature sources and associated data values for demographic parameters used in the development of the Okanogan 

and Kettle Lynx Management Zones Canada lynx carrying capacity models. 

 

Table S1. Summary of lynx GPS data and calculated homerange area based on 95% minimum convex polygon (calculated in R, 

adehabitatHR, Calenge 2006). Range and mean home range area for female and male lynx within the OLMZ was used to determine 

habitat composition. 

ID Sex Dates # locations 95% MCP (km2) Mean (km2) 

LF1 F 3/12-12/12 1243 106.5  

LF2 F 3/10-11/10 863 42.1  

LF3 F 3/12-8/12 745 67.3 Females: 72.0 

      

LM1 M 2/08-12/09 1787 76.1  

LM2 M 2/12-1/13 1733 73.2  

LM3 M 2/08-1/09 1574 36.5  

LM4 M 3/12-6/13 1604 125.2  

LM5 M 3/09-10/10 1900 689.7  

LM6 M 3/11-10/11 838 231.4  

LM7 M 4/11-10/11 543 19  

LM8 M 2/09-10/09 941 118.9  

LM9 M 4/08-3/09 631 24.9  

LM10 M 2/10-11/10, 

3/11-4/12 

2998 106  

LM11 M 3/11-10/11 740 102.7 Males: 92.6 

LM12 M 2/07-3/07 193* Na  

LM13 M 1/07-2/07 126* Na  

*Did not use in model. Too few locations.  

Table S2. Sources used to determine survival estimates for NCE lynx carrying capacity models. Data was unavailable specific to 

yearlings so we used subadult values for yearlings in all models.   

 Survival Rate by Age Class 

Location Kittens SubAdult Adult Source 

Washington 0.12   Koehler 1990 

Maine 0.78   Vashon et al 2012 

Seely Lake, MT  0.52 0.75 Squires 2016 

Purcells, MT  0.68 0.85 Squires 2016 

Washington   0.83 Koehler 1990 

Washington    0.89 Brittel et al 1989 

Colorado   0.93 Devineau et al. 2010 

Colorado   0.82 Devineau et al. 2010 

Yukon   0.75 

Slough and Mowatt 1996, 

O'Donoghue et al. 1997 

Yukon   0.90 

Slough and Mowatt 1996, 

O'Donoghue et al. 1997 

NW territories    0.90 Poole 1994 

 

 

 

 

 

 



 

31 
 

Table S3. Sources used to determine fecundity estimates for NCE lynx carrying capacity models. 

Litter Size Study Area Sample Size Years Source 

2.24 Seeley Lake, MT 33 1999-2007 Squires 2016 

2.95 Purcell Mountains, MT 22 2003 - 2007 Squires 2016 

2.0 Okanogan Co, WA 4 litters, 4 litters 1980 -1987 Brittel et al. 1989, Koehler 1990 

3.22 MN 9 2004-2006 Moen et al. 2008 

2.25 (low hare years) ME NA 2006-2010 Vashon et al. 2012 

2.74 (high hare years) ME NA 1999-2005 Vashon et al. 2012 

1.75 (1-3) MT 18 1985 Brainerd 1985 

3.25 (1-5) MT 18 1985 Brainerd 1985 

3.2 NS 154 1977-1980 Parker et al. 1983 

3.6 NS 154 1977-1980 Parker et al. 1983 

 

 

Table S4. Lynx population density estimates from other ecosystems used in comparison with carrying capacity estimates for 

Okanogan and Kettle LMZs.  

Location Date of estimate Density (lynx/100 km2) Source 

Southern Boreal Forests       

Okanogan National Forest, 

Washington 1985-1987 2.3 Koehler 1990 

Okanogan National Forest, 

Washington  1989 2 Brittell et al. 1989 

Yukon 1987 2.7 Slough and Mowat 1996 

NW Territories 

1989-1993, population low 

after decline in hare numbers 3 Poole 1994 
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Washington Department of Fish and Wildlife Comments: 

Species Status Assessment for the CANADA LYNX (Lynx canadensis)                                                                            

Contiguous United States Distinct Population Segment  

Version 1.0 – Draft - December 2016 
 

# Chapter Section 
Page
# 

Comment 

1 
Exec 
Sum 

SSA Frame 
work 

6 
Would be valuable to establish what the document can and will be used for.  Doesn’t say that the 
SSA is a foundational document for many FWS purposes – Recovery plans, Biological Opinions, 
and even listing rules.   

2 
Exec 
Sum 

Figure 1 4 
The difference between DPS range and the identified geographic units in Figure 1 is not clear.  Is 
the range in US considered to be only the sum of the area within the designated geographic units? 
(and see comment 3). 

3 
Exec 
Sum 

 4-5 

The USFWS focuses on 6 geographic units within the conterminous United States (lower 48 states) 
that represents 2% of the lynx range in North America.  Some might consider this lynx 
subpopulation as “insignificant.”  In between the geographic units identified within the 
conterminous U. S., there are in fact lynx populations that are likely breeding (especially where 
they border Canada) and that connect the geographic units that are within Washington, Idaho, and 
Montana.  What conservation measures will be taken for these “in-between” populations when the 
special focus in this Special Status Assessment (SSA) is only on the 6 distinct units? 

4 
Exec 
Sum 

Table 1 5 Would be valuable to describe how these areas and numbers of acres were derived. 

5 
Exec 
Sum 

Uncertainties 
and 
Assumptions 

7 

As written, the 3rd and 4th assumptions appear to compete with each other.   
 
The 7th assumption uses both terms ‘climate change’ and ‘warming’, with no distinction (suggest 
defining these, and other terms used in narrative, in a glossary).   
 
The use of the year 2100 in the predications and persistence probabilities (last paragraph in the 
assumptions) seems too far into the future to be relevant to this analysis.  A more useful window 
would evaluate some combination of 5, 10, 20, and 40 or 50 years into the future, given the abrupt 
landscape changes and weather patterns we have seen and the ones we can reasonably anticipate.  
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6 
Exec 
Sum 

Resiliency 9 

The document presents a WA population with a greater resilience than is warranted by the 
available (and lack of) information about this population.  Our concern is based on the limited 
information on the demographic characteristics of the Washington population, the significant 
threats facing this population (see Lewis 2016), and the large uncertainties about population 
processes that will influence its probability of persistence (e.g., immigration from BC, emigration, 
fires, snowpack, disease, current demographics of the population, impacts of trapping in southern 
BC, status of population in BC, habitat corridor stability between BC and WA).  Many of these 
topics were either not mentioned or discussed in sufficient detail in the SSA, but these are factors 
that have had and will continue to have a substantial effect on our Washington lynx population 
and its probability of persistence over the next 10-20 years.    

7 
Exec 
Sum 

 
5, 11, 
16 

The terms “Resiliency, Redundancy, and Representation” are described on Page 5, should also be 
defined in the SSA as they are used throughout the narrative.  A glossary of terms and acronyms 
would be beneficial. Page 16 describes the three R’s again, but gives the same definition for 
resiliency and redundancy.  

8 2 Table 3 30 Please include a sample size from which the home range estimates were derived.   

9 2 
Last 
paragraph 

33 
Consider adding a home range size and density for Eurasian lynx so there is something to compare 
to what we would expect for Canada Lynx.   

10 2, 4 

2.3.2.2 
Lynx 
Distribution 
4.1.1  

45, 
101 

The SSA states in the second paragraph: “… although the Kettle Mountains in the northeastern 
part of the state are thought to have historically supported a small breeding population …”   
WDFW has sufficient harvest data over enough years (as specifically stated on page 101 in the 
SSA) to indicate that a resident lynx population one occurred in the Kettle Mountain Range in 
Washington. 

11 3 
3rd sentence, 
2nd paragraph 

78 

Habitat management actions should be evaluated within the context of the whole lynx population 
unit and large scale landscape disturbance to plan timber management.  If large areas are already 
affected by harvest, wildfire, or disease then future timber harvest should be curtailed until 
habitat grows back.   Too often management only focuses on LAU's (the size of a female home 
range) and does not take into context the other impacts of the surrounding area (and see 
comment 20). 

12 3 
3rd 
paragraph, 
3rd sentence 

89 
Consider expanding this statement.  Were survival rates higher? kitten survival? individual 
weights?  How was this assessed?    
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13 4 
4.1.1 
Current 
Conditions 

101 

Page 101 mentions that lynx habitats in WA are being managed largely with adequate 
management plans that were developed and guided by LCAS.  While these plans are important, 
some are largely out of date and in need of revision to incorporate new information and new 
concepts, ensure management effects are monitored in a meaningful way for Lynx, and that 
reports are generated and shared.  The WDNR Loomis State Forest and two additional private 
timber landowners have out of date management plans in WA  

14 4 
4.2.4  
Kettle Range 

137 

While it may be difficult to re-establish a robust population in the Kettle Range, given that over-
trapping and not just habitat loss contributed to the reduction of lynx in the Kettle Mountains, 
there is interest in exploring the possibility that a reintroduction could be successful now that 
trapping no longer has an impact (via a reintroduction feasibility assessment). 

15 4 

4.2.4 Current 
conditions- 
detailed 
descriptions, 
Unit 4 – NC 
Washington 

Last 
para 
136, 
1st 
para 
137 

There is very little or no mention of the uncertainty of the level of immigration from BC to 
Washington population.  Conversely, the presence of population continuity between BC and 
Washington is cited in the SSA as a source of resilience for the Washington population, but there 
are no data presented to indicate past, present, or anticipated levels of immigration to support 
that conclusion.  Assumptions that there is a meaningful level of immigration are based on little or 
no data.  WDFW has collected information about lynx harvests in southern BC since 1985 and 
these data indicate that few lynx are captured in southern BC in any given year.  The majority of 
BC lynx capture occurs just north of our Washington lynx population.  These data indicate to us 
that the density of lynx in southern BC may be very low and that trapping could further minimize 
potential immigration of BC lynx to Washington.   

16 4 

4.2.4 Current 
conditions- 
detailed 
descriptions, 
Unit 4 – NC 
Washington 

Lynx 
Status 
pg 
139 

Specifically, we lack basic information on the demographic characteristics of the lynx population 
in WA, which is likely a peninsular extension of the BC population at the margin of the species 
range.  Given the marginal nature of our population, we are concerned that it may differ 
significantly from a resident population (e.g., biased sex-ratio, age-structure inconsistent with a 
reproductive resident population, the potential for Allee effects, etc.) and this could significantly 
influence its probability of persistence for the next 10-20 years.  It should not be assumed that 
Washington has a population with standard demographic characteristics and as such, attribute a 
greater level of resilience to the Washington population than is warranted from available 
information. 

17 4 

4.2.4 
Current 
conditions- 
detailed 
descriptions, 
Unit 4 – NC 
Washington 

Lynx 
Status 
pgs 
140-
141 

A new study just completed (Lyons et al. 2017; attached) models changes in carrying capacity of 
the Okanogan and Kettle LMZs between time periods and demonstrates significant reduction in 
habitat availability and the inferred reliance of the WA population on immigration.  Please 
incorporate this new information into the SSA, as appropriate.  
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References: 
Lewis, J. C. 2016. Periodic Status Review for the Lynx in Washington. Washington Department of Fish and Wildlife, Olympia, Washington.  

 17 + iii pp. 

 

Lyons, A.L., W.L. Gaines, J. Begley, P.H. Singleton, J.C. Lewis, B.T. Maletezke. 2016. Canada Lynx Carrying Capacity in Washington. Final  

 Report submitted to Washington Department of Fish and Wildlife. Olympia, Washington.   

18 4 

4.2.4 Factors 
Affecting,  
Last 
paragraph 

142-3 

The document states “Thus, in Washington, and the north Cascades specifically, it appear that the 
single threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) 
has largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF and 
CNF, to use the LCAS in the management of lynx habitat on their ownerships and when designing 
and implementation projects within LAUs.”  As stated in our recent Periodic Status Review of the 
species (Lewis 2016) “While the conservation strategy (referencing LCAS) has been considered 
sound, the monitoring efforts associated with strategy implementation have been inadequate to 
determine if the strategy is successful in the Okanogan LMZ.” A plan is only good if implemented 
effectively, and to understand implementation effectiveness, adequate monitoring must occur and 
the information gathered must be shared and reviewed.  We encourage USFWS to directly link 
their decisions regarding the adequacy of regulatory mechanisms to data generated from their 
implementation effectiveness. 

19 4 

4.2.4 Factors 
Affecting, 
middle of 2nd 
to last 
paragraph 

143 

The document states “The WADNR has been managing lynx for almost two decades, and the 
Service has concluded that the management strategies implemented are effective.”  To our 
knowledge there are no reports or data generated or shared by WDNR that support this 
conclusion. What information is the Service basing their determination on?    

20 5 

1st 
Paragraph, 
2nd to last 
sentence 

202 

Even if we assume there are adequate regulatory mechanisms currently in place in Washington 
(but see comments 18 & 19), management actions are not currently being planned, or their effect 
assessed, at a landscape scale across ownerships.  For example, it would be beneficial for lynx if 
managers used information regarding the impact of large catastrophic disturbances (wildfire) in 
one ownership/area of lynx habitat to assess how much habitat can be altered in an adjacent 
ownership.   

21 
 

6 
Synthesis 

 
DPS Viability 

 
221 

Last paragraph on page 221: “The functional extirpation of lynx within any one geographic unit 
would possibly reduce the species representation within the DPS for the contiguous U.S. 
population”.  We recommend deleting the word “possibly” in this sentence as it would definitely 
reduce representation.  





From: Anderson, Hannah E (DFW)
To: jim_zelenak@fws.gov; jodi_bush@fws.gov
Cc: "Eric Rickerson"; Unsworth, James W (DFW); Gardner, Eric S (DFW); Becker, Penny A (DFW); Windrope, Amy

(DFW)
Subject: Lynx SSA WDFW Comments
Date: Friday, February 10, 2017 6:04:15 PM
Attachments: WDFW Comment Letter_Lynx SSA_10Feb2017.pdf

WDFW Comment Table_Lynx SSA_10Feb2017.pdf
Lyons et al 2016.pdf

Good Afternoon Ms. Bush and Mr. Zelenak –
 
Please find attached the Washington Department of Fish and Wildlife’s review of the v.1 Draft
Canada Lynx SSA. We have attached three documents: 1) cover letter; 2)comment table; and 3) new
information (Lyons et al. 2016).  We appreciate the opportunity to review and look forward to
continued collaboration on lynx conservation. 
 
Our best,
Hannah
 
Hannah Anderson
Listing and Recovery Section Manager
Washington Department of Fish and Wildlife
600 Capital Way N
Olympia, WA 98501-1091
hannah.anderson@dfw.wa.gov
360-902-8403 (desk)
360-515-6885 (cell)
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: SSA comments from maine
Date: Monday, February 13, 2017 10:57:49 AM

Jim:  What is your phone number....I am at home and don't seem to have ready access to it.  I
need to talk to you about a call with our RO last week.  Mark

On Mon, Feb 13, 2017 at 9:30 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Sounds like good lynx weather!  Call any time, Mark - I'm in the office until about 4 PM today. 

On Mon, Feb 13, 2017 at 5:29 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:

Can we talk via phone today?  We are getting a massive snowstorm here today (2+ feet),
so may lose power.  I will try to give you a call.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Bell, Heather
Cc: Mary_Parkin; Cummings, Jonathan; David Smith; Jim Zelenak
Subject: Re: URGENT Marty"s comments, we need to understand what they are and reply to Marty
Date: Tuesday, February 14, 2017 1:56:32 PM

All:  Sorry that I missed the core team call a few hours ago.  We are emerging from 32+
inches of snow..  Jim probably explained to you that we had a call last Friday about the lynx
SSA.  Marty asked if his comments were would be addressed by the Decision Team meeting. 
I told him that the future scenario he proposed would not be addressed.  Marty was concerned,
as was our ARD, Paul Phifer.  I responded that part of the problem was the lack of time
(especially given the large number of people reviewing and comments we expect in the next
week) and second that I don't think we really understand what he has proposed and why it is
important.  I suggested that Marty either talk to Heather or to the entire Core Team so we can
try to understand his comments.  Marty seemed willing to talk and explain.

Thanks,  Mark

On Tue, Feb 14, 2017 at 1:45 PM, Bell, Heather <heather_bell@fws.gov> wrote:
Dave, here is the document i referred to on our call this morning  (Mary/Mark/Jim, i have
asked Dave Smith to review Marty's comments and help us respond).

The comment you want to look at is M4  

Also he has a 3R comment on M8, 
He has many other comments, some of which we are addressing in upcoming SSAs, but this
SSA and the document have been in play for a long time now and we can't keep changing
the document based on our changing thoughts on the SSA and the SSA document, so some
of the things he doesn't like he will just have to live with for now.  M4 is the one we don't
really understand and need to resolve prior to the decision meeting which is March 2 and
3rd.  

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/
fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google Site: https://sites.google.
com/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS visit http://www.fws.gov/
endangered/improving_ESA/SSA.html.

On Tue, Feb 14, 2017 at 10:45 AM, Bell, Heather <heather_bell@fws.gov> wrote:
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Hi Mary/Mark, ok, just got off the lynx core team call.  Mark, i heard Marty is still
concerned about what scenario we did not do in the SSA.  I clearly don't understand
Marty's position and need to in order for us to move forward not only with Lynx but with
other SSAs that are done for 5 year reviews.  
Mary, if you can discuss with us that would be great, or we need to get Marty on the
phone.  We only have 3 weeks left until the decision meeting so this needs to get
addressed soon. thanks! h

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/
fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google Site: https://sites.google.com
/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS visit http://www.fws.gov/endan
gered/improving_ESA/SSA.html.

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

https://sites.google.com/a/fws.gov/ssa/
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https://sites.google.com/a/fws.gov/recovery-planning-and-implementation/
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From: McCollough, Mark
To: Bell, Heather
Cc: Mary_Parkin; Cummings, Jonathan; Jim Zelenak
Subject: Re: URGENT Marty"s comments, we need to understand what they are and reply to Marty
Date: Tuesday, February 14, 2017 2:01:40 PM

Heather, Mary and Jonathan:  Marty seems willing to explain his concerns to the FIT team or
the entire group.  Someone needs to call him so we can understand what he is proposing and
how much effort it may take to address.  He also said that some of his comments from the first
round of review were not addressed in the second draft of the SSA.  I don't know which
comments he expected to be addressed and how important it is to address them.    I suggested
he call you Heather, but maybe hasn't yet.

Mark

On Tue, Feb 14, 2017 at 12:45 PM, Bell, Heather <heather_bell@fws.gov> wrote:
Hi Mary/Mark, ok, just got off the lynx core team call.  Mark, i heard Marty is still
concerned about what scenario we did not do in the SSA.  I clearly don't understand Marty's
position and need to in order for us to move forward not only with Lynx but with other
SSAs that are done for 5 year reviews.  
Mary, if you can discuss with us that would be great, or we need to get Marty on the phone. 
We only have 3 weeks left until the decision meeting so this needs to get addressed soon.
thanks! h

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/
fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google Site: https://sites.google.
com/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS visit http://www.fws.gov/
endangered/improving_ESA/SSA.html.

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
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US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Cummings, Jonathan
To: McCollough, Mark
Cc: Bell, Heather; Mary_Parkin; Jim Zelenak
Subject: Re: URGENT Marty"s comments, we need to understand what they are and reply to Marty
Date: Tuesday, February 14, 2017 10:57:22 PM

I'm interested in being on a call about this.  I'm busy all week with a lesser prairie chicken
meeting, so wont be available until after this week.

Jonathan

On Tue, Feb 14, 2017 at 2:01 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Heather, Mary and Jonathan:  Marty seems willing to explain his concerns to the FIT team
or the entire group.  Someone needs to call him so we can understand what he is proposing
and how much effort it may take to address.  He also said that some of his comments from
the first round of review were not addressed in the second draft of the SSA.  I don't know
which comments he expected to be addressed and how important it is to address them.    I
suggested he call you Heather, but maybe hasn't yet.

Mark

On Tue, Feb 14, 2017 at 12:45 PM, Bell, Heather <heather_bell@fws.gov> wrote:
Hi Mary/Mark, ok, just got off the lynx core team call.  Mark, i heard Marty is still
concerned about what scenario we did not do in the SSA.  I clearly don't understand
Marty's position and need to in order for us to move forward not only with Lynx but with
other SSAs that are done for 5 year reviews.  
Mary, if you can discuss with us that would be great, or we need to get Marty on the
phone.  We only have 3 weeks left until the decision meeting so this needs to get
addressed soon. thanks! h

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/
fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google Site: https://sites.google.com
/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS visit http://www.fws.gov/endan
gered/improving_ESA/SSA.html.
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-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820

mailto:mark_mccollough@fws.gov
mailto:jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings


From: McCollough, Mark
To: Anna Harris; Christopher DeVore; Fred Seavey; Patrick Dockens; Steven Shepard; Wende Mahaney
Subject: Mark teleworking, plans for training tomorrow?
Date: Wednesday, February 15, 2017 7:53:23 AM

Anna:  Given the forecast for snow later today, I will be teleworking.  I will be assembling
materials for Paul on the lynx SSA and developing responses to MDIFW's comments.

Are you, Patrick and Chris planning to drive to the "Change" training from Craig Brook
tomorrow?  Is there a chance that the training would be cancelled, and if so, can you get the
word out to all?

Fred, Steve, Wende, and I plan to leave early (7:00am) for Augusta.  The NOAA Winter
Weather Advisor is in place until 10:00 AM tomorrow morning.  The four of us are going to
touch base later this afternoon to decide whether to attempt the drive to the training or not. 
We will let you know.

If you hear anything about cancellation or make decisions later today on whether you, Chris,
and Patrick are attending, could you please let us know?

Could we all touch base by 4:00 PM today?

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Gifford, Krishna
Subject: Re: Comments Requested by March 9, 2017: Bicknell"s thrush draft biological species rpt for internal review
Date: Thursday, February 16, 2017 2:13:44 PM

Krishna:  It seems, for now, that each SSA takes its own unique twists and turns.  We are
going through our own growing pains with the lynx SSA.  Marty has some good ideas about
futures scenarios that we overlooked that we are going to talk with him about tomorrow. 
Sorry I missed today's SSA call, I had to work on the lynx SSA!

I look forward to reviewing and learning more about the Bicknell's thrush.

Mark 

On Thu, Feb 16, 2017 at 1:07 PM, Gifford, Krishna <krishna_gifford@fws.gov> wrote:
Mark - 

Thanks for your help!  You'll notice that this one doesn't look like the full SSA framework
(no 3 R's) but we do talk about current and future "conditions" and future scenarios.  There
is a big effects of climate change section because we believe that is biologically appropriate
to consider.  I look forward to your feedback - you are in a unique position to provide insight
into this document based on your lynx SSA experience.

Cheers,
Krishna

______________________________________________________________________
Krishna Gifford

ESA Listing Coordinator
U.S. Fish and Wildlife Service - Northeast Region
Endangered Species Program
300 Westgate Center Dr.
Hadley, MA 01035
413-253-8619 (v); 413-253-8482 (f)

On Thu, Feb 16, 2017 at 12:55 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Thanks Krishna.  I look forwarding to reviewing the SSA.  There are similar issues with
the lynx and Bicknell's thrush concerning spruce-fir forest that I am anxious to read.  I
believe I can get you comments prior to March 9.   Mark

On Thu, Feb 16, 2017 at 12:42 PM, Gifford, Krishna <krishna_gifford@fws.gov> wrote:
DO NOT SHARE OUTSIDE OF FWS - INTERNAL REVIEW,
PREDECISIONAL DOCUMENT

Hi Everyone - 

It has been quite awhile since some of you have heard from me about the status of our
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Bicknell's thrush status review.  The core team (Anthony Tur, Beth Forbus, and I) have
been busy synthesizing information and writing the attached biological species report. 
There hasn't been a lot to convey with you over the last 9 or so months, but I should
have at least told you we were working on it. My apologies for the lack of
communication.

Some of you (Tim, Anne, Anna) are getting this message and thinking, this is the first
I've heard about it, period.  That's because we've had some staff turnover in our points of
contacts.

So as orientation for our new points of contacts and a reminder for the rest of the group,
let me recap what we are doing and why:

We were petitioned under the Endangered Species Act (ESA) to list the Bicknell's
thrush as a threatened or endangered species in 2010 by the Center for Biological
Diversity.  We published a 90-day substantial finding in 2012, which initiated a
status review.  Due to workload constraints we started in earnest on the status
review last year.
We have a litigation deadline of 9/30/17 to send an ESA listing determination
document (either a 12-month not warranted petition finding or a proposed rule to
list as T or E) to the Federal Register.
The species' range includes:  Canada, the Bahamas, Cuba, Dominican, Haiti,
Jamaica, and the United States (CT, DE, GA, MA, MD, ME, NC, NH, NJ, NY,
PA, RI, SC, VA, VT, and Puerto Rico).   Here's a link to basic overview info:
 https://www.allaboutbirds.org/guide/Bicknells_Thrush/id
Starting in FY 2017,we are using the Species Status Assessment (SSA)
framework process to develop a stand alone species report for all of our listing
determinations.  The SSA report will be the primary analysis document that
decision makers will use to make a listing determination (e.g., there is no ESA
policy determination in the species report).
Since we started the Bicknell's thrush status assessment process in FY 2016, we
are using relevant elements of the SSA framework in our report but you may
notice that it is not in exactly the same layout or uses the same metrics that you
may have seen in other SSAs.  That's okay, it just means we may have more
translation to do during the briefing process.
The intent is to get internal review of this biological report from you, incorporate
comments, then send it out for peer review.  Once peer review is complete, we'll
start developing briefing materials for the R4-R5 decisionmakers.  We have
tentatively scheduled a decision meeting in early May.  Once we have an ESA
listing determination, we'll develop the appropriate Federal Register document
and route it for surname/signature.

Now, back to the main reason that I am contacting you.  The core team would appreciate
your review of the draft species report.  I am asking that you provide me with your
comments via email no later than March 9th.   If you do not have time to review the
report, please let me know.  If you have time to read it and provide verbal rather than
written comments, I can use that kind of feedback as well.

Thanks, in advance, for your assistance.  Do not hesitate to contact me if you have
questions about the process or this specific request for review and comment.

https://www.allaboutbirds.org/guide/Bicknells_Thrush/id


-Krishna
______________________________________________________________________
Krishna Gifford

ESA Listing Coordinator
U.S. Fish and Wildlife Service - Northeast Region
Endangered Species Program
300 Westgate Center Dr.
Hadley, MA 01035
413-253-8619 (v); 413-253-8482 (f)
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From: McCollough, Mark
To: Anna Harris
Subject: Mark flex and lynx SSA meeting on Friday
Date: Friday, February 17, 2017 8:06:57 AM

Anna:  I hope the training went well.  The roads were pretty bad when we proposed to leave,
and of course they were fine later in the day.  I hope you can bring us up to date on "change."

I am on flex today, but there is a conference call this morning with Marty about his comments
and suggestions concerning the lynx SSA.  I will participate in the call for a couple of hours.

See you Monday.  

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
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From: McCollough, Mark
To: Daniel Harrison
Subject: Re: citing your snowshoe hare "unpublished data"
Date: Tuesday, February 21, 2017 11:02:42 AM

Dan:  

Thanks so much for the summary of snowshoe hare data.  I was not aware (or probably forgot)
that you continued the hare surveys to 2015.  The last time that you and I reviewed the data
was probably through 2014 to be sure we had the correct interpretation correct as we finished
the Environmental Assessment and final incidental take permit for the Maine trapping.

We received MDIFW's extensive comments on the lynx SSA, which you just reviewed.  One
of MDIFW's comments is that hare numbers seem to have rebounded in shelterwood-managed
stands in recent years and that there is substantial acreage of shelterwoods on the landscape
(MFS data), therefore lynx are still finding sufficient hares (enough for the population to
continue to increase and expand).

I won't ask you to respond to the latter hypothesis about lynx, but do have a question
concerning the hare data in the CFRU report:

How do you interpret the increase in hares in shelterwood stands from 2008-2011.  The
sample sizes are small, but do you believe your data are sufficient to conclude that hares
have rebounded in shelterwood stands?
Why does the shelterwood data stop at 2011? Were there simply too few stands
remaining to survey?

Thank you for being a peer reviewer for the lynx SSA.  We have not received the peer review
comments, but I look forward to reading the comments when they arrive.  I hope you found
the document in fairly good order.

The USFWS has a "Decision" meeting on March 2, 3 that I am expected to be at.  The
decision-makers (management) will review the SSA and make a listing determination for the
lynx based on the information presented.  The peer review comments will be a major part of
the review.

We should get together to discuss the various hare projects in your email.

Thanks,

Mark

On Fri, Feb 17, 2017 at 2:00 PM, Daniel Harrison <harrison@maine.edu> wrote:
Hi Mark,

Yes, I saw that line in the document and have made a few minor modifications, but the gist
is correct.  Actually, 2006 was a transition year and the relative hare low persisted from
2017-2015 (the last year of overwinter surveys).  I used the funds I had from CFRU for the
hare summary work (post-doc) to hire Sabrina Moranoto create an ACCESS database that
organizes all of the hare and vegetation surveys conducted in my lab since 2001, to finish up
David Mallet's project (I received zero other funding for that other than the $5K from FWS),
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to complete Sheryn Olson's lynx food habits work (we had no funding for that other than
genetic analyses of scats from IFW), AND (not sure if you are aware of this) I extended the
field work by 2 years (to make sure we weren't missing the upturn -- that amounted to 4
unfunded field seasons). I apologize if you were not aware of that, as the statement in the
SSA implies that fieldwork ended in 2013.  I was saving for the post-doc summary work
with Experiment Station funds from Dean Ashworth as compensation to me for being Chair,
but lost funds when I transitioned back to faculty, which has delayed things.  I have not
spent any of the latest USFWS contract (expires December 2017) and have put together with
$20K of my remaining funds from the Dean and am shopping for the rest of the funds
needed to hire a one-year post-doc (would spend the FWS funds from June- December
2017).  I just received a $10 K commitment from the Center for Research on Sustainable
Forests (last week) and gave a proposal for the remainder of funding to Nate Webb (last
week) at IFW (but I am not optimistic on that).  Any ideas?  I need to start the hiring process
during the last week of February if this is going to happen.

I apologize if I was not communicating as well as previously, as I had little time for research
while serving as WFCB Chair.  In terms of reports, we have put annual reports together for
the CFRU and last year I provided to you and you indicated that was sufficient to meet the
requirement of our contract. I have also sent along the final copies of theses completed by
Sheryn Olson and David Mallett.  There is nothing else new to report other than the
completion of the ACCESS database and no FWS funds expended since the last report that I
provided to you.  I have attached the 2015 report to the CFRU (published in 2016) for the
hare project, which summarizes the hare project results up through the 2015 surveys -- see
pages 52-57.  I hope this helps and brings you and the Service up to date on our lynx and
hare studies.  Give me a call if you have any questions or ideas on how to complete the
funding package for the post-doc.

New stuff: I did recently authorize funds from the FWS account to pay for 1 credit of tuition
(~ $400) for an MWC student (Brock Sandrock) who is working with me to analyze the
incidental captures of hares in systematic marten trapping efforts (all traps spatially
referenced, checked for 10 nights over 4 years from 1994-1998 and hares captured or not
were recorded each night).  I am hoping this will provide information on the magnitude of
hare fluctuations and relative population sizes during the 1990's in the same areas where we
have pellet counts from 2001-2015.   Brock is in the middle of analyzing the data using
occupancy models and will provide another report and a seminar by May 2017.  He has
already completed all of the other requirements for his MWC (TA support and self-
funding).  He is looking at effects of forest management treatment, year, and year*treatment
interactions on occupancy rates of hares in traps from 1994-1998.

Cheers

- Dan

  



Daniel J. Harrison
Professor of Wildlife Ecology - Department of Wildlife, Fisheries, and Conservation
Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

On Mon, Jan 30, 2017 at 3:18 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Dan:  

When you do your peer review, could you please pay close attention to page 106 where
we cited your snowshoe hare data as Harrison, unpublished data:

Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they
have experienced a period of high (1995-2005) and low (2006 to present) populations
(Scott 2009, pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14).
Prior to 2006, several estimates of hare densities in the highest quality, regenerating
conifer or mixed forest averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha
(Robinson 2006, p. 26,). After 2006, hare densities declined by about half in all stand
types and have remained at these lower levels (Scott 2009, p. 109; D. Harrison, Univ.
Maine, unpub. data).

This is based on our several meetings where you have showed me the data you collected
(partially funded with USFWS contract) on spring and fall hare densities at your reference
transects.  We met annually to review these data through 2013 (I believe this is the date of
the last surveys) and we have discussed since.   My interpretation is that hare numbers
have remained (when averaged across all stand types) at low values since 2007-2008.  If
you recall, you have shown me the data, but not provided the summaries - something you
intended to do as part of a meta-analysis with a graduate student,

If you wish to revise or edit this interpretation, please do so when you provide peer review
comments.  

Hope all is going well.

Thanks,  Mark
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Endangered Species Specialist
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From: Phifer, Paul
To: Miller, Martin
Subject: Re: Lynx SSA (first draft) comments
Date: Tuesday, February 21, 2017 12:58:56 PM

Marty - thanks for the thoughtful comments.  I read through them all and will keep
them in mind as I review the revised SSA, the states' comments and the peer
reviews.  Paul

______________
Paul Phifer, PhD
Assistant Regional Director - Ecological Services
Northeast Region
Dept of the Interior
US Fish and Wildlife Service
413.253.8698 work
413.687.4764 cell

On Mon, Feb 13, 2017 at 11:15 AM, Miller, Martin <martin_miller@fws.gov> wrote:
Paul - not sure you ever saw my comments on the first draft of the lynx SSA report.  My
three main comments outlined in my email below have not been completely addressed; I
didn't bother repeating them in my comments on the second draft, so I thought you should
know about them in case any of these issues comes up at the decision meeting.  These main
comments are spelled out in detail in the Executive Summary - reading that will give you a
good idea of my concerns.  Marty

---------- Forwarded message ----------
From: Miller, Martin <martin_miller@fws.gov>
Date: Mon, Oct 31, 2016 at 12:21 PM
Subject: Lynx SSA comments
To: Mark McCollough <Mark_McCollough@fws.gov>
Cc: Mary Parkin <mary_parkin@fws.gov>

Mark - Here are my comments on the lynx SSA.  I focused on the Future Conditions and
Synthesis chapters.  I have three major comments:

1.  Establishing the proper context for the future:  This is a future with lynx not being listed. 
The document presents a delisting scenario in its evaluation of the Federal management
future of the MT/ID Unit.  I explain in my comments that, while the conclusions about what
the future will look like may be OK, the way we get there needs to be revised.  And this
context needs to be established for evaluation across all units, actors (Federal agencies,
states, landowners, etc.), and consequences (not just regulatory mechanisms).

2.  Explaining how the experts' opinions inform our conclusions:  The document does not
explain what we think about the experts' opinions (agree or disagree and why).  I was
expecting this explanation for each unit in Chapter 5 in the "Service Evaluation" section,
which follows the "Expert Projections,' but these two discussion appear to be independent. 
We continue to refer to the experts' opinions about persistence to the very end without ever
saying whether we agree with them (and explaining why).
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3.  Drawing meaningful conclusions:  The ultimate conclusions we make (the DPS has a
decreasing probability of persistence into the future) is meaningless as it can be said of every
species on earth.  I recommend we present "our" conclusions on persistence.  If we thought
it was valuable to know what the experts think about persistence, we need to at least present
our conclusions on persistence.  I understand we are advised not to present our conclusions
in a manner that too closely resembles a conclusion about listing being warranted or not. 
But we're too far down the "probability of persistence" road to avoid presenting our
conclusions on this.  And we need to do it in a way that describes the magnitude of the risk,
not statements that are generalized to the point of being meaningless.

Many of the comments I made on the Executive Summary I did not bother repeating in the
Chapters.

Let me know if you have any questions.
Marty

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615



From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Lynx SSA
Date: Tuesday, February 21, 2017 1:05:06 PM

Thanks Jim.  I will assemble a little more info from Canada.   Mark

On Tue, Feb 21, 2017 at 12:48 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark - that's a lot of work, responding to each comment.  I've responded to some I've received but not
most, and feel like other prep for decision meeting is priority.  

MDIFW had a month to review - like everyone else.

I provided lynx status in each province in the report, but I think it would be helpful to be prepared to
compare/contrast lynx status (including trends, if any are available), mgmt., and harvest quotas at the time of
listing with current, if possible, for each province that might provide emigrants/connectivity to DPS units/pops.
That could include some mapping if you think helpful.

I haven't made much progress on lit cited either; still have a bunch to add.

About an hour ago I was copied on a message from peer review contractor that he was out all last week with flu
but he saw today that 2 of 5 reviewers had submitted their reviews.  He will organize them and send by COB
today.  Other 3 peer reviewers are requesting additional time, and would like to have until Mar. 3 to get theirs
completed (which will make it very tough for us to summarize/discuss them at the decision meeting on Mar. 2....).

Not sure what Jodi's response will be.

On Tue, Feb 21, 2017 at 10:05 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:

I am developing notes for responses to each point made by MDIFW (about half way
done).

I've contacted Dan Harrison for additional interpretation of his hare data related to
MDIFW comments.

Paul Phifer met with MDIFW last week.  They reviewed MDIFW comments.  My
supervisor was on the call, but they changed their minds and I was asked not to attend. 
Paul has asked for a copy of the workshop report, Simons-Legaard et al. 2016, and key
climate papers, which I will send today.  My supervisor said that MDIFW had concerns
about the short amount of time they had to review the document.

I have a pretty good knowledge about lynx management in Canada next to Maine.  Let me
know how much detail is needed.  Lynx are provincially "regionally endangered" in New
Brunswick and Nova Scotia harvested (trapped) in southern Quebec immediately north of
Maine.  Management quotas vary according to fur management districts in Quebec - do
you think they will want maps, details of harvest?

I am in a meeting tomorrow and will not be able to participate in the State call.  Let me
know if there is anything I need to know.
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I received the book from NCTC today (Baumgartner et al.) and will try to scan the
appropriate pages today and add to our lit cited.  I have not been able to get to lit cited for
about two weeks.  This week does not look good for progress...

Have we received the peer review comments yet?

thanks, Mark

On Tue, Feb 21, 2017 at 11:46 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
In lieu of a Core Team call today, I request that Core Team members continue to review substantive
comments we've received so far that pertain to or reference their geographic units or major sections of the
draft report for which they we responsible.

Thus far, we have only received substantive info/comments from a few of our State agency partners; please
see assignments below.

Colorado - Kurt, Jim and Mark need to review these as they have general comments (Jim), plus some
specific to Unit 6 (Kurt), but also quite a few comments on the climate change and veg. mgmt. sections of
Ch. 3 (Mark).

Washington - Jim and Bryon

Montana - Jim and whole team (manner in which we present EE results), and Mark in particular (climate
change section of Ch. 3).

Maine - Mostly Jim and Mark.

We are still awaiting comments from Minnesota and Idaho.

In addition to being prepared to summarize comments /issues on your unit or sections you wrote and outline
responses to them, we will also have some deiscussions at the decision meeting regarding the DPS and how
it meets criteria under our current policy. Because the lynx DPS was designated based on differences in
cross-border management and status, I would like us (Core Team) to be prepared to discuss current lynx
status and management in adjacent Canadian Provinces.

Please try to track down current info and be prepared to summarize at decision meeting  as follows:

Mark - current status and mgmt. in New Brunswick and Quebec;

Tam - same for Ontario and Manitoba;

Jim - Saskatchewan and Alberta;

Bryon - B.C.

Kurt - you get off the hook on this one!

We have our monthly State/Fed. partners update/coordination call tomorrow at 1 PM.  I will send out a
reminder for that one later today.

Thanks.

mailto:jim_zelenak@fws.gov


  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Ecological Services
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Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Phifer, Paul
To: McCollough, Mark
Cc: Karen St Cyr; Anna Harris
Subject: Re: Lynx SSA papers
Date: Tuesday, February 21, 2017 2:51:56 PM

Thanks Mark!

______________
Paul Phifer, PhD
Assistant Regional Director - Ecological Services
Northeast Region
Dept of the Interior
US Fish and Wildlife Service
413.253.8698 work
413.687.4764 cell

On Tue, Feb 21, 2017 at 2:26 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Paul:  Attached is a copy of the lynx expert workshop report, Simons-Legaard et al. 2016,
and a few key climate change publications.  

Maine's Climate Future was originally written in 2009 and updated in 2015 by the Climate
Change Institute at the University of Maine.  It provides a summary of pertinent climate
science. 

The USGS Northeast Climate Science Center in Amherst, MA prepared a summary power
point of best available climate science for each of the lynx DPS units.  It was presented at
the expert workshop by Alexej Siren and is probably the best overall summary (beside the
SSA!)(Siren 2015).  

 Let me know if there is anything more that you want to read about.

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Jodi Bush; Justin Shoemaker; Heather Bell; Mary Parkin; Jonathan Cummings; Szymanski, Jennifer; Marjorie

Nelson
Subject: Lynx SSA Peer Reviews
Date: Wednesday, February 22, 2017 1:52:27 PM

We have received reviews/comments from our contractor (Atkins) from 2 of 5 peer reviewers (Ron Moen and
Dennis Murray).  I've posted these on the drive in both the Lynx SSA folder and in the Recommendation Team
Materials folder.

We hope to have the other 3 before the decision meeting.... 

Apologies if the drive notified you of these separately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Parkin, Mary
To: Mark McCollough
Subject: Re: lynx SSA status
Date: Wednesday, February 22, 2017 3:06:14 PM

Hi Mark,

I think this is a prebriefing for Wendy and Deb, and it's been postponed until Feb 28.  It's just
a half-hour meeting, and it looks like it'll include RO folks and Anna.  I just heard about the
Friday call this morning from Marty.  I may join that one, which sounds more substantive.  I'm
pretty flexible for the rest of the week, so we can talk at your convenience if need be.

Thanks,
Mary

On Wed, Feb 22, 2017 at 2:41 PM, Mark McCollough <mark_mccollough@fws.gov> wrote:
Mary  I was not aware of this meeting.  Not invited? I understand that Jim Connolly from
mdifw met with Paul last week. I have been working on responses to mdifws many
comments. There is a call with Marty on Friday to discuss his concerns. I am on the road
today. Maybe we could talk in the next day or so?  Mark

Sent from my iPhone

On Feb 22, 2017, at 9:54 AM, Parkin, Mary <mary_parkin@fws.gov> wrote:

Hi Mark,

As you can see from this email string, Jim suggested I ask you if there's
anything in particular I should be aware of going into today's lynx call with the
RD.  I'm playing serious catch-up right now; have gone through the emails with
Jennifer's questions and scenarios and with the comment review assignments for
the core team.

If you have anything additional that I can/should watch out for, I'm all ears! 
And if you're going to be on this call, all the better.

Thanks,
Mary

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Feb 22, 2017 at 9:39 AM
Subject: Re: lynx SSA status
To: "Parkin, Mary" <mary_parkin@fws.gov>

Hi Mary,

Hope the recovery goes quickly and you are back to par soon.
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I know the State (MDIFW) arranged a meeting with R5RO last week on Mon. or Tues. to which
Mark was at first invited but then "uninvited," but his FS Anna Harris attended by phone.  I've not
heard about what transpired.  Despite Mark's absence, I think he would be a better source for
prepping for your call today; recommend you reach out to him.

On Wed, Feb 22, 2017 at 7:35 AM, Parkin, Mary <mary_parkin@fws.gov>
wrote:

Hi Jim,

I'm back in the office for the first time since having my first knee replacement
surgery (more painful and debilitating than anticipated!).  Just learned we're
having a conference call with our RD at 10:30 re: lynx this morning; I'm
assuming it's in anticipation of the upcoming DM meeting.

Is there anything of particular note that I should be aware of going into the
meeting??  I'm sorry I've been so out of the loop.  Mark isn't on the invite list
for this RD call (although his supervisor is), so I can't count on his awareness
of the most recent team calls.

Thanks,
Mary

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
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Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov

-- 
Mary Parkin
Endangered Species Recovery Coordinator, Northeast Region
U.S. Fish and Wildlife Service, Hadley, MA
Remotely located in Escalante, Utah:
Mailing address  PO Box 637, Escalante, UT 84726
Street address  145 North Center St, Escalante, UT 84726
Phone  617-417-3331
Email  mary_parkin@fws.gov
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From: Bell, Heather
To: Jim Zelenak; Mark McCollough; Mary_Parkin; Tamara Smith; Kurt Broderdorp; JODI_BUSH; bryon_holt
Subject: SSA report writers/managers, yes You! please assist the SSA process by completing this short survey
Date: Wednesday, February 22, 2017 4:33:56 PM

Lynx team, you may not be quite done with the SSA report yet, but we, the SSA FIT, and our
contractor, could really do with your input on this survey.  It will help improve the writing
process for all those staff coming behind you (as you paved the way) or for you the next time
you have an SSA.  Thank you!

We need your help! Please complete Survey by March 1st

You are some of the first authors of SSA Reports and we need your feedback. We acknowledge that 
writing this new report has been a challenge. Thus we have contracted with Dr. Michelle Baker, 
proprietress of The Conservation Writing Pro, an online writing, editing and training service, and an 
instructor for the NCTC Critical Writing, Critical Thinking course. Michelle will assist us by providing 
guidance, templates, and training on how to successfully complete an SSA report. Your feedback is 
essential in order to develop those products. Please take the time to assist all our staff as we make this 
national change to the Species Status Assessment.

Please click this link or copy and paste.

https://goo.gl/forms/53iEQbIS74xuruxT2

Thank you again for your time.

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/
fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google Site: https://sites.google.
com/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS visit http://www.fws.gov/
endangered/improving_ESA/SSA.html.
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From: Zelenak, Jim
To: McCollough, Mark
Cc: Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Re: Can you distribute peer reviews via email
Date: Thursday, February 23, 2017 9:32:14 AM

I had started that folder but then was asked by our RO ES Division Chief Marj Nelson to populate folders in a drive
she created to share with RDs and ARDs, etc. 

I will delete the folder above. All the materials in Marj's folder are now in the folder I pointed you to in response to
your earlier email.

I will also forward the peer review docs via email. 

On Thu, Feb 23, 2017 at 7:25 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:  I found some of the state reviews (ID, ME, NH, MT, NM)  in the lynx SSA folder >
RD and ARD materials for Decision meeting, but still cannot find peer reviews or federal
agency reviews.

Can you distribute the two peer reviews we have received thus far by email?

Thanks,  

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Jonathan Mawdsley
Cc: jim_zelenak@fws.gov
Subject: Re: compilation of state comments
Date: Thursday, February 23, 2017 2:59:40 PM

Thanks very much for your help Jonathan. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Feb 23, 2017 at 2:46 PM, Jonathan Mawdsley <jmawdsley@fishwildlife.org> wrote:

Jodi and Jim,

 

Please find attached a compilation of state comments that we at AFWA have received in
regards to the Draft Species Status Assessment for the Canada Lynx DPS.  You will see that
we have divided the comments into two sections, the first being general comments from the
individual states, the second being a page-by-page inventory of the more detailed comments
that we received in response to specific passages in the draft document itself.  I very much
hope that this compilation will be of assistance to you.  Please let me know if there is
anything else that AFWA can do to assist in the development of this important document.

 

With best regards,

Jonathan Mawdsley

 

Jonathan R. Mawdsley, Ph.D.

Science Advisor

Association of Fish and Wildlife Agencies

1100 First Street, NE, Suite 825

Washington, DC 20002 USA

Phone: (202) 838-3462

Cell: (202) 997-6628
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Fax: (202) 350-9869

E-mail: jmawdsley@fishwildlife.org

Web: http://www.fishwildlife.org
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OFFICE OF SPECIES CONSERVATION 
 
 
C.L. “BUTCH” OTTER  P.O. Box 83720 
 Governor  Boise, Idaho 83720-0195 
  
  
DUSTIN T. MILLER  304 North Eighth Street, Suite 149 
 Administrator   Boise, Idaho 83702 
 

February 23, 2017 
 

Jodi Bush 
U.S. Fish and Wildlife Service 
Montana State Ecological Services Office 
585 Shepard Way, Ste. 1 
Helena, MT 59601 
 
RE:  Office of Species Conservation Comments on Species Status Assessment for the 

Canada Lynx 
 
Dear Ms. Bush, 
 
Thank you for the opportunity to comment on the Species Status Assessment for the contiguous 
population of Canada lynx (Lynx SSA). The Idaho Governor’s Office of Species Conservation 
(OSC) submits these brief comments on behalf of the State of Idaho and in addition to the 
technical comments submitted by the Idaho Department of Fish and Game (IDFG) (see IDFG 
comments dated February 22, 2017). The State of Idaho appreciates the U.S Fish and Wildlife 
Service’s (Service) effort to gather the best available science using the SSA framework and 
encourages the Service to continue to engage the states during this process and beyond.  
 
The State understands that the Lynx SSA is intended to serve as a summary of the best available 
science and is not meant to predetermine decisions under the Endangered Species Act (ESA). 
However, the use of the SSA framework is an entirely new process, and the Lynx SSA will 
ultimately inform any future ESA decisions related to the Canada lynx population in the 
contiguous United States. Undoubtedly, SSAs will be a harbinger for future decisions. For those 
reasons, the State of Idaho is hesitant to refrain from using this opportunity to highlight some 
overarching concerns relative to Canada lynx. 
 
First and foremost, the State of Idaho disagrees with the Service’s current determination that the 
Canada Lynx qualifies as a distinct population segment (DPS). Based on the species distribution 
at the time of listing and the robust populations in Canada and Alaska, the species does not 
qualify as a discrete and significant population as contemplated by the Service’s DPS Policy. In 
fact, within the Lynx SSA, the Service recognizes that lynx distribution in the contiguous United 
States is difficult to define and is at the very southern periphery of the species range. Based on 
the best available information within the Lynx SSA, the State encourages the Service to revisit 
its prior DPS determination. 
 
Furthermore, as pointed out by IDFG, Idaho lacks a persistent lynx population. This is supported 
by historical and current survey records. Dispersing lynx in Idaho are part of a larger population 
that occurs in Montana and British Columbia – lending further credence that this is not a distinct 
population. Future ESA considerations must take into account Idaho’s historic and current lack 
of a persistent lynx population. 



● (208) 334-2189 ● Fax (208) 334-2172 ● 

 
Again, thank you for your consideration of these comments and the comments submitted by 
IDFG. If you have any questions please do not hesitate to contact OSC. 
 
Sincerely, 
 
 
 
 
Sam Eaton 
Deputy Administrator 



From: Sam Eaton
To: Bush, Jodi
Cc: Dustin T. Miller; jim_zelenak@fws.gov
Subject: OSC Comments to Lynx SSA
Date: Thursday, February 23, 2017 4:12:48 PM
Attachments: Idaho Office of Species Conservation comments on Lynx SSA.pdf

Hi Jodi,
 
Hope all is well. I’ve attached OSC’s brief comments on the Lynx SSA. Obviously we’re relying heavily
on IDFG’s technical expertise to help inform the SSA. However, we wanted to also take this
opportunity to be on record highlighting some of our concerns – mainly related to the DPS
designation.
 
Thank you,
 
Sam Eaton
Deputy Administrator | Legal Counsel
Governor's Office of Species Conservation
208.332.1552 |  sam.eaton@osc.idaho.gov
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From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: Where can we find the peer and partner comments?
Date: Thursday, February 23, 2017 4:12:31 PM

I think what you are doing is most helpful - being up to speed on and having had considered comments from State of
Maine and potential of general response to them, as well as familiarizing yourself with the biggest issues raised by
peer reviewers.

Last I heard, we may not even get the rest of the peer reviews (Dan's and 2 others) before the meeting - the
contractor said those reviewers asked for more time and said they could get them to him by COB Mar. 3, which
doesn't help us at all.  We have let decision makers in R6 know about this and the potential need for a
revisit/followup once we receive and have had a little time to digest the late reviews.

Think we've now gotten all state comments except Minnesota, which were promised to be here today. 

I have not started a bulleted list, but I need to do so for the DM "cheat sheet" thatand Jodi want for DMs at the
meeting as well as for the presentation at the meeting.  You could best help there by starting one for MDIFW et al.
comments; I will summarize what we've heard from feds and then most time spent will be on major or common
points in the substantive state comments - thus far only Maine, Montana, Colorado, Idaho and Washington (but
likely Minn., too).  So if you do Maine, I can probably do the others.  Not sure how best to coordinate those so we
have them to hand out next Thursday morning.  Will think about that and get back to you.

On Thu, Feb 23, 2017 at 12:51 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
I have only been able to scan/read quickly through comments as well.  I have had other
meetings yesterday and today. 

 Let me know how I can best help you in the precious few days we have before we assemble
in Denver.  I just cancelled several meetings I had planned for next Monday and Tuesday
expecting we would need to assemble lots of  info.  I have not progressed with developing
brief responses any further than half way through Maine's comments.  

The peer review comments have greater weight - perhaps we should concentrate on
summaries or responses to those?  Any idea when the last 3 sets of peer review will arrive? 
They are not giving us much time!

FYI, we have a call with Paul Phifer and Wende Weber (our regional director) next
Tuesday.  I think they are expecting from me at least a verbal summary of state (especially
Maine), federal agency (not as much a concern here), and peer review comments.  If you
start a bulleted list of the high points, could you please share by COB on Monday  OR can I
help you with that?

Mark

On Thu, Feb 23, 2017 at 2:43 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark.  I am scrambling to try to assemble some coherent thoughts to present at the meeting next week
and have therefore only been able to read quickly thru most comments we've received and have not had time to
frame responses, etc.  I'll look to you in Denver for help with summarizing reviews for the decision-makers.

I do plan this weekend to do some of what you've done so that we can summarize the highlights at the meeting. 
I like how Idaho opens with the contention that the SSA essentially undermines the DPS designation, how they
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go on to focus on how few lynx on in their state, and then they provide data showing a bunch of recent
observations.....

I'll also forward to you my reply to USFS for their comments and request for clarification.

On Thu, Feb 23, 2017 at 12:38 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:

Thanks Jim.  Sorry that I was not able to find the folder at first, but see it now that you
provided the path....

I was able to take a quick read through ID, NM, and MT comments and the 2 sets of
peer review comments.

The differences between state and peer review are sometimes in concordance and other
times in contrast.  I see lots to discuss and address, but it could take weeks to digest it all
(and we still have 3 sets of peer review to receive).  Some interesting contrasts...

Moen and some state comments both critical of the workshop exercise on lynx
prob of persistence and its presentation in the SSA; Murray seems to have no
problem with the presentation
Murray agrees with the SSA outcomes projections, believes we did a good job of
explaining assumptions and uncertainty, but some states just the opposite
Murray questions basic assumptions of our basic relationship of
 Lynx>snow>competitors + hares.  He believes lynx will be first affected because
of  climate effects of lower hare densities in the DPS before climate+snow affects
relationships with other predators.  He has many other important comments,
including relying on empiricle data vs. book chapters
Both peer reviewers (and MT) point out key articles we missed which would
improve the SSA
etc., etc., etc.  whew!!!

Mark

On Thu, Feb 23, 2017 at 9:27 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Lynx SSA > SSA > SSA Documentation and Report > Peer and Partner Review Jan 2017.

All reviews I've received as of yesterday are there, including 2 peer reviews (Moen and Murray), 10 State
agency reviews, and all Fed partner (BLM, NPS, and USFS) reviews.

On Thu, Feb 23, 2017 at 6:45 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:  I was hoping to review some peer and partner review comments this morning
but can't find them.  Are they in our Lynx SSA folder?  I read you email from a
week or two ago, but I cannot find a folder labeled "Peer and Partner Review
January 2017"  I can find a Peer Review folder in the Lynx SSA folder, but there is
nothing in it.

Some clear instructions on how to find the comments would be helpful.
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Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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OFFICE OF SPECIES CONSERVATION 
 
 
C.L. “BUTCH” OTTER  P.O. Box 83720 
 Governor  Boise, Idaho 83720-0195 
  
  
DUSTIN T. MILLER  304 North Eighth Street, Suite 149 
 Administrator   Boise, Idaho 83702 
 

February 23, 2017 
 

Jodi Bush 
U.S. Fish and Wildlife Service 
Montana State Ecological Services Office 
585 Shepard Way, Ste. 1 
Helena, MT 59601 
 
RE:  Office of Species Conservation Comments on Species Status Assessment for the 

Canada Lynx 
 
Dear Ms. Bush, 
 
Thank you for the opportunity to comment on the Species Status Assessment for the contiguous 
population of Canada lynx (Lynx SSA). The Idaho Governor’s Office of Species Conservation 
(OSC) submits these brief comments on behalf of the State of Idaho and in addition to the 
technical comments submitted by the Idaho Department of Fish and Game (IDFG) (see IDFG 
comments dated February 22, 2017). The State of Idaho appreciates the U.S Fish and Wildlife 
Service’s (Service) effort to gather the best available science using the SSA framework and 
encourages the Service to continue to engage the states during this process and beyond.  
 
The State understands that the Lynx SSA is intended to serve as a summary of the best available 
science and is not meant to predetermine decisions under the Endangered Species Act (ESA). 
However, the use of the SSA framework is an entirely new process, and the Lynx SSA will 
ultimately inform any future ESA decisions related to the Canada lynx population in the 
contiguous United States. Undoubtedly, SSAs will be a harbinger for future decisions. For those 
reasons, the State of Idaho is hesitant to refrain from using this opportunity to highlight some 
overarching concerns relative to Canada lynx. 
 
First and foremost, the State of Idaho disagrees with the Service’s current determination that the 
Canada Lynx qualifies as a distinct population segment (DPS). Based on the species distribution 
at the time of listing and the robust populations in Canada and Alaska, the species does not 
qualify as a discrete and significant population as contemplated by the Service’s DPS Policy. In 
fact, within the Lynx SSA, the Service recognizes that lynx distribution in the contiguous United 
States is difficult to define and is at the very southern periphery of the species range. Based on 
the best available information within the Lynx SSA, the State encourages the Service to revisit 
its prior DPS determination. 
 
Furthermore, as pointed out by IDFG, Idaho lacks a persistent lynx population. This is supported 
by historical and current survey records. Dispersing lynx in Idaho are part of a larger population 
that occurs in Montana and British Columbia – lending further credence that this is not a distinct 
population. Future ESA considerations must take into account Idaho’s historic and current lack 
of a persistent lynx population. 



● (208) 334-2189 ● Fax (208) 334-2172 ● 

 
Again, thank you for your consideration of these comments and the comments submitted by 
IDFG. If you have any questions please do not hesitate to contact OSC. 
 
Sincerely, 
 
 
 
 
Sam Eaton 
Deputy Administrator 



From: Bush, Jodi
To: Kathleen Hendricks; Gregory Hughes; Dennis Mackey
Cc: Bryon Holt
Subject: Fwd: OSC Comments to Lynx SSA
Date: Thursday, February 23, 2017 4:15:49 PM
Attachments: Idaho Office of Species Conservation comments on Lynx SSA.pdf

FYI.  Late breaking comments from OSC.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Sam Eaton <Sam.Eaton@osc.idaho.gov>
Date: Thu, Feb 23, 2017 at 4:11 PM
Subject: OSC Comments to Lynx SSA
To: "Bush, Jodi" <jodi_bush@fws.gov>
Cc: "Dustin T. Miller" <Dustin.Miller@osc.idaho.gov>, "jim_zelenak@fws.gov"
<jim_zelenak@fws.gov>

Hi Jodi,

 

Hope all is well. I’ve attached OSC’s brief comments on the Lynx SSA. Obviously we’re
relying heavily on IDFG’s technical expertise to help inform the SSA. However, we wanted to
also take this opportunity to be on record highlighting some of our concerns – mainly related
to the DPS designation.

 

Thank you,

 

Sam Eaton

Deputy Administrator | Legal Counsel

Governor's Office of Species Conservation

208.332.1552 |  sam.eaton@osc.idaho.gov
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From: Zelenak, Jim
To: Jonathan Mawdsley
Cc: Bush, Jodi <jodi_bush@fws.gov> (jodi_bush@fws.gov)
Subject: Re: compilation of state comments
Date: Thursday, February 23, 2017 2:59:56 PM

Thanks very much Jonathan!

On Thu, Feb 23, 2017 at 2:46 PM, Jonathan Mawdsley <jmawdsley@fishwildlife.org> wrote:

Jodi and Jim,

 

Please find attached a compilation of state comments that we at AFWA have received in
regards to the Draft Species Status Assessment for the Canada Lynx DPS.  You will see that
we have divided the comments into two sections, the first being general comments from the
individual states, the second being a page-by-page inventory of the more detailed comments
that we received in response to specific passages in the draft document itself.  I very much
hope that this compilation will be of assistance to you.  Please let me know if there is
anything else that AFWA can do to assist in the development of this important document.

 

With best regards,

Jonathan Mawdsley

 

Jonathan R. Mawdsley, Ph.D.

Science Advisor

Association of Fish and Wildlife Agencies

1100 First Street, NE, Suite 825

Washington, DC 20002 USA

Phone: (202) 838-3462

Cell: (202) 997-6628

Fax: (202) 350-9869

E-mail: jmawdsley@fishwildlife.org

Web: http://www.fishwildlife.org
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Minnesota DNR Review of Draft Lynx SSA 

We appreciate the opportunity to review the draft Lynx SSA and hope our comments are useful to the 
review process.  We do have a variety of concerns and suggestions, some editorial and some 
substantive.  We recognize many of the comments are critical of a variety of statements and 
conclusions, but do wish to stress that our intent is to improve the scientific credibility of this document 
and any conclusions that may arise from it.  We recognize the tremendous effort that went in to 
preparing this and the difficulties in conducting such work in the face of much uncertainty, regulatory 
frameworks, and time limitations.  We commend the effort even though we may disagree with many 
conclusions.  We also realize that some of our structural or organizational suggestions may not be 
consistent with your current SSA process guidelines/rules, but nevertheless chose to offer those 
concerns and suggestions herein.   

We will start with some overarching thoughts as well as concerns on a few mechanistic ideas that are 
woven throughout nearly all areas of the document. 

1) We believe this document could be reduced in length by 50% or more by reorganizing it and 
reducing speculation and redundancies.  There are so many points in the document, many 
speculative, which are repeated dozens of times that it detracts substantially from the 
usefulness and readability.  If there are points that are repeated so often, then in our opinion 
that point should become a heading with 1 clear and concise discussion of why it’s relevant, and 
all supporting literature.  An example is the argument about bobcats increasing and 
outcompeting lynx.  Later we will question the merit of this idea some, but this idea is 
mentioned MANY times in various sections.  If it is believed to be so relevant, then it needs to be 
a focal section, thoroughly critiqued in 1 spot, and then dropped.  We would also add that we 
even question the need for Chapter 2.  We don’t see this as a broad literature review document 
for lynx or hares.  It should have a much more targeted focus on current status and projected 
changes, reporting only literature that is directly related to any proposed cause-effect process 
you deemed to be of relevance to future changes.  And importantly, these literature sources 
should be thoroughly critiqued, not just reported.  We recall few instances of actual questioning 
of the merits of any study, unless there was already another citable article published that 
challenged it.  Every study should be independently critiqued if it is a study used as the 
mechanistic basis for some proposed future change. 

2) We question why climate change (or Vegetation Management, Wildland Fire, etc) needs to be a 
specific section in this document.  It leads to a much broader discussion of these topics than 
necessary, lengthens the document noticeably, and we would argue it detracts from what 
should be a more complete and mechanistic discussion.  To be fair, under many of these 
sections you do use sub-headings focused more on the mechanistic relevance to lynx (e.g., hare 
habitat).  But forcing these ideas into, for example, a Climate Change section leads to too much 
superfluous general climate change discussion, in our opinion leads to a tendency to ’force’ a 
climate explanation on every observation at the expense of other possible hypotheses, too 
often separates potential positive and negative impacts for any category, and leads to far too 
much conjecture.  We question the usefulness of any paragraph filled with “might”, “could 
potentially”, “is thought to”, “he/she speculated that”, “may have effects”, etc.  We certainly 
understand the document needs to consider threats and must involve some speculation, but 
speculation should not be pervasive, and it also needs to consider possible positive or mitigating 



aspects of “change” that could offset threats and include all ‘reasonable’ hypotheses for an 
observation besides just a climate explanation, etc.  And for each topic, this balanced 
assessment needs to be in 1 place only.  For example, a focus on “Changes to Hare Habitat” 
should be a main section heading that includes relevance of climate change, vegetation 
management, and human encroachment (as opposed to these being in separate discussions).  

3) To summarize much of the above, we would suggest that the non-process-oriented portion of 
this document should start with what is now Chapter 4 – provide the best available information 
on ‘where we are’ today, and how it compares to the past.  Then a shorter chapter to explain 
how you reviewed the literature, laying out what you or others conclude are the key factors that 
are relevant to the near future (e.g., hare abundance/distribution, lynx denning habitat?, 
human-caused lynx mortality, connectivity of populations, competitors, etc).  List only the 
strongest citations for each of those mechanisms so others can determine if they agree on the 
merits of the study.  Then the last chapter tackles potential changes (positive and negative) for 
each of those ‘change mechanisms’ (e.g., hare habitat, etc.) in succession, including anything 
related to climate, development, or veg management in the same section.  Projections should 
focus only on perhaps the next 20-30 years (see our next comment), and be based largely/only 
on specific attempts that have been made to quantify/map projected changes (not just purely 
speculative “could effect”, “might happen”, statements).  Each sub-heading in this category 
should end with a final ‘net conclusion’ for this variable.  This will then further allow a critique 
by others on the ‘trustworthiness’ of the projections. 

4) We’re sure we are paraphrasing here (or maybe you would just disagree), but we would 
summarize your conclusions like this:  lynx distribution/numbers now may not be so different 
than historically, with perhaps some lynx reductions in places, but possibly some increases 
(Maine).  But the 3 R’s are pretty good at this time. In the near future (next 20-40) years, things 
may not change that much, but possibly some reductions in some units.  But things look bad 
further out (by turn of century), largely (but not solely) a result of climate change.  We do not 
know how far out you are REQUIRED to consider, but regardless of whether this scenario proves 
accurate or not in the future, we would argue that ANY prediction this far out should not be 
considered trustworthy.  The uncertainty here is enormous, and we do not feel it is often 
properly acknowledged, and in fact sometimes implied, with your word choices, not to exist.  
We’re not cynical of climate change, but very skeptical of our ability to predict the actual future 
for specific species in specific areas.  There is uncertainty in the climate scenarios, uncertainty in 
our knowledge of the relevant biological mechanisms, and it fully ignores (or at least can’t know) 
other non-climate changes (bad or good) that could occur (adaptation, mitigation, economic 
forces that affect habitat and populations, global politics, etc.).  With all this uncertainty, we 
disagree that a Species Status Assessment with many potential implications should have so 
much speculative leeway that far out in time.  If that much speculation is allowed, one could 
easily construct a positive or neutral scenario that far out, at least in terms of the climate angle 
(e.g., see the book “Landscapes and Cycles” by Jim Steele – not that our mention of this is an 
endorsement of any specific idea he presents). 

5) Smaller point, but the Literature needs to be cleaned up.   We did not even cross-check a 
majority of the citations, but it was not uncommon when we did to find some error (e.g., year 
mismatch) or omission (a listed citation not in the Lit Cited). 



Because some of the future threats you identified hinge on mechanisms you suggest will change as a 
result of climate change, and they are repeated in many places, we will focus our next set of comments 
on some of those ideas and where we either disagree or at least feel the idea is not sufficiently 
critiqued.    

Lynx need deep/fluffy snow or bobcats can’t catch hares in it 

• Certainly no disagreement from us that lynx have adaptations for deep snow, but this is not an 
argument that they NEED or REQUIRE it as often stated or implied.  Also safe to say there is a 
good CORRELATION between lynx distribution and deeper/fluffier snow. But: 

o We are unaware of any study that rigorously disentangles the correlation between lynx, 
snow, boreal forest, roads/humans, and hares.  They clearly need hares, which appear 
to do best in boreal-like forest, which is found where there is deep/fluffy snow and 
fewer roads/humans.  Lynx obviously can catch enough hares during the 7 or so snow-
free months of the year to clearly demonstrate they don’t need snow for that purpose. 

o Even in northern areas with ‘great’ snow conditions, lynx still  ‘crash’, suggesting that 
snow per se is not the driver of the decline (even if it may influence synchrony or lynx 
ecology). 

o On p. 61, you mention Stenseth et al. (2004) saying only that they estimated that snow 
density affects lynx hunting success – no details.  It is not until 6 pages later (p. 67) that 
you add the note that they estimated that lynx hunting efficiency for hares may be 
HIGHER in compacted snow than fluffy snow (if nothing else, this is another example of 
why combining points into more focused sections is needed).  Our main question, 
however, is why you take a result that could be considered a positive (or at least 
mitigating) ‘response’ to the supposed negative effects of climate-induced increases in 
snow density, and immediately try and assume a negative effect.  Specifically, on P. 67 
you state that this higher hunting efficiency by lynx on compacted snow may cause a 
(positive) numerical response by lynx, but you quickly follow with the assertion that this 
could actually be bad (drive hare population to low levels), citing Stenseth et al. (2004, 
10633).  I found no such suggestion in that paper, and more importantly, it would be 
speculation only and ignore the fact that for hundreds of years lynx (along with other 
variables) have already been driving hares to low numbers (i.e., the hare cycle) without 
negatively affecting long-term hare persistence.  More compaction is bad because lynx 
will eat too many hares, and by reverse inference, if snow got increasingly deep/fluffy 
they wouldn’t be able to catch enough.  So any change from right now is bad??? 

o A possible response to this concern is that maybe it’s hares that need deep/fluffy snow, 
and not lynx per se.  We will discuss the color mis-match idea next, but outside of 
maybe that we find little data to suggest hares do NEED a specific depth/type of snow.  
Once again, we obviously know hares have persisted in spite of 7-8 months of snow-free 
conditions.  Even in the boreal forest, hares experience high mortality from a wide 
variety of mammalian and avian predators, yet they have evolved to ‘deal with this’ and 
persist where habitat is good.   It would appear that the strongest case to be made is 
that cover type (e.g., spruce/fir or similar coniferous/mixed) and horizontal complexity 
is the primary driver behind their distribution, not snow or presence of only a certain 
number (or species) of predators.  



o The color mis-match idea is certainly an interesting one that does relate directly to 
snow.  And there is now some data suggesting differential survival of hares based on 
color mis-match (presumably this would have been the finding 100 years ago as well, 
since snow has always been variable in timing and not all hares turn white on November 
1st).  But to go beyond that and suggest long-term population consequences is 
premature, and we would argue not very intuitive.  The fact that there is wide individual 
variability in the timing of pelage change (p. 68), combined with hares being an r-
selected species (i.e., high reproduction and well adapted to deal with fluctuating 
environments), suggests to us that there is a high likelihood that timing of coat color 
change will evolve if snow conditions change.  At the southern edge of their range, snow 
conditions have likely fluctuated for eons.  Ignoring that for the moment, we would say 
that the way to describe the Zimova et al. (2016) conclusion on p. 68 would be that IF 
there is no selection operating on the timing of molt, and IF there is no compensatory 
reproduction/mortality in response, and IF the high-emissions scenario happens, then in 
maybe 80 years or so hare population growth might drop below 1.0 (they do not 
estimate it would drop below 1.0 in the moderate emissions scenario as you state).  Is 
this really something to base management decisions on?  Even in the absence of climate 
change, one can come up with theoretically-possible 'disasters' for any wildlife 
population/species, but it doesn’t mean they have much applied value now.  

o This point relates both to the above discussion as well as the competitive exclusion idea 
we discuss next.  But on p. 66, with similar statements scattered in dozens of places, you 
state that “Bobcats…..are unable to hunt hares successfully in areas with deep/soft 
snow”.  You list 2 citations, and we would say that neither contains any data (nor cites 
any) demonstrating variable hare hunting success by bobcats based on snow conditions.  
We already know that in notable parts of lynx range, coyotes and lynx are coarsely 
sympatric and both species prey extensively on hares.  In examining Figure 5.1 of Krohn 
et al. (2005), it would appear to us that if the foot loading – leg length arguments were 
drivers here, bobcats should be more equipped to pursue hares in deep snow than 
coyotes – they have similar leg length, but lower foot loading.  We see little data to 
support the conclusion that snow, at least via its effect on hare hunting success, is solely 
or even largely responsible for the mostly allopatric distributions of lynx and bobcat. 
 In this same sentence, you state that bobcats “….experience high mortality in 

deep snow winters (Litvaitas et al. 1986, p.116)”.  This citation is not in the Lit 
Cited, but we think we know what it is and on p. 116 there is no such statement.  
They do mention that snow may affect mobility of bobcats, and one of the 
citations they list (Petraborg and Gunvalson 1962) does anecdotally suggest 
bobcats can become stressed during severe winters, but that much of the actual 
mortality was attributable to vulnerability to human-caused mortality in those 
situations.  And even then, no evidence that bobcat populations were then or 
shortly thereafter excluded from those areas.  So unless we missed something, 
we don’t see much data to support the claim that bobcats experience high 
natural mortality directly from deep snow. 

o We’re speculating more now (but see p. 69 in Werdelin. 1981.,  Ann. Zool Fennica 18:37-
71), but while bobcats are certainly less-adapted to deep/fluffy snow than lynx, we 



believe reduced prey diversity in northern areas may be more limiting to bobcats than 
snow directly.  From our limited understanding, Eurasian Lynx are the precursor to both 
species, and the first wave of arrivals to NA came south, glaciers eventually restricted 
them from the north, and they evolved into bobcats in an area with more diverse prey 
(and less snow).  The second wave of Eurasian Lynx immigrants arrived in the north after 
the glaciers, and already snow-adapted, but lacking a similar-sized prey than they were 
accustomed to (roe deer).  Hares were the most abundant and closest-sized option, so 
Canadian lynx evolved as ‘hare-addicts’ in an area with lower prey diversity (and more 
snow, which they were already well-adapted to).  They didn’t later expand further south 
because there were no hares there, and the nearest niches to the south were already 
filled (bobcats, etc).  Our point here is that if anything occurs to cause hare habitat to 
contract northward (for any reason, including climate change), we agree that it is likely 
to impact southern lynx.  But we see little data to support the notion that snow will 
change and all of a sudden allow bobcats to move in and either kill lynx or outcompete 
them for hares.  Kapfer (2012) concluded that snow and temperature did not appear to 
be directly limiting bobcat distribution in MN, and found more support for deer density 
limiting the northern edge, and others have also recognized the likely importance of 
ungulates to northern bobcats, especially in more severe winters (see discussion in 
Anderson and Lovallo 2003).  So while snow could still be a relevant indirect variable (if 
changes allow deer increase), we would argue that whether bobcats advance northward 
in meaningful numbers will be as or more dependent on whether non-hare prey 
diversity/density increases in those areas than on snow conditions directly.  As such, and 
with no clear data to suggest bobcats will kill lots of lynx, we currently doubt the merits 
of the lynx-hare-bobcat competition argument.  We recognize the largely speculative 
nature of our own comments here, but as we have argued above, we believe these 
ideas are no less supported by data than some of the existing arguments in the 
document. 

Competitive exclusion 

• Some of our above points are relevant here as well, but a few additional notes.  The idea of 
outcompeting or excluding is based on the premise of overlap, at least initially.  If lynx range 
were to contract (say because hare habitat contracts), and bobcat expand into areas lynx USED 
to be, then they remain allopatric and competition or exclusion is not relevant.  So in using these 
terms, it assumes bobcat/coyotes/etc invade lynx-occupied areas first, kill or outcompete them 
for hares, thereby excluding or notably reducing lynx from areas they would otherwise have 
remained.  To this idea: 

o The primary study commonly pointed to for bobcats excluding lynx is Parker (1983) on 
Cape Breton Island.  In that paper the authors do not provide any data demonstrating 
that bobcats excluded lynx from the lowlands, they just point to an apparent correlation 
when in 1955 a causeway way built, bobcats apparently crossed, and lynx were 
eventually found primarily in the highlands.  But there is no data provided to clearly 
demonstrate lynx were present in notable numbers in the lowlands prior to that, or 
what the actual mechanism may be (did bobcats kill lynx, or eat all the hares?).  
Additionally, a casual review of the history of the island notes that the mining and steel 



industry blossomed after 1900, and that after WWII (when the causeway was built) 
other industry and human development ensued.  Presumably the causeway allowed 
more human disturbances, and possibly more human-caused lynx mortality, starting in 
1955.  The authors state in their paper that “Whether the decline in lynx densities was 
coincidental with the dispersion of bobcats or a direct result of that phenomenon is 
uncertain”.  And in a 2001 Nova Scotia Lynx Status Report, the same author reports that 
“there is no historical correlational evidence that either [bobcats or coyotes] has 
adversely affected lynx densities or range limits in the past 20-30 years”.  Given the 
publication date, that would refer back to either 1970 or 1980, so it is not necessarily 
inconsistent with the earlier speculation (which referenced 1955 up until the 1983 
article).  But there is some inconsistency, and given their earlier conclusion of “cause 
uncertain”, it is not a particularly well-supported example to serve as the ‘poster child’.  

o We could not retrieve the Robinson 2006 thesis, but the other citation on this point that 
you list (Peers et al. 2017) on p. 66, along with Murray and Boutin (1991) listed 
elsewhere, does provide some evidence of local niche separation with either bobcats or 
coyotes, but importantly these findings come from areas WHERE THESE SPECIES ARE 
SYMPATRIC.  Presumably this is to be expected in that there must be at least some niche 
separation for 2 species to co-exist in the same general areas.  These are important and 
useful studies, but they do not show any demographic effects on lynx nor imply 
“outcompete” or “exclude”, only some degree of coexistence through smaller-scale 
niche partitioning.   

o So collectively, while this may be a reasonable idea to consider, we argue it currently 
has little solid data behind it.  Yet you probably state or infer this “outcompete or 
exclude” concept dozens of times. 

Are disturbances good or bad? 

• Starting on p. 70 you discuss forest disturbance events.  Perhaps because this is in the Climate 
Change section, itself a part of the Threats section, the ‘tone’ of this entire discussion in our 
opinion is negative.  For example, there are a lot of terms like “dramatically affected”, 
“stressed”, “increase vulnerability to”, “extensively damaged”, etc.  We’re not suggesting these 
are incorrect statements where used, but this section does not provide a balanced review of 
how disturbances can be good or bad for lynx or hares.  There is just a theme of negativity 
because these disturbances may be driven by climate change.  In only 1 place from p. 70-72 is 
there any hint that disturbance can be good for hares/lynx (as well demonstrated in Maine and 
elsewhere), yet this ‘good disturbance’ is quickly turned to a negative point by suggesting this 
particular example of disturbance may not happen again due to climate change.  Ten pages or so 
later (Vegetation Management, Wildfire, etc sections), there is additional discussion of 
disturbances.  We do feel many of those discussions are more balanced, but we strongly argue 
that these discussions all need to be together.  As but 2 examples: 1) on p. 70 you say “Increased 
fire frequency……….could affect connectivity and gene flow in lynx populations”, which hints 
that the assumption is it will be a negative effect.  Then on p. 84 you note that “Because of (1) 
fire’s important role in creating and maintaining high-quality early-successional hare habitat in 
most lynx habitats in the contiguous U.S.,……..”.  These ideas needs to be more concisely 
discussed together, examining net potential changes.  2) On p. 70 you note that “For example, 



drought can weaken trees, increasing their vulnerability to insects and pathogens”, then on p. 
71/2 “Widespread clearcutting following the most recent spruce budworm outbreak in Maine 
was the primary driver creating the current broad distribution of high-quality lynx habitat”, then 
on p. 79/80 “Removal of larger trees from mature multi-story forest stands to reduce 
competition and increase tree growth or resistance to forest insects may reduce the horizontal 
cover (e.g., boughs on snow), thus degrading the quality of winter habitat for lynx”.  Individually, 
each of these statements may have some truth in selected situations, but it is not helpful or 
useful to have them scattered about.  The potential negative AND positive consequences of 
them need to all be in one spot under more mechanistic sections, objectively balanced (even if 
they must be under a “Threats” section).  Headings like “Future Changes to Hare Habitat” are 
more meaningful, where you combine positive and negative possibilities/data related to climate 
change (e.g., disturbances can both create hare habitat or have negative effects), forest 
management (some is good or could mitigate, some can be bad) , human 
encroachment/development (presumably not much good here), etc.  And then each section can 
end with 1 forecast, even if “Too much uncertainty to make defendable predictions of the 
future”.     

Cyclicity is not necessarily “good” 

• There are several places in the document where you state or imply that cyclicity is inherently a 
good thing, or a change to non-cyclic is in itself bad.  Examples include: 

o P. 34 - non-cyclic or weakly-cyclic hare populations are unlikely to allow the rapid lynx 
population recovery observed in northern lynx populations when hare numbers increase 
dramatically after cyclic population crashes 

o P. 65 – The collapse of cycles in herbivores with high-amplitude population cycles also 
would imply collapses of important ecosystem functions such as pulsed flows of 
resources and disturbances throughout the ecosystem, including declines in predator 
communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 

o P. 65 – If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or 
the adjoining U.S. (ILBT 2013, p. 69). 

• While change from cyclic to non-cyclic (or pulsed to non-pulsed) is certainly a sign that 
something is changing, and possibly an indicator of an emerging concern, we do not find these 
arguments compelling at all.  Average population density will be higher for ‘stable’ populations 
than fluctuating populations (e.g., Boyce and Daley. 1980. Am. Nat. 115:480-491.), all other 
things equal.  This implies lower persistence for fluctuating populations (e.g., Inchausti and 
Halley. 2003. J. Anim. Ecol. 72:899-908.), again all other things equal.  So cyclic behavior can’t be 
considered inherently good (in fact, it can be considered bad) and these statements should be 
removed in our opinion. 

• Diminished amplitude does not necessarily mean there will be less dispersers on average, only 
that dispersal will be less pulsed.  It has flaws for the same reasons above.  Sending out 0 
dispersers for a number of years, followed by 100 for a few, cannot automatically be viewed as 
better than 50 every year (or from above principle, maybe it would be more than the average 
for a fluctuating population).  And since this idea you reported rests on the assumption of 
climate change induced alterations to snowpack and cyclicity, we would note that there is a 



logical but perhaps speculative argument to be made that more compacted snow could increase 
lynx dispersal distances and have positive effects on colonization of patches.....all other things 
equal.    

Hare Range/Density contraction 

• On p. 68, you state that hare range is contracting “….because of changing snow conditions and 
reduced survival because of delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et 
al. 2016a, entire).  Shortly thereafter, “Loss of snow now contributes more than loss of habitat in 
determining the range of snowshoe hares in the Great Lakes region (Sultaire et al. 2016a, 
entire).  We do not believe these are currently defendable statements. 

o While we won’t question the conclusion of a possible range contraction too much, we 
would note that comparisons of finer-scale species presence at 2 distant points in time 
(each based on 1 or 2 years of presence data) is less than desirable for detecting a range 
contraction.  Especially at the edge of a species range, it is highly likely that this has 
always been a fluctuating boundary, so it takes more continuous time series data to 
truly assess a systematic range contraction.  Even if we assume those range contractions 
in PA and WI are accurate: 
 neither study contains any direct data whatsoever to support the notion that it 

is due to reduced survival because of pelage mis-match as you state. 
 In another paper you cite later (Sultaire et al. 2016b), where they included more 

detailed vegetative metrics in their analysis, they state, for example, “As we 
predicted, landscape-scale forest amount and local vegetative cover were 2 
important constraints of the snowshoe hare range limit”.  Vegetative metrics 
constituted 3 of the 5 variables (the other 2 being snow-related) in their top 
model, all 12 of the top models contained vegetation metrics, and no snow-only 
model was even in the top 12.  So even if snow is relevant, clearly so is 
vegetation and it is not mentioned. 

 Neither area of apparent hare range contraction in those 2 studies seems 
immediately relevant to lynx (you concluded that resident lynx did not 
historically nor do currently occur in Wisconsin, and I’m sure this would be true 
for PA as well).  Range contraction anywhere may still be a relevant observation, 
but we would argue these observations are not very relevant to lynx at the 
moment. 

 In none of the discussion in this section (or those initial 2 papers) do we find any 
consideration of non-snow alternative hypotheses, outside of some discussion 
about predators in one of the WI papers.  This is perplexing in that there are 
other hypotheses that seem just as reasonable as snow, in our opinion.  For 
example, WI and PA are 2 states with the highest deer densities, we know deer 
increased dramatically in many areas from the 1970’s to present, and there is 
extensive literature (including some from PA and WI) on the effects of deer 
browsing on understory (i.e., important hare habitat), and past research to 
support various vegetation connections in the demography of a hare cycle.  In 
WI, the area where hare range is suggested to have declined is also quite 
correlated (based on our visual exam) with the area of WI that has the highest 



deer densities.  And the second Sultaire paper we mentioned above clearly 
found vegetation a relevant explanatory variable.  Other unconsidered and 
speculative but reasonable hypotheses: 1) increasing data (e.g., several MN 
studies) showing the impacts of northern expansion of exotic earthworms on 
forest understory (hare habitat); 2) in PA, there has been notable 
recolonization/expansion of both fishers and bobcats which could play a role in 
hare dynamics; 3) related to #2, we’re not aware of anyone considering the idea 
that as a result of widespread predator reductions that likely had lingering 
effects all the way through the 1970’s, perhaps hares had expanded into areas 
of otherwise marginal habitat, and now some contraction could arise in part 
from natural recolonization of native predators.  While we really don’t want to 
suggest the review needs more speculation, we do believe that your discussion 
here is not supported and should simply say that “There is some evidence that 
range may be contracting (so far in areas not too relevant to lynx), but that the 
cause-effect connections are unknown and could include snow, deer, predators, 
fragmentation, etc., etc.  

 Finally, we would note that while we would not consider our data well-suited to 
examine hare range contraction in MN, data from 2 separate surveys here at 
least does not suggest any ‘lynx-relevant’ contraction of hare range, and more 
importantly, both surveys suggest hare numbers have been increasing for nearly 
20 years in much of northern MN, completely contrary to many of the 
mechanistic suggestions presented in this review (e.g., snow is supposedly 
getting ‘worse’ for hares, bobcats have increased significantly, etc).  The most 
parsimonious albeit speculative explanation for this in MN is a notable increase 
in young forest.   

We will now list our remaining comments by page numbers: 

6) Page 8 – assumption that lynx require deep-snow.  As stated above, we do not find much data to 
support the idea that they require specific snow conditions.  We do not believe one can say 
much beyond they require hares, and thus hare habitat/populations should be a main focus 
here.  The rest is speculative. 

7) Page 8 – assume hares have limited capacity to respond to disturbances.  The Maine (and 
probably MN) story shows otherwise, even if the disturbances weren’t climate-change induced.  
And for an r-selected species, it is not intuitive that they can’t respond to disturbances.  In fact, 
their demographic traits (other than maybe dispersal distance) are finely honed specifically to 
be able to rapidly respond to changing conditions.  What matters is knowing any thresholds for 
when the type, size, or frequency of the disturbance is too much, and I’m not sure we know 
that.  And we certainly can’t predict the exact magnitude of disturbances well into the future. 

8) Page 8 – assume changes to Federal Land Management Plans have been positive for lynx, and 
will continue to be so.  While perhaps reasonable, it clearly is an assumption of unknown 
significance.  Is there any specific study that has attempted to quantify hare/lynx response to 
changes in Federal land management plans?   

9) P. 8 – projections to year 2100.  We know we’re reiterating now, and do it again later, but…..we 
would not personally trust any projections much more than 10-20 years out, even if our 



speculative bet was in agreement with that in this document.  With thousands of 
modelers/analysts and millions of monitoring dollars, few if any predicted the financial collapse 
even 1 year out.  This is not a realistic time frame given the massive amount of uncertainty here, 
even just in the biological mechanisms. 

10) P. 10 – “The western geographic units (units 3 through 6) may be more likely to support resident 
lynx longer than units 1 and 2 under projected climate change scenarios given the higher 
percentage of land managed specifically for lynx conservation and their greater topographic 
potential to facilitate the upward elevational shift in in lynx habitats projected by climate 
models”.  At least in the context of regulation/ownership, this is a big assumption.  It assumes a 
cause-effect with Federal regulations, and fully ignores non-regulatory factors in Units 1 and 2 
that may have even done more for lynx on the private/state/county lands – e.g., 
disturbance/logging that may have created more favorable habitat in these Units in the past 2-3 
decades.  Just because something was not done in the name of lynx conservation doesn’t mean 
it isn’t beneficial to lynx. 

11) Page 11 – Resiliency section – you acknowledge much uncertainty, then go on to say AS snow 
conditions become less favorable, bobcats LIKELY will outcompete/displace lynx, and this in turn 
WILL reduce lynx abundance.  We know how hard this would be to do, but just to make our 
point, can you assign any probability of these things occurring in the face of all the uncertainty?  
We presume not, and we question some of these ASSUMPTIONS anyway.  Just say “Future 
effects cannot be predicted with confidence”. 

12) Page 20 – second full paragraph, first 2 sentences – “Additionally,….”.  We think this is a very 
accurate and informative statement, yet the document then proceeds thereafter to make many 
assumptions and use leading words (will, require, likely to, etc), largely ignoring (or using 
citations that ignore) the vast amount of uncertainty on many mechanisms.  As stated earlier, 
we think this could be avoided if you were to limit your forecasting to a period of time that one 
can put some faith in the projections. 

13) P. 26 – “…..and the amount of structure (e.g., downed, large, woody debris, tip-up mounds) 
seems to be more important than the age of the forest stand for lynx denning habitat”.  An 
important caveat is that you won’t get a lot of COARSE woody debris, including large tip-up 
mounds, if a certain percentage of the forest was not allowed to attain older age.  So age does 
still matter, at least based on what the literature has found for lynx denning habitat. 

14) Last sentence on p. 29, continuing to p. 30 – “These factors probably further reduce the 
likelihood that an individual lynx in the southern periphery of the range will survive, reproduce 
successfully, and have one or more offspring recruited into the resident breeding population”.  
We would agree, but to some extent these things are ‘normal’ for a species at the edge of their 
range, we can’t really quantify “reduce the likelihood”, and from your own conclusions it 
appears that current lynx distribution is not much different today than historically.  So is this 
really meaningful? 

15) P. 31, last paragraph – we find little in this paragraph that is anything but speculation.  The most 
defendable statement is “….the influence of predation (and we would add, hare competitors) on 
lynx populations is unknown”.   What more really needs to be said?  We have already 
questioned the merits of several of the statements/assumptions in this paragraph, to which we 
would now add that Gonzalez et al. (2007) does not demonstrate lynx NEED snow for 4 months 
– all they did was look for correlation with snow - no assessment of how hares factor in, 



whether snow is correlated with hares or hare habitat, no lynx/hare survival experiment, etc.  In 
fact, one of the co-authors of that article later published a relevant paper on wolverines/snow 
(McKelvey et al. 2011. Pop. Ecol. 53:263-266) arguing that this type of correlational analysis 
cannot lead to defendable cause-effect conclusions.  This section also states “Lynx also need 
landscapes where they are unlikely to suffer reduced fitness because of competition with other 
hare predators, or encounter traps or other anthropogenic causes of mortality” – we would 
argue that could easily describe much of Canada where lynx are secure.  There are of course 
other hare predators there (to varying degrees, weasels, raptors, red fox, fisher, marten, coyote, 
wolf, wolverine, and even red squirrels have been documented to prey on hare leverets).  We’re 
not even sure if lynx are consistently in the top 2  - e.g., see Tables 6.3 and 6.4 in Hodges 2000.  
Consumption of hares by all these CAN reduce lynx fitness (to an unknown degree), yet lynx are 
abundant there.  And some lynx certainly “encounter traps” in much of Canada and Alaska.  The 
themes of paragraphs like this are not well supported by data, are filled with speculations, 
usually negative, and should be eliminated without more support.  “We don’t know”, as you 
started with, is sufficient. 

16) P. 33 – “Neither the Montana nor Maine estimates incorporated rates of 
immigration/emigration”.  We would also just note that none of the lambda estimates in that 
paragraph include confidence intervals, and had they, it would not be surprising if many 
encompassed both positive and negative values for lambda. 

17) P. 34, first full paragraph – we would eliminate most of the first sentence and say “In summary, 
lynx need……landscapes with hare densities capable of supporting……(i.e., the second sentence).  
The rest is speculation. 

18) P. 36 -  “In its 2003 remanded determination, the Service determined….”.  We don’t like the 
remainder of this sentence/discussion being presented as either/or.  There is good reason to 
believe that both dispersers and resident breeders (some which may have been dispersers) are 
important. 

19) P. 38 – last 2 sentences in first paragraph – We have touched on some concerns related to this 
before, but re-state that we don’t really agree with the logic that competitors are known to be 
some big driver here.  The presence of more generalist predators to the south may indeed 
contribute to reduced cyclicity (not necessarily reduced hare abundance).  It is much more likely 
that reduced hare habitat quality is what reduces hare abundance in the south, and more 
generalists, due to prey-switching, reduce cyclic tendencies (which also means there may be 
reduced troughs as well, not just reduced “potential for high-density hare populations”).  
Average density of a fluctuating population will be lower than that for a stable population, other 
things equal.  From this, one COULD actually argue that generalists can be good for lynx.  But in 
fact lynx are not better off in the south because all other things are not equal – hare habitat is 
generally worse or patchier. 

20) P. 38 – “Long-term snow conditions presumably limit the winter distribution of potential lynx 
competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes”.  In our opinion, 
“presumably limit” is not useful.  While we did not have a copy of the book that chapter was in, 
we do have the newer version and only see some anecdotal reference to this idea, which we 
have already questioned.  Of course snow has “effects” on animal movement/etc, and maybe 
more so on coyotes/bobcats than lynx, but I am unaware of any data to support the idea that 
this alone creates anything but possibly local-scale allopatry, with no demonstrated effects on 



bobcat/coyote demography, or then in turn on lynx persistence.  Repeating these ideas over and 
over is misleading.  This idea needs to be critically ‘vetted’ in one spot, which we believe leads to 
a conclusion of “effects unknown” as Murray et al. (2008) basically concluded, and then no need 
to mention again. 

21) P. 43 – “Siren (2014, p. 10) suspected that the relatively few lynx detections documented in 
2012-2014 may be related to the presence and abundance of bobcat, coyote, and fisher 
populations in much of northern New Hampshire”.  This article is not in Lit Cited (nor is Siren 
2016 cited elsewhere).  And this sentence, along with the one at the end of the paragraph, is 
just more speculation.   

22) P. 44 – “In Minnesota, research conducted since the 2003 remand has demonstrated the 
continuous presence of a resident lynx population”.  Though as you note at the end of this 
paragraph, influence of immigration is unknown, so I guess “resident population” depends on 
how you define resident, and population. 

23) P. 44 – “and there is no indication of substantial immigration from Canada after the 1980s 
(Squires in Lynx SSA Team 2016, p. 20)”.  What monitoring was in place starting in 1980 that 
could confidently identify “immigration from Canada” if it occurred. 

24) P. 53 – Unit 2 NE MN – since it was noted for Maine, Minnesota has also distributed the “How to 
Avoid Lynx” brochure to trappers at our fur registration stations and made it available at our 
website.  And we don’t think it is correct to state that in 2015 we added more trapping 
regulations for lynx avoidance.  Administrative procedure just required that we re-issue the 
same emergency rule that was in place before.  No changes have been deemed necessary. 

25) P. 54 – “which requires Montana to implement a set of reasonable restrictions on trapping in 
lynx habitat”.  Time will tell if it is effective (they only had ~ 1 lynx take per 3 years before).  
Reasonable is in the eye of the beholder, and is unnecessary here.  Why use it? 

26) P. 55 – “….the use of body-gripping traps (foothold, conibear, snares, etc.) for trapping other 
furbearers is prohibited in Washington (except for damage control or nuisance wildlife, which 
requires special permits). This avoids the potential for lynx to be incidentally captured in traps 
set legally for other animals”.  True, and by our own arguments above we would say this next 
point fits the “effects unknown” summary, but using the argument this document has suggested 
many times (competitors are assumed to have an effect) would suggest that your statement 
should be modified to note that the trapping prohibition in WA could also have negative effects 
on lynx via ‘allowing’ more potential competitors.  Same goes for Colorado statement later. 

27) P. 57 – Unit 2 NE MN – while we can’t honestly say how relevant it is, MN state forest 
management is also FSC and SFI certified.  We also question whether regulation is the only 
relevant factor here – no doubt a fair amount of logging in MN has offered some lynx/hare 
benefits, but it is mostly driven by economics not regulation. 

28) P. 59+ - as argued elsewhere, we think the Climate Change section should be ‘dis-banded’.  
Mechanistic sections (hare habitat, lynx survival, competition, etc) should be the focus, with all 
potential (positive and negative) changes related to climate change/veg management/etc falling 
underneath there, and only if there is some defendable connections.  As is, there is unnecessary 
definition of what “climate” means, general discussions that “climate change may be bad for 
wildlife”, then even much discussion of why in the past you concluded climate change was not 
likely relevant in this case, but that now you think it is.  And then many of the specific ideas you 
put forth are repeated many times.  Focus on the mechanistic connection, cite any literature 



that actually attempted an analysis (not just said “might affect”) on how climate change may 
explicitly affect that variable, and then critique whether the science really demonstrates a causal 
link to lynx/hares.  There is so much uncertainty in all of this that it does not warrant repeated 
speculative statements, nor does repeating it make it any more true. 

29) P. 65 – “Greatly reduced lynx fur harvests in Canada beginning in the mid-1980s may be linked 
to climate warming (Yan et al. 2013, p. 3269)”.  While using “may be linked” may make this 
defendable, we do not feel it is objective.  It is well known that the end of WWII, as well as the 
mid-1980’s, both ushered in a period of declining fur prices, and both preceded by high fur 
prices.  While there is likely no data that can now re-create the past truth (only look for 
correlations), the most parsimonious conclusion is that these declines in lynx fur harvests were a 
result of (possibly lagged) declines in trapper effort, and possibly overharvest preceding this, as 
suggested by Poole (1993) and Mowat et al. (2000).  Yan et al.’s attempt to consider this 
alternative (their appendix S6) is not compelling to us, and would argue that parts of it make our 
case.  But absent discussing our specific concerns with them, at best we would say one could 
only conclude that “climate change” (not just climate) could only have potential relevance to the 
1980/90s decline, not the 1950’s decline.  And even then, this idea would only become an 
alternative, also untestable, HYPOTHESIS to what we would argue is a more parsimonious 
explanation (fur prices/effort).  But nothing to do with this point, which includes some 
suggestive literature, is even mentioned here – only that it “may be linked to climate warming”.   
It also may be linked to fur prices, fuel prices, other economic opportunities for a trapper (e.g., 
job growth in the 50’s and 90’s), weather affecting trappers (not lynx), etc.  The wolverine article 
we mentioned earlier (McKelvey et al. 2011) is also relevant here in terms of harvest data 
concerns, as well as the concerns with snow correlations. 

30) P. 66 – “lynx are subjected to niche displacement to habitats of inferior quality, which probably 
limits lynx survival and productivity at the southern edge of their range (Peers et al. 2016, entire; 
Robinson 2006, pp. 120).  Our bigger point here is once again this is purely speculation, at least 
the second part of the sentence.  But another point here is that we’re not sure it is even stated 
correctly – by our read (of Peers), they concluded that lynx might be displaced FROM the 
supposedly poorer lynx habitat, not INTO it.  For example, it says “[lynx] avoid competition at 
large scales by restricting their niche to highly suitable conditions….”.  As such, this would not 
necessarily lead directly to reductions in survival or productivity, though it could affect density 
(but all is still speculation, as is almost all of this paragraph). 

31) P. 67 – “...coyotes were deemed the most likely to pose local or regionally important 
exploitation impacts to lynx”.  Yet there is really no data of any demographically “important” 
effects and they do co-exist in many areas.  And as noted before, Murray et al. (2008) concluded 
there is insufficient data. 

32) P. 67 – “The hybridization rate is currently low between the species (0.24 percent) but could 
increase as bobcat populations move north with climate change (Murray et al. 2007, p. 1465; 
Koen et al. 2015, p. 528).  We suppose anything “could increase”, but it also might not.  Is there 
more support for one speculation?  If the bobcat/lynx ‘boundary line’ just moves north as some 
predict, why would the rate of hybridization be expected to increase.  It would only be expected 
to POSSIBLY increase, we think, if bobcats advanced north but lynx did not contract. 

33) P. 67 – “The diverse predator community could explain why hare populations have declined and 
seem to remain low in Maine (Scott 2009, p. 43)”.  We could not acquire this thesis, but it’s clear 



that it is more speculation (“could explain”).  And based on how the sentence is worded (just 
says “Maine”), it doesn’t seem correct or at least appropriately qualified.  Over the last 30ish 
years, haven’t hares been quite abundant and lynx doing well in Maine (better than historically 
you conclude)?  To what part of Maine does this refer?  Is there evidence of increase in 
predators in that area, evidence that hare mortality from them has increased, etc.?  Elsewhere 
the focus seems primarily that hare HABITAT quality may have (or be starting to) decline after 
peaking in the 1990’s.  What data even leads to this specific speculation that predators may be 
to blame? 

34) P. 69 – “Some areas of the DPS (e.g., Maine, Minnesota) lack potential elevational refugia and, 
therefore, lynx populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–
1102)”.  There are a whole lot of “If’s” behind this “are anticipated to”, so we see little reason to 
report this as though a fact.  At best, it should say “the potential for latitudinal contraction could 
be comparatively higher in these Units due to minimal elevational relief”.  

35) P. 72 – After concluding there are no real current problems, you state “However, exotic species 
could be introduced in the future as boreal systems are increasingly exploited for forest 
products, mining, energy production, and other natural resources (Schinder and Lee 2010, 
entire)”.  All sorts of things COULD happen – we might develop a highly effective control for 
some exotic species.  But if you are going to make negative speculations, then they at least need 
to be based on some attempt at analysis.  What exotic pest is deemed most likely, what is the 
specific mechanism that will ‘transport’ it to the boreal forest, what is the causal link to lynx 
persistence (e.g., some disturbances, exotic or not, could be ‘good’ for lynx/hare habitat)?  This 
is a Status Review and should only include best knowledge of current status, with clear and 
defendable shorter-term forecasts about future change.  This speculative sentence, which is not 
the only one of its kind, assumes negativity and is uninformative – delete it. 

36) P. 72 – “For example, in January, 1998 a severe ice storm extensively damaged the canopy of 
many northeastern U.S. and eastern Canadian forests, causing moderate to severe forest 
damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and Mulhern 
1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire)”.  But if nobody has 
documented specific effects for lynx, why say this?  There was also a blowdown of trees in 
Minnesota’s BWCAW that affected ~ 400,000 acres, and probably?? improved habitat for 
lynx/hares.  Unless there is some reasonable data to show a connection to lynx/hare 
demography (e.g., the Maine story), simply say disturbances are projected to increase, some 
could be good for lynx/hares, some bad, but we can’t predict the future.  It would shorten the 
document a lot. 

37) P. 72 – “No apparent climate-influenced parasites or diseases have been identified that would 
affect Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016, pp. 27, 37-39)”.  Same general comment as #35. 

38) Starting on p. 73 – Vegetation Management, Wildland Fire Management, and Habitat 
Fragmentation sections– this is probably redundant with one of our initial comments, but we 
see no need for these section headings (or Climate Change), nor the need for much of this 
information to be anywhere in this document.  Use very mechanistic headings (e.g., “Projected 
Changes to hare habitat”), concisely discuss in one spot all relevant processes (disturbances, veg 
mgmt., human development/fragmentation, or whatever) for which we have supporting studies 
(e.g., hares depend on X, not just “X might affect Y”) and for which we can demonstrate 



reasonable confidence that changes will occur in the NEAR future.  We see little if any 
need/value for general reviews of all the hare habitat literature, different ways commercial 
timber management takes place, how such methods may or may not affect hare habitat, what 
economic trends may occur, whether/how the forest industry (or other land management 
agencies) might adapt to projected changes in forests from climate change, what historic fire 
regimes (or human policies toward them) have been or might be, how humans fragmented the 
landscape in the past, why snow is supposedly so important (again), what fragmentation means, 
more general review of lynx/hare literature, whether lynx have been documented to 
cross/use/get hit on roads, how many ski resorts there are out west, what locatable or salable 
minerals refer to, that utility lines are often along road corridors, etc.  This is completely 
unnecessary, at least for our conception of what a Species Status Assessment should contain.  
Besides just adding an enormous amount of superfluous information, it forces the constant 
repeating of many highly speculative ideas.  For this reason, we will not offer many specific 
comments on these sections, instead hoping that much is simply discarded.  But we will offer a 
few. 

39) P. 86 – first paragraph – yes, fire frequency and size COULD increase, and yes, this does HAVE 
THE POTENTIAL to cause temporary adverse impacts on hare habitat, but depending on details, 
it also COULD be positive (e.g., be a counter-balance to historic fire-suppression policies).  I 
don’t think there is sufficient predictive capability to decide how this will play out.  You correctly 
note here that any negative effect may only be temporary and followed by positive effects, but 
add that even so it would likely (any citation?) reduce landscape-level hare densities, and 
therefore lynx numbers.  Possible, but are periodic reductions in landscape-level hare densities 
not a historical reality of boreal landscapes and lynx-hare dynamics.  Even lynx, along with other 
cycle contributors, can cause landscape-level reductions in hare density.  ‘Stability’ is not the 
norm in these settings, and temporal/spatial variability should not be viewed as abnormal or 
bad.  Useful conclusions can only be drawn if we can predict with high confidence how big/how 
often/where fires would occur in a given area, and we can’t.  Could be good in some areas, bad 
in some, good at one point in time, bad at another. 

40) P. 87 – “Lynx must contend with aspects of their habitat at the southern extent of the boreal 
forest for which they are not as well-adapted”.  As a side note, in our opinion the only thing in 
these areas that they are demonstrably not able to ‘deal with’ is lower hare density.  Regardless, 
this general idea is nonetheless true, but also true for every species at their range limits and it 
should be noted that this is “the norm” for lynx in the DPS.  Historically, lynx in these areas have 
almost certainly been comparatively rare, ephemeral, unstable, patchy, or variable……..and yet 
persistent over the long haul.  The problem in our opinion is that ESA generally ignores 
everything north of the border, expects consistent ‘safe population levels’, thereby ignoring 
historic reality (instability, especially at the range edge), and then leads to assessments that 
portray all of this historic reality as now being “risks”.  Certainly humans can, and have, altered 
the system.  But so has ‘nature’, and we do not have 1,000 years of lynx/hare abundance data to 
offer any clues of just how much natural variability there was in their southern numbers.  There 
have always been a lot of ‘undesirable’ conditions in the DPS for lynx, and it is important to not 
lose sight of this, but I think it commonly does in this section.  In the beginning, a conclusion is 
that habitat loss/fragmentation has been relatively low in the DPS to date, then much discussion 
of why fragmentation can be bad.  There are suggestions that the DPS naturally has patchier 



habitat, then reasons why patchiness is ‘bad’.  Examples of why fragmentation may be bad, then 
a paragraph that concludes “..lynx showed no sensitivity to the degree of forest fragmentation 
in areas of high or low suitable habitat”.  Notes that the snow environment in the DPS is 
[naturally] patchy and marginal in space and time, then speculative discussion on why this is 
bad.  Distinguishing ‘bad’ from ‘normal’ is not just semantics to us.  It is, or should be, a very 
relevant focus.  Even setting that aside for the moment, we note the following: P. 91 – “Roads, 
development, climate change, and forest management fragment snowshoe hare and lynx 
habitat in the DPS.  We know little about how hare and lynx respond to these anthropomorphic 
changes to their habitat, which requires additional research (Murray et al. 2008, p. 1464; Squires 
et al. 2013, p. 194).  Enough said. 

41) P. 89 – “Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is 
more competition for a limited resource and exploitation competition inflicted by generalists 
(e.g., coyotes) and other predators (Buskirk et al. 2000a, p. 95)”.  Hares may fluctuate less 
dramatically in the south BECAUSE of more generalist predators, but I don’t see that the lack of 
fluctuation per se leads to more competition.  In fact, by definition, generalists are typically 
‘prey-switchers’.  Even if there are more species of predators, it doesn’t mean there is more 
pressure on any one prey species, other things equal.   We’re not even sure if there is data to 
show that there are more hare predator species in the DPS compared to the north or whether 
annual hare mortality is lower in the north, but we think data in Hodges (2000) suggests “no” to 
both those questions.  Our comment here also applies to the last sentence in the second 
paragraph on this page. 

42) P. 99 – “Hares do not seem to cycle in this region, but underwent a 50 percent decline starting in 
2006 and have remained at lower levels”.  Perhaps a citation for these observations is listed 
elsewhere in the document, but we would like to see it in order to evaluate just how much 
confidence is behind it. 

43) P. 101 – Unit 3 discussion – “Regulations prohibit lynx trapping and require measures to reduce 
the likelihood of trapping lynx incidentally when legally trapping other species”.  Can’t this be 
noted for all Units? 

44) P. 120 – “Of those 42 hybrids, 13 unique individual lynx-bobcat genotypes (5 Female, 8 Male) 
were also identified (Catton et al. 2015, p. 1)”.  We would clarify this sentence to say “genetic 
analysis indicated that those 42 samples were from 13 unique individual hybrids”.  

45) P. 120 – “The DNA analyses also showed persistence of individual lynx in Minnesota of 2 years 
(N = 27 lynx), 3 years (N = 11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 
5 years, who produced 7 kittens in Minnesota (Catton et al. 2015, pp. 3-5)”.  Small note is that 
the 2016 report is now out with slight updates if interested.  But our main point here is just that 
since specific numbers are reported, we think total sample size is relevant.  This was based on 
236 individuals whose initial detection was not a mortality, meaning also that 78.4% have not 
been detected in more than 1 year. 

46) P. 121 – “Identified factors affecting the current conditions of lynx in Minnesota include 
reduction in habitat quality or quantity, habitat fragmentation, climate change, increased access 
for competing carnivores, and human-caused mortality”.  This is a general statement that could 
be used for any wildlife species, not based on any specific “identified factor affecting the current 
condition of lynx in MN”.  Admittedly, that may just be due to lack of data, but the wording of 
this statement is, for the most part, not supported by any specific data or analysis. 



47) P. 121-122 – Factors Affecting Current Conditions (in MN) – Starting with the second paragraph 
in this section, a majority of the content is just generic statements unsupported by specific 
data/citations.  Regardless of generic statements of “could affect”, “might impact”, the best 
available data, imperfect as it may be (but consistent across 2 surveys; Erb 2015), is that hare 
numbers in northern MN appear to have increased over the past 15-20 years, yet this is not 
mentioned anywhere.  And this, in spite of, or coincidental with, a notable increase in bobcats 
over the same time, a reduction (we assume, but didn’t specifically confirm) in snow conditions, 
and at least no clear indication of any notable change in lynx.  In regards, to snow-compacted 
trails, we reiterate that Murray et al. (2008) stated in their review that “the issue of snowmobile 
trails harming southern lynx populations has been adopted without strong empirical support”.  
You also say that “Throughout the SNF and northern Minnesota, human activities have reduced 
connectivity between patches of suitable lynx habitat”.  We’re hard pressed to believe this is the 
case, as there are few major roads/barriers in this area (and we know lynx can and do cross or 
go around them), secondary forest trails are unlikely to affect/impede lynx, and they are a highly 
mobile species.  And see the conclusion about NE MN having only minor fragmentation on p. 
189, which basically contradicts this other statement.  If there are any key factors “affecting 
current conditions”, we’d argue it has been the logging increase that began in the mid-80’s and 
continued perhaps to the present, and this has probably been beneficial to lynx, or at least 
hares. 

48)  P. 122 – 2 sentences – “Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40)”, and “…similar to bobcat, wolf populations may increase with 
changing snow conditions and prey availability as influenced by climate change”.  First comment 
is that an important clarifier to the coyote increase is that this applies only to non-forested 
portions of MN.  In forested areas relevant to lynx, coyotes have not increased, and in fact have 
likely decreased (presumably due to wolf presence in the northern forests; Levi and Wilmers. 
2012. Ecology 93:921-929).  Other than the observation that wolves COULD kill a lynx, nobody 
has really suggested that wolves are likely to be a lynx competitor, and we would agree.  So 
rather than your hinting (in our opinion) that a climate-induced wolf increase could be bad for 
lynx, we would argue that it could be good (keep coyotes suppressed, if that really matters to 
lynx), or at least a mitigating factor to any possible bobcat increase (if bobcats really affect lynx).  
The other noteworthy of mention for this section is that if deer (and bobcat and wolves) do 
increase, it is at least something very amenable to management action (increase deer hunting 
quotas) if there is the political support to keep deer densities lower (as has been considered in 
the name of moose management). 

49) P. 122 – last sentence in this section on hybridization – see our comment #32. 
50) P. 156+ - As we began to read this section, we were happy to see full acknowledgment of the 

vast amount of uncertainty in longer-term forecasting here.  But before we read on, we already 
knew that such forecasting was nevertheless done, in spite of this.  We certainly recognize that 
decisions often have to be made in the face of much uncertainty, and that the process required 
to make projections can often be fruitful.  Nevertheless, we put little faith in long-term 
projections in these situations, even if it may serve as a useful academic exercise.  And we 
question whether long-term forecasting is even REQUIRED in this situation.  That needs to be 
justified.  We know that one argument here is that this document is not a “decision document”.  
But it will obviously be used in a decision that has many implications, so we think it behooves 



the process to only present information which can be defended as reliable.  We would note that 
most wildlife ‘system dynamics’ are nonlinear, and chaos theory tells us that even in 
deterministic systems (e.g., IF we knew all the biological/climate/management variables AND 
they were constants), future projections are still highly sensitive to initial conditions so even 
minor errors in our knowledge of the ‘start conditions’ can lead to exponentially diverging 
projections into the future.  And there is indeed much uncertainty in our knowledge of the 
current state of the system (i.e., no reliable population estimates).  So what is a reasonable time 
to consider?  We don’t have the magic answer, and from a 2009 Memo we saw from the 
Solicitor to the Director of USFWS, neither did they.  But from my read of the Memo, we 
strongly doubt there is “...not only the foreseeability of the threats, but also the foreseeability of 
the impacts from the threats” 87 years out (to 2100).  The Memo also notes that “..the 
foreseeable future extends only so far as the Secretary can explain reliance on the data to 
formulate a reliable prediction. What must be avoided is reliance on assumption, speculation, or 
preconception”.  I would argue that even in the shorter-term, MANY statements rely on quite a 
lot of biological assumption, speculation, and perhaps preconception.  The Memo also notes 
that “The further into the future that is being considered, the greater the burden to explain how 
the future remains foreseeable for the period being assessed”.  On this point, we note that this 
seems in contradiction to your (correctly) stated observation that the further out you look, the 
LESS confidence you have.  Finally, “…..the mere fact that someone has made a prediction 
concerning the future does not mean that the thing predicted is foreseeable for the purpose of 
making a listing determination….”.   Putting all this together, we simply do not believe 
projections to the year 2100 should even be included – the process of having discussed it 
internally is fine, but all that should be reported is that it was concluded to be unreliable.  We 
think a priori considerations alone should make this clear, and we think this is reinforced by 
Figure 7 which shows significant variability in the assessments of lynx experts (i.e., the 
difference between Median-low and Median-high projections).  And we would argue even this 
significantly underestimates reality (i.e., the true range of uncertainty is much wider…on both 
ends); lots of psychological studies clearly demonstrate there are many cognitive biases that 
lead us to have more confidence than we should (for a shorter popular discussion, see 
http://www.nature.com/news/how-scientists-fool-themselves-and-how-they-can-stop-1.18517, 
or perhaps the book called “The Black Swan” for a longer commentary).  By reporting estimated 
persistence to 2100, even with the table showing (underestimated) uncertainty among the 
experts, there will become a de-facto assumption by many readers, including many decision-
makers we suspect, that it is trustworthy (in spite of the uncertainty).  For example, toward the 
end of the Executive Summary, which may be all many will read or later cite, it only says “…the 
probability of the persistence of resident breeding populations will decline in all geographic 
units, with the negative DPS-wide trajectory continuing to the end of the century…”.  And “The 
probability of losses in resiliency, redundancy, and representation puts the Canada lynx DPS at 
increasing risk of extirpation through the end of this century”.  Not a lot of uncertainty 
expressed there.  Besides the fact that it is absolute probability values, not “increasing risk” or 
“will decline”, which matters, these statements portray confidence that simply cannot be 
scientifically justified…..even if there is valid reason to believe it COULD be true.  There is also a 
large body of psychological research showing that saying and then repeating ideas leads people 
to BELIEVE they are true and supported by data, even in cases where they are known to be false 

http://www.nature.com/news/how-scientists-fool-themselves-and-how-they-can-stop-1.18517


(which we are not suggesting here).  For the integrity of the document and process, we believe 
some of these statements and approaches need to be changed.  At most, we can’t see 
projecting beyond 50 years, and to be honest, we have little confidence in this case even past 20 
years.  Besides, aren’t the SSAs to be done every 5 years (or 5 years post-delisting if by chance 
that happened), meaning you can update if more confidence is developed in the data and our 
ability to forecast?  Saying “we don’t know” is far more defensible than speculative guesses. 

51) For the sake of time, and because we’ve already noted both our broad forecasting concern (#50) 
and numerous more specific comments above, we have opted to not review in detail all the 
information contained in Chapter 5, and to some extent even many non-Minnesota sections in 
Chapter 4.  Nevertheless, a scan of these sections suggests that many of my above concerns also 
apply to comments made in these sections, and should you agree with any of them, then we feel 
changes need to be made in these sections as well. 

52) P. 158 – “In each geographic unit, the experts we consulted expect the probability that resident 
lynx populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below)”.  While one can assume our forthcoming comment is already understood by all those 
that may read/use this SSA, that is probably wishful thinking and so we feel it needs to be made 
– except for a few highly improbable situations that could hypothetically occur, the estimated 
probability of persistence will always decline the further out in time you project, even if there 
are no KNOWN threats.  The potential for some type of major negative event always becomes 
higher the further out you consider.  This is true for individuals (which don’t live forever), 
populations, and species.  It is true for lynx, as well as humans.  So a decline in estimated 
probability of persistence with longer timeframes is ‘normal’.  I believe this point needs to be 
explicitly acknowledged – a decline is not automatically a concern, it is the actual estimated 
probability that may matter (and we have already expressed concerns about the reliability of 
the actual numbers, especially those projecting more than 20-30 years out). 

53) P. 158 – “Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century”.  We will assume we are mis-reading something here, but when we look at Figure 7, 
year 2050, average projection, it looks to us like the experts project that 4 of the 6 units, with a 
5th close, are expected to persist with probability > 50%.  Can this be clarified? 

54) P. 163 – Unit 2 NE MN – Very little to add beyond that which we’ve said.  We question what we 
think can only be called the assumptions of direct impacts of snow, bobcat competition, and 
hybridization concern.  We do think the fate of the boreal forest will be crucial for hares/lynx, 
but question the ability (regardless of mechanism) to produce a reliable estimate of persistence 
probability 87 (or 50) years out.   

55) P. 186 – “In response to a 2008 court ruling, the MN DNR began to draft a plan to address 
incidental take of lynx that may result from otherwise legal trapping in Minnesota. This plan is 
still under development by the MN DNR and will be designed to reduce the likelihood of 
incidental take from trapping (ILBT 2013, p. 49)”.  The State of MN completed and submitted an 
ITP/HCP to the USFWS in 2008.  We also implemented regulatory changes, approved by the 
Court, to reduce incidental take of lynx.   



56) P. 191 – “The lynx is state listed, however, and Minnesota's Endangered Species Statute and the 
associated Rules impose a variety of restrictions, a permit program, and several exemptions 
pertaining to species designated as endangered or threatened”.  Lynx in MN are actually listed 
as a “Species of Special Concern” and thus not specifically covered by rules specific to our State 
ESA.   

57) Pp. 190-192 (but also applying to pp. 183-190) – we would just start by saying our comment #50 
applies here as well.  To that we would add that we feel the tone of much of this section goes 
even beyond the concerns about speculation we have referenced above.  We feel, correct or 
not, that much of this comes across as biased and ‘scare tactics’.  Examples: 

a. Under the possibility of Federal protections being removed, and even if a state harvest 
did not occur, you say “Under the state statute, a person may not take, import, 
transport, or sell any portion of an endangered or threatened species. However, these 
acts may be allowed by permit issued by the DNR”.  Notwithstanding our correction 
noted in # 56, were you really suggesting we might issue such permits liberally and 
jeopardize lynx?  If not, what is the point? 

b. “There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the 
state”.  You can expect this, and we could do it (though we doubt it), but what is the 
point of this unless you are implying it is a “threat” and using it to create fear about a 
post-delisting scenario?  Are you questioning our ability to responsibly manage a 
harvest? 

c. “Without Federal listing driving voluntary conservation guidelines, however, there 
would be little or no motivation for private forest landowners to intentionally engage in 
forest management to benefit lynx”.  What evidence are you suggesting there may be 
that private forest landowners have been compelled by Federal law to adopt voluntary 
guidelines now? 

d. “Without Federal-listing, these projects [wetland permits, highways, powerlines, etc] 
would not consider impacts to lynx critical habitat. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and 
fragmentation and would result in reduced justification for habitat protection initiatives 
in northeastern Minnesota”.  Can you even document (not speculate) whether Federal 
laws have ‘saved’ lynx or lynx habitat on Federal Lands (or on federally-funded projects) 
to date?  In reality, there has likely been little if any practical effect of the federal nexus 
on county/state/private lands, but do you have any documentation of how non-federal-
nexus-projects on those other, mostly state/county, lands in lynx range have harmed 
lynx?  And if the focus is just the Federal lands, what are the truly ‘foreseeable’ projects 
expected to occur, what are the suspected effects on lynx, what mitigation could occur 
(even if not legally required), and will Federal land managers in fact disregard lynx if 
they are delisted (if so, THEY might want to reconsider).  And while you are correct that 
federal listing certainly adds ‘legal teeth’ to many things, the assumption that nobody 
will care about or advocate for lynx habitat needs in our state forest wildlife 
management practices/policies is not valid. Fear of what COULD happen is not a 
justification for keeping a species listed. 



e. “In a future scenario without Federal listing, Minnesota’s incidental take planning effort 
for trapping may be further delayed or halted and may result in the diminishment of 
protective measures to minimize injury, take, and mortality of lynx.  As it is, 
approximately 16 lynx have been reported to be incidentally trapped in Minnesota since 
listing, resulting in at least 6 mortalities”.  First, there have actually been 24 accidental 
captures and 11 mortalities in the 17 years since delisting.  Second, we HAVE lynx 
avoidance regulations in place and have not documented any need for changes at this 
time.  Are you implying we need to make changes, that we will drop existing changes if 
de-listed (but still state-protected), or that incidental take is or would be a population-
level concern even though it was not deemed a threat at listing?  We see this as biased 
fear, and one that suggests you believe the state is unwilling to address new 
documented concerns should they arise. 

f. “It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so 
it may also be suggested for lynx)”.  Side point – you could clarify by adding that the first 
wolf season was ~ 20 years after the wolf population in MN/WI/MI surpassed federal 
numeric recovery goals.  Main point – why do you feel the need to say this unless you 
are assuming we will start a season, and would do so in a manner that would jeopardize 
lynx?  And if this is your assumption, is this not a catch-22 situation – if you delist, it 
indicates there are no serious threats, and then you turn around and imply a threat 
from delisting.  Would there not be a 5-year PDL monitoring plan?  Would you not be 
able to re-list if we in fact enacted all the changes you suggest we COULD and harmed 
lynx populations? 

g. “Illegal shooting and non-reporting would likely increase without federal protection. 
High-profile law Federal enforcement cases may have helped to reduce illegal shooting 
of lynx”.  Is there any data to support this idea?  We’ve never met a poacher who self-
reported or even cared about the law (state or federal).  And for accidental take, if 
anything, reporting could actually increase.  

h. “With a diminished snow regime, populations of bobcats would be expected to increase 
and expand north and eastward into areas currently occupied by lynx. Incidental take of 
lynx from bobcat trapping and hunting activities would likely increase without Federal 
listing”.  I would describe this as an “IF, IF, IF, Then POSSIBLY” statement.  Plus, you have 
repeatedly suggested, we argue with little to no supporting data, that bobcats will 
somehow outcompete/exclude lynx if they do expand, so how could incidental take 
increase if the lynx will have ‘moved out’ or been killed soon after bobcats arrive?  Plus, 
would not the limited accidental take of lynx that might occur be offset by the removal 
of the supposed lynx-killing/competing bobcats and coyotes by trappers/hunters?  Our 
next comment is partially relevant here too. 

i. “Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime 
in northern Minnesota and trapping would be expected to occur there that may lead to 
greater incidental take of lynx”.  Trapping already occurs “there” for these species, 
coyotes are unlikely to increase anyway (unless wolves recede, and if that occurred, red 
fox might decrease).  So how much would the potential impact of an unknown amount 
of a suspected increase in incidental take be offset by a suspected increase in trapping 



of these suspected lynx competitors.  And setting this aside, this logic suggests you have 
quite a bit more confidence than we do in being able to predict future fur prices and 
trapping effort.  

j. “We believe that despite a closed hunting and trapping season, incidental take would 
continue and possibly increase and could become a significant threat to a population of 
lynx that will likely be significantly diminished by mid- to late-century”.  See many 
comments from a-i. 

Thank you for the opportunity to review the draft.  We hope our comments were helpful and look 
forward to your responses. 



From: Baker, Richard (DNR)
To: Bush, Jodi (jodi_bush@fws.gov); Zelenak, Jim
Cc: Jonathan Mawdsley (jmawdsley@fishwildlife.org); lori_nordstrom@fws.gov; Alisa Shull;

peter_fasbender@fws.gov; Tamara Smith; Ron Moen; Catton, Susan (scatton@fs.fed.us); Norris, Jane C (DNR);
Erb, John D (DNR); Pierce, Ann M (DNR); Skinner, Luke C (DNR); Leach, Jim (DNR); Telander, Paul B (DNR);
Cornicelli, Lou (DNR); Larson, Mike A (DNR)
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Jodi/Jim,
 
Thank you for the opportunity to comment on the draft Lynx SSA and for your patience in awaiting
our response. The comments attached to this email were authored by Minnesota Department of
Natural Resources’ Furbearer Biologist, Dr. John Erb. I have carefully reviewed and concur with these
comments, and they should be considered submitted on behalf of the Minnesota Department of
Natural Resources.
 
Please feel free to get back to me with any questions or concerns. We look forward to the next draft
of the SSA.
 
Sincerely,
 
Rich Baker
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Minnesota DNR Review of Draft Lynx SSA 

We appreciate the opportunity to review the draft Lynx SSA and hope our comments are useful to the 
review process.  We do have a variety of concerns and suggestions, some editorial and some 
substantive.  We recognize many of the comments are critical of a variety of statements and 
conclusions, but do wish to stress that our intent is to improve the scientific credibility of this document 
and any conclusions that may arise from it.  We recognize the tremendous effort that went in to 
preparing this and the difficulties in conducting such work in the face of much uncertainty, regulatory 
frameworks, and time limitations.  We commend the effort even though we may disagree with many 
conclusions.  We also realize that some of our structural or organizational suggestions may not be 
consistent with your current SSA process guidelines/rules, but nevertheless chose to offer those 
concerns and suggestions herein.   

We will start with some overarching thoughts as well as concerns on a few mechanistic ideas that are 
woven throughout nearly all areas of the document. 

1) We believe this document could be reduced in length by 50% or more by reorganizing it and 
reducing speculation and redundancies.  There are so many points in the document, many 
speculative, which are repeated dozens of times that it detracts substantially from the 
usefulness and readability.  If there are points that are repeated so often, then in our opinion 
that point should become a heading with 1 clear and concise discussion of why it’s relevant, and 
all supporting literature.  An example is the argument about bobcats increasing and 
outcompeting lynx.  Later we will question the merit of this idea some, but this idea is 
mentioned MANY times in various sections.  If it is believed to be so relevant, then it needs to be 
a focal section, thoroughly critiqued in 1 spot, and then dropped.  We would also add that we 
even question the need for Chapter 2.  We don’t see this as a broad literature review document 
for lynx or hares.  It should have a much more targeted focus on current status and projected 
changes, reporting only literature that is directly related to any proposed cause-effect process 
you deemed to be of relevance to future changes.  And importantly, these literature sources 
should be thoroughly critiqued, not just reported.  We recall few instances of actual questioning 
of the merits of any study, unless there was already another citable article published that 
challenged it.  Every study should be independently critiqued if it is a study used as the 
mechanistic basis for some proposed future change. 

2) We question why climate change (or Vegetation Management, Wildland Fire, etc) needs to be a 
specific section in this document.  It leads to a much broader discussion of these topics than 
necessary, lengthens the document noticeably, and we would argue it detracts from what 
should be a more complete and mechanistic discussion.  To be fair, under many of these 
sections you do use sub-headings focused more on the mechanistic relevance to lynx (e.g., hare 
habitat).  But forcing these ideas into, for example, a Climate Change section leads to too much 
superfluous general climate change discussion, in our opinion leads to a tendency to ’force’ a 
climate explanation on every observation at the expense of other possible hypotheses, too 
often separates potential positive and negative impacts for any category, and leads to far too 
much conjecture.  We question the usefulness of any paragraph filled with “might”, “could 
potentially”, “is thought to”, “he/she speculated that”, “may have effects”, etc.  We certainly 
understand the document needs to consider threats and must involve some speculation, but 
speculation should not be pervasive, and it also needs to consider possible positive or mitigating 



aspects of “change” that could offset threats and include all ‘reasonable’ hypotheses for an 
observation besides just a climate explanation, etc.  And for each topic, this balanced 
assessment needs to be in 1 place only.  For example, a focus on “Changes to Hare Habitat” 
should be a main section heading that includes relevance of climate change, vegetation 
management, and human encroachment (as opposed to these being in separate discussions).  

3) To summarize much of the above, we would suggest that the non-process-oriented portion of 
this document should start with what is now Chapter 4 – provide the best available information 
on ‘where we are’ today, and how it compares to the past.  Then a shorter chapter to explain 
how you reviewed the literature, laying out what you or others conclude are the key factors that 
are relevant to the near future (e.g., hare abundance/distribution, lynx denning habitat?, 
human-caused lynx mortality, connectivity of populations, competitors, etc).  List only the 
strongest citations for each of those mechanisms so others can determine if they agree on the 
merits of the study.  Then the last chapter tackles potential changes (positive and negative) for 
each of those ‘change mechanisms’ (e.g., hare habitat, etc.) in succession, including anything 
related to climate, development, or veg management in the same section.  Projections should 
focus only on perhaps the next 20-30 years (see our next comment), and be based largely/only 
on specific attempts that have been made to quantify/map projected changes (not just purely 
speculative “could effect”, “might happen”, statements).  Each sub-heading in this category 
should end with a final ‘net conclusion’ for this variable.  This will then further allow a critique 
by others on the ‘trustworthiness’ of the projections. 

4) We’re sure we are paraphrasing here (or maybe you would just disagree), but we would 
summarize your conclusions like this:  lynx distribution/numbers now may not be so different 
than historically, with perhaps some lynx reductions in places, but possibly some increases 
(Maine).  But the 3 R’s are pretty good at this time. In the near future (next 20-40) years, things 
may not change that much, but possibly some reductions in some units.  But things look bad 
further out (by turn of century), largely (but not solely) a result of climate change.  We do not 
know how far out you are REQUIRED to consider, but regardless of whether this scenario proves 
accurate or not in the future, we would argue that ANY prediction this far out should not be 
considered trustworthy.  The uncertainty here is enormous, and we do not feel it is often 
properly acknowledged, and in fact sometimes implied, with your word choices, not to exist.  
We’re not cynical of climate change, but very skeptical of our ability to predict the actual future 
for specific species in specific areas.  There is uncertainty in the climate scenarios, uncertainty in 
our knowledge of the relevant biological mechanisms, and it fully ignores (or at least can’t know) 
other non-climate changes (bad or good) that could occur (adaptation, mitigation, economic 
forces that affect habitat and populations, global politics, etc.).  With all this uncertainty, we 
disagree that a Species Status Assessment with many potential implications should have so 
much speculative leeway that far out in time.  If that much speculation is allowed, one could 
easily construct a positive or neutral scenario that far out, at least in terms of the climate angle 
(e.g., see the book “Landscapes and Cycles” by Jim Steele – not that our mention of this is an 
endorsement of any specific idea he presents). 

5) Smaller point, but the Literature needs to be cleaned up.   We did not even cross-check a 
majority of the citations, but it was not uncommon when we did to find some error (e.g., year 
mismatch) or omission (a listed citation not in the Lit Cited). 



Because some of the future threats you identified hinge on mechanisms you suggest will change as a 
result of climate change, and they are repeated in many places, we will focus our next set of comments 
on some of those ideas and where we either disagree or at least feel the idea is not sufficiently 
critiqued.    

Lynx need deep/fluffy snow or bobcats can’t catch hares in it 

• Certainly no disagreement from us that lynx have adaptations for deep snow, but this is not an 
argument that they NEED or REQUIRE it as often stated or implied.  Also safe to say there is a 
good CORRELATION between lynx distribution and deeper/fluffier snow. But: 

o We are unaware of any study that rigorously disentangles the correlation between lynx, 
snow, boreal forest, roads/humans, and hares.  They clearly need hares, which appear 
to do best in boreal-like forest, which is found where there is deep/fluffy snow and 
fewer roads/humans.  Lynx obviously can catch enough hares during the 7 or so snow-
free months of the year to clearly demonstrate they don’t need snow for that purpose. 

o Even in northern areas with ‘great’ snow conditions, lynx still  ‘crash’, suggesting that 
snow per se is not the driver of the decline (even if it may influence synchrony or lynx 
ecology). 

o On p. 61, you mention Stenseth et al. (2004) saying only that they estimated that snow 
density affects lynx hunting success – no details.  It is not until 6 pages later (p. 67) that 
you add the note that they estimated that lynx hunting efficiency for hares may be 
HIGHER in compacted snow than fluffy snow (if nothing else, this is another example of 
why combining points into more focused sections is needed).  Our main question, 
however, is why you take a result that could be considered a positive (or at least 
mitigating) ‘response’ to the supposed negative effects of climate-induced increases in 
snow density, and immediately try and assume a negative effect.  Specifically, on P. 67 
you state that this higher hunting efficiency by lynx on compacted snow may cause a 
(positive) numerical response by lynx, but you quickly follow with the assertion that this 
could actually be bad (drive hare population to low levels), citing Stenseth et al. (2004, 
10633).  I found no such suggestion in that paper, and more importantly, it would be 
speculation only and ignore the fact that for hundreds of years lynx (along with other 
variables) have already been driving hares to low numbers (i.e., the hare cycle) without 
negatively affecting long-term hare persistence.  More compaction is bad because lynx 
will eat too many hares, and by reverse inference, if snow got increasingly deep/fluffy 
they wouldn’t be able to catch enough.  So any change from right now is bad??? 

o A possible response to this concern is that maybe it’s hares that need deep/fluffy snow, 
and not lynx per se.  We will discuss the color mis-match idea next, but outside of 
maybe that we find little data to suggest hares do NEED a specific depth/type of snow.  
Once again, we obviously know hares have persisted in spite of 7-8 months of snow-free 
conditions.  Even in the boreal forest, hares experience high mortality from a wide 
variety of mammalian and avian predators, yet they have evolved to ‘deal with this’ and 
persist where habitat is good.   It would appear that the strongest case to be made is 
that cover type (e.g., spruce/fir or similar coniferous/mixed) and horizontal complexity 
is the primary driver behind their distribution, not snow or presence of only a certain 
number (or species) of predators.  



o The color mis-match idea is certainly an interesting one that does relate directly to 
snow.  And there is now some data suggesting differential survival of hares based on 
color mis-match (presumably this would have been the finding 100 years ago as well, 
since snow has always been variable in timing and not all hares turn white on November 
1st).  But to go beyond that and suggest long-term population consequences is 
premature, and we would argue not very intuitive.  The fact that there is wide individual 
variability in the timing of pelage change (p. 68), combined with hares being an r-
selected species (i.e., high reproduction and well adapted to deal with fluctuating 
environments), suggests to us that there is a high likelihood that timing of coat color 
change will evolve if snow conditions change.  At the southern edge of their range, snow 
conditions have likely fluctuated for eons.  Ignoring that for the moment, we would say 
that the way to describe the Zimova et al. (2016) conclusion on p. 68 would be that IF 
there is no selection operating on the timing of molt, and IF there is no compensatory 
reproduction/mortality in response, and IF the high-emissions scenario happens, then in 
maybe 80 years or so hare population growth might drop below 1.0 (they do not 
estimate it would drop below 1.0 in the moderate emissions scenario as you state).  Is 
this really something to base management decisions on?  Even in the absence of climate 
change, one can come up with theoretically-possible 'disasters' for any wildlife 
population/species, but it doesn’t mean they have much applied value now.  

o This point relates both to the above discussion as well as the competitive exclusion idea 
we discuss next.  But on p. 66, with similar statements scattered in dozens of places, you 
state that “Bobcats…..are unable to hunt hares successfully in areas with deep/soft 
snow”.  You list 2 citations, and we would say that neither contains any data (nor cites 
any) demonstrating variable hare hunting success by bobcats based on snow conditions.  
We already know that in notable parts of lynx range, coyotes and lynx are coarsely 
sympatric and both species prey extensively on hares.  In examining Figure 5.1 of Krohn 
et al. (2005), it would appear to us that if the foot loading – leg length arguments were 
drivers here, bobcats should be more equipped to pursue hares in deep snow than 
coyotes – they have similar leg length, but lower foot loading.  We see little data to 
support the conclusion that snow, at least via its effect on hare hunting success, is solely 
or even largely responsible for the mostly allopatric distributions of lynx and bobcat. 
 In this same sentence, you state that bobcats “….experience high mortality in 

deep snow winters (Litvaitas et al. 1986, p.116)”.  This citation is not in the Lit 
Cited, but we think we know what it is and on p. 116 there is no such statement.  
They do mention that snow may affect mobility of bobcats, and one of the 
citations they list (Petraborg and Gunvalson 1962) does anecdotally suggest 
bobcats can become stressed during severe winters, but that much of the actual 
mortality was attributable to vulnerability to human-caused mortality in those 
situations.  And even then, no evidence that bobcat populations were then or 
shortly thereafter excluded from those areas.  So unless we missed something, 
we don’t see much data to support the claim that bobcats experience high 
natural mortality directly from deep snow. 

o We’re speculating more now (but see p. 69 in Werdelin. 1981.,  Ann. Zool Fennica 18:37-
71), but while bobcats are certainly less-adapted to deep/fluffy snow than lynx, we 



believe reduced prey diversity in northern areas may be more limiting to bobcats than 
snow directly.  From our limited understanding, Eurasian Lynx are the precursor to both 
species, and the first wave of arrivals to NA came south, glaciers eventually restricted 
them from the north, and they evolved into bobcats in an area with more diverse prey 
(and less snow).  The second wave of Eurasian Lynx immigrants arrived in the north after 
the glaciers, and already snow-adapted, but lacking a similar-sized prey than they were 
accustomed to (roe deer).  Hares were the most abundant and closest-sized option, so 
Canadian lynx evolved as ‘hare-addicts’ in an area with lower prey diversity (and more 
snow, which they were already well-adapted to).  They didn’t later expand further south 
because there were no hares there, and the nearest niches to the south were already 
filled (bobcats, etc).  Our point here is that if anything occurs to cause hare habitat to 
contract northward (for any reason, including climate change), we agree that it is likely 
to impact southern lynx.  But we see little data to support the notion that snow will 
change and all of a sudden allow bobcats to move in and either kill lynx or outcompete 
them for hares.  Kapfer (2012) concluded that snow and temperature did not appear to 
be directly limiting bobcat distribution in MN, and found more support for deer density 
limiting the northern edge, and others have also recognized the likely importance of 
ungulates to northern bobcats, especially in more severe winters (see discussion in 
Anderson and Lovallo 2003).  So while snow could still be a relevant indirect variable (if 
changes allow deer increase), we would argue that whether bobcats advance northward 
in meaningful numbers will be as or more dependent on whether non-hare prey 
diversity/density increases in those areas than on snow conditions directly.  As such, and 
with no clear data to suggest bobcats will kill lots of lynx, we currently doubt the merits 
of the lynx-hare-bobcat competition argument.  We recognize the largely speculative 
nature of our own comments here, but as we have argued above, we believe these 
ideas are no less supported by data than some of the existing arguments in the 
document. 

Competitive exclusion 

• Some of our above points are relevant here as well, but a few additional notes.  The idea of 
outcompeting or excluding is based on the premise of overlap, at least initially.  If lynx range 
were to contract (say because hare habitat contracts), and bobcat expand into areas lynx USED 
to be, then they remain allopatric and competition or exclusion is not relevant.  So in using these 
terms, it assumes bobcat/coyotes/etc invade lynx-occupied areas first, kill or outcompete them 
for hares, thereby excluding or notably reducing lynx from areas they would otherwise have 
remained.  To this idea: 

o The primary study commonly pointed to for bobcats excluding lynx is Parker (1983) on 
Cape Breton Island.  In that paper the authors do not provide any data demonstrating 
that bobcats excluded lynx from the lowlands, they just point to an apparent correlation 
when in 1955 a causeway way built, bobcats apparently crossed, and lynx were 
eventually found primarily in the highlands.  But there is no data provided to clearly 
demonstrate lynx were present in notable numbers in the lowlands prior to that, or 
what the actual mechanism may be (did bobcats kill lynx, or eat all the hares?).  
Additionally, a casual review of the history of the island notes that the mining and steel 



industry blossomed after 1900, and that after WWII (when the causeway was built) 
other industry and human development ensued.  Presumably the causeway allowed 
more human disturbances, and possibly more human-caused lynx mortality, starting in 
1955.  The authors state in their paper that “Whether the decline in lynx densities was 
coincidental with the dispersion of bobcats or a direct result of that phenomenon is 
uncertain”.  And in a 2001 Nova Scotia Lynx Status Report, the same author reports that 
“there is no historical correlational evidence that either [bobcats or coyotes] has 
adversely affected lynx densities or range limits in the past 20-30 years”.  Given the 
publication date, that would refer back to either 1970 or 1980, so it is not necessarily 
inconsistent with the earlier speculation (which referenced 1955 up until the 1983 
article).  But there is some inconsistency, and given their earlier conclusion of “cause 
uncertain”, it is not a particularly well-supported example to serve as the ‘poster child’.  

o We could not retrieve the Robinson 2006 thesis, but the other citation on this point that 
you list (Peers et al. 2017) on p. 66, along with Murray and Boutin (1991) listed 
elsewhere, does provide some evidence of local niche separation with either bobcats or 
coyotes, but importantly these findings come from areas WHERE THESE SPECIES ARE 
SYMPATRIC.  Presumably this is to be expected in that there must be at least some niche 
separation for 2 species to co-exist in the same general areas.  These are important and 
useful studies, but they do not show any demographic effects on lynx nor imply 
“outcompete” or “exclude”, only some degree of coexistence through smaller-scale 
niche partitioning.   

o So collectively, while this may be a reasonable idea to consider, we argue it currently 
has little solid data behind it.  Yet you probably state or infer this “outcompete or 
exclude” concept dozens of times. 

Are disturbances good or bad? 

• Starting on p. 70 you discuss forest disturbance events.  Perhaps because this is in the Climate 
Change section, itself a part of the Threats section, the ‘tone’ of this entire discussion in our 
opinion is negative.  For example, there are a lot of terms like “dramatically affected”, 
“stressed”, “increase vulnerability to”, “extensively damaged”, etc.  We’re not suggesting these 
are incorrect statements where used, but this section does not provide a balanced review of 
how disturbances can be good or bad for lynx or hares.  There is just a theme of negativity 
because these disturbances may be driven by climate change.  In only 1 place from p. 70-72 is 
there any hint that disturbance can be good for hares/lynx (as well demonstrated in Maine and 
elsewhere), yet this ‘good disturbance’ is quickly turned to a negative point by suggesting this 
particular example of disturbance may not happen again due to climate change.  Ten pages or so 
later (Vegetation Management, Wildfire, etc sections), there is additional discussion of 
disturbances.  We do feel many of those discussions are more balanced, but we strongly argue 
that these discussions all need to be together.  As but 2 examples: 1) on p. 70 you say “Increased 
fire frequency……….could affect connectivity and gene flow in lynx populations”, which hints 
that the assumption is it will be a negative effect.  Then on p. 84 you note that “Because of (1) 
fire’s important role in creating and maintaining high-quality early-successional hare habitat in 
most lynx habitats in the contiguous U.S.,……..”.  These ideas needs to be more concisely 
discussed together, examining net potential changes.  2) On p. 70 you note that “For example, 



drought can weaken trees, increasing their vulnerability to insects and pathogens”, then on p. 
71/2 “Widespread clearcutting following the most recent spruce budworm outbreak in Maine 
was the primary driver creating the current broad distribution of high-quality lynx habitat”, then 
on p. 79/80 “Removal of larger trees from mature multi-story forest stands to reduce 
competition and increase tree growth or resistance to forest insects may reduce the horizontal 
cover (e.g., boughs on snow), thus degrading the quality of winter habitat for lynx”.  Individually, 
each of these statements may have some truth in selected situations, but it is not helpful or 
useful to have them scattered about.  The potential negative AND positive consequences of 
them need to all be in one spot under more mechanistic sections, objectively balanced (even if 
they must be under a “Threats” section).  Headings like “Future Changes to Hare Habitat” are 
more meaningful, where you combine positive and negative possibilities/data related to climate 
change (e.g., disturbances can both create hare habitat or have negative effects), forest 
management (some is good or could mitigate, some can be bad) , human 
encroachment/development (presumably not much good here), etc.  And then each section can 
end with 1 forecast, even if “Too much uncertainty to make defendable predictions of the 
future”.     

Cyclicity is not necessarily “good” 

• There are several places in the document where you state or imply that cyclicity is inherently a 
good thing, or a change to non-cyclic is in itself bad.  Examples include: 

o P. 34 - non-cyclic or weakly-cyclic hare populations are unlikely to allow the rapid lynx 
population recovery observed in northern lynx populations when hare numbers increase 
dramatically after cyclic population crashes 

o P. 65 – The collapse of cycles in herbivores with high-amplitude population cycles also 
would imply collapses of important ecosystem functions such as pulsed flows of 
resources and disturbances throughout the ecosystem, including declines in predator 
communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 

o P. 65 – If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or 
the adjoining U.S. (ILBT 2013, p. 69). 

• While change from cyclic to non-cyclic (or pulsed to non-pulsed) is certainly a sign that 
something is changing, and possibly an indicator of an emerging concern, we do not find these 
arguments compelling at all.  Average population density will be higher for ‘stable’ populations 
than fluctuating populations (e.g., Boyce and Daley. 1980. Am. Nat. 115:480-491.), all other 
things equal.  This implies lower persistence for fluctuating populations (e.g., Inchausti and 
Halley. 2003. J. Anim. Ecol. 72:899-908.), again all other things equal.  So cyclic behavior can’t be 
considered inherently good (in fact, it can be considered bad) and these statements should be 
removed in our opinion. 

• Diminished amplitude does not necessarily mean there will be less dispersers on average, only 
that dispersal will be less pulsed.  It has flaws for the same reasons above.  Sending out 0 
dispersers for a number of years, followed by 100 for a few, cannot automatically be viewed as 
better than 50 every year (or from above principle, maybe it would be more than the average 
for a fluctuating population).  And since this idea you reported rests on the assumption of 
climate change induced alterations to snowpack and cyclicity, we would note that there is a 



logical but perhaps speculative argument to be made that more compacted snow could increase 
lynx dispersal distances and have positive effects on colonization of patches.....all other things 
equal.    

Hare Range/Density contraction 

• On p. 68, you state that hare range is contracting “….because of changing snow conditions and 
reduced survival because of delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et 
al. 2016a, entire).  Shortly thereafter, “Loss of snow now contributes more than loss of habitat in 
determining the range of snowshoe hares in the Great Lakes region (Sultaire et al. 2016a, 
entire).  We do not believe these are currently defendable statements. 

o While we won’t question the conclusion of a possible range contraction too much, we 
would note that comparisons of finer-scale species presence at 2 distant points in time 
(each based on 1 or 2 years of presence data) is less than desirable for detecting a range 
contraction.  Especially at the edge of a species range, it is highly likely that this has 
always been a fluctuating boundary, so it takes more continuous time series data to 
truly assess a systematic range contraction.  Even if we assume those range contractions 
in PA and WI are accurate: 
 neither study contains any direct data whatsoever to support the notion that it 

is due to reduced survival because of pelage mis-match as you state. 
 In another paper you cite later (Sultaire et al. 2016b), where they included more 

detailed vegetative metrics in their analysis, they state, for example, “As we 
predicted, landscape-scale forest amount and local vegetative cover were 2 
important constraints of the snowshoe hare range limit”.  Vegetative metrics 
constituted 3 of the 5 variables (the other 2 being snow-related) in their top 
model, all 12 of the top models contained vegetation metrics, and no snow-only 
model was even in the top 12.  So even if snow is relevant, clearly so is 
vegetation and it is not mentioned. 

 Neither area of apparent hare range contraction in those 2 studies seems 
immediately relevant to lynx (you concluded that resident lynx did not 
historically nor do currently occur in Wisconsin, and I’m sure this would be true 
for PA as well).  Range contraction anywhere may still be a relevant observation, 
but we would argue these observations are not very relevant to lynx at the 
moment. 

 In none of the discussion in this section (or those initial 2 papers) do we find any 
consideration of non-snow alternative hypotheses, outside of some discussion 
about predators in one of the WI papers.  This is perplexing in that there are 
other hypotheses that seem just as reasonable as snow, in our opinion.  For 
example, WI and PA are 2 states with the highest deer densities, we know deer 
increased dramatically in many areas from the 1970’s to present, and there is 
extensive literature (including some from PA and WI) on the effects of deer 
browsing on understory (i.e., important hare habitat), and past research to 
support various vegetation connections in the demography of a hare cycle.  In 
WI, the area where hare range is suggested to have declined is also quite 
correlated (based on our visual exam) with the area of WI that has the highest 



deer densities.  And the second Sultaire paper we mentioned above clearly 
found vegetation a relevant explanatory variable.  Other unconsidered and 
speculative but reasonable hypotheses: 1) increasing data (e.g., several MN 
studies) showing the impacts of northern expansion of exotic earthworms on 
forest understory (hare habitat); 2) in PA, there has been notable 
recolonization/expansion of both fishers and bobcats which could play a role in 
hare dynamics; 3) related to #2, we’re not aware of anyone considering the idea 
that as a result of widespread predator reductions that likely had lingering 
effects all the way through the 1970’s, perhaps hares had expanded into areas 
of otherwise marginal habitat, and now some contraction could arise in part 
from natural recolonization of native predators.  While we really don’t want to 
suggest the review needs more speculation, we do believe that your discussion 
here is not supported and should simply say that “There is some evidence that 
range may be contracting (so far in areas not too relevant to lynx), but that the 
cause-effect connections are unknown and could include snow, deer, predators, 
fragmentation, etc., etc.  

 Finally, we would note that while we would not consider our data well-suited to 
examine hare range contraction in MN, data from 2 separate surveys here at 
least does not suggest any ‘lynx-relevant’ contraction of hare range, and more 
importantly, both surveys suggest hare numbers have been increasing for nearly 
20 years in much of northern MN, completely contrary to many of the 
mechanistic suggestions presented in this review (e.g., snow is supposedly 
getting ‘worse’ for hares, bobcats have increased significantly, etc).  The most 
parsimonious albeit speculative explanation for this in MN is a notable increase 
in young forest.   

We will now list our remaining comments by page numbers: 

6) Page 8 – assumption that lynx require deep-snow.  As stated above, we do not find much data to 
support the idea that they require specific snow conditions.  We do not believe one can say 
much beyond they require hares, and thus hare habitat/populations should be a main focus 
here.  The rest is speculative. 

7) Page 8 – assume hares have limited capacity to respond to disturbances.  The Maine (and 
probably MN) story shows otherwise, even if the disturbances weren’t climate-change induced.  
And for an r-selected species, it is not intuitive that they can’t respond to disturbances.  In fact, 
their demographic traits (other than maybe dispersal distance) are finely honed specifically to 
be able to rapidly respond to changing conditions.  What matters is knowing any thresholds for 
when the type, size, or frequency of the disturbance is too much, and I’m not sure we know 
that.  And we certainly can’t predict the exact magnitude of disturbances well into the future. 

8) Page 8 – assume changes to Federal Land Management Plans have been positive for lynx, and 
will continue to be so.  While perhaps reasonable, it clearly is an assumption of unknown 
significance.  Is there any specific study that has attempted to quantify hare/lynx response to 
changes in Federal land management plans?   

9) P. 8 – projections to year 2100.  We know we’re reiterating now, and do it again later, but…..we 
would not personally trust any projections much more than 10-20 years out, even if our 



speculative bet was in agreement with that in this document.  With thousands of 
modelers/analysts and millions of monitoring dollars, few if any predicted the financial collapse 
even 1 year out.  This is not a realistic time frame given the massive amount of uncertainty here, 
even just in the biological mechanisms. 

10) P. 10 – “The western geographic units (units 3 through 6) may be more likely to support resident 
lynx longer than units 1 and 2 under projected climate change scenarios given the higher 
percentage of land managed specifically for lynx conservation and their greater topographic 
potential to facilitate the upward elevational shift in in lynx habitats projected by climate 
models”.  At least in the context of regulation/ownership, this is a big assumption.  It assumes a 
cause-effect with Federal regulations, and fully ignores non-regulatory factors in Units 1 and 2 
that may have even done more for lynx on the private/state/county lands – e.g., 
disturbance/logging that may have created more favorable habitat in these Units in the past 2-3 
decades.  Just because something was not done in the name of lynx conservation doesn’t mean 
it isn’t beneficial to lynx. 

11) Page 11 – Resiliency section – you acknowledge much uncertainty, then go on to say AS snow 
conditions become less favorable, bobcats LIKELY will outcompete/displace lynx, and this in turn 
WILL reduce lynx abundance.  We know how hard this would be to do, but just to make our 
point, can you assign any probability of these things occurring in the face of all the uncertainty?  
We presume not, and we question some of these ASSUMPTIONS anyway.  Just say “Future 
effects cannot be predicted with confidence”. 

12) Page 20 – second full paragraph, first 2 sentences – “Additionally,….”.  We think this is a very 
accurate and informative statement, yet the document then proceeds thereafter to make many 
assumptions and use leading words (will, require, likely to, etc), largely ignoring (or using 
citations that ignore) the vast amount of uncertainty on many mechanisms.  As stated earlier, 
we think this could be avoided if you were to limit your forecasting to a period of time that one 
can put some faith in the projections. 

13) P. 26 – “…..and the amount of structure (e.g., downed, large, woody debris, tip-up mounds) 
seems to be more important than the age of the forest stand for lynx denning habitat”.  An 
important caveat is that you won’t get a lot of COARSE woody debris, including large tip-up 
mounds, if a certain percentage of the forest was not allowed to attain older age.  So age does 
still matter, at least based on what the literature has found for lynx denning habitat. 

14) Last sentence on p. 29, continuing to p. 30 – “These factors probably further reduce the 
likelihood that an individual lynx in the southern periphery of the range will survive, reproduce 
successfully, and have one or more offspring recruited into the resident breeding population”.  
We would agree, but to some extent these things are ‘normal’ for a species at the edge of their 
range, we can’t really quantify “reduce the likelihood”, and from your own conclusions it 
appears that current lynx distribution is not much different today than historically.  So is this 
really meaningful? 

15) P. 31, last paragraph – we find little in this paragraph that is anything but speculation.  The most 
defendable statement is “….the influence of predation (and we would add, hare competitors) on 
lynx populations is unknown”.   What more really needs to be said?  We have already 
questioned the merits of several of the statements/assumptions in this paragraph, to which we 
would now add that Gonzalez et al. (2007) does not demonstrate lynx NEED snow for 4 months 
– all they did was look for correlation with snow - no assessment of how hares factor in, 



whether snow is correlated with hares or hare habitat, no lynx/hare survival experiment, etc.  In 
fact, one of the co-authors of that article later published a relevant paper on wolverines/snow 
(McKelvey et al. 2011. Pop. Ecol. 53:263-266) arguing that this type of correlational analysis 
cannot lead to defendable cause-effect conclusions.  This section also states “Lynx also need 
landscapes where they are unlikely to suffer reduced fitness because of competition with other 
hare predators, or encounter traps or other anthropogenic causes of mortality” – we would 
argue that could easily describe much of Canada where lynx are secure.  There are of course 
other hare predators there (to varying degrees, weasels, raptors, red fox, fisher, marten, coyote, 
wolf, wolverine, and even red squirrels have been documented to prey on hare leverets).  We’re 
not even sure if lynx are consistently in the top 2  - e.g., see Tables 6.3 and 6.4 in Hodges 2000.  
Consumption of hares by all these CAN reduce lynx fitness (to an unknown degree), yet lynx are 
abundant there.  And some lynx certainly “encounter traps” in much of Canada and Alaska.  The 
themes of paragraphs like this are not well supported by data, are filled with speculations, 
usually negative, and should be eliminated without more support.  “We don’t know”, as you 
started with, is sufficient. 

16) P. 33 – “Neither the Montana nor Maine estimates incorporated rates of 
immigration/emigration”.  We would also just note that none of the lambda estimates in that 
paragraph include confidence intervals, and had they, it would not be surprising if many 
encompassed both positive and negative values for lambda. 

17) P. 34, first full paragraph – we would eliminate most of the first sentence and say “In summary, 
lynx need……landscapes with hare densities capable of supporting……(i.e., the second sentence).  
The rest is speculation. 

18) P. 36 -  “In its 2003 remanded determination, the Service determined….”.  We don’t like the 
remainder of this sentence/discussion being presented as either/or.  There is good reason to 
believe that both dispersers and resident breeders (some which may have been dispersers) are 
important. 

19) P. 38 – last 2 sentences in first paragraph – We have touched on some concerns related to this 
before, but re-state that we don’t really agree with the logic that competitors are known to be 
some big driver here.  The presence of more generalist predators to the south may indeed 
contribute to reduced cyclicity (not necessarily reduced hare abundance).  It is much more likely 
that reduced hare habitat quality is what reduces hare abundance in the south, and more 
generalists, due to prey-switching, reduce cyclic tendencies (which also means there may be 
reduced troughs as well, not just reduced “potential for high-density hare populations”).  
Average density of a fluctuating population will be lower than that for a stable population, other 
things equal.  From this, one COULD actually argue that generalists can be good for lynx.  But in 
fact lynx are not better off in the south because all other things are not equal – hare habitat is 
generally worse or patchier. 

20) P. 38 – “Long-term snow conditions presumably limit the winter distribution of potential lynx 
competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes”.  In our opinion, 
“presumably limit” is not useful.  While we did not have a copy of the book that chapter was in, 
we do have the newer version and only see some anecdotal reference to this idea, which we 
have already questioned.  Of course snow has “effects” on animal movement/etc, and maybe 
more so on coyotes/bobcats than lynx, but I am unaware of any data to support the idea that 
this alone creates anything but possibly local-scale allopatry, with no demonstrated effects on 



bobcat/coyote demography, or then in turn on lynx persistence.  Repeating these ideas over and 
over is misleading.  This idea needs to be critically ‘vetted’ in one spot, which we believe leads to 
a conclusion of “effects unknown” as Murray et al. (2008) basically concluded, and then no need 
to mention again. 

21) P. 43 – “Siren (2014, p. 10) suspected that the relatively few lynx detections documented in 
2012-2014 may be related to the presence and abundance of bobcat, coyote, and fisher 
populations in much of northern New Hampshire”.  This article is not in Lit Cited (nor is Siren 
2016 cited elsewhere).  And this sentence, along with the one at the end of the paragraph, is 
just more speculation.   

22) P. 44 – “In Minnesota, research conducted since the 2003 remand has demonstrated the 
continuous presence of a resident lynx population”.  Though as you note at the end of this 
paragraph, influence of immigration is unknown, so I guess “resident population” depends on 
how you define resident, and population. 

23) P. 44 – “and there is no indication of substantial immigration from Canada after the 1980s 
(Squires in Lynx SSA Team 2016, p. 20)”.  What monitoring was in place starting in 1980 that 
could confidently identify “immigration from Canada” if it occurred. 

24) P. 53 – Unit 2 NE MN – since it was noted for Maine, Minnesota has also distributed the “How to 
Avoid Lynx” brochure to trappers at our fur registration stations and made it available at our 
website.  And we don’t think it is correct to state that in 2015 we added more trapping 
regulations for lynx avoidance.  Administrative procedure just required that we re-issue the 
same emergency rule that was in place before.  No changes have been deemed necessary. 

25) P. 54 – “which requires Montana to implement a set of reasonable restrictions on trapping in 
lynx habitat”.  Time will tell if it is effective (they only had ~ 1 lynx take per 3 years before).  
Reasonable is in the eye of the beholder, and is unnecessary here.  Why use it? 

26) P. 55 – “….the use of body-gripping traps (foothold, conibear, snares, etc.) for trapping other 
furbearers is prohibited in Washington (except for damage control or nuisance wildlife, which 
requires special permits). This avoids the potential for lynx to be incidentally captured in traps 
set legally for other animals”.  True, and by our own arguments above we would say this next 
point fits the “effects unknown” summary, but using the argument this document has suggested 
many times (competitors are assumed to have an effect) would suggest that your statement 
should be modified to note that the trapping prohibition in WA could also have negative effects 
on lynx via ‘allowing’ more potential competitors.  Same goes for Colorado statement later. 

27) P. 57 – Unit 2 NE MN – while we can’t honestly say how relevant it is, MN state forest 
management is also FSC and SFI certified.  We also question whether regulation is the only 
relevant factor here – no doubt a fair amount of logging in MN has offered some lynx/hare 
benefits, but it is mostly driven by economics not regulation. 

28) P. 59+ - as argued elsewhere, we think the Climate Change section should be ‘dis-banded’.  
Mechanistic sections (hare habitat, lynx survival, competition, etc) should be the focus, with all 
potential (positive and negative) changes related to climate change/veg management/etc falling 
underneath there, and only if there is some defendable connections.  As is, there is unnecessary 
definition of what “climate” means, general discussions that “climate change may be bad for 
wildlife”, then even much discussion of why in the past you concluded climate change was not 
likely relevant in this case, but that now you think it is.  And then many of the specific ideas you 
put forth are repeated many times.  Focus on the mechanistic connection, cite any literature 



that actually attempted an analysis (not just said “might affect”) on how climate change may 
explicitly affect that variable, and then critique whether the science really demonstrates a causal 
link to lynx/hares.  There is so much uncertainty in all of this that it does not warrant repeated 
speculative statements, nor does repeating it make it any more true. 

29) P. 65 – “Greatly reduced lynx fur harvests in Canada beginning in the mid-1980s may be linked 
to climate warming (Yan et al. 2013, p. 3269)”.  While using “may be linked” may make this 
defendable, we do not feel it is objective.  It is well known that the end of WWII, as well as the 
mid-1980’s, both ushered in a period of declining fur prices, and both preceded by high fur 
prices.  While there is likely no data that can now re-create the past truth (only look for 
correlations), the most parsimonious conclusion is that these declines in lynx fur harvests were a 
result of (possibly lagged) declines in trapper effort, and possibly overharvest preceding this, as 
suggested by Poole (1993) and Mowat et al. (2000).  Yan et al.’s attempt to consider this 
alternative (their appendix S6) is not compelling to us, and would argue that parts of it make our 
case.  But absent discussing our specific concerns with them, at best we would say one could 
only conclude that “climate change” (not just climate) could only have potential relevance to the 
1980/90s decline, not the 1950’s decline.  And even then, this idea would only become an 
alternative, also untestable, HYPOTHESIS to what we would argue is a more parsimonious 
explanation (fur prices/effort).  But nothing to do with this point, which includes some 
suggestive literature, is even mentioned here – only that it “may be linked to climate warming”.   
It also may be linked to fur prices, fuel prices, other economic opportunities for a trapper (e.g., 
job growth in the 50’s and 90’s), weather affecting trappers (not lynx), etc.  The wolverine article 
we mentioned earlier (McKelvey et al. 2011) is also relevant here in terms of harvest data 
concerns, as well as the concerns with snow correlations. 

30) P. 66 – “lynx are subjected to niche displacement to habitats of inferior quality, which probably 
limits lynx survival and productivity at the southern edge of their range (Peers et al. 2016, entire; 
Robinson 2006, pp. 120).  Our bigger point here is once again this is purely speculation, at least 
the second part of the sentence.  But another point here is that we’re not sure it is even stated 
correctly – by our read (of Peers), they concluded that lynx might be displaced FROM the 
supposedly poorer lynx habitat, not INTO it.  For example, it says “[lynx] avoid competition at 
large scales by restricting their niche to highly suitable conditions….”.  As such, this would not 
necessarily lead directly to reductions in survival or productivity, though it could affect density 
(but all is still speculation, as is almost all of this paragraph). 

31) P. 67 – “...coyotes were deemed the most likely to pose local or regionally important 
exploitation impacts to lynx”.  Yet there is really no data of any demographically “important” 
effects and they do co-exist in many areas.  And as noted before, Murray et al. (2008) concluded 
there is insufficient data. 

32) P. 67 – “The hybridization rate is currently low between the species (0.24 percent) but could 
increase as bobcat populations move north with climate change (Murray et al. 2007, p. 1465; 
Koen et al. 2015, p. 528).  We suppose anything “could increase”, but it also might not.  Is there 
more support for one speculation?  If the bobcat/lynx ‘boundary line’ just moves north as some 
predict, why would the rate of hybridization be expected to increase.  It would only be expected 
to POSSIBLY increase, we think, if bobcats advanced north but lynx did not contract. 

33) P. 67 – “The diverse predator community could explain why hare populations have declined and 
seem to remain low in Maine (Scott 2009, p. 43)”.  We could not acquire this thesis, but it’s clear 



that it is more speculation (“could explain”).  And based on how the sentence is worded (just 
says “Maine”), it doesn’t seem correct or at least appropriately qualified.  Over the last 30ish 
years, haven’t hares been quite abundant and lynx doing well in Maine (better than historically 
you conclude)?  To what part of Maine does this refer?  Is there evidence of increase in 
predators in that area, evidence that hare mortality from them has increased, etc.?  Elsewhere 
the focus seems primarily that hare HABITAT quality may have (or be starting to) decline after 
peaking in the 1990’s.  What data even leads to this specific speculation that predators may be 
to blame? 

34) P. 69 – “Some areas of the DPS (e.g., Maine, Minnesota) lack potential elevational refugia and, 
therefore, lynx populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–
1102)”.  There are a whole lot of “If’s” behind this “are anticipated to”, so we see little reason to 
report this as though a fact.  At best, it should say “the potential for latitudinal contraction could 
be comparatively higher in these Units due to minimal elevational relief”.  

35) P. 72 – After concluding there are no real current problems, you state “However, exotic species 
could be introduced in the future as boreal systems are increasingly exploited for forest 
products, mining, energy production, and other natural resources (Schinder and Lee 2010, 
entire)”.  All sorts of things COULD happen – we might develop a highly effective control for 
some exotic species.  But if you are going to make negative speculations, then they at least need 
to be based on some attempt at analysis.  What exotic pest is deemed most likely, what is the 
specific mechanism that will ‘transport’ it to the boreal forest, what is the causal link to lynx 
persistence (e.g., some disturbances, exotic or not, could be ‘good’ for lynx/hare habitat)?  This 
is a Status Review and should only include best knowledge of current status, with clear and 
defendable shorter-term forecasts about future change.  This speculative sentence, which is not 
the only one of its kind, assumes negativity and is uninformative – delete it. 

36) P. 72 – “For example, in January, 1998 a severe ice storm extensively damaged the canopy of 
many northeastern U.S. and eastern Canadian forests, causing moderate to severe forest 
damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and Mulhern 
1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire)”.  But if nobody has 
documented specific effects for lynx, why say this?  There was also a blowdown of trees in 
Minnesota’s BWCAW that affected ~ 400,000 acres, and probably?? improved habitat for 
lynx/hares.  Unless there is some reasonable data to show a connection to lynx/hare 
demography (e.g., the Maine story), simply say disturbances are projected to increase, some 
could be good for lynx/hares, some bad, but we can’t predict the future.  It would shorten the 
document a lot. 

37) P. 72 – “No apparent climate-influenced parasites or diseases have been identified that would 
affect Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016, pp. 27, 37-39)”.  Same general comment as #35. 

38) Starting on p. 73 – Vegetation Management, Wildland Fire Management, and Habitat 
Fragmentation sections– this is probably redundant with one of our initial comments, but we 
see no need for these section headings (or Climate Change), nor the need for much of this 
information to be anywhere in this document.  Use very mechanistic headings (e.g., “Projected 
Changes to hare habitat”), concisely discuss in one spot all relevant processes (disturbances, veg 
mgmt., human development/fragmentation, or whatever) for which we have supporting studies 
(e.g., hares depend on X, not just “X might affect Y”) and for which we can demonstrate 



reasonable confidence that changes will occur in the NEAR future.  We see little if any 
need/value for general reviews of all the hare habitat literature, different ways commercial 
timber management takes place, how such methods may or may not affect hare habitat, what 
economic trends may occur, whether/how the forest industry (or other land management 
agencies) might adapt to projected changes in forests from climate change, what historic fire 
regimes (or human policies toward them) have been or might be, how humans fragmented the 
landscape in the past, why snow is supposedly so important (again), what fragmentation means, 
more general review of lynx/hare literature, whether lynx have been documented to 
cross/use/get hit on roads, how many ski resorts there are out west, what locatable or salable 
minerals refer to, that utility lines are often along road corridors, etc.  This is completely 
unnecessary, at least for our conception of what a Species Status Assessment should contain.  
Besides just adding an enormous amount of superfluous information, it forces the constant 
repeating of many highly speculative ideas.  For this reason, we will not offer many specific 
comments on these sections, instead hoping that much is simply discarded.  But we will offer a 
few. 

39) P. 86 – first paragraph – yes, fire frequency and size COULD increase, and yes, this does HAVE 
THE POTENTIAL to cause temporary adverse impacts on hare habitat, but depending on details, 
it also COULD be positive (e.g., be a counter-balance to historic fire-suppression policies).  I 
don’t think there is sufficient predictive capability to decide how this will play out.  You correctly 
note here that any negative effect may only be temporary and followed by positive effects, but 
add that even so it would likely (any citation?) reduce landscape-level hare densities, and 
therefore lynx numbers.  Possible, but are periodic reductions in landscape-level hare densities 
not a historical reality of boreal landscapes and lynx-hare dynamics.  Even lynx, along with other 
cycle contributors, can cause landscape-level reductions in hare density.  ‘Stability’ is not the 
norm in these settings, and temporal/spatial variability should not be viewed as abnormal or 
bad.  Useful conclusions can only be drawn if we can predict with high confidence how big/how 
often/where fires would occur in a given area, and we can’t.  Could be good in some areas, bad 
in some, good at one point in time, bad at another. 

40) P. 87 – “Lynx must contend with aspects of their habitat at the southern extent of the boreal 
forest for which they are not as well-adapted”.  As a side note, in our opinion the only thing in 
these areas that they are demonstrably not able to ‘deal with’ is lower hare density.  Regardless, 
this general idea is nonetheless true, but also true for every species at their range limits and it 
should be noted that this is “the norm” for lynx in the DPS.  Historically, lynx in these areas have 
almost certainly been comparatively rare, ephemeral, unstable, patchy, or variable……..and yet 
persistent over the long haul.  The problem in our opinion is that ESA generally ignores 
everything north of the border, expects consistent ‘safe population levels’, thereby ignoring 
historic reality (instability, especially at the range edge), and then leads to assessments that 
portray all of this historic reality as now being “risks”.  Certainly humans can, and have, altered 
the system.  But so has ‘nature’, and we do not have 1,000 years of lynx/hare abundance data to 
offer any clues of just how much natural variability there was in their southern numbers.  There 
have always been a lot of ‘undesirable’ conditions in the DPS for lynx, and it is important to not 
lose sight of this, but I think it commonly does in this section.  In the beginning, a conclusion is 
that habitat loss/fragmentation has been relatively low in the DPS to date, then much discussion 
of why fragmentation can be bad.  There are suggestions that the DPS naturally has patchier 



habitat, then reasons why patchiness is ‘bad’.  Examples of why fragmentation may be bad, then 
a paragraph that concludes “..lynx showed no sensitivity to the degree of forest fragmentation 
in areas of high or low suitable habitat”.  Notes that the snow environment in the DPS is 
[naturally] patchy and marginal in space and time, then speculative discussion on why this is 
bad.  Distinguishing ‘bad’ from ‘normal’ is not just semantics to us.  It is, or should be, a very 
relevant focus.  Even setting that aside for the moment, we note the following: P. 91 – “Roads, 
development, climate change, and forest management fragment snowshoe hare and lynx 
habitat in the DPS.  We know little about how hare and lynx respond to these anthropomorphic 
changes to their habitat, which requires additional research (Murray et al. 2008, p. 1464; Squires 
et al. 2013, p. 194).  Enough said. 

41) P. 89 – “Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is 
more competition for a limited resource and exploitation competition inflicted by generalists 
(e.g., coyotes) and other predators (Buskirk et al. 2000a, p. 95)”.  Hares may fluctuate less 
dramatically in the south BECAUSE of more generalist predators, but I don’t see that the lack of 
fluctuation per se leads to more competition.  In fact, by definition, generalists are typically 
‘prey-switchers’.  Even if there are more species of predators, it doesn’t mean there is more 
pressure on any one prey species, other things equal.   We’re not even sure if there is data to 
show that there are more hare predator species in the DPS compared to the north or whether 
annual hare mortality is lower in the north, but we think data in Hodges (2000) suggests “no” to 
both those questions.  Our comment here also applies to the last sentence in the second 
paragraph on this page. 

42) P. 99 – “Hares do not seem to cycle in this region, but underwent a 50 percent decline starting in 
2006 and have remained at lower levels”.  Perhaps a citation for these observations is listed 
elsewhere in the document, but we would like to see it in order to evaluate just how much 
confidence is behind it. 

43) P. 101 – Unit 3 discussion – “Regulations prohibit lynx trapping and require measures to reduce 
the likelihood of trapping lynx incidentally when legally trapping other species”.  Can’t this be 
noted for all Units? 

44) P. 120 – “Of those 42 hybrids, 13 unique individual lynx-bobcat genotypes (5 Female, 8 Male) 
were also identified (Catton et al. 2015, p. 1)”.  We would clarify this sentence to say “genetic 
analysis indicated that those 42 samples were from 13 unique individual hybrids”.  

45) P. 120 – “The DNA analyses also showed persistence of individual lynx in Minnesota of 2 years 
(N = 27 lynx), 3 years (N = 11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 
5 years, who produced 7 kittens in Minnesota (Catton et al. 2015, pp. 3-5)”.  Small note is that 
the 2016 report is now out with slight updates if interested.  But our main point here is just that 
since specific numbers are reported, we think total sample size is relevant.  This was based on 
236 individuals whose initial detection was not a mortality, meaning also that 78.4% have not 
been detected in more than 1 year. 

46) P. 121 – “Identified factors affecting the current conditions of lynx in Minnesota include 
reduction in habitat quality or quantity, habitat fragmentation, climate change, increased access 
for competing carnivores, and human-caused mortality”.  This is a general statement that could 
be used for any wildlife species, not based on any specific “identified factor affecting the current 
condition of lynx in MN”.  Admittedly, that may just be due to lack of data, but the wording of 
this statement is, for the most part, not supported by any specific data or analysis. 



47) P. 121-122 – Factors Affecting Current Conditions (in MN) – Starting with the second paragraph 
in this section, a majority of the content is just generic statements unsupported by specific 
data/citations.  Regardless of generic statements of “could affect”, “might impact”, the best 
available data, imperfect as it may be (but consistent across 2 surveys; Erb 2015), is that hare 
numbers in northern MN appear to have increased over the past 15-20 years, yet this is not 
mentioned anywhere.  And this, in spite of, or coincidental with, a notable increase in bobcats 
over the same time, a reduction (we assume, but didn’t specifically confirm) in snow conditions, 
and at least no clear indication of any notable change in lynx.  In regards, to snow-compacted 
trails, we reiterate that Murray et al. (2008) stated in their review that “the issue of snowmobile 
trails harming southern lynx populations has been adopted without strong empirical support”.  
You also say that “Throughout the SNF and northern Minnesota, human activities have reduced 
connectivity between patches of suitable lynx habitat”.  We’re hard pressed to believe this is the 
case, as there are few major roads/barriers in this area (and we know lynx can and do cross or 
go around them), secondary forest trails are unlikely to affect/impede lynx, and they are a highly 
mobile species.  And see the conclusion about NE MN having only minor fragmentation on p. 
189, which basically contradicts this other statement.  If there are any key factors “affecting 
current conditions”, we’d argue it has been the logging increase that began in the mid-80’s and 
continued perhaps to the present, and this has probably been beneficial to lynx, or at least 
hares. 

48)  P. 122 – 2 sentences – “Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40)”, and “…similar to bobcat, wolf populations may increase with 
changing snow conditions and prey availability as influenced by climate change”.  First comment 
is that an important clarifier to the coyote increase is that this applies only to non-forested 
portions of MN.  In forested areas relevant to lynx, coyotes have not increased, and in fact have 
likely decreased (presumably due to wolf presence in the northern forests; Levi and Wilmers. 
2012. Ecology 93:921-929).  Other than the observation that wolves COULD kill a lynx, nobody 
has really suggested that wolves are likely to be a lynx competitor, and we would agree.  So 
rather than your hinting (in our opinion) that a climate-induced wolf increase could be bad for 
lynx, we would argue that it could be good (keep coyotes suppressed, if that really matters to 
lynx), or at least a mitigating factor to any possible bobcat increase (if bobcats really affect lynx).  
The other noteworthy of mention for this section is that if deer (and bobcat and wolves) do 
increase, it is at least something very amenable to management action (increase deer hunting 
quotas) if there is the political support to keep deer densities lower (as has been considered in 
the name of moose management). 

49) P. 122 – last sentence in this section on hybridization – see our comment #32. 
50) P. 156+ - As we began to read this section, we were happy to see full acknowledgment of the 

vast amount of uncertainty in longer-term forecasting here.  But before we read on, we already 
knew that such forecasting was nevertheless done, in spite of this.  We certainly recognize that 
decisions often have to be made in the face of much uncertainty, and that the process required 
to make projections can often be fruitful.  Nevertheless, we put little faith in long-term 
projections in these situations, even if it may serve as a useful academic exercise.  And we 
question whether long-term forecasting is even REQUIRED in this situation.  That needs to be 
justified.  We know that one argument here is that this document is not a “decision document”.  
But it will obviously be used in a decision that has many implications, so we think it behooves 



the process to only present information which can be defended as reliable.  We would note that 
most wildlife ‘system dynamics’ are nonlinear, and chaos theory tells us that even in 
deterministic systems (e.g., IF we knew all the biological/climate/management variables AND 
they were constants), future projections are still highly sensitive to initial conditions so even 
minor errors in our knowledge of the ‘start conditions’ can lead to exponentially diverging 
projections into the future.  And there is indeed much uncertainty in our knowledge of the 
current state of the system (i.e., no reliable population estimates).  So what is a reasonable time 
to consider?  We don’t have the magic answer, and from a 2009 Memo we saw from the 
Solicitor to the Director of USFWS, neither did they.  But from my read of the Memo, we 
strongly doubt there is “...not only the foreseeability of the threats, but also the foreseeability of 
the impacts from the threats” 87 years out (to 2100).  The Memo also notes that “..the 
foreseeable future extends only so far as the Secretary can explain reliance on the data to 
formulate a reliable prediction. What must be avoided is reliance on assumption, speculation, or 
preconception”.  I would argue that even in the shorter-term, MANY statements rely on quite a 
lot of biological assumption, speculation, and perhaps preconception.  The Memo also notes 
that “The further into the future that is being considered, the greater the burden to explain how 
the future remains foreseeable for the period being assessed”.  On this point, we note that this 
seems in contradiction to your (correctly) stated observation that the further out you look, the 
LESS confidence you have.  Finally, “…..the mere fact that someone has made a prediction 
concerning the future does not mean that the thing predicted is foreseeable for the purpose of 
making a listing determination….”.   Putting all this together, we simply do not believe 
projections to the year 2100 should even be included – the process of having discussed it 
internally is fine, but all that should be reported is that it was concluded to be unreliable.  We 
think a priori considerations alone should make this clear, and we think this is reinforced by 
Figure 7 which shows significant variability in the assessments of lynx experts (i.e., the 
difference between Median-low and Median-high projections).  And we would argue even this 
significantly underestimates reality (i.e., the true range of uncertainty is much wider…on both 
ends); lots of psychological studies clearly demonstrate there are many cognitive biases that 
lead us to have more confidence than we should (for a shorter popular discussion, see 
http://www.nature.com/news/how-scientists-fool-themselves-and-how-they-can-stop-1.18517, 
or perhaps the book called “The Black Swan” for a longer commentary).  By reporting estimated 
persistence to 2100, even with the table showing (underestimated) uncertainty among the 
experts, there will become a de-facto assumption by many readers, including many decision-
makers we suspect, that it is trustworthy (in spite of the uncertainty).  For example, toward the 
end of the Executive Summary, which may be all many will read or later cite, it only says “…the 
probability of the persistence of resident breeding populations will decline in all geographic 
units, with the negative DPS-wide trajectory continuing to the end of the century…”.  And “The 
probability of losses in resiliency, redundancy, and representation puts the Canada lynx DPS at 
increasing risk of extirpation through the end of this century”.  Not a lot of uncertainty 
expressed there.  Besides the fact that it is absolute probability values, not “increasing risk” or 
“will decline”, which matters, these statements portray confidence that simply cannot be 
scientifically justified…..even if there is valid reason to believe it COULD be true.  There is also a 
large body of psychological research showing that saying and then repeating ideas leads people 
to BELIEVE they are true and supported by data, even in cases where they are known to be false 

http://www.nature.com/news/how-scientists-fool-themselves-and-how-they-can-stop-1.18517


(which we are not suggesting here).  For the integrity of the document and process, we believe 
some of these statements and approaches need to be changed.  At most, we can’t see 
projecting beyond 50 years, and to be honest, we have little confidence in this case even past 20 
years.  Besides, aren’t the SSAs to be done every 5 years (or 5 years post-delisting if by chance 
that happened), meaning you can update if more confidence is developed in the data and our 
ability to forecast?  Saying “we don’t know” is far more defensible than speculative guesses. 

51) For the sake of time, and because we’ve already noted both our broad forecasting concern (#50) 
and numerous more specific comments above, we have opted to not review in detail all the 
information contained in Chapter 5, and to some extent even many non-Minnesota sections in 
Chapter 4.  Nevertheless, a scan of these sections suggests that many of my above concerns also 
apply to comments made in these sections, and should you agree with any of them, then we feel 
changes need to be made in these sections as well. 

52) P. 158 – “In each geographic unit, the experts we consulted expect the probability that resident 
lynx populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below)”.  While one can assume our forthcoming comment is already understood by all those 
that may read/use this SSA, that is probably wishful thinking and so we feel it needs to be made 
– except for a few highly improbable situations that could hypothetically occur, the estimated 
probability of persistence will always decline the further out in time you project, even if there 
are no KNOWN threats.  The potential for some type of major negative event always becomes 
higher the further out you consider.  This is true for individuals (which don’t live forever), 
populations, and species.  It is true for lynx, as well as humans.  So a decline in estimated 
probability of persistence with longer timeframes is ‘normal’.  I believe this point needs to be 
explicitly acknowledged – a decline is not automatically a concern, it is the actual estimated 
probability that may matter (and we have already expressed concerns about the reliability of 
the actual numbers, especially those projecting more than 20-30 years out). 

53) P. 158 – “Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century”.  We will assume we are mis-reading something here, but when we look at Figure 7, 
year 2050, average projection, it looks to us like the experts project that 4 of the 6 units, with a 
5th close, are expected to persist with probability > 50%.  Can this be clarified? 

54) P. 163 – Unit 2 NE MN – Very little to add beyond that which we’ve said.  We question what we 
think can only be called the assumptions of direct impacts of snow, bobcat competition, and 
hybridization concern.  We do think the fate of the boreal forest will be crucial for hares/lynx, 
but question the ability (regardless of mechanism) to produce a reliable estimate of persistence 
probability 87 (or 50) years out.   

55) P. 186 – “In response to a 2008 court ruling, the MN DNR began to draft a plan to address 
incidental take of lynx that may result from otherwise legal trapping in Minnesota. This plan is 
still under development by the MN DNR and will be designed to reduce the likelihood of 
incidental take from trapping (ILBT 2013, p. 49)”.  The State of MN completed and submitted an 
ITP/HCP to the USFWS in 2008.  We also implemented regulatory changes, approved by the 
Court, to reduce incidental take of lynx.   



56) P. 191 – “The lynx is state listed, however, and Minnesota's Endangered Species Statute and the 
associated Rules impose a variety of restrictions, a permit program, and several exemptions 
pertaining to species designated as endangered or threatened”.  Lynx in MN are actually listed 
as a “Species of Special Concern” and thus not specifically covered by rules specific to our State 
ESA.   

57) Pp. 190-192 (but also applying to pp. 183-190) – we would just start by saying our comment #50 
applies here as well.  To that we would add that we feel the tone of much of this section goes 
even beyond the concerns about speculation we have referenced above.  We feel, correct or 
not, that much of this comes across as biased and ‘scare tactics’.  Examples: 

a. Under the possibility of Federal protections being removed, and even if a state harvest 
did not occur, you say “Under the state statute, a person may not take, import, 
transport, or sell any portion of an endangered or threatened species. However, these 
acts may be allowed by permit issued by the DNR”.  Notwithstanding our correction 
noted in # 56, were you really suggesting we might issue such permits liberally and 
jeopardize lynx?  If not, what is the point? 

b. “There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the 
state”.  You can expect this, and we could do it (though we doubt it), but what is the 
point of this unless you are implying it is a “threat” and using it to create fear about a 
post-delisting scenario?  Are you questioning our ability to responsibly manage a 
harvest? 

c. “Without Federal listing driving voluntary conservation guidelines, however, there 
would be little or no motivation for private forest landowners to intentionally engage in 
forest management to benefit lynx”.  What evidence are you suggesting there may be 
that private forest landowners have been compelled by Federal law to adopt voluntary 
guidelines now? 

d. “Without Federal-listing, these projects [wetland permits, highways, powerlines, etc] 
would not consider impacts to lynx critical habitat. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and 
fragmentation and would result in reduced justification for habitat protection initiatives 
in northeastern Minnesota”.  Can you even document (not speculate) whether Federal 
laws have ‘saved’ lynx or lynx habitat on Federal Lands (or on federally-funded projects) 
to date?  In reality, there has likely been little if any practical effect of the federal nexus 
on county/state/private lands, but do you have any documentation of how non-federal-
nexus-projects on those other, mostly state/county, lands in lynx range have harmed 
lynx?  And if the focus is just the Federal lands, what are the truly ‘foreseeable’ projects 
expected to occur, what are the suspected effects on lynx, what mitigation could occur 
(even if not legally required), and will Federal land managers in fact disregard lynx if 
they are delisted (if so, THEY might want to reconsider).  And while you are correct that 
federal listing certainly adds ‘legal teeth’ to many things, the assumption that nobody 
will care about or advocate for lynx habitat needs in our state forest wildlife 
management practices/policies is not valid. Fear of what COULD happen is not a 
justification for keeping a species listed. 



e. “In a future scenario without Federal listing, Minnesota’s incidental take planning effort 
for trapping may be further delayed or halted and may result in the diminishment of 
protective measures to minimize injury, take, and mortality of lynx.  As it is, 
approximately 16 lynx have been reported to be incidentally trapped in Minnesota since 
listing, resulting in at least 6 mortalities”.  First, there have actually been 24 accidental 
captures and 11 mortalities in the 17 years since delisting.  Second, we HAVE lynx 
avoidance regulations in place and have not documented any need for changes at this 
time.  Are you implying we need to make changes, that we will drop existing changes if 
de-listed (but still state-protected), or that incidental take is or would be a population-
level concern even though it was not deemed a threat at listing?  We see this as biased 
fear, and one that suggests you believe the state is unwilling to address new 
documented concerns should they arise. 

f. “It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so 
it may also be suggested for lynx)”.  Side point – you could clarify by adding that the first 
wolf season was ~ 20 years after the wolf population in MN/WI/MI surpassed federal 
numeric recovery goals.  Main point – why do you feel the need to say this unless you 
are assuming we will start a season, and would do so in a manner that would jeopardize 
lynx?  And if this is your assumption, is this not a catch-22 situation – if you delist, it 
indicates there are no serious threats, and then you turn around and imply a threat 
from delisting.  Would there not be a 5-year PDL monitoring plan?  Would you not be 
able to re-list if we in fact enacted all the changes you suggest we COULD and harmed 
lynx populations? 

g. “Illegal shooting and non-reporting would likely increase without federal protection. 
High-profile law Federal enforcement cases may have helped to reduce illegal shooting 
of lynx”.  Is there any data to support this idea?  We’ve never met a poacher who self-
reported or even cared about the law (state or federal).  And for accidental take, if 
anything, reporting could actually increase.  

h. “With a diminished snow regime, populations of bobcats would be expected to increase 
and expand north and eastward into areas currently occupied by lynx. Incidental take of 
lynx from bobcat trapping and hunting activities would likely increase without Federal 
listing”.  I would describe this as an “IF, IF, IF, Then POSSIBLY” statement.  Plus, you have 
repeatedly suggested, we argue with little to no supporting data, that bobcats will 
somehow outcompete/exclude lynx if they do expand, so how could incidental take 
increase if the lynx will have ‘moved out’ or been killed soon after bobcats arrive?  Plus, 
would not the limited accidental take of lynx that might occur be offset by the removal 
of the supposed lynx-killing/competing bobcats and coyotes by trappers/hunters?  Our 
next comment is partially relevant here too. 

i. “Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime 
in northern Minnesota and trapping would be expected to occur there that may lead to 
greater incidental take of lynx”.  Trapping already occurs “there” for these species, 
coyotes are unlikely to increase anyway (unless wolves recede, and if that occurred, red 
fox might decrease).  So how much would the potential impact of an unknown amount 
of a suspected increase in incidental take be offset by a suspected increase in trapping 



of these suspected lynx competitors.  And setting this aside, this logic suggests you have 
quite a bit more confidence than we do in being able to predict future fur prices and 
trapping effort.  

j. “We believe that despite a closed hunting and trapping season, incidental take would 
continue and possibly increase and could become a significant threat to a population of 
lynx that will likely be significantly diminished by mid- to late-century”.  See many 
comments from a-i. 

Thank you for the opportunity to review the draft.  We hope our comments were helpful and look 
forward to your responses. 



From: Jonathan Mawdsley
To: Bush, Jodi (jodi_bush@fws.gov); Zelenak, Jim
Cc: Baker, Richard (DNR)
Subject: FW: Minnesota"s Comments on the Draft Lynx Species Status Assessment
Date: Friday, February 24, 2017 7:42:28 AM
Attachments: 20170224 Minnesota DNR Lynx SSA comments.docx

Jodi, Jim,
 
This looks fairly straightforward to incorporate into a new version of the compilation document.  I
will send you a revised version later today (and circulate to the other state contacts).
 
Best,
Jonathan
 

From: Baker, Richard (DNR) [mailto:richard.baker@state.mn.us] 
Sent: Friday, February 24, 2017 8:51 AM
To: Bush, Jodi (jodi_bush@fws.gov); Zelenak, Jim
Cc: Jonathan Mawdsley; lori_nordstrom@fws.gov; Alisa Shull; peter_fasbender@fws.gov; Tamara Smith;
Ron Moen; Catton, Susan (scatton@fs.fed.us); Norris, Jane C (DNR); Erb, John D (DNR); Pierce, Ann M
(DNR); Skinner, Luke C (DNR); Leach, Jim (DNR); Telander, Paul B (DNR); Cornicelli, Lou (DNR); Larson,
Mike A (DNR)
Subject: Minnesota's Comments on the Draft Lynx Species Status Assessment
 
Jodi/Jim,
 
Thank you for the opportunity to comment on the draft Lynx SSA and for your patience in awaiting
our response. The comments attached to this email were authored by Minnesota Department of
Natural Resources’ Furbearer Biologist, Dr. John Erb. I have carefully reviewed and concur with these
comments, and they should be considered submitted on behalf of the Minnesota Department of
Natural Resources.
 
Please feel free to get back to me with any questions or concerns. We look forward to the next draft
of the SSA.
 
Sincerely,
 
Rich Baker
 
<><><><><><><><><><><><><><><><><><> 
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811
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http://www.dnr.state.mn.us/eco/nhnrp
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Minnesota DNR Review of Draft Lynx SSA 

We appreciate the opportunity to review the draft Lynx SSA and hope our comments are useful to the 
review process.  We do have a variety of concerns and suggestions, some editorial and some 
substantive.  We recognize many of the comments are critical of a variety of statements and 
conclusions, but do wish to stress that our intent is to improve the scientific credibility of this document 
and any conclusions that may arise from it.  We recognize the tremendous effort that went in to 
preparing this and the difficulties in conducting such work in the face of much uncertainty, regulatory 
frameworks, and time limitations.  We commend the effort even though we may disagree with many 
conclusions.  We also realize that some of our structural or organizational suggestions may not be 
consistent with your current SSA process guidelines/rules, but nevertheless chose to offer those 
concerns and suggestions herein.   

We will start with some overarching thoughts as well as concerns on a few mechanistic ideas that are 
woven throughout nearly all areas of the document. 

1) We believe this document could be reduced in length by 50% or more by reorganizing it and 
reducing speculation and redundancies.  There are so many points in the document, many 
speculative, which are repeated dozens of times that it detracts substantially from the 
usefulness and readability.  If there are points that are repeated so often, then in our opinion 
that point should become a heading with 1 clear and concise discussion of why it’s relevant, and 
all supporting literature.  An example is the argument about bobcats increasing and 
outcompeting lynx.  Later we will question the merit of this idea some, but this idea is 
mentioned MANY times in various sections.  If it is believed to be so relevant, then it needs to be 
a focal section, thoroughly critiqued in 1 spot, and then dropped.  We would also add that we 
even question the need for Chapter 2.  We don’t see this as a broad literature review document 
for lynx or hares.  It should have a much more targeted focus on current status and projected 
changes, reporting only literature that is directly related to any proposed cause-effect process 
you deemed to be of relevance to future changes.  And importantly, these literature sources 
should be thoroughly critiqued, not just reported.  We recall few instances of actual questioning 
of the merits of any study, unless there was already another citable article published that 
challenged it.  Every study should be independently critiqued if it is a study used as the 
mechanistic basis for some proposed future change. 

2) We question why climate change (or Vegetation Management, Wildland Fire, etc) needs to be a 
specific section in this document.  It leads to a much broader discussion of these topics than 
necessary, lengthens the document noticeably, and we would argue it detracts from what 
should be a more complete and mechanistic discussion.  To be fair, under many of these 
sections you do use sub-headings focused more on the mechanistic relevance to lynx (e.g., hare 
habitat).  But forcing these ideas into, for example, a Climate Change section leads to too much 
superfluous general climate change discussion, in our opinion leads to a tendency to ’force’ a 
climate explanation on every observation at the expense of other possible hypotheses, too 
often separates potential positive and negative impacts for any category, and leads to far too 
much conjecture.  We question the usefulness of any paragraph filled with “might”, “could 
potentially”, “is thought to”, “he/she speculated that”, “may have effects”, etc.  We certainly 
understand the document needs to consider threats and must involve some speculation, but 
speculation should not be pervasive, and it also needs to consider possible positive or mitigating 



aspects of “change” that could offset threats and include all ‘reasonable’ hypotheses for an 
observation besides just a climate explanation, etc.  And for each topic, this balanced 
assessment needs to be in 1 place only.  For example, a focus on “Changes to Hare Habitat” 
should be a main section heading that includes relevance of climate change, vegetation 
management, and human encroachment (as opposed to these being in separate discussions).  

3) To summarize much of the above, we would suggest that the non-process-oriented portion of 
this document should start with what is now Chapter 4 – provide the best available information 
on ‘where we are’ today, and how it compares to the past.  Then a shorter chapter to explain 
how you reviewed the literature, laying out what you or others conclude are the key factors that 
are relevant to the near future (e.g., hare abundance/distribution, lynx denning habitat?, 
human-caused lynx mortality, connectivity of populations, competitors, etc).  List only the 
strongest citations for each of those mechanisms so others can determine if they agree on the 
merits of the study.  Then the last chapter tackles potential changes (positive and negative) for 
each of those ‘change mechanisms’ (e.g., hare habitat, etc.) in succession, including anything 
related to climate, development, or veg management in the same section.  Projections should 
focus only on perhaps the next 20-30 years (see our next comment), and be based largely/only 
on specific attempts that have been made to quantify/map projected changes (not just purely 
speculative “could effect”, “might happen”, statements).  Each sub-heading in this category 
should end with a final ‘net conclusion’ for this variable.  This will then further allow a critique 
by others on the ‘trustworthiness’ of the projections. 

4) We’re sure we are paraphrasing here (or maybe you would just disagree), but we would 
summarize your conclusions like this:  lynx distribution/numbers now may not be so different 
than historically, with perhaps some lynx reductions in places, but possibly some increases 
(Maine).  But the 3 R’s are pretty good at this time. In the near future (next 20-40) years, things 
may not change that much, but possibly some reductions in some units.  But things look bad 
further out (by turn of century), largely (but not solely) a result of climate change.  We do not 
know how far out you are REQUIRED to consider, but regardless of whether this scenario proves 
accurate or not in the future, we would argue that ANY prediction this far out should not be 
considered trustworthy.  The uncertainty here is enormous, and we do not feel it is often 
properly acknowledged, and in fact sometimes implied, with your word choices, not to exist.  
We’re not cynical of climate change, but very skeptical of our ability to predict the actual future 
for specific species in specific areas.  There is uncertainty in the climate scenarios, uncertainty in 
our knowledge of the relevant biological mechanisms, and it fully ignores (or at least can’t know) 
other non-climate changes (bad or good) that could occur (adaptation, mitigation, economic 
forces that affect habitat and populations, global politics, etc.).  With all this uncertainty, we 
disagree that a Species Status Assessment with many potential implications should have so 
much speculative leeway that far out in time.  If that much speculation is allowed, one could 
easily construct a positive or neutral scenario that far out, at least in terms of the climate angle 
(e.g., see the book “Landscapes and Cycles” by Jim Steele – not that our mention of this is an 
endorsement of any specific idea he presents). 

5) Smaller point, but the Literature needs to be cleaned up.   We did not even cross-check a 
majority of the citations, but it was not uncommon when we did to find some error (e.g., year 
mismatch) or omission (a listed citation not in the Lit Cited). 



Because some of the future threats you identified hinge on mechanisms you suggest will change as a 
result of climate change, and they are repeated in many places, we will focus our next set of comments 
on some of those ideas and where we either disagree or at least feel the idea is not sufficiently 
critiqued.    

Lynx need deep/fluffy snow or bobcats can’t catch hares in it 

• Certainly no disagreement from us that lynx have adaptations for deep snow, but this is not an 
argument that they NEED or REQUIRE it as often stated or implied.  Also safe to say there is a 
good CORRELATION between lynx distribution and deeper/fluffier snow. But: 

o We are unaware of any study that rigorously disentangles the correlation between lynx, 
snow, boreal forest, roads/humans, and hares.  They clearly need hares, which appear 
to do best in boreal-like forest, which is found where there is deep/fluffy snow and 
fewer roads/humans.  Lynx obviously can catch enough hares during the 7 or so snow-
free months of the year to clearly demonstrate they don’t need snow for that purpose. 

o Even in northern areas with ‘great’ snow conditions, lynx still  ‘crash’, suggesting that 
snow per se is not the driver of the decline (even if it may influence synchrony or lynx 
ecology). 

o On p. 61, you mention Stenseth et al. (2004) saying only that they estimated that snow 
density affects lynx hunting success – no details.  It is not until 6 pages later (p. 67) that 
you add the note that they estimated that lynx hunting efficiency for hares may be 
HIGHER in compacted snow than fluffy snow (if nothing else, this is another example of 
why combining points into more focused sections is needed).  Our main question, 
however, is why you take a result that could be considered a positive (or at least 
mitigating) ‘response’ to the supposed negative effects of climate-induced increases in 
snow density, and immediately try and assume a negative effect.  Specifically, on P. 67 
you state that this higher hunting efficiency by lynx on compacted snow may cause a 
(positive) numerical response by lynx, but you quickly follow with the assertion that this 
could actually be bad (drive hare population to low levels), citing Stenseth et al. (2004, 
10633).  I found no such suggestion in that paper, and more importantly, it would be 
speculation only and ignore the fact that for hundreds of years lynx (along with other 
variables) have already been driving hares to low numbers (i.e., the hare cycle) without 
negatively affecting long-term hare persistence.  More compaction is bad because lynx 
will eat too many hares, and by reverse inference, if snow got increasingly deep/fluffy 
they wouldn’t be able to catch enough.  So any change from right now is bad??? 

o A possible response to this concern is that maybe it’s hares that need deep/fluffy snow, 
and not lynx per se.  We will discuss the color mis-match idea next, but outside of 
maybe that we find little data to suggest hares do NEED a specific depth/type of snow.  
Once again, we obviously know hares have persisted in spite of 7-8 months of snow-free 
conditions.  Even in the boreal forest, hares experience high mortality from a wide 
variety of mammalian and avian predators, yet they have evolved to ‘deal with this’ and 
persist where habitat is good.   It would appear that the strongest case to be made is 
that cover type (e.g., spruce/fir or similar coniferous/mixed) and horizontal complexity 
is the primary driver behind their distribution, not snow or presence of only a certain 
number (or species) of predators.  



o The color mis-match idea is certainly an interesting one that does relate directly to 
snow.  And there is now some data suggesting differential survival of hares based on 
color mis-match (presumably this would have been the finding 100 years ago as well, 
since snow has always been variable in timing and not all hares turn white on November 
1st).  But to go beyond that and suggest long-term population consequences is 
premature, and we would argue not very intuitive.  The fact that there is wide individual 
variability in the timing of pelage change (p. 68), combined with hares being an r-
selected species (i.e., high reproduction and well adapted to deal with fluctuating 
environments), suggests to us that there is a high likelihood that timing of coat color 
change will evolve if snow conditions change.  At the southern edge of their range, snow 
conditions have likely fluctuated for eons.  Ignoring that for the moment, we would say 
that the way to describe the Zimova et al. (2016) conclusion on p. 68 would be that IF 
there is no selection operating on the timing of molt, and IF there is no compensatory 
reproduction/mortality in response, and IF the high-emissions scenario happens, then in 
maybe 80 years or so hare population growth might drop below 1.0 (they do not 
estimate it would drop below 1.0 in the moderate emissions scenario as you state).  Is 
this really something to base management decisions on?  Even in the absence of climate 
change, one can come up with theoretically-possible 'disasters' for any wildlife 
population/species, but it doesn’t mean they have much applied value now.  

o This point relates both to the above discussion as well as the competitive exclusion idea 
we discuss next.  But on p. 66, with similar statements scattered in dozens of places, you 
state that “Bobcats…..are unable to hunt hares successfully in areas with deep/soft 
snow”.  You list 2 citations, and we would say that neither contains any data (nor cites 
any) demonstrating variable hare hunting success by bobcats based on snow conditions.  
We already know that in notable parts of lynx range, coyotes and lynx are coarsely 
sympatric and both species prey extensively on hares.  In examining Figure 5.1 of Krohn 
et al. (2005), it would appear to us that if the foot loading – leg length arguments were 
drivers here, bobcats should be more equipped to pursue hares in deep snow than 
coyotes – they have similar leg length, but lower foot loading.  We see little data to 
support the conclusion that snow, at least via its effect on hare hunting success, is solely 
or even largely responsible for the mostly allopatric distributions of lynx and bobcat. 
 In this same sentence, you state that bobcats “….experience high mortality in 

deep snow winters (Litvaitas et al. 1986, p.116)”.  This citation is not in the Lit 
Cited, but we think we know what it is and on p. 116 there is no such statement.  
They do mention that snow may affect mobility of bobcats, and one of the 
citations they list (Petraborg and Gunvalson 1962) does anecdotally suggest 
bobcats can become stressed during severe winters, but that much of the actual 
mortality was attributable to vulnerability to human-caused mortality in those 
situations.  And even then, no evidence that bobcat populations were then or 
shortly thereafter excluded from those areas.  So unless we missed something, 
we don’t see much data to support the claim that bobcats experience high 
natural mortality directly from deep snow. 

o We’re speculating more now (but see p. 69 in Werdelin. 1981.,  Ann. Zool Fennica 18:37-
71), but while bobcats are certainly less-adapted to deep/fluffy snow than lynx, we 



believe reduced prey diversity in northern areas may be more limiting to bobcats than 
snow directly.  From our limited understanding, Eurasian Lynx are the precursor to both 
species, and the first wave of arrivals to NA came south, glaciers eventually restricted 
them from the north, and they evolved into bobcats in an area with more diverse prey 
(and less snow).  The second wave of Eurasian Lynx immigrants arrived in the north after 
the glaciers, and already snow-adapted, but lacking a similar-sized prey than they were 
accustomed to (roe deer).  Hares were the most abundant and closest-sized option, so 
Canadian lynx evolved as ‘hare-addicts’ in an area with lower prey diversity (and more 
snow, which they were already well-adapted to).  They didn’t later expand further south 
because there were no hares there, and the nearest niches to the south were already 
filled (bobcats, etc).  Our point here is that if anything occurs to cause hare habitat to 
contract northward (for any reason, including climate change), we agree that it is likely 
to impact southern lynx.  But we see little data to support the notion that snow will 
change and all of a sudden allow bobcats to move in and either kill lynx or outcompete 
them for hares.  Kapfer (2012) concluded that snow and temperature did not appear to 
be directly limiting bobcat distribution in MN, and found more support for deer density 
limiting the northern edge, and others have also recognized the likely importance of 
ungulates to northern bobcats, especially in more severe winters (see discussion in 
Anderson and Lovallo 2003).  So while snow could still be a relevant indirect variable (if 
changes allow deer increase), we would argue that whether bobcats advance northward 
in meaningful numbers will be as or more dependent on whether non-hare prey 
diversity/density increases in those areas than on snow conditions directly.  As such, and 
with no clear data to suggest bobcats will kill lots of lynx, we currently doubt the merits 
of the lynx-hare-bobcat competition argument.  We recognize the largely speculative 
nature of our own comments here, but as we have argued above, we believe these 
ideas are no less supported by data than some of the existing arguments in the 
document. 

Competitive exclusion 

• Some of our above points are relevant here as well, but a few additional notes.  The idea of 
outcompeting or excluding is based on the premise of overlap, at least initially.  If lynx range 
were to contract (say because hare habitat contracts), and bobcat expand into areas lynx USED 
to be, then they remain allopatric and competition or exclusion is not relevant.  So in using these 
terms, it assumes bobcat/coyotes/etc invade lynx-occupied areas first, kill or outcompete them 
for hares, thereby excluding or notably reducing lynx from areas they would otherwise have 
remained.  To this idea: 

o The primary study commonly pointed to for bobcats excluding lynx is Parker (1983) on 
Cape Breton Island.  In that paper the authors do not provide any data demonstrating 
that bobcats excluded lynx from the lowlands, they just point to an apparent correlation 
when in 1955 a causeway way built, bobcats apparently crossed, and lynx were 
eventually found primarily in the highlands.  But there is no data provided to clearly 
demonstrate lynx were present in notable numbers in the lowlands prior to that, or 
what the actual mechanism may be (did bobcats kill lynx, or eat all the hares?).  
Additionally, a casual review of the history of the island notes that the mining and steel 



industry blossomed after 1900, and that after WWII (when the causeway was built) 
other industry and human development ensued.  Presumably the causeway allowed 
more human disturbances, and possibly more human-caused lynx mortality, starting in 
1955.  The authors state in their paper that “Whether the decline in lynx densities was 
coincidental with the dispersion of bobcats or a direct result of that phenomenon is 
uncertain”.  And in a 2001 Nova Scotia Lynx Status Report, the same author reports that 
“there is no historical correlational evidence that either [bobcats or coyotes] has 
adversely affected lynx densities or range limits in the past 20-30 years”.  Given the 
publication date, that would refer back to either 1970 or 1980, so it is not necessarily 
inconsistent with the earlier speculation (which referenced 1955 up until the 1983 
article).  But there is some inconsistency, and given their earlier conclusion of “cause 
uncertain”, it is not a particularly well-supported example to serve as the ‘poster child’.  

o We could not retrieve the Robinson 2006 thesis, but the other citation on this point that 
you list (Peers et al. 2017) on p. 66, along with Murray and Boutin (1991) listed 
elsewhere, does provide some evidence of local niche separation with either bobcats or 
coyotes, but importantly these findings come from areas WHERE THESE SPECIES ARE 
SYMPATRIC.  Presumably this is to be expected in that there must be at least some niche 
separation for 2 species to co-exist in the same general areas.  These are important and 
useful studies, but they do not show any demographic effects on lynx nor imply 
“outcompete” or “exclude”, only some degree of coexistence through smaller-scale 
niche partitioning.   

o So collectively, while this may be a reasonable idea to consider, we argue it currently 
has little solid data behind it.  Yet you probably state or infer this “outcompete or 
exclude” concept dozens of times. 

Are disturbances good or bad? 

• Starting on p. 70 you discuss forest disturbance events.  Perhaps because this is in the Climate 
Change section, itself a part of the Threats section, the ‘tone’ of this entire discussion in our 
opinion is negative.  For example, there are a lot of terms like “dramatically affected”, 
“stressed”, “increase vulnerability to”, “extensively damaged”, etc.  We’re not suggesting these 
are incorrect statements where used, but this section does not provide a balanced review of 
how disturbances can be good or bad for lynx or hares.  There is just a theme of negativity 
because these disturbances may be driven by climate change.  In only 1 place from p. 70-72 is 
there any hint that disturbance can be good for hares/lynx (as well demonstrated in Maine and 
elsewhere), yet this ‘good disturbance’ is quickly turned to a negative point by suggesting this 
particular example of disturbance may not happen again due to climate change.  Ten pages or so 
later (Vegetation Management, Wildfire, etc sections), there is additional discussion of 
disturbances.  We do feel many of those discussions are more balanced, but we strongly argue 
that these discussions all need to be together.  As but 2 examples: 1) on p. 70 you say “Increased 
fire frequency……….could affect connectivity and gene flow in lynx populations”, which hints 
that the assumption is it will be a negative effect.  Then on p. 84 you note that “Because of (1) 
fire’s important role in creating and maintaining high-quality early-successional hare habitat in 
most lynx habitats in the contiguous U.S.,……..”.  These ideas needs to be more concisely 
discussed together, examining net potential changes.  2) On p. 70 you note that “For example, 



drought can weaken trees, increasing their vulnerability to insects and pathogens”, then on p. 
71/2 “Widespread clearcutting following the most recent spruce budworm outbreak in Maine 
was the primary driver creating the current broad distribution of high-quality lynx habitat”, then 
on p. 79/80 “Removal of larger trees from mature multi-story forest stands to reduce 
competition and increase tree growth or resistance to forest insects may reduce the horizontal 
cover (e.g., boughs on snow), thus degrading the quality of winter habitat for lynx”.  Individually, 
each of these statements may have some truth in selected situations, but it is not helpful or 
useful to have them scattered about.  The potential negative AND positive consequences of 
them need to all be in one spot under more mechanistic sections, objectively balanced (even if 
they must be under a “Threats” section).  Headings like “Future Changes to Hare Habitat” are 
more meaningful, where you combine positive and negative possibilities/data related to climate 
change (e.g., disturbances can both create hare habitat or have negative effects), forest 
management (some is good or could mitigate, some can be bad) , human 
encroachment/development (presumably not much good here), etc.  And then each section can 
end with 1 forecast, even if “Too much uncertainty to make defendable predictions of the 
future”.     

Cyclicity is not necessarily “good” 

• There are several places in the document where you state or imply that cyclicity is inherently a 
good thing, or a change to non-cyclic is in itself bad.  Examples include: 

o P. 34 - non-cyclic or weakly-cyclic hare populations are unlikely to allow the rapid lynx 
population recovery observed in northern lynx populations when hare numbers increase 
dramatically after cyclic population crashes 

o P. 65 – The collapse of cycles in herbivores with high-amplitude population cycles also 
would imply collapses of important ecosystem functions such as pulsed flows of 
resources and disturbances throughout the ecosystem, including declines in predator 
communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 

o P. 65 – If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or 
the adjoining U.S. (ILBT 2013, p. 69). 

• While change from cyclic to non-cyclic (or pulsed to non-pulsed) is certainly a sign that 
something is changing, and possibly an indicator of an emerging concern, we do not find these 
arguments compelling at all.  Average population density will be higher for ‘stable’ populations 
than fluctuating populations (e.g., Boyce and Daley. 1980. Am. Nat. 115:480-491.), all other 
things equal.  This implies lower persistence for fluctuating populations (e.g., Inchausti and 
Halley. 2003. J. Anim. Ecol. 72:899-908.), again all other things equal.  So cyclic behavior can’t be 
considered inherently good (in fact, it can be considered bad) and these statements should be 
removed in our opinion. 

• Diminished amplitude does not necessarily mean there will be less dispersers on average, only 
that dispersal will be less pulsed.  It has flaws for the same reasons above.  Sending out 0 
dispersers for a number of years, followed by 100 for a few, cannot automatically be viewed as 
better than 50 every year (or from above principle, maybe it would be more than the average 
for a fluctuating population).  And since this idea you reported rests on the assumption of 
climate change induced alterations to snowpack and cyclicity, we would note that there is a 



logical but perhaps speculative argument to be made that more compacted snow could increase 
lynx dispersal distances and have positive effects on colonization of patches.....all other things 
equal.    

Hare Range/Density contraction 

• On p. 68, you state that hare range is contracting “….because of changing snow conditions and 
reduced survival because of delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et 
al. 2016a, entire).  Shortly thereafter, “Loss of snow now contributes more than loss of habitat in 
determining the range of snowshoe hares in the Great Lakes region (Sultaire et al. 2016a, 
entire).  We do not believe these are currently defendable statements. 

o While we won’t question the conclusion of a possible range contraction too much, we 
would note that comparisons of finer-scale species presence at 2 distant points in time 
(each based on 1 or 2 years of presence data) is less than desirable for detecting a range 
contraction.  Especially at the edge of a species range, it is highly likely that this has 
always been a fluctuating boundary, so it takes more continuous time series data to 
truly assess a systematic range contraction.  Even if we assume those range contractions 
in PA and WI are accurate: 
 neither study contains any direct data whatsoever to support the notion that it 

is due to reduced survival because of pelage mis-match as you state. 
 In another paper you cite later (Sultaire et al. 2016b), where they included more 

detailed vegetative metrics in their analysis, they state, for example, “As we 
predicted, landscape-scale forest amount and local vegetative cover were 2 
important constraints of the snowshoe hare range limit”.  Vegetative metrics 
constituted 3 of the 5 variables (the other 2 being snow-related) in their top 
model, all 12 of the top models contained vegetation metrics, and no snow-only 
model was even in the top 12.  So even if snow is relevant, clearly so is 
vegetation and it is not mentioned. 

 Neither area of apparent hare range contraction in those 2 studies seems 
immediately relevant to lynx (you concluded that resident lynx did not 
historically nor do currently occur in Wisconsin, and I’m sure this would be true 
for PA as well).  Range contraction anywhere may still be a relevant observation, 
but we would argue these observations are not very relevant to lynx at the 
moment. 

 In none of the discussion in this section (or those initial 2 papers) do we find any 
consideration of non-snow alternative hypotheses, outside of some discussion 
about predators in one of the WI papers.  This is perplexing in that there are 
other hypotheses that seem just as reasonable as snow, in our opinion.  For 
example, WI and PA are 2 states with the highest deer densities, we know deer 
increased dramatically in many areas from the 1970’s to present, and there is 
extensive literature (including some from PA and WI) on the effects of deer 
browsing on understory (i.e., important hare habitat), and past research to 
support various vegetation connections in the demography of a hare cycle.  In 
WI, the area where hare range is suggested to have declined is also quite 
correlated (based on our visual exam) with the area of WI that has the highest 



deer densities.  And the second Sultaire paper we mentioned above clearly 
found vegetation a relevant explanatory variable.  Other unconsidered and 
speculative but reasonable hypotheses: 1) increasing data (e.g., several MN 
studies) showing the impacts of northern expansion of exotic earthworms on 
forest understory (hare habitat); 2) in PA, there has been notable 
recolonization/expansion of both fishers and bobcats which could play a role in 
hare dynamics; 3) related to #2, we’re not aware of anyone considering the idea 
that as a result of widespread predator reductions that likely had lingering 
effects all the way through the 1970’s, perhaps hares had expanded into areas 
of otherwise marginal habitat, and now some contraction could arise in part 
from natural recolonization of native predators.  While we really don’t want to 
suggest the review needs more speculation, we do believe that your discussion 
here is not supported and should simply say that “There is some evidence that 
range may be contracting (so far in areas not too relevant to lynx), but that the 
cause-effect connections are unknown and could include snow, deer, predators, 
fragmentation, etc., etc.  

 Finally, we would note that while we would not consider our data well-suited to 
examine hare range contraction in MN, data from 2 separate surveys here at 
least does not suggest any ‘lynx-relevant’ contraction of hare range, and more 
importantly, both surveys suggest hare numbers have been increasing for nearly 
20 years in much of northern MN, completely contrary to many of the 
mechanistic suggestions presented in this review (e.g., snow is supposedly 
getting ‘worse’ for hares, bobcats have increased significantly, etc).  The most 
parsimonious albeit speculative explanation for this in MN is a notable increase 
in young forest.   

We will now list our remaining comments by page numbers: 

6) Page 8 – assumption that lynx require deep-snow.  As stated above, we do not find much data to 
support the idea that they require specific snow conditions.  We do not believe one can say 
much beyond they require hares, and thus hare habitat/populations should be a main focus 
here.  The rest is speculative. 

7) Page 8 – assume hares have limited capacity to respond to disturbances.  The Maine (and 
probably MN) story shows otherwise, even if the disturbances weren’t climate-change induced.  
And for an r-selected species, it is not intuitive that they can’t respond to disturbances.  In fact, 
their demographic traits (other than maybe dispersal distance) are finely honed specifically to 
be able to rapidly respond to changing conditions.  What matters is knowing any thresholds for 
when the type, size, or frequency of the disturbance is too much, and I’m not sure we know 
that.  And we certainly can’t predict the exact magnitude of disturbances well into the future. 

8) Page 8 – assume changes to Federal Land Management Plans have been positive for lynx, and 
will continue to be so.  While perhaps reasonable, it clearly is an assumption of unknown 
significance.  Is there any specific study that has attempted to quantify hare/lynx response to 
changes in Federal land management plans?   

9) P. 8 – projections to year 2100.  We know we’re reiterating now, and do it again later, but…..we 
would not personally trust any projections much more than 10-20 years out, even if our 



speculative bet was in agreement with that in this document.  With thousands of 
modelers/analysts and millions of monitoring dollars, few if any predicted the financial collapse 
even 1 year out.  This is not a realistic time frame given the massive amount of uncertainty here, 
even just in the biological mechanisms. 

10) P. 10 – “The western geographic units (units 3 through 6) may be more likely to support resident 
lynx longer than units 1 and 2 under projected climate change scenarios given the higher 
percentage of land managed specifically for lynx conservation and their greater topographic 
potential to facilitate the upward elevational shift in in lynx habitats projected by climate 
models”.  At least in the context of regulation/ownership, this is a big assumption.  It assumes a 
cause-effect with Federal regulations, and fully ignores non-regulatory factors in Units 1 and 2 
that may have even done more for lynx on the private/state/county lands – e.g., 
disturbance/logging that may have created more favorable habitat in these Units in the past 2-3 
decades.  Just because something was not done in the name of lynx conservation doesn’t mean 
it isn’t beneficial to lynx. 

11) Page 11 – Resiliency section – you acknowledge much uncertainty, then go on to say AS snow 
conditions become less favorable, bobcats LIKELY will outcompete/displace lynx, and this in turn 
WILL reduce lynx abundance.  We know how hard this would be to do, but just to make our 
point, can you assign any probability of these things occurring in the face of all the uncertainty?  
We presume not, and we question some of these ASSUMPTIONS anyway.  Just say “Future 
effects cannot be predicted with confidence”. 

12) Page 20 – second full paragraph, first 2 sentences – “Additionally,….”.  We think this is a very 
accurate and informative statement, yet the document then proceeds thereafter to make many 
assumptions and use leading words (will, require, likely to, etc), largely ignoring (or using 
citations that ignore) the vast amount of uncertainty on many mechanisms.  As stated earlier, 
we think this could be avoided if you were to limit your forecasting to a period of time that one 
can put some faith in the projections. 

13) P. 26 – “…..and the amount of structure (e.g., downed, large, woody debris, tip-up mounds) 
seems to be more important than the age of the forest stand for lynx denning habitat”.  An 
important caveat is that you won’t get a lot of COARSE woody debris, including large tip-up 
mounds, if a certain percentage of the forest was not allowed to attain older age.  So age does 
still matter, at least based on what the literature has found for lynx denning habitat. 

14) Last sentence on p. 29, continuing to p. 30 – “These factors probably further reduce the 
likelihood that an individual lynx in the southern periphery of the range will survive, reproduce 
successfully, and have one or more offspring recruited into the resident breeding population”.  
We would agree, but to some extent these things are ‘normal’ for a species at the edge of their 
range, we can’t really quantify “reduce the likelihood”, and from your own conclusions it 
appears that current lynx distribution is not much different today than historically.  So is this 
really meaningful? 

15) P. 31, last paragraph – we find little in this paragraph that is anything but speculation.  The most 
defendable statement is “….the influence of predation (and we would add, hare competitors) on 
lynx populations is unknown”.   What more really needs to be said?  We have already 
questioned the merits of several of the statements/assumptions in this paragraph, to which we 
would now add that Gonzalez et al. (2007) does not demonstrate lynx NEED snow for 4 months 
– all they did was look for correlation with snow - no assessment of how hares factor in, 



whether snow is correlated with hares or hare habitat, no lynx/hare survival experiment, etc.  In 
fact, one of the co-authors of that article later published a relevant paper on wolverines/snow 
(McKelvey et al. 2011. Pop. Ecol. 53:263-266) arguing that this type of correlational analysis 
cannot lead to defendable cause-effect conclusions.  This section also states “Lynx also need 
landscapes where they are unlikely to suffer reduced fitness because of competition with other 
hare predators, or encounter traps or other anthropogenic causes of mortality” – we would 
argue that could easily describe much of Canada where lynx are secure.  There are of course 
other hare predators there (to varying degrees, weasels, raptors, red fox, fisher, marten, coyote, 
wolf, wolverine, and even red squirrels have been documented to prey on hare leverets).  We’re 
not even sure if lynx are consistently in the top 2  - e.g., see Tables 6.3 and 6.4 in Hodges 2000.  
Consumption of hares by all these CAN reduce lynx fitness (to an unknown degree), yet lynx are 
abundant there.  And some lynx certainly “encounter traps” in much of Canada and Alaska.  The 
themes of paragraphs like this are not well supported by data, are filled with speculations, 
usually negative, and should be eliminated without more support.  “We don’t know”, as you 
started with, is sufficient. 

16) P. 33 – “Neither the Montana nor Maine estimates incorporated rates of 
immigration/emigration”.  We would also just note that none of the lambda estimates in that 
paragraph include confidence intervals, and had they, it would not be surprising if many 
encompassed both positive and negative values for lambda. 

17) P. 34, first full paragraph – we would eliminate most of the first sentence and say “In summary, 
lynx need……landscapes with hare densities capable of supporting……(i.e., the second sentence).  
The rest is speculation. 

18) P. 36 -  “In its 2003 remanded determination, the Service determined….”.  We don’t like the 
remainder of this sentence/discussion being presented as either/or.  There is good reason to 
believe that both dispersers and resident breeders (some which may have been dispersers) are 
important. 

19) P. 38 – last 2 sentences in first paragraph – We have touched on some concerns related to this 
before, but re-state that we don’t really agree with the logic that competitors are known to be 
some big driver here.  The presence of more generalist predators to the south may indeed 
contribute to reduced cyclicity (not necessarily reduced hare abundance).  It is much more likely 
that reduced hare habitat quality is what reduces hare abundance in the south, and more 
generalists, due to prey-switching, reduce cyclic tendencies (which also means there may be 
reduced troughs as well, not just reduced “potential for high-density hare populations”).  
Average density of a fluctuating population will be lower than that for a stable population, other 
things equal.  From this, one COULD actually argue that generalists can be good for lynx.  But in 
fact lynx are not better off in the south because all other things are not equal – hare habitat is 
generally worse or patchier. 

20) P. 38 – “Long-term snow conditions presumably limit the winter distribution of potential lynx 
competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes”.  In our opinion, 
“presumably limit” is not useful.  While we did not have a copy of the book that chapter was in, 
we do have the newer version and only see some anecdotal reference to this idea, which we 
have already questioned.  Of course snow has “effects” on animal movement/etc, and maybe 
more so on coyotes/bobcats than lynx, but I am unaware of any data to support the idea that 
this alone creates anything but possibly local-scale allopatry, with no demonstrated effects on 



bobcat/coyote demography, or then in turn on lynx persistence.  Repeating these ideas over and 
over is misleading.  This idea needs to be critically ‘vetted’ in one spot, which we believe leads to 
a conclusion of “effects unknown” as Murray et al. (2008) basically concluded, and then no need 
to mention again. 

21) P. 43 – “Siren (2014, p. 10) suspected that the relatively few lynx detections documented in 
2012-2014 may be related to the presence and abundance of bobcat, coyote, and fisher 
populations in much of northern New Hampshire”.  This article is not in Lit Cited (nor is Siren 
2016 cited elsewhere).  And this sentence, along with the one at the end of the paragraph, is 
just more speculation.   

22) P. 44 – “In Minnesota, research conducted since the 2003 remand has demonstrated the 
continuous presence of a resident lynx population”.  Though as you note at the end of this 
paragraph, influence of immigration is unknown, so I guess “resident population” depends on 
how you define resident, and population. 

23) P. 44 – “and there is no indication of substantial immigration from Canada after the 1980s 
(Squires in Lynx SSA Team 2016, p. 20)”.  What monitoring was in place starting in 1980 that 
could confidently identify “immigration from Canada” if it occurred. 

24) P. 53 – Unit 2 NE MN – since it was noted for Maine, Minnesota has also distributed the “How to 
Avoid Lynx” brochure to trappers at our fur registration stations and made it available at our 
website.  And we don’t think it is correct to state that in 2015 we added more trapping 
regulations for lynx avoidance.  Administrative procedure just required that we re-issue the 
same emergency rule that was in place before.  No changes have been deemed necessary. 

25) P. 54 – “which requires Montana to implement a set of reasonable restrictions on trapping in 
lynx habitat”.  Time will tell if it is effective (they only had ~ 1 lynx take per 3 years before).  
Reasonable is in the eye of the beholder, and is unnecessary here.  Why use it? 

26) P. 55 – “….the use of body-gripping traps (foothold, conibear, snares, etc.) for trapping other 
furbearers is prohibited in Washington (except for damage control or nuisance wildlife, which 
requires special permits). This avoids the potential for lynx to be incidentally captured in traps 
set legally for other animals”.  True, and by our own arguments above we would say this next 
point fits the “effects unknown” summary, but using the argument this document has suggested 
many times (competitors are assumed to have an effect) would suggest that your statement 
should be modified to note that the trapping prohibition in WA could also have negative effects 
on lynx via ‘allowing’ more potential competitors.  Same goes for Colorado statement later. 

27) P. 57 – Unit 2 NE MN – while we can’t honestly say how relevant it is, MN state forest 
management is also FSC and SFI certified.  We also question whether regulation is the only 
relevant factor here – no doubt a fair amount of logging in MN has offered some lynx/hare 
benefits, but it is mostly driven by economics not regulation. 

28) P. 59+ - as argued elsewhere, we think the Climate Change section should be ‘dis-banded’.  
Mechanistic sections (hare habitat, lynx survival, competition, etc) should be the focus, with all 
potential (positive and negative) changes related to climate change/veg management/etc falling 
underneath there, and only if there is some defendable connections.  As is, there is unnecessary 
definition of what “climate” means, general discussions that “climate change may be bad for 
wildlife”, then even much discussion of why in the past you concluded climate change was not 
likely relevant in this case, but that now you think it is.  And then many of the specific ideas you 
put forth are repeated many times.  Focus on the mechanistic connection, cite any literature 



that actually attempted an analysis (not just said “might affect”) on how climate change may 
explicitly affect that variable, and then critique whether the science really demonstrates a causal 
link to lynx/hares.  There is so much uncertainty in all of this that it does not warrant repeated 
speculative statements, nor does repeating it make it any more true. 

29) P. 65 – “Greatly reduced lynx fur harvests in Canada beginning in the mid-1980s may be linked 
to climate warming (Yan et al. 2013, p. 3269)”.  While using “may be linked” may make this 
defendable, we do not feel it is objective.  It is well known that the end of WWII, as well as the 
mid-1980’s, both ushered in a period of declining fur prices, and both preceded by high fur 
prices.  While there is likely no data that can now re-create the past truth (only look for 
correlations), the most parsimonious conclusion is that these declines in lynx fur harvests were a 
result of (possibly lagged) declines in trapper effort, and possibly overharvest preceding this, as 
suggested by Poole (1993) and Mowat et al. (2000).  Yan et al.’s attempt to consider this 
alternative (their appendix S6) is not compelling to us, and would argue that parts of it make our 
case.  But absent discussing our specific concerns with them, at best we would say one could 
only conclude that “climate change” (not just climate) could only have potential relevance to the 
1980/90s decline, not the 1950’s decline.  And even then, this idea would only become an 
alternative, also untestable, HYPOTHESIS to what we would argue is a more parsimonious 
explanation (fur prices/effort).  But nothing to do with this point, which includes some 
suggestive literature, is even mentioned here – only that it “may be linked to climate warming”.   
It also may be linked to fur prices, fuel prices, other economic opportunities for a trapper (e.g., 
job growth in the 50’s and 90’s), weather affecting trappers (not lynx), etc.  The wolverine article 
we mentioned earlier (McKelvey et al. 2011) is also relevant here in terms of harvest data 
concerns, as well as the concerns with snow correlations. 

30) P. 66 – “lynx are subjected to niche displacement to habitats of inferior quality, which probably 
limits lynx survival and productivity at the southern edge of their range (Peers et al. 2016, entire; 
Robinson 2006, pp. 120).  Our bigger point here is once again this is purely speculation, at least 
the second part of the sentence.  But another point here is that we’re not sure it is even stated 
correctly – by our read (of Peers), they concluded that lynx might be displaced FROM the 
supposedly poorer lynx habitat, not INTO it.  For example, it says “[lynx] avoid competition at 
large scales by restricting their niche to highly suitable conditions….”.  As such, this would not 
necessarily lead directly to reductions in survival or productivity, though it could affect density 
(but all is still speculation, as is almost all of this paragraph). 

31) P. 67 – “...coyotes were deemed the most likely to pose local or regionally important 
exploitation impacts to lynx”.  Yet there is really no data of any demographically “important” 
effects and they do co-exist in many areas.  And as noted before, Murray et al. (2008) concluded 
there is insufficient data. 

32) P. 67 – “The hybridization rate is currently low between the species (0.24 percent) but could 
increase as bobcat populations move north with climate change (Murray et al. 2007, p. 1465; 
Koen et al. 2015, p. 528).  We suppose anything “could increase”, but it also might not.  Is there 
more support for one speculation?  If the bobcat/lynx ‘boundary line’ just moves north as some 
predict, why would the rate of hybridization be expected to increase.  It would only be expected 
to POSSIBLY increase, we think, if bobcats advanced north but lynx did not contract. 

33) P. 67 – “The diverse predator community could explain why hare populations have declined and 
seem to remain low in Maine (Scott 2009, p. 43)”.  We could not acquire this thesis, but it’s clear 



that it is more speculation (“could explain”).  And based on how the sentence is worded (just 
says “Maine”), it doesn’t seem correct or at least appropriately qualified.  Over the last 30ish 
years, haven’t hares been quite abundant and lynx doing well in Maine (better than historically 
you conclude)?  To what part of Maine does this refer?  Is there evidence of increase in 
predators in that area, evidence that hare mortality from them has increased, etc.?  Elsewhere 
the focus seems primarily that hare HABITAT quality may have (or be starting to) decline after 
peaking in the 1990’s.  What data even leads to this specific speculation that predators may be 
to blame? 

34) P. 69 – “Some areas of the DPS (e.g., Maine, Minnesota) lack potential elevational refugia and, 
therefore, lynx populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–
1102)”.  There are a whole lot of “If’s” behind this “are anticipated to”, so we see little reason to 
report this as though a fact.  At best, it should say “the potential for latitudinal contraction could 
be comparatively higher in these Units due to minimal elevational relief”.  

35) P. 72 – After concluding there are no real current problems, you state “However, exotic species 
could be introduced in the future as boreal systems are increasingly exploited for forest 
products, mining, energy production, and other natural resources (Schinder and Lee 2010, 
entire)”.  All sorts of things COULD happen – we might develop a highly effective control for 
some exotic species.  But if you are going to make negative speculations, then they at least need 
to be based on some attempt at analysis.  What exotic pest is deemed most likely, what is the 
specific mechanism that will ‘transport’ it to the boreal forest, what is the causal link to lynx 
persistence (e.g., some disturbances, exotic or not, could be ‘good’ for lynx/hare habitat)?  This 
is a Status Review and should only include best knowledge of current status, with clear and 
defendable shorter-term forecasts about future change.  This speculative sentence, which is not 
the only one of its kind, assumes negativity and is uninformative – delete it. 

36) P. 72 – “For example, in January, 1998 a severe ice storm extensively damaged the canopy of 
many northeastern U.S. and eastern Canadian forests, causing moderate to severe forest 
damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and Mulhern 
1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire)”.  But if nobody has 
documented specific effects for lynx, why say this?  There was also a blowdown of trees in 
Minnesota’s BWCAW that affected ~ 400,000 acres, and probably?? improved habitat for 
lynx/hares.  Unless there is some reasonable data to show a connection to lynx/hare 
demography (e.g., the Maine story), simply say disturbances are projected to increase, some 
could be good for lynx/hares, some bad, but we can’t predict the future.  It would shorten the 
document a lot. 

37) P. 72 – “No apparent climate-influenced parasites or diseases have been identified that would 
affect Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016, pp. 27, 37-39)”.  Same general comment as #35. 

38) Starting on p. 73 – Vegetation Management, Wildland Fire Management, and Habitat 
Fragmentation sections– this is probably redundant with one of our initial comments, but we 
see no need for these section headings (or Climate Change), nor the need for much of this 
information to be anywhere in this document.  Use very mechanistic headings (e.g., “Projected 
Changes to hare habitat”), concisely discuss in one spot all relevant processes (disturbances, veg 
mgmt., human development/fragmentation, or whatever) for which we have supporting studies 
(e.g., hares depend on X, not just “X might affect Y”) and for which we can demonstrate 



reasonable confidence that changes will occur in the NEAR future.  We see little if any 
need/value for general reviews of all the hare habitat literature, different ways commercial 
timber management takes place, how such methods may or may not affect hare habitat, what 
economic trends may occur, whether/how the forest industry (or other land management 
agencies) might adapt to projected changes in forests from climate change, what historic fire 
regimes (or human policies toward them) have been or might be, how humans fragmented the 
landscape in the past, why snow is supposedly so important (again), what fragmentation means, 
more general review of lynx/hare literature, whether lynx have been documented to 
cross/use/get hit on roads, how many ski resorts there are out west, what locatable or salable 
minerals refer to, that utility lines are often along road corridors, etc.  This is completely 
unnecessary, at least for our conception of what a Species Status Assessment should contain.  
Besides just adding an enormous amount of superfluous information, it forces the constant 
repeating of many highly speculative ideas.  For this reason, we will not offer many specific 
comments on these sections, instead hoping that much is simply discarded.  But we will offer a 
few. 

39) P. 86 – first paragraph – yes, fire frequency and size COULD increase, and yes, this does HAVE 
THE POTENTIAL to cause temporary adverse impacts on hare habitat, but depending on details, 
it also COULD be positive (e.g., be a counter-balance to historic fire-suppression policies).  I 
don’t think there is sufficient predictive capability to decide how this will play out.  You correctly 
note here that any negative effect may only be temporary and followed by positive effects, but 
add that even so it would likely (any citation?) reduce landscape-level hare densities, and 
therefore lynx numbers.  Possible, but are periodic reductions in landscape-level hare densities 
not a historical reality of boreal landscapes and lynx-hare dynamics.  Even lynx, along with other 
cycle contributors, can cause landscape-level reductions in hare density.  ‘Stability’ is not the 
norm in these settings, and temporal/spatial variability should not be viewed as abnormal or 
bad.  Useful conclusions can only be drawn if we can predict with high confidence how big/how 
often/where fires would occur in a given area, and we can’t.  Could be good in some areas, bad 
in some, good at one point in time, bad at another. 

40) P. 87 – “Lynx must contend with aspects of their habitat at the southern extent of the boreal 
forest for which they are not as well-adapted”.  As a side note, in our opinion the only thing in 
these areas that they are demonstrably not able to ‘deal with’ is lower hare density.  Regardless, 
this general idea is nonetheless true, but also true for every species at their range limits and it 
should be noted that this is “the norm” for lynx in the DPS.  Historically, lynx in these areas have 
almost certainly been comparatively rare, ephemeral, unstable, patchy, or variable……..and yet 
persistent over the long haul.  The problem in our opinion is that ESA generally ignores 
everything north of the border, expects consistent ‘safe population levels’, thereby ignoring 
historic reality (instability, especially at the range edge), and then leads to assessments that 
portray all of this historic reality as now being “risks”.  Certainly humans can, and have, altered 
the system.  But so has ‘nature’, and we do not have 1,000 years of lynx/hare abundance data to 
offer any clues of just how much natural variability there was in their southern numbers.  There 
have always been a lot of ‘undesirable’ conditions in the DPS for lynx, and it is important to not 
lose sight of this, but I think it commonly does in this section.  In the beginning, a conclusion is 
that habitat loss/fragmentation has been relatively low in the DPS to date, then much discussion 
of why fragmentation can be bad.  There are suggestions that the DPS naturally has patchier 



habitat, then reasons why patchiness is ‘bad’.  Examples of why fragmentation may be bad, then 
a paragraph that concludes “..lynx showed no sensitivity to the degree of forest fragmentation 
in areas of high or low suitable habitat”.  Notes that the snow environment in the DPS is 
[naturally] patchy and marginal in space and time, then speculative discussion on why this is 
bad.  Distinguishing ‘bad’ from ‘normal’ is not just semantics to us.  It is, or should be, a very 
relevant focus.  Even setting that aside for the moment, we note the following: P. 91 – “Roads, 
development, climate change, and forest management fragment snowshoe hare and lynx 
habitat in the DPS.  We know little about how hare and lynx respond to these anthropomorphic 
changes to their habitat, which requires additional research (Murray et al. 2008, p. 1464; Squires 
et al. 2013, p. 194).  Enough said. 

41) P. 89 – “Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is 
more competition for a limited resource and exploitation competition inflicted by generalists 
(e.g., coyotes) and other predators (Buskirk et al. 2000a, p. 95)”.  Hares may fluctuate less 
dramatically in the south BECAUSE of more generalist predators, but I don’t see that the lack of 
fluctuation per se leads to more competition.  In fact, by definition, generalists are typically 
‘prey-switchers’.  Even if there are more species of predators, it doesn’t mean there is more 
pressure on any one prey species, other things equal.   We’re not even sure if there is data to 
show that there are more hare predator species in the DPS compared to the north or whether 
annual hare mortality is lower in the north, but we think data in Hodges (2000) suggests “no” to 
both those questions.  Our comment here also applies to the last sentence in the second 
paragraph on this page. 

42) P. 99 – “Hares do not seem to cycle in this region, but underwent a 50 percent decline starting in 
2006 and have remained at lower levels”.  Perhaps a citation for these observations is listed 
elsewhere in the document, but we would like to see it in order to evaluate just how much 
confidence is behind it. 

43) P. 101 – Unit 3 discussion – “Regulations prohibit lynx trapping and require measures to reduce 
the likelihood of trapping lynx incidentally when legally trapping other species”.  Can’t this be 
noted for all Units? 

44) P. 120 – “Of those 42 hybrids, 13 unique individual lynx-bobcat genotypes (5 Female, 8 Male) 
were also identified (Catton et al. 2015, p. 1)”.  We would clarify this sentence to say “genetic 
analysis indicated that those 42 samples were from 13 unique individual hybrids”.  

45) P. 120 – “The DNA analyses also showed persistence of individual lynx in Minnesota of 2 years 
(N = 27 lynx), 3 years (N = 11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 
5 years, who produced 7 kittens in Minnesota (Catton et al. 2015, pp. 3-5)”.  Small note is that 
the 2016 report is now out with slight updates if interested.  But our main point here is just that 
since specific numbers are reported, we think total sample size is relevant.  This was based on 
236 individuals whose initial detection was not a mortality, meaning also that 78.4% have not 
been detected in more than 1 year. 

46) P. 121 – “Identified factors affecting the current conditions of lynx in Minnesota include 
reduction in habitat quality or quantity, habitat fragmentation, climate change, increased access 
for competing carnivores, and human-caused mortality”.  This is a general statement that could 
be used for any wildlife species, not based on any specific “identified factor affecting the current 
condition of lynx in MN”.  Admittedly, that may just be due to lack of data, but the wording of 
this statement is, for the most part, not supported by any specific data or analysis. 



47) P. 121-122 – Factors Affecting Current Conditions (in MN) – Starting with the second paragraph 
in this section, a majority of the content is just generic statements unsupported by specific 
data/citations.  Regardless of generic statements of “could affect”, “might impact”, the best 
available data, imperfect as it may be (but consistent across 2 surveys; Erb 2015), is that hare 
numbers in northern MN appear to have increased over the past 15-20 years, yet this is not 
mentioned anywhere.  And this, in spite of, or coincidental with, a notable increase in bobcats 
over the same time, a reduction (we assume, but didn’t specifically confirm) in snow conditions, 
and at least no clear indication of any notable change in lynx.  In regards, to snow-compacted 
trails, we reiterate that Murray et al. (2008) stated in their review that “the issue of snowmobile 
trails harming southern lynx populations has been adopted without strong empirical support”.  
You also say that “Throughout the SNF and northern Minnesota, human activities have reduced 
connectivity between patches of suitable lynx habitat”.  We’re hard pressed to believe this is the 
case, as there are few major roads/barriers in this area (and we know lynx can and do cross or 
go around them), secondary forest trails are unlikely to affect/impede lynx, and they are a highly 
mobile species.  And see the conclusion about NE MN having only minor fragmentation on p. 
189, which basically contradicts this other statement.  If there are any key factors “affecting 
current conditions”, we’d argue it has been the logging increase that began in the mid-80’s and 
continued perhaps to the present, and this has probably been beneficial to lynx, or at least 
hares. 

48)  P. 122 – 2 sentences – “Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40)”, and “…similar to bobcat, wolf populations may increase with 
changing snow conditions and prey availability as influenced by climate change”.  First comment 
is that an important clarifier to the coyote increase is that this applies only to non-forested 
portions of MN.  In forested areas relevant to lynx, coyotes have not increased, and in fact have 
likely decreased (presumably due to wolf presence in the northern forests; Levi and Wilmers. 
2012. Ecology 93:921-929).  Other than the observation that wolves COULD kill a lynx, nobody 
has really suggested that wolves are likely to be a lynx competitor, and we would agree.  So 
rather than your hinting (in our opinion) that a climate-induced wolf increase could be bad for 
lynx, we would argue that it could be good (keep coyotes suppressed, if that really matters to 
lynx), or at least a mitigating factor to any possible bobcat increase (if bobcats really affect lynx).  
The other noteworthy of mention for this section is that if deer (and bobcat and wolves) do 
increase, it is at least something very amenable to management action (increase deer hunting 
quotas) if there is the political support to keep deer densities lower (as has been considered in 
the name of moose management). 

49) P. 122 – last sentence in this section on hybridization – see our comment #32. 
50) P. 156+ - As we began to read this section, we were happy to see full acknowledgment of the 

vast amount of uncertainty in longer-term forecasting here.  But before we read on, we already 
knew that such forecasting was nevertheless done, in spite of this.  We certainly recognize that 
decisions often have to be made in the face of much uncertainty, and that the process required 
to make projections can often be fruitful.  Nevertheless, we put little faith in long-term 
projections in these situations, even if it may serve as a useful academic exercise.  And we 
question whether long-term forecasting is even REQUIRED in this situation.  That needs to be 
justified.  We know that one argument here is that this document is not a “decision document”.  
But it will obviously be used in a decision that has many implications, so we think it behooves 



the process to only present information which can be defended as reliable.  We would note that 
most wildlife ‘system dynamics’ are nonlinear, and chaos theory tells us that even in 
deterministic systems (e.g., IF we knew all the biological/climate/management variables AND 
they were constants), future projections are still highly sensitive to initial conditions so even 
minor errors in our knowledge of the ‘start conditions’ can lead to exponentially diverging 
projections into the future.  And there is indeed much uncertainty in our knowledge of the 
current state of the system (i.e., no reliable population estimates).  So what is a reasonable time 
to consider?  We don’t have the magic answer, and from a 2009 Memo we saw from the 
Solicitor to the Director of USFWS, neither did they.  But from my read of the Memo, we 
strongly doubt there is “...not only the foreseeability of the threats, but also the foreseeability of 
the impacts from the threats” 87 years out (to 2100).  The Memo also notes that “..the 
foreseeable future extends only so far as the Secretary can explain reliance on the data to 
formulate a reliable prediction. What must be avoided is reliance on assumption, speculation, or 
preconception”.  I would argue that even in the shorter-term, MANY statements rely on quite a 
lot of biological assumption, speculation, and perhaps preconception.  The Memo also notes 
that “The further into the future that is being considered, the greater the burden to explain how 
the future remains foreseeable for the period being assessed”.  On this point, we note that this 
seems in contradiction to your (correctly) stated observation that the further out you look, the 
LESS confidence you have.  Finally, “…..the mere fact that someone has made a prediction 
concerning the future does not mean that the thing predicted is foreseeable for the purpose of 
making a listing determination….”.   Putting all this together, we simply do not believe 
projections to the year 2100 should even be included – the process of having discussed it 
internally is fine, but all that should be reported is that it was concluded to be unreliable.  We 
think a priori considerations alone should make this clear, and we think this is reinforced by 
Figure 7 which shows significant variability in the assessments of lynx experts (i.e., the 
difference between Median-low and Median-high projections).  And we would argue even this 
significantly underestimates reality (i.e., the true range of uncertainty is much wider…on both 
ends); lots of psychological studies clearly demonstrate there are many cognitive biases that 
lead us to have more confidence than we should (for a shorter popular discussion, see 
http://www.nature.com/news/how-scientists-fool-themselves-and-how-they-can-stop-1.18517, 
or perhaps the book called “The Black Swan” for a longer commentary).  By reporting estimated 
persistence to 2100, even with the table showing (underestimated) uncertainty among the 
experts, there will become a de-facto assumption by many readers, including many decision-
makers we suspect, that it is trustworthy (in spite of the uncertainty).  For example, toward the 
end of the Executive Summary, which may be all many will read or later cite, it only says “…the 
probability of the persistence of resident breeding populations will decline in all geographic 
units, with the negative DPS-wide trajectory continuing to the end of the century…”.  And “The 
probability of losses in resiliency, redundancy, and representation puts the Canada lynx DPS at 
increasing risk of extirpation through the end of this century”.  Not a lot of uncertainty 
expressed there.  Besides the fact that it is absolute probability values, not “increasing risk” or 
“will decline”, which matters, these statements portray confidence that simply cannot be 
scientifically justified…..even if there is valid reason to believe it COULD be true.  There is also a 
large body of psychological research showing that saying and then repeating ideas leads people 
to BELIEVE they are true and supported by data, even in cases where they are known to be false 

http://www.nature.com/news/how-scientists-fool-themselves-and-how-they-can-stop-1.18517


(which we are not suggesting here).  For the integrity of the document and process, we believe 
some of these statements and approaches need to be changed.  At most, we can’t see 
projecting beyond 50 years, and to be honest, we have little confidence in this case even past 20 
years.  Besides, aren’t the SSAs to be done every 5 years (or 5 years post-delisting if by chance 
that happened), meaning you can update if more confidence is developed in the data and our 
ability to forecast?  Saying “we don’t know” is far more defensible than speculative guesses. 

51) For the sake of time, and because we’ve already noted both our broad forecasting concern (#50) 
and numerous more specific comments above, we have opted to not review in detail all the 
information contained in Chapter 5, and to some extent even many non-Minnesota sections in 
Chapter 4.  Nevertheless, a scan of these sections suggests that many of my above concerns also 
apply to comments made in these sections, and should you agree with any of them, then we feel 
changes need to be made in these sections as well. 

52) P. 158 – “In each geographic unit, the experts we consulted expect the probability that resident 
lynx populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below)”.  While one can assume our forthcoming comment is already understood by all those 
that may read/use this SSA, that is probably wishful thinking and so we feel it needs to be made 
– except for a few highly improbable situations that could hypothetically occur, the estimated 
probability of persistence will always decline the further out in time you project, even if there 
are no KNOWN threats.  The potential for some type of major negative event always becomes 
higher the further out you consider.  This is true for individuals (which don’t live forever), 
populations, and species.  It is true for lynx, as well as humans.  So a decline in estimated 
probability of persistence with longer timeframes is ‘normal’.  I believe this point needs to be 
explicitly acknowledged – a decline is not automatically a concern, it is the actual estimated 
probability that may matter (and we have already expressed concerns about the reliability of 
the actual numbers, especially those projecting more than 20-30 years out). 

53) P. 158 – “Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century”.  We will assume we are mis-reading something here, but when we look at Figure 7, 
year 2050, average projection, it looks to us like the experts project that 4 of the 6 units, with a 
5th close, are expected to persist with probability > 50%.  Can this be clarified? 

54) P. 163 – Unit 2 NE MN – Very little to add beyond that which we’ve said.  We question what we 
think can only be called the assumptions of direct impacts of snow, bobcat competition, and 
hybridization concern.  We do think the fate of the boreal forest will be crucial for hares/lynx, 
but question the ability (regardless of mechanism) to produce a reliable estimate of persistence 
probability 87 (or 50) years out.   

55) P. 186 – “In response to a 2008 court ruling, the MN DNR began to draft a plan to address 
incidental take of lynx that may result from otherwise legal trapping in Minnesota. This plan is 
still under development by the MN DNR and will be designed to reduce the likelihood of 
incidental take from trapping (ILBT 2013, p. 49)”.  The State of MN completed and submitted an 
ITP/HCP to the USFWS in 2008.  We also implemented regulatory changes, approved by the 
Court, to reduce incidental take of lynx.   



56) P. 191 – “The lynx is state listed, however, and Minnesota's Endangered Species Statute and the 
associated Rules impose a variety of restrictions, a permit program, and several exemptions 
pertaining to species designated as endangered or threatened”.  Lynx in MN are actually listed 
as a “Species of Special Concern” and thus not specifically covered by rules specific to our State 
ESA.   

57) Pp. 190-192 (but also applying to pp. 183-190) – we would just start by saying our comment #50 
applies here as well.  To that we would add that we feel the tone of much of this section goes 
even beyond the concerns about speculation we have referenced above.  We feel, correct or 
not, that much of this comes across as biased and ‘scare tactics’.  Examples: 

a. Under the possibility of Federal protections being removed, and even if a state harvest 
did not occur, you say “Under the state statute, a person may not take, import, 
transport, or sell any portion of an endangered or threatened species. However, these 
acts may be allowed by permit issued by the DNR”.  Notwithstanding our correction 
noted in # 56, were you really suggesting we might issue such permits liberally and 
jeopardize lynx?  If not, what is the point? 

b. “There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the 
state”.  You can expect this, and we could do it (though we doubt it), but what is the 
point of this unless you are implying it is a “threat” and using it to create fear about a 
post-delisting scenario?  Are you questioning our ability to responsibly manage a 
harvest? 

c. “Without Federal listing driving voluntary conservation guidelines, however, there 
would be little or no motivation for private forest landowners to intentionally engage in 
forest management to benefit lynx”.  What evidence are you suggesting there may be 
that private forest landowners have been compelled by Federal law to adopt voluntary 
guidelines now? 

d. “Without Federal-listing, these projects [wetland permits, highways, powerlines, etc] 
would not consider impacts to lynx critical habitat. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and 
fragmentation and would result in reduced justification for habitat protection initiatives 
in northeastern Minnesota”.  Can you even document (not speculate) whether Federal 
laws have ‘saved’ lynx or lynx habitat on Federal Lands (or on federally-funded projects) 
to date?  In reality, there has likely been little if any practical effect of the federal nexus 
on county/state/private lands, but do you have any documentation of how non-federal-
nexus-projects on those other, mostly state/county, lands in lynx range have harmed 
lynx?  And if the focus is just the Federal lands, what are the truly ‘foreseeable’ projects 
expected to occur, what are the suspected effects on lynx, what mitigation could occur 
(even if not legally required), and will Federal land managers in fact disregard lynx if 
they are delisted (if so, THEY might want to reconsider).  And while you are correct that 
federal listing certainly adds ‘legal teeth’ to many things, the assumption that nobody 
will care about or advocate for lynx habitat needs in our state forest wildlife 
management practices/policies is not valid. Fear of what COULD happen is not a 
justification for keeping a species listed. 



e. “In a future scenario without Federal listing, Minnesota’s incidental take planning effort 
for trapping may be further delayed or halted and may result in the diminishment of 
protective measures to minimize injury, take, and mortality of lynx.  As it is, 
approximately 16 lynx have been reported to be incidentally trapped in Minnesota since 
listing, resulting in at least 6 mortalities”.  First, there have actually been 24 accidental 
captures and 11 mortalities in the 17 years since delisting.  Second, we HAVE lynx 
avoidance regulations in place and have not documented any need for changes at this 
time.  Are you implying we need to make changes, that we will drop existing changes if 
de-listed (but still state-protected), or that incidental take is or would be a population-
level concern even though it was not deemed a threat at listing?  We see this as biased 
fear, and one that suggests you believe the state is unwilling to address new 
documented concerns should they arise. 

f. “It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so 
it may also be suggested for lynx)”.  Side point – you could clarify by adding that the first 
wolf season was ~ 20 years after the wolf population in MN/WI/MI surpassed federal 
numeric recovery goals.  Main point – why do you feel the need to say this unless you 
are assuming we will start a season, and would do so in a manner that would jeopardize 
lynx?  And if this is your assumption, is this not a catch-22 situation – if you delist, it 
indicates there are no serious threats, and then you turn around and imply a threat 
from delisting.  Would there not be a 5-year PDL monitoring plan?  Would you not be 
able to re-list if we in fact enacted all the changes you suggest we COULD and harmed 
lynx populations? 

g. “Illegal shooting and non-reporting would likely increase without federal protection. 
High-profile law Federal enforcement cases may have helped to reduce illegal shooting 
of lynx”.  Is there any data to support this idea?  We’ve never met a poacher who self-
reported or even cared about the law (state or federal).  And for accidental take, if 
anything, reporting could actually increase.  

h. “With a diminished snow regime, populations of bobcats would be expected to increase 
and expand north and eastward into areas currently occupied by lynx. Incidental take of 
lynx from bobcat trapping and hunting activities would likely increase without Federal 
listing”.  I would describe this as an “IF, IF, IF, Then POSSIBLY” statement.  Plus, you have 
repeatedly suggested, we argue with little to no supporting data, that bobcats will 
somehow outcompete/exclude lynx if they do expand, so how could incidental take 
increase if the lynx will have ‘moved out’ or been killed soon after bobcats arrive?  Plus, 
would not the limited accidental take of lynx that might occur be offset by the removal 
of the supposed lynx-killing/competing bobcats and coyotes by trappers/hunters?  Our 
next comment is partially relevant here too. 

i. “Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime 
in northern Minnesota and trapping would be expected to occur there that may lead to 
greater incidental take of lynx”.  Trapping already occurs “there” for these species, 
coyotes are unlikely to increase anyway (unless wolves recede, and if that occurred, red 
fox might decrease).  So how much would the potential impact of an unknown amount 
of a suspected increase in incidental take be offset by a suspected increase in trapping 



of these suspected lynx competitors.  And setting this aside, this logic suggests you have 
quite a bit more confidence than we do in being able to predict future fur prices and 
trapping effort.  

j. “We believe that despite a closed hunting and trapping season, incidental take would 
continue and possibly increase and could become a significant threat to a population of 
lynx that will likely be significantly diminished by mid- to late-century”.  See many 
comments from a-i. 

Thank you for the opportunity to review the draft.  We hope our comments were helpful and look 
forward to your responses. 



From: Zelenak, Jim
To: Mark McCollough; Bryon Holt; Kurt Broderdorp; Tamara Smith
Subject: Fwd: Minnesota"s Comments on the Draft Lynx Species Status Assessment
Date: Friday, February 24, 2017 12:19:22 PM
Attachments: 20170224 Minnesota DNR Lynx SSA comments.docx

Minnesota's comments.  Tam already has them; I thought others might want to take a look.  Mark - you especially
might want to review these, too.  Sounds like all they want is for us to completely reorganize the document.....
Who'd like to lead that effort?

I'll post these and the short letter from Idaho Office of Species Conservation on the drive.  I suspect these may be
our last State comments.

We still have 3 peer reviews outstanding that we may or may not get before the decision meeting next week.

We also have heard nothing from any Tribal partners.

See you all next week, except Kurt - but we know you will be there in spirit, and therefore we will plan to toast you
with spirits one evening while we are gathered there......

---------- Forwarded message ----------
From: Baker, Richard (DNR) <richard.baker@state.mn.us>
Date: Fri, Feb 24, 2017 at 6:51 AM
Subject: Minnesota's Comments on the Draft Lynx Species Status Assessment
To: "Bush, Jodi (jodi_bush@fws.gov)" <jodi_bush@fws.gov>, "Zelenak, Jim"
<jim_zelenak@fws.gov>
Cc: "Jonathan Mawdsley (jmawdsley@fishwildlife.org)" <jmawdsley@fishwildlife.org>,
"lori_nordstrom@fws.gov" <lori_nordstrom@fws.gov>, Alisa Shull <alisa_shull@fws.gov>,
"peter_fasbender@fws.gov" <peter_fasbender@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Ron Moen <rmoen@d.umn.edu>, "Catton, Susan
(scatton@fs.fed.us)" <scatton@fs.fed.us>, "Norris, Jane C (DNR)"
<jane.norris@state.mn.us>, "Erb, John D (DNR)" <john.erb@state.mn.us>, "Pierce, Ann M
(DNR)" <ann.pierce@state.mn.us>, "Skinner, Luke C (DNR)" <Luke.Skinner@state.mn.us>,
"Leach, Jim (DNR)" <jim.leach@state.mn.us>, "Telander, Paul B (DNR)"
<Paul.Telander@state.mn.us>, "Cornicelli, Lou (DNR)" <Lou.Cornicelli@state.mn.us>,
"Larson, Mike A (DNR)" <Michael.Larson@state.mn.us>

Jodi/Jim,

 

Thank you for the opportunity to comment on the draft Lynx SSA and for your patience in awaiting
our response. The comments attached to this email were authored by Minnesota Department of
Natural Resources’ Furbearer Biologist, Dr. John Erb. I have carefully reviewed and concur with these
comments, and they should be considered submitted on behalf of the Minnesota Department of
Natural Resources.

 

Please feel free to get back to me with any questions or concerns. We look forward to the next draft
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of the SSA.

 

Sincerely,

 

Rich Baker

 

<><><><><><><><><><><><><><><><><><> 

Richard J. Baker

Minnesota Endangered Species Coordinator

Division of Ecological and Water Resources

Minnesota Department of Natural Resources

500 Lafayette Rd., Box 25

St. Paul, MN  55155

Phone: 651/259-5073

Fax: 651/296-1811

E-mail: richard.baker@state.mn.us

http://www.dnr.state.mn.us/eco/nhnrp

<><><><><><><><><><><><><><><><><><> 

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
mailto:jim_zelenak@fws.gov


A Compilation of Comments 

Received from State Agencies on the 

 

 

 

DRAFT  

Species Status Assessment 

for the  

Canada Lynx (Lynx canadensis) 

Contiguous United States Distinct Population Segment 

 

 

Association of Fish and Wildlife Agencies 

Washington, D. C. 

February, 2017 

v. 2.0 

  



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

 
 

Page 2 
 

  

TABLE OF CONTENTS 

General Comments Received From States     

 Colorado Parks and Wildlife………………………………………………………………………………. 3 

 Idaho Department of Fish and Game…………………………………………………………………. 5 

 Maine Department of Inland Fisheries and Wildlife………………………………………….. 11  

 Maine Forest Products Council………………………………………………………………………….. 32 

 Michigan Department of Natural Resources……………………………………………………… 35 

 Minnesota Department of Natural Resources.……………………….…………………………. 36 

Montana Department of Fish, Wildlife and Parks……………………………………………… 45  

 New Hampshire Fish and Game Department…………………………………………………….. 52 

 New Mexico Game and Fish Department………………………………………………………….. 53 

 Washington Department of Fish and Wildlife……………………………………………………. 54 

 Wisconsin Department of Natural Resources……………………………………………………. 55 

 Wyoming Game and Fish Department………………………………………………………………. 56 

Detailed Comments Received From States, organized by page of DRAFT SSA document 

 Comments on p. 4 et seq. of the DRAFT SSA document…………………………………….. 58 

 Comments on p. 25 et seq. of the DRAFT SSA document…………………………………… 66 

 Comments on p. 49 et seq. of the DRAFT SSA document…………………………………… 77 

 Comments on p. 74 et seq. of the DRAFT SSA document…………………………………… 94 

 Comments on p. 100 et seq. of the DRAFT SSA document…………………………………. 112 

 Comments on p. 136 et seq. of the DRAFT SSA document…………………………………. 123 

 Comments on p. 152 et seq. of the DRAFT SSA document…………………………………. 127 

 Comments on p. 175 et seq. of the DRAFT SSA document…………………………………. 135 

 Comments on p. 202 et seq. of the DRAFT SSA document…………………………………. 148 

 

 

 

  



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

 
 

Page 3 
 

  

COLORADO PARKS AND WILDLIFE 

We appreciate the effort that has gone into compiling a large amount of information relative to lynx 

ecology. This has been a large undertaking by many individuals. Our comments are meant to enhance, 

through critical review, the SSA. 

1) The entire document could be much more succinct, less confusing, and more useful if significant 

redundancies in the text were removed. We made comments directly in the document that identify 

numerous cases where identical statements, even entire paragraphs, are repeated across multiple sections 

of the document (e.g., "lynx prefer deep, fluffy snow", "persistent snow conditions are thought to afford 

lynx a competitive advantage over other generalist predators", and "lynx populations in the DPS are 

thought to follow a mainland - island metapopulation structure").  Careful editing would likely save tens of 

pages of text and improve the readability and clarity of the document. 

2) Treating the 6 populations as a single DPS is confusing given the relatively large body of literature 

accumulated across these entities over the past several decades. As noted directly on the draft there are 

many places where statements, paragraphs, or even series of paragraphs summarize research in a 

seemingly general sense, but in reality the results apply to only 1-2 populations and have no bearing on, or 

completely misrepresent, the reality in other populations. We point out several well written paragraphs in 

which the similarities and differences among the 6 populations with respect to a given issue are handled 

independently and appropriately and could be used as a model for the remainder of the document. We 

suggest that each section of the document undergo a thorough review to identify and rectify ambiguity in 

summary statements relative to the diverse population structure of the DPS. 

3) At some point early in the document, clearly define "southern" vs. "northern" lynx hare 

populations. You might consult Ivan and Shenk (2016) for a possible definition. In many places it isn't clear 

which populations fall into each group. For instance, sometimes the Canadian border appears to be the 

line, yet the Apps (2000) chapter is cited often and that author considers his provincial study area to be 

"southern lynx habitat". 

4) Several sections of the document read as a litany of every possible factor that could negatively 

impact lynx. Some of these factors are clearly more important than others, however no hierarchy is given. 

For instance, is the Service really concerned about fragmentation impacts to lynx due to oil/ gas or ski area 

development, especially as it compares to natural fragmentation inherent in the Southern Rockies? This 

seems inconsequential. Similarly, does the Service think mineral extraction, ice storms or disease are big 

threats as compared to climate change, forest management, or wildfire?  Some of these threats are 

probably so inconsequential that they should be omitted. 

5) The section on the status of lynx and snowshoe hares in Colorado (as well as various paragraphs 

throughout the document) is missing findings from 3 recent peer-reviewed publications (Ivan et al. 2014 

Journal of Wildlife Management, Ivan and Shenk 2016 Journal of Wildlife Management, Baigas et al. 2014, 

Landscape and Urban Planning) as well as recent annual reports detailing results from our ongoing 

monitoring work (Odell et al. 2017) and results from recent work focused on impacts of bark beetle 

outbreaks to hares and lynx (Ivan and Seglund, 2016, 2017). Also, a climate change report specific to 

Colorado was recently completely as part of the Colorado State Wildlife Action Plan revision. That report 

should be consulted and climate sections updated accordingly. These documents provide our most recent 

understandings of snowshoe density, survival, and recruitment; relationship of these metrics to landscape 
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variables; impacts of current bark beetle epidemics on primary prey species of lynx; lynx highway crossing 

patterns; current status and distribution of lynx in the   state, and some predicted local changes in climate, 

snowfall, temperature, etc. These works should be included in the SSA. We are happy to provide full 

citations and/or copies of these publications if necessary. We have also provided updated numbers to 

insert into Table 4 on page 103. 

6) The section on climate change contains a large amount of pertinent information but seems a bit 

unorganized (see #2, above). Also, it suffers from language that is so     strong that it undermines the 

credibility of the information. Throughout this section, we suggest that in every instance where the 

author(s) state(s) future conditions will be 'x' or that lynx will do 'y' in response, the absolutism should be 

replaced with lynx are may do 'x', conditions are may be 'y' or snowpack will might change to 'z'. This type 

of language more fairly captures the state of our knowledge and provides an air of objectivity and 

defensibility that is currently lacking. 

7) The section on expert opinion needs to proceed with substantially more caution. Asking anyone to 

predict the future 100 years out relative to lynx persistence on the landscape is a tall order. Mostly what is 

reported are cumulative point estimates but there is no documentation as to how these were gleaned 

from the 10 different estimates USFWS received. There was substantially more uncertainty in the results in 

this exercise at the Elicitation Workshop than is presented in the Draft SSA, and this variability must be 

captured in this document to lend it some credibility. While Table 5 does communicate associated 

variability and uncertainty, the text does not reflect this. Further, the best utility of these data is not the 

absolute value of the estimates themselves but rather the comparative probabilities of persistence among 

the units. Focusing on those differences and de-emphasizing the actual probabilities where possible would 

benefit the document. Despite this concern, we do agree with the summary paragraph (last full paragraph 

on p. 159). This accurately captures the sentiments of the experts in a fair manner that is as meaningful as 

is possible given what we have to work with. 

While the critical and robust review provided above and in the attachment focus on the science of the SSA, 

we have several policy and process questions that we would appreciate further clarification and 

understanding of. 

1) Considering the SSA repeatedly references the importance of individual lynx crossing into the 

Lower 48 from Canada, itis not clear how a DPS can be justified for the Canada Lynx in the lower 48. The 

distinctness of this DPS appears to be in question. The SSA would benefit from a detailed description of the 

decision making process to explain why it is considered distinct. 

2) If the species remains listed, recovery planning is presumably the next step, considering the court 

order to have this completed within the next 12 months. FWS has made repeated statements in the SSA 

and other recent Federal Register documents, particularly those pertaining to Critical Habitat designation, 

that Colorado did not likely have historical, self-sustaining populations. Based on this, we wish to better 

understand what, if any, role our state would play in recovery of the DPS. If there is no role, as has been 

explained to CPW staff, we would like to discuss potential relief of some of the consultation efforts and 

further exploration of the potential to designate, post hoc, this as an experimental, non-essential 

population. 
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IDAHO DEPARTMENT OF FISH AND GAME 

The Idaho Department of Fish and Game (Department) offers the following comments on the Draft Species 

Status Assessment (SSA) Report for the Canada Lynx (Lynx canadensis) in the contiguous United States 

Distinct Population Segment (DPS). 

The draft SSA presents an inherent conflict for its scientific evaluation. Information in the draft SSA 

indicates that designation of a DPS based on the international Canada-U.S. boundary was based on 

incorrect assumptions, including those related to both discreteness and significance. 

Nevertheless, the draft SSA proceeds with evaluating viability—resiliency, redundancy, and representation 

and “factors affecting viability”—based on the apparent flaws in the geographic application of the DPS and 

6 population units. For example, the draft SSA evaluates factors potentially affecting the DPS in the same 

units it describes as lacking historic persistence of lynx populations. 

In addition, the draft SSA presents “factors affecting viability” via a confusing litany of sources of lynx 

mortality and lynx-human interaction without clear relationship to population effect. 

Vegetation management, wildlife management, climate change, etc. cannot affect the viability of a lynx 

population where the information indicates a peripheral or transient presence at most; so it is confusing to 

include such analysis. Similarly, the draft SSA details state harvest regulations and incidental trapping 

occurrences (even where there is no demonstrated impact to individual lynx) without relating them to any 

population effect. 

These foundational issues with the draft SSA permeate the analysis. For example, the draft SSA makes its 

evaluation based on the 6 geographic units in the contiguous U.S. “with the strongest historical and/or 

recent evidence of an ability to support persistent resident lynx populations,” indicating their combined 

geographic area represents “approximately two percent of the species’ entire breeding range (98% occurs 

in Canada and Alaska).” However, the draft SSA presents information that the Colorado population 

(formed from more than 200 individuals introduced from Canada and Alaska) and the Greater Yellowstone 

Area (GYA) population do not support persistent resident lynx populations (see, e.g., draft SSA at 41-42; 

45-46, 96-97). 

These Greater Yellowstone and Colorado units combined comprise approximately 37% of the “two percent 

of the species entire breeding range” that make up the DPS. Information presented as to the Garnet 

Mountain population in Montana also indicates a marginal occupation during population peaks rather 

than a persistent one (see, e.g., draft SSA at 45-46). Similarly, the conclusion that “it is difficult to 

confidently predict the future condition of the DPS or the likelihood that any geographic unit will support 

resident lynx in the future” is tied to an “irresolvable uncertainty about the historical distribution and lack 

of reliability in other demographic parameters” (see, e.g., draft SSA at 157-158). 

As the draft SSA describes, the 4 units other than the GYA and Colorado units show varying degrees of 

persistence, and are all connected to Canada populations and habitat (see, e.g., draft SSA at 22). The final 

SSA should provide some clear reference to the renewed IUCN (2015) assessment of Canada lynx as “least 

concern.” 
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The final SSA should clarify terminology as to “resident lynx” and “resident lynx populations.” “Lynx” refers 

to both one animal and multiple animals, and one “resident lynx” or short-term support of multiple lynx or 

breeding pairs does not equate to a “resident lynx population” in a given area. 

The final SSA should clarify the level of uncertainty in evaluating probabilities of persistence and likely 

future conditions. For example, the draft SSA’s summary of the expert elicitation panel’s discussion in this 

regard failed to acknowledge the panel’s statements as to the high degree of uncertainty in their 

speculations as to long-term persistence. 

 

Geographic Unit 5 — Greater Yellowstone Area 

The Department finds the information related to Geographic Unit 5 to be technically correct and has no 

suggested edits or comments on these sections of the draft report. Based on best available science, the 

GYA has not historically supported a persistent resident lynx population. 

 

Climate Science / Climate Change 

The vulnerability of a species to climate change is based on the extent of climate change likely experienced 

by the species (exposure), the degree to which the species survival, persistence, fitness, etc. depends on 

climate variables (sensitivity), and the ability of the species to cope (adaptive capacity) (Dawson et al. 

2011, Glick et al. 2011). Aspects of climate science, particularly focused on the exposure and sensitivity of 

lynx, are addressed throughout the report. Although some of the following comments apply to several 

areas in the document (page numbers noted in parentheses), most are intended to specifically address 

Unit 3 – Northwestern Montana / Northeastern Idaho. 

Overall, several of the general climate statements appear contrary. The basic premise of the report is that 

climate change will have adverse effects on lynx (see, e.g., draft SSA at 8). The authors emphasize, 

however, that they do not evaluate specific climate change scenarios (see, e.g., draft SSA at 157) and 

acknowledge that uncertainties and limits in the climate models and in the understanding of lynx 

populations make it difficult to predict future habitat quality or lynx distribution (see, e.g., draft SSA at 

157-8, 197). They further note that “…there currently is no evidence that climate change has had 

population-level effects or has reduced the ability of this unit [Unit 3] to support persistent resident lynx 

populations” (see, e.g., draft SSA at 133). 

Even so, some sections of the report suggest a more positive, and others a more negative, outlook. For 

example, the authors conclude that all units of the DPS are expected to continue to support resident 

populations through mid-century (see, e.g., draft SSA at 12, 158, 161) and 2 or 3 units through the end of 

the century (see, e.g., draft SSA at 161), albeit reduced in number and distribution. Unit 3, in particular, is 

likely the most secure in the DPS (see, e.g., draft SSA at 164). Yet other sections conclude lynx populations 

are vulnerable and climate change will reduce future habitat quality and quantity (see, e.g., draft SSA at 

157, 197). 
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Snow conditions, in particular, are identified as the primary measure affecting lynx persistence. Yet 

nowhere in the document is there a sufficiently detailed description of the required snow conditions to 

facilitate a comparison with the best available current or projected climate data. In the report, adequate 

snow is generally described as “deep”, “persistent”, and “fluffy” (used 24 times). The general 

understanding is that deeper, “fluffier”, longer-lasting snow conditions allow lynx to outcompete coyotes 

and bobcats. But how deep, how persistent, and how “fluffy” is unclear. A range of required snow depths 

are reported in Maine (>270cm/year) and Minnesota (140 cm/year), but none for the other units. The 

draft SSA cites a white paper (Gonzalez et al. 2007) suggesting snow is required for 4 months (Dec-Mar) 

(see, e.g., draft SSA at 31, 32, 114, 187), but this value was based on a correlation analysis with probability 

of snow cover for the Northern Hemisphere at a spatial resolution of 25km, downscaled to 8km (Gonzalez 

et al. 2007). No other references are provided for a required length of snow-covered season. 

The “fluffiness” or hardness of the snow surface is not described in detail. Indirectly, these conditions 

represent access to snowshoe hare. Although increased hardness of the snow surface is thought to result 

in increased competition (see, e.g., draft SSA at 31, 66, 67), it is also correlated with an increase in kill rate 

of hares by lynx (Stenseth et al. 2004). Given that “competition from coyotes and bobcat seem to be less 

of a concern” for Unit 3 (see, e.g., draft SSA at 194), the increased access to prey may actually benefit lynx. 

Many of the climate references used data from ~2000–2010. While these references form a strong 

foundation of current and projected trends across large extents (the continental U.S. or western states), 

they do not always provide a complete picture of current research in specific lynx units. For example, the 

authors cite conclusions from Rangwalla and Miller (2012) (see, e.g., draft SSA at 62) that some 

mountainous regions are warming at a faster rate than global land averages. Yet Oyler et al. (2015) (not 

cited in this report) showed that, while the western U. S. has clearly warmed over the latter half of the 

20th century, systematic errors in temperature measurements at some Snow Telemetry (SNOTEL) sites 

resulted in the artificial amplification of mountain climate trends. During late spring, in particular, the 

commonly used climate datasets (PRISM and Daymet) show elevation increases of 274m and 487m 

(respectively) in the minimum temperature isotherm, while data with the systematic errors corrected 

show a statistically nonsignificant change of 66m. 

Recent work indicates that estimating trends in snowpack dynamics at upper elevations is challenging due 

to limitations in observation records (Painter et al. 2016, Silverman and Maneta 2016, Rasouli et al. 2015, 

Hubbart et al. 2015). In northern Idaho, Hubbart et al. (2015) found a high variability in snowpack 

dynamics at snow course sites that was not reflected in observation data. Microclimate variations due to 

canopy cover, aspect, and elevation were important and led to considerable differences in melt rate – up 

to 3 and 4 week lags – with persisting snowpacks even at low elevations (possibly due to shading, wind 

sheltering, and or cold-air drainage). 

Considering the SNOTEL data are the best current estimates of winter precipitation, Silverman and Maneta 

(2016) examined the minimum detectable change in the complex terrain of western Montana and 

northern Idaho. While virtually all future climate models project increases in precipitation across this 

region, Silverman and Maneta (2016) found that approximately 65% of significant increases in 

precipitation was undetected at mid-elevations, and 75% was undetected at high elevations. In addition, 

they found that the undetected increases in winter precipitation at high elevation will likely remain as 

snow under various future climate change scenarios. 
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To better understand the impacts of changing temperature and precipitation on snowpack variability in 

the future, several recent studies have estimated threshold elevations, above which precipitation is the 

main driver of snowpack and below which temperature is the primary driver. In northern Idaho and 

northwest Montana, Sospedra-Alfonso et al. (2016) estimated a threshold of 1560m ± 120m, suggesting 

snowpack at locations below this threshold is likely to be affected by rising temperatures. For a slightly 

different area of northern Idaho and northwest Montana, Scalzitti et al. (2016) identified a current 

threshold of 1,594m ± 46m and end-of-century threshold of 1785 ± 105m. Tennant et al. (2015) further 

simulated snowpack loss by watershed in the U.S. northern Rockies (ID, MT, WY) and found that 

watersheds between 1,000–2,000m elevation experienced the greatest losses while those >2000m were 

resilient to significant warming. Given the range of elevations associated with lynx occurrences in Unit 3 

(1,250- 2,500m) (see, e.g., draft SSA at 123), and that increased persistence of snowpack and areas of 

potential climate refugia are considerable in mountainous terrain (Dobrowski 2011, Curtis et al. 2014, 

Holden et al. 2015, Morelli et al. 2016), at least a portion of lynx distribution in this unit is likely resilient. 

As mentioned, the vulnerability of a species to climate change is based not only on exposure and 

sensitivity, but also on the species’ adaptive capacity (Dawson et al. 2011, Glick et al. 2011). 

The authors assume lynx to have limited adaptive capacity (see, e.g., draft SSA at 8, 157), yet conclude 

there are no current threats to the lynx adaptive capacity (see, e.g., draft SSA at 10, 98) and discuss 

potential adaptability based on different habitat use across the DPS (see, e.g., draft SSA at 11, 161, 219). 

The selection for different snow depths and mature versus young forest stands (see, e.g., draft SSA at 11, 

161, 219) does indicate behavioral plasticity in lynx that may be important in future conditions. 

Other items noted during review include: 

 Pages 73–83. It would be beneficial to address current research on the effects of forest 

management on snow cover and retention (Roth and Nolin 2016, Hubbart et al. 2015), as well as 

recent work on the importance of snow versus forest cover at multiple scales (Holbrook et al. 

2017). 

 Pages 60, 63, 66, 69, 70, 173, 186. References to the IPCC Fourth Assessment Report (IPCC 2007) 

should be updated to the current, Fifth Assessment Report (IPCC 2014). 

 Throughout this document, the terms “likely”, “very likely”, “unlikely”, etc. are used frequently to 

describe potential impacts of climate change, often without regard for what those terms really 

mean. Re-evaluating these terms and following a standardized terminology, similar to the IPCC 

Likelihood Terminology (https://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch1s1-6.html), 

will increase transparency, eliminate confusion, and ensure readers are all “on the same page” 

with regard to the level of certainty surrounding projected climate changes and potential effects. 

This is particularly important when projected effects identified in the IPCC are cited directly (see, 

e.g., draft SSA at 60, 63, 66). 

 Finally, several papers referenced in the document are not in the literature cited, including: 

Harvey et al. 2016 (see, e.g., draft SSA at 133, 134, 149, 150), Peers et al. 2016 (see, e.g., draft 

SSA at 65, 66), Stenseth et al. 2014 (see, e.g., draft SSA at 73), Westerling 2016 (see, e.g., draft 

SSA at 86, 133, 134, 149). Note that not all references were checked, only those that were not 

immediately recognized. 

https://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch1s1-6.html
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MAINE DEPARTMENT OF INLAND FISHERIES AND WILDLIFE 

The Maine Department of Inland Fisheries and Wildlife offers the attached comments on the Draft Species 

Status Assessment for Canada lynx {SSA). We appreciate the opportunity to have the USFWS consider our 

comments as it reviews the current status of the lynx Distinct Population Segment (DPS), future threats to 

the lynx DPS, and general strategies for lynx conservation. We are pleased with the Lynx SSA Team's 

findings that the initial threat to the lynx DPS -- inadequate management on federal lands -- has been met, 

and agree with the generally favorable analyses of the DPS's Resiliency, Redundancy, and Representation. 

The attached documents identify the Department's principal areas of concern.  While there are areas of 

agreement, we are troubled with the tone of the document and by what appears to be a very subjective, if 

not biased, selection of data to include in the draft SSA. In our opinion, this has led to a misrepresentation 

of the current and future status of Maine's forest conditions, lynx populations, and snowshoe hare 

populations. The definitive tone of the climate change section on how Maine's forests and lynx 

populations will be affected, does not follow the guidance offered in the IPCC Climate Change 2014 

Synthesis Report which states that an integral feature of the report is communicating the uncertainty of its 

findings. 

We are concerned that the draft SSA still considers the lack of management assurances on private lands to 

be a risk to lynx populations. As you know, approximately 90% of the forests occupied by lynx in Maine are 

privately owned. Maine's lynx population reached what is believed to be historic highs on these private 

lands without federal or state intervention that stipulated the number of acres that  needed to be 

maintained as lynx habitat. Models used in the SSA to predict forest habitat changes and trends in lynx 

populations do not take into full account, and in some cases misrepresent, forest management on private 

lands. Therefore, we solicited comments from the Maine Forest Products Council (attached) to provide 

reviewers with a perspective from private landowners on current and future forest conditions in Maine.  

We also reached out to the Maine Forest Service for information  on past and current forest conditions 

and harvest patterns in Maine. My staff summarized the data we received, but I would encourage the 

Service to contact them directly if additional information is needed. 

Our Department has historically taken a proactive role in lynx management, and it is our intention to 

ensure that this species persists for Maine residents and visitors alike to enjoy. Currently, we list lynx as a 

Species of Greatest Conservation Need, have an incidental take plan for incidentally trapped lynx, and 

provide considerable public outreach on the species behalf. Given our efforts, and the efforts of other 

states in lynx conservation, we are disappointed that the traditional role of state conservation efforts was 

apparently discounted in the SSA. We disagree that the federal ESA is the only effective protection for 

lynx, and counter that state conservation strategies, which may be inspired by the ESA, are generally a 

better, more lasting solution. 

  



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

 
 

Page 12 
 

  

Maine Department of Inland Fisheries and Wildlife  

The Maine Department of Inland Fisheries and Wildlife (MDIFW) offers the following comments on the 

Draft Species Status Assessment for Canada lynx (Lynx canadensis) Contiguous United States Distinct 

Population Segment, Version 1 Draft 2016, USFWS. MDIFW’s review of the Draft Species Status 

Assessment (SSA) consists of an overview of principal areas of scientific agreement and concern, 

followed by comments on specific statements in the SSA. Rather than attempting a line-by-line review 

of the document, MDIFW chose to focus on major areas of agreement or concern. MDIFW appreciates 

the opportunity to have the USFWS consider its comments as it reviews the current status of the lynx 

Distinct Population Segment (DPS), future threats to the lynx DPS, and general strategies for lynx 

conservation in the southernmost range limits of the species. 

 
Overview 

SSA Framework 

MDIFW concurs with the Lynx SSA Team’s findings that the initial threat -- inadequate management on 

federal lands -- has been resolved, and agrees with the generally favorable analyses of the DPS’s 

Resiliency, Redundancy, and Representation (3Rs). The lack of focused attention on the “five-factor 

analyses” that guides ESA status changes (https://www.fws.gov/endangered/esa- 

library/pdf/delisting.pdf) is perplexing, however. In the absence of a recovery plan with specific 

conservation objectives, a periodic “5-year” status review should provide a clear evaluation of the 

species with regard to ESA listing factors. This seems essential in the SSA if it will be the only evaluation 

of lynx DPS status after 17 years of listing  under the ESA. 

 
Current Resiliency of DPS 

Of the six geographic units discussed in the SSA, Maine has the largest area of lynx habitat and largest 

lynx population. The relatively large population of lynx in Maine is the result of commercial forest 

operations, on private land holdings, that created large areas of regenerating spruce/fir forests that are 

favorable for the primary prey species of lynx - the snowshoe hare (Lepus americanus).  Since MDIFW 

began its lynx telemetry study in 1999, biologists have documented an expansion in Maine’s lynx range 

and population size. This expansion occurred while approximately 90% of the land base in northern 

Maine was privately owned. The benefits to lynx from commercial forest operations in Maine and the 

improved management plans for lynx on federal lands, throughout the DPS, strengthen the overall 

resiliency of the DPS. 

 
Given the success of lynx populations on private lands in Maine, MDIFW finds statements, such as 

the one on p. 76 of the SSA, “Whereas management of State and Federal forest lands have been 
relatively stable in recent decades, management and ownership of private forest land ownership has 
been extremely unstable. This has resulted in major shifts in forest management strategies, outcomes, 
and products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the “northern 
forest” (Adirondacks to northern Maine) were sold to many different kinds of financial groups (Hagan et 
al. 2005)” overstate the threat posed by private land management to lynx. The period of greatest lynx 
population growth in Maine occurred during the same period (referenced above) that caused “major 
shifts in forest management strategies, outcomes, and products”. The majority of ESA success stories for 

http://www.fws.gov/endangered/esa-
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widely distributed species involve a significant role for private lands.  In the eastern U.S., private lands 
are integral to recovery programs and conservation efforts. “Working woodland” easements now 

encompass >10,000 km2 across northern Maine. These covenants do not specify specific management 
practices or outcomes beyond sustainable forestry, but they do ensure that conversions to other land 
uses will never occur. 

 
While MDIFW agrees with the Lynx SSA Team’s findings that the current lynx population in Maine is 
resilient, MDIFW strongly disagrees with statements in the SSA that Maine’s lynx population and 
lynx/snowshoe hare habitat have declined since 2006, i.e., “The best available science indicates that 
hare populations have declined by about half across all stand types (and in adjacent Quebec) since 2006 
and apparently have not rebounded.”  No references are given in the SSA to substantiate this claim. 
MDIFW asserts that there is insufficient scientific evidence to conclude that hares have declined at a 
landscape level and have remained low since 2006 in northern Maine.  Hare densities in stands subject 
to shelterwood and overstory removal harvests more than doubled from 2008 to 2011. As of 2011 (the 
last year of monitoring in this stand type), hare densities in these stands were approximately double 
those in regenerating clearcuts (D. Harrison, unpublished data). Given the prevalence of shelterwood 
harvests in northern Maine recently, and the fact that many of these stands may only now be reaching a 
stage where they provide ideal hare habitat, MDIFW contends that more information on hare densities 
is needed before conclusions on hare population trends can be made. MDIFW has information on the 
current status of lynx in Maine, which suggests the lynx population is both increasing in numbers and 
expanding its range, and questions why this information presented at the Expert Elicitation Workshop 
(EEW) was not included in the draft Lynx SSA. MDIFW urges the USFWS to consider the data and 
arguments presented in this review and at the EEW to arrive at a more objective perspective on the 
resiliency of Maine’s current lynx population. 

 
Future Resiliency of DPS 

Climate Change 
The effects of climate change present a threat to many wildlife species in North America, but the 
magnitude, nature, and timing of these threats is still uncertain. MDIFW agrees with the authors of the 
IPCC Climate Change 2014 Synthesis Report that “An integral feature of IPCC reports is the 
communication of the strength of and uncertainties in scientific understanding underlying assessment 
findings” (p.37).  Unfortunately, many of the conclusions and the tone of the Climate Change Section 
in the SSA do not communicate this uncertainty and are definitive in nature. For example on p. 68, 
“Climate change will diminish the amount of lynx habitat throughout the DPS by a) reducing the areas 
where snow conditions give lynx a competitive advantage over bobcats and other species, and b) 
reducing the amount of spruce-fir habitat required by snowshoe hares”, or on p.218, “Although 
uncertainty remains regarding the timing, extent, and biological consequences…..hare populations will 
decline… This in turn will reduce lynx abundance….” (underlines added). MDIFW is concerned about the 
objectivity of the climate change sections in the SSA and urges a thorough review of this section -- 
especially given the USFWS SSA Core Team’s admission that they took a more pessimistic view of 
climate change impacts to lynx than the experts at the EEW. Furthermore, MDIFW asks, are 50-year 
projections an appropriate standard for the “foreseeable future” language of the ESA? 

 

Perhaps of greater significance than the tone of the climate change sections is the over reliance on 
modeling to predict the persistence of lynx in the face of contradicting field data. For example, on p. 66 
of the SSA it states, “Reduced snow depth and duration may reduce lynx’s competitive advantage over 
bobcats, which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the closest 
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related species to lynx in North America, and it outcompetes or displaces lynx wherever the two species 
overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983;Robinson 2006, pp. 120- 
129) geographic scales.”  However, field observations and surveys indicate that lynx have expanded 
their range in Maine, and that lynx are now living and reproducing in Downeast Maine (i.e., sections of 
Penobscot, Washington, and Hancock Counties). Northern sections of Downeast Maine have long been 
considered one of the best bobcat regions in Maine, and this region has historically had lower snowfall 
totals than northern interior Maine because of the influence of maritime weather patterns. These field 
observations call into question whether marginally lower snow levels and bobcat are a significant threat 
to lynx in Maine. MDIFW urges the USFWS to consider the data and arguments presented in this review 
and at the EEW to arrive at a more objective understanding of the threat that climate change poses to 
the DPS in the near future. 

 

Habitat Changes 
MDIFW questions the conclusions reached in the SSA regarding predictions that Maine’s forests will 
change in a manner that threatens lynx and snowshoe hare populations.  The SSA predicts these 
changes will occur because of climate change, forest maturation, and changes in forestry practices. For 
example p. 169 of the SSA states, “Models indicate that aging of past clearcuts and changes in forest 
practices to partial harvesting will diminish the current lynx habitat by half in coming decades.” MDIFW 
presents information substantiating that these predictions are based on inaccurate figures on hare 
densities in shelterwood harvests, and the misperception that changes in forest species composition will 
occur at equal rates on managed and unmanaged forests. For example, the SSA states on p. 171, 
“Currently, partial harvesting comprises about 94 percent of acres cut annually in Maine (Simons 2009, p. 
50)” and “Foremost, snowshoe hare densities in partially harvested forests are on average about 50 
percent lower (but range from 20 to 90 percent lower) than in regenerating conifer stands created by 
clearcutting (Robinson 2006, pp. 5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape 
hare density and presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; 
Simons-Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire).” However, MDIFW points out that 
according to the Maine Forest Service, since 2006, of the total acreage meeting the definition of “partial 
harvest”, 46% were shelterwood harvests. Shelterwood harvests do not have the same hare densities as 
other forms of partial harvest.  Scott (2009) demonstrates that as of 2009, stands subject to 

shelterwood/overstory removal (even age management) had only slightly lower winter hare densities 
than regenerating clearcuts, and 2.5X the winter hare density of stands subject to selection harvests 
(uneven-age management). MDIFW argues that the presentation of forest and hare data is misleading, 
and that more research is needed on hare densities in shelterwood stands. 

 

MDIFW points out that while climate conditions in the Northeast may make conditions less favorable for 
spruce/fir forests and more favorable for deciduous trees, the rate of change will likely differ on private 
forests that are actively managed vs. unmanaged forests. Private landowners manage their lands for 
specific outcomes (see attached letter from Maine’s Forest Products Council). Therefore, inferences on 
how lynx populations will respond to changes in forest type must take into account the forest 
management plans of private landowner, especially in a state where 90% of lynx habitat occurs on 
private lands. From 1995 to 2015, the total acrage of conifer forest has actually increased in Maine 
(2,515,732 to 2,904,462 acres) with the acreage of conifer saplings staying relatively consistent 
(1,062,863 acres in 2015; personal communication, Ken Laustsen, Maine Forest Service). 

 
Trapping and Hunting 

MDIFW disagrees with statements that Maine’s lynx population would face increased threats from 
trapping and hunting if they did not have not have protection under the federal ESA. Trapping was 
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evaluated at the time of listing (USFWS 2000) and was determined not to be a significant threat to the 
lynx population.  Currently, the vast majority of lynx caught in foothold traps are released with little to 
no injury. MDIFW contends there is no evidence to support statements such as, (p. 182) “Lynx would 
be at greater risk without ESA section 9 prohibitions against take. In a future scenario without Federal 
listing, Maine’s incidental take plan for trapping would be rescinded, and it is likely that many protective 
measures to minimize injury, take, and mortality of lynx would cease or diminish.” MDIFW submits that 
in the event of delisting, the Department would continue to be committed to protecting lynx 
populations through trapper and hunter education, regulations focused to minimize captures in traps, 
and an active law enforcement presence. Prior to the federal ESA listing of lynx, MDIFW implemented a 
number of measures to protect the species (MDIFW 2014, p. 78-79). These included closing the season 
on lynx hunting and trapping in 1967, and providing information to trappers on how to distinguish 
bobcats from lynx to avoid lynx incidental captures and trapping mortalities. 

 
MDIFW disagrees with the Lynx SSA Team’s conclusion that lynx face an increased risk because of 
Animal Damage Control (ADC) activities if lynx were no longer protected under the ESA. The SSA states 
(p. 182), “There have been a few situations where lynx have destroyed livestock, but lethal actions to 
remove lynx were avoided because of Federal listing. Without Federal listing, justification for shooting 
lynx in these situations would likely increase.” There has never been a documented lethal taking of lynx 
related to ADC activities in Maine, and it is very rare to get a report of lynx getting into someone’s 
“livestock” (i.e., chickens). The assertion that there is an increased likelihood of a lynx being shot to 
protect chickens is pure speculation. MDIFW strongly urges the USFWS to reevaluate claims that 
delisting would threaten Maine’s lynx population because of increased mortalities from hunting, 
trapping, and ADC activities. 

 
Redundancy and Representation 

MDIFW agrees with the Lynx SSA Team that none of individual geographic units that currently support 
resident lynx are vulnerable to extirpation from a single catastrophic event (p.9, SSA). For Geographic 
Unit 1 (Maine), its proximity and prominent connectivity to relatively large lynx populations in Quebec 
and New Brunswick not only ensures that a single catastrophic event would not decimate the regional 
lynx population but also facilitates lynx dispersal and gene flow (i.e., Representation). 

 
General Comments 

MDIFW suggests that a broader more forthright discussion is needed on the structure of the DPS. In the 

description of the geographical units of the SSA, MDIFW suggests stating, “The DPS designation reflects 

a jurisdictional boundary, not a biological one, for Canada lynx. The species is widespread and relatively 

secure in Canadian provinces adjacent to the DPS.” Would the USFWS be willing to state, in the list of 

assumptions (p. 8, SSA), “We assume that the statuses of lynx within individual SSA geographic units are 

mostly independent of one another”? This assumption is requested to critically reconsider conservation 

strategies and outcomes given “the units are relatively isolated from each other” (SSA, p. 5).  In fact, 

Unit 1 (northern Maine) and Unit 2 (northeastern Minnesota) are extremely isolated from other units by 

distance and marginal habitat. As the USFWS has experienced with recovery efforts for Canis lupus, the 

improbability of “recovery” occurring concurrently in three (or more) regionally distinct SSA units greatly 

handicaps any scenario for delisting. 

 
MDIFW finds the statement on p. 20 of the SSA, lines 6-7 troubling: “… we do not evaluate the unlikely 

hypothetical future in which the DPS is not listed and conservation efforts disappear.” An inference that 
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lynx conservation is totally dependent upon ESA seems unfortunate. The traditional role of state 

conservation efforts is apparently discounted, and current examples of cooperative efforts among states 

and the USFWS to prevent listings (e.g., New England cottontail) may have not been considered. 

MDIFW does not argue that ESA protections are sometimes appropriate and value-added, but USFWS 

should not ignore the long-standing primary jurisdiction of states for most wildlife resources, critically 

important partnerships with states for conservation of vulnerable species, the second generation of 

State Wildlife Action Plans, etc. On p. 6, lines 13-15, MDIFW believes the SSA is presenting an “all or 

nothing” worst-case scenario for the lynx DPS: “Our evaluation, therefore, considers the possibility of 

the future relaxing of some lynx conservation measures and efforts, but not the complete absence of all 

protections for lynx.” MDIFW concurs that the lynx DPS needs thoughtful conservation attention at its 

southernmost range limits. However, our Department (1) strongly disagrees that the ESA is the only 

effective protection, and (2) counters that state conservation strategies, which may be inspired by the 

ESA, are generally a better, more lasting solution. 

 
We provide more detailed response on the following pages. 

 

Canada Lynx Conservation in Relation to ESA 

 
 Findings behind designation of the DPS for Canada Lynx in the contiguous U.S. 

o Clarification of this issue would benefit all readers of the Executive Summary: “The DPS is 

deemed to be ‘discreet’ on the basis of a jurisdictional boundary, not a biological barrier, for 

Canada Lynx. The species is widespread and generally secure in Canadian provinces adjacent 

to the DPS. The finding that the lynx DPS is ‘significant’ to the broader occurrence of the 

species reflects atypical ecological conditions at its southernmost range limit.” 
 

There is a wealth of information in the draft SSA, but this particular issue is not clearly offered despite 
repeated scrutiny from USFWS (68 FR: 40075 [2003]; 72 FR: 1187 [2007]) and the Court. Readers of the 
document may well arrive at a similar conclusion if attentive to hints made in the document. 
Conservation of any species at the periphery of its range is always challenging and remains the 
fundamental dilemma facing the lynx DPS in the contiguous U.S. The SSA should provide a clear context 
to facilitate subsequent status judgments. Instead, “The DPS listing history …” (pg. 20) is identified as a 
basis for not considering “… the unlikely hypothetical future in which the DPS is not listed.” 

 

 SSA framework 

o The SSA does not formally review the five factors for status evaluations (ESA Section 

4; https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf). 
 

As currently written, the draft SSA examines threats facing lynx as well as resiliency, redundancy, and 
representation of the DPS. “ESA’s requirements for delisting …” are cited (pg. 20) as a second rationale 
for not considering “… the unlikely hypothetical future in which the DPS is not listed.”  We are unaware 
of “requirements” other than specific objectives established in recovery plans and the five factors 
guiding ESA status decisions listed in statute. The SSA is a thoughtful evaluation of species vulnerability 
relative to ESA. We hope that discussion of the five factors for listing is an option in any SSA but suggest 
that it particularly should not be omitted in the first status review of the lynx DPS after 17 years as an 
ESA Threatened Species. 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
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o Several statements at the close of the “Introduction” (pg. 20) seem to stray from 

the presentation and interpretation of facts intended in an SSA: 

 
1. “The “DPS’s listing history …” (line 6) does not seem relevant to the SSA 

beyond consideration of the sole factor cited in the listing rule: inadequate 

regulatory mechanisms on Federal lands (pg. 4; 65 FR 16052 [2000]). 

If this historical reference alludes to petitions and court findings, it is an especially 
inappropriate justification. SSAs are science based and should not reflect speculation about 
legal interventions. 

 

2. “We do not evaluate the unlikely hypothetical future in which the DPS is not listed and 

all protections and conservation efforts disappear” (lines 6-7).  This statement is 

troubling. 

 
An inference that the future of the lynx DPS and effective conservation is totally dependent 
upon ESA is unfortunate.  The traditional role of states is apparently discounted.  We do not 

argue that ESA protections are sometimes appropriate and value-added, but USFWS should 
not ignore the long-standing primary jurisdiction of states for most wildlife resources, the 
critically important partnerships with states for conservation of vulnerable species, more 
proactive attempts to address species vulnerability via State Wildlife Action Plans, etc. 

 
3. “ … conditions for delisting would include requirements and incentives to continue to 

conserve lynx and its habitats …” (lines 10-11) should be justified on the basis of facts 

provided in the SSA. 

Speculation about additional delisting requirements in the absence of a recovery plan 
(above and beyond the five-factor analysis outlined in ESA Section 4) may or may not be 
appropriate in the SSA. If this is deemed integral to the current process, then the draft SSA 
should evaluate conservation of lynx and habitats in the DPS afforded by states. The latter 
should not exclude strategies on private lands. We do not debate the need or intent of ESA, 
but most policies that result from listing prove an impediment to actual incentives. 

 

4. “Our evaluation, therefore, considers the possibility of the future relaxing of some lynx 

conservation measures and efforts, but not the complete absence of all protections for 

lynx.” 

Lines 13-15 (pg. 6) again hint of a premise for an “all or nothing” worst-case scenario for the 
lynx DPS that is fully reliant on ESA listing. We concur that the lynx DPS needs thoughtful 
conservation attention at its southernmost range limits. However, we (1) strongly disagree 
that ESA is the only effective protection and (2) counter that regionalized landscape 
strategies that may be inspired by ESA offer a better, more lasting solution. 

 
Prominent examples of state protections in SSA Unit #1 (northern Maine) include (1) closed 
seasons for hunting or trapping lynx since 1967; (2) safeguards for minimizing incidental lynx 
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captures from other trapping; (3) habitat assurances via “working forest” easements on >2.5 
million acres that ensure no land use conversions and sustainable forestry; and (4) the 
contingency role of the Maine Endangered Species Act in the event that diminished 
population abundance and/or unfavorable population trends in Maine justify future listing 
under established criteria (http://www.maine.gov/ifw/pdfs/listingHandbook.pdf). 

 

 Role of private lands in conservation 

o The phrase (lines 12-13) “ …assure persistence of resident lynx populations in those places 

that can support them on Federal, State and Tribal lands (perhaps some private lands as 

well) …” is an unfortunate, inaccurate outlook. 
 

The majority of ESA success stories for widely distributed species certainly involve a significant 
role for private lands. In the eastern U.S., private lands are integral to recovery programs and 
conservation of many vulnerable species. ESA listing petitions will never cease if status is judged 
primarily by public land ownership and disregards the role of private lands. 

 

o The compilations (Table 1, pg. 15 and Table 4, pg. 103) and brief discussion of types of land 

ownership in various lynx SSA units clearly reinforces a bias against private lands. The 

attention to Federal agencies is understandable since land use policies on U.S. Government 

lands were the primary justification for ESA listing. Intended or not, in combination with 

other statements that demote the role of private lands in lynx conservation, the data imply 

extreme jeopardy for lynx habitats in SSA Unit 1 where private lands predominate. 

However, Maine offers the largest block of lynx habitat and apparently the most robust lynx 
population in the entire DPS … despite 90% private land ownership. Maine’s northern 
woodlands have been subject to various harvest regimens for centuries but remain a functional 
landscape for Canada lynx with high connectivity to source populations in Canada. “Working 
woodland” easements now encompass >10,000 km2 across northern Maine.  These covenants 
do not specify specific management practices or outcomes beyond sustainable forestry, but 
they do ensure that conversions to other land uses will never occur. 

 

Landscape conservation of functional habitats for Canada lynx may be the only effective tool to 
promote a future for the species in the DPS. Strict preservation of forest lands will certainly not 
benefit lynx, and suitable habitat in the face of long-term climate change impacts may be best 
maintained by silvicultural practices.  These require more incentives than a regulatory emphasis. 

 
 Threats in the “foreseeable future” 

o Evaluation of the 3Rs reveals no current liabilities for the lynx DPS. This statement (pg. 9) 

concludes sufficient resiliency: “The apparent long-term (historical and current) 

persistence of resident lynx populations in at least four of the six geographic units (Units 1-

4) and the absence of reliable information indicating that the current distribution and 

relative abundance of resident lynx are substantially reduced from historical conditions 

suggest adequate historical and recent levels of resiliency among lynx populations in the 

DPS.” 

The conclusion (pg. 9) on redundancy is more emphatic: “The current broad distribution of 

resident lynx populations in large, geographically discrete areas makes the DPS invulnerable 

http://www.maine.gov/ifw/pdfs/listingHandbook.pdf


State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

 
 

Page 19 
 

  

to extirpation caused by a single catastrophic event.” The evaluation of representation (pg. 

10) is also favorable in the lynx DPS:  “Because there are no indications of significant loss of 

or current threats to the genetic health or adaptive capacity of lynx populations in the DPS, 

and the current level of representation does not appear to indicate a decrease from historical 

conditions, we find that the DPS currently displays an adequate level of representation.” 

Future conjectures of vulnerability are left as the only indication of jeopardy following (1) the 
resolution of the primary justification (pp. 4, 217, etc.) for the original listing of the lynx DPS and 
(2) a favorable evaluation of the 3Rs in the current lynx DPS. 

 

o Is the “… declining probability of persistence (loss of resiliency) for each of the 

geographic units within the DPS throughout the rest of this century …” (pg. 

216) sufficiently certain in likelihood or immediacy for current eligibility under 

ESA? 

 

The five-factor analyses (https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf; ESA 
Section 4) for evaluating threats describes four criteria only in the present tense. A single factor 
identifies a future time reference: “Is there a present or threatened destruction, modification, or 
curtailment of the species’ habitat or range?” To our knowledge, the ESA phrase “foreseeable 
future” is not clearly defined in statute, related rules, or policy.  We simply caution that 
speculation on the future condition of habitats (especially in relation to projections on the 
impacts of climate change that may take effect 20-50 years or more into the future) may not be 
the appropriate timetable under ESA or in the best interest of advancing current opportunities 
to perpetuate a functional landscape for Canada Lynx in the DPS. 

 
 

Conjecture on Protection of Lynx Relative to ESA 

 
 Lynx would be at greater risk without ESA section 9 prohibitions against take, page 182 

o The SSA states: “If Maine’s ITP was rescinded it is likely that measures to minimize 

injury, take and mortality will be rescinded. “ 

 
MDIFW was committed to protecting lynx populations from incidental take from 

trapping before the federal ESA listing (p. 79, MDIFW 2014), and lynx have been 

protected by a closed season on hunting and trapping since 1967.  Maine’s ITP 

addresses incidental take through trapping, research, and ADC related activities; all 

potential sources that were evaluated and determined to not be factors threatening 

lynx at time of listing (65 FR:16078 [2000]).  Although incidental take was not 

determined to be a threat in the listing document, MDIFW identified this as a potential 

source of mortality to lynx, and has been successful in addressing this threat both 

before and during listing. This has been accomplished through: lynx related educational 

material in hunting and trapping courses and in our law books, restricting trapping 

methods to minimize lynx capture, and an active law enforcement division. In the event 

of delisting, Maine would continue to successfully minimize take to lynx in the form of 

hunting, trapping, research, and ADC related activities. 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
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o The SSA states: “It is unlikely that lynx would become a legally harvested furbearer in 

Maine (although some Maine trappers have suggested that).” 

 
We agree that lynx would remain protected from hunting and trapping through Maine 

state law in the event of delisting (they were protected from these forms of mortality by 

state law for 33 years prior to listing). Why is the suggestion of some Maine trappers 

relevant to this document? 

 
o The SSA states: “Illegal shooting and non-reporting would likely increase without federal 

protection. We believe several high-profile Federal Law enforcement cases have helped 

to reduce illegal shooting of lynx.” 
 

Where is the evidence to support these statements? The Maine Warden Service has 

been successful in protecting lynx and enforcing related laws before federal listing and 

has led the enforcement, investigation, and prosecution of the majority of lynx cases 

since listing. With only two special agents assigned to Maine, the USFWS relies on the 

field presence and experience of the more than 100 Maine wardens.  Maine Title 12 

MRSA section 11201and section 11251-3 are state statutes which make it a Class E 

crime to hunt or trap animals or possess an animal for which there is no open hunting 

or trapping season. This includes lynx. Both statutes are “strict liability”, meaning that 

the state isn’t required to prove that the hunter or trapper killed or trapped the 

animal “intentionally, knowingly, recklessly or with criminal negligence.” The “state of 

mind” of the person taking the lynx is not an element of the crime, which must be 

proven in court. In contrast, the USFWS agents generally operate under a standard 

operating procedure (often referred to as the McKittrick standard) whereby proof is 

required that a suspect knew that the species they were taking was a lynx which is 

subject to federal protection. Because federal prosecution prefers a “knowingly” 

culpable state of mind and the state statute does not, prosecutions at the state level 

are more efficient and less burdensome. In closing, Maine game wardens are the 

driving force of law enforcement as it relates to protecting lynx in the state.  They 

provide the field presence, enforce rules associated with minimizing take, and 

prosecute the majority of cases.  This presence will continue to protect lynx in the 

event of delisting. 

 
o The SSA states: “Incidental take from bobcat trapping, running with dogs, and hunting will 

likely increase without federal listing.” 

 
How did the authors arrive at this conclusion? The methods to pursue bobcats through 

trapping, running with dogs, and hunting did not change after federal listing.  MDIFW has 

documented lynx being killed by bobcat hunters on a single occasion in the 1970’s; one 

occasion in 49 years. Since then MDIFW has successfully addressed this potential threat 
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through lynx related educational material to the hunting and trapping community, providing 

a section devoted to lynx avoidance in trapping education classes, and increasing awareness 

of lynx protection statewide. Additionally, incidental take through these methods were 

evaluated and determined not to be a factor threatening lynx in the federal register (p. 

16078, USFWS 2000). In the event of delisting MDIFW will continue to successfully minimize 

take through education, regulations that only allow trapping methods that minimize 

potential capture to lynx, and law enforcement. 

 
o The SSA states: “Without federal listing justification for shooting lynx in situations where 

lynx destroyed livestock would likely increase.” 
 

First, by livestock we are assuming that the authors mean poultry and rabbits.  Lynx have 

never been documented depredating on sheep, cattle, or pigs in Maine, nor are we aware of 

livestock depredation being a concern anywhere within the species range. We agree that 

that only a few situations exist where lynx have damaged poultry. In fact, since protection of 

lynx from hunting and trapping in 1967 MDIFW has not documented a single case of lethal 

removal of lynx due to ADC related issues. Therefore why was this listed as a threat to lynx 

populations in Maine? Furthermore, any ADC related activities that occur in the state must 

go through review and approval by regional wildlife biologists and warden service staff; it is 

highly unlikely that lethal removal of lynx damaging poultry (or any other livestock) would 

be used as a management tool even in the event of delisting. 

  
Climate Change and the Future of Lynx Conservation – Pages 172-175 

 
MDIFW agrees that with the basic premise that, on average, a warming climate will likely cause many 

species at the southern edge of their distribution to shift northward. However, we believe the SSA 

overstates the confidence with which climate models can be used to inform future trends in lynx 

distribution and population size in Maine. Uncertainty regarding changes in the amount and duration of 

snowfall, and the response to these changes by hares, lynx, and potential lynx competitors such as 

bobcats and coyotes, make projecting impacts on lynx very challenging. In addition, we feel that 

conclusions about changing forest species composition in northern Maine due to climate change are 

overstated and not supported by current data (see MFPC letter and other sections of MDIFW response). 

 
Mean annual temperature in Maine is projected to increase by 1.7 – 2.8° C from 2014 to 2054, but 

precipitation is expected to increase by 5-10%, with the greatest increase occurring in interior Maine 

(Fernandez et al. 2015). While the duration of snowpack is projected to decline by about 2 weeks over 

the next 50 years, in northern Maine total accumulated winter snow is projected to decrease by <20%, 

and extreme snowfall events are projected to increase in frequency (Fernandez et al. 2015).  Although 

the SSA presents many hypotheses about the response of hares, lynx, and other carnivores to changing 

snow conditions, MDIFW believes the underlying mechanisms describing the relationship between these 

species and snow are largely unknown.  The distribution of bobcats and coyotes, for example, may be 

just as limited by a future scenario with shorter winters that have higher average snow depths as they 

are by current winters that have longer snow duration but less average accumulation. Therefore, we are 
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not convinced that projected changes to Maine’s climate will necessarily result in significant range 

contraction by lynx.  We suggest that the sections on climate change in the SSA should be recast to 

reflect the inherent uncertainty in climate models and the response of lynx to potential changes. 

 

Current Status of Lynx in Maine 

 
 Reference to reliability of population estimates 

o Page 99 of the SSA–states: “No reliable estimates of current or historical resident 

lynx numbers”. 

 
How did the authors come to this determination? Vashon et al. 2012 (cited throughout 

the document), provides estimates of past and current lynx populations in Maine and 

how those estimates were derived. The USFWS accepted these population estimates in 

the Incidental Take Plan for Maine’s Trapping Program (2014) and issued the state an 

Incidental Take Permit based on these population estimates. Furthermore, if the above 

statement in the SSA were true, it implies that statements on current population trends 

and status of lynx throughout the SSA should be discounted (e.g., largest lynx population 

in the lower 48, higher than historic levels etc.). 

 
o Page 112 and page 117 of the SSA states: “The actual population size is 

unknown because there are no methods available to measure and produce true 

population estimates over such a large geographic area.” 

 We question why this statement is here. Only a direct count of animals in a 

closed system can give the absolute population value for a moment in time 

(seldom the case for wildlife populations). The inclusion of this sentence holds 

Maine’s population estimates to a standard that is not obtainable. 

 
 Demographic data collected by MDIFW is not accurately portrayed 

o Page 99 of the SSA States – “Reproduction and survival rates in the low hare 

environment after 2006 suggest a slightly declining population.” No reference is 

provided for statement and it is contrary to data in Vashon et al. 2012 (Table 1.2 page 

18 and see Appendix VI) where there was no difference in the average annual 

mortality between periods of hare abundance (26% 1999-2006 and 26% between 

2007-2011). 

 
 Population estimates for Maine are not consistently reported 

o On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 

117 the SSA states 500 to a 1,000 lynx, and then on Page 111 the SSA states several 

hundred to a 1,000 in Maine 

 MDIFW shared at the Expert Elicitation Workshop an estimate of 750-1,000 

adults in 2006 with recent data supporting an increasing population (IFW 

biologists have noted an increase in incidental captures, vehicle strikes, 
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sightings, in detection probabilities and in occupancy between 2003-2008 

and 2015-17 winter track surveys). Thus, Maine’s current lynx population 

likely exceeds 1,000 adults. 

 The method used to generate the estimate of 750-1,000 provided at the EEW 

is provided in Vashon et al. 2012 as cited throughout the SSA. 

 

 Population and habitat are not decreasing 

o Page 99 – …after 2006 suggest slightly decreasing population 

This statement is not cited and is contrary to data presented at the Expert Elicitation 

Workshop that supports an expanding lynx population in Maine. At the workshop, we 

shared the first year of data from snowtrack surveys to monitor changes in lynx detections 

and occupancy over time. We now have another winter and a half of data. Between January 

2015 and Febuary 2017, we have resurveyed 30 towns across northern Maine. During initial 

surveys (2003-08) lynx were detected in 14 of 30 towns (43%), during resurvey efforts lynx 

have been detected in 28 of the same 30 towns (93%). 

 

o Page 99 (also see page 105 3rd paragraph) – hare went under a 50% decline in 2006 and 

have remained at lower levels. This statement is not cited.  There is no study at the scale 

this sentence implies. 

 
 Vortex Model 

o MDIFW questions the Vortex model produced by the USFWS in the SSA (see page 33 and 

page 113 paragraph 2, last sentence) 

 MDIFW questions why this was done since a model by the researchers collecting the 

data was already available. 

 In addition, this Vortex model was part of Maine’s Incidental Take Plan 

submitted to the USFWS which was accepted on 11/4/2014. 

 MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (Lambda = 1.05) for 

Maine’s lynx population based on demographic data from a radiotelemetry study 

that we collected over a 12-year period (see Vashon et al. 2012 Appendix VI).   This 

is contrary to the model reported in the SSA. 

 
 Habitat Status 

o Only present data from University of Maine models when there are other data available on 

current conditions. For Example, Maine Forest Inventory Data should be presented. 

 
o Simons-Legaard 2016 provides updates to Simons 2009 model – reporting patterns 

from earlier model have improved. Thus, we question why references to projected 

declines in lynx probability of occurrence and habitat from Simons 2009 model are 

included. 

 
 Statements in document do not match field data: question validity of models or no citation 
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provided to back up assertion   – we suggest recasting sentences 

Snow depth 

o Page 90 2nd paragraph states: “ the Gulf of Maine has the reserve effect and its warming 

influence reduces snow depth and duration inland. Distribution models by Hoving (2001 

p.74) indicate that eastern Maine has extensive areas of boreal forest but does not achieve 

snowfall thresholds that gave lynx an advantage over bobcats and other competitors “ 

 

o Page 114, 2nd and 3rd paragraph have surprisingly similar sentences with different references 

leads to the question if cited correctly and also if redundancy is needed. Also repeated on 

page 100 (1st paragraph). 

 2nd paragraph: Thus, average conditions in Maine are currently at or below the snow 

persistence thresholds believed to be needed to support lynx (Gonzalez et al. 2007) 

 3rd paragraph:  Thus, average snow conditions in Maine are currently at or 

below snow depth thresholds for lynx and further declines in annual snow depth 

would be expected to reduce the probability of lynx persistence in the region 

(Hoving et al. 2005). 

 Contrary to field data from Maine collected by MDIFW: i.e., periodic winter snow-

track surveys to detect lynx shows lynx are expanding into eastern Maine where 

snow conditions are more variable due to maritime weather on the coast. Also, all 

field data suggests and increasing population since the 1990s, which is contrary to 

the above statements. If you keep these statements, you need to share that these 

hypotheses have not yet been born true by field data. 
 

Corridors 

o Page 95 – indicates that farming in NE Maine fragments corridors between Maine and New 

Brunswick. No citation provided. We have detected lynx during recent monitoring efforts 

(track surveys) and have documented movements of tagged lynx across ME/NB border, 

which contradicts statement made here.  Recast sentence. 

 

Hare Densities and Forest Management – Pages 80, 99, 106, 109, 117, 162, 169, 171, 176 

MDIFW agrees that the pulse of large-scale clearcutting in the 1970s and 1980s in response to 

the spruce budworm epidemic resulted in historic highs in hare abundance, which is contributing 

to excellent habitat conditions for lynx throughout much of northern Maine.  However, we feel 

that available research on hare densities in Maine (Homyack et al. 2006, Robinson 2006, Scott 

2009) and projections of lynx habitat quality (Simons-Legaard et al. 2013, Simons-Legaard et al 

2016, Simons- Legaard 2016) have not adequately addressed the potential for other forms of 

silviculture to create regenerating conifer stands that may support high hare densities. Therefore, 

we question the assumptions made in the SSA regarding declining trends in hare densities across 

Northern Maine, and feel that more research is needed to quantify hare response to current 

forest harvest practices. Since the early 1990s, the prevalence of clearcutting has declined and 

has been largely replaced with various types of ‘partial harvests’ as the dominant harvest method 
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in northern Maine (Maine Forest Service, unpublished data; Fig. 1). Partial harvests include a 

wide variety of silivicultural techniques (including seed-tree, shelterwood, group selection, and 

single tree removal), and both even-aged and uneven-aged management. To date, available 

research has assumed a density of 0.8 hares/ha for all partially harvested stands, regardless of 

stand composition (hardwood dominated, softwood dominated, or mixed wood), time since 

harvest, or silvicultural objectives. This hare density estimate was developed by sampling a group 

stands that represented the range in conditions likely to be present in stands subject to partial 

harvest (including hardwood dominated stands), but were not intended to be a random sample 

of partially harvested stands across the landscape (Robinson 2006). MDIFW believes that 

applying a single hare density estimate to all stands subjected to partial harvest greatly 

oversimplifies the complex relationships between initial forest stand conditions, site quality, 

harvest methods, stage of regeneration, and hare densities. 

 
Although we acknowledge that many ‘partially harvested’ stands likely have low hare densities, others 

may have densities comparable to clearcuts at a similar stage of regeneration. Although sample sizes 

were relatively small, in some cases stands harvested with shelterwood techniques have exhibited hare 

densities only slightly below densities in regenerating clearcuts (Robinson 2006). More recently, hare 

density in a small sample of stands harvested with shelterwood methods remained stable, and in some 

cases increased, even while hare densities in regenerating clearcuts declined; as of 2011 these stands 

exhibited hare densities approximately 2X those in regenerating clearcuts (Scott 2009, D. Harrison, 

unpublished data). Although we believe further research is required, the available evidence suggests, 

and the SSA acknowledges (page 80) that conifer dominated stands that are regenerated using 

shelterwood methods likely create high-quality hare habitat. In fact, at the within home-range scale, 

lynx selected some partially harvested stands more strongly than regenerating clearcuts, and 

encountered hares with similar frequency in partially harvested stands and regenerating clearcuts 

(Fuller et al. 2007). 

 
Over the past 25 years, shelterwood methods have gradually replaced clearcutting as the primary 

harvest approach in stands managed using even-aged methods (Maine Forest Service, unpublished 

data; Fig. 2).  Within Aroostook, Piscataquis, and Somerset Counties, which comprise the majority of 

lynx range in Maine, the average annual acreage harvested using an initial shelterwood entry during 

2003-2015 was 91% of the average annual acreage harvested with clearcuts from 1982-1989 (Maine 

Forest Service, unpublished data; Fig. 2). Overall, the total acreage in the spruce-fir forest type within 

northern Maine has been increasing since 1995, and the acreage in regenerating young conifer sapling 

stands (0-30 years) has remained stable (Maine Forest Service unpublished data; Table 1) 

Given the continued prevalence of even-aged forest management in northern Maine, continued 

availability of regenerating conifer stands, and evidence which suggests that hare densities in some of 

these stands may be similar to, or in some cases even exceed densities in similar aged regenerating 

clearcuts, we believe that the conclusions made within the SSA regarding future habitat supply for lynx 

in Maine are premature. More research is required to determine the impacts of the complex suite of 

forest management practices currently in use across lynx range in Maine on current and future hare 

densities, and on habitat supply for lynx. 
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Figure 1. Annual forest harvests (in acres) within Aroostook, Somerset, and Piscataquis 

counties in Northern Maine from 1982-2015 by silvicultural method. 
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Figure 2. Average annual forest harvests (in acres) within Aroostook, Somerset, and 

Piscataquis counties in Northern Maine from 1970-2015 by time period and silvicultural 

method. 

 

 

Table 1. Estimates of timberland acres by 4 Age Groupings in Northern Maine (Aroostook, 

Piscataquis, and Somerset Counties) for the Primary Spruce/Fir Forest Types in selected 

inventory years of 1995, 2005, 2010, and 2015; Maine FIA data, EVALIDator download. 

 

 

 
Inventory 

Year 
Ending 

Regenerating 
Young Conifer 

(Saplings) 
(0 - 30 Years) 

 
Poletimber 

Stands 
(31 - 60 Years) 

Mature 
Sawtimber 

Stands 
(61+ years) 

 
Mixed 
Age 

(Unassigned) 

 
Total 

Timberland 
Acres 

1995 719,739 243,423 1,029,482 523,088 2,515,732 

2005 1,150,974 559,407 1,046,192 - 2,756,573 

2010 1,138,944 768,442 852,151 - 2,759,537 

2015 1,062,863 990,338 851,261 - 2,904,462 
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Hare Population Trends – Pages 80, 106, 109, 113, 117, 162, 169, 172, 181 

MDIFW does not agree with numerous statements in the SSA that suggest that sufficient scientific 

evidence is available to conclude that hares have declined at the landscape level in the northern Maine 

unit and have remained low since 2006. Scientific information on recent hare population trends in 

Maine are limited to 4 stand types:  regenerating conifer stands 19-40 years post clearcut, stands 

subject to overstory removal and shelterwood retention harvests, stands subject to selection harvests, 

and mature softwood/mixedwood stands (Homyack et al. 2006, Robinson 2006, Scott 2009, D. Harrison 

unpublished data). These data include a time series of hare densities in regenerating clearcuts from 

2001-2015, hare densities in selection harvested stands from 2005-2015, mature stands from 2008- 

2015, and shelterwood/overstory removal stands from 2005-2011. Although hare densities in 

regenerating clearcuts were substantially lower in 2007-2015 than in 2001-2006 and this could be 

indicative of a landscape level hare decline, long-term trends in the other stand types are less apparent 

because monitoring did not begin until 2005 or 2008. However, although sample sizes are small, hare 

densities in stands subject to shelterwood and overstory removal harvests more than doubled from 

2008 to 2011. As of 2011 (the last year of monitoring in this stand type), hare densities in these stands 

were~2X those in regenerating clearcuts (D. Harrison, unpublished data). Given the prevalence of 

shelterwood harvests in northern Maine during the past 25 years (Fig.1, Fig. 2), and the fact that stands 

harvested with shelterwood methods in the mid-1990s may only now be reaching a stage where they 

provide ideal hare habitat, we believe that more information on hare densities in these stands is 

required before conclusions can be reached about landscape-level hare densities and population trends 

over time. At the very least, statements in the SSA such as the following (page 172) should be modified 

to reflect that hare monitoring has occurred in only certain stand types, and that hare density in some 

stand types has remained relatively stable or even increased since 2009: 

 
Snowshoe hare density declined by 69.3 percent from a period of high hare density in 

2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 

density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest 

stand types and across a broad geographic area of Maine (Scott 2009, p. 36) and the 

adjacent Gaspe region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). 

Hares remained at these lower numbers through 2013 (D. Harrison, University of 

Maine, unpublished data). 

 
Changes in Forest Composition – Page 83, 174 

The SSA implies that intensive harvests and shorter rotations have resulted in a decline in preferred tree 

species for hare and lynx, and an increase in early successional species favored by frequent harvest 

disturbance, such as red maple, paper birch, aspen, and balsam fir. The SSA also suggests that spruce/fir 

forests have already declined and will decline more dramatically over the next century due to climate 

change. In reality, over the past 20 years the only early successional tree species that has increased 

across all size classes is balsam fir, which is often a major component of the dense regenerating stands 

that are preferred by hares (Maine Forest Service, unpublished data; Fig. 3). Red maple and paper birch 

have declined across all size classes. As noted above, total acreage in the spruce/fir forest type has 

actually increased since 1995 (Table 1.) 
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Northern  Megaregion - 20-Year change  in the  percentage share  of 4 early 

successional  species,  out of all live trees (1.0"+ DBH), by tree size  classes 
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   Sapling     Poletimber     Sawtimber   
balsam fir   9.0%     10.1%     1.1%   
red maple   0.4%     -0.3%     -0.4%   
paper birch   -2.6%     -0.7%     0.2%   
aspen   -2.2%     -1.4%     2.3%   

Figure 3. 20-year change in the percentage change of early successional tree species out of 

all live trees in the Aroostook, Somerset, and Piscataquis counties, Maine. 

 
Current and Future Lynx Population Trends – Pages 99, 108, 113, 162, 169, 176, 181 

Due to the uncertainty we believe exists with current and future landscape level hare densities in 

northern Maine, the reliance of recent lynx occupancy and population modeling on assumptions of hare 

densities in different forest stand types, and misrepresentations of changes in the composition of the 

forest in northern Maine, we believe that the SSA conclusions on current and future lynx populations 

trends in Maine may not be accurate. 

 

Scientific data on lynx demography in Maine is limited to a study conducted by MDIFW within a ~400km2 

study area from 1999-2011. A Vortex population model based upon these data indicated that, on 

average, the lynx population was increasing throughout this period (Vashon et al. 2012). This model has 

been reviewed and accepted by the USFWS, and is supported by winter track surveys which indicate an 

expanding lynx population in Maine (MDIFW, unpublished data). Although reproduction appeared to 

decline from 2006-2009, by 2010 reproduction had recovered, potentially in response to increasing hare 

densities in shelterwood stands (Vashon et al. 2012). Therefore, we question the unpublished model 

referenced in the SSA (page 83), which apparently uses the data from Vashon et al. (2012), but 

concludes that the lynx population is currently declining. 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  
Page 30 

 

  

 

In addition to making assumptions about current lynx population trends which we believe are not 

supported by the available data collected by MDIFW, we feel that that more research is required on 

hare densities in forest stands harvested with shelterwood methods before relying on models that 

predict future habitat supply for lynx to infer potential population trends. Although hare densities in 

the large clearcuts created during the spruce budworm epidemic during the 1970s and 1980s will 

certainly decline in the future, we believe that other stand types may be able to support relatively 

high hare densities for the foreseeable future (see above). However, we acknowledge that the 

reduced parcel size of these stands could reduce lynx foraging efficiency compared to large 

regenerating clearcuts. 

Therefore, we urge the USFWS to reconsider the conclusions in the SSA regarding future trends in 

lynx habitat, and acknowledge the complexity and uncertainty of this issue. 

 

Summary of MDIFW review 
 

In conclusion, we agree with experts regarding a key statement in the SSA: in the near future (mid- 

century), climate change will not significantly diminish resiliency of the lynx DPS. MDIFW 

acknowledges more uncertainty in long-term projections of lynx resiliency in the DPS at the end of 

century as reflected by the highly variable opinions of experts. However, we are concerned with 

statements in the SSA that imply more certainty in the long term climate predictions and urge careful 

reconsideration. 

We disagree with statements made throughout the SSA that imply Federal land ownership or 

assurances are necessary for long-term persistence. This approach discounts the efforts of states and 

private land owners that have effectively benefitted lynx at the edge of their range. The SSA notes 

that the present status of lynx populations and habitats in the DPS is likely comparable to historic 

levels. 
 

The SSA frequently cites information from models or hypotheses by researchers that are not 

supported by field data.  Early models constructed on limited data may be in error.  We urge the SSA 

to rely more on current information as the best available science. Earlier predications sometimes 

conflict with recent findings. Notably, the omission of (1) current data on lynx occurrence and 

occupancy models and (2) Maine Forest Inventory Assessment (FIA) data is problematic. These data 

conflict with both snow (Gonzales and Hoving) and habitat models (Simons 2009) referenced in the 

SSA. Maine FIA shows lynx habitat in Maine has continued to increase:  a complete contradiction of 

conjectures in the Simons (2009) model and uncited statements in the SSA that infer habitat for lynx 

in Maine is currently declining. Inaccurate interpretations of lynx reproduction and survival rates 

determined by MDIFW, published population estimates for Maine (Vashon et al. 2012), and Vortex 

Population models by MDIFW need correction in the SSA. 

Throughout the SSA, but especially in Chapters 3 and 4, statements are made without citations. If this 

is to be an objective science-based document, these statements need specific references to be valid. 
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Chapter 3 (Factors Affecting Long-term Viability of the DPS) considers only adverse factors. We urge 

USFWS to balance the discussion by giving due attention to factors that have been beneficial to lynx in 

the DPS. Many of the risks (e.g., mining, pre-commercial thinning, windpower, land development, 

etc.) have little information, no documented impacts to lynx, or are not significant issues in the DPS. 

Speculation not supported by facts is inappropriate. We urge careful review of these statements 

before public review and decision-making. 

In Chapter 4, the intent is to describe current conditions. However, references to future conditions 

are intermixed. This is confusing and misleading. Please omit references to evaluations of the DPS in 

the within this section. 

 

Finally, we strongly endorse major conclusions in the SSA that (1) the initial threat for listing the lynx 

DPS has been met; (2) that the DPS currently is resilient, redundant, and representative; and (3) 

although there is tremendous uncertainty with long-term projections, we agree with the EEW experts 

that in the foreseeable future (at least through the next 25 years) lynx status is secure in the DPS. 
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MAINE FOREST PRODUCTS COUNCIL 

The Maine Forest Products Council (MFPC) is a not-for-profit trade association formed in 1961. The 

Council represents all segments of the forest industry in Maine, including logging contractors, sawmills, 

paper mills, biomass energy facilities, pellet manufacturers, and the owners of more than nine million 

acres of commercial forestland in Maine. 

We appreciate your invitation to review the draft of the Lynx Status Assessment from the U.S. Fish and 

Wildlife and provide perspective on the sections dealing with forest management and land ownership 

trends in northern Maine. 

Comments about specific provisions are addressed in the attachment, but our primary concern is that 

the assessment does not accurately capture the dynamics of timber harvesting activities in Maine, omits 

significant information and uses vague terminology, including: 

• The document presents no measure of the quantity or quality of current lynx habitat and only 

contains vague references to “current unnaturally high amount and distribution of high- quality hare 

habitat.” 

• “Partial cutting” is a vague term referenced throughout the document but it is not a habitat type 

or a silvicultural system. Clearcutting and shelterwood are both even-aged management systems that 

can produce suitable hare/lynx habitat. 

• Ownership boundaries do not “fragment habitat” and implications to the contrary are false. 

• Short-term market trends, such as Maine is currently experiencing, should not be extrapolated 

too far into the future. Overall, Maine’s forest products industry has markets for a wide variety of 

species. The most important fact for lynx and all other species is that the forests of Maine will continue 

to be actively managed for forest products and all of the associated societal benefits including wildlife 

and fish habitat, clean air, clean water and outdoor recreation. There is no trend away from that. 

• Landowners are not or should not manage for a single species such as the lynx, as implied by 

this narrowly focused document. The variety of ownerships and owner objectives across northern Maine 

are what provide for a landscape scale diversity of habitats. 

• The impact of landowner objectives and the negative impact of development is speculative and 

not supported by data. Market demand, economics, infrastructure, and regulations are not adequately 

considered when discussing development nor is research presented that documents the implied 

negative impact of development on lynx populations. 

MFPC research, compiled for a presentation to LUPC in 2015, showed that 95 percent of building 

permits for the Unorganized Territory were within one mile of a public road, and interior permits were 

tracking at one per township per decade. As the chart at right shows, that pace has been diminishing, 

not increasing. This area will remain unfragmented and a unique habitat for a variety of species in a 

working forest environment. 
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It’s true that from the 1990s and into the early 2000s, clearcutting represented a small percentage of 

the total acres harvested in Maine (13,838 acres/2.4 percent). However, the status assessment doesn’t 

take into account the fact that large landowners have increasingly recognized the need to manage their 

forests on a stand basis and not break up stands into smaller chunks through “FPA (Forest Practices Act) 

avoidance” harvests, either heavy partial harvests or small clearcuts separated by the minimum required 

separation zones. 

In 2015, clearcutting took place on 25,082 acres, 6.3 percent of total acres harvested. Over the same 

period, average clearcut size on the larger ownerships has increased from 24 acres to 36 acres. 

The number of Category 3 clearcuts (76-250 acres) has increased from two -- covering 174 acres -- to 42, 

covering 5,659 acres. The introduction of Outcome Based Forestry (currently three landowners who 

collectively manage more than 1.5 million acres) has further reduced the disincentives for landowners to 

create silviculturally appropriate clearcuts. Many large landowners are already taking steps to anticipate 

the arrival of the spruce budworm and initiating clearcuts to remove older spruce and fir stands. 

The concern in the assessment regarding the significant increase in partial harvesting is not justified. 

Final entry shelterwood harvesting (aka overstory removals) accounted for 109,882 acres of the total 

harvest in 2015, or 27.4 percent. An overstory removal generally takes place when the understory is 

adequately regenerated, and softwood trees are at least three feet in height and/or hardwood trees are 

at least five feet in height. The post-harvest conditions in an overstory removal look remarkably like a 

clearcut that has regenerated naturally or been planted and provide hare cover. 

In regard to forest certification, the same certification standards that require forest landowners to 

consider threatened and endangered species in their management actions also require them to consider 

and manage for the protection and enhancement of high value conservation forests, aka late 

successional/old growth forest. This requires certified land- owners to consider the needs of species 

across the spectrum of forest age and size classes, not just focus on a single species. 
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Finally, this report should do a more thorough job of ranking the threats to hare and lynx habitat and 

provide adequate documentation to support the ranking. 
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MICHIGAN DEPARTMENT OF NATURAL RESOURCES 
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MINNESOTA DEPARTMENT OF NATURAL RESOURCES 

We appreciate the opportunity to review the draft Lynx SSA and hope our comments are useful to the 

review process.  We do have a variety of concerns and suggestions, some editorial and some 

substantive.  We recognize many of the comments are critical of a variety of statements and 

conclusions, but do wish to stress that our intent is to improve the scientific credibility of this document 

and any conclusions that may arise from it.  We recognize the tremendous effort that went in to 

preparing this and the difficulties in conducting such work in the face of much uncertainty, regulatory 

frameworks, and time limitations.  We commend the effort even though we may disagree with many 

conclusions.  We also realize that some of our structural or organizational suggestions may not be 

consistent with your current SSA process guidelines/rules, but nevertheless chose to offer those 

concerns and suggestions herein.   

We will start with some overarching thoughts as well as concerns on a few mechanistic ideas that are 

woven throughout nearly all areas of the document. 

1) We believe this document could be reduced in length by 50% or more by reorganizing it and 

reducing speculation and redundancies.  There are so many points in the document, many 

speculative, which are repeated dozens of times that it detracts substantially from the 

usefulness and readability.  If there are points that are repeated so often, then in our opinion 

that point should become a heading with 1 clear and concise discussion of why it’s relevant, and 

all supporting literature.  An example is the argument about bobcats increasing and 

outcompeting lynx.  Later we will question the merit of this idea some, but this idea is 

mentioned MANY times in various sections.  If it is believed to be so relevant, then it needs to be 

a focal section, thoroughly critiqued in 1 spot, and then dropped.  We would also add that we 

even question the need for Chapter 2.  We don’t see this as a broad literature review document 

for lynx or hares.  It should have a much more targeted focus on current status and projected 

changes, reporting only literature that is directly related to any proposed cause-effect process 

you deemed to be of relevance to future changes.  And importantly, these literature sources 

should be thoroughly critiqued, not just reported.  We recall few instances of actual questioning 

of the merits of any study, unless there was already another citable article published that 

challenged it.  Every study should be independently critiqued if it is a study used as the 

mechanistic basis for some proposed future change. 

2) We question why climate change (or Vegetation Management, Wildland Fire, etc) needs to be a 

specific section in this document.  It leads to a much broader discussion of these topics than 

necessary, lengthens the document noticeably, and we would argue it detracts from what 

should be a more complete and mechanistic discussion.  To be fair, under many of these 

sections you do use sub-headings focused more on the mechanistic relevance to lynx (e.g., hare 

habitat).  But forcing these ideas into, for example, a Climate Change section leads to too much 

superfluous general climate change discussion, in our opinion leads to a tendency to ’force’ a 

climate explanation on every observation at the expense of other possible hypotheses, too 

often separates potential positive and negative impacts for any category, and leads to far too 

much conjecture.  We question the usefulness of any paragraph filled with “might”, “could 

potentially”, “is thought to”, “he/she speculated that”, “may have effects”, etc.  We certainly 
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understand the document needs to consider threats and must involve some speculation, but 

speculation should not be pervasive, and it also needs to consider possible positive or mitigating 

aspects of “change” that could offset threats and include all ‘reasonable’ hypotheses for an 

observation besides just a climate explanation, etc.  And for each topic, this balanced 

assessment needs to be in 1 place only.  For example, a focus on “Changes to Hare Habitat” 

should be a main section heading that includes relevance of climate change, vegetation 

management, and human encroachment (as opposed to these being in separate discussions).  

3) To summarize much of the above, we would suggest that the non-process-oriented portion of 

this document should start with what is now Chapter 4 – provide the best available information 

on ‘where we are’ today, and how it compares to the past.  Then a shorter chapter to explain 

how you reviewed the literature, laying out what you or others conclude are the key factors that 

are relevant to the near future (e.g., hare abundance/distribution, lynx denning habitat?, 

human-caused lynx mortality, connectivity of populations, competitors, etc).  List only the 

strongest citations for each of those mechanisms so others can determine if they agree on the 

merits of the study.  Then the last chapter tackles potential changes (positive and negative) for 

each of those ‘change mechanisms’ (e.g., hare habitat, etc.) in succession, including anything 

related to climate, development, or veg management in the same section.  Projections should 

focus only on perhaps the next 20-30 years (see our next comment), and be based largely/only 

on specific attempts that have been made to quantify/map projected changes (not just purely 

speculative “could effect”, “might happen”, statements).  Each sub-heading in this category 

should end with a final ‘net conclusion’ for this variable.  This will then further allow a critique 

by others on the ‘trustworthiness’ of the projections. 

4) We’re sure we are paraphrasing here (or maybe you would just disagree), but we would 

summarize your conclusions like this:  lynx distribution/numbers now may not be so different 

than historically, with perhaps some lynx reductions in places, but possibly some increases 

(Maine).  But the 3 R’s are pretty good at this time. In the near future (next 20-40) years, things 

may not change that much, but possibly some reductions in some units.  But things look bad 

further out (by turn of century), largely (but not solely) a result of climate change.  We do not 

know how far out you are REQUIRED to consider, but regardless of whether this scenario proves 

accurate or not in the future, we would argue that ANY prediction this far out should not be 

considered trustworthy.  The uncertainty here is enormous, and we do not feel it is often 

properly acknowledged, and in fact sometimes implied, with your word choices, not to exist.  

We’re not cynical of climate change, but very skeptical of our ability to predict the actual future 

for specific species in specific areas.  There is uncertainty in the climate scenarios, uncertainty in 

our knowledge of the relevant biological mechanisms, and it fully ignores (or at least can’t know) 

other non-climate changes (bad or good) that could occur (adaptation, mitigation, economic 

forces that affect habitat and populations, global politics, etc.).  With all this uncertainty, we 

disagree that a Species Status Assessment with many potential implications should have so 

much speculative leeway that far out in time.  If that much speculation is allowed, one could 

easily construct a positive or neutral scenario that far out, at least in terms of the climate angle 

(e.g., see the book “Landscapes and Cycles” by Jim Steele – not that our mention of this is an 

endorsement of any specific idea he presents). 
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5) Smaller point, but the Literature needs to be cleaned up.   We did not even cross-check a 

majority of the citations, but it was not uncommon when we did to find some error (e.g., year 

mismatch) or omission (a listed citation not in the Lit Cited). 

Because some of the future threats you identified hinge on mechanisms you suggest will change as a 

result of climate change, and they are repeated in many places, we will focus our next set of comments 

on some of those ideas and where we either disagree or at least feel the idea is not sufficiently 

critiqued.    

Lynx need deep/fluffy snow or bobcats can’t catch hares in it 

 Certainly no disagreement from us that lynx have adaptations for deep snow, but this is not an 

argument that they NEED or REQUIRE it as often stated or implied.  Also safe to say there is a 

good CORRELATION between lynx distribution and deeper/fluffier snow. But: 

o We are unaware of any study that rigorously disentangles the correlation between lynx, 

snow, boreal forest, roads/humans, and hares.  They clearly need hares, which appear 

to do best in boreal-like forest, which is found where there is deep/fluffy snow and 

fewer roads/humans.  Lynx obviously can catch enough hares during the 7 or so snow-

free months of the year to clearly demonstrate they don’t need snow for that purpose. 

o Even in northern areas with ‘great’ snow conditions, lynx still  ‘crash’, suggesting that 

snow per se is not the driver of the decline (even if it may influence synchrony or lynx 

ecology). 

o On p. 61, you mention Stenseth et al. (2004) saying only that they estimated that snow 

density affects lynx hunting success – no details.  It is not until 6 pages later (p. 67) that 

you add the note that they estimated that lynx hunting efficiency for hares may be 

HIGHER in compacted snow than fluffy snow (if nothing else, this is another example of 

why combining points into more focused sections is needed).  Our main question, 

however, is why you take a result that could be considered a positive (or at least 

mitigating) ‘response’ to the supposed negative effects of climate-induced increases in 

snow density, and immediately try and assume a negative effect.  Specifically, on P. 67 

you state that this higher hunting efficiency by lynx on compacted snow may cause a 

(positive) numerical response by lynx, but you quickly follow with the assertion that this 

could actually be bad (drive hare population to low levels), citing Stenseth et al. (2004, 

10633).  I found no such suggestion in that paper, and more importantly, it would be 

speculation only and ignore the fact that for hundreds of years lynx (along with other 

variables) have already been driving hares to low numbers (i.e., the hare cycle) without 

negatively affecting long-term hare persistence.  More compaction is bad because lynx 

will eat too many hares, and by reverse inference, if snow got increasingly deep/fluffy 

they wouldn’t be able to catch enough.  So any change from right now is bad??? 

o A possible response to this concern is that maybe it’s hares that need deep/fluffy snow, 

and not lynx per se.  We will discuss the color mis-match idea next, but outside of 

maybe that we find little data to suggest hares do NEED a specific depth/type of snow.  

Once again, we obviously know hares have persisted in spite of 7-8 months of snow-free 
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conditions.  Even in the boreal forest, hares experience high mortality from a wide 

variety of mammalian and avian predators, yet they have evolved to ‘deal with this’ and 

persist where habitat is good.   It would appear that the strongest case to be made is 

that cover type (e.g., spruce/fir or similar coniferous/mixed) and horizontal complexity 

is the primary driver behind their distribution, not snow or presence of only a certain 

number (or species) of predators.  

o The color mis-match idea is certainly an interesting one that does relate directly to 

snow.  And there is now some data suggesting differential survival of hares based on 

color mis-match (presumably this would have been the finding 100 years ago as well, 

since snow has always been variable in timing and not all hares turn white on November 

1st).  But to go beyond that and suggest long-term population consequences is 

premature, and we would argue not very intuitive.  The fact that there is wide individual 

variability in the timing of pelage change (p. 68), combined with hares being an r-

selected species (i.e., high reproduction and well adapted to deal with fluctuating 

environments), suggests to us that there is a high likelihood that timing of coat color 

change will evolve if snow conditions change.  At the southern edge of their range, snow 

conditions have likely fluctuated for eons.  Ignoring that for the moment, we would say 

that the way to describe the Zimova et al. (2016) conclusion on p. 68 would be that IF 

there is no selection operating on the timing of molt, and IF there is no compensatory 

reproduction/mortality in response, and IF the high-emissions scenario happens, then in 

maybe 80 years or so hare population growth might drop below 1.0 (they do not 

estimate it would drop below 1.0 in the moderate emissions scenario as you state).  Is 

this really something to base management decisions on?  Even in the absence of climate 

change, one can come up with theoretically-possible 'disasters' for any wildlife 

population/species, but it doesn’t mean they have much applied value now.  

o This point relates both to the above discussion as well as the competitive exclusion idea 

we discuss next.  But on p. 66, with similar statements scattered in dozens of places, you 

state that “Bobcats…..are unable to hunt hares successfully in areas with deep/soft 

snow”.  You list 2 citations, and we would say that neither contains any data (nor cites 

any) demonstrating variable hare hunting success by bobcats based on snow conditions.  

We already know that in notable parts of lynx range, coyotes and lynx are coarsely 

sympatric and both species prey extensively on hares.  In examining Figure 5.1 of Krohn 

et al. (2005), it would appear to us that if the foot loading – leg length arguments were 

drivers here, bobcats should be more equipped to pursue hares in deep snow than 

coyotes – they have similar leg length, but lower foot loading.  We see little data to 

support the conclusion that snow, at least via its effect on hare hunting success, is solely 

or even largely responsible for the mostly allopatric distributions of lynx and bobcat. 

 In this same sentence, you state that bobcats “….experience high mortality in 

deep snow winters (Litvaitas et al. 1986, p.116)”.  This citation is not in the Lit 

Cited, but we think we know what it is and on p. 116 there is no such statement.  

They do mention that snow may affect mobility of bobcats, and one of the 

citations they list (Petraborg and Gunvalson 1962) does anecdotally suggest 
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bobcats can become stressed during severe winters, but that much of the actual 

mortality was attributable to vulnerability to human-caused mortality in those 

situations.  And even then, no evidence that bobcat populations were then or 

shortly thereafter excluded from those areas.  So unless we missed something, 

we don’t see much data to support the claim that bobcats experience high 

natural mortality directly from deep snow. 

o We’re speculating more now (but see p. 69 in Werdelin. 1981.,  Ann. Zool Fennica 18:37-

71), but while bobcats are certainly less-adapted to deep/fluffy snow than lynx, we 

believe reduced prey diversity in northern areas may be more limiting to bobcats than 

snow directly.  From our limited understanding, Eurasian Lynx are the precursor to both 

species, and the first wave of arrivals to NA came south, glaciers eventually restricted 

them from the north, and they evolved into bobcats in an area with more diverse prey 

(and less snow).  The second wave of Eurasian Lynx immigrants arrived in the north after 

the glaciers, and already snow-adapted, but lacking a similar-sized prey than they were 

accustomed to (roe deer).  Hares were the most abundant and closest-sized option, so 

Canadian lynx evolved as ‘hare-addicts’ in an area with lower prey diversity (and more 

snow, which they were already well-adapted to).  They didn’t later expand further south 

because there were no hares there, and the nearest niches to the south were already 

filled (bobcats, etc).  Our point here is that if anything occurs to cause hare habitat to 

contract northward (for any reason, including climate change), we agree that it is likely 

to impact southern lynx.  But we see little data to support the notion that snow will 

change and all of a sudden allow bobcats to move in and either kill lynx or outcompete 

them for hares.  Kapfer (2012) concluded that snow and temperature did not appear to 

be directly limiting bobcat distribution in MN, and found more support for deer density 

limiting the northern edge, and others have also recognized the likely importance of 

ungulates to northern bobcats, especially in more severe winters (see discussion in 

Anderson and Lovallo 2003).  So while snow could still be a relevant indirect variable (if 

changes allow deer increase), we would argue that whether bobcats advance northward 

in meaningful numbers will be as or more dependent on whether non-hare prey 

diversity/density increases in those areas than on snow conditions directly.  As such, and 

with no clear data to suggest bobcats will kill lots of lynx, we currently doubt the merits 

of the lynx-hare-bobcat competition argument.  We recognize the largely speculative 

nature of our own comments here, but as we have argued above, we believe these 

ideas are no less supported by data than some of the existing arguments in the 

document. 

Competitive exclusion 

 Some of our above points are relevant here as well, but a few additional notes.  The idea of 

outcompeting or excluding is based on the premise of overlap, at least initially.  If lynx range 

were to contract (say because hare habitat contracts), and bobcat expand into areas lynx USED 

to be, then they remain allopatric and competition or exclusion is not relevant.  So in using these 

terms, it assumes bobcat/coyotes/etc invade lynx-occupied areas first, kill or outcompete them 
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for hares, thereby excluding or notably reducing lynx from areas they would otherwise have 

remained.  To this idea: 

o The primary study commonly pointed to for bobcats excluding lynx is Parker (1983) on 

Cape Breton Island.  In that paper the authors do not provide any data demonstrating 

that bobcats excluded lynx from the lowlands, they just point to an apparent correlation 

when in 1955 a causeway way built, bobcats apparently crossed, and lynx were 

eventually found primarily in the highlands.  But there is no data provided to clearly 

demonstrate lynx were present in notable numbers in the lowlands prior to that, or 

what the actual mechanism may be (did bobcats kill lynx, or eat all the hares?).  

Additionally, a casual review of the history of the island notes that the mining and steel 

industry blossomed after 1900, and that after WWII (when the causeway was built) 

other industry and human development ensued.  Presumably the causeway allowed 

more human disturbances, and possibly more human-caused lynx mortality, starting in 

1955.  The authors state in their paper that “Whether the decline in lynx densities was 

coincidental with the dispersion of bobcats or a direct result of that phenomenon is 

uncertain”.  And in a 2001 Nova Scotia Lynx Status Report, the same author reports that 

“there is no historical correlational evidence that either [bobcats or coyotes] has 

adversely affected lynx densities or range limits in the past 20-30 years”.  Given the 

publication date, that would refer back to either 1970 or 1980, so it is not necessarily 

inconsistent with the earlier speculation (which referenced 1955 up until the 1983 

article).  But there is some inconsistency, and given their earlier conclusion of “cause 

uncertain”, it is not a particularly well-supported example to serve as the ‘poster child’.  

o We could not retrieve the Robinson 2006 thesis, but the other citation on this point that 

you list (Peers et al. 2017) on p. 66, along with Murray and Boutin (1991) listed 

elsewhere, does provide some evidence of local niche separation with either bobcats or 

coyotes, but importantly these findings come from areas WHERE THESE SPECIES ARE 

SYMPATRIC.  Presumably this is to be expected in that there must be at least some niche 

separation for 2 species to co-exist in the same general areas.  These are important and 

useful studies, but they do not show any demographic effects on lynx nor imply 

“outcompete” or “exclude”, only some degree of coexistence through smaller-scale 

niche partitioning.   

o So collectively, while this may be a reasonable idea to consider, we argue it currently 

has little solid data behind it.  Yet you probably state or infer this “outcompete or 

exclude” concept dozens of times. 

Are disturbances good or bad? 

 Starting on p. 70 you discuss forest disturbance events.  Perhaps because this is in the Climate 

Change section, itself a part of the Threats section, the ‘tone’ of this entire discussion in our 

opinion is negative.  For example, there are a lot of terms like “dramatically affected”, 

“stressed”, “increase vulnerability to”, “extensively damaged”, etc.  We’re not suggesting these 

are incorrect statements where used, but this section does not provide a balanced review of 

how disturbances can be good or bad for lynx or hares.  There is just a theme of negativity 
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because these disturbances may be driven by climate change.  In only 1 place from p. 70-72 is 

there any hint that disturbance can be good for hares/lynx (as well demonstrated in Maine and 

elsewhere), yet this ‘good disturbance’ is quickly turned to a negative point by suggesting this 

particular example of disturbance may not happen again due to climate change.  Ten pages or so 

later (Vegetation Management, Wildfire, etc sections), there is additional discussion of 

disturbances.  We do feel many of those discussions are more balanced, but we strongly argue 

that these discussions all need to be together.  As but 2 examples: 1) on p. 70 you say “Increased 

fire frequency……….could affect connectivity and gene flow in lynx populations”, which hints 

that the assumption is it will be a negative effect.  Then on p. 84 you note that “Because of (1) 

fire’s important role in creating and maintaining high-quality early-successional hare habitat in 

most lynx habitats in the contiguous U.S.,……..”.  These ideas needs to be more concisely 

discussed together, examining net potential changes.  2) On p. 70 you note that “For example, 

drought can weaken trees, increasing their vulnerability to insects and pathogens”, then on p. 

71/2 “Widespread clearcutting following the most recent spruce budworm outbreak in Maine 

was the primary driver creating the current broad distribution of high-quality lynx habitat”, then 

on p. 79/80 “Removal of larger trees from mature multi-story forest stands to reduce 

competition and increase tree growth or resistance to forest insects may reduce the horizontal 

cover (e.g., boughs on snow), thus degrading the quality of winter habitat for lynx”.  Individually, 

each of these statements may have some truth in selected situations, but it is not helpful or 

useful to have them scattered about.  The potential negative AND positive consequences of 

them need to all be in one spot under more mechanistic sections, objectively balanced (even if 

they must be under a “Threats” section).  Headings like “Future Changes to Hare Habitat” are 

more meaningful, where you combine positive and negative possibilities/data related to climate 

change (e.g., disturbances can both create hare habitat or have negative effects), forest 

management (some is good or could mitigate, some can be bad) , human 

encroachment/development (presumably not much good here), etc.  And then each section can 

end with 1 forecast, even if “Too much uncertainty to make defendable predictions of the 

future”.     

Cyclicity is not necessarily “good” 

 There are several places in the document where you state or imply that cyclicity is inherently a 

good thing, or a change to non-cyclic is in itself bad.  Examples include: 

o P. 34 - non-cyclic or weakly-cyclic hare populations are unlikely to allow the rapid lynx 

population recovery observed in northern lynx populations when hare numbers increase 

dramatically after cyclic population crashes 

o P. 65 – The collapse of cycles in herbivores with high-amplitude population cycles also 

would imply collapses of important ecosystem functions such as pulsed flows of 

resources and disturbances throughout the ecosystem, including declines in predator 

communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 

o P. 65 – If diminished amplitude of the hare cycle in Canada persists, it will likely translate 

into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or 

the adjoining U.S. (ILBT 2013, p. 69). 
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 While change from cyclic to non-cyclic (or pulsed to non-pulsed) is certainly a sign that 

something is changing, and possibly an indicator of an emerging concern, we do not find these 

arguments compelling at all.  Average population density will be higher for ‘stable’ populations 

than fluctuating populations (e.g., Boyce and Daley. 1980. Am. Nat. 115:480-491.), all other 

things equal.  This implies lower persistence for fluctuating populations (e.g., Inchausti and 

Halley. 2003. J. Anim. Ecol. 72:899-908.), again all other things equal.  So cyclic behavior can’t be 

considered inherently good (in fact, it can be considered bad) and these statements should be 

removed in our opinion. 

 Diminished amplitude does not necessarily mean there will be less dispersers on average, only 

that dispersal will be less pulsed.  It has flaws for the same reasons above.  Sending out 0 

dispersers for a number of years, followed by 100 for a few, cannot automatically be viewed as 

better than 50 every year (or from above principle, maybe it would be more than the average 

for a fluctuating population).  And since this idea you reported rests on the assumption of 

climate change induced alterations to snowpack and cyclicity, we would note that there is a 

logical but perhaps speculative argument to be made that more compacted snow could increase 

lynx dispersal distances and have positive effects on colonization of patches.....all other things 

equal.    

Hare Range/Density contraction 

 On p. 68, you state that hare range is contracting “….because of changing snow conditions and 

reduced survival because of delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et 

al. 2016a, entire).  Shortly thereafter, “Loss of snow now contributes more than loss of habitat in 

determining the range of snowshoe hares in the Great Lakes region (Sultaire et al. 2016a, 

entire).  We do not believe these are currently defendable statements. 

o While we won’t question the conclusion of a possible range contraction too much, we 

would note that comparisons of finer-scale species presence at 2 distant points in time 

(each based on 1 or 2 years of presence data) is less than desirable for detecting a range 

contraction.  Especially at the edge of a species range, it is highly likely that this has 

always been a fluctuating boundary, so it takes more continuous time series data to 

truly assess a systematic range contraction.  Even if we assume those range contractions 

in PA and WI are accurate: 

 neither study contains any direct data whatsoever to support the notion that it 

is due to reduced survival because of pelage mis-match as you state. 

 In another paper you cite later (Sultaire et al. 2016b), where they included more 

detailed vegetative metrics in their analysis, they state, for example, “As we 

predicted, landscape-scale forest amount and local vegetative cover were 2 

important constraints of the snowshoe hare range limit”.  Vegetative metrics 

constituted 3 of the 5 variables (the other 2 being snow-related) in their top 

model, all 12 of the top models contained vegetation metrics, and no snow-only 

model was even in the top 12.  So even if snow is relevant, clearly so is 

vegetation and it is not mentioned. 
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 Neither area of apparent hare range contraction in those 2 studies seems 

immediately relevant to lynx (you concluded that resident lynx did not 

historically nor do currently occur in Wisconsin, and I’m sure this would be true 

for PA as well).  Range contraction anywhere may still be a relevant observation, 

but we would argue these observations are not very relevant to lynx at the 

moment. 

 In none of the discussion in this section (or those initial 2 papers) do we find any 

consideration of non-snow alternative hypotheses, outside of some discussion 

about predators in one of the WI papers.  This is perplexing in that there are 

other hypotheses that seem just as reasonable as snow, in our opinion.  For 

example, WI and PA are 2 states with the highest deer densities, we know deer 

increased dramatically in many areas from the 1970’s to present, and there is 

extensive literature (including some from PA and WI) on the effects of deer 

browsing on understory (i.e., important hare habitat), and past research to 

support various vegetation connections in the demography of a hare cycle.  In 

WI, the area where hare range is suggested to have declined is also quite 

correlated (based on our visual exam) with the area of WI that has the highest 

deer densities.  And the second Sultaire paper we mentioned above clearly 

found vegetation a relevant explanatory variable.  Other unconsidered and 

speculative but reasonable hypotheses: 1) increasing data (e.g., several MN 

studies) showing the impacts of northern expansion of exotic earthworms on 

forest understory (hare habitat); 2) in PA, there has been notable 

recolonization/expansion of both fishers and bobcats which could play a role in 

hare dynamics; 3) related to #2, we’re not aware of anyone considering the idea 

that as a result of widespread predator reductions that likely had lingering 

effects all the way through the 1970’s, perhaps hares had expanded into areas 

of otherwise marginal habitat, and now some contraction could arise in part 

from natural recolonization of native predators.  While we really don’t want to 

suggest the review needs more speculation, we do believe that your discussion 

here is not supported and should simply say that “There is some evidence that 

range may be contracting (so far in areas not too relevant to lynx), but that the 

cause-effect connections are unknown and could include snow, deer, predators, 

fragmentation, etc., etc.  

 Finally, we would note that while we would not consider our data well-suited to 

examine hare range contraction in MN, data from 2 separate surveys here at 

least does not suggest any ‘lynx-relevant’ contraction of hare range, and more 

importantly, both surveys suggest hare numbers have been increasing for nearly 

20 years in much of northern MN, completely contrary to many of the 

mechanistic suggestions presented in this review (e.g., snow is supposedly 

getting ‘worse’ for hares, bobcats have increased significantly, etc).  The most 

parsimonious albeit speculative explanation for this in MN is a notable increase 

in young forest.   
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MONTANA DEPARTMENT OF FISH, WILDLIFE AND PARKS 

We appreciate that the SSA is organized very well and clearly written. In its treatment of “Current 

Conditions,” the SSA does a thorough and accurate job of assessing lynx status under the 3 R’s— 

Resiliency, Redundancy, and Representation. We agree that these requirements are currently being met, 

as described in the SSA synthesis (Pages 216-217):  

“Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 

withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of individual 

lynx populations and their broad distribution across the geographic scope of the DPS.” 

“There are no indications of current threats to the genetic health or adaptive capacity of lynx populations 

in the DPS, and the current level of representation does not appear to represent a decrease from 

historical conditions.” 

We also agree that the primary threat (and stated impetus for ESA protection) at the time of listing has 

now been addressed, as noted again the in the SSA (Page 217): 

“The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on Federal 

lands, has been largely addressed by formal and binding amendments or revisions to most Federal land 

management plans within the DPS range.” 

We believe that these conclusions, along with other subsequent and perpetual protections, clearly 

obviate the justification or need for further ESA listing.   

We appreciate the Service’s invitation to review the SSA and for the opportunity to provide additional 

input prior to its final publication and use. Below we summarize our concerns and suggestions.  

 

Misrepresentation of Uncertainty 

Unfortunately, the SSA’s forecast of “Future Conditions” is consistently speculative and inadequately 

describes the uncertainty about the risk factors potentially affecting persistence of resident lynx 

populations within certain Geographic Units of the DPS.  For example, the SSA consistently uses “… will 

…” when describing the effect of potential risks such as climate change. This misleading tone overstates 

both the Service’s and the elicited experts’ certainty about how future conditions are likely to affect the 

ongoing presence of the species in the DPS. This is a MAJOR oversight and must be remedied within the 

document if the SSA is going to be accepted as legitimate.  

Attachment A (the expert panel’s responses regarding probability of persistence for each of the 6 

Geographic Units) includes the raw data used to generate many of the conclusions presented in the SSA. 

A review of the responses clearly shows that each panel member, and the group as a whole, expressed a 

great degree of uncertainty about their predictions. For instance, in the Northwest Montana/Idaho unit, 

at year 2100, the range of variation within individual panelists averaged 45 percent (Table 1). Some 

panelists’ confidence in their ability to predict persistence at 2100 in this unit varied by 90 percent. For 

example, expert 8 estimated a 60% probability of persistence and placed their bounds around that 

estimate (certainty) at somewhere between 10 and 90 percent probability of persistence. This occurs 
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throughout Units, and represents a vast amount of uncertainty that is not currently expressed in the 

SSA.  

This uncertainty carried through to the pooled panel summaries. For instance, estimates for likely 

persistence in the Northwest Montana/Idaho Geographic Unit ranged from 10 to 85 percent at 2100 — 

a 75 point spread among panelists. This represents nearly the entire range of possible future outcomes 

given the fact that, as we present below, the option of “100%” probability of persistence is objectively 

unreasonable and that non-zero probabilities of extinction compound over the long term.  

The lack of consistency or confidence in individual predictions was striking. This tremendous range of 

variation in experts’ responses calls into question that input’s value to the assessment, and is 

inadequately described in the SSA.  Input this uncertain and inconclusive should not be used to justify 

continued ESA protection for lynx, especially considering that current populations are generally stable or 

increasing across the DPS and that necessary regulatory protections are now in place. 

 

Problems with Elicitation of Opinion Regarding the Probability of Resident Lynx Population 

Persistence 

Expert panelists were asked to assign a numeric “probability that the XX Geographic Unit will continue 

to support resident lynx” for periods between 10 and 85 years into the future.  We firmly contend that 

the results of this exercise were far more variable and uncertain than currently represented in the SSA.  

We are concerned that the extinction probabilities elicited from the panel are misrepresented in the SSA 

both the likely near and long-term status of lynx in the contiguous U.S. for several reasons.  

1. Participating panelists were chosen because they had specific experience working with lynx in 

(usually) one of the distinct Geographic Units of the DPS. These discrete Geographic Units range 

from inland Maine to central Washington and include dramatically different forest types, 

topographies, ecological communities and levels of connectivity to contiguous Canadian 

populations. There are critical differences in lynx habitat, ecology and status across the species 

range in contiguous U.S. It is therefore appropriate to gather input about the status of local lynx 

populations from panelists who developed their expertise working with lynx in the specific (or 

similar) Geographic Units with which they are expert.  However, it was not appropriate to 

require panelists to speculate about the possible threats to, and likely persistence of, lynx 

populations within Geographic Units with which panelists had little familiarity or direct 

experience.  

The putative threats to lynx persistence the Service and panelists identified were almost all 

environmental and locally unique (e.g., changes in specific forest composition, wildfire behavior, habitat 

connectivity, etc). Despite the fact that few (if any) panelists were expert in the current and prospective 

habitat conditions in every Unit, panelists were asked to assign specific probabilities that lynx 

populations would persist (up to 85 years hence) for all 6 Geographic Units. That input was then given 

equal weight, indiscriminately summarized, and presented as consensus expert opinion.  

2. Participating experts were asked to speculatively assign precise numeric probabilities that a 

Geographic Unit’s resident lynx population will persist. These risk probabilities are highly 
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uncertain and the panelists simply did not have the data or expertise to accurately assign them. 

Specifically, experts in lynx ecology were asked to assign probabilities of extinction based on 

emerging climate science.  To be clear, none of the experts challenged the fact that a changing 

climate will affect the composition and quantity of future lynx habitat. However, it was 

unreasonable to ask the panel to guess at the specific probability of a Unit’s population’s 

extinction due to climate change over the next 85 years.  

The SSA then proceeds to statistically summarize this speculative input – e.g., “All experts predicted 

near-term (year 2025) persistence probability >= 95%, mid-century persistence at 70% to 100% (median 

= 90%), and end-of-century persistence probabilities >= 50% (median =78%)…” –as if those opinions were 

based on their objective analysis of the various climate scenarios’ effect on lynx habitat conditions. This 

objective analysis has simply not been done for most Geographic Units.  It is misleading to imply that the 

panelists were predicting anything more than “climate change poses some unknown level of risk to long-

term lynx persistence”.  

3. The question was also presented as a binary—“will XXX Geographic Unit continue to support 

resident lynx”, or not, at some point in the future. Nearly all expert panelists were scientists long 

trained to acknowledge uncertainty. Stochastic and systematic extinction risks exist in nearly all 

ecological systems and for most species. There is clearly a non-zero probability that any given 

Geographic Unit will cease to support lynx at some time in the next 85 years. It’s also 

mathematically true that if one believes there is any chance an irreversible factor (e.g., climate 

change or hybridization) poses a risk to persistence, the chance a local population will become 

extinct necessarily compounds over time—that is, if there is a 10% chance that something will 

cause a local extinction during a 10 year period, there must be a greater probability that the 

event will occur sometime during an 85 year period. 

Most panelists acknowledged that there are certain one-way threats to lynx persistence that could 

(however likely) cause local extinction. The cumulative probability of extinction must, therefore, 

increase over time. Experts were left no choice but to plot increasingly pessimistic probabilities of local 

persistence even though they had no way of assigning accurate probabilities to the several identified 

risks. The SSA presents plots showing significant and increasing long-term extinction risks that are an 

inevitable product the question itself and how it was asked. 

 

Decline vs. Extinction 

The SSA is focused on whether the population “will decline” instead of whether the population is “likely 

to become extinct” (i.e., p. 10, Future Conditions). The ESA is not invoked simply due to a population 

decline, but it may be if a decline is likely to lead to an extinction. The SSA suggests (with scant evidence, 

above) that the expert panel agrees that certain populations within the DPS are likely to decline. 

However, the panel was not, in fact, asked to evaluate the probability of those declines. Instead, the 

panel was asked about “probability of persistence” (see Attachment A), which is the correct measure 

under the ESA and should be the focus of the SSA. There was a great deal of uncertainty expressed in 

each of the expert panel member’s responses, as well as among experts, about the level of risk to, and 

likelihood of, persistence of populations within certain Geographic Units of the DPS. A clear 
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acknowledgement and description of that variability and uncertainty is presently absent from the SSA. It 

was not the expert panel’s consensus view that resident lynx populations are unlikely to persist in the 

DPS in either the near or long term.  

 

SSA Procedure and Use of Opinion Rather Than Science  

We are concerned that speculative opinion, even from species experts, is being held as equivalent to 

objective science for the purpose of the SSA and 5-year status review.  The SSA states that “This report 

represents the Service’s evaluation of the best available scientific information, including the formally-

elicited professional judgments and opinions of recognized lynx experts” (p. 5). This statement equates 

"formally-elicited professional judgments and opinions of experts" and "best available scientific 

information." The panel of lynx experts are invaluable in describing the current status of lynx across the 

DPS and in identifying likely threats to and protections for the species. However, the standard by which 

to assess future threats and likely species status should be objective scientific analysis, not ad hoc 

speculation by a group of experts that often lack adequate data or local expertise. 

 

Unjustified Designation of the Greater Yellowstone Area as a Lynx Unit 

The SSA accurately describes the lack of high quality lynx habitat within the GYA. Of all the described 

DPS Geographic Units, it is clearly the one least likely to support persistent resident lynx populations, if it 

ever has. Therefore, we strongly feel that the GYA should not be designated as a lynx DPS Geographic 

Unit nor should the area be a focus of future recovery efforts.   

That said, the SSA fails to consistently recognize that the additional regulatory protections extended to 

lynx as a result of the 2015 settlement agreement applied not only to identified Lynx Critical Habitat in 

the Northwestern Montana/Northeastern Idaho Geographic Unit but also to Critical Habitat within the 

Montana portion of the GYA Geographic Unit. 

 

Misrepresentation of the Garnet Range Data as an Indication of NW MT/ID Unit Trajectory 

The SSA repeatedly implies that the possible loss of lynx in the Garnet Range is evidence of a concerning 

decline within the Northwest Montana/Idaho Geographic Unit. At the same time the SSA speculates that 

peripheral and marginally suitable areas like the Garnets may have only historically supported 

ephemeral populations that are periodically seeded by large irruptions of northern populations. In 

addition, there is recent evidence of lynx in the Garnet Range (February 2016). Given the Range’s small 

size, isolation and lacking any evidence to the contrary, we do not presume the loss of lynx in the 

Garnet’s or, even is loss has occurred, that it is out of the range of what is normal and possible for lynx 

in the Garnet’s or indicative of a larger population trend in Northwest Montana/Idaho. 

 

 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  
Page 49 

 

  

DPS, SPR, and Conservation Potential 

Although it may be beyond the scope this SSA effort, we feel compelled to continue to object to the 

Service’s designation of a single DPS that includes widely divergent habitat types, wholly disconnected 

populations, and distinct jurisdictions. We strongly urge the Service to recognize that the dynamics that 

do and will drive populations in Washington state must be considered separately from those in Maine or 

Minnesota. We see no justification to preserve ESA protections within the Northwest Montana/Idaho 

Geographic Unit where populations are stable and where nearly all suitable habitat occurs on federal 

land that is now well regulated. 

We suggest instead 1) designating 5 discrete DPSs where lynx are known to occur, 2) eliminating the 

GYA as a Geographic Unit or DPS, and 3) considering the status of and threat to lynx within each DPS 

separately and on the merits of those local situations. We also believe that the level of connectivity to 

contiguous populations in Canada should be a criteria used to assess the species’ U.S. status.  U.S. 

populations occupy only 2% of the Canada lynx’s North American range and habitat conditions are, and 

always have been, relatively marginal.   

A population segment (like the Northwest Montana/Idaho Unit) that is stable, statutorily protected, and 

well connected to contiguous Canadian populations does not need and should not be afforded 

additional protections under the ESA.  
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Table 1. Summary of data from lynx expert elicitation panel regarding predictions of the probability of 

persistence for lynx in the four lynx units that have demonstrated long-term population presence 

(Figures in Attachment A are the raw data).   



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  
Page 51 

 

  

Continued…Table 1. Summary of data from lynx expert elicitation panel regarding predictions of the 

probability of persistence for lynx in the four lynx units that have demonstrated long-term population 

presence (Figures in Attachment A are the raw data). 
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NEW HAMPSHIRE FISH AND GAME DEPARTMENT 
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NEW MEXICO DEPARTMENT OF GAME AND FISH 
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WASHINGTON DEPARTMENT OF FISH AND WILDLIFE 

The Washington Department of Fish and Wildlife appreciates the tremendous amount of important 

information gathered and synthesized in the draft Species Status Assessment (SSA) for the Canada Lynx. 

We also appreciate the opportunity to review the assessment and provide feedback to you. 

In the draft provided, the conclusions drawn regarding the status, future security, and resiliency of the 

population in the Washington unit of the DPS are not yet adequately presented. Our Fish and Wildlife 

Commission recently up-listed the Lynx from threated to endangered in Washington, given the small 

estimated population, recent reduction of available habitat due to wildfire, and uncertainty related to 

demographics, immigration, and climate change. In addition, we are unaware of any reports or 

information that documents the effectiveness of lynx management plans in occupied areas of 

Washington. We believe that these management plans are in need of revision to incorporate new 

concepts and information. 

We have provided our specific comments in the attached table [incorporated into Detailed Comments 

section below] and we hope they are helpful to refining the SSA.  Also, we are pleased to pass you a new 

report of lynx carrying capacity in relation to recent fires in our Okanogan and Kettle Lynx Management 

Zones (Lyons et al. 2017), which provides some valuable insights for our lynx conservation efforts in 

Washington. We look forward to continuing to work with you on lynx conservation efforts in 

Washington State. 

References: 

Lewis, J. C. 2016. Periodic Status Review for the Lynx in Washington. Washington Department of Fish 

and Wildlife, Olympia, Washington. 17 + iii pp. 

Lyons, A.L., W.L. Gaines, J. Begley, P.H. Singleton, J.C. Lewis, B.T. Maletezke. 2016. Canada Lynx Carrying 

Capacity in Washington. Final Report submitted to Washington Department of Fish and Wildlife. 

Olympia, Washington. 
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WISCONSIN DEPARTMENT OF NATURAL RESOURCES 
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WYOMING GAME AND FISH DEPARTMENT 

The staff of the Wyoming Game and Fish Department (WGFD) has reviewed the Draft Species Status 

Assessment (SSA) document for the Canada Lynx (Lynx canadensis) Contiguous United States Distinct 

Population Segment (DPS). We offer the following comments for your consideration. 

As requested, we focused our review on whether the best available information was used, the quality of 

the scientific information, and the interpretation and analysis of the data, particularly as they pertain to 

the Greater Yellowstone Area (GYA) subpopulation. Overall, the WGFD agrees that the best available 

information was used and in general agrees with the interpretation of that information. 

Canada lynx in Wyoming are classified as nongame wildlife, a Species of Greatest Conservation Need, 

and a Protected Animal by Wyoming State Statute. A classification of "State Protected" status prohibits 

trapping or any intentional take in the state. 

Observations of lynx were relatively common historically, but observations were reduced to "occasional" 

in the early 2000s. Even with ongoing dedicated survey efforts, no verified observations of lynx have 

been reported since 2010. Based on recent  US  Forest  Service  and WGFD wide-scale surveys for  forest 

carnivores,  we  agree with  the  SSA that  it  is unlikely  lynx are currently present within the GYA. It is 

possible individuals could still travel through Wyoming on occasion. This possibility, coupled with past 

documented observations of lynx dispersing from Colorado, suggests that the GYA may serve as a 

corridor between Colorado, Montana and Idaho populations. Given the naturally patchy and likely more 

marginal  habitat available  in the  GYA, we  agree that  a better  understanding  of the current  ability of 

the  GYA  to consistently support a viable lynx population is needed. Both the lack  of observations  and  

existence of marginal habitat should be discussed  in  the  SSA  to  adequately evaluate the historical,  

current, and future contribution of the GYA habitat. 

We agree with the SSA that some threats which may be important in other subpopulations are less of an 

issue in the GYA. Much of the GYA consists of federal lands. Lands under federal land management are 

protected either as a National Park or as a designated Wilderness Area. With this type of regulatory 

protection, we feel there is little threat to lynx now or in the future. Federal land management practices 

will also reduce threats related to vegetation and wildland fire management as well as large-scale 

anthropogenic causes of habitat loss or fragmentation. Climate change, however, has the potential to 

impact this specialist species. The mechanism and magnitude of this impact is still uncertain. This 

uncertainty is well-captured within the SSA. 

Finally, the WGFD conducted several lynx surveys in the late 1990s and early 2000s that provide 

additional information. The Wyoming Cooperative Fish and Wildlife Research Unit conducted a review of 

the status of lynx historically in the state (1856-1986).  The citations are provided below, and copies of 

the PDFs are attached. 

Laurion, T. and B. Oakleaf. 1998. Wyoming lynx inventories completion report.  Pages 169-187 in 

Threatened, endangered, and nongame bird and mammal investigations.  Wyoming Game and Fish 

Department, Nongame Program, Cheyenne. 
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Laurion, T. and B. Oakleaf. 2000. Wyoming lynx inventories completion report.  Pages 108-128  in 

Threatened, endangered, and nongame bird  and mammal  investigations  (A.O. Cerovski,  Editor).  

Wyoming  Game and Fish Department, Nongame  Program,  Cheyenne. 

Reeve, A. and S. Buskirk. 1987. Historic and recent distribution of the lynx in Wyoming completion 

report. Pages 118-119 in Endangered and Nongame bird and mammal investigations.   Wyoming Game 

and Fish Department,  Nongame  Program, Cheyenne. 

Van Fleet, L., M. Wells, M. Grenier, and B. Oakleaf. 2006. Canada lynx trapping on the Shoshone and 

Bridger-Teton National Forests,  Wyoming  completion report. Pages 46-54 in Threatened, endangered, 

and nongame  bird and mammal  investigations  (A.O. Cerovski, Editor).  Wyoming Game and Fish  

Department, Nongame  Program, Cheyenne. 
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DETAILED STATE COMMENTS ON DRAFT CANADA LYNX DPS SSA 

 

p. 4, comment on Figure 1, 

The difference between DPS range and the identified geographic units in Figure 1 is not clear. 

Is the range in US considered to be only the sum of the area within the designated geographic 

units? (WA) 

 

pp. 4-5, general comment, 

The USFWS focuses on 6 geographic units within the conterminous United States (lower 48 

states) that represents 2% of the lynx range in North America. Some might consider this lynx 

subpopulation as “insignificant.” In between the geographic units identified within the 

conterminous U. S., there are in fact lynx populations that are likely breeding (especially 

where they border Canada) and that connect the geographic units that are within 

Washington, Idaho, and Montana. What conservation measures will be taken for these “in-

between” populations when the special focus in this Special Status Assessment (SSA) is only 

on the 6 distinct units? (WA) 

 

pp. 5, 8, general comment, 

MDIFW suggests that a broader more forthright discussion is needed on the structure of the 

DPS. In the description of the geographical units of the SSA, MDIFW suggests stating, “The DPS 

designation reflects a jurisdictional boundary, not a biological one, for Canada lynx. The 

species is widespread and relatively secure in Canadian provinces adjacent to the DPS.” Would 

the USFWS be willing to state, in the list of assumptions (p. 8, SSA), “We assume that the 

statuses of lynx within individual SSA geographic units are mostly independent of one 

another”? This assumption is requested to critically reconsider conservation strategies and 

outcomes given “the units are relatively isolated from each other” (SSA, p. 5). In fact, Unit 1 

(northern Maine) and Unit 2 (northeastern Minnesota) are extremely isolated from other 

units by distance and marginal habitat. As the USFWS has experienced with recovery efforts 

for Canis lupus, the improbability of “recovery” occurring concurrently in three (or more) 

regionally distinct SSA units greatly handicaps any scenario for delisting. (ME DIFW) 

 

p. 5, general comment, 

The terms “Resiliency, Redundancy, and Representation” are described on Page 5, should also 

be defined in the SSA as they are used throughout the narrative. A glossary of terms and 

acronyms would be beneficial. Page 16 describes the three R’s again, but gives the same 

definition for resiliency and redundancy. (WA) 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  
Page 59 

 

  

p. 5, comment on Table 1, 

Would be valuable to describe how these areas and numbers of acres were derived. (WA) 

 

p. 6, general comment, 

Would be valuable to establish what the document can and will be used for. Doesn’t say that 

the SSA is a foundational document for many FWS purposes – Recovery plans, Biological 

Opinions, and even listing rules. (WA) 

 
p. 6, paragraph 1,  
 
“Maintaining connectivity between the DPS and lynx populations in Canada is thought to be important, 

but whether the demographic and/or genetic health of DPS populations depends on intermittent 

immigration of lynx from Canada and, if so, to what extent remain uncertain.” 

 Does this provide some challenges to maintaining a DPS designation? (CO) 

 

p. 6, paragraph 2, 

“During these irruptions, large numbers of lynx occurred temporarily in (and disappeared quickly from) 

areas that we now believe are naturally incapable of supporting resident populations.” 

Presumably this is a reference to Colorado lynx populations? Are there other geographic units 

that this is believed to be the case? (CO) 

 

p. 7, general comments, 

As written, the 3rd and 4th assumptions appear to compete with each other. (WA) 

The 7th assumption uses both terms ‘climate change’ and ‘warming’, with no distinction 

(suggest defining these, and other terms used in narrative, in a glossary). (WA) 

The use of the year 2100 in the predications and persistence probabilities (last paragraph in 

the assumptions) seems too far into the future to be relevant to this analysis. A more useful 

window would evaluate some combination of 5, 10, 20, and 40 or 50 years into the future, 

given the abrupt landscape changes and weather patterns we have seen and the ones we can 

reasonably anticipate. (WA) 

 

p. 8, general comments, 

Assumption that lynx require deep-snow.  As stated above, we do not find much data to 

support the idea that they require specific snow conditions.  We do not believe one can say 
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much beyond they require hares, and thus hare habitat/populations should be a main focus 

here.  The rest is speculative. (MN) 

Assume hares have limited capacity to respond to disturbances.  The Maine (and probably 

MN) story shows otherwise, even if the disturbances weren’t climate-change induced.  And for 

an r-selected species, it is not intuitive that they can’t respond to disturbances.  In fact, their 

demographic traits (other than maybe dispersal distance) are finely honed specifically to be 

able to rapidly respond to changing conditions.  What matters is knowing any thresholds for 

when the type, size, or frequency of the disturbance is too much, and I’m not sure we know 

that.  And we certainly can’t predict the exact magnitude of disturbances well into the future. 

(MN) 

Assume changes to Federal Land Management Plans have been positive for lynx, and will 

continue to be so.  While perhaps reasonable, it clearly is an assumption of unknown 

significance.  Is there any specific study that has attempted to quantify hare/lynx response to 

changes in Federal land management plans?  (MN) 

Projections to year 2100.  We know we’re reiterating now, and do it again later, but…..we 

would not personally trust any projections much more than 10-20 years out, even if our 

speculative bet was in agreement with that in this document.  With thousands of 

modelers/analysts and millions of monitoring dollars, few if any predicted the financial 

collapse even 1 year out.  This is not a realistic time frame given the massive amount of 

uncertainty here, even just in the biological mechanisms. (MN) 

 

p. 8, bullet 3, last sentence, 

“Therefore, we assume lynx populations in the DPS are vulnerable to the projected impacts of continued 

climate warming.” 

 What does it mean to be 'vulnerable'? (CO) 

 

p. 8, first paragraph after bullets, 

“For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through year 2100.” 

 Is 83 years a standard timeframe for an SSA? (CO) 

 

p. 9, first paragraph, 

“Nonetheless, in many parts of the DPS range habitat features (forest distribution and structure, hare 

densities, and snow conditions) appear to exist at or just above thresholds thought necessary to support 

persistent lynx populations.” 

 Research in Colorado has shown that hares are not the sole prey source for lynx. (CO) 
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p. 9, general comment, 

MDIFW agrees with the Lynx SSA Team that none of individual geographic units that currently 

support resident lynx are vulnerable to extirpation from a single catastrophic event (p.9, SSA). 

For Geographic Unit 1 (Maine), its proximity and prominent connectivity to relatively large 

lynx populations in Quebec and New Brunswick not only ensures that a single catastrophic 

event would not decimate the regional lynx population but also facilitates lynx dispersal and 

gene flow (i.e., Representation). (ME DIFW) 

 

p. 9, general comment, 

The document presents a WA population with a greater resilience than is warranted by the 

available (and lack of) information about this population. Our concern is based on the limited 

information on the demographic characteristics of the Washington population, the significant 

threats facing this population (see Lewis 2016), and the large uncertainties about population 

processes that will influence its probability of persistence (e.g., immigration from BC, 

emigration, fires, snowpack, disease, current demographics of the population, impacts of 

trapping in southern BC, status of population in BC, habitat corridor stability between BC and 

WA). Many of these topics were either not mentioned or discussed in sufficient detail in the 

SSA, but these are factors that have had and will continue to have a substantial effect on our 

Washington lynx population and its probability of persistence over the next 10-20 years. (WA) 

p. 9-10, general comment, 

Evaluation of the 3Rs reveals no current liabilities for the lynx DPS. This statement (pg. 9) 

concludes sufficient resiliency: “The apparent long-term (historical and current) persistence of 

resident lynx populations in at least four of the six geographic units (Units 1-4) and the 

absence of reliable information indicating that the current distribution and relative abundance 

of resident lynx are substantially reduced from historical conditions suggest adequate 

historical and recent levels of resiliency among lynx populations in the DPS.” The conclusion 

(pg. 9) on redundancy is more emphatic: “The current broad distribution of resident lynx 

populations in large, geographically discrete areas makes the DPS invulnerable to extirpation 

caused by a single catastrophic event.” The evaluation of representation (pg. 10) is also 

favorable in the lynx DPS: “Because there are no indications of significant loss of or current 

threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 

current level of representation does not appear to indicate a decrease from historical 

conditions, we find that the DPS currently displays an adequate level of representation.” 

Future conjectures of vulnerability are left as the only indication of jeopardy following (1) the 

resolution of the primary justification (pp. 4, 217, etc.) for the original listing of the lynx DPS 

and (2) a favorable evaluation of the 3Rs in the current lynx DPS.  Is the “… declining 

probability of persistence (loss of resiliency) for each of the geographic units within the DPS 

throughout the rest of this century …” (pg. 216) sufficiently certain in likelihood or immediacy 

for current eligibility under ESA? The five-factor analyses 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  
Page 62 

 

  

(https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf; ESA Section 4) for 

evaluating threats describes four criteria only in the present tense. A single factor identifies a 

future time reference: “Is there a present or threatened destruction, modification, or 

curtailment of the species’ habitat or range?” To our knowledge, the ESA phrase “foreseeable 

future” is not clearly defined in statute, related rules, or policy. We simply caution that 

speculation on the future condition of habitats (especially in relation to projections on the 

impacts of climate change that may take effect 20-50 years or more into the future) may not 

be the appropriate timetable under ESA or in the best interest of advancing current 

opportunities to perpetuate a functional landscape for Canada Lynx in the DPS. (ME DIFW) 

 

p. 10, paragraph 3, 

“The western geographic units (units 3 through 6) may be more likely to support resident lynx longer 

than units 1 and 2 under projected climate change scenarios given the higher percentage of land 

managed specifically for lynx conservation and their greater topographic potential to facilitate the 

upward elevational shift in in lynx habitats projected by climate models”.   

At least in the context of regulation/ownership, this is a big assumption.  It assumes a cause-

effect with Federal regulations, and fully ignores non-regulatory factors in Units 1 and 2 that 

may have even done more for lynx on the private/state/county lands – e.g., 

disturbance/logging that may have created more favorable habitat in these Units in the past 

2-3 decades.  Just because something was not done in the name of lynx conservation doesn’t 

mean it isn’t beneficial to lynx. (MN) 

 

p. 11, general comment, 

The terms “Resiliency, Redundancy, and Representation” are described on Page 5, should also 

be defined in the SSA as they are used throughout the narrative. A glossary of terms and 

acronyms would be beneficial. Page 16 describes the three R’s again, but gives the same 

definition for resiliency and redundancy. (WA) 

 

p. 11, Resiliency section, 

You acknowledge much uncertainty, then go on to say AS snow conditions become less 

favorable, bobcats LIKELY will outcompete/displace lynx, and this in turn WILL reduce lynx 

abundance.  We know how hard this would be to do, but just to make our point, can you 

assign any probability of these things occurring in the face of all the uncertainty?  We presume 

not, and we question some of these ASSUMPTIONS anyway.  Just say “Future effects cannot 

be predicted with confidence”. (MN) 

 

 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
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p. 12, first paragraph, last sentence, 

“However, review of the best available science in concert with input from lynx experts suggests that the 

probability of the persistence of resident breeding populations will decline in all geographic units, with 

the negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 

contrary) beyond that time frame.” 

We comment specifically on the reliance of expert opinion of persistence later in the 

document. The reliance on this exercise from the Expert Elicitation workshop is, in our opinion 

and experience very strongly overstated. (CO) 

 

p. 13, paragraph 2, sentence 2, 

“It is a prey specialist and relies almost exclusively on adequate populations of its primary prey, the 

snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, therefore, 

population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 

2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 

54808-54809).” 

“Almost exclusively” is too strong a statement here. “Heavily” would be more appropriate. 

There is adequate work from here to Yukon to indicate that survival, at least, can be attained 

with a large proportion of squirrels in the diet.  (CO) 

 

p. 15, Table 1, general comment, 

The compilations (Table 1, pg. 15 and Table 4, pg. 103) and brief discussion of types of land 

ownership in various lynx SSA units clearly reinforces a bias against private lands. The 

attention to Federal agencies is understandable since land use policies on U.S. Government 

lands were the primary justification for ESA listing. Intended or not, in combination with other 

statements that demote the role of private lands in lynx conservation, the data imply extreme 

jeopardy for lynx habitats in SSA Unit 1 where private lands predominate.  However, Maine 

offers the largest block of lynx habitat and apparently the most robust lynx population in the 

entire DPS … despite 90% private land ownership. Maine’s northern woodlands have been 

subject to various harvest regimens for centuries but remain a functional landscape for 

Canada lynx with high connectivity to source populations in Canada. “Working woodland” 

easements now encompass >10,000 km2 across northern Maine. These covenants do not 

specify specific management practices or outcomes beyond sustainable forestry, but they do 

ensure that conversions to other land uses will never occur. (ME DIFW) 

Landscape conservation of functional habitats for Canada lynx may be the only effective tool 

to promote a future for the species in the DPS. Strict preservation of forest lands will certainly 

not benefit lynx, and suitable habitat in the face of long-term climate change impacts may be 

best maintained by silvicultural practices. These require more incentives than a regulatory 

emphasis. (ME DIFW) 
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p. 16, general comment, 

The terms “Resiliency, Redundancy, and Representation” are described on Page 5, should also 

be defined in the SSA as they are used throughout the narrative. A glossary of terms and 

acronyms would be beneficial. Page 16 describes the three R’s again, but gives the same 

definition for resiliency and redundancy. (WA) 

 

p. 17, paragraph under Figure 2, last sentence, 

“We evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at the 

scale of lynx populations within each of the six geographic units.” 

Why not evaluate resiliency as a whole in addition to individual populations?  Especially when 

the listed entity is really the DPS?  In some sense this had to have been done - should state 

that here. (CO) 

 

p. 19, paragraph under Figure 5, sentence 4, 

“The factors we consider for each geographic unit include regulatory mechanisms (the factor for which 

the DPS was originally listed under the ESA) and the anthropogenic influences identified by the 

Interagency Lynx Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the 

DPS (climate change, vegetation management, wildland fire management, and habitat 

loss/fragmentation; ILBT 2013, pp. 68-78).” 

 Who is on this team [ILBT] and how was it made up? (CO) 

 

p. 20, general comments, 

As currently written, the draft SSA examines threats facing lynx as well as resiliency, 

redundancy, and, representation of the DPS. “ESA’s requirements for delisting …” are cited 

(pg. 20) as a second rationale for not considering “… the unlikely hypothetical future in which 

the DPS is not listed.” We are unaware of “requirements” other than specific objectives 

established in recovery plans and the five factors guiding ESA status decisions listed in statute. 

The SSA is a thoughtful evaluation of species vulnerability relative to ESA. We hope that 

discussion of the five factors for listing is an option in any SSA but suggest that it particularly 

should not be omitted in the first status review of the lynx DPS after 17 years as an ESA 

Threatened Species. (ME DIFW) 

Several statements at the close of the “Introduction” (pg. 20) seem to stray from the 

presentation and interpretation of facts intended in an SSA: 
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1. “The “DPS’s listing history …” (line 6) does not seem relevant to the SSA beyond 

consideration of the sole factor cited in the listing rule: inadequate regulatory mechanisms on 

Federal lands (pg. 4; 65 FR 16052 [2000]). If this historical reference alludes to petitions and 

court findings, it is an especially inappropriate justification. SSAs are science based and should 

not reflect speculation about legal interventions. 

2. “We do not evaluate the unlikely hypothetical future in which the DPS is not listed and all 

protections and conservation efforts disappear” (lines 6-7). This statement is troubling. An 

inference that the future of the lynx DPS and effective conservation is totally dependent upon 

ESA is unfortunate. The traditional role of states is apparently discounted. We do not argue 

that ESA protections are sometimes appropriate and value-added, but USFWS should not 

ignore the long-standing primary jurisdiction of states for most wildlife resources, the critically 

important partnerships with states for conservation of vulnerable species, more proactive 

attempts to address species vulnerability via State Wildlife Action Plans, etc. 

3. “ … conditions for delisting would include requirements and incentives to continue to 

conserve lynx and its habitats …” (lines 10-11) should be justified on the basis of facts 

provided in the SSA. Speculation about additional delisting requirements in the absence of a 

recovery plan (above and beyond the five-factor analysis outlined in ESA Section 4) may or 

may not be appropriate in the SSA. If this is deemed integral to the current process, then the 

draft SSA should evaluate conservation of lynx and habitats in the DPS afforded by states. The 

latter should not exclude strategies on private lands. We do not debate the need or intent of 

ESA, but most policies that result from listing prove an impediment to actual incentives.  

4. “Our evaluation, therefore, considers the possibility of the future relaxing of some lynx 

conservation measures and efforts, but not the complete absence of all protections for lynx.” 

Lines 13-15 (pg. 6) again hint of a premise for an “all or nothing” worst-case scenario for the 

lynx DPS that is fully reliant on ESA listing. We concur that the lynx DPS needs thoughtful 

conservation attention at its southernmost range limits. However, we (1) strongly disagree 

that ESA is the only effective protection and (2) counter that regionalized landscape strategies 

that may be inspired by ESA offer a better, more lasting solution. 

Prominent examples of state protections in SSA Unit #1 (northern Maine) include (1) closed 

seasons for hunting or trapping lynx since 1967; (2) safeguards for minimizing incidental lynx 

captures from other trapping; (3) habitat assurances via “working forest” easements on >2.5 

million acres that ensure no land use conversions and sustainable forestry; and (4) the 

contingency role of the Maine Endangered Species Act in the event that diminished 

population abundance and/or unfavorable population trends in Maine justify future listing 

under established criteria (http://www.maine.gov/ifw/pdfs/listingHandbook.pdf). (ME DIFW) 

The phrase (lines 12-13) “…assure persistence of resident lynx populations in those places that 

can support them on Federal, State and Tribal lands (perhaps some private lands as well) …” is 

an unfortunate, inaccurate outlook. The majority of ESA success stories for widely distributed 

species certainly involve a significant role for private lands. In the eastern U.S., private lands 

are integral to recovery programs and conservation of many vulnerable species. ESA listing 

http://www.maine.gov/ifw/pdfs/listingHandbook.pdf
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petitions will never cease if status is judged primarily by public land ownership and disregards 

the role of private lands. (ME DIFW) 

 

p. 20, paragraph 2, sentence 2, 

MDIFW finds the statement on p. 20 of the SSA, lines 6-7 troubling: “… we do not evaluate the 

unlikely hypothetical future in which the DPS is not listed and conservation efforts disappear.” 

An inference that lynx conservation is totally dependent upon ESA seems unfortunate. The 

traditional role of state conservation efforts is apparently discounted, and current examples 

of cooperative efforts among states and the USFWS to prevent listings (e.g., New England 

cottontail) may have not been considered. MDIFW does not argue that ESA protections are 

sometimes appropriate and value-added, but USFWS should not ignore the long-standing 

primary jurisdiction of states for most wildlife resources, critically important partnerships with 

states for conservation of vulnerable species, the second generation of State Wildlife Action 

Plans, etc. On p. 6, lines 13-15, MDIFW believes the SSA is presenting an “all or nothing” 

worst-case scenario for the lynx DPS: “Our evaluation, therefore, considers the possibility of 

the future relaxing of some lynx conservation measures and efforts, but not the complete 

absence of all protections for lynx.” MDIFW concurs that the lynx DPS needs thoughtful 

conservation attention at its southernmost range limits. However, our Department (1) 

strongly disagrees that the ESA is the only effective protection, and (2) counters that state 

conservation strategies, which may be inspired by the ESA, are generally a better, more lasting 

solution. (ME DIFW) 

 

p. 20, second full paragraph, first 2 sentences, 

“Additionally,….”.   

We think this is a very accurate and informative statement, yet the document then proceeds 

thereafter to make many assumptions and use leading words (will, require, likely to, etc), 

largely ignoring (or using citations that ignore) the vast amount of uncertainty on many 

mechanisms.  As stated earlier, we think this could be avoided if you were to limit your 

forecasting to a period of time that one can put some faith in the projections. (MN) 

 

p. 25, first paragraph, last sentence, 

“They also are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 

time) than regenerating stands, which may foster high hare densities for a variable window of time 

between stand-initiation and stem-exclusion stages of succession, after which they may persist, in the 

absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, pp. 62, 71, 127).” 

Still no comment on alternative prey.  Here would be a good place to acknowledge red 

squirrels.  It isn't just our work in CO either.  There are some good papers out of Kluane that 
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show a marked increase in use of red squirrels during SSH decline.  We agree with the general 

sentiment that hares are critically important, but squirrels need some kind of mention. (CO) 

 

p. 25, paragraph 3, sentence 5, 

“Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high (Koehler 

et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 

1997, pp. 155, 159-160 and 1998, pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 

2013, pp. 573-575).” 

But note the caveat that in some places, they may concentrate hunting activities where hares 

are most available, not necessarily where hares are most abundant (Ivan and Shenk 2016, 

Fuller et al. 2007). (CO) 

 

p. 26, paragraph 1, 

“Ivan 2011a” 

 This reference should be the 2014 manuscript, not the dissertation. (CO) 

 

p. 26, paragraph 2, first sentence, 

“During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 

especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 

sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot persist over 

time in areas with consistently low hare densities” 

First comment on secondary prey. I agree with this sentiment mostly, but I think it's worth 

drawing a distinction between the absolute necessity of snowshoe hares in the long run vs. 

the short term.  In the short term they are not absolutely necessary. (CO) 

 

p. 26, paragraph 2, last sentence, 

“Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14” 

This should be the 2016 manuscript.  Not sure it changes much of what is said, but it's another 

reference that should be included and probably should result in at least some 

acknowledgment of red squirrels. (CO) 
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p. 26, last paragraph, 

 “…..and the amount of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more 

important than the age of the forest stand for lynx denning habitat”.   

An important caveat is that you won’t get a lot of COARSE woody debris, including large tip-up 

mounds, if a certain percentage of the forest was not allowed to attain older age.  So age does 

still matter, at least based on what the literature has found for lynx denning habitat. (MN) 

 

p. 27, first paragraph, last sentence, 

“Lynx have been documented to live up to 16 years in the wild (Kolbe and Squires 2006, entire).” 

Colorado has animals we've captured >15 years after RELEASE, and they weren't brand new at 

release! (CO) 

 

p. 27, paragraph 2, sentence 4, 

“When hares decline, lynx mortality rates increase, largely because of starvation, and home range sizes 

and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 2821–2823; O’Donoghue et al. 

1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 265–272, 278, 281–294).” 

 These references should be checked. (CO) 

 

p. 28, paragraph 1, last sentence, citations, 

“(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367).” 

No citations of CO literature. CO literature is cited in the section on CO, but almost nowhere 

else in the general ecology sections. (CO) 

 

p. 28, paragraph 2, sentence 3, 

“and this connectivity and interchange with lynx populations in Canada is thought to be important to the 

conservation of lynx populations in the DPS.” 

Doesn't this create a challenge to the DPS designation?  So much reliance on Canada, Canada 

needed for persistence, which then begs the questions, does the US have, or has it ever had, a 

completely self-sustaining population. (CO) 
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p. 29, first line, bullet “b,” 

“adequate hare abundance to support lactation during the early kitten stage and later provisioning of 

the kitten with hare meat,” 

 Should be “prey” not “hare” (CO) 

 

p. 29, second full paragraph, sentence 3, 

“higher road densities and, thus, greater potential for lynx-vehicle collisions” 

While technically correct that this is a factor that affects the probability of an individual lynx 

surviving, this is not a population-level threat to the species. Delving into all the possible 

mortality figures is probably not necessary in the SSA, and instead we suggest simply focusing 

on those that are believed to have population (or DPS) level effects be considered. (CO) 

 

p. 29, last sentence, continuing on p. 30, 

“These factors probably further reduce the likelihood that an individual lynx in the southern periphery of 

the range will survive, reproduce successfully, and have one or more offspring recruited into the 

resident breeding population”.   

We would agree, but to some extent these things are ‘normal’ for a species at the edge of 

their range, we can’t really quantify “reduce the likelihood”, and from your own conclusions it 

appears that current lynx distribution is not much different today than historically.  So is this 

really meaningful? (MN) 

 

p. 30, Table 3, 

 Please include a sample size from which the home range estimates were derived. (WA) 

 

p. 31, last paragraph, 

We find little in this paragraph that is anything but speculation.  The most defendable 

statement is “….the influence of predation (and we would add, hare competitors) on lynx 

populations is unknown”.   What more really needs to be said?  We have already questioned 

the merits of several of the statements/assumptions in this paragraph, to which we would 

now add that Gonzalez et al. (2007) does not demonstrate lynx NEED snow for 4 months – all 

they did was look for correlation with snow - no assessment of how hares factor in, whether 

snow is correlated with hares or hare habitat, no lynx/hare survival experiment, etc.  In fact, 

one of the co-authors of that article later published a relevant paper on wolverines/snow 

(McKelvey et al. 2011. Pop. Ecol. 53:263-266) arguing that this type of correlational analysis 

cannot lead to defendable cause-effect conclusions.  This section also states “Lynx also need 
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landscapes where they are unlikely to suffer reduced fitness because of competition with 

other hare predators, or encounter traps or other anthropogenic causes of mortality” – we 

would argue that could easily describe much of Canada where lynx are secure.  There are of 

course other hare predators there (to varying degrees, weasels, raptors, red fox, fisher, 

marten, coyote, wolf, wolverine, and even red squirrels have been documented to prey on 

hare leverets).  We’re not even sure if lynx are consistently in the top 2  - e.g., see Tables 6.3 

and 6.4 in Hodges 2000.  Consumption of hares by all these CAN reduce lynx fitness (to an 

unknown degree), yet lynx are abundant there.  And some lynx certainly “encounter traps” in 

much of Canada and Alaska.  The themes of paragraphs like this are not well supported by 

data, are filled with speculations, usually negative, and should be eliminated without more 

support.  “We don’t know”, as you started with, is sufficient. (MN) 

 

p. 32, paragraph 3, first sentence, 

“In a mainland-island metapopulation structure like that thought to govern lynx population dynamics, 

the persistence of peripheral island populations is determined by colonization and extinction rates 

(McKelvey et al. 2000b, p. 25).” 

A lot of stock is placed in this mainland-island idea.  We are not saying it's wrong, but we also 

don't know for sure that it's correct.  This is stated as an assumption right at the beginning, so 

their writing and treatment is consistent in that respect.  HOWEVER, it also directly 

contradicts the idea that any of these places can ever really sustain lynx on their own.  If all of 

these subpopulations are really just islands and incapable of existence without the mainland, 

then none of them are true populations, right? (CO) 

 

p. 33, general comment, 

MDIFW questions the Vortex model produced by the USFWS in the SSA (see page 33 and page 

113, paragraph 2, last sentence). MDIFW questions why this was done since a model by the 

researchers collecting the data was already available. In addition, this Vortex model was part 

of Maine’s Incidental Take Plan submitted to the USFWS which was accepted on 11/4/2014. 

MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (Lambda = 1.05) for Maine’s lynx 

population based on demographic data from a radio telemetry study that we collected over a 

12-year period (see Vashon et al. 2012, Appendix VI). This is contrary to the model reported in 

the SSA. (ME DIFW) 

 

p. 33, paragraph 2, last sentence, 

“Neither the Montana nor Maine estimates incorporated rates of immigration/emigration”.   
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We would also just note that none of the lambda estimates in that paragraph include 

confidence intervals, and had they, it would not be surprising if many encompassed both 

positive and negative values for lambda. (MN) 

 

p. 33, last paragraph, 

Consider adding a home range size and density for Eurasian lynx so there is something to 

compare to what we would expect for Canada Lynx. (WA) 

 

p. 34, first full paragraph, 

We would eliminate most of the first sentence and say “In summary, lynx need……landscapes 

with hare densities capable of supporting……(i.e., the second sentence).  The rest is 

speculation. (MN) 

 

p. 34, paragraph 2, sentence 2,  

“(3) at least some survival even during years when hare numbers are low.” 

This is why some statement of alternate prey above would be helpful.  Makes their argument 

and logic more consistent throughout. (CO) 

 

p. 34, paragraph 2, sentence 4, 

“Low hare densities reduce the likelihood that lynx recruitment will consistently equal or exceed 

mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow the rapid lynx 

population recovery observed in northern lynx populations when hare numbers increase dramatically 

after cyclic population crashes.” 

Need to add that non-cyclic or weakly cyclic are also less likely to result in a rapid crash.  It's 

not all bad. (CO) 

 

p. 35, 2.3.1 Lynx Distribution and Status in Alaska and Canada, 

This section singles out one aspect of state/provincial regulation and mortality in the form of 

trapping. Alaska and several Canadian provinces regulate harvest of lynx in hunting and 

trapping seasons, adjusting harvest to avoid overexploitation in low population cycles. If some 

reference must be included, it is better to state that state/provinces manage harvest as a 

furbearer or game animal. (ID) 
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p. 36, paragraph 2, 

“In its 2003 remanded determination, the Service determined….”.   

We don’t like the remainder of this sentence/discussion being presented as either/or.  There 

is good reason to believe that both dispersers and resident breeders (some which may have 

been dispersers) are important. (MN) 

 

p. 36, paragraph 2, last sentence, 

“This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ habitats) often 

leads to confusion among scientists and the public about where lynx populations may be viable (74 FR 

66938).” 

 Is this framing the point to make that CO is not historical range? (CO) 

 

p. 36, paragraph 3, first sentence, 

“and the transitional (and, therefore, increasingly fragmented and isolated) and spatially- and 

temporally-shifting nature of lynx habitat at the southern periphery of the range” 

Southern range is always portrayed as transitional, marginal, etc., etc.  One characteristic that 

is rarely mentioned is that it is also more consistent with respect to hare numbers.  There is no 

dramatic fluctuation down here.  Prey base is more reliable in space and time. (CO) 

 

p. 37, paragraph 4, sentence 4, 

“These factors generally limit snowshoe hare populations in the contiguous U.S. from achieving 

landscape densities similar to those of the expansive northern boreal forest in Alaska and Canada, 

where hares are generally more abundant and more evenly distributed across the landscape” 

 But they are also more ephemeral.  Hares are more consistent in the lower 48. (CO) 

 

p. 38, paragraph 1, last two sentences, 

We have touched on some concerns related to this before, but re-state that we don’t really 

agree with the logic that competitors are known to be some big driver here.  The presence of 

more generalist predators to the south may indeed contribute to reduced cyclicity (not 

necessarily reduced hare abundance).  It is much more likely that reduced hare habitat quality 

is what reduces hare abundance in the south, and more generalists, due to prey-switching, 

reduce cyclic tendencies (which also means there may be reduced troughs as well, not just 

reduced “potential for high-density hare populations”).  Average density of a fluctuating 

population will be lower than that for a stable population, other things equal.  From this, one 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  
Page 73 

 

  

COULD actually argue that generalists can be good for lynx.  But in fact lynx are not better off 

in the south because all other things are not equal – hare habitat is generally worse or 

patchier. (MN) 

 

p. 38, paragraph 2, 

 “Long-term snow conditions presumably limit the winter distribution of potential lynx competitors such 

as bobcats (McCord and Cardoza 1982, p. 748) or coyotes”.   

In our opinion, “presumably limit” is not useful.  While we did not have a copy of the book 

that chapter was in, we do have the newer version and only see some anecdotal reference to 

this idea, which we have already questioned.  Of course snow has “effects” on animal 

movement/etc, and maybe more so on coyotes/bobcats than lynx, but I am unaware of any 

data to support the idea that this alone creates anything but possibly local-scale allopatry, 

with no demonstrated effects on bobcat/coyote demography, or then in turn on lynx 

persistence.  Repeating these ideas over and over is misleading.  This idea needs to be 

critically ‘vetted’ in one spot, which we believe leads to a conclusion of “effects unknown” as 

Murray et al. (2008) basically concluded, and then no need to mention again. (MN) 

p. 40, last sentence, 

“In its 2014 revised critical habitat designation for the DPS, the Service concluded that the historical 

record of verified lynx occurrence in Colorado combined with naturally highly-fragmented and isolated 

potential habitat and generally low snowshoe hare” 

 Does this remain FWS position? (CO) 

 

p. 41, first paragraph, sentence 2, 

“The current size of the resident lynx population in Colorado is unknown but thought to number 

between 100 and 250” 

 My revised estimates would slide this range down a bit, but not a lot. (CO) 

 

p. 41, first paragraph, last sentence, 

“We continue to believe that available information suggests Colorado did not historically support a 

persistent resident lynx population and that the long-term persistence of the introduced population 

remains uncertain.” 

We disagree, and believe that CO did have historical populations of lynx.  The Meaney papers 

certainly indicate that lynx were present over a number of years in the early 20th century.  

Beyond that, it is difficult to determine how many or the extent of their distribution given 
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numerous vagaries in the data. The truth is no one knows for sure.  They state that they 

'believe...'  We 'believe' differently.  Not sure how to resolve our different beliefs. (CO) 

 

pp. 42 and 43, 

Please note that crossouts in the following paragraphs about New Hampshire indicate proposed 

deletions; highlights indicate proposed insertions. 

“New Hampshire – There were 1987 confirmed lynx records indicating 28 individual lynx in northern 

New Hampshire from 2006 to 20132016, with evidence of reproduction in 2010 and 2011 (79 FE 54820).  

Formal track transects conducted during the winters from 2012 through 2015 resulted in the majority of 

the track intercepts included in the confirmed records.  An In additional 30 lynx detections were 

documented in 2014, 2015, and 2016 using 14 different remote cameras dispersed throughout the 

northernmost section of the state (Siren 2016, per. comm.)(Siren 2014, p.7), 24 lynx track intercepts 

were recorded during snow-tracking surveys during the winter of 2014-2015 (Siren 2016, p.1), and 

surveys in 2016 also detected lynx (Siren 2016, pers. Comm.).  Most records since 2006 are in the vicinity 

of Pittsburg in the northernmost reaches of the state, though lynx detections in 2015 and 2016 suggest a 

southern expansion from the area where they had been documented in 2006 through 2014 in 2006-

2014 detections (Siren 2016, p. 1; Siren 2016, pers. cComm.).  Despite recent evidence of lynx residency 

and reproduction, the Service concluded in the 2014 revised critical habitat designation that, based on 

modelling of the amount of potentially suitable habitat and favorable snow conditions (Hoving et al. 

2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-928, it is unlikely that northern New Hampshire will 

support a resident breeding population over the long term (79 FR 54820-54821).”   

Recent research documenting biases in snow distribution and abundance modelling may 

change this.  Snow depths were under represented in Pittsburg where lynx have become more 

persistent on the landscape. (NH) 

“Siren (2014, p. 10) suspected that the relatively few lynx detections documented in 2012-2014 may be 

related to the presence and abundance of bobcat, coyote and fisher populations in much of northern 

New Hampshire.”   

 Especially due to unusually open winter conditions. (NH) 

“We conclude that northern and central New Hampshire likely supported a small resident lynx 

population historically that was extirpated during the latter half of the 20th century.  We are uncertain 

whether lynx detections in northern most New Hampshire over the past decade may represent the 

natural reestablishment of a small resident breeding population in the state or if it is a temporary 

phenomenon related to an expanding source population in neighboring northern Maine (79 FR 54821).  

Although bobcat populations have increased and expanded their range in this region in recent decades 

(Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 

(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434).  Maine’s bobcat harvest declined substantially after 
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two deep snow winters in 2008 and 2009 (Maine Department of Inland Fisheries and Wildlife 2015, p. 

37).  It is possible that these anomalous deep snow winters provided a temporary competitive 

advantage to lynx in northern New Hampshire.”   

 

p. 43, paragraph 1, first full sentence, 

“Siren (2014, p. 10) suspected that the relatively few lynx detections documented in 2012-2014 may be 

related to the presence and abundance of bobcat, coyote, and fisher populations in much of northern 

New Hampshire”.   

This article is not in Lit Cited (nor is Siren 2014 cited elsewhere).  And this sentence, along with 

the one at the end of the paragraph, is just more speculation. (MN) 

 

p. 43: Geographic Unit 3 — Northwestern Montana / Northeastern Idaho, 2.3.2.2 Lynx Distribution 

within the DPS Range as it relates to Idaho, 

This section correctly reflects that Idaho historical records and recent surveys suggest that 

only dispersing lynx occur throughout most of Idaho; habitats in many parts of the state are 

drier forest types that support lower densities of hares. It would be more accurate for this 

section to state that the number of individual lynx with home ranges occurring in the 

northeast corner of the Idaho Panhandle is unknown but small, based on the amount of 

potential habitat, and that individual lynx in Idaho are part of a larger population that occurs 

primarily in northwestern Montana and southeastern British Columbia. The final SSA should 

reflect that, although there have been multiple detections of lynx in the Selkirk Mountains in 

Idaho during 2015-2016 and one detection of a lynx in the Selkirks in 2010, there is not 

evidence of a long-term, persistent resident lynx population. During the last several years, 

radio-collar data and remote camera images have documented a single lynx with a home 

range in the west Cabinet Mountains in Idaho, but there is not other evidence of a long-term, 

persistent resident population. In the Purcell Mountains in Idaho, there have been detections 

of multiple lynx in or immediately adjacent to designated critical habitat (i.e., within 10 miles 

of the Canada border). Purcell detections in 2015-2016 included a photo of an adult lynx 

accompanied by juvenile lynx, but there has not been other evidence of a persistent breeding 

population. (ID) 

The reference to the District Court opinion as a source of “best available science” is not 

appropriate. (This comment applies to all related references in the document.) This decision is 

currently the subject of a motion for reconsideration, which points out that the decision relied 

on unverified observations and an expansive interpretation of geography. The SSA should use 

references for scientific surveys and other verified observations (Lucid 2016). (ID) 
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p. 43, general comment,  

On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 117 the SSA states 

500 to a 1,000 lynx, and then on Page 111 the SSA states several hundred to a 1,000 in Maine 

MDIFW shared at the Expert Elicitation Workshop an estimate of 750-1,000 adults in 2006 

with recent data supporting an increasing population (IFW biologists have noted an increase 

in incidental captures, vehicle strikes, sightings, in detection probabilities and in occupancy 

between 2003-2008 and 2015-17 winter track surveys). Thus, Maine’s current lynx population 

likely exceeds 1,000 adults. The method used to generate the estimate of 750-1,000 provided 

at the EEW is provided in Vashon et al. 2012 as cited throughout the SSA. (ME DIFW) 

 

pp. 44, 80, 82, 90, 106, 107, 108, 109, 171, 174, 176, 

Regarding citations of Simons 2009 model: 

Simons-Legaard 2016 provides updates to Simons 2009 model – reporting patterns from 

earlier model have improved. Thus, we question why references to projected declines in lynx 

probability of occurrence and habitat from Simons 2009 model are included. (ME DIFW) 

Only present data from University of Maine models when there are other data available on 

current conditions. For Example, Maine Forest Inventory Data should be presented. (ME 

DIFW) 

 

p. 44, paragraph 2, first sentence, 

 “In Minnesota, research conducted since the 2003 remand has demonstrated the continuous presence 

of a resident lynx population”.   

Though as you note at the end of this paragraph, influence of immigration is unknown, so I 

guess “resident population” depends on how you define resident, and population. (MN) 

 

p. 44, last paragraph, sentence 5, 

“and there is no indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA 

Team 2016, p. 20)”.   

What monitoring was in place starting in 1980 that could confidently identify “immigration 

from Canada” if it occurred? (MN) 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  
Page 77 

 

  

 

p. 45, paragraph 2, 

The SSA states in the second paragraph: “… although the Kettle Mountains in the northeastern 

part of the state are thought to have historically supported a small breeding population …” 

WDFW has sufficient harvest data over enough years (as specifically stated on page 101 in the 

SSA) to indicate that a resident lynx population once occurred in the Kettle Mountain Range in 

Washington. (WA) 

 

p. 45, paragraph 3, last sentence, 

“In north-central Washington, lynx habitat and numbers have declined because of recent large fires and 

insect outbreaks” 

Caution is warranted here.  Initial research indicates that insect outbreaks do not necessarily 

lead to a decline in lynx habitat, at least not in all systems. In fact, it's possible that they may 

be helpful. (CO) 

 

p. 48, References to Lynx Conservation Assessment and Strategy (LCAS), 

In referencing the LCAS revision, the SSA should recognize the comments of the states of 

Montana, Idaho, and Wyoming from 2012 and 2013, which identified weaknesses and a lack 

of federal cooperation with states in issuing the revised document. (ID) 

 

p. 49, paragraph 2, sentence 5, 

“In its 2000 biological opinion on the BA, the Service evaluated the USFS and BLM plans in conjunction 

with the CAs described above (USFWS 2000, p. 15).” 

The acronyms in this sentence (and throughout the document) need to be defined at first 

mention. (CO) 

 

p. 52, State Wildlife Management Regulations, Section 3.1.2, 

This section should clarify the absence of demonstrated population effect from incidental 

trapping, and that an incidental trapping event does not necessarily involve permanent 

negative effects to the individual animal. For example, of the 4 reports of incidental trapping 

in Idaho since DPS listing in 2000, one trapped animal was illegally shot. None of the 4 

incidental trappings, including the shot animal, indicated significant injury from the trap itself, 

including one animal that was radiocollared. Three of the 4 incidental trappings occurred in 

the Idaho Panhandle, and 2 of these might have been of the same individual given their 
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proximity in location and time. The fourth incidental trapping occurred near Salmon, Idaho, 

and was likely a dispersing individual. In any case, 3 of the 4 incidental trappings appear to 

have had no effect on the individual animal or population. (ID) 

The Department understands there is also radiocollar information from released trapped 

animals in Maine that should be included in the final SSA if incidental trapping remains a point 

of emphasis. Without such clarifications, the section’s detailed treatment of incidental 

trapping occurrences, litigation, and state regulations may be misinterpreted in evaluating 

population threats. (ID) 

 

p. 53, Unit 2 NE MN, 

Since it was noted for Maine, Minnesota has also distributed the “How to Avoid Lynx” 

brochure to trappers at our fur registration stations and made it available at our website.  And 

we don’t think it is correct to state that in 2015 we added more trapping regulations for lynx 

avoidance.  Administrative procedure just required that we re-issue the same emergency rule 

that was in place before.  No changes have been deemed necessary. (MN) 

 

p. 54, Unit 3: Northwestern Montana/Northeastern Idaho, 

This section should be updated to reflect that Idaho does not consider lynx a species of 

greatest conservation need. While the original Idaho Comprehensive Conservation Strategy 

(IDFG 2005) designated lynx as a species of greatest conservation need (SGCN) based on 

modeled lynx habitat, the recently revised Idaho State Wildlife Action Plan (IDFG 2017) did not 

include lynx as an SGCN because of the lack of evidence of persistent presence in Idaho. See 

immediately preceding comment on Page 52. (ID) 

The Department furbearer season brochure encourages, but does not require trappers to call 

for officer assistance to release incidentally captured lynx. (ID) 

The reference to the pending court case should be deleted. As previously stated, this decision 

is the subject of a pending motion for reconsideration, which seeks to eliminate the district 

court’s requirement to submit a plan related to incidental take of lynx. (ID) 

 

p. 54, Unit 3: Northwestern Montana/Northeastern Idaho, 

“which requires Montana to implement a set of reasonable restrictions on trapping in lynx habitat”.   

Time will tell if it is effective (they only had ~ 1 lynx take per 3 years before).  Reasonable is in 

the eye of the beholder, and is unnecessary here.  Why use it? (MN) 
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p. 55, paragraph 2, last two sentences, 

 “….the use of body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is 

prohibited in Washington (except for damage control or nuisance wildlife, which requires special 

permits). This avoids the potential for lynx to be incidentally captured in traps set legally for other 

animals”.   

True, and by our own arguments above we would say this next point fits the “effects 

unknown” summary, but using the argument this document has suggested many times 

(competitors are assumed to have an effect) would suggest that your statement should be 

modified to note that the trapping prohibition in WA could also have negative effects on lynx 

via ‘allowing’ more potential competitors.  Same goes for Colorado statement later. (MN) 

 

pp. 56-57, 

“Current timber harvest and management on State and private lands in Maine are governed by the 

Maine Forest Practices Act of 1989 and administered by the Maine Forest Service within the 

Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 

arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, 

small (up to 250 acre) clear-cuts are still permitted, but require special permits.”  

Not true.  Clearcuts between 76 and 250 acres require MFS approval of a harvest plan – not a 

permit. (ME FPC) 

Only 75 acres and up require a defacto permit.  In recent years, this has not been the 

deterrent that many feared initially.  I know WFM has done several in recent years.  I believe 

AFM has as well.  MFS should be able to quickly put this in perspective. (ME FPC) 

“[Because of this regulatory burden and public referendums opposed to clear-cutting, the extensive 

clear-cutting of the past has largely been replaced by various forms of partial harvest techniques; many 

of which are unlikely to maintain the current unnaturally high amount and distribution of high-quality 

hare habitat.”  

Key point, due to the last SBW outbreak, industrial ownership management practices, etc. 

created conditions that were not the norm. (ME FPC) 

Not necessarily true.  MFS would be a better source for this but in the designated critical 

habitat area, I would say there is a lot of even-age mgt. occurring.  Initial entry shelterwoods 

and subsequent overstory removals are considered partial harvests in FPA reporting.  True, it 

doesn’t result in the ideal habitat that occurred when herbicide programs were prevalent but I 

think it is pretty likely that suitable habitat will continue to be developed.  Additionally, I think 

clearcutting will increase again once a budworm infestation occurs. (ME FPC) 

“The consequences of this large-scale shift in forest management on Maine’s current lynx population, 

which is likely much larger than was possible under the natural historical disturbance regime, are 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  
Page 80 

 

  

discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence private lands 

forest management in this unit.  

“In Maine, there are no long term management agreements in place on private lands to assure 

management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) provided 

funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to manage for Canada lynx 

and American marten. Five landowners enrolled in the program, but one withdrew. The remaining four 

landowners were provided funding to develop lynx plans on a total of about 630,000 acres (about 10 

percent of the critical habitat area). These landowners selected one or two township-sized (23,000 acre) 

areas within their ownerships to develop and implement a lynx management plan. Thus, about 161,000 

acres within the larger area was targeted for managing lynx. All four landowners completed lynx plans 

using guidelines in the Service’s Canada lynx management guidelines for Maine (McCollough 2007). 

NRCS contracts with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described 

an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 

although none have indicated an interest yet in doing so. “ 

We can confirm this for our client but our management plan remains in place. (ME FPC) 

Is there any documentation that over the 10-year period these 4 landowners were able to 

increase hare density and lynx populations? (ME FPC) 

“Management plans were written for a 70-year period so some landowners may continue voluntary lynx 

management activities. Many private landowners in Maine are enrolled in forest certification programs; 

the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 

landowners to protect endangered species and their habitats, but there are not specific 

recommendations pertaining to lynx.”  

Both programs also require landowners to provide for a diverse array of habitat types at the 

landscape level, not just E/T species.  It would seem inconsistent for the Service to require or 

expect a single focus on lynx. (ME FPC) 

True, as they are national and North American standards, they have expectations to address 

many species at risk and cannot single out specific species. However, in the case of an 

ownership being within a designated critical habitat area, they would expect the certificate 

holder to provide evidence that they are taking appropriate steps to protect the species.  

Creation/protection of habitat is likely to come up as many auditors are wildlife biologists. 

(ME FPC) 

“About 2.5 million acres”  

The writers should consult with the state for up-to-date information on easement acreage. 

(ME FPC) 

“in northern Maine”  

 Define the extent of “northern Maine.” (ME FPC) 
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“is under conservation easement  (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-

conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 

prescriptions or commitments for lynx. To our knowledge, there are no private landowners in Maine 

who have committed to long-term or permanent protection and creation of lynx habitat according to 

the Service’s lynx management guidelines or LCAS.” 

 

p. 57, Unit 2 NE MN, 

While we can’t honestly say how relevant it is, MN state forest management is also FSC and 

SFI certified.  We also question whether regulation is the only relevant factor here – no doubt 

a fair amount of logging in MN has offered some lynx/hare benefits, but it is mostly driven by 

economics not regulation. (MN) 

 

p. 58, paragraph 3, line 1, 

“over 9nine” 

 Typo. (CO) 

 

p. 59 et seq., general comments, 

As argued elsewhere, we think the Climate Change section should be ‘dis-banded’.  

Mechanistic sections (hare habitat, lynx survival, competition, etc) should be the focus, with 

all potential (positive and negative) changes related to climate change/veg management/etc 

falling underneath there, and only if there is some defendable connections.  As is, there is 

unnecessary definition of what “climate” means, general discussions that “climate change 

may be bad for wildlife”, then even much discussion of why in the past you concluded climate 

change was not likely relevant in this case, but that now you think it is.  And then many of the 

specific ideas you put forth are repeated many times.  Focus on the mechanistic connection, 

cite any literature that actually attempted an analysis (not just said “might affect”) on how 

climate change may explicitly affect that variable, and then critique whether the science really 

demonstrates a causal link to lynx/hares.  There is so much uncertainty in all of this that it 

does not warrant repeated speculative statements, nor does repeating it make it any more 

true. (MN) 

 

p. 61, paragraph 4, first sentence, 

“Although it is believed that high elevation areas in the West may provide snow refugia for lynx (Lynx 

SSA Team 2016, p. 45), these areas will also be affected.” 
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Needs more information and discussion about retention.  Needs more balance.  Certainly the 

outlook is not great, but also not as bad as it could be if these high elevation areas did not 

exist. (CO) 

 

p. 62, paragraph 3, sentence 4, 

“and the slowest losses in the high peaks of the northern Rockies and southern Sierras.”  

And Southern Rockies? See Climate Vulnerability Assessment conducted for the [Colorado] 

State Wildlife Action Plan revision. (CO) 

 

p. 63, paragraph 4, first sentence, 

“Climate change is diminishing snow conditions (reduced depth, quality, persistence) considerably 

throughout the DPS. The strong warming” 

[referring to text that reviewer has struck-through] These sorts of language choices are done 

without consideration as to whether or not they are particularly defensible. (CO) 

 

p. 63, paragraph 4, sentence 6, 

“indicates that potential lynx habitat could decrease” 

[referring to text that reviewer has struck-through] snow conditions that promote lynx 

populations (CO) 

 

 

p. 63, last sentence, and p. 64, first sentence, 

“Climate modeling suggests that lynx habitat and populations are anticipated to decline accordingly 

(Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the range of the DPS by the 

end of this century (Johnston et al. 2012, pp. 6–13).” 

“Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 

contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming smaller, 

more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11).” 

These sentences are all redundant, basically empty (no information or evidence provided, just 

statements), and are less informative than the previous sentence.  Why are they here? 
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p. 64, first paragraph, last sentence, 

“Because of climate change and other stressors, lynx biologists believed that only one to three of the six 

units may persist to the end of the century (Lynx SSA Team 2016, p. 48).” 

Our representative from the Expert Elicitation workshop remembers this differently. I think 

everyone was in agreement that MN and ME were in real trouble by the end of the century, 

and the rest would be doing somewhat to a lot less well.  At the very least, they need to 

specify what is meant by 'believing 1-3 may persist'.  None of gave any population 100% 

chance of being gone or 100% chance of persisting, except maybe GYA. (CO) 

 

p. 64, paragraph 3, sentence 3, 

“2) reduction in the periodicity and amplitude of the hare cycle,” 

 Explain how this follows from climate change. (CO) 

 

p. 64, paragraph 3, sentence 6, 

“Over the next decades, southern lynx populations will continue to be affected by climate change and 

associated shifts in habitat, prey base, and competition.” 

What is meant by 'southern lynx populations'?  Does southern apply to all in the contiguous 

US, or the Southern Rockies, or...? (CO) 

 

p. 64, paragraph 3, last sentence, 

“will determine not how, but if, this species can persist” 

 Pretty strong and non-scientific language.  Suggest 'whether'.  (CO) 

 

p. 65, first sentence, 

“bobcat distribution will expand northward (see below), and lynx will become more vulnerable to 

stochastic and environmental and demographic effects because of smaller population sizes and 

increased isolation.” 

The definitiveness of these statements is troubling. We have highlighted this example, but the 

entire document should be examined for where statements may be stronger than data are. 

(CO) 
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p. 65, paragraph 2, 

“The geographical borders between cyclic and noncyclic populations are shifting, and the spatial extents 

of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-amplitude 

population cycles also would imply collapses of important ecosystem functions such as pulsed flows of 

resources and disturbances throughout the ecosystem, including declines in predator communities 

(Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common denominator of cycles that exhibit 

spatial gradients, such as the more pronounced snowshoe hare cycles in the northern part of its North 

American range, is that the cycles seem to fade as winters become shorter (Ims et al. 2008, p. 81).” 

I want a better explanation of why reduction in cyclicity will necessarily be bad for lynx.  Is the 

thinking that the system will get 'stuck' at the low end of the cycle?  How bad would it be if 

hare and lynx numbers simply remained steady, midway between the trough and peak?  Not 

sure it won't be a bad thing, I just don't know what the mechanism would be. (CO) 

 

p. 65, paragraph 3, sentence 4, 

“Greatly reduced lynx fur harvests in Canada beginning in the mid-1980s may be linked to climate 

warming.” 

This is kind of getting at a negative impact of reduced cycling, but it's more of an association 

rather than a causal mechanism. (CO) 

While using “may be linked” may make this defendable, we do not feel it is objective.  It is 

well known that the end of WWII, as well as the mid-1980’s, both ushered in a period of 

declining fur prices, and both preceded by high fur prices.  While there is likely no data that 

can now re-create the past truth (only look for correlations), the most parsimonious 

conclusion is that these declines in lynx fur harvests were a result of (possibly lagged) declines 

in trapper effort, and possibly overharvest preceding this, as suggested by Poole (1993) and 

Mowat et al. (2000).  Yan et al.’s attempt to consider this alternative (their appendix S6) is not 

compelling to us, and would argue that parts of it make our case.  But absent discussing our 

specific concerns with them, at best we would say one could only conclude that “climate 

change” (not just climate) could only have potential relevance to the 1980/90s decline, not 

the 1950’s decline.  And even then, this idea would only become an alternative, also 

untestable, HYPOTHESIS to what we would argue is a more parsimonious explanation (fur 

prices/effort).  But nothing to do with this point, which includes some suggestive literature, is 

even mentioned here – only that it “may be linked to climate warming”.   It also may be linked 

to fur prices, fuel prices, other economic opportunities for a trapper (e.g., job growth in the 

50’s and 90’s), weather affecting trappers (not lynx), etc.  The wolverine article we mentioned 

earlier (McKelvey et al. 2011) is also relevant here in terms of harvest data concerns, as well 

as the concerns with snow correlations. (MN) 
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p. 65, paragraph 3, sentence 6, 

“Diminished lynx populations in the core of the range in Canada is a concern because most of the 

populations of lynx in the DPS are believed to be dependent on periodic immigration from Canada for 

demographic persistence and genetic stability” 

If this is the case, then are any of the populations in the lower 48 actually populations? Is the 

DPS valid?  If there are truly unable to sustain themselves, then what can recovery possibly 

look like? (CO) 

 

p. 65, last paragraph, sentence 2, 

“Across their worldwide distribution” 

 [referring to struck-through text] Canada lynx don’t really have a worldwide distribution. (CO) 

 

p. 66, general comment, 

Perhaps of greater significance than the tone of the climate change sections is the over 

reliance on modeling to predict the persistence of lynx in the face of contradicting field data. 

For example, on p. 66 of the SSA it states, “Reduced snow depth and duration may reduce 

lynx’s competitive advantage over bobcats, which have similar ecology to lynx but are not as 

well-adapted to hunting hares in deep fluffy snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 

1102; ILBT 2013, pp. 69, 71). The bobcat is the closest related species to lynx in North America, 

and it outcompetes or displaces lynx wherever the two species overlap, at both broad (Peers 

et al. 2016, entire) and local (Parker et al. 1983;Robinson 2006, pp. 120- 129) geographic 

scales.” However, field observations and surveys indicate that lynx have expanded their range 

in Maine, and that lynx are now living and reproducing in Downeast Maine (i.e., sections of 

Penobscot, Washington, and Hancock Counties). Northern sections of Downeast Maine have 

long been considered one of the best bobcat regions in Maine, and this region has historically 

had lower snowfall totals than northern interior Maine because of the influence of maritime 

weather patterns. These field observations call into question whether marginally lower snow 

levels and bobcat are a significant threat to lynx in Maine. MDIFW urges the USFWS to 

consider the data and arguments presented in this review and at the EEW to arrive at a more 

objective understanding of the threat that climate change poses to the DPS in the near future. 

(ME DIFW) 

 

p. 66, first paragraph, sentence 9, 

“Snow accumulation and duration are expected to decline generally in the geographic areas that contain 

the central and eastern portion of the lynx DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31).” 

 [referring to struck-through text] most prominently (CO) 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  
Page 86 

 

  

 

p. 66, first paragraph, last sentence, 

“Because lynx require prolonged periods of deep fluffy snow, current habitats that lose this feature 

would decline in value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire).” 

Somewhere it needs mentioning that lynx also live and survive for half a year without snow.  I 

think snow is important, for sure, but some explanation is warranted.  Is it necessary to 

eliminate all competition during the leanest time of the year?  Lynx have other prey available 

during summer so increased competition is negated? (CO) 

 

p. 66, paragraph 2, first sentence, 

“Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, which have 

similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy snow (Hoving 2001, 

pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71).” 

This sentences is redundantly redundant. A thorough edit of the entire document to eliminate 

this redundancy could likely shorten the SSA by 25%. (CO) 

 

p. 66, paragraph 2, sentence 3, 

“lynx are subjected to niche displacement to habitats of inferior quality, which probably limits lynx 

survival and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 

pp. 120).”   

Our bigger point here is once again this is purely speculation, at least the second part of the 

sentence.  But another point here is that we’re not sure it is even stated correctly – by our 

read (of Peers), they concluded that lynx might be displaced FROM the supposedly poorer lynx 

habitat, not INTO it.  For example, it says “[lynx] avoid competition at large scales by 

restricting their niche to highly suitable conditions….”.  As such, this would not necessarily 

lead directly to reductions in survival or productivity, though it could affect density (but all is 

still speculation, as is almost all of this paragraph). (MN) 

 

p. 67, paragraph 2, sentence 3, 

“...coyotes were deemed the most likely to pose local or regionally important exploitation impacts to 

lynx”.   

Yet there is really no data of any demographically “important” effects and they do co-exist in 

many areas.  And as noted before, Murray et al. (2008) concluded there is insufficient data. 

(MN) 
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p. 67, paragraph 3, last sentence, 

“The hybridization rate is currently low between the species (0.24 percent) but could increase as bobcat 

populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 2015, p. 528).” 

 This part seems too speculative and indicative of the pessimistic tone of the SSA. (CO) 

We suppose anything “could increase”, but it also might not.  Is there more support for one 

speculation?  If the bobcat/lynx ‘boundary line’ just moves north as some predict, why would 

the rate of hybridization be expected to increase.  It would only be expected to POSSIBLY 

increase, we think, if bobcats advanced north but lynx did not contract. (MN) 

 

p. 67, paragraph 4, sentence 4, 

“The higher kill rate could generate a numeric response by lynx and other hare predators (Hone et al. 

2011, p. 420) that could drive hare populations to lower levels (Stenseth et al. 2004, p. 10633).” 

 So… (CO) 

 

p. 67, paragraph 4, sentence 5, 

“Predator communities are more diverse at the southern part of the lynx range than in central Canada 

(Murray et al. 2008, pp. 1464-1465).” 

Although when you get far enough south, they start to become less diverse again.  No wolves, 

grizzly bears, wolverines, or fishers in Colorado, for example.  Sentence is too sweeping 

without mention of caveats. (CO) 

 

p. 67, paragraph 4, sentence 6, 

“The diverse predator community could explain why hare populations have declined and seem to 

remain low in Maine (Scott 2009, p. 43)”.   

We could not acquire this thesis, but it’s clear that it is more speculation (“could explain”).  

And based on how the sentence is worded (just says “Maine”), it doesn’t seem correct or at 

least appropriately qualified.  Over the last 30ish years, haven’t hares been quite abundant 

and lynx doing well in Maine (better than historically you conclude)?  To what part of Maine 

does this refer?  Is there evidence of increase in predators in that area, evidence that hare 

mortality from them has increased, etc.?  Elsewhere the focus seems primarily that hare 

HABITAT quality may have (or be starting to) decline after peaking in the 1990’s.  What data 

even leads to this specific speculation that predators may be to blame? (MN) 
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p. 67, last sentence, 

“However, because hares have two to four litters per summer, there is opportunity for compensatory 

survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare survival 

may also be expected during prolonged hot, dry summer conditions. For example, hare densities in the 

GYA are believed to be low, in part, because of the dry conditions there” 

These are both related to precipitation but are completely different phenomena.  One is 

abnormal weather patterns in an otherwise hospitable climate.  The other is simple an 

inhospitable climate.  It seems like if it's wet that's bad and if it's dry that's bad.  It's more 

nuanced that this. (CO) 

 

p. 68, general comment, 

The effects of climate change present a threat to many wildlife species in North America, but 

the magnitude, nature, and timing of these threats is still uncertain. MDIFW agrees with the 

authors of the IPCC Climate Change 2014 Synthesis Report that “An integral feature of IPCC 

reports is the communication of the strength of and uncertainties in scientific understanding 

underlying assessment findings” (p.37). Unfortunately, many of the conclusions and the tone 

of the Climate Change Section in the SSA do not communicate this uncertainty and are 

definitive in nature. For example on p. 68, “Climate change will diminish the amount of lynx 

habitat throughout the DPS by a) reducing the areas where snow conditions give lynx a 

competitive advantage over bobcats and other species, and b) reducing the amount of spruce-

fir habitat required by snowshoe hares”, or on p.218, “Although uncertainty remains 

regarding the timing, extent, and biological consequences…..hare populations will decline… 

This in turn will reduce lynx abundance….” (underlines added). MDIFW is concerned about the 

objectivity of the climate change sections in the SSA and urges a thorough review of this 

section -- especially given the USFWS SSA Core Team’s admission that they took a more 

pessimistic view of climate change impacts to lynx than the experts at the EEW. Furthermore, 

MDIFW asks, are 50-year projections an appropriate standard for the “foreseeable future” 

language of the ESA? (ME DIFW) 

 

p. 68, paragraph 2, sentence 6, 

“Under high emission scenarios, this could lead to an 11 percent decline in hare survival by mid-century 

and a 23 percent decline by late century.”  

 Reference?  How did they get these numbers?  Is this attributable to Zimova et al. 2016? (CO) 
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p. 68, paragraph 2, last sentence, 

“Snow patterns have been proposed to potentially play a role in dampening cycles (Cornulier et al. 2013, 

pp. 64-65, Sultaire et al. 2016a, entire).” 

 ??? Empty sentence.  What kind of snow patterns?  How? (CO) 

 

p. 68, paragraph 3, first sentence, 

“The range of the snowshoe hare is contracting northward in the southern part of its range in the 

contiguous U. S. because of changing snow conditions and reduced survival because of delayed pelage 

changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire).” 

???It is?  Statement is too sweeping.  We are at the southern limits of SSH range and have not 

detected any northward movement here (Colorado). (CO) 

 

p. 68, paragraph 3, sentence 2, 

“In Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per decade 

and will continue to recede northward with climate change (Sultaire et al. 2016a, entire).“ 

 [referring to struck-through text] is expected to (CO) 

 

p. 68, paragraph 3, last sentence, 

“Loss of snow now contributes more than loss of habitat in determining the range of snowshoe hares in 

the Great Lakes region (Sultaire et al. 2016a, entire).” 

 [referring to struck-through text] seems to (CO) 

 

p. 68, paragraph 4, first sentence, 

“Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat” 

 [referring to struck-through text] is predicted to (CO) 

 

p. 68, paragraph 4, sentence 3, 

“Areas of contiguous spring snow cover will become smaller and more isolated throughout the 

Columbia, Upper Missouri, and Upper Colorado Basins” 

 Insert “likely” after “will” (CO) 
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p. 68, paragraph 4, sentence 4, 

“Deteriorating snow conditions caused by climate change is causing range contraction of snowshoe 

hares and the southern edge of their range (Sultaire et al. 2016b, pp. 900-904).” 

This is too broad of a statement.  Also, this exact thing was stated just a few paragraphs prior.  

Thorough editing for repetition and opportunities for brevity are needed. (CO) 

 

p. 68, paragraph 2, sentences 1-2, 

“Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 

northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 

358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the ecosystems that support 

lynx are likely to shift, tracking the change of temperature, but with a time lag depending on the ability 

of individual plant and animal species to migrate (McDonald and Brown 1992, pp. 413–414; Hall and 

Fagre 2003, p. 138; Peterson 2003, p. 652).” 

 Redundant (CO) 

 

p. 68, paragraph 3, first sentence, 

“Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx distribution, are 

likely to shift upward in elevation within its currently occupied range and recede northward as 

temperatures increase” 

See the immediately preceding paragraph. This document has not been critically reviewed 

prior to sending to the states. (CO) 

 

p. 68, paragraph 4, last two sentences, 

“Climate modeling suggests that lynx habitat and populations are anticipated to decline accordingly 

(Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the range of the DPS by the 

end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx populations would likely be smaller 

than at present and, because of small population size and increased isolation, populations would likely 

be more vulnerable to stochastic environmental and demographic events (Carroll 2007, pp. 1100–

1103).” 

 [referring to struck-through text] This is repetitive information. (CO) 

 

p. 69, paragraph 2, last sentence,   

“Some areas of the DPS (e.g., Maine, Minnesota) lack potential elevational refugia and, therefore, lynx 

populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102)”.   
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There are a whole lot of “If’s” behind this “are anticipated to”, so we see little reason to 

report this as though a fact.  At best, it should say “the potential for latitudinal contraction 

could be comparatively higher in these Units due to minimal elevational relief”. (MN) 

 

p. 71, first sentence, 

“decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 727).” 

 [referring to struck-through text] although (CO) 

 

p. 71, paragraph 3, first sentence, 

“Warmer springs could increase the frequency and duration of wildfires, which in turn could increase 

vulnerability of surviving trees to bark beetle attack” 

Something amiss here.  Wildfire doesn't increase vulnerability to bark beetles. Beetles don't 

lay eggs in burned up trees. Very poor logic in this sentence. (CO) 

 

 

p. 71, paragraph 3, general comment, 

There are some good paragraphs of information embedded in these last 10 or so pages (like 

this one), but lots of other empty paragraphs, ones in which the language is too strong, and 

several which are just plain repetitive. The document should be read and edited with this in 

mind. (CO) 

 

p. 71, paragraph 4, general comment, 

This is all well and good, but expected impact to lynx is???  The tone it's written with indicates 

this will be bad.  I don't think it will be catastrophic, and am not so sure it won't turn out to be 

pretty good. (CO) 

 

p. 72, paragraph 2, entire, 

“Introduced species can affect forests through herbivory, predation, habitat change, competition, 

alteration of gene pools via hybridization with natives, and disease (as either pathogens or vectors) and 

can alter the diversity, nutrient cycles, forest succession, and fire frequency and intensity of some 

ecosystems (Dale et al. 2001, p. 727). Climate change will modify the distributions of many introduced 

species. Currently, there are few exotic species in North American boreal forests. This is likely because 

remote areas with little human intervention receive fewer exotic species. However, exotic species could 
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be introduced in the future as boreal systems are increasingly exploited for forest products, mining, 

energy production, and other natural resources (Schinder and Lee 2010, entire).” 

[referring to struck-through text] This is a stretch - they are stating that climate change will 

likely affect distribution of introduced spp. which will affect lynx.  Lots of "may occur' 

scenarios here.... This paragraph should be deleted. (CO) 

 

p. 72, paragraph 2, last sentence, 

After concluding there are no real current problems, you state “However, exotic species could 

be introduced in the future as boreal systems are increasingly exploited for forest products, 

mining, energy production, and other natural resources (Schinder and Lee 2010, entire)”.  All 

sorts of things COULD happen – we might develop a highly effective control for some exotic 

species.  But if you are going to make negative speculations, then they at least need to be 

based on some attempt at analysis.  What exotic pest is deemed most likely, what is the 

specific mechanism that will ‘transport’ it to the boreal forest, what is the causal link to lynx 

persistence (e.g., some disturbances, exotic or not, could be ‘good’ for lynx/hare habitat)?  

This is a Status Review and should only include best knowledge of current status, with clear 

and defendable shorter-term forecasts about future change.  This speculative sentence, which 

is not the only one of its kind, assumes negativity and is uninformative – delete it. (MN) 

 

p. 72, paragraph 3, sentence 2,  

“For example, in January, 1998 a severe ice storm extensively damaged the canopy of many 

northeastern U.S. and eastern Canadian forests, causing moderate to severe forest damage to over 10 

million acres in the Northeast U.S. and southern Quebec (Jones and Mulhern 1998, p. 19; Irland 2000, 

entire; Millward and Kraft 2004, entire)”.   

But if nobody has documented specific effects for lynx, why say this?  There was also a 

blowdown of trees in Minnesota’s BWCAW that affected ~ 400,000 acres, and probably?? 

improved habitat for lynx/hares.  Unless there is some reasonable data to show a connection 

to lynx/hare demography (e.g., the Maine story), simply say disturbances are projected to 

increase, some could be good for lynx/hares, some bad, but we can’t predict the future.  It 

would shorten the document a lot. (MN) 

 

p. 72, paragraph 3, last sentence, 

“It is uncertain how climate change will affect the frequency, intensity, location, and extent of ice 

storms; however, atmospheric warming will most likely shift the locations of prevailing ice storms 

northward.” 

Not clear if this is good or bad for lynx?? Further, is this something that is really a threat to the 

DPS? If no, then it should not be included in the SSA. (CO) 
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p. 72, paragraph 4, first sentence, 

“Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 

development and survival rates, disease transmission, and host susceptibility” 

Doesn't it seem like this would all depend on the pathogen?  It can't be that all of them will 

benefit from climate change.  Are there particular ones we're concerned about that are 

expected to benefit from climate change?  If not, what is the point of this paragraph? (CO) 

 

p. 72, paragraph 5, first sentence, 

“No apparent climate-influenced parasites or diseases have been identified that would affect Canada 

lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains a possibility 

(Lynx SSA Team 2016, pp. 27, 37-39).” 

This was one person's opinion.  No one else in the group thought this.  Surprised it made it in 

the document.  When pressed, this person had no specifics to offer, just generally, diseases 

might happen.  Seemed too much of a stretch to me. (CO) 

Same general comment as for p. 72, paragraph 2, last sentence above. (MN) 

p. 73 et seq., general comments, 

Vegetation Management, Wildland Fire Management, and Habitat Fragmentation sections. 

This is probably redundant with one of our initial comments, but we see no need for these 

section headings (or Climate Change), nor the need for much of this information to be 

anywhere in this document.  Use very mechanistic headings (e.g., “Projected Changes to hare 

habitat”), concisely discuss in one spot all relevant processes (disturbances, veg mgmt., 

human development/fragmentation, or whatever) for which we have supporting studies (e.g., 

hares depend on X, not just “X might affect Y”) and for which we can demonstrate reasonable 

confidence that changes will occur in the NEAR future.  We see little if any need/value for 

general reviews of all the hare habitat literature, different ways commercial timber 

management takes place, how such methods may or may not affect hare habitat, what 

economic trends may occur, whether/how the forest industry (or other land management 

agencies) might adapt to projected changes in forests from climate change, what historic fire 

regimes (or human policies toward them) have been or might be, how humans fragmented 

the landscape in the past, why snow is supposedly so important (again), what fragmentation 

means, more general review of lynx/hare literature, whether lynx have been documented to 

cross/use/get hit on roads, how many ski resorts there are out west, what locatable or salable 

minerals refer to, that utility lines are often along road corridors, etc.  This is completely 

unnecessary, at least for our conception of what a Species Status Assessment should contain.  

Besides just adding an enormous amount of superfluous information, it forces the constant 

repeating of many highly speculative ideas.  For this reason, we will not offer many specific 
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comments on these sections, instead hoping that much is simply discarded.  But we will offer 

a few. (MN) 

 

p. 73, first paragraph, sentences 3-5, 

“Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat were 

strongly correlated with neutral genetic diversity, low allelic richness, and high genetic differentiation 

(Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in southern lynx populations 

could be caused by a northward shift in optimal conditions, resulting in isolation and extirpation of lynx 

populations at the trailing edge of their range or climate-induced changes in the distributions of 

snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness were 

found in areas with the deepest snow in the core of their range in northern Ontario (Koen et al. 2014a, 

p. 758). The authors concluded that climate warming has reduced gene flow at the receding (southern) 

edge of the lynx’s range, and that southward gene flow from Canada into threatened U.S. populations is 

unlikely.” 

Didn't we already say that there is very little genetic structuring of lynx across its distribution?  

Which is it?  At least acknowledge what you said before and try to reconcile the 2 ideas. (CO) 

 

p. 74, paragraph 2, sentence 4, 

“Thus, stem density (or stem cover units) and snowshoe hare density are directly and positively 

correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Koehler and Brittell 1990; 

Thomas et al. 1997; Hodges 2000a; Mowat et al. 2000; Homyack et al. 2006; Robinson 2006; Scott 2009; 

Fuller and Harrison 2013).”  

 Ivan 2014 should be cited here. (CO) 

 

p. 74, paragraph 3, sentence 1, 

“Ivan 2011a;” 

Should be the 2014 paper, not the dissertation.  Appears this was taken from the LCAS and not 

representative of current literature. (CO) 

 

p. 74, paragraph 3, sentence 2, 

“In forests of northern Maine, wind, fire, insects, and diseases were predominant natural disturbance 

agents, while fire, insects, and diseases were predominant in the Great Lakes Geographic Unit and 

across the western U.S.” 

Must be a better way of writing this sentence.  Basic fire, insects, and diseases are natural 

disturbance areas everywhere; additionally, wind is a disturbance factor in northern ME. (CO) 
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p. 76, general comment, 

Given the success of lynx populations on private lands in Maine, MDIFW finds statements, 
such as the one on p. 76 of the SSA, “Whereas management of State and Federal forest lands 
have been relatively stable in recent decades, management and ownership of private forest 
land ownership has been extremely unstable. This has resulted in major shifts in forest 
management strategies, outcomes, and products. For example, in the last two decades in 
Maine, where nearly all the lynx critical habitat is on private land, about 23.8 million acres (80 
percent) of industrial land ownerships in the “northern forest” (Adirondacks to northern 
Maine) were sold to many different kinds of financial groups (Hagan et al. 2005)” overstate 
the threat posed by private land management to lynx. The period of greatest lynx population 
growth in Maine occurred during the same period (referenced above) that caused “major 
shifts in forest management strategies, outcomes, and products”. The majority of ESA success 
stories for widely distributed species involve a significant role for private lands. In the eastern 
U.S., private lands are integral to recovery programs and conservation efforts. “Working 
woodland” easements now encompass >10,000 km2 across northern Maine. These covenants 
do not specify specific management practices or outcomes beyond sustainable forestry, but 
they do ensure that conversions to other land uses will never occur. (ME DIFW) 

 

p. 76, first paragraph, sentence 1, 

“maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et al. 2004; 

Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a).” 

Again, it is evident that much of this directly from the LCAS, without a very thorough search of 

new literature. (CO) 

 

p. 76, paragraph 2, last sentence, 

“Under depressed markets, landowners may reduce harvests, which may be to the detriment of lynx in 

some parts of the DPS (e.g., Maine and Minnesota), and to the benefit of lynx in others (the West).” 

This paragraph (section, really) strikes me as odd. Many of the regulatory mechanisms that 

have been adopted address these kinds of concerns. A detailed description of economic issues 

related to timber productions doesn’t strike me as fitting into the species status assessment. 

(CO) 

 

p. 77, last paragraph, first sentence, 

“Climate change will affect forest-related recreation. Warmer lowland temperatures” 

 Replace “will” with “might” (CO) 
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pp. 76-77, 

“Markets for softwood products are particularly volatile” 

Seems like hyperbole.  Markets for softwood pulp are currently dramatically depressed but 

markets for softwood sawlogs have been consistent for decades. Values fluctuate but 

traditionally you could move the logs. (ME FPC) 

“and depend on demand for paper and housing. Thus, softwood management is affected by economic 

factors that are difficult to predict. In recent years, the forest products industry throughout the U. S. 

experienced a downturn in output levels not seen in decades, and employment losses in the hundreds 

of thousands (Woodall et al. 2011, p. 595).”  

Shouldn’t this be focused on Maine’s market as opposed to the US.  How do job losses across 

the US Forest Industry necessarily impact lynx habitat in Maine? (ME FPC) 

“Despite depressed markets, one area of increasing interest is bioenergy production. Rising energy costs 

and growing concerns over global climate change have increased interest in bioenergy production, and 

the U. S. Energy Independence and Security Act (2007) mandates a five-fold increase in biofuel 

production (Benjamin et al. 2009, p. 125). The wood pellet sector is expected to grow, although woody 

biomass is typically the lowest value wood commodity sold from the forest. Thus, it is questionable 

whether wood energy revenues would be enough to sustain forest investments and forest management 

into the future (Woodall et al. 2011, p. 601).  

“Whereas management of State and Federal forest lands” 

Stable in ownership but not necessarily managing in a manner promoting lynx habitat in 

Maine. (ME FPC)    

“have been relatively stable in recent decades, management and ownership of private forest land 

ownership has been extremely unstable.” 

Biased.  Ownership changes have resulted in less intensive pre-commercial management 

investments but harvesting techniques and levels are not unstable. (ME FPC) 

“This has resulted in major shifts in forest management strategies, outcomes, and products. For 

example, in the last two decades”  

Since the citation date is 2005, and it is now 2017; this cannot be the last two decades being 

correctly referred to.  The previous two decades prior to 2005 would be the 1985 to 2005 

period. (ME FPC) 

“in Maine, where nearly all the lynx critical habitat is on private land, about 23.8 million acres (80 

percent) of industrial land ownerships in the “northern forest” (Adirondacks to northern Maine) were 

sold to many different kinds of financial groups (Hagan et al. 2005).” 

And conservation groups and government entities.  Perhaps nit picking but isn’t this 

statement based on a study that is 12 years old. (ME FPC) 

“These groups have short-term investment goals”  
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Investment companies (TIMOs, REITs, etc.) have consistently invested in wildlife research via 

the CFRU over this same time period, significantly contributing to snowshoe hare and lynx 

specific research.  Currently, there are 20 such “short-term” goal investment companies 

actively participating in CFRU representing almost 60% of the members. Funding has been 

relatively consistent for the last 10 years. (ME FPC) 

“and different management objectives and have dramatically changed harvest practices.”  

Some have and some haven’t, just like the previous owners.  Not all previous landowners 

clearcut extensively.  Not all previous landowners invested in pre-commercial softwood 

management.  Many of the large industrial landowners sold their lands with long term timber 

supply agreements (i.e. SAPPI, Mead (Catalyst), IP (Verso), etc.) and likely sustainability 

conditions. (ME FPC) 

“Whereas the previous large industrial landowners focused on the forest land base as a supply for their 

manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and Real 

Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and Sader 2006, p. 

178). Initially, the effects of ownership changes were uncertain (McWilliams et al. 2005), but an 

evaluation of harvesting in the last decade indicates these landowners increased harvest rates, 

shortened rotation rates, and shifted to managing and harvesting hardwood tree species (Jin and Sader 

2006, p. 183-185). On one hand, these trends in Maine private lands management make lynx 

management commitments more difficult because short-term landowners are not interested in long-

term commitments. On the other hand, some easement owners may have an incentive to manage for 

lynx to meet forest certification requirements.”  

Which can improve market opportunities as most pulp and paper markets prefer certified 

wood and allocate accordingly; (ME FPC) 

Outdated. The bottom line is that  the vast majority  of these lands continue to be actively 

managed for forest products, with the exception of reserves that have been set aside by 

NGO’s and government agencies. History is starting to repeat itself. Ownership patterns are 

moving away from TIMOs & REITS to more family and high net worth individual patterns with 

longer investment horizons. (ME FPC) 

This citation is 10 years old and reflects past behavior, not recent. (ME FPC) 

“The extensive sale of private forestlands initiated the growth of conservation easements in this region 

(deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of Maine’s State 

area increased from less than 5 percent in 1987 to approximately 19 percent by 2012 (Beck et al. 2012, 

p. 15). [MFS: The writers should consult with the state for up to date information on easement acreage.]  

Conservation easements restrict development but usually do not affect forest management;” 

That may not be entirely accurate.  CEs often have clauses that require monitoring to some 

level often certification is offered as an alternative to the easement holder’s monitoring.  It  is 

another incentive to seek certification and thus manage RTE species. (ME FPC) 
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“neither do they typically require management for lynx and other rare species. Some private forestlands 

were sold to State and Federal agencies and conservation interests. For example, in recent years The 

Nature Conservancy purchased”  

The TNC purchase in northern Maine was back in the 1990s, cannot be characterized as 

recent. (ME FPC) 

“310,000 acres of private forestland in Montana and 185,000 acres of private forestland in northern 

Maine. Lands in conservation ownership have a high probability of being managed to benefit hares and 

lynx. “ 

If they have a commitment to actively manage the lands.  Not all conservation groups do.  TNC 

–yes; AMC-not so sure;  EPI- probably not for lynx.  Most are more likely to manage for late 

successional habitat. (ME FPC) 

Where’s the proof to this? What incentive is there to manage for hares and lynx regardless of 

whether the property is under a CE or not? These landowners are the least likely to use large 

scale clearcutting or shelterwoods. (ME FPC) 

Data to support this statement?  Is TNC creating large clearcuts in northern Maine?  Doubtful. 

(ME FPC) 

 

p. 77, last paragraph, last sentence, 

“The ski industry is currently in decline,” 

 Citation is needed here. No evidence that I am aware of. (CO) 

 

p. 78, first paragraph, sentence 2, 

“These climate-induced trends in recreation are anticipated to bring more people into the lynx DPS,” 

If ski industry is in decline (as stated unsubstantiated above), why would there be increased 

recreation due to climate change? (CO) 

 

p. 78, first paragraph, last sentence, 

“At this time, there are many uncertainties concerning the socioeconomic implications of climate 

change and adaptation in the northern forests supporting the lynx DPS.” 

This is a good summary. Lots of uncertainty. Not sure why they limited it to 'northern forests', 

though? (CO) 

 

p. 78, paragraph 2, sentence 3, 
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Habitat management actions should be evaluated within the context of the whole lynx 

population unit and large scale landscape disturbance to plan timber management. If large 

areas are already affected by harvest, wildfire, or disease then future timber harvest should 

be curtailed until habitat grows back. Too often management only focuses on LAU's (the size 

of a female home range) and does not take into context the other impacts of the surrounding 

area. (WA) 

 

p. 78, paragraph 2, sentence 7, 

“Hares and lynx will continue to be affected (both positively and negatively) by forest management into 

the foreseeable future.” 

 Yes.  I think everyone will agree on this. (CO) 

 

p. 78, paragraph 3, sentence 1, 

“Reduced Quality of Hare Habitat” 

Throughout this document, focus is on the negative impacts and not on the opportunities for 

improvement. These should be acknowledged as well, as in the highlighted sentence above, 

although they could easily be even more explicit. The SSA would read much more objectively, 

and thus feel more reliable if there were more nods to whatever positive things could happen 

as well. (CO) 

 

p. 78, paragraph 3, sentence 1, 

“reducing overstory canopy in mature multi-story spruce-fir forests (in the West),” 

 How, exactly, does this reduce quality of habitat for lynx and hares? (CO) 

 

p. 78, last sentence, 

“Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 stems/ha 

(1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 1986, 

Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott” 

 Again, cite Ivan 2014. (CO) 

 

p. 80, line 2, 

“insects may reduce the horizontal cover” 

 Insert “also” after “may” (CO) 
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p. 80, line 2, 

“(e.g., boughs on snow), thus degrading the quality of” 

 Insert “depending on the growth form of these trees” after “snow)” (CO) 

 

p. 80, paragraph 2, sentence 6, 

“After 17 years of extensive partial harvests, much of the northern Maine landscape has been influenced 

by this form of forestry, and will continue to be into the future.” 

 And anticipated impact to lynx is…? (CO) 

 

p. 80, paragraph 2, sentences 9-10, 

“Partially harvested stands result in a wide range of residual stand conditions, but many have lower 

conifer stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006). On 

average, partially harvested stands supported about 50 percent of the hare densities observed in 

regenerating clearcuts (Robinson 2006).” 

Rangewide, or somewhere in particular?  This is a recurring theme.  The DPS is very diverse.  

What holds in one place doesn't in another.  Throughout the SSA, there is a definite need to 

be very specific about what you're talking about geographically. (CO) 

 

 

 

p. 81, first paragraph, last sentence, 

“By removing or reducing the understory and ladder fuels to meet those objectives, dense horizontal 

cover important to snowshoe hares is reduced and habitat value is diminished for hares and lynx.” 

But this almost certainly occurs at very small scales, right?  As in probably not enough to 

worry about? (CO) 

 

p. 81, paragraphs 3 and 4, general comment, 

These paragraphs really only apply to ME.  I guess this is more argument to break up the DPS.  

This document is hard to follow in many places because the issues, forests, and response to 

stressors is very different across the DPS. (CO) 
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p. 82, first paragraph, first sentence, 

“Lynx achieve highest densities in >100 km2 landscapes” 

No idea what this phrase means.  A single home range is usually about 100km2, at least in our 

area; that would be density = 1. (CO) 

 

p. 82, first paragraph, sentence 4, 

“Analysis of winter movements of lynx in Maine indicated that lynx responded to habitat heterogeneity 

at a coarse scale within their home ranges, by maximizing their access to snowshoe hare prey (Fuller and 

Harrison 2010).” 

 Same in CO. See 2016 paper! (CO) 

 

p. 82, paragraph 2, sentence 1, 

“Forest management can fragment and isolate patches of high quality hare habitat (Simons-Legaard et 

al. 2016).” 

This is a geographic-specific statement.  I doubt that forest management in CO could be so 

intensive and dramatic as to single-handedly isolate hare habitat. (CO) 

 

p. 82, paragraph 3, sentence 2, 

“In forests of the Northern Maine Unit, wind, fire, insects, and diseases were predominant natural 

disturbance agents, while fire, insects, and diseases were predominant in the Great Lakes Geographic 

Unit and across the western U.S.” 

 This exact sentence has been used before.  Redundancies should be eliminated. (CO) 

 

p. 82, paragraph 4, first sentence, 

“Today, forest management is the predominant form of disturbance in boreal forest types throughout 

the DPS, but in the West insect outbreak or wildfire are also critical agents of disturbance that influence 

and interact with forest management.” 

 Replace “or” with “and.” (CO) 

 

p. 83, paragraph 2, sentence 3, 

“These stands/patches provide high-quality hare foraging habitat and typically support high hare 

densities, which in turn provide high-quality lynx foraging habitat.” 
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 Only after many decades though, depending on site conditions. (CO) 

 

p. 83, 

“After several centuries of forest management, stand age structures in the Acadian forest have become 

simplified,”  

 The Acadian forest is a broad expanse of landscape. (ME FPC) 

“and commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree species 

(Seymour 2002). Although the prevalence of these younger even-aged forest stands on the landscape 

may benefit hares and lynx in Maine, forestry has shifted the species composition of Maine’s forest to 

tree species favored by frequent harvest disturbance, such as red-maple, paper birch, aspen, and balsam 

fir.” 

What is the evidence for this statement?  Should reference FIA data for unbiased measure of 

current forest species, ages and distributions. In some cases, perhaps. However, these are also 

shorter lived and lower valued species. Many landowners are focusing management efforts on 

higher valued and longer lived species. (ME FPC) 

Opinion? Or based on FIA data? (ME FPC) 

 

p. 84, paragraph 2, sentence 2, 

“which, combined with other land-use practices, dramatically altered fire regimes in some places and 

created conditions prone to larger and more severe fires (USDI et al. 2001, p. 1-2).” 

This is mostly related to Doug-fir and P[onderosa] Pine systems though.  Suppression hasn't 

had much impact to spruce/fir forest due to very long return interval, right? (CO) 

 

p. 84, paragraph 3, general comment, 

Good paragraph.  Role of fire varies by geography, and that is made very clear here.  I wish 

other paragraphs were set up similarly. (CO) 

 

p. 86, first paragraph, general comment,  

Yes, fire frequency and size COULD increase, and yes, this does HAVE THE POTENTIAL to cause 

temporary adverse impacts on hare habitat, but depending on details, it also COULD be 

positive (e.g., be a counter-balance to historic fire-suppression policies).  I don’t think there is 

sufficient predictive capability to decide how this will play out.  You correctly note here that 

any negative effect may only be temporary and followed by positive effects, but add that even 

so it would likely (any citation?) reduce landscape-level hare densities, and therefore lynx 
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numbers.  Possible, but are periodic reductions in landscape-level hare densities not a 

historical reality of boreal landscapes and lynx-hare dynamics.  Even lynx, along with other 

cycle contributors, can cause landscape-level reductions in hare density.  ‘Stability’ is not the 

norm in these settings, and temporal/spatial variability should not be viewed as abnormal or 

bad.  Useful conclusions can only be drawn if we can predict with high confidence how 

big/how often/where fires would occur in a given area, and we can’t.  Could be good in some 

areas, bad in some, good at one point in time, bad at another. (MN) 

 

p. 86, first paragraph, sentence 3, 

“Although this would likely be a temporary impact,” 

I guess.  Silviculturalists on the Rio Grande are predicting 50-100 years for many parts of the 

West Fork Fire, and also that some areas will never be forest again. (CO) 

 

p. 87, first sentence, 

“it may be necessary to reconsider whether fire suppression in some lynx habitats could benefit lynx by 

reducing the potential for extirpation of lynx populations, especially in places already affected by 

increased fire activity and those that are naturally only marginally capable of supporting resident lynx.” 

 This is not realistic (for the Colorado area, at least). (CO) 

 

p. 87, paragraph 2, last sentence, 

 “Lynx must contend with aspects of their habitat at the southern extent of the boreal forest for which 

they are not as well-adapted”.   

As a side note, in our opinion the only thing in these areas that they are demonstrably not 

able to ‘deal with’ is lower hare density.  Regardless, this general idea is nonetheless true, but 

also true for every species at their range limits and it should be noted that this is “the norm” 

for lynx in the DPS.  Historically, lynx in these areas have almost certainly been comparatively 

rare, ephemeral, unstable, patchy, or variable……..and yet persistent over the long haul.  The 

problem in our opinion is that ESA generally ignores everything north of the border, expects 

consistent ‘safe population levels’, thereby ignoring historic reality (instability, especially at 

the range edge), and then leads to assessments that portray all of this historic reality as now 

being “risks”.  Certainly humans can, and have, altered the system.  But so has ‘nature’, and 

we do not have 1,000 years of lynx/hare abundance data to offer any clues of just how much 

natural variability there was in their southern numbers.  There have always been a lot of 

‘undesirable’ conditions in the DPS for lynx, and it is important to not lose sight of this, but I 

think it commonly does in this section.  In the beginning, a conclusion is that habitat 

loss/fragmentation has been relatively low in the DPS to date, then much discussion of why 

fragmentation can be bad.  There are suggestions that the DPS naturally has patchier habitat, 
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then reasons why patchiness is ‘bad’.  Examples of why fragmentation may be bad, then a 

paragraph that concludes “..lynx showed no sensitivity to the degree of forest fragmentation 

in areas of high or low suitable habitat”.  Notes that the snow environment in the DPS is 

[naturally] patchy and marginal in space and time, then speculative discussion on why this is 

bad.  Distinguishing ‘bad’ from ‘normal’ is not just semantics to us.  It is, or should be, a very 

relevant focus.  Even setting that aside for the moment, we note the following: P. 91 – “Roads, 

development, climate change, and forest management fragment snowshoe hare and lynx 

habitat in the DPS.  We know little about how hare and lynx respond to these 

anthropomorphic changes to their habitat, which requires additional research (Murray et al. 

2008, p. 1464; Squires et al. 2013, p. 194).  Enough said. (MN) 

 

p. 87, paragraph 4, general comment, 

Another good paragraph.  Succinct, well cited literature, informative, not repetitive, and the 

issue is clearly treated separately and appropriately for various pieces of the DPS.  Good work. 

(CO) 

 

p. 88, first sentence, 

“reducing lynx reproduction and survival,” 

 Need to have some kind of reference for this statement. (CO) 

 

p. 88, first paragraph, last sentence, 

“Fragmentation from anthropomorphic sources results in habitat alteration, direct habitat loss, vehicle 

collisions and behavioral disturbance from roads and changes in landscape features such as edges.” 

 Insert “some degree of” after “results in.” (CO) 

 

 

p. 88, paragraph 2, last sentence, 

“In contrast, a high-quality matrix, typical of Canadian boreal forest, can provide alternative or 

supplemental resources (Dunning et al. 1992; Norton et al. 2000), thus supporting higher densities of 

hares in the prime habitats.” 

 Insert “or functional lack of a differentiated matrix,” after “matrix,” (CO) 
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p. 89, first sentence, 

“Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 

competition for a limited resource and exploitation competition inflicted by generalists (e.g., coyotes) 

and other predators (Buskirk et al. 2000a, p. 95)”.   

Hares may fluctuate less dramatically in the south BECAUSE of more generalist predators, but 

I don’t see that the lack of fluctuation per se leads to more competition.  In fact, by definition, 

generalists are typically ‘prey-switchers’.  Even if there are more species of predators, it 

doesn’t mean there is more pressure on any one prey species, other things equal.   We’re not 

even sure if there is data to show that there are more hare predator species in the DPS 

compared to the north or whether annual hare mortality is lower in the north, but we think 

data in Hodges (2000) suggests “no” to both those questions.  Our comment here also applies 

to the last sentence in the second paragraph on this page. (MN) 

 

p. 89, paragraph 2, first sentence, 

“Snowshoe hares in the south” 

This term and/or "southern part of the range" gets thrown around a lot, and I think we 

generally have an idea about what is meant by this, but it isn't exactly clear.  See Ivan and 

Shenk for one example of a clean definition or clearly define it yourself at the beginning and 

stick to it. (CO) 

 

p. 89, paragraph 3, sentence 1, 

“Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely related 

species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation (Ferreras 2001, Crooks 

2002).” 

Not sure this sentence makes sense.  If lynx are flexible, then previous arguments about 

fragmentation being detrimental are moot?  Or maybe not moot but not as dire?  Seems 

inconsistent. (CO) 

 

p. 89, paragraph 3, sentence 3, 

Consider expanding this statement. Were survival rates higher? kitten survival? individual 

weights? How was this assessed? (WA) 

 

p. 89, paragraph 3, last sentence, 

“However, lynx showed no sensitivity to the degree of forest fragmentation in areas of high or low 

suitable habitat.” 
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Re-work this sentence...meaning if habitat suitability is low enough, lynx don't respond to 

varying degrees of fragmentation because it is all too poor quality for their liking and if 

suitability is very high, there are not too sensitive to fragmentation because suitability is still 

really good even in a fragmented landscape? (CO) 

 

p. 89, paragraph 4, first sentence, 

“All of these factors likely lead to lower reproductive output and more tenuous conservation status for 

lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95).” 

Not consistent with the previous arguments, which imply that impacts of fragmentation aren't 

always dire.  I think you mean to say "on balance, fragmentation is expected to lead to lower 

reproductive output and more teuous..."  (CO) 

 

p. 89, paragraph 5, first sentence, 

“The snow environment in the DPS is also patchy and marginal in both space and time for snowshoe 

hares and Canada lynx.” 

This is the only new information in this entire paragraph.  The rest has been stated many, 

many times previously.  Attach that single sentence to another paragraph and axe this 

paragraph.  Or, expound on that idea more if it needs it.  (CO) 

 

p. 90, first paragraph, sentence 4, 

“or by snow regimes (e.g. snow shadows)” 

 ??? Lynx can move across areas that aren’t covered in snow.  (CO) 

 

p. 90, first paragraph, sentence 4, 

“or by snow regimes (e.g. snow shadows) that may restrict lynx dispersal between habitat patches.” 

Snow shadows are unlikely to restrict lynx dispersal.  They have repeatedly shown an ability 

to make large movements across most any habitat type.  I think what you mean here is that 

snow shadows might in some ways be an impediment to routine, daily movements, or result 

in larger home range sizes and increased energy expenditure, or something along those lines. 

(CO) 
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p. 90, paragraph 3, first sentence, 

“Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest habitats 

with large patches of high-quality foraging habitat and persistent deep, fluffy snow.” 

This sentence is repeated many times in the document. There are lots of opportunities to be 

more concise in the language. Redundancy should be eliminated. (CO) 

 

p. 91, paragraph 2, first sentence, 

“Anthropogenic Sources of Fragmentation” 

Isolated thoughts related to anthropogenic sources of fragmentation have already been 

interspersed throughout the preceding general section on fragmentation.  Suggest 

consolidating those comments here. (CO) 

 

p. 91, paragraph 2, last sentence, 

“Habitat fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 

populations.” 

Somehow, somewhere in this document, all of these potential threats need to be prioritized 

and laid out according to their likelihood of causing real harm to the DPS.  Right now the 

document reads as a litany of bad things that can happen to lynx.  Some of these however, are 

much more important and worrisome than others.  For example, compared to losing boreal 

forest to hardwood conversion, how much do we care about some possible, as yet unnamed 

disease causing issues? (CO) 

 

p. 91, paragraph 3, general comment, 

Good information here, but I feel like this idea was already articulated earlier as well.  This 

entire document needs a single good editor to go to work on it. (CO) 

 

p. 91, paragraph 4, sentence 4, 

“Changes in habitat, prey base, and competitor guild will further stress southern lynx populations and 

possibly populations in southern Canada.” 

 Insert “probably” before “will.” (CO) 

 Again, what is meant by "southern?”  Its use is ambiguous throughout. (CO) 
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p. 92, paragraph 2, last sentence, 

“Lynx and other carnivores may avoid using habitat adjacent to highways, or become intimidated by 

highway traffic when attempting to cross (Gibeau and Heuer 1996, Forman and Alexander 1998).” 

The impact of roads on lynx movements may be overstated for Colorado. There are limited 

examples of road kill (<10?), and there are documents examples of lynx crossing 2 and 4 lane 

major highways. (CO) 

 

p. 92, paragraph 3, last three sentences, 

“In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c, d, 

2012; J.Squires, personal communication 2012). Colorado lynx crossed two-lane highways an average of 

0.6 times per day and more frequently during dusk and night when traffic volume was lower (Baigas et 

al. 2017, p. 204). They also crossed 4-lane highways (I-70), especially forested areas under large, 

elevated bridges that spanned streams (Baigas et al. 2017, p. 204).” 

 Yes. Important point, which seems to be diminished in the above discussion. (CO) 

Important note here is that these numbers are for lynx with home ranges adjacent to and/or 

encompassing highways.  This is not the same as crossing frequency observed during 

dispersal. (CO) 

 

p. 93, paragraph 1, sentences 3-4, 

“Over a 7-year period in Colorado, 13 of 102 documented mortalities of translocated lynx were killed on 

highways (Devineau et al. 2010). Traffic volumes on Colorado highways where the 13 lynx mortalities 

occurred were estimated to range from about 2,300 to >25,000 vehicles per day (K. Broderdorp 2012 , 

pers. comm.).” 

Should also include road mortalities to date.  The frequency of this kind of occurrence 

continues to decline, although part of that is not having collared animals that we know have 

been killed, so maybe it's fine to leave it this way?  At least caveat this section with new 

animals unfamiliar with their new environment. (CO) 

 

p. 94, first sentence, 

“surrounding environmental features, the density of increased urbanization, and the increased traffic 

volume (Clevenger and Waltho, 2005; Grilo et al. 2009).” 

Is there substantial residential development in lynx habitat? The percentage of all habitats 

subject to threats from development has to be relatively low. (CO) 
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p. 94, paragraph 2, first sentence, 

“Ski Resorts - Ski area development also results in permanent habitat loss” 

This is overstated. It is probably of diminished quality, but if ski areas are in decline as 

mentioned previously, presumably these will be reforested (eventually?). Regardless, 

overstatement leads to lower degree of credibility. (CO) 

 

 

p. 94, paragraph 2, first sentence, 

“Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation.” 

Insert “of home range habitat, although lynx likely are still able to move through these areas 

relatively easily [or something to this effect]” after “fragmentation.”  Need to qualify what is 

actually lost permanently if you're going to go with that adjective. (CO) 

 

p. 94, paragraph 2, last sentence, 

“In some areas, lynx habitat may be limited and concentrated in the ski area development footprint 

(Squires 2012, pers. comm.).” 

 Lynx habitat is not concentrated in the ski area development footprint.  This is misstated. (CO) 

 

p. 94, paragraph 3, sentence 4, 

“While ski resorts occupy a small proportion of the landscape, spruce-fir forests provide important 

habitat for snowshoe hares and lynx at the southern extent of their range.” 

Suggest that this sentence should be flipped:  "While ski resorts often occur in spruce-fir 

forests and thus might provide habitat for hares and lynx (or at least would have without the 

resort), such resorts occupy a very small proportion of the landscape.” (CO) 

 

p. 94, paragraph 3, general comment at end of paragraph, 

Refer FWS to the Colorado example of the conservation blueprint where fed, state and ski 

industry have worked to minimize impact of consultation and to increase appetite for 

conservation. Broderdorp is well familiar with this effort and should be able to write this. (CO) 
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p. 95, paragraph 2, last sentence, 

“Impacts to lynx include the potential alteration or removal of lynx habitat, increased fragmentation, 

and the potential for human-caused mortality from road development.” 

To me, this seems very overstated, further exemplifying the pessimistic view that this 

document takes. This issue ranks low (bottom?) of the hierarchy of threats. Why include it 

then? If you are going to list all threats, how do lynx respond to elk hunters? airplanes going 

over wilderness? (CO) 

 

p. 95, paragraph 4, general comment on this and preceding paragraphs, 

Each of the last 3-4 paragraphs could be deleted in my opinion.  Seems the document is now 

grasping at every last possible thing that can occur on a landscape that might possibly 

somehow impact, regardless how minimally. (CO) 

 

p. 95, paragraph 5, sentence 3, 

Page 95 – indicates that farming in NE Maine fragments corridors between Maine and New 

Brunswick. No citation provided. We have detected lynx during recent monitoring efforts 

(track surveys) and have documented movements of tagged lynx across ME/NB border, which 

contradicts statement made here.  Recast sentence. 

 

p. 96, paragraph 1, general comment at end of paragraph, 

However, the most important fragmentation is natural, and lynx have shown a strong ability 

to cross through most any kind of habitat during dispersal events - Reference CO lynx 

documents. (CO) 

 

p. 97, paragraph 1, last sentence, 

“resident lynx currently occupy parts of western Colorado (Unit 6), although the current number and 

distribution of lynx there are uncertain.” 

 Delete “and distribution.” I think we have a pretty good idea of what the distribution is. (CO) 

 

p. 98, paragraph 1, sentence 2, 

“Lynx experts and geneticists indicated high rates of dispersal and gene flow and, therefore, generally 

low levels of genetic differentiation across most of the species’ range, including the DPS (Lynx SSA Team 

2016, pp. 12-14, 55-56).” 
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This flies in the face of concerns about fragmentation, lack of connectivity to Canada, etc. at 

least at a broad scale in space & time. (CO) 

 

p. 98, paragraph 1, sentence 5, 

“Therefore, lynx naturally have little ability to adapt to changing environmental conditions (i.e., shift to 

other forest habitats, snow conditions, or prey species).” 

 Replace “naturally” with “likely.” (CO) 

 In CO, there are alternative prey. (CO) 

 

p. 99, paragraph 2, general comment on this and preceding paragraphs, 

Good.  This series of paragraphs were well written, concise, informative, logical, and nicely 

summarized, all while dealing independently and appropriately with the independent 

populations that make up the DPS. (CO) 

 

p. 99, paragraph 3, sentence 3, 

“No reliable estimates of current or historical resident lynx numbers”. 

How did the authors come to this determination? Vashon et al. 2012 (cited throughout the 

document), provides estimates of past and current lynx populations in Maine and how those 

estimates were derived. The USFWS accepted these population estimates in the Incidental 

Take Plan for Maine’s Trapping Program (2014) and issued the state an Incidental Take Permit 

based on these population estimates. Furthermore, if the above statement in the SSA were 

true, it implies that statements on current population trends and status of lynx throughout 

the SSA should be discounted (e.g., largest lynx population in the lower 48, higher than 

historic levels etc.). (ME DIFW) 

 

p. 99, paragraph 3, sentence 12, 

“...hare went under a 50% decline in 2006 and have remained at lower levels.”  

This statement is not cited. There is no study at the scale this sentence implies. (ME DIFW) 

Perhaps a citation for these observations is listed elsewhere in the document, but we would 

like to see it in order to evaluate just how much confidence is behind it. (MN) 

 

p. 99, paragraph 3, sentence 13, 
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“Reproduction and survival rates in the low hare environment after 2006 suggest a slightly declining 

population.”  

No reference is provided for statement and it is contrary to data in Vashon et al. 2012 (Table 

1.2 page 18 and see Appendix VI) where there was no difference in the average annual 

mortality between periods of hare abundance (26% 1999-2006 and 26% between 2007-2011). 

(ME DIFW) 

This statement is not cited and is contrary to data presented at the Expert Elicitation 

Workshop that supports an expanding lynx population in Maine. At the workshop, we shared 

the first year of data from snowtrack surveys to monitor changes in lynx detections and 

occupancy over time. We now have another winter and a half of data. Between January 2015 

and Febuary 2017, we have resurveyed 30 towns across northern Maine. During initial surveys 

(2003-08) lynx were detected in 14 of 30 towns (43%), during resurvey efforts lynx have been 

detected in 28 of the same 30 towns (93%). (ME DIFW) 

 

p. 99, general comment,  

On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 117 the SSA states 

500 to a 1,000 lynx, and then on Page 111 the SSA states several hundred to a 1,000 in Maine 

MDIFW shared at the Expert Elicitation Workshop an estimate of 750-1,000 adults in 2006 

with recent data supporting an increasing population (IFW biologists have noted an increase 

in incidental captures, vehicle strikes, sightings, in detection probabilities and in occupancy 

between 2003-2008 and 2015-17 winter track surveys). Thus, Maine’s current lynx population 

likely exceeds 1,000 adults. The method used to generate the estimate of 750-1,000 provided 

at the EEW is provided in Vashon et al. 2012 as cited throughout the SSA. (ME DIFW) 

 

pp. 99-100, 

“State forestry regulations passed in 1989 caused landowners to shift to various forms of partial 

harvesting that have resulted in lower landscape hare densities across much of the unit. Hares do not 

seem to cycle in this region, but underwent a 50 percent decline starting in 2006”  

Yes, FPA was a contributing factor, but the last SBW outbreak played a larger role in this. (ME 

FPC) 

“and have remained at lower levels. Reproduction and survival rates in the low-hare environment after 

2006 suggest a slightly declining population. Unlike other units of the DPS, lynx habitat in northern 

Maine occurs nearly entirely on private, industrial forest lands.”  

 Strike “industrial.”  Very little land is tied to processing facilities. (ME FPC) 
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“Very little land is tied to processing facilities, and landowners do not have long-term commitments to 

lynx management. The majority of lands in Maine are owned now by investment companies who wish to 

diversify income from their investments,  

 Again outdated information. (ME FPC) 

“which could result in forest practices inconsistent with hare and lynx habitat maintenance and 

conservation. Other potential stressors”  

 Prioritize the stressors; parcelization is not the threat it once was. (ME FPC) 

“on private lands include incidental trapping, road mortality, large-scale wind energy development, 

residential and resort development, and parcelization of forestlands from rapid turnover in investment 

company landowners.”  

I feel like they are taking issues from southern Maine and applying it to lynx’s critical habitat.  

It is inappropriate.  How much development, road mortality, wind farm development and 

parcelization has actually occurred in the designated area?  They should subtract the CEs, 

conservation land and public lands acreages then see what the true risks are.  Yes, we have a 

client that has sold a parcel of land (100,000 acres).  I don’t think the lynx noticed. (ME FPC) 

“The next spruce budworm outbreak is imminent, but forestry response by investment landowners 

 By all landowners (ME FPC) 

“is uncertain. Climate change is a concern as snow depth and duration are currently at the minimum 

thresholds believed necessary to give lynx a competitive advantage over bobcats and other 

mesocarnivores. There is currently no clear evidence of climate change effects on lynx distribution.” 

 

p. 101, Unit 3 - Northwestern Montana/Northeastern Idaho, 4.1.1 Summary of Current Conditions, 

This section states there is no evidence of significant immigration into this unit, which appears 

inconsistent with other statements related to current connectivity with Canada populations 

and gene flow (see e.g., draft SSA at 11, 101). (ID) 

 

p. 101, Unit 3 discussion, 

“Regulations prohibit lynx trapping and require measures to reduce the likelihood of trapping lynx 

incidentally when legally trapping other species”.   

Can’t this be noted for all Units? (MN) 

 

p. 101, general comment re: Washington, 

Page 101 mentions that lynx habitats in WA are being managed largely with adequate 

management plans that were developed and guided by LCAS. While these plans are 
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important, some are largely out of date and in need of revision to incorporate new 

information and new concepts, ensure management effects are monitored in a meaningful 

way for Lynx, and that reports are generated and shared. The WDNR Loomis State Forest and 

two additional private timber landowners have out of date management plans in WA. (WA) 

 

p. 102, paragraph 2, sentence 3, 

“Compared to the time of listing and completion of the Southern Rockies Lynx Amendment, two bark 

beetle epidemics have altered large areas of lynx habitat in Colorado.” 

 Replace “large areas of” with “nearly all.” (CO) 

 

p. 102, paragraph 2, sentence 5, 

“Similarly, large wildfires have reset successional conditions in many areas.” 

Insert size of West Fork fire here (>40,000 ha) and note that only this fire was likely to have 

had an extensive and negative impact to lynx.  High Park Fire, and Black Forest Fire not so 

much. (CO) 

 

p. 102, paragraph 2, sentence 6, 

“Areas affected by beetles that contained multistoried stand conditions likely continue to provide 

habitat to support snowshoe hares and lynx.” 

Reference annual report.  Also mention "however, they have negatively impacted red 

squirrels, an important alternate prey source that allows lynx to gap years of low hare 

abundance." (CO) 

 

p. 102, paragraph 2, sentence 7, 

“Areas affected by beetles and fire require 20 plus years to recover to a point where the stands will 

again support snowshoe hares.”  

This statement is too general.  Areas impacted by spruce beetle don't seem to lose hares at all.  

They may gain more as succession occurs, but there is no waiting 20 years for hares to come 

back.  Conversely, in many of the most severely burnt areas, silviculturalists are projecting a 

time-frame, more than double or triple what is proposed here as a meaningful recovery 

period. (CO) 
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p. 102, paragraph 2, sentence 8, 

“The CPW completed their lynx reintroduction, and based on information generated during on-going 

studies, and reports received by CPW and the USFS, lynx continue to persist, at least in the San Juan 

Mountains.” 

 Insert “and monitoring programs” after “studies;” cite the monitoring reports. (CO) 

 Insert “Sawatch Range, and parts of the Front Range” after “San Juan Mountains.” (CO) 

 

p. 102, paragraph 2, sentence 9, 

“However, we believe it is reasonable that lynx continue to occupy all National Forests within the State 

of Colorado (Odell undocumented pers comm. April 4, 2016), and Rocky Mountain National Park (Shenk 

2008, page 3).” 

Our review of this citation does not mention RMNP.We are not familiar and would be 

reluctant to mention RMNP as having lynx. If this statement is to remain in the SSA, it should 

be correctly cited. CPW is not a correct citation. (CO) 

 

p. 102, paragraph 2, sentence 10, 

“Habitat that supports snowshoe hares is patchily distributed in this geographic unit, which limits their 

abundance.” 

Landscape-level abundance, although stand-level abundance is roughly on par with densities 

reported elsewhere in the southern portion of hare range ()() [Insert Ivan et al. 2014 + 

references for Maine, Montana, Lake States. (CO) 

 

p. 103, Table 4, general comment, 

The compilations (Table 1, pg. 15 and Table 4, pg. 103) and brief discussion of types of land 

ownership in various lynx SSA units clearly reinforces a bias against private lands. The 

attention to Federal agencies is understandable since land use policies on U.S. Government 

lands were the primary justification for ESA listing. Intended or not, in combination with other 

statements that demote the role of private lands in lynx conservation, the data imply extreme 

jeopardy for lynx habitats in SSA Unit 1 where private lands predominate.  However, Maine 

offers the largest block of lynx habitat and apparently the most robust lynx population in the 

entire DPS … despite 90% private land ownership. Maine’s northern woodlands have been 

subject to various harvest regimens for centuries but remain a functional landscape for 

Canada lynx with high connectivity to source populations in Canada. “Working woodland” 

easements now encompass >10,000 km2 across northern Maine. These covenants do not 

specify specific management practices or outcomes beyond sustainable forestry, but they do 

ensure that conversions to other land uses will never occur. (ME DIFW) 
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Landscape conservation of functional habitats for Canada lynx may be the only effective tool 

to promote a future for the species in the DPS. Strict preservation of forest lands will certainly 

not benefit lynx, and suitable habitat in the face of long-term climate change impacts may be 

best maintained by silvicultural practices. These require more incentives than a regulatory 

emphasis. (ME DIFW) 

 

p. 103, Table 4, Unit 6 column, line 3, connectivity, general comment, 

Mention that we know of several long-distance dispersal events to areas encompassed by the 

Montana population and even into Canada itself.  Rates are unknown for sure, but we know if 

is possible and has been replicated several times over roughly a decade of monitoring. Limited 

connection to lynx habitats/populations in Montana, GYA, and Alberta; of 218 individuals 

translocated to Colorado, 10 were known to travel to Unit 5, 8 to Unit 3, and 1 to Canada.  

Connectivity is possible but current, natural rates of immigration/emigration are unknown. 

(CO) 

 

p. 103, Table 4, Unit 6 column, line 4, home range size, general comment, 

Correct?  75km2 is winter home range size for reproductive females.  HR for reproductive 

males is probably ~150km2.  Not sure it's fair to include HR size for males during summer, 

which includes many exploratory movements. Home Range size for a non-reproductive female 

is 704km^2. It should be clarified in the table whether you are referring to winter or annual 

home ranges. There is not much utility to these numbers without knowing what we are 

looking at and whether these numbers are comparable. (CO) 

 

p. 103, Table 4, Unit 6 column, last line, lambda, general comment, 

The highest modeled lambda is 1.08, and 0.93 is the lowest modeled based on estimated 

survival and productivity (CRA) observed over 10 years.  Caveat would be the time period to 

which it applies, but that caveat likely holds for estimates from the other populations as well. 

(CO) 

 

p. 104, 

Please note that crossouts in the following paragraph about New Hampshire indicate proposed 

deletions; highlights indicate proposed insertions. 

“New Hampshire – Habitat in northern New Hampshire is not within the designated critical habitat.  

Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that support lynx in New 

Hampshire are much smaller than those in northern Maine (Litvaitis and Tash 2005, Gig. 2 and p. A-298; 

Robinson 2006, Fig. 2.2., p.99).  Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat 
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having a greater than 50 percent probability of being occupied by lynx 968 FR 40086).  Litvaitis and Tash 

(2005, p. A-29) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada 

lynx habitat.  Historical distribution in New Hampshire included Coos and northern Carrol and Grafton 

counties (i.e., White Mountain National forest; Siegler 1971, Silver 1974, Hoving et al. 2003).  Habitats 

with the highest probability of occurrence are in Pittsburg in northern New Hampshire and the White 

Mountain National forest in the central area of the State (Siren 2014), p. 34).  The majority of the habitat 

in northern New Hampshire is located on the 101-km2 (39-mi2 Connecticut Lakes Natural Area (CLNA), 

which is owned and managed by New Hampshire Fish and Game.  Surrounding habitat is owned and 

managed by the Connecticut Lakes Timber Company under a conservation easement held by the State.  

Occurrence records from the past 10 years have been centered on these two ownerships (Kilborn 2015, 

App.  A, pp. 42-43).  The CLNA, under a conservation easement, includes a 61 km2 (23 mi2) area that will 

be allowed to mature to a climax forest type which is contained within what is considered core lynx 

habitat. with a conservation easement under which it will be allowed to mature to a climax forest type 

This area will potentially provideing good denning habitat but will likely restricting the amount of 

snowshoe hare habitat in the foreseeable future.  Current conditions are in a transition state, and 

portions of the core area currently support higher densities of snowshoe hare because of past forest 

management (Kilborn 2015, App. A pp. 42-43).  Regional scale modelling suggests that a high 

component of deciduous forest and insufficient snow conditions in New Hampshire are unlikely to 

support viable lynx populations over time (Hoving et al. 2005 pp. 739, 749).” 

 

pp. 108-110, 

“Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale salvage 

cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, 

p. 291). After salvage harvest of the affected trees, a portion of the area was sprayed with herbicide”  

If the use of herbicides is important to the development of hare habitat, (I’m not sure it is.) it 

should be quantified. (ME FPC) 

See completed analysis for estimates of various high yield treatments, especially “Herbicide 

Only” for conifer release. (ME FPC) 

“to reduce deciduous competition (Scott 2009, pp. 7, 14). The resulting vegetation was dominated by 

balsam fir and red or black spruce (Scott 2009, p. 60). This created favorable habitat conditions for 

snowshoe hares and lynx. Habitat conditions for hares and lynx in the unit improved from the late-1980s 

to present, benefitting from stand-replacing salvage harvests during the last budworm outbreak (Simons 

2009, pp. 122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 

forestland with an average landscape hare density greater than 0.5 hares/ha increased 400 percent 

(Simons-Legaard et al. 2016, p. 7).”  

“Current habitat is likely at historically high levels,”  

 Pages 55-56 has the habitat at “unnaturally high amount and distribution,” (ME FPC) 
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“but this habitat has peaked and lynx habitat will decline in the near future. In response to the 

widespread clearcutting in the 1980s, in 1989 Maine passed the Forest Practices Act. This Act regulated 

clearcutting. Various forms of partial harvesting replaced clearcutting as the predominant form of forest 

management in northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 

overstory removal) have a wide range of residual stand conditions, but many have lower conifer stem 

densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On average, 

partially harvested stands support about 50 percent of the hare densities observed in regenerating 

clearcuts (Robinson 2006, p. 26-27).“ 

Your constant focus on the harvest systems, clearcuts and partial cuts, is disturbing since 

neither produces a specific habitat type.  As you say, partial cuts have a wide range of residual 

stand conditions…  The same is true of clearcuts depending on the initial stand type, 

hardwood, softwood or mixed wood.  You need a direct measure of the habitat. 

 

This is a stretch, need to refer to silvicultural systems of even vs. uneven aged management; 

shelterwood is not a partial harvest. 

Check NSRC reports by Ben Rice on his research of partial harvest areas. 

“Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 percent of 

cutting that occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 

2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013).” 

 FPA 1989 (ME FPC) 

This does not match MFS reports.  Need to define what is in partial harvesting and how it is 

assessed with remote sensing. (ME FPC) 

“This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, Homyack 

2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that a much greater 

acreage needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 

harvest rates have increased from about 100,000 acres per year (before the Forest Practices Act) to 

about 500,000 acres per year (after the Act).”  

Wrong.  Stipulate that much of the partial harvesting acreage – e.g. shelterwood and 

overstory removal – is even-aged management that results in dense softwood regeneration.  

The partial harvesting argument is weak.  (ME FPC) 

“Thus, 17 years after the Maine Forest Practices Act, much of the forested landscape in northern Maine 

has been partially harvested.”  

“Long-term, binding land management commitments are lacking in the northern Maine unit. Unlike 

Federal lands, there is no requirement that private landowners comply with lynx management 

guidelines,”  

 And no incentive to do so. (ME FPC) 
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“and a Federal nexus for review of forestry projects is almost nonexistent. Furthermore, there continues 

to be high turnover in forest land ownership”  

 Irrelevant. (ME FPC) 

“(Hagan et al. 2005; Nadeau-Drillen and Ippoliti 2006)”  

This is 10 year old data, and much of the land ownership changes have slowed since then.  

Even so there has not been the dramatic change in harvesting technique as a result. (ME FPC) 

“and little funding to provide incentives or to work with private landowners. As of 2005, there were 23 

landowners in northern Maine with land holdings in excess of 100,000 acres including the State, Federal 

government (White Mountain National Forest south of lynx range), a conservation group (The Nature 

Conservancy), two tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of 

lynx range) and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13).”  

 What are the bounds of northern Maine, it is a stretch to include WMNF. (ME FPC) 

“There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 

Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy Forest 

Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and endangered 

species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, Congress provided the 

first funding for the HFRP, and Maine, Arkansas, and Mississippi were chosen as pilot States to receive 

funding through their respective Natural Resources Conservation Service (NRCS) State offices. Based on 

a successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 2010, 

NRCS published a final rule in theFederal Register (75 FR 6539) amending regulations for the HFRP based 

on provisions amended by the bill.” 

“In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx critical 

habitat unit in Maine to promote development of Canada lynx forest management plans. Since that time 

four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and 

Katahdin Forestlands successfully enrolled in the program. Collectively, these land ownerships 

comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine 

in 2014 (79 FR 54828). “ 

“The NRCS required that lynx forest management plans must be based on the Service’s ‘‘Canada Lynx 

Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These guidelines were 

developed from the best available science on lynx management for Maine. The guidelines required 

maintenance of landscapes having hare densities that support reproducing lynx populations. Notably, 

HFRP forest management plans provided a net conservation benefit for lynx, which was achieved by 

employing the lynx guidelines, identifying baseline habitat conditions, and meeting NRCS standards for 

forest plans. Plans met NRCS HFRP criteria and guidelines and complied with numerous environmental 

standards. Plans were reviewed and approved by the NRCS with assistance from the Service. The details 

of the plans are proprietary and will not be made public per NRCS policy.” 

 Did it increase hare densities and lynx population over the 10 years? (ME FPC) 
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 “Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest plans on 

Federal lands, HFRP plans lack long term commitments beyond an initial 10-year contract period. Plans 

were prepared for a forest rotation (70 years) and include a decade-by-decade assessment of the 

location and anticipated condition of lynx habitat on the ownership. However, landowners are only 

committed to a 10-year contract, and long-term commitments to lynx management are voluntary. Some 

landowners developed plans exclusively for lynx, and others combined lynx management (umbrella 

species for young forest) with American marten (umbrella species for mature forest) and other 

biodiversity objectives. All four plans have been completed and contracts with NRCS will expire in 2016 

and 2017. Landowners have the option to convert HFRP contracts into Safe Harbor Agreements or other 

agreements to provide regulatory assurances, however, at this time this option has not been explored 

with landowners.”  

 How many acres of lynx habitat were provided by these 4 landowners? (ME FPC) 

“Many large private forest landowners in the northern Maine unit could potentially include lynx 

management as part of endangered species management required by forest certification programs. For 

example, The Nature Conservancy land” 

 And Merriweather LLC (ME FPC) 

“enrolled in the HFRP is also enrolled in the Forest Stewardship Council (FSC) forest certification 

program, which requires safeguards for threatened and endangered species. Other landowners are 

certified under the Sustainable Forestry Initiative (SFI). Both certification programs require planning for 

threatened and endangered species. However, certification programs are also voluntary and may not 

include long-term commitments. Few certified landowners have consulted with the Service on forest 

management for lynx.”  

 Again, there has been little incentive to do so. (ME FPC) 

“Given the frequent turnover in Maine forest lands, new landowners do not always renew certification 

or resume the certification programs initiated by the previous landowner.”  

Yet 50% of Maine’s working forest is certified to at least one of 3 certifications. This appears 

anecdotal. I would be curious to know the actual #s. (ME FPC) 

Provide data to support this statement.  Much of northern Maine forest land is certified and 

remains certified following transfer.  Certified acreage appears to be stable. (ME FPC) 

MFPC has a statewide table of certification acres for 2013 and 2016, not a lot of change.  The 

2006 Forest Economy Book has a trend line figure on Forest Certification. (ME FPC) 

 

p. 111, general comment,  

On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 117 the SSA states 

500 to a 1,000 lynx, and then on Page 111 the SSA states several hundred to a 1,000 in Maine 
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MDIFW shared at the Expert Elicitation Workshop an estimate of 750-1,000 adults in 2006 

with recent data supporting an increasing population (IFW biologists have noted an increase 

in incidental captures, vehicle strikes, sightings, in detection probabilities and in occupancy 

between 2003-2008 and 2015-17 winter track surveys). Thus, Maine’s current lynx population 

likely exceeds 1,000 adults. The method used to generate the estimate of 750-1,000 provided 

at the EEW is provided in Vashon et al. 2012 as cited throughout the SSA. (ME DIFW) 

 

p. 112, paragraph 1, last sentence,  

“The actual population size is unknown because there are no methods available to measure and 

produce true population estimates over such a large geographic area.”  

We question why this statement is here. Only a direct count of animals in a closed system can 

give the absolute population value for a moment in time (seldom the case for wildlife 

populations). The inclusion of this sentence holds Maine’s population estimates to a standard 

that is not obtainable. (ME DIFW) 

 

p. 113, paragraph 2, last sentence, 

MDIFW questions the Vortex model produced by the USFWS in the SSA (see page 33 and page 

113, paragraph 2, last sentence). MDIFW questions why this was done since a model by the 

researchers collecting the data was already available. In addition, this Vortex model was part 

of Maine’s Incidental Take Plan submitted to the USFWS which was accepted on 11/4/2014. 

MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (Lambda = 1.05) for Maine’s lynx 

population based on demographic data from a radio telemetry study that we collected over a 

12-year period (see Vashon et al. 2012, Appendix VI). This is contrary to the model reported in 

the SSA. (ME DIFW) 

 

p. 114, paragraphs 2 and 3, general comments, 

Page 114, 2nd and 3rd paragraph have surprisingly similar sentences with different references 

leads to the question if cited correctly and also if redundancy is needed. Also repeated on 

page 100 (1st paragraph): 

2nd paragraph: Thus, average conditions in Maine are currently at or below the snow 

persistence thresholds believed to be needed to support lynx (Gonzalez et al. 2007) 

3rd paragraph: Thus, average snow conditions in Maine are currently at or below 

snow depth thresholds for lynx and further declines in annual snow depth would be 
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expected to reduce the probability of lynx persistence in the region (Hoving et al. 

2005). 

Contrary to field data from Maine collected by MDIFW: i.e., periodic winter snow-track 

surveys to detect lynx shows lynx are expanding into eastern Maine where snow conditions 

are more variable due to maritime weather on the coast. Also, all field data suggests and 

increasing population since the 1990s, which is contrary to the above statements. If you keep 

these statements, you need to share that these hypotheses have not yet been born true by 

field data. (ME DIFW) 

 

p. 117, general comment,  

On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 117 the SSA states 

500 to a 1,000 lynx, and then on Page 111 the SSA states several hundred to a 1,000 in Maine 

MDIFW shared at the Expert Elicitation Workshop an estimate of 750-1,000 adults in 2006 

with recent data supporting an increasing population (IFW biologists have noted an increase 

in incidental captures, vehicle strikes, sightings, in detection probabilities and in occupancy 

between 2003-2008 and 2015-17 winter track surveys). Thus, Maine’s current lynx population 

likely exceeds 1,000 adults. The method used to generate the estimate of 750-1,000 provided 

at the EEW is provided in Vashon et al. 2012 as cited throughout the SSA. (ME DIFW) 

 

p. 120, paragraph 3, sentence 3, 

“Of those 42 hybrids, 13 unique individual lynx-bobcat genotypes (5 Female, 8 Male) were also 

identified (Catton et al. 2015, p. 1)”.   

We would clarify this sentence to say “genetic analysis indicated that those 42 samples were 

from 13 unique individual hybrids”. (MN) 

 

p. 120, paragraph 3, sentence 4, 

“The DNA analyses also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 

years (N = 11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 

7 kittens in Minnesota (Catton et al. 2015, pp. 3-5)”.   

Small note is that the 2016 report is now out with slight updates if interested.  But our main 

point here is just that since specific numbers are reported, we think total sample size is 

relevant.  This was based on 236 individuals whose initial detection was not a mortality, 

meaning also that 78.4% have not been detected in more than 1 year. (MN) 
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p. 121, paragraph 2, first sentence, 

“Identified factors affecting the current conditions of lynx in Minnesota include reduction in habitat 

quality or quantity, habitat fragmentation, climate change, increased access for competing carnivores, 

and human-caused mortality”.   

This is a general statement that could be used for any wildlife species, not based on any 

specific “identified factor affecting the current condition of lynx in MN”.  Admittedly, that may 

just be due to lack of data, but the wording of this statement is, for the most part, not 

supported by any specific data or analysis. (MN) 

 

pp. 121-122, Factors Affecting Current Conditions (in MN), general comments, 

Starting with the second paragraph in this section, a majority of the content is just generic 

statements unsupported by specific data/citations.  Regardless of generic statements of 

“could affect”, “might impact”, the best available data, imperfect as it may be (but consistent 

across 2 surveys; Erb 2015), is that hare numbers in northern MN appear to have increased 

over the past 15-20 years, yet this is not mentioned anywhere.  And this, in spite of, or 

coincidental with, a notable increase in bobcats over the same time, a reduction (we assume, 

but didn’t specifically confirm) in snow conditions, and at least no clear indication of any 

notable change in lynx.  In regards, to snow-compacted trails, we reiterate that Murray et al. 

(2008) stated in their review that “the issue of snowmobile trails harming southern lynx 

populations has been adopted without strong empirical support”.  You also say that 

“Throughout the SNF and northern Minnesota, human activities have reduced connectivity 

between patches of suitable lynx habitat”.  We’re hard pressed to believe this is the case, as 

there are few major roads/barriers in this area (and we know lynx can and do cross or go 

around them), secondary forest trails are unlikely to affect/impede lynx, and they are a highly 

mobile species.  And see the conclusion about NE MN having only minor fragmentation on p. 

189, which basically contradicts this other statement.  If there are any key factors “affecting 

current conditions”, we’d argue it has been the logging increase that began in the mid-80’s 

and continued perhaps to the present, and this has probably been beneficial to lynx, or at 

least hares. (MN) 

 

p. 122, 2 sentences, 

“Bobcat and coyote populations already appear to be increasing in Minnesota (Erb 2014, p. 40)”, and 

“…similar to bobcat, wolf populations may increase with changing snow conditions and prey availability 

as influenced by climate change”.   

First comment is that an important clarifier to the coyote increase is that this applies only to 

non-forested portions of MN.  In forested areas relevant to lynx, coyotes have not increased, 

and in fact have likely decreased (presumably due to wolf presence in the northern forests; 

Levi and Wilmers. 2012. Ecology 93:921-929).  Other than the observation that wolves COULD 

kill a lynx, nobody has really suggested that wolves are likely to be a lynx competitor, and we 
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would agree.  So rather than your hinting (in our opinion) that a climate-induced wolf increase 

could be bad for lynx, we would argue that it could be good (keep coyotes suppressed, if that 

really matters to lynx), or at least a mitigating factor to any possible bobcat increase (if 

bobcats really affect lynx).  The other noteworthy of mention for this section is that if deer 

(and bobcat and wolves) do increase, it is at least something very amenable to management 

action (increase deer hunting quotas) if there is the political support to keep deer densities 

lower (as has been considered in the name of moose management). (MN) 

 

p. 122, last sentence in this section on hybridization,  

See our comment #32 [32) P. 67 – “The hybridization rate is currently low between the species 

(0.24 percent) but could increase as bobcat populations move north with climate change 

(Murray et al. 2007, p. 1465; Koen et al. 2015, p. 528).  We suppose anything “could increase”, 

but it also might not.  Is there more support for one speculation?  If the bobcat/lynx 

‘boundary line’ just moves north as some predict, why would the rate of hybridization be 

expected to increase.  It would only be expected to POSSIBLY increase, we think, if bobcats 

advanced north but lynx did not contract.] (MN) 

 

pp. 122-123, 4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho,  

References to the Purcell, Cabinet, and Selkirk ranges should be revised consistent with above 

comment for Page 43. (ID) 

This section is confusing as it identifies national forests and BLM areas as if they were 

separate from the mountain ranges they contain. (ID) 

 

p. 131, 

The 2015 USFS reference does not appear in the cited literature, and the Department is not 

familiar with it. (ID) 

As noted in the above comment on Page 51, the 2 incidental trappings in the Cabinet 

Mountains in January 2014 might have involved the same individual given the proximity in 

time and location and absence of detections of other individuals during this time period. (ID) 

It is more accurate to state that all detections in the Panhandle National Forest surveys 

between 2010-2012 were within 40 miles of the Canada-U.S. border. (ID) 

The Department notes the following detections as related to this section:  

2006-2007 CDA Tribe Survey 

Lynx were detected in the Coeur d’Alene (1 time) and Saint Joe (1 time) Mountains during a 

2006-2007 survey (Albrecht and Heusser 2009). (ID) 
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2010-14 Multi-species Baseline Initiative (MBI) Survey 

The survey detected 5 individual lynx (2 males, 3 females) were detected on the Idaho 

Panhandle National Forest (IPNF). It detected one individual male in the Selkirks, 3 individuals 

(1 male, 2 females) in the Purcells, and one individual female in the West Cabinets. Lynx not 

identifiable to individual were detected in the Purcells (n = 18 detections) and West Cabinets 

(n = 1 detection). Lynx were not detected in the Coeur d'Alene or Saint Joe (Lucid et al. 2016). 

(ID) 

2015-2016 MBI ‘follow-up’ surveys targeted locations where lynx had been detected from 

2010-14 

Lynx – Surveys detected lynx 89 times via un-baited remote camera (n = 79 detections), bait 

station (n = 9 detections), and snow track survey (n = 1 detection) (Lucid 2016). (ID) 

Surveys detected lynx in the Selkirk (n = 7 detections), Purcell (n = 61 detections), and West 

Cabinet (n = 21 detections) mountain ranges. Surveys did not detect lynx in the Saint Joe 

Mountains. Surveys detected lynx in each of the 3 target areas where they had been detected 

during the 2010-14 MBI survey. Surveys detected a minimum of 6 individual lynx in the Selkirk 

(n = 1 individual), Purcell (n = 4 individuals), and West Cabinet (n = 1 individual) mountain 

ranges. The Department did not make a specific effort to use pelage color and animal size to 

differentiate individuals in photographs, but the report includes animals that are easily 

identified as unique individuals. One image from the West Cabinets was definitively LF1, a 

female identified from its yellow ear tag placed after its incidental trapping in January 2014 

(Lucid 2016). In the Purcells, surveys detected an adult lynx traveling with 2 juveniles, with a 

later image from the same camera of an adult with one juvenile. A different camera station 

captured images of 2 lynx that were distinguishable based on size and markings (Lucid 2016). 

(ID) 

 

pp. 136-137, last paragraph on p. 136 and first paragraph on p. 137, general comments, 

There is very little or no mention of the uncertainty of the level of immigration from BC to 

Washington population. Conversely, the presence of population continuity between BC and 

Washington is cited in the SSA as a source of resilience for the Washington population, but 

there are no data presented to indicate past, present, or anticipated levels of immigration to 

support that conclusion. Assumptions that there is a meaningful level of immigration are 

based on little or no data. WDFW has collected information about lynx harvests in southern 

BC since 1985 and these data indicate that few lynx are captured in southern BC in any given 

year. The majority of BC lynx capture occurs just north of our Washington lynx population. 

These data indicate to us that the density of lynx in southern BC may be very low and that 

trapping could further minimize potential immigration of BC lynx to Washington. (WA) 

 

p. 137, general comment, 
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While it may be difficult to re-establish a robust population in the Kettle Range, given that 

over-trapping and not just habitat loss contributed to the reduction of lynx in the Kettle 

Mountains, there is interest in exploring the possibility that a reintroduction could be 

successful now that trapping no longer has an impact (via a reintroduction feasibility 

assessment). (WA) 

 

p. 139, general comment,  

Specifically, we lack basic information on the demographic characteristics of the lynx 

population in WA, which is likely a peninsular extension of the BC population at the margin of 

the species range. Given the marginal nature of our population, we are concerned that it may 

differ significantly from a resident population (e.g., biased sex-ratio, age-structure 

inconsistent with a reproductive resident population, the potential for Allee effects, etc.) and 

this could significantly influence its probability of persistence for the next 10-20 years. It 

should not be assumed that Washington has a population with standard demographic 

characteristics and as such, attribute a greater level of resilience to the Washington 

population than is warranted from available information. (WA) 

 

p. 140-141, general comment, 

A new study just completed (Lyons et al. 2017) models changes in carrying capacity of the 

Okanogan and Kettle LMZs between time periods and demonstrates significant reduction in 

habitat availability and the inferred reliance of the WA population on immigration. Please 

incorporate this new information into the SSA, as appropriate. (WA) 

 

p. 142, paragraph 3, 

The document states “Thus, in Washington, and the north Cascades specifically, it appear that 

the single threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory 

mechanisms) has largely been addressed through the development of the LCAS, and CA 

between the Forest Service and Service which commits the Forest Service, specifically for 

Washington the OWNF and CNF, to use the LCAS in the management of lynx habitat on their 

ownerships and when designing and implementation projects within LAUs.” As stated in our 

recent Periodic Status Review of the species (Lewis 2016) “While the conservation strategy 

(referencing LCAS) has been considered sound, the monitoring efforts associated with strategy 

implementation have been inadequate to determine if the strategy is successful in the 

Okanogan LMZ.” A plan is only good if implemented effectively, and to understand 

implementation effectiveness, adequate monitoring must occur and the information gathered 

must be shared and reviewed. We encourage USFWS to directly link their decisions regarding 

the adequacy of regulatory mechanisms to data generated from their implementation 

effectiveness. (WA) 
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p. 143, second full paragraph, sentence 3, 

The document states “The WADNR has been managing lynx for almost two decades, and the 

Service has concluded that the management strategies implemented are effective.” To our 

knowledge there are no reports or data generated or shared by WDNR that support this 

conclusion. What information is the Service basing their determination on? (WA) 

 

p. 152, paragraph 2, sentence 2, 

“We recognize that all spruce-fir forest does not support lynx equally based on the low detection rate 

(28 percent) reported during the ongoing lynx study in the San Juan Mountains within predominantly 

spruce-fir forest.” 

Need to update this to the 2014 paper. Both this and the 2016 paper were emailed directly for 

exactly this purpose. (CO) 

 

 

p. 153, paragraph 4, sentence 2, 

“However, we believe it is reasonable that lynx continue to occupy all National Forests within the State 

of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park (Shenk 2008, 

p. 3).” 

In re: National Forests: Not sure I said this... but it is probably true that lynx have been in all 

NF's - whether they are resident (breeding) to these forests is unknown. (CO) 

Question the inclusion of Rocky Mountain National Park (see comments above). (CO) 

 

p. 153, paragraph 4, sentence 3, 

“The CPW is developing a minimally-invasive, long-term, statewide monitoring program to track the 

distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire).” 

 Replace “is developing” with “has developed.” (CO) 

That program is in its 3rd year and indicates stable occupancy rates (~30%) in the core of lynx 

range in the SW part of the state.  Update citation to include most recent monitoring reports 

and numbers. (CO) 

 

p. 154, paragraph 2, sentence 2, 

“Although 30 percent of known mortalities were due to human causes (being shot or hit by a vehicle),” 
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 In re: shot: ??? I am not aware of this. (CO) 

 In re: hit by a vehicle: 13 times, as cited above. (CO) 

 

p. 154, paragraph 5, sentence 2, 

“On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively rapid 20-

30 years, and the new stands will be dominated by resprouting aspen or by a new cohort of lodgepole 

pine.” 

Nit-picky, but I would reverse these as I think lodgepole regen is likely to be more widespread 

than aspen regen. (CO) 

 

p. 155, paragraph 2, sentence 2, 

“Despite the large scale, and almost complete mortality of the mature spruce component within their 

study area, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 

report 2016, p. 2)” 

 Important point. (CO) 

Furthermore, recent statewide sampling indicates that snowshoe hare occupancy is invariant 

to time since beetle outbreak or severity of the outbreak (Annual Report), which suggests that 

the ongoing epidemic will not be catastrophic to lynx in Colorado.  However, red squirrels are 

an important alternate food source in CO, and occupancy of that species has declined 

markedly with the beetle epidemic, which may be of some concern during periods with 

snowshoe hare abundance naturally fluctuates downward. (CO) 

 

p. 155, paragraph 2, sentence 4, 

“However, habitat connectivity may be negatively affected by intense recreational use or development 

within strategic areas that are important for habitat connectivity.” 

 In re: intense recreational use: Perhaps, but see Vail Pass data.... (CO) 

Insert “in key locales” to demonstrate that this isn't a widespread phenomenon or threat, 

after “intense recreational use.” (CO) 

 

p. 155, second paragraph in italics, sentence 6, 

“(Ivan 2011b, c, 2012; J. Squires, personal communication 2012)” 

Need to cite the Baigas et al. 2014 paper here, and probably update what gets said about this 

phenomenon. (CO) 
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p. 156 et seq., general comments, 

As we began to read this section, we were happy to see full acknowledgment of the vast 

amount of uncertainty in longer-term forecasting here.  But before we read on, we already 

knew that such forecasting was nevertheless done, in spite of this.  We certainly recognize 

that decisions often have to be made in the face of much uncertainty, and that the process 

required to make projections can often be fruitful.  Nevertheless, we put little faith in long-

term projections in these situations, even if it may serve as a useful academic exercise.  And 

we question whether long-term forecasting is even REQUIRED in this situation.  That needs to 

be justified.  We know that one argument here is that this document is not a “decision 

document”.  But it will obviously be used in a decision that has many implications, so we think 

it behooves the process to only present information which can be defended as reliable.  We 

would note that most wildlife ‘system dynamics’ are nonlinear, and chaos theory tells us that 

even in deterministic systems (e.g., IF we knew all the biological/climate/management 

variables AND they were constants), future projections are still highly sensitive to initial 

conditions so even minor errors in our knowledge of the ‘start conditions’ can lead to 

exponentially diverging projections into the future.  And there is indeed much uncertainty in 

our knowledge of the current state of the system (i.e., no reliable population estimates).  So 

what is a reasonable time to consider?  We don’t have the magic answer, and from a 2009 

Memo we saw from the Solicitor to the Director of USFWS, neither did they.  But from my 

read of the Memo, we strongly doubt there is “...not only the foreseeability of the threats, but 

also the foreseeability of the impacts from the threats” 87 years out (to 2100).  The Memo 

also notes that “..the foreseeable future extends only so far as the Secretary can explain 

reliance on the data to formulate a reliable prediction. What must be avoided is reliance on 

assumption, speculation, or preconception”.  I would argue that even in the shorter-term, 

MANY statements rely on quite a lot of biological assumption, speculation, and perhaps 

preconception.  The Memo also notes that “The further into the future that is being 

considered, the greater the burden to explain how the future remains foreseeable for the 

period being assessed”.  On this point, we note that this seems in contradiction to your 

(correctly) stated observation that the further out you look, the LESS confidence you have.  

Finally, “…..the mere fact that someone has made a prediction concerning the future does not 

mean that the thing predicted is foreseeable for the purpose of making a listing 

determination….”.   Putting all this together, we simply do not believe projections to the year 

2100 should even be included – the process of having discussed it internally is fine, but all that 

should be reported is that it was concluded to be unreliable.  We think a priori considerations 

alone should make this clear, and we think this is reinforced by Figure 7 which shows 

significant variability in the assessments of lynx experts (i.e., the difference between Median-

low and Median-high projections).  And we would argue even this significantly 

underestimates reality (i.e., the true range of uncertainty is much wider…on both ends); lots 

of psychological studies clearly demonstrate there are many cognitive biases that lead us to 

have more confidence than we should (for a shorter popular discussion, see 

http://www.nature.com/news/how-scientists-fool-themselves-and-how-they-can-stop-
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1.18517, or perhaps the book called “The Black Swan” for a longer commentary).  By reporting 

estimated persistence to 2100, even with the table showing (underestimated) uncertainty 

among the experts, there will become a de-facto assumption by many readers, including many 

decision-makers we suspect, that it is trustworthy (in spite of the uncertainty).  For example, 

toward the end of the Executive Summary, which may be all many will read or later cite, it 

only says “…the probability of the persistence of resident breeding populations will decline in 

all geographic units, with the negative DPS-wide trajectory continuing to the end of the 

century…”.  And “The probability of losses in resiliency, redundancy, and representation puts 

the Canada lynx DPS at increasing risk of extirpation through the end of this century”.  Not a 

lot of uncertainty expressed there.  Besides the fact that it is absolute probability values, not 

“increasing risk” or “will decline”, which matters, these statements portray confidence that 

simply cannot be scientifically justified…..even if there is valid reason to believe it COULD be 

true.  There is also a large body of psychological research showing that saying and then 

repeating ideas leads people to BELIEVE they are true and supported by data, even in cases 

where they are known to be false (which we are not suggesting here).  For the integrity of the 

document and process, we believe some of these statements and approaches need to be 

changed.  At most, we can’t see projecting beyond 50 years, and to be honest, we have little 

confidence in this case even past 20 years.  Besides, aren’t the SSAs to be done every 5 years 

(or 5 years post-delisting if by chance that happened), meaning you can update if more 

confidence is developed in the data and our ability to forecast?  Saying “we don’t know” is far 

more defensible than speculative guesses. (MN) 

For the sake of time, and because we’ve already noted both our broad forecasting concern 

(#50) and numerous more specific comments above, we have opted to not review in detail all 

the information contained in Chapter 5, and to some extent even many non-Minnesota 

sections in Chapter 4.  Nevertheless, a scan of these sections suggests that many of my above 

concerns also apply to comments made in these sections, and should you agree with any of 

them, then we feel changes need to be made in these sections as well. (MN) 

 

p. 156, second paragraph in italics, general comment, 

 Good overall assessment of vehicle mortality issue. (CO) 

 

p. 156, third paragraph in italics, general comment, 

 Good. (CO) 

 

p. 157, Chapter 5, first paragraph, first sentence, 

“including our analysis of input from lynx experts,” 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  Page 
131 

 

  

This is really opinion, and not science. How is expert opinion weighted relative to quantifiable 

data? (CO) 

 

p. 158, 

“In addition to climate change, forest management also has the potential to influence (negatively or 

positively) hare and lynx habitats in the DPS range. Forest management on private lands that lack lynx 

conservation commitments may contribute to future declines”  

 Or increases.  Seems like we did pretty well with no commitments previously. (ME FPC) 

“in the amount and quality of lynx habitats, particularly in Maine and perhaps also in Minnesota (private 

lands contribute minimally to lynx habitats in the other geographic units – see Table 2, above). 

Uncertain future forest ownership and markets for forest products, shifts in silvicultural practices, and 

development pressures”  

What pressure? Again where is the justification for this in relation to the lynx habitat in the 

DPS unit?  This is like the CLUP narrative all over again.  (ME FPC) 

“on private lands all may affect the resiliency of future lynx populations and thus the units. The lack of 

evaluation of the effectiveness of forest management plans for lynx on Federal lands is of concern for 

western units.”  

 

p. 158, paragraph 3, last sentence, 

“The lack of evaluation of the effectiveness of forest management plans for lynx on Federal lands is of 

concern for western units.” 

Can't we safely assume that these revised forest plans will be relatively helpful moving 

forward?  Seems like a safe assumption, at least in comparison to status of management plans 

at the time of listing. (CO) 

 

p. 158, paragraph 4, first sentence, 

“In each geographic unit, the experts we consulted” 

 Will this list be provided? Has it? (CO) 

 

p. 158, paragraph 4, first sentence, 

“In each geographic unit, the experts we consulted expect the probability that resident lynx populations 

will persist will decline in the future, although uncertainty about persistence probability increases with 

time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below)”.   
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While one can assume our forthcoming comment is already understood by all those that may 

read/use this SSA, that is probably wishful thinking and so we feel it needs to be made – 

except for a few highly improbable situations that could hypothetically occur, the estimated 

probability of persistence will always decline the further out in time you project, even if there 

are no KNOWN threats.  The potential for some type of major negative event always becomes 

higher the further out you consider.  This is true for individuals (which don’t live forever), 

populations, and species.  It is true for lynx, as well as humans.  So a decline in estimated 

probability of persistence with longer timeframes is ‘normal’.  I believe this point needs to be 

explicitly acknowledged – a decline is not automatically a concern, it is the actual estimated 

probability that may matter (and we have already expressed concerns about the reliability of 

the actual numbers, especially those projecting more than 20-30 years out). (MN) 

 

p. 158, paragraph 4, sentence 2, 

“Although all five geographic units that currently support resident populations (all units except the GYA) 

are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 

Montana/ Northeastern Idaho) had an expert-estimated probability of persistence greater than 50 

percent (i.e., persistence more likely than not) by the end of the century”.   

We will assume we are mis-reading something here, but when we look at Figure 7, year 2050, 

average projection, it looks to us like the experts project that 4 of the 6 units, with a 5th close, 

are expected to persist with probability > 50%.  Can this be clarified? (MN) 

 

p. 158, paragraph 4, last sentence, 

“by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), and a cumulative 

likelihood that resident lynx will be lost from two or three of the five units that currently support them 

by the end of the century (Figure 7).” 

I'm not convinced that this kind of summary is the best use of the EE data.  Asking everyone to 

predict conditions 100 years into the future is a tall order and unlikely to be very helpful at the 

scale of the actual point estimates that come from that exercise.  Instead, I think those 

exercises are best used as a measure of relative confidence in the persistence probability of 

each population compared to the others.  Actual point estimates from that process should be 

handled very, very cautiously. (CO) 

 

p. 159, Figure 7 caption, general comment, 

Need another sentence or 2 in the caption describing how the expert opinions were distilled 

to these probabilities.  I assume each opinion was treated independently and thus median 

values (or complements of those values) were multiplied together to obtain the probability of 

at least one event of no more than 3 or whatever? (CO) 
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p. 159, first paragraph after Figure 7 caption, general comment, 

I do agree with this distillation of the EE process.  Right now, it feels like we have evidence 

enough to say that the DPS is in better shape than we thought at the time of listing.  It also 

feels like future conditions will be worse, not better, it's just a matter of when it becomes 

worse and how much worse.  It also seemed to me that MN is in real trouble - photos don't lie 

(generally), ME is probably at its peak productivity right now and will likely lose habitat for 

similar reasons as MN although it will take longer and more area will survive as habitat.  1-2 

big wildfires in the wrong spots in CO, MT or WA and those places aren't looking near as good 

either.  Probability of 1+ populations not being with us 100 years from now is pretty good. 

(CO) 

 

p. 162, 

“Unit 1 – Northern Maine: Although the Northern Maine geographic unit currently has extensive lynx 

habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate change, habitat 

loss and fragmentation, and development”  

Looking @ graphics re # acres that have either clearcut or final entry harvests, suggests to me 

that the type conversion is overrated.  It would appear that “clearcut-like” final harvests are 

still 84% of what they were in the post budworm era. (ME FPC) 

I believe that the angst re fragmentation and development is overblown. (ME FPC) 

This is just not substantiated in any way.  Development pressure in this DPS is non-existent.  

Fragmentation-depends on the definition.  Traditional terminology would not apply to this 

region of the state in my opinion based on conversations with a forest ecologist. (ME FPC) 

“will be the greatest future drivers of hare and lynx habitat in this unit. Lynx habitat and numbers are 

expected to decline by 50 to 60 percent by 2032 in response to aging of the budworm-era clearcuts and 

the effects of 27 years of extensive partial harvesting. In the next few decades, high quality hare habitat 

will drop from about 10 percent to 5 percent of the landscape. High quality habitat patches will become 

more fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For the 

next few decades the best habitat will occur in the southern portion of the range where effects of 

climate change and competition with bobcats are likely to be greatest.”  

 Where’s the citation? (ME FPC) 

“Absent long-term lynx management agreements, the future of lynx habitat is uncertain. Wood products 

markets will continue to change, and could be affected by interest in carbon sequestration in response 

to climate change. Rapid changes”  

Rapid changes were occurring in the 90s and early 2000s.  Last 15 years I do not agree have 

resulted in “rapid” changes in ownership that have resulted in vastly different forest 

management. (ME FPC) 
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“in private forest land ownership are likely to continue resulting in subdivision of large ownerships. Non-

forestry land uses (wind energy development,”  

Wind energy development has essentially stalled in the Critical Habitat Area.  Besides new 

development would create a federal nexus (FAA, Army Corp of Engineers, etc.) which provides 

them with the ability to mitigate.  If anything, it provides FWS with leverage doesn’t it? (ME 

FPC) 

“transmission line corridors, residential and resort land development, and unmanaged, conservation 

lands) will compete with forest management as the primary land use.”  

Speculative and not likely to happen in the UT. This statement is without merit and way out of 

bounds. (ME FPC) 

LUPC should have data on conversion acres. (ME FPC) 

“Conservation easements will help reduce development pressures and keep some lands as working 

forest, but forest practices (e.g., partial harvesting, northern hardwood management) may not be 

conducive to creating new lynx habitat. Climate change is expected to affect the Maine unit more than 

others in the DPS because snow depth and duration already seem to be at thresholds for lynx and there 

are few potential elevational refugia. In the near term and to mid-century, snow quantity and quality 

will continue to deteriorate, likely causing the range of lynx to begin contracting northward.”  

 Citation is? (ME FPC) 

“Our review of the published literature and input from lynx experts lead some members of the SSA Core 

Team to conclude that lynx could become extirpated”  

This is not the first time that lynx has become extirpated from Maine due to habitat changes. 

(ME FPC) 

“from the unit by mid- to late-century. Climate change, increasing demand for hardwood forest 

products, a pending spruce-budworm outbreak,”  

Pending spruce budworm outbreak could easily reset the clock and result in fir thickets again 

(e.g.- looking at  some of the stands in Baxter park that died and have come back to fir). (ME 

FPC) 

This will promote habitat, not the other way around. (ME FPC) 

“and frequent disturbance of the forest all will contribute toward the trend in the loss of spruce-fir 

forest and expansion of northern hardwoods,” 

 Not substantiated by any data presented.  Suggest MFS and FIA data be reviewed. (ME FPC) 

“although the timeframe for conversion is uncertain. The lynx experts we consulted indicate the 

probability of persistence will decline to about 50% by the end of the century, although there was wide 

variation in opinions. After reviewing the scientific literature concerning climate change projections 

(diminishing snow conditions, lack of elevational refugia), some members of the Core Team were more 

pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, we observed that 
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there is great uncertainty about the future of forest management and future development on private 

forest lands. We also note that the threat for which the lynx DPS was listed, the lack of specific 

conservation direction in Federal forest planning and management regulations and direction, has not 

been addressed on private lands. There are no long-term management plans in place, State forest 

regulations have greatly influenced harvesting practices that have (and will continue to) reduce 

landscape hare densities, markets for forest products are depressed,”  

 Temporarily (ME FPC) 

“and projections (under current harvest scenarios) are that habitat will diminish and shift southward” 

I don’t get this.  Why would it shift southward?  Budworm less intense to the south and 

generally less softwood and snow depths. (ME FPC) 

“in the near term because of post-harvest succession and recede northward over the longer-term 

because of continued climate warming.” 

 Citation is? (ME FPC) 

 

p. 163, Unit 2 NE MN, 

Very little to add beyond that which we’ve said.  We question what we think can only be 

called the assumptions of direct impacts of snow, bobcat competition, and hybridization 

concern.  We do think the fate of the boreal forest will be crucial for hares/lynx, but question 

the ability (regardless of mechanism) to produce a reliable estimate of persistence probability 

87 (or 50) years out.  (MN) 

 

p. 165, last sentence, 

“However, climate models suggest a 40 percent decline in snow” 

The implications are unclear, and there is a whole range of results. To publish a point, with no 

variability is insincere. There needs to be some reference here. Actually, throughout all 

Colorado-specific sections, references are sparse. Lots of uncited statements - they aren’t 

necessarily wrong, but substantive citations would increase credibility. (CO) 

 

p. 166, paragraph 1, third full sentence, 

“Beetle kill and wildland fire will result in temporary nonfunctional habitat conditions.” 

 Delete “beetle kill and.” 

'Nonfunctional' is too strong I think based on recent bark beetle recent on primary prey and 

the USFS-CPW project.  "Temporarily reduced in quality to some extent" or something along 
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those lines is how I would express our concerns.  Even that may be a bit dire.  Not sure yet. 

(CO) 

 

pp. 169-171, general comments, 

MDIFW questions the conclusions reached in the SSA regarding predictions that Maine’s 

forests will change in a manner that threatens lynx and snowshoe hare populations. The SSA 

predicts these changes will occur because of climate change, forest maturation, and changes 

in forestry practices. For example p. 169 of the SSA states, “Models indicate that aging of past 

clearcuts and changes in forest practices to partial harvesting will diminish the current lynx 

habitat by half in coming decades.” MDIFW presents information substantiating that these 

predictions are based on inaccurate figures on hare densities in shelterwood harvests, and the 

misperception that changes in forest species composition will occur at equal rates on 

managed and unmanaged forests. For example, the SSA states on p. 171, “Currently, partial 

harvesting comprises about 94 percent of acres cut annually in Maine (Simons 2009, p. 50)” 

and “Foremost, snowshoe hare densities in partially harvested forests are on average about 

50 percent lower (but range from 20 to 90 percent lower) than in regenerating conifer stands 

created by clearcutting (Robinson 2006, pp. 5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus 

reducing landscape hare density and presenting a challenge for future lynx conservation 

(Simons 2009, pp. 206, 209, 217; Simons-Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, 

entire).” However, MDIFW points out that according to the Maine Forest Service, since 2006, 

of the total acreage meeting the definition of “partial harvest”, 46% were shelterwood 

harvests. Shelterwood harvests do not have the same hare densities as other forms of partial 

harvest. Scott (2009) demonstrates that as of 2009, stands subject to shelterwood/overstory 

removal (even age management) had only slightly lower winter hare densities than 

regenerating clearcuts, and 2.5X the winter hare density of stands subject to selection 

harvests (uneven-age management). MDIFW argues that the presentation of forest and hare 

data is misleading, and that more research is needed on hare densities in shelterwood stands. 

(ME DIFW) 

MDIFW points out that while climate conditions in the Northeast may make conditions less 

favorable for spruce/fir forests and more favorable for deciduous trees, the rate of change will 

likely differ on private forests that are actively managed vs. unmanaged forests. Private 

landowners manage their lands for specific outcomes (see attached letter from Maine’s Forest 

Products Council). Therefore, inferences on how lynx populations will respond to changes in 

forest type must take into account the forest management plans of private landowner, 

especially in a state where 90% of lynx habitat occurs on private lands. From 1995 to 2015, the 

total acrage of conifer forest has actually increased in Maine (2,515,732 to 2,904,462 acres) 

with the acreage of conifer saplings staying relatively consistent (1,062,863 acres in 2015; 

personal communication, Ken Laustsen, Maine Forest Service). (ME DIFW) 

 

pp. 171-172, 
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“Regulatory Mechanisms - In response to public concern about widespread clearcutting in northern 

Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). The MFPA 

regulates maximum size of clearcuts (250 acres), separation zones between clearcuts, harvest plans, and 

notification to the Maine Forest Service. Clearcuts are not banned, but require varying levels of State 

permits” 

No actual permits just standards and notifications until you reach 75 acres.  Then there is a 

defacto permit. (ME FPC) 

FPA does not require permits (ME FPC) 

“depending on their size. As a result of these regulatory requirements, the number and acreage of 

clearcuts completed annually has declined substantially and have been replaced by various forms of 

partial harvesting (Sader et al. 2003, p. 349-350; McWilliams et al. 2003, p. 35).” 

Again dated info. May not have changed in the DPS unit but should update with MFS. (ME 

FPC) 

Do not lump shelterwood into partial harvesting. (ME FPC) 

“In the first decade following passage of the MFPA, the percentage of acreage clearcut annually in 

Maine declined from 40 percent to four percent (Simons 2009, pp. 45-46). The average size of clearcuts 

has been reduced from >125 acres (Maine Forest Service 1995, entire) to <25 acres (Maine Forest 

Service 2003, entire; 2005, entire; 2007, entire). Currently, partial harvesting comprises about 94 

percent of acres cut annually in Maine (Simons 2009, p. 50).” 

 How can you call 2009 current? (ME FPC) 

These acres/%s do not match MFS reports, and statewide changes are not congruent to the 

megaregion (ME FPC) 

 “The total volume harvested, however, changed relatively little. The partial harvest that replaced 

clearcuts include a variety of silvicultural treatments, including both even-aged (e.g., shelterwood)” 

 No, it does not. (ME FPC) 

“and uneven-aged (e.g., selection) management that result in a wide range of residual stand conditions 

(Robinson 2006, pp. 5-37), which have important implications for lynx conservation. Foremost, 

snowshoe hare densities in partially harvested forests are on average about 50 percent lower (but range 

from 20 to 90 percent lower) than in regenerating conifer stands created by clearcutting (Robinson 

2006, pp. 5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 

presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 

al. 2016, p. 7-8; Simons-Legaard 2016, entire).” 

“To harvest the same volume of wood annually, landowners must partial harvest many more acres than 

they would under former clearcutting silvicultural systems. The acres of forest harvested annually in 

Maine have increased from about 250,000 acres pre-MFPA to 550,000 acres post-MFPA (McWilliams et 

al. 2003, p. 35)”.  
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Earlier in the document, it states pre-FPA harvest acreage at 100,000.  250,000 is closer to 

reality. (ME FPC) 

“Currently, 27 years after implementing the MFPA, much of the 10 million-acre northern Maine” 

 What is “northern Maine?” 

Let’s not add confusion of statewide changes.  This should be a focus on the SSA area only. 

(ME FPC) 

 “landscape has been partially harvested – some areas being partially harvested on multiple occasions. 

Extensive partial harvesting and aging of the spruce budworm-era clearcuts have and will continue to 

reduce landscape hare densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue 

to harvest using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent 

by 2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become more 

uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in Maine 

selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 2008b, pp. 1490, 

1492-1494).”  

“If one defines lynx habitat as stands having greater than 75 percent spruce-fir, then habitat will decline 

by about 50 percent by 2030 and remain at about at this level through 2060 (Simons-Legaard 2016, pp. 

9,16).”  

I always thought that lynx habitat had a definite stand age/stand size component attributed 

to it, i.e. young regenerating. (ME FPC) 

“These projections do not consider the effects of the next outbreak of spruce budworm. After being low 

for the last 20 years, spruce budworm numbers are again building toward epidemic levels in Maine,”  

 Delete Maine. (ME FPC) 

“southern Quebec, and northern New Brunswick.”  

 Just starting to appear in northern New Brunswick. (ME FPC) 

“Significant defoliation in Maine is expected in the next few years and the outbreak may last for about a 

decade (Wagner et al. 2016; pp. 12-16). Although Maine research has clearly demonstrated that 

landowner response to the last outbreak resulted in unintended, positive benefits for lynx from one to 

three decades later, our ability to project what effects the next outbreak will have on lynx habitat is still 

limited.”  

 See earlier comment re: fir replacing fir. (ME FPC) 

“Land ownership has changed dramatically since the last outbreak.”  

 The State’s approach to budworm will be much different as well. (ME FPC) 

“To reduce risk from spruce budworm, some financial investment owners may cut younger spruce-fir 

stands that still support elevated hare populations.”  

 And sell where? Markets are very limited for early commercial harvest products. (ME FPC) 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  Page 
139 

 

  

These are pre-merchantable based on my knowledge, unless you harvest solely for biomass. 

(ME FPC) 

“Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis on 

northern hardwoods.”  

 Mixed wood is a possibility since we are talking about overstory removals primarily.  (ME FPC) 

“It is unlikely that current landowners will use widespread use of pesticides to control spruce budworm 

and herbicides to promote spruce-fir regeneration after stands are defoliated. The MFPA may serve as 

an additional constraint”  

Do not agree.  Outcome Based Forestry and/or the FPA variance process potentially remove 

much of the constraints in the case of an infestation of this magnitude. (ME FPC) 

“on motivation to clearcut infested stands, even with recently-enacted changes intended to reduce the 

regulatory burden for landowners. Landowner response to the pending outbreak will have important 

implications for the short- and long-term persistence of lynx habitat in the northern Maine unit (Simons-

Legaard 2016, pp. 16-17).”  

“Nor do these projections consider a substantial decline in snowshoe hare densities that has occurred in 

Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare density in 2001-2006 

(average of 2.1 hares/ha in regenerating conifer) to a period of lower hare density 2007-2009 (average 

of 1.0 hares/ha). This decline occurred across all forest stand types and across a broad geographic area 

of Maine (Scott 2009, p. 36) and the adjacent Gaspe region of southern Quebec (Assells et al. 2007 in 

Scott 2009, p. 41-42). Hares remained at these lower numbers through 2013 (D. Harrison, University of 

Maine, unpublished data). If future hare populations remain low,”  

Why would you assume they will remain low?  Like most prey populations, they have always 

rebounded and there is no reason to assume they won’t again. (ME FPC) 

 

pp. 172-175, general comments, 

MDIFW agrees that with the basic premise that, on average, a warming climate will likely 

cause many species at the southern edge of their distribution to shift northward. However, we 

believe the SSA overstates the confidence with which climate models can be used to inform 

future trends in lynx distribution and population size in Maine. Uncertainty regarding changes 

in the amount and duration of snowfall, and the response to these changes by hares, lynx, and 

potential lynx competitors such as bobcats and coyotes, make projecting impacts on lynx very 

challenging. In addition, we feel that conclusions about changing forest species composition in 

northern Maine due to climate change are overstated and not supported by current data (see 

MFPC letter and other sections of MDIFW response). Mean annual temperature in Maine is 

projected to increase by 1.7 – 2.8° C from 2014 to 2054, but precipitation is expected to 

increase by 5-10%, with the greatest increase occurring in interior Maine (Fernandez et al. 

2015). While the duration of snowpack is projected to decline by about 2 weeks over the next 

50 years, in northern Maine total accumulated winter snow is projected to decrease by <20%, 
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and extreme snowfall events are projected to increase in frequency (Fernandez et al. 2015). 

Although the SSA presents many hypotheses about the response of hares, lynx, and other 

carnivores to changing snow conditions, MDIFW believes the underlying mechanisms 

describing the relationship between these  species and snow are largely unknown. The 

distribution of bobcats and coyotes, for example, may be just as limited by a future scenario 

with shorter winters that have higher average snow depths as they are by current winters that 

have longer snow duration but less average accumulation. Therefore, we are not convinced 

that projected changes to Maine’s climate will necessarily result in significant range 

contraction by lynx. We suggest that the sections on climate change in the SSA should be 

recast to reflect the inherent uncertainty in climate models and the response of lynx to 

potential changes. (ME DIFW) 

 

pp. 174-175, 

“The spruce-fir forest type has come and gone from New England during the post-glacial period. It 

nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, then 

moved south into New England only in the past few centuries during the “Little Ice Age” (Schauffler and 

Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to climate and mobile 

nature, Iverson et al. (2008, p. 403) predicted a significant decline (low emissions) or the disappearance 

(high emissions) of the spruce-fir forest type in northern Maine in response to climate change.”  

“Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree species in 

the Northeast and will be affected by climate change in different ways. Mechanisms of injury to spruce-

fir include winter injury from freeze-thaw cycles, spring drought (because of reduced snowpack), and 

reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the range of spruce-fir is limited by 

summer heat and drought. Mohan et al. (2009) projected that suitable area for balsam fir would decline 

by 80 percent in 2100 under an average to high emissions scenario. In contrast, Ollinger et al. (2008, p. 

8) projected increasing growth rates for balsam fir and red spruce to mid-century, after which they 

would decline.”  

“The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the many 

variables that influence shifting of the forest species composition (emissions scenarios, the long lifespan 

of trees, slowness of tree dispersal, frequency of disturbance, competition from advancing hardwoods 

and invasive tree species, complex interactions with moisture, and synergistic effects with other 

pollutants). Arguments in favor of an accelerated decline include evidence that spruce-fir is already in 

decline and is being replaced in Maine by northern hardwoods (oak, pine, red maple).”  

None of these are typically considered northern hardwoods (sugar maple, beech, and yellow 

birch); yes red maple at a stretch (ME FPC) 

“Since 1995, the area of forest land classified as the northern hardwoods type in Maine has increased 

8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce/fir forest type group has 

decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et al. 2016, p. 2).The decline of the spruce-fir 

forest type may be accelerated by forest disturbances when northern hardwoods replace areas formerly 

occupied by spruce-fir. In some situations, disturbance may favor persistence of balsam fir and help it 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  Page 
141 

 

  

persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm 

outbreak and frequent disturbance from forest management could accelerate conversion to northern. 

Other climate-related forest disturbances (forest pests, diseases) could further accelerate conversion to 

northern hardwoods (Iverson et al. 2008, p. 404).”  

“In contrast, some authors note that trees migrate slowly in response to a changing climate and are 

long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to northern 

hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some northern Maine industrial 

forest landowners could “adapt” to climate change by intentionally favoring spruce-fir (e.g., by 

plantations and use of herbicides).” 

Spruce and fir have always been the main stay of forestry in northern Maine and landowners 

have always encouraged their growth by regeneration methods that encourage softwood 

seedlings, PCT, herbicide treatment, thinning to remove competing hardwoods and 

plantations.  No one is planting hardwoods. (ME FPC) 

Delete i (ME FPC) 

 

p. 181, 

“The Core Team concurred with expert assessments concerning trends in forest management, but we 

also note that development pressures in northern Maine did not receive much discussion at our expert 

elicitation workshop.” 

 Gee, I wonder why? (ME FPC) 

“ We believe that development pressures (residential and commercial development, energy 

development, transmission lines, roads, mining) will increasingly become competing land uses on 

private lands in northern Maine. We also expect the rapid turnover and subdivision of private forest 

lands “ 

This seems to be totally anecdotal and not very well substantiated by recent documentation. 

(ME FPC) 

“in northern Maine to continue, which will accelerate opportunities for non-forestry land uses.”  

 LUPC should be able to provide data on this for at least the unorganized lands. (ME FPC) 

 Not substantiated.  Northern Maine is losing population, not growing. (ME FPC) 

Speculative and unfounded. The regulatory aspect (LUPC) of the unorganized territory 

prevents this from happening readily and on a large scale. (ME FPC) 

“Turnover in land ownership have provided opportunities to conserve some areas of the north Maine 

woods through purchase of conservation easements and fee title acquisitions, including a new Katahdin 

Woods and Waters National Monument.” 

 How is this going to promote lynx habitat?  It will be just the opposite. (ME FPC) 
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 This monument will never be actively managed for lynx habitat. (ME FPC) 

“However, conservation easements do not fully protect these lands from some kinds of development 

that could adversely affect lynx and their habitat. For example, many conservation easements allow 

large-scale, industrial wind power development.” 

Why is wind power being singled out? Wind development and forest management can and do 

coincide. (ME FPC) 

Since when? I know of two that don’t. (ME FPC) 

“We conclude that various forms of development in northern Maine will continue in the future.”  

“The Core Team believes Maine lynx populations would be expected to decline more rapidly in a future 

scenario without Federal listing.”  

This reasoning seems flawed.  If the issue is loss of habitat driven by climate, what will listing 

accomplish? (ME FPC) 

“The lynx is not State-listed in Maine and there is currently little consideration of lynx in the review of 

projects requiring state permits. There is a closed season on lynx, so intentional take would continue to 

be prohibited. There is rarely a nexus for Service review of forestry projects under section 7 of the ESA 

(i.e., no Federal funding or permits are typically required for forest management on private lands). 

Nevertheless, because of their Federal listing, Canada lynx are a priority species for planning by Federal, 

Tribal, State, and private forest landowners. Although few private landowners have thus far made 

formal commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 

status they at least consider the possibility of doing so in the future. This is particularly true of 

landowners who must plan for Federal listed species as a requirement of their enrollment in green 

certification programs. Without Federal listing, there would be no incentive or motivation” 

It is arrogant and wrong for the Service to suggest that private landowners should completely 

change their silvicultural systems to benefit a single species.  Certification systems do not 

require this.  To the contrary, SFI and FSC ask landowners to “…have a diverse array of habitat 

types at the landscape level,”  (SFI). (ME FPC) 

 “for private forest landowners to change the current paradigm of partial harvesting and intentionally 

engage in forest management to benefit lynx.” 

 Unless the FPA was changed, or OBF is adopted in its place. (ME FPC)  

 

 

p. 182, general comments, 

MDIFW disagrees with statements that Maine’s lynx population would face increased threats 

from trapping and hunting if they did not have not have protection under the federal ESA. 

Trapping was evaluated at the time of listing (USFWS 2000) and was determined not to be a 

significant threat to the lynx population. Currently, the vast majority of lynx caught in 
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foothold traps are released with little to no injury. MDIFW contends there is no evidence to 

support statements such as, (p. 182) “Lynx would be at greater risk without ESA section 9 

prohibitions against take. In a future scenario without Federal listing, Maine’s incidental take 

plan for trapping would be rescinded, and it is likely that many protective measures to 

minimize injury, take, and mortality of lynx would cease or diminish.” MDIFW submits that in 

the event of delisting, the Department would continue to be committed to protecting lynx 

populations through trapper and hunter education, regulations focused to minimize captures 

in traps, and an active law enforcement presence. Prior to the federal ESA listing of lynx, 

MDIFW implemented a number of measures to protect the species (MDIFW 2014, p. 78-79). 

These included closing the season on lynx hunting and trapping in 1967, and providing 

information to trappers on how to distinguish bobcats from lynx to avoid lynx incidental 

captures and trapping mortalities. (ME DIFW) 

MDIFW disagrees with the Lynx SSA Team’s conclusion that lynx face an increased risk 

because of Animal Damage Control (ADC) activities if lynx were no longer protected under the 

ESA. The SSA states (p. 182), “There have been a few situations where lynx have destroyed 

livestock, but lethal actions to remove lynx were avoided because of Federal listing. Without 

Federal listing, justification for shooting lynx in these situations would likely increase.” There 

has never been a documented lethal taking of lynx related to ADC activities in Maine, and it is 

very rare to get a report of lynx getting into someone’s “livestock” (i.e., chickens). The 

assertion that there is an increased likelihood of a lynx being shot to protect chickens is pure 

speculation. MDIFW strongly urges the USFWS to reevaluate claims that delisting would 

threaten Maine’s lynx population because of increased mortalities from hunting, trapping, 

and ADC activities. (ME DIFW) 

 

p. 182, general comments, 

The SSA states: “If Maine’s ITP was rescinded it is likely that measures to minimize injury, take 

and mortality will be rescinded.” 

MDIFW was committed to protecting lynx populations from incidental take from trapping 

before the federal ESA listing (p. 79, MDIFW 2014), and lynx have been protected by a closed 

season on hunting and trapping since 1967. Maine’s ITP addresses incidental take through 

trapping, research, and ADC related activities; all potential sources that were evaluated and 

determined to not be factors threatening lynx at time of listing (65 FR:16078 [2000]). Although 

incidental take was not determined to be a threat in the listing document, MDIFW identified 

this as a potential source of mortality to lynx, and has been successful in addressing this threat 

both before and during listing. This has been accomplished through: lynx related educational 

material in hunting and trapping courses and in our law books, restricting trapping methods to 

minimize lynx capture, and an active law enforcement division. In the event of delisting, 

Maine would continue to successfully minimize take to lynx in the form of hunting, trapping, 

research, and ADC related activities. (ME DIFW) 
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The SSA states: “It is unlikely that lynx would become a legally harvested furbearer in Maine 

(although some Maine trappers have suggested that).” 

We agree that lynx would remain protected from hunting and trapping through Maine state 

law in the event of delisting (they were protected from these forms of mortality by state law 

for 33 years prior to listing). Why is the suggestion of some Maine trappers relevant to this 

document? (ME DIFW) 

The SSA states: “Illegal shooting and non-reporting would likely increase without federal 

protection. We believe several high-profile Federal Law enforcement cases have helped to 

reduce illegal shooting of lynx.” 

Where is the evidence to support these statements? The Maine Warden Service has been 

successful in protecting lynx and enforcing related laws before federal listing and has led the 

enforcement, investigation, and prosecution of the majority of lynx cases since listing. With 

only two special agents assigned to Maine, the USFWS relies on the field presence and 

experience of the more than 100 Maine wardens. Maine Title 12 10 MRSA section 11201and 

section 11251-3 are state statutes which make it a Class E crime to hunt or trap animals or 

possess an animal for which there is no open hunting or trapping season. This includes lynx. 

Both statutes are “strict liability”, meaning that the state isn’t required to prove that the 

hunter or trapper killed or trapped the animal “intentionally, knowingly, recklessly or with 

criminal negligence.” The “state of mind” of the person taking the lynx is not an element of 

the crime, which must be proven in court. In contrast, the USFWS agents generally operate 

under a standard operating procedure (often referred to as the McKittrick standard) whereby 

proof is required that a suspect knew that the species they were taking was a lynx which is 

subject to federal protection. Because federal prosecution prefers a “knowingly” culpable 

state of mind and the state statute does not, prosecutions at the state level are more efficient 

and less burdensome. In closing, Maine game wardens are the driving force of law 

enforcement as it relates to protecting lynx in the state. They provide the field presence, 

enforce rules associated with minimizing take, and prosecute the majority of cases. This 

presence will continue to protect lynx in the event of delisting. (ME DIFW) 

The SSA states: “Incidental take from bobcat trapping, running with dogs, and hunting will likely 

increase without federal listing.”  

How did the authors arrive at this conclusion? The methods to pursue bobcats through 

trapping, running with dogs, and hunting did not change after federal listing. MDIFW has 

documented lynx being killed by bobcat hunters on a single occasion in the 1970’s; one 

occasion in 49 years. Since then MDIFW has successfully addressed this potential threat 

through lynx related educational material to the hunting and trapping community, providing a 

section devoted to lynx avoidance in trapping education classes, and increasing awareness of 

lynx protection statewide. Additionally, incidental take through these methods were 

evaluated and determined not to be a factor threatening lynx in the federal register (p. 16078, 

USFWS 2000). In the event of delisting MDIFW will continue to successfully minimize take 

through education, regulations that only allow trapping methods that minimize potential 

capture to lynx, and law enforcement. (ME DIFW) 
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The SSA states: “Without federal listing justification for shooting lynx in situations where lynx 

destroyed livestock would likely increase.” 

First, by livestock we are assuming that the authors mean poultry and rabbits. Lynx have 

never been documented depredating on sheep, cattle, or pigs in Maine, nor are we aware of 

livestock depredation being a concern anywhere within the species range. We agree that that 

only a few situations exist where lynx have damaged poultry. In fact, since protection of lynx 

from hunting and trapping in 1967 MDIFW has not documented a single case of lethal removal 

of lynx due to ADC related issues. Therefore why was this listed as a threat to lynx populations 

in Maine? Furthermore, any ADC related activities that occur in the state must go through 

review and approval by regional wildlife biologists and warden service staff; it is highly 

unlikely that lethal removal of lynx damaging poultry (or any other livestock) would be used 

as a management tool even in the event of delisting. (ME DIFW) 

 

p. 186, paragraph 3, 

“In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take of lynx 

that may result from otherwise legal trapping in Minnesota. This plan is still under development by the 

MN DNR and will be designed to reduce the likelihood of incidental take from trapping (ILBT 2013, p. 

49)”.   

The State of MN completed and submitted an ITP/HCP to the USFWS in 2008.  We also 

implemented regulatory changes, approved by the Court, to reduce incidental take of lynx.  

(MN) 

 

Pp. 190-192 (but also applying to pp. 183-190), general comments, 

We would just start by saying our comment #50 applies here as well.  [see MN general 

comments to p. 156 et seq. above]  To that we would add that we feel the tone of much of 

this section goes even beyond the concerns about speculation we have referenced above.  We 

feel, correct or not, that much of this comes across as biased and ‘scare tactics’.  Examples: 

a. Under the possibility of Federal protections being removed, and even if a state harvest 

did not occur, you say “Under the state statute, a person may not take, import, 

transport, or sell any portion of an endangered or threatened species. However, these 

acts may be allowed by permit issued by the DNR”.  Notwithstanding our correction 

noted in # 56, were you really suggesting we might issue such permits liberally and 

jeopardize lynx?  If not, what is the point? 

b. “There is a closed season on lynx, and it is expected that intentional take would 

continue to be prohibited until the population reached sustainable levels defined by 

the state”.  You can expect this, and we could do it (though we doubt it), but what is 

the point of this unless you are implying it is a “threat” and using it to create fear 
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about a post-delisting scenario?  Are you questioning our ability to responsibly 

manage a harvest? 

c. “Without Federal listing driving voluntary conservation guidelines, however, there 

would be little or no motivation for private forest landowners to intentionally engage 

in forest management to benefit lynx”.  What evidence are you suggesting there may 

be that private forest landowners have been compelled by Federal law to adopt 

voluntary guidelines now? 

d. “Without Federal-listing, these projects [wetland permits, highways, powerlines, etc] 

would not consider impacts to lynx critical habitat. The Core Team concludes that a 

future scenario without Federal listing would result in increased habitat loss and 

fragmentation and would result in reduced justification for habitat protection 

initiatives in northeastern Minnesota”.  Can you even document (not speculate) 

whether Federal laws have ‘saved’ lynx or lynx habitat on Federal Lands (or on 

federally-funded projects) to date?  In reality, there has likely been little if any 

practical effect of the federal nexus on county/state/private lands, but do you have 

any documentation of how non-federal-nexus-projects on those other, mostly 

state/county, lands in lynx range have harmed lynx?  And if the focus is just the 

Federal lands, what are the truly ‘foreseeable’ projects expected to occur, what are 

the suspected effects on lynx, what mitigation could occur (even if not legally 

required), and will Federal land managers in fact disregard lynx if they are delisted (if 

so, THEY might want to reconsider).  And while you are correct that federal listing 

certainly adds ‘legal teeth’ to many things, the assumption that nobody will care 

about or advocate for lynx habitat needs in our state forest wildlife management 

practices/policies is not valid. Fear of what COULD happen is not a justification for 

keeping a species listed. 

e. “In a future scenario without Federal listing, Minnesota’s incidental take planning 

effort for trapping may be further delayed or halted and may result in the 

diminishment of protective measures to minimize injury, take, and mortality of lynx.  

As it is, approximately 16 lynx have been reported to be incidentally trapped in 

Minnesota since listing, resulting in at least 6 mortalities”.  First, there have actually 

been 24 accidental captures and 11 mortalities in the 17 years since delisting.  Second, 

we HAVE lynx avoidance regulations in place and have not documented any need for 

changes at this time.  Are you implying we need to make changes, that we will drop 

existing changes if de-listed (but still state-protected), or that incidental take is or 

would be a population-level concern even though it was not deemed a threat at 

listing?  We see this as biased fear, and one that suggests you believe the state is 

unwilling to address new documented concerns should they arise. 

f. “It is unlikely that lynx would become a legally trapped furbearer in Minnesota 

(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, 

so it may also be suggested for lynx)”.  Side point – you could clarify by adding that the 

first wolf season was ~ 20 years after the wolf population in MN/WI/MI surpassed 
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federal numeric recovery goals.  Main point – why do you feel the need to say this 

unless you are assuming we will start a season, and would do so in a manner that 

would jeopardize lynx?  And if this is your assumption, is this not a catch-22 situation – 

if you delist, it indicates there are no serious threats, and then you turn around and 

imply a threat from delisting.  Would there not be a 5-year PDL monitoring plan?  

Would you not be able to re-list if we in fact enacted all the changes you suggest we 

COULD and harmed lynx populations? 

g. “Illegal shooting and non-reporting would likely increase without federal protection. 

High-profile law Federal enforcement cases may have helped to reduce illegal 

shooting of lynx”.  Is there any data to support this idea?  We’ve never met a poacher 

who self-reported or even cared about the law (state or federal).  And for accidental 

take, if anything, reporting could actually increase.  

h. “With a diminished snow regime, populations of bobcats would be expected to 

increase and expand north and eastward into areas currently occupied by lynx. 

Incidental take of lynx from bobcat trapping and hunting activities would likely 

increase without Federal listing”.  I would describe this as an “IF, IF, IF, Then 

POSSIBLY” statement.  Plus, you have repeatedly suggested, we argue with little to no 

supporting data, that bobcats will somehow outcompete/exclude lynx if they do 

expand, so how could incidental take increase if the lynx will have ‘moved out’ or 

been killed soon after bobcats arrive?  Plus, would not the limited accidental take of 

lynx that might occur be offset by the removal of the supposed lynx-killing/competing 

bobcats and coyotes by trappers/hunters?  Our next comment is partially relevant 

here too. 

i. “Similarly, fisher, fox, and coyote populations may increase in a diminished snow 

regime in northern Minnesota and trapping would be expected to occur there that 

may lead to greater incidental take of lynx”.  Trapping already occurs “there” for these 

species, coyotes are unlikely to increase anyway (unless wolves recede, and if that 

occurred, red fox might decrease).  So how much would the potential impact of an 

unknown amount of a suspected increase in incidental take be offset by a suspected 

increase in trapping of these suspected lynx competitors.  And setting this aside, this 

logic suggests you have quite a bit more confidence than we do in being able to 

predict future fur prices and trapping effort.  

j. “We believe that despite a closed hunting and trapping season, incidental take would 

continue and possibly increase and could become a significant threat to a population 

of lynx that will likely be significantly diminished by mid- to late-century”.  See many 

comments from a-i. 
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p. 191, first paragraph, sentence 2, 

“The lynx is state listed, however, and Minnesota's Endangered Species Statute and the associated Rules 

impose a variety of restrictions, a permit program, and several exemptions pertaining to species 

designated as endangered or threatened”.   

Lynx in MN are actually listed as a “Species of Special Concern” and thus not specifically 

covered by rules specific to our State ESA.  (MN) 

 

p. 202, first paragraph, sentence 9, general comment, 

Even if we assume there are adequate regulatory mechanisms currently in place in 

Washington, management actions are not currently being planned, or their effect assessed, at 

a landscape scale across ownerships. For example, it would be beneficial for lynx if managers 

used information regarding the impact of large catastrophic disturbances (wildfire) in one 

ownership/area of lynx habitat to assess how much habitat can be altered in an adjacent 

ownership. (WA) 

 

p. 212, first paragraph after Figure 13 caption, sentence 7, 

“There was discussion about whether ski areas may affect daily movements of lynx,” 

Ski areas are not a landscape level threat to lynx. This is, has been, and continues to be 

overstated. Further, immediately below it is stated that ski areas are expanding whereas 

above it was stated that ski areas are in decline. This reduces the credibility of the SSA. (CO) 

 

p. 213, paragraph 4, sentence 3, 

“The models predicted an overall decline in persistent snow of 40 percent,” 

 Where? Specifically Colorado or range-wide? This is not clear and needs clarification. (CO) 

 

p. 213, paragraph 5, sentence 1, 

“All of the climate models under all representative concentration pathways (RCPs) project that 

Colorado’s climate will warm substantially by 2050.” 

Warming is one component of climate change. What about precipitation changes? Will there 

be more snow potentially? (CO) 
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p. 214, paragraph 2, sentence 1, 

“On average, the climate models indicate a seasonal shift in precipitation for Colorado, with increasing 

winter precipitation, and in some areas a decrease in late spring precipitation (Lukas et al. 2014, p. 65).” 

 Which might actually create good lynx habitat conditions, right? (CO) 

 

p. 214, paragraph 6, sentence 4, 

“While these linear features already exist on the landscape, widening of the cleared right-of-way, as well 

as lynx behavioral avoidance of highway rights-of-way because of increasing traffic volume reduces 

available habitat function for lynx.” 

Calling widening the highway an impact to lynx habitat is like talking about the inter-trail 

islands on ski areas. It is not an issue. (CO) 

 

p. 214, paragraph 6, sentence 5, 

“Many ski areas in Colorado are located within lynx habitat and will likely be expanded in the future 

through permanent removal of vegetation to create conventional ski runs, reducing tree density and 

clearing understory vegetation to create glade conditions, reduces lynx habitat.” 

This may have been the state of the art science in early 2000's, but certainly the perspective 

(and understanding of the role of this in a landscape perspective) has matured? (CO) 

 
p. 215, paragraph 4, sentence 3, 
 
“The discussions revealed that ski area related development, including residential development of base 

areas, may limit lynx’s ability to fully exploit habitats year round.” 

 Insert “in the limited localities adjacent to ski areas.” after “year round.” (CO) 

 
p. 215, paragraph 4, sentence 5, 
 
“Our expert elicitation documented some uncertainty whether ski areas may affect genetic connectivity 

within the unit.” 

 REALLY??? We strongly disagree with this. (CO) 
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p. 216, first paragraph, last sentence, 

“Maintaining connectivity between lynx populations in Canada and the DPS is thought to be important; 

however, whether and if so to what extent the demographic and/or genetic health of DPS populations 

relies on periodic immigration from Canadian populations remains uncertain.” 

 How can the DPS be justified, then? (CO) 

 

p. 220, first full sentence, 

“Nonetheless, it is unlikely that any management actions can abate the long-term northward and 

upslope retreat of boreal forests and diminished snow conditions projected by climate models.” 

 Key point about listing due to climate change. No exit strategy. (CO) 

 

p. 220, 

“Although projections of climate-mediated losses of boreal forests and favorable snow conditions 

suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx in Maine 

and Minnesota may be relatively lower than the western geographic units given the smaller percent of 

Federal lands and the absence of associated regulatory commitments to lynx conservation, and the lack 

of potential elevational refugia. Additionally, as noted above, changes to regulations governing timber 

harvest on private forest lands in Maine are unlikely to maintain the current historically-high” 

 i.e. artificially high (ME FPC) 

“amount and distribution of good lynx habitat or the current large population of resident lynx. These 

changes, which may affect over 90 percent of lynx habitats in northern Maine, are projected to result in 

substantial declines in habitat quality and distribution, and lynx numbers, over the next 10-30 years, 

primarily through restrictions on clearcutting and the proliferation of partial harvesting, which are 

detrimental to snowshoe hare and lynx needs.”  

All of your assumptions are based on an assumed all-time high lynx population.  Is it 

reasonable or desirable to expect the continued maintenance of these high lynx populations?  

The question should be, will they persist, even at a lower population?  We don’t have the data 

to know that since Maine lynx have only been studied at a high population. (ME FPC) 

“On private forest lands, energy development (wind energy, mining), rapid turnover in ownership and 

parcelization of forest land, and uncertain forest markets may also reduce the future quality and 

quantity of lynx habitat.” 

Seriously? The current mining rules preclude any mining at a scale that would threaten lynx 

habitat.  I am surprised they haven’t mentioned meteor strikes because one came down west 

of Rangeley a year ago so it must be a trend.  (ME FPC) 
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Again speculative. These are not happening at a large scale in the UT. The potential lack of 

low grade markets will outweigh all of these. (ME FPC) 

 

p. 221, paragraph 3, sentence 1, 

Last paragraph on page 221: “The functional extirpation of lynx within any one geographic 

unit would possibly reduce the species representation within the DPS for the contiguous U.S. 

population”. We recommend deleting the word “possibly” in this sentence as it would 

definitely reduce representation. (WA) 

 

 
 



From: Jonathan Mawdsley
To: Jonathan Mawdsley
Subject: re: state agency comments on Canada Lynx DRAFT Species Status Assessment document
Date: Friday, February 24, 2017 12:22:51 PM
Attachments: Compiled Comments From States on Draft Canada Lynx SSA_v_2.pdf

Dear Colleagues,
 
This morning we received one additional set of state agency comments on the Draft Species Status
Assessment for the Canada Lynx (Lynx canadensis) Contiguous United States Distinct Population
Segment.  Please find attached to this message an updated compilation of state agency comments. 
Many thanks to everyone who provided feedback on this important document. 
 
With best regards,
Jonathan Mawdsley
 
Jonathan R. Mawdsley, Ph.D.
Science Advisor
Association of Fish and Wildlife Agencies
1100 First Street, NE, Suite 825
Washington, DC 20002 USA
Phone: (202) 838-3462
Cell: (202) 997-6628
Fax: (202) 350-9869
E-mail: jmawdsley@fishwildlife.org
Web: http://www.fishwildlife.org
 

mailto:jmawdsley@fishwildlife.org
mailto:jmawdsley@fishwildlife.org
mailto:jmawdsley@fishwildlife.org
http://www.fishwildlife.org/


A Compilation of Comments 

Received from State Agencies on the 

 

 

 

DRAFT  

Species Status Assessment 

for the  

Canada Lynx (Lynx canadensis) 

Contiguous United States Distinct Population Segment 

 

 

Association of Fish and Wildlife Agencies 

Washington, D. C. 

February, 2017 

v. 2.0 

  



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

 
 

Page 2 
 

  

TABLE OF CONTENTS 

General Comments Received From States     

 Colorado Parks and Wildlife………………………………………………………………………………. 3 

 Idaho Department of Fish and Game…………………………………………………………………. 5 

 Maine Department of Inland Fisheries and Wildlife………………………………………….. 11  

 Maine Forest Products Council………………………………………………………………………….. 32 

 Michigan Department of Natural Resources……………………………………………………… 35 

 Minnesota Department of Natural Resources.……………………….…………………………. 36 

Montana Department of Fish, Wildlife and Parks……………………………………………… 45  

 New Hampshire Fish and Game Department…………………………………………………….. 52 

 New Mexico Game and Fish Department………………………………………………………….. 53 

 Washington Department of Fish and Wildlife……………………………………………………. 54 

 Wisconsin Department of Natural Resources……………………………………………………. 55 

 Wyoming Game and Fish Department………………………………………………………………. 56 

Detailed Comments Received From States, organized by page of DRAFT SSA document 

 Comments on p. 4 et seq. of the DRAFT SSA document…………………………………….. 58 

 Comments on p. 25 et seq. of the DRAFT SSA document…………………………………… 66 

 Comments on p. 49 et seq. of the DRAFT SSA document…………………………………… 77 

 Comments on p. 74 et seq. of the DRAFT SSA document…………………………………… 94 

 Comments on p. 100 et seq. of the DRAFT SSA document…………………………………. 112 

 Comments on p. 136 et seq. of the DRAFT SSA document…………………………………. 123 

 Comments on p. 152 et seq. of the DRAFT SSA document…………………………………. 127 

 Comments on p. 175 et seq. of the DRAFT SSA document…………………………………. 135 

 Comments on p. 202 et seq. of the DRAFT SSA document…………………………………. 148 

 

 

 

  



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

 
 

Page 3 
 

  

COLORADO PARKS AND WILDLIFE 

We appreciate the effort that has gone into compiling a large amount of information relative to lynx 

ecology. This has been a large undertaking by many individuals. Our comments are meant to enhance, 

through critical review, the SSA. 

1) The entire document could be much more succinct, less confusing, and more useful if significant 

redundancies in the text were removed. We made comments directly in the document that identify 

numerous cases where identical statements, even entire paragraphs, are repeated across multiple sections 

of the document (e.g., "lynx prefer deep, fluffy snow", "persistent snow conditions are thought to afford 

lynx a competitive advantage over other generalist predators", and "lynx populations in the DPS are 

thought to follow a mainland - island metapopulation structure").  Careful editing would likely save tens of 

pages of text and improve the readability and clarity of the document. 

2) Treating the 6 populations as a single DPS is confusing given the relatively large body of literature 

accumulated across these entities over the past several decades. As noted directly on the draft there are 

many places where statements, paragraphs, or even series of paragraphs summarize research in a 

seemingly general sense, but in reality the results apply to only 1-2 populations and have no bearing on, or 

completely misrepresent, the reality in other populations. We point out several well written paragraphs in 

which the similarities and differences among the 6 populations with respect to a given issue are handled 

independently and appropriately and could be used as a model for the remainder of the document. We 

suggest that each section of the document undergo a thorough review to identify and rectify ambiguity in 

summary statements relative to the diverse population structure of the DPS. 

3) At some point early in the document, clearly define "southern" vs. "northern" lynx hare 

populations. You might consult Ivan and Shenk (2016) for a possible definition. In many places it isn't clear 

which populations fall into each group. For instance, sometimes the Canadian border appears to be the 

line, yet the Apps (2000) chapter is cited often and that author considers his provincial study area to be 

"southern lynx habitat". 

4) Several sections of the document read as a litany of every possible factor that could negatively 

impact lynx. Some of these factors are clearly more important than others, however no hierarchy is given. 

For instance, is the Service really concerned about fragmentation impacts to lynx due to oil/ gas or ski area 

development, especially as it compares to natural fragmentation inherent in the Southern Rockies? This 

seems inconsequential. Similarly, does the Service think mineral extraction, ice storms or disease are big 

threats as compared to climate change, forest management, or wildfire?  Some of these threats are 

probably so inconsequential that they should be omitted. 

5) The section on the status of lynx and snowshoe hares in Colorado (as well as various paragraphs 

throughout the document) is missing findings from 3 recent peer-reviewed publications (Ivan et al. 2014 

Journal of Wildlife Management, Ivan and Shenk 2016 Journal of Wildlife Management, Baigas et al. 2014, 

Landscape and Urban Planning) as well as recent annual reports detailing results from our ongoing 

monitoring work (Odell et al. 2017) and results from recent work focused on impacts of bark beetle 

outbreaks to hares and lynx (Ivan and Seglund, 2016, 2017). Also, a climate change report specific to 

Colorado was recently completely as part of the Colorado State Wildlife Action Plan revision. That report 

should be consulted and climate sections updated accordingly. These documents provide our most recent 

understandings of snowshoe density, survival, and recruitment; relationship of these metrics to landscape 
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variables; impacts of current bark beetle epidemics on primary prey species of lynx; lynx highway crossing 

patterns; current status and distribution of lynx in the   state, and some predicted local changes in climate, 

snowfall, temperature, etc. These works should be included in the SSA. We are happy to provide full 

citations and/or copies of these publications if necessary. We have also provided updated numbers to 

insert into Table 4 on page 103. 

6) The section on climate change contains a large amount of pertinent information but seems a bit 

unorganized (see #2, above). Also, it suffers from language that is so     strong that it undermines the 

credibility of the information. Throughout this section, we suggest that in every instance where the 

author(s) state(s) future conditions will be 'x' or that lynx will do 'y' in response, the absolutism should be 

replaced with lynx are may do 'x', conditions are may be 'y' or snowpack will might change to 'z'. This type 

of language more fairly captures the state of our knowledge and provides an air of objectivity and 

defensibility that is currently lacking. 

7) The section on expert opinion needs to proceed with substantially more caution. Asking anyone to 

predict the future 100 years out relative to lynx persistence on the landscape is a tall order. Mostly what is 

reported are cumulative point estimates but there is no documentation as to how these were gleaned 

from the 10 different estimates USFWS received. There was substantially more uncertainty in the results in 

this exercise at the Elicitation Workshop than is presented in the Draft SSA, and this variability must be 

captured in this document to lend it some credibility. While Table 5 does communicate associated 

variability and uncertainty, the text does not reflect this. Further, the best utility of these data is not the 

absolute value of the estimates themselves but rather the comparative probabilities of persistence among 

the units. Focusing on those differences and de-emphasizing the actual probabilities where possible would 

benefit the document. Despite this concern, we do agree with the summary paragraph (last full paragraph 

on p. 159). This accurately captures the sentiments of the experts in a fair manner that is as meaningful as 

is possible given what we have to work with. 

While the critical and robust review provided above and in the attachment focus on the science of the SSA, 

we have several policy and process questions that we would appreciate further clarification and 

understanding of. 

1) Considering the SSA repeatedly references the importance of individual lynx crossing into the 

Lower 48 from Canada, itis not clear how a DPS can be justified for the Canada Lynx in the lower 48. The 

distinctness of this DPS appears to be in question. The SSA would benefit from a detailed description of the 

decision making process to explain why it is considered distinct. 

2) If the species remains listed, recovery planning is presumably the next step, considering the court 

order to have this completed within the next 12 months. FWS has made repeated statements in the SSA 

and other recent Federal Register documents, particularly those pertaining to Critical Habitat designation, 

that Colorado did not likely have historical, self-sustaining populations. Based on this, we wish to better 

understand what, if any, role our state would play in recovery of the DPS. If there is no role, as has been 

explained to CPW staff, we would like to discuss potential relief of some of the consultation efforts and 

further exploration of the potential to designate, post hoc, this as an experimental, non-essential 

population. 
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IDAHO DEPARTMENT OF FISH AND GAME 

The Idaho Department of Fish and Game (Department) offers the following comments on the Draft Species 

Status Assessment (SSA) Report for the Canada Lynx (Lynx canadensis) in the contiguous United States 

Distinct Population Segment (DPS). 

The draft SSA presents an inherent conflict for its scientific evaluation. Information in the draft SSA 

indicates that designation of a DPS based on the international Canada-U.S. boundary was based on 

incorrect assumptions, including those related to both discreteness and significance. 

Nevertheless, the draft SSA proceeds with evaluating viability—resiliency, redundancy, and representation 

and “factors affecting viability”—based on the apparent flaws in the geographic application of the DPS and 

6 population units. For example, the draft SSA evaluates factors potentially affecting the DPS in the same 

units it describes as lacking historic persistence of lynx populations. 

In addition, the draft SSA presents “factors affecting viability” via a confusing litany of sources of lynx 

mortality and lynx-human interaction without clear relationship to population effect. 

Vegetation management, wildlife management, climate change, etc. cannot affect the viability of a lynx 

population where the information indicates a peripheral or transient presence at most; so it is confusing to 

include such analysis. Similarly, the draft SSA details state harvest regulations and incidental trapping 

occurrences (even where there is no demonstrated impact to individual lynx) without relating them to any 

population effect. 

These foundational issues with the draft SSA permeate the analysis. For example, the draft SSA makes its 

evaluation based on the 6 geographic units in the contiguous U.S. “with the strongest historical and/or 

recent evidence of an ability to support persistent resident lynx populations,” indicating their combined 

geographic area represents “approximately two percent of the species’ entire breeding range (98% occurs 

in Canada and Alaska).” However, the draft SSA presents information that the Colorado population 

(formed from more than 200 individuals introduced from Canada and Alaska) and the Greater Yellowstone 

Area (GYA) population do not support persistent resident lynx populations (see, e.g., draft SSA at 41-42; 

45-46, 96-97). 

These Greater Yellowstone and Colorado units combined comprise approximately 37% of the “two percent 

of the species entire breeding range” that make up the DPS. Information presented as to the Garnet 

Mountain population in Montana also indicates a marginal occupation during population peaks rather 

than a persistent one (see, e.g., draft SSA at 45-46). Similarly, the conclusion that “it is difficult to 

confidently predict the future condition of the DPS or the likelihood that any geographic unit will support 

resident lynx in the future” is tied to an “irresolvable uncertainty about the historical distribution and lack 

of reliability in other demographic parameters” (see, e.g., draft SSA at 157-158). 

As the draft SSA describes, the 4 units other than the GYA and Colorado units show varying degrees of 

persistence, and are all connected to Canada populations and habitat (see, e.g., draft SSA at 22). The final 

SSA should provide some clear reference to the renewed IUCN (2015) assessment of Canada lynx as “least 

concern.” 
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The final SSA should clarify terminology as to “resident lynx” and “resident lynx populations.” “Lynx” refers 

to both one animal and multiple animals, and one “resident lynx” or short-term support of multiple lynx or 

breeding pairs does not equate to a “resident lynx population” in a given area. 

The final SSA should clarify the level of uncertainty in evaluating probabilities of persistence and likely 

future conditions. For example, the draft SSA’s summary of the expert elicitation panel’s discussion in this 

regard failed to acknowledge the panel’s statements as to the high degree of uncertainty in their 

speculations as to long-term persistence. 

 

Geographic Unit 5 — Greater Yellowstone Area 

The Department finds the information related to Geographic Unit 5 to be technically correct and has no 

suggested edits or comments on these sections of the draft report. Based on best available science, the 

GYA has not historically supported a persistent resident lynx population. 

 

Climate Science / Climate Change 

The vulnerability of a species to climate change is based on the extent of climate change likely experienced 

by the species (exposure), the degree to which the species survival, persistence, fitness, etc. depends on 

climate variables (sensitivity), and the ability of the species to cope (adaptive capacity) (Dawson et al. 

2011, Glick et al. 2011). Aspects of climate science, particularly focused on the exposure and sensitivity of 

lynx, are addressed throughout the report. Although some of the following comments apply to several 

areas in the document (page numbers noted in parentheses), most are intended to specifically address 

Unit 3 – Northwestern Montana / Northeastern Idaho. 

Overall, several of the general climate statements appear contrary. The basic premise of the report is that 

climate change will have adverse effects on lynx (see, e.g., draft SSA at 8). The authors emphasize, 

however, that they do not evaluate specific climate change scenarios (see, e.g., draft SSA at 157) and 

acknowledge that uncertainties and limits in the climate models and in the understanding of lynx 

populations make it difficult to predict future habitat quality or lynx distribution (see, e.g., draft SSA at 

157-8, 197). They further note that “…there currently is no evidence that climate change has had 

population-level effects or has reduced the ability of this unit [Unit 3] to support persistent resident lynx 

populations” (see, e.g., draft SSA at 133). 

Even so, some sections of the report suggest a more positive, and others a more negative, outlook. For 

example, the authors conclude that all units of the DPS are expected to continue to support resident 

populations through mid-century (see, e.g., draft SSA at 12, 158, 161) and 2 or 3 units through the end of 

the century (see, e.g., draft SSA at 161), albeit reduced in number and distribution. Unit 3, in particular, is 

likely the most secure in the DPS (see, e.g., draft SSA at 164). Yet other sections conclude lynx populations 

are vulnerable and climate change will reduce future habitat quality and quantity (see, e.g., draft SSA at 

157, 197). 
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Snow conditions, in particular, are identified as the primary measure affecting lynx persistence. Yet 

nowhere in the document is there a sufficiently detailed description of the required snow conditions to 

facilitate a comparison with the best available current or projected climate data. In the report, adequate 

snow is generally described as “deep”, “persistent”, and “fluffy” (used 24 times). The general 

understanding is that deeper, “fluffier”, longer-lasting snow conditions allow lynx to outcompete coyotes 

and bobcats. But how deep, how persistent, and how “fluffy” is unclear. A range of required snow depths 

are reported in Maine (>270cm/year) and Minnesota (140 cm/year), but none for the other units. The 

draft SSA cites a white paper (Gonzalez et al. 2007) suggesting snow is required for 4 months (Dec-Mar) 

(see, e.g., draft SSA at 31, 32, 114, 187), but this value was based on a correlation analysis with probability 

of snow cover for the Northern Hemisphere at a spatial resolution of 25km, downscaled to 8km (Gonzalez 

et al. 2007). No other references are provided for a required length of snow-covered season. 

The “fluffiness” or hardness of the snow surface is not described in detail. Indirectly, these conditions 

represent access to snowshoe hare. Although increased hardness of the snow surface is thought to result 

in increased competition (see, e.g., draft SSA at 31, 66, 67), it is also correlated with an increase in kill rate 

of hares by lynx (Stenseth et al. 2004). Given that “competition from coyotes and bobcat seem to be less 

of a concern” for Unit 3 (see, e.g., draft SSA at 194), the increased access to prey may actually benefit lynx. 

Many of the climate references used data from ~2000–2010. While these references form a strong 

foundation of current and projected trends across large extents (the continental U.S. or western states), 

they do not always provide a complete picture of current research in specific lynx units. For example, the 

authors cite conclusions from Rangwalla and Miller (2012) (see, e.g., draft SSA at 62) that some 

mountainous regions are warming at a faster rate than global land averages. Yet Oyler et al. (2015) (not 

cited in this report) showed that, while the western U. S. has clearly warmed over the latter half of the 

20th century, systematic errors in temperature measurements at some Snow Telemetry (SNOTEL) sites 

resulted in the artificial amplification of mountain climate trends. During late spring, in particular, the 

commonly used climate datasets (PRISM and Daymet) show elevation increases of 274m and 487m 

(respectively) in the minimum temperature isotherm, while data with the systematic errors corrected 

show a statistically nonsignificant change of 66m. 

Recent work indicates that estimating trends in snowpack dynamics at upper elevations is challenging due 

to limitations in observation records (Painter et al. 2016, Silverman and Maneta 2016, Rasouli et al. 2015, 

Hubbart et al. 2015). In northern Idaho, Hubbart et al. (2015) found a high variability in snowpack 

dynamics at snow course sites that was not reflected in observation data. Microclimate variations due to 

canopy cover, aspect, and elevation were important and led to considerable differences in melt rate – up 

to 3 and 4 week lags – with persisting snowpacks even at low elevations (possibly due to shading, wind 

sheltering, and or cold-air drainage). 

Considering the SNOTEL data are the best current estimates of winter precipitation, Silverman and Maneta 

(2016) examined the minimum detectable change in the complex terrain of western Montana and 

northern Idaho. While virtually all future climate models project increases in precipitation across this 

region, Silverman and Maneta (2016) found that approximately 65% of significant increases in 

precipitation was undetected at mid-elevations, and 75% was undetected at high elevations. In addition, 

they found that the undetected increases in winter precipitation at high elevation will likely remain as 

snow under various future climate change scenarios. 
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To better understand the impacts of changing temperature and precipitation on snowpack variability in 

the future, several recent studies have estimated threshold elevations, above which precipitation is the 

main driver of snowpack and below which temperature is the primary driver. In northern Idaho and 

northwest Montana, Sospedra-Alfonso et al. (2016) estimated a threshold of 1560m ± 120m, suggesting 

snowpack at locations below this threshold is likely to be affected by rising temperatures. For a slightly 

different area of northern Idaho and northwest Montana, Scalzitti et al. (2016) identified a current 

threshold of 1,594m ± 46m and end-of-century threshold of 1785 ± 105m. Tennant et al. (2015) further 

simulated snowpack loss by watershed in the U.S. northern Rockies (ID, MT, WY) and found that 

watersheds between 1,000–2,000m elevation experienced the greatest losses while those >2000m were 

resilient to significant warming. Given the range of elevations associated with lynx occurrences in Unit 3 

(1,250- 2,500m) (see, e.g., draft SSA at 123), and that increased persistence of snowpack and areas of 

potential climate refugia are considerable in mountainous terrain (Dobrowski 2011, Curtis et al. 2014, 

Holden et al. 2015, Morelli et al. 2016), at least a portion of lynx distribution in this unit is likely resilient. 

As mentioned, the vulnerability of a species to climate change is based not only on exposure and 

sensitivity, but also on the species’ adaptive capacity (Dawson et al. 2011, Glick et al. 2011). 

The authors assume lynx to have limited adaptive capacity (see, e.g., draft SSA at 8, 157), yet conclude 

there are no current threats to the lynx adaptive capacity (see, e.g., draft SSA at 10, 98) and discuss 

potential adaptability based on different habitat use across the DPS (see, e.g., draft SSA at 11, 161, 219). 

The selection for different snow depths and mature versus young forest stands (see, e.g., draft SSA at 11, 

161, 219) does indicate behavioral plasticity in lynx that may be important in future conditions. 

Other items noted during review include: 

 Pages 73–83. It would be beneficial to address current research on the effects of forest 

management on snow cover and retention (Roth and Nolin 2016, Hubbart et al. 2015), as well as 

recent work on the importance of snow versus forest cover at multiple scales (Holbrook et al. 

2017). 

 Pages 60, 63, 66, 69, 70, 173, 186. References to the IPCC Fourth Assessment Report (IPCC 2007) 

should be updated to the current, Fifth Assessment Report (IPCC 2014). 

 Throughout this document, the terms “likely”, “very likely”, “unlikely”, etc. are used frequently to 

describe potential impacts of climate change, often without regard for what those terms really 

mean. Re-evaluating these terms and following a standardized terminology, similar to the IPCC 

Likelihood Terminology (https://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch1s1-6.html), 

will increase transparency, eliminate confusion, and ensure readers are all “on the same page” 

with regard to the level of certainty surrounding projected climate changes and potential effects. 

This is particularly important when projected effects identified in the IPCC are cited directly (see, 

e.g., draft SSA at 60, 63, 66). 

 Finally, several papers referenced in the document are not in the literature cited, including: 

Harvey et al. 2016 (see, e.g., draft SSA at 133, 134, 149, 150), Peers et al. 2016 (see, e.g., draft 

SSA at 65, 66), Stenseth et al. 2014 (see, e.g., draft SSA at 73), Westerling 2016 (see, e.g., draft 

SSA at 86, 133, 134, 149). Note that not all references were checked, only those that were not 

immediately recognized. 

https://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch1s1-6.html
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MAINE DEPARTMENT OF INLAND FISHERIES AND WILDLIFE 

The Maine Department of Inland Fisheries and Wildlife offers the attached comments on the Draft Species 

Status Assessment for Canada lynx {SSA). We appreciate the opportunity to have the USFWS consider our 

comments as it reviews the current status of the lynx Distinct Population Segment (DPS), future threats to 

the lynx DPS, and general strategies for lynx conservation. We are pleased with the Lynx SSA Team's 

findings that the initial threat to the lynx DPS -- inadequate management on federal lands -- has been met, 

and agree with the generally favorable analyses of the DPS's Resiliency, Redundancy, and Representation. 

The attached documents identify the Department's principal areas of concern.  While there are areas of 

agreement, we are troubled with the tone of the document and by what appears to be a very subjective, if 

not biased, selection of data to include in the draft SSA. In our opinion, this has led to a misrepresentation 

of the current and future status of Maine's forest conditions, lynx populations, and snowshoe hare 

populations. The definitive tone of the climate change section on how Maine's forests and lynx 

populations will be affected, does not follow the guidance offered in the IPCC Climate Change 2014 

Synthesis Report which states that an integral feature of the report is communicating the uncertainty of its 

findings. 

We are concerned that the draft SSA still considers the lack of management assurances on private lands to 

be a risk to lynx populations. As you know, approximately 90% of the forests occupied by lynx in Maine are 

privately owned. Maine's lynx population reached what is believed to be historic highs on these private 

lands without federal or state intervention that stipulated the number of acres that  needed to be 

maintained as lynx habitat. Models used in the SSA to predict forest habitat changes and trends in lynx 

populations do not take into full account, and in some cases misrepresent, forest management on private 

lands. Therefore, we solicited comments from the Maine Forest Products Council (attached) to provide 

reviewers with a perspective from private landowners on current and future forest conditions in Maine.  

We also reached out to the Maine Forest Service for information  on past and current forest conditions 

and harvest patterns in Maine. My staff summarized the data we received, but I would encourage the 

Service to contact them directly if additional information is needed. 

Our Department has historically taken a proactive role in lynx management, and it is our intention to 

ensure that this species persists for Maine residents and visitors alike to enjoy. Currently, we list lynx as a 

Species of Greatest Conservation Need, have an incidental take plan for incidentally trapped lynx, and 

provide considerable public outreach on the species behalf. Given our efforts, and the efforts of other 

states in lynx conservation, we are disappointed that the traditional role of state conservation efforts was 

apparently discounted in the SSA. We disagree that the federal ESA is the only effective protection for 

lynx, and counter that state conservation strategies, which may be inspired by the ESA, are generally a 

better, more lasting solution. 
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Maine Department of Inland Fisheries and Wildlife  

The Maine Department of Inland Fisheries and Wildlife (MDIFW) offers the following comments on the 

Draft Species Status Assessment for Canada lynx (Lynx canadensis) Contiguous United States Distinct 

Population Segment, Version 1 Draft 2016, USFWS. MDIFW’s review of the Draft Species Status 

Assessment (SSA) consists of an overview of principal areas of scientific agreement and concern, 

followed by comments on specific statements in the SSA. Rather than attempting a line-by-line review 

of the document, MDIFW chose to focus on major areas of agreement or concern. MDIFW appreciates 

the opportunity to have the USFWS consider its comments as it reviews the current status of the lynx 

Distinct Population Segment (DPS), future threats to the lynx DPS, and general strategies for lynx 

conservation in the southernmost range limits of the species. 

 
Overview 

SSA Framework 

MDIFW concurs with the Lynx SSA Team’s findings that the initial threat -- inadequate management on 

federal lands -- has been resolved, and agrees with the generally favorable analyses of the DPS’s 

Resiliency, Redundancy, and Representation (3Rs). The lack of focused attention on the “five-factor 

analyses” that guides ESA status changes (https://www.fws.gov/endangered/esa- 

library/pdf/delisting.pdf) is perplexing, however. In the absence of a recovery plan with specific 

conservation objectives, a periodic “5-year” status review should provide a clear evaluation of the 

species with regard to ESA listing factors. This seems essential in the SSA if it will be the only evaluation 

of lynx DPS status after 17 years of listing  under the ESA. 

 
Current Resiliency of DPS 

Of the six geographic units discussed in the SSA, Maine has the largest area of lynx habitat and largest 

lynx population. The relatively large population of lynx in Maine is the result of commercial forest 

operations, on private land holdings, that created large areas of regenerating spruce/fir forests that are 

favorable for the primary prey species of lynx - the snowshoe hare (Lepus americanus).  Since MDIFW 

began its lynx telemetry study in 1999, biologists have documented an expansion in Maine’s lynx range 

and population size. This expansion occurred while approximately 90% of the land base in northern 

Maine was privately owned. The benefits to lynx from commercial forest operations in Maine and the 

improved management plans for lynx on federal lands, throughout the DPS, strengthen the overall 

resiliency of the DPS. 

 
Given the success of lynx populations on private lands in Maine, MDIFW finds statements, such as 

the one on p. 76 of the SSA, “Whereas management of State and Federal forest lands have been 
relatively stable in recent decades, management and ownership of private forest land ownership has 
been extremely unstable. This has resulted in major shifts in forest management strategies, outcomes, 
and products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the “northern 
forest” (Adirondacks to northern Maine) were sold to many different kinds of financial groups (Hagan et 
al. 2005)” overstate the threat posed by private land management to lynx. The period of greatest lynx 
population growth in Maine occurred during the same period (referenced above) that caused “major 
shifts in forest management strategies, outcomes, and products”. The majority of ESA success stories for 

http://www.fws.gov/endangered/esa-
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widely distributed species involve a significant role for private lands.  In the eastern U.S., private lands 
are integral to recovery programs and conservation efforts. “Working woodland” easements now 

encompass >10,000 km2 across northern Maine. These covenants do not specify specific management 
practices or outcomes beyond sustainable forestry, but they do ensure that conversions to other land 
uses will never occur. 

 
While MDIFW agrees with the Lynx SSA Team’s findings that the current lynx population in Maine is 
resilient, MDIFW strongly disagrees with statements in the SSA that Maine’s lynx population and 
lynx/snowshoe hare habitat have declined since 2006, i.e., “The best available science indicates that 
hare populations have declined by about half across all stand types (and in adjacent Quebec) since 2006 
and apparently have not rebounded.”  No references are given in the SSA to substantiate this claim. 
MDIFW asserts that there is insufficient scientific evidence to conclude that hares have declined at a 
landscape level and have remained low since 2006 in northern Maine.  Hare densities in stands subject 
to shelterwood and overstory removal harvests more than doubled from 2008 to 2011. As of 2011 (the 
last year of monitoring in this stand type), hare densities in these stands were approximately double 
those in regenerating clearcuts (D. Harrison, unpublished data). Given the prevalence of shelterwood 
harvests in northern Maine recently, and the fact that many of these stands may only now be reaching a 
stage where they provide ideal hare habitat, MDIFW contends that more information on hare densities 
is needed before conclusions on hare population trends can be made. MDIFW has information on the 
current status of lynx in Maine, which suggests the lynx population is both increasing in numbers and 
expanding its range, and questions why this information presented at the Expert Elicitation Workshop 
(EEW) was not included in the draft Lynx SSA. MDIFW urges the USFWS to consider the data and 
arguments presented in this review and at the EEW to arrive at a more objective perspective on the 
resiliency of Maine’s current lynx population. 

 
Future Resiliency of DPS 

Climate Change 
The effects of climate change present a threat to many wildlife species in North America, but the 
magnitude, nature, and timing of these threats is still uncertain. MDIFW agrees with the authors of the 
IPCC Climate Change 2014 Synthesis Report that “An integral feature of IPCC reports is the 
communication of the strength of and uncertainties in scientific understanding underlying assessment 
findings” (p.37).  Unfortunately, many of the conclusions and the tone of the Climate Change Section 
in the SSA do not communicate this uncertainty and are definitive in nature. For example on p. 68, 
“Climate change will diminish the amount of lynx habitat throughout the DPS by a) reducing the areas 
where snow conditions give lynx a competitive advantage over bobcats and other species, and b) 
reducing the amount of spruce-fir habitat required by snowshoe hares”, or on p.218, “Although 
uncertainty remains regarding the timing, extent, and biological consequences…..hare populations will 
decline… This in turn will reduce lynx abundance….” (underlines added). MDIFW is concerned about the 
objectivity of the climate change sections in the SSA and urges a thorough review of this section -- 
especially given the USFWS SSA Core Team’s admission that they took a more pessimistic view of 
climate change impacts to lynx than the experts at the EEW. Furthermore, MDIFW asks, are 50-year 
projections an appropriate standard for the “foreseeable future” language of the ESA? 

 

Perhaps of greater significance than the tone of the climate change sections is the over reliance on 
modeling to predict the persistence of lynx in the face of contradicting field data. For example, on p. 66 
of the SSA it states, “Reduced snow depth and duration may reduce lynx’s competitive advantage over 
bobcats, which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the closest 
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related species to lynx in North America, and it outcompetes or displaces lynx wherever the two species 
overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983;Robinson 2006, pp. 120- 
129) geographic scales.”  However, field observations and surveys indicate that lynx have expanded 
their range in Maine, and that lynx are now living and reproducing in Downeast Maine (i.e., sections of 
Penobscot, Washington, and Hancock Counties). Northern sections of Downeast Maine have long been 
considered one of the best bobcat regions in Maine, and this region has historically had lower snowfall 
totals than northern interior Maine because of the influence of maritime weather patterns. These field 
observations call into question whether marginally lower snow levels and bobcat are a significant threat 
to lynx in Maine. MDIFW urges the USFWS to consider the data and arguments presented in this review 
and at the EEW to arrive at a more objective understanding of the threat that climate change poses to 
the DPS in the near future. 

 

Habitat Changes 
MDIFW questions the conclusions reached in the SSA regarding predictions that Maine’s forests will 
change in a manner that threatens lynx and snowshoe hare populations.  The SSA predicts these 
changes will occur because of climate change, forest maturation, and changes in forestry practices. For 
example p. 169 of the SSA states, “Models indicate that aging of past clearcuts and changes in forest 
practices to partial harvesting will diminish the current lynx habitat by half in coming decades.” MDIFW 
presents information substantiating that these predictions are based on inaccurate figures on hare 
densities in shelterwood harvests, and the misperception that changes in forest species composition will 
occur at equal rates on managed and unmanaged forests. For example, the SSA states on p. 171, 
“Currently, partial harvesting comprises about 94 percent of acres cut annually in Maine (Simons 2009, p. 
50)” and “Foremost, snowshoe hare densities in partially harvested forests are on average about 50 
percent lower (but range from 20 to 90 percent lower) than in regenerating conifer stands created by 
clearcutting (Robinson 2006, pp. 5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape 
hare density and presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; 
Simons-Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire).” However, MDIFW points out that 
according to the Maine Forest Service, since 2006, of the total acreage meeting the definition of “partial 
harvest”, 46% were shelterwood harvests. Shelterwood harvests do not have the same hare densities as 
other forms of partial harvest.  Scott (2009) demonstrates that as of 2009, stands subject to 

shelterwood/overstory removal (even age management) had only slightly lower winter hare densities 
than regenerating clearcuts, and 2.5X the winter hare density of stands subject to selection harvests 
(uneven-age management). MDIFW argues that the presentation of forest and hare data is misleading, 
and that more research is needed on hare densities in shelterwood stands. 

 

MDIFW points out that while climate conditions in the Northeast may make conditions less favorable for 
spruce/fir forests and more favorable for deciduous trees, the rate of change will likely differ on private 
forests that are actively managed vs. unmanaged forests. Private landowners manage their lands for 
specific outcomes (see attached letter from Maine’s Forest Products Council). Therefore, inferences on 
how lynx populations will respond to changes in forest type must take into account the forest 
management plans of private landowner, especially in a state where 90% of lynx habitat occurs on 
private lands. From 1995 to 2015, the total acrage of conifer forest has actually increased in Maine 
(2,515,732 to 2,904,462 acres) with the acreage of conifer saplings staying relatively consistent 
(1,062,863 acres in 2015; personal communication, Ken Laustsen, Maine Forest Service). 

 
Trapping and Hunting 

MDIFW disagrees with statements that Maine’s lynx population would face increased threats from 
trapping and hunting if they did not have not have protection under the federal ESA. Trapping was 
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evaluated at the time of listing (USFWS 2000) and was determined not to be a significant threat to the 
lynx population.  Currently, the vast majority of lynx caught in foothold traps are released with little to 
no injury. MDIFW contends there is no evidence to support statements such as, (p. 182) “Lynx would 
be at greater risk without ESA section 9 prohibitions against take. In a future scenario without Federal 
listing, Maine’s incidental take plan for trapping would be rescinded, and it is likely that many protective 
measures to minimize injury, take, and mortality of lynx would cease or diminish.” MDIFW submits that 
in the event of delisting, the Department would continue to be committed to protecting lynx 
populations through trapper and hunter education, regulations focused to minimize captures in traps, 
and an active law enforcement presence. Prior to the federal ESA listing of lynx, MDIFW implemented a 
number of measures to protect the species (MDIFW 2014, p. 78-79). These included closing the season 
on lynx hunting and trapping in 1967, and providing information to trappers on how to distinguish 
bobcats from lynx to avoid lynx incidental captures and trapping mortalities. 

 
MDIFW disagrees with the Lynx SSA Team’s conclusion that lynx face an increased risk because of 
Animal Damage Control (ADC) activities if lynx were no longer protected under the ESA. The SSA states 
(p. 182), “There have been a few situations where lynx have destroyed livestock, but lethal actions to 
remove lynx were avoided because of Federal listing. Without Federal listing, justification for shooting 
lynx in these situations would likely increase.” There has never been a documented lethal taking of lynx 
related to ADC activities in Maine, and it is very rare to get a report of lynx getting into someone’s 
“livestock” (i.e., chickens). The assertion that there is an increased likelihood of a lynx being shot to 
protect chickens is pure speculation. MDIFW strongly urges the USFWS to reevaluate claims that 
delisting would threaten Maine’s lynx population because of increased mortalities from hunting, 
trapping, and ADC activities. 

 
Redundancy and Representation 

MDIFW agrees with the Lynx SSA Team that none of individual geographic units that currently support 
resident lynx are vulnerable to extirpation from a single catastrophic event (p.9, SSA). For Geographic 
Unit 1 (Maine), its proximity and prominent connectivity to relatively large lynx populations in Quebec 
and New Brunswick not only ensures that a single catastrophic event would not decimate the regional 
lynx population but also facilitates lynx dispersal and gene flow (i.e., Representation). 

 
General Comments 

MDIFW suggests that a broader more forthright discussion is needed on the structure of the DPS. In the 

description of the geographical units of the SSA, MDIFW suggests stating, “The DPS designation reflects 

a jurisdictional boundary, not a biological one, for Canada lynx. The species is widespread and relatively 

secure in Canadian provinces adjacent to the DPS.” Would the USFWS be willing to state, in the list of 

assumptions (p. 8, SSA), “We assume that the statuses of lynx within individual SSA geographic units are 

mostly independent of one another”? This assumption is requested to critically reconsider conservation 

strategies and outcomes given “the units are relatively isolated from each other” (SSA, p. 5).  In fact, 

Unit 1 (northern Maine) and Unit 2 (northeastern Minnesota) are extremely isolated from other units by 

distance and marginal habitat. As the USFWS has experienced with recovery efforts for Canis lupus, the 

improbability of “recovery” occurring concurrently in three (or more) regionally distinct SSA units greatly 

handicaps any scenario for delisting. 

 
MDIFW finds the statement on p. 20 of the SSA, lines 6-7 troubling: “… we do not evaluate the unlikely 

hypothetical future in which the DPS is not listed and conservation efforts disappear.” An inference that 
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lynx conservation is totally dependent upon ESA seems unfortunate. The traditional role of state 

conservation efforts is apparently discounted, and current examples of cooperative efforts among states 

and the USFWS to prevent listings (e.g., New England cottontail) may have not been considered. 

MDIFW does not argue that ESA protections are sometimes appropriate and value-added, but USFWS 

should not ignore the long-standing primary jurisdiction of states for most wildlife resources, critically 

important partnerships with states for conservation of vulnerable species, the second generation of 

State Wildlife Action Plans, etc. On p. 6, lines 13-15, MDIFW believes the SSA is presenting an “all or 

nothing” worst-case scenario for the lynx DPS: “Our evaluation, therefore, considers the possibility of 

the future relaxing of some lynx conservation measures and efforts, but not the complete absence of all 

protections for lynx.” MDIFW concurs that the lynx DPS needs thoughtful conservation attention at its 

southernmost range limits. However, our Department (1) strongly disagrees that the ESA is the only 

effective protection, and (2) counters that state conservation strategies, which may be inspired by the 

ESA, are generally a better, more lasting solution. 

 
We provide more detailed response on the following pages. 

 

Canada Lynx Conservation in Relation to ESA 

 
 Findings behind designation of the DPS for Canada Lynx in the contiguous U.S. 

o Clarification of this issue would benefit all readers of the Executive Summary: “The DPS is 

deemed to be ‘discreet’ on the basis of a jurisdictional boundary, not a biological barrier, for 

Canada Lynx. The species is widespread and generally secure in Canadian provinces adjacent 

to the DPS. The finding that the lynx DPS is ‘significant’ to the broader occurrence of the 

species reflects atypical ecological conditions at its southernmost range limit.” 
 

There is a wealth of information in the draft SSA, but this particular issue is not clearly offered despite 
repeated scrutiny from USFWS (68 FR: 40075 [2003]; 72 FR: 1187 [2007]) and the Court. Readers of the 
document may well arrive at a similar conclusion if attentive to hints made in the document. 
Conservation of any species at the periphery of its range is always challenging and remains the 
fundamental dilemma facing the lynx DPS in the contiguous U.S. The SSA should provide a clear context 
to facilitate subsequent status judgments. Instead, “The DPS listing history …” (pg. 20) is identified as a 
basis for not considering “… the unlikely hypothetical future in which the DPS is not listed.” 

 

 SSA framework 

o The SSA does not formally review the five factors for status evaluations (ESA Section 

4; https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf). 
 

As currently written, the draft SSA examines threats facing lynx as well as resiliency, redundancy, and 
representation of the DPS. “ESA’s requirements for delisting …” are cited (pg. 20) as a second rationale 
for not considering “… the unlikely hypothetical future in which the DPS is not listed.”  We are unaware 
of “requirements” other than specific objectives established in recovery plans and the five factors 
guiding ESA status decisions listed in statute. The SSA is a thoughtful evaluation of species vulnerability 
relative to ESA. We hope that discussion of the five factors for listing is an option in any SSA but suggest 
that it particularly should not be omitted in the first status review of the lynx DPS after 17 years as an 
ESA Threatened Species. 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
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o Several statements at the close of the “Introduction” (pg. 20) seem to stray from 

the presentation and interpretation of facts intended in an SSA: 

 
1. “The “DPS’s listing history …” (line 6) does not seem relevant to the SSA 

beyond consideration of the sole factor cited in the listing rule: inadequate 

regulatory mechanisms on Federal lands (pg. 4; 65 FR 16052 [2000]). 

If this historical reference alludes to petitions and court findings, it is an especially 
inappropriate justification. SSAs are science based and should not reflect speculation about 
legal interventions. 

 

2. “We do not evaluate the unlikely hypothetical future in which the DPS is not listed and 

all protections and conservation efforts disappear” (lines 6-7).  This statement is 

troubling. 

 
An inference that the future of the lynx DPS and effective conservation is totally dependent 
upon ESA is unfortunate.  The traditional role of states is apparently discounted.  We do not 

argue that ESA protections are sometimes appropriate and value-added, but USFWS should 
not ignore the long-standing primary jurisdiction of states for most wildlife resources, the 
critically important partnerships with states for conservation of vulnerable species, more 
proactive attempts to address species vulnerability via State Wildlife Action Plans, etc. 

 
3. “ … conditions for delisting would include requirements and incentives to continue to 

conserve lynx and its habitats …” (lines 10-11) should be justified on the basis of facts 

provided in the SSA. 

Speculation about additional delisting requirements in the absence of a recovery plan 
(above and beyond the five-factor analysis outlined in ESA Section 4) may or may not be 
appropriate in the SSA. If this is deemed integral to the current process, then the draft SSA 
should evaluate conservation of lynx and habitats in the DPS afforded by states. The latter 
should not exclude strategies on private lands. We do not debate the need or intent of ESA, 
but most policies that result from listing prove an impediment to actual incentives. 

 

4. “Our evaluation, therefore, considers the possibility of the future relaxing of some lynx 

conservation measures and efforts, but not the complete absence of all protections for 

lynx.” 

Lines 13-15 (pg. 6) again hint of a premise for an “all or nothing” worst-case scenario for the 
lynx DPS that is fully reliant on ESA listing. We concur that the lynx DPS needs thoughtful 
conservation attention at its southernmost range limits. However, we (1) strongly disagree 
that ESA is the only effective protection and (2) counter that regionalized landscape 
strategies that may be inspired by ESA offer a better, more lasting solution. 

 
Prominent examples of state protections in SSA Unit #1 (northern Maine) include (1) closed 
seasons for hunting or trapping lynx since 1967; (2) safeguards for minimizing incidental lynx 
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captures from other trapping; (3) habitat assurances via “working forest” easements on >2.5 
million acres that ensure no land use conversions and sustainable forestry; and (4) the 
contingency role of the Maine Endangered Species Act in the event that diminished 
population abundance and/or unfavorable population trends in Maine justify future listing 
under established criteria (http://www.maine.gov/ifw/pdfs/listingHandbook.pdf). 

 

 Role of private lands in conservation 

o The phrase (lines 12-13) “ …assure persistence of resident lynx populations in those places 

that can support them on Federal, State and Tribal lands (perhaps some private lands as 

well) …” is an unfortunate, inaccurate outlook. 
 

The majority of ESA success stories for widely distributed species certainly involve a significant 
role for private lands. In the eastern U.S., private lands are integral to recovery programs and 
conservation of many vulnerable species. ESA listing petitions will never cease if status is judged 
primarily by public land ownership and disregards the role of private lands. 

 

o The compilations (Table 1, pg. 15 and Table 4, pg. 103) and brief discussion of types of land 

ownership in various lynx SSA units clearly reinforces a bias against private lands. The 

attention to Federal agencies is understandable since land use policies on U.S. Government 

lands were the primary justification for ESA listing. Intended or not, in combination with 

other statements that demote the role of private lands in lynx conservation, the data imply 

extreme jeopardy for lynx habitats in SSA Unit 1 where private lands predominate. 

However, Maine offers the largest block of lynx habitat and apparently the most robust lynx 
population in the entire DPS … despite 90% private land ownership. Maine’s northern 
woodlands have been subject to various harvest regimens for centuries but remain a functional 
landscape for Canada lynx with high connectivity to source populations in Canada. “Working 
woodland” easements now encompass >10,000 km2 across northern Maine.  These covenants 
do not specify specific management practices or outcomes beyond sustainable forestry, but 
they do ensure that conversions to other land uses will never occur. 

 

Landscape conservation of functional habitats for Canada lynx may be the only effective tool to 
promote a future for the species in the DPS. Strict preservation of forest lands will certainly not 
benefit lynx, and suitable habitat in the face of long-term climate change impacts may be best 
maintained by silvicultural practices.  These require more incentives than a regulatory emphasis. 

 
 Threats in the “foreseeable future” 

o Evaluation of the 3Rs reveals no current liabilities for the lynx DPS. This statement (pg. 9) 

concludes sufficient resiliency: “The apparent long-term (historical and current) 

persistence of resident lynx populations in at least four of the six geographic units (Units 1-

4) and the absence of reliable information indicating that the current distribution and 

relative abundance of resident lynx are substantially reduced from historical conditions 

suggest adequate historical and recent levels of resiliency among lynx populations in the 

DPS.” 

The conclusion (pg. 9) on redundancy is more emphatic: “The current broad distribution of 

resident lynx populations in large, geographically discrete areas makes the DPS invulnerable 

http://www.maine.gov/ifw/pdfs/listingHandbook.pdf
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to extirpation caused by a single catastrophic event.” The evaluation of representation (pg. 

10) is also favorable in the lynx DPS:  “Because there are no indications of significant loss of 

or current threats to the genetic health or adaptive capacity of lynx populations in the DPS, 

and the current level of representation does not appear to indicate a decrease from historical 

conditions, we find that the DPS currently displays an adequate level of representation.” 

Future conjectures of vulnerability are left as the only indication of jeopardy following (1) the 
resolution of the primary justification (pp. 4, 217, etc.) for the original listing of the lynx DPS and 
(2) a favorable evaluation of the 3Rs in the current lynx DPS. 

 

o Is the “… declining probability of persistence (loss of resiliency) for each of the 

geographic units within the DPS throughout the rest of this century …” (pg. 

216) sufficiently certain in likelihood or immediacy for current eligibility under 

ESA? 

 

The five-factor analyses (https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf; ESA 
Section 4) for evaluating threats describes four criteria only in the present tense. A single factor 
identifies a future time reference: “Is there a present or threatened destruction, modification, or 
curtailment of the species’ habitat or range?” To our knowledge, the ESA phrase “foreseeable 
future” is not clearly defined in statute, related rules, or policy.  We simply caution that 
speculation on the future condition of habitats (especially in relation to projections on the 
impacts of climate change that may take effect 20-50 years or more into the future) may not be 
the appropriate timetable under ESA or in the best interest of advancing current opportunities 
to perpetuate a functional landscape for Canada Lynx in the DPS. 

 
 

Conjecture on Protection of Lynx Relative to ESA 

 
 Lynx would be at greater risk without ESA section 9 prohibitions against take, page 182 

o The SSA states: “If Maine’s ITP was rescinded it is likely that measures to minimize 

injury, take and mortality will be rescinded. “ 

 
MDIFW was committed to protecting lynx populations from incidental take from 

trapping before the federal ESA listing (p. 79, MDIFW 2014), and lynx have been 

protected by a closed season on hunting and trapping since 1967.  Maine’s ITP 

addresses incidental take through trapping, research, and ADC related activities; all 

potential sources that were evaluated and determined to not be factors threatening 

lynx at time of listing (65 FR:16078 [2000]).  Although incidental take was not 

determined to be a threat in the listing document, MDIFW identified this as a potential 

source of mortality to lynx, and has been successful in addressing this threat both 

before and during listing. This has been accomplished through: lynx related educational 

material in hunting and trapping courses and in our law books, restricting trapping 

methods to minimize lynx capture, and an active law enforcement division. In the event 

of delisting, Maine would continue to successfully minimize take to lynx in the form of 

hunting, trapping, research, and ADC related activities. 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
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o The SSA states: “It is unlikely that lynx would become a legally harvested furbearer in 

Maine (although some Maine trappers have suggested that).” 

 
We agree that lynx would remain protected from hunting and trapping through Maine 

state law in the event of delisting (they were protected from these forms of mortality by 

state law for 33 years prior to listing). Why is the suggestion of some Maine trappers 

relevant to this document? 

 
o The SSA states: “Illegal shooting and non-reporting would likely increase without federal 

protection. We believe several high-profile Federal Law enforcement cases have helped 

to reduce illegal shooting of lynx.” 
 

Where is the evidence to support these statements? The Maine Warden Service has 

been successful in protecting lynx and enforcing related laws before federal listing and 

has led the enforcement, investigation, and prosecution of the majority of lynx cases 

since listing. With only two special agents assigned to Maine, the USFWS relies on the 

field presence and experience of the more than 100 Maine wardens.  Maine Title 12 

MRSA section 11201and section 11251-3 are state statutes which make it a Class E 

crime to hunt or trap animals or possess an animal for which there is no open hunting 

or trapping season. This includes lynx. Both statutes are “strict liability”, meaning that 

the state isn’t required to prove that the hunter or trapper killed or trapped the 

animal “intentionally, knowingly, recklessly or with criminal negligence.” The “state of 

mind” of the person taking the lynx is not an element of the crime, which must be 

proven in court. In contrast, the USFWS agents generally operate under a standard 

operating procedure (often referred to as the McKittrick standard) whereby proof is 

required that a suspect knew that the species they were taking was a lynx which is 

subject to federal protection. Because federal prosecution prefers a “knowingly” 

culpable state of mind and the state statute does not, prosecutions at the state level 

are more efficient and less burdensome. In closing, Maine game wardens are the 

driving force of law enforcement as it relates to protecting lynx in the state.  They 

provide the field presence, enforce rules associated with minimizing take, and 

prosecute the majority of cases.  This presence will continue to protect lynx in the 

event of delisting. 

 
o The SSA states: “Incidental take from bobcat trapping, running with dogs, and hunting will 

likely increase without federal listing.” 

 
How did the authors arrive at this conclusion? The methods to pursue bobcats through 

trapping, running with dogs, and hunting did not change after federal listing.  MDIFW has 

documented lynx being killed by bobcat hunters on a single occasion in the 1970’s; one 

occasion in 49 years. Since then MDIFW has successfully addressed this potential threat 
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through lynx related educational material to the hunting and trapping community, providing 

a section devoted to lynx avoidance in trapping education classes, and increasing awareness 

of lynx protection statewide. Additionally, incidental take through these methods were 

evaluated and determined not to be a factor threatening lynx in the federal register (p. 

16078, USFWS 2000). In the event of delisting MDIFW will continue to successfully minimize 

take through education, regulations that only allow trapping methods that minimize 

potential capture to lynx, and law enforcement. 

 
o The SSA states: “Without federal listing justification for shooting lynx in situations where 

lynx destroyed livestock would likely increase.” 
 

First, by livestock we are assuming that the authors mean poultry and rabbits.  Lynx have 

never been documented depredating on sheep, cattle, or pigs in Maine, nor are we aware of 

livestock depredation being a concern anywhere within the species range. We agree that 

that only a few situations exist where lynx have damaged poultry. In fact, since protection of 

lynx from hunting and trapping in 1967 MDIFW has not documented a single case of lethal 

removal of lynx due to ADC related issues. Therefore why was this listed as a threat to lynx 

populations in Maine? Furthermore, any ADC related activities that occur in the state must 

go through review and approval by regional wildlife biologists and warden service staff; it is 

highly unlikely that lethal removal of lynx damaging poultry (or any other livestock) would 

be used as a management tool even in the event of delisting. 

  
Climate Change and the Future of Lynx Conservation – Pages 172-175 

 
MDIFW agrees that with the basic premise that, on average, a warming climate will likely cause many 

species at the southern edge of their distribution to shift northward. However, we believe the SSA 

overstates the confidence with which climate models can be used to inform future trends in lynx 

distribution and population size in Maine. Uncertainty regarding changes in the amount and duration of 

snowfall, and the response to these changes by hares, lynx, and potential lynx competitors such as 

bobcats and coyotes, make projecting impacts on lynx very challenging. In addition, we feel that 

conclusions about changing forest species composition in northern Maine due to climate change are 

overstated and not supported by current data (see MFPC letter and other sections of MDIFW response). 

 
Mean annual temperature in Maine is projected to increase by 1.7 – 2.8° C from 2014 to 2054, but 

precipitation is expected to increase by 5-10%, with the greatest increase occurring in interior Maine 

(Fernandez et al. 2015). While the duration of snowpack is projected to decline by about 2 weeks over 

the next 50 years, in northern Maine total accumulated winter snow is projected to decrease by <20%, 

and extreme snowfall events are projected to increase in frequency (Fernandez et al. 2015).  Although 

the SSA presents many hypotheses about the response of hares, lynx, and other carnivores to changing 

snow conditions, MDIFW believes the underlying mechanisms describing the relationship between these 

species and snow are largely unknown.  The distribution of bobcats and coyotes, for example, may be 

just as limited by a future scenario with shorter winters that have higher average snow depths as they 

are by current winters that have longer snow duration but less average accumulation. Therefore, we are 
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not convinced that projected changes to Maine’s climate will necessarily result in significant range 

contraction by lynx.  We suggest that the sections on climate change in the SSA should be recast to 

reflect the inherent uncertainty in climate models and the response of lynx to potential changes. 

 

Current Status of Lynx in Maine 

 
 Reference to reliability of population estimates 

o Page 99 of the SSA–states: “No reliable estimates of current or historical resident 

lynx numbers”. 

 
How did the authors come to this determination? Vashon et al. 2012 (cited throughout 

the document), provides estimates of past and current lynx populations in Maine and 

how those estimates were derived. The USFWS accepted these population estimates in 

the Incidental Take Plan for Maine’s Trapping Program (2014) and issued the state an 

Incidental Take Permit based on these population estimates. Furthermore, if the above 

statement in the SSA were true, it implies that statements on current population trends 

and status of lynx throughout the SSA should be discounted (e.g., largest lynx population 

in the lower 48, higher than historic levels etc.). 

 
o Page 112 and page 117 of the SSA states: “The actual population size is 

unknown because there are no methods available to measure and produce true 

population estimates over such a large geographic area.” 

 We question why this statement is here. Only a direct count of animals in a 

closed system can give the absolute population value for a moment in time 

(seldom the case for wildlife populations). The inclusion of this sentence holds 

Maine’s population estimates to a standard that is not obtainable. 

 
 Demographic data collected by MDIFW is not accurately portrayed 

o Page 99 of the SSA States – “Reproduction and survival rates in the low hare 

environment after 2006 suggest a slightly declining population.” No reference is 

provided for statement and it is contrary to data in Vashon et al. 2012 (Table 1.2 page 

18 and see Appendix VI) where there was no difference in the average annual 

mortality between periods of hare abundance (26% 1999-2006 and 26% between 

2007-2011). 

 
 Population estimates for Maine are not consistently reported 

o On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 

117 the SSA states 500 to a 1,000 lynx, and then on Page 111 the SSA states several 

hundred to a 1,000 in Maine 

 MDIFW shared at the Expert Elicitation Workshop an estimate of 750-1,000 

adults in 2006 with recent data supporting an increasing population (IFW 

biologists have noted an increase in incidental captures, vehicle strikes, 
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sightings, in detection probabilities and in occupancy between 2003-2008 

and 2015-17 winter track surveys). Thus, Maine’s current lynx population 

likely exceeds 1,000 adults. 

 The method used to generate the estimate of 750-1,000 provided at the EEW 

is provided in Vashon et al. 2012 as cited throughout the SSA. 

 

 Population and habitat are not decreasing 

o Page 99 – …after 2006 suggest slightly decreasing population 

This statement is not cited and is contrary to data presented at the Expert Elicitation 

Workshop that supports an expanding lynx population in Maine. At the workshop, we 

shared the first year of data from snowtrack surveys to monitor changes in lynx detections 

and occupancy over time. We now have another winter and a half of data. Between January 

2015 and Febuary 2017, we have resurveyed 30 towns across northern Maine. During initial 

surveys (2003-08) lynx were detected in 14 of 30 towns (43%), during resurvey efforts lynx 

have been detected in 28 of the same 30 towns (93%). 

 

o Page 99 (also see page 105 3rd paragraph) – hare went under a 50% decline in 2006 and 

have remained at lower levels. This statement is not cited.  There is no study at the scale 

this sentence implies. 

 
 Vortex Model 

o MDIFW questions the Vortex model produced by the USFWS in the SSA (see page 33 and 

page 113 paragraph 2, last sentence) 

 MDIFW questions why this was done since a model by the researchers collecting the 

data was already available. 

 In addition, this Vortex model was part of Maine’s Incidental Take Plan 

submitted to the USFWS which was accepted on 11/4/2014. 

 MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (Lambda = 1.05) for 

Maine’s lynx population based on demographic data from a radiotelemetry study 

that we collected over a 12-year period (see Vashon et al. 2012 Appendix VI).   This 

is contrary to the model reported in the SSA. 

 
 Habitat Status 

o Only present data from University of Maine models when there are other data available on 

current conditions. For Example, Maine Forest Inventory Data should be presented. 

 
o Simons-Legaard 2016 provides updates to Simons 2009 model – reporting patterns 

from earlier model have improved. Thus, we question why references to projected 

declines in lynx probability of occurrence and habitat from Simons 2009 model are 

included. 

 
 Statements in document do not match field data: question validity of models or no citation 
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provided to back up assertion   – we suggest recasting sentences 

Snow depth 

o Page 90 2nd paragraph states: “ the Gulf of Maine has the reserve effect and its warming 

influence reduces snow depth and duration inland. Distribution models by Hoving (2001 

p.74) indicate that eastern Maine has extensive areas of boreal forest but does not achieve 

snowfall thresholds that gave lynx an advantage over bobcats and other competitors “ 

 

o Page 114, 2nd and 3rd paragraph have surprisingly similar sentences with different references 

leads to the question if cited correctly and also if redundancy is needed. Also repeated on 

page 100 (1st paragraph). 

 2nd paragraph: Thus, average conditions in Maine are currently at or below the snow 

persistence thresholds believed to be needed to support lynx (Gonzalez et al. 2007) 

 3rd paragraph:  Thus, average snow conditions in Maine are currently at or 

below snow depth thresholds for lynx and further declines in annual snow depth 

would be expected to reduce the probability of lynx persistence in the region 

(Hoving et al. 2005). 

 Contrary to field data from Maine collected by MDIFW: i.e., periodic winter snow-

track surveys to detect lynx shows lynx are expanding into eastern Maine where 

snow conditions are more variable due to maritime weather on the coast. Also, all 

field data suggests and increasing population since the 1990s, which is contrary to 

the above statements. If you keep these statements, you need to share that these 

hypotheses have not yet been born true by field data. 
 

Corridors 

o Page 95 – indicates that farming in NE Maine fragments corridors between Maine and New 

Brunswick. No citation provided. We have detected lynx during recent monitoring efforts 

(track surveys) and have documented movements of tagged lynx across ME/NB border, 

which contradicts statement made here.  Recast sentence. 

 

Hare Densities and Forest Management – Pages 80, 99, 106, 109, 117, 162, 169, 171, 176 

MDIFW agrees that the pulse of large-scale clearcutting in the 1970s and 1980s in response to 

the spruce budworm epidemic resulted in historic highs in hare abundance, which is contributing 

to excellent habitat conditions for lynx throughout much of northern Maine.  However, we feel 

that available research on hare densities in Maine (Homyack et al. 2006, Robinson 2006, Scott 

2009) and projections of lynx habitat quality (Simons-Legaard et al. 2013, Simons-Legaard et al 

2016, Simons- Legaard 2016) have not adequately addressed the potential for other forms of 

silviculture to create regenerating conifer stands that may support high hare densities. Therefore, 

we question the assumptions made in the SSA regarding declining trends in hare densities across 

Northern Maine, and feel that more research is needed to quantify hare response to current 

forest harvest practices. Since the early 1990s, the prevalence of clearcutting has declined and 

has been largely replaced with various types of ‘partial harvests’ as the dominant harvest method 
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in northern Maine (Maine Forest Service, unpublished data; Fig. 1). Partial harvests include a 

wide variety of silivicultural techniques (including seed-tree, shelterwood, group selection, and 

single tree removal), and both even-aged and uneven-aged management. To date, available 

research has assumed a density of 0.8 hares/ha for all partially harvested stands, regardless of 

stand composition (hardwood dominated, softwood dominated, or mixed wood), time since 

harvest, or silvicultural objectives. This hare density estimate was developed by sampling a group 

stands that represented the range in conditions likely to be present in stands subject to partial 

harvest (including hardwood dominated stands), but were not intended to be a random sample 

of partially harvested stands across the landscape (Robinson 2006). MDIFW believes that 

applying a single hare density estimate to all stands subjected to partial harvest greatly 

oversimplifies the complex relationships between initial forest stand conditions, site quality, 

harvest methods, stage of regeneration, and hare densities. 

 
Although we acknowledge that many ‘partially harvested’ stands likely have low hare densities, others 

may have densities comparable to clearcuts at a similar stage of regeneration. Although sample sizes 

were relatively small, in some cases stands harvested with shelterwood techniques have exhibited hare 

densities only slightly below densities in regenerating clearcuts (Robinson 2006). More recently, hare 

density in a small sample of stands harvested with shelterwood methods remained stable, and in some 

cases increased, even while hare densities in regenerating clearcuts declined; as of 2011 these stands 

exhibited hare densities approximately 2X those in regenerating clearcuts (Scott 2009, D. Harrison, 

unpublished data). Although we believe further research is required, the available evidence suggests, 

and the SSA acknowledges (page 80) that conifer dominated stands that are regenerated using 

shelterwood methods likely create high-quality hare habitat. In fact, at the within home-range scale, 

lynx selected some partially harvested stands more strongly than regenerating clearcuts, and 

encountered hares with similar frequency in partially harvested stands and regenerating clearcuts 

(Fuller et al. 2007). 

 
Over the past 25 years, shelterwood methods have gradually replaced clearcutting as the primary 

harvest approach in stands managed using even-aged methods (Maine Forest Service, unpublished 

data; Fig. 2).  Within Aroostook, Piscataquis, and Somerset Counties, which comprise the majority of 

lynx range in Maine, the average annual acreage harvested using an initial shelterwood entry during 

2003-2015 was 91% of the average annual acreage harvested with clearcuts from 1982-1989 (Maine 

Forest Service, unpublished data; Fig. 2). Overall, the total acreage in the spruce-fir forest type within 

northern Maine has been increasing since 1995, and the acreage in regenerating young conifer sapling 

stands (0-30 years) has remained stable (Maine Forest Service unpublished data; Table 1) 

Given the continued prevalence of even-aged forest management in northern Maine, continued 

availability of regenerating conifer stands, and evidence which suggests that hare densities in some of 

these stands may be similar to, or in some cases even exceed densities in similar aged regenerating 

clearcuts, we believe that the conclusions made within the SSA regarding future habitat supply for lynx 

in Maine are premature. More research is required to determine the impacts of the complex suite of 

forest management practices currently in use across lynx range in Maine on current and future hare 

densities, and on habitat supply for lynx. 
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Figure 1. Annual forest harvests (in acres) within Aroostook, Somerset, and Piscataquis 

counties in Northern Maine from 1982-2015 by silvicultural method. 
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Figure 2. Average annual forest harvests (in acres) within Aroostook, Somerset, and 

Piscataquis counties in Northern Maine from 1970-2015 by time period and silvicultural 

method. 

 

 

Table 1. Estimates of timberland acres by 4 Age Groupings in Northern Maine (Aroostook, 

Piscataquis, and Somerset Counties) for the Primary Spruce/Fir Forest Types in selected 

inventory years of 1995, 2005, 2010, and 2015; Maine FIA data, EVALIDator download. 

 

 

 
Inventory 

Year 
Ending 

Regenerating 
Young Conifer 

(Saplings) 
(0 - 30 Years) 

 
Poletimber 

Stands 
(31 - 60 Years) 

Mature 
Sawtimber 

Stands 
(61+ years) 

 
Mixed 
Age 

(Unassigned) 

 
Total 

Timberland 
Acres 

1995 719,739 243,423 1,029,482 523,088 2,515,732 

2005 1,150,974 559,407 1,046,192 - 2,756,573 

2010 1,138,944 768,442 852,151 - 2,759,537 

2015 1,062,863 990,338 851,261 - 2,904,462 
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Hare Population Trends – Pages 80, 106, 109, 113, 117, 162, 169, 172, 181 

MDIFW does not agree with numerous statements in the SSA that suggest that sufficient scientific 

evidence is available to conclude that hares have declined at the landscape level in the northern Maine 

unit and have remained low since 2006. Scientific information on recent hare population trends in 

Maine are limited to 4 stand types:  regenerating conifer stands 19-40 years post clearcut, stands 

subject to overstory removal and shelterwood retention harvests, stands subject to selection harvests, 

and mature softwood/mixedwood stands (Homyack et al. 2006, Robinson 2006, Scott 2009, D. Harrison 

unpublished data). These data include a time series of hare densities in regenerating clearcuts from 

2001-2015, hare densities in selection harvested stands from 2005-2015, mature stands from 2008- 

2015, and shelterwood/overstory removal stands from 2005-2011. Although hare densities in 

regenerating clearcuts were substantially lower in 2007-2015 than in 2001-2006 and this could be 

indicative of a landscape level hare decline, long-term trends in the other stand types are less apparent 

because monitoring did not begin until 2005 or 2008. However, although sample sizes are small, hare 

densities in stands subject to shelterwood and overstory removal harvests more than doubled from 

2008 to 2011. As of 2011 (the last year of monitoring in this stand type), hare densities in these stands 

were~2X those in regenerating clearcuts (D. Harrison, unpublished data). Given the prevalence of 

shelterwood harvests in northern Maine during the past 25 years (Fig.1, Fig. 2), and the fact that stands 

harvested with shelterwood methods in the mid-1990s may only now be reaching a stage where they 

provide ideal hare habitat, we believe that more information on hare densities in these stands is 

required before conclusions can be reached about landscape-level hare densities and population trends 

over time. At the very least, statements in the SSA such as the following (page 172) should be modified 

to reflect that hare monitoring has occurred in only certain stand types, and that hare density in some 

stand types has remained relatively stable or even increased since 2009: 

 
Snowshoe hare density declined by 69.3 percent from a period of high hare density in 

2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 

density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest 

stand types and across a broad geographic area of Maine (Scott 2009, p. 36) and the 

adjacent Gaspe region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). 

Hares remained at these lower numbers through 2013 (D. Harrison, University of 

Maine, unpublished data). 

 
Changes in Forest Composition – Page 83, 174 

The SSA implies that intensive harvests and shorter rotations have resulted in a decline in preferred tree 

species for hare and lynx, and an increase in early successional species favored by frequent harvest 

disturbance, such as red maple, paper birch, aspen, and balsam fir. The SSA also suggests that spruce/fir 

forests have already declined and will decline more dramatically over the next century due to climate 

change. In reality, over the past 20 years the only early successional tree species that has increased 

across all size classes is balsam fir, which is often a major component of the dense regenerating stands 

that are preferred by hares (Maine Forest Service, unpublished data; Fig. 3). Red maple and paper birch 

have declined across all size classes. As noted above, total acreage in the spruce/fir forest type has 

actually increased since 1995 (Table 1.) 
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Northern  Megaregion - 20-Year change  in the  percentage share  of 4 early 

successional  species,  out of all live trees (1.0"+ DBH), by tree size  classes 
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   Sapling     Poletimber     Sawtimber   
balsam fir   9.0%     10.1%     1.1%   
red maple   0.4%     -0.3%     -0.4%   
paper birch   -2.6%     -0.7%     0.2%   
aspen   -2.2%     -1.4%     2.3%   

Figure 3. 20-year change in the percentage change of early successional tree species out of 

all live trees in the Aroostook, Somerset, and Piscataquis counties, Maine. 

 
Current and Future Lynx Population Trends – Pages 99, 108, 113, 162, 169, 176, 181 

Due to the uncertainty we believe exists with current and future landscape level hare densities in 

northern Maine, the reliance of recent lynx occupancy and population modeling on assumptions of hare 

densities in different forest stand types, and misrepresentations of changes in the composition of the 

forest in northern Maine, we believe that the SSA conclusions on current and future lynx populations 

trends in Maine may not be accurate. 

 

Scientific data on lynx demography in Maine is limited to a study conducted by MDIFW within a ~400km2 

study area from 1999-2011. A Vortex population model based upon these data indicated that, on 

average, the lynx population was increasing throughout this period (Vashon et al. 2012). This model has 

been reviewed and accepted by the USFWS, and is supported by winter track surveys which indicate an 

expanding lynx population in Maine (MDIFW, unpublished data). Although reproduction appeared to 

decline from 2006-2009, by 2010 reproduction had recovered, potentially in response to increasing hare 

densities in shelterwood stands (Vashon et al. 2012). Therefore, we question the unpublished model 

referenced in the SSA (page 83), which apparently uses the data from Vashon et al. (2012), but 

concludes that the lynx population is currently declining. 
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In addition to making assumptions about current lynx population trends which we believe are not 

supported by the available data collected by MDIFW, we feel that that more research is required on 

hare densities in forest stands harvested with shelterwood methods before relying on models that 

predict future habitat supply for lynx to infer potential population trends. Although hare densities in 

the large clearcuts created during the spruce budworm epidemic during the 1970s and 1980s will 

certainly decline in the future, we believe that other stand types may be able to support relatively 

high hare densities for the foreseeable future (see above). However, we acknowledge that the 

reduced parcel size of these stands could reduce lynx foraging efficiency compared to large 

regenerating clearcuts. 

Therefore, we urge the USFWS to reconsider the conclusions in the SSA regarding future trends in 

lynx habitat, and acknowledge the complexity and uncertainty of this issue. 

 

Summary of MDIFW review 
 

In conclusion, we agree with experts regarding a key statement in the SSA: in the near future (mid- 

century), climate change will not significantly diminish resiliency of the lynx DPS. MDIFW 

acknowledges more uncertainty in long-term projections of lynx resiliency in the DPS at the end of 

century as reflected by the highly variable opinions of experts. However, we are concerned with 

statements in the SSA that imply more certainty in the long term climate predictions and urge careful 

reconsideration. 

We disagree with statements made throughout the SSA that imply Federal land ownership or 

assurances are necessary for long-term persistence. This approach discounts the efforts of states and 

private land owners that have effectively benefitted lynx at the edge of their range. The SSA notes 

that the present status of lynx populations and habitats in the DPS is likely comparable to historic 

levels. 
 

The SSA frequently cites information from models or hypotheses by researchers that are not 

supported by field data.  Early models constructed on limited data may be in error.  We urge the SSA 

to rely more on current information as the best available science. Earlier predications sometimes 

conflict with recent findings. Notably, the omission of (1) current data on lynx occurrence and 

occupancy models and (2) Maine Forest Inventory Assessment (FIA) data is problematic. These data 

conflict with both snow (Gonzales and Hoving) and habitat models (Simons 2009) referenced in the 

SSA. Maine FIA shows lynx habitat in Maine has continued to increase:  a complete contradiction of 

conjectures in the Simons (2009) model and uncited statements in the SSA that infer habitat for lynx 

in Maine is currently declining. Inaccurate interpretations of lynx reproduction and survival rates 

determined by MDIFW, published population estimates for Maine (Vashon et al. 2012), and Vortex 

Population models by MDIFW need correction in the SSA. 

Throughout the SSA, but especially in Chapters 3 and 4, statements are made without citations. If this 

is to be an objective science-based document, these statements need specific references to be valid. 
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Chapter 3 (Factors Affecting Long-term Viability of the DPS) considers only adverse factors. We urge 

USFWS to balance the discussion by giving due attention to factors that have been beneficial to lynx in 

the DPS. Many of the risks (e.g., mining, pre-commercial thinning, windpower, land development, 

etc.) have little information, no documented impacts to lynx, or are not significant issues in the DPS. 

Speculation not supported by facts is inappropriate. We urge careful review of these statements 

before public review and decision-making. 

In Chapter 4, the intent is to describe current conditions. However, references to future conditions 

are intermixed. This is confusing and misleading. Please omit references to evaluations of the DPS in 

the within this section. 

 

Finally, we strongly endorse major conclusions in the SSA that (1) the initial threat for listing the lynx 

DPS has been met; (2) that the DPS currently is resilient, redundant, and representative; and (3) 

although there is tremendous uncertainty with long-term projections, we agree with the EEW experts 

that in the foreseeable future (at least through the next 25 years) lynx status is secure in the DPS. 
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MAINE FOREST PRODUCTS COUNCIL 

The Maine Forest Products Council (MFPC) is a not-for-profit trade association formed in 1961. The 

Council represents all segments of the forest industry in Maine, including logging contractors, sawmills, 

paper mills, biomass energy facilities, pellet manufacturers, and the owners of more than nine million 

acres of commercial forestland in Maine. 

We appreciate your invitation to review the draft of the Lynx Status Assessment from the U.S. Fish and 

Wildlife and provide perspective on the sections dealing with forest management and land ownership 

trends in northern Maine. 

Comments about specific provisions are addressed in the attachment, but our primary concern is that 

the assessment does not accurately capture the dynamics of timber harvesting activities in Maine, omits 

significant information and uses vague terminology, including: 

• The document presents no measure of the quantity or quality of current lynx habitat and only 

contains vague references to “current unnaturally high amount and distribution of high- quality hare 

habitat.” 

• “Partial cutting” is a vague term referenced throughout the document but it is not a habitat type 

or a silvicultural system. Clearcutting and shelterwood are both even-aged management systems that 

can produce suitable hare/lynx habitat. 

• Ownership boundaries do not “fragment habitat” and implications to the contrary are false. 

• Short-term market trends, such as Maine is currently experiencing, should not be extrapolated 

too far into the future. Overall, Maine’s forest products industry has markets for a wide variety of 

species. The most important fact for lynx and all other species is that the forests of Maine will continue 

to be actively managed for forest products and all of the associated societal benefits including wildlife 

and fish habitat, clean air, clean water and outdoor recreation. There is no trend away from that. 

• Landowners are not or should not manage for a single species such as the lynx, as implied by 

this narrowly focused document. The variety of ownerships and owner objectives across northern Maine 

are what provide for a landscape scale diversity of habitats. 

• The impact of landowner objectives and the negative impact of development is speculative and 

not supported by data. Market demand, economics, infrastructure, and regulations are not adequately 

considered when discussing development nor is research presented that documents the implied 

negative impact of development on lynx populations. 

MFPC research, compiled for a presentation to LUPC in 2015, showed that 95 percent of building 

permits for the Unorganized Territory were within one mile of a public road, and interior permits were 

tracking at one per township per decade. As the chart at right shows, that pace has been diminishing, 

not increasing. This area will remain unfragmented and a unique habitat for a variety of species in a 

working forest environment. 
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It’s true that from the 1990s and into the early 2000s, clearcutting represented a small percentage of 

the total acres harvested in Maine (13,838 acres/2.4 percent). However, the status assessment doesn’t 

take into account the fact that large landowners have increasingly recognized the need to manage their 

forests on a stand basis and not break up stands into smaller chunks through “FPA (Forest Practices Act) 

avoidance” harvests, either heavy partial harvests or small clearcuts separated by the minimum required 

separation zones. 

In 2015, clearcutting took place on 25,082 acres, 6.3 percent of total acres harvested. Over the same 

period, average clearcut size on the larger ownerships has increased from 24 acres to 36 acres. 

The number of Category 3 clearcuts (76-250 acres) has increased from two -- covering 174 acres -- to 42, 

covering 5,659 acres. The introduction of Outcome Based Forestry (currently three landowners who 

collectively manage more than 1.5 million acres) has further reduced the disincentives for landowners to 

create silviculturally appropriate clearcuts. Many large landowners are already taking steps to anticipate 

the arrival of the spruce budworm and initiating clearcuts to remove older spruce and fir stands. 

The concern in the assessment regarding the significant increase in partial harvesting is not justified. 

Final entry shelterwood harvesting (aka overstory removals) accounted for 109,882 acres of the total 

harvest in 2015, or 27.4 percent. An overstory removal generally takes place when the understory is 

adequately regenerated, and softwood trees are at least three feet in height and/or hardwood trees are 

at least five feet in height. The post-harvest conditions in an overstory removal look remarkably like a 

clearcut that has regenerated naturally or been planted and provide hare cover. 

In regard to forest certification, the same certification standards that require forest landowners to 

consider threatened and endangered species in their management actions also require them to consider 

and manage for the protection and enhancement of high value conservation forests, aka late 

successional/old growth forest. This requires certified land- owners to consider the needs of species 

across the spectrum of forest age and size classes, not just focus on a single species. 
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Finally, this report should do a more thorough job of ranking the threats to hare and lynx habitat and 

provide adequate documentation to support the ranking. 
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MICHIGAN DEPARTMENT OF NATURAL RESOURCES 
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MINNESOTA DEPARTMENT OF NATURAL RESOURCES 

We appreciate the opportunity to review the draft Lynx SSA and hope our comments are useful to the 

review process.  We do have a variety of concerns and suggestions, some editorial and some 

substantive.  We recognize many of the comments are critical of a variety of statements and 

conclusions, but do wish to stress that our intent is to improve the scientific credibility of this document 

and any conclusions that may arise from it.  We recognize the tremendous effort that went in to 

preparing this and the difficulties in conducting such work in the face of much uncertainty, regulatory 

frameworks, and time limitations.  We commend the effort even though we may disagree with many 

conclusions.  We also realize that some of our structural or organizational suggestions may not be 

consistent with your current SSA process guidelines/rules, but nevertheless chose to offer those 

concerns and suggestions herein.   

We will start with some overarching thoughts as well as concerns on a few mechanistic ideas that are 

woven throughout nearly all areas of the document. 

1) We believe this document could be reduced in length by 50% or more by reorganizing it and 

reducing speculation and redundancies.  There are so many points in the document, many 

speculative, which are repeated dozens of times that it detracts substantially from the 

usefulness and readability.  If there are points that are repeated so often, then in our opinion 

that point should become a heading with 1 clear and concise discussion of why it’s relevant, and 

all supporting literature.  An example is the argument about bobcats increasing and 

outcompeting lynx.  Later we will question the merit of this idea some, but this idea is 

mentioned MANY times in various sections.  If it is believed to be so relevant, then it needs to be 

a focal section, thoroughly critiqued in 1 spot, and then dropped.  We would also add that we 

even question the need for Chapter 2.  We don’t see this as a broad literature review document 

for lynx or hares.  It should have a much more targeted focus on current status and projected 

changes, reporting only literature that is directly related to any proposed cause-effect process 

you deemed to be of relevance to future changes.  And importantly, these literature sources 

should be thoroughly critiqued, not just reported.  We recall few instances of actual questioning 

of the merits of any study, unless there was already another citable article published that 

challenged it.  Every study should be independently critiqued if it is a study used as the 

mechanistic basis for some proposed future change. 

2) We question why climate change (or Vegetation Management, Wildland Fire, etc) needs to be a 

specific section in this document.  It leads to a much broader discussion of these topics than 

necessary, lengthens the document noticeably, and we would argue it detracts from what 

should be a more complete and mechanistic discussion.  To be fair, under many of these 

sections you do use sub-headings focused more on the mechanistic relevance to lynx (e.g., hare 

habitat).  But forcing these ideas into, for example, a Climate Change section leads to too much 

superfluous general climate change discussion, in our opinion leads to a tendency to ’force’ a 

climate explanation on every observation at the expense of other possible hypotheses, too 

often separates potential positive and negative impacts for any category, and leads to far too 

much conjecture.  We question the usefulness of any paragraph filled with “might”, “could 

potentially”, “is thought to”, “he/she speculated that”, “may have effects”, etc.  We certainly 
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understand the document needs to consider threats and must involve some speculation, but 

speculation should not be pervasive, and it also needs to consider possible positive or mitigating 

aspects of “change” that could offset threats and include all ‘reasonable’ hypotheses for an 

observation besides just a climate explanation, etc.  And for each topic, this balanced 

assessment needs to be in 1 place only.  For example, a focus on “Changes to Hare Habitat” 

should be a main section heading that includes relevance of climate change, vegetation 

management, and human encroachment (as opposed to these being in separate discussions).  

3) To summarize much of the above, we would suggest that the non-process-oriented portion of 

this document should start with what is now Chapter 4 – provide the best available information 

on ‘where we are’ today, and how it compares to the past.  Then a shorter chapter to explain 

how you reviewed the literature, laying out what you or others conclude are the key factors that 

are relevant to the near future (e.g., hare abundance/distribution, lynx denning habitat?, 

human-caused lynx mortality, connectivity of populations, competitors, etc).  List only the 

strongest citations for each of those mechanisms so others can determine if they agree on the 

merits of the study.  Then the last chapter tackles potential changes (positive and negative) for 

each of those ‘change mechanisms’ (e.g., hare habitat, etc.) in succession, including anything 

related to climate, development, or veg management in the same section.  Projections should 

focus only on perhaps the next 20-30 years (see our next comment), and be based largely/only 

on specific attempts that have been made to quantify/map projected changes (not just purely 

speculative “could effect”, “might happen”, statements).  Each sub-heading in this category 

should end with a final ‘net conclusion’ for this variable.  This will then further allow a critique 

by others on the ‘trustworthiness’ of the projections. 

4) We’re sure we are paraphrasing here (or maybe you would just disagree), but we would 

summarize your conclusions like this:  lynx distribution/numbers now may not be so different 

than historically, with perhaps some lynx reductions in places, but possibly some increases 

(Maine).  But the 3 R’s are pretty good at this time. In the near future (next 20-40) years, things 

may not change that much, but possibly some reductions in some units.  But things look bad 

further out (by turn of century), largely (but not solely) a result of climate change.  We do not 

know how far out you are REQUIRED to consider, but regardless of whether this scenario proves 

accurate or not in the future, we would argue that ANY prediction this far out should not be 

considered trustworthy.  The uncertainty here is enormous, and we do not feel it is often 

properly acknowledged, and in fact sometimes implied, with your word choices, not to exist.  

We’re not cynical of climate change, but very skeptical of our ability to predict the actual future 

for specific species in specific areas.  There is uncertainty in the climate scenarios, uncertainty in 

our knowledge of the relevant biological mechanisms, and it fully ignores (or at least can’t know) 

other non-climate changes (bad or good) that could occur (adaptation, mitigation, economic 

forces that affect habitat and populations, global politics, etc.).  With all this uncertainty, we 

disagree that a Species Status Assessment with many potential implications should have so 

much speculative leeway that far out in time.  If that much speculation is allowed, one could 

easily construct a positive or neutral scenario that far out, at least in terms of the climate angle 

(e.g., see the book “Landscapes and Cycles” by Jim Steele – not that our mention of this is an 

endorsement of any specific idea he presents). 
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5) Smaller point, but the Literature needs to be cleaned up.   We did not even cross-check a 

majority of the citations, but it was not uncommon when we did to find some error (e.g., year 

mismatch) or omission (a listed citation not in the Lit Cited). 

Because some of the future threats you identified hinge on mechanisms you suggest will change as a 

result of climate change, and they are repeated in many places, we will focus our next set of comments 

on some of those ideas and where we either disagree or at least feel the idea is not sufficiently 

critiqued.    

Lynx need deep/fluffy snow or bobcats can’t catch hares in it 

 Certainly no disagreement from us that lynx have adaptations for deep snow, but this is not an 

argument that they NEED or REQUIRE it as often stated or implied.  Also safe to say there is a 

good CORRELATION between lynx distribution and deeper/fluffier snow. But: 

o We are unaware of any study that rigorously disentangles the correlation between lynx, 

snow, boreal forest, roads/humans, and hares.  They clearly need hares, which appear 

to do best in boreal-like forest, which is found where there is deep/fluffy snow and 

fewer roads/humans.  Lynx obviously can catch enough hares during the 7 or so snow-

free months of the year to clearly demonstrate they don’t need snow for that purpose. 

o Even in northern areas with ‘great’ snow conditions, lynx still  ‘crash’, suggesting that 

snow per se is not the driver of the decline (even if it may influence synchrony or lynx 

ecology). 

o On p. 61, you mention Stenseth et al. (2004) saying only that they estimated that snow 

density affects lynx hunting success – no details.  It is not until 6 pages later (p. 67) that 

you add the note that they estimated that lynx hunting efficiency for hares may be 

HIGHER in compacted snow than fluffy snow (if nothing else, this is another example of 

why combining points into more focused sections is needed).  Our main question, 

however, is why you take a result that could be considered a positive (or at least 

mitigating) ‘response’ to the supposed negative effects of climate-induced increases in 

snow density, and immediately try and assume a negative effect.  Specifically, on P. 67 

you state that this higher hunting efficiency by lynx on compacted snow may cause a 

(positive) numerical response by lynx, but you quickly follow with the assertion that this 

could actually be bad (drive hare population to low levels), citing Stenseth et al. (2004, 

10633).  I found no such suggestion in that paper, and more importantly, it would be 

speculation only and ignore the fact that for hundreds of years lynx (along with other 

variables) have already been driving hares to low numbers (i.e., the hare cycle) without 

negatively affecting long-term hare persistence.  More compaction is bad because lynx 

will eat too many hares, and by reverse inference, if snow got increasingly deep/fluffy 

they wouldn’t be able to catch enough.  So any change from right now is bad??? 

o A possible response to this concern is that maybe it’s hares that need deep/fluffy snow, 

and not lynx per se.  We will discuss the color mis-match idea next, but outside of 

maybe that we find little data to suggest hares do NEED a specific depth/type of snow.  

Once again, we obviously know hares have persisted in spite of 7-8 months of snow-free 
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conditions.  Even in the boreal forest, hares experience high mortality from a wide 

variety of mammalian and avian predators, yet they have evolved to ‘deal with this’ and 

persist where habitat is good.   It would appear that the strongest case to be made is 

that cover type (e.g., spruce/fir or similar coniferous/mixed) and horizontal complexity 

is the primary driver behind their distribution, not snow or presence of only a certain 

number (or species) of predators.  

o The color mis-match idea is certainly an interesting one that does relate directly to 

snow.  And there is now some data suggesting differential survival of hares based on 

color mis-match (presumably this would have been the finding 100 years ago as well, 

since snow has always been variable in timing and not all hares turn white on November 

1st).  But to go beyond that and suggest long-term population consequences is 

premature, and we would argue not very intuitive.  The fact that there is wide individual 

variability in the timing of pelage change (p. 68), combined with hares being an r-

selected species (i.e., high reproduction and well adapted to deal with fluctuating 

environments), suggests to us that there is a high likelihood that timing of coat color 

change will evolve if snow conditions change.  At the southern edge of their range, snow 

conditions have likely fluctuated for eons.  Ignoring that for the moment, we would say 

that the way to describe the Zimova et al. (2016) conclusion on p. 68 would be that IF 

there is no selection operating on the timing of molt, and IF there is no compensatory 

reproduction/mortality in response, and IF the high-emissions scenario happens, then in 

maybe 80 years or so hare population growth might drop below 1.0 (they do not 

estimate it would drop below 1.0 in the moderate emissions scenario as you state).  Is 

this really something to base management decisions on?  Even in the absence of climate 

change, one can come up with theoretically-possible 'disasters' for any wildlife 

population/species, but it doesn’t mean they have much applied value now.  

o This point relates both to the above discussion as well as the competitive exclusion idea 

we discuss next.  But on p. 66, with similar statements scattered in dozens of places, you 

state that “Bobcats…..are unable to hunt hares successfully in areas with deep/soft 

snow”.  You list 2 citations, and we would say that neither contains any data (nor cites 

any) demonstrating variable hare hunting success by bobcats based on snow conditions.  

We already know that in notable parts of lynx range, coyotes and lynx are coarsely 

sympatric and both species prey extensively on hares.  In examining Figure 5.1 of Krohn 

et al. (2005), it would appear to us that if the foot loading – leg length arguments were 

drivers here, bobcats should be more equipped to pursue hares in deep snow than 

coyotes – they have similar leg length, but lower foot loading.  We see little data to 

support the conclusion that snow, at least via its effect on hare hunting success, is solely 

or even largely responsible for the mostly allopatric distributions of lynx and bobcat. 

 In this same sentence, you state that bobcats “….experience high mortality in 

deep snow winters (Litvaitas et al. 1986, p.116)”.  This citation is not in the Lit 

Cited, but we think we know what it is and on p. 116 there is no such statement.  

They do mention that snow may affect mobility of bobcats, and one of the 

citations they list (Petraborg and Gunvalson 1962) does anecdotally suggest 
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bobcats can become stressed during severe winters, but that much of the actual 

mortality was attributable to vulnerability to human-caused mortality in those 

situations.  And even then, no evidence that bobcat populations were then or 

shortly thereafter excluded from those areas.  So unless we missed something, 

we don’t see much data to support the claim that bobcats experience high 

natural mortality directly from deep snow. 

o We’re speculating more now (but see p. 69 in Werdelin. 1981.,  Ann. Zool Fennica 18:37-

71), but while bobcats are certainly less-adapted to deep/fluffy snow than lynx, we 

believe reduced prey diversity in northern areas may be more limiting to bobcats than 

snow directly.  From our limited understanding, Eurasian Lynx are the precursor to both 

species, and the first wave of arrivals to NA came south, glaciers eventually restricted 

them from the north, and they evolved into bobcats in an area with more diverse prey 

(and less snow).  The second wave of Eurasian Lynx immigrants arrived in the north after 

the glaciers, and already snow-adapted, but lacking a similar-sized prey than they were 

accustomed to (roe deer).  Hares were the most abundant and closest-sized option, so 

Canadian lynx evolved as ‘hare-addicts’ in an area with lower prey diversity (and more 

snow, which they were already well-adapted to).  They didn’t later expand further south 

because there were no hares there, and the nearest niches to the south were already 

filled (bobcats, etc).  Our point here is that if anything occurs to cause hare habitat to 

contract northward (for any reason, including climate change), we agree that it is likely 

to impact southern lynx.  But we see little data to support the notion that snow will 

change and all of a sudden allow bobcats to move in and either kill lynx or outcompete 

them for hares.  Kapfer (2012) concluded that snow and temperature did not appear to 

be directly limiting bobcat distribution in MN, and found more support for deer density 

limiting the northern edge, and others have also recognized the likely importance of 

ungulates to northern bobcats, especially in more severe winters (see discussion in 

Anderson and Lovallo 2003).  So while snow could still be a relevant indirect variable (if 

changes allow deer increase), we would argue that whether bobcats advance northward 

in meaningful numbers will be as or more dependent on whether non-hare prey 

diversity/density increases in those areas than on snow conditions directly.  As such, and 

with no clear data to suggest bobcats will kill lots of lynx, we currently doubt the merits 

of the lynx-hare-bobcat competition argument.  We recognize the largely speculative 

nature of our own comments here, but as we have argued above, we believe these 

ideas are no less supported by data than some of the existing arguments in the 

document. 

Competitive exclusion 

 Some of our above points are relevant here as well, but a few additional notes.  The idea of 

outcompeting or excluding is based on the premise of overlap, at least initially.  If lynx range 

were to contract (say because hare habitat contracts), and bobcat expand into areas lynx USED 

to be, then they remain allopatric and competition or exclusion is not relevant.  So in using these 

terms, it assumes bobcat/coyotes/etc invade lynx-occupied areas first, kill or outcompete them 
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for hares, thereby excluding or notably reducing lynx from areas they would otherwise have 

remained.  To this idea: 

o The primary study commonly pointed to for bobcats excluding lynx is Parker (1983) on 

Cape Breton Island.  In that paper the authors do not provide any data demonstrating 

that bobcats excluded lynx from the lowlands, they just point to an apparent correlation 

when in 1955 a causeway way built, bobcats apparently crossed, and lynx were 

eventually found primarily in the highlands.  But there is no data provided to clearly 

demonstrate lynx were present in notable numbers in the lowlands prior to that, or 

what the actual mechanism may be (did bobcats kill lynx, or eat all the hares?).  

Additionally, a casual review of the history of the island notes that the mining and steel 

industry blossomed after 1900, and that after WWII (when the causeway was built) 

other industry and human development ensued.  Presumably the causeway allowed 

more human disturbances, and possibly more human-caused lynx mortality, starting in 

1955.  The authors state in their paper that “Whether the decline in lynx densities was 

coincidental with the dispersion of bobcats or a direct result of that phenomenon is 

uncertain”.  And in a 2001 Nova Scotia Lynx Status Report, the same author reports that 

“there is no historical correlational evidence that either [bobcats or coyotes] has 

adversely affected lynx densities or range limits in the past 20-30 years”.  Given the 

publication date, that would refer back to either 1970 or 1980, so it is not necessarily 

inconsistent with the earlier speculation (which referenced 1955 up until the 1983 

article).  But there is some inconsistency, and given their earlier conclusion of “cause 

uncertain”, it is not a particularly well-supported example to serve as the ‘poster child’.  

o We could not retrieve the Robinson 2006 thesis, but the other citation on this point that 

you list (Peers et al. 2017) on p. 66, along with Murray and Boutin (1991) listed 

elsewhere, does provide some evidence of local niche separation with either bobcats or 

coyotes, but importantly these findings come from areas WHERE THESE SPECIES ARE 

SYMPATRIC.  Presumably this is to be expected in that there must be at least some niche 

separation for 2 species to co-exist in the same general areas.  These are important and 

useful studies, but they do not show any demographic effects on lynx nor imply 

“outcompete” or “exclude”, only some degree of coexistence through smaller-scale 

niche partitioning.   

o So collectively, while this may be a reasonable idea to consider, we argue it currently 

has little solid data behind it.  Yet you probably state or infer this “outcompete or 

exclude” concept dozens of times. 

Are disturbances good or bad? 

 Starting on p. 70 you discuss forest disturbance events.  Perhaps because this is in the Climate 

Change section, itself a part of the Threats section, the ‘tone’ of this entire discussion in our 

opinion is negative.  For example, there are a lot of terms like “dramatically affected”, 

“stressed”, “increase vulnerability to”, “extensively damaged”, etc.  We’re not suggesting these 

are incorrect statements where used, but this section does not provide a balanced review of 

how disturbances can be good or bad for lynx or hares.  There is just a theme of negativity 
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because these disturbances may be driven by climate change.  In only 1 place from p. 70-72 is 

there any hint that disturbance can be good for hares/lynx (as well demonstrated in Maine and 

elsewhere), yet this ‘good disturbance’ is quickly turned to a negative point by suggesting this 

particular example of disturbance may not happen again due to climate change.  Ten pages or so 

later (Vegetation Management, Wildfire, etc sections), there is additional discussion of 

disturbances.  We do feel many of those discussions are more balanced, but we strongly argue 

that these discussions all need to be together.  As but 2 examples: 1) on p. 70 you say “Increased 

fire frequency……….could affect connectivity and gene flow in lynx populations”, which hints 

that the assumption is it will be a negative effect.  Then on p. 84 you note that “Because of (1) 

fire’s important role in creating and maintaining high-quality early-successional hare habitat in 

most lynx habitats in the contiguous U.S.,……..”.  These ideas needs to be more concisely 

discussed together, examining net potential changes.  2) On p. 70 you note that “For example, 

drought can weaken trees, increasing their vulnerability to insects and pathogens”, then on p. 

71/2 “Widespread clearcutting following the most recent spruce budworm outbreak in Maine 

was the primary driver creating the current broad distribution of high-quality lynx habitat”, then 

on p. 79/80 “Removal of larger trees from mature multi-story forest stands to reduce 

competition and increase tree growth or resistance to forest insects may reduce the horizontal 

cover (e.g., boughs on snow), thus degrading the quality of winter habitat for lynx”.  Individually, 

each of these statements may have some truth in selected situations, but it is not helpful or 

useful to have them scattered about.  The potential negative AND positive consequences of 

them need to all be in one spot under more mechanistic sections, objectively balanced (even if 

they must be under a “Threats” section).  Headings like “Future Changes to Hare Habitat” are 

more meaningful, where you combine positive and negative possibilities/data related to climate 

change (e.g., disturbances can both create hare habitat or have negative effects), forest 

management (some is good or could mitigate, some can be bad) , human 

encroachment/development (presumably not much good here), etc.  And then each section can 

end with 1 forecast, even if “Too much uncertainty to make defendable predictions of the 

future”.     

Cyclicity is not necessarily “good” 

 There are several places in the document where you state or imply that cyclicity is inherently a 

good thing, or a change to non-cyclic is in itself bad.  Examples include: 

o P. 34 - non-cyclic or weakly-cyclic hare populations are unlikely to allow the rapid lynx 

population recovery observed in northern lynx populations when hare numbers increase 

dramatically after cyclic population crashes 

o P. 65 – The collapse of cycles in herbivores with high-amplitude population cycles also 

would imply collapses of important ecosystem functions such as pulsed flows of 

resources and disturbances throughout the ecosystem, including declines in predator 

communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 

o P. 65 – If diminished amplitude of the hare cycle in Canada persists, it will likely translate 

into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or 

the adjoining U.S. (ILBT 2013, p. 69). 
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 While change from cyclic to non-cyclic (or pulsed to non-pulsed) is certainly a sign that 

something is changing, and possibly an indicator of an emerging concern, we do not find these 

arguments compelling at all.  Average population density will be higher for ‘stable’ populations 

than fluctuating populations (e.g., Boyce and Daley. 1980. Am. Nat. 115:480-491.), all other 

things equal.  This implies lower persistence for fluctuating populations (e.g., Inchausti and 

Halley. 2003. J. Anim. Ecol. 72:899-908.), again all other things equal.  So cyclic behavior can’t be 

considered inherently good (in fact, it can be considered bad) and these statements should be 

removed in our opinion. 

 Diminished amplitude does not necessarily mean there will be less dispersers on average, only 

that dispersal will be less pulsed.  It has flaws for the same reasons above.  Sending out 0 

dispersers for a number of years, followed by 100 for a few, cannot automatically be viewed as 

better than 50 every year (or from above principle, maybe it would be more than the average 

for a fluctuating population).  And since this idea you reported rests on the assumption of 

climate change induced alterations to snowpack and cyclicity, we would note that there is a 

logical but perhaps speculative argument to be made that more compacted snow could increase 

lynx dispersal distances and have positive effects on colonization of patches.....all other things 

equal.    

Hare Range/Density contraction 

 On p. 68, you state that hare range is contracting “….because of changing snow conditions and 

reduced survival because of delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et 

al. 2016a, entire).  Shortly thereafter, “Loss of snow now contributes more than loss of habitat in 

determining the range of snowshoe hares in the Great Lakes region (Sultaire et al. 2016a, 

entire).  We do not believe these are currently defendable statements. 

o While we won’t question the conclusion of a possible range contraction too much, we 

would note that comparisons of finer-scale species presence at 2 distant points in time 

(each based on 1 or 2 years of presence data) is less than desirable for detecting a range 

contraction.  Especially at the edge of a species range, it is highly likely that this has 

always been a fluctuating boundary, so it takes more continuous time series data to 

truly assess a systematic range contraction.  Even if we assume those range contractions 

in PA and WI are accurate: 

 neither study contains any direct data whatsoever to support the notion that it 

is due to reduced survival because of pelage mis-match as you state. 

 In another paper you cite later (Sultaire et al. 2016b), where they included more 

detailed vegetative metrics in their analysis, they state, for example, “As we 

predicted, landscape-scale forest amount and local vegetative cover were 2 

important constraints of the snowshoe hare range limit”.  Vegetative metrics 

constituted 3 of the 5 variables (the other 2 being snow-related) in their top 

model, all 12 of the top models contained vegetation metrics, and no snow-only 

model was even in the top 12.  So even if snow is relevant, clearly so is 

vegetation and it is not mentioned. 
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 Neither area of apparent hare range contraction in those 2 studies seems 

immediately relevant to lynx (you concluded that resident lynx did not 

historically nor do currently occur in Wisconsin, and I’m sure this would be true 

for PA as well).  Range contraction anywhere may still be a relevant observation, 

but we would argue these observations are not very relevant to lynx at the 

moment. 

 In none of the discussion in this section (or those initial 2 papers) do we find any 

consideration of non-snow alternative hypotheses, outside of some discussion 

about predators in one of the WI papers.  This is perplexing in that there are 

other hypotheses that seem just as reasonable as snow, in our opinion.  For 

example, WI and PA are 2 states with the highest deer densities, we know deer 

increased dramatically in many areas from the 1970’s to present, and there is 

extensive literature (including some from PA and WI) on the effects of deer 

browsing on understory (i.e., important hare habitat), and past research to 

support various vegetation connections in the demography of a hare cycle.  In 

WI, the area where hare range is suggested to have declined is also quite 

correlated (based on our visual exam) with the area of WI that has the highest 

deer densities.  And the second Sultaire paper we mentioned above clearly 

found vegetation a relevant explanatory variable.  Other unconsidered and 

speculative but reasonable hypotheses: 1) increasing data (e.g., several MN 

studies) showing the impacts of northern expansion of exotic earthworms on 

forest understory (hare habitat); 2) in PA, there has been notable 

recolonization/expansion of both fishers and bobcats which could play a role in 

hare dynamics; 3) related to #2, we’re not aware of anyone considering the idea 

that as a result of widespread predator reductions that likely had lingering 

effects all the way through the 1970’s, perhaps hares had expanded into areas 

of otherwise marginal habitat, and now some contraction could arise in part 

from natural recolonization of native predators.  While we really don’t want to 

suggest the review needs more speculation, we do believe that your discussion 

here is not supported and should simply say that “There is some evidence that 

range may be contracting (so far in areas not too relevant to lynx), but that the 

cause-effect connections are unknown and could include snow, deer, predators, 

fragmentation, etc., etc.  

 Finally, we would note that while we would not consider our data well-suited to 

examine hare range contraction in MN, data from 2 separate surveys here at 

least does not suggest any ‘lynx-relevant’ contraction of hare range, and more 

importantly, both surveys suggest hare numbers have been increasing for nearly 

20 years in much of northern MN, completely contrary to many of the 

mechanistic suggestions presented in this review (e.g., snow is supposedly 

getting ‘worse’ for hares, bobcats have increased significantly, etc).  The most 

parsimonious albeit speculative explanation for this in MN is a notable increase 

in young forest.   
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MONTANA DEPARTMENT OF FISH, WILDLIFE AND PARKS 

We appreciate that the SSA is organized very well and clearly written. In its treatment of “Current 

Conditions,” the SSA does a thorough and accurate job of assessing lynx status under the 3 R’s— 

Resiliency, Redundancy, and Representation. We agree that these requirements are currently being met, 

as described in the SSA synthesis (Pages 216-217):  

“Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 

withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of individual 

lynx populations and their broad distribution across the geographic scope of the DPS.” 

“There are no indications of current threats to the genetic health or adaptive capacity of lynx populations 

in the DPS, and the current level of representation does not appear to represent a decrease from 

historical conditions.” 

We also agree that the primary threat (and stated impetus for ESA protection) at the time of listing has 

now been addressed, as noted again the in the SSA (Page 217): 

“The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on Federal 

lands, has been largely addressed by formal and binding amendments or revisions to most Federal land 

management plans within the DPS range.” 

We believe that these conclusions, along with other subsequent and perpetual protections, clearly 

obviate the justification or need for further ESA listing.   

We appreciate the Service’s invitation to review the SSA and for the opportunity to provide additional 

input prior to its final publication and use. Below we summarize our concerns and suggestions.  

 

Misrepresentation of Uncertainty 

Unfortunately, the SSA’s forecast of “Future Conditions” is consistently speculative and inadequately 

describes the uncertainty about the risk factors potentially affecting persistence of resident lynx 

populations within certain Geographic Units of the DPS.  For example, the SSA consistently uses “… will 

…” when describing the effect of potential risks such as climate change. This misleading tone overstates 

both the Service’s and the elicited experts’ certainty about how future conditions are likely to affect the 

ongoing presence of the species in the DPS. This is a MAJOR oversight and must be remedied within the 

document if the SSA is going to be accepted as legitimate.  

Attachment A (the expert panel’s responses regarding probability of persistence for each of the 6 

Geographic Units) includes the raw data used to generate many of the conclusions presented in the SSA. 

A review of the responses clearly shows that each panel member, and the group as a whole, expressed a 

great degree of uncertainty about their predictions. For instance, in the Northwest Montana/Idaho unit, 

at year 2100, the range of variation within individual panelists averaged 45 percent (Table 1). Some 

panelists’ confidence in their ability to predict persistence at 2100 in this unit varied by 90 percent. For 

example, expert 8 estimated a 60% probability of persistence and placed their bounds around that 

estimate (certainty) at somewhere between 10 and 90 percent probability of persistence. This occurs 
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throughout Units, and represents a vast amount of uncertainty that is not currently expressed in the 

SSA.  

This uncertainty carried through to the pooled panel summaries. For instance, estimates for likely 

persistence in the Northwest Montana/Idaho Geographic Unit ranged from 10 to 85 percent at 2100 — 

a 75 point spread among panelists. This represents nearly the entire range of possible future outcomes 

given the fact that, as we present below, the option of “100%” probability of persistence is objectively 

unreasonable and that non-zero probabilities of extinction compound over the long term.  

The lack of consistency or confidence in individual predictions was striking. This tremendous range of 

variation in experts’ responses calls into question that input’s value to the assessment, and is 

inadequately described in the SSA.  Input this uncertain and inconclusive should not be used to justify 

continued ESA protection for lynx, especially considering that current populations are generally stable or 

increasing across the DPS and that necessary regulatory protections are now in place. 

 

Problems with Elicitation of Opinion Regarding the Probability of Resident Lynx Population 

Persistence 

Expert panelists were asked to assign a numeric “probability that the XX Geographic Unit will continue 

to support resident lynx” for periods between 10 and 85 years into the future.  We firmly contend that 

the results of this exercise were far more variable and uncertain than currently represented in the SSA.  

We are concerned that the extinction probabilities elicited from the panel are misrepresented in the SSA 

both the likely near and long-term status of lynx in the contiguous U.S. for several reasons.  

1. Participating panelists were chosen because they had specific experience working with lynx in 

(usually) one of the distinct Geographic Units of the DPS. These discrete Geographic Units range 

from inland Maine to central Washington and include dramatically different forest types, 

topographies, ecological communities and levels of connectivity to contiguous Canadian 

populations. There are critical differences in lynx habitat, ecology and status across the species 

range in contiguous U.S. It is therefore appropriate to gather input about the status of local lynx 

populations from panelists who developed their expertise working with lynx in the specific (or 

similar) Geographic Units with which they are expert.  However, it was not appropriate to 

require panelists to speculate about the possible threats to, and likely persistence of, lynx 

populations within Geographic Units with which panelists had little familiarity or direct 

experience.  

The putative threats to lynx persistence the Service and panelists identified were almost all 

environmental and locally unique (e.g., changes in specific forest composition, wildfire behavior, habitat 

connectivity, etc). Despite the fact that few (if any) panelists were expert in the current and prospective 

habitat conditions in every Unit, panelists were asked to assign specific probabilities that lynx 

populations would persist (up to 85 years hence) for all 6 Geographic Units. That input was then given 

equal weight, indiscriminately summarized, and presented as consensus expert opinion.  

2. Participating experts were asked to speculatively assign precise numeric probabilities that a 

Geographic Unit’s resident lynx population will persist. These risk probabilities are highly 
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uncertain and the panelists simply did not have the data or expertise to accurately assign them. 

Specifically, experts in lynx ecology were asked to assign probabilities of extinction based on 

emerging climate science.  To be clear, none of the experts challenged the fact that a changing 

climate will affect the composition and quantity of future lynx habitat. However, it was 

unreasonable to ask the panel to guess at the specific probability of a Unit’s population’s 

extinction due to climate change over the next 85 years.  

The SSA then proceeds to statistically summarize this speculative input – e.g., “All experts predicted 

near-term (year 2025) persistence probability >= 95%, mid-century persistence at 70% to 100% (median 

= 90%), and end-of-century persistence probabilities >= 50% (median =78%)…” –as if those opinions were 

based on their objective analysis of the various climate scenarios’ effect on lynx habitat conditions. This 

objective analysis has simply not been done for most Geographic Units.  It is misleading to imply that the 

panelists were predicting anything more than “climate change poses some unknown level of risk to long-

term lynx persistence”.  

3. The question was also presented as a binary—“will XXX Geographic Unit continue to support 

resident lynx”, or not, at some point in the future. Nearly all expert panelists were scientists long 

trained to acknowledge uncertainty. Stochastic and systematic extinction risks exist in nearly all 

ecological systems and for most species. There is clearly a non-zero probability that any given 

Geographic Unit will cease to support lynx at some time in the next 85 years. It’s also 

mathematically true that if one believes there is any chance an irreversible factor (e.g., climate 

change or hybridization) poses a risk to persistence, the chance a local population will become 

extinct necessarily compounds over time—that is, if there is a 10% chance that something will 

cause a local extinction during a 10 year period, there must be a greater probability that the 

event will occur sometime during an 85 year period. 

Most panelists acknowledged that there are certain one-way threats to lynx persistence that could 

(however likely) cause local extinction. The cumulative probability of extinction must, therefore, 

increase over time. Experts were left no choice but to plot increasingly pessimistic probabilities of local 

persistence even though they had no way of assigning accurate probabilities to the several identified 

risks. The SSA presents plots showing significant and increasing long-term extinction risks that are an 

inevitable product the question itself and how it was asked. 

 

Decline vs. Extinction 

The SSA is focused on whether the population “will decline” instead of whether the population is “likely 

to become extinct” (i.e., p. 10, Future Conditions). The ESA is not invoked simply due to a population 

decline, but it may be if a decline is likely to lead to an extinction. The SSA suggests (with scant evidence, 

above) that the expert panel agrees that certain populations within the DPS are likely to decline. 

However, the panel was not, in fact, asked to evaluate the probability of those declines. Instead, the 

panel was asked about “probability of persistence” (see Attachment A), which is the correct measure 

under the ESA and should be the focus of the SSA. There was a great deal of uncertainty expressed in 

each of the expert panel member’s responses, as well as among experts, about the level of risk to, and 

likelihood of, persistence of populations within certain Geographic Units of the DPS. A clear 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  
Page 48 

 

  

acknowledgement and description of that variability and uncertainty is presently absent from the SSA. It 

was not the expert panel’s consensus view that resident lynx populations are unlikely to persist in the 

DPS in either the near or long term.  

 

SSA Procedure and Use of Opinion Rather Than Science  

We are concerned that speculative opinion, even from species experts, is being held as equivalent to 

objective science for the purpose of the SSA and 5-year status review.  The SSA states that “This report 

represents the Service’s evaluation of the best available scientific information, including the formally-

elicited professional judgments and opinions of recognized lynx experts” (p. 5). This statement equates 

"formally-elicited professional judgments and opinions of experts" and "best available scientific 

information." The panel of lynx experts are invaluable in describing the current status of lynx across the 

DPS and in identifying likely threats to and protections for the species. However, the standard by which 

to assess future threats and likely species status should be objective scientific analysis, not ad hoc 

speculation by a group of experts that often lack adequate data or local expertise. 

 

Unjustified Designation of the Greater Yellowstone Area as a Lynx Unit 

The SSA accurately describes the lack of high quality lynx habitat within the GYA. Of all the described 

DPS Geographic Units, it is clearly the one least likely to support persistent resident lynx populations, if it 

ever has. Therefore, we strongly feel that the GYA should not be designated as a lynx DPS Geographic 

Unit nor should the area be a focus of future recovery efforts.   

That said, the SSA fails to consistently recognize that the additional regulatory protections extended to 

lynx as a result of the 2015 settlement agreement applied not only to identified Lynx Critical Habitat in 

the Northwestern Montana/Northeastern Idaho Geographic Unit but also to Critical Habitat within the 

Montana portion of the GYA Geographic Unit. 

 

Misrepresentation of the Garnet Range Data as an Indication of NW MT/ID Unit Trajectory 

The SSA repeatedly implies that the possible loss of lynx in the Garnet Range is evidence of a concerning 

decline within the Northwest Montana/Idaho Geographic Unit. At the same time the SSA speculates that 

peripheral and marginally suitable areas like the Garnets may have only historically supported 

ephemeral populations that are periodically seeded by large irruptions of northern populations. In 

addition, there is recent evidence of lynx in the Garnet Range (February 2016). Given the Range’s small 

size, isolation and lacking any evidence to the contrary, we do not presume the loss of lynx in the 

Garnet’s or, even is loss has occurred, that it is out of the range of what is normal and possible for lynx 

in the Garnet’s or indicative of a larger population trend in Northwest Montana/Idaho. 

 

 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  
Page 49 

 

  

DPS, SPR, and Conservation Potential 

Although it may be beyond the scope this SSA effort, we feel compelled to continue to object to the 

Service’s designation of a single DPS that includes widely divergent habitat types, wholly disconnected 

populations, and distinct jurisdictions. We strongly urge the Service to recognize that the dynamics that 

do and will drive populations in Washington state must be considered separately from those in Maine or 

Minnesota. We see no justification to preserve ESA protections within the Northwest Montana/Idaho 

Geographic Unit where populations are stable and where nearly all suitable habitat occurs on federal 

land that is now well regulated. 

We suggest instead 1) designating 5 discrete DPSs where lynx are known to occur, 2) eliminating the 

GYA as a Geographic Unit or DPS, and 3) considering the status of and threat to lynx within each DPS 

separately and on the merits of those local situations. We also believe that the level of connectivity to 

contiguous populations in Canada should be a criteria used to assess the species’ U.S. status.  U.S. 

populations occupy only 2% of the Canada lynx’s North American range and habitat conditions are, and 

always have been, relatively marginal.   

A population segment (like the Northwest Montana/Idaho Unit) that is stable, statutorily protected, and 

well connected to contiguous Canadian populations does not need and should not be afforded 

additional protections under the ESA.  
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Table 1. Summary of data from lynx expert elicitation panel regarding predictions of the probability of 

persistence for lynx in the four lynx units that have demonstrated long-term population presence 

(Figures in Attachment A are the raw data).   
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Continued…Table 1. Summary of data from lynx expert elicitation panel regarding predictions of the 

probability of persistence for lynx in the four lynx units that have demonstrated long-term population 

presence (Figures in Attachment A are the raw data). 
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NEW HAMPSHIRE FISH AND GAME DEPARTMENT 
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NEW MEXICO DEPARTMENT OF GAME AND FISH 
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WASHINGTON DEPARTMENT OF FISH AND WILDLIFE 

The Washington Department of Fish and Wildlife appreciates the tremendous amount of important 

information gathered and synthesized in the draft Species Status Assessment (SSA) for the Canada Lynx. 

We also appreciate the opportunity to review the assessment and provide feedback to you. 

In the draft provided, the conclusions drawn regarding the status, future security, and resiliency of the 

population in the Washington unit of the DPS are not yet adequately presented. Our Fish and Wildlife 

Commission recently up-listed the Lynx from threated to endangered in Washington, given the small 

estimated population, recent reduction of available habitat due to wildfire, and uncertainty related to 

demographics, immigration, and climate change. In addition, we are unaware of any reports or 

information that documents the effectiveness of lynx management plans in occupied areas of 

Washington. We believe that these management plans are in need of revision to incorporate new 

concepts and information. 

We have provided our specific comments in the attached table [incorporated into Detailed Comments 

section below] and we hope they are helpful to refining the SSA.  Also, we are pleased to pass you a new 

report of lynx carrying capacity in relation to recent fires in our Okanogan and Kettle Lynx Management 

Zones (Lyons et al. 2017), which provides some valuable insights for our lynx conservation efforts in 

Washington. We look forward to continuing to work with you on lynx conservation efforts in 

Washington State. 

References: 

Lewis, J. C. 2016. Periodic Status Review for the Lynx in Washington. Washington Department of Fish 

and Wildlife, Olympia, Washington. 17 + iii pp. 

Lyons, A.L., W.L. Gaines, J. Begley, P.H. Singleton, J.C. Lewis, B.T. Maletezke. 2016. Canada Lynx Carrying 

Capacity in Washington. Final Report submitted to Washington Department of Fish and Wildlife. 

Olympia, Washington. 
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WISCONSIN DEPARTMENT OF NATURAL RESOURCES 
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WYOMING GAME AND FISH DEPARTMENT 

The staff of the Wyoming Game and Fish Department (WGFD) has reviewed the Draft Species Status 

Assessment (SSA) document for the Canada Lynx (Lynx canadensis) Contiguous United States Distinct 

Population Segment (DPS). We offer the following comments for your consideration. 

As requested, we focused our review on whether the best available information was used, the quality of 

the scientific information, and the interpretation and analysis of the data, particularly as they pertain to 

the Greater Yellowstone Area (GYA) subpopulation. Overall, the WGFD agrees that the best available 

information was used and in general agrees with the interpretation of that information. 

Canada lynx in Wyoming are classified as nongame wildlife, a Species of Greatest Conservation Need, 

and a Protected Animal by Wyoming State Statute. A classification of "State Protected" status prohibits 

trapping or any intentional take in the state. 

Observations of lynx were relatively common historically, but observations were reduced to "occasional" 

in the early 2000s. Even with ongoing dedicated survey efforts, no verified observations of lynx have 

been reported since 2010. Based on recent  US  Forest  Service  and WGFD wide-scale surveys for  forest 

carnivores,  we  agree with  the  SSA that  it  is unlikely  lynx are currently present within the GYA. It is 

possible individuals could still travel through Wyoming on occasion. This possibility, coupled with past 

documented observations of lynx dispersing from Colorado, suggests that the GYA may serve as a 

corridor between Colorado, Montana and Idaho populations. Given the naturally patchy and likely more 

marginal  habitat available  in the  GYA, we  agree that  a better  understanding  of the current  ability of 

the  GYA  to consistently support a viable lynx population is needed. Both the lack  of observations  and  

existence of marginal habitat should be discussed  in  the  SSA  to  adequately evaluate the historical,  

current, and future contribution of the GYA habitat. 

We agree with the SSA that some threats which may be important in other subpopulations are less of an 

issue in the GYA. Much of the GYA consists of federal lands. Lands under federal land management are 

protected either as a National Park or as a designated Wilderness Area. With this type of regulatory 

protection, we feel there is little threat to lynx now or in the future. Federal land management practices 

will also reduce threats related to vegetation and wildland fire management as well as large-scale 

anthropogenic causes of habitat loss or fragmentation. Climate change, however, has the potential to 

impact this specialist species. The mechanism and magnitude of this impact is still uncertain. This 

uncertainty is well-captured within the SSA. 

Finally, the WGFD conducted several lynx surveys in the late 1990s and early 2000s that provide 

additional information. The Wyoming Cooperative Fish and Wildlife Research Unit conducted a review of 

the status of lynx historically in the state (1856-1986).  The citations are provided below, and copies of 

the PDFs are attached. 

Laurion, T. and B. Oakleaf. 1998. Wyoming lynx inventories completion report.  Pages 169-187 in 

Threatened, endangered, and nongame bird and mammal investigations.  Wyoming Game and Fish 

Department, Nongame Program, Cheyenne. 
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Laurion, T. and B. Oakleaf. 2000. Wyoming lynx inventories completion report.  Pages 108-128  in 

Threatened, endangered, and nongame bird  and mammal  investigations  (A.O. Cerovski,  Editor).  

Wyoming  Game and Fish Department, Nongame  Program,  Cheyenne. 

Reeve, A. and S. Buskirk. 1987. Historic and recent distribution of the lynx in Wyoming completion 

report. Pages 118-119 in Endangered and Nongame bird and mammal investigations.   Wyoming Game 

and Fish Department,  Nongame  Program, Cheyenne. 

Van Fleet, L., M. Wells, M. Grenier, and B. Oakleaf. 2006. Canada lynx trapping on the Shoshone and 

Bridger-Teton National Forests,  Wyoming  completion report. Pages 46-54 in Threatened, endangered, 

and nongame  bird and mammal  investigations  (A.O. Cerovski, Editor).  Wyoming Game and Fish  

Department, Nongame  Program, Cheyenne. 
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DETAILED STATE COMMENTS ON DRAFT CANADA LYNX DPS SSA 

 

p. 4, comment on Figure 1, 

The difference between DPS range and the identified geographic units in Figure 1 is not clear. 

Is the range in US considered to be only the sum of the area within the designated geographic 

units? (WA) 

 

pp. 4-5, general comment, 

The USFWS focuses on 6 geographic units within the conterminous United States (lower 48 

states) that represents 2% of the lynx range in North America. Some might consider this lynx 

subpopulation as “insignificant.” In between the geographic units identified within the 

conterminous U. S., there are in fact lynx populations that are likely breeding (especially 

where they border Canada) and that connect the geographic units that are within 

Washington, Idaho, and Montana. What conservation measures will be taken for these “in-

between” populations when the special focus in this Special Status Assessment (SSA) is only 

on the 6 distinct units? (WA) 

 

pp. 5, 8, general comment, 

MDIFW suggests that a broader more forthright discussion is needed on the structure of the 

DPS. In the description of the geographical units of the SSA, MDIFW suggests stating, “The DPS 

designation reflects a jurisdictional boundary, not a biological one, for Canada lynx. The 

species is widespread and relatively secure in Canadian provinces adjacent to the DPS.” Would 

the USFWS be willing to state, in the list of assumptions (p. 8, SSA), “We assume that the 

statuses of lynx within individual SSA geographic units are mostly independent of one 

another”? This assumption is requested to critically reconsider conservation strategies and 

outcomes given “the units are relatively isolated from each other” (SSA, p. 5). In fact, Unit 1 

(northern Maine) and Unit 2 (northeastern Minnesota) are extremely isolated from other 

units by distance and marginal habitat. As the USFWS has experienced with recovery efforts 

for Canis lupus, the improbability of “recovery” occurring concurrently in three (or more) 

regionally distinct SSA units greatly handicaps any scenario for delisting. (ME DIFW) 

 

p. 5, general comment, 

The terms “Resiliency, Redundancy, and Representation” are described on Page 5, should also 

be defined in the SSA as they are used throughout the narrative. A glossary of terms and 

acronyms would be beneficial. Page 16 describes the three R’s again, but gives the same 

definition for resiliency and redundancy. (WA) 
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p. 5, comment on Table 1, 

Would be valuable to describe how these areas and numbers of acres were derived. (WA) 

 

p. 6, general comment, 

Would be valuable to establish what the document can and will be used for. Doesn’t say that 

the SSA is a foundational document for many FWS purposes – Recovery plans, Biological 

Opinions, and even listing rules. (WA) 

 
p. 6, paragraph 1,  
 
“Maintaining connectivity between the DPS and lynx populations in Canada is thought to be important, 

but whether the demographic and/or genetic health of DPS populations depends on intermittent 

immigration of lynx from Canada and, if so, to what extent remain uncertain.” 

 Does this provide some challenges to maintaining a DPS designation? (CO) 

 

p. 6, paragraph 2, 

“During these irruptions, large numbers of lynx occurred temporarily in (and disappeared quickly from) 

areas that we now believe are naturally incapable of supporting resident populations.” 

Presumably this is a reference to Colorado lynx populations? Are there other geographic units 

that this is believed to be the case? (CO) 

 

p. 7, general comments, 

As written, the 3rd and 4th assumptions appear to compete with each other. (WA) 

The 7th assumption uses both terms ‘climate change’ and ‘warming’, with no distinction 

(suggest defining these, and other terms used in narrative, in a glossary). (WA) 

The use of the year 2100 in the predications and persistence probabilities (last paragraph in 

the assumptions) seems too far into the future to be relevant to this analysis. A more useful 

window would evaluate some combination of 5, 10, 20, and 40 or 50 years into the future, 

given the abrupt landscape changes and weather patterns we have seen and the ones we can 

reasonably anticipate. (WA) 

 

p. 8, general comments, 

Assumption that lynx require deep-snow.  As stated above, we do not find much data to 

support the idea that they require specific snow conditions.  We do not believe one can say 
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much beyond they require hares, and thus hare habitat/populations should be a main focus 

here.  The rest is speculative. (MN) 

Assume hares have limited capacity to respond to disturbances.  The Maine (and probably 

MN) story shows otherwise, even if the disturbances weren’t climate-change induced.  And for 

an r-selected species, it is not intuitive that they can’t respond to disturbances.  In fact, their 

demographic traits (other than maybe dispersal distance) are finely honed specifically to be 

able to rapidly respond to changing conditions.  What matters is knowing any thresholds for 

when the type, size, or frequency of the disturbance is too much, and I’m not sure we know 

that.  And we certainly can’t predict the exact magnitude of disturbances well into the future. 

(MN) 

Assume changes to Federal Land Management Plans have been positive for lynx, and will 

continue to be so.  While perhaps reasonable, it clearly is an assumption of unknown 

significance.  Is there any specific study that has attempted to quantify hare/lynx response to 

changes in Federal land management plans?  (MN) 

Projections to year 2100.  We know we’re reiterating now, and do it again later, but…..we 

would not personally trust any projections much more than 10-20 years out, even if our 

speculative bet was in agreement with that in this document.  With thousands of 

modelers/analysts and millions of monitoring dollars, few if any predicted the financial 

collapse even 1 year out.  This is not a realistic time frame given the massive amount of 

uncertainty here, even just in the biological mechanisms. (MN) 

 

p. 8, bullet 3, last sentence, 

“Therefore, we assume lynx populations in the DPS are vulnerable to the projected impacts of continued 

climate warming.” 

 What does it mean to be 'vulnerable'? (CO) 

 

p. 8, first paragraph after bullets, 

“For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through year 2100.” 

 Is 83 years a standard timeframe for an SSA? (CO) 

 

p. 9, first paragraph, 

“Nonetheless, in many parts of the DPS range habitat features (forest distribution and structure, hare 

densities, and snow conditions) appear to exist at or just above thresholds thought necessary to support 

persistent lynx populations.” 

 Research in Colorado has shown that hares are not the sole prey source for lynx. (CO) 
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p. 9, general comment, 

MDIFW agrees with the Lynx SSA Team that none of individual geographic units that currently 

support resident lynx are vulnerable to extirpation from a single catastrophic event (p.9, SSA). 

For Geographic Unit 1 (Maine), its proximity and prominent connectivity to relatively large 

lynx populations in Quebec and New Brunswick not only ensures that a single catastrophic 

event would not decimate the regional lynx population but also facilitates lynx dispersal and 

gene flow (i.e., Representation). (ME DIFW) 

 

p. 9, general comment, 

The document presents a WA population with a greater resilience than is warranted by the 

available (and lack of) information about this population. Our concern is based on the limited 

information on the demographic characteristics of the Washington population, the significant 

threats facing this population (see Lewis 2016), and the large uncertainties about population 

processes that will influence its probability of persistence (e.g., immigration from BC, 

emigration, fires, snowpack, disease, current demographics of the population, impacts of 

trapping in southern BC, status of population in BC, habitat corridor stability between BC and 

WA). Many of these topics were either not mentioned or discussed in sufficient detail in the 

SSA, but these are factors that have had and will continue to have a substantial effect on our 

Washington lynx population and its probability of persistence over the next 10-20 years. (WA) 

p. 9-10, general comment, 

Evaluation of the 3Rs reveals no current liabilities for the lynx DPS. This statement (pg. 9) 

concludes sufficient resiliency: “The apparent long-term (historical and current) persistence of 

resident lynx populations in at least four of the six geographic units (Units 1-4) and the 

absence of reliable information indicating that the current distribution and relative abundance 

of resident lynx are substantially reduced from historical conditions suggest adequate 

historical and recent levels of resiliency among lynx populations in the DPS.” The conclusion 

(pg. 9) on redundancy is more emphatic: “The current broad distribution of resident lynx 

populations in large, geographically discrete areas makes the DPS invulnerable to extirpation 

caused by a single catastrophic event.” The evaluation of representation (pg. 10) is also 

favorable in the lynx DPS: “Because there are no indications of significant loss of or current 

threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 

current level of representation does not appear to indicate a decrease from historical 

conditions, we find that the DPS currently displays an adequate level of representation.” 

Future conjectures of vulnerability are left as the only indication of jeopardy following (1) the 

resolution of the primary justification (pp. 4, 217, etc.) for the original listing of the lynx DPS 

and (2) a favorable evaluation of the 3Rs in the current lynx DPS.  Is the “… declining 

probability of persistence (loss of resiliency) for each of the geographic units within the DPS 

throughout the rest of this century …” (pg. 216) sufficiently certain in likelihood or immediacy 

for current eligibility under ESA? The five-factor analyses 
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(https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf; ESA Section 4) for 

evaluating threats describes four criteria only in the present tense. A single factor identifies a 

future time reference: “Is there a present or threatened destruction, modification, or 

curtailment of the species’ habitat or range?” To our knowledge, the ESA phrase “foreseeable 

future” is not clearly defined in statute, related rules, or policy. We simply caution that 

speculation on the future condition of habitats (especially in relation to projections on the 

impacts of climate change that may take effect 20-50 years or more into the future) may not 

be the appropriate timetable under ESA or in the best interest of advancing current 

opportunities to perpetuate a functional landscape for Canada Lynx in the DPS. (ME DIFW) 

 

p. 10, paragraph 3, 

“The western geographic units (units 3 through 6) may be more likely to support resident lynx longer 

than units 1 and 2 under projected climate change scenarios given the higher percentage of land 

managed specifically for lynx conservation and their greater topographic potential to facilitate the 

upward elevational shift in in lynx habitats projected by climate models”.   

At least in the context of regulation/ownership, this is a big assumption.  It assumes a cause-

effect with Federal regulations, and fully ignores non-regulatory factors in Units 1 and 2 that 

may have even done more for lynx on the private/state/county lands – e.g., 

disturbance/logging that may have created more favorable habitat in these Units in the past 

2-3 decades.  Just because something was not done in the name of lynx conservation doesn’t 

mean it isn’t beneficial to lynx. (MN) 

 

p. 11, general comment, 

The terms “Resiliency, Redundancy, and Representation” are described on Page 5, should also 

be defined in the SSA as they are used throughout the narrative. A glossary of terms and 

acronyms would be beneficial. Page 16 describes the three R’s again, but gives the same 

definition for resiliency and redundancy. (WA) 

 

p. 11, Resiliency section, 

You acknowledge much uncertainty, then go on to say AS snow conditions become less 

favorable, bobcats LIKELY will outcompete/displace lynx, and this in turn WILL reduce lynx 

abundance.  We know how hard this would be to do, but just to make our point, can you 

assign any probability of these things occurring in the face of all the uncertainty?  We presume 

not, and we question some of these ASSUMPTIONS anyway.  Just say “Future effects cannot 

be predicted with confidence”. (MN) 

 

 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
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p. 12, first paragraph, last sentence, 

“However, review of the best available science in concert with input from lynx experts suggests that the 

probability of the persistence of resident breeding populations will decline in all geographic units, with 

the negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 

contrary) beyond that time frame.” 

We comment specifically on the reliance of expert opinion of persistence later in the 

document. The reliance on this exercise from the Expert Elicitation workshop is, in our opinion 

and experience very strongly overstated. (CO) 

 

p. 13, paragraph 2, sentence 2, 

“It is a prey specialist and relies almost exclusively on adequate populations of its primary prey, the 

snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, therefore, 

population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 

2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 

54808-54809).” 

“Almost exclusively” is too strong a statement here. “Heavily” would be more appropriate. 

There is adequate work from here to Yukon to indicate that survival, at least, can be attained 

with a large proportion of squirrels in the diet.  (CO) 

 

p. 15, Table 1, general comment, 

The compilations (Table 1, pg. 15 and Table 4, pg. 103) and brief discussion of types of land 

ownership in various lynx SSA units clearly reinforces a bias against private lands. The 

attention to Federal agencies is understandable since land use policies on U.S. Government 

lands were the primary justification for ESA listing. Intended or not, in combination with other 

statements that demote the role of private lands in lynx conservation, the data imply extreme 

jeopardy for lynx habitats in SSA Unit 1 where private lands predominate.  However, Maine 

offers the largest block of lynx habitat and apparently the most robust lynx population in the 

entire DPS … despite 90% private land ownership. Maine’s northern woodlands have been 

subject to various harvest regimens for centuries but remain a functional landscape for 

Canada lynx with high connectivity to source populations in Canada. “Working woodland” 

easements now encompass >10,000 km2 across northern Maine. These covenants do not 

specify specific management practices or outcomes beyond sustainable forestry, but they do 

ensure that conversions to other land uses will never occur. (ME DIFW) 

Landscape conservation of functional habitats for Canada lynx may be the only effective tool 

to promote a future for the species in the DPS. Strict preservation of forest lands will certainly 

not benefit lynx, and suitable habitat in the face of long-term climate change impacts may be 

best maintained by silvicultural practices. These require more incentives than a regulatory 

emphasis. (ME DIFW) 
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p. 16, general comment, 

The terms “Resiliency, Redundancy, and Representation” are described on Page 5, should also 

be defined in the SSA as they are used throughout the narrative. A glossary of terms and 

acronyms would be beneficial. Page 16 describes the three R’s again, but gives the same 

definition for resiliency and redundancy. (WA) 

 

p. 17, paragraph under Figure 2, last sentence, 

“We evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at the 

scale of lynx populations within each of the six geographic units.” 

Why not evaluate resiliency as a whole in addition to individual populations?  Especially when 

the listed entity is really the DPS?  In some sense this had to have been done - should state 

that here. (CO) 

 

p. 19, paragraph under Figure 5, sentence 4, 

“The factors we consider for each geographic unit include regulatory mechanisms (the factor for which 

the DPS was originally listed under the ESA) and the anthropogenic influences identified by the 

Interagency Lynx Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the 

DPS (climate change, vegetation management, wildland fire management, and habitat 

loss/fragmentation; ILBT 2013, pp. 68-78).” 

 Who is on this team [ILBT] and how was it made up? (CO) 

 

p. 20, general comments, 

As currently written, the draft SSA examines threats facing lynx as well as resiliency, 

redundancy, and, representation of the DPS. “ESA’s requirements for delisting …” are cited 

(pg. 20) as a second rationale for not considering “… the unlikely hypothetical future in which 

the DPS is not listed.” We are unaware of “requirements” other than specific objectives 

established in recovery plans and the five factors guiding ESA status decisions listed in statute. 

The SSA is a thoughtful evaluation of species vulnerability relative to ESA. We hope that 

discussion of the five factors for listing is an option in any SSA but suggest that it particularly 

should not be omitted in the first status review of the lynx DPS after 17 years as an ESA 

Threatened Species. (ME DIFW) 

Several statements at the close of the “Introduction” (pg. 20) seem to stray from the 

presentation and interpretation of facts intended in an SSA: 
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1. “The “DPS’s listing history …” (line 6) does not seem relevant to the SSA beyond 

consideration of the sole factor cited in the listing rule: inadequate regulatory mechanisms on 

Federal lands (pg. 4; 65 FR 16052 [2000]). If this historical reference alludes to petitions and 

court findings, it is an especially inappropriate justification. SSAs are science based and should 

not reflect speculation about legal interventions. 

2. “We do not evaluate the unlikely hypothetical future in which the DPS is not listed and all 

protections and conservation efforts disappear” (lines 6-7). This statement is troubling. An 

inference that the future of the lynx DPS and effective conservation is totally dependent upon 

ESA is unfortunate. The traditional role of states is apparently discounted. We do not argue 

that ESA protections are sometimes appropriate and value-added, but USFWS should not 

ignore the long-standing primary jurisdiction of states for most wildlife resources, the critically 

important partnerships with states for conservation of vulnerable species, more proactive 

attempts to address species vulnerability via State Wildlife Action Plans, etc. 

3. “ … conditions for delisting would include requirements and incentives to continue to 

conserve lynx and its habitats …” (lines 10-11) should be justified on the basis of facts 

provided in the SSA. Speculation about additional delisting requirements in the absence of a 

recovery plan (above and beyond the five-factor analysis outlined in ESA Section 4) may or 

may not be appropriate in the SSA. If this is deemed integral to the current process, then the 

draft SSA should evaluate conservation of lynx and habitats in the DPS afforded by states. The 

latter should not exclude strategies on private lands. We do not debate the need or intent of 

ESA, but most policies that result from listing prove an impediment to actual incentives.  

4. “Our evaluation, therefore, considers the possibility of the future relaxing of some lynx 

conservation measures and efforts, but not the complete absence of all protections for lynx.” 

Lines 13-15 (pg. 6) again hint of a premise for an “all or nothing” worst-case scenario for the 

lynx DPS that is fully reliant on ESA listing. We concur that the lynx DPS needs thoughtful 

conservation attention at its southernmost range limits. However, we (1) strongly disagree 

that ESA is the only effective protection and (2) counter that regionalized landscape strategies 

that may be inspired by ESA offer a better, more lasting solution. 

Prominent examples of state protections in SSA Unit #1 (northern Maine) include (1) closed 

seasons for hunting or trapping lynx since 1967; (2) safeguards for minimizing incidental lynx 

captures from other trapping; (3) habitat assurances via “working forest” easements on >2.5 

million acres that ensure no land use conversions and sustainable forestry; and (4) the 

contingency role of the Maine Endangered Species Act in the event that diminished 

population abundance and/or unfavorable population trends in Maine justify future listing 

under established criteria (http://www.maine.gov/ifw/pdfs/listingHandbook.pdf). (ME DIFW) 

The phrase (lines 12-13) “…assure persistence of resident lynx populations in those places that 

can support them on Federal, State and Tribal lands (perhaps some private lands as well) …” is 

an unfortunate, inaccurate outlook. The majority of ESA success stories for widely distributed 

species certainly involve a significant role for private lands. In the eastern U.S., private lands 

are integral to recovery programs and conservation of many vulnerable species. ESA listing 

http://www.maine.gov/ifw/pdfs/listingHandbook.pdf


State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  
Page 66 

 

  

petitions will never cease if status is judged primarily by public land ownership and disregards 

the role of private lands. (ME DIFW) 

 

p. 20, paragraph 2, sentence 2, 

MDIFW finds the statement on p. 20 of the SSA, lines 6-7 troubling: “… we do not evaluate the 

unlikely hypothetical future in which the DPS is not listed and conservation efforts disappear.” 

An inference that lynx conservation is totally dependent upon ESA seems unfortunate. The 

traditional role of state conservation efforts is apparently discounted, and current examples 

of cooperative efforts among states and the USFWS to prevent listings (e.g., New England 

cottontail) may have not been considered. MDIFW does not argue that ESA protections are 

sometimes appropriate and value-added, but USFWS should not ignore the long-standing 

primary jurisdiction of states for most wildlife resources, critically important partnerships with 

states for conservation of vulnerable species, the second generation of State Wildlife Action 

Plans, etc. On p. 6, lines 13-15, MDIFW believes the SSA is presenting an “all or nothing” 

worst-case scenario for the lynx DPS: “Our evaluation, therefore, considers the possibility of 

the future relaxing of some lynx conservation measures and efforts, but not the complete 

absence of all protections for lynx.” MDIFW concurs that the lynx DPS needs thoughtful 

conservation attention at its southernmost range limits. However, our Department (1) 

strongly disagrees that the ESA is the only effective protection, and (2) counters that state 

conservation strategies, which may be inspired by the ESA, are generally a better, more lasting 

solution. (ME DIFW) 

 

p. 20, second full paragraph, first 2 sentences, 

“Additionally,….”.   

We think this is a very accurate and informative statement, yet the document then proceeds 

thereafter to make many assumptions and use leading words (will, require, likely to, etc), 

largely ignoring (or using citations that ignore) the vast amount of uncertainty on many 

mechanisms.  As stated earlier, we think this could be avoided if you were to limit your 

forecasting to a period of time that one can put some faith in the projections. (MN) 

 

p. 25, first paragraph, last sentence, 

“They also are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 

time) than regenerating stands, which may foster high hare densities for a variable window of time 

between stand-initiation and stem-exclusion stages of succession, after which they may persist, in the 

absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, pp. 62, 71, 127).” 

Still no comment on alternative prey.  Here would be a good place to acknowledge red 

squirrels.  It isn't just our work in CO either.  There are some good papers out of Kluane that 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  
Page 67 

 

  

show a marked increase in use of red squirrels during SSH decline.  We agree with the general 

sentiment that hares are critically important, but squirrels need some kind of mention. (CO) 

 

p. 25, paragraph 3, sentence 5, 

“Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high (Koehler 

et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 

1997, pp. 155, 159-160 and 1998, pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 

2013, pp. 573-575).” 

But note the caveat that in some places, they may concentrate hunting activities where hares 

are most available, not necessarily where hares are most abundant (Ivan and Shenk 2016, 

Fuller et al. 2007). (CO) 

 

p. 26, paragraph 1, 

“Ivan 2011a” 

 This reference should be the 2014 manuscript, not the dissertation. (CO) 

 

p. 26, paragraph 2, first sentence, 

“During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 

especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 

sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot persist over 

time in areas with consistently low hare densities” 

First comment on secondary prey. I agree with this sentiment mostly, but I think it's worth 

drawing a distinction between the absolute necessity of snowshoe hares in the long run vs. 

the short term.  In the short term they are not absolutely necessary. (CO) 

 

p. 26, paragraph 2, last sentence, 

“Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14” 

This should be the 2016 manuscript.  Not sure it changes much of what is said, but it's another 

reference that should be included and probably should result in at least some 

acknowledgment of red squirrels. (CO) 
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p. 26, last paragraph, 

 “…..and the amount of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more 

important than the age of the forest stand for lynx denning habitat”.   

An important caveat is that you won’t get a lot of COARSE woody debris, including large tip-up 

mounds, if a certain percentage of the forest was not allowed to attain older age.  So age does 

still matter, at least based on what the literature has found for lynx denning habitat. (MN) 

 

p. 27, first paragraph, last sentence, 

“Lynx have been documented to live up to 16 years in the wild (Kolbe and Squires 2006, entire).” 

Colorado has animals we've captured >15 years after RELEASE, and they weren't brand new at 

release! (CO) 

 

p. 27, paragraph 2, sentence 4, 

“When hares decline, lynx mortality rates increase, largely because of starvation, and home range sizes 

and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 2821–2823; O’Donoghue et al. 

1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 265–272, 278, 281–294).” 

 These references should be checked. (CO) 

 

p. 28, paragraph 1, last sentence, citations, 

“(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367).” 

No citations of CO literature. CO literature is cited in the section on CO, but almost nowhere 

else in the general ecology sections. (CO) 

 

p. 28, paragraph 2, sentence 3, 

“and this connectivity and interchange with lynx populations in Canada is thought to be important to the 

conservation of lynx populations in the DPS.” 

Doesn't this create a challenge to the DPS designation?  So much reliance on Canada, Canada 

needed for persistence, which then begs the questions, does the US have, or has it ever had, a 

completely self-sustaining population. (CO) 
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p. 29, first line, bullet “b,” 

“adequate hare abundance to support lactation during the early kitten stage and later provisioning of 

the kitten with hare meat,” 

 Should be “prey” not “hare” (CO) 

 

p. 29, second full paragraph, sentence 3, 

“higher road densities and, thus, greater potential for lynx-vehicle collisions” 

While technically correct that this is a factor that affects the probability of an individual lynx 

surviving, this is not a population-level threat to the species. Delving into all the possible 

mortality figures is probably not necessary in the SSA, and instead we suggest simply focusing 

on those that are believed to have population (or DPS) level effects be considered. (CO) 

 

p. 29, last sentence, continuing on p. 30, 

“These factors probably further reduce the likelihood that an individual lynx in the southern periphery of 

the range will survive, reproduce successfully, and have one or more offspring recruited into the 

resident breeding population”.   

We would agree, but to some extent these things are ‘normal’ for a species at the edge of 

their range, we can’t really quantify “reduce the likelihood”, and from your own conclusions it 

appears that current lynx distribution is not much different today than historically.  So is this 

really meaningful? (MN) 

 

p. 30, Table 3, 

 Please include a sample size from which the home range estimates were derived. (WA) 

 

p. 31, last paragraph, 

We find little in this paragraph that is anything but speculation.  The most defendable 

statement is “….the influence of predation (and we would add, hare competitors) on lynx 

populations is unknown”.   What more really needs to be said?  We have already questioned 

the merits of several of the statements/assumptions in this paragraph, to which we would 

now add that Gonzalez et al. (2007) does not demonstrate lynx NEED snow for 4 months – all 

they did was look for correlation with snow - no assessment of how hares factor in, whether 

snow is correlated with hares or hare habitat, no lynx/hare survival experiment, etc.  In fact, 

one of the co-authors of that article later published a relevant paper on wolverines/snow 

(McKelvey et al. 2011. Pop. Ecol. 53:263-266) arguing that this type of correlational analysis 

cannot lead to defendable cause-effect conclusions.  This section also states “Lynx also need 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  
Page 70 

 

  

landscapes where they are unlikely to suffer reduced fitness because of competition with 

other hare predators, or encounter traps or other anthropogenic causes of mortality” – we 

would argue that could easily describe much of Canada where lynx are secure.  There are of 

course other hare predators there (to varying degrees, weasels, raptors, red fox, fisher, 

marten, coyote, wolf, wolverine, and even red squirrels have been documented to prey on 

hare leverets).  We’re not even sure if lynx are consistently in the top 2  - e.g., see Tables 6.3 

and 6.4 in Hodges 2000.  Consumption of hares by all these CAN reduce lynx fitness (to an 

unknown degree), yet lynx are abundant there.  And some lynx certainly “encounter traps” in 

much of Canada and Alaska.  The themes of paragraphs like this are not well supported by 

data, are filled with speculations, usually negative, and should be eliminated without more 

support.  “We don’t know”, as you started with, is sufficient. (MN) 

 

p. 32, paragraph 3, first sentence, 

“In a mainland-island metapopulation structure like that thought to govern lynx population dynamics, 

the persistence of peripheral island populations is determined by colonization and extinction rates 

(McKelvey et al. 2000b, p. 25).” 

A lot of stock is placed in this mainland-island idea.  We are not saying it's wrong, but we also 

don't know for sure that it's correct.  This is stated as an assumption right at the beginning, so 

their writing and treatment is consistent in that respect.  HOWEVER, it also directly 

contradicts the idea that any of these places can ever really sustain lynx on their own.  If all of 

these subpopulations are really just islands and incapable of existence without the mainland, 

then none of them are true populations, right? (CO) 

 

p. 33, general comment, 

MDIFW questions the Vortex model produced by the USFWS in the SSA (see page 33 and page 

113, paragraph 2, last sentence). MDIFW questions why this was done since a model by the 

researchers collecting the data was already available. In addition, this Vortex model was part 

of Maine’s Incidental Take Plan submitted to the USFWS which was accepted on 11/4/2014. 

MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (Lambda = 1.05) for Maine’s lynx 

population based on demographic data from a radio telemetry study that we collected over a 

12-year period (see Vashon et al. 2012, Appendix VI). This is contrary to the model reported in 

the SSA. (ME DIFW) 

 

p. 33, paragraph 2, last sentence, 

“Neither the Montana nor Maine estimates incorporated rates of immigration/emigration”.   
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We would also just note that none of the lambda estimates in that paragraph include 

confidence intervals, and had they, it would not be surprising if many encompassed both 

positive and negative values for lambda. (MN) 

 

p. 33, last paragraph, 

Consider adding a home range size and density for Eurasian lynx so there is something to 

compare to what we would expect for Canada Lynx. (WA) 

 

p. 34, first full paragraph, 

We would eliminate most of the first sentence and say “In summary, lynx need……landscapes 

with hare densities capable of supporting……(i.e., the second sentence).  The rest is 

speculation. (MN) 

 

p. 34, paragraph 2, sentence 2,  

“(3) at least some survival even during years when hare numbers are low.” 

This is why some statement of alternate prey above would be helpful.  Makes their argument 

and logic more consistent throughout. (CO) 

 

p. 34, paragraph 2, sentence 4, 

“Low hare densities reduce the likelihood that lynx recruitment will consistently equal or exceed 

mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow the rapid lynx 

population recovery observed in northern lynx populations when hare numbers increase dramatically 

after cyclic population crashes.” 

Need to add that non-cyclic or weakly cyclic are also less likely to result in a rapid crash.  It's 

not all bad. (CO) 

 

p. 35, 2.3.1 Lynx Distribution and Status in Alaska and Canada, 

This section singles out one aspect of state/provincial regulation and mortality in the form of 

trapping. Alaska and several Canadian provinces regulate harvest of lynx in hunting and 

trapping seasons, adjusting harvest to avoid overexploitation in low population cycles. If some 

reference must be included, it is better to state that state/provinces manage harvest as a 

furbearer or game animal. (ID) 
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p. 36, paragraph 2, 

“In its 2003 remanded determination, the Service determined….”.   

We don’t like the remainder of this sentence/discussion being presented as either/or.  There 

is good reason to believe that both dispersers and resident breeders (some which may have 

been dispersers) are important. (MN) 

 

p. 36, paragraph 2, last sentence, 

“This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ habitats) often 

leads to confusion among scientists and the public about where lynx populations may be viable (74 FR 

66938).” 

 Is this framing the point to make that CO is not historical range? (CO) 

 

p. 36, paragraph 3, first sentence, 

“and the transitional (and, therefore, increasingly fragmented and isolated) and spatially- and 

temporally-shifting nature of lynx habitat at the southern periphery of the range” 

Southern range is always portrayed as transitional, marginal, etc., etc.  One characteristic that 

is rarely mentioned is that it is also more consistent with respect to hare numbers.  There is no 

dramatic fluctuation down here.  Prey base is more reliable in space and time. (CO) 

 

p. 37, paragraph 4, sentence 4, 

“These factors generally limit snowshoe hare populations in the contiguous U.S. from achieving 

landscape densities similar to those of the expansive northern boreal forest in Alaska and Canada, 

where hares are generally more abundant and more evenly distributed across the landscape” 

 But they are also more ephemeral.  Hares are more consistent in the lower 48. (CO) 

 

p. 38, paragraph 1, last two sentences, 

We have touched on some concerns related to this before, but re-state that we don’t really 

agree with the logic that competitors are known to be some big driver here.  The presence of 

more generalist predators to the south may indeed contribute to reduced cyclicity (not 

necessarily reduced hare abundance).  It is much more likely that reduced hare habitat quality 

is what reduces hare abundance in the south, and more generalists, due to prey-switching, 

reduce cyclic tendencies (which also means there may be reduced troughs as well, not just 

reduced “potential for high-density hare populations”).  Average density of a fluctuating 

population will be lower than that for a stable population, other things equal.  From this, one 
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COULD actually argue that generalists can be good for lynx.  But in fact lynx are not better off 

in the south because all other things are not equal – hare habitat is generally worse or 

patchier. (MN) 

 

p. 38, paragraph 2, 

 “Long-term snow conditions presumably limit the winter distribution of potential lynx competitors such 

as bobcats (McCord and Cardoza 1982, p. 748) or coyotes”.   

In our opinion, “presumably limit” is not useful.  While we did not have a copy of the book 

that chapter was in, we do have the newer version and only see some anecdotal reference to 

this idea, which we have already questioned.  Of course snow has “effects” on animal 

movement/etc, and maybe more so on coyotes/bobcats than lynx, but I am unaware of any 

data to support the idea that this alone creates anything but possibly local-scale allopatry, 

with no demonstrated effects on bobcat/coyote demography, or then in turn on lynx 

persistence.  Repeating these ideas over and over is misleading.  This idea needs to be 

critically ‘vetted’ in one spot, which we believe leads to a conclusion of “effects unknown” as 

Murray et al. (2008) basically concluded, and then no need to mention again. (MN) 

p. 40, last sentence, 

“In its 2014 revised critical habitat designation for the DPS, the Service concluded that the historical 

record of verified lynx occurrence in Colorado combined with naturally highly-fragmented and isolated 

potential habitat and generally low snowshoe hare” 

 Does this remain FWS position? (CO) 

 

p. 41, first paragraph, sentence 2, 

“The current size of the resident lynx population in Colorado is unknown but thought to number 

between 100 and 250” 

 My revised estimates would slide this range down a bit, but not a lot. (CO) 

 

p. 41, first paragraph, last sentence, 

“We continue to believe that available information suggests Colorado did not historically support a 

persistent resident lynx population and that the long-term persistence of the introduced population 

remains uncertain.” 

We disagree, and believe that CO did have historical populations of lynx.  The Meaney papers 

certainly indicate that lynx were present over a number of years in the early 20th century.  

Beyond that, it is difficult to determine how many or the extent of their distribution given 
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numerous vagaries in the data. The truth is no one knows for sure.  They state that they 

'believe...'  We 'believe' differently.  Not sure how to resolve our different beliefs. (CO) 

 

pp. 42 and 43, 

Please note that crossouts in the following paragraphs about New Hampshire indicate proposed 

deletions; highlights indicate proposed insertions. 

“New Hampshire – There were 1987 confirmed lynx records indicating 28 individual lynx in northern 

New Hampshire from 2006 to 20132016, with evidence of reproduction in 2010 and 2011 (79 FE 54820).  

Formal track transects conducted during the winters from 2012 through 2015 resulted in the majority of 

the track intercepts included in the confirmed records.  An In additional 30 lynx detections were 

documented in 2014, 2015, and 2016 using 14 different remote cameras dispersed throughout the 

northernmost section of the state (Siren 2016, per. comm.)(Siren 2014, p.7), 24 lynx track intercepts 

were recorded during snow-tracking surveys during the winter of 2014-2015 (Siren 2016, p.1), and 

surveys in 2016 also detected lynx (Siren 2016, pers. Comm.).  Most records since 2006 are in the vicinity 

of Pittsburg in the northernmost reaches of the state, though lynx detections in 2015 and 2016 suggest a 

southern expansion from the area where they had been documented in 2006 through 2014 in 2006-

2014 detections (Siren 2016, p. 1; Siren 2016, pers. cComm.).  Despite recent evidence of lynx residency 

and reproduction, the Service concluded in the 2014 revised critical habitat designation that, based on 

modelling of the amount of potentially suitable habitat and favorable snow conditions (Hoving et al. 

2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-928, it is unlikely that northern New Hampshire will 

support a resident breeding population over the long term (79 FR 54820-54821).”   

Recent research documenting biases in snow distribution and abundance modelling may 

change this.  Snow depths were under represented in Pittsburg where lynx have become more 

persistent on the landscape. (NH) 

“Siren (2014, p. 10) suspected that the relatively few lynx detections documented in 2012-2014 may be 

related to the presence and abundance of bobcat, coyote and fisher populations in much of northern 

New Hampshire.”   

 Especially due to unusually open winter conditions. (NH) 

“We conclude that northern and central New Hampshire likely supported a small resident lynx 

population historically that was extirpated during the latter half of the 20th century.  We are uncertain 

whether lynx detections in northern most New Hampshire over the past decade may represent the 

natural reestablishment of a small resident breeding population in the state or if it is a temporary 

phenomenon related to an expanding source population in neighboring northern Maine (79 FR 54821).  

Although bobcat populations have increased and expanded their range in this region in recent decades 

(Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 

(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434).  Maine’s bobcat harvest declined substantially after 
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two deep snow winters in 2008 and 2009 (Maine Department of Inland Fisheries and Wildlife 2015, p. 

37).  It is possible that these anomalous deep snow winters provided a temporary competitive 

advantage to lynx in northern New Hampshire.”   

 

p. 43, paragraph 1, first full sentence, 

“Siren (2014, p. 10) suspected that the relatively few lynx detections documented in 2012-2014 may be 

related to the presence and abundance of bobcat, coyote, and fisher populations in much of northern 

New Hampshire”.   

This article is not in Lit Cited (nor is Siren 2014 cited elsewhere).  And this sentence, along with 

the one at the end of the paragraph, is just more speculation. (MN) 

 

p. 43: Geographic Unit 3 — Northwestern Montana / Northeastern Idaho, 2.3.2.2 Lynx Distribution 

within the DPS Range as it relates to Idaho, 

This section correctly reflects that Idaho historical records and recent surveys suggest that 

only dispersing lynx occur throughout most of Idaho; habitats in many parts of the state are 

drier forest types that support lower densities of hares. It would be more accurate for this 

section to state that the number of individual lynx with home ranges occurring in the 

northeast corner of the Idaho Panhandle is unknown but small, based on the amount of 

potential habitat, and that individual lynx in Idaho are part of a larger population that occurs 

primarily in northwestern Montana and southeastern British Columbia. The final SSA should 

reflect that, although there have been multiple detections of lynx in the Selkirk Mountains in 

Idaho during 2015-2016 and one detection of a lynx in the Selkirks in 2010, there is not 

evidence of a long-term, persistent resident lynx population. During the last several years, 

radio-collar data and remote camera images have documented a single lynx with a home 

range in the west Cabinet Mountains in Idaho, but there is not other evidence of a long-term, 

persistent resident population. In the Purcell Mountains in Idaho, there have been detections 

of multiple lynx in or immediately adjacent to designated critical habitat (i.e., within 10 miles 

of the Canada border). Purcell detections in 2015-2016 included a photo of an adult lynx 

accompanied by juvenile lynx, but there has not been other evidence of a persistent breeding 

population. (ID) 

The reference to the District Court opinion as a source of “best available science” is not 

appropriate. (This comment applies to all related references in the document.) This decision is 

currently the subject of a motion for reconsideration, which points out that the decision relied 

on unverified observations and an expansive interpretation of geography. The SSA should use 

references for scientific surveys and other verified observations (Lucid 2016). (ID) 
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p. 43, general comment,  

On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 117 the SSA states 

500 to a 1,000 lynx, and then on Page 111 the SSA states several hundred to a 1,000 in Maine 

MDIFW shared at the Expert Elicitation Workshop an estimate of 750-1,000 adults in 2006 

with recent data supporting an increasing population (IFW biologists have noted an increase 

in incidental captures, vehicle strikes, sightings, in detection probabilities and in occupancy 

between 2003-2008 and 2015-17 winter track surveys). Thus, Maine’s current lynx population 

likely exceeds 1,000 adults. The method used to generate the estimate of 750-1,000 provided 

at the EEW is provided in Vashon et al. 2012 as cited throughout the SSA. (ME DIFW) 

 

pp. 44, 80, 82, 90, 106, 107, 108, 109, 171, 174, 176, 

Regarding citations of Simons 2009 model: 

Simons-Legaard 2016 provides updates to Simons 2009 model – reporting patterns from 

earlier model have improved. Thus, we question why references to projected declines in lynx 

probability of occurrence and habitat from Simons 2009 model are included. (ME DIFW) 

Only present data from University of Maine models when there are other data available on 

current conditions. For Example, Maine Forest Inventory Data should be presented. (ME 

DIFW) 

 

p. 44, paragraph 2, first sentence, 

 “In Minnesota, research conducted since the 2003 remand has demonstrated the continuous presence 

of a resident lynx population”.   

Though as you note at the end of this paragraph, influence of immigration is unknown, so I 

guess “resident population” depends on how you define resident, and population. (MN) 

 

p. 44, last paragraph, sentence 5, 

“and there is no indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA 

Team 2016, p. 20)”.   

What monitoring was in place starting in 1980 that could confidently identify “immigration 

from Canada” if it occurred? (MN) 
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p. 45, paragraph 2, 

The SSA states in the second paragraph: “… although the Kettle Mountains in the northeastern 

part of the state are thought to have historically supported a small breeding population …” 

WDFW has sufficient harvest data over enough years (as specifically stated on page 101 in the 

SSA) to indicate that a resident lynx population once occurred in the Kettle Mountain Range in 

Washington. (WA) 

 

p. 45, paragraph 3, last sentence, 

“In north-central Washington, lynx habitat and numbers have declined because of recent large fires and 

insect outbreaks” 

Caution is warranted here.  Initial research indicates that insect outbreaks do not necessarily 

lead to a decline in lynx habitat, at least not in all systems. In fact, it's possible that they may 

be helpful. (CO) 

 

p. 48, References to Lynx Conservation Assessment and Strategy (LCAS), 

In referencing the LCAS revision, the SSA should recognize the comments of the states of 

Montana, Idaho, and Wyoming from 2012 and 2013, which identified weaknesses and a lack 

of federal cooperation with states in issuing the revised document. (ID) 

 

p. 49, paragraph 2, sentence 5, 

“In its 2000 biological opinion on the BA, the Service evaluated the USFS and BLM plans in conjunction 

with the CAs described above (USFWS 2000, p. 15).” 

The acronyms in this sentence (and throughout the document) need to be defined at first 

mention. (CO) 

 

p. 52, State Wildlife Management Regulations, Section 3.1.2, 

This section should clarify the absence of demonstrated population effect from incidental 

trapping, and that an incidental trapping event does not necessarily involve permanent 

negative effects to the individual animal. For example, of the 4 reports of incidental trapping 

in Idaho since DPS listing in 2000, one trapped animal was illegally shot. None of the 4 

incidental trappings, including the shot animal, indicated significant injury from the trap itself, 

including one animal that was radiocollared. Three of the 4 incidental trappings occurred in 

the Idaho Panhandle, and 2 of these might have been of the same individual given their 
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proximity in location and time. The fourth incidental trapping occurred near Salmon, Idaho, 

and was likely a dispersing individual. In any case, 3 of the 4 incidental trappings appear to 

have had no effect on the individual animal or population. (ID) 

The Department understands there is also radiocollar information from released trapped 

animals in Maine that should be included in the final SSA if incidental trapping remains a point 

of emphasis. Without such clarifications, the section’s detailed treatment of incidental 

trapping occurrences, litigation, and state regulations may be misinterpreted in evaluating 

population threats. (ID) 

 

p. 53, Unit 2 NE MN, 

Since it was noted for Maine, Minnesota has also distributed the “How to Avoid Lynx” 

brochure to trappers at our fur registration stations and made it available at our website.  And 

we don’t think it is correct to state that in 2015 we added more trapping regulations for lynx 

avoidance.  Administrative procedure just required that we re-issue the same emergency rule 

that was in place before.  No changes have been deemed necessary. (MN) 

 

p. 54, Unit 3: Northwestern Montana/Northeastern Idaho, 

This section should be updated to reflect that Idaho does not consider lynx a species of 

greatest conservation need. While the original Idaho Comprehensive Conservation Strategy 

(IDFG 2005) designated lynx as a species of greatest conservation need (SGCN) based on 

modeled lynx habitat, the recently revised Idaho State Wildlife Action Plan (IDFG 2017) did not 

include lynx as an SGCN because of the lack of evidence of persistent presence in Idaho. See 

immediately preceding comment on Page 52. (ID) 

The Department furbearer season brochure encourages, but does not require trappers to call 

for officer assistance to release incidentally captured lynx. (ID) 

The reference to the pending court case should be deleted. As previously stated, this decision 

is the subject of a pending motion for reconsideration, which seeks to eliminate the district 

court’s requirement to submit a plan related to incidental take of lynx. (ID) 

 

p. 54, Unit 3: Northwestern Montana/Northeastern Idaho, 

“which requires Montana to implement a set of reasonable restrictions on trapping in lynx habitat”.   

Time will tell if it is effective (they only had ~ 1 lynx take per 3 years before).  Reasonable is in 

the eye of the beholder, and is unnecessary here.  Why use it? (MN) 
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p. 55, paragraph 2, last two sentences, 

 “….the use of body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is 

prohibited in Washington (except for damage control or nuisance wildlife, which requires special 

permits). This avoids the potential for lynx to be incidentally captured in traps set legally for other 

animals”.   

True, and by our own arguments above we would say this next point fits the “effects 

unknown” summary, but using the argument this document has suggested many times 

(competitors are assumed to have an effect) would suggest that your statement should be 

modified to note that the trapping prohibition in WA could also have negative effects on lynx 

via ‘allowing’ more potential competitors.  Same goes for Colorado statement later. (MN) 

 

pp. 56-57, 

“Current timber harvest and management on State and private lands in Maine are governed by the 

Maine Forest Practices Act of 1989 and administered by the Maine Forest Service within the 

Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 

arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, 

small (up to 250 acre) clear-cuts are still permitted, but require special permits.”  

Not true.  Clearcuts between 76 and 250 acres require MFS approval of a harvest plan – not a 

permit. (ME FPC) 

Only 75 acres and up require a defacto permit.  In recent years, this has not been the 

deterrent that many feared initially.  I know WFM has done several in recent years.  I believe 

AFM has as well.  MFS should be able to quickly put this in perspective. (ME FPC) 

“[Because of this regulatory burden and public referendums opposed to clear-cutting, the extensive 

clear-cutting of the past has largely been replaced by various forms of partial harvest techniques; many 

of which are unlikely to maintain the current unnaturally high amount and distribution of high-quality 

hare habitat.”  

Key point, due to the last SBW outbreak, industrial ownership management practices, etc. 

created conditions that were not the norm. (ME FPC) 

Not necessarily true.  MFS would be a better source for this but in the designated critical 

habitat area, I would say there is a lot of even-age mgt. occurring.  Initial entry shelterwoods 

and subsequent overstory removals are considered partial harvests in FPA reporting.  True, it 

doesn’t result in the ideal habitat that occurred when herbicide programs were prevalent but I 

think it is pretty likely that suitable habitat will continue to be developed.  Additionally, I think 

clearcutting will increase again once a budworm infestation occurs. (ME FPC) 

“The consequences of this large-scale shift in forest management on Maine’s current lynx population, 

which is likely much larger than was possible under the natural historical disturbance regime, are 
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discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence private lands 

forest management in this unit.  

“In Maine, there are no long term management agreements in place on private lands to assure 

management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) provided 

funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to manage for Canada lynx 

and American marten. Five landowners enrolled in the program, but one withdrew. The remaining four 

landowners were provided funding to develop lynx plans on a total of about 630,000 acres (about 10 

percent of the critical habitat area). These landowners selected one or two township-sized (23,000 acre) 

areas within their ownerships to develop and implement a lynx management plan. Thus, about 161,000 

acres within the larger area was targeted for managing lynx. All four landowners completed lynx plans 

using guidelines in the Service’s Canada lynx management guidelines for Maine (McCollough 2007). 

NRCS contracts with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described 

an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 

although none have indicated an interest yet in doing so. “ 

We can confirm this for our client but our management plan remains in place. (ME FPC) 

Is there any documentation that over the 10-year period these 4 landowners were able to 

increase hare density and lynx populations? (ME FPC) 

“Management plans were written for a 70-year period so some landowners may continue voluntary lynx 

management activities. Many private landowners in Maine are enrolled in forest certification programs; 

the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 

landowners to protect endangered species and their habitats, but there are not specific 

recommendations pertaining to lynx.”  

Both programs also require landowners to provide for a diverse array of habitat types at the 

landscape level, not just E/T species.  It would seem inconsistent for the Service to require or 

expect a single focus on lynx. (ME FPC) 

True, as they are national and North American standards, they have expectations to address 

many species at risk and cannot single out specific species. However, in the case of an 

ownership being within a designated critical habitat area, they would expect the certificate 

holder to provide evidence that they are taking appropriate steps to protect the species.  

Creation/protection of habitat is likely to come up as many auditors are wildlife biologists. 

(ME FPC) 

“About 2.5 million acres”  

The writers should consult with the state for up-to-date information on easement acreage. 

(ME FPC) 

“in northern Maine”  

 Define the extent of “northern Maine.” (ME FPC) 
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“is under conservation easement  (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-

conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 

prescriptions or commitments for lynx. To our knowledge, there are no private landowners in Maine 

who have committed to long-term or permanent protection and creation of lynx habitat according to 

the Service’s lynx management guidelines or LCAS.” 

 

p. 57, Unit 2 NE MN, 

While we can’t honestly say how relevant it is, MN state forest management is also FSC and 

SFI certified.  We also question whether regulation is the only relevant factor here – no doubt 

a fair amount of logging in MN has offered some lynx/hare benefits, but it is mostly driven by 

economics not regulation. (MN) 

 

p. 58, paragraph 3, line 1, 

“over 9nine” 

 Typo. (CO) 

 

p. 59 et seq., general comments, 

As argued elsewhere, we think the Climate Change section should be ‘dis-banded’.  

Mechanistic sections (hare habitat, lynx survival, competition, etc) should be the focus, with 

all potential (positive and negative) changes related to climate change/veg management/etc 

falling underneath there, and only if there is some defendable connections.  As is, there is 

unnecessary definition of what “climate” means, general discussions that “climate change 

may be bad for wildlife”, then even much discussion of why in the past you concluded climate 

change was not likely relevant in this case, but that now you think it is.  And then many of the 

specific ideas you put forth are repeated many times.  Focus on the mechanistic connection, 

cite any literature that actually attempted an analysis (not just said “might affect”) on how 

climate change may explicitly affect that variable, and then critique whether the science really 

demonstrates a causal link to lynx/hares.  There is so much uncertainty in all of this that it 

does not warrant repeated speculative statements, nor does repeating it make it any more 

true. (MN) 

 

p. 61, paragraph 4, first sentence, 

“Although it is believed that high elevation areas in the West may provide snow refugia for lynx (Lynx 

SSA Team 2016, p. 45), these areas will also be affected.” 
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Needs more information and discussion about retention.  Needs more balance.  Certainly the 

outlook is not great, but also not as bad as it could be if these high elevation areas did not 

exist. (CO) 

 

p. 62, paragraph 3, sentence 4, 

“and the slowest losses in the high peaks of the northern Rockies and southern Sierras.”  

And Southern Rockies? See Climate Vulnerability Assessment conducted for the [Colorado] 

State Wildlife Action Plan revision. (CO) 

 

p. 63, paragraph 4, first sentence, 

“Climate change is diminishing snow conditions (reduced depth, quality, persistence) considerably 

throughout the DPS. The strong warming” 

[referring to text that reviewer has struck-through] These sorts of language choices are done 

without consideration as to whether or not they are particularly defensible. (CO) 

 

p. 63, paragraph 4, sentence 6, 

“indicates that potential lynx habitat could decrease” 

[referring to text that reviewer has struck-through] snow conditions that promote lynx 

populations (CO) 

 

 

p. 63, last sentence, and p. 64, first sentence, 

“Climate modeling suggests that lynx habitat and populations are anticipated to decline accordingly 

(Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the range of the DPS by the 

end of this century (Johnston et al. 2012, pp. 6–13).” 

“Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 

contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming smaller, 

more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11).” 

These sentences are all redundant, basically empty (no information or evidence provided, just 

statements), and are less informative than the previous sentence.  Why are they here? 
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p. 64, first paragraph, last sentence, 

“Because of climate change and other stressors, lynx biologists believed that only one to three of the six 

units may persist to the end of the century (Lynx SSA Team 2016, p. 48).” 

Our representative from the Expert Elicitation workshop remembers this differently. I think 

everyone was in agreement that MN and ME were in real trouble by the end of the century, 

and the rest would be doing somewhat to a lot less well.  At the very least, they need to 

specify what is meant by 'believing 1-3 may persist'.  None of gave any population 100% 

chance of being gone or 100% chance of persisting, except maybe GYA. (CO) 

 

p. 64, paragraph 3, sentence 3, 

“2) reduction in the periodicity and amplitude of the hare cycle,” 

 Explain how this follows from climate change. (CO) 

 

p. 64, paragraph 3, sentence 6, 

“Over the next decades, southern lynx populations will continue to be affected by climate change and 

associated shifts in habitat, prey base, and competition.” 

What is meant by 'southern lynx populations'?  Does southern apply to all in the contiguous 

US, or the Southern Rockies, or...? (CO) 

 

p. 64, paragraph 3, last sentence, 

“will determine not how, but if, this species can persist” 

 Pretty strong and non-scientific language.  Suggest 'whether'.  (CO) 

 

p. 65, first sentence, 

“bobcat distribution will expand northward (see below), and lynx will become more vulnerable to 

stochastic and environmental and demographic effects because of smaller population sizes and 

increased isolation.” 

The definitiveness of these statements is troubling. We have highlighted this example, but the 

entire document should be examined for where statements may be stronger than data are. 

(CO) 
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p. 65, paragraph 2, 

“The geographical borders between cyclic and noncyclic populations are shifting, and the spatial extents 

of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-amplitude 

population cycles also would imply collapses of important ecosystem functions such as pulsed flows of 

resources and disturbances throughout the ecosystem, including declines in predator communities 

(Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common denominator of cycles that exhibit 

spatial gradients, such as the more pronounced snowshoe hare cycles in the northern part of its North 

American range, is that the cycles seem to fade as winters become shorter (Ims et al. 2008, p. 81).” 

I want a better explanation of why reduction in cyclicity will necessarily be bad for lynx.  Is the 

thinking that the system will get 'stuck' at the low end of the cycle?  How bad would it be if 

hare and lynx numbers simply remained steady, midway between the trough and peak?  Not 

sure it won't be a bad thing, I just don't know what the mechanism would be. (CO) 

 

p. 65, paragraph 3, sentence 4, 

“Greatly reduced lynx fur harvests in Canada beginning in the mid-1980s may be linked to climate 

warming.” 

This is kind of getting at a negative impact of reduced cycling, but it's more of an association 

rather than a causal mechanism. (CO) 

While using “may be linked” may make this defendable, we do not feel it is objective.  It is 

well known that the end of WWII, as well as the mid-1980’s, both ushered in a period of 

declining fur prices, and both preceded by high fur prices.  While there is likely no data that 

can now re-create the past truth (only look for correlations), the most parsimonious 

conclusion is that these declines in lynx fur harvests were a result of (possibly lagged) declines 

in trapper effort, and possibly overharvest preceding this, as suggested by Poole (1993) and 

Mowat et al. (2000).  Yan et al.’s attempt to consider this alternative (their appendix S6) is not 

compelling to us, and would argue that parts of it make our case.  But absent discussing our 

specific concerns with them, at best we would say one could only conclude that “climate 

change” (not just climate) could only have potential relevance to the 1980/90s decline, not 

the 1950’s decline.  And even then, this idea would only become an alternative, also 

untestable, HYPOTHESIS to what we would argue is a more parsimonious explanation (fur 

prices/effort).  But nothing to do with this point, which includes some suggestive literature, is 

even mentioned here – only that it “may be linked to climate warming”.   It also may be linked 

to fur prices, fuel prices, other economic opportunities for a trapper (e.g., job growth in the 

50’s and 90’s), weather affecting trappers (not lynx), etc.  The wolverine article we mentioned 

earlier (McKelvey et al. 2011) is also relevant here in terms of harvest data concerns, as well 

as the concerns with snow correlations. (MN) 
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p. 65, paragraph 3, sentence 6, 

“Diminished lynx populations in the core of the range in Canada is a concern because most of the 

populations of lynx in the DPS are believed to be dependent on periodic immigration from Canada for 

demographic persistence and genetic stability” 

If this is the case, then are any of the populations in the lower 48 actually populations? Is the 

DPS valid?  If there are truly unable to sustain themselves, then what can recovery possibly 

look like? (CO) 

 

p. 65, last paragraph, sentence 2, 

“Across their worldwide distribution” 

 [referring to struck-through text] Canada lynx don’t really have a worldwide distribution. (CO) 

 

p. 66, general comment, 

Perhaps of greater significance than the tone of the climate change sections is the over 

reliance on modeling to predict the persistence of lynx in the face of contradicting field data. 

For example, on p. 66 of the SSA it states, “Reduced snow depth and duration may reduce 

lynx’s competitive advantage over bobcats, which have similar ecology to lynx but are not as 

well-adapted to hunting hares in deep fluffy snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 

1102; ILBT 2013, pp. 69, 71). The bobcat is the closest related species to lynx in North America, 

and it outcompetes or displaces lynx wherever the two species overlap, at both broad (Peers 

et al. 2016, entire) and local (Parker et al. 1983;Robinson 2006, pp. 120- 129) geographic 

scales.” However, field observations and surveys indicate that lynx have expanded their range 

in Maine, and that lynx are now living and reproducing in Downeast Maine (i.e., sections of 

Penobscot, Washington, and Hancock Counties). Northern sections of Downeast Maine have 

long been considered one of the best bobcat regions in Maine, and this region has historically 

had lower snowfall totals than northern interior Maine because of the influence of maritime 

weather patterns. These field observations call into question whether marginally lower snow 

levels and bobcat are a significant threat to lynx in Maine. MDIFW urges the USFWS to 

consider the data and arguments presented in this review and at the EEW to arrive at a more 

objective understanding of the threat that climate change poses to the DPS in the near future. 

(ME DIFW) 

 

p. 66, first paragraph, sentence 9, 

“Snow accumulation and duration are expected to decline generally in the geographic areas that contain 

the central and eastern portion of the lynx DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31).” 

 [referring to struck-through text] most prominently (CO) 
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p. 66, first paragraph, last sentence, 

“Because lynx require prolonged periods of deep fluffy snow, current habitats that lose this feature 

would decline in value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire).” 

Somewhere it needs mentioning that lynx also live and survive for half a year without snow.  I 

think snow is important, for sure, but some explanation is warranted.  Is it necessary to 

eliminate all competition during the leanest time of the year?  Lynx have other prey available 

during summer so increased competition is negated? (CO) 

 

p. 66, paragraph 2, first sentence, 

“Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, which have 

similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy snow (Hoving 2001, 

pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71).” 

This sentences is redundantly redundant. A thorough edit of the entire document to eliminate 

this redundancy could likely shorten the SSA by 25%. (CO) 

 

p. 66, paragraph 2, sentence 3, 

“lynx are subjected to niche displacement to habitats of inferior quality, which probably limits lynx 

survival and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 

pp. 120).”   

Our bigger point here is once again this is purely speculation, at least the second part of the 

sentence.  But another point here is that we’re not sure it is even stated correctly – by our 

read (of Peers), they concluded that lynx might be displaced FROM the supposedly poorer lynx 

habitat, not INTO it.  For example, it says “[lynx] avoid competition at large scales by 

restricting their niche to highly suitable conditions….”.  As such, this would not necessarily 

lead directly to reductions in survival or productivity, though it could affect density (but all is 

still speculation, as is almost all of this paragraph). (MN) 

 

p. 67, paragraph 2, sentence 3, 

“...coyotes were deemed the most likely to pose local or regionally important exploitation impacts to 

lynx”.   

Yet there is really no data of any demographically “important” effects and they do co-exist in 

many areas.  And as noted before, Murray et al. (2008) concluded there is insufficient data. 

(MN) 
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p. 67, paragraph 3, last sentence, 

“The hybridization rate is currently low between the species (0.24 percent) but could increase as bobcat 

populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 2015, p. 528).” 

 This part seems too speculative and indicative of the pessimistic tone of the SSA. (CO) 

We suppose anything “could increase”, but it also might not.  Is there more support for one 

speculation?  If the bobcat/lynx ‘boundary line’ just moves north as some predict, why would 

the rate of hybridization be expected to increase.  It would only be expected to POSSIBLY 

increase, we think, if bobcats advanced north but lynx did not contract. (MN) 

 

p. 67, paragraph 4, sentence 4, 

“The higher kill rate could generate a numeric response by lynx and other hare predators (Hone et al. 

2011, p. 420) that could drive hare populations to lower levels (Stenseth et al. 2004, p. 10633).” 

 So… (CO) 

 

p. 67, paragraph 4, sentence 5, 

“Predator communities are more diverse at the southern part of the lynx range than in central Canada 

(Murray et al. 2008, pp. 1464-1465).” 

Although when you get far enough south, they start to become less diverse again.  No wolves, 

grizzly bears, wolverines, or fishers in Colorado, for example.  Sentence is too sweeping 

without mention of caveats. (CO) 

 

p. 67, paragraph 4, sentence 6, 

“The diverse predator community could explain why hare populations have declined and seem to 

remain low in Maine (Scott 2009, p. 43)”.   

We could not acquire this thesis, but it’s clear that it is more speculation (“could explain”).  

And based on how the sentence is worded (just says “Maine”), it doesn’t seem correct or at 

least appropriately qualified.  Over the last 30ish years, haven’t hares been quite abundant 

and lynx doing well in Maine (better than historically you conclude)?  To what part of Maine 

does this refer?  Is there evidence of increase in predators in that area, evidence that hare 

mortality from them has increased, etc.?  Elsewhere the focus seems primarily that hare 

HABITAT quality may have (or be starting to) decline after peaking in the 1990’s.  What data 

even leads to this specific speculation that predators may be to blame? (MN) 
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p. 67, last sentence, 

“However, because hares have two to four litters per summer, there is opportunity for compensatory 

survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare survival 

may also be expected during prolonged hot, dry summer conditions. For example, hare densities in the 

GYA are believed to be low, in part, because of the dry conditions there” 

These are both related to precipitation but are completely different phenomena.  One is 

abnormal weather patterns in an otherwise hospitable climate.  The other is simple an 

inhospitable climate.  It seems like if it's wet that's bad and if it's dry that's bad.  It's more 

nuanced that this. (CO) 

 

p. 68, general comment, 

The effects of climate change present a threat to many wildlife species in North America, but 

the magnitude, nature, and timing of these threats is still uncertain. MDIFW agrees with the 

authors of the IPCC Climate Change 2014 Synthesis Report that “An integral feature of IPCC 

reports is the communication of the strength of and uncertainties in scientific understanding 

underlying assessment findings” (p.37). Unfortunately, many of the conclusions and the tone 

of the Climate Change Section in the SSA do not communicate this uncertainty and are 

definitive in nature. For example on p. 68, “Climate change will diminish the amount of lynx 

habitat throughout the DPS by a) reducing the areas where snow conditions give lynx a 

competitive advantage over bobcats and other species, and b) reducing the amount of spruce-

fir habitat required by snowshoe hares”, or on p.218, “Although uncertainty remains 

regarding the timing, extent, and biological consequences…..hare populations will decline… 

This in turn will reduce lynx abundance….” (underlines added). MDIFW is concerned about the 

objectivity of the climate change sections in the SSA and urges a thorough review of this 

section -- especially given the USFWS SSA Core Team’s admission that they took a more 

pessimistic view of climate change impacts to lynx than the experts at the EEW. Furthermore, 

MDIFW asks, are 50-year projections an appropriate standard for the “foreseeable future” 

language of the ESA? (ME DIFW) 

 

p. 68, paragraph 2, sentence 6, 

“Under high emission scenarios, this could lead to an 11 percent decline in hare survival by mid-century 

and a 23 percent decline by late century.”  

 Reference?  How did they get these numbers?  Is this attributable to Zimova et al. 2016? (CO) 
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p. 68, paragraph 2, last sentence, 

“Snow patterns have been proposed to potentially play a role in dampening cycles (Cornulier et al. 2013, 

pp. 64-65, Sultaire et al. 2016a, entire).” 

 ??? Empty sentence.  What kind of snow patterns?  How? (CO) 

 

p. 68, paragraph 3, first sentence, 

“The range of the snowshoe hare is contracting northward in the southern part of its range in the 

contiguous U. S. because of changing snow conditions and reduced survival because of delayed pelage 

changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire).” 

???It is?  Statement is too sweeping.  We are at the southern limits of SSH range and have not 

detected any northward movement here (Colorado). (CO) 

 

p. 68, paragraph 3, sentence 2, 

“In Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per decade 

and will continue to recede northward with climate change (Sultaire et al. 2016a, entire).“ 

 [referring to struck-through text] is expected to (CO) 

 

p. 68, paragraph 3, last sentence, 

“Loss of snow now contributes more than loss of habitat in determining the range of snowshoe hares in 

the Great Lakes region (Sultaire et al. 2016a, entire).” 

 [referring to struck-through text] seems to (CO) 

 

p. 68, paragraph 4, first sentence, 

“Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat” 

 [referring to struck-through text] is predicted to (CO) 

 

p. 68, paragraph 4, sentence 3, 

“Areas of contiguous spring snow cover will become smaller and more isolated throughout the 

Columbia, Upper Missouri, and Upper Colorado Basins” 

 Insert “likely” after “will” (CO) 
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p. 68, paragraph 4, sentence 4, 

“Deteriorating snow conditions caused by climate change is causing range contraction of snowshoe 

hares and the southern edge of their range (Sultaire et al. 2016b, pp. 900-904).” 

This is too broad of a statement.  Also, this exact thing was stated just a few paragraphs prior.  

Thorough editing for repetition and opportunities for brevity are needed. (CO) 

 

p. 68, paragraph 2, sentences 1-2, 

“Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 

northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 

358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the ecosystems that support 

lynx are likely to shift, tracking the change of temperature, but with a time lag depending on the ability 

of individual plant and animal species to migrate (McDonald and Brown 1992, pp. 413–414; Hall and 

Fagre 2003, p. 138; Peterson 2003, p. 652).” 

 Redundant (CO) 

 

p. 68, paragraph 3, first sentence, 

“Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx distribution, are 

likely to shift upward in elevation within its currently occupied range and recede northward as 

temperatures increase” 

See the immediately preceding paragraph. This document has not been critically reviewed 

prior to sending to the states. (CO) 

 

p. 68, paragraph 4, last two sentences, 

“Climate modeling suggests that lynx habitat and populations are anticipated to decline accordingly 

(Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the range of the DPS by the 

end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx populations would likely be smaller 

than at present and, because of small population size and increased isolation, populations would likely 

be more vulnerable to stochastic environmental and demographic events (Carroll 2007, pp. 1100–

1103).” 

 [referring to struck-through text] This is repetitive information. (CO) 

 

p. 69, paragraph 2, last sentence,   

“Some areas of the DPS (e.g., Maine, Minnesota) lack potential elevational refugia and, therefore, lynx 

populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102)”.   
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There are a whole lot of “If’s” behind this “are anticipated to”, so we see little reason to 

report this as though a fact.  At best, it should say “the potential for latitudinal contraction 

could be comparatively higher in these Units due to minimal elevational relief”. (MN) 

 

p. 71, first sentence, 

“decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 727).” 

 [referring to struck-through text] although (CO) 

 

p. 71, paragraph 3, first sentence, 

“Warmer springs could increase the frequency and duration of wildfires, which in turn could increase 

vulnerability of surviving trees to bark beetle attack” 

Something amiss here.  Wildfire doesn't increase vulnerability to bark beetles. Beetles don't 

lay eggs in burned up trees. Very poor logic in this sentence. (CO) 

 

 

p. 71, paragraph 3, general comment, 

There are some good paragraphs of information embedded in these last 10 or so pages (like 

this one), but lots of other empty paragraphs, ones in which the language is too strong, and 

several which are just plain repetitive. The document should be read and edited with this in 

mind. (CO) 

 

p. 71, paragraph 4, general comment, 

This is all well and good, but expected impact to lynx is???  The tone it's written with indicates 

this will be bad.  I don't think it will be catastrophic, and am not so sure it won't turn out to be 

pretty good. (CO) 

 

p. 72, paragraph 2, entire, 

“Introduced species can affect forests through herbivory, predation, habitat change, competition, 

alteration of gene pools via hybridization with natives, and disease (as either pathogens or vectors) and 

can alter the diversity, nutrient cycles, forest succession, and fire frequency and intensity of some 

ecosystems (Dale et al. 2001, p. 727). Climate change will modify the distributions of many introduced 

species. Currently, there are few exotic species in North American boreal forests. This is likely because 

remote areas with little human intervention receive fewer exotic species. However, exotic species could 
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be introduced in the future as boreal systems are increasingly exploited for forest products, mining, 

energy production, and other natural resources (Schinder and Lee 2010, entire).” 

[referring to struck-through text] This is a stretch - they are stating that climate change will 

likely affect distribution of introduced spp. which will affect lynx.  Lots of "may occur' 

scenarios here.... This paragraph should be deleted. (CO) 

 

p. 72, paragraph 2, last sentence, 

After concluding there are no real current problems, you state “However, exotic species could 

be introduced in the future as boreal systems are increasingly exploited for forest products, 

mining, energy production, and other natural resources (Schinder and Lee 2010, entire)”.  All 

sorts of things COULD happen – we might develop a highly effective control for some exotic 

species.  But if you are going to make negative speculations, then they at least need to be 

based on some attempt at analysis.  What exotic pest is deemed most likely, what is the 

specific mechanism that will ‘transport’ it to the boreal forest, what is the causal link to lynx 

persistence (e.g., some disturbances, exotic or not, could be ‘good’ for lynx/hare habitat)?  

This is a Status Review and should only include best knowledge of current status, with clear 

and defendable shorter-term forecasts about future change.  This speculative sentence, which 

is not the only one of its kind, assumes negativity and is uninformative – delete it. (MN) 

 

p. 72, paragraph 3, sentence 2,  

“For example, in January, 1998 a severe ice storm extensively damaged the canopy of many 

northeastern U.S. and eastern Canadian forests, causing moderate to severe forest damage to over 10 

million acres in the Northeast U.S. and southern Quebec (Jones and Mulhern 1998, p. 19; Irland 2000, 

entire; Millward and Kraft 2004, entire)”.   

But if nobody has documented specific effects for lynx, why say this?  There was also a 

blowdown of trees in Minnesota’s BWCAW that affected ~ 400,000 acres, and probably?? 

improved habitat for lynx/hares.  Unless there is some reasonable data to show a connection 

to lynx/hare demography (e.g., the Maine story), simply say disturbances are projected to 

increase, some could be good for lynx/hares, some bad, but we can’t predict the future.  It 

would shorten the document a lot. (MN) 

 

p. 72, paragraph 3, last sentence, 

“It is uncertain how climate change will affect the frequency, intensity, location, and extent of ice 

storms; however, atmospheric warming will most likely shift the locations of prevailing ice storms 

northward.” 

Not clear if this is good or bad for lynx?? Further, is this something that is really a threat to the 

DPS? If no, then it should not be included in the SSA. (CO) 
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p. 72, paragraph 4, first sentence, 

“Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 

development and survival rates, disease transmission, and host susceptibility” 

Doesn't it seem like this would all depend on the pathogen?  It can't be that all of them will 

benefit from climate change.  Are there particular ones we're concerned about that are 

expected to benefit from climate change?  If not, what is the point of this paragraph? (CO) 

 

p. 72, paragraph 5, first sentence, 

“No apparent climate-influenced parasites or diseases have been identified that would affect Canada 

lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains a possibility 

(Lynx SSA Team 2016, pp. 27, 37-39).” 

This was one person's opinion.  No one else in the group thought this.  Surprised it made it in 

the document.  When pressed, this person had no specifics to offer, just generally, diseases 

might happen.  Seemed too much of a stretch to me. (CO) 

Same general comment as for p. 72, paragraph 2, last sentence above. (MN) 

p. 73 et seq., general comments, 

Vegetation Management, Wildland Fire Management, and Habitat Fragmentation sections. 

This is probably redundant with one of our initial comments, but we see no need for these 

section headings (or Climate Change), nor the need for much of this information to be 

anywhere in this document.  Use very mechanistic headings (e.g., “Projected Changes to hare 

habitat”), concisely discuss in one spot all relevant processes (disturbances, veg mgmt., 

human development/fragmentation, or whatever) for which we have supporting studies (e.g., 

hares depend on X, not just “X might affect Y”) and for which we can demonstrate reasonable 

confidence that changes will occur in the NEAR future.  We see little if any need/value for 

general reviews of all the hare habitat literature, different ways commercial timber 

management takes place, how such methods may or may not affect hare habitat, what 

economic trends may occur, whether/how the forest industry (or other land management 

agencies) might adapt to projected changes in forests from climate change, what historic fire 

regimes (or human policies toward them) have been or might be, how humans fragmented 

the landscape in the past, why snow is supposedly so important (again), what fragmentation 

means, more general review of lynx/hare literature, whether lynx have been documented to 

cross/use/get hit on roads, how many ski resorts there are out west, what locatable or salable 

minerals refer to, that utility lines are often along road corridors, etc.  This is completely 

unnecessary, at least for our conception of what a Species Status Assessment should contain.  

Besides just adding an enormous amount of superfluous information, it forces the constant 

repeating of many highly speculative ideas.  For this reason, we will not offer many specific 
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comments on these sections, instead hoping that much is simply discarded.  But we will offer 

a few. (MN) 

 

p. 73, first paragraph, sentences 3-5, 

“Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat were 

strongly correlated with neutral genetic diversity, low allelic richness, and high genetic differentiation 

(Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in southern lynx populations 

could be caused by a northward shift in optimal conditions, resulting in isolation and extirpation of lynx 

populations at the trailing edge of their range or climate-induced changes in the distributions of 

snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness were 

found in areas with the deepest snow in the core of their range in northern Ontario (Koen et al. 2014a, 

p. 758). The authors concluded that climate warming has reduced gene flow at the receding (southern) 

edge of the lynx’s range, and that southward gene flow from Canada into threatened U.S. populations is 

unlikely.” 

Didn't we already say that there is very little genetic structuring of lynx across its distribution?  

Which is it?  At least acknowledge what you said before and try to reconcile the 2 ideas. (CO) 

 

p. 74, paragraph 2, sentence 4, 

“Thus, stem density (or stem cover units) and snowshoe hare density are directly and positively 

correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Koehler and Brittell 1990; 

Thomas et al. 1997; Hodges 2000a; Mowat et al. 2000; Homyack et al. 2006; Robinson 2006; Scott 2009; 

Fuller and Harrison 2013).”  

 Ivan 2014 should be cited here. (CO) 

 

p. 74, paragraph 3, sentence 1, 

“Ivan 2011a;” 

Should be the 2014 paper, not the dissertation.  Appears this was taken from the LCAS and not 

representative of current literature. (CO) 

 

p. 74, paragraph 3, sentence 2, 

“In forests of northern Maine, wind, fire, insects, and diseases were predominant natural disturbance 

agents, while fire, insects, and diseases were predominant in the Great Lakes Geographic Unit and 

across the western U.S.” 

Must be a better way of writing this sentence.  Basic fire, insects, and diseases are natural 

disturbance areas everywhere; additionally, wind is a disturbance factor in northern ME. (CO) 
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p. 76, general comment, 

Given the success of lynx populations on private lands in Maine, MDIFW finds statements, 
such as the one on p. 76 of the SSA, “Whereas management of State and Federal forest lands 
have been relatively stable in recent decades, management and ownership of private forest 
land ownership has been extremely unstable. This has resulted in major shifts in forest 
management strategies, outcomes, and products. For example, in the last two decades in 
Maine, where nearly all the lynx critical habitat is on private land, about 23.8 million acres (80 
percent) of industrial land ownerships in the “northern forest” (Adirondacks to northern 
Maine) were sold to many different kinds of financial groups (Hagan et al. 2005)” overstate 
the threat posed by private land management to lynx. The period of greatest lynx population 
growth in Maine occurred during the same period (referenced above) that caused “major 
shifts in forest management strategies, outcomes, and products”. The majority of ESA success 
stories for widely distributed species involve a significant role for private lands. In the eastern 
U.S., private lands are integral to recovery programs and conservation efforts. “Working 
woodland” easements now encompass >10,000 km2 across northern Maine. These covenants 
do not specify specific management practices or outcomes beyond sustainable forestry, but 
they do ensure that conversions to other land uses will never occur. (ME DIFW) 

 

p. 76, first paragraph, sentence 1, 

“maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et al. 2004; 

Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a).” 

Again, it is evident that much of this directly from the LCAS, without a very thorough search of 

new literature. (CO) 

 

p. 76, paragraph 2, last sentence, 

“Under depressed markets, landowners may reduce harvests, which may be to the detriment of lynx in 

some parts of the DPS (e.g., Maine and Minnesota), and to the benefit of lynx in others (the West).” 

This paragraph (section, really) strikes me as odd. Many of the regulatory mechanisms that 

have been adopted address these kinds of concerns. A detailed description of economic issues 

related to timber productions doesn’t strike me as fitting into the species status assessment. 

(CO) 

 

p. 77, last paragraph, first sentence, 

“Climate change will affect forest-related recreation. Warmer lowland temperatures” 

 Replace “will” with “might” (CO) 
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pp. 76-77, 

“Markets for softwood products are particularly volatile” 

Seems like hyperbole.  Markets for softwood pulp are currently dramatically depressed but 

markets for softwood sawlogs have been consistent for decades. Values fluctuate but 

traditionally you could move the logs. (ME FPC) 

“and depend on demand for paper and housing. Thus, softwood management is affected by economic 

factors that are difficult to predict. In recent years, the forest products industry throughout the U. S. 

experienced a downturn in output levels not seen in decades, and employment losses in the hundreds 

of thousands (Woodall et al. 2011, p. 595).”  

Shouldn’t this be focused on Maine’s market as opposed to the US.  How do job losses across 

the US Forest Industry necessarily impact lynx habitat in Maine? (ME FPC) 

“Despite depressed markets, one area of increasing interest is bioenergy production. Rising energy costs 

and growing concerns over global climate change have increased interest in bioenergy production, and 

the U. S. Energy Independence and Security Act (2007) mandates a five-fold increase in biofuel 

production (Benjamin et al. 2009, p. 125). The wood pellet sector is expected to grow, although woody 

biomass is typically the lowest value wood commodity sold from the forest. Thus, it is questionable 

whether wood energy revenues would be enough to sustain forest investments and forest management 

into the future (Woodall et al. 2011, p. 601).  

“Whereas management of State and Federal forest lands” 

Stable in ownership but not necessarily managing in a manner promoting lynx habitat in 

Maine. (ME FPC)    

“have been relatively stable in recent decades, management and ownership of private forest land 

ownership has been extremely unstable.” 

Biased.  Ownership changes have resulted in less intensive pre-commercial management 

investments but harvesting techniques and levels are not unstable. (ME FPC) 

“This has resulted in major shifts in forest management strategies, outcomes, and products. For 

example, in the last two decades”  

Since the citation date is 2005, and it is now 2017; this cannot be the last two decades being 

correctly referred to.  The previous two decades prior to 2005 would be the 1985 to 2005 

period. (ME FPC) 

“in Maine, where nearly all the lynx critical habitat is on private land, about 23.8 million acres (80 

percent) of industrial land ownerships in the “northern forest” (Adirondacks to northern Maine) were 

sold to many different kinds of financial groups (Hagan et al. 2005).” 

And conservation groups and government entities.  Perhaps nit picking but isn’t this 

statement based on a study that is 12 years old. (ME FPC) 

“These groups have short-term investment goals”  
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Investment companies (TIMOs, REITs, etc.) have consistently invested in wildlife research via 

the CFRU over this same time period, significantly contributing to snowshoe hare and lynx 

specific research.  Currently, there are 20 such “short-term” goal investment companies 

actively participating in CFRU representing almost 60% of the members. Funding has been 

relatively consistent for the last 10 years. (ME FPC) 

“and different management objectives and have dramatically changed harvest practices.”  

Some have and some haven’t, just like the previous owners.  Not all previous landowners 

clearcut extensively.  Not all previous landowners invested in pre-commercial softwood 

management.  Many of the large industrial landowners sold their lands with long term timber 

supply agreements (i.e. SAPPI, Mead (Catalyst), IP (Verso), etc.) and likely sustainability 

conditions. (ME FPC) 

“Whereas the previous large industrial landowners focused on the forest land base as a supply for their 

manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and Real 

Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and Sader 2006, p. 

178). Initially, the effects of ownership changes were uncertain (McWilliams et al. 2005), but an 

evaluation of harvesting in the last decade indicates these landowners increased harvest rates, 

shortened rotation rates, and shifted to managing and harvesting hardwood tree species (Jin and Sader 

2006, p. 183-185). On one hand, these trends in Maine private lands management make lynx 

management commitments more difficult because short-term landowners are not interested in long-

term commitments. On the other hand, some easement owners may have an incentive to manage for 

lynx to meet forest certification requirements.”  

Which can improve market opportunities as most pulp and paper markets prefer certified 

wood and allocate accordingly; (ME FPC) 

Outdated. The bottom line is that  the vast majority  of these lands continue to be actively 

managed for forest products, with the exception of reserves that have been set aside by 

NGO’s and government agencies. History is starting to repeat itself. Ownership patterns are 

moving away from TIMOs & REITS to more family and high net worth individual patterns with 

longer investment horizons. (ME FPC) 

This citation is 10 years old and reflects past behavior, not recent. (ME FPC) 

“The extensive sale of private forestlands initiated the growth of conservation easements in this region 

(deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of Maine’s State 

area increased from less than 5 percent in 1987 to approximately 19 percent by 2012 (Beck et al. 2012, 

p. 15). [MFS: The writers should consult with the state for up to date information on easement acreage.]  

Conservation easements restrict development but usually do not affect forest management;” 

That may not be entirely accurate.  CEs often have clauses that require monitoring to some 

level often certification is offered as an alternative to the easement holder’s monitoring.  It  is 

another incentive to seek certification and thus manage RTE species. (ME FPC) 
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“neither do they typically require management for lynx and other rare species. Some private forestlands 

were sold to State and Federal agencies and conservation interests. For example, in recent years The 

Nature Conservancy purchased”  

The TNC purchase in northern Maine was back in the 1990s, cannot be characterized as 

recent. (ME FPC) 

“310,000 acres of private forestland in Montana and 185,000 acres of private forestland in northern 

Maine. Lands in conservation ownership have a high probability of being managed to benefit hares and 

lynx. “ 

If they have a commitment to actively manage the lands.  Not all conservation groups do.  TNC 

–yes; AMC-not so sure;  EPI- probably not for lynx.  Most are more likely to manage for late 

successional habitat. (ME FPC) 

Where’s the proof to this? What incentive is there to manage for hares and lynx regardless of 

whether the property is under a CE or not? These landowners are the least likely to use large 

scale clearcutting or shelterwoods. (ME FPC) 

Data to support this statement?  Is TNC creating large clearcuts in northern Maine?  Doubtful. 

(ME FPC) 

 

p. 77, last paragraph, last sentence, 

“The ski industry is currently in decline,” 

 Citation is needed here. No evidence that I am aware of. (CO) 

 

p. 78, first paragraph, sentence 2, 

“These climate-induced trends in recreation are anticipated to bring more people into the lynx DPS,” 

If ski industry is in decline (as stated unsubstantiated above), why would there be increased 

recreation due to climate change? (CO) 

 

p. 78, first paragraph, last sentence, 

“At this time, there are many uncertainties concerning the socioeconomic implications of climate 

change and adaptation in the northern forests supporting the lynx DPS.” 

This is a good summary. Lots of uncertainty. Not sure why they limited it to 'northern forests', 

though? (CO) 

 

p. 78, paragraph 2, sentence 3, 
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Habitat management actions should be evaluated within the context of the whole lynx 

population unit and large scale landscape disturbance to plan timber management. If large 

areas are already affected by harvest, wildfire, or disease then future timber harvest should 

be curtailed until habitat grows back. Too often management only focuses on LAU's (the size 

of a female home range) and does not take into context the other impacts of the surrounding 

area. (WA) 

 

p. 78, paragraph 2, sentence 7, 

“Hares and lynx will continue to be affected (both positively and negatively) by forest management into 

the foreseeable future.” 

 Yes.  I think everyone will agree on this. (CO) 

 

p. 78, paragraph 3, sentence 1, 

“Reduced Quality of Hare Habitat” 

Throughout this document, focus is on the negative impacts and not on the opportunities for 

improvement. These should be acknowledged as well, as in the highlighted sentence above, 

although they could easily be even more explicit. The SSA would read much more objectively, 

and thus feel more reliable if there were more nods to whatever positive things could happen 

as well. (CO) 

 

p. 78, paragraph 3, sentence 1, 

“reducing overstory canopy in mature multi-story spruce-fir forests (in the West),” 

 How, exactly, does this reduce quality of habitat for lynx and hares? (CO) 

 

p. 78, last sentence, 

“Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 stems/ha 

(1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 1986, 

Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott” 

 Again, cite Ivan 2014. (CO) 

 

p. 80, line 2, 

“insects may reduce the horizontal cover” 

 Insert “also” after “may” (CO) 
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p. 80, line 2, 

“(e.g., boughs on snow), thus degrading the quality of” 

 Insert “depending on the growth form of these trees” after “snow)” (CO) 

 

p. 80, paragraph 2, sentence 6, 

“After 17 years of extensive partial harvests, much of the northern Maine landscape has been influenced 

by this form of forestry, and will continue to be into the future.” 

 And anticipated impact to lynx is…? (CO) 

 

p. 80, paragraph 2, sentences 9-10, 

“Partially harvested stands result in a wide range of residual stand conditions, but many have lower 

conifer stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006). On 

average, partially harvested stands supported about 50 percent of the hare densities observed in 

regenerating clearcuts (Robinson 2006).” 

Rangewide, or somewhere in particular?  This is a recurring theme.  The DPS is very diverse.  

What holds in one place doesn't in another.  Throughout the SSA, there is a definite need to 

be very specific about what you're talking about geographically. (CO) 

 

 

 

p. 81, first paragraph, last sentence, 

“By removing or reducing the understory and ladder fuels to meet those objectives, dense horizontal 

cover important to snowshoe hares is reduced and habitat value is diminished for hares and lynx.” 

But this almost certainly occurs at very small scales, right?  As in probably not enough to 

worry about? (CO) 

 

p. 81, paragraphs 3 and 4, general comment, 

These paragraphs really only apply to ME.  I guess this is more argument to break up the DPS.  

This document is hard to follow in many places because the issues, forests, and response to 

stressors is very different across the DPS. (CO) 
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p. 82, first paragraph, first sentence, 

“Lynx achieve highest densities in >100 km2 landscapes” 

No idea what this phrase means.  A single home range is usually about 100km2, at least in our 

area; that would be density = 1. (CO) 

 

p. 82, first paragraph, sentence 4, 

“Analysis of winter movements of lynx in Maine indicated that lynx responded to habitat heterogeneity 

at a coarse scale within their home ranges, by maximizing their access to snowshoe hare prey (Fuller and 

Harrison 2010).” 

 Same in CO. See 2016 paper! (CO) 

 

p. 82, paragraph 2, sentence 1, 

“Forest management can fragment and isolate patches of high quality hare habitat (Simons-Legaard et 

al. 2016).” 

This is a geographic-specific statement.  I doubt that forest management in CO could be so 

intensive and dramatic as to single-handedly isolate hare habitat. (CO) 

 

p. 82, paragraph 3, sentence 2, 

“In forests of the Northern Maine Unit, wind, fire, insects, and diseases were predominant natural 

disturbance agents, while fire, insects, and diseases were predominant in the Great Lakes Geographic 

Unit and across the western U.S.” 

 This exact sentence has been used before.  Redundancies should be eliminated. (CO) 

 

p. 82, paragraph 4, first sentence, 

“Today, forest management is the predominant form of disturbance in boreal forest types throughout 

the DPS, but in the West insect outbreak or wildfire are also critical agents of disturbance that influence 

and interact with forest management.” 

 Replace “or” with “and.” (CO) 

 

p. 83, paragraph 2, sentence 3, 

“These stands/patches provide high-quality hare foraging habitat and typically support high hare 

densities, which in turn provide high-quality lynx foraging habitat.” 
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 Only after many decades though, depending on site conditions. (CO) 

 

p. 83, 

“After several centuries of forest management, stand age structures in the Acadian forest have become 

simplified,”  

 The Acadian forest is a broad expanse of landscape. (ME FPC) 

“and commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree species 

(Seymour 2002). Although the prevalence of these younger even-aged forest stands on the landscape 

may benefit hares and lynx in Maine, forestry has shifted the species composition of Maine’s forest to 

tree species favored by frequent harvest disturbance, such as red-maple, paper birch, aspen, and balsam 

fir.” 

What is the evidence for this statement?  Should reference FIA data for unbiased measure of 

current forest species, ages and distributions. In some cases, perhaps. However, these are also 

shorter lived and lower valued species. Many landowners are focusing management efforts on 

higher valued and longer lived species. (ME FPC) 

Opinion? Or based on FIA data? (ME FPC) 

 

p. 84, paragraph 2, sentence 2, 

“which, combined with other land-use practices, dramatically altered fire regimes in some places and 

created conditions prone to larger and more severe fires (USDI et al. 2001, p. 1-2).” 

This is mostly related to Doug-fir and P[onderosa] Pine systems though.  Suppression hasn't 

had much impact to spruce/fir forest due to very long return interval, right? (CO) 

 

p. 84, paragraph 3, general comment, 

Good paragraph.  Role of fire varies by geography, and that is made very clear here.  I wish 

other paragraphs were set up similarly. (CO) 

 

p. 86, first paragraph, general comment,  

Yes, fire frequency and size COULD increase, and yes, this does HAVE THE POTENTIAL to cause 

temporary adverse impacts on hare habitat, but depending on details, it also COULD be 

positive (e.g., be a counter-balance to historic fire-suppression policies).  I don’t think there is 

sufficient predictive capability to decide how this will play out.  You correctly note here that 

any negative effect may only be temporary and followed by positive effects, but add that even 

so it would likely (any citation?) reduce landscape-level hare densities, and therefore lynx 
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numbers.  Possible, but are periodic reductions in landscape-level hare densities not a 

historical reality of boreal landscapes and lynx-hare dynamics.  Even lynx, along with other 

cycle contributors, can cause landscape-level reductions in hare density.  ‘Stability’ is not the 

norm in these settings, and temporal/spatial variability should not be viewed as abnormal or 

bad.  Useful conclusions can only be drawn if we can predict with high confidence how 

big/how often/where fires would occur in a given area, and we can’t.  Could be good in some 

areas, bad in some, good at one point in time, bad at another. (MN) 

 

p. 86, first paragraph, sentence 3, 

“Although this would likely be a temporary impact,” 

I guess.  Silviculturalists on the Rio Grande are predicting 50-100 years for many parts of the 

West Fork Fire, and also that some areas will never be forest again. (CO) 

 

p. 87, first sentence, 

“it may be necessary to reconsider whether fire suppression in some lynx habitats could benefit lynx by 

reducing the potential for extirpation of lynx populations, especially in places already affected by 

increased fire activity and those that are naturally only marginally capable of supporting resident lynx.” 

 This is not realistic (for the Colorado area, at least). (CO) 

 

p. 87, paragraph 2, last sentence, 

 “Lynx must contend with aspects of their habitat at the southern extent of the boreal forest for which 

they are not as well-adapted”.   

As a side note, in our opinion the only thing in these areas that they are demonstrably not 

able to ‘deal with’ is lower hare density.  Regardless, this general idea is nonetheless true, but 

also true for every species at their range limits and it should be noted that this is “the norm” 

for lynx in the DPS.  Historically, lynx in these areas have almost certainly been comparatively 

rare, ephemeral, unstable, patchy, or variable……..and yet persistent over the long haul.  The 

problem in our opinion is that ESA generally ignores everything north of the border, expects 

consistent ‘safe population levels’, thereby ignoring historic reality (instability, especially at 

the range edge), and then leads to assessments that portray all of this historic reality as now 

being “risks”.  Certainly humans can, and have, altered the system.  But so has ‘nature’, and 

we do not have 1,000 years of lynx/hare abundance data to offer any clues of just how much 

natural variability there was in their southern numbers.  There have always been a lot of 

‘undesirable’ conditions in the DPS for lynx, and it is important to not lose sight of this, but I 

think it commonly does in this section.  In the beginning, a conclusion is that habitat 

loss/fragmentation has been relatively low in the DPS to date, then much discussion of why 

fragmentation can be bad.  There are suggestions that the DPS naturally has patchier habitat, 
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then reasons why patchiness is ‘bad’.  Examples of why fragmentation may be bad, then a 

paragraph that concludes “..lynx showed no sensitivity to the degree of forest fragmentation 

in areas of high or low suitable habitat”.  Notes that the snow environment in the DPS is 

[naturally] patchy and marginal in space and time, then speculative discussion on why this is 

bad.  Distinguishing ‘bad’ from ‘normal’ is not just semantics to us.  It is, or should be, a very 

relevant focus.  Even setting that aside for the moment, we note the following: P. 91 – “Roads, 

development, climate change, and forest management fragment snowshoe hare and lynx 

habitat in the DPS.  We know little about how hare and lynx respond to these 

anthropomorphic changes to their habitat, which requires additional research (Murray et al. 

2008, p. 1464; Squires et al. 2013, p. 194).  Enough said. (MN) 

 

p. 87, paragraph 4, general comment, 

Another good paragraph.  Succinct, well cited literature, informative, not repetitive, and the 

issue is clearly treated separately and appropriately for various pieces of the DPS.  Good work. 

(CO) 

 

p. 88, first sentence, 

“reducing lynx reproduction and survival,” 

 Need to have some kind of reference for this statement. (CO) 

 

p. 88, first paragraph, last sentence, 

“Fragmentation from anthropomorphic sources results in habitat alteration, direct habitat loss, vehicle 

collisions and behavioral disturbance from roads and changes in landscape features such as edges.” 

 Insert “some degree of” after “results in.” (CO) 

 

 

p. 88, paragraph 2, last sentence, 

“In contrast, a high-quality matrix, typical of Canadian boreal forest, can provide alternative or 

supplemental resources (Dunning et al. 1992; Norton et al. 2000), thus supporting higher densities of 

hares in the prime habitats.” 

 Insert “or functional lack of a differentiated matrix,” after “matrix,” (CO) 
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p. 89, first sentence, 

“Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 

competition for a limited resource and exploitation competition inflicted by generalists (e.g., coyotes) 

and other predators (Buskirk et al. 2000a, p. 95)”.   

Hares may fluctuate less dramatically in the south BECAUSE of more generalist predators, but 

I don’t see that the lack of fluctuation per se leads to more competition.  In fact, by definition, 

generalists are typically ‘prey-switchers’.  Even if there are more species of predators, it 

doesn’t mean there is more pressure on any one prey species, other things equal.   We’re not 

even sure if there is data to show that there are more hare predator species in the DPS 

compared to the north or whether annual hare mortality is lower in the north, but we think 

data in Hodges (2000) suggests “no” to both those questions.  Our comment here also applies 

to the last sentence in the second paragraph on this page. (MN) 

 

p. 89, paragraph 2, first sentence, 

“Snowshoe hares in the south” 

This term and/or "southern part of the range" gets thrown around a lot, and I think we 

generally have an idea about what is meant by this, but it isn't exactly clear.  See Ivan and 

Shenk for one example of a clean definition or clearly define it yourself at the beginning and 

stick to it. (CO) 

 

p. 89, paragraph 3, sentence 1, 

“Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely related 

species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation (Ferreras 2001, Crooks 

2002).” 

Not sure this sentence makes sense.  If lynx are flexible, then previous arguments about 

fragmentation being detrimental are moot?  Or maybe not moot but not as dire?  Seems 

inconsistent. (CO) 

 

p. 89, paragraph 3, sentence 3, 

Consider expanding this statement. Were survival rates higher? kitten survival? individual 

weights? How was this assessed? (WA) 

 

p. 89, paragraph 3, last sentence, 

“However, lynx showed no sensitivity to the degree of forest fragmentation in areas of high or low 

suitable habitat.” 
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Re-work this sentence...meaning if habitat suitability is low enough, lynx don't respond to 

varying degrees of fragmentation because it is all too poor quality for their liking and if 

suitability is very high, there are not too sensitive to fragmentation because suitability is still 

really good even in a fragmented landscape? (CO) 

 

p. 89, paragraph 4, first sentence, 

“All of these factors likely lead to lower reproductive output and more tenuous conservation status for 

lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95).” 

Not consistent with the previous arguments, which imply that impacts of fragmentation aren't 

always dire.  I think you mean to say "on balance, fragmentation is expected to lead to lower 

reproductive output and more teuous..."  (CO) 

 

p. 89, paragraph 5, first sentence, 

“The snow environment in the DPS is also patchy and marginal in both space and time for snowshoe 

hares and Canada lynx.” 

This is the only new information in this entire paragraph.  The rest has been stated many, 

many times previously.  Attach that single sentence to another paragraph and axe this 

paragraph.  Or, expound on that idea more if it needs it.  (CO) 

 

p. 90, first paragraph, sentence 4, 

“or by snow regimes (e.g. snow shadows)” 

 ??? Lynx can move across areas that aren’t covered in snow.  (CO) 

 

p. 90, first paragraph, sentence 4, 

“or by snow regimes (e.g. snow shadows) that may restrict lynx dispersal between habitat patches.” 

Snow shadows are unlikely to restrict lynx dispersal.  They have repeatedly shown an ability 

to make large movements across most any habitat type.  I think what you mean here is that 

snow shadows might in some ways be an impediment to routine, daily movements, or result 

in larger home range sizes and increased energy expenditure, or something along those lines. 

(CO) 
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p. 90, paragraph 3, first sentence, 

“Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest habitats 

with large patches of high-quality foraging habitat and persistent deep, fluffy snow.” 

This sentence is repeated many times in the document. There are lots of opportunities to be 

more concise in the language. Redundancy should be eliminated. (CO) 

 

p. 91, paragraph 2, first sentence, 

“Anthropogenic Sources of Fragmentation” 

Isolated thoughts related to anthropogenic sources of fragmentation have already been 

interspersed throughout the preceding general section on fragmentation.  Suggest 

consolidating those comments here. (CO) 

 

p. 91, paragraph 2, last sentence, 

“Habitat fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 

populations.” 

Somehow, somewhere in this document, all of these potential threats need to be prioritized 

and laid out according to their likelihood of causing real harm to the DPS.  Right now the 

document reads as a litany of bad things that can happen to lynx.  Some of these however, are 

much more important and worrisome than others.  For example, compared to losing boreal 

forest to hardwood conversion, how much do we care about some possible, as yet unnamed 

disease causing issues? (CO) 

 

p. 91, paragraph 3, general comment, 

Good information here, but I feel like this idea was already articulated earlier as well.  This 

entire document needs a single good editor to go to work on it. (CO) 

 

p. 91, paragraph 4, sentence 4, 

“Changes in habitat, prey base, and competitor guild will further stress southern lynx populations and 

possibly populations in southern Canada.” 

 Insert “probably” before “will.” (CO) 

 Again, what is meant by "southern?”  Its use is ambiguous throughout. (CO) 
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p. 92, paragraph 2, last sentence, 

“Lynx and other carnivores may avoid using habitat adjacent to highways, or become intimidated by 

highway traffic when attempting to cross (Gibeau and Heuer 1996, Forman and Alexander 1998).” 

The impact of roads on lynx movements may be overstated for Colorado. There are limited 

examples of road kill (<10?), and there are documents examples of lynx crossing 2 and 4 lane 

major highways. (CO) 

 

p. 92, paragraph 3, last three sentences, 

“In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c, d, 

2012; J.Squires, personal communication 2012). Colorado lynx crossed two-lane highways an average of 

0.6 times per day and more frequently during dusk and night when traffic volume was lower (Baigas et 

al. 2017, p. 204). They also crossed 4-lane highways (I-70), especially forested areas under large, 

elevated bridges that spanned streams (Baigas et al. 2017, p. 204).” 

 Yes. Important point, which seems to be diminished in the above discussion. (CO) 

Important note here is that these numbers are for lynx with home ranges adjacent to and/or 

encompassing highways.  This is not the same as crossing frequency observed during 

dispersal. (CO) 

 

p. 93, paragraph 1, sentences 3-4, 

“Over a 7-year period in Colorado, 13 of 102 documented mortalities of translocated lynx were killed on 

highways (Devineau et al. 2010). Traffic volumes on Colorado highways where the 13 lynx mortalities 

occurred were estimated to range from about 2,300 to >25,000 vehicles per day (K. Broderdorp 2012 , 

pers. comm.).” 

Should also include road mortalities to date.  The frequency of this kind of occurrence 

continues to decline, although part of that is not having collared animals that we know have 

been killed, so maybe it's fine to leave it this way?  At least caveat this section with new 

animals unfamiliar with their new environment. (CO) 

 

p. 94, first sentence, 

“surrounding environmental features, the density of increased urbanization, and the increased traffic 

volume (Clevenger and Waltho, 2005; Grilo et al. 2009).” 

Is there substantial residential development in lynx habitat? The percentage of all habitats 

subject to threats from development has to be relatively low. (CO) 
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p. 94, paragraph 2, first sentence, 

“Ski Resorts - Ski area development also results in permanent habitat loss” 

This is overstated. It is probably of diminished quality, but if ski areas are in decline as 

mentioned previously, presumably these will be reforested (eventually?). Regardless, 

overstatement leads to lower degree of credibility. (CO) 

 

 

p. 94, paragraph 2, first sentence, 

“Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation.” 

Insert “of home range habitat, although lynx likely are still able to move through these areas 

relatively easily [or something to this effect]” after “fragmentation.”  Need to qualify what is 

actually lost permanently if you're going to go with that adjective. (CO) 

 

p. 94, paragraph 2, last sentence, 

“In some areas, lynx habitat may be limited and concentrated in the ski area development footprint 

(Squires 2012, pers. comm.).” 

 Lynx habitat is not concentrated in the ski area development footprint.  This is misstated. (CO) 

 

p. 94, paragraph 3, sentence 4, 

“While ski resorts occupy a small proportion of the landscape, spruce-fir forests provide important 

habitat for snowshoe hares and lynx at the southern extent of their range.” 

Suggest that this sentence should be flipped:  "While ski resorts often occur in spruce-fir 

forests and thus might provide habitat for hares and lynx (or at least would have without the 

resort), such resorts occupy a very small proportion of the landscape.” (CO) 

 

p. 94, paragraph 3, general comment at end of paragraph, 

Refer FWS to the Colorado example of the conservation blueprint where fed, state and ski 

industry have worked to minimize impact of consultation and to increase appetite for 

conservation. Broderdorp is well familiar with this effort and should be able to write this. (CO) 
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p. 95, paragraph 2, last sentence, 

“Impacts to lynx include the potential alteration or removal of lynx habitat, increased fragmentation, 

and the potential for human-caused mortality from road development.” 

To me, this seems very overstated, further exemplifying the pessimistic view that this 

document takes. This issue ranks low (bottom?) of the hierarchy of threats. Why include it 

then? If you are going to list all threats, how do lynx respond to elk hunters? airplanes going 

over wilderness? (CO) 

 

p. 95, paragraph 4, general comment on this and preceding paragraphs, 

Each of the last 3-4 paragraphs could be deleted in my opinion.  Seems the document is now 

grasping at every last possible thing that can occur on a landscape that might possibly 

somehow impact, regardless how minimally. (CO) 

 

p. 95, paragraph 5, sentence 3, 

Page 95 – indicates that farming in NE Maine fragments corridors between Maine and New 

Brunswick. No citation provided. We have detected lynx during recent monitoring efforts 

(track surveys) and have documented movements of tagged lynx across ME/NB border, which 

contradicts statement made here.  Recast sentence. 

 

p. 96, paragraph 1, general comment at end of paragraph, 

However, the most important fragmentation is natural, and lynx have shown a strong ability 

to cross through most any kind of habitat during dispersal events - Reference CO lynx 

documents. (CO) 

 

p. 97, paragraph 1, last sentence, 

“resident lynx currently occupy parts of western Colorado (Unit 6), although the current number and 

distribution of lynx there are uncertain.” 

 Delete “and distribution.” I think we have a pretty good idea of what the distribution is. (CO) 

 

p. 98, paragraph 1, sentence 2, 

“Lynx experts and geneticists indicated high rates of dispersal and gene flow and, therefore, generally 

low levels of genetic differentiation across most of the species’ range, including the DPS (Lynx SSA Team 

2016, pp. 12-14, 55-56).” 
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This flies in the face of concerns about fragmentation, lack of connectivity to Canada, etc. at 

least at a broad scale in space & time. (CO) 

 

p. 98, paragraph 1, sentence 5, 

“Therefore, lynx naturally have little ability to adapt to changing environmental conditions (i.e., shift to 

other forest habitats, snow conditions, or prey species).” 

 Replace “naturally” with “likely.” (CO) 

 In CO, there are alternative prey. (CO) 

 

p. 99, paragraph 2, general comment on this and preceding paragraphs, 

Good.  This series of paragraphs were well written, concise, informative, logical, and nicely 

summarized, all while dealing independently and appropriately with the independent 

populations that make up the DPS. (CO) 

 

p. 99, paragraph 3, sentence 3, 

“No reliable estimates of current or historical resident lynx numbers”. 

How did the authors come to this determination? Vashon et al. 2012 (cited throughout the 

document), provides estimates of past and current lynx populations in Maine and how those 

estimates were derived. The USFWS accepted these population estimates in the Incidental 

Take Plan for Maine’s Trapping Program (2014) and issued the state an Incidental Take Permit 

based on these population estimates. Furthermore, if the above statement in the SSA were 

true, it implies that statements on current population trends and status of lynx throughout 

the SSA should be discounted (e.g., largest lynx population in the lower 48, higher than 

historic levels etc.). (ME DIFW) 

 

p. 99, paragraph 3, sentence 12, 

“...hare went under a 50% decline in 2006 and have remained at lower levels.”  

This statement is not cited. There is no study at the scale this sentence implies. (ME DIFW) 

Perhaps a citation for these observations is listed elsewhere in the document, but we would 

like to see it in order to evaluate just how much confidence is behind it. (MN) 

 

p. 99, paragraph 3, sentence 13, 
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“Reproduction and survival rates in the low hare environment after 2006 suggest a slightly declining 

population.”  

No reference is provided for statement and it is contrary to data in Vashon et al. 2012 (Table 

1.2 page 18 and see Appendix VI) where there was no difference in the average annual 

mortality between periods of hare abundance (26% 1999-2006 and 26% between 2007-2011). 

(ME DIFW) 

This statement is not cited and is contrary to data presented at the Expert Elicitation 

Workshop that supports an expanding lynx population in Maine. At the workshop, we shared 

the first year of data from snowtrack surveys to monitor changes in lynx detections and 

occupancy over time. We now have another winter and a half of data. Between January 2015 

and Febuary 2017, we have resurveyed 30 towns across northern Maine. During initial surveys 

(2003-08) lynx were detected in 14 of 30 towns (43%), during resurvey efforts lynx have been 

detected in 28 of the same 30 towns (93%). (ME DIFW) 

 

p. 99, general comment,  

On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 117 the SSA states 

500 to a 1,000 lynx, and then on Page 111 the SSA states several hundred to a 1,000 in Maine 

MDIFW shared at the Expert Elicitation Workshop an estimate of 750-1,000 adults in 2006 

with recent data supporting an increasing population (IFW biologists have noted an increase 

in incidental captures, vehicle strikes, sightings, in detection probabilities and in occupancy 

between 2003-2008 and 2015-17 winter track surveys). Thus, Maine’s current lynx population 

likely exceeds 1,000 adults. The method used to generate the estimate of 750-1,000 provided 

at the EEW is provided in Vashon et al. 2012 as cited throughout the SSA. (ME DIFW) 

 

pp. 99-100, 

“State forestry regulations passed in 1989 caused landowners to shift to various forms of partial 

harvesting that have resulted in lower landscape hare densities across much of the unit. Hares do not 

seem to cycle in this region, but underwent a 50 percent decline starting in 2006”  

Yes, FPA was a contributing factor, but the last SBW outbreak played a larger role in this. (ME 

FPC) 

“and have remained at lower levels. Reproduction and survival rates in the low-hare environment after 

2006 suggest a slightly declining population. Unlike other units of the DPS, lynx habitat in northern 

Maine occurs nearly entirely on private, industrial forest lands.”  

 Strike “industrial.”  Very little land is tied to processing facilities. (ME FPC) 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  Page 
113 

 

  

“Very little land is tied to processing facilities, and landowners do not have long-term commitments to 

lynx management. The majority of lands in Maine are owned now by investment companies who wish to 

diversify income from their investments,  

 Again outdated information. (ME FPC) 

“which could result in forest practices inconsistent with hare and lynx habitat maintenance and 

conservation. Other potential stressors”  

 Prioritize the stressors; parcelization is not the threat it once was. (ME FPC) 

“on private lands include incidental trapping, road mortality, large-scale wind energy development, 

residential and resort development, and parcelization of forestlands from rapid turnover in investment 

company landowners.”  

I feel like they are taking issues from southern Maine and applying it to lynx’s critical habitat.  

It is inappropriate.  How much development, road mortality, wind farm development and 

parcelization has actually occurred in the designated area?  They should subtract the CEs, 

conservation land and public lands acreages then see what the true risks are.  Yes, we have a 

client that has sold a parcel of land (100,000 acres).  I don’t think the lynx noticed. (ME FPC) 

“The next spruce budworm outbreak is imminent, but forestry response by investment landowners 

 By all landowners (ME FPC) 

“is uncertain. Climate change is a concern as snow depth and duration are currently at the minimum 

thresholds believed necessary to give lynx a competitive advantage over bobcats and other 

mesocarnivores. There is currently no clear evidence of climate change effects on lynx distribution.” 

 

p. 101, Unit 3 - Northwestern Montana/Northeastern Idaho, 4.1.1 Summary of Current Conditions, 

This section states there is no evidence of significant immigration into this unit, which appears 

inconsistent with other statements related to current connectivity with Canada populations 

and gene flow (see e.g., draft SSA at 11, 101). (ID) 

 

p. 101, Unit 3 discussion, 

“Regulations prohibit lynx trapping and require measures to reduce the likelihood of trapping lynx 

incidentally when legally trapping other species”.   

Can’t this be noted for all Units? (MN) 

 

p. 101, general comment re: Washington, 

Page 101 mentions that lynx habitats in WA are being managed largely with adequate 

management plans that were developed and guided by LCAS. While these plans are 
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important, some are largely out of date and in need of revision to incorporate new 

information and new concepts, ensure management effects are monitored in a meaningful 

way for Lynx, and that reports are generated and shared. The WDNR Loomis State Forest and 

two additional private timber landowners have out of date management plans in WA. (WA) 

 

p. 102, paragraph 2, sentence 3, 

“Compared to the time of listing and completion of the Southern Rockies Lynx Amendment, two bark 

beetle epidemics have altered large areas of lynx habitat in Colorado.” 

 Replace “large areas of” with “nearly all.” (CO) 

 

p. 102, paragraph 2, sentence 5, 

“Similarly, large wildfires have reset successional conditions in many areas.” 

Insert size of West Fork fire here (>40,000 ha) and note that only this fire was likely to have 

had an extensive and negative impact to lynx.  High Park Fire, and Black Forest Fire not so 

much. (CO) 

 

p. 102, paragraph 2, sentence 6, 

“Areas affected by beetles that contained multistoried stand conditions likely continue to provide 

habitat to support snowshoe hares and lynx.” 

Reference annual report.  Also mention "however, they have negatively impacted red 

squirrels, an important alternate prey source that allows lynx to gap years of low hare 

abundance." (CO) 

 

p. 102, paragraph 2, sentence 7, 

“Areas affected by beetles and fire require 20 plus years to recover to a point where the stands will 

again support snowshoe hares.”  

This statement is too general.  Areas impacted by spruce beetle don't seem to lose hares at all.  

They may gain more as succession occurs, but there is no waiting 20 years for hares to come 

back.  Conversely, in many of the most severely burnt areas, silviculturalists are projecting a 

time-frame, more than double or triple what is proposed here as a meaningful recovery 

period. (CO) 
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p. 102, paragraph 2, sentence 8, 

“The CPW completed their lynx reintroduction, and based on information generated during on-going 

studies, and reports received by CPW and the USFS, lynx continue to persist, at least in the San Juan 

Mountains.” 

 Insert “and monitoring programs” after “studies;” cite the monitoring reports. (CO) 

 Insert “Sawatch Range, and parts of the Front Range” after “San Juan Mountains.” (CO) 

 

p. 102, paragraph 2, sentence 9, 

“However, we believe it is reasonable that lynx continue to occupy all National Forests within the State 

of Colorado (Odell undocumented pers comm. April 4, 2016), and Rocky Mountain National Park (Shenk 

2008, page 3).” 

Our review of this citation does not mention RMNP.We are not familiar and would be 

reluctant to mention RMNP as having lynx. If this statement is to remain in the SSA, it should 

be correctly cited. CPW is not a correct citation. (CO) 

 

p. 102, paragraph 2, sentence 10, 

“Habitat that supports snowshoe hares is patchily distributed in this geographic unit, which limits their 

abundance.” 

Landscape-level abundance, although stand-level abundance is roughly on par with densities 

reported elsewhere in the southern portion of hare range ()() [Insert Ivan et al. 2014 + 

references for Maine, Montana, Lake States. (CO) 

 

p. 103, Table 4, general comment, 

The compilations (Table 1, pg. 15 and Table 4, pg. 103) and brief discussion of types of land 

ownership in various lynx SSA units clearly reinforces a bias against private lands. The 

attention to Federal agencies is understandable since land use policies on U.S. Government 

lands were the primary justification for ESA listing. Intended or not, in combination with other 

statements that demote the role of private lands in lynx conservation, the data imply extreme 

jeopardy for lynx habitats in SSA Unit 1 where private lands predominate.  However, Maine 

offers the largest block of lynx habitat and apparently the most robust lynx population in the 

entire DPS … despite 90% private land ownership. Maine’s northern woodlands have been 

subject to various harvest regimens for centuries but remain a functional landscape for 

Canada lynx with high connectivity to source populations in Canada. “Working woodland” 

easements now encompass >10,000 km2 across northern Maine. These covenants do not 

specify specific management practices or outcomes beyond sustainable forestry, but they do 

ensure that conversions to other land uses will never occur. (ME DIFW) 
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Landscape conservation of functional habitats for Canada lynx may be the only effective tool 

to promote a future for the species in the DPS. Strict preservation of forest lands will certainly 

not benefit lynx, and suitable habitat in the face of long-term climate change impacts may be 

best maintained by silvicultural practices. These require more incentives than a regulatory 

emphasis. (ME DIFW) 

 

p. 103, Table 4, Unit 6 column, line 3, connectivity, general comment, 

Mention that we know of several long-distance dispersal events to areas encompassed by the 

Montana population and even into Canada itself.  Rates are unknown for sure, but we know if 

is possible and has been replicated several times over roughly a decade of monitoring. Limited 

connection to lynx habitats/populations in Montana, GYA, and Alberta; of 218 individuals 

translocated to Colorado, 10 were known to travel to Unit 5, 8 to Unit 3, and 1 to Canada.  

Connectivity is possible but current, natural rates of immigration/emigration are unknown. 

(CO) 

 

p. 103, Table 4, Unit 6 column, line 4, home range size, general comment, 

Correct?  75km2 is winter home range size for reproductive females.  HR for reproductive 

males is probably ~150km2.  Not sure it's fair to include HR size for males during summer, 

which includes many exploratory movements. Home Range size for a non-reproductive female 

is 704km^2. It should be clarified in the table whether you are referring to winter or annual 

home ranges. There is not much utility to these numbers without knowing what we are 

looking at and whether these numbers are comparable. (CO) 

 

p. 103, Table 4, Unit 6 column, last line, lambda, general comment, 

The highest modeled lambda is 1.08, and 0.93 is the lowest modeled based on estimated 

survival and productivity (CRA) observed over 10 years.  Caveat would be the time period to 

which it applies, but that caveat likely holds for estimates from the other populations as well. 

(CO) 

 

p. 104, 

Please note that crossouts in the following paragraph about New Hampshire indicate proposed 

deletions; highlights indicate proposed insertions. 

“New Hampshire – Habitat in northern New Hampshire is not within the designated critical habitat.  

Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that support lynx in New 

Hampshire are much smaller than those in northern Maine (Litvaitis and Tash 2005, Gig. 2 and p. A-298; 

Robinson 2006, Fig. 2.2., p.99).  Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat 
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having a greater than 50 percent probability of being occupied by lynx 968 FR 40086).  Litvaitis and Tash 

(2005, p. A-29) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada 

lynx habitat.  Historical distribution in New Hampshire included Coos and northern Carrol and Grafton 

counties (i.e., White Mountain National forest; Siegler 1971, Silver 1974, Hoving et al. 2003).  Habitats 

with the highest probability of occurrence are in Pittsburg in northern New Hampshire and the White 

Mountain National forest in the central area of the State (Siren 2014), p. 34).  The majority of the habitat 

in northern New Hampshire is located on the 101-km2 (39-mi2 Connecticut Lakes Natural Area (CLNA), 

which is owned and managed by New Hampshire Fish and Game.  Surrounding habitat is owned and 

managed by the Connecticut Lakes Timber Company under a conservation easement held by the State.  

Occurrence records from the past 10 years have been centered on these two ownerships (Kilborn 2015, 

App.  A, pp. 42-43).  The CLNA, under a conservation easement, includes a 61 km2 (23 mi2) area that will 

be allowed to mature to a climax forest type which is contained within what is considered core lynx 

habitat. with a conservation easement under which it will be allowed to mature to a climax forest type 

This area will potentially provideing good denning habitat but will likely restricting the amount of 

snowshoe hare habitat in the foreseeable future.  Current conditions are in a transition state, and 

portions of the core area currently support higher densities of snowshoe hare because of past forest 

management (Kilborn 2015, App. A pp. 42-43).  Regional scale modelling suggests that a high 

component of deciduous forest and insufficient snow conditions in New Hampshire are unlikely to 

support viable lynx populations over time (Hoving et al. 2005 pp. 739, 749).” 

 

pp. 108-110, 

“Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale salvage 

cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, 

p. 291). After salvage harvest of the affected trees, a portion of the area was sprayed with herbicide”  

If the use of herbicides is important to the development of hare habitat, (I’m not sure it is.) it 

should be quantified. (ME FPC) 

See completed analysis for estimates of various high yield treatments, especially “Herbicide 

Only” for conifer release. (ME FPC) 

“to reduce deciduous competition (Scott 2009, pp. 7, 14). The resulting vegetation was dominated by 

balsam fir and red or black spruce (Scott 2009, p. 60). This created favorable habitat conditions for 

snowshoe hares and lynx. Habitat conditions for hares and lynx in the unit improved from the late-1980s 

to present, benefitting from stand-replacing salvage harvests during the last budworm outbreak (Simons 

2009, pp. 122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 

forestland with an average landscape hare density greater than 0.5 hares/ha increased 400 percent 

(Simons-Legaard et al. 2016, p. 7).”  

“Current habitat is likely at historically high levels,”  

 Pages 55-56 has the habitat at “unnaturally high amount and distribution,” (ME FPC) 
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“but this habitat has peaked and lynx habitat will decline in the near future. In response to the 

widespread clearcutting in the 1980s, in 1989 Maine passed the Forest Practices Act. This Act regulated 

clearcutting. Various forms of partial harvesting replaced clearcutting as the predominant form of forest 

management in northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 

overstory removal) have a wide range of residual stand conditions, but many have lower conifer stem 

densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On average, 

partially harvested stands support about 50 percent of the hare densities observed in regenerating 

clearcuts (Robinson 2006, p. 26-27).“ 

Your constant focus on the harvest systems, clearcuts and partial cuts, is disturbing since 

neither produces a specific habitat type.  As you say, partial cuts have a wide range of residual 

stand conditions…  The same is true of clearcuts depending on the initial stand type, 

hardwood, softwood or mixed wood.  You need a direct measure of the habitat. 

 

This is a stretch, need to refer to silvicultural systems of even vs. uneven aged management; 

shelterwood is not a partial harvest. 

Check NSRC reports by Ben Rice on his research of partial harvest areas. 

“Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 percent of 

cutting that occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 

2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013).” 

 FPA 1989 (ME FPC) 

This does not match MFS reports.  Need to define what is in partial harvesting and how it is 

assessed with remote sensing. (ME FPC) 

“This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, Homyack 

2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that a much greater 

acreage needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 

harvest rates have increased from about 100,000 acres per year (before the Forest Practices Act) to 

about 500,000 acres per year (after the Act).”  

Wrong.  Stipulate that much of the partial harvesting acreage – e.g. shelterwood and 

overstory removal – is even-aged management that results in dense softwood regeneration.  

The partial harvesting argument is weak.  (ME FPC) 

“Thus, 17 years after the Maine Forest Practices Act, much of the forested landscape in northern Maine 

has been partially harvested.”  

“Long-term, binding land management commitments are lacking in the northern Maine unit. Unlike 

Federal lands, there is no requirement that private landowners comply with lynx management 

guidelines,”  

 And no incentive to do so. (ME FPC) 
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“and a Federal nexus for review of forestry projects is almost nonexistent. Furthermore, there continues 

to be high turnover in forest land ownership”  

 Irrelevant. (ME FPC) 

“(Hagan et al. 2005; Nadeau-Drillen and Ippoliti 2006)”  

This is 10 year old data, and much of the land ownership changes have slowed since then.  

Even so there has not been the dramatic change in harvesting technique as a result. (ME FPC) 

“and little funding to provide incentives or to work with private landowners. As of 2005, there were 23 

landowners in northern Maine with land holdings in excess of 100,000 acres including the State, Federal 

government (White Mountain National Forest south of lynx range), a conservation group (The Nature 

Conservancy), two tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of 

lynx range) and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13).”  

 What are the bounds of northern Maine, it is a stretch to include WMNF. (ME FPC) 

“There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 

Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy Forest 

Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and endangered 

species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, Congress provided the 

first funding for the HFRP, and Maine, Arkansas, and Mississippi were chosen as pilot States to receive 

funding through their respective Natural Resources Conservation Service (NRCS) State offices. Based on 

a successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 2010, 

NRCS published a final rule in theFederal Register (75 FR 6539) amending regulations for the HFRP based 

on provisions amended by the bill.” 

“In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx critical 

habitat unit in Maine to promote development of Canada lynx forest management plans. Since that time 

four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and 

Katahdin Forestlands successfully enrolled in the program. Collectively, these land ownerships 

comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine 

in 2014 (79 FR 54828). “ 

“The NRCS required that lynx forest management plans must be based on the Service’s ‘‘Canada Lynx 

Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These guidelines were 

developed from the best available science on lynx management for Maine. The guidelines required 

maintenance of landscapes having hare densities that support reproducing lynx populations. Notably, 

HFRP forest management plans provided a net conservation benefit for lynx, which was achieved by 

employing the lynx guidelines, identifying baseline habitat conditions, and meeting NRCS standards for 

forest plans. Plans met NRCS HFRP criteria and guidelines and complied with numerous environmental 

standards. Plans were reviewed and approved by the NRCS with assistance from the Service. The details 

of the plans are proprietary and will not be made public per NRCS policy.” 

 Did it increase hare densities and lynx population over the 10 years? (ME FPC) 
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 “Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest plans on 

Federal lands, HFRP plans lack long term commitments beyond an initial 10-year contract period. Plans 

were prepared for a forest rotation (70 years) and include a decade-by-decade assessment of the 

location and anticipated condition of lynx habitat on the ownership. However, landowners are only 

committed to a 10-year contract, and long-term commitments to lynx management are voluntary. Some 

landowners developed plans exclusively for lynx, and others combined lynx management (umbrella 

species for young forest) with American marten (umbrella species for mature forest) and other 

biodiversity objectives. All four plans have been completed and contracts with NRCS will expire in 2016 

and 2017. Landowners have the option to convert HFRP contracts into Safe Harbor Agreements or other 

agreements to provide regulatory assurances, however, at this time this option has not been explored 

with landowners.”  

 How many acres of lynx habitat were provided by these 4 landowners? (ME FPC) 

“Many large private forest landowners in the northern Maine unit could potentially include lynx 

management as part of endangered species management required by forest certification programs. For 

example, The Nature Conservancy land” 

 And Merriweather LLC (ME FPC) 

“enrolled in the HFRP is also enrolled in the Forest Stewardship Council (FSC) forest certification 

program, which requires safeguards for threatened and endangered species. Other landowners are 

certified under the Sustainable Forestry Initiative (SFI). Both certification programs require planning for 

threatened and endangered species. However, certification programs are also voluntary and may not 

include long-term commitments. Few certified landowners have consulted with the Service on forest 

management for lynx.”  

 Again, there has been little incentive to do so. (ME FPC) 

“Given the frequent turnover in Maine forest lands, new landowners do not always renew certification 

or resume the certification programs initiated by the previous landowner.”  

Yet 50% of Maine’s working forest is certified to at least one of 3 certifications. This appears 

anecdotal. I would be curious to know the actual #s. (ME FPC) 

Provide data to support this statement.  Much of northern Maine forest land is certified and 

remains certified following transfer.  Certified acreage appears to be stable. (ME FPC) 

MFPC has a statewide table of certification acres for 2013 and 2016, not a lot of change.  The 

2006 Forest Economy Book has a trend line figure on Forest Certification. (ME FPC) 

 

p. 111, general comment,  

On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 117 the SSA states 

500 to a 1,000 lynx, and then on Page 111 the SSA states several hundred to a 1,000 in Maine 
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MDIFW shared at the Expert Elicitation Workshop an estimate of 750-1,000 adults in 2006 

with recent data supporting an increasing population (IFW biologists have noted an increase 

in incidental captures, vehicle strikes, sightings, in detection probabilities and in occupancy 

between 2003-2008 and 2015-17 winter track surveys). Thus, Maine’s current lynx population 

likely exceeds 1,000 adults. The method used to generate the estimate of 750-1,000 provided 

at the EEW is provided in Vashon et al. 2012 as cited throughout the SSA. (ME DIFW) 

 

p. 112, paragraph 1, last sentence,  

“The actual population size is unknown because there are no methods available to measure and 

produce true population estimates over such a large geographic area.”  

We question why this statement is here. Only a direct count of animals in a closed system can 

give the absolute population value for a moment in time (seldom the case for wildlife 

populations). The inclusion of this sentence holds Maine’s population estimates to a standard 

that is not obtainable. (ME DIFW) 

 

p. 113, paragraph 2, last sentence, 

MDIFW questions the Vortex model produced by the USFWS in the SSA (see page 33 and page 

113, paragraph 2, last sentence). MDIFW questions why this was done since a model by the 

researchers collecting the data was already available. In addition, this Vortex model was part 

of Maine’s Incidental Take Plan submitted to the USFWS which was accepted on 11/4/2014. 

MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (Lambda = 1.05) for Maine’s lynx 

population based on demographic data from a radio telemetry study that we collected over a 

12-year period (see Vashon et al. 2012, Appendix VI). This is contrary to the model reported in 

the SSA. (ME DIFW) 

 

p. 114, paragraphs 2 and 3, general comments, 

Page 114, 2nd and 3rd paragraph have surprisingly similar sentences with different references 

leads to the question if cited correctly and also if redundancy is needed. Also repeated on 

page 100 (1st paragraph): 

2nd paragraph: Thus, average conditions in Maine are currently at or below the snow 

persistence thresholds believed to be needed to support lynx (Gonzalez et al. 2007) 

3rd paragraph: Thus, average snow conditions in Maine are currently at or below 

snow depth thresholds for lynx and further declines in annual snow depth would be 
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expected to reduce the probability of lynx persistence in the region (Hoving et al. 

2005). 

Contrary to field data from Maine collected by MDIFW: i.e., periodic winter snow-track 

surveys to detect lynx shows lynx are expanding into eastern Maine where snow conditions 

are more variable due to maritime weather on the coast. Also, all field data suggests and 

increasing population since the 1990s, which is contrary to the above statements. If you keep 

these statements, you need to share that these hypotheses have not yet been born true by 

field data. (ME DIFW) 

 

p. 117, general comment,  

On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 117 the SSA states 

500 to a 1,000 lynx, and then on Page 111 the SSA states several hundred to a 1,000 in Maine 

MDIFW shared at the Expert Elicitation Workshop an estimate of 750-1,000 adults in 2006 

with recent data supporting an increasing population (IFW biologists have noted an increase 

in incidental captures, vehicle strikes, sightings, in detection probabilities and in occupancy 

between 2003-2008 and 2015-17 winter track surveys). Thus, Maine’s current lynx population 

likely exceeds 1,000 adults. The method used to generate the estimate of 750-1,000 provided 

at the EEW is provided in Vashon et al. 2012 as cited throughout the SSA. (ME DIFW) 

 

p. 120, paragraph 3, sentence 3, 

“Of those 42 hybrids, 13 unique individual lynx-bobcat genotypes (5 Female, 8 Male) were also 

identified (Catton et al. 2015, p. 1)”.   

We would clarify this sentence to say “genetic analysis indicated that those 42 samples were 

from 13 unique individual hybrids”. (MN) 

 

p. 120, paragraph 3, sentence 4, 

“The DNA analyses also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 

years (N = 11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 

7 kittens in Minnesota (Catton et al. 2015, pp. 3-5)”.   

Small note is that the 2016 report is now out with slight updates if interested.  But our main 

point here is just that since specific numbers are reported, we think total sample size is 

relevant.  This was based on 236 individuals whose initial detection was not a mortality, 

meaning also that 78.4% have not been detected in more than 1 year. (MN) 
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p. 121, paragraph 2, first sentence, 

“Identified factors affecting the current conditions of lynx in Minnesota include reduction in habitat 

quality or quantity, habitat fragmentation, climate change, increased access for competing carnivores, 

and human-caused mortality”.   

This is a general statement that could be used for any wildlife species, not based on any 

specific “identified factor affecting the current condition of lynx in MN”.  Admittedly, that may 

just be due to lack of data, but the wording of this statement is, for the most part, not 

supported by any specific data or analysis. (MN) 

 

pp. 121-122, Factors Affecting Current Conditions (in MN), general comments, 

Starting with the second paragraph in this section, a majority of the content is just generic 

statements unsupported by specific data/citations.  Regardless of generic statements of 

“could affect”, “might impact”, the best available data, imperfect as it may be (but consistent 

across 2 surveys; Erb 2015), is that hare numbers in northern MN appear to have increased 

over the past 15-20 years, yet this is not mentioned anywhere.  And this, in spite of, or 

coincidental with, a notable increase in bobcats over the same time, a reduction (we assume, 

but didn’t specifically confirm) in snow conditions, and at least no clear indication of any 

notable change in lynx.  In regards, to snow-compacted trails, we reiterate that Murray et al. 

(2008) stated in their review that “the issue of snowmobile trails harming southern lynx 

populations has been adopted without strong empirical support”.  You also say that 

“Throughout the SNF and northern Minnesota, human activities have reduced connectivity 

between patches of suitable lynx habitat”.  We’re hard pressed to believe this is the case, as 

there are few major roads/barriers in this area (and we know lynx can and do cross or go 

around them), secondary forest trails are unlikely to affect/impede lynx, and they are a highly 

mobile species.  And see the conclusion about NE MN having only minor fragmentation on p. 

189, which basically contradicts this other statement.  If there are any key factors “affecting 

current conditions”, we’d argue it has been the logging increase that began in the mid-80’s 

and continued perhaps to the present, and this has probably been beneficial to lynx, or at 

least hares. (MN) 

 

p. 122, 2 sentences, 

“Bobcat and coyote populations already appear to be increasing in Minnesota (Erb 2014, p. 40)”, and 

“…similar to bobcat, wolf populations may increase with changing snow conditions and prey availability 

as influenced by climate change”.   

First comment is that an important clarifier to the coyote increase is that this applies only to 

non-forested portions of MN.  In forested areas relevant to lynx, coyotes have not increased, 

and in fact have likely decreased (presumably due to wolf presence in the northern forests; 

Levi and Wilmers. 2012. Ecology 93:921-929).  Other than the observation that wolves COULD 

kill a lynx, nobody has really suggested that wolves are likely to be a lynx competitor, and we 
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would agree.  So rather than your hinting (in our opinion) that a climate-induced wolf increase 

could be bad for lynx, we would argue that it could be good (keep coyotes suppressed, if that 

really matters to lynx), or at least a mitigating factor to any possible bobcat increase (if 

bobcats really affect lynx).  The other noteworthy of mention for this section is that if deer 

(and bobcat and wolves) do increase, it is at least something very amenable to management 

action (increase deer hunting quotas) if there is the political support to keep deer densities 

lower (as has been considered in the name of moose management). (MN) 

 

p. 122, last sentence in this section on hybridization,  

See our comment #32 [32) P. 67 – “The hybridization rate is currently low between the species 

(0.24 percent) but could increase as bobcat populations move north with climate change 

(Murray et al. 2007, p. 1465; Koen et al. 2015, p. 528).  We suppose anything “could increase”, 

but it also might not.  Is there more support for one speculation?  If the bobcat/lynx 

‘boundary line’ just moves north as some predict, why would the rate of hybridization be 

expected to increase.  It would only be expected to POSSIBLY increase, we think, if bobcats 

advanced north but lynx did not contract.] (MN) 

 

pp. 122-123, 4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho,  

References to the Purcell, Cabinet, and Selkirk ranges should be revised consistent with above 

comment for Page 43. (ID) 

This section is confusing as it identifies national forests and BLM areas as if they were 

separate from the mountain ranges they contain. (ID) 

 

p. 131, 

The 2015 USFS reference does not appear in the cited literature, and the Department is not 

familiar with it. (ID) 

As noted in the above comment on Page 51, the 2 incidental trappings in the Cabinet 

Mountains in January 2014 might have involved the same individual given the proximity in 

time and location and absence of detections of other individuals during this time period. (ID) 

It is more accurate to state that all detections in the Panhandle National Forest surveys 

between 2010-2012 were within 40 miles of the Canada-U.S. border. (ID) 

The Department notes the following detections as related to this section:  

2006-2007 CDA Tribe Survey 

Lynx were detected in the Coeur d’Alene (1 time) and Saint Joe (1 time) Mountains during a 

2006-2007 survey (Albrecht and Heusser 2009). (ID) 
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2010-14 Multi-species Baseline Initiative (MBI) Survey 

The survey detected 5 individual lynx (2 males, 3 females) were detected on the Idaho 

Panhandle National Forest (IPNF). It detected one individual male in the Selkirks, 3 individuals 

(1 male, 2 females) in the Purcells, and one individual female in the West Cabinets. Lynx not 

identifiable to individual were detected in the Purcells (n = 18 detections) and West Cabinets 

(n = 1 detection). Lynx were not detected in the Coeur d'Alene or Saint Joe (Lucid et al. 2016). 

(ID) 

2015-2016 MBI ‘follow-up’ surveys targeted locations where lynx had been detected from 

2010-14 

Lynx – Surveys detected lynx 89 times via un-baited remote camera (n = 79 detections), bait 

station (n = 9 detections), and snow track survey (n = 1 detection) (Lucid 2016). (ID) 

Surveys detected lynx in the Selkirk (n = 7 detections), Purcell (n = 61 detections), and West 

Cabinet (n = 21 detections) mountain ranges. Surveys did not detect lynx in the Saint Joe 

Mountains. Surveys detected lynx in each of the 3 target areas where they had been detected 

during the 2010-14 MBI survey. Surveys detected a minimum of 6 individual lynx in the Selkirk 

(n = 1 individual), Purcell (n = 4 individuals), and West Cabinet (n = 1 individual) mountain 

ranges. The Department did not make a specific effort to use pelage color and animal size to 

differentiate individuals in photographs, but the report includes animals that are easily 

identified as unique individuals. One image from the West Cabinets was definitively LF1, a 

female identified from its yellow ear tag placed after its incidental trapping in January 2014 

(Lucid 2016). In the Purcells, surveys detected an adult lynx traveling with 2 juveniles, with a 

later image from the same camera of an adult with one juvenile. A different camera station 

captured images of 2 lynx that were distinguishable based on size and markings (Lucid 2016). 

(ID) 

 

pp. 136-137, last paragraph on p. 136 and first paragraph on p. 137, general comments, 

There is very little or no mention of the uncertainty of the level of immigration from BC to 

Washington population. Conversely, the presence of population continuity between BC and 

Washington is cited in the SSA as a source of resilience for the Washington population, but 

there are no data presented to indicate past, present, or anticipated levels of immigration to 

support that conclusion. Assumptions that there is a meaningful level of immigration are 

based on little or no data. WDFW has collected information about lynx harvests in southern 

BC since 1985 and these data indicate that few lynx are captured in southern BC in any given 

year. The majority of BC lynx capture occurs just north of our Washington lynx population. 

These data indicate to us that the density of lynx in southern BC may be very low and that 

trapping could further minimize potential immigration of BC lynx to Washington. (WA) 

 

p. 137, general comment, 
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While it may be difficult to re-establish a robust population in the Kettle Range, given that 

over-trapping and not just habitat loss contributed to the reduction of lynx in the Kettle 

Mountains, there is interest in exploring the possibility that a reintroduction could be 

successful now that trapping no longer has an impact (via a reintroduction feasibility 

assessment). (WA) 

 

p. 139, general comment,  

Specifically, we lack basic information on the demographic characteristics of the lynx 

population in WA, which is likely a peninsular extension of the BC population at the margin of 

the species range. Given the marginal nature of our population, we are concerned that it may 

differ significantly from a resident population (e.g., biased sex-ratio, age-structure 

inconsistent with a reproductive resident population, the potential for Allee effects, etc.) and 

this could significantly influence its probability of persistence for the next 10-20 years. It 

should not be assumed that Washington has a population with standard demographic 

characteristics and as such, attribute a greater level of resilience to the Washington 

population than is warranted from available information. (WA) 

 

p. 140-141, general comment, 

A new study just completed (Lyons et al. 2017) models changes in carrying capacity of the 

Okanogan and Kettle LMZs between time periods and demonstrates significant reduction in 

habitat availability and the inferred reliance of the WA population on immigration. Please 

incorporate this new information into the SSA, as appropriate. (WA) 

 

p. 142, paragraph 3, 

The document states “Thus, in Washington, and the north Cascades specifically, it appear that 

the single threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory 

mechanisms) has largely been addressed through the development of the LCAS, and CA 

between the Forest Service and Service which commits the Forest Service, specifically for 

Washington the OWNF and CNF, to use the LCAS in the management of lynx habitat on their 

ownerships and when designing and implementation projects within LAUs.” As stated in our 

recent Periodic Status Review of the species (Lewis 2016) “While the conservation strategy 

(referencing LCAS) has been considered sound, the monitoring efforts associated with strategy 

implementation have been inadequate to determine if the strategy is successful in the 

Okanogan LMZ.” A plan is only good if implemented effectively, and to understand 

implementation effectiveness, adequate monitoring must occur and the information gathered 

must be shared and reviewed. We encourage USFWS to directly link their decisions regarding 

the adequacy of regulatory mechanisms to data generated from their implementation 

effectiveness. (WA) 
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p. 143, second full paragraph, sentence 3, 

The document states “The WADNR has been managing lynx for almost two decades, and the 

Service has concluded that the management strategies implemented are effective.” To our 

knowledge there are no reports or data generated or shared by WDNR that support this 

conclusion. What information is the Service basing their determination on? (WA) 

 

p. 152, paragraph 2, sentence 2, 

“We recognize that all spruce-fir forest does not support lynx equally based on the low detection rate 

(28 percent) reported during the ongoing lynx study in the San Juan Mountains within predominantly 

spruce-fir forest.” 

Need to update this to the 2014 paper. Both this and the 2016 paper were emailed directly for 

exactly this purpose. (CO) 

 

 

p. 153, paragraph 4, sentence 2, 

“However, we believe it is reasonable that lynx continue to occupy all National Forests within the State 

of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park (Shenk 2008, 

p. 3).” 

In re: National Forests: Not sure I said this... but it is probably true that lynx have been in all 

NF's - whether they are resident (breeding) to these forests is unknown. (CO) 

Question the inclusion of Rocky Mountain National Park (see comments above). (CO) 

 

p. 153, paragraph 4, sentence 3, 

“The CPW is developing a minimally-invasive, long-term, statewide monitoring program to track the 

distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire).” 

 Replace “is developing” with “has developed.” (CO) 

That program is in its 3rd year and indicates stable occupancy rates (~30%) in the core of lynx 

range in the SW part of the state.  Update citation to include most recent monitoring reports 

and numbers. (CO) 

 

p. 154, paragraph 2, sentence 2, 

“Although 30 percent of known mortalities were due to human causes (being shot or hit by a vehicle),” 
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 In re: shot: ??? I am not aware of this. (CO) 

 In re: hit by a vehicle: 13 times, as cited above. (CO) 

 

p. 154, paragraph 5, sentence 2, 

“On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively rapid 20-

30 years, and the new stands will be dominated by resprouting aspen or by a new cohort of lodgepole 

pine.” 

Nit-picky, but I would reverse these as I think lodgepole regen is likely to be more widespread 

than aspen regen. (CO) 

 

p. 155, paragraph 2, sentence 2, 

“Despite the large scale, and almost complete mortality of the mature spruce component within their 

study area, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 

report 2016, p. 2)” 

 Important point. (CO) 

Furthermore, recent statewide sampling indicates that snowshoe hare occupancy is invariant 

to time since beetle outbreak or severity of the outbreak (Annual Report), which suggests that 

the ongoing epidemic will not be catastrophic to lynx in Colorado.  However, red squirrels are 

an important alternate food source in CO, and occupancy of that species has declined 

markedly with the beetle epidemic, which may be of some concern during periods with 

snowshoe hare abundance naturally fluctuates downward. (CO) 

 

p. 155, paragraph 2, sentence 4, 

“However, habitat connectivity may be negatively affected by intense recreational use or development 

within strategic areas that are important for habitat connectivity.” 

 In re: intense recreational use: Perhaps, but see Vail Pass data.... (CO) 

Insert “in key locales” to demonstrate that this isn't a widespread phenomenon or threat, 

after “intense recreational use.” (CO) 

 

p. 155, second paragraph in italics, sentence 6, 

“(Ivan 2011b, c, 2012; J. Squires, personal communication 2012)” 

Need to cite the Baigas et al. 2014 paper here, and probably update what gets said about this 

phenomenon. (CO) 
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p. 156 et seq., general comments, 

As we began to read this section, we were happy to see full acknowledgment of the vast 

amount of uncertainty in longer-term forecasting here.  But before we read on, we already 

knew that such forecasting was nevertheless done, in spite of this.  We certainly recognize 

that decisions often have to be made in the face of much uncertainty, and that the process 

required to make projections can often be fruitful.  Nevertheless, we put little faith in long-

term projections in these situations, even if it may serve as a useful academic exercise.  And 

we question whether long-term forecasting is even REQUIRED in this situation.  That needs to 

be justified.  We know that one argument here is that this document is not a “decision 

document”.  But it will obviously be used in a decision that has many implications, so we think 

it behooves the process to only present information which can be defended as reliable.  We 

would note that most wildlife ‘system dynamics’ are nonlinear, and chaos theory tells us that 

even in deterministic systems (e.g., IF we knew all the biological/climate/management 

variables AND they were constants), future projections are still highly sensitive to initial 

conditions so even minor errors in our knowledge of the ‘start conditions’ can lead to 

exponentially diverging projections into the future.  And there is indeed much uncertainty in 

our knowledge of the current state of the system (i.e., no reliable population estimates).  So 

what is a reasonable time to consider?  We don’t have the magic answer, and from a 2009 

Memo we saw from the Solicitor to the Director of USFWS, neither did they.  But from my 

read of the Memo, we strongly doubt there is “...not only the foreseeability of the threats, but 

also the foreseeability of the impacts from the threats” 87 years out (to 2100).  The Memo 

also notes that “..the foreseeable future extends only so far as the Secretary can explain 

reliance on the data to formulate a reliable prediction. What must be avoided is reliance on 

assumption, speculation, or preconception”.  I would argue that even in the shorter-term, 

MANY statements rely on quite a lot of biological assumption, speculation, and perhaps 

preconception.  The Memo also notes that “The further into the future that is being 

considered, the greater the burden to explain how the future remains foreseeable for the 

period being assessed”.  On this point, we note that this seems in contradiction to your 

(correctly) stated observation that the further out you look, the LESS confidence you have.  

Finally, “…..the mere fact that someone has made a prediction concerning the future does not 

mean that the thing predicted is foreseeable for the purpose of making a listing 

determination….”.   Putting all this together, we simply do not believe projections to the year 

2100 should even be included – the process of having discussed it internally is fine, but all that 

should be reported is that it was concluded to be unreliable.  We think a priori considerations 

alone should make this clear, and we think this is reinforced by Figure 7 which shows 

significant variability in the assessments of lynx experts (i.e., the difference between Median-

low and Median-high projections).  And we would argue even this significantly 

underestimates reality (i.e., the true range of uncertainty is much wider…on both ends); lots 

of psychological studies clearly demonstrate there are many cognitive biases that lead us to 

have more confidence than we should (for a shorter popular discussion, see 

http://www.nature.com/news/how-scientists-fool-themselves-and-how-they-can-stop-
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1.18517, or perhaps the book called “The Black Swan” for a longer commentary).  By reporting 

estimated persistence to 2100, even with the table showing (underestimated) uncertainty 

among the experts, there will become a de-facto assumption by many readers, including many 

decision-makers we suspect, that it is trustworthy (in spite of the uncertainty).  For example, 

toward the end of the Executive Summary, which may be all many will read or later cite, it 

only says “…the probability of the persistence of resident breeding populations will decline in 

all geographic units, with the negative DPS-wide trajectory continuing to the end of the 

century…”.  And “The probability of losses in resiliency, redundancy, and representation puts 

the Canada lynx DPS at increasing risk of extirpation through the end of this century”.  Not a 

lot of uncertainty expressed there.  Besides the fact that it is absolute probability values, not 

“increasing risk” or “will decline”, which matters, these statements portray confidence that 

simply cannot be scientifically justified…..even if there is valid reason to believe it COULD be 

true.  There is also a large body of psychological research showing that saying and then 

repeating ideas leads people to BELIEVE they are true and supported by data, even in cases 

where they are known to be false (which we are not suggesting here).  For the integrity of the 

document and process, we believe some of these statements and approaches need to be 

changed.  At most, we can’t see projecting beyond 50 years, and to be honest, we have little 

confidence in this case even past 20 years.  Besides, aren’t the SSAs to be done every 5 years 

(or 5 years post-delisting if by chance that happened), meaning you can update if more 

confidence is developed in the data and our ability to forecast?  Saying “we don’t know” is far 

more defensible than speculative guesses. (MN) 

For the sake of time, and because we’ve already noted both our broad forecasting concern 

(#50) and numerous more specific comments above, we have opted to not review in detail all 

the information contained in Chapter 5, and to some extent even many non-Minnesota 

sections in Chapter 4.  Nevertheless, a scan of these sections suggests that many of my above 

concerns also apply to comments made in these sections, and should you agree with any of 

them, then we feel changes need to be made in these sections as well. (MN) 

 

p. 156, second paragraph in italics, general comment, 

 Good overall assessment of vehicle mortality issue. (CO) 

 

p. 156, third paragraph in italics, general comment, 

 Good. (CO) 

 

p. 157, Chapter 5, first paragraph, first sentence, 

“including our analysis of input from lynx experts,” 
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This is really opinion, and not science. How is expert opinion weighted relative to quantifiable 

data? (CO) 

 

p. 158, 

“In addition to climate change, forest management also has the potential to influence (negatively or 

positively) hare and lynx habitats in the DPS range. Forest management on private lands that lack lynx 

conservation commitments may contribute to future declines”  

 Or increases.  Seems like we did pretty well with no commitments previously. (ME FPC) 

“in the amount and quality of lynx habitats, particularly in Maine and perhaps also in Minnesota (private 

lands contribute minimally to lynx habitats in the other geographic units – see Table 2, above). 

Uncertain future forest ownership and markets for forest products, shifts in silvicultural practices, and 

development pressures”  

What pressure? Again where is the justification for this in relation to the lynx habitat in the 

DPS unit?  This is like the CLUP narrative all over again.  (ME FPC) 

“on private lands all may affect the resiliency of future lynx populations and thus the units. The lack of 

evaluation of the effectiveness of forest management plans for lynx on Federal lands is of concern for 

western units.”  

 

p. 158, paragraph 3, last sentence, 

“The lack of evaluation of the effectiveness of forest management plans for lynx on Federal lands is of 

concern for western units.” 

Can't we safely assume that these revised forest plans will be relatively helpful moving 

forward?  Seems like a safe assumption, at least in comparison to status of management plans 

at the time of listing. (CO) 

 

p. 158, paragraph 4, first sentence, 

“In each geographic unit, the experts we consulted” 

 Will this list be provided? Has it? (CO) 

 

p. 158, paragraph 4, first sentence, 

“In each geographic unit, the experts we consulted expect the probability that resident lynx populations 

will persist will decline in the future, although uncertainty about persistence probability increases with 

time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below)”.   



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  Page 
132 

 

  

While one can assume our forthcoming comment is already understood by all those that may 

read/use this SSA, that is probably wishful thinking and so we feel it needs to be made – 

except for a few highly improbable situations that could hypothetically occur, the estimated 

probability of persistence will always decline the further out in time you project, even if there 

are no KNOWN threats.  The potential for some type of major negative event always becomes 

higher the further out you consider.  This is true for individuals (which don’t live forever), 

populations, and species.  It is true for lynx, as well as humans.  So a decline in estimated 

probability of persistence with longer timeframes is ‘normal’.  I believe this point needs to be 

explicitly acknowledged – a decline is not automatically a concern, it is the actual estimated 

probability that may matter (and we have already expressed concerns about the reliability of 

the actual numbers, especially those projecting more than 20-30 years out). (MN) 

 

p. 158, paragraph 4, sentence 2, 

“Although all five geographic units that currently support resident populations (all units except the GYA) 

are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 

Montana/ Northeastern Idaho) had an expert-estimated probability of persistence greater than 50 

percent (i.e., persistence more likely than not) by the end of the century”.   

We will assume we are mis-reading something here, but when we look at Figure 7, year 2050, 

average projection, it looks to us like the experts project that 4 of the 6 units, with a 5th close, 

are expected to persist with probability > 50%.  Can this be clarified? (MN) 

 

p. 158, paragraph 4, last sentence, 

“by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), and a cumulative 

likelihood that resident lynx will be lost from two or three of the five units that currently support them 

by the end of the century (Figure 7).” 

I'm not convinced that this kind of summary is the best use of the EE data.  Asking everyone to 

predict conditions 100 years into the future is a tall order and unlikely to be very helpful at the 

scale of the actual point estimates that come from that exercise.  Instead, I think those 

exercises are best used as a measure of relative confidence in the persistence probability of 

each population compared to the others.  Actual point estimates from that process should be 

handled very, very cautiously. (CO) 

 

p. 159, Figure 7 caption, general comment, 

Need another sentence or 2 in the caption describing how the expert opinions were distilled 

to these probabilities.  I assume each opinion was treated independently and thus median 

values (or complements of those values) were multiplied together to obtain the probability of 

at least one event of no more than 3 or whatever? (CO) 
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p. 159, first paragraph after Figure 7 caption, general comment, 

I do agree with this distillation of the EE process.  Right now, it feels like we have evidence 

enough to say that the DPS is in better shape than we thought at the time of listing.  It also 

feels like future conditions will be worse, not better, it's just a matter of when it becomes 

worse and how much worse.  It also seemed to me that MN is in real trouble - photos don't lie 

(generally), ME is probably at its peak productivity right now and will likely lose habitat for 

similar reasons as MN although it will take longer and more area will survive as habitat.  1-2 

big wildfires in the wrong spots in CO, MT or WA and those places aren't looking near as good 

either.  Probability of 1+ populations not being with us 100 years from now is pretty good. 

(CO) 

 

p. 162, 

“Unit 1 – Northern Maine: Although the Northern Maine geographic unit currently has extensive lynx 

habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate change, habitat 

loss and fragmentation, and development”  

Looking @ graphics re # acres that have either clearcut or final entry harvests, suggests to me 

that the type conversion is overrated.  It would appear that “clearcut-like” final harvests are 

still 84% of what they were in the post budworm era. (ME FPC) 

I believe that the angst re fragmentation and development is overblown. (ME FPC) 

This is just not substantiated in any way.  Development pressure in this DPS is non-existent.  

Fragmentation-depends on the definition.  Traditional terminology would not apply to this 

region of the state in my opinion based on conversations with a forest ecologist. (ME FPC) 

“will be the greatest future drivers of hare and lynx habitat in this unit. Lynx habitat and numbers are 

expected to decline by 50 to 60 percent by 2032 in response to aging of the budworm-era clearcuts and 

the effects of 27 years of extensive partial harvesting. In the next few decades, high quality hare habitat 

will drop from about 10 percent to 5 percent of the landscape. High quality habitat patches will become 

more fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For the 

next few decades the best habitat will occur in the southern portion of the range where effects of 

climate change and competition with bobcats are likely to be greatest.”  

 Where’s the citation? (ME FPC) 

“Absent long-term lynx management agreements, the future of lynx habitat is uncertain. Wood products 

markets will continue to change, and could be affected by interest in carbon sequestration in response 

to climate change. Rapid changes”  

Rapid changes were occurring in the 90s and early 2000s.  Last 15 years I do not agree have 

resulted in “rapid” changes in ownership that have resulted in vastly different forest 

management. (ME FPC) 
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“in private forest land ownership are likely to continue resulting in subdivision of large ownerships. Non-

forestry land uses (wind energy development,”  

Wind energy development has essentially stalled in the Critical Habitat Area.  Besides new 

development would create a federal nexus (FAA, Army Corp of Engineers, etc.) which provides 

them with the ability to mitigate.  If anything, it provides FWS with leverage doesn’t it? (ME 

FPC) 

“transmission line corridors, residential and resort land development, and unmanaged, conservation 

lands) will compete with forest management as the primary land use.”  

Speculative and not likely to happen in the UT. This statement is without merit and way out of 

bounds. (ME FPC) 

LUPC should have data on conversion acres. (ME FPC) 

“Conservation easements will help reduce development pressures and keep some lands as working 

forest, but forest practices (e.g., partial harvesting, northern hardwood management) may not be 

conducive to creating new lynx habitat. Climate change is expected to affect the Maine unit more than 

others in the DPS because snow depth and duration already seem to be at thresholds for lynx and there 

are few potential elevational refugia. In the near term and to mid-century, snow quantity and quality 

will continue to deteriorate, likely causing the range of lynx to begin contracting northward.”  

 Citation is? (ME FPC) 

“Our review of the published literature and input from lynx experts lead some members of the SSA Core 

Team to conclude that lynx could become extirpated”  

This is not the first time that lynx has become extirpated from Maine due to habitat changes. 

(ME FPC) 

“from the unit by mid- to late-century. Climate change, increasing demand for hardwood forest 

products, a pending spruce-budworm outbreak,”  

Pending spruce budworm outbreak could easily reset the clock and result in fir thickets again 

(e.g.- looking at  some of the stands in Baxter park that died and have come back to fir). (ME 

FPC) 

This will promote habitat, not the other way around. (ME FPC) 

“and frequent disturbance of the forest all will contribute toward the trend in the loss of spruce-fir 

forest and expansion of northern hardwoods,” 

 Not substantiated by any data presented.  Suggest MFS and FIA data be reviewed. (ME FPC) 

“although the timeframe for conversion is uncertain. The lynx experts we consulted indicate the 

probability of persistence will decline to about 50% by the end of the century, although there was wide 

variation in opinions. After reviewing the scientific literature concerning climate change projections 

(diminishing snow conditions, lack of elevational refugia), some members of the Core Team were more 

pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, we observed that 
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there is great uncertainty about the future of forest management and future development on private 

forest lands. We also note that the threat for which the lynx DPS was listed, the lack of specific 

conservation direction in Federal forest planning and management regulations and direction, has not 

been addressed on private lands. There are no long-term management plans in place, State forest 

regulations have greatly influenced harvesting practices that have (and will continue to) reduce 

landscape hare densities, markets for forest products are depressed,”  

 Temporarily (ME FPC) 

“and projections (under current harvest scenarios) are that habitat will diminish and shift southward” 

I don’t get this.  Why would it shift southward?  Budworm less intense to the south and 

generally less softwood and snow depths. (ME FPC) 

“in the near term because of post-harvest succession and recede northward over the longer-term 

because of continued climate warming.” 

 Citation is? (ME FPC) 

 

p. 163, Unit 2 NE MN, 

Very little to add beyond that which we’ve said.  We question what we think can only be 

called the assumptions of direct impacts of snow, bobcat competition, and hybridization 

concern.  We do think the fate of the boreal forest will be crucial for hares/lynx, but question 

the ability (regardless of mechanism) to produce a reliable estimate of persistence probability 

87 (or 50) years out.  (MN) 

 

p. 165, last sentence, 

“However, climate models suggest a 40 percent decline in snow” 

The implications are unclear, and there is a whole range of results. To publish a point, with no 

variability is insincere. There needs to be some reference here. Actually, throughout all 

Colorado-specific sections, references are sparse. Lots of uncited statements - they aren’t 

necessarily wrong, but substantive citations would increase credibility. (CO) 

 

p. 166, paragraph 1, third full sentence, 

“Beetle kill and wildland fire will result in temporary nonfunctional habitat conditions.” 

 Delete “beetle kill and.” 

'Nonfunctional' is too strong I think based on recent bark beetle recent on primary prey and 

the USFS-CPW project.  "Temporarily reduced in quality to some extent" or something along 
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those lines is how I would express our concerns.  Even that may be a bit dire.  Not sure yet. 

(CO) 

 

pp. 169-171, general comments, 

MDIFW questions the conclusions reached in the SSA regarding predictions that Maine’s 

forests will change in a manner that threatens lynx and snowshoe hare populations. The SSA 

predicts these changes will occur because of climate change, forest maturation, and changes 

in forestry practices. For example p. 169 of the SSA states, “Models indicate that aging of past 

clearcuts and changes in forest practices to partial harvesting will diminish the current lynx 

habitat by half in coming decades.” MDIFW presents information substantiating that these 

predictions are based on inaccurate figures on hare densities in shelterwood harvests, and the 

misperception that changes in forest species composition will occur at equal rates on 

managed and unmanaged forests. For example, the SSA states on p. 171, “Currently, partial 

harvesting comprises about 94 percent of acres cut annually in Maine (Simons 2009, p. 50)” 

and “Foremost, snowshoe hare densities in partially harvested forests are on average about 

50 percent lower (but range from 20 to 90 percent lower) than in regenerating conifer stands 

created by clearcutting (Robinson 2006, pp. 5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus 

reducing landscape hare density and presenting a challenge for future lynx conservation 

(Simons 2009, pp. 206, 209, 217; Simons-Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, 

entire).” However, MDIFW points out that according to the Maine Forest Service, since 2006, 

of the total acreage meeting the definition of “partial harvest”, 46% were shelterwood 

harvests. Shelterwood harvests do not have the same hare densities as other forms of partial 

harvest. Scott (2009) demonstrates that as of 2009, stands subject to shelterwood/overstory 

removal (even age management) had only slightly lower winter hare densities than 

regenerating clearcuts, and 2.5X the winter hare density of stands subject to selection 

harvests (uneven-age management). MDIFW argues that the presentation of forest and hare 

data is misleading, and that more research is needed on hare densities in shelterwood stands. 

(ME DIFW) 

MDIFW points out that while climate conditions in the Northeast may make conditions less 

favorable for spruce/fir forests and more favorable for deciduous trees, the rate of change will 

likely differ on private forests that are actively managed vs. unmanaged forests. Private 

landowners manage their lands for specific outcomes (see attached letter from Maine’s Forest 

Products Council). Therefore, inferences on how lynx populations will respond to changes in 

forest type must take into account the forest management plans of private landowner, 

especially in a state where 90% of lynx habitat occurs on private lands. From 1995 to 2015, the 

total acrage of conifer forest has actually increased in Maine (2,515,732 to 2,904,462 acres) 

with the acreage of conifer saplings staying relatively consistent (1,062,863 acres in 2015; 

personal communication, Ken Laustsen, Maine Forest Service). (ME DIFW) 

 

pp. 171-172, 
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“Regulatory Mechanisms - In response to public concern about widespread clearcutting in northern 

Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). The MFPA 

regulates maximum size of clearcuts (250 acres), separation zones between clearcuts, harvest plans, and 

notification to the Maine Forest Service. Clearcuts are not banned, but require varying levels of State 

permits” 

No actual permits just standards and notifications until you reach 75 acres.  Then there is a 

defacto permit. (ME FPC) 

FPA does not require permits (ME FPC) 

“depending on their size. As a result of these regulatory requirements, the number and acreage of 

clearcuts completed annually has declined substantially and have been replaced by various forms of 

partial harvesting (Sader et al. 2003, p. 349-350; McWilliams et al. 2003, p. 35).” 

Again dated info. May not have changed in the DPS unit but should update with MFS. (ME 

FPC) 

Do not lump shelterwood into partial harvesting. (ME FPC) 

“In the first decade following passage of the MFPA, the percentage of acreage clearcut annually in 

Maine declined from 40 percent to four percent (Simons 2009, pp. 45-46). The average size of clearcuts 

has been reduced from >125 acres (Maine Forest Service 1995, entire) to <25 acres (Maine Forest 

Service 2003, entire; 2005, entire; 2007, entire). Currently, partial harvesting comprises about 94 

percent of acres cut annually in Maine (Simons 2009, p. 50).” 

 How can you call 2009 current? (ME FPC) 

These acres/%s do not match MFS reports, and statewide changes are not congruent to the 

megaregion (ME FPC) 

 “The total volume harvested, however, changed relatively little. The partial harvest that replaced 

clearcuts include a variety of silvicultural treatments, including both even-aged (e.g., shelterwood)” 

 No, it does not. (ME FPC) 

“and uneven-aged (e.g., selection) management that result in a wide range of residual stand conditions 

(Robinson 2006, pp. 5-37), which have important implications for lynx conservation. Foremost, 

snowshoe hare densities in partially harvested forests are on average about 50 percent lower (but range 

from 20 to 90 percent lower) than in regenerating conifer stands created by clearcutting (Robinson 

2006, pp. 5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 

presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 

al. 2016, p. 7-8; Simons-Legaard 2016, entire).” 

“To harvest the same volume of wood annually, landowners must partial harvest many more acres than 

they would under former clearcutting silvicultural systems. The acres of forest harvested annually in 

Maine have increased from about 250,000 acres pre-MFPA to 550,000 acres post-MFPA (McWilliams et 

al. 2003, p. 35)”.  
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Earlier in the document, it states pre-FPA harvest acreage at 100,000.  250,000 is closer to 

reality. (ME FPC) 

“Currently, 27 years after implementing the MFPA, much of the 10 million-acre northern Maine” 

 What is “northern Maine?” 

Let’s not add confusion of statewide changes.  This should be a focus on the SSA area only. 

(ME FPC) 

 “landscape has been partially harvested – some areas being partially harvested on multiple occasions. 

Extensive partial harvesting and aging of the spruce budworm-era clearcuts have and will continue to 

reduce landscape hare densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue 

to harvest using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent 

by 2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become more 

uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in Maine 

selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 2008b, pp. 1490, 

1492-1494).”  

“If one defines lynx habitat as stands having greater than 75 percent spruce-fir, then habitat will decline 

by about 50 percent by 2030 and remain at about at this level through 2060 (Simons-Legaard 2016, pp. 

9,16).”  

I always thought that lynx habitat had a definite stand age/stand size component attributed 

to it, i.e. young regenerating. (ME FPC) 

“These projections do not consider the effects of the next outbreak of spruce budworm. After being low 

for the last 20 years, spruce budworm numbers are again building toward epidemic levels in Maine,”  

 Delete Maine. (ME FPC) 

“southern Quebec, and northern New Brunswick.”  

 Just starting to appear in northern New Brunswick. (ME FPC) 

“Significant defoliation in Maine is expected in the next few years and the outbreak may last for about a 

decade (Wagner et al. 2016; pp. 12-16). Although Maine research has clearly demonstrated that 

landowner response to the last outbreak resulted in unintended, positive benefits for lynx from one to 

three decades later, our ability to project what effects the next outbreak will have on lynx habitat is still 

limited.”  

 See earlier comment re: fir replacing fir. (ME FPC) 

“Land ownership has changed dramatically since the last outbreak.”  

 The State’s approach to budworm will be much different as well. (ME FPC) 

“To reduce risk from spruce budworm, some financial investment owners may cut younger spruce-fir 

stands that still support elevated hare populations.”  

 And sell where? Markets are very limited for early commercial harvest products. (ME FPC) 
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These are pre-merchantable based on my knowledge, unless you harvest solely for biomass. 

(ME FPC) 

“Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis on 

northern hardwoods.”  

 Mixed wood is a possibility since we are talking about overstory removals primarily.  (ME FPC) 

“It is unlikely that current landowners will use widespread use of pesticides to control spruce budworm 

and herbicides to promote spruce-fir regeneration after stands are defoliated. The MFPA may serve as 

an additional constraint”  

Do not agree.  Outcome Based Forestry and/or the FPA variance process potentially remove 

much of the constraints in the case of an infestation of this magnitude. (ME FPC) 

“on motivation to clearcut infested stands, even with recently-enacted changes intended to reduce the 

regulatory burden for landowners. Landowner response to the pending outbreak will have important 

implications for the short- and long-term persistence of lynx habitat in the northern Maine unit (Simons-

Legaard 2016, pp. 16-17).”  

“Nor do these projections consider a substantial decline in snowshoe hare densities that has occurred in 

Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare density in 2001-2006 

(average of 2.1 hares/ha in regenerating conifer) to a period of lower hare density 2007-2009 (average 

of 1.0 hares/ha). This decline occurred across all forest stand types and across a broad geographic area 

of Maine (Scott 2009, p. 36) and the adjacent Gaspe region of southern Quebec (Assells et al. 2007 in 

Scott 2009, p. 41-42). Hares remained at these lower numbers through 2013 (D. Harrison, University of 

Maine, unpublished data). If future hare populations remain low,”  

Why would you assume they will remain low?  Like most prey populations, they have always 

rebounded and there is no reason to assume they won’t again. (ME FPC) 

 

pp. 172-175, general comments, 

MDIFW agrees that with the basic premise that, on average, a warming climate will likely 

cause many species at the southern edge of their distribution to shift northward. However, we 

believe the SSA overstates the confidence with which climate models can be used to inform 

future trends in lynx distribution and population size in Maine. Uncertainty regarding changes 

in the amount and duration of snowfall, and the response to these changes by hares, lynx, and 

potential lynx competitors such as bobcats and coyotes, make projecting impacts on lynx very 

challenging. In addition, we feel that conclusions about changing forest species composition in 

northern Maine due to climate change are overstated and not supported by current data (see 

MFPC letter and other sections of MDIFW response). Mean annual temperature in Maine is 

projected to increase by 1.7 – 2.8° C from 2014 to 2054, but precipitation is expected to 

increase by 5-10%, with the greatest increase occurring in interior Maine (Fernandez et al. 

2015). While the duration of snowpack is projected to decline by about 2 weeks over the next 

50 years, in northern Maine total accumulated winter snow is projected to decrease by <20%, 
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and extreme snowfall events are projected to increase in frequency (Fernandez et al. 2015). 

Although the SSA presents many hypotheses about the response of hares, lynx, and other 

carnivores to changing snow conditions, MDIFW believes the underlying mechanisms 

describing the relationship between these  species and snow are largely unknown. The 

distribution of bobcats and coyotes, for example, may be just as limited by a future scenario 

with shorter winters that have higher average snow depths as they are by current winters that 

have longer snow duration but less average accumulation. Therefore, we are not convinced 

that projected changes to Maine’s climate will necessarily result in significant range 

contraction by lynx. We suggest that the sections on climate change in the SSA should be 

recast to reflect the inherent uncertainty in climate models and the response of lynx to 

potential changes. (ME DIFW) 

 

pp. 174-175, 

“The spruce-fir forest type has come and gone from New England during the post-glacial period. It 

nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, then 

moved south into New England only in the past few centuries during the “Little Ice Age” (Schauffler and 

Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to climate and mobile 

nature, Iverson et al. (2008, p. 403) predicted a significant decline (low emissions) or the disappearance 

(high emissions) of the spruce-fir forest type in northern Maine in response to climate change.”  

“Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree species in 

the Northeast and will be affected by climate change in different ways. Mechanisms of injury to spruce-

fir include winter injury from freeze-thaw cycles, spring drought (because of reduced snowpack), and 

reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the range of spruce-fir is limited by 

summer heat and drought. Mohan et al. (2009) projected that suitable area for balsam fir would decline 

by 80 percent in 2100 under an average to high emissions scenario. In contrast, Ollinger et al. (2008, p. 

8) projected increasing growth rates for balsam fir and red spruce to mid-century, after which they 

would decline.”  

“The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the many 

variables that influence shifting of the forest species composition (emissions scenarios, the long lifespan 

of trees, slowness of tree dispersal, frequency of disturbance, competition from advancing hardwoods 

and invasive tree species, complex interactions with moisture, and synergistic effects with other 

pollutants). Arguments in favor of an accelerated decline include evidence that spruce-fir is already in 

decline and is being replaced in Maine by northern hardwoods (oak, pine, red maple).”  

None of these are typically considered northern hardwoods (sugar maple, beech, and yellow 

birch); yes red maple at a stretch (ME FPC) 

“Since 1995, the area of forest land classified as the northern hardwoods type in Maine has increased 

8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce/fir forest type group has 

decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et al. 2016, p. 2).The decline of the spruce-fir 

forest type may be accelerated by forest disturbances when northern hardwoods replace areas formerly 

occupied by spruce-fir. In some situations, disturbance may favor persistence of balsam fir and help it 
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persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm 

outbreak and frequent disturbance from forest management could accelerate conversion to northern. 

Other climate-related forest disturbances (forest pests, diseases) could further accelerate conversion to 

northern hardwoods (Iverson et al. 2008, p. 404).”  

“In contrast, some authors note that trees migrate slowly in response to a changing climate and are 

long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to northern 

hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some northern Maine industrial 

forest landowners could “adapt” to climate change by intentionally favoring spruce-fir (e.g., by 

plantations and use of herbicides).” 

Spruce and fir have always been the main stay of forestry in northern Maine and landowners 

have always encouraged their growth by regeneration methods that encourage softwood 

seedlings, PCT, herbicide treatment, thinning to remove competing hardwoods and 

plantations.  No one is planting hardwoods. (ME FPC) 

Delete i (ME FPC) 

 

p. 181, 

“The Core Team concurred with expert assessments concerning trends in forest management, but we 

also note that development pressures in northern Maine did not receive much discussion at our expert 

elicitation workshop.” 

 Gee, I wonder why? (ME FPC) 

“ We believe that development pressures (residential and commercial development, energy 

development, transmission lines, roads, mining) will increasingly become competing land uses on 

private lands in northern Maine. We also expect the rapid turnover and subdivision of private forest 

lands “ 

This seems to be totally anecdotal and not very well substantiated by recent documentation. 

(ME FPC) 

“in northern Maine to continue, which will accelerate opportunities for non-forestry land uses.”  

 LUPC should be able to provide data on this for at least the unorganized lands. (ME FPC) 

 Not substantiated.  Northern Maine is losing population, not growing. (ME FPC) 

Speculative and unfounded. The regulatory aspect (LUPC) of the unorganized territory 

prevents this from happening readily and on a large scale. (ME FPC) 

“Turnover in land ownership have provided opportunities to conserve some areas of the north Maine 

woods through purchase of conservation easements and fee title acquisitions, including a new Katahdin 

Woods and Waters National Monument.” 

 How is this going to promote lynx habitat?  It will be just the opposite. (ME FPC) 
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 This monument will never be actively managed for lynx habitat. (ME FPC) 

“However, conservation easements do not fully protect these lands from some kinds of development 

that could adversely affect lynx and their habitat. For example, many conservation easements allow 

large-scale, industrial wind power development.” 

Why is wind power being singled out? Wind development and forest management can and do 

coincide. (ME FPC) 

Since when? I know of two that don’t. (ME FPC) 

“We conclude that various forms of development in northern Maine will continue in the future.”  

“The Core Team believes Maine lynx populations would be expected to decline more rapidly in a future 

scenario without Federal listing.”  

This reasoning seems flawed.  If the issue is loss of habitat driven by climate, what will listing 

accomplish? (ME FPC) 

“The lynx is not State-listed in Maine and there is currently little consideration of lynx in the review of 

projects requiring state permits. There is a closed season on lynx, so intentional take would continue to 

be prohibited. There is rarely a nexus for Service review of forestry projects under section 7 of the ESA 

(i.e., no Federal funding or permits are typically required for forest management on private lands). 

Nevertheless, because of their Federal listing, Canada lynx are a priority species for planning by Federal, 

Tribal, State, and private forest landowners. Although few private landowners have thus far made 

formal commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 

status they at least consider the possibility of doing so in the future. This is particularly true of 

landowners who must plan for Federal listed species as a requirement of their enrollment in green 

certification programs. Without Federal listing, there would be no incentive or motivation” 

It is arrogant and wrong for the Service to suggest that private landowners should completely 

change their silvicultural systems to benefit a single species.  Certification systems do not 

require this.  To the contrary, SFI and FSC ask landowners to “…have a diverse array of habitat 

types at the landscape level,”  (SFI). (ME FPC) 

 “for private forest landowners to change the current paradigm of partial harvesting and intentionally 

engage in forest management to benefit lynx.” 

 Unless the FPA was changed, or OBF is adopted in its place. (ME FPC)  

 

 

p. 182, general comments, 

MDIFW disagrees with statements that Maine’s lynx population would face increased threats 

from trapping and hunting if they did not have not have protection under the federal ESA. 

Trapping was evaluated at the time of listing (USFWS 2000) and was determined not to be a 

significant threat to the lynx population. Currently, the vast majority of lynx caught in 
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foothold traps are released with little to no injury. MDIFW contends there is no evidence to 

support statements such as, (p. 182) “Lynx would be at greater risk without ESA section 9 

prohibitions against take. In a future scenario without Federal listing, Maine’s incidental take 

plan for trapping would be rescinded, and it is likely that many protective measures to 

minimize injury, take, and mortality of lynx would cease or diminish.” MDIFW submits that in 

the event of delisting, the Department would continue to be committed to protecting lynx 

populations through trapper and hunter education, regulations focused to minimize captures 

in traps, and an active law enforcement presence. Prior to the federal ESA listing of lynx, 

MDIFW implemented a number of measures to protect the species (MDIFW 2014, p. 78-79). 

These included closing the season on lynx hunting and trapping in 1967, and providing 

information to trappers on how to distinguish bobcats from lynx to avoid lynx incidental 

captures and trapping mortalities. (ME DIFW) 

MDIFW disagrees with the Lynx SSA Team’s conclusion that lynx face an increased risk 

because of Animal Damage Control (ADC) activities if lynx were no longer protected under the 

ESA. The SSA states (p. 182), “There have been a few situations where lynx have destroyed 

livestock, but lethal actions to remove lynx were avoided because of Federal listing. Without 

Federal listing, justification for shooting lynx in these situations would likely increase.” There 

has never been a documented lethal taking of lynx related to ADC activities in Maine, and it is 

very rare to get a report of lynx getting into someone’s “livestock” (i.e., chickens). The 

assertion that there is an increased likelihood of a lynx being shot to protect chickens is pure 

speculation. MDIFW strongly urges the USFWS to reevaluate claims that delisting would 

threaten Maine’s lynx population because of increased mortalities from hunting, trapping, 

and ADC activities. (ME DIFW) 

 

p. 182, general comments, 

The SSA states: “If Maine’s ITP was rescinded it is likely that measures to minimize injury, take 

and mortality will be rescinded.” 

MDIFW was committed to protecting lynx populations from incidental take from trapping 

before the federal ESA listing (p. 79, MDIFW 2014), and lynx have been protected by a closed 

season on hunting and trapping since 1967. Maine’s ITP addresses incidental take through 

trapping, research, and ADC related activities; all potential sources that were evaluated and 

determined to not be factors threatening lynx at time of listing (65 FR:16078 [2000]). Although 

incidental take was not determined to be a threat in the listing document, MDIFW identified 

this as a potential source of mortality to lynx, and has been successful in addressing this threat 

both before and during listing. This has been accomplished through: lynx related educational 

material in hunting and trapping courses and in our law books, restricting trapping methods to 

minimize lynx capture, and an active law enforcement division. In the event of delisting, 

Maine would continue to successfully minimize take to lynx in the form of hunting, trapping, 

research, and ADC related activities. (ME DIFW) 
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The SSA states: “It is unlikely that lynx would become a legally harvested furbearer in Maine 

(although some Maine trappers have suggested that).” 

We agree that lynx would remain protected from hunting and trapping through Maine state 

law in the event of delisting (they were protected from these forms of mortality by state law 

for 33 years prior to listing). Why is the suggestion of some Maine trappers relevant to this 

document? (ME DIFW) 

The SSA states: “Illegal shooting and non-reporting would likely increase without federal 

protection. We believe several high-profile Federal Law enforcement cases have helped to 

reduce illegal shooting of lynx.” 

Where is the evidence to support these statements? The Maine Warden Service has been 

successful in protecting lynx and enforcing related laws before federal listing and has led the 

enforcement, investigation, and prosecution of the majority of lynx cases since listing. With 

only two special agents assigned to Maine, the USFWS relies on the field presence and 

experience of the more than 100 Maine wardens. Maine Title 12 10 MRSA section 11201and 

section 11251-3 are state statutes which make it a Class E crime to hunt or trap animals or 

possess an animal for which there is no open hunting or trapping season. This includes lynx. 

Both statutes are “strict liability”, meaning that the state isn’t required to prove that the 

hunter or trapper killed or trapped the animal “intentionally, knowingly, recklessly or with 

criminal negligence.” The “state of mind” of the person taking the lynx is not an element of 

the crime, which must be proven in court. In contrast, the USFWS agents generally operate 

under a standard operating procedure (often referred to as the McKittrick standard) whereby 

proof is required that a suspect knew that the species they were taking was a lynx which is 

subject to federal protection. Because federal prosecution prefers a “knowingly” culpable 

state of mind and the state statute does not, prosecutions at the state level are more efficient 

and less burdensome. In closing, Maine game wardens are the driving force of law 

enforcement as it relates to protecting lynx in the state. They provide the field presence, 

enforce rules associated with minimizing take, and prosecute the majority of cases. This 

presence will continue to protect lynx in the event of delisting. (ME DIFW) 

The SSA states: “Incidental take from bobcat trapping, running with dogs, and hunting will likely 

increase without federal listing.”  

How did the authors arrive at this conclusion? The methods to pursue bobcats through 

trapping, running with dogs, and hunting did not change after federal listing. MDIFW has 

documented lynx being killed by bobcat hunters on a single occasion in the 1970’s; one 

occasion in 49 years. Since then MDIFW has successfully addressed this potential threat 

through lynx related educational material to the hunting and trapping community, providing a 

section devoted to lynx avoidance in trapping education classes, and increasing awareness of 

lynx protection statewide. Additionally, incidental take through these methods were 

evaluated and determined not to be a factor threatening lynx in the federal register (p. 16078, 

USFWS 2000). In the event of delisting MDIFW will continue to successfully minimize take 

through education, regulations that only allow trapping methods that minimize potential 

capture to lynx, and law enforcement. (ME DIFW) 
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The SSA states: “Without federal listing justification for shooting lynx in situations where lynx 

destroyed livestock would likely increase.” 

First, by livestock we are assuming that the authors mean poultry and rabbits. Lynx have 

never been documented depredating on sheep, cattle, or pigs in Maine, nor are we aware of 

livestock depredation being a concern anywhere within the species range. We agree that that 

only a few situations exist where lynx have damaged poultry. In fact, since protection of lynx 

from hunting and trapping in 1967 MDIFW has not documented a single case of lethal removal 

of lynx due to ADC related issues. Therefore why was this listed as a threat to lynx populations 

in Maine? Furthermore, any ADC related activities that occur in the state must go through 

review and approval by regional wildlife biologists and warden service staff; it is highly 

unlikely that lethal removal of lynx damaging poultry (or any other livestock) would be used 

as a management tool even in the event of delisting. (ME DIFW) 

 

p. 186, paragraph 3, 

“In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take of lynx 

that may result from otherwise legal trapping in Minnesota. This plan is still under development by the 

MN DNR and will be designed to reduce the likelihood of incidental take from trapping (ILBT 2013, p. 

49)”.   

The State of MN completed and submitted an ITP/HCP to the USFWS in 2008.  We also 

implemented regulatory changes, approved by the Court, to reduce incidental take of lynx.  

(MN) 

 

Pp. 190-192 (but also applying to pp. 183-190), general comments, 

We would just start by saying our comment #50 applies here as well.  [see MN general 

comments to p. 156 et seq. above]  To that we would add that we feel the tone of much of 

this section goes even beyond the concerns about speculation we have referenced above.  We 

feel, correct or not, that much of this comes across as biased and ‘scare tactics’.  Examples: 

a. Under the possibility of Federal protections being removed, and even if a state harvest 

did not occur, you say “Under the state statute, a person may not take, import, 

transport, or sell any portion of an endangered or threatened species. However, these 

acts may be allowed by permit issued by the DNR”.  Notwithstanding our correction 

noted in # 56, were you really suggesting we might issue such permits liberally and 

jeopardize lynx?  If not, what is the point? 

b. “There is a closed season on lynx, and it is expected that intentional take would 

continue to be prohibited until the population reached sustainable levels defined by 

the state”.  You can expect this, and we could do it (though we doubt it), but what is 

the point of this unless you are implying it is a “threat” and using it to create fear 
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about a post-delisting scenario?  Are you questioning our ability to responsibly 

manage a harvest? 

c. “Without Federal listing driving voluntary conservation guidelines, however, there 

would be little or no motivation for private forest landowners to intentionally engage 

in forest management to benefit lynx”.  What evidence are you suggesting there may 

be that private forest landowners have been compelled by Federal law to adopt 

voluntary guidelines now? 

d. “Without Federal-listing, these projects [wetland permits, highways, powerlines, etc] 

would not consider impacts to lynx critical habitat. The Core Team concludes that a 

future scenario without Federal listing would result in increased habitat loss and 

fragmentation and would result in reduced justification for habitat protection 

initiatives in northeastern Minnesota”.  Can you even document (not speculate) 

whether Federal laws have ‘saved’ lynx or lynx habitat on Federal Lands (or on 

federally-funded projects) to date?  In reality, there has likely been little if any 

practical effect of the federal nexus on county/state/private lands, but do you have 

any documentation of how non-federal-nexus-projects on those other, mostly 

state/county, lands in lynx range have harmed lynx?  And if the focus is just the 

Federal lands, what are the truly ‘foreseeable’ projects expected to occur, what are 

the suspected effects on lynx, what mitigation could occur (even if not legally 

required), and will Federal land managers in fact disregard lynx if they are delisted (if 

so, THEY might want to reconsider).  And while you are correct that federal listing 

certainly adds ‘legal teeth’ to many things, the assumption that nobody will care 

about or advocate for lynx habitat needs in our state forest wildlife management 

practices/policies is not valid. Fear of what COULD happen is not a justification for 

keeping a species listed. 

e. “In a future scenario without Federal listing, Minnesota’s incidental take planning 

effort for trapping may be further delayed or halted and may result in the 

diminishment of protective measures to minimize injury, take, and mortality of lynx.  

As it is, approximately 16 lynx have been reported to be incidentally trapped in 

Minnesota since listing, resulting in at least 6 mortalities”.  First, there have actually 

been 24 accidental captures and 11 mortalities in the 17 years since delisting.  Second, 

we HAVE lynx avoidance regulations in place and have not documented any need for 

changes at this time.  Are you implying we need to make changes, that we will drop 

existing changes if de-listed (but still state-protected), or that incidental take is or 

would be a population-level concern even though it was not deemed a threat at 

listing?  We see this as biased fear, and one that suggests you believe the state is 

unwilling to address new documented concerns should they arise. 

f. “It is unlikely that lynx would become a legally trapped furbearer in Minnesota 

(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, 

so it may also be suggested for lynx)”.  Side point – you could clarify by adding that the 

first wolf season was ~ 20 years after the wolf population in MN/WI/MI surpassed 
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federal numeric recovery goals.  Main point – why do you feel the need to say this 

unless you are assuming we will start a season, and would do so in a manner that 

would jeopardize lynx?  And if this is your assumption, is this not a catch-22 situation – 

if you delist, it indicates there are no serious threats, and then you turn around and 

imply a threat from delisting.  Would there not be a 5-year PDL monitoring plan?  

Would you not be able to re-list if we in fact enacted all the changes you suggest we 

COULD and harmed lynx populations? 

g. “Illegal shooting and non-reporting would likely increase without federal protection. 

High-profile law Federal enforcement cases may have helped to reduce illegal 

shooting of lynx”.  Is there any data to support this idea?  We’ve never met a poacher 

who self-reported or even cared about the law (state or federal).  And for accidental 

take, if anything, reporting could actually increase.  

h. “With a diminished snow regime, populations of bobcats would be expected to 

increase and expand north and eastward into areas currently occupied by lynx. 

Incidental take of lynx from bobcat trapping and hunting activities would likely 

increase without Federal listing”.  I would describe this as an “IF, IF, IF, Then 

POSSIBLY” statement.  Plus, you have repeatedly suggested, we argue with little to no 

supporting data, that bobcats will somehow outcompete/exclude lynx if they do 

expand, so how could incidental take increase if the lynx will have ‘moved out’ or 

been killed soon after bobcats arrive?  Plus, would not the limited accidental take of 

lynx that might occur be offset by the removal of the supposed lynx-killing/competing 

bobcats and coyotes by trappers/hunters?  Our next comment is partially relevant 

here too. 

i. “Similarly, fisher, fox, and coyote populations may increase in a diminished snow 

regime in northern Minnesota and trapping would be expected to occur there that 

may lead to greater incidental take of lynx”.  Trapping already occurs “there” for these 

species, coyotes are unlikely to increase anyway (unless wolves recede, and if that 

occurred, red fox might decrease).  So how much would the potential impact of an 

unknown amount of a suspected increase in incidental take be offset by a suspected 

increase in trapping of these suspected lynx competitors.  And setting this aside, this 

logic suggests you have quite a bit more confidence than we do in being able to 

predict future fur prices and trapping effort.  

j. “We believe that despite a closed hunting and trapping season, incidental take would 

continue and possibly increase and could become a significant threat to a population 

of lynx that will likely be significantly diminished by mid- to late-century”.  See many 

comments from a-i. 
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p. 191, first paragraph, sentence 2, 

“The lynx is state listed, however, and Minnesota's Endangered Species Statute and the associated Rules 

impose a variety of restrictions, a permit program, and several exemptions pertaining to species 

designated as endangered or threatened”.   

Lynx in MN are actually listed as a “Species of Special Concern” and thus not specifically 

covered by rules specific to our State ESA.  (MN) 

 

p. 202, first paragraph, sentence 9, general comment, 

Even if we assume there are adequate regulatory mechanisms currently in place in 

Washington, management actions are not currently being planned, or their effect assessed, at 

a landscape scale across ownerships. For example, it would be beneficial for lynx if managers 

used information regarding the impact of large catastrophic disturbances (wildfire) in one 

ownership/area of lynx habitat to assess how much habitat can be altered in an adjacent 

ownership. (WA) 

 

p. 212, first paragraph after Figure 13 caption, sentence 7, 

“There was discussion about whether ski areas may affect daily movements of lynx,” 

Ski areas are not a landscape level threat to lynx. This is, has been, and continues to be 

overstated. Further, immediately below it is stated that ski areas are expanding whereas 

above it was stated that ski areas are in decline. This reduces the credibility of the SSA. (CO) 

 

p. 213, paragraph 4, sentence 3, 

“The models predicted an overall decline in persistent snow of 40 percent,” 

 Where? Specifically Colorado or range-wide? This is not clear and needs clarification. (CO) 

 

p. 213, paragraph 5, sentence 1, 

“All of the climate models under all representative concentration pathways (RCPs) project that 

Colorado’s climate will warm substantially by 2050.” 

Warming is one component of climate change. What about precipitation changes? Will there 

be more snow potentially? (CO) 
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p. 214, paragraph 2, sentence 1, 

“On average, the climate models indicate a seasonal shift in precipitation for Colorado, with increasing 

winter precipitation, and in some areas a decrease in late spring precipitation (Lukas et al. 2014, p. 65).” 

 Which might actually create good lynx habitat conditions, right? (CO) 

 

p. 214, paragraph 6, sentence 4, 

“While these linear features already exist on the landscape, widening of the cleared right-of-way, as well 

as lynx behavioral avoidance of highway rights-of-way because of increasing traffic volume reduces 

available habitat function for lynx.” 

Calling widening the highway an impact to lynx habitat is like talking about the inter-trail 

islands on ski areas. It is not an issue. (CO) 

 

p. 214, paragraph 6, sentence 5, 

“Many ski areas in Colorado are located within lynx habitat and will likely be expanded in the future 

through permanent removal of vegetation to create conventional ski runs, reducing tree density and 

clearing understory vegetation to create glade conditions, reduces lynx habitat.” 

This may have been the state of the art science in early 2000's, but certainly the perspective 

(and understanding of the role of this in a landscape perspective) has matured? (CO) 

 
p. 215, paragraph 4, sentence 3, 
 
“The discussions revealed that ski area related development, including residential development of base 

areas, may limit lynx’s ability to fully exploit habitats year round.” 

 Insert “in the limited localities adjacent to ski areas.” after “year round.” (CO) 

 
p. 215, paragraph 4, sentence 5, 
 
“Our expert elicitation documented some uncertainty whether ski areas may affect genetic connectivity 

within the unit.” 

 REALLY??? We strongly disagree with this. (CO) 
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p. 216, first paragraph, last sentence, 

“Maintaining connectivity between lynx populations in Canada and the DPS is thought to be important; 

however, whether and if so to what extent the demographic and/or genetic health of DPS populations 

relies on periodic immigration from Canadian populations remains uncertain.” 

 How can the DPS be justified, then? (CO) 

 

p. 220, first full sentence, 

“Nonetheless, it is unlikely that any management actions can abate the long-term northward and 

upslope retreat of boreal forests and diminished snow conditions projected by climate models.” 

 Key point about listing due to climate change. No exit strategy. (CO) 

 

p. 220, 

“Although projections of climate-mediated losses of boreal forests and favorable snow conditions 

suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx in Maine 

and Minnesota may be relatively lower than the western geographic units given the smaller percent of 

Federal lands and the absence of associated regulatory commitments to lynx conservation, and the lack 

of potential elevational refugia. Additionally, as noted above, changes to regulations governing timber 

harvest on private forest lands in Maine are unlikely to maintain the current historically-high” 

 i.e. artificially high (ME FPC) 

“amount and distribution of good lynx habitat or the current large population of resident lynx. These 

changes, which may affect over 90 percent of lynx habitats in northern Maine, are projected to result in 

substantial declines in habitat quality and distribution, and lynx numbers, over the next 10-30 years, 

primarily through restrictions on clearcutting and the proliferation of partial harvesting, which are 

detrimental to snowshoe hare and lynx needs.”  

All of your assumptions are based on an assumed all-time high lynx population.  Is it 

reasonable or desirable to expect the continued maintenance of these high lynx populations?  

The question should be, will they persist, even at a lower population?  We don’t have the data 

to know that since Maine lynx have only been studied at a high population. (ME FPC) 

“On private forest lands, energy development (wind energy, mining), rapid turnover in ownership and 

parcelization of forest land, and uncertain forest markets may also reduce the future quality and 

quantity of lynx habitat.” 

Seriously? The current mining rules preclude any mining at a scale that would threaten lynx 

habitat.  I am surprised they haven’t mentioned meteor strikes because one came down west 

of Rangeley a year ago so it must be a trend.  (ME FPC) 
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Again speculative. These are not happening at a large scale in the UT. The potential lack of 

low grade markets will outweigh all of these. (ME FPC) 

 

p. 221, paragraph 3, sentence 1, 

Last paragraph on page 221: “The functional extirpation of lynx within any one geographic 

unit would possibly reduce the species representation within the DPS for the contiguous U.S. 

population”. We recommend deleting the word “possibly” in this sentence as it would 

definitely reduce representation. (WA) 
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COLORADO PARKS AND WILDLIFE 

We appreciate the effort that has gone into compiling a large amount of information relative to lynx 

ecology. This has been a large undertaking by many individuals. Our comments are meant to enhance, 

through critical review, the SSA. 

1) The entire document could be much more succinct, less confusing, and more useful if significant 

redundancies in the text were removed. We made comments directly in the document that identify 

numerous cases where identical statements, even entire paragraphs, are repeated across multiple sections 

of the document (e.g., "lynx prefer deep, fluffy snow", "persistent snow conditions are thought to afford 

lynx a competitive advantage over other generalist predators", and "lynx populations in the DPS are 

thought to follow a mainland - island metapopulation structure").  Careful editing would likely save tens of 

pages of text and improve the readability and clarity of the document. 

2) Treating the 6 populations as a single DPS is confusing given the relatively large body of literature 

accumulated across these entities over the past several decades. As noted directly on the draft there are 

many places where statements, paragraphs, or even series of paragraphs summarize research in a 

seemingly general sense, but in reality the results apply to only 1-2 populations and have no bearing on, or 

completely misrepresent, the reality in other populations. We point out several well written paragraphs in 

which the similarities and differences among the 6 populations with respect to a given issue are handled 

independently and appropriately and could be used as a model for the remainder of the document. We 

suggest that each section of the document undergo a thorough review to identify and rectify ambiguity in 

summary statements relative to the diverse population structure of the DPS. 

3) At some point early in the document, clearly define "southern" vs. "northern" lynx hare 

populations. You might consult Ivan and Shenk (2016) for a possible definition. In many places it isn't clear 

which populations fall into each group. For instance, sometimes the Canadian border appears to be the 

line, yet the Apps (2000) chapter is cited often and that author considers his provincial study area to be 

"southern lynx habitat". 

4) Several sections of the document read as a litany of every possible factor that could negatively 

impact lynx. Some of these factors are clearly more important than others, however no hierarchy is given. 

For instance, is the Service really concerned about fragmentation impacts to lynx due to oil/ gas or ski area 

development, especially as it compares to natural fragmentation inherent in the Southern Rockies? This 

seems inconsequential. Similarly, does the Service think mineral extraction, ice storms or disease are big 

threats as compared to climate change, forest management, or wildfire?  Some of these threats are 

probably so inconsequential that they should be omitted. 

5) The section on the status of lynx and snowshoe hares in Colorado (as well as various paragraphs 

throughout the document) is missing findings from 3 recent peer-reviewed publications (Ivan et al. 2014 

Journal of Wildlife Management, Ivan and Shenk 2016 Journal of Wildlife Management, Baigas et al. 2014, 

Landscape and Urban Planning) as well as recent annual reports detailing results from our ongoing 

monitoring work (Odell et al. 2017) and results from recent work focused on impacts of bark beetle 

outbreaks to hares and lynx (Ivan and Seglund, 2016, 2017). Also, a climate change report specific to 

Colorado was recently completely as part of the Colorado State Wildlife Action Plan revision. That report 

should be consulted and climate sections updated accordingly. These documents provide our most recent 

understandings of snowshoe density, survival, and recruitment; relationship of these metrics to landscape 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

 
 

Page 4 
 

  

variables; impacts of current bark beetle epidemics on primary prey species of lynx; lynx highway crossing 

patterns; current status and distribution of lynx in the   state, and some predicted local changes in climate, 

snowfall, temperature, etc. These works should be included in the SSA. We are happy to provide full 

citations and/or copies of these publications if necessary. We have also provided updated numbers to 

insert into Table 4 on page 103. 

6) The section on climate change contains a large amount of pertinent information but seems a bit 

unorganized (see #2, above). Also, it suffers from language that is so     strong that it undermines the 

credibility of the information. Throughout this section, we suggest that in every instance where the 

author(s) state(s) future conditions will be 'x' or that lynx will do 'y' in response, the absolutism should be 

replaced with lynx are may do 'x', conditions are may be 'y' or snowpack will might change to 'z'. This type 

of language more fairly captures the state of our knowledge and provides an air of objectivity and 

defensibility that is currently lacking. 

7) The section on expert opinion needs to proceed with substantially more caution. Asking anyone to 

predict the future 100 years out relative to lynx persistence on the landscape is a tall order. Mostly what is 

reported are cumulative point estimates but there is no documentation as to how these were gleaned 

from the 10 different estimates USFWS received. There was substantially more uncertainty in the results in 

this exercise at the Elicitation Workshop than is presented in the Draft SSA, and this variability must be 

captured in this document to lend it some credibility. While Table 5 does communicate associated 

variability and uncertainty, the text does not reflect this. Further, the best utility of these data is not the 

absolute value of the estimates themselves but rather the comparative probabilities of persistence among 

the units. Focusing on those differences and de-emphasizing the actual probabilities where possible would 

benefit the document. Despite this concern, we do agree with the summary paragraph (last full paragraph 

on p. 159). This accurately captures the sentiments of the experts in a fair manner that is as meaningful as 

is possible given what we have to work with. 

While the critical and robust review provided above and in the attachment focus on the science of the SSA, 

we have several policy and process questions that we would appreciate further clarification and 

understanding of. 

1) Considering the SSA repeatedly references the importance of individual lynx crossing into the 

Lower 48 from Canada, itis not clear how a DPS can be justified for the Canada Lynx in the lower 48. The 

distinctness of this DPS appears to be in question. The SSA would benefit from a detailed description of the 

decision making process to explain why it is considered distinct. 

2) If the species remains listed, recovery planning is presumably the next step, considering the court 

order to have this completed within the next 12 months. FWS has made repeated statements in the SSA 

and other recent Federal Register documents, particularly those pertaining to Critical Habitat designation, 

that Colorado did not likely have historical, self-sustaining populations. Based on this, we wish to better 

understand what, if any, role our state would play in recovery of the DPS. If there is no role, as has been 

explained to CPW staff, we would like to discuss potential relief of some of the consultation efforts and 

further exploration of the potential to designate, post hoc, this as an experimental, non-essential 

population. 
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IDAHO DEPARTMENT OF FISH AND GAME 

The Idaho Department of Fish and Game (Department) offers the following comments on the Draft Species 

Status Assessment (SSA) Report for the Canada Lynx (Lynx canadensis) in the contiguous United States 

Distinct Population Segment (DPS). 

The draft SSA presents an inherent conflict for its scientific evaluation. Information in the draft SSA 

indicates that designation of a DPS based on the international Canada-U.S. boundary was based on 

incorrect assumptions, including those related to both discreteness and significance. 

Nevertheless, the draft SSA proceeds with evaluating viability—resiliency, redundancy, and representation 

and “factors affecting viability”—based on the apparent flaws in the geographic application of the DPS and 

6 population units. For example, the draft SSA evaluates factors potentially affecting the DPS in the same 

units it describes as lacking historic persistence of lynx populations. 

In addition, the draft SSA presents “factors affecting viability” via a confusing litany of sources of lynx 

mortality and lynx-human interaction without clear relationship to population effect. 

Vegetation management, wildlife management, climate change, etc. cannot affect the viability of a lynx 

population where the information indicates a peripheral or transient presence at most; so it is confusing to 

include such analysis. Similarly, the draft SSA details state harvest regulations and incidental trapping 

occurrences (even where there is no demonstrated impact to individual lynx) without relating them to any 

population effect. 

These foundational issues with the draft SSA permeate the analysis. For example, the draft SSA makes its 

evaluation based on the 6 geographic units in the contiguous U.S. “with the strongest historical and/or 

recent evidence of an ability to support persistent resident lynx populations,” indicating their combined 

geographic area represents “approximately two percent of the species’ entire breeding range (98% occurs 

in Canada and Alaska).” However, the draft SSA presents information that the Colorado population 

(formed from more than 200 individuals introduced from Canada and Alaska) and the Greater Yellowstone 

Area (GYA) population do not support persistent resident lynx populations (see, e.g., draft SSA at 41-42; 

45-46, 96-97). 

These Greater Yellowstone and Colorado units combined comprise approximately 37% of the “two percent 

of the species entire breeding range” that make up the DPS. Information presented as to the Garnet 

Mountain population in Montana also indicates a marginal occupation during population peaks rather 

than a persistent one (see, e.g., draft SSA at 45-46). Similarly, the conclusion that “it is difficult to 

confidently predict the future condition of the DPS or the likelihood that any geographic unit will support 

resident lynx in the future” is tied to an “irresolvable uncertainty about the historical distribution and lack 

of reliability in other demographic parameters” (see, e.g., draft SSA at 157-158). 

As the draft SSA describes, the 4 units other than the GYA and Colorado units show varying degrees of 

persistence, and are all connected to Canada populations and habitat (see, e.g., draft SSA at 22). The final 

SSA should provide some clear reference to the renewed IUCN (2015) assessment of Canada lynx as “least 

concern.” 
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The final SSA should clarify terminology as to “resident lynx” and “resident lynx populations.” “Lynx” refers 

to both one animal and multiple animals, and one “resident lynx” or short-term support of multiple lynx or 

breeding pairs does not equate to a “resident lynx population” in a given area. 

The final SSA should clarify the level of uncertainty in evaluating probabilities of persistence and likely 

future conditions. For example, the draft SSA’s summary of the expert elicitation panel’s discussion in this 

regard failed to acknowledge the panel’s statements as to the high degree of uncertainty in their 

speculations as to long-term persistence. 

 

Geographic Unit 5 — Greater Yellowstone Area 

The Department finds the information related to Geographic Unit 5 to be technically correct and has no 

suggested edits or comments on these sections of the draft report. Based on best available science, the 

GYA has not historically supported a persistent resident lynx population. 

 

Climate Science / Climate Change 

The vulnerability of a species to climate change is based on the extent of climate change likely experienced 

by the species (exposure), the degree to which the species survival, persistence, fitness, etc. depends on 

climate variables (sensitivity), and the ability of the species to cope (adaptive capacity) (Dawson et al. 

2011, Glick et al. 2011). Aspects of climate science, particularly focused on the exposure and sensitivity of 

lynx, are addressed throughout the report. Although some of the following comments apply to several 

areas in the document (page numbers noted in parentheses), most are intended to specifically address 

Unit 3 – Northwestern Montana / Northeastern Idaho. 

Overall, several of the general climate statements appear contrary. The basic premise of the report is that 

climate change will have adverse effects on lynx (see, e.g., draft SSA at 8). The authors emphasize, 

however, that they do not evaluate specific climate change scenarios (see, e.g., draft SSA at 157) and 

acknowledge that uncertainties and limits in the climate models and in the understanding of lynx 

populations make it difficult to predict future habitat quality or lynx distribution (see, e.g., draft SSA at 

157-8, 197). They further note that “…there currently is no evidence that climate change has had 

population-level effects or has reduced the ability of this unit [Unit 3] to support persistent resident lynx 

populations” (see, e.g., draft SSA at 133). 

Even so, some sections of the report suggest a more positive, and others a more negative, outlook. For 

example, the authors conclude that all units of the DPS are expected to continue to support resident 

populations through mid-century (see, e.g., draft SSA at 12, 158, 161) and 2 or 3 units through the end of 

the century (see, e.g., draft SSA at 161), albeit reduced in number and distribution. Unit 3, in particular, is 

likely the most secure in the DPS (see, e.g., draft SSA at 164). Yet other sections conclude lynx populations 

are vulnerable and climate change will reduce future habitat quality and quantity (see, e.g., draft SSA at 

157, 197). 
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Snow conditions, in particular, are identified as the primary measure affecting lynx persistence. Yet 

nowhere in the document is there a sufficiently detailed description of the required snow conditions to 

facilitate a comparison with the best available current or projected climate data. In the report, adequate 

snow is generally described as “deep”, “persistent”, and “fluffy” (used 24 times). The general 

understanding is that deeper, “fluffier”, longer-lasting snow conditions allow lynx to outcompete coyotes 

and bobcats. But how deep, how persistent, and how “fluffy” is unclear. A range of required snow depths 

are reported in Maine (>270cm/year) and Minnesota (140 cm/year), but none for the other units. The 

draft SSA cites a white paper (Gonzalez et al. 2007) suggesting snow is required for 4 months (Dec-Mar) 

(see, e.g., draft SSA at 31, 32, 114, 187), but this value was based on a correlation analysis with probability 

of snow cover for the Northern Hemisphere at a spatial resolution of 25km, downscaled to 8km (Gonzalez 

et al. 2007). No other references are provided for a required length of snow-covered season. 

The “fluffiness” or hardness of the snow surface is not described in detail. Indirectly, these conditions 

represent access to snowshoe hare. Although increased hardness of the snow surface is thought to result 

in increased competition (see, e.g., draft SSA at 31, 66, 67), it is also correlated with an increase in kill rate 

of hares by lynx (Stenseth et al. 2004). Given that “competition from coyotes and bobcat seem to be less 

of a concern” for Unit 3 (see, e.g., draft SSA at 194), the increased access to prey may actually benefit lynx. 

Many of the climate references used data from ~2000–2010. While these references form a strong 

foundation of current and projected trends across large extents (the continental U.S. or western states), 

they do not always provide a complete picture of current research in specific lynx units. For example, the 

authors cite conclusions from Rangwalla and Miller (2012) (see, e.g., draft SSA at 62) that some 

mountainous regions are warming at a faster rate than global land averages. Yet Oyler et al. (2015) (not 

cited in this report) showed that, while the western U. S. has clearly warmed over the latter half of the 

20th century, systematic errors in temperature measurements at some Snow Telemetry (SNOTEL) sites 

resulted in the artificial amplification of mountain climate trends. During late spring, in particular, the 

commonly used climate datasets (PRISM and Daymet) show elevation increases of 274m and 487m 

(respectively) in the minimum temperature isotherm, while data with the systematic errors corrected 

show a statistically nonsignificant change of 66m. 

Recent work indicates that estimating trends in snowpack dynamics at upper elevations is challenging due 

to limitations in observation records (Painter et al. 2016, Silverman and Maneta 2016, Rasouli et al. 2015, 

Hubbart et al. 2015). In northern Idaho, Hubbart et al. (2015) found a high variability in snowpack 

dynamics at snow course sites that was not reflected in observation data. Microclimate variations due to 

canopy cover, aspect, and elevation were important and led to considerable differences in melt rate – up 

to 3 and 4 week lags – with persisting snowpacks even at low elevations (possibly due to shading, wind 

sheltering, and or cold-air drainage). 

Considering the SNOTEL data are the best current estimates of winter precipitation, Silverman and Maneta 

(2016) examined the minimum detectable change in the complex terrain of western Montana and 

northern Idaho. While virtually all future climate models project increases in precipitation across this 

region, Silverman and Maneta (2016) found that approximately 65% of significant increases in 

precipitation was undetected at mid-elevations, and 75% was undetected at high elevations. In addition, 

they found that the undetected increases in winter precipitation at high elevation will likely remain as 

snow under various future climate change scenarios. 
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To better understand the impacts of changing temperature and precipitation on snowpack variability in 

the future, several recent studies have estimated threshold elevations, above which precipitation is the 

main driver of snowpack and below which temperature is the primary driver. In northern Idaho and 

northwest Montana, Sospedra-Alfonso et al. (2016) estimated a threshold of 1560m ± 120m, suggesting 

snowpack at locations below this threshold is likely to be affected by rising temperatures. For a slightly 

different area of northern Idaho and northwest Montana, Scalzitti et al. (2016) identified a current 

threshold of 1,594m ± 46m and end-of-century threshold of 1785 ± 105m. Tennant et al. (2015) further 

simulated snowpack loss by watershed in the U.S. northern Rockies (ID, MT, WY) and found that 

watersheds between 1,000–2,000m elevation experienced the greatest losses while those >2000m were 

resilient to significant warming. Given the range of elevations associated with lynx occurrences in Unit 3 

(1,250- 2,500m) (see, e.g., draft SSA at 123), and that increased persistence of snowpack and areas of 

potential climate refugia are considerable in mountainous terrain (Dobrowski 2011, Curtis et al. 2014, 

Holden et al. 2015, Morelli et al. 2016), at least a portion of lynx distribution in this unit is likely resilient. 

As mentioned, the vulnerability of a species to climate change is based not only on exposure and 

sensitivity, but also on the species’ adaptive capacity (Dawson et al. 2011, Glick et al. 2011). 

The authors assume lynx to have limited adaptive capacity (see, e.g., draft SSA at 8, 157), yet conclude 

there are no current threats to the lynx adaptive capacity (see, e.g., draft SSA at 10, 98) and discuss 

potential adaptability based on different habitat use across the DPS (see, e.g., draft SSA at 11, 161, 219). 

The selection for different snow depths and mature versus young forest stands (see, e.g., draft SSA at 11, 

161, 219) does indicate behavioral plasticity in lynx that may be important in future conditions. 

Other items noted during review include: 

 Pages 73–83. It would be beneficial to address current research on the effects of forest 

management on snow cover and retention (Roth and Nolin 2016, Hubbart et al. 2015), as well as 

recent work on the importance of snow versus forest cover at multiple scales (Holbrook et al. 

2017). 

 Pages 60, 63, 66, 69, 70, 173, 186. References to the IPCC Fourth Assessment Report (IPCC 2007) 

should be updated to the current, Fifth Assessment Report (IPCC 2014). 

 Throughout this document, the terms “likely”, “very likely”, “unlikely”, etc. are used frequently to 

describe potential impacts of climate change, often without regard for what those terms really 

mean. Re-evaluating these terms and following a standardized terminology, similar to the IPCC 

Likelihood Terminology (https://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch1s1-6.html), 

will increase transparency, eliminate confusion, and ensure readers are all “on the same page” 

with regard to the level of certainty surrounding projected climate changes and potential effects. 

This is particularly important when projected effects identified in the IPCC are cited directly (see, 

e.g., draft SSA at 60, 63, 66). 

 Finally, several papers referenced in the document are not in the literature cited, including: 

Harvey et al. 2016 (see, e.g., draft SSA at 133, 134, 149, 150), Peers et al. 2016 (see, e.g., draft 

SSA at 65, 66), Stenseth et al. 2014 (see, e.g., draft SSA at 73), Westerling 2016 (see, e.g., draft 

SSA at 86, 133, 134, 149). Note that not all references were checked, only those that were not 

immediately recognized. 

https://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch1s1-6.html
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MAINE DEPARTMENT OF INLAND FISHERIES AND WILDLIFE 

The Maine Department of Inland Fisheries and Wildlife offers the attached comments on the Draft Species 

Status Assessment for Canada lynx {SSA). We appreciate the opportunity to have the USFWS consider our 

comments as it reviews the current status of the lynx Distinct Population Segment (DPS), future threats to 

the lynx DPS, and general strategies for lynx conservation. We are pleased with the Lynx SSA Team's 

findings that the initial threat to the lynx DPS -- inadequate management on federal lands -- has been met, 

and agree with the generally favorable analyses of the DPS's Resiliency, Redundancy, and Representation. 

The attached documents identify the Department's principal areas of concern.  While there are areas of 

agreement, we are troubled with the tone of the document and by what appears to be a very subjective, if 

not biased, selection of data to include in the draft SSA. In our opinion, this has led to a misrepresentation 

of the current and future status of Maine's forest conditions, lynx populations, and snowshoe hare 

populations. The definitive tone of the climate change section on how Maine's forests and lynx 

populations will be affected, does not follow the guidance offered in the IPCC Climate Change 2014 

Synthesis Report which states that an integral feature of the report is communicating the uncertainty of its 

findings. 

We are concerned that the draft SSA still considers the lack of management assurances on private lands to 

be a risk to lynx populations. As you know, approximately 90% of the forests occupied by lynx in Maine are 

privately owned. Maine's lynx population reached what is believed to be historic highs on these private 

lands without federal or state intervention that stipulated the number of acres that  needed to be 

maintained as lynx habitat. Models used in the SSA to predict forest habitat changes and trends in lynx 

populations do not take into full account, and in some cases misrepresent, forest management on private 

lands. Therefore, we solicited comments from the Maine Forest Products Council (attached) to provide 

reviewers with a perspective from private landowners on current and future forest conditions in Maine.  

We also reached out to the Maine Forest Service for information  on past and current forest conditions 

and harvest patterns in Maine. My staff summarized the data we received, but I would encourage the 

Service to contact them directly if additional information is needed. 

Our Department has historically taken a proactive role in lynx management, and it is our intention to 

ensure that this species persists for Maine residents and visitors alike to enjoy. Currently, we list lynx as a 

Species of Greatest Conservation Need, have an incidental take plan for incidentally trapped lynx, and 

provide considerable public outreach on the species behalf. Given our efforts, and the efforts of other 

states in lynx conservation, we are disappointed that the traditional role of state conservation efforts was 

apparently discounted in the SSA. We disagree that the federal ESA is the only effective protection for 

lynx, and counter that state conservation strategies, which may be inspired by the ESA, are generally a 

better, more lasting solution. 
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Maine Department of Inland Fisheries and Wildlife  

The Maine Department of Inland Fisheries and Wildlife (MDIFW) offers the following comments on the 

Draft Species Status Assessment for Canada lynx (Lynx canadensis) Contiguous United States Distinct 

Population Segment, Version 1 Draft 2016, USFWS. MDIFW’s review of the Draft Species Status 

Assessment (SSA) consists of an overview of principal areas of scientific agreement and concern, 

followed by comments on specific statements in the SSA. Rather than attempting a line-by-line review 

of the document, MDIFW chose to focus on major areas of agreement or concern. MDIFW appreciates 

the opportunity to have the USFWS consider its comments as it reviews the current status of the lynx 

Distinct Population Segment (DPS), future threats to the lynx DPS, and general strategies for lynx 

conservation in the southernmost range limits of the species. 

 
Overview 

SSA Framework 

MDIFW concurs with the Lynx SSA Team’s findings that the initial threat -- inadequate management on 

federal lands -- has been resolved, and agrees with the generally favorable analyses of the DPS’s 

Resiliency, Redundancy, and Representation (3Rs). The lack of focused attention on the “five-factor 

analyses” that guides ESA status changes (https://www.fws.gov/endangered/esa- 

library/pdf/delisting.pdf) is perplexing, however. In the absence of a recovery plan with specific 

conservation objectives, a periodic “5-year” status review should provide a clear evaluation of the 

species with regard to ESA listing factors. This seems essential in the SSA if it will be the only evaluation 

of lynx DPS status after 17 years of listing  under the ESA. 

 
Current Resiliency of DPS 

Of the six geographic units discussed in the SSA, Maine has the largest area of lynx habitat and largest 

lynx population. The relatively large population of lynx in Maine is the result of commercial forest 

operations, on private land holdings, that created large areas of regenerating spruce/fir forests that are 

favorable for the primary prey species of lynx - the snowshoe hare (Lepus americanus).  Since MDIFW 

began its lynx telemetry study in 1999, biologists have documented an expansion in Maine’s lynx range 

and population size. This expansion occurred while approximately 90% of the land base in northern 

Maine was privately owned. The benefits to lynx from commercial forest operations in Maine and the 

improved management plans for lynx on federal lands, throughout the DPS, strengthen the overall 

resiliency of the DPS. 

 
Given the success of lynx populations on private lands in Maine, MDIFW finds statements, such as 

the one on p. 76 of the SSA, “Whereas management of State and Federal forest lands have been 
relatively stable in recent decades, management and ownership of private forest land ownership has 
been extremely unstable. This has resulted in major shifts in forest management strategies, outcomes, 
and products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the “northern 
forest” (Adirondacks to northern Maine) were sold to many different kinds of financial groups (Hagan et 
al. 2005)” overstate the threat posed by private land management to lynx. The period of greatest lynx 
population growth in Maine occurred during the same period (referenced above) that caused “major 
shifts in forest management strategies, outcomes, and products”. The majority of ESA success stories for 

http://www.fws.gov/endangered/esa-
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widely distributed species involve a significant role for private lands.  In the eastern U.S., private lands 
are integral to recovery programs and conservation efforts. “Working woodland” easements now 

encompass >10,000 km2 across northern Maine. These covenants do not specify specific management 
practices or outcomes beyond sustainable forestry, but they do ensure that conversions to other land 
uses will never occur. 

 
While MDIFW agrees with the Lynx SSA Team’s findings that the current lynx population in Maine is 
resilient, MDIFW strongly disagrees with statements in the SSA that Maine’s lynx population and 
lynx/snowshoe hare habitat have declined since 2006, i.e., “The best available science indicates that 
hare populations have declined by about half across all stand types (and in adjacent Quebec) since 2006 
and apparently have not rebounded.”  No references are given in the SSA to substantiate this claim. 
MDIFW asserts that there is insufficient scientific evidence to conclude that hares have declined at a 
landscape level and have remained low since 2006 in northern Maine.  Hare densities in stands subject 
to shelterwood and overstory removal harvests more than doubled from 2008 to 2011. As of 2011 (the 
last year of monitoring in this stand type), hare densities in these stands were approximately double 
those in regenerating clearcuts (D. Harrison, unpublished data). Given the prevalence of shelterwood 
harvests in northern Maine recently, and the fact that many of these stands may only now be reaching a 
stage where they provide ideal hare habitat, MDIFW contends that more information on hare densities 
is needed before conclusions on hare population trends can be made. MDIFW has information on the 
current status of lynx in Maine, which suggests the lynx population is both increasing in numbers and 
expanding its range, and questions why this information presented at the Expert Elicitation Workshop 
(EEW) was not included in the draft Lynx SSA. MDIFW urges the USFWS to consider the data and 
arguments presented in this review and at the EEW to arrive at a more objective perspective on the 
resiliency of Maine’s current lynx population. 

 
Future Resiliency of DPS 

Climate Change 
The effects of climate change present a threat to many wildlife species in North America, but the 
magnitude, nature, and timing of these threats is still uncertain. MDIFW agrees with the authors of the 
IPCC Climate Change 2014 Synthesis Report that “An integral feature of IPCC reports is the 
communication of the strength of and uncertainties in scientific understanding underlying assessment 
findings” (p.37).  Unfortunately, many of the conclusions and the tone of the Climate Change Section 
in the SSA do not communicate this uncertainty and are definitive in nature. For example on p. 68, 
“Climate change will diminish the amount of lynx habitat throughout the DPS by a) reducing the areas 
where snow conditions give lynx a competitive advantage over bobcats and other species, and b) 
reducing the amount of spruce-fir habitat required by snowshoe hares”, or on p.218, “Although 
uncertainty remains regarding the timing, extent, and biological consequences…..hare populations will 
decline… This in turn will reduce lynx abundance….” (underlines added). MDIFW is concerned about the 
objectivity of the climate change sections in the SSA and urges a thorough review of this section -- 
especially given the USFWS SSA Core Team’s admission that they took a more pessimistic view of 
climate change impacts to lynx than the experts at the EEW. Furthermore, MDIFW asks, are 50-year 
projections an appropriate standard for the “foreseeable future” language of the ESA? 

 

Perhaps of greater significance than the tone of the climate change sections is the over reliance on 
modeling to predict the persistence of lynx in the face of contradicting field data. For example, on p. 66 
of the SSA it states, “Reduced snow depth and duration may reduce lynx’s competitive advantage over 
bobcats, which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the closest 
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related species to lynx in North America, and it outcompetes or displaces lynx wherever the two species 
overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983;Robinson 2006, pp. 120- 
129) geographic scales.”  However, field observations and surveys indicate that lynx have expanded 
their range in Maine, and that lynx are now living and reproducing in Downeast Maine (i.e., sections of 
Penobscot, Washington, and Hancock Counties). Northern sections of Downeast Maine have long been 
considered one of the best bobcat regions in Maine, and this region has historically had lower snowfall 
totals than northern interior Maine because of the influence of maritime weather patterns. These field 
observations call into question whether marginally lower snow levels and bobcat are a significant threat 
to lynx in Maine. MDIFW urges the USFWS to consider the data and arguments presented in this review 
and at the EEW to arrive at a more objective understanding of the threat that climate change poses to 
the DPS in the near future. 

 

Habitat Changes 
MDIFW questions the conclusions reached in the SSA regarding predictions that Maine’s forests will 
change in a manner that threatens lynx and snowshoe hare populations.  The SSA predicts these 
changes will occur because of climate change, forest maturation, and changes in forestry practices. For 
example p. 169 of the SSA states, “Models indicate that aging of past clearcuts and changes in forest 
practices to partial harvesting will diminish the current lynx habitat by half in coming decades.” MDIFW 
presents information substantiating that these predictions are based on inaccurate figures on hare 
densities in shelterwood harvests, and the misperception that changes in forest species composition will 
occur at equal rates on managed and unmanaged forests. For example, the SSA states on p. 171, 
“Currently, partial harvesting comprises about 94 percent of acres cut annually in Maine (Simons 2009, p. 
50)” and “Foremost, snowshoe hare densities in partially harvested forests are on average about 50 
percent lower (but range from 20 to 90 percent lower) than in regenerating conifer stands created by 
clearcutting (Robinson 2006, pp. 5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape 
hare density and presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; 
Simons-Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire).” However, MDIFW points out that 
according to the Maine Forest Service, since 2006, of the total acreage meeting the definition of “partial 
harvest”, 46% were shelterwood harvests. Shelterwood harvests do not have the same hare densities as 
other forms of partial harvest.  Scott (2009) demonstrates that as of 2009, stands subject to 

shelterwood/overstory removal (even age management) had only slightly lower winter hare densities 
than regenerating clearcuts, and 2.5X the winter hare density of stands subject to selection harvests 
(uneven-age management). MDIFW argues that the presentation of forest and hare data is misleading, 
and that more research is needed on hare densities in shelterwood stands. 

 

MDIFW points out that while climate conditions in the Northeast may make conditions less favorable for 
spruce/fir forests and more favorable for deciduous trees, the rate of change will likely differ on private 
forests that are actively managed vs. unmanaged forests. Private landowners manage their lands for 
specific outcomes (see attached letter from Maine’s Forest Products Council). Therefore, inferences on 
how lynx populations will respond to changes in forest type must take into account the forest 
management plans of private landowner, especially in a state where 90% of lynx habitat occurs on 
private lands. From 1995 to 2015, the total acrage of conifer forest has actually increased in Maine 
(2,515,732 to 2,904,462 acres) with the acreage of conifer saplings staying relatively consistent 
(1,062,863 acres in 2015; personal communication, Ken Laustsen, Maine Forest Service). 

 
Trapping and Hunting 

MDIFW disagrees with statements that Maine’s lynx population would face increased threats from 
trapping and hunting if they did not have not have protection under the federal ESA. Trapping was 
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evaluated at the time of listing (USFWS 2000) and was determined not to be a significant threat to the 
lynx population.  Currently, the vast majority of lynx caught in foothold traps are released with little to 
no injury. MDIFW contends there is no evidence to support statements such as, (p. 182) “Lynx would 
be at greater risk without ESA section 9 prohibitions against take. In a future scenario without Federal 
listing, Maine’s incidental take plan for trapping would be rescinded, and it is likely that many protective 
measures to minimize injury, take, and mortality of lynx would cease or diminish.” MDIFW submits that 
in the event of delisting, the Department would continue to be committed to protecting lynx 
populations through trapper and hunter education, regulations focused to minimize captures in traps, 
and an active law enforcement presence. Prior to the federal ESA listing of lynx, MDIFW implemented a 
number of measures to protect the species (MDIFW 2014, p. 78-79). These included closing the season 
on lynx hunting and trapping in 1967, and providing information to trappers on how to distinguish 
bobcats from lynx to avoid lynx incidental captures and trapping mortalities. 

 
MDIFW disagrees with the Lynx SSA Team’s conclusion that lynx face an increased risk because of 
Animal Damage Control (ADC) activities if lynx were no longer protected under the ESA. The SSA states 
(p. 182), “There have been a few situations where lynx have destroyed livestock, but lethal actions to 
remove lynx were avoided because of Federal listing. Without Federal listing, justification for shooting 
lynx in these situations would likely increase.” There has never been a documented lethal taking of lynx 
related to ADC activities in Maine, and it is very rare to get a report of lynx getting into someone’s 
“livestock” (i.e., chickens). The assertion that there is an increased likelihood of a lynx being shot to 
protect chickens is pure speculation. MDIFW strongly urges the USFWS to reevaluate claims that 
delisting would threaten Maine’s lynx population because of increased mortalities from hunting, 
trapping, and ADC activities. 

 
Redundancy and Representation 

MDIFW agrees with the Lynx SSA Team that none of individual geographic units that currently support 
resident lynx are vulnerable to extirpation from a single catastrophic event (p.9, SSA). For Geographic 
Unit 1 (Maine), its proximity and prominent connectivity to relatively large lynx populations in Quebec 
and New Brunswick not only ensures that a single catastrophic event would not decimate the regional 
lynx population but also facilitates lynx dispersal and gene flow (i.e., Representation). 

 
General Comments 

MDIFW suggests that a broader more forthright discussion is needed on the structure of the DPS. In the 

description of the geographical units of the SSA, MDIFW suggests stating, “The DPS designation reflects 

a jurisdictional boundary, not a biological one, for Canada lynx. The species is widespread and relatively 

secure in Canadian provinces adjacent to the DPS.” Would the USFWS be willing to state, in the list of 

assumptions (p. 8, SSA), “We assume that the statuses of lynx within individual SSA geographic units are 

mostly independent of one another”? This assumption is requested to critically reconsider conservation 

strategies and outcomes given “the units are relatively isolated from each other” (SSA, p. 5).  In fact, 

Unit 1 (northern Maine) and Unit 2 (northeastern Minnesota) are extremely isolated from other units by 

distance and marginal habitat. As the USFWS has experienced with recovery efforts for Canis lupus, the 

improbability of “recovery” occurring concurrently in three (or more) regionally distinct SSA units greatly 

handicaps any scenario for delisting. 

 
MDIFW finds the statement on p. 20 of the SSA, lines 6-7 troubling: “… we do not evaluate the unlikely 

hypothetical future in which the DPS is not listed and conservation efforts disappear.” An inference that 
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lynx conservation is totally dependent upon ESA seems unfortunate. The traditional role of state 

conservation efforts is apparently discounted, and current examples of cooperative efforts among states 

and the USFWS to prevent listings (e.g., New England cottontail) may have not been considered. 

MDIFW does not argue that ESA protections are sometimes appropriate and value-added, but USFWS 

should not ignore the long-standing primary jurisdiction of states for most wildlife resources, critically 

important partnerships with states for conservation of vulnerable species, the second generation of 

State Wildlife Action Plans, etc. On p. 6, lines 13-15, MDIFW believes the SSA is presenting an “all or 

nothing” worst-case scenario for the lynx DPS: “Our evaluation, therefore, considers the possibility of 

the future relaxing of some lynx conservation measures and efforts, but not the complete absence of all 

protections for lynx.” MDIFW concurs that the lynx DPS needs thoughtful conservation attention at its 

southernmost range limits. However, our Department (1) strongly disagrees that the ESA is the only 

effective protection, and (2) counters that state conservation strategies, which may be inspired by the 

ESA, are generally a better, more lasting solution. 

 
We provide more detailed response on the following pages. 

 

Canada Lynx Conservation in Relation to ESA 

 
 Findings behind designation of the DPS for Canada Lynx in the contiguous U.S. 

o Clarification of this issue would benefit all readers of the Executive Summary: “The DPS is 

deemed to be ‘discreet’ on the basis of a jurisdictional boundary, not a biological barrier, for 

Canada Lynx. The species is widespread and generally secure in Canadian provinces adjacent 

to the DPS. The finding that the lynx DPS is ‘significant’ to the broader occurrence of the 

species reflects atypical ecological conditions at its southernmost range limit.” 
 

There is a wealth of information in the draft SSA, but this particular issue is not clearly offered despite 
repeated scrutiny from USFWS (68 FR: 40075 [2003]; 72 FR: 1187 [2007]) and the Court. Readers of the 
document may well arrive at a similar conclusion if attentive to hints made in the document. 
Conservation of any species at the periphery of its range is always challenging and remains the 
fundamental dilemma facing the lynx DPS in the contiguous U.S. The SSA should provide a clear context 
to facilitate subsequent status judgments. Instead, “The DPS listing history …” (pg. 20) is identified as a 
basis for not considering “… the unlikely hypothetical future in which the DPS is not listed.” 

 

 SSA framework 

o The SSA does not formally review the five factors for status evaluations (ESA Section 

4; https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf). 
 

As currently written, the draft SSA examines threats facing lynx as well as resiliency, redundancy, and 
representation of the DPS. “ESA’s requirements for delisting …” are cited (pg. 20) as a second rationale 
for not considering “… the unlikely hypothetical future in which the DPS is not listed.”  We are unaware 
of “requirements” other than specific objectives established in recovery plans and the five factors 
guiding ESA status decisions listed in statute. The SSA is a thoughtful evaluation of species vulnerability 
relative to ESA. We hope that discussion of the five factors for listing is an option in any SSA but suggest 
that it particularly should not be omitted in the first status review of the lynx DPS after 17 years as an 
ESA Threatened Species. 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
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o Several statements at the close of the “Introduction” (pg. 20) seem to stray from 

the presentation and interpretation of facts intended in an SSA: 

 
1. “The “DPS’s listing history …” (line 6) does not seem relevant to the SSA 

beyond consideration of the sole factor cited in the listing rule: inadequate 

regulatory mechanisms on Federal lands (pg. 4; 65 FR 16052 [2000]). 

If this historical reference alludes to petitions and court findings, it is an especially 
inappropriate justification. SSAs are science based and should not reflect speculation about 
legal interventions. 

 

2. “We do not evaluate the unlikely hypothetical future in which the DPS is not listed and 

all protections and conservation efforts disappear” (lines 6-7).  This statement is 

troubling. 

 
An inference that the future of the lynx DPS and effective conservation is totally dependent 
upon ESA is unfortunate.  The traditional role of states is apparently discounted.  We do not 

argue that ESA protections are sometimes appropriate and value-added, but USFWS should 
not ignore the long-standing primary jurisdiction of states for most wildlife resources, the 
critically important partnerships with states for conservation of vulnerable species, more 
proactive attempts to address species vulnerability via State Wildlife Action Plans, etc. 

 
3. “ … conditions for delisting would include requirements and incentives to continue to 

conserve lynx and its habitats …” (lines 10-11) should be justified on the basis of facts 

provided in the SSA. 

Speculation about additional delisting requirements in the absence of a recovery plan 
(above and beyond the five-factor analysis outlined in ESA Section 4) may or may not be 
appropriate in the SSA. If this is deemed integral to the current process, then the draft SSA 
should evaluate conservation of lynx and habitats in the DPS afforded by states. The latter 
should not exclude strategies on private lands. We do not debate the need or intent of ESA, 
but most policies that result from listing prove an impediment to actual incentives. 

 

4. “Our evaluation, therefore, considers the possibility of the future relaxing of some lynx 

conservation measures and efforts, but not the complete absence of all protections for 

lynx.” 

Lines 13-15 (pg. 6) again hint of a premise for an “all or nothing” worst-case scenario for the 
lynx DPS that is fully reliant on ESA listing. We concur that the lynx DPS needs thoughtful 
conservation attention at its southernmost range limits. However, we (1) strongly disagree 
that ESA is the only effective protection and (2) counter that regionalized landscape 
strategies that may be inspired by ESA offer a better, more lasting solution. 

 
Prominent examples of state protections in SSA Unit #1 (northern Maine) include (1) closed 
seasons for hunting or trapping lynx since 1967; (2) safeguards for minimizing incidental lynx 
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captures from other trapping; (3) habitat assurances via “working forest” easements on >2.5 
million acres that ensure no land use conversions and sustainable forestry; and (4) the 
contingency role of the Maine Endangered Species Act in the event that diminished 
population abundance and/or unfavorable population trends in Maine justify future listing 
under established criteria (http://www.maine.gov/ifw/pdfs/listingHandbook.pdf). 

 

 Role of private lands in conservation 

o The phrase (lines 12-13) “ …assure persistence of resident lynx populations in those places 

that can support them on Federal, State and Tribal lands (perhaps some private lands as 

well) …” is an unfortunate, inaccurate outlook. 
 

The majority of ESA success stories for widely distributed species certainly involve a significant 
role for private lands. In the eastern U.S., private lands are integral to recovery programs and 
conservation of many vulnerable species. ESA listing petitions will never cease if status is judged 
primarily by public land ownership and disregards the role of private lands. 

 

o The compilations (Table 1, pg. 15 and Table 4, pg. 103) and brief discussion of types of land 

ownership in various lynx SSA units clearly reinforces a bias against private lands. The 

attention to Federal agencies is understandable since land use policies on U.S. Government 

lands were the primary justification for ESA listing. Intended or not, in combination with 

other statements that demote the role of private lands in lynx conservation, the data imply 

extreme jeopardy for lynx habitats in SSA Unit 1 where private lands predominate. 

However, Maine offers the largest block of lynx habitat and apparently the most robust lynx 
population in the entire DPS … despite 90% private land ownership. Maine’s northern 
woodlands have been subject to various harvest regimens for centuries but remain a functional 
landscape for Canada lynx with high connectivity to source populations in Canada. “Working 
woodland” easements now encompass >10,000 km2 across northern Maine.  These covenants 
do not specify specific management practices or outcomes beyond sustainable forestry, but 
they do ensure that conversions to other land uses will never occur. 

 

Landscape conservation of functional habitats for Canada lynx may be the only effective tool to 
promote a future for the species in the DPS. Strict preservation of forest lands will certainly not 
benefit lynx, and suitable habitat in the face of long-term climate change impacts may be best 
maintained by silvicultural practices.  These require more incentives than a regulatory emphasis. 

 
 Threats in the “foreseeable future” 

o Evaluation of the 3Rs reveals no current liabilities for the lynx DPS. This statement (pg. 9) 

concludes sufficient resiliency: “The apparent long-term (historical and current) 

persistence of resident lynx populations in at least four of the six geographic units (Units 1-

4) and the absence of reliable information indicating that the current distribution and 

relative abundance of resident lynx are substantially reduced from historical conditions 

suggest adequate historical and recent levels of resiliency among lynx populations in the 

DPS.” 

The conclusion (pg. 9) on redundancy is more emphatic: “The current broad distribution of 

resident lynx populations in large, geographically discrete areas makes the DPS invulnerable 

http://www.maine.gov/ifw/pdfs/listingHandbook.pdf
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to extirpation caused by a single catastrophic event.” The evaluation of representation (pg. 

10) is also favorable in the lynx DPS:  “Because there are no indications of significant loss of 

or current threats to the genetic health or adaptive capacity of lynx populations in the DPS, 

and the current level of representation does not appear to indicate a decrease from historical 

conditions, we find that the DPS currently displays an adequate level of representation.” 

Future conjectures of vulnerability are left as the only indication of jeopardy following (1) the 
resolution of the primary justification (pp. 4, 217, etc.) for the original listing of the lynx DPS and 
(2) a favorable evaluation of the 3Rs in the current lynx DPS. 

 

o Is the “… declining probability of persistence (loss of resiliency) for each of the 

geographic units within the DPS throughout the rest of this century …” (pg. 

216) sufficiently certain in likelihood or immediacy for current eligibility under 

ESA? 

 

The five-factor analyses (https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf; ESA 
Section 4) for evaluating threats describes four criteria only in the present tense. A single factor 
identifies a future time reference: “Is there a present or threatened destruction, modification, or 
curtailment of the species’ habitat or range?” To our knowledge, the ESA phrase “foreseeable 
future” is not clearly defined in statute, related rules, or policy.  We simply caution that 
speculation on the future condition of habitats (especially in relation to projections on the 
impacts of climate change that may take effect 20-50 years or more into the future) may not be 
the appropriate timetable under ESA or in the best interest of advancing current opportunities 
to perpetuate a functional landscape for Canada Lynx in the DPS. 

 
 

Conjecture on Protection of Lynx Relative to ESA 

 
 Lynx would be at greater risk without ESA section 9 prohibitions against take, page 182 

o The SSA states: “If Maine’s ITP was rescinded it is likely that measures to minimize 

injury, take and mortality will be rescinded. “ 

 
MDIFW was committed to protecting lynx populations from incidental take from 

trapping before the federal ESA listing (p. 79, MDIFW 2014), and lynx have been 

protected by a closed season on hunting and trapping since 1967.  Maine’s ITP 

addresses incidental take through trapping, research, and ADC related activities; all 

potential sources that were evaluated and determined to not be factors threatening 

lynx at time of listing (65 FR:16078 [2000]).  Although incidental take was not 

determined to be a threat in the listing document, MDIFW identified this as a potential 

source of mortality to lynx, and has been successful in addressing this threat both 

before and during listing. This has been accomplished through: lynx related educational 

material in hunting and trapping courses and in our law books, restricting trapping 

methods to minimize lynx capture, and an active law enforcement division. In the event 

of delisting, Maine would continue to successfully minimize take to lynx in the form of 

hunting, trapping, research, and ADC related activities. 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
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o The SSA states: “It is unlikely that lynx would become a legally harvested furbearer in 

Maine (although some Maine trappers have suggested that).” 

 
We agree that lynx would remain protected from hunting and trapping through Maine 

state law in the event of delisting (they were protected from these forms of mortality by 

state law for 33 years prior to listing). Why is the suggestion of some Maine trappers 

relevant to this document? 

 
o The SSA states: “Illegal shooting and non-reporting would likely increase without federal 

protection. We believe several high-profile Federal Law enforcement cases have helped 

to reduce illegal shooting of lynx.” 
 

Where is the evidence to support these statements? The Maine Warden Service has 

been successful in protecting lynx and enforcing related laws before federal listing and 

has led the enforcement, investigation, and prosecution of the majority of lynx cases 

since listing. With only two special agents assigned to Maine, the USFWS relies on the 

field presence and experience of the more than 100 Maine wardens.  Maine Title 12 

MRSA section 11201and section 11251-3 are state statutes which make it a Class E 

crime to hunt or trap animals or possess an animal for which there is no open hunting 

or trapping season. This includes lynx. Both statutes are “strict liability”, meaning that 

the state isn’t required to prove that the hunter or trapper killed or trapped the 

animal “intentionally, knowingly, recklessly or with criminal negligence.” The “state of 

mind” of the person taking the lynx is not an element of the crime, which must be 

proven in court. In contrast, the USFWS agents generally operate under a standard 

operating procedure (often referred to as the McKittrick standard) whereby proof is 

required that a suspect knew that the species they were taking was a lynx which is 

subject to federal protection. Because federal prosecution prefers a “knowingly” 

culpable state of mind and the state statute does not, prosecutions at the state level 

are more efficient and less burdensome. In closing, Maine game wardens are the 

driving force of law enforcement as it relates to protecting lynx in the state.  They 

provide the field presence, enforce rules associated with minimizing take, and 

prosecute the majority of cases.  This presence will continue to protect lynx in the 

event of delisting. 

 
o The SSA states: “Incidental take from bobcat trapping, running with dogs, and hunting will 

likely increase without federal listing.” 

 
How did the authors arrive at this conclusion? The methods to pursue bobcats through 

trapping, running with dogs, and hunting did not change after federal listing.  MDIFW has 

documented lynx being killed by bobcat hunters on a single occasion in the 1970’s; one 

occasion in 49 years. Since then MDIFW has successfully addressed this potential threat 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

 
 

Page 21 
 

  

through lynx related educational material to the hunting and trapping community, providing 

a section devoted to lynx avoidance in trapping education classes, and increasing awareness 

of lynx protection statewide. Additionally, incidental take through these methods were 

evaluated and determined not to be a factor threatening lynx in the federal register (p. 

16078, USFWS 2000). In the event of delisting MDIFW will continue to successfully minimize 

take through education, regulations that only allow trapping methods that minimize 

potential capture to lynx, and law enforcement. 

 
o The SSA states: “Without federal listing justification for shooting lynx in situations where 

lynx destroyed livestock would likely increase.” 
 

First, by livestock we are assuming that the authors mean poultry and rabbits.  Lynx have 

never been documented depredating on sheep, cattle, or pigs in Maine, nor are we aware of 

livestock depredation being a concern anywhere within the species range. We agree that 

that only a few situations exist where lynx have damaged poultry. In fact, since protection of 

lynx from hunting and trapping in 1967 MDIFW has not documented a single case of lethal 

removal of lynx due to ADC related issues. Therefore why was this listed as a threat to lynx 

populations in Maine? Furthermore, any ADC related activities that occur in the state must 

go through review and approval by regional wildlife biologists and warden service staff; it is 

highly unlikely that lethal removal of lynx damaging poultry (or any other livestock) would 

be used as a management tool even in the event of delisting. 

  
Climate Change and the Future of Lynx Conservation – Pages 172-175 

 
MDIFW agrees that with the basic premise that, on average, a warming climate will likely cause many 

species at the southern edge of their distribution to shift northward. However, we believe the SSA 

overstates the confidence with which climate models can be used to inform future trends in lynx 

distribution and population size in Maine. Uncertainty regarding changes in the amount and duration of 

snowfall, and the response to these changes by hares, lynx, and potential lynx competitors such as 

bobcats and coyotes, make projecting impacts on lynx very challenging. In addition, we feel that 

conclusions about changing forest species composition in northern Maine due to climate change are 

overstated and not supported by current data (see MFPC letter and other sections of MDIFW response). 

 
Mean annual temperature in Maine is projected to increase by 1.7 – 2.8° C from 2014 to 2054, but 

precipitation is expected to increase by 5-10%, with the greatest increase occurring in interior Maine 

(Fernandez et al. 2015). While the duration of snowpack is projected to decline by about 2 weeks over 

the next 50 years, in northern Maine total accumulated winter snow is projected to decrease by <20%, 

and extreme snowfall events are projected to increase in frequency (Fernandez et al. 2015).  Although 

the SSA presents many hypotheses about the response of hares, lynx, and other carnivores to changing 

snow conditions, MDIFW believes the underlying mechanisms describing the relationship between these 

species and snow are largely unknown.  The distribution of bobcats and coyotes, for example, may be 

just as limited by a future scenario with shorter winters that have higher average snow depths as they 

are by current winters that have longer snow duration but less average accumulation. Therefore, we are 
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not convinced that projected changes to Maine’s climate will necessarily result in significant range 

contraction by lynx.  We suggest that the sections on climate change in the SSA should be recast to 

reflect the inherent uncertainty in climate models and the response of lynx to potential changes. 

 

Current Status of Lynx in Maine 

 
 Reference to reliability of population estimates 

o Page 99 of the SSA–states: “No reliable estimates of current or historical resident 

lynx numbers”. 

 
How did the authors come to this determination? Vashon et al. 2012 (cited throughout 

the document), provides estimates of past and current lynx populations in Maine and 

how those estimates were derived. The USFWS accepted these population estimates in 

the Incidental Take Plan for Maine’s Trapping Program (2014) and issued the state an 

Incidental Take Permit based on these population estimates. Furthermore, if the above 

statement in the SSA were true, it implies that statements on current population trends 

and status of lynx throughout the SSA should be discounted (e.g., largest lynx population 

in the lower 48, higher than historic levels etc.). 

 
o Page 112 and page 117 of the SSA states: “The actual population size is 

unknown because there are no methods available to measure and produce true 

population estimates over such a large geographic area.” 

 We question why this statement is here. Only a direct count of animals in a 

closed system can give the absolute population value for a moment in time 

(seldom the case for wildlife populations). The inclusion of this sentence holds 

Maine’s population estimates to a standard that is not obtainable. 

 
 Demographic data collected by MDIFW is not accurately portrayed 

o Page 99 of the SSA States – “Reproduction and survival rates in the low hare 

environment after 2006 suggest a slightly declining population.” No reference is 

provided for statement and it is contrary to data in Vashon et al. 2012 (Table 1.2 page 

18 and see Appendix VI) where there was no difference in the average annual 

mortality between periods of hare abundance (26% 1999-2006 and 26% between 

2007-2011). 

 
 Population estimates for Maine are not consistently reported 

o On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 

117 the SSA states 500 to a 1,000 lynx, and then on Page 111 the SSA states several 

hundred to a 1,000 in Maine 

 MDIFW shared at the Expert Elicitation Workshop an estimate of 750-1,000 

adults in 2006 with recent data supporting an increasing population (IFW 

biologists have noted an increase in incidental captures, vehicle strikes, 
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sightings, in detection probabilities and in occupancy between 2003-2008 

and 2015-17 winter track surveys). Thus, Maine’s current lynx population 

likely exceeds 1,000 adults. 

 The method used to generate the estimate of 750-1,000 provided at the EEW 

is provided in Vashon et al. 2012 as cited throughout the SSA. 

 

 Population and habitat are not decreasing 

o Page 99 – …after 2006 suggest slightly decreasing population 

This statement is not cited and is contrary to data presented at the Expert Elicitation 

Workshop that supports an expanding lynx population in Maine. At the workshop, we 

shared the first year of data from snowtrack surveys to monitor changes in lynx detections 

and occupancy over time. We now have another winter and a half of data. Between January 

2015 and Febuary 2017, we have resurveyed 30 towns across northern Maine. During initial 

surveys (2003-08) lynx were detected in 14 of 30 towns (43%), during resurvey efforts lynx 

have been detected in 28 of the same 30 towns (93%). 

 

o Page 99 (also see page 105 3rd paragraph) – hare went under a 50% decline in 2006 and 

have remained at lower levels. This statement is not cited.  There is no study at the scale 

this sentence implies. 

 
 Vortex Model 

o MDIFW questions the Vortex model produced by the USFWS in the SSA (see page 33 and 

page 113 paragraph 2, last sentence) 

 MDIFW questions why this was done since a model by the researchers collecting the 

data was already available. 

 In addition, this Vortex model was part of Maine’s Incidental Take Plan 

submitted to the USFWS which was accepted on 11/4/2014. 

 MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (Lambda = 1.05) for 

Maine’s lynx population based on demographic data from a radiotelemetry study 

that we collected over a 12-year period (see Vashon et al. 2012 Appendix VI).   This 

is contrary to the model reported in the SSA. 

 
 Habitat Status 

o Only present data from University of Maine models when there are other data available on 

current conditions. For Example, Maine Forest Inventory Data should be presented. 

 
o Simons-Legaard 2016 provides updates to Simons 2009 model – reporting patterns 

from earlier model have improved. Thus, we question why references to projected 

declines in lynx probability of occurrence and habitat from Simons 2009 model are 

included. 

 
 Statements in document do not match field data: question validity of models or no citation 
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provided to back up assertion   – we suggest recasting sentences 

Snow depth 

o Page 90 2nd paragraph states: “ the Gulf of Maine has the reserve effect and its warming 

influence reduces snow depth and duration inland. Distribution models by Hoving (2001 

p.74) indicate that eastern Maine has extensive areas of boreal forest but does not achieve 

snowfall thresholds that gave lynx an advantage over bobcats and other competitors “ 

 

o Page 114, 2nd and 3rd paragraph have surprisingly similar sentences with different references 

leads to the question if cited correctly and also if redundancy is needed. Also repeated on 

page 100 (1st paragraph). 

 2nd paragraph: Thus, average conditions in Maine are currently at or below the snow 

persistence thresholds believed to be needed to support lynx (Gonzalez et al. 2007) 

 3rd paragraph:  Thus, average snow conditions in Maine are currently at or 

below snow depth thresholds for lynx and further declines in annual snow depth 

would be expected to reduce the probability of lynx persistence in the region 

(Hoving et al. 2005). 

 Contrary to field data from Maine collected by MDIFW: i.e., periodic winter snow-

track surveys to detect lynx shows lynx are expanding into eastern Maine where 

snow conditions are more variable due to maritime weather on the coast. Also, all 

field data suggests and increasing population since the 1990s, which is contrary to 

the above statements. If you keep these statements, you need to share that these 

hypotheses have not yet been born true by field data. 
 

Corridors 

o Page 95 – indicates that farming in NE Maine fragments corridors between Maine and New 

Brunswick. No citation provided. We have detected lynx during recent monitoring efforts 

(track surveys) and have documented movements of tagged lynx across ME/NB border, 

which contradicts statement made here.  Recast sentence. 

 

Hare Densities and Forest Management – Pages 80, 99, 106, 109, 117, 162, 169, 171, 176 

MDIFW agrees that the pulse of large-scale clearcutting in the 1970s and 1980s in response to 

the spruce budworm epidemic resulted in historic highs in hare abundance, which is contributing 

to excellent habitat conditions for lynx throughout much of northern Maine.  However, we feel 

that available research on hare densities in Maine (Homyack et al. 2006, Robinson 2006, Scott 

2009) and projections of lynx habitat quality (Simons-Legaard et al. 2013, Simons-Legaard et al 

2016, Simons- Legaard 2016) have not adequately addressed the potential for other forms of 

silviculture to create regenerating conifer stands that may support high hare densities. Therefore, 

we question the assumptions made in the SSA regarding declining trends in hare densities across 

Northern Maine, and feel that more research is needed to quantify hare response to current 

forest harvest practices. Since the early 1990s, the prevalence of clearcutting has declined and 

has been largely replaced with various types of ‘partial harvests’ as the dominant harvest method 
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in northern Maine (Maine Forest Service, unpublished data; Fig. 1). Partial harvests include a 

wide variety of silivicultural techniques (including seed-tree, shelterwood, group selection, and 

single tree removal), and both even-aged and uneven-aged management. To date, available 

research has assumed a density of 0.8 hares/ha for all partially harvested stands, regardless of 

stand composition (hardwood dominated, softwood dominated, or mixed wood), time since 

harvest, or silvicultural objectives. This hare density estimate was developed by sampling a group 

stands that represented the range in conditions likely to be present in stands subject to partial 

harvest (including hardwood dominated stands), but were not intended to be a random sample 

of partially harvested stands across the landscape (Robinson 2006). MDIFW believes that 

applying a single hare density estimate to all stands subjected to partial harvest greatly 

oversimplifies the complex relationships between initial forest stand conditions, site quality, 

harvest methods, stage of regeneration, and hare densities. 

 
Although we acknowledge that many ‘partially harvested’ stands likely have low hare densities, others 

may have densities comparable to clearcuts at a similar stage of regeneration. Although sample sizes 

were relatively small, in some cases stands harvested with shelterwood techniques have exhibited hare 

densities only slightly below densities in regenerating clearcuts (Robinson 2006). More recently, hare 

density in a small sample of stands harvested with shelterwood methods remained stable, and in some 

cases increased, even while hare densities in regenerating clearcuts declined; as of 2011 these stands 

exhibited hare densities approximately 2X those in regenerating clearcuts (Scott 2009, D. Harrison, 

unpublished data). Although we believe further research is required, the available evidence suggests, 

and the SSA acknowledges (page 80) that conifer dominated stands that are regenerated using 

shelterwood methods likely create high-quality hare habitat. In fact, at the within home-range scale, 

lynx selected some partially harvested stands more strongly than regenerating clearcuts, and 

encountered hares with similar frequency in partially harvested stands and regenerating clearcuts 

(Fuller et al. 2007). 

 
Over the past 25 years, shelterwood methods have gradually replaced clearcutting as the primary 

harvest approach in stands managed using even-aged methods (Maine Forest Service, unpublished 

data; Fig. 2).  Within Aroostook, Piscataquis, and Somerset Counties, which comprise the majority of 

lynx range in Maine, the average annual acreage harvested using an initial shelterwood entry during 

2003-2015 was 91% of the average annual acreage harvested with clearcuts from 1982-1989 (Maine 

Forest Service, unpublished data; Fig. 2). Overall, the total acreage in the spruce-fir forest type within 

northern Maine has been increasing since 1995, and the acreage in regenerating young conifer sapling 

stands (0-30 years) has remained stable (Maine Forest Service unpublished data; Table 1) 

Given the continued prevalence of even-aged forest management in northern Maine, continued 

availability of regenerating conifer stands, and evidence which suggests that hare densities in some of 

these stands may be similar to, or in some cases even exceed densities in similar aged regenerating 

clearcuts, we believe that the conclusions made within the SSA regarding future habitat supply for lynx 

in Maine are premature. More research is required to determine the impacts of the complex suite of 

forest management practices currently in use across lynx range in Maine on current and future hare 

densities, and on habitat supply for lynx. 
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Figure 1. Annual forest harvests (in acres) within Aroostook, Somerset, and Piscataquis 

counties in Northern Maine from 1982-2015 by silvicultural method. 
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Figure 2. Average annual forest harvests (in acres) within Aroostook, Somerset, and 

Piscataquis counties in Northern Maine from 1970-2015 by time period and silvicultural 

method. 

 

 

Table 1. Estimates of timberland acres by 4 Age Groupings in Northern Maine (Aroostook, 

Piscataquis, and Somerset Counties) for the Primary Spruce/Fir Forest Types in selected 

inventory years of 1995, 2005, 2010, and 2015; Maine FIA data, EVALIDator download. 

 

 

 
Inventory 

Year 
Ending 

Regenerating 
Young Conifer 

(Saplings) 
(0 - 30 Years) 

 
Poletimber 

Stands 
(31 - 60 Years) 

Mature 
Sawtimber 

Stands 
(61+ years) 

 
Mixed 
Age 

(Unassigned) 

 
Total 

Timberland 
Acres 

1995 719,739 243,423 1,029,482 523,088 2,515,732 

2005 1,150,974 559,407 1,046,192 - 2,756,573 

2010 1,138,944 768,442 852,151 - 2,759,537 

2015 1,062,863 990,338 851,261 - 2,904,462 
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Hare Population Trends – Pages 80, 106, 109, 113, 117, 162, 169, 172, 181 

MDIFW does not agree with numerous statements in the SSA that suggest that sufficient scientific 

evidence is available to conclude that hares have declined at the landscape level in the northern Maine 

unit and have remained low since 2006. Scientific information on recent hare population trends in 

Maine are limited to 4 stand types:  regenerating conifer stands 19-40 years post clearcut, stands 

subject to overstory removal and shelterwood retention harvests, stands subject to selection harvests, 

and mature softwood/mixedwood stands (Homyack et al. 2006, Robinson 2006, Scott 2009, D. Harrison 

unpublished data). These data include a time series of hare densities in regenerating clearcuts from 

2001-2015, hare densities in selection harvested stands from 2005-2015, mature stands from 2008- 

2015, and shelterwood/overstory removal stands from 2005-2011. Although hare densities in 

regenerating clearcuts were substantially lower in 2007-2015 than in 2001-2006 and this could be 

indicative of a landscape level hare decline, long-term trends in the other stand types are less apparent 

because monitoring did not begin until 2005 or 2008. However, although sample sizes are small, hare 

densities in stands subject to shelterwood and overstory removal harvests more than doubled from 

2008 to 2011. As of 2011 (the last year of monitoring in this stand type), hare densities in these stands 

were~2X those in regenerating clearcuts (D. Harrison, unpublished data). Given the prevalence of 

shelterwood harvests in northern Maine during the past 25 years (Fig.1, Fig. 2), and the fact that stands 

harvested with shelterwood methods in the mid-1990s may only now be reaching a stage where they 

provide ideal hare habitat, we believe that more information on hare densities in these stands is 

required before conclusions can be reached about landscape-level hare densities and population trends 

over time. At the very least, statements in the SSA such as the following (page 172) should be modified 

to reflect that hare monitoring has occurred in only certain stand types, and that hare density in some 

stand types has remained relatively stable or even increased since 2009: 

 
Snowshoe hare density declined by 69.3 percent from a period of high hare density in 

2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 

density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest 

stand types and across a broad geographic area of Maine (Scott 2009, p. 36) and the 

adjacent Gaspe region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). 

Hares remained at these lower numbers through 2013 (D. Harrison, University of 

Maine, unpublished data). 

 
Changes in Forest Composition – Page 83, 174 

The SSA implies that intensive harvests and shorter rotations have resulted in a decline in preferred tree 

species for hare and lynx, and an increase in early successional species favored by frequent harvest 

disturbance, such as red maple, paper birch, aspen, and balsam fir. The SSA also suggests that spruce/fir 

forests have already declined and will decline more dramatically over the next century due to climate 

change. In reality, over the past 20 years the only early successional tree species that has increased 

across all size classes is balsam fir, which is often a major component of the dense regenerating stands 

that are preferred by hares (Maine Forest Service, unpublished data; Fig. 3). Red maple and paper birch 

have declined across all size classes. As noted above, total acreage in the spruce/fir forest type has 

actually increased since 1995 (Table 1.) 
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Northern  Megaregion - 20-Year change  in the  percentage share  of 4 early 

successional  species,  out of all live trees (1.0"+ DBH), by tree size  classes 
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   Sapling     Poletimber     Sawtimber   
balsam fir   9.0%     10.1%     1.1%   
red maple   0.4%     -0.3%     -0.4%   
paper birch   -2.6%     -0.7%     0.2%   
aspen   -2.2%     -1.4%     2.3%   

Figure 3. 20-year change in the percentage change of early successional tree species out of 

all live trees in the Aroostook, Somerset, and Piscataquis counties, Maine. 

 
Current and Future Lynx Population Trends – Pages 99, 108, 113, 162, 169, 176, 181 

Due to the uncertainty we believe exists with current and future landscape level hare densities in 

northern Maine, the reliance of recent lynx occupancy and population modeling on assumptions of hare 

densities in different forest stand types, and misrepresentations of changes in the composition of the 

forest in northern Maine, we believe that the SSA conclusions on current and future lynx populations 

trends in Maine may not be accurate. 

 

Scientific data on lynx demography in Maine is limited to a study conducted by MDIFW within a ~400km2 

study area from 1999-2011. A Vortex population model based upon these data indicated that, on 

average, the lynx population was increasing throughout this period (Vashon et al. 2012). This model has 

been reviewed and accepted by the USFWS, and is supported by winter track surveys which indicate an 

expanding lynx population in Maine (MDIFW, unpublished data). Although reproduction appeared to 

decline from 2006-2009, by 2010 reproduction had recovered, potentially in response to increasing hare 

densities in shelterwood stands (Vashon et al. 2012). Therefore, we question the unpublished model 

referenced in the SSA (page 83), which apparently uses the data from Vashon et al. (2012), but 

concludes that the lynx population is currently declining. 
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In addition to making assumptions about current lynx population trends which we believe are not 

supported by the available data collected by MDIFW, we feel that that more research is required on 

hare densities in forest stands harvested with shelterwood methods before relying on models that 

predict future habitat supply for lynx to infer potential population trends. Although hare densities in 

the large clearcuts created during the spruce budworm epidemic during the 1970s and 1980s will 

certainly decline in the future, we believe that other stand types may be able to support relatively 

high hare densities for the foreseeable future (see above). However, we acknowledge that the 

reduced parcel size of these stands could reduce lynx foraging efficiency compared to large 

regenerating clearcuts. 

Therefore, we urge the USFWS to reconsider the conclusions in the SSA regarding future trends in 

lynx habitat, and acknowledge the complexity and uncertainty of this issue. 

 

Summary of MDIFW review 
 

In conclusion, we agree with experts regarding a key statement in the SSA: in the near future (mid- 

century), climate change will not significantly diminish resiliency of the lynx DPS. MDIFW 

acknowledges more uncertainty in long-term projections of lynx resiliency in the DPS at the end of 

century as reflected by the highly variable opinions of experts. However, we are concerned with 

statements in the SSA that imply more certainty in the long term climate predictions and urge careful 

reconsideration. 

We disagree with statements made throughout the SSA that imply Federal land ownership or 

assurances are necessary for long-term persistence. This approach discounts the efforts of states and 

private land owners that have effectively benefitted lynx at the edge of their range. The SSA notes 

that the present status of lynx populations and habitats in the DPS is likely comparable to historic 

levels. 
 

The SSA frequently cites information from models or hypotheses by researchers that are not 

supported by field data.  Early models constructed on limited data may be in error.  We urge the SSA 

to rely more on current information as the best available science. Earlier predications sometimes 

conflict with recent findings. Notably, the omission of (1) current data on lynx occurrence and 

occupancy models and (2) Maine Forest Inventory Assessment (FIA) data is problematic. These data 

conflict with both snow (Gonzales and Hoving) and habitat models (Simons 2009) referenced in the 

SSA. Maine FIA shows lynx habitat in Maine has continued to increase:  a complete contradiction of 

conjectures in the Simons (2009) model and uncited statements in the SSA that infer habitat for lynx 

in Maine is currently declining. Inaccurate interpretations of lynx reproduction and survival rates 

determined by MDIFW, published population estimates for Maine (Vashon et al. 2012), and Vortex 

Population models by MDIFW need correction in the SSA. 

Throughout the SSA, but especially in Chapters 3 and 4, statements are made without citations. If this 

is to be an objective science-based document, these statements need specific references to be valid. 
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Chapter 3 (Factors Affecting Long-term Viability of the DPS) considers only adverse factors. We urge 

USFWS to balance the discussion by giving due attention to factors that have been beneficial to lynx in 

the DPS. Many of the risks (e.g., mining, pre-commercial thinning, windpower, land development, 

etc.) have little information, no documented impacts to lynx, or are not significant issues in the DPS. 

Speculation not supported by facts is inappropriate. We urge careful review of these statements 

before public review and decision-making. 

In Chapter 4, the intent is to describe current conditions. However, references to future conditions 

are intermixed. This is confusing and misleading. Please omit references to evaluations of the DPS in 

the within this section. 

 

Finally, we strongly endorse major conclusions in the SSA that (1) the initial threat for listing the lynx 

DPS has been met; (2) that the DPS currently is resilient, redundant, and representative; and (3) 

although there is tremendous uncertainty with long-term projections, we agree with the EEW experts 

that in the foreseeable future (at least through the next 25 years) lynx status is secure in the DPS. 
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MAINE FOREST PRODUCTS COUNCIL 

The Maine Forest Products Council (MFPC) is a not-for-profit trade association formed in 1961. The 

Council represents all segments of the forest industry in Maine, including logging contractors, sawmills, 

paper mills, biomass energy facilities, pellet manufacturers, and the owners of more than nine million 

acres of commercial forestland in Maine. 

We appreciate your invitation to review the draft of the Lynx Status Assessment from the U.S. Fish and 

Wildlife and provide perspective on the sections dealing with forest management and land ownership 

trends in northern Maine. 

Comments about specific provisions are addressed in the attachment, but our primary concern is that 

the assessment does not accurately capture the dynamics of timber harvesting activities in Maine, omits 

significant information and uses vague terminology, including: 

• The document presents no measure of the quantity or quality of current lynx habitat and only 

contains vague references to “current unnaturally high amount and distribution of high- quality hare 

habitat.” 

• “Partial cutting” is a vague term referenced throughout the document but it is not a habitat type 

or a silvicultural system. Clearcutting and shelterwood are both even-aged management systems that 

can produce suitable hare/lynx habitat. 

• Ownership boundaries do not “fragment habitat” and implications to the contrary are false. 

• Short-term market trends, such as Maine is currently experiencing, should not be extrapolated 

too far into the future. Overall, Maine’s forest products industry has markets for a wide variety of 

species. The most important fact for lynx and all other species is that the forests of Maine will continue 

to be actively managed for forest products and all of the associated societal benefits including wildlife 

and fish habitat, clean air, clean water and outdoor recreation. There is no trend away from that. 

• Landowners are not or should not manage for a single species such as the lynx, as implied by 

this narrowly focused document. The variety of ownerships and owner objectives across northern Maine 

are what provide for a landscape scale diversity of habitats. 

• The impact of landowner objectives and the negative impact of development is speculative and 

not supported by data. Market demand, economics, infrastructure, and regulations are not adequately 

considered when discussing development nor is research presented that documents the implied 

negative impact of development on lynx populations. 

MFPC research, compiled for a presentation to LUPC in 2015, showed that 95 percent of building 

permits for the Unorganized Territory were within one mile of a public road, and interior permits were 

tracking at one per township per decade. As the chart at right shows, that pace has been diminishing, 

not increasing. This area will remain unfragmented and a unique habitat for a variety of species in a 

working forest environment. 
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It’s true that from the 1990s and into the early 2000s, clearcutting represented a small percentage of 

the total acres harvested in Maine (13,838 acres/2.4 percent). However, the status assessment doesn’t 

take into account the fact that large landowners have increasingly recognized the need to manage their 

forests on a stand basis and not break up stands into smaller chunks through “FPA (Forest Practices Act) 

avoidance” harvests, either heavy partial harvests or small clearcuts separated by the minimum required 

separation zones. 

In 2015, clearcutting took place on 25,082 acres, 6.3 percent of total acres harvested. Over the same 

period, average clearcut size on the larger ownerships has increased from 24 acres to 36 acres. 

The number of Category 3 clearcuts (76-250 acres) has increased from two -- covering 174 acres -- to 42, 

covering 5,659 acres. The introduction of Outcome Based Forestry (currently three landowners who 

collectively manage more than 1.5 million acres) has further reduced the disincentives for landowners to 

create silviculturally appropriate clearcuts. Many large landowners are already taking steps to anticipate 

the arrival of the spruce budworm and initiating clearcuts to remove older spruce and fir stands. 

The concern in the assessment regarding the significant increase in partial harvesting is not justified. 

Final entry shelterwood harvesting (aka overstory removals) accounted for 109,882 acres of the total 

harvest in 2015, or 27.4 percent. An overstory removal generally takes place when the understory is 

adequately regenerated, and softwood trees are at least three feet in height and/or hardwood trees are 

at least five feet in height. The post-harvest conditions in an overstory removal look remarkably like a 

clearcut that has regenerated naturally or been planted and provide hare cover. 

In regard to forest certification, the same certification standards that require forest landowners to 

consider threatened and endangered species in their management actions also require them to consider 

and manage for the protection and enhancement of high value conservation forests, aka late 

successional/old growth forest. This requires certified land- owners to consider the needs of species 

across the spectrum of forest age and size classes, not just focus on a single species. 
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Finally, this report should do a more thorough job of ranking the threats to hare and lynx habitat and 

provide adequate documentation to support the ranking. 
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MICHIGAN DEPARTMENT OF NATURAL RESOURCES 
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MINNESOTA DEPARTMENT OF NATURAL RESOURCES 

We appreciate the opportunity to review the draft Lynx SSA and hope our comments are useful to the 

review process.  We do have a variety of concerns and suggestions, some editorial and some 

substantive.  We recognize many of the comments are critical of a variety of statements and 

conclusions, but do wish to stress that our intent is to improve the scientific credibility of this document 

and any conclusions that may arise from it.  We recognize the tremendous effort that went in to 

preparing this and the difficulties in conducting such work in the face of much uncertainty, regulatory 

frameworks, and time limitations.  We commend the effort even though we may disagree with many 

conclusions.  We also realize that some of our structural or organizational suggestions may not be 

consistent with your current SSA process guidelines/rules, but nevertheless chose to offer those 

concerns and suggestions herein.   

We will start with some overarching thoughts as well as concerns on a few mechanistic ideas that are 

woven throughout nearly all areas of the document. 

1) We believe this document could be reduced in length by 50% or more by reorganizing it and 

reducing speculation and redundancies.  There are so many points in the document, many 

speculative, which are repeated dozens of times that it detracts substantially from the 

usefulness and readability.  If there are points that are repeated so often, then in our opinion 

that point should become a heading with 1 clear and concise discussion of why it’s relevant, and 

all supporting literature.  An example is the argument about bobcats increasing and 

outcompeting lynx.  Later we will question the merit of this idea some, but this idea is 

mentioned MANY times in various sections.  If it is believed to be so relevant, then it needs to be 

a focal section, thoroughly critiqued in 1 spot, and then dropped.  We would also add that we 

even question the need for Chapter 2.  We don’t see this as a broad literature review document 

for lynx or hares.  It should have a much more targeted focus on current status and projected 

changes, reporting only literature that is directly related to any proposed cause-effect process 

you deemed to be of relevance to future changes.  And importantly, these literature sources 

should be thoroughly critiqued, not just reported.  We recall few instances of actual questioning 

of the merits of any study, unless there was already another citable article published that 

challenged it.  Every study should be independently critiqued if it is a study used as the 

mechanistic basis for some proposed future change. 

2) We question why climate change (or Vegetation Management, Wildland Fire, etc) needs to be a 

specific section in this document.  It leads to a much broader discussion of these topics than 

necessary, lengthens the document noticeably, and we would argue it detracts from what 

should be a more complete and mechanistic discussion.  To be fair, under many of these 

sections you do use sub-headings focused more on the mechanistic relevance to lynx (e.g., hare 

habitat).  But forcing these ideas into, for example, a Climate Change section leads to too much 

superfluous general climate change discussion, in our opinion leads to a tendency to ’force’ a 

climate explanation on every observation at the expense of other possible hypotheses, too 

often separates potential positive and negative impacts for any category, and leads to far too 

much conjecture.  We question the usefulness of any paragraph filled with “might”, “could 

potentially”, “is thought to”, “he/she speculated that”, “may have effects”, etc.  We certainly 
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understand the document needs to consider threats and must involve some speculation, but 

speculation should not be pervasive, and it also needs to consider possible positive or mitigating 

aspects of “change” that could offset threats and include all ‘reasonable’ hypotheses for an 

observation besides just a climate explanation, etc.  And for each topic, this balanced 

assessment needs to be in 1 place only.  For example, a focus on “Changes to Hare Habitat” 

should be a main section heading that includes relevance of climate change, vegetation 

management, and human encroachment (as opposed to these being in separate discussions).  

3) To summarize much of the above, we would suggest that the non-process-oriented portion of 

this document should start with what is now Chapter 4 – provide the best available information 

on ‘where we are’ today, and how it compares to the past.  Then a shorter chapter to explain 

how you reviewed the literature, laying out what you or others conclude are the key factors that 

are relevant to the near future (e.g., hare abundance/distribution, lynx denning habitat?, 

human-caused lynx mortality, connectivity of populations, competitors, etc).  List only the 

strongest citations for each of those mechanisms so others can determine if they agree on the 

merits of the study.  Then the last chapter tackles potential changes (positive and negative) for 

each of those ‘change mechanisms’ (e.g., hare habitat, etc.) in succession, including anything 

related to climate, development, or veg management in the same section.  Projections should 

focus only on perhaps the next 20-30 years (see our next comment), and be based largely/only 

on specific attempts that have been made to quantify/map projected changes (not just purely 

speculative “could effect”, “might happen”, statements).  Each sub-heading in this category 

should end with a final ‘net conclusion’ for this variable.  This will then further allow a critique 

by others on the ‘trustworthiness’ of the projections. 

4) We’re sure we are paraphrasing here (or maybe you would just disagree), but we would 

summarize your conclusions like this:  lynx distribution/numbers now may not be so different 

than historically, with perhaps some lynx reductions in places, but possibly some increases 

(Maine).  But the 3 R’s are pretty good at this time. In the near future (next 20-40) years, things 

may not change that much, but possibly some reductions in some units.  But things look bad 

further out (by turn of century), largely (but not solely) a result of climate change.  We do not 

know how far out you are REQUIRED to consider, but regardless of whether this scenario proves 

accurate or not in the future, we would argue that ANY prediction this far out should not be 

considered trustworthy.  The uncertainty here is enormous, and we do not feel it is often 

properly acknowledged, and in fact sometimes implied, with your word choices, not to exist.  

We’re not cynical of climate change, but very skeptical of our ability to predict the actual future 

for specific species in specific areas.  There is uncertainty in the climate scenarios, uncertainty in 

our knowledge of the relevant biological mechanisms, and it fully ignores (or at least can’t know) 

other non-climate changes (bad or good) that could occur (adaptation, mitigation, economic 

forces that affect habitat and populations, global politics, etc.).  With all this uncertainty, we 

disagree that a Species Status Assessment with many potential implications should have so 

much speculative leeway that far out in time.  If that much speculation is allowed, one could 

easily construct a positive or neutral scenario that far out, at least in terms of the climate angle 

(e.g., see the book “Landscapes and Cycles” by Jim Steele – not that our mention of this is an 

endorsement of any specific idea he presents). 
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5) Smaller point, but the Literature needs to be cleaned up.   We did not even cross-check a 

majority of the citations, but it was not uncommon when we did to find some error (e.g., year 

mismatch) or omission (a listed citation not in the Lit Cited). 

Because some of the future threats you identified hinge on mechanisms you suggest will change as a 

result of climate change, and they are repeated in many places, we will focus our next set of comments 

on some of those ideas and where we either disagree or at least feel the idea is not sufficiently 

critiqued.    

Lynx need deep/fluffy snow or bobcats can’t catch hares in it 

 Certainly no disagreement from us that lynx have adaptations for deep snow, but this is not an 

argument that they NEED or REQUIRE it as often stated or implied.  Also safe to say there is a 

good CORRELATION between lynx distribution and deeper/fluffier snow. But: 

o We are unaware of any study that rigorously disentangles the correlation between lynx, 

snow, boreal forest, roads/humans, and hares.  They clearly need hares, which appear 

to do best in boreal-like forest, which is found where there is deep/fluffy snow and 

fewer roads/humans.  Lynx obviously can catch enough hares during the 7 or so snow-

free months of the year to clearly demonstrate they don’t need snow for that purpose. 

o Even in northern areas with ‘great’ snow conditions, lynx still  ‘crash’, suggesting that 

snow per se is not the driver of the decline (even if it may influence synchrony or lynx 

ecology). 

o On p. 61, you mention Stenseth et al. (2004) saying only that they estimated that snow 

density affects lynx hunting success – no details.  It is not until 6 pages later (p. 67) that 

you add the note that they estimated that lynx hunting efficiency for hares may be 

HIGHER in compacted snow than fluffy snow (if nothing else, this is another example of 

why combining points into more focused sections is needed).  Our main question, 

however, is why you take a result that could be considered a positive (or at least 

mitigating) ‘response’ to the supposed negative effects of climate-induced increases in 

snow density, and immediately try and assume a negative effect.  Specifically, on P. 67 

you state that this higher hunting efficiency by lynx on compacted snow may cause a 

(positive) numerical response by lynx, but you quickly follow with the assertion that this 

could actually be bad (drive hare population to low levels), citing Stenseth et al. (2004, 

10633).  I found no such suggestion in that paper, and more importantly, it would be 

speculation only and ignore the fact that for hundreds of years lynx (along with other 

variables) have already been driving hares to low numbers (i.e., the hare cycle) without 

negatively affecting long-term hare persistence.  More compaction is bad because lynx 

will eat too many hares, and by reverse inference, if snow got increasingly deep/fluffy 

they wouldn’t be able to catch enough.  So any change from right now is bad??? 

o A possible response to this concern is that maybe it’s hares that need deep/fluffy snow, 

and not lynx per se.  We will discuss the color mis-match idea next, but outside of 

maybe that we find little data to suggest hares do NEED a specific depth/type of snow.  

Once again, we obviously know hares have persisted in spite of 7-8 months of snow-free 
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conditions.  Even in the boreal forest, hares experience high mortality from a wide 

variety of mammalian and avian predators, yet they have evolved to ‘deal with this’ and 

persist where habitat is good.   It would appear that the strongest case to be made is 

that cover type (e.g., spruce/fir or similar coniferous/mixed) and horizontal complexity 

is the primary driver behind their distribution, not snow or presence of only a certain 

number (or species) of predators.  

o The color mis-match idea is certainly an interesting one that does relate directly to 

snow.  And there is now some data suggesting differential survival of hares based on 

color mis-match (presumably this would have been the finding 100 years ago as well, 

since snow has always been variable in timing and not all hares turn white on November 

1st).  But to go beyond that and suggest long-term population consequences is 

premature, and we would argue not very intuitive.  The fact that there is wide individual 

variability in the timing of pelage change (p. 68), combined with hares being an r-

selected species (i.e., high reproduction and well adapted to deal with fluctuating 

environments), suggests to us that there is a high likelihood that timing of coat color 

change will evolve if snow conditions change.  At the southern edge of their range, snow 

conditions have likely fluctuated for eons.  Ignoring that for the moment, we would say 

that the way to describe the Zimova et al. (2016) conclusion on p. 68 would be that IF 

there is no selection operating on the timing of molt, and IF there is no compensatory 

reproduction/mortality in response, and IF the high-emissions scenario happens, then in 

maybe 80 years or so hare population growth might drop below 1.0 (they do not 

estimate it would drop below 1.0 in the moderate emissions scenario as you state).  Is 

this really something to base management decisions on?  Even in the absence of climate 

change, one can come up with theoretically-possible 'disasters' for any wildlife 

population/species, but it doesn’t mean they have much applied value now.  

o This point relates both to the above discussion as well as the competitive exclusion idea 

we discuss next.  But on p. 66, with similar statements scattered in dozens of places, you 

state that “Bobcats…..are unable to hunt hares successfully in areas with deep/soft 

snow”.  You list 2 citations, and we would say that neither contains any data (nor cites 

any) demonstrating variable hare hunting success by bobcats based on snow conditions.  

We already know that in notable parts of lynx range, coyotes and lynx are coarsely 

sympatric and both species prey extensively on hares.  In examining Figure 5.1 of Krohn 

et al. (2005), it would appear to us that if the foot loading – leg length arguments were 

drivers here, bobcats should be more equipped to pursue hares in deep snow than 

coyotes – they have similar leg length, but lower foot loading.  We see little data to 

support the conclusion that snow, at least via its effect on hare hunting success, is solely 

or even largely responsible for the mostly allopatric distributions of lynx and bobcat. 

 In this same sentence, you state that bobcats “….experience high mortality in 

deep snow winters (Litvaitas et al. 1986, p.116)”.  This citation is not in the Lit 

Cited, but we think we know what it is and on p. 116 there is no such statement.  

They do mention that snow may affect mobility of bobcats, and one of the 

citations they list (Petraborg and Gunvalson 1962) does anecdotally suggest 
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bobcats can become stressed during severe winters, but that much of the actual 

mortality was attributable to vulnerability to human-caused mortality in those 

situations.  And even then, no evidence that bobcat populations were then or 

shortly thereafter excluded from those areas.  So unless we missed something, 

we don’t see much data to support the claim that bobcats experience high 

natural mortality directly from deep snow. 

o We’re speculating more now (but see p. 69 in Werdelin. 1981.,  Ann. Zool Fennica 18:37-

71), but while bobcats are certainly less-adapted to deep/fluffy snow than lynx, we 

believe reduced prey diversity in northern areas may be more limiting to bobcats than 

snow directly.  From our limited understanding, Eurasian Lynx are the precursor to both 

species, and the first wave of arrivals to NA came south, glaciers eventually restricted 

them from the north, and they evolved into bobcats in an area with more diverse prey 

(and less snow).  The second wave of Eurasian Lynx immigrants arrived in the north after 

the glaciers, and already snow-adapted, but lacking a similar-sized prey than they were 

accustomed to (roe deer).  Hares were the most abundant and closest-sized option, so 

Canadian lynx evolved as ‘hare-addicts’ in an area with lower prey diversity (and more 

snow, which they were already well-adapted to).  They didn’t later expand further south 

because there were no hares there, and the nearest niches to the south were already 

filled (bobcats, etc).  Our point here is that if anything occurs to cause hare habitat to 

contract northward (for any reason, including climate change), we agree that it is likely 

to impact southern lynx.  But we see little data to support the notion that snow will 

change and all of a sudden allow bobcats to move in and either kill lynx or outcompete 

them for hares.  Kapfer (2012) concluded that snow and temperature did not appear to 

be directly limiting bobcat distribution in MN, and found more support for deer density 

limiting the northern edge, and others have also recognized the likely importance of 

ungulates to northern bobcats, especially in more severe winters (see discussion in 

Anderson and Lovallo 2003).  So while snow could still be a relevant indirect variable (if 

changes allow deer increase), we would argue that whether bobcats advance northward 

in meaningful numbers will be as or more dependent on whether non-hare prey 

diversity/density increases in those areas than on snow conditions directly.  As such, and 

with no clear data to suggest bobcats will kill lots of lynx, we currently doubt the merits 

of the lynx-hare-bobcat competition argument.  We recognize the largely speculative 

nature of our own comments here, but as we have argued above, we believe these 

ideas are no less supported by data than some of the existing arguments in the 

document. 

Competitive exclusion 

 Some of our above points are relevant here as well, but a few additional notes.  The idea of 

outcompeting or excluding is based on the premise of overlap, at least initially.  If lynx range 

were to contract (say because hare habitat contracts), and bobcat expand into areas lynx USED 

to be, then they remain allopatric and competition or exclusion is not relevant.  So in using these 

terms, it assumes bobcat/coyotes/etc invade lynx-occupied areas first, kill or outcompete them 
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for hares, thereby excluding or notably reducing lynx from areas they would otherwise have 

remained.  To this idea: 

o The primary study commonly pointed to for bobcats excluding lynx is Parker (1983) on 

Cape Breton Island.  In that paper the authors do not provide any data demonstrating 

that bobcats excluded lynx from the lowlands, they just point to an apparent correlation 

when in 1955 a causeway way built, bobcats apparently crossed, and lynx were 

eventually found primarily in the highlands.  But there is no data provided to clearly 

demonstrate lynx were present in notable numbers in the lowlands prior to that, or 

what the actual mechanism may be (did bobcats kill lynx, or eat all the hares?).  

Additionally, a casual review of the history of the island notes that the mining and steel 

industry blossomed after 1900, and that after WWII (when the causeway was built) 

other industry and human development ensued.  Presumably the causeway allowed 

more human disturbances, and possibly more human-caused lynx mortality, starting in 

1955.  The authors state in their paper that “Whether the decline in lynx densities was 

coincidental with the dispersion of bobcats or a direct result of that phenomenon is 

uncertain”.  And in a 2001 Nova Scotia Lynx Status Report, the same author reports that 

“there is no historical correlational evidence that either [bobcats or coyotes] has 

adversely affected lynx densities or range limits in the past 20-30 years”.  Given the 

publication date, that would refer back to either 1970 or 1980, so it is not necessarily 

inconsistent with the earlier speculation (which referenced 1955 up until the 1983 

article).  But there is some inconsistency, and given their earlier conclusion of “cause 

uncertain”, it is not a particularly well-supported example to serve as the ‘poster child’.  

o We could not retrieve the Robinson 2006 thesis, but the other citation on this point that 

you list (Peers et al. 2017) on p. 66, along with Murray and Boutin (1991) listed 

elsewhere, does provide some evidence of local niche separation with either bobcats or 

coyotes, but importantly these findings come from areas WHERE THESE SPECIES ARE 

SYMPATRIC.  Presumably this is to be expected in that there must be at least some niche 

separation for 2 species to co-exist in the same general areas.  These are important and 

useful studies, but they do not show any demographic effects on lynx nor imply 

“outcompete” or “exclude”, only some degree of coexistence through smaller-scale 

niche partitioning.   

o So collectively, while this may be a reasonable idea to consider, we argue it currently 

has little solid data behind it.  Yet you probably state or infer this “outcompete or 

exclude” concept dozens of times. 

Are disturbances good or bad? 

 Starting on p. 70 you discuss forest disturbance events.  Perhaps because this is in the Climate 

Change section, itself a part of the Threats section, the ‘tone’ of this entire discussion in our 

opinion is negative.  For example, there are a lot of terms like “dramatically affected”, 

“stressed”, “increase vulnerability to”, “extensively damaged”, etc.  We’re not suggesting these 

are incorrect statements where used, but this section does not provide a balanced review of 

how disturbances can be good or bad for lynx or hares.  There is just a theme of negativity 
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because these disturbances may be driven by climate change.  In only 1 place from p. 70-72 is 

there any hint that disturbance can be good for hares/lynx (as well demonstrated in Maine and 

elsewhere), yet this ‘good disturbance’ is quickly turned to a negative point by suggesting this 

particular example of disturbance may not happen again due to climate change.  Ten pages or so 

later (Vegetation Management, Wildfire, etc sections), there is additional discussion of 

disturbances.  We do feel many of those discussions are more balanced, but we strongly argue 

that these discussions all need to be together.  As but 2 examples: 1) on p. 70 you say “Increased 

fire frequency……….could affect connectivity and gene flow in lynx populations”, which hints 

that the assumption is it will be a negative effect.  Then on p. 84 you note that “Because of (1) 

fire’s important role in creating and maintaining high-quality early-successional hare habitat in 

most lynx habitats in the contiguous U.S.,……..”.  These ideas needs to be more concisely 

discussed together, examining net potential changes.  2) On p. 70 you note that “For example, 

drought can weaken trees, increasing their vulnerability to insects and pathogens”, then on p. 

71/2 “Widespread clearcutting following the most recent spruce budworm outbreak in Maine 

was the primary driver creating the current broad distribution of high-quality lynx habitat”, then 

on p. 79/80 “Removal of larger trees from mature multi-story forest stands to reduce 

competition and increase tree growth or resistance to forest insects may reduce the horizontal 

cover (e.g., boughs on snow), thus degrading the quality of winter habitat for lynx”.  Individually, 

each of these statements may have some truth in selected situations, but it is not helpful or 

useful to have them scattered about.  The potential negative AND positive consequences of 

them need to all be in one spot under more mechanistic sections, objectively balanced (even if 

they must be under a “Threats” section).  Headings like “Future Changes to Hare Habitat” are 

more meaningful, where you combine positive and negative possibilities/data related to climate 

change (e.g., disturbances can both create hare habitat or have negative effects), forest 

management (some is good or could mitigate, some can be bad) , human 

encroachment/development (presumably not much good here), etc.  And then each section can 

end with 1 forecast, even if “Too much uncertainty to make defendable predictions of the 

future”.     

Cyclicity is not necessarily “good” 

 There are several places in the document where you state or imply that cyclicity is inherently a 

good thing, or a change to non-cyclic is in itself bad.  Examples include: 

o P. 34 - non-cyclic or weakly-cyclic hare populations are unlikely to allow the rapid lynx 

population recovery observed in northern lynx populations when hare numbers increase 

dramatically after cyclic population crashes 

o P. 65 – The collapse of cycles in herbivores with high-amplitude population cycles also 

would imply collapses of important ecosystem functions such as pulsed flows of 

resources and disturbances throughout the ecosystem, including declines in predator 

communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 

o P. 65 – If diminished amplitude of the hare cycle in Canada persists, it will likely translate 

into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or 

the adjoining U.S. (ILBT 2013, p. 69). 
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 While change from cyclic to non-cyclic (or pulsed to non-pulsed) is certainly a sign that 

something is changing, and possibly an indicator of an emerging concern, we do not find these 

arguments compelling at all.  Average population density will be higher for ‘stable’ populations 

than fluctuating populations (e.g., Boyce and Daley. 1980. Am. Nat. 115:480-491.), all other 

things equal.  This implies lower persistence for fluctuating populations (e.g., Inchausti and 

Halley. 2003. J. Anim. Ecol. 72:899-908.), again all other things equal.  So cyclic behavior can’t be 

considered inherently good (in fact, it can be considered bad) and these statements should be 

removed in our opinion. 

 Diminished amplitude does not necessarily mean there will be less dispersers on average, only 

that dispersal will be less pulsed.  It has flaws for the same reasons above.  Sending out 0 

dispersers for a number of years, followed by 100 for a few, cannot automatically be viewed as 

better than 50 every year (or from above principle, maybe it would be more than the average 

for a fluctuating population).  And since this idea you reported rests on the assumption of 

climate change induced alterations to snowpack and cyclicity, we would note that there is a 

logical but perhaps speculative argument to be made that more compacted snow could increase 

lynx dispersal distances and have positive effects on colonization of patches.....all other things 

equal.    

Hare Range/Density contraction 

 On p. 68, you state that hare range is contracting “….because of changing snow conditions and 

reduced survival because of delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et 

al. 2016a, entire).  Shortly thereafter, “Loss of snow now contributes more than loss of habitat in 

determining the range of snowshoe hares in the Great Lakes region (Sultaire et al. 2016a, 

entire).  We do not believe these are currently defendable statements. 

o While we won’t question the conclusion of a possible range contraction too much, we 

would note that comparisons of finer-scale species presence at 2 distant points in time 

(each based on 1 or 2 years of presence data) is less than desirable for detecting a range 

contraction.  Especially at the edge of a species range, it is highly likely that this has 

always been a fluctuating boundary, so it takes more continuous time series data to 

truly assess a systematic range contraction.  Even if we assume those range contractions 

in PA and WI are accurate: 

 neither study contains any direct data whatsoever to support the notion that it 

is due to reduced survival because of pelage mis-match as you state. 

 In another paper you cite later (Sultaire et al. 2016b), where they included more 

detailed vegetative metrics in their analysis, they state, for example, “As we 

predicted, landscape-scale forest amount and local vegetative cover were 2 

important constraints of the snowshoe hare range limit”.  Vegetative metrics 

constituted 3 of the 5 variables (the other 2 being snow-related) in their top 

model, all 12 of the top models contained vegetation metrics, and no snow-only 

model was even in the top 12.  So even if snow is relevant, clearly so is 

vegetation and it is not mentioned. 
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 Neither area of apparent hare range contraction in those 2 studies seems 

immediately relevant to lynx (you concluded that resident lynx did not 

historically nor do currently occur in Wisconsin, and I’m sure this would be true 

for PA as well).  Range contraction anywhere may still be a relevant observation, 

but we would argue these observations are not very relevant to lynx at the 

moment. 

 In none of the discussion in this section (or those initial 2 papers) do we find any 

consideration of non-snow alternative hypotheses, outside of some discussion 

about predators in one of the WI papers.  This is perplexing in that there are 

other hypotheses that seem just as reasonable as snow, in our opinion.  For 

example, WI and PA are 2 states with the highest deer densities, we know deer 

increased dramatically in many areas from the 1970’s to present, and there is 

extensive literature (including some from PA and WI) on the effects of deer 

browsing on understory (i.e., important hare habitat), and past research to 

support various vegetation connections in the demography of a hare cycle.  In 

WI, the area where hare range is suggested to have declined is also quite 

correlated (based on our visual exam) with the area of WI that has the highest 

deer densities.  And the second Sultaire paper we mentioned above clearly 

found vegetation a relevant explanatory variable.  Other unconsidered and 

speculative but reasonable hypotheses: 1) increasing data (e.g., several MN 

studies) showing the impacts of northern expansion of exotic earthworms on 

forest understory (hare habitat); 2) in PA, there has been notable 

recolonization/expansion of both fishers and bobcats which could play a role in 

hare dynamics; 3) related to #2, we’re not aware of anyone considering the idea 

that as a result of widespread predator reductions that likely had lingering 

effects all the way through the 1970’s, perhaps hares had expanded into areas 

of otherwise marginal habitat, and now some contraction could arise in part 

from natural recolonization of native predators.  While we really don’t want to 

suggest the review needs more speculation, we do believe that your discussion 

here is not supported and should simply say that “There is some evidence that 

range may be contracting (so far in areas not too relevant to lynx), but that the 

cause-effect connections are unknown and could include snow, deer, predators, 

fragmentation, etc., etc.  

 Finally, we would note that while we would not consider our data well-suited to 

examine hare range contraction in MN, data from 2 separate surveys here at 

least does not suggest any ‘lynx-relevant’ contraction of hare range, and more 

importantly, both surveys suggest hare numbers have been increasing for nearly 

20 years in much of northern MN, completely contrary to many of the 

mechanistic suggestions presented in this review (e.g., snow is supposedly 

getting ‘worse’ for hares, bobcats have increased significantly, etc).  The most 

parsimonious albeit speculative explanation for this in MN is a notable increase 

in young forest.   
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MONTANA DEPARTMENT OF FISH, WILDLIFE AND PARKS 

We appreciate that the SSA is organized very well and clearly written. In its treatment of “Current 

Conditions,” the SSA does a thorough and accurate job of assessing lynx status under the 3 R’s— 

Resiliency, Redundancy, and Representation. We agree that these requirements are currently being met, 

as described in the SSA synthesis (Pages 216-217):  

“Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 

withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of individual 

lynx populations and their broad distribution across the geographic scope of the DPS.” 

“There are no indications of current threats to the genetic health or adaptive capacity of lynx populations 

in the DPS, and the current level of representation does not appear to represent a decrease from 

historical conditions.” 

We also agree that the primary threat (and stated impetus for ESA protection) at the time of listing has 

now been addressed, as noted again the in the SSA (Page 217): 

“The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on Federal 

lands, has been largely addressed by formal and binding amendments or revisions to most Federal land 

management plans within the DPS range.” 

We believe that these conclusions, along with other subsequent and perpetual protections, clearly 

obviate the justification or need for further ESA listing.   

We appreciate the Service’s invitation to review the SSA and for the opportunity to provide additional 

input prior to its final publication and use. Below we summarize our concerns and suggestions.  

 

Misrepresentation of Uncertainty 

Unfortunately, the SSA’s forecast of “Future Conditions” is consistently speculative and inadequately 

describes the uncertainty about the risk factors potentially affecting persistence of resident lynx 

populations within certain Geographic Units of the DPS.  For example, the SSA consistently uses “… will 

…” when describing the effect of potential risks such as climate change. This misleading tone overstates 

both the Service’s and the elicited experts’ certainty about how future conditions are likely to affect the 

ongoing presence of the species in the DPS. This is a MAJOR oversight and must be remedied within the 

document if the SSA is going to be accepted as legitimate.  

Attachment A (the expert panel’s responses regarding probability of persistence for each of the 6 

Geographic Units) includes the raw data used to generate many of the conclusions presented in the SSA. 

A review of the responses clearly shows that each panel member, and the group as a whole, expressed a 

great degree of uncertainty about their predictions. For instance, in the Northwest Montana/Idaho unit, 

at year 2100, the range of variation within individual panelists averaged 45 percent (Table 1). Some 

panelists’ confidence in their ability to predict persistence at 2100 in this unit varied by 90 percent. For 

example, expert 8 estimated a 60% probability of persistence and placed their bounds around that 

estimate (certainty) at somewhere between 10 and 90 percent probability of persistence. This occurs 
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throughout Units, and represents a vast amount of uncertainty that is not currently expressed in the 

SSA.  

This uncertainty carried through to the pooled panel summaries. For instance, estimates for likely 

persistence in the Northwest Montana/Idaho Geographic Unit ranged from 10 to 85 percent at 2100 — 

a 75 point spread among panelists. This represents nearly the entire range of possible future outcomes 

given the fact that, as we present below, the option of “100%” probability of persistence is objectively 

unreasonable and that non-zero probabilities of extinction compound over the long term.  

The lack of consistency or confidence in individual predictions was striking. This tremendous range of 

variation in experts’ responses calls into question that input’s value to the assessment, and is 

inadequately described in the SSA.  Input this uncertain and inconclusive should not be used to justify 

continued ESA protection for lynx, especially considering that current populations are generally stable or 

increasing across the DPS and that necessary regulatory protections are now in place. 

 

Problems with Elicitation of Opinion Regarding the Probability of Resident Lynx Population 

Persistence 

Expert panelists were asked to assign a numeric “probability that the XX Geographic Unit will continue 

to support resident lynx” for periods between 10 and 85 years into the future.  We firmly contend that 

the results of this exercise were far more variable and uncertain than currently represented in the SSA.  

We are concerned that the extinction probabilities elicited from the panel are misrepresented in the SSA 

both the likely near and long-term status of lynx in the contiguous U.S. for several reasons.  

1. Participating panelists were chosen because they had specific experience working with lynx in 

(usually) one of the distinct Geographic Units of the DPS. These discrete Geographic Units range 

from inland Maine to central Washington and include dramatically different forest types, 

topographies, ecological communities and levels of connectivity to contiguous Canadian 

populations. There are critical differences in lynx habitat, ecology and status across the species 

range in contiguous U.S. It is therefore appropriate to gather input about the status of local lynx 

populations from panelists who developed their expertise working with lynx in the specific (or 

similar) Geographic Units with which they are expert.  However, it was not appropriate to 

require panelists to speculate about the possible threats to, and likely persistence of, lynx 

populations within Geographic Units with which panelists had little familiarity or direct 

experience.  

The putative threats to lynx persistence the Service and panelists identified were almost all 

environmental and locally unique (e.g., changes in specific forest composition, wildfire behavior, habitat 

connectivity, etc). Despite the fact that few (if any) panelists were expert in the current and prospective 

habitat conditions in every Unit, panelists were asked to assign specific probabilities that lynx 

populations would persist (up to 85 years hence) for all 6 Geographic Units. That input was then given 

equal weight, indiscriminately summarized, and presented as consensus expert opinion.  

2. Participating experts were asked to speculatively assign precise numeric probabilities that a 

Geographic Unit’s resident lynx population will persist. These risk probabilities are highly 
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uncertain and the panelists simply did not have the data or expertise to accurately assign them. 

Specifically, experts in lynx ecology were asked to assign probabilities of extinction based on 

emerging climate science.  To be clear, none of the experts challenged the fact that a changing 

climate will affect the composition and quantity of future lynx habitat. However, it was 

unreasonable to ask the panel to guess at the specific probability of a Unit’s population’s 

extinction due to climate change over the next 85 years.  

The SSA then proceeds to statistically summarize this speculative input – e.g., “All experts predicted 

near-term (year 2025) persistence probability >= 95%, mid-century persistence at 70% to 100% (median 

= 90%), and end-of-century persistence probabilities >= 50% (median =78%)…” –as if those opinions were 

based on their objective analysis of the various climate scenarios’ effect on lynx habitat conditions. This 

objective analysis has simply not been done for most Geographic Units.  It is misleading to imply that the 

panelists were predicting anything more than “climate change poses some unknown level of risk to long-

term lynx persistence”.  

3. The question was also presented as a binary—“will XXX Geographic Unit continue to support 

resident lynx”, or not, at some point in the future. Nearly all expert panelists were scientists long 

trained to acknowledge uncertainty. Stochastic and systematic extinction risks exist in nearly all 

ecological systems and for most species. There is clearly a non-zero probability that any given 

Geographic Unit will cease to support lynx at some time in the next 85 years. It’s also 

mathematically true that if one believes there is any chance an irreversible factor (e.g., climate 

change or hybridization) poses a risk to persistence, the chance a local population will become 

extinct necessarily compounds over time—that is, if there is a 10% chance that something will 

cause a local extinction during a 10 year period, there must be a greater probability that the 

event will occur sometime during an 85 year period. 

Most panelists acknowledged that there are certain one-way threats to lynx persistence that could 

(however likely) cause local extinction. The cumulative probability of extinction must, therefore, 

increase over time. Experts were left no choice but to plot increasingly pessimistic probabilities of local 

persistence even though they had no way of assigning accurate probabilities to the several identified 

risks. The SSA presents plots showing significant and increasing long-term extinction risks that are an 

inevitable product the question itself and how it was asked. 

 

Decline vs. Extinction 

The SSA is focused on whether the population “will decline” instead of whether the population is “likely 

to become extinct” (i.e., p. 10, Future Conditions). The ESA is not invoked simply due to a population 

decline, but it may be if a decline is likely to lead to an extinction. The SSA suggests (with scant evidence, 

above) that the expert panel agrees that certain populations within the DPS are likely to decline. 

However, the panel was not, in fact, asked to evaluate the probability of those declines. Instead, the 

panel was asked about “probability of persistence” (see Attachment A), which is the correct measure 

under the ESA and should be the focus of the SSA. There was a great deal of uncertainty expressed in 

each of the expert panel member’s responses, as well as among experts, about the level of risk to, and 

likelihood of, persistence of populations within certain Geographic Units of the DPS. A clear 
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acknowledgement and description of that variability and uncertainty is presently absent from the SSA. It 

was not the expert panel’s consensus view that resident lynx populations are unlikely to persist in the 

DPS in either the near or long term.  

 

SSA Procedure and Use of Opinion Rather Than Science  

We are concerned that speculative opinion, even from species experts, is being held as equivalent to 

objective science for the purpose of the SSA and 5-year status review.  The SSA states that “This report 

represents the Service’s evaluation of the best available scientific information, including the formally-

elicited professional judgments and opinions of recognized lynx experts” (p. 5). This statement equates 

"formally-elicited professional judgments and opinions of experts" and "best available scientific 

information." The panel of lynx experts are invaluable in describing the current status of lynx across the 

DPS and in identifying likely threats to and protections for the species. However, the standard by which 

to assess future threats and likely species status should be objective scientific analysis, not ad hoc 

speculation by a group of experts that often lack adequate data or local expertise. 

 

Unjustified Designation of the Greater Yellowstone Area as a Lynx Unit 

The SSA accurately describes the lack of high quality lynx habitat within the GYA. Of all the described 

DPS Geographic Units, it is clearly the one least likely to support persistent resident lynx populations, if it 

ever has. Therefore, we strongly feel that the GYA should not be designated as a lynx DPS Geographic 

Unit nor should the area be a focus of future recovery efforts.   

That said, the SSA fails to consistently recognize that the additional regulatory protections extended to 

lynx as a result of the 2015 settlement agreement applied not only to identified Lynx Critical Habitat in 

the Northwestern Montana/Northeastern Idaho Geographic Unit but also to Critical Habitat within the 

Montana portion of the GYA Geographic Unit. 

 

Misrepresentation of the Garnet Range Data as an Indication of NW MT/ID Unit Trajectory 

The SSA repeatedly implies that the possible loss of lynx in the Garnet Range is evidence of a concerning 

decline within the Northwest Montana/Idaho Geographic Unit. At the same time the SSA speculates that 

peripheral and marginally suitable areas like the Garnets may have only historically supported 

ephemeral populations that are periodically seeded by large irruptions of northern populations. In 

addition, there is recent evidence of lynx in the Garnet Range (February 2016). Given the Range’s small 

size, isolation and lacking any evidence to the contrary, we do not presume the loss of lynx in the 

Garnet’s or, even is loss has occurred, that it is out of the range of what is normal and possible for lynx 

in the Garnet’s or indicative of a larger population trend in Northwest Montana/Idaho. 
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DPS, SPR, and Conservation Potential 

Although it may be beyond the scope this SSA effort, we feel compelled to continue to object to the 

Service’s designation of a single DPS that includes widely divergent habitat types, wholly disconnected 

populations, and distinct jurisdictions. We strongly urge the Service to recognize that the dynamics that 

do and will drive populations in Washington state must be considered separately from those in Maine or 

Minnesota. We see no justification to preserve ESA protections within the Northwest Montana/Idaho 

Geographic Unit where populations are stable and where nearly all suitable habitat occurs on federal 

land that is now well regulated. 

We suggest instead 1) designating 5 discrete DPSs where lynx are known to occur, 2) eliminating the 

GYA as a Geographic Unit or DPS, and 3) considering the status of and threat to lynx within each DPS 

separately and on the merits of those local situations. We also believe that the level of connectivity to 

contiguous populations in Canada should be a criteria used to assess the species’ U.S. status.  U.S. 

populations occupy only 2% of the Canada lynx’s North American range and habitat conditions are, and 

always have been, relatively marginal.   

A population segment (like the Northwest Montana/Idaho Unit) that is stable, statutorily protected, and 

well connected to contiguous Canadian populations does not need and should not be afforded 

additional protections under the ESA.  
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Table 1. Summary of data from lynx expert elicitation panel regarding predictions of the probability of 

persistence for lynx in the four lynx units that have demonstrated long-term population presence 

(Figures in Attachment A are the raw data).   
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Continued…Table 1. Summary of data from lynx expert elicitation panel regarding predictions of the 

probability of persistence for lynx in the four lynx units that have demonstrated long-term population 

presence (Figures in Attachment A are the raw data). 
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NEW HAMPSHIRE FISH AND GAME DEPARTMENT 
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NEW MEXICO DEPARTMENT OF GAME AND FISH 
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WASHINGTON DEPARTMENT OF FISH AND WILDLIFE 

The Washington Department of Fish and Wildlife appreciates the tremendous amount of important 

information gathered and synthesized in the draft Species Status Assessment (SSA) for the Canada Lynx. 

We also appreciate the opportunity to review the assessment and provide feedback to you. 

In the draft provided, the conclusions drawn regarding the status, future security, and resiliency of the 

population in the Washington unit of the DPS are not yet adequately presented. Our Fish and Wildlife 

Commission recently up-listed the Lynx from threated to endangered in Washington, given the small 

estimated population, recent reduction of available habitat due to wildfire, and uncertainty related to 

demographics, immigration, and climate change. In addition, we are unaware of any reports or 

information that documents the effectiveness of lynx management plans in occupied areas of 

Washington. We believe that these management plans are in need of revision to incorporate new 

concepts and information. 

We have provided our specific comments in the attached table [incorporated into Detailed Comments 

section below] and we hope they are helpful to refining the SSA.  Also, we are pleased to pass you a new 

report of lynx carrying capacity in relation to recent fires in our Okanogan and Kettle Lynx Management 

Zones (Lyons et al. 2017), which provides some valuable insights for our lynx conservation efforts in 

Washington. We look forward to continuing to work with you on lynx conservation efforts in 

Washington State. 

References: 

Lewis, J. C. 2016. Periodic Status Review for the Lynx in Washington. Washington Department of Fish 

and Wildlife, Olympia, Washington. 17 + iii pp. 

Lyons, A.L., W.L. Gaines, J. Begley, P.H. Singleton, J.C. Lewis, B.T. Maletezke. 2016. Canada Lynx Carrying 

Capacity in Washington. Final Report submitted to Washington Department of Fish and Wildlife. 

Olympia, Washington. 
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WISCONSIN DEPARTMENT OF NATURAL RESOURCES 
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WYOMING GAME AND FISH DEPARTMENT 

The staff of the Wyoming Game and Fish Department (WGFD) has reviewed the Draft Species Status 

Assessment (SSA) document for the Canada Lynx (Lynx canadensis) Contiguous United States Distinct 

Population Segment (DPS). We offer the following comments for your consideration. 

As requested, we focused our review on whether the best available information was used, the quality of 

the scientific information, and the interpretation and analysis of the data, particularly as they pertain to 

the Greater Yellowstone Area (GYA) subpopulation. Overall, the WGFD agrees that the best available 

information was used and in general agrees with the interpretation of that information. 

Canada lynx in Wyoming are classified as nongame wildlife, a Species of Greatest Conservation Need, 

and a Protected Animal by Wyoming State Statute. A classification of "State Protected" status prohibits 

trapping or any intentional take in the state. 

Observations of lynx were relatively common historically, but observations were reduced to "occasional" 

in the early 2000s. Even with ongoing dedicated survey efforts, no verified observations of lynx have 

been reported since 2010. Based on recent  US  Forest  Service  and WGFD wide-scale surveys for  forest 

carnivores,  we  agree with  the  SSA that  it  is unlikely  lynx are currently present within the GYA. It is 

possible individuals could still travel through Wyoming on occasion. This possibility, coupled with past 

documented observations of lynx dispersing from Colorado, suggests that the GYA may serve as a 

corridor between Colorado, Montana and Idaho populations. Given the naturally patchy and likely more 

marginal  habitat available  in the  GYA, we  agree that  a better  understanding  of the current  ability of 

the  GYA  to consistently support a viable lynx population is needed. Both the lack  of observations  and  

existence of marginal habitat should be discussed  in  the  SSA  to  adequately evaluate the historical,  

current, and future contribution of the GYA habitat. 

We agree with the SSA that some threats which may be important in other subpopulations are less of an 

issue in the GYA. Much of the GYA consists of federal lands. Lands under federal land management are 

protected either as a National Park or as a designated Wilderness Area. With this type of regulatory 

protection, we feel there is little threat to lynx now or in the future. Federal land management practices 

will also reduce threats related to vegetation and wildland fire management as well as large-scale 

anthropogenic causes of habitat loss or fragmentation. Climate change, however, has the potential to 

impact this specialist species. The mechanism and magnitude of this impact is still uncertain. This 

uncertainty is well-captured within the SSA. 

Finally, the WGFD conducted several lynx surveys in the late 1990s and early 2000s that provide 

additional information. The Wyoming Cooperative Fish and Wildlife Research Unit conducted a review of 

the status of lynx historically in the state (1856-1986).  The citations are provided below, and copies of 

the PDFs are attached. 

Laurion, T. and B. Oakleaf. 1998. Wyoming lynx inventories completion report.  Pages 169-187 in 

Threatened, endangered, and nongame bird and mammal investigations.  Wyoming Game and Fish 

Department, Nongame Program, Cheyenne. 
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Laurion, T. and B. Oakleaf. 2000. Wyoming lynx inventories completion report.  Pages 108-128  in 

Threatened, endangered, and nongame bird  and mammal  investigations  (A.O. Cerovski,  Editor).  

Wyoming  Game and Fish Department, Nongame  Program,  Cheyenne. 

Reeve, A. and S. Buskirk. 1987. Historic and recent distribution of the lynx in Wyoming completion 

report. Pages 118-119 in Endangered and Nongame bird and mammal investigations.   Wyoming Game 

and Fish Department,  Nongame  Program, Cheyenne. 

Van Fleet, L., M. Wells, M. Grenier, and B. Oakleaf. 2006. Canada lynx trapping on the Shoshone and 

Bridger-Teton National Forests,  Wyoming  completion report. Pages 46-54 in Threatened, endangered, 

and nongame  bird and mammal  investigations  (A.O. Cerovski, Editor).  Wyoming Game and Fish  

Department, Nongame  Program, Cheyenne. 
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DETAILED STATE COMMENTS ON DRAFT CANADA LYNX DPS SSA 

 

p. 4, comment on Figure 1, 

The difference between DPS range and the identified geographic units in Figure 1 is not clear. 

Is the range in US considered to be only the sum of the area within the designated geographic 

units? (WA) 

 

pp. 4-5, general comment, 

The USFWS focuses on 6 geographic units within the conterminous United States (lower 48 

states) that represents 2% of the lynx range in North America. Some might consider this lynx 

subpopulation as “insignificant.” In between the geographic units identified within the 

conterminous U. S., there are in fact lynx populations that are likely breeding (especially 

where they border Canada) and that connect the geographic units that are within 

Washington, Idaho, and Montana. What conservation measures will be taken for these “in-

between” populations when the special focus in this Special Status Assessment (SSA) is only 

on the 6 distinct units? (WA) 

 

pp. 5, 8, general comment, 

MDIFW suggests that a broader more forthright discussion is needed on the structure of the 

DPS. In the description of the geographical units of the SSA, MDIFW suggests stating, “The DPS 

designation reflects a jurisdictional boundary, not a biological one, for Canada lynx. The 

species is widespread and relatively secure in Canadian provinces adjacent to the DPS.” Would 

the USFWS be willing to state, in the list of assumptions (p. 8, SSA), “We assume that the 

statuses of lynx within individual SSA geographic units are mostly independent of one 

another”? This assumption is requested to critically reconsider conservation strategies and 

outcomes given “the units are relatively isolated from each other” (SSA, p. 5). In fact, Unit 1 

(northern Maine) and Unit 2 (northeastern Minnesota) are extremely isolated from other 

units by distance and marginal habitat. As the USFWS has experienced with recovery efforts 

for Canis lupus, the improbability of “recovery” occurring concurrently in three (or more) 

regionally distinct SSA units greatly handicaps any scenario for delisting. (ME DIFW) 

 

p. 5, general comment, 

The terms “Resiliency, Redundancy, and Representation” are described on Page 5, should also 

be defined in the SSA as they are used throughout the narrative. A glossary of terms and 

acronyms would be beneficial. Page 16 describes the three R’s again, but gives the same 

definition for resiliency and redundancy. (WA) 
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p. 5, comment on Table 1, 

Would be valuable to describe how these areas and numbers of acres were derived. (WA) 

 

p. 6, general comment, 

Would be valuable to establish what the document can and will be used for. Doesn’t say that 

the SSA is a foundational document for many FWS purposes – Recovery plans, Biological 

Opinions, and even listing rules. (WA) 

 
p. 6, paragraph 1,  
 
“Maintaining connectivity between the DPS and lynx populations in Canada is thought to be important, 

but whether the demographic and/or genetic health of DPS populations depends on intermittent 

immigration of lynx from Canada and, if so, to what extent remain uncertain.” 

 Does this provide some challenges to maintaining a DPS designation? (CO) 

 

p. 6, paragraph 2, 

“During these irruptions, large numbers of lynx occurred temporarily in (and disappeared quickly from) 

areas that we now believe are naturally incapable of supporting resident populations.” 

Presumably this is a reference to Colorado lynx populations? Are there other geographic units 

that this is believed to be the case? (CO) 

 

p. 7, general comments, 

As written, the 3rd and 4th assumptions appear to compete with each other. (WA) 

The 7th assumption uses both terms ‘climate change’ and ‘warming’, with no distinction 

(suggest defining these, and other terms used in narrative, in a glossary). (WA) 

The use of the year 2100 in the predications and persistence probabilities (last paragraph in 

the assumptions) seems too far into the future to be relevant to this analysis. A more useful 

window would evaluate some combination of 5, 10, 20, and 40 or 50 years into the future, 

given the abrupt landscape changes and weather patterns we have seen and the ones we can 

reasonably anticipate. (WA) 

 

p. 8, general comments, 

Assumption that lynx require deep-snow.  As stated above, we do not find much data to 

support the idea that they require specific snow conditions.  We do not believe one can say 
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much beyond they require hares, and thus hare habitat/populations should be a main focus 

here.  The rest is speculative. (MN) 

Assume hares have limited capacity to respond to disturbances.  The Maine (and probably 

MN) story shows otherwise, even if the disturbances weren’t climate-change induced.  And for 

an r-selected species, it is not intuitive that they can’t respond to disturbances.  In fact, their 

demographic traits (other than maybe dispersal distance) are finely honed specifically to be 

able to rapidly respond to changing conditions.  What matters is knowing any thresholds for 

when the type, size, or frequency of the disturbance is too much, and I’m not sure we know 

that.  And we certainly can’t predict the exact magnitude of disturbances well into the future. 

(MN) 

Assume changes to Federal Land Management Plans have been positive for lynx, and will 

continue to be so.  While perhaps reasonable, it clearly is an assumption of unknown 

significance.  Is there any specific study that has attempted to quantify hare/lynx response to 

changes in Federal land management plans?  (MN) 

Projections to year 2100.  We know we’re reiterating now, and do it again later, but…..we 

would not personally trust any projections much more than 10-20 years out, even if our 

speculative bet was in agreement with that in this document.  With thousands of 

modelers/analysts and millions of monitoring dollars, few if any predicted the financial 

collapse even 1 year out.  This is not a realistic time frame given the massive amount of 

uncertainty here, even just in the biological mechanisms. (MN) 

 

p. 8, bullet 3, last sentence, 

“Therefore, we assume lynx populations in the DPS are vulnerable to the projected impacts of continued 

climate warming.” 

 What does it mean to be 'vulnerable'? (CO) 

 

p. 8, first paragraph after bullets, 

“For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through year 2100.” 

 Is 83 years a standard timeframe for an SSA? (CO) 

 

p. 9, first paragraph, 

“Nonetheless, in many parts of the DPS range habitat features (forest distribution and structure, hare 

densities, and snow conditions) appear to exist at or just above thresholds thought necessary to support 

persistent lynx populations.” 

 Research in Colorado has shown that hares are not the sole prey source for lynx. (CO) 
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p. 9, general comment, 

MDIFW agrees with the Lynx SSA Team that none of individual geographic units that currently 

support resident lynx are vulnerable to extirpation from a single catastrophic event (p.9, SSA). 

For Geographic Unit 1 (Maine), its proximity and prominent connectivity to relatively large 

lynx populations in Quebec and New Brunswick not only ensures that a single catastrophic 

event would not decimate the regional lynx population but also facilitates lynx dispersal and 

gene flow (i.e., Representation). (ME DIFW) 

 

p. 9, general comment, 

The document presents a WA population with a greater resilience than is warranted by the 

available (and lack of) information about this population. Our concern is based on the limited 

information on the demographic characteristics of the Washington population, the significant 

threats facing this population (see Lewis 2016), and the large uncertainties about population 

processes that will influence its probability of persistence (e.g., immigration from BC, 

emigration, fires, snowpack, disease, current demographics of the population, impacts of 

trapping in southern BC, status of population in BC, habitat corridor stability between BC and 

WA). Many of these topics were either not mentioned or discussed in sufficient detail in the 

SSA, but these are factors that have had and will continue to have a substantial effect on our 

Washington lynx population and its probability of persistence over the next 10-20 years. (WA) 

p. 9-10, general comment, 

Evaluation of the 3Rs reveals no current liabilities for the lynx DPS. This statement (pg. 9) 

concludes sufficient resiliency: “The apparent long-term (historical and current) persistence of 

resident lynx populations in at least four of the six geographic units (Units 1-4) and the 

absence of reliable information indicating that the current distribution and relative abundance 

of resident lynx are substantially reduced from historical conditions suggest adequate 

historical and recent levels of resiliency among lynx populations in the DPS.” The conclusion 

(pg. 9) on redundancy is more emphatic: “The current broad distribution of resident lynx 

populations in large, geographically discrete areas makes the DPS invulnerable to extirpation 

caused by a single catastrophic event.” The evaluation of representation (pg. 10) is also 

favorable in the lynx DPS: “Because there are no indications of significant loss of or current 

threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 

current level of representation does not appear to indicate a decrease from historical 

conditions, we find that the DPS currently displays an adequate level of representation.” 

Future conjectures of vulnerability are left as the only indication of jeopardy following (1) the 

resolution of the primary justification (pp. 4, 217, etc.) for the original listing of the lynx DPS 

and (2) a favorable evaluation of the 3Rs in the current lynx DPS.  Is the “… declining 

probability of persistence (loss of resiliency) for each of the geographic units within the DPS 

throughout the rest of this century …” (pg. 216) sufficiently certain in likelihood or immediacy 

for current eligibility under ESA? The five-factor analyses 
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(https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf; ESA Section 4) for 

evaluating threats describes four criteria only in the present tense. A single factor identifies a 

future time reference: “Is there a present or threatened destruction, modification, or 

curtailment of the species’ habitat or range?” To our knowledge, the ESA phrase “foreseeable 

future” is not clearly defined in statute, related rules, or policy. We simply caution that 

speculation on the future condition of habitats (especially in relation to projections on the 

impacts of climate change that may take effect 20-50 years or more into the future) may not 

be the appropriate timetable under ESA or in the best interest of advancing current 

opportunities to perpetuate a functional landscape for Canada Lynx in the DPS. (ME DIFW) 

 

p. 10, paragraph 3, 

“The western geographic units (units 3 through 6) may be more likely to support resident lynx longer 

than units 1 and 2 under projected climate change scenarios given the higher percentage of land 

managed specifically for lynx conservation and their greater topographic potential to facilitate the 

upward elevational shift in in lynx habitats projected by climate models”.   

At least in the context of regulation/ownership, this is a big assumption.  It assumes a cause-

effect with Federal regulations, and fully ignores non-regulatory factors in Units 1 and 2 that 

may have even done more for lynx on the private/state/county lands – e.g., 

disturbance/logging that may have created more favorable habitat in these Units in the past 

2-3 decades.  Just because something was not done in the name of lynx conservation doesn’t 

mean it isn’t beneficial to lynx. (MN) 

 

p. 11, general comment, 

The terms “Resiliency, Redundancy, and Representation” are described on Page 5, should also 

be defined in the SSA as they are used throughout the narrative. A glossary of terms and 

acronyms would be beneficial. Page 16 describes the three R’s again, but gives the same 

definition for resiliency and redundancy. (WA) 

 

p. 11, Resiliency section, 

You acknowledge much uncertainty, then go on to say AS snow conditions become less 

favorable, bobcats LIKELY will outcompete/displace lynx, and this in turn WILL reduce lynx 

abundance.  We know how hard this would be to do, but just to make our point, can you 

assign any probability of these things occurring in the face of all the uncertainty?  We presume 

not, and we question some of these ASSUMPTIONS anyway.  Just say “Future effects cannot 

be predicted with confidence”. (MN) 

 

 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
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p. 12, first paragraph, last sentence, 

“However, review of the best available science in concert with input from lynx experts suggests that the 

probability of the persistence of resident breeding populations will decline in all geographic units, with 

the negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 

contrary) beyond that time frame.” 

We comment specifically on the reliance of expert opinion of persistence later in the 

document. The reliance on this exercise from the Expert Elicitation workshop is, in our opinion 

and experience very strongly overstated. (CO) 

 

p. 13, paragraph 2, sentence 2, 

“It is a prey specialist and relies almost exclusively on adequate populations of its primary prey, the 

snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, therefore, 

population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 

2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 

54808-54809).” 

“Almost exclusively” is too strong a statement here. “Heavily” would be more appropriate. 

There is adequate work from here to Yukon to indicate that survival, at least, can be attained 

with a large proportion of squirrels in the diet.  (CO) 

 

p. 15, Table 1, general comment, 

The compilations (Table 1, pg. 15 and Table 4, pg. 103) and brief discussion of types of land 

ownership in various lynx SSA units clearly reinforces a bias against private lands. The 

attention to Federal agencies is understandable since land use policies on U.S. Government 

lands were the primary justification for ESA listing. Intended or not, in combination with other 

statements that demote the role of private lands in lynx conservation, the data imply extreme 

jeopardy for lynx habitats in SSA Unit 1 where private lands predominate.  However, Maine 

offers the largest block of lynx habitat and apparently the most robust lynx population in the 

entire DPS … despite 90% private land ownership. Maine’s northern woodlands have been 

subject to various harvest regimens for centuries but remain a functional landscape for 

Canada lynx with high connectivity to source populations in Canada. “Working woodland” 

easements now encompass >10,000 km2 across northern Maine. These covenants do not 

specify specific management practices or outcomes beyond sustainable forestry, but they do 

ensure that conversions to other land uses will never occur. (ME DIFW) 

Landscape conservation of functional habitats for Canada lynx may be the only effective tool 

to promote a future for the species in the DPS. Strict preservation of forest lands will certainly 

not benefit lynx, and suitable habitat in the face of long-term climate change impacts may be 

best maintained by silvicultural practices. These require more incentives than a regulatory 

emphasis. (ME DIFW) 
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p. 16, general comment, 

The terms “Resiliency, Redundancy, and Representation” are described on Page 5, should also 

be defined in the SSA as they are used throughout the narrative. A glossary of terms and 

acronyms would be beneficial. Page 16 describes the three R’s again, but gives the same 

definition for resiliency and redundancy. (WA) 

 

p. 17, paragraph under Figure 2, last sentence, 

“We evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at the 

scale of lynx populations within each of the six geographic units.” 

Why not evaluate resiliency as a whole in addition to individual populations?  Especially when 

the listed entity is really the DPS?  In some sense this had to have been done - should state 

that here. (CO) 

 

p. 19, paragraph under Figure 5, sentence 4, 

“The factors we consider for each geographic unit include regulatory mechanisms (the factor for which 

the DPS was originally listed under the ESA) and the anthropogenic influences identified by the 

Interagency Lynx Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the 

DPS (climate change, vegetation management, wildland fire management, and habitat 

loss/fragmentation; ILBT 2013, pp. 68-78).” 

 Who is on this team [ILBT] and how was it made up? (CO) 

 

p. 20, general comments, 

As currently written, the draft SSA examines threats facing lynx as well as resiliency, 

redundancy, and, representation of the DPS. “ESA’s requirements for delisting …” are cited 

(pg. 20) as a second rationale for not considering “… the unlikely hypothetical future in which 

the DPS is not listed.” We are unaware of “requirements” other than specific objectives 

established in recovery plans and the five factors guiding ESA status decisions listed in statute. 

The SSA is a thoughtful evaluation of species vulnerability relative to ESA. We hope that 

discussion of the five factors for listing is an option in any SSA but suggest that it particularly 

should not be omitted in the first status review of the lynx DPS after 17 years as an ESA 

Threatened Species. (ME DIFW) 

Several statements at the close of the “Introduction” (pg. 20) seem to stray from the 

presentation and interpretation of facts intended in an SSA: 
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1. “The “DPS’s listing history …” (line 6) does not seem relevant to the SSA beyond 

consideration of the sole factor cited in the listing rule: inadequate regulatory mechanisms on 

Federal lands (pg. 4; 65 FR 16052 [2000]). If this historical reference alludes to petitions and 

court findings, it is an especially inappropriate justification. SSAs are science based and should 

not reflect speculation about legal interventions. 

2. “We do not evaluate the unlikely hypothetical future in which the DPS is not listed and all 

protections and conservation efforts disappear” (lines 6-7). This statement is troubling. An 

inference that the future of the lynx DPS and effective conservation is totally dependent upon 

ESA is unfortunate. The traditional role of states is apparently discounted. We do not argue 

that ESA protections are sometimes appropriate and value-added, but USFWS should not 

ignore the long-standing primary jurisdiction of states for most wildlife resources, the critically 

important partnerships with states for conservation of vulnerable species, more proactive 

attempts to address species vulnerability via State Wildlife Action Plans, etc. 

3. “ … conditions for delisting would include requirements and incentives to continue to 

conserve lynx and its habitats …” (lines 10-11) should be justified on the basis of facts 

provided in the SSA. Speculation about additional delisting requirements in the absence of a 

recovery plan (above and beyond the five-factor analysis outlined in ESA Section 4) may or 

may not be appropriate in the SSA. If this is deemed integral to the current process, then the 

draft SSA should evaluate conservation of lynx and habitats in the DPS afforded by states. The 

latter should not exclude strategies on private lands. We do not debate the need or intent of 

ESA, but most policies that result from listing prove an impediment to actual incentives.  

4. “Our evaluation, therefore, considers the possibility of the future relaxing of some lynx 

conservation measures and efforts, but not the complete absence of all protections for lynx.” 

Lines 13-15 (pg. 6) again hint of a premise for an “all or nothing” worst-case scenario for the 

lynx DPS that is fully reliant on ESA listing. We concur that the lynx DPS needs thoughtful 

conservation attention at its southernmost range limits. However, we (1) strongly disagree 

that ESA is the only effective protection and (2) counter that regionalized landscape strategies 

that may be inspired by ESA offer a better, more lasting solution. 

Prominent examples of state protections in SSA Unit #1 (northern Maine) include (1) closed 

seasons for hunting or trapping lynx since 1967; (2) safeguards for minimizing incidental lynx 

captures from other trapping; (3) habitat assurances via “working forest” easements on >2.5 

million acres that ensure no land use conversions and sustainable forestry; and (4) the 

contingency role of the Maine Endangered Species Act in the event that diminished 

population abundance and/or unfavorable population trends in Maine justify future listing 

under established criteria (http://www.maine.gov/ifw/pdfs/listingHandbook.pdf). (ME DIFW) 

The phrase (lines 12-13) “…assure persistence of resident lynx populations in those places that 

can support them on Federal, State and Tribal lands (perhaps some private lands as well) …” is 

an unfortunate, inaccurate outlook. The majority of ESA success stories for widely distributed 

species certainly involve a significant role for private lands. In the eastern U.S., private lands 

are integral to recovery programs and conservation of many vulnerable species. ESA listing 

http://www.maine.gov/ifw/pdfs/listingHandbook.pdf


State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  
Page 66 

 

  

petitions will never cease if status is judged primarily by public land ownership and disregards 

the role of private lands. (ME DIFW) 

 

p. 20, paragraph 2, sentence 2, 

MDIFW finds the statement on p. 20 of the SSA, lines 6-7 troubling: “… we do not evaluate the 

unlikely hypothetical future in which the DPS is not listed and conservation efforts disappear.” 

An inference that lynx conservation is totally dependent upon ESA seems unfortunate. The 

traditional role of state conservation efforts is apparently discounted, and current examples 

of cooperative efforts among states and the USFWS to prevent listings (e.g., New England 

cottontail) may have not been considered. MDIFW does not argue that ESA protections are 

sometimes appropriate and value-added, but USFWS should not ignore the long-standing 

primary jurisdiction of states for most wildlife resources, critically important partnerships with 

states for conservation of vulnerable species, the second generation of State Wildlife Action 

Plans, etc. On p. 6, lines 13-15, MDIFW believes the SSA is presenting an “all or nothing” 

worst-case scenario for the lynx DPS: “Our evaluation, therefore, considers the possibility of 

the future relaxing of some lynx conservation measures and efforts, but not the complete 

absence of all protections for lynx.” MDIFW concurs that the lynx DPS needs thoughtful 

conservation attention at its southernmost range limits. However, our Department (1) 

strongly disagrees that the ESA is the only effective protection, and (2) counters that state 

conservation strategies, which may be inspired by the ESA, are generally a better, more lasting 

solution. (ME DIFW) 

 

p. 20, second full paragraph, first 2 sentences, 

“Additionally,….”.   

We think this is a very accurate and informative statement, yet the document then proceeds 

thereafter to make many assumptions and use leading words (will, require, likely to, etc), 

largely ignoring (or using citations that ignore) the vast amount of uncertainty on many 

mechanisms.  As stated earlier, we think this could be avoided if you were to limit your 

forecasting to a period of time that one can put some faith in the projections. (MN) 

 

p. 25, first paragraph, last sentence, 

“They also are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 

time) than regenerating stands, which may foster high hare densities for a variable window of time 

between stand-initiation and stem-exclusion stages of succession, after which they may persist, in the 

absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, pp. 62, 71, 127).” 

Still no comment on alternative prey.  Here would be a good place to acknowledge red 

squirrels.  It isn't just our work in CO either.  There are some good papers out of Kluane that 
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show a marked increase in use of red squirrels during SSH decline.  We agree with the general 

sentiment that hares are critically important, but squirrels need some kind of mention. (CO) 

 

p. 25, paragraph 3, sentence 5, 

“Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high (Koehler 

et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 

1997, pp. 155, 159-160 and 1998, pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 

2013, pp. 573-575).” 

But note the caveat that in some places, they may concentrate hunting activities where hares 

are most available, not necessarily where hares are most abundant (Ivan and Shenk 2016, 

Fuller et al. 2007). (CO) 

 

p. 26, paragraph 1, 

“Ivan 2011a” 

 This reference should be the 2014 manuscript, not the dissertation. (CO) 

 

p. 26, paragraph 2, first sentence, 

“During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 

especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 

sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot persist over 

time in areas with consistently low hare densities” 

First comment on secondary prey. I agree with this sentiment mostly, but I think it's worth 

drawing a distinction between the absolute necessity of snowshoe hares in the long run vs. 

the short term.  In the short term they are not absolutely necessary. (CO) 

 

p. 26, paragraph 2, last sentence, 

“Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14” 

This should be the 2016 manuscript.  Not sure it changes much of what is said, but it's another 

reference that should be included and probably should result in at least some 

acknowledgment of red squirrels. (CO) 
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p. 26, last paragraph, 

 “…..and the amount of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more 

important than the age of the forest stand for lynx denning habitat”.   

An important caveat is that you won’t get a lot of COARSE woody debris, including large tip-up 

mounds, if a certain percentage of the forest was not allowed to attain older age.  So age does 

still matter, at least based on what the literature has found for lynx denning habitat. (MN) 

 

p. 27, first paragraph, last sentence, 

“Lynx have been documented to live up to 16 years in the wild (Kolbe and Squires 2006, entire).” 

Colorado has animals we've captured >15 years after RELEASE, and they weren't brand new at 

release! (CO) 

 

p. 27, paragraph 2, sentence 4, 

“When hares decline, lynx mortality rates increase, largely because of starvation, and home range sizes 

and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 2821–2823; O’Donoghue et al. 

1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 265–272, 278, 281–294).” 

 These references should be checked. (CO) 

 

p. 28, paragraph 1, last sentence, citations, 

“(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367).” 

No citations of CO literature. CO literature is cited in the section on CO, but almost nowhere 

else in the general ecology sections. (CO) 

 

p. 28, paragraph 2, sentence 3, 

“and this connectivity and interchange with lynx populations in Canada is thought to be important to the 

conservation of lynx populations in the DPS.” 

Doesn't this create a challenge to the DPS designation?  So much reliance on Canada, Canada 

needed for persistence, which then begs the questions, does the US have, or has it ever had, a 

completely self-sustaining population. (CO) 
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p. 29, first line, bullet “b,” 

“adequate hare abundance to support lactation during the early kitten stage and later provisioning of 

the kitten with hare meat,” 

 Should be “prey” not “hare” (CO) 

 

p. 29, second full paragraph, sentence 3, 

“higher road densities and, thus, greater potential for lynx-vehicle collisions” 

While technically correct that this is a factor that affects the probability of an individual lynx 

surviving, this is not a population-level threat to the species. Delving into all the possible 

mortality figures is probably not necessary in the SSA, and instead we suggest simply focusing 

on those that are believed to have population (or DPS) level effects be considered. (CO) 

 

p. 29, last sentence, continuing on p. 30, 

“These factors probably further reduce the likelihood that an individual lynx in the southern periphery of 

the range will survive, reproduce successfully, and have one or more offspring recruited into the 

resident breeding population”.   

We would agree, but to some extent these things are ‘normal’ for a species at the edge of 

their range, we can’t really quantify “reduce the likelihood”, and from your own conclusions it 

appears that current lynx distribution is not much different today than historically.  So is this 

really meaningful? (MN) 

 

p. 30, Table 3, 

 Please include a sample size from which the home range estimates were derived. (WA) 

 

p. 31, last paragraph, 

We find little in this paragraph that is anything but speculation.  The most defendable 

statement is “….the influence of predation (and we would add, hare competitors) on lynx 

populations is unknown”.   What more really needs to be said?  We have already questioned 

the merits of several of the statements/assumptions in this paragraph, to which we would 

now add that Gonzalez et al. (2007) does not demonstrate lynx NEED snow for 4 months – all 

they did was look for correlation with snow - no assessment of how hares factor in, whether 

snow is correlated with hares or hare habitat, no lynx/hare survival experiment, etc.  In fact, 

one of the co-authors of that article later published a relevant paper on wolverines/snow 

(McKelvey et al. 2011. Pop. Ecol. 53:263-266) arguing that this type of correlational analysis 

cannot lead to defendable cause-effect conclusions.  This section also states “Lynx also need 
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landscapes where they are unlikely to suffer reduced fitness because of competition with 

other hare predators, or encounter traps or other anthropogenic causes of mortality” – we 

would argue that could easily describe much of Canada where lynx are secure.  There are of 

course other hare predators there (to varying degrees, weasels, raptors, red fox, fisher, 

marten, coyote, wolf, wolverine, and even red squirrels have been documented to prey on 

hare leverets).  We’re not even sure if lynx are consistently in the top 2  - e.g., see Tables 6.3 

and 6.4 in Hodges 2000.  Consumption of hares by all these CAN reduce lynx fitness (to an 

unknown degree), yet lynx are abundant there.  And some lynx certainly “encounter traps” in 

much of Canada and Alaska.  The themes of paragraphs like this are not well supported by 

data, are filled with speculations, usually negative, and should be eliminated without more 

support.  “We don’t know”, as you started with, is sufficient. (MN) 

 

p. 32, paragraph 3, first sentence, 

“In a mainland-island metapopulation structure like that thought to govern lynx population dynamics, 

the persistence of peripheral island populations is determined by colonization and extinction rates 

(McKelvey et al. 2000b, p. 25).” 

A lot of stock is placed in this mainland-island idea.  We are not saying it's wrong, but we also 

don't know for sure that it's correct.  This is stated as an assumption right at the beginning, so 

their writing and treatment is consistent in that respect.  HOWEVER, it also directly 

contradicts the idea that any of these places can ever really sustain lynx on their own.  If all of 

these subpopulations are really just islands and incapable of existence without the mainland, 

then none of them are true populations, right? (CO) 

 

p. 33, general comment, 

MDIFW questions the Vortex model produced by the USFWS in the SSA (see page 33 and page 

113, paragraph 2, last sentence). MDIFW questions why this was done since a model by the 

researchers collecting the data was already available. In addition, this Vortex model was part 

of Maine’s Incidental Take Plan submitted to the USFWS which was accepted on 11/4/2014. 

MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (Lambda = 1.05) for Maine’s lynx 

population based on demographic data from a radio telemetry study that we collected over a 

12-year period (see Vashon et al. 2012, Appendix VI). This is contrary to the model reported in 

the SSA. (ME DIFW) 

 

p. 33, paragraph 2, last sentence, 

“Neither the Montana nor Maine estimates incorporated rates of immigration/emigration”.   
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We would also just note that none of the lambda estimates in that paragraph include 

confidence intervals, and had they, it would not be surprising if many encompassed both 

positive and negative values for lambda. (MN) 

 

p. 33, last paragraph, 

Consider adding a home range size and density for Eurasian lynx so there is something to 

compare to what we would expect for Canada Lynx. (WA) 

 

p. 34, first full paragraph, 

We would eliminate most of the first sentence and say “In summary, lynx need……landscapes 

with hare densities capable of supporting……(i.e., the second sentence).  The rest is 

speculation. (MN) 

 

p. 34, paragraph 2, sentence 2,  

“(3) at least some survival even during years when hare numbers are low.” 

This is why some statement of alternate prey above would be helpful.  Makes their argument 

and logic more consistent throughout. (CO) 

 

p. 34, paragraph 2, sentence 4, 

“Low hare densities reduce the likelihood that lynx recruitment will consistently equal or exceed 

mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow the rapid lynx 

population recovery observed in northern lynx populations when hare numbers increase dramatically 

after cyclic population crashes.” 

Need to add that non-cyclic or weakly cyclic are also less likely to result in a rapid crash.  It's 

not all bad. (CO) 

 

p. 35, 2.3.1 Lynx Distribution and Status in Alaska and Canada, 

This section singles out one aspect of state/provincial regulation and mortality in the form of 

trapping. Alaska and several Canadian provinces regulate harvest of lynx in hunting and 

trapping seasons, adjusting harvest to avoid overexploitation in low population cycles. If some 

reference must be included, it is better to state that state/provinces manage harvest as a 

furbearer or game animal. (ID) 
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p. 36, paragraph 2, 

“In its 2003 remanded determination, the Service determined….”.   

We don’t like the remainder of this sentence/discussion being presented as either/or.  There 

is good reason to believe that both dispersers and resident breeders (some which may have 

been dispersers) are important. (MN) 

 

p. 36, paragraph 2, last sentence, 

“This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ habitats) often 

leads to confusion among scientists and the public about where lynx populations may be viable (74 FR 

66938).” 

 Is this framing the point to make that CO is not historical range? (CO) 

 

p. 36, paragraph 3, first sentence, 

“and the transitional (and, therefore, increasingly fragmented and isolated) and spatially- and 

temporally-shifting nature of lynx habitat at the southern periphery of the range” 

Southern range is always portrayed as transitional, marginal, etc., etc.  One characteristic that 

is rarely mentioned is that it is also more consistent with respect to hare numbers.  There is no 

dramatic fluctuation down here.  Prey base is more reliable in space and time. (CO) 

 

p. 37, paragraph 4, sentence 4, 

“These factors generally limit snowshoe hare populations in the contiguous U.S. from achieving 

landscape densities similar to those of the expansive northern boreal forest in Alaska and Canada, 

where hares are generally more abundant and more evenly distributed across the landscape” 

 But they are also more ephemeral.  Hares are more consistent in the lower 48. (CO) 

 

p. 38, paragraph 1, last two sentences, 

We have touched on some concerns related to this before, but re-state that we don’t really 

agree with the logic that competitors are known to be some big driver here.  The presence of 

more generalist predators to the south may indeed contribute to reduced cyclicity (not 

necessarily reduced hare abundance).  It is much more likely that reduced hare habitat quality 

is what reduces hare abundance in the south, and more generalists, due to prey-switching, 

reduce cyclic tendencies (which also means there may be reduced troughs as well, not just 

reduced “potential for high-density hare populations”).  Average density of a fluctuating 

population will be lower than that for a stable population, other things equal.  From this, one 
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COULD actually argue that generalists can be good for lynx.  But in fact lynx are not better off 

in the south because all other things are not equal – hare habitat is generally worse or 

patchier. (MN) 

 

p. 38, paragraph 2, 

 “Long-term snow conditions presumably limit the winter distribution of potential lynx competitors such 

as bobcats (McCord and Cardoza 1982, p. 748) or coyotes”.   

In our opinion, “presumably limit” is not useful.  While we did not have a copy of the book 

that chapter was in, we do have the newer version and only see some anecdotal reference to 

this idea, which we have already questioned.  Of course snow has “effects” on animal 

movement/etc, and maybe more so on coyotes/bobcats than lynx, but I am unaware of any 

data to support the idea that this alone creates anything but possibly local-scale allopatry, 

with no demonstrated effects on bobcat/coyote demography, or then in turn on lynx 

persistence.  Repeating these ideas over and over is misleading.  This idea needs to be 

critically ‘vetted’ in one spot, which we believe leads to a conclusion of “effects unknown” as 

Murray et al. (2008) basically concluded, and then no need to mention again. (MN) 

p. 40, last sentence, 

“In its 2014 revised critical habitat designation for the DPS, the Service concluded that the historical 

record of verified lynx occurrence in Colorado combined with naturally highly-fragmented and isolated 

potential habitat and generally low snowshoe hare” 

 Does this remain FWS position? (CO) 

 

p. 41, first paragraph, sentence 2, 

“The current size of the resident lynx population in Colorado is unknown but thought to number 

between 100 and 250” 

 My revised estimates would slide this range down a bit, but not a lot. (CO) 

 

p. 41, first paragraph, last sentence, 

“We continue to believe that available information suggests Colorado did not historically support a 

persistent resident lynx population and that the long-term persistence of the introduced population 

remains uncertain.” 

We disagree, and believe that CO did have historical populations of lynx.  The Meaney papers 

certainly indicate that lynx were present over a number of years in the early 20th century.  

Beyond that, it is difficult to determine how many or the extent of their distribution given 
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numerous vagaries in the data. The truth is no one knows for sure.  They state that they 

'believe...'  We 'believe' differently.  Not sure how to resolve our different beliefs. (CO) 

 

pp. 42 and 43, 

Please note that crossouts in the following paragraphs about New Hampshire indicate proposed 

deletions; highlights indicate proposed insertions. 

“New Hampshire – There were 1987 confirmed lynx records indicating 28 individual lynx in northern 

New Hampshire from 2006 to 20132016, with evidence of reproduction in 2010 and 2011 (79 FE 54820).  

Formal track transects conducted during the winters from 2012 through 2015 resulted in the majority of 

the track intercepts included in the confirmed records.  An In additional 30 lynx detections were 

documented in 2014, 2015, and 2016 using 14 different remote cameras dispersed throughout the 

northernmost section of the state (Siren 2016, per. comm.)(Siren 2014, p.7), 24 lynx track intercepts 

were recorded during snow-tracking surveys during the winter of 2014-2015 (Siren 2016, p.1), and 

surveys in 2016 also detected lynx (Siren 2016, pers. Comm.).  Most records since 2006 are in the vicinity 

of Pittsburg in the northernmost reaches of the state, though lynx detections in 2015 and 2016 suggest a 

southern expansion from the area where they had been documented in 2006 through 2014 in 2006-

2014 detections (Siren 2016, p. 1; Siren 2016, pers. cComm.).  Despite recent evidence of lynx residency 

and reproduction, the Service concluded in the 2014 revised critical habitat designation that, based on 

modelling of the amount of potentially suitable habitat and favorable snow conditions (Hoving et al. 

2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-928, it is unlikely that northern New Hampshire will 

support a resident breeding population over the long term (79 FR 54820-54821).”   

Recent research documenting biases in snow distribution and abundance modelling may 

change this.  Snow depths were under represented in Pittsburg where lynx have become more 

persistent on the landscape. (NH) 

“Siren (2014, p. 10) suspected that the relatively few lynx detections documented in 2012-2014 may be 

related to the presence and abundance of bobcat, coyote and fisher populations in much of northern 

New Hampshire.”   

 Especially due to unusually open winter conditions. (NH) 

“We conclude that northern and central New Hampshire likely supported a small resident lynx 

population historically that was extirpated during the latter half of the 20th century.  We are uncertain 

whether lynx detections in northern most New Hampshire over the past decade may represent the 

natural reestablishment of a small resident breeding population in the state or if it is a temporary 

phenomenon related to an expanding source population in neighboring northern Maine (79 FR 54821).  

Although bobcat populations have increased and expanded their range in this region in recent decades 

(Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 

(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434).  Maine’s bobcat harvest declined substantially after 
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two deep snow winters in 2008 and 2009 (Maine Department of Inland Fisheries and Wildlife 2015, p. 

37).  It is possible that these anomalous deep snow winters provided a temporary competitive 

advantage to lynx in northern New Hampshire.”   

 

p. 43, paragraph 1, first full sentence, 

“Siren (2014, p. 10) suspected that the relatively few lynx detections documented in 2012-2014 may be 

related to the presence and abundance of bobcat, coyote, and fisher populations in much of northern 

New Hampshire”.   

This article is not in Lit Cited (nor is Siren 2014 cited elsewhere).  And this sentence, along with 

the one at the end of the paragraph, is just more speculation. (MN) 

 

p. 43: Geographic Unit 3 — Northwestern Montana / Northeastern Idaho, 2.3.2.2 Lynx Distribution 

within the DPS Range as it relates to Idaho, 

This section correctly reflects that Idaho historical records and recent surveys suggest that 

only dispersing lynx occur throughout most of Idaho; habitats in many parts of the state are 

drier forest types that support lower densities of hares. It would be more accurate for this 

section to state that the number of individual lynx with home ranges occurring in the 

northeast corner of the Idaho Panhandle is unknown but small, based on the amount of 

potential habitat, and that individual lynx in Idaho are part of a larger population that occurs 

primarily in northwestern Montana and southeastern British Columbia. The final SSA should 

reflect that, although there have been multiple detections of lynx in the Selkirk Mountains in 

Idaho during 2015-2016 and one detection of a lynx in the Selkirks in 2010, there is not 

evidence of a long-term, persistent resident lynx population. During the last several years, 

radio-collar data and remote camera images have documented a single lynx with a home 

range in the west Cabinet Mountains in Idaho, but there is not other evidence of a long-term, 

persistent resident population. In the Purcell Mountains in Idaho, there have been detections 

of multiple lynx in or immediately adjacent to designated critical habitat (i.e., within 10 miles 

of the Canada border). Purcell detections in 2015-2016 included a photo of an adult lynx 

accompanied by juvenile lynx, but there has not been other evidence of a persistent breeding 

population. (ID) 

The reference to the District Court opinion as a source of “best available science” is not 

appropriate. (This comment applies to all related references in the document.) This decision is 

currently the subject of a motion for reconsideration, which points out that the decision relied 

on unverified observations and an expansive interpretation of geography. The SSA should use 

references for scientific surveys and other verified observations (Lucid 2016). (ID) 
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p. 43, general comment,  

On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 117 the SSA states 

500 to a 1,000 lynx, and then on Page 111 the SSA states several hundred to a 1,000 in Maine 

MDIFW shared at the Expert Elicitation Workshop an estimate of 750-1,000 adults in 2006 

with recent data supporting an increasing population (IFW biologists have noted an increase 

in incidental captures, vehicle strikes, sightings, in detection probabilities and in occupancy 

between 2003-2008 and 2015-17 winter track surveys). Thus, Maine’s current lynx population 

likely exceeds 1,000 adults. The method used to generate the estimate of 750-1,000 provided 

at the EEW is provided in Vashon et al. 2012 as cited throughout the SSA. (ME DIFW) 

 

pp. 44, 80, 82, 90, 106, 107, 108, 109, 171, 174, 176, 

Regarding citations of Simons 2009 model: 

Simons-Legaard 2016 provides updates to Simons 2009 model – reporting patterns from 

earlier model have improved. Thus, we question why references to projected declines in lynx 

probability of occurrence and habitat from Simons 2009 model are included. (ME DIFW) 

Only present data from University of Maine models when there are other data available on 

current conditions. For Example, Maine Forest Inventory Data should be presented. (ME 

DIFW) 

 

p. 44, paragraph 2, first sentence, 

 “In Minnesota, research conducted since the 2003 remand has demonstrated the continuous presence 

of a resident lynx population”.   

Though as you note at the end of this paragraph, influence of immigration is unknown, so I 

guess “resident population” depends on how you define resident, and population. (MN) 

 

p. 44, last paragraph, sentence 5, 

“and there is no indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA 

Team 2016, p. 20)”.   

What monitoring was in place starting in 1980 that could confidently identify “immigration 

from Canada” if it occurred? (MN) 
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p. 45, paragraph 2, 

The SSA states in the second paragraph: “… although the Kettle Mountains in the northeastern 

part of the state are thought to have historically supported a small breeding population …” 

WDFW has sufficient harvest data over enough years (as specifically stated on page 101 in the 

SSA) to indicate that a resident lynx population once occurred in the Kettle Mountain Range in 

Washington. (WA) 

 

p. 45, paragraph 3, last sentence, 

“In north-central Washington, lynx habitat and numbers have declined because of recent large fires and 

insect outbreaks” 

Caution is warranted here.  Initial research indicates that insect outbreaks do not necessarily 

lead to a decline in lynx habitat, at least not in all systems. In fact, it's possible that they may 

be helpful. (CO) 

 

p. 48, References to Lynx Conservation Assessment and Strategy (LCAS), 

In referencing the LCAS revision, the SSA should recognize the comments of the states of 

Montana, Idaho, and Wyoming from 2012 and 2013, which identified weaknesses and a lack 

of federal cooperation with states in issuing the revised document. (ID) 

 

p. 49, paragraph 2, sentence 5, 

“In its 2000 biological opinion on the BA, the Service evaluated the USFS and BLM plans in conjunction 

with the CAs described above (USFWS 2000, p. 15).” 

The acronyms in this sentence (and throughout the document) need to be defined at first 

mention. (CO) 

 

p. 52, State Wildlife Management Regulations, Section 3.1.2, 

This section should clarify the absence of demonstrated population effect from incidental 

trapping, and that an incidental trapping event does not necessarily involve permanent 

negative effects to the individual animal. For example, of the 4 reports of incidental trapping 

in Idaho since DPS listing in 2000, one trapped animal was illegally shot. None of the 4 

incidental trappings, including the shot animal, indicated significant injury from the trap itself, 

including one animal that was radiocollared. Three of the 4 incidental trappings occurred in 

the Idaho Panhandle, and 2 of these might have been of the same individual given their 
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proximity in location and time. The fourth incidental trapping occurred near Salmon, Idaho, 

and was likely a dispersing individual. In any case, 3 of the 4 incidental trappings appear to 

have had no effect on the individual animal or population. (ID) 

The Department understands there is also radiocollar information from released trapped 

animals in Maine that should be included in the final SSA if incidental trapping remains a point 

of emphasis. Without such clarifications, the section’s detailed treatment of incidental 

trapping occurrences, litigation, and state regulations may be misinterpreted in evaluating 

population threats. (ID) 

 

p. 53, Unit 2 NE MN, 

Since it was noted for Maine, Minnesota has also distributed the “How to Avoid Lynx” 

brochure to trappers at our fur registration stations and made it available at our website.  And 

we don’t think it is correct to state that in 2015 we added more trapping regulations for lynx 

avoidance.  Administrative procedure just required that we re-issue the same emergency rule 

that was in place before.  No changes have been deemed necessary. (MN) 

 

p. 54, Unit 3: Northwestern Montana/Northeastern Idaho, 

This section should be updated to reflect that Idaho does not consider lynx a species of 

greatest conservation need. While the original Idaho Comprehensive Conservation Strategy 

(IDFG 2005) designated lynx as a species of greatest conservation need (SGCN) based on 

modeled lynx habitat, the recently revised Idaho State Wildlife Action Plan (IDFG 2017) did not 

include lynx as an SGCN because of the lack of evidence of persistent presence in Idaho. See 

immediately preceding comment on Page 52. (ID) 

The Department furbearer season brochure encourages, but does not require trappers to call 

for officer assistance to release incidentally captured lynx. (ID) 

The reference to the pending court case should be deleted. As previously stated, this decision 

is the subject of a pending motion for reconsideration, which seeks to eliminate the district 

court’s requirement to submit a plan related to incidental take of lynx. (ID) 

 

p. 54, Unit 3: Northwestern Montana/Northeastern Idaho, 

“which requires Montana to implement a set of reasonable restrictions on trapping in lynx habitat”.   

Time will tell if it is effective (they only had ~ 1 lynx take per 3 years before).  Reasonable is in 

the eye of the beholder, and is unnecessary here.  Why use it? (MN) 

 

 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  
Page 79 

 

  

p. 55, paragraph 2, last two sentences, 

 “….the use of body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is 

prohibited in Washington (except for damage control or nuisance wildlife, which requires special 

permits). This avoids the potential for lynx to be incidentally captured in traps set legally for other 

animals”.   

True, and by our own arguments above we would say this next point fits the “effects 

unknown” summary, but using the argument this document has suggested many times 

(competitors are assumed to have an effect) would suggest that your statement should be 

modified to note that the trapping prohibition in WA could also have negative effects on lynx 

via ‘allowing’ more potential competitors.  Same goes for Colorado statement later. (MN) 

 

pp. 56-57, 

“Current timber harvest and management on State and private lands in Maine are governed by the 

Maine Forest Practices Act of 1989 and administered by the Maine Forest Service within the 

Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 

arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, 

small (up to 250 acre) clear-cuts are still permitted, but require special permits.”  

Not true.  Clearcuts between 76 and 250 acres require MFS approval of a harvest plan – not a 

permit. (ME FPC) 

Only 75 acres and up require a defacto permit.  In recent years, this has not been the 

deterrent that many feared initially.  I know WFM has done several in recent years.  I believe 

AFM has as well.  MFS should be able to quickly put this in perspective. (ME FPC) 

“[Because of this regulatory burden and public referendums opposed to clear-cutting, the extensive 

clear-cutting of the past has largely been replaced by various forms of partial harvest techniques; many 

of which are unlikely to maintain the current unnaturally high amount and distribution of high-quality 

hare habitat.”  

Key point, due to the last SBW outbreak, industrial ownership management practices, etc. 

created conditions that were not the norm. (ME FPC) 

Not necessarily true.  MFS would be a better source for this but in the designated critical 

habitat area, I would say there is a lot of even-age mgt. occurring.  Initial entry shelterwoods 

and subsequent overstory removals are considered partial harvests in FPA reporting.  True, it 

doesn’t result in the ideal habitat that occurred when herbicide programs were prevalent but I 

think it is pretty likely that suitable habitat will continue to be developed.  Additionally, I think 

clearcutting will increase again once a budworm infestation occurs. (ME FPC) 

“The consequences of this large-scale shift in forest management on Maine’s current lynx population, 

which is likely much larger than was possible under the natural historical disturbance regime, are 
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discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence private lands 

forest management in this unit.  

“In Maine, there are no long term management agreements in place on private lands to assure 

management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) provided 

funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to manage for Canada lynx 

and American marten. Five landowners enrolled in the program, but one withdrew. The remaining four 

landowners were provided funding to develop lynx plans on a total of about 630,000 acres (about 10 

percent of the critical habitat area). These landowners selected one or two township-sized (23,000 acre) 

areas within their ownerships to develop and implement a lynx management plan. Thus, about 161,000 

acres within the larger area was targeted for managing lynx. All four landowners completed lynx plans 

using guidelines in the Service’s Canada lynx management guidelines for Maine (McCollough 2007). 

NRCS contracts with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described 

an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 

although none have indicated an interest yet in doing so. “ 

We can confirm this for our client but our management plan remains in place. (ME FPC) 

Is there any documentation that over the 10-year period these 4 landowners were able to 

increase hare density and lynx populations? (ME FPC) 

“Management plans were written for a 70-year period so some landowners may continue voluntary lynx 

management activities. Many private landowners in Maine are enrolled in forest certification programs; 

the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 

landowners to protect endangered species and their habitats, but there are not specific 

recommendations pertaining to lynx.”  

Both programs also require landowners to provide for a diverse array of habitat types at the 

landscape level, not just E/T species.  It would seem inconsistent for the Service to require or 

expect a single focus on lynx. (ME FPC) 

True, as they are national and North American standards, they have expectations to address 

many species at risk and cannot single out specific species. However, in the case of an 

ownership being within a designated critical habitat area, they would expect the certificate 

holder to provide evidence that they are taking appropriate steps to protect the species.  

Creation/protection of habitat is likely to come up as many auditors are wildlife biologists. 

(ME FPC) 

“About 2.5 million acres”  

The writers should consult with the state for up-to-date information on easement acreage. 

(ME FPC) 

“in northern Maine”  

 Define the extent of “northern Maine.” (ME FPC) 
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“is under conservation easement  (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-

conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 

prescriptions or commitments for lynx. To our knowledge, there are no private landowners in Maine 

who have committed to long-term or permanent protection and creation of lynx habitat according to 

the Service’s lynx management guidelines or LCAS.” 

 

p. 57, Unit 2 NE MN, 

While we can’t honestly say how relevant it is, MN state forest management is also FSC and 

SFI certified.  We also question whether regulation is the only relevant factor here – no doubt 

a fair amount of logging in MN has offered some lynx/hare benefits, but it is mostly driven by 

economics not regulation. (MN) 

 

p. 58, paragraph 3, line 1, 

“over 9nine” 

 Typo. (CO) 

 

p. 59 et seq., general comments, 

As argued elsewhere, we think the Climate Change section should be ‘dis-banded’.  

Mechanistic sections (hare habitat, lynx survival, competition, etc) should be the focus, with 

all potential (positive and negative) changes related to climate change/veg management/etc 

falling underneath there, and only if there is some defendable connections.  As is, there is 

unnecessary definition of what “climate” means, general discussions that “climate change 

may be bad for wildlife”, then even much discussion of why in the past you concluded climate 

change was not likely relevant in this case, but that now you think it is.  And then many of the 

specific ideas you put forth are repeated many times.  Focus on the mechanistic connection, 

cite any literature that actually attempted an analysis (not just said “might affect”) on how 

climate change may explicitly affect that variable, and then critique whether the science really 

demonstrates a causal link to lynx/hares.  There is so much uncertainty in all of this that it 

does not warrant repeated speculative statements, nor does repeating it make it any more 

true. (MN) 

 

p. 61, paragraph 4, first sentence, 

“Although it is believed that high elevation areas in the West may provide snow refugia for lynx (Lynx 

SSA Team 2016, p. 45), these areas will also be affected.” 
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Needs more information and discussion about retention.  Needs more balance.  Certainly the 

outlook is not great, but also not as bad as it could be if these high elevation areas did not 

exist. (CO) 

 

p. 62, paragraph 3, sentence 4, 

“and the slowest losses in the high peaks of the northern Rockies and southern Sierras.”  

And Southern Rockies? See Climate Vulnerability Assessment conducted for the [Colorado] 

State Wildlife Action Plan revision. (CO) 

 

p. 63, paragraph 4, first sentence, 

“Climate change is diminishing snow conditions (reduced depth, quality, persistence) considerably 

throughout the DPS. The strong warming” 

[referring to text that reviewer has struck-through] These sorts of language choices are done 

without consideration as to whether or not they are particularly defensible. (CO) 

 

p. 63, paragraph 4, sentence 6, 

“indicates that potential lynx habitat could decrease” 

[referring to text that reviewer has struck-through] snow conditions that promote lynx 

populations (CO) 

 

 

p. 63, last sentence, and p. 64, first sentence, 

“Climate modeling suggests that lynx habitat and populations are anticipated to decline accordingly 

(Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the range of the DPS by the 

end of this century (Johnston et al. 2012, pp. 6–13).” 

“Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 

contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming smaller, 

more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11).” 

These sentences are all redundant, basically empty (no information or evidence provided, just 

statements), and are less informative than the previous sentence.  Why are they here? 
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p. 64, first paragraph, last sentence, 

“Because of climate change and other stressors, lynx biologists believed that only one to three of the six 

units may persist to the end of the century (Lynx SSA Team 2016, p. 48).” 

Our representative from the Expert Elicitation workshop remembers this differently. I think 

everyone was in agreement that MN and ME were in real trouble by the end of the century, 

and the rest would be doing somewhat to a lot less well.  At the very least, they need to 

specify what is meant by 'believing 1-3 may persist'.  None of gave any population 100% 

chance of being gone or 100% chance of persisting, except maybe GYA. (CO) 

 

p. 64, paragraph 3, sentence 3, 

“2) reduction in the periodicity and amplitude of the hare cycle,” 

 Explain how this follows from climate change. (CO) 

 

p. 64, paragraph 3, sentence 6, 

“Over the next decades, southern lynx populations will continue to be affected by climate change and 

associated shifts in habitat, prey base, and competition.” 

What is meant by 'southern lynx populations'?  Does southern apply to all in the contiguous 

US, or the Southern Rockies, or...? (CO) 

 

p. 64, paragraph 3, last sentence, 

“will determine not how, but if, this species can persist” 

 Pretty strong and non-scientific language.  Suggest 'whether'.  (CO) 

 

p. 65, first sentence, 

“bobcat distribution will expand northward (see below), and lynx will become more vulnerable to 

stochastic and environmental and demographic effects because of smaller population sizes and 

increased isolation.” 

The definitiveness of these statements is troubling. We have highlighted this example, but the 

entire document should be examined for where statements may be stronger than data are. 

(CO) 
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p. 65, paragraph 2, 

“The geographical borders between cyclic and noncyclic populations are shifting, and the spatial extents 

of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-amplitude 

population cycles also would imply collapses of important ecosystem functions such as pulsed flows of 

resources and disturbances throughout the ecosystem, including declines in predator communities 

(Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common denominator of cycles that exhibit 

spatial gradients, such as the more pronounced snowshoe hare cycles in the northern part of its North 

American range, is that the cycles seem to fade as winters become shorter (Ims et al. 2008, p. 81).” 

I want a better explanation of why reduction in cyclicity will necessarily be bad for lynx.  Is the 

thinking that the system will get 'stuck' at the low end of the cycle?  How bad would it be if 

hare and lynx numbers simply remained steady, midway between the trough and peak?  Not 

sure it won't be a bad thing, I just don't know what the mechanism would be. (CO) 

 

p. 65, paragraph 3, sentence 4, 

“Greatly reduced lynx fur harvests in Canada beginning in the mid-1980s may be linked to climate 

warming.” 

This is kind of getting at a negative impact of reduced cycling, but it's more of an association 

rather than a causal mechanism. (CO) 

While using “may be linked” may make this defendable, we do not feel it is objective.  It is 

well known that the end of WWII, as well as the mid-1980’s, both ushered in a period of 

declining fur prices, and both preceded by high fur prices.  While there is likely no data that 

can now re-create the past truth (only look for correlations), the most parsimonious 

conclusion is that these declines in lynx fur harvests were a result of (possibly lagged) declines 

in trapper effort, and possibly overharvest preceding this, as suggested by Poole (1993) and 

Mowat et al. (2000).  Yan et al.’s attempt to consider this alternative (their appendix S6) is not 

compelling to us, and would argue that parts of it make our case.  But absent discussing our 

specific concerns with them, at best we would say one could only conclude that “climate 

change” (not just climate) could only have potential relevance to the 1980/90s decline, not 

the 1950’s decline.  And even then, this idea would only become an alternative, also 

untestable, HYPOTHESIS to what we would argue is a more parsimonious explanation (fur 

prices/effort).  But nothing to do with this point, which includes some suggestive literature, is 

even mentioned here – only that it “may be linked to climate warming”.   It also may be linked 

to fur prices, fuel prices, other economic opportunities for a trapper (e.g., job growth in the 

50’s and 90’s), weather affecting trappers (not lynx), etc.  The wolverine article we mentioned 

earlier (McKelvey et al. 2011) is also relevant here in terms of harvest data concerns, as well 

as the concerns with snow correlations. (MN) 
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p. 65, paragraph 3, sentence 6, 

“Diminished lynx populations in the core of the range in Canada is a concern because most of the 

populations of lynx in the DPS are believed to be dependent on periodic immigration from Canada for 

demographic persistence and genetic stability” 

If this is the case, then are any of the populations in the lower 48 actually populations? Is the 

DPS valid?  If there are truly unable to sustain themselves, then what can recovery possibly 

look like? (CO) 

 

p. 65, last paragraph, sentence 2, 

“Across their worldwide distribution” 

 [referring to struck-through text] Canada lynx don’t really have a worldwide distribution. (CO) 

 

p. 66, general comment, 

Perhaps of greater significance than the tone of the climate change sections is the over 

reliance on modeling to predict the persistence of lynx in the face of contradicting field data. 

For example, on p. 66 of the SSA it states, “Reduced snow depth and duration may reduce 

lynx’s competitive advantage over bobcats, which have similar ecology to lynx but are not as 

well-adapted to hunting hares in deep fluffy snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 

1102; ILBT 2013, pp. 69, 71). The bobcat is the closest related species to lynx in North America, 

and it outcompetes or displaces lynx wherever the two species overlap, at both broad (Peers 

et al. 2016, entire) and local (Parker et al. 1983;Robinson 2006, pp. 120- 129) geographic 

scales.” However, field observations and surveys indicate that lynx have expanded their range 

in Maine, and that lynx are now living and reproducing in Downeast Maine (i.e., sections of 

Penobscot, Washington, and Hancock Counties). Northern sections of Downeast Maine have 

long been considered one of the best bobcat regions in Maine, and this region has historically 

had lower snowfall totals than northern interior Maine because of the influence of maritime 

weather patterns. These field observations call into question whether marginally lower snow 

levels and bobcat are a significant threat to lynx in Maine. MDIFW urges the USFWS to 

consider the data and arguments presented in this review and at the EEW to arrive at a more 

objective understanding of the threat that climate change poses to the DPS in the near future. 

(ME DIFW) 

 

p. 66, first paragraph, sentence 9, 

“Snow accumulation and duration are expected to decline generally in the geographic areas that contain 

the central and eastern portion of the lynx DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31).” 

 [referring to struck-through text] most prominently (CO) 
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p. 66, first paragraph, last sentence, 

“Because lynx require prolonged periods of deep fluffy snow, current habitats that lose this feature 

would decline in value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire).” 

Somewhere it needs mentioning that lynx also live and survive for half a year without snow.  I 

think snow is important, for sure, but some explanation is warranted.  Is it necessary to 

eliminate all competition during the leanest time of the year?  Lynx have other prey available 

during summer so increased competition is negated? (CO) 

 

p. 66, paragraph 2, first sentence, 

“Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, which have 

similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy snow (Hoving 2001, 

pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71).” 

This sentences is redundantly redundant. A thorough edit of the entire document to eliminate 

this redundancy could likely shorten the SSA by 25%. (CO) 

 

p. 66, paragraph 2, sentence 3, 

“lynx are subjected to niche displacement to habitats of inferior quality, which probably limits lynx 

survival and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 

pp. 120).”   

Our bigger point here is once again this is purely speculation, at least the second part of the 

sentence.  But another point here is that we’re not sure it is even stated correctly – by our 

read (of Peers), they concluded that lynx might be displaced FROM the supposedly poorer lynx 

habitat, not INTO it.  For example, it says “[lynx] avoid competition at large scales by 

restricting their niche to highly suitable conditions….”.  As such, this would not necessarily 

lead directly to reductions in survival or productivity, though it could affect density (but all is 

still speculation, as is almost all of this paragraph). (MN) 

 

p. 67, paragraph 2, sentence 3, 

“...coyotes were deemed the most likely to pose local or regionally important exploitation impacts to 

lynx”.   

Yet there is really no data of any demographically “important” effects and they do co-exist in 

many areas.  And as noted before, Murray et al. (2008) concluded there is insufficient data. 

(MN) 
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p. 67, paragraph 3, last sentence, 

“The hybridization rate is currently low between the species (0.24 percent) but could increase as bobcat 

populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 2015, p. 528).” 

 This part seems too speculative and indicative of the pessimistic tone of the SSA. (CO) 

We suppose anything “could increase”, but it also might not.  Is there more support for one 

speculation?  If the bobcat/lynx ‘boundary line’ just moves north as some predict, why would 

the rate of hybridization be expected to increase.  It would only be expected to POSSIBLY 

increase, we think, if bobcats advanced north but lynx did not contract. (MN) 

 

p. 67, paragraph 4, sentence 4, 

“The higher kill rate could generate a numeric response by lynx and other hare predators (Hone et al. 

2011, p. 420) that could drive hare populations to lower levels (Stenseth et al. 2004, p. 10633).” 

 So… (CO) 

 

p. 67, paragraph 4, sentence 5, 

“Predator communities are more diverse at the southern part of the lynx range than in central Canada 

(Murray et al. 2008, pp. 1464-1465).” 

Although when you get far enough south, they start to become less diverse again.  No wolves, 

grizzly bears, wolverines, or fishers in Colorado, for example.  Sentence is too sweeping 

without mention of caveats. (CO) 

 

p. 67, paragraph 4, sentence 6, 

“The diverse predator community could explain why hare populations have declined and seem to 

remain low in Maine (Scott 2009, p. 43)”.   

We could not acquire this thesis, but it’s clear that it is more speculation (“could explain”).  

And based on how the sentence is worded (just says “Maine”), it doesn’t seem correct or at 

least appropriately qualified.  Over the last 30ish years, haven’t hares been quite abundant 

and lynx doing well in Maine (better than historically you conclude)?  To what part of Maine 

does this refer?  Is there evidence of increase in predators in that area, evidence that hare 

mortality from them has increased, etc.?  Elsewhere the focus seems primarily that hare 

HABITAT quality may have (or be starting to) decline after peaking in the 1990’s.  What data 

even leads to this specific speculation that predators may be to blame? (MN) 
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p. 67, last sentence, 

“However, because hares have two to four litters per summer, there is opportunity for compensatory 

survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare survival 

may also be expected during prolonged hot, dry summer conditions. For example, hare densities in the 

GYA are believed to be low, in part, because of the dry conditions there” 

These are both related to precipitation but are completely different phenomena.  One is 

abnormal weather patterns in an otherwise hospitable climate.  The other is simple an 

inhospitable climate.  It seems like if it's wet that's bad and if it's dry that's bad.  It's more 

nuanced that this. (CO) 

 

p. 68, general comment, 

The effects of climate change present a threat to many wildlife species in North America, but 

the magnitude, nature, and timing of these threats is still uncertain. MDIFW agrees with the 

authors of the IPCC Climate Change 2014 Synthesis Report that “An integral feature of IPCC 

reports is the communication of the strength of and uncertainties in scientific understanding 

underlying assessment findings” (p.37). Unfortunately, many of the conclusions and the tone 

of the Climate Change Section in the SSA do not communicate this uncertainty and are 

definitive in nature. For example on p. 68, “Climate change will diminish the amount of lynx 

habitat throughout the DPS by a) reducing the areas where snow conditions give lynx a 

competitive advantage over bobcats and other species, and b) reducing the amount of spruce-

fir habitat required by snowshoe hares”, or on p.218, “Although uncertainty remains 

regarding the timing, extent, and biological consequences…..hare populations will decline… 

This in turn will reduce lynx abundance….” (underlines added). MDIFW is concerned about the 

objectivity of the climate change sections in the SSA and urges a thorough review of this 

section -- especially given the USFWS SSA Core Team’s admission that they took a more 

pessimistic view of climate change impacts to lynx than the experts at the EEW. Furthermore, 

MDIFW asks, are 50-year projections an appropriate standard for the “foreseeable future” 

language of the ESA? (ME DIFW) 

 

p. 68, paragraph 2, sentence 6, 

“Under high emission scenarios, this could lead to an 11 percent decline in hare survival by mid-century 

and a 23 percent decline by late century.”  

 Reference?  How did they get these numbers?  Is this attributable to Zimova et al. 2016? (CO) 
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p. 68, paragraph 2, last sentence, 

“Snow patterns have been proposed to potentially play a role in dampening cycles (Cornulier et al. 2013, 

pp. 64-65, Sultaire et al. 2016a, entire).” 

 ??? Empty sentence.  What kind of snow patterns?  How? (CO) 

 

p. 68, paragraph 3, first sentence, 

“The range of the snowshoe hare is contracting northward in the southern part of its range in the 

contiguous U. S. because of changing snow conditions and reduced survival because of delayed pelage 

changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire).” 

???It is?  Statement is too sweeping.  We are at the southern limits of SSH range and have not 

detected any northward movement here (Colorado). (CO) 

 

p. 68, paragraph 3, sentence 2, 

“In Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per decade 

and will continue to recede northward with climate change (Sultaire et al. 2016a, entire).“ 

 [referring to struck-through text] is expected to (CO) 

 

p. 68, paragraph 3, last sentence, 

“Loss of snow now contributes more than loss of habitat in determining the range of snowshoe hares in 

the Great Lakes region (Sultaire et al. 2016a, entire).” 

 [referring to struck-through text] seems to (CO) 

 

p. 68, paragraph 4, first sentence, 

“Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat” 

 [referring to struck-through text] is predicted to (CO) 

 

p. 68, paragraph 4, sentence 3, 

“Areas of contiguous spring snow cover will become smaller and more isolated throughout the 

Columbia, Upper Missouri, and Upper Colorado Basins” 

 Insert “likely” after “will” (CO) 
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p. 68, paragraph 4, sentence 4, 

“Deteriorating snow conditions caused by climate change is causing range contraction of snowshoe 

hares and the southern edge of their range (Sultaire et al. 2016b, pp. 900-904).” 

This is too broad of a statement.  Also, this exact thing was stated just a few paragraphs prior.  

Thorough editing for repetition and opportunities for brevity are needed. (CO) 

 

p. 68, paragraph 2, sentences 1-2, 

“Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 

northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 

358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the ecosystems that support 

lynx are likely to shift, tracking the change of temperature, but with a time lag depending on the ability 

of individual plant and animal species to migrate (McDonald and Brown 1992, pp. 413–414; Hall and 

Fagre 2003, p. 138; Peterson 2003, p. 652).” 

 Redundant (CO) 

 

p. 68, paragraph 3, first sentence, 

“Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx distribution, are 

likely to shift upward in elevation within its currently occupied range and recede northward as 

temperatures increase” 

See the immediately preceding paragraph. This document has not been critically reviewed 

prior to sending to the states. (CO) 

 

p. 68, paragraph 4, last two sentences, 

“Climate modeling suggests that lynx habitat and populations are anticipated to decline accordingly 

(Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the range of the DPS by the 

end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx populations would likely be smaller 

than at present and, because of small population size and increased isolation, populations would likely 

be more vulnerable to stochastic environmental and demographic events (Carroll 2007, pp. 1100–

1103).” 

 [referring to struck-through text] This is repetitive information. (CO) 

 

p. 69, paragraph 2, last sentence,   

“Some areas of the DPS (e.g., Maine, Minnesota) lack potential elevational refugia and, therefore, lynx 

populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102)”.   
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There are a whole lot of “If’s” behind this “are anticipated to”, so we see little reason to 

report this as though a fact.  At best, it should say “the potential for latitudinal contraction 

could be comparatively higher in these Units due to minimal elevational relief”. (MN) 

 

p. 71, first sentence, 

“decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 727).” 

 [referring to struck-through text] although (CO) 

 

p. 71, paragraph 3, first sentence, 

“Warmer springs could increase the frequency and duration of wildfires, which in turn could increase 

vulnerability of surviving trees to bark beetle attack” 

Something amiss here.  Wildfire doesn't increase vulnerability to bark beetles. Beetles don't 

lay eggs in burned up trees. Very poor logic in this sentence. (CO) 

 

 

p. 71, paragraph 3, general comment, 

There are some good paragraphs of information embedded in these last 10 or so pages (like 

this one), but lots of other empty paragraphs, ones in which the language is too strong, and 

several which are just plain repetitive. The document should be read and edited with this in 

mind. (CO) 

 

p. 71, paragraph 4, general comment, 

This is all well and good, but expected impact to lynx is???  The tone it's written with indicates 

this will be bad.  I don't think it will be catastrophic, and am not so sure it won't turn out to be 

pretty good. (CO) 

 

p. 72, paragraph 2, entire, 

“Introduced species can affect forests through herbivory, predation, habitat change, competition, 

alteration of gene pools via hybridization with natives, and disease (as either pathogens or vectors) and 

can alter the diversity, nutrient cycles, forest succession, and fire frequency and intensity of some 

ecosystems (Dale et al. 2001, p. 727). Climate change will modify the distributions of many introduced 

species. Currently, there are few exotic species in North American boreal forests. This is likely because 

remote areas with little human intervention receive fewer exotic species. However, exotic species could 
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be introduced in the future as boreal systems are increasingly exploited for forest products, mining, 

energy production, and other natural resources (Schinder and Lee 2010, entire).” 

[referring to struck-through text] This is a stretch - they are stating that climate change will 

likely affect distribution of introduced spp. which will affect lynx.  Lots of "may occur' 

scenarios here.... This paragraph should be deleted. (CO) 

 

p. 72, paragraph 2, last sentence, 

After concluding there are no real current problems, you state “However, exotic species could 

be introduced in the future as boreal systems are increasingly exploited for forest products, 

mining, energy production, and other natural resources (Schinder and Lee 2010, entire)”.  All 

sorts of things COULD happen – we might develop a highly effective control for some exotic 

species.  But if you are going to make negative speculations, then they at least need to be 

based on some attempt at analysis.  What exotic pest is deemed most likely, what is the 

specific mechanism that will ‘transport’ it to the boreal forest, what is the causal link to lynx 

persistence (e.g., some disturbances, exotic or not, could be ‘good’ for lynx/hare habitat)?  

This is a Status Review and should only include best knowledge of current status, with clear 

and defendable shorter-term forecasts about future change.  This speculative sentence, which 

is not the only one of its kind, assumes negativity and is uninformative – delete it. (MN) 

 

p. 72, paragraph 3, sentence 2,  

“For example, in January, 1998 a severe ice storm extensively damaged the canopy of many 

northeastern U.S. and eastern Canadian forests, causing moderate to severe forest damage to over 10 

million acres in the Northeast U.S. and southern Quebec (Jones and Mulhern 1998, p. 19; Irland 2000, 

entire; Millward and Kraft 2004, entire)”.   

But if nobody has documented specific effects for lynx, why say this?  There was also a 

blowdown of trees in Minnesota’s BWCAW that affected ~ 400,000 acres, and probably?? 

improved habitat for lynx/hares.  Unless there is some reasonable data to show a connection 

to lynx/hare demography (e.g., the Maine story), simply say disturbances are projected to 

increase, some could be good for lynx/hares, some bad, but we can’t predict the future.  It 

would shorten the document a lot. (MN) 

 

p. 72, paragraph 3, last sentence, 

“It is uncertain how climate change will affect the frequency, intensity, location, and extent of ice 

storms; however, atmospheric warming will most likely shift the locations of prevailing ice storms 

northward.” 

Not clear if this is good or bad for lynx?? Further, is this something that is really a threat to the 

DPS? If no, then it should not be included in the SSA. (CO) 
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p. 72, paragraph 4, first sentence, 

“Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 

development and survival rates, disease transmission, and host susceptibility” 

Doesn't it seem like this would all depend on the pathogen?  It can't be that all of them will 

benefit from climate change.  Are there particular ones we're concerned about that are 

expected to benefit from climate change?  If not, what is the point of this paragraph? (CO) 

 

p. 72, paragraph 5, first sentence, 

“No apparent climate-influenced parasites or diseases have been identified that would affect Canada 

lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains a possibility 

(Lynx SSA Team 2016, pp. 27, 37-39).” 

This was one person's opinion.  No one else in the group thought this.  Surprised it made it in 

the document.  When pressed, this person had no specifics to offer, just generally, diseases 

might happen.  Seemed too much of a stretch to me. (CO) 

Same general comment as for p. 72, paragraph 2, last sentence above. (MN) 

p. 73 et seq., general comments, 

Vegetation Management, Wildland Fire Management, and Habitat Fragmentation sections. 

This is probably redundant with one of our initial comments, but we see no need for these 

section headings (or Climate Change), nor the need for much of this information to be 

anywhere in this document.  Use very mechanistic headings (e.g., “Projected Changes to hare 

habitat”), concisely discuss in one spot all relevant processes (disturbances, veg mgmt., 

human development/fragmentation, or whatever) for which we have supporting studies (e.g., 

hares depend on X, not just “X might affect Y”) and for which we can demonstrate reasonable 

confidence that changes will occur in the NEAR future.  We see little if any need/value for 

general reviews of all the hare habitat literature, different ways commercial timber 

management takes place, how such methods may or may not affect hare habitat, what 

economic trends may occur, whether/how the forest industry (or other land management 

agencies) might adapt to projected changes in forests from climate change, what historic fire 

regimes (or human policies toward them) have been or might be, how humans fragmented 

the landscape in the past, why snow is supposedly so important (again), what fragmentation 

means, more general review of lynx/hare literature, whether lynx have been documented to 

cross/use/get hit on roads, how many ski resorts there are out west, what locatable or salable 

minerals refer to, that utility lines are often along road corridors, etc.  This is completely 

unnecessary, at least for our conception of what a Species Status Assessment should contain.  

Besides just adding an enormous amount of superfluous information, it forces the constant 

repeating of many highly speculative ideas.  For this reason, we will not offer many specific 
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comments on these sections, instead hoping that much is simply discarded.  But we will offer 

a few. (MN) 

 

p. 73, first paragraph, sentences 3-5, 

“Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat were 

strongly correlated with neutral genetic diversity, low allelic richness, and high genetic differentiation 

(Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in southern lynx populations 

could be caused by a northward shift in optimal conditions, resulting in isolation and extirpation of lynx 

populations at the trailing edge of their range or climate-induced changes in the distributions of 

snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness were 

found in areas with the deepest snow in the core of their range in northern Ontario (Koen et al. 2014a, 

p. 758). The authors concluded that climate warming has reduced gene flow at the receding (southern) 

edge of the lynx’s range, and that southward gene flow from Canada into threatened U.S. populations is 

unlikely.” 

Didn't we already say that there is very little genetic structuring of lynx across its distribution?  

Which is it?  At least acknowledge what you said before and try to reconcile the 2 ideas. (CO) 

 

p. 74, paragraph 2, sentence 4, 

“Thus, stem density (or stem cover units) and snowshoe hare density are directly and positively 

correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Koehler and Brittell 1990; 

Thomas et al. 1997; Hodges 2000a; Mowat et al. 2000; Homyack et al. 2006; Robinson 2006; Scott 2009; 

Fuller and Harrison 2013).”  

 Ivan 2014 should be cited here. (CO) 

 

p. 74, paragraph 3, sentence 1, 

“Ivan 2011a;” 

Should be the 2014 paper, not the dissertation.  Appears this was taken from the LCAS and not 

representative of current literature. (CO) 

 

p. 74, paragraph 3, sentence 2, 

“In forests of northern Maine, wind, fire, insects, and diseases were predominant natural disturbance 

agents, while fire, insects, and diseases were predominant in the Great Lakes Geographic Unit and 

across the western U.S.” 

Must be a better way of writing this sentence.  Basic fire, insects, and diseases are natural 

disturbance areas everywhere; additionally, wind is a disturbance factor in northern ME. (CO) 
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p. 76, general comment, 

Given the success of lynx populations on private lands in Maine, MDIFW finds statements, 
such as the one on p. 76 of the SSA, “Whereas management of State and Federal forest lands 
have been relatively stable in recent decades, management and ownership of private forest 
land ownership has been extremely unstable. This has resulted in major shifts in forest 
management strategies, outcomes, and products. For example, in the last two decades in 
Maine, where nearly all the lynx critical habitat is on private land, about 23.8 million acres (80 
percent) of industrial land ownerships in the “northern forest” (Adirondacks to northern 
Maine) were sold to many different kinds of financial groups (Hagan et al. 2005)” overstate 
the threat posed by private land management to lynx. The period of greatest lynx population 
growth in Maine occurred during the same period (referenced above) that caused “major 
shifts in forest management strategies, outcomes, and products”. The majority of ESA success 
stories for widely distributed species involve a significant role for private lands. In the eastern 
U.S., private lands are integral to recovery programs and conservation efforts. “Working 
woodland” easements now encompass >10,000 km2 across northern Maine. These covenants 
do not specify specific management practices or outcomes beyond sustainable forestry, but 
they do ensure that conversions to other land uses will never occur. (ME DIFW) 

 

p. 76, first paragraph, sentence 1, 

“maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et al. 2004; 

Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a).” 

Again, it is evident that much of this directly from the LCAS, without a very thorough search of 

new literature. (CO) 

 

p. 76, paragraph 2, last sentence, 

“Under depressed markets, landowners may reduce harvests, which may be to the detriment of lynx in 

some parts of the DPS (e.g., Maine and Minnesota), and to the benefit of lynx in others (the West).” 

This paragraph (section, really) strikes me as odd. Many of the regulatory mechanisms that 

have been adopted address these kinds of concerns. A detailed description of economic issues 

related to timber productions doesn’t strike me as fitting into the species status assessment. 

(CO) 

 

p. 77, last paragraph, first sentence, 

“Climate change will affect forest-related recreation. Warmer lowland temperatures” 

 Replace “will” with “might” (CO) 
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pp. 76-77, 

“Markets for softwood products are particularly volatile” 

Seems like hyperbole.  Markets for softwood pulp are currently dramatically depressed but 

markets for softwood sawlogs have been consistent for decades. Values fluctuate but 

traditionally you could move the logs. (ME FPC) 

“and depend on demand for paper and housing. Thus, softwood management is affected by economic 

factors that are difficult to predict. In recent years, the forest products industry throughout the U. S. 

experienced a downturn in output levels not seen in decades, and employment losses in the hundreds 

of thousands (Woodall et al. 2011, p. 595).”  

Shouldn’t this be focused on Maine’s market as opposed to the US.  How do job losses across 

the US Forest Industry necessarily impact lynx habitat in Maine? (ME FPC) 

“Despite depressed markets, one area of increasing interest is bioenergy production. Rising energy costs 

and growing concerns over global climate change have increased interest in bioenergy production, and 

the U. S. Energy Independence and Security Act (2007) mandates a five-fold increase in biofuel 

production (Benjamin et al. 2009, p. 125). The wood pellet sector is expected to grow, although woody 

biomass is typically the lowest value wood commodity sold from the forest. Thus, it is questionable 

whether wood energy revenues would be enough to sustain forest investments and forest management 

into the future (Woodall et al. 2011, p. 601).  

“Whereas management of State and Federal forest lands” 

Stable in ownership but not necessarily managing in a manner promoting lynx habitat in 

Maine. (ME FPC)    

“have been relatively stable in recent decades, management and ownership of private forest land 

ownership has been extremely unstable.” 

Biased.  Ownership changes have resulted in less intensive pre-commercial management 

investments but harvesting techniques and levels are not unstable. (ME FPC) 

“This has resulted in major shifts in forest management strategies, outcomes, and products. For 

example, in the last two decades”  

Since the citation date is 2005, and it is now 2017; this cannot be the last two decades being 

correctly referred to.  The previous two decades prior to 2005 would be the 1985 to 2005 

period. (ME FPC) 

“in Maine, where nearly all the lynx critical habitat is on private land, about 23.8 million acres (80 

percent) of industrial land ownerships in the “northern forest” (Adirondacks to northern Maine) were 

sold to many different kinds of financial groups (Hagan et al. 2005).” 

And conservation groups and government entities.  Perhaps nit picking but isn’t this 

statement based on a study that is 12 years old. (ME FPC) 

“These groups have short-term investment goals”  
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Investment companies (TIMOs, REITs, etc.) have consistently invested in wildlife research via 

the CFRU over this same time period, significantly contributing to snowshoe hare and lynx 

specific research.  Currently, there are 20 such “short-term” goal investment companies 

actively participating in CFRU representing almost 60% of the members. Funding has been 

relatively consistent for the last 10 years. (ME FPC) 

“and different management objectives and have dramatically changed harvest practices.”  

Some have and some haven’t, just like the previous owners.  Not all previous landowners 

clearcut extensively.  Not all previous landowners invested in pre-commercial softwood 

management.  Many of the large industrial landowners sold their lands with long term timber 

supply agreements (i.e. SAPPI, Mead (Catalyst), IP (Verso), etc.) and likely sustainability 

conditions. (ME FPC) 

“Whereas the previous large industrial landowners focused on the forest land base as a supply for their 

manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and Real 

Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and Sader 2006, p. 

178). Initially, the effects of ownership changes were uncertain (McWilliams et al. 2005), but an 

evaluation of harvesting in the last decade indicates these landowners increased harvest rates, 

shortened rotation rates, and shifted to managing and harvesting hardwood tree species (Jin and Sader 

2006, p. 183-185). On one hand, these trends in Maine private lands management make lynx 

management commitments more difficult because short-term landowners are not interested in long-

term commitments. On the other hand, some easement owners may have an incentive to manage for 

lynx to meet forest certification requirements.”  

Which can improve market opportunities as most pulp and paper markets prefer certified 

wood and allocate accordingly; (ME FPC) 

Outdated. The bottom line is that  the vast majority  of these lands continue to be actively 

managed for forest products, with the exception of reserves that have been set aside by 

NGO’s and government agencies. History is starting to repeat itself. Ownership patterns are 

moving away from TIMOs & REITS to more family and high net worth individual patterns with 

longer investment horizons. (ME FPC) 

This citation is 10 years old and reflects past behavior, not recent. (ME FPC) 

“The extensive sale of private forestlands initiated the growth of conservation easements in this region 

(deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of Maine’s State 

area increased from less than 5 percent in 1987 to approximately 19 percent by 2012 (Beck et al. 2012, 

p. 15). [MFS: The writers should consult with the state for up to date information on easement acreage.]  

Conservation easements restrict development but usually do not affect forest management;” 

That may not be entirely accurate.  CEs often have clauses that require monitoring to some 

level often certification is offered as an alternative to the easement holder’s monitoring.  It  is 

another incentive to seek certification and thus manage RTE species. (ME FPC) 
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“neither do they typically require management for lynx and other rare species. Some private forestlands 

were sold to State and Federal agencies and conservation interests. For example, in recent years The 

Nature Conservancy purchased”  

The TNC purchase in northern Maine was back in the 1990s, cannot be characterized as 

recent. (ME FPC) 

“310,000 acres of private forestland in Montana and 185,000 acres of private forestland in northern 

Maine. Lands in conservation ownership have a high probability of being managed to benefit hares and 

lynx. “ 

If they have a commitment to actively manage the lands.  Not all conservation groups do.  TNC 

–yes; AMC-not so sure;  EPI- probably not for lynx.  Most are more likely to manage for late 

successional habitat. (ME FPC) 

Where’s the proof to this? What incentive is there to manage for hares and lynx regardless of 

whether the property is under a CE or not? These landowners are the least likely to use large 

scale clearcutting or shelterwoods. (ME FPC) 

Data to support this statement?  Is TNC creating large clearcuts in northern Maine?  Doubtful. 

(ME FPC) 

 

p. 77, last paragraph, last sentence, 

“The ski industry is currently in decline,” 

 Citation is needed here. No evidence that I am aware of. (CO) 

 

p. 78, first paragraph, sentence 2, 

“These climate-induced trends in recreation are anticipated to bring more people into the lynx DPS,” 

If ski industry is in decline (as stated unsubstantiated above), why would there be increased 

recreation due to climate change? (CO) 

 

p. 78, first paragraph, last sentence, 

“At this time, there are many uncertainties concerning the socioeconomic implications of climate 

change and adaptation in the northern forests supporting the lynx DPS.” 

This is a good summary. Lots of uncertainty. Not sure why they limited it to 'northern forests', 

though? (CO) 

 

p. 78, paragraph 2, sentence 3, 
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Habitat management actions should be evaluated within the context of the whole lynx 

population unit and large scale landscape disturbance to plan timber management. If large 

areas are already affected by harvest, wildfire, or disease then future timber harvest should 

be curtailed until habitat grows back. Too often management only focuses on LAU's (the size 

of a female home range) and does not take into context the other impacts of the surrounding 

area. (WA) 

 

p. 78, paragraph 2, sentence 7, 

“Hares and lynx will continue to be affected (both positively and negatively) by forest management into 

the foreseeable future.” 

 Yes.  I think everyone will agree on this. (CO) 

 

p. 78, paragraph 3, sentence 1, 

“Reduced Quality of Hare Habitat” 

Throughout this document, focus is on the negative impacts and not on the opportunities for 

improvement. These should be acknowledged as well, as in the highlighted sentence above, 

although they could easily be even more explicit. The SSA would read much more objectively, 

and thus feel more reliable if there were more nods to whatever positive things could happen 

as well. (CO) 

 

p. 78, paragraph 3, sentence 1, 

“reducing overstory canopy in mature multi-story spruce-fir forests (in the West),” 

 How, exactly, does this reduce quality of habitat for lynx and hares? (CO) 

 

p. 78, last sentence, 

“Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 stems/ha 

(1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 1986, 

Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott” 

 Again, cite Ivan 2014. (CO) 

 

p. 80, line 2, 

“insects may reduce the horizontal cover” 

 Insert “also” after “may” (CO) 
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p. 80, line 2, 

“(e.g., boughs on snow), thus degrading the quality of” 

 Insert “depending on the growth form of these trees” after “snow)” (CO) 

 

p. 80, paragraph 2, sentence 6, 

“After 17 years of extensive partial harvests, much of the northern Maine landscape has been influenced 

by this form of forestry, and will continue to be into the future.” 

 And anticipated impact to lynx is…? (CO) 

 

p. 80, paragraph 2, sentences 9-10, 

“Partially harvested stands result in a wide range of residual stand conditions, but many have lower 

conifer stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006). On 

average, partially harvested stands supported about 50 percent of the hare densities observed in 

regenerating clearcuts (Robinson 2006).” 

Rangewide, or somewhere in particular?  This is a recurring theme.  The DPS is very diverse.  

What holds in one place doesn't in another.  Throughout the SSA, there is a definite need to 

be very specific about what you're talking about geographically. (CO) 

 

 

 

p. 81, first paragraph, last sentence, 

“By removing or reducing the understory and ladder fuels to meet those objectives, dense horizontal 

cover important to snowshoe hares is reduced and habitat value is diminished for hares and lynx.” 

But this almost certainly occurs at very small scales, right?  As in probably not enough to 

worry about? (CO) 

 

p. 81, paragraphs 3 and 4, general comment, 

These paragraphs really only apply to ME.  I guess this is more argument to break up the DPS.  

This document is hard to follow in many places because the issues, forests, and response to 

stressors is very different across the DPS. (CO) 
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p. 82, first paragraph, first sentence, 

“Lynx achieve highest densities in >100 km2 landscapes” 

No idea what this phrase means.  A single home range is usually about 100km2, at least in our 

area; that would be density = 1. (CO) 

 

p. 82, first paragraph, sentence 4, 

“Analysis of winter movements of lynx in Maine indicated that lynx responded to habitat heterogeneity 

at a coarse scale within their home ranges, by maximizing their access to snowshoe hare prey (Fuller and 

Harrison 2010).” 

 Same in CO. See 2016 paper! (CO) 

 

p. 82, paragraph 2, sentence 1, 

“Forest management can fragment and isolate patches of high quality hare habitat (Simons-Legaard et 

al. 2016).” 

This is a geographic-specific statement.  I doubt that forest management in CO could be so 

intensive and dramatic as to single-handedly isolate hare habitat. (CO) 

 

p. 82, paragraph 3, sentence 2, 

“In forests of the Northern Maine Unit, wind, fire, insects, and diseases were predominant natural 

disturbance agents, while fire, insects, and diseases were predominant in the Great Lakes Geographic 

Unit and across the western U.S.” 

 This exact sentence has been used before.  Redundancies should be eliminated. (CO) 

 

p. 82, paragraph 4, first sentence, 

“Today, forest management is the predominant form of disturbance in boreal forest types throughout 

the DPS, but in the West insect outbreak or wildfire are also critical agents of disturbance that influence 

and interact with forest management.” 

 Replace “or” with “and.” (CO) 

 

p. 83, paragraph 2, sentence 3, 

“These stands/patches provide high-quality hare foraging habitat and typically support high hare 

densities, which in turn provide high-quality lynx foraging habitat.” 
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 Only after many decades though, depending on site conditions. (CO) 

 

p. 83, 

“After several centuries of forest management, stand age structures in the Acadian forest have become 

simplified,”  

 The Acadian forest is a broad expanse of landscape. (ME FPC) 

“and commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree species 

(Seymour 2002). Although the prevalence of these younger even-aged forest stands on the landscape 

may benefit hares and lynx in Maine, forestry has shifted the species composition of Maine’s forest to 

tree species favored by frequent harvest disturbance, such as red-maple, paper birch, aspen, and balsam 

fir.” 

What is the evidence for this statement?  Should reference FIA data for unbiased measure of 

current forest species, ages and distributions. In some cases, perhaps. However, these are also 

shorter lived and lower valued species. Many landowners are focusing management efforts on 

higher valued and longer lived species. (ME FPC) 

Opinion? Or based on FIA data? (ME FPC) 

 

p. 84, paragraph 2, sentence 2, 

“which, combined with other land-use practices, dramatically altered fire regimes in some places and 

created conditions prone to larger and more severe fires (USDI et al. 2001, p. 1-2).” 

This is mostly related to Doug-fir and P[onderosa] Pine systems though.  Suppression hasn't 

had much impact to spruce/fir forest due to very long return interval, right? (CO) 

 

p. 84, paragraph 3, general comment, 

Good paragraph.  Role of fire varies by geography, and that is made very clear here.  I wish 

other paragraphs were set up similarly. (CO) 

 

p. 86, first paragraph, general comment,  

Yes, fire frequency and size COULD increase, and yes, this does HAVE THE POTENTIAL to cause 

temporary adverse impacts on hare habitat, but depending on details, it also COULD be 

positive (e.g., be a counter-balance to historic fire-suppression policies).  I don’t think there is 

sufficient predictive capability to decide how this will play out.  You correctly note here that 

any negative effect may only be temporary and followed by positive effects, but add that even 

so it would likely (any citation?) reduce landscape-level hare densities, and therefore lynx 
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numbers.  Possible, but are periodic reductions in landscape-level hare densities not a 

historical reality of boreal landscapes and lynx-hare dynamics.  Even lynx, along with other 

cycle contributors, can cause landscape-level reductions in hare density.  ‘Stability’ is not the 

norm in these settings, and temporal/spatial variability should not be viewed as abnormal or 

bad.  Useful conclusions can only be drawn if we can predict with high confidence how 

big/how often/where fires would occur in a given area, and we can’t.  Could be good in some 

areas, bad in some, good at one point in time, bad at another. (MN) 

 

p. 86, first paragraph, sentence 3, 

“Although this would likely be a temporary impact,” 

I guess.  Silviculturalists on the Rio Grande are predicting 50-100 years for many parts of the 

West Fork Fire, and also that some areas will never be forest again. (CO) 

 

p. 87, first sentence, 

“it may be necessary to reconsider whether fire suppression in some lynx habitats could benefit lynx by 

reducing the potential for extirpation of lynx populations, especially in places already affected by 

increased fire activity and those that are naturally only marginally capable of supporting resident lynx.” 

 This is not realistic (for the Colorado area, at least). (CO) 

 

p. 87, paragraph 2, last sentence, 

 “Lynx must contend with aspects of their habitat at the southern extent of the boreal forest for which 

they are not as well-adapted”.   

As a side note, in our opinion the only thing in these areas that they are demonstrably not 

able to ‘deal with’ is lower hare density.  Regardless, this general idea is nonetheless true, but 

also true for every species at their range limits and it should be noted that this is “the norm” 

for lynx in the DPS.  Historically, lynx in these areas have almost certainly been comparatively 

rare, ephemeral, unstable, patchy, or variable……..and yet persistent over the long haul.  The 

problem in our opinion is that ESA generally ignores everything north of the border, expects 

consistent ‘safe population levels’, thereby ignoring historic reality (instability, especially at 

the range edge), and then leads to assessments that portray all of this historic reality as now 

being “risks”.  Certainly humans can, and have, altered the system.  But so has ‘nature’, and 

we do not have 1,000 years of lynx/hare abundance data to offer any clues of just how much 

natural variability there was in their southern numbers.  There have always been a lot of 

‘undesirable’ conditions in the DPS for lynx, and it is important to not lose sight of this, but I 

think it commonly does in this section.  In the beginning, a conclusion is that habitat 

loss/fragmentation has been relatively low in the DPS to date, then much discussion of why 

fragmentation can be bad.  There are suggestions that the DPS naturally has patchier habitat, 
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then reasons why patchiness is ‘bad’.  Examples of why fragmentation may be bad, then a 

paragraph that concludes “..lynx showed no sensitivity to the degree of forest fragmentation 

in areas of high or low suitable habitat”.  Notes that the snow environment in the DPS is 

[naturally] patchy and marginal in space and time, then speculative discussion on why this is 

bad.  Distinguishing ‘bad’ from ‘normal’ is not just semantics to us.  It is, or should be, a very 

relevant focus.  Even setting that aside for the moment, we note the following: P. 91 – “Roads, 

development, climate change, and forest management fragment snowshoe hare and lynx 

habitat in the DPS.  We know little about how hare and lynx respond to these 

anthropomorphic changes to their habitat, which requires additional research (Murray et al. 

2008, p. 1464; Squires et al. 2013, p. 194).  Enough said. (MN) 

 

p. 87, paragraph 4, general comment, 

Another good paragraph.  Succinct, well cited literature, informative, not repetitive, and the 

issue is clearly treated separately and appropriately for various pieces of the DPS.  Good work. 

(CO) 

 

p. 88, first sentence, 

“reducing lynx reproduction and survival,” 

 Need to have some kind of reference for this statement. (CO) 

 

p. 88, first paragraph, last sentence, 

“Fragmentation from anthropomorphic sources results in habitat alteration, direct habitat loss, vehicle 

collisions and behavioral disturbance from roads and changes in landscape features such as edges.” 

 Insert “some degree of” after “results in.” (CO) 

 

 

p. 88, paragraph 2, last sentence, 

“In contrast, a high-quality matrix, typical of Canadian boreal forest, can provide alternative or 

supplemental resources (Dunning et al. 1992; Norton et al. 2000), thus supporting higher densities of 

hares in the prime habitats.” 

 Insert “or functional lack of a differentiated matrix,” after “matrix,” (CO) 
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p. 89, first sentence, 

“Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 

competition for a limited resource and exploitation competition inflicted by generalists (e.g., coyotes) 

and other predators (Buskirk et al. 2000a, p. 95)”.   

Hares may fluctuate less dramatically in the south BECAUSE of more generalist predators, but 

I don’t see that the lack of fluctuation per se leads to more competition.  In fact, by definition, 

generalists are typically ‘prey-switchers’.  Even if there are more species of predators, it 

doesn’t mean there is more pressure on any one prey species, other things equal.   We’re not 

even sure if there is data to show that there are more hare predator species in the DPS 

compared to the north or whether annual hare mortality is lower in the north, but we think 

data in Hodges (2000) suggests “no” to both those questions.  Our comment here also applies 

to the last sentence in the second paragraph on this page. (MN) 

 

p. 89, paragraph 2, first sentence, 

“Snowshoe hares in the south” 

This term and/or "southern part of the range" gets thrown around a lot, and I think we 

generally have an idea about what is meant by this, but it isn't exactly clear.  See Ivan and 

Shenk for one example of a clean definition or clearly define it yourself at the beginning and 

stick to it. (CO) 

 

p. 89, paragraph 3, sentence 1, 

“Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely related 

species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation (Ferreras 2001, Crooks 

2002).” 

Not sure this sentence makes sense.  If lynx are flexible, then previous arguments about 

fragmentation being detrimental are moot?  Or maybe not moot but not as dire?  Seems 

inconsistent. (CO) 

 

p. 89, paragraph 3, sentence 3, 

Consider expanding this statement. Were survival rates higher? kitten survival? individual 

weights? How was this assessed? (WA) 

 

p. 89, paragraph 3, last sentence, 

“However, lynx showed no sensitivity to the degree of forest fragmentation in areas of high or low 

suitable habitat.” 
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Re-work this sentence...meaning if habitat suitability is low enough, lynx don't respond to 

varying degrees of fragmentation because it is all too poor quality for their liking and if 

suitability is very high, there are not too sensitive to fragmentation because suitability is still 

really good even in a fragmented landscape? (CO) 

 

p. 89, paragraph 4, first sentence, 

“All of these factors likely lead to lower reproductive output and more tenuous conservation status for 

lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95).” 

Not consistent with the previous arguments, which imply that impacts of fragmentation aren't 

always dire.  I think you mean to say "on balance, fragmentation is expected to lead to lower 

reproductive output and more teuous..."  (CO) 

 

p. 89, paragraph 5, first sentence, 

“The snow environment in the DPS is also patchy and marginal in both space and time for snowshoe 

hares and Canada lynx.” 

This is the only new information in this entire paragraph.  The rest has been stated many, 

many times previously.  Attach that single sentence to another paragraph and axe this 

paragraph.  Or, expound on that idea more if it needs it.  (CO) 

 

p. 90, first paragraph, sentence 4, 

“or by snow regimes (e.g. snow shadows)” 

 ??? Lynx can move across areas that aren’t covered in snow.  (CO) 

 

p. 90, first paragraph, sentence 4, 

“or by snow regimes (e.g. snow shadows) that may restrict lynx dispersal between habitat patches.” 

Snow shadows are unlikely to restrict lynx dispersal.  They have repeatedly shown an ability 

to make large movements across most any habitat type.  I think what you mean here is that 

snow shadows might in some ways be an impediment to routine, daily movements, or result 

in larger home range sizes and increased energy expenditure, or something along those lines. 

(CO) 
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p. 90, paragraph 3, first sentence, 

“Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest habitats 

with large patches of high-quality foraging habitat and persistent deep, fluffy snow.” 

This sentence is repeated many times in the document. There are lots of opportunities to be 

more concise in the language. Redundancy should be eliminated. (CO) 

 

p. 91, paragraph 2, first sentence, 

“Anthropogenic Sources of Fragmentation” 

Isolated thoughts related to anthropogenic sources of fragmentation have already been 

interspersed throughout the preceding general section on fragmentation.  Suggest 

consolidating those comments here. (CO) 

 

p. 91, paragraph 2, last sentence, 

“Habitat fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 

populations.” 

Somehow, somewhere in this document, all of these potential threats need to be prioritized 

and laid out according to their likelihood of causing real harm to the DPS.  Right now the 

document reads as a litany of bad things that can happen to lynx.  Some of these however, are 

much more important and worrisome than others.  For example, compared to losing boreal 

forest to hardwood conversion, how much do we care about some possible, as yet unnamed 

disease causing issues? (CO) 

 

p. 91, paragraph 3, general comment, 

Good information here, but I feel like this idea was already articulated earlier as well.  This 

entire document needs a single good editor to go to work on it. (CO) 

 

p. 91, paragraph 4, sentence 4, 

“Changes in habitat, prey base, and competitor guild will further stress southern lynx populations and 

possibly populations in southern Canada.” 

 Insert “probably” before “will.” (CO) 

 Again, what is meant by "southern?”  Its use is ambiguous throughout. (CO) 
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p. 92, paragraph 2, last sentence, 

“Lynx and other carnivores may avoid using habitat adjacent to highways, or become intimidated by 

highway traffic when attempting to cross (Gibeau and Heuer 1996, Forman and Alexander 1998).” 

The impact of roads on lynx movements may be overstated for Colorado. There are limited 

examples of road kill (<10?), and there are documents examples of lynx crossing 2 and 4 lane 

major highways. (CO) 

 

p. 92, paragraph 3, last three sentences, 

“In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c, d, 

2012; J.Squires, personal communication 2012). Colorado lynx crossed two-lane highways an average of 

0.6 times per day and more frequently during dusk and night when traffic volume was lower (Baigas et 

al. 2017, p. 204). They also crossed 4-lane highways (I-70), especially forested areas under large, 

elevated bridges that spanned streams (Baigas et al. 2017, p. 204).” 

 Yes. Important point, which seems to be diminished in the above discussion. (CO) 

Important note here is that these numbers are for lynx with home ranges adjacent to and/or 

encompassing highways.  This is not the same as crossing frequency observed during 

dispersal. (CO) 

 

p. 93, paragraph 1, sentences 3-4, 

“Over a 7-year period in Colorado, 13 of 102 documented mortalities of translocated lynx were killed on 

highways (Devineau et al. 2010). Traffic volumes on Colorado highways where the 13 lynx mortalities 

occurred were estimated to range from about 2,300 to >25,000 vehicles per day (K. Broderdorp 2012 , 

pers. comm.).” 

Should also include road mortalities to date.  The frequency of this kind of occurrence 

continues to decline, although part of that is not having collared animals that we know have 

been killed, so maybe it's fine to leave it this way?  At least caveat this section with new 

animals unfamiliar with their new environment. (CO) 

 

p. 94, first sentence, 

“surrounding environmental features, the density of increased urbanization, and the increased traffic 

volume (Clevenger and Waltho, 2005; Grilo et al. 2009).” 

Is there substantial residential development in lynx habitat? The percentage of all habitats 

subject to threats from development has to be relatively low. (CO) 
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p. 94, paragraph 2, first sentence, 

“Ski Resorts - Ski area development also results in permanent habitat loss” 

This is overstated. It is probably of diminished quality, but if ski areas are in decline as 

mentioned previously, presumably these will be reforested (eventually?). Regardless, 

overstatement leads to lower degree of credibility. (CO) 

 

 

p. 94, paragraph 2, first sentence, 

“Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation.” 

Insert “of home range habitat, although lynx likely are still able to move through these areas 

relatively easily [or something to this effect]” after “fragmentation.”  Need to qualify what is 

actually lost permanently if you're going to go with that adjective. (CO) 

 

p. 94, paragraph 2, last sentence, 

“In some areas, lynx habitat may be limited and concentrated in the ski area development footprint 

(Squires 2012, pers. comm.).” 

 Lynx habitat is not concentrated in the ski area development footprint.  This is misstated. (CO) 

 

p. 94, paragraph 3, sentence 4, 

“While ski resorts occupy a small proportion of the landscape, spruce-fir forests provide important 

habitat for snowshoe hares and lynx at the southern extent of their range.” 

Suggest that this sentence should be flipped:  "While ski resorts often occur in spruce-fir 

forests and thus might provide habitat for hares and lynx (or at least would have without the 

resort), such resorts occupy a very small proportion of the landscape.” (CO) 

 

p. 94, paragraph 3, general comment at end of paragraph, 

Refer FWS to the Colorado example of the conservation blueprint where fed, state and ski 

industry have worked to minimize impact of consultation and to increase appetite for 

conservation. Broderdorp is well familiar with this effort and should be able to write this. (CO) 
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p. 95, paragraph 2, last sentence, 

“Impacts to lynx include the potential alteration or removal of lynx habitat, increased fragmentation, 

and the potential for human-caused mortality from road development.” 

To me, this seems very overstated, further exemplifying the pessimistic view that this 

document takes. This issue ranks low (bottom?) of the hierarchy of threats. Why include it 

then? If you are going to list all threats, how do lynx respond to elk hunters? airplanes going 

over wilderness? (CO) 

 

p. 95, paragraph 4, general comment on this and preceding paragraphs, 

Each of the last 3-4 paragraphs could be deleted in my opinion.  Seems the document is now 

grasping at every last possible thing that can occur on a landscape that might possibly 

somehow impact, regardless how minimally. (CO) 

 

p. 95, paragraph 5, sentence 3, 

Page 95 – indicates that farming in NE Maine fragments corridors between Maine and New 

Brunswick. No citation provided. We have detected lynx during recent monitoring efforts 

(track surveys) and have documented movements of tagged lynx across ME/NB border, which 

contradicts statement made here.  Recast sentence. 

 

p. 96, paragraph 1, general comment at end of paragraph, 

However, the most important fragmentation is natural, and lynx have shown a strong ability 

to cross through most any kind of habitat during dispersal events - Reference CO lynx 

documents. (CO) 

 

p. 97, paragraph 1, last sentence, 

“resident lynx currently occupy parts of western Colorado (Unit 6), although the current number and 

distribution of lynx there are uncertain.” 

 Delete “and distribution.” I think we have a pretty good idea of what the distribution is. (CO) 

 

p. 98, paragraph 1, sentence 2, 

“Lynx experts and geneticists indicated high rates of dispersal and gene flow and, therefore, generally 

low levels of genetic differentiation across most of the species’ range, including the DPS (Lynx SSA Team 

2016, pp. 12-14, 55-56).” 
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This flies in the face of concerns about fragmentation, lack of connectivity to Canada, etc. at 

least at a broad scale in space & time. (CO) 

 

p. 98, paragraph 1, sentence 5, 

“Therefore, lynx naturally have little ability to adapt to changing environmental conditions (i.e., shift to 

other forest habitats, snow conditions, or prey species).” 

 Replace “naturally” with “likely.” (CO) 

 In CO, there are alternative prey. (CO) 

 

p. 99, paragraph 2, general comment on this and preceding paragraphs, 

Good.  This series of paragraphs were well written, concise, informative, logical, and nicely 

summarized, all while dealing independently and appropriately with the independent 

populations that make up the DPS. (CO) 

 

p. 99, paragraph 3, sentence 3, 

“No reliable estimates of current or historical resident lynx numbers”. 

How did the authors come to this determination? Vashon et al. 2012 (cited throughout the 

document), provides estimates of past and current lynx populations in Maine and how those 

estimates were derived. The USFWS accepted these population estimates in the Incidental 

Take Plan for Maine’s Trapping Program (2014) and issued the state an Incidental Take Permit 

based on these population estimates. Furthermore, if the above statement in the SSA were 

true, it implies that statements on current population trends and status of lynx throughout 

the SSA should be discounted (e.g., largest lynx population in the lower 48, higher than 

historic levels etc.). (ME DIFW) 

 

p. 99, paragraph 3, sentence 12, 

“...hare went under a 50% decline in 2006 and have remained at lower levels.”  

This statement is not cited. There is no study at the scale this sentence implies. (ME DIFW) 

Perhaps a citation for these observations is listed elsewhere in the document, but we would 

like to see it in order to evaluate just how much confidence is behind it. (MN) 

 

p. 99, paragraph 3, sentence 13, 
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“Reproduction and survival rates in the low hare environment after 2006 suggest a slightly declining 

population.”  

No reference is provided for statement and it is contrary to data in Vashon et al. 2012 (Table 

1.2 page 18 and see Appendix VI) where there was no difference in the average annual 

mortality between periods of hare abundance (26% 1999-2006 and 26% between 2007-2011). 

(ME DIFW) 

This statement is not cited and is contrary to data presented at the Expert Elicitation 

Workshop that supports an expanding lynx population in Maine. At the workshop, we shared 

the first year of data from snowtrack surveys to monitor changes in lynx detections and 

occupancy over time. We now have another winter and a half of data. Between January 2015 

and Febuary 2017, we have resurveyed 30 towns across northern Maine. During initial surveys 

(2003-08) lynx were detected in 14 of 30 towns (43%), during resurvey efforts lynx have been 

detected in 28 of the same 30 towns (93%). (ME DIFW) 

 

p. 99, general comment,  

On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 117 the SSA states 

500 to a 1,000 lynx, and then on Page 111 the SSA states several hundred to a 1,000 in Maine 

MDIFW shared at the Expert Elicitation Workshop an estimate of 750-1,000 adults in 2006 

with recent data supporting an increasing population (IFW biologists have noted an increase 

in incidental captures, vehicle strikes, sightings, in detection probabilities and in occupancy 

between 2003-2008 and 2015-17 winter track surveys). Thus, Maine’s current lynx population 

likely exceeds 1,000 adults. The method used to generate the estimate of 750-1,000 provided 

at the EEW is provided in Vashon et al. 2012 as cited throughout the SSA. (ME DIFW) 

 

pp. 99-100, 

“State forestry regulations passed in 1989 caused landowners to shift to various forms of partial 

harvesting that have resulted in lower landscape hare densities across much of the unit. Hares do not 

seem to cycle in this region, but underwent a 50 percent decline starting in 2006”  

Yes, FPA was a contributing factor, but the last SBW outbreak played a larger role in this. (ME 

FPC) 

“and have remained at lower levels. Reproduction and survival rates in the low-hare environment after 

2006 suggest a slightly declining population. Unlike other units of the DPS, lynx habitat in northern 

Maine occurs nearly entirely on private, industrial forest lands.”  

 Strike “industrial.”  Very little land is tied to processing facilities. (ME FPC) 
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“Very little land is tied to processing facilities, and landowners do not have long-term commitments to 

lynx management. The majority of lands in Maine are owned now by investment companies who wish to 

diversify income from their investments,  

 Again outdated information. (ME FPC) 

“which could result in forest practices inconsistent with hare and lynx habitat maintenance and 

conservation. Other potential stressors”  

 Prioritize the stressors; parcelization is not the threat it once was. (ME FPC) 

“on private lands include incidental trapping, road mortality, large-scale wind energy development, 

residential and resort development, and parcelization of forestlands from rapid turnover in investment 

company landowners.”  

I feel like they are taking issues from southern Maine and applying it to lynx’s critical habitat.  

It is inappropriate.  How much development, road mortality, wind farm development and 

parcelization has actually occurred in the designated area?  They should subtract the CEs, 

conservation land and public lands acreages then see what the true risks are.  Yes, we have a 

client that has sold a parcel of land (100,000 acres).  I don’t think the lynx noticed. (ME FPC) 

“The next spruce budworm outbreak is imminent, but forestry response by investment landowners 

 By all landowners (ME FPC) 

“is uncertain. Climate change is a concern as snow depth and duration are currently at the minimum 

thresholds believed necessary to give lynx a competitive advantage over bobcats and other 

mesocarnivores. There is currently no clear evidence of climate change effects on lynx distribution.” 

 

p. 101, Unit 3 - Northwestern Montana/Northeastern Idaho, 4.1.1 Summary of Current Conditions, 

This section states there is no evidence of significant immigration into this unit, which appears 

inconsistent with other statements related to current connectivity with Canada populations 

and gene flow (see e.g., draft SSA at 11, 101). (ID) 

 

p. 101, Unit 3 discussion, 

“Regulations prohibit lynx trapping and require measures to reduce the likelihood of trapping lynx 

incidentally when legally trapping other species”.   

Can’t this be noted for all Units? (MN) 

 

p. 101, general comment re: Washington, 

Page 101 mentions that lynx habitats in WA are being managed largely with adequate 

management plans that were developed and guided by LCAS. While these plans are 
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important, some are largely out of date and in need of revision to incorporate new 

information and new concepts, ensure management effects are monitored in a meaningful 

way for Lynx, and that reports are generated and shared. The WDNR Loomis State Forest and 

two additional private timber landowners have out of date management plans in WA. (WA) 

 

p. 102, paragraph 2, sentence 3, 

“Compared to the time of listing and completion of the Southern Rockies Lynx Amendment, two bark 

beetle epidemics have altered large areas of lynx habitat in Colorado.” 

 Replace “large areas of” with “nearly all.” (CO) 

 

p. 102, paragraph 2, sentence 5, 

“Similarly, large wildfires have reset successional conditions in many areas.” 

Insert size of West Fork fire here (>40,000 ha) and note that only this fire was likely to have 

had an extensive and negative impact to lynx.  High Park Fire, and Black Forest Fire not so 

much. (CO) 

 

p. 102, paragraph 2, sentence 6, 

“Areas affected by beetles that contained multistoried stand conditions likely continue to provide 

habitat to support snowshoe hares and lynx.” 

Reference annual report.  Also mention "however, they have negatively impacted red 

squirrels, an important alternate prey source that allows lynx to gap years of low hare 

abundance." (CO) 

 

p. 102, paragraph 2, sentence 7, 

“Areas affected by beetles and fire require 20 plus years to recover to a point where the stands will 

again support snowshoe hares.”  

This statement is too general.  Areas impacted by spruce beetle don't seem to lose hares at all.  

They may gain more as succession occurs, but there is no waiting 20 years for hares to come 

back.  Conversely, in many of the most severely burnt areas, silviculturalists are projecting a 

time-frame, more than double or triple what is proposed here as a meaningful recovery 

period. (CO) 
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p. 102, paragraph 2, sentence 8, 

“The CPW completed their lynx reintroduction, and based on information generated during on-going 

studies, and reports received by CPW and the USFS, lynx continue to persist, at least in the San Juan 

Mountains.” 

 Insert “and monitoring programs” after “studies;” cite the monitoring reports. (CO) 

 Insert “Sawatch Range, and parts of the Front Range” after “San Juan Mountains.” (CO) 

 

p. 102, paragraph 2, sentence 9, 

“However, we believe it is reasonable that lynx continue to occupy all National Forests within the State 

of Colorado (Odell undocumented pers comm. April 4, 2016), and Rocky Mountain National Park (Shenk 

2008, page 3).” 

Our review of this citation does not mention RMNP.We are not familiar and would be 

reluctant to mention RMNP as having lynx. If this statement is to remain in the SSA, it should 

be correctly cited. CPW is not a correct citation. (CO) 

 

p. 102, paragraph 2, sentence 10, 

“Habitat that supports snowshoe hares is patchily distributed in this geographic unit, which limits their 

abundance.” 

Landscape-level abundance, although stand-level abundance is roughly on par with densities 

reported elsewhere in the southern portion of hare range ()() [Insert Ivan et al. 2014 + 

references for Maine, Montana, Lake States. (CO) 

 

p. 103, Table 4, general comment, 

The compilations (Table 1, pg. 15 and Table 4, pg. 103) and brief discussion of types of land 

ownership in various lynx SSA units clearly reinforces a bias against private lands. The 

attention to Federal agencies is understandable since land use policies on U.S. Government 

lands were the primary justification for ESA listing. Intended or not, in combination with other 

statements that demote the role of private lands in lynx conservation, the data imply extreme 

jeopardy for lynx habitats in SSA Unit 1 where private lands predominate.  However, Maine 

offers the largest block of lynx habitat and apparently the most robust lynx population in the 

entire DPS … despite 90% private land ownership. Maine’s northern woodlands have been 

subject to various harvest regimens for centuries but remain a functional landscape for 

Canada lynx with high connectivity to source populations in Canada. “Working woodland” 

easements now encompass >10,000 km2 across northern Maine. These covenants do not 

specify specific management practices or outcomes beyond sustainable forestry, but they do 

ensure that conversions to other land uses will never occur. (ME DIFW) 
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Landscape conservation of functional habitats for Canada lynx may be the only effective tool 

to promote a future for the species in the DPS. Strict preservation of forest lands will certainly 

not benefit lynx, and suitable habitat in the face of long-term climate change impacts may be 

best maintained by silvicultural practices. These require more incentives than a regulatory 

emphasis. (ME DIFW) 

 

p. 103, Table 4, Unit 6 column, line 3, connectivity, general comment, 

Mention that we know of several long-distance dispersal events to areas encompassed by the 

Montana population and even into Canada itself.  Rates are unknown for sure, but we know if 

is possible and has been replicated several times over roughly a decade of monitoring. Limited 

connection to lynx habitats/populations in Montana, GYA, and Alberta; of 218 individuals 

translocated to Colorado, 10 were known to travel to Unit 5, 8 to Unit 3, and 1 to Canada.  

Connectivity is possible but current, natural rates of immigration/emigration are unknown. 

(CO) 

 

p. 103, Table 4, Unit 6 column, line 4, home range size, general comment, 

Correct?  75km2 is winter home range size for reproductive females.  HR for reproductive 

males is probably ~150km2.  Not sure it's fair to include HR size for males during summer, 

which includes many exploratory movements. Home Range size for a non-reproductive female 

is 704km^2. It should be clarified in the table whether you are referring to winter or annual 

home ranges. There is not much utility to these numbers without knowing what we are 

looking at and whether these numbers are comparable. (CO) 

 

p. 103, Table 4, Unit 6 column, last line, lambda, general comment, 

The highest modeled lambda is 1.08, and 0.93 is the lowest modeled based on estimated 

survival and productivity (CRA) observed over 10 years.  Caveat would be the time period to 

which it applies, but that caveat likely holds for estimates from the other populations as well. 

(CO) 

 

p. 104, 

Please note that crossouts in the following paragraph about New Hampshire indicate proposed 

deletions; highlights indicate proposed insertions. 

“New Hampshire – Habitat in northern New Hampshire is not within the designated critical habitat.  

Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that support lynx in New 

Hampshire are much smaller than those in northern Maine (Litvaitis and Tash 2005, Gig. 2 and p. A-298; 

Robinson 2006, Fig. 2.2., p.99).  Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  Page 
117 

 

  

having a greater than 50 percent probability of being occupied by lynx 968 FR 40086).  Litvaitis and Tash 

(2005, p. A-29) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada 

lynx habitat.  Historical distribution in New Hampshire included Coos and northern Carrol and Grafton 

counties (i.e., White Mountain National forest; Siegler 1971, Silver 1974, Hoving et al. 2003).  Habitats 

with the highest probability of occurrence are in Pittsburg in northern New Hampshire and the White 

Mountain National forest in the central area of the State (Siren 2014), p. 34).  The majority of the habitat 

in northern New Hampshire is located on the 101-km2 (39-mi2 Connecticut Lakes Natural Area (CLNA), 

which is owned and managed by New Hampshire Fish and Game.  Surrounding habitat is owned and 

managed by the Connecticut Lakes Timber Company under a conservation easement held by the State.  

Occurrence records from the past 10 years have been centered on these two ownerships (Kilborn 2015, 

App.  A, pp. 42-43).  The CLNA, under a conservation easement, includes a 61 km2 (23 mi2) area that will 

be allowed to mature to a climax forest type which is contained within what is considered core lynx 

habitat. with a conservation easement under which it will be allowed to mature to a climax forest type 

This area will potentially provideing good denning habitat but will likely restricting the amount of 

snowshoe hare habitat in the foreseeable future.  Current conditions are in a transition state, and 

portions of the core area currently support higher densities of snowshoe hare because of past forest 

management (Kilborn 2015, App. A pp. 42-43).  Regional scale modelling suggests that a high 

component of deciduous forest and insufficient snow conditions in New Hampshire are unlikely to 

support viable lynx populations over time (Hoving et al. 2005 pp. 739, 749).” 

 

pp. 108-110, 

“Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale salvage 

cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, 

p. 291). After salvage harvest of the affected trees, a portion of the area was sprayed with herbicide”  

If the use of herbicides is important to the development of hare habitat, (I’m not sure it is.) it 

should be quantified. (ME FPC) 

See completed analysis for estimates of various high yield treatments, especially “Herbicide 

Only” for conifer release. (ME FPC) 

“to reduce deciduous competition (Scott 2009, pp. 7, 14). The resulting vegetation was dominated by 

balsam fir and red or black spruce (Scott 2009, p. 60). This created favorable habitat conditions for 

snowshoe hares and lynx. Habitat conditions for hares and lynx in the unit improved from the late-1980s 

to present, benefitting from stand-replacing salvage harvests during the last budworm outbreak (Simons 

2009, pp. 122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 

forestland with an average landscape hare density greater than 0.5 hares/ha increased 400 percent 

(Simons-Legaard et al. 2016, p. 7).”  

“Current habitat is likely at historically high levels,”  

 Pages 55-56 has the habitat at “unnaturally high amount and distribution,” (ME FPC) 
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“but this habitat has peaked and lynx habitat will decline in the near future. In response to the 

widespread clearcutting in the 1980s, in 1989 Maine passed the Forest Practices Act. This Act regulated 

clearcutting. Various forms of partial harvesting replaced clearcutting as the predominant form of forest 

management in northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 

overstory removal) have a wide range of residual stand conditions, but many have lower conifer stem 

densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On average, 

partially harvested stands support about 50 percent of the hare densities observed in regenerating 

clearcuts (Robinson 2006, p. 26-27).“ 

Your constant focus on the harvest systems, clearcuts and partial cuts, is disturbing since 

neither produces a specific habitat type.  As you say, partial cuts have a wide range of residual 

stand conditions…  The same is true of clearcuts depending on the initial stand type, 

hardwood, softwood or mixed wood.  You need a direct measure of the habitat. 

 

This is a stretch, need to refer to silvicultural systems of even vs. uneven aged management; 

shelterwood is not a partial harvest. 

Check NSRC reports by Ben Rice on his research of partial harvest areas. 

“Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 percent of 

cutting that occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 

2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013).” 

 FPA 1989 (ME FPC) 

This does not match MFS reports.  Need to define what is in partial harvesting and how it is 

assessed with remote sensing. (ME FPC) 

“This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, Homyack 

2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that a much greater 

acreage needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 

harvest rates have increased from about 100,000 acres per year (before the Forest Practices Act) to 

about 500,000 acres per year (after the Act).”  

Wrong.  Stipulate that much of the partial harvesting acreage – e.g. shelterwood and 

overstory removal – is even-aged management that results in dense softwood regeneration.  

The partial harvesting argument is weak.  (ME FPC) 

“Thus, 17 years after the Maine Forest Practices Act, much of the forested landscape in northern Maine 

has been partially harvested.”  

“Long-term, binding land management commitments are lacking in the northern Maine unit. Unlike 

Federal lands, there is no requirement that private landowners comply with lynx management 

guidelines,”  

 And no incentive to do so. (ME FPC) 
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“and a Federal nexus for review of forestry projects is almost nonexistent. Furthermore, there continues 

to be high turnover in forest land ownership”  

 Irrelevant. (ME FPC) 

“(Hagan et al. 2005; Nadeau-Drillen and Ippoliti 2006)”  

This is 10 year old data, and much of the land ownership changes have slowed since then.  

Even so there has not been the dramatic change in harvesting technique as a result. (ME FPC) 

“and little funding to provide incentives or to work with private landowners. As of 2005, there were 23 

landowners in northern Maine with land holdings in excess of 100,000 acres including the State, Federal 

government (White Mountain National Forest south of lynx range), a conservation group (The Nature 

Conservancy), two tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of 

lynx range) and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13).”  

 What are the bounds of northern Maine, it is a stretch to include WMNF. (ME FPC) 

“There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 

Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy Forest 

Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and endangered 

species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, Congress provided the 

first funding for the HFRP, and Maine, Arkansas, and Mississippi were chosen as pilot States to receive 

funding through their respective Natural Resources Conservation Service (NRCS) State offices. Based on 

a successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 2010, 

NRCS published a final rule in theFederal Register (75 FR 6539) amending regulations for the HFRP based 

on provisions amended by the bill.” 

“In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx critical 

habitat unit in Maine to promote development of Canada lynx forest management plans. Since that time 

four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and 

Katahdin Forestlands successfully enrolled in the program. Collectively, these land ownerships 

comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine 

in 2014 (79 FR 54828). “ 

“The NRCS required that lynx forest management plans must be based on the Service’s ‘‘Canada Lynx 

Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These guidelines were 

developed from the best available science on lynx management for Maine. The guidelines required 

maintenance of landscapes having hare densities that support reproducing lynx populations. Notably, 

HFRP forest management plans provided a net conservation benefit for lynx, which was achieved by 

employing the lynx guidelines, identifying baseline habitat conditions, and meeting NRCS standards for 

forest plans. Plans met NRCS HFRP criteria and guidelines and complied with numerous environmental 

standards. Plans were reviewed and approved by the NRCS with assistance from the Service. The details 

of the plans are proprietary and will not be made public per NRCS policy.” 

 Did it increase hare densities and lynx population over the 10 years? (ME FPC) 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  Page 
120 

 

  

 “Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest plans on 

Federal lands, HFRP plans lack long term commitments beyond an initial 10-year contract period. Plans 

were prepared for a forest rotation (70 years) and include a decade-by-decade assessment of the 

location and anticipated condition of lynx habitat on the ownership. However, landowners are only 

committed to a 10-year contract, and long-term commitments to lynx management are voluntary. Some 

landowners developed plans exclusively for lynx, and others combined lynx management (umbrella 

species for young forest) with American marten (umbrella species for mature forest) and other 

biodiversity objectives. All four plans have been completed and contracts with NRCS will expire in 2016 

and 2017. Landowners have the option to convert HFRP contracts into Safe Harbor Agreements or other 

agreements to provide regulatory assurances, however, at this time this option has not been explored 

with landowners.”  

 How many acres of lynx habitat were provided by these 4 landowners? (ME FPC) 

“Many large private forest landowners in the northern Maine unit could potentially include lynx 

management as part of endangered species management required by forest certification programs. For 

example, The Nature Conservancy land” 

 And Merriweather LLC (ME FPC) 

“enrolled in the HFRP is also enrolled in the Forest Stewardship Council (FSC) forest certification 

program, which requires safeguards for threatened and endangered species. Other landowners are 

certified under the Sustainable Forestry Initiative (SFI). Both certification programs require planning for 

threatened and endangered species. However, certification programs are also voluntary and may not 

include long-term commitments. Few certified landowners have consulted with the Service on forest 

management for lynx.”  

 Again, there has been little incentive to do so. (ME FPC) 

“Given the frequent turnover in Maine forest lands, new landowners do not always renew certification 

or resume the certification programs initiated by the previous landowner.”  

Yet 50% of Maine’s working forest is certified to at least one of 3 certifications. This appears 

anecdotal. I would be curious to know the actual #s. (ME FPC) 

Provide data to support this statement.  Much of northern Maine forest land is certified and 

remains certified following transfer.  Certified acreage appears to be stable. (ME FPC) 

MFPC has a statewide table of certification acres for 2013 and 2016, not a lot of change.  The 

2006 Forest Economy Book has a trend line figure on Forest Certification. (ME FPC) 

 

p. 111, general comment,  

On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 117 the SSA states 

500 to a 1,000 lynx, and then on Page 111 the SSA states several hundred to a 1,000 in Maine 
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MDIFW shared at the Expert Elicitation Workshop an estimate of 750-1,000 adults in 2006 

with recent data supporting an increasing population (IFW biologists have noted an increase 

in incidental captures, vehicle strikes, sightings, in detection probabilities and in occupancy 

between 2003-2008 and 2015-17 winter track surveys). Thus, Maine’s current lynx population 

likely exceeds 1,000 adults. The method used to generate the estimate of 750-1,000 provided 

at the EEW is provided in Vashon et al. 2012 as cited throughout the SSA. (ME DIFW) 

 

p. 112, paragraph 1, last sentence,  

“The actual population size is unknown because there are no methods available to measure and 

produce true population estimates over such a large geographic area.”  

We question why this statement is here. Only a direct count of animals in a closed system can 

give the absolute population value for a moment in time (seldom the case for wildlife 

populations). The inclusion of this sentence holds Maine’s population estimates to a standard 

that is not obtainable. (ME DIFW) 

 

p. 113, paragraph 2, last sentence, 

MDIFW questions the Vortex model produced by the USFWS in the SSA (see page 33 and page 

113, paragraph 2, last sentence). MDIFW questions why this was done since a model by the 

researchers collecting the data was already available. In addition, this Vortex model was part 

of Maine’s Incidental Take Plan submitted to the USFWS which was accepted on 11/4/2014. 

MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (Lambda = 1.05) for Maine’s lynx 

population based on demographic data from a radio telemetry study that we collected over a 

12-year period (see Vashon et al. 2012, Appendix VI). This is contrary to the model reported in 

the SSA. (ME DIFW) 

 

p. 114, paragraphs 2 and 3, general comments, 

Page 114, 2nd and 3rd paragraph have surprisingly similar sentences with different references 

leads to the question if cited correctly and also if redundancy is needed. Also repeated on 

page 100 (1st paragraph): 

2nd paragraph: Thus, average conditions in Maine are currently at or below the snow 

persistence thresholds believed to be needed to support lynx (Gonzalez et al. 2007) 

3rd paragraph: Thus, average snow conditions in Maine are currently at or below 

snow depth thresholds for lynx and further declines in annual snow depth would be 
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expected to reduce the probability of lynx persistence in the region (Hoving et al. 

2005). 

Contrary to field data from Maine collected by MDIFW: i.e., periodic winter snow-track 

surveys to detect lynx shows lynx are expanding into eastern Maine where snow conditions 

are more variable due to maritime weather on the coast. Also, all field data suggests and 

increasing population since the 1990s, which is contrary to the above statements. If you keep 

these statements, you need to share that these hypotheses have not yet been born true by 

field data. (ME DIFW) 

 

p. 117, general comment,  

On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 117 the SSA states 

500 to a 1,000 lynx, and then on Page 111 the SSA states several hundred to a 1,000 in Maine 

MDIFW shared at the Expert Elicitation Workshop an estimate of 750-1,000 adults in 2006 

with recent data supporting an increasing population (IFW biologists have noted an increase 

in incidental captures, vehicle strikes, sightings, in detection probabilities and in occupancy 

between 2003-2008 and 2015-17 winter track surveys). Thus, Maine’s current lynx population 

likely exceeds 1,000 adults. The method used to generate the estimate of 750-1,000 provided 

at the EEW is provided in Vashon et al. 2012 as cited throughout the SSA. (ME DIFW) 

 

p. 120, paragraph 3, sentence 3, 

“Of those 42 hybrids, 13 unique individual lynx-bobcat genotypes (5 Female, 8 Male) were also 

identified (Catton et al. 2015, p. 1)”.   

We would clarify this sentence to say “genetic analysis indicated that those 42 samples were 

from 13 unique individual hybrids”. (MN) 

 

p. 120, paragraph 3, sentence 4, 

“The DNA analyses also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 

years (N = 11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 

7 kittens in Minnesota (Catton et al. 2015, pp. 3-5)”.   

Small note is that the 2016 report is now out with slight updates if interested.  But our main 

point here is just that since specific numbers are reported, we think total sample size is 

relevant.  This was based on 236 individuals whose initial detection was not a mortality, 

meaning also that 78.4% have not been detected in more than 1 year. (MN) 

 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  Page 
123 

 

  

p. 121, paragraph 2, first sentence, 

“Identified factors affecting the current conditions of lynx in Minnesota include reduction in habitat 

quality or quantity, habitat fragmentation, climate change, increased access for competing carnivores, 

and human-caused mortality”.   

This is a general statement that could be used for any wildlife species, not based on any 

specific “identified factor affecting the current condition of lynx in MN”.  Admittedly, that may 

just be due to lack of data, but the wording of this statement is, for the most part, not 

supported by any specific data or analysis. (MN) 

 

pp. 121-122, Factors Affecting Current Conditions (in MN), general comments, 

Starting with the second paragraph in this section, a majority of the content is just generic 

statements unsupported by specific data/citations.  Regardless of generic statements of 

“could affect”, “might impact”, the best available data, imperfect as it may be (but consistent 

across 2 surveys; Erb 2015), is that hare numbers in northern MN appear to have increased 

over the past 15-20 years, yet this is not mentioned anywhere.  And this, in spite of, or 

coincidental with, a notable increase in bobcats over the same time, a reduction (we assume, 

but didn’t specifically confirm) in snow conditions, and at least no clear indication of any 

notable change in lynx.  In regards, to snow-compacted trails, we reiterate that Murray et al. 

(2008) stated in their review that “the issue of snowmobile trails harming southern lynx 

populations has been adopted without strong empirical support”.  You also say that 

“Throughout the SNF and northern Minnesota, human activities have reduced connectivity 

between patches of suitable lynx habitat”.  We’re hard pressed to believe this is the case, as 

there are few major roads/barriers in this area (and we know lynx can and do cross or go 

around them), secondary forest trails are unlikely to affect/impede lynx, and they are a highly 

mobile species.  And see the conclusion about NE MN having only minor fragmentation on p. 

189, which basically contradicts this other statement.  If there are any key factors “affecting 

current conditions”, we’d argue it has been the logging increase that began in the mid-80’s 

and continued perhaps to the present, and this has probably been beneficial to lynx, or at 

least hares. (MN) 

 

p. 122, 2 sentences, 

“Bobcat and coyote populations already appear to be increasing in Minnesota (Erb 2014, p. 40)”, and 

“…similar to bobcat, wolf populations may increase with changing snow conditions and prey availability 

as influenced by climate change”.   

First comment is that an important clarifier to the coyote increase is that this applies only to 

non-forested portions of MN.  In forested areas relevant to lynx, coyotes have not increased, 

and in fact have likely decreased (presumably due to wolf presence in the northern forests; 

Levi and Wilmers. 2012. Ecology 93:921-929).  Other than the observation that wolves COULD 

kill a lynx, nobody has really suggested that wolves are likely to be a lynx competitor, and we 
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would agree.  So rather than your hinting (in our opinion) that a climate-induced wolf increase 

could be bad for lynx, we would argue that it could be good (keep coyotes suppressed, if that 

really matters to lynx), or at least a mitigating factor to any possible bobcat increase (if 

bobcats really affect lynx).  The other noteworthy of mention for this section is that if deer 

(and bobcat and wolves) do increase, it is at least something very amenable to management 

action (increase deer hunting quotas) if there is the political support to keep deer densities 

lower (as has been considered in the name of moose management). (MN) 

 

p. 122, last sentence in this section on hybridization,  

See our comment #32 [32) P. 67 – “The hybridization rate is currently low between the species 

(0.24 percent) but could increase as bobcat populations move north with climate change 

(Murray et al. 2007, p. 1465; Koen et al. 2015, p. 528).  We suppose anything “could increase”, 

but it also might not.  Is there more support for one speculation?  If the bobcat/lynx 

‘boundary line’ just moves north as some predict, why would the rate of hybridization be 

expected to increase.  It would only be expected to POSSIBLY increase, we think, if bobcats 

advanced north but lynx did not contract.] (MN) 

 

pp. 122-123, 4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho,  

References to the Purcell, Cabinet, and Selkirk ranges should be revised consistent with above 

comment for Page 43. (ID) 

This section is confusing as it identifies national forests and BLM areas as if they were 

separate from the mountain ranges they contain. (ID) 

 

p. 131, 

The 2015 USFS reference does not appear in the cited literature, and the Department is not 

familiar with it. (ID) 

As noted in the above comment on Page 51, the 2 incidental trappings in the Cabinet 

Mountains in January 2014 might have involved the same individual given the proximity in 

time and location and absence of detections of other individuals during this time period. (ID) 

It is more accurate to state that all detections in the Panhandle National Forest surveys 

between 2010-2012 were within 40 miles of the Canada-U.S. border. (ID) 

The Department notes the following detections as related to this section:  

2006-2007 CDA Tribe Survey 

Lynx were detected in the Coeur d’Alene (1 time) and Saint Joe (1 time) Mountains during a 

2006-2007 survey (Albrecht and Heusser 2009). (ID) 
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2010-14 Multi-species Baseline Initiative (MBI) Survey 

The survey detected 5 individual lynx (2 males, 3 females) were detected on the Idaho 

Panhandle National Forest (IPNF). It detected one individual male in the Selkirks, 3 individuals 

(1 male, 2 females) in the Purcells, and one individual female in the West Cabinets. Lynx not 

identifiable to individual were detected in the Purcells (n = 18 detections) and West Cabinets 

(n = 1 detection). Lynx were not detected in the Coeur d'Alene or Saint Joe (Lucid et al. 2016). 

(ID) 

2015-2016 MBI ‘follow-up’ surveys targeted locations where lynx had been detected from 

2010-14 

Lynx – Surveys detected lynx 89 times via un-baited remote camera (n = 79 detections), bait 

station (n = 9 detections), and snow track survey (n = 1 detection) (Lucid 2016). (ID) 

Surveys detected lynx in the Selkirk (n = 7 detections), Purcell (n = 61 detections), and West 

Cabinet (n = 21 detections) mountain ranges. Surveys did not detect lynx in the Saint Joe 

Mountains. Surveys detected lynx in each of the 3 target areas where they had been detected 

during the 2010-14 MBI survey. Surveys detected a minimum of 6 individual lynx in the Selkirk 

(n = 1 individual), Purcell (n = 4 individuals), and West Cabinet (n = 1 individual) mountain 

ranges. The Department did not make a specific effort to use pelage color and animal size to 

differentiate individuals in photographs, but the report includes animals that are easily 

identified as unique individuals. One image from the West Cabinets was definitively LF1, a 

female identified from its yellow ear tag placed after its incidental trapping in January 2014 

(Lucid 2016). In the Purcells, surveys detected an adult lynx traveling with 2 juveniles, with a 

later image from the same camera of an adult with one juvenile. A different camera station 

captured images of 2 lynx that were distinguishable based on size and markings (Lucid 2016). 

(ID) 

 

pp. 136-137, last paragraph on p. 136 and first paragraph on p. 137, general comments, 

There is very little or no mention of the uncertainty of the level of immigration from BC to 

Washington population. Conversely, the presence of population continuity between BC and 

Washington is cited in the SSA as a source of resilience for the Washington population, but 

there are no data presented to indicate past, present, or anticipated levels of immigration to 

support that conclusion. Assumptions that there is a meaningful level of immigration are 

based on little or no data. WDFW has collected information about lynx harvests in southern 

BC since 1985 and these data indicate that few lynx are captured in southern BC in any given 

year. The majority of BC lynx capture occurs just north of our Washington lynx population. 

These data indicate to us that the density of lynx in southern BC may be very low and that 

trapping could further minimize potential immigration of BC lynx to Washington. (WA) 

 

p. 137, general comment, 



State Agency Comments on Draft Canada Lynx Species Status Assessment 

 

 

  Page 
126 

 

  

While it may be difficult to re-establish a robust population in the Kettle Range, given that 

over-trapping and not just habitat loss contributed to the reduction of lynx in the Kettle 

Mountains, there is interest in exploring the possibility that a reintroduction could be 

successful now that trapping no longer has an impact (via a reintroduction feasibility 

assessment). (WA) 

 

p. 139, general comment,  

Specifically, we lack basic information on the demographic characteristics of the lynx 

population in WA, which is likely a peninsular extension of the BC population at the margin of 

the species range. Given the marginal nature of our population, we are concerned that it may 

differ significantly from a resident population (e.g., biased sex-ratio, age-structure 

inconsistent with a reproductive resident population, the potential for Allee effects, etc.) and 

this could significantly influence its probability of persistence for the next 10-20 years. It 

should not be assumed that Washington has a population with standard demographic 

characteristics and as such, attribute a greater level of resilience to the Washington 

population than is warranted from available information. (WA) 

 

p. 140-141, general comment, 

A new study just completed (Lyons et al. 2017) models changes in carrying capacity of the 

Okanogan and Kettle LMZs between time periods and demonstrates significant reduction in 

habitat availability and the inferred reliance of the WA population on immigration. Please 

incorporate this new information into the SSA, as appropriate. (WA) 

 

p. 142, paragraph 3, 

The document states “Thus, in Washington, and the north Cascades specifically, it appear that 

the single threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory 

mechanisms) has largely been addressed through the development of the LCAS, and CA 

between the Forest Service and Service which commits the Forest Service, specifically for 

Washington the OWNF and CNF, to use the LCAS in the management of lynx habitat on their 

ownerships and when designing and implementation projects within LAUs.” As stated in our 

recent Periodic Status Review of the species (Lewis 2016) “While the conservation strategy 

(referencing LCAS) has been considered sound, the monitoring efforts associated with strategy 

implementation have been inadequate to determine if the strategy is successful in the 

Okanogan LMZ.” A plan is only good if implemented effectively, and to understand 

implementation effectiveness, adequate monitoring must occur and the information gathered 

must be shared and reviewed. We encourage USFWS to directly link their decisions regarding 

the adequacy of regulatory mechanisms to data generated from their implementation 

effectiveness. (WA) 
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p. 143, second full paragraph, sentence 3, 

The document states “The WADNR has been managing lynx for almost two decades, and the 

Service has concluded that the management strategies implemented are effective.” To our 

knowledge there are no reports or data generated or shared by WDNR that support this 

conclusion. What information is the Service basing their determination on? (WA) 

 

p. 152, paragraph 2, sentence 2, 

“We recognize that all spruce-fir forest does not support lynx equally based on the low detection rate 

(28 percent) reported during the ongoing lynx study in the San Juan Mountains within predominantly 

spruce-fir forest.” 

Need to update this to the 2014 paper. Both this and the 2016 paper were emailed directly for 

exactly this purpose. (CO) 

 

 

p. 153, paragraph 4, sentence 2, 

“However, we believe it is reasonable that lynx continue to occupy all National Forests within the State 

of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park (Shenk 2008, 

p. 3).” 

In re: National Forests: Not sure I said this... but it is probably true that lynx have been in all 

NF's - whether they are resident (breeding) to these forests is unknown. (CO) 

Question the inclusion of Rocky Mountain National Park (see comments above). (CO) 

 

p. 153, paragraph 4, sentence 3, 

“The CPW is developing a minimally-invasive, long-term, statewide monitoring program to track the 

distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire).” 

 Replace “is developing” with “has developed.” (CO) 

That program is in its 3rd year and indicates stable occupancy rates (~30%) in the core of lynx 

range in the SW part of the state.  Update citation to include most recent monitoring reports 

and numbers. (CO) 

 

p. 154, paragraph 2, sentence 2, 

“Although 30 percent of known mortalities were due to human causes (being shot or hit by a vehicle),” 
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 In re: shot: ??? I am not aware of this. (CO) 

 In re: hit by a vehicle: 13 times, as cited above. (CO) 

 

p. 154, paragraph 5, sentence 2, 

“On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively rapid 20-

30 years, and the new stands will be dominated by resprouting aspen or by a new cohort of lodgepole 

pine.” 

Nit-picky, but I would reverse these as I think lodgepole regen is likely to be more widespread 

than aspen regen. (CO) 

 

p. 155, paragraph 2, sentence 2, 

“Despite the large scale, and almost complete mortality of the mature spruce component within their 

study area, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 

report 2016, p. 2)” 

 Important point. (CO) 

Furthermore, recent statewide sampling indicates that snowshoe hare occupancy is invariant 

to time since beetle outbreak or severity of the outbreak (Annual Report), which suggests that 

the ongoing epidemic will not be catastrophic to lynx in Colorado.  However, red squirrels are 

an important alternate food source in CO, and occupancy of that species has declined 

markedly with the beetle epidemic, which may be of some concern during periods with 

snowshoe hare abundance naturally fluctuates downward. (CO) 

 

p. 155, paragraph 2, sentence 4, 

“However, habitat connectivity may be negatively affected by intense recreational use or development 

within strategic areas that are important for habitat connectivity.” 

 In re: intense recreational use: Perhaps, but see Vail Pass data.... (CO) 

Insert “in key locales” to demonstrate that this isn't a widespread phenomenon or threat, 

after “intense recreational use.” (CO) 

 

p. 155, second paragraph in italics, sentence 6, 

“(Ivan 2011b, c, 2012; J. Squires, personal communication 2012)” 

Need to cite the Baigas et al. 2014 paper here, and probably update what gets said about this 

phenomenon. (CO) 
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p. 156 et seq., general comments, 

As we began to read this section, we were happy to see full acknowledgment of the vast 

amount of uncertainty in longer-term forecasting here.  But before we read on, we already 

knew that such forecasting was nevertheless done, in spite of this.  We certainly recognize 

that decisions often have to be made in the face of much uncertainty, and that the process 

required to make projections can often be fruitful.  Nevertheless, we put little faith in long-

term projections in these situations, even if it may serve as a useful academic exercise.  And 

we question whether long-term forecasting is even REQUIRED in this situation.  That needs to 

be justified.  We know that one argument here is that this document is not a “decision 

document”.  But it will obviously be used in a decision that has many implications, so we think 

it behooves the process to only present information which can be defended as reliable.  We 

would note that most wildlife ‘system dynamics’ are nonlinear, and chaos theory tells us that 

even in deterministic systems (e.g., IF we knew all the biological/climate/management 

variables AND they were constants), future projections are still highly sensitive to initial 

conditions so even minor errors in our knowledge of the ‘start conditions’ can lead to 

exponentially diverging projections into the future.  And there is indeed much uncertainty in 

our knowledge of the current state of the system (i.e., no reliable population estimates).  So 

what is a reasonable time to consider?  We don’t have the magic answer, and from a 2009 

Memo we saw from the Solicitor to the Director of USFWS, neither did they.  But from my 

read of the Memo, we strongly doubt there is “...not only the foreseeability of the threats, but 

also the foreseeability of the impacts from the threats” 87 years out (to 2100).  The Memo 

also notes that “..the foreseeable future extends only so far as the Secretary can explain 

reliance on the data to formulate a reliable prediction. What must be avoided is reliance on 

assumption, speculation, or preconception”.  I would argue that even in the shorter-term, 

MANY statements rely on quite a lot of biological assumption, speculation, and perhaps 

preconception.  The Memo also notes that “The further into the future that is being 

considered, the greater the burden to explain how the future remains foreseeable for the 

period being assessed”.  On this point, we note that this seems in contradiction to your 

(correctly) stated observation that the further out you look, the LESS confidence you have.  

Finally, “…..the mere fact that someone has made a prediction concerning the future does not 

mean that the thing predicted is foreseeable for the purpose of making a listing 

determination….”.   Putting all this together, we simply do not believe projections to the year 

2100 should even be included – the process of having discussed it internally is fine, but all that 

should be reported is that it was concluded to be unreliable.  We think a priori considerations 

alone should make this clear, and we think this is reinforced by Figure 7 which shows 

significant variability in the assessments of lynx experts (i.e., the difference between Median-

low and Median-high projections).  And we would argue even this significantly 

underestimates reality (i.e., the true range of uncertainty is much wider…on both ends); lots 

of psychological studies clearly demonstrate there are many cognitive biases that lead us to 

have more confidence than we should (for a shorter popular discussion, see 

http://www.nature.com/news/how-scientists-fool-themselves-and-how-they-can-stop-
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1.18517, or perhaps the book called “The Black Swan” for a longer commentary).  By reporting 

estimated persistence to 2100, even with the table showing (underestimated) uncertainty 

among the experts, there will become a de-facto assumption by many readers, including many 

decision-makers we suspect, that it is trustworthy (in spite of the uncertainty).  For example, 

toward the end of the Executive Summary, which may be all many will read or later cite, it 

only says “…the probability of the persistence of resident breeding populations will decline in 

all geographic units, with the negative DPS-wide trajectory continuing to the end of the 

century…”.  And “The probability of losses in resiliency, redundancy, and representation puts 

the Canada lynx DPS at increasing risk of extirpation through the end of this century”.  Not a 

lot of uncertainty expressed there.  Besides the fact that it is absolute probability values, not 

“increasing risk” or “will decline”, which matters, these statements portray confidence that 

simply cannot be scientifically justified…..even if there is valid reason to believe it COULD be 

true.  There is also a large body of psychological research showing that saying and then 

repeating ideas leads people to BELIEVE they are true and supported by data, even in cases 

where they are known to be false (which we are not suggesting here).  For the integrity of the 

document and process, we believe some of these statements and approaches need to be 

changed.  At most, we can’t see projecting beyond 50 years, and to be honest, we have little 

confidence in this case even past 20 years.  Besides, aren’t the SSAs to be done every 5 years 

(or 5 years post-delisting if by chance that happened), meaning you can update if more 

confidence is developed in the data and our ability to forecast?  Saying “we don’t know” is far 

more defensible than speculative guesses. (MN) 

For the sake of time, and because we’ve already noted both our broad forecasting concern 

(#50) and numerous more specific comments above, we have opted to not review in detail all 

the information contained in Chapter 5, and to some extent even many non-Minnesota 

sections in Chapter 4.  Nevertheless, a scan of these sections suggests that many of my above 

concerns also apply to comments made in these sections, and should you agree with any of 

them, then we feel changes need to be made in these sections as well. (MN) 

 

p. 156, second paragraph in italics, general comment, 

 Good overall assessment of vehicle mortality issue. (CO) 

 

p. 156, third paragraph in italics, general comment, 

 Good. (CO) 

 

p. 157, Chapter 5, first paragraph, first sentence, 

“including our analysis of input from lynx experts,” 
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This is really opinion, and not science. How is expert opinion weighted relative to quantifiable 

data? (CO) 

 

p. 158, 

“In addition to climate change, forest management also has the potential to influence (negatively or 

positively) hare and lynx habitats in the DPS range. Forest management on private lands that lack lynx 

conservation commitments may contribute to future declines”  

 Or increases.  Seems like we did pretty well with no commitments previously. (ME FPC) 

“in the amount and quality of lynx habitats, particularly in Maine and perhaps also in Minnesota (private 

lands contribute minimally to lynx habitats in the other geographic units – see Table 2, above). 

Uncertain future forest ownership and markets for forest products, shifts in silvicultural practices, and 

development pressures”  

What pressure? Again where is the justification for this in relation to the lynx habitat in the 

DPS unit?  This is like the CLUP narrative all over again.  (ME FPC) 

“on private lands all may affect the resiliency of future lynx populations and thus the units. The lack of 

evaluation of the effectiveness of forest management plans for lynx on Federal lands is of concern for 

western units.”  

 

p. 158, paragraph 3, last sentence, 

“The lack of evaluation of the effectiveness of forest management plans for lynx on Federal lands is of 

concern for western units.” 

Can't we safely assume that these revised forest plans will be relatively helpful moving 

forward?  Seems like a safe assumption, at least in comparison to status of management plans 

at the time of listing. (CO) 

 

p. 158, paragraph 4, first sentence, 

“In each geographic unit, the experts we consulted” 

 Will this list be provided? Has it? (CO) 

 

p. 158, paragraph 4, first sentence, 

“In each geographic unit, the experts we consulted expect the probability that resident lynx populations 

will persist will decline in the future, although uncertainty about persistence probability increases with 

time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below)”.   
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While one can assume our forthcoming comment is already understood by all those that may 

read/use this SSA, that is probably wishful thinking and so we feel it needs to be made – 

except for a few highly improbable situations that could hypothetically occur, the estimated 

probability of persistence will always decline the further out in time you project, even if there 

are no KNOWN threats.  The potential for some type of major negative event always becomes 

higher the further out you consider.  This is true for individuals (which don’t live forever), 

populations, and species.  It is true for lynx, as well as humans.  So a decline in estimated 

probability of persistence with longer timeframes is ‘normal’.  I believe this point needs to be 

explicitly acknowledged – a decline is not automatically a concern, it is the actual estimated 

probability that may matter (and we have already expressed concerns about the reliability of 

the actual numbers, especially those projecting more than 20-30 years out). (MN) 

 

p. 158, paragraph 4, sentence 2, 

“Although all five geographic units that currently support resident populations (all units except the GYA) 

are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 

Montana/ Northeastern Idaho) had an expert-estimated probability of persistence greater than 50 

percent (i.e., persistence more likely than not) by the end of the century”.   

We will assume we are mis-reading something here, but when we look at Figure 7, year 2050, 

average projection, it looks to us like the experts project that 4 of the 6 units, with a 5th close, 

are expected to persist with probability > 50%.  Can this be clarified? (MN) 

 

p. 158, paragraph 4, last sentence, 

“by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), and a cumulative 

likelihood that resident lynx will be lost from two or three of the five units that currently support them 

by the end of the century (Figure 7).” 

I'm not convinced that this kind of summary is the best use of the EE data.  Asking everyone to 

predict conditions 100 years into the future is a tall order and unlikely to be very helpful at the 

scale of the actual point estimates that come from that exercise.  Instead, I think those 

exercises are best used as a measure of relative confidence in the persistence probability of 

each population compared to the others.  Actual point estimates from that process should be 

handled very, very cautiously. (CO) 

 

p. 159, Figure 7 caption, general comment, 

Need another sentence or 2 in the caption describing how the expert opinions were distilled 

to these probabilities.  I assume each opinion was treated independently and thus median 

values (or complements of those values) were multiplied together to obtain the probability of 

at least one event of no more than 3 or whatever? (CO) 
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p. 159, first paragraph after Figure 7 caption, general comment, 

I do agree with this distillation of the EE process.  Right now, it feels like we have evidence 

enough to say that the DPS is in better shape than we thought at the time of listing.  It also 

feels like future conditions will be worse, not better, it's just a matter of when it becomes 

worse and how much worse.  It also seemed to me that MN is in real trouble - photos don't lie 

(generally), ME is probably at its peak productivity right now and will likely lose habitat for 

similar reasons as MN although it will take longer and more area will survive as habitat.  1-2 

big wildfires in the wrong spots in CO, MT or WA and those places aren't looking near as good 

either.  Probability of 1+ populations not being with us 100 years from now is pretty good. 

(CO) 

 

p. 162, 

“Unit 1 – Northern Maine: Although the Northern Maine geographic unit currently has extensive lynx 

habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate change, habitat 

loss and fragmentation, and development”  

Looking @ graphics re # acres that have either clearcut or final entry harvests, suggests to me 

that the type conversion is overrated.  It would appear that “clearcut-like” final harvests are 

still 84% of what they were in the post budworm era. (ME FPC) 

I believe that the angst re fragmentation and development is overblown. (ME FPC) 

This is just not substantiated in any way.  Development pressure in this DPS is non-existent.  

Fragmentation-depends on the definition.  Traditional terminology would not apply to this 

region of the state in my opinion based on conversations with a forest ecologist. (ME FPC) 

“will be the greatest future drivers of hare and lynx habitat in this unit. Lynx habitat and numbers are 

expected to decline by 50 to 60 percent by 2032 in response to aging of the budworm-era clearcuts and 

the effects of 27 years of extensive partial harvesting. In the next few decades, high quality hare habitat 

will drop from about 10 percent to 5 percent of the landscape. High quality habitat patches will become 

more fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For the 

next few decades the best habitat will occur in the southern portion of the range where effects of 

climate change and competition with bobcats are likely to be greatest.”  

 Where’s the citation? (ME FPC) 

“Absent long-term lynx management agreements, the future of lynx habitat is uncertain. Wood products 

markets will continue to change, and could be affected by interest in carbon sequestration in response 

to climate change. Rapid changes”  

Rapid changes were occurring in the 90s and early 2000s.  Last 15 years I do not agree have 

resulted in “rapid” changes in ownership that have resulted in vastly different forest 

management. (ME FPC) 
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“in private forest land ownership are likely to continue resulting in subdivision of large ownerships. Non-

forestry land uses (wind energy development,”  

Wind energy development has essentially stalled in the Critical Habitat Area.  Besides new 

development would create a federal nexus (FAA, Army Corp of Engineers, etc.) which provides 

them with the ability to mitigate.  If anything, it provides FWS with leverage doesn’t it? (ME 

FPC) 

“transmission line corridors, residential and resort land development, and unmanaged, conservation 

lands) will compete with forest management as the primary land use.”  

Speculative and not likely to happen in the UT. This statement is without merit and way out of 

bounds. (ME FPC) 

LUPC should have data on conversion acres. (ME FPC) 

“Conservation easements will help reduce development pressures and keep some lands as working 

forest, but forest practices (e.g., partial harvesting, northern hardwood management) may not be 

conducive to creating new lynx habitat. Climate change is expected to affect the Maine unit more than 

others in the DPS because snow depth and duration already seem to be at thresholds for lynx and there 

are few potential elevational refugia. In the near term and to mid-century, snow quantity and quality 

will continue to deteriorate, likely causing the range of lynx to begin contracting northward.”  

 Citation is? (ME FPC) 

“Our review of the published literature and input from lynx experts lead some members of the SSA Core 

Team to conclude that lynx could become extirpated”  

This is not the first time that lynx has become extirpated from Maine due to habitat changes. 

(ME FPC) 

“from the unit by mid- to late-century. Climate change, increasing demand for hardwood forest 

products, a pending spruce-budworm outbreak,”  

Pending spruce budworm outbreak could easily reset the clock and result in fir thickets again 

(e.g.- looking at  some of the stands in Baxter park that died and have come back to fir). (ME 

FPC) 

This will promote habitat, not the other way around. (ME FPC) 

“and frequent disturbance of the forest all will contribute toward the trend in the loss of spruce-fir 

forest and expansion of northern hardwoods,” 

 Not substantiated by any data presented.  Suggest MFS and FIA data be reviewed. (ME FPC) 

“although the timeframe for conversion is uncertain. The lynx experts we consulted indicate the 

probability of persistence will decline to about 50% by the end of the century, although there was wide 

variation in opinions. After reviewing the scientific literature concerning climate change projections 

(diminishing snow conditions, lack of elevational refugia), some members of the Core Team were more 

pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, we observed that 
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there is great uncertainty about the future of forest management and future development on private 

forest lands. We also note that the threat for which the lynx DPS was listed, the lack of specific 

conservation direction in Federal forest planning and management regulations and direction, has not 

been addressed on private lands. There are no long-term management plans in place, State forest 

regulations have greatly influenced harvesting practices that have (and will continue to) reduce 

landscape hare densities, markets for forest products are depressed,”  

 Temporarily (ME FPC) 

“and projections (under current harvest scenarios) are that habitat will diminish and shift southward” 

I don’t get this.  Why would it shift southward?  Budworm less intense to the south and 

generally less softwood and snow depths. (ME FPC) 

“in the near term because of post-harvest succession and recede northward over the longer-term 

because of continued climate warming.” 

 Citation is? (ME FPC) 

 

p. 163, Unit 2 NE MN, 

Very little to add beyond that which we’ve said.  We question what we think can only be 

called the assumptions of direct impacts of snow, bobcat competition, and hybridization 

concern.  We do think the fate of the boreal forest will be crucial for hares/lynx, but question 

the ability (regardless of mechanism) to produce a reliable estimate of persistence probability 

87 (or 50) years out.  (MN) 

 

p. 165, last sentence, 

“However, climate models suggest a 40 percent decline in snow” 

The implications are unclear, and there is a whole range of results. To publish a point, with no 

variability is insincere. There needs to be some reference here. Actually, throughout all 

Colorado-specific sections, references are sparse. Lots of uncited statements - they aren’t 

necessarily wrong, but substantive citations would increase credibility. (CO) 

 

p. 166, paragraph 1, third full sentence, 

“Beetle kill and wildland fire will result in temporary nonfunctional habitat conditions.” 

 Delete “beetle kill and.” 

'Nonfunctional' is too strong I think based on recent bark beetle recent on primary prey and 

the USFS-CPW project.  "Temporarily reduced in quality to some extent" or something along 
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those lines is how I would express our concerns.  Even that may be a bit dire.  Not sure yet. 

(CO) 

 

pp. 169-171, general comments, 

MDIFW questions the conclusions reached in the SSA regarding predictions that Maine’s 

forests will change in a manner that threatens lynx and snowshoe hare populations. The SSA 

predicts these changes will occur because of climate change, forest maturation, and changes 

in forestry practices. For example p. 169 of the SSA states, “Models indicate that aging of past 

clearcuts and changes in forest practices to partial harvesting will diminish the current lynx 

habitat by half in coming decades.” MDIFW presents information substantiating that these 

predictions are based on inaccurate figures on hare densities in shelterwood harvests, and the 

misperception that changes in forest species composition will occur at equal rates on 

managed and unmanaged forests. For example, the SSA states on p. 171, “Currently, partial 

harvesting comprises about 94 percent of acres cut annually in Maine (Simons 2009, p. 50)” 

and “Foremost, snowshoe hare densities in partially harvested forests are on average about 

50 percent lower (but range from 20 to 90 percent lower) than in regenerating conifer stands 

created by clearcutting (Robinson 2006, pp. 5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus 

reducing landscape hare density and presenting a challenge for future lynx conservation 

(Simons 2009, pp. 206, 209, 217; Simons-Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, 

entire).” However, MDIFW points out that according to the Maine Forest Service, since 2006, 

of the total acreage meeting the definition of “partial harvest”, 46% were shelterwood 

harvests. Shelterwood harvests do not have the same hare densities as other forms of partial 

harvest. Scott (2009) demonstrates that as of 2009, stands subject to shelterwood/overstory 

removal (even age management) had only slightly lower winter hare densities than 

regenerating clearcuts, and 2.5X the winter hare density of stands subject to selection 

harvests (uneven-age management). MDIFW argues that the presentation of forest and hare 

data is misleading, and that more research is needed on hare densities in shelterwood stands. 

(ME DIFW) 

MDIFW points out that while climate conditions in the Northeast may make conditions less 

favorable for spruce/fir forests and more favorable for deciduous trees, the rate of change will 

likely differ on private forests that are actively managed vs. unmanaged forests. Private 

landowners manage their lands for specific outcomes (see attached letter from Maine’s Forest 

Products Council). Therefore, inferences on how lynx populations will respond to changes in 

forest type must take into account the forest management plans of private landowner, 

especially in a state where 90% of lynx habitat occurs on private lands. From 1995 to 2015, the 

total acrage of conifer forest has actually increased in Maine (2,515,732 to 2,904,462 acres) 

with the acreage of conifer saplings staying relatively consistent (1,062,863 acres in 2015; 

personal communication, Ken Laustsen, Maine Forest Service). (ME DIFW) 

 

pp. 171-172, 
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“Regulatory Mechanisms - In response to public concern about widespread clearcutting in northern 

Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). The MFPA 

regulates maximum size of clearcuts (250 acres), separation zones between clearcuts, harvest plans, and 

notification to the Maine Forest Service. Clearcuts are not banned, but require varying levels of State 

permits” 

No actual permits just standards and notifications until you reach 75 acres.  Then there is a 

defacto permit. (ME FPC) 

FPA does not require permits (ME FPC) 

“depending on their size. As a result of these regulatory requirements, the number and acreage of 

clearcuts completed annually has declined substantially and have been replaced by various forms of 

partial harvesting (Sader et al. 2003, p. 349-350; McWilliams et al. 2003, p. 35).” 

Again dated info. May not have changed in the DPS unit but should update with MFS. (ME 

FPC) 

Do not lump shelterwood into partial harvesting. (ME FPC) 

“In the first decade following passage of the MFPA, the percentage of acreage clearcut annually in 

Maine declined from 40 percent to four percent (Simons 2009, pp. 45-46). The average size of clearcuts 

has been reduced from >125 acres (Maine Forest Service 1995, entire) to <25 acres (Maine Forest 

Service 2003, entire; 2005, entire; 2007, entire). Currently, partial harvesting comprises about 94 

percent of acres cut annually in Maine (Simons 2009, p. 50).” 

 How can you call 2009 current? (ME FPC) 

These acres/%s do not match MFS reports, and statewide changes are not congruent to the 

megaregion (ME FPC) 

 “The total volume harvested, however, changed relatively little. The partial harvest that replaced 

clearcuts include a variety of silvicultural treatments, including both even-aged (e.g., shelterwood)” 

 No, it does not. (ME FPC) 

“and uneven-aged (e.g., selection) management that result in a wide range of residual stand conditions 

(Robinson 2006, pp. 5-37), which have important implications for lynx conservation. Foremost, 

snowshoe hare densities in partially harvested forests are on average about 50 percent lower (but range 

from 20 to 90 percent lower) than in regenerating conifer stands created by clearcutting (Robinson 

2006, pp. 5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 

presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 

al. 2016, p. 7-8; Simons-Legaard 2016, entire).” 

“To harvest the same volume of wood annually, landowners must partial harvest many more acres than 

they would under former clearcutting silvicultural systems. The acres of forest harvested annually in 

Maine have increased from about 250,000 acres pre-MFPA to 550,000 acres post-MFPA (McWilliams et 

al. 2003, p. 35)”.  
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Earlier in the document, it states pre-FPA harvest acreage at 100,000.  250,000 is closer to 

reality. (ME FPC) 

“Currently, 27 years after implementing the MFPA, much of the 10 million-acre northern Maine” 

 What is “northern Maine?” 

Let’s not add confusion of statewide changes.  This should be a focus on the SSA area only. 

(ME FPC) 

 “landscape has been partially harvested – some areas being partially harvested on multiple occasions. 

Extensive partial harvesting and aging of the spruce budworm-era clearcuts have and will continue to 

reduce landscape hare densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue 

to harvest using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent 

by 2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become more 

uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in Maine 

selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 2008b, pp. 1490, 

1492-1494).”  

“If one defines lynx habitat as stands having greater than 75 percent spruce-fir, then habitat will decline 

by about 50 percent by 2030 and remain at about at this level through 2060 (Simons-Legaard 2016, pp. 

9,16).”  

I always thought that lynx habitat had a definite stand age/stand size component attributed 

to it, i.e. young regenerating. (ME FPC) 

“These projections do not consider the effects of the next outbreak of spruce budworm. After being low 

for the last 20 years, spruce budworm numbers are again building toward epidemic levels in Maine,”  

 Delete Maine. (ME FPC) 

“southern Quebec, and northern New Brunswick.”  

 Just starting to appear in northern New Brunswick. (ME FPC) 

“Significant defoliation in Maine is expected in the next few years and the outbreak may last for about a 

decade (Wagner et al. 2016; pp. 12-16). Although Maine research has clearly demonstrated that 

landowner response to the last outbreak resulted in unintended, positive benefits for lynx from one to 

three decades later, our ability to project what effects the next outbreak will have on lynx habitat is still 

limited.”  

 See earlier comment re: fir replacing fir. (ME FPC) 

“Land ownership has changed dramatically since the last outbreak.”  

 The State’s approach to budworm will be much different as well. (ME FPC) 

“To reduce risk from spruce budworm, some financial investment owners may cut younger spruce-fir 

stands that still support elevated hare populations.”  

 And sell where? Markets are very limited for early commercial harvest products. (ME FPC) 
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These are pre-merchantable based on my knowledge, unless you harvest solely for biomass. 

(ME FPC) 

“Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis on 

northern hardwoods.”  

 Mixed wood is a possibility since we are talking about overstory removals primarily.  (ME FPC) 

“It is unlikely that current landowners will use widespread use of pesticides to control spruce budworm 

and herbicides to promote spruce-fir regeneration after stands are defoliated. The MFPA may serve as 

an additional constraint”  

Do not agree.  Outcome Based Forestry and/or the FPA variance process potentially remove 

much of the constraints in the case of an infestation of this magnitude. (ME FPC) 

“on motivation to clearcut infested stands, even with recently-enacted changes intended to reduce the 

regulatory burden for landowners. Landowner response to the pending outbreak will have important 

implications for the short- and long-term persistence of lynx habitat in the northern Maine unit (Simons-

Legaard 2016, pp. 16-17).”  

“Nor do these projections consider a substantial decline in snowshoe hare densities that has occurred in 

Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare density in 2001-2006 

(average of 2.1 hares/ha in regenerating conifer) to a period of lower hare density 2007-2009 (average 

of 1.0 hares/ha). This decline occurred across all forest stand types and across a broad geographic area 

of Maine (Scott 2009, p. 36) and the adjacent Gaspe region of southern Quebec (Assells et al. 2007 in 

Scott 2009, p. 41-42). Hares remained at these lower numbers through 2013 (D. Harrison, University of 

Maine, unpublished data). If future hare populations remain low,”  

Why would you assume they will remain low?  Like most prey populations, they have always 

rebounded and there is no reason to assume they won’t again. (ME FPC) 

 

pp. 172-175, general comments, 

MDIFW agrees that with the basic premise that, on average, a warming climate will likely 

cause many species at the southern edge of their distribution to shift northward. However, we 

believe the SSA overstates the confidence with which climate models can be used to inform 

future trends in lynx distribution and population size in Maine. Uncertainty regarding changes 

in the amount and duration of snowfall, and the response to these changes by hares, lynx, and 

potential lynx competitors such as bobcats and coyotes, make projecting impacts on lynx very 

challenging. In addition, we feel that conclusions about changing forest species composition in 

northern Maine due to climate change are overstated and not supported by current data (see 

MFPC letter and other sections of MDIFW response). Mean annual temperature in Maine is 

projected to increase by 1.7 – 2.8° C from 2014 to 2054, but precipitation is expected to 

increase by 5-10%, with the greatest increase occurring in interior Maine (Fernandez et al. 

2015). While the duration of snowpack is projected to decline by about 2 weeks over the next 

50 years, in northern Maine total accumulated winter snow is projected to decrease by <20%, 
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and extreme snowfall events are projected to increase in frequency (Fernandez et al. 2015). 

Although the SSA presents many hypotheses about the response of hares, lynx, and other 

carnivores to changing snow conditions, MDIFW believes the underlying mechanisms 

describing the relationship between these  species and snow are largely unknown. The 

distribution of bobcats and coyotes, for example, may be just as limited by a future scenario 

with shorter winters that have higher average snow depths as they are by current winters that 

have longer snow duration but less average accumulation. Therefore, we are not convinced 

that projected changes to Maine’s climate will necessarily result in significant range 

contraction by lynx. We suggest that the sections on climate change in the SSA should be 

recast to reflect the inherent uncertainty in climate models and the response of lynx to 

potential changes. (ME DIFW) 

 

pp. 174-175, 

“The spruce-fir forest type has come and gone from New England during the post-glacial period. It 

nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, then 

moved south into New England only in the past few centuries during the “Little Ice Age” (Schauffler and 

Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to climate and mobile 

nature, Iverson et al. (2008, p. 403) predicted a significant decline (low emissions) or the disappearance 

(high emissions) of the spruce-fir forest type in northern Maine in response to climate change.”  

“Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree species in 

the Northeast and will be affected by climate change in different ways. Mechanisms of injury to spruce-

fir include winter injury from freeze-thaw cycles, spring drought (because of reduced snowpack), and 

reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the range of spruce-fir is limited by 

summer heat and drought. Mohan et al. (2009) projected that suitable area for balsam fir would decline 

by 80 percent in 2100 under an average to high emissions scenario. In contrast, Ollinger et al. (2008, p. 

8) projected increasing growth rates for balsam fir and red spruce to mid-century, after which they 

would decline.”  

“The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the many 

variables that influence shifting of the forest species composition (emissions scenarios, the long lifespan 

of trees, slowness of tree dispersal, frequency of disturbance, competition from advancing hardwoods 

and invasive tree species, complex interactions with moisture, and synergistic effects with other 

pollutants). Arguments in favor of an accelerated decline include evidence that spruce-fir is already in 

decline and is being replaced in Maine by northern hardwoods (oak, pine, red maple).”  

None of these are typically considered northern hardwoods (sugar maple, beech, and yellow 

birch); yes red maple at a stretch (ME FPC) 

“Since 1995, the area of forest land classified as the northern hardwoods type in Maine has increased 

8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce/fir forest type group has 

decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et al. 2016, p. 2).The decline of the spruce-fir 

forest type may be accelerated by forest disturbances when northern hardwoods replace areas formerly 

occupied by spruce-fir. In some situations, disturbance may favor persistence of balsam fir and help it 
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persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm 

outbreak and frequent disturbance from forest management could accelerate conversion to northern. 

Other climate-related forest disturbances (forest pests, diseases) could further accelerate conversion to 

northern hardwoods (Iverson et al. 2008, p. 404).”  

“In contrast, some authors note that trees migrate slowly in response to a changing climate and are 

long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to northern 

hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some northern Maine industrial 

forest landowners could “adapt” to climate change by intentionally favoring spruce-fir (e.g., by 

plantations and use of herbicides).” 

Spruce and fir have always been the main stay of forestry in northern Maine and landowners 

have always encouraged their growth by regeneration methods that encourage softwood 

seedlings, PCT, herbicide treatment, thinning to remove competing hardwoods and 

plantations.  No one is planting hardwoods. (ME FPC) 

Delete i (ME FPC) 

 

p. 181, 

“The Core Team concurred with expert assessments concerning trends in forest management, but we 

also note that development pressures in northern Maine did not receive much discussion at our expert 

elicitation workshop.” 

 Gee, I wonder why? (ME FPC) 

“ We believe that development pressures (residential and commercial development, energy 

development, transmission lines, roads, mining) will increasingly become competing land uses on 

private lands in northern Maine. We also expect the rapid turnover and subdivision of private forest 

lands “ 

This seems to be totally anecdotal and not very well substantiated by recent documentation. 

(ME FPC) 

“in northern Maine to continue, which will accelerate opportunities for non-forestry land uses.”  

 LUPC should be able to provide data on this for at least the unorganized lands. (ME FPC) 

 Not substantiated.  Northern Maine is losing population, not growing. (ME FPC) 

Speculative and unfounded. The regulatory aspect (LUPC) of the unorganized territory 

prevents this from happening readily and on a large scale. (ME FPC) 

“Turnover in land ownership have provided opportunities to conserve some areas of the north Maine 

woods through purchase of conservation easements and fee title acquisitions, including a new Katahdin 

Woods and Waters National Monument.” 

 How is this going to promote lynx habitat?  It will be just the opposite. (ME FPC) 
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 This monument will never be actively managed for lynx habitat. (ME FPC) 

“However, conservation easements do not fully protect these lands from some kinds of development 

that could adversely affect lynx and their habitat. For example, many conservation easements allow 

large-scale, industrial wind power development.” 

Why is wind power being singled out? Wind development and forest management can and do 

coincide. (ME FPC) 

Since when? I know of two that don’t. (ME FPC) 

“We conclude that various forms of development in northern Maine will continue in the future.”  

“The Core Team believes Maine lynx populations would be expected to decline more rapidly in a future 

scenario without Federal listing.”  

This reasoning seems flawed.  If the issue is loss of habitat driven by climate, what will listing 

accomplish? (ME FPC) 

“The lynx is not State-listed in Maine and there is currently little consideration of lynx in the review of 

projects requiring state permits. There is a closed season on lynx, so intentional take would continue to 

be prohibited. There is rarely a nexus for Service review of forestry projects under section 7 of the ESA 

(i.e., no Federal funding or permits are typically required for forest management on private lands). 

Nevertheless, because of their Federal listing, Canada lynx are a priority species for planning by Federal, 

Tribal, State, and private forest landowners. Although few private landowners have thus far made 

formal commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 

status they at least consider the possibility of doing so in the future. This is particularly true of 

landowners who must plan for Federal listed species as a requirement of their enrollment in green 

certification programs. Without Federal listing, there would be no incentive or motivation” 

It is arrogant and wrong for the Service to suggest that private landowners should completely 

change their silvicultural systems to benefit a single species.  Certification systems do not 

require this.  To the contrary, SFI and FSC ask landowners to “…have a diverse array of habitat 

types at the landscape level,”  (SFI). (ME FPC) 

 “for private forest landowners to change the current paradigm of partial harvesting and intentionally 

engage in forest management to benefit lynx.” 

 Unless the FPA was changed, or OBF is adopted in its place. (ME FPC)  

 

 

p. 182, general comments, 

MDIFW disagrees with statements that Maine’s lynx population would face increased threats 

from trapping and hunting if they did not have not have protection under the federal ESA. 

Trapping was evaluated at the time of listing (USFWS 2000) and was determined not to be a 

significant threat to the lynx population. Currently, the vast majority of lynx caught in 
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foothold traps are released with little to no injury. MDIFW contends there is no evidence to 

support statements such as, (p. 182) “Lynx would be at greater risk without ESA section 9 

prohibitions against take. In a future scenario without Federal listing, Maine’s incidental take 

plan for trapping would be rescinded, and it is likely that many protective measures to 

minimize injury, take, and mortality of lynx would cease or diminish.” MDIFW submits that in 

the event of delisting, the Department would continue to be committed to protecting lynx 

populations through trapper and hunter education, regulations focused to minimize captures 

in traps, and an active law enforcement presence. Prior to the federal ESA listing of lynx, 

MDIFW implemented a number of measures to protect the species (MDIFW 2014, p. 78-79). 

These included closing the season on lynx hunting and trapping in 1967, and providing 

information to trappers on how to distinguish bobcats from lynx to avoid lynx incidental 

captures and trapping mortalities. (ME DIFW) 

MDIFW disagrees with the Lynx SSA Team’s conclusion that lynx face an increased risk 

because of Animal Damage Control (ADC) activities if lynx were no longer protected under the 

ESA. The SSA states (p. 182), “There have been a few situations where lynx have destroyed 

livestock, but lethal actions to remove lynx were avoided because of Federal listing. Without 

Federal listing, justification for shooting lynx in these situations would likely increase.” There 

has never been a documented lethal taking of lynx related to ADC activities in Maine, and it is 

very rare to get a report of lynx getting into someone’s “livestock” (i.e., chickens). The 

assertion that there is an increased likelihood of a lynx being shot to protect chickens is pure 

speculation. MDIFW strongly urges the USFWS to reevaluate claims that delisting would 

threaten Maine’s lynx population because of increased mortalities from hunting, trapping, 

and ADC activities. (ME DIFW) 

 

p. 182, general comments, 

The SSA states: “If Maine’s ITP was rescinded it is likely that measures to minimize injury, take 

and mortality will be rescinded.” 

MDIFW was committed to protecting lynx populations from incidental take from trapping 

before the federal ESA listing (p. 79, MDIFW 2014), and lynx have been protected by a closed 

season on hunting and trapping since 1967. Maine’s ITP addresses incidental take through 

trapping, research, and ADC related activities; all potential sources that were evaluated and 

determined to not be factors threatening lynx at time of listing (65 FR:16078 [2000]). Although 

incidental take was not determined to be a threat in the listing document, MDIFW identified 

this as a potential source of mortality to lynx, and has been successful in addressing this threat 

both before and during listing. This has been accomplished through: lynx related educational 

material in hunting and trapping courses and in our law books, restricting trapping methods to 

minimize lynx capture, and an active law enforcement division. In the event of delisting, 

Maine would continue to successfully minimize take to lynx in the form of hunting, trapping, 

research, and ADC related activities. (ME DIFW) 
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The SSA states: “It is unlikely that lynx would become a legally harvested furbearer in Maine 

(although some Maine trappers have suggested that).” 

We agree that lynx would remain protected from hunting and trapping through Maine state 

law in the event of delisting (they were protected from these forms of mortality by state law 

for 33 years prior to listing). Why is the suggestion of some Maine trappers relevant to this 

document? (ME DIFW) 

The SSA states: “Illegal shooting and non-reporting would likely increase without federal 

protection. We believe several high-profile Federal Law enforcement cases have helped to 

reduce illegal shooting of lynx.” 

Where is the evidence to support these statements? The Maine Warden Service has been 

successful in protecting lynx and enforcing related laws before federal listing and has led the 

enforcement, investigation, and prosecution of the majority of lynx cases since listing. With 

only two special agents assigned to Maine, the USFWS relies on the field presence and 

experience of the more than 100 Maine wardens. Maine Title 12 10 MRSA section 11201and 

section 11251-3 are state statutes which make it a Class E crime to hunt or trap animals or 

possess an animal for which there is no open hunting or trapping season. This includes lynx. 

Both statutes are “strict liability”, meaning that the state isn’t required to prove that the 

hunter or trapper killed or trapped the animal “intentionally, knowingly, recklessly or with 

criminal negligence.” The “state of mind” of the person taking the lynx is not an element of 

the crime, which must be proven in court. In contrast, the USFWS agents generally operate 

under a standard operating procedure (often referred to as the McKittrick standard) whereby 

proof is required that a suspect knew that the species they were taking was a lynx which is 

subject to federal protection. Because federal prosecution prefers a “knowingly” culpable 

state of mind and the state statute does not, prosecutions at the state level are more efficient 

and less burdensome. In closing, Maine game wardens are the driving force of law 

enforcement as it relates to protecting lynx in the state. They provide the field presence, 

enforce rules associated with minimizing take, and prosecute the majority of cases. This 

presence will continue to protect lynx in the event of delisting. (ME DIFW) 

The SSA states: “Incidental take from bobcat trapping, running with dogs, and hunting will likely 

increase without federal listing.”  

How did the authors arrive at this conclusion? The methods to pursue bobcats through 

trapping, running with dogs, and hunting did not change after federal listing. MDIFW has 

documented lynx being killed by bobcat hunters on a single occasion in the 1970’s; one 

occasion in 49 years. Since then MDIFW has successfully addressed this potential threat 

through lynx related educational material to the hunting and trapping community, providing a 

section devoted to lynx avoidance in trapping education classes, and increasing awareness of 

lynx protection statewide. Additionally, incidental take through these methods were 

evaluated and determined not to be a factor threatening lynx in the federal register (p. 16078, 

USFWS 2000). In the event of delisting MDIFW will continue to successfully minimize take 

through education, regulations that only allow trapping methods that minimize potential 

capture to lynx, and law enforcement. (ME DIFW) 
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The SSA states: “Without federal listing justification for shooting lynx in situations where lynx 

destroyed livestock would likely increase.” 

First, by livestock we are assuming that the authors mean poultry and rabbits. Lynx have 

never been documented depredating on sheep, cattle, or pigs in Maine, nor are we aware of 

livestock depredation being a concern anywhere within the species range. We agree that that 

only a few situations exist where lynx have damaged poultry. In fact, since protection of lynx 

from hunting and trapping in 1967 MDIFW has not documented a single case of lethal removal 

of lynx due to ADC related issues. Therefore why was this listed as a threat to lynx populations 

in Maine? Furthermore, any ADC related activities that occur in the state must go through 

review and approval by regional wildlife biologists and warden service staff; it is highly 

unlikely that lethal removal of lynx damaging poultry (or any other livestock) would be used 

as a management tool even in the event of delisting. (ME DIFW) 

 

p. 186, paragraph 3, 

“In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take of lynx 

that may result from otherwise legal trapping in Minnesota. This plan is still under development by the 

MN DNR and will be designed to reduce the likelihood of incidental take from trapping (ILBT 2013, p. 

49)”.   

The State of MN completed and submitted an ITP/HCP to the USFWS in 2008.  We also 

implemented regulatory changes, approved by the Court, to reduce incidental take of lynx.  

(MN) 

 

Pp. 190-192 (but also applying to pp. 183-190), general comments, 

We would just start by saying our comment #50 applies here as well.  [see MN general 

comments to p. 156 et seq. above]  To that we would add that we feel the tone of much of 

this section goes even beyond the concerns about speculation we have referenced above.  We 

feel, correct or not, that much of this comes across as biased and ‘scare tactics’.  Examples: 

a. Under the possibility of Federal protections being removed, and even if a state harvest 

did not occur, you say “Under the state statute, a person may not take, import, 

transport, or sell any portion of an endangered or threatened species. However, these 

acts may be allowed by permit issued by the DNR”.  Notwithstanding our correction 

noted in # 56, were you really suggesting we might issue such permits liberally and 

jeopardize lynx?  If not, what is the point? 

b. “There is a closed season on lynx, and it is expected that intentional take would 

continue to be prohibited until the population reached sustainable levels defined by 

the state”.  You can expect this, and we could do it (though we doubt it), but what is 

the point of this unless you are implying it is a “threat” and using it to create fear 
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about a post-delisting scenario?  Are you questioning our ability to responsibly 

manage a harvest? 

c. “Without Federal listing driving voluntary conservation guidelines, however, there 

would be little or no motivation for private forest landowners to intentionally engage 

in forest management to benefit lynx”.  What evidence are you suggesting there may 

be that private forest landowners have been compelled by Federal law to adopt 

voluntary guidelines now? 

d. “Without Federal-listing, these projects [wetland permits, highways, powerlines, etc] 

would not consider impacts to lynx critical habitat. The Core Team concludes that a 

future scenario without Federal listing would result in increased habitat loss and 

fragmentation and would result in reduced justification for habitat protection 

initiatives in northeastern Minnesota”.  Can you even document (not speculate) 

whether Federal laws have ‘saved’ lynx or lynx habitat on Federal Lands (or on 

federally-funded projects) to date?  In reality, there has likely been little if any 

practical effect of the federal nexus on county/state/private lands, but do you have 

any documentation of how non-federal-nexus-projects on those other, mostly 

state/county, lands in lynx range have harmed lynx?  And if the focus is just the 

Federal lands, what are the truly ‘foreseeable’ projects expected to occur, what are 

the suspected effects on lynx, what mitigation could occur (even if not legally 

required), and will Federal land managers in fact disregard lynx if they are delisted (if 

so, THEY might want to reconsider).  And while you are correct that federal listing 

certainly adds ‘legal teeth’ to many things, the assumption that nobody will care 

about or advocate for lynx habitat needs in our state forest wildlife management 

practices/policies is not valid. Fear of what COULD happen is not a justification for 

keeping a species listed. 

e. “In a future scenario without Federal listing, Minnesota’s incidental take planning 

effort for trapping may be further delayed or halted and may result in the 

diminishment of protective measures to minimize injury, take, and mortality of lynx.  

As it is, approximately 16 lynx have been reported to be incidentally trapped in 

Minnesota since listing, resulting in at least 6 mortalities”.  First, there have actually 

been 24 accidental captures and 11 mortalities in the 17 years since delisting.  Second, 

we HAVE lynx avoidance regulations in place and have not documented any need for 

changes at this time.  Are you implying we need to make changes, that we will drop 

existing changes if de-listed (but still state-protected), or that incidental take is or 

would be a population-level concern even though it was not deemed a threat at 

listing?  We see this as biased fear, and one that suggests you believe the state is 

unwilling to address new documented concerns should they arise. 

f. “It is unlikely that lynx would become a legally trapped furbearer in Minnesota 

(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, 

so it may also be suggested for lynx)”.  Side point – you could clarify by adding that the 

first wolf season was ~ 20 years after the wolf population in MN/WI/MI surpassed 
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federal numeric recovery goals.  Main point – why do you feel the need to say this 

unless you are assuming we will start a season, and would do so in a manner that 

would jeopardize lynx?  And if this is your assumption, is this not a catch-22 situation – 

if you delist, it indicates there are no serious threats, and then you turn around and 

imply a threat from delisting.  Would there not be a 5-year PDL monitoring plan?  

Would you not be able to re-list if we in fact enacted all the changes you suggest we 

COULD and harmed lynx populations? 

g. “Illegal shooting and non-reporting would likely increase without federal protection. 

High-profile law Federal enforcement cases may have helped to reduce illegal 

shooting of lynx”.  Is there any data to support this idea?  We’ve never met a poacher 

who self-reported or even cared about the law (state or federal).  And for accidental 

take, if anything, reporting could actually increase.  

h. “With a diminished snow regime, populations of bobcats would be expected to 

increase and expand north and eastward into areas currently occupied by lynx. 

Incidental take of lynx from bobcat trapping and hunting activities would likely 

increase without Federal listing”.  I would describe this as an “IF, IF, IF, Then 

POSSIBLY” statement.  Plus, you have repeatedly suggested, we argue with little to no 

supporting data, that bobcats will somehow outcompete/exclude lynx if they do 

expand, so how could incidental take increase if the lynx will have ‘moved out’ or 

been killed soon after bobcats arrive?  Plus, would not the limited accidental take of 

lynx that might occur be offset by the removal of the supposed lynx-killing/competing 

bobcats and coyotes by trappers/hunters?  Our next comment is partially relevant 

here too. 

i. “Similarly, fisher, fox, and coyote populations may increase in a diminished snow 

regime in northern Minnesota and trapping would be expected to occur there that 

may lead to greater incidental take of lynx”.  Trapping already occurs “there” for these 

species, coyotes are unlikely to increase anyway (unless wolves recede, and if that 

occurred, red fox might decrease).  So how much would the potential impact of an 

unknown amount of a suspected increase in incidental take be offset by a suspected 

increase in trapping of these suspected lynx competitors.  And setting this aside, this 

logic suggests you have quite a bit more confidence than we do in being able to 

predict future fur prices and trapping effort.  

j. “We believe that despite a closed hunting and trapping season, incidental take would 

continue and possibly increase and could become a significant threat to a population 

of lynx that will likely be significantly diminished by mid- to late-century”.  See many 

comments from a-i. 
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p. 191, first paragraph, sentence 2, 

“The lynx is state listed, however, and Minnesota's Endangered Species Statute and the associated Rules 

impose a variety of restrictions, a permit program, and several exemptions pertaining to species 

designated as endangered or threatened”.   

Lynx in MN are actually listed as a “Species of Special Concern” and thus not specifically 

covered by rules specific to our State ESA.  (MN) 

 

p. 202, first paragraph, sentence 9, general comment, 

Even if we assume there are adequate regulatory mechanisms currently in place in 

Washington, management actions are not currently being planned, or their effect assessed, at 

a landscape scale across ownerships. For example, it would be beneficial for lynx if managers 

used information regarding the impact of large catastrophic disturbances (wildfire) in one 

ownership/area of lynx habitat to assess how much habitat can be altered in an adjacent 

ownership. (WA) 

 

p. 212, first paragraph after Figure 13 caption, sentence 7, 

“There was discussion about whether ski areas may affect daily movements of lynx,” 

Ski areas are not a landscape level threat to lynx. This is, has been, and continues to be 

overstated. Further, immediately below it is stated that ski areas are expanding whereas 

above it was stated that ski areas are in decline. This reduces the credibility of the SSA. (CO) 

 

p. 213, paragraph 4, sentence 3, 

“The models predicted an overall decline in persistent snow of 40 percent,” 

 Where? Specifically Colorado or range-wide? This is not clear and needs clarification. (CO) 

 

p. 213, paragraph 5, sentence 1, 

“All of the climate models under all representative concentration pathways (RCPs) project that 

Colorado’s climate will warm substantially by 2050.” 

Warming is one component of climate change. What about precipitation changes? Will there 

be more snow potentially? (CO) 
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p. 214, paragraph 2, sentence 1, 

“On average, the climate models indicate a seasonal shift in precipitation for Colorado, with increasing 

winter precipitation, and in some areas a decrease in late spring precipitation (Lukas et al. 2014, p. 65).” 

 Which might actually create good lynx habitat conditions, right? (CO) 

 

p. 214, paragraph 6, sentence 4, 

“While these linear features already exist on the landscape, widening of the cleared right-of-way, as well 

as lynx behavioral avoidance of highway rights-of-way because of increasing traffic volume reduces 

available habitat function for lynx.” 

Calling widening the highway an impact to lynx habitat is like talking about the inter-trail 

islands on ski areas. It is not an issue. (CO) 

 

p. 214, paragraph 6, sentence 5, 

“Many ski areas in Colorado are located within lynx habitat and will likely be expanded in the future 

through permanent removal of vegetation to create conventional ski runs, reducing tree density and 

clearing understory vegetation to create glade conditions, reduces lynx habitat.” 

This may have been the state of the art science in early 2000's, but certainly the perspective 

(and understanding of the role of this in a landscape perspective) has matured? (CO) 

 
p. 215, paragraph 4, sentence 3, 
 
“The discussions revealed that ski area related development, including residential development of base 

areas, may limit lynx’s ability to fully exploit habitats year round.” 

 Insert “in the limited localities adjacent to ski areas.” after “year round.” (CO) 

 
p. 215, paragraph 4, sentence 5, 
 
“Our expert elicitation documented some uncertainty whether ski areas may affect genetic connectivity 

within the unit.” 

 REALLY??? We strongly disagree with this. (CO) 
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p. 216, first paragraph, last sentence, 

“Maintaining connectivity between lynx populations in Canada and the DPS is thought to be important; 

however, whether and if so to what extent the demographic and/or genetic health of DPS populations 

relies on periodic immigration from Canadian populations remains uncertain.” 

 How can the DPS be justified, then? (CO) 

 

p. 220, first full sentence, 

“Nonetheless, it is unlikely that any management actions can abate the long-term northward and 

upslope retreat of boreal forests and diminished snow conditions projected by climate models.” 

 Key point about listing due to climate change. No exit strategy. (CO) 

 

p. 220, 

“Although projections of climate-mediated losses of boreal forests and favorable snow conditions 

suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx in Maine 

and Minnesota may be relatively lower than the western geographic units given the smaller percent of 

Federal lands and the absence of associated regulatory commitments to lynx conservation, and the lack 

of potential elevational refugia. Additionally, as noted above, changes to regulations governing timber 

harvest on private forest lands in Maine are unlikely to maintain the current historically-high” 

 i.e. artificially high (ME FPC) 

“amount and distribution of good lynx habitat or the current large population of resident lynx. These 

changes, which may affect over 90 percent of lynx habitats in northern Maine, are projected to result in 

substantial declines in habitat quality and distribution, and lynx numbers, over the next 10-30 years, 

primarily through restrictions on clearcutting and the proliferation of partial harvesting, which are 

detrimental to snowshoe hare and lynx needs.”  

All of your assumptions are based on an assumed all-time high lynx population.  Is it 

reasonable or desirable to expect the continued maintenance of these high lynx populations?  

The question should be, will they persist, even at a lower population?  We don’t have the data 

to know that since Maine lynx have only been studied at a high population. (ME FPC) 

“On private forest lands, energy development (wind energy, mining), rapid turnover in ownership and 

parcelization of forest land, and uncertain forest markets may also reduce the future quality and 

quantity of lynx habitat.” 

Seriously? The current mining rules preclude any mining at a scale that would threaten lynx 

habitat.  I am surprised they haven’t mentioned meteor strikes because one came down west 

of Rangeley a year ago so it must be a trend.  (ME FPC) 
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Again speculative. These are not happening at a large scale in the UT. The potential lack of 

low grade markets will outweigh all of these. (ME FPC) 

 

p. 221, paragraph 3, sentence 1, 

Last paragraph on page 221: “The functional extirpation of lynx within any one geographic 

unit would possibly reduce the species representation within the DPS for the contiguous U.S. 

population”. We recommend deleting the word “possibly” in this sentence as it would 

definitely reduce representation. (WA) 
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document. 
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2 = MN 
3 = MT/ID 
4 = WA 
5 = GYA 
6 = CO 

─ Range in ML values 

Scenario 1 

Presenter
Presentation Notes
Scenario 1: 2025 (do not reveal timeframe to DMs)The risk profile for scenario 1 looks like this…given the uncertainties, the experts’ combined (median) best case scenario is ~70% chance that all units persist; the worst case, very low prob of all 6 persisting; flip of coin that 5 persist and ~80% that 4 units persist and near certain that 3 will.  The experts’ ML, little more than 25% that all persist and ~80% that 5 units persist.If the specific units are important to you, the risks profiles look like this…Describe the legend ML= X…ML scenario: ME, MN, MT/ID  populations high prob of resident, breeding pop persisting within 8 years, with little uncertainty (on the part of experts); WA  & CO less likely, with ML 0.80 and 0.90, respectively.  But, considerable uncertainty (0.60 to 0.~95) and (0.6 to 1.0), respectivelyGYA 0.10 to at best 0.60 for a resident, breeding pop to persistGiven this risk profile for lynx, do you believe Canada lynx in the U.S. DPS is in danger of extinction?
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─ Range in ML values 

Scenario 2 

Presenter
Presentation Notes
Scenario 2:  2050 By 2050 (33 years), best case for all 6 units persisting= `40%, ~80% for 5 unitsWorst-case: nearly 0 chance of all 6 units persisting, 15 & 30% for 5 and 4 units, respectively; 75% of 3 units persistingML case: ~15% of all 6 units persisting;  just shy of 50%  for 5 units and 77% for 4 units.By unit:ME, MN, MT/ID and CO similar probabilities of persisting: 0.80 to 0.90 with uncertainty ranging from 0.65-1.00.WA lower probability uncertainty ranging from .30 to 0.90GYA probability persistence 0.15 to 0.50 (flip of a coin)
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Med Best-case                 Med Most-likely                  Med Worst-case Scenario 3 

Units: 
1 = ME 
2 = MN 
3 = MT/ID 
4 = WA 
5 = GYA 
6 = CO 

─ Range in ML values 

Presenter
Presentation Notes
Scenario 3: 2100By 2100, best case for all 6 units persisting= drops to ~20%, ~55-60% for 5 unitsWorst-case: 0 chance for 4 or more units to persist; less than 10% that 3 will persist; 75% that at least 1 will persistML case: very low for 6 and 5 uits; 25% for 4 units and just above 50% for 3 unitsBy unit:MT/ID population has greatest probability of persisting but some notable uncertainty (0.50 to 0.90)ME and CO similar probabilities: 50%...flip of coin with uncertainty ranging from .40-0.80 for ME and 0.20 to 0.70 for COMN and WA similar 0.10 to 0.60 for MN and <0.10 to 0.50 for WAGYA: low but considerable uncertainty
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Units: 
1 = ME 
2 = MN 
3 = MT/ID 
4 = WA 
5 = GYA 
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Presenter
Presentation Notes
Scenario 4: 2015Prob of all units except GYA is high…near 1.GYA: 20 to 70% chance.



From: Szymanski, Jennifer
To: Jim Zelenak
Subject: Status summaries for the decision meeting...
Date: Monday, February 27, 2017 11:37:50 AM
Attachments: Summary Scenarios for DM exercises.pptx

for our conversation later today...
Jennifer

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

mailto:jennifer_szymanski@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jennifer_szymanski@fws.gov


 1992 and 1993– N. Cascades (WA) lynx pop. not a DPS nor SPR; therefore not a 
listable entity 

 

 1994 – Listing contiguous U.S. lynx not warranted (but not called a DPS); Southern 
Rockies pop. not a listable entity (does not meet definition of a “species” under 
section 3(15) of the Act) 

 

 1997 – First DPS designation for lynx in the contiguous U.S. 
 “…discrete based on international boundary and differences in status and 

habitat management between the U.S. and Canada” 
 “…biologically and/or ecologically significant simply because they represent 

the southern extent of the species’ overall range” (but then lists climatic, 
vegetational, and lynx/hare population dynamics differences) 

 “The Service determines that the contiguous U.S. population of the Canada 
lynx is significant under the Service’s Distinct Vertebrate Population Policy. 
Thus, the Canada lynx in the contiguous U.S. qualifies as a distinct population 
segment to be considered for listing under the Act” 

Lynx DPS/SPR Background 



 1998 – Proposed rule to list DPS as T 
 “Extirpation of the DPS would result in a significant gap in the range of the 

taxon” (added to previous [1997] significance rationale) 
 

 2000 – Final rule listing DPS as T 
 Climatic, vegetational, and ecological differences in lynx habitat and 

populations across the border; therefore, “…the contiguous U.S.’s population 
meets the significance criteria for establishment of a DPS” 

 “…the criterion relating to a ‘significant gap’ in the species’ range applies to 
any discrete unit that exhibits significance regardless of whether it is on the 
edge of the species’ range. For example, there may be situations where 
populations at the edge of a species range may have unique genetic 
characteristics or may have adapted to unique or unusual ecological conditions” 

 None of the 4 regions in the contiguous U.S (Northeast, Great Lakes, S. 
Rockies, and N. Rockies/Cascades) is individually discrete and significant, 
therefore it is a single DPS 

 

 
 

Lynx DPS/SPR Background 



 2003 – Remanded determination (clarification of findings) 
 Still a single DPS; same rationale as above 

 

 2007 – SPR Clarification 
 “…differences in management of lynx and lynx habitat were sufficient to 

enable us to use the international boundary…to delineate the DPS according to 
the discreteness criterion” 

 “…significant to the taxon under the DPS Policy because of the climatic, 
vegetative, and ecological differences between lynx habitat in the contiguous 
U.S. and that in northern latitudes…” 

 “Marginal habitat for lynx, no matter how large, is not a significant portion of 
the range of the lynx because it cannot, and has never been able to, support 
resident lynx populations for any length of time” 

 Each of the 4 geographic areas of the DPS is discrete, but none individually is 
significant to the taxon 

 

Lynx DPS/SPR Background 



From: Zelenak, Jim
To: Justin Shoemaker
Cc: Jodi Bush; Marjorie Nelson; Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Lynx DPS/SPR Background Slides
Date: Monday, February 27, 2017 12:47:13 PM
Attachments: DPS - SPR Slides jz.pptx

Justin,

Attached are a few slides to add to your DPS policy presentation/materials.  I will also cover this in my general
presentation (which I'm still working on), but wanted you to have these in case they are needed for other DPS
discussions. Also sharing with Core Team.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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 1992 and 1993– N. Cascades (WA) lynx pop. not a DPS nor SPR; therefore not a 
listable entity

 1994 – Listing contiguous U.S. lynx not warranted (but not called a DPS); Southern 
Rockies pop. not a listable entity (does not meet definition of a “species” under 
section 3(15) of the Act)

 1997 – First DPS designation for lynx in the contiguous U.S.
 “…discrete based on international boundary and differences in status and 

habitat management between the U.S. and Canada”
 “…biologically and/or ecologically significant simply because they represent 

the southern extent of the species’ overall range” (but then lists climatic, 
vegetational, and lynx/hare population dynamics differences)

 “The Service determines that the contiguous U.S. population of the Canada 
lynx is significant under the Service’s Distinct Vertebrate Population Policy. 
Thus, the Canada lynx in the contiguous U.S. qualifies as a distinct population 
segment to be considered for listing under the Act”

Lynx DPS/SPR Background



 1998 – Proposed rule to list DPS as T
 “Extirpation of the DPS would result in a significant gap in the range of the 

taxon” (added to previous [1997] significance rationale)

 2000 – Final rule listing DPS as T
 Climatic, vegetational, and ecological differences in lynx habitat and 

populations across the border; therefore, “…the contiguous U.S.’s population 
meets the significance criteria for establishment of a DPS”

 “…the criterion relating to a ‘significant gap’ in the species’ range applies to 
any discrete unit that exhibits significance regardless of whether it is on the 
edge of the species’ range. For example, there may be situations where 
populations at the edge of a species range may have unique genetic 
characteristics or may have adapted to unique or unusual ecological conditions”

 None of the 4 regions in the contiguous U.S (Northeast, Great Lakes, S. 
Rockies, and N. Rockies/Cascades) is individually discrete and significant, 
therefore it is a single DPS

Lynx DPS/SPR Background



 2003 – Remanded determination (clarification of findings)
 Still a single DPS; same rationale as above

 2007 – SPR Clarification
 “…differences in management of lynx and lynx habitat were sufficient to 

enable us to use the international boundary…to delineate the DPS according to 
the discreteness criterion”

 “…significant to the taxon under the DPS Policy because of the climatic, 
vegetative, and ecological differences between lynx habitat in the contiguous 
U.S. and that in northern latitudes…”

 “Marginal habitat for lynx, no matter how large, is not a significant portion of 
the range of the lynx because it cannot, and has never been able to, support 
resident lynx populations for any length of time”

 Each of the 4 geographic areas of the DPS is discrete, but none individually is 
significant to the taxon

Lynx DPS/SPR Background



From: Zelenak, Jim
To: Justin Shoemaker
Cc: Jodi Bush; Marjorie Nelson; Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Lynx DPS/SPR Background Slides
Date: Monday, February 27, 2017 12:47:20 PM
Attachments: DPS - SPR Slides jz.pptx

Justin,

Attached are a few slides to add to your DPS policy presentation/materials.  I will also cover this in my general
presentation (which I'm still working on), but wanted you to have these in case they are needed for other DPS
discussions. Also sharing with Core Team.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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 1992 and 1993– N. Cascades (WA) lynx pop. not a DPS nor SPR; therefore not a 
listable entity 

 

 1994 – Listing contiguous U.S. lynx not warranted (but not called a DPS); Southern 
Rockies pop. not a listable entity (does not meet definition of a “species” under 
section 3(15) of the Act) 

 

 1997 – First DPS designation for lynx in the contiguous U.S. 
 “…discrete based on international boundary and differences in status and 

habitat management between the U.S. and Canada” 
 “…biologically and/or ecologically significant simply because they represent 

the southern extent of the species’ overall range” (but then lists climatic, 
vegetational, and lynx/hare population dynamics differences) 

 “The Service determines that the contiguous U.S. population of the Canada 
lynx is significant under the Service’s Distinct Vertebrate Population Policy. 
Thus, the Canada lynx in the contiguous U.S. qualifies as a distinct population 
segment to be considered for listing under the Act” 

Lynx DPS/SPR Background 



 1998 – Proposed rule to list DPS as T 
 “Extirpation of the DPS would result in a significant gap in the range of the 

taxon” (added to previous [1997] significance rationale) 
 

 2000 – Final rule listing DPS as T 
 Climatic, vegetational, and ecological differences in lynx habitat and 

populations across the border; therefore, “…the contiguous U.S.’s population 
meets the significance criteria for establishment of a DPS” 

 “…the criterion relating to a ‘significant gap’ in the species’ range applies to 
any discrete unit that exhibits significance regardless of whether it is on the 
edge of the species’ range. For example, there may be situations where 
populations at the edge of a species range may have unique genetic 
characteristics or may have adapted to unique or unusual ecological conditions” 

 None of the 4 regions in the contiguous U.S (Northeast, Great Lakes, S. 
Rockies, and N. Rockies/Cascades) is individually discrete and significant, 
therefore it is a single DPS 

 

 
 

Lynx DPS/SPR Background 



 2003 – Remanded determination (clarification of findings) 
 Still a single DPS; same rationale as above 

 

 2007 – SPR Clarification 
 “…differences in management of lynx and lynx habitat were sufficient to 

enable us to use the international boundary…to delineate the DPS according to 
the discreteness criterion” 

 “…significant to the taxon under the DPS Policy because of the climatic, 
vegetative, and ecological differences between lynx habitat in the contiguous 
U.S. and that in northern latitudes…” 

 “Marginal habitat for lynx, no matter how large, is not a significant portion of 
the range of the lynx because it cannot, and has never been able to, support 
resident lynx populations for any length of time” 

 Each of the 4 geographic areas of the DPS is discrete, but none individually is 
significant to the taxon 

 

Lynx DPS/SPR Background 



From: Zelenak, Jim
To: Szymanski, Jennifer
Subject: Fwd: Lynx DPS/SPR Background Slides
Date: Monday, February 27, 2017 2:22:14 PM
Attachments: DPS - SPR Slides jz.pptx

FYI.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, Feb 27, 2017 at 12:47 PM
Subject: Lynx DPS/SPR Background Slides
To: Justin Shoemaker <justin_shoemaker@fws.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Marjorie Nelson <marjorie_nelson@fws.gov>, Mark
McCollough <mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Bryon
Holt <bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>

Justin,

Attached are a few slides to add to your DPS policy presentation/materials.  I will also cover this in my general
presentation (which I'm still working on), but wanted you to have these in case they are needed for other DPS
discussions. Also sharing with Core Team.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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─ Range in ML values 
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Med Best-case                 Med Most-likely                  Med Worst-case Scenario 4 

Units: 
1 = ME 
2 = MN 
3 = MT/ID 
4 = WA 
5 = GYA 
6 = CO 

─ Range in ML values 



From: Szymanski, Jennifer
To: Jim Zelenak
Date: Monday, February 27, 2017 2:50:42 PM
Attachments: Summary Scenarios for DM exercises.pptx

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

mailto:jennifer_szymanski@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jennifer_szymanski@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Fwd:
Date: Monday, February 27, 2017 3:18:55 PM
Attachments: Summary Scenarios for DM exercises.pptx

Hi Core Team,

Attached below are a few slides showing the decision maker (DM) exercises that Jennifer has developed for the
meeting this week.

Prior to these exercises, DMs will have been through several other exercises regarding definitions of T and E, and of
"foreseeable future," etc.  They also will have seen my presentation by then (assuming I can finish it between now
and then...), and so will know that the figures in this exercise are the results of the EE workshop, will have an
understanding of the process used to generate the data and associated uncertainties, and will know of any differences
between these projections and Core Team conclusions or differences of opinion.

For each scenario, DMs will be asked whether they find the DPS endangered based on the data (they will not
initially be reminded of the time frames represented by the data).  Their responses/scores for Scenario 1 will
determine if Scenario 2 is necessary, response to 2 will determine necessity of 3, etc.

Please take a look at the graphics and notes, and if you have any major concerns or questions, please email Jennifer
to let her know.

We will not have the Core/FIT call tomorrow because I really need to keep working on the presentation and other
materials for the meeting.

I'll arrive at the Hampton across from the RO about 6 PM on Wed. night.  Hope we can get together for dinner. I
have your cell numbers and vice-versa.  Talk to you then.

Thanks again for all the help and for being prepared to present/discuss your unit-specific information and State/Peer
Review comments at the meeting. See you in a few days.

 
---------- Forwarded message ----------
From: Szymanski, Jennifer <jennifer_szymanski@fws.gov>
Date: Mon, Feb 27, 2017 at 2:50 PM
Subject: 
To: Jim Zelenak <jim_zelenak@fws.gov>

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
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***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Rollie White
To: Nordstrom, Lori
Subject: Re: The lynx book
Date: Monday, February 27, 2017 4:26:06 PM

Lori,
Thanks for sending that, and for today's discussion. Very helpful.
-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region
911 NE 11th Ave.
Portland, OR 97232
O: (503) 231-6151
M: (503) 839-2872

Rollie_White@fws.gov

On Feb 27, 2017, at 1:37 PM, Nordstrom, Lori <lori_nordstrom@fws.gov> wrote:

Rollie
This is the lynx book (some of the chapters became the lynx bible) that I
referenced. It's on Amazon!

Ruggiero et al 2000. Ecology and conservation of lynx in the United States.
https://www.amazon.com/Ecology-Conservation-General-Technical-Gtr-
30www/dp/0870815776

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

mailto:rollie_white@fws.gov
mailto:lori_nordstrom@fws.gov
x-apple-data-detectors://0/1
x-apple-data-detectors://0/1
tel:(503)%20231-6151
tel:(503)%20839-2872
mailto:lori_nordstrom@fws.gov
https://www.amazon.com/Ecology-Conservation-General-Technical-Gtr-30www/dp/0870815776
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From: lynxdan@gmail.com
To: McCollough, Mark
Subject: Re: Any chance I could talk with you re. lynx and hares in the next day?
Date: Monday, February 27, 2017 10:02:42 PM

Mark,

I have signed a strict confidentiality agreement that restricts me from discussing the lynx SSA
with anyone.  If you have specific questions about our partial harvesting and shelterwood hare
densities based on the research FWS has funded with us, I would be glad to answer those
questions specifically and will provide my scientific interpretations without reference to the
Draft Lynx SSA, other reviews, or the SSA process.  I will be working at home tomorrow and
my home number is 862-4226. Nate Webb from IFW called me to discuss hares, partial
harvest and shelterwoods with me prior to my receiving or reviewing the Lynx SSA
document, but I have not seen IFW interpretations based on the data and thus, can not
comment on the accuracy of the interpretations that I shared with them.  I can only share the
same interpretations of my lab's data with you and hope that will meet your needs.

I look forward to chatting about our research results.

Dan

Cheers- Dan

  

Daniel J. Harrison
Professor of Wildlife Ecology - Department of Wildlife, Fisheries, and Conservation Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

On Mon, Feb 27, 2017 at 1:19 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Dan:  Is there a chance that I could talk with you via phone today or tomorrow?  MDIFW
provided comments on the lynx SSA and discussed their concerns with the regional office. 
Their hypothesis is that your data show increasing numbers of hares in partial harvested
stands, therefore lynx will be fine in the future.  I talked to Paul Phifer today and he would
like your take on this idea (perhaps you will address in the peer review comments?).

I am leaving on Wednesday for Denver for the meeting concerning the lynx listing.  

I can give you a call, but don't have your cell phone number.

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

mailto:harrison@maine.edu
mailto:mark_mccollough@fws.gov
mailto:harrison@maine.edu
mailto:mark_mccollough@fws.gov


Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

tel:(207)%20902-1570
tel:(207)%20902-1588
tel:(207)%20944-5709
mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Cc: Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Re:
Date: Tuesday, February 28, 2017 8:21:43 AM

Core Team:

I will be arriving in Denver ~1:30 tomorrow and at the Home2suites by about 3:00.  My cell
#207 944-5709.   Safe travels and see you tomorrow.  Mark

On Mon, Feb 27, 2017 at 5:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Core Team,

Attached below are a few slides showing the decision maker (DM) exercises that Jennifer has developed for the
meeting this week.

Prior to these exercises, DMs will have been through several other exercises regarding definitions of T and E, and
of "foreseeable future," etc.  They also will have seen my presentation by then (assuming I can finish it between
now and then...), and so will know that the figures in this exercise are the results of the EE workshop, will have an
understanding of the process used to generate the data and associated uncertainties, and will know of any
differences between these projections and Core Team conclusions or differences of opinion.

For each scenario, DMs will be asked whether they find the DPS endangered based on the data (they will not
initially be reminded of the time frames represented by the data).  Their responses/scores for Scenario 1 will
determine if Scenario 2 is necessary, response to 2 will determine necessity of 3, etc.

Please take a look at the graphics and notes, and if you have any major concerns or questions, please email
Jennifer to let her know.

We will not have the Core/FIT call tomorrow because I really need to keep working on the presentation and other
materials for the meeting.

I'll arrive at the Hampton across from the RO about 6 PM on Wed. night.  Hope we can get together for dinner. I
have your cell numbers and vice-versa.  Talk to you then.

Thanks again for all the help and for being prepared to present/discuss your unit-specific information and
State/Peer Review comments at the meeting. See you in a few days.

 
---------- Forwarded message ----------
From: Szymanski, Jennifer <jennifer_szymanski@fws.gov>
Date: Mon, Feb 27, 2017 at 2:50 PM
Subject: 
To: Jim Zelenak <jim_zelenak@fws.gov>

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
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U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Cc: Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Re:
Date: Tuesday, February 28, 2017 8:21:43 AM

Core Team:

I will be arriving in Denver ~1:30 tomorrow and at the Home2suites by about 3:00.  My cell
#207 944-5709.   Safe travels and see you tomorrow.  Mark

On Mon, Feb 27, 2017 at 5:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Core Team,

Attached below are a few slides showing the decision maker (DM) exercises that Jennifer has developed for the
meeting this week.

Prior to these exercises, DMs will have been through several other exercises regarding definitions of T and E, and
of "foreseeable future," etc.  They also will have seen my presentation by then (assuming I can finish it between
now and then...), and so will know that the figures in this exercise are the results of the EE workshop, will have an
understanding of the process used to generate the data and associated uncertainties, and will know of any
differences between these projections and Core Team conclusions or differences of opinion.

For each scenario, DMs will be asked whether they find the DPS endangered based on the data (they will not
initially be reminded of the time frames represented by the data).  Their responses/scores for Scenario 1 will
determine if Scenario 2 is necessary, response to 2 will determine necessity of 3, etc.

Please take a look at the graphics and notes, and if you have any major concerns or questions, please email
Jennifer to let her know.

We will not have the Core/FIT call tomorrow because I really need to keep working on the presentation and other
materials for the meeting.

I'll arrive at the Hampton across from the RO about 6 PM on Wed. night.  Hope we can get together for dinner. I
have your cell numbers and vice-versa.  Talk to you then.

Thanks again for all the help and for being prepared to present/discuss your unit-specific information and
State/Peer Review comments at the meeting. See you in a few days.

 
---------- Forwarded message ----------
From: Szymanski, Jennifer <jennifer_szymanski@fws.gov>
Date: Mon, Feb 27, 2017 at 2:50 PM
Subject: 
To: Jim Zelenak <jim_zelenak@fws.gov>

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
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U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


From: Smith, Tamara
To: Zelenak, Jim
Cc: Mark McCollough; Bryon Holt; Kurt Broderdorp
Subject: Re:
Date: Tuesday, February 28, 2017 9:25:42 AM

That's helpful, Jim - Thanks!  Safe travels and we'll see you all tomorrow!

On Tue, Feb 28, 2017 at 9:20 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks, Tam.  I'll probably see you at the airport - I get in around 5:10.

I have not requested that other Core Team members prepare Powerpoints; however, if having a couple slides
would help in explaining unit-specific info/issues/peer and partner review in the event that detailed questions
arise, then feel free to prepare some, and we can make sure they get loaded onto whatever machine we will be
using in the morning.

I intend to present brief summaries of SSA results and general themes of comments for each unit, and then ask
each unit lead (you-all) to briefly add any important info/detail that I may have overlooked or not presented in
adequate detail.  I'm not really sure how all this will happen, and Jennifer has reminded me to focus only on the
most salient points, but there is a lot of information to transmit in a relatively short time - 45 minutes or so.

Wish we had another week (or month).... 

Safe travels all!

On Tue, Feb 28, 2017 at 7:58 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim -  I will be arriving at 4PM, but am going to hang out at the airport and ride over to
the hotel with Lori and Jennifer, who are arriving around 5PM.

Just to be clear, are other core team members preparing Powerpoints to present/discuss
unit-specific information and State/Peer Review comments or are we just expected to be
prepared with talking points regarding our units & state comments?

Thanks!
Tam

On Mon, Feb 27, 2017 at 4:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Core Team,

Attached below are a few slides showing the decision maker (DM) exercises that Jennifer has developed for
the meeting this week.

Prior to these exercises, DMs will have been through several other exercises regarding definitions of T and
E, and of "foreseeable future," etc.  They also will have seen my presentation by then (assuming I can finish
it between now and then...), and so will know that the figures in this exercise are the results of the EE
workshop, will have an understanding of the process used to generate the data and associated uncertainties,
and will know of any differences between these projections and Core Team conclusions or differences of
opinion.

For each scenario, DMs will be asked whether they find the DPS endangered based on the data (they will not
initially be reminded of the time frames represented by the data).  Their responses/scores for Scenario 1 will
determine if Scenario 2 is necessary, response to 2 will determine necessity of 3, etc.

Please take a look at the graphics and notes, and if you have any major concerns or questions, please email
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mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
mailto:tamara_smith@fws.gov
mailto:jim_zelenak@fws.gov


Jennifer to let her know.

We will not have the Core/FIT call tomorrow because I really need to keep working on the presentation and
other materials for the meeting.

I'll arrive at the Hampton across from the RO about 6 PM on Wed. night.  Hope we can get together for
dinner. I have your cell numbers and vice-versa.  Talk to you then.

Thanks again for all the help and for being prepared to present/discuss your unit-specific information and
State/Peer Review comments at the meeting. See you in a few days.

 
---------- Forwarded message ----------
From: Szymanski, Jennifer <jennifer_szymanski@fws.gov>
Date: Mon, Feb 27, 2017 at 2:50 PM
Subject: 
To: Jim Zelenak <jim_zelenak@fws.gov>

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
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4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Twin Cities Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (new number)
952-646-2873  (new fax number)

612-600-1599 Cell
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From: Zelenak, Jim
To: Odell - DNR, Eric
Subject: Re: Lynx SSA decision process
Date: Tuesday, February 28, 2017 3:53:40 PM

Hi Eric,

I don't have much clarity to offer.

My understanding is that because Region 6 of FWS is the lead region for lynx, that our Regional Director (RD) will
have final decision making authority.

Because the lynx DPS spans several other FWS regions (1, 2, 3, and 5), RDs from those regions have been invited to
participate in the decision meeting.  My understanding is that most are sending their Assistant RDs for Ecological
Services to the meeting.  I'm not sure how it will all shake out or now the decision will be communicated to States. 
I'll ask about the latter and try to remember to get back to you. 

On Tue, Feb 28, 2017 at 2:54 PM, Odell - DNR, Eric <eric.odell@state.co.us> wrote:
Hi Jim-
A couple of quick questions that I have been asked and don't have the answer, and
perhaps you do and can share some insight...

Who are the decision makers that are being presented with the Lynx SSA in the
coming days?
How will their decision be communicated with the states?

I'll keep it brief, as I imagine that you're quite busy with this these days! Thanks!
Eric 

-- 
Eric Odell
Species Conservation Program Manager
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Erin Simons-Legaard
Subject: Re: Question about lynx-hare modeling
Date: Tuesday, February 28, 2017 8:33:57 PM

Yes, that helps.  Thanks for clarifying.  Mark

On Tue, Feb 28, 2017 at 8:22 PM, Erin Simons-Legaard <erin.simons@maine.edu> wrote:
Hi Mark,

Sorry for the delay; I'm on leave and only checking email intermittently. 

Yes, I used the same hare densities that we did in the JWM and JAE papers.

No, the habitat supply curves wouldn't change with a change in hare densities because the
curves are tracking the amount of regenerating forest 15-35 years post stand-replacing
harvest coupled with the 3 different composition thresholds. The projected amount of that
forest type wouldn't change with a change in the hare densities we apply; it would only
change with a projected change in future forest management (e.g. more clear cutting, less
partial harvesting). If the curves instead represented e.g. average landscape-scale hare
density, then they would decrease with a decrease in the hare densities we apply.

Hope that helps.

Best,
Erin

On Tuesday, February 28, 2017, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Erin:

I am on my way to Denver tomorrow morning for our Decision Meeting concerning lynx
listing.

I had a question concerning the lynx modeling in 2016.  Its not entirely clear in the
method of your report to us, but I suspect that you assigned the same hare densities to
clearcut, partial harvest, mature, etc. that you used in the modeling in your J. Appl. Ecol.
article.  Could you confirm that?

Also, I just went over UMaine hare data series with Dan this morning.  The data indicate
that hare numbers dropped 2006-2007 and remained low to 2015 (last time they were
monitored). If we assigned new hare densities for clearcut (~0.8), partial harvest (~0.5),
mature (0.25), etc., I assume that the habitat supply graphs would diminish to a lower
percent of the landscape than what you depicted, correct?  (I probably asked you this
before, but just want to confirm).

As you presented in your report, using the >75% softwood curve, about 9% of the
northern ME landscape is currently HQHH and it will diminish to ~3-4% of the landscape
in 2030.  If hares stay at their lower, depressed levels, then I suspect the curve would drop
off more quickly and reach a lower % of the landscape in 2030, correct?
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I hope you are doing well.  I emailed Kasey today about some of his recent publications
that be forgot to cite in our lynx status assessment.  

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Erin Simons-Legaard
Research Assistant Professor
School of Forest Resources
5755 Nutting Hall
University of Maine
Orono, ME 04469-5755
erin.simons@maine.edu

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Erin Simons-Legaard
Subject: Re: Question about lynx-hare modeling
Date: Tuesday, February 28, 2017 8:33:57 PM

Yes, that helps.  Thanks for clarifying.  Mark

On Tue, Feb 28, 2017 at 8:22 PM, Erin Simons-Legaard <erin.simons@maine.edu> wrote:
Hi Mark,

Sorry for the delay; I'm on leave and only checking email intermittently. 

Yes, I used the same hare densities that we did in the JWM and JAE papers.

No, the habitat supply curves wouldn't change with a change in hare densities because the
curves are tracking the amount of regenerating forest 15-35 years post stand-replacing
harvest coupled with the 3 different composition thresholds. The projected amount of that
forest type wouldn't change with a change in the hare densities we apply; it would only
change with a projected change in future forest management (e.g. more clear cutting, less
partial harvesting). If the curves instead represented e.g. average landscape-scale hare
density, then they would decrease with a decrease in the hare densities we apply.

Hope that helps.

Best,
Erin

On Tuesday, February 28, 2017, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Erin:

I am on my way to Denver tomorrow morning for our Decision Meeting concerning lynx
listing.

I had a question concerning the lynx modeling in 2016.  Its not entirely clear in the
method of your report to us, but I suspect that you assigned the same hare densities to
clearcut, partial harvest, mature, etc. that you used in the modeling in your J. Appl. Ecol.
article.  Could you confirm that?

Also, I just went over UMaine hare data series with Dan this morning.  The data indicate
that hare numbers dropped 2006-2007 and remained low to 2015 (last time they were
monitored). If we assigned new hare densities for clearcut (~0.8), partial harvest (~0.5),
mature (0.25), etc., I assume that the habitat supply graphs would diminish to a lower
percent of the landscape than what you depicted, correct?  (I probably asked you this
before, but just want to confirm).

As you presented in your report, using the >75% softwood curve, about 9% of the
northern ME landscape is currently HQHH and it will diminish to ~3-4% of the landscape
in 2030.  If hares stay at their lower, depressed levels, then I suspect the curve would drop
off more quickly and reach a lower % of the landscape in 2030, correct?
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I hope you are doing well.  I emailed Kasey today about some of his recent publications
that be forgot to cite in our lynx status assessment.  

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Erin Simons-Legaard
Research Assistant Professor
School of Forest Resources
5755 Nutting Hall
University of Maine
Orono, ME 04469-5755
erin.simons@maine.edu

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:erin.simons@maine.edu
mailto:mark_mccollough@fws.gov


Lynx Recommendation Team Meeting 
Regional Office; Mountain Prairie Region 

Wolf Conference Room 
March 2-3, 2017 

Thursday, March 02, 2017 
8:00 am Breakfast Delivered (if opted into meal plan) 

8:30 am Welcome and Logistics 

8:50 am Presentations with Q&A:  
3 R’s – Why & Importance  
Analytic Approach 
Synthesis/Findings/Uncertainties 
Summary of Peer Review 
Summary of Partner Review 
Q&As 
Decision-Making Hazards 

12:30 pm Working Lunch 

1:00 pm Presentation with Q&A:  
Listing Objectives& Constraints 
Definitions 
Q&As 

2:30 pm Exercises for Decision Makers 

5:00 pm Conclude 

Friday, March 03, 2017 
8:00 am Continue Exercises for Decision Makers 

11:00 am Wrap up Lynx Interim Rationale 

11:30 am Final Comments 

12:00 pm Conclude 

  

  

  

 



From: Nelson, Marjorie
To: Justin Shoemaker/R6/FWS/DOI; Jennifer Szymanski; Jim Zelenak; Jodi Bush
Subject: agenda
Date: Wednesday, March 01, 2017 4:55:30 PM
Attachments: 210170301_Lynx Recommendation Team Meeting.docx

Here is an adaptation of the working agenda to start with in the morning.  I felt some
of the details in the working agenda needed to have context.

I'll post to the google drive and take a copy to Noreen's office.

see you tomorrow,
Marj

If anyone needs me, my cell is 202-907-3059.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258
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From: Mark McCollough
To: jim_zelenak@fws.gov
Subject: Mark in Denver
Date: Wednesday, March 01, 2017 7:48:50 PM

Hi Jim I don't have your phone number. It's 6:45 and I just arrived at
the home2suites. My phone is 207 944 5709. Mark

Sent from my iPhone

mailto:mark_mccollough@fws.gov
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Shelterwood is not providing significant hare-lynx habitat because: 
• Out of 100 stands cut – 40 will be shelterwood – of those 10% or 4 

stands out of 100 will be spruce-fir; shelterwood most frequent in 
hardwood and mixed wood stands = not lynx habitat 

• Shelterwoods are small <10 acres in spruce-fir because of problems with 
windthrow – avg. size stand used by lynx was 80 acres 

• 20% of stand in skid trails on initial entry, 40% in skid trails on final entry 
– much of hare habitat value gone after second harvest 



n=2, 
outlier/anomaly/not 
random shelterwood 
stands that received an 
unusually heavy initial 
harvest and were never 
re-entered for overstory 
removal.  Dropped from 
study after 2011. 

High hareλ = 1.16  Low hareλ = 0.88  

Lower percentage of females reproducing; smaller litter sizes, but 
adult survival the same during high and low periods 



• Declining harvest = depressed wood market – mill closures in ME 
• Shelterwoods have shifted from initial entry (late-1990s) to final 

entry (~2002 to present) 
• Second entry comes just as stands are supporting higher hare 

densities – up to 40% of understory is crushed in OSR 











From: McCollough, Mark
To: Jim Zelenak
Subject: Maine slides that may be helpful tomorrow
Date: Wednesday, March 01, 2017 7:51:15 PM
Attachments: Lynx decision mtng Denver 3.2.2017.ppt

Its hard to know where the conversations will take us, but here are some slides pertaining to
the Maine habitat issues raised by MDIFw that could come up tomorrow.  I don't have a
thumb drive with me, so maybe you could put them on your desk top in case we need them.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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Canada Lynx 
Species Status Assessment

Decision Meeting

March 2-3, 2017



 What are we doing?
 Presenting lynx SSA results
 Summarizing peer and partner reviews of Draft SSA
 Facilitating structured decision making on DPS status

 Why?
 SSA provides analysis needed to determine current status and 

potential future condition of the DPS
 SSA is scientific basis for 5-year review; prerequisite to recovery 

planning
 Court order to finalize RP by Jan. 15, 2018
 Unless we determine RP not needed (i.e., the DPS is recovered)

Overview



 Brief background information
 Lynx ecology, habitat requirements, and distribution
 DPS designation and listing history

 SSA analysis framework and results
 Geographic units
 Current and possible future conditions relative to the “3 Rs” 

(representation, redundancy, and resiliency)
 Expert Elicitation – need and results
 Literature review and synthesis
 Conclusions

Objectives



Potential Findings

DPS remains T

DPS warrants 
Delisting

Final Recovery Plan
due 1/15/2018

Future Uplisting/ 
Delisting Rule

Formal Memo 
Exempting DPS 
from Recovery 

Planning

DPS warrants E



Lynx Basics

 Boreal forest species dependent on snowshoe hares and 
favorable snow conditions

 At southern periphery of ranges in contiguous U.S.

 Habitat becomes naturally patchy; hare densities and snow 
conditions become suboptimal/marginal for supporting 
lynx populations

 Mainland-island metapopulation structure 

 Historical cyclic “irruptions” of lynx from Canada into 
northern U.S. when hares crashed (currently?)



Lynx Need Hares!

(Hares need dense conifer cover at ground/snow level)



Canada lynx Distribution (NatureServe)



Lynx in the Contiguous U.S.

 1977 USFWS Office of Endangered Species – “…the lynx has been 
totally extirpated in 15 of the 30 states, south of the Canadian 
border, in which it originally is thought to have occurred,” and in 
“14 of the remaining States, the species is considered by at least 
some authorities to ‘rare,’ ‘endangered,’ or in some other category 
of concern”

 1994 Not Warranted 12-month finding – Range “generally 
recognized” as including 14 states, but FWS believes that some of 
these states “never supported viable populations of lynx over time”

 1998 Proposed Rule – “Based on majority view of respondents and 
best data available, the Service has determined that, historically, the 
Canada lynx was a resident species in 16 States in the contiguous 
U.S.”  
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Figure 8.17—Spatial distribution of lynx occurrence data from 1842 to 1998 (Table 8.1).



Data from Novak et al. 1988



Lynx periodically move south from 
Canada after irruptions

Figures from McKelvey et al. (2000)
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Figure 8.17—Spatial distribution of lynx occurrence data from 1842 to 1998 (Table 8.1).
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Verified vs. Anecdotal Occurrence Data

Lynx or Bobcat?





 1997 Warranted but precluded; first DPS designation
 “…discrete based on international boundary and differences in 

status and habitat management between the U.S. and Canada”
 Significant - southern extent of range; climatic, vegetational, and 

lynx/hare population dynamics differences

 1998 Proposed rule to list DPS as T
 “Extirpation of the DPS would result in a significant gap in the 

range of the taxon” (added to significance rationale above)

 2000 Final rule, 2003 Remand, and 2007 SPR clarification
 Each of the 4 geographic areas of the DPS (Northeast, Great 

Lakes, S. Rockies, and N. Rockies/Cascades) is discrete, but none 
individually is significant to the taxon, therefore a single DPS

DPS and Listing History



 6 geographic areas known or thought to support 
resident lynx populations in the DPS:  
 1. Northern Maine (& northernmost NH and VT)
 2. Northeastern Minnesota 
 3. Northwestern Montana/Northeastern Idaho 
 4. North-central Washington
 5. GYA of southwest Montana/northwest Wyoming
 6. Western Colorado – introduced population

Current DPS Distribution
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Lynx Status in Southern Canadian Provinces
Nationally secure, widespread, abundant

Y
Y

Y

Y
Y

Y

N

N



 Representation
 Few threats to the genetic fitness or adaptive 

capacity of lynx in the DPS
High gene flow; no major barriers to dispersal

 Adaptability and evolutionary capacity of the 
DPS does not appear to have been diminished 
and is unlikely to become so, independent of 
threats that may impact the redundancy and 
persistence of lynx populations

Expert Elicitation Workshop



 Redundancy
 DPS as a whole is not vulnerable to extirpation 

from a single catastrophic event
No catastrophic event that could result in the 

functional extirpation of the entire DPS

 No or a very low likelihood of functional 
extirpation of any of the individual geographic 
units due to a single catastrophic event

Expert Elicitation Workshop



 Resiliency – probability of persistence of resdient lynx populations 
in each geographic unit 

Expert Elicitation Workshop



 Resiliency – probability of persistence of resident lynx populations 
in each geographic unit 

Expert Elicitation Workshop



 Resiliency – probability of persistence of resident lynx populations 
in each geographic unit 
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 Resiliency – probability of persistence of resdient lynx populations 
in each geographic unit 
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 Resiliency – probability of persistence of resdient lynx populations 
in each geographic unit 
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 Resiliency – probability of persistence of resdient lynx populations 
in each geographic unit 

Expert Elicitation Workshop



 Responses:  Resiliency
 All 5 occupied units have >70% expectation of 

supporting resident lynx populations by year 2050

 Declining likelihood and greater uncertainty by 2100 
– only one unit has >50% probability of persistence

 Responses suggest overarching threat to long-term 
persistence of DPS is climate change
 Loss of snow conditions favorable for lynx
 Subsequent (lagged) loss of boreal forest habitats
 Timing and magnitude of such losses are uncertain

Expert Elicitation Workshop



Draft SSA Report -

 Lynx SSA Team largely in agreement with experts regarding 
the 3 Rs and persistence of resident populations in the DPS
 Maine and Minnesota – Some team members more pessimistic
 Colorado – One team member more optimistic

 Projected continued warming appears to be largest threat
 Lynx habitat likely to shift northward and upslope
 Lynx habitats and populations in the DPS will become smaller, 

more fragmented/isolated (reduced resiliency)
 Functional extirpation of some DPS populations likely in the 

future (reduced representation and redundancy)
 Much uncertainty regarding timing and magnitude 



Peer Review Summary



State Agency Review Summary



Questions?
Canada Lynx / © Ted Swem
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Expert Elicitation Workshop





Lynx SSA Unit Ownership

Unit1
Unit Size 

(km2)
Percent of 
SSA Area

Land Ownership/Management (Percent)2

Federal3

Private State TribalAll Federal USFS NPS BLM

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0

3 26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1



 1982 – VNOR: Lynx lynx (Eurasia, Canada, Northern U.S.) 
Category 2 candidate for listing

 Early 1990s – Several petitions & related 90-day findings

 1994 – Not warranted 12-month finding, contiguous U.S.

 1997 – Warranted but precluded; first DPS designation

 “…discrete based on international boundary and differences in 
status and habitat management between the U.S. and Canada”

 “…biologically and/or ecologically significant simply because 
they represent the southern extent of the species’ overall range”

Listing History



 1998 – Proposed rule to list DPS as T
 Factors A, B, D, and E
 “Extirpation of the DPS would result in a significant gap in the 

range of the taxon” (added to previous significance rationale)

 2000 – Final rule listing DPS as T
 Only Factor D - inadequacy of regulatory mechanisms on federal 

lands – particularly USFS and BLM plans
 “significant gap” dropped; none of 4 regions in DPS individually 

discrete and significant, therefore a single DPS

 2003 – Remanded determination (clarification of findings)
 DPS is T, not E; Still only Factor D, but reduced threat (CAs)
 Still a single DPS

Listing History



 2007 – SPR Clarification
 “…differences in management of lynx and lynx habitat were 

sufficient to enable us to use the international boundary…to 
delineate the DPS according to the discreteness criterion”

 “…significant to the taxon under the DPS Policy because of the 
climatic, vegetative, and ecological differences between lynx 
habitat in the contiguous U.S. and that in northern latitudes…”

 “Marginal habitat for lynx, no matter how large, is not a 
significant portion of the range of the lynx because it cannot, and 
has never been able to, support resident lynx populations for any 
length of time”

 Each of the 4 geographic areas of the DPS (Northeast, Great 
Lakes, S. Rockies, and N. Rockies/Cascades) is discrete, but none 
individually is significant to the taxon 

Listing History



Recovery and Critical Habitat

 2005 Recovery Outline focused on interim conservation 
measures in 6 “Core” areas
 Historic/current resident population(s); reproduction; 0.5 

hares/ha; >= 1,250 km2 habitat
 S. Rockies (western CO and south central WY) - “provisional” 

core area

 CH designated 2006, revised 2009 and 2014
 Sept. 2016 - Court remanded 2014 CH rule

 Ruled Service was arbitrary and capricious in not designating CH in 
Colorado

 Inadequate evaluation of PCE on 5 NFs in MT and ID
 We have not determined next steps in our response to this litigation



Lynx Diagnostic Features
(versus bobcat)

Black-tipped tail Long black ear tufts

Long hind legs Very large paws



How Many Lynx in Maine?
 In 2003 remand at 68 FR 40094: "At its peak in the late 1990s, 20-25% of the 

forest in Maine was in an early-regen. stage (Gadzik et al. 1998)...," [due to the 
budworm induced clear-cutting of the 1970s and 80s], "...which is unnaturally 
high and out of proportion to historic conditions when only 3-7% of the 
forest was in this stage of regeneration (Krohn 2003)."

20-25% is 2.9 - 8.3 times as high as the historic condition. If the lynx pop. 
size supported by the "unnaturally high" condition is thought to be about 
1,000 lynx, it suggests the historic condition (if a linear or nearly so 
relationship [which it probably is not]) would have supported a pop. of 120 -
350 lynx.

It appears the assessment was on all 17 million acres of forest in ME, not just 
on the good lynx stuff in the north, so whether 120 - 350 might be a 
reasonable/justifiable conservation/ recovery target is debatable.



Range Contraction? (Poole 2003)



Three Rs
 Representation contributes to the adaptability and evolutionary capacity of a 

species over time, to accommodate long term issues like climate change. The 
breadth of genetic ecological, demographic, and behavioral diversity across a 
species’ range may contribute to its capacity to adapt over time. Measures of 
genetic and life history variability among populations, distribution of populations 
across a range of ecologically diverse locations or niches, etc., are useful proxies to 
measure.

 Redundancy contributes to the ability of population types to withstand 
catastrophic events (hurricanes, wildfires, etc.). The number and distribution of 
populations of each representative type contribute to the retention of various 
representative types despite catastrophic events by ensuring that the loss of a 
population doesn’t lead to the loss of representation.

 Resiliency speaks to an individual population’s ability to tolerate environmental 
and demographic stochasticity, such as fluctuations in temperature or genetic drift. 
It is often measured in terms of population size and growth rate, but in fact is 
dependent on a number of traits, both demographic and environmental. These 
include, among others: age or stage class distribution, genetic heterogeneity, birth 
rates  annual survivorship  sex ratios  etc  and the quality and extent of habitat  the 





Canada Lynx  
Species Status Assessment 

 
 

Decision Meeting 
 
 March 2-3, 2017 



 What are we doing?  
 Presenting lynx SSA results 
 Summarizing peer and partner reviews of Draft SSA 
 Facilitating structured decision making on DPS status 
 

  Why? 
 SSA provides analysis needed to determine current status and 

potential future condition of the DPS  
 SSA is scientific basis for 5-year review; prerequisite to recovery 

planning 
 Court order to finalize RP by Jan. 15, 2018 
 Unless we determine RP not needed (i.e., the DPS is recovered) 

Overview 



 Brief background information 
 Lynx ecology, habitat requirements, and distribution 
 DPS designation and listing history 
 

 SSA analysis framework and results 
 Geographic units 
 Current and possible future conditions relative to the “3 Rs” 

(representation, redundancy, and resiliency) 
 Expert Elicitation – need and results 
 Literature review and synthesis 
 Conclusions 

Objectives 



Potential Findings 

DPS remains T 

DPS warrants 
Delisting 

Final Recovery Plan 
due 1/15/2018 

Future Uplisting/ 
Delisting Rule 

Formal Memo 
Exempting DPS 
from Recovery 

Planning 

 

DPS warrants E 



Lynx Basics 

 Boreal forest species dependent on snowshoe hares and 
favorable snow conditions 

 

 At southern periphery of ranges in contiguous U.S. 
 

 Habitat becomes naturally patchy; hare densities and snow 
conditions become suboptimal/marginal for supporting 
lynx populations 

 

 Mainland-island metapopulation structure  
 

 Historical cyclic “irruptions” of lynx from Canada into 
northern U.S. when hares crashed (currently?) 



Lynx Need Hares! 
  

(Hares need dense conifer cover at ground/snow level) 



Canada lynx Distribution (NatureServe) 



Lynx in the Contiguous U.S. 

 1977 USFWS Office of Endangered Species – “…the lynx has been 
totally extirpated in 15 of the 30 states, south of the Canadian 
border, in which it originally is thought to have occurred,” and in 
“14 of the remaining States, the species is considered by at least 
some authorities to ‘rare,’ ‘endangered,’ or in some other category 
of concern” 

 

 1994 Not Warranted 12-month finding – Range “generally 
recognized” as including 14 states, but FWS believes that some of 
these states “never supported viable populations of lynx over time” 

 

 1998 Proposed Rule – “Based on majority view of respondents and 
best data available, the Service has determined that, historically, the 
Canada lynx was a resident species in 16 States in the contiguous 
U.S.”   





Chapter 8—McKelvey 244 

Figure 8.17—Spatial distribution of lynx occurrence data from 1842 to 1998 (Table 8.1). 



Data from Novak et al. 1988 



Lynx periodically move south from  
Canada after irruptions 

Figures from McKelvey et al. (2000) 
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Figure 8.17—Spatial distribution of lynx occurrence data from 1842 to 1998 (Table 8.1). 
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Verified vs. Anecdotal Occurrence Data 

Lynx or Bobcat? 





 1997 Warranted but precluded; first DPS designation 
 “…discrete based on international boundary and differences in 

status and habitat management between the U.S. and Canada” 
 Significant - southern extent of range; climatic, vegetational, and 

lynx/hare population dynamics differences 
 

 1998 Proposed rule to list DPS as T 
 “Extirpation of the DPS would result in a significant gap in the 

range of the taxon” (added to significance rationale above) 
 

 2000 Final rule, 2003 Remand, and 2007 SPR clarification 
 Each of the 4 geographic areas of the DPS (Northeast, Great 

Lakes, S. Rockies, and N. Rockies/Cascades) is discrete, but none 
individually is significant to the taxon, therefore a single DPS 

DPS and Listing History 



 6 geographic areas known or thought to support 
resident lynx populations in the DPS:   
 1. Northern Maine (& northernmost NH and VT) 
 2. Northeastern Minnesota  
 3. Northwestern Montana/Northeastern Idaho  
 4. North-central Washington 
 5. GYA of southwest Montana/northwest Wyoming 
 6. Western Colorado – introduced population 

Current DPS Distribution 
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Presenter
Presentation Notes
Are these really population losses?  Populations that were sources to other areas or just sinks when main populations where high…?
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Lynx Status in Southern Canadian Provinces 
Nationally secure, widespread, abundant 

Y 
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Presentation Notes
What do colors mean?  Green blue red ?



 Representation 
 Few threats to the genetic fitness or adaptive 

capacity of lynx in the DPS 
High gene flow; no major barriers to dispersal 
 

 Adaptability and evolutionary capacity of the 
DPS does not appear to have been diminished 
and is unlikely to become so, independent of 
threats that may impact the redundancy and 
persistence of lynx populations 
 

Expert Elicitation Workshop 



 Redundancy 
 DPS as a whole is not vulnerable to extirpation 

from a single catastrophic event 
No catastrophic event that could result in the 

functional extirpation of the entire DPS 
 
 

 No or a very low likelihood of functional 
extirpation of any of the individual geographic 
units due to a single catastrophic event 
 

Expert Elicitation Workshop 



 Resiliency – probability of persistence of resdient lynx populations 
in each geographic unit  

 

Expert Elicitation Workshop 
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Presentation Notes
Need to speak specifically to the confidence of experts in responding to our request to “estimate persistence over time”



 Resiliency – probability of persistence of resident lynx populations 
in each geographic unit  
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 Resiliency – probability of persistence of resdient lynx populations 
in each geographic unit  
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 Resiliency – probability of persistence of resdient lynx populations 
in each geographic unit  

 

Expert Elicitation Workshop 



 Responses:  Resiliency 
 All 5 occupied units have >70% expectation of 

supporting resident lynx populations by year 2050 
 

 Declining likelihood and greater uncertainty by 2100 
– only one unit has >50% probability of persistence 

 

 Responses suggest overarching threat to long-term 
persistence of DPS is climate change 
 Loss of snow conditions favorable for lynx 
 Subsequent (lagged) loss of boreal forest habitats 
 Timing and magnitude of such losses are uncertain 

 

Expert Elicitation Workshop 

Presenter
Presentation Notes
Again, what is confidence of experts around these percentages…



Draft SSA Report -  

 Lynx SSA Team largely in agreement with experts regarding 
the 3 Rs and persistence of resident populations in the DPS 
 Maine and Minnesota – Some team members more pessimistic 
 Colorado – One team member more optimistic 

 

 Projected continued warming appears to be largest threat 
 Lynx habitat likely to shift northward and upslope 
 Lynx habitats and populations in the DPS will become smaller, 

more fragmented/isolated (reduced resiliency) 
 Functional extirpation of some DPS populations likely in the 

future (reduced representation and redundancy) 
 Much uncertainty regarding timing and magnitude  

Presenter
Presentation Notes
Assume you will explain what you mean about bullet one. Less and more optimisticBullet 2.  continued warming appears to be largest threat. We cant really say it IS.  If it is and climate continues to warm in lynx habitat then you would get the rest…



Peer Review Summary 

 



State Agency Review Summary 

 



Questions? 
Canada Lynx / © Ted Swem 



Supporting Slides Below 



 Overall message of the expert workshop report 
 

Expert Elicitation Workshop 





Lynx SSA Unit Ownership 

Unit1 
Unit Size 

(km2) 
Percent of 
SSA Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal All Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 



 1982 – VNOR: Lynx lynx (Eurasia, Canada, Northern U.S.) 
 Category 2 candidate for listing 

 

 Early 1990s – Several petitions & related 90-day findings 
 

 1994 – Not warranted 12-month finding, contiguous U.S. 
 

 1997 – Warranted but precluded; first DPS designation 
 

 “…discrete based on international boundary and differences in 
status and habitat management between the U.S. and Canada” 

 

 “…biologically and/or ecologically significant simply because 
they represent the southern extent of the species’ overall range” 

Listing History 



 1998 – Proposed rule to list DPS as T 
 Factors A, B, D, and E 
 “Extirpation of the DPS would result in a significant gap in the 

range of the taxon” (added to previous significance rationale) 
  

 2000 – Final rule listing DPS as T 
 Only Factor D - inadequacy of regulatory mechanisms on federal 

lands – particularly USFS and BLM plans 
 “significant gap” dropped; none of 4 regions in DPS individually 

discrete and significant, therefore a single DPS 
 

 2003 – Remanded determination (clarification of findings) 
 DPS is T, not E; Still only Factor D, but reduced threat (CAs) 
 Still a single DPS 

  
 

Listing History 



 2007 – SPR Clarification 
 “…differences in management of lynx and lynx habitat were 

sufficient to enable us to use the international boundary…to 
delineate the DPS according to the discreteness criterion” 

 “…significant to the taxon under the DPS Policy because of the 
climatic, vegetative, and ecological differences between lynx 
habitat in the contiguous U.S. and that in northern latitudes…” 

 “Marginal habitat for lynx, no matter how large, is not a 
significant portion of the range of the lynx because it cannot, and 
has never been able to, support resident lynx populations for any 
length of time” 

 Each of the 4 geographic areas of the DPS (Northeast, Great 
Lakes, S. Rockies, and N. Rockies/Cascades) is discrete, but none 
individually is significant to the taxon  
 
 

Listing History 



 

 

Recovery and Critical Habitat 

 2005 Recovery Outline focused on interim conservation 
measures in 6 “Core” areas 
 Historic/current resident population(s); reproduction; 0.5 

hares/ha; >= 1,250 km2 habitat 
 S. Rockies (western CO and south central WY) - “provisional” 

core area 
 

 CH designated 2006, revised 2009 and 2014 
 Sept. 2016 - Court remanded 2014 CH rule 

 Ruled Service was arbitrary and capricious in not designating CH in 
Colorado 

 Inadequate evaluation of PCE on 5 NFs in MT and ID 
 We have not determined next steps in our response to this litigation 



Lynx Diagnostic Features 
(versus bobcat) 

Black-tipped tail Long black ear tufts 

Long hind legs Very large paws 



How Many Lynx in Maine? 
 In 2003 remand at 68 FR 40094: "At its peak in the late 1990s, 20-25% of the 

forest in Maine was in an early-regen. stage (Gadzik et al. 1998)...," [due to the 
budworm induced clear-cutting of the 1970s and 80s], "...which is unnaturally 
high and out of proportion to historic conditions when only 3-7% of the 
forest was in this stage of regeneration (Krohn 2003)." 
 
20-25% is 2.9 - 8.3 times as high as the historic condition. If the lynx pop. 
size supported by the "unnaturally high" condition is thought to be about 
1,000 lynx, it suggests the historic condition (if a linear or nearly so 
relationship [which it probably is not]) would have supported a pop. of 120 - 
350 lynx. 
 
It appears the assessment was on all 17 million acres of forest in ME, not just 
on the good lynx stuff in the north, so whether 120 - 350 might be a 
reasonable/justifiable conservation/ recovery target is debatable. 

 



Range Contraction? (Poole 2003) 



Three Rs 
 Representation contributes to the adaptability and evolutionary capacity of a 

species over time, to accommodate long term issues like climate change. The 
breadth of genetic ecological, demographic, and behavioral diversity across a 
species’ range may contribute to its capacity to adapt over time. Measures of 
genetic and life history variability among populations, distribution of populations 
across a range of ecologically diverse locations or niches, etc., are useful proxies to 
measure. 

 

 Redundancy contributes to the ability of population types to withstand 
catastrophic events (hurricanes, wildfires, etc.). The number and distribution of 
populations of each representative type contribute to the retention of various 
representative types despite catastrophic events by ensuring that the loss of a 
population doesn’t lead to the loss of representation. 
 

 Resiliency speaks to an individual population’s ability to tolerate environmental 
and demographic stochasticity, such as fluctuations in temperature or genetic drift. 
It is often measured in terms of population size and growth rate, but in fact is 
dependent on a number of traits, both demographic and environmental. These 
include, among others: age or stage class distribution, genetic heterogeneity, birth 
rates  annual survivorship  sex ratios  etc  and the quality and extent of habitat  the 
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Subject: powerpoint
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I made some small edits (first page overview -removed to decision makers-they know you are
giving them this presentation) and asked some questions in notes on slide pages (and made
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Office Supervisor
Montana State Ecological Services Office
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Shelterwood is not providing significant hare-lynx habitat because:
• Out of 100 stands cut – 40 will be shelterwood – of those 10% or 4 

stands out of 100 will be spruce-fir; shelterwood most frequent in 
hardwood and mixed wood stands = not lynx habitat

• Shelterwoods are small <10 acres in spruce-fir because of problems with 
windthrow – avg. size stand used by lynx was 80 acres

• 20% of stand in skid trails on initial entry, 40% in skid trails on final entry 
– much of hare habitat value gone after second harvest



n=2, 
outlier/anomaly/not 
random shelterwood 
stands that received an 
unusually heavy initial 
harvest and were never 
re-entered for overstory 
removal.  Dropped from 
study after 2011.

High hareλ = 1.16 Low hareλ = 0.88 

Lower percentage of females reproducing; smaller litter sizes, but 
adult survival the same during high and low periods



• Declining harvest = depressed wood market – mill closures in ME
• Shelterwoods have shifted from initial entry (late-1990s) to final 

entry (~2002 to present)
• Second entry comes just as stands are supporting higher hare 

densities – up to 40% of understory is crushed in OSR











From: McCollough, Mark
To: Jim Zelenak
Subject: Maine slides that may be helpful tomorrow
Date: Wednesday, March 01, 2017 9:51:10 PM
Attachments: Lynx decision mtng Denver 3.2.2017.ppt

Its hard to know where the conversations will take us, but here are some slides pertaining to
the Maine habitat issues raised by MDIFw that could come up tomorrow.  I don't have a
thumb drive with me, so maybe you could put them on your desk top in case we need them.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
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Mark McCollough, Ph.D.
Endangered Species Specialist
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East Orland, Maine 04431
Telephone: (207) 902-1570
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-- 
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Mid-Atlantic Sciences 

ATKINS 

1616 E. Millbrook Road 

Suite 310 

Raleigh, NC 27609 

 

28 February 2017 

 

Dear Mr. Cusack; 

 

Thank you for the opportunity to serve as a peer-reviewer for the US Fish and Wildlife Service’s 

Species Status Assessment for the Canada Lynx (Lynx canadensis) contiguous United States 

Distinct Population Segment.  Below are my comments that can be shared with the USFWS as 

they proceed with their review of the species. 

 

If you have any questions about my review please contact me my e-mail at 

mkschwartz@fs.fed.us. 

 

Sincerely, 

 

 
 

Michael K. Schwartz, Ph.D. 

mailto:mkschwartz@fs.fed.us
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I have reviewed Version 1.0 of the US Fish and Wildlife Service’s Species Status Assessment for 

the Canada Lynx (Lynx canadensis) contiguous United States Distinct Population Segment.  This 

document was produced by the USFW Regions 1, 3, 5, and 6 and was designed to be the 

scientific basis for the USFWS 5-year status review for lynx.   

 

In my opinion this is a well-written, well-researched document that will provide important 

guidance for making decisions regarding the future of the species.  The SSA team clearly present 

peer-reviewed information and are unambiguous as to when statements are scientifically based or 

whether they are projections based in expert opinion.  The document is also very detailed, 

accurately capturing the current state of research for the Canada lynx in the contiguous United 

States. In fact, if there was a general criticism that could be levied against this document it would 

be that it is repetitive at times with the same facts reiterated multiple times throughout.  This is 

largely due to the way the chapters are structured with first presenting general information, then 

describing current conditions of each unit, and finally going through the same units again 

projecting future conditions.  A more concise format could shorten this document substantially. 

 

I have five major comments/concerns that I outline below.  These five comments are: 1) I don’t 

believe that the resiliency/redundancy/representation framework is comprehensive, 2) the 

population estimates of several populations are optimistic, 3) resiliency/redundancy is optimistic 

because of the inherent assumption that the six units are functioning independently, 4) the 

importance of connectivity is undervalued, and 5) the importance of genetic drift is 

underappreciated. 

 

The 3R Framework Misses Important Components Important Conservation Biology Ideas 

 

I value the consistency that the USFWS is trying to obtain by using a standard framework that 

emphasizes resiliency, redundance, and adaptability (representation).  However this framework 

misses important ideas of historical range representation and connectivity.   

 

I believe contemporary versus historical distribution needs to be elevated to one of the main 

“conservation biology principles” evaluated. The document contains detailed distribution 

information (section 2.3) but this is used as a factor in the 3R section, not as a goal in and of 

itself. In other words, conservation priorities should be that populations are resilient, redundant, 

adaptabile/representative and have recovered to some historical extent.  There are several species 

that have multiple, small but independently growing populations, but are only at a small 

historical extent of their former range.  Thus the persistence of the species may be assured in the 

short run, but its recovery and return as an ecologically functional element is incomplete.   

 

Similarly, connectivity is another “conservation biology principle” that needs to be elevated.  

Connectivity plays a role in both resiliency and redundancy while influencing representation, yet 

it needs to be an overarching goal for recovery.  The literature strongly supports the idea that for 

long run persistence small populations must be strongly connected to one another or to a larger 

source population. 

 

In summary, I think this framework needs to be the 5Rs: resiliency, redundancy, representation, 

range (comparison to historical extent) and relationships (connectivity).  The conservation 
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biology literature supporting the need for the last 2 Rs which prevent isolation and enhance the 

likelihood of long term viability. 

 

Even within the current 3R structure, the framework established via the conceptual models 

(Figures 2-5) is incomplete.  I found these figures to be more of a distraction to the document 

than a helpful way of organizing information.  For example, in Figure 2 there should be arrows 

between stochastic events and genetic diversity, and between the distribution of viable 

populations and genetic diversity.  There is clear evidence that stochasticity influences the 

genetic diversity of small populations several ways.  First genetic drift, a key way in which 

populations lose genetic diversity when population size is small, is a stochastic process.  Second, 

stochastic events that influence population viability, create small populations which then leads to 

reductions in genetic diversity.  Similar problems exist in figure 3 as arrows are needed between 

insect outbreaks, wildfire, drought, disease, and population influx via immigration. I don’t 

believe it is worth fixing these figures; they should be removed.   

 

 

Optimistic Population Estimates 

The SSA is honest in its uncertainties and assumptions section that empirical evidence on 

population size is lacking.  However there were several locations throughout the document where 

estimates were based on converting suitable habitat to number of individuals (presumably by 

assuming a home range size and some overlap among the sexes).  This approach assumes that the 

fundamental niche (habitat suitability) equals the realized niche (habitat suitability limited by 

competition, species interactions, etc).  This is almost never the case.  One example of this likely 

overestimation is in Minnesota where the SSA suggests that there are between 190-250 

individual lynx in the area (pg. 120).  Despite the next sentence claiming that the actual number 

of lynx is unknown, this high estimate is carried throughout the document.  DNA based surveys 

on the Superior National Forest, conducted in conjunction with the USFS National Genomics 

Center for Wildlife and Fish Conservation have never produced numbers nearly this high.  I 

suggest the USFWS revisit the population estimate of lynx in MN and for planning purposes 

consider using a much lower number. 

 

The opposite may be true in Wyoming.  Here there is a consistent signal of lynx from at least the 

1970s onwards (p 41, 147 SSA) with strong signals at the beginning of the 21st century.  The 

SSA then notes that lynx have been absent from Wyoming since 2010, suggestive of range 

decline.  While this may be true, I suggest interpreting this result with caution as effort to detect 

lynx appears to have dramatically declined since 2010.  Lynx from Colorado are no longer radio-

tracked (and older radios have suffered battery failure by now).  Furthermore, I believe that track 

and hair snare survey effort was diminished between 2010 and 2016.   

 

 

Resiliency/Redundancy is Optimistic Due to Violation of Independence Assumption 

Resiliency of the DPS of a whole depends in part on redundancy, which is created by having 

independent units within the DPS.  Redundancy ensures that one catastrophe (e.g., a large / 

catastrophic wildfire) cannot eliminate all existing lynx at once.  If one takes the product of the 

expert estimated probability of persistence through 2100 of each Geographic Unit there is only a 

very small chance (0.003) that extirpation in the contiguous United States will happen.  
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However, this assume that each unit is completely independent of the other.  Climate change, not 

defined by the SSA team as a catastrophic event, is a variable that will link the fate of the lynx 

populations/units across the entire DPS.  It is conceivable that each unit will decline due to lower 

future snowpack such that resiliency of the DPS is in jeopardy.  In other words, there is no longer 

redundancy if one factor can eliminate the independence of all the lynx populations.  I would like 

to see this lack of independence considered in the conclusions and in the executive summary. 

 

Connectivity Undervalued 

Most of the units in the DPS are adjacent to the larger population of lynx in the Canadian boreal 

forest.  Populations in the United States are likely to be dependent on the cyclic nature of lynx in 

Canada; booms in the Canadian boreal forest populations of lynx lead to dispersal which 

augments or even recolonizes U.S. populations.  When we conducted our genetic studies across 

the geographic range (Schwartz et al. 2002, 2003) there was estimated connectivity to the 

peripheral populations.  However, conditions may have changed in the last 15 years.  At the time 

we viewed the lynx dynamics in the southern portion of the range to be analogous to a tide pool 

(southern populations filling up occasionally when the large booms occurred in Canada).  

However, if the tide is less frequent or the distance between the tide and the pools becomes 

greater pools dry up.  If this model is correct for lynx population dynamics, then connectivity is 

essential for persistence  

 

The Seeley Lake population may be an example of this.  It has a population growth rate (λ) = 

0.92.  Without immigration a population of 100 individuals and λ =0.92 would be halved in 10 

years, diminished to ~20% the original size in 20 years, and extinct well before 50.  Yet, a simple 

population viability analysis can be built to show that immigration of less than1 female a year on 

average call provide population stability and even growth.  Thus is seems likely that Seeley Lake 

and other populations are being sustained by low levels of connectivity. 

 

If each of the populations at the border with Canada (WA, MT, MN, ME) suffer reduced 

connectivity, due to climate change or because there have been no large amplitude cycles in the 

past decades, they are again not completely independent and less redundant than the document 

and the experts suggest.  

 

Genetic Drift is Undervalued 

 

Several times throughout the document (pg 11, 219, etc.) there are comments like “there seems 

to be little risk of significant genetic drift” (page 11).  If each of the populations are isolated from 

the Canadian boreal populations this statement is false.  Genetic drift occurs at a rate that is 

inversely proportional to two times the effective population size per generation.  The effective 

population size is likely equivalent to approximately 10% of the census size of a population.  If 

Minnesota and Washington each have 50 lynx (pg 216) this could equal an effective population 

size of ~5, which would equate to a rate of drift of approximately 10% per generation.  Loss of 

genetic variability, which equates to loss of adaptive potential, would be extremely high.  It has 

been shown that populations with small effective population sizes, and high rates of genetic drift, 

can have lower survival and reproduction rates.  These reduced vital rates exacerbate an 

extinction vortex that may have produced low population numbers in the first place.  Genetic 
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drift may be a very serious problem for Canada lynx in the contiguous United States.  Gene flow 

/ connectivity can alleviate drift. 

 

Conclusions 

Overall, this is a very well-produced document that has been carefully thought out.  It is 

complete and comprehensive.  The conclusions are largely well supported.  My only concern is 

that it may be too optimistic for the future of lynx in the contiguous United States.  There are 

symptoms of serious problems throughout much of the range.  Even the most robust populations 

(MT and ME) show either show some sign of decline (MT with a negative population growth 

rate in Seeley Lake and a loss of a peripheral population in the Garnet range) or have projections 

of major habitat change due to both climate and socio-economic change in the region.  Unless we 

see a large dispersal event from the Canadian boreal forest in the near future I would expect to 

see each population chiseled away slowly over the next few decades.  On the other hand, I agree 

with the experts that over the very short time frame there appears to be little risk of extirpation of 

lynx in the contiguous United States. 



From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: Request for Proposal TASK ORDER= PEER REVIEW LYNX
Date: Thursday, March 02, 2017 11:55:05 AM
Attachments: Schwartz Review of Canada Lynx SSA.PDF

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Date: Thu, Mar 2, 2017 at 11:01 AM
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX
To: "Bush, Jodi" <jodi_bush@fws.gov>
Cc: "Cogdell, Benjamin E" <Benjamin.Cogdell@atkinsglobal.com>

Hi Jodi,

Attached is what I just received from Reviewer05.

 

Until I get the complete review from Reviewer03, which I don’t anticipate until after your meeting, I
believe this is all you are expecting to receive.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:matt.cusack@atkinsglobal.com
mailto:jodi_bush@fws.gov
mailto:Benjamin.Cogdell@atkinsglobal.com
mailto:Matthew.Cusack@atkinsglobal.com


Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, March 02, 2017 12:28 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Awesome Matt.  That helps and please forward me whatever you get from the last Peer
reviewer.  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Thu, Mar 2, 2017 at 9:56 AM, Cusack, Matthew T <matt.cusack@atkinsglobal.com>
wrote:

Hi Jodi,

 

There are three reviews that were outstanding. Below is their status. Good news is that two of
them came in overnight (at least partially).

 

1.      Reviewer03 (Harrison): Partial review is available with the comments tailored to support your
meeting. The full review will be available within the next week. Partial review is attached. Note
from reviewer “All of my important general comments are spelled out here, as well as my
specific comments that are referenced specifically to the first 50 pages of text.  Thus my
most important comments for FWS to consider are included here and hopefully can help in
the decision process.”

http://www.atkinsglobal.com/northamerica
http://www.atkinsglobal.com/
mailto:jodi_bush@fws.gov
mailto:matt.cusack@atkinsglobal.com
mailto:Benjamin.Cogdell@atkinsglobal.com
mailto:matt.cusack@atkinsglobal.com


2.      Reviewer04 (Squires): Review and General Comments attached (2017 01 06 DRAFT Lynx SSA
Report_JRS comments.pdf and SSA_Lynx_Comments_Squires.docx)

3.      Reviewer05: I have corresponded with them this morning and believe we will still get their
review today. I will forward it when I get it.

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, March 02, 2017 10:50 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt.  Any word on the last few peer reviewers?  We could really use those asap. Thanks JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Feb 22, 2017 at 10:27 AM, Cusack, Matthew T <matt.cusack@atkinsglobal.com>

mailto:Matthew.Cusack@atkinsglobal.com
http://www.atkinsglobal.com/northamerica
http://www.atkinsglobal.com/
mailto:jodi_bush@fws.gov
mailto:matt.cusack@atkinsglobal.com
mailto:matt.cusack@atkinsglobal.com


wrote:

Hi Jodi,

 

Attached are the unedited reviewers from the first two reviewers.

 

Please let me know if you have any questions or concerns.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 22, 2017 11:24 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Hey Matt.  Please get us what you have asap.  

 

Unfortunately, the Service's decision meeting is on March 3rd and if we receive the Peer
reviews that day we will be unable to use them in that meeting.  Please let your folks
know that we need their reviews asap, but NLT February 27 or 28 for us to be able to
discuss them during the agency decision meeting.  Thank you.  JB

 

mailto:Matthew.Cusack@atkinsglobal.com
http://www.atkinsglobal.com/northamerica
http://www.atkinsglobal.com/
mailto:jodi_bush@fws.gov
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Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Mon, Feb 20, 2017 at 6:38 AM, Cusack, Matthew T
<matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,

 

My apologies for the delayed response. I was out unexpectedly all week with the flu, which
was very hard on me.

 

As I am going through my emails from last week, I see that I have received two peer reviews,
which I will organize and deliver later today.

 

The other three are asking for more time, and have asked for March 3 due to a variety of
travel commitments.

 

I hope this will be acceptable, as I have been doing everything I can to work with the
reviewers so that you have a diversity of opinions.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences

mailto:matt.cusack@atkinsglobal.com


ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 15, 2017 1:41 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Hi Matt.  I am checking in on the status of the Peer Review.  Any idea when we see
them?  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Fri, Jan 20, 2017 at 3:21 PM, Cusack, Matthew T <matt.cusack@atkinsglobal.com>
wrote:

Hi Jodi,

 

Hope you are well!

 

mailto:Matthew.Cusack@atkinsglobal.com
http://www.atkinsglobal.com/northamerica
http://www.atkinsglobal.com/
mailto:jodi_bush@fws.gov
mailto:matt.cusack@atkinsglobal.com
mailto:Benjamin.Cogdell@atkinsglobal.com
mailto:jim_zelenak@fws.gov
mailto:matt.cusack@atkinsglobal.com


We are still in the process of some contracting, but the reviewers have adjusted their
schedules and have reported that they will have their reviews to Atkins by Friday, February
10. Just to make sure I have some time for late stragglers, I will have the draft, unfiltered
reviews to the USFWS on Monday February 13.

 

Once the USFWS has returned to me with confirmation that they see no red flags or
serious concerns that a reviewer misunderstood the materials, we will proceed with
developing the summary report that discusses the points of agreement and disagreement
between the reviewers and have that ready for your review by within two weeks of the
USFWS response to Atkins.

 

Does that schedule work for you? Should allow us to have everything finalized well in
advance of the April 30 end of the period of performance.

 

Have a great weekend!

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, January 20, 2017 11:00 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

mailto:Matthew.Cusack@atkinsglobal.com
http://www.atkinsglobal.com/northamerica
http://www.atkinsglobal.com/
mailto:jodi_bush@fws.gov
mailto:matt.cusack@atkinsglobal.com
mailto:Benjamin.Cogdell@atkinsglobal.com
mailto:jim_zelenak@fws.gov


Matt.  Just checking up on status of the Peer Review process.  I assume all reviewers
have received document (SSA) and you are proceeding ahead but wanted to check in.
 

 

Perhaps an updated version of the Schedule (p.8) from your proposal would be
warranted so we all understand the timelines.  Thanks.  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Mon, Jan 9, 2017 at 9:41 AM, Cusack, Matthew T
<matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,

 

We are in receipt of the SSA, thanks for sending.

 

I will let you know if we have any questions.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609

mailto:matt.cusack@atkinsglobal.com


Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, January 06, 2017 4:30 PM
To: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; Cusack, Matthew T
<matt.cusack@atkinsglobal.com>
Cc: jim_zelenak@fws.gov; Steve Gess <steve_gess@fws.gov>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Ben and Matt.  

 

Attached please find the final DRAFT Species Status Assessment for the DPS of
the Canada Lynx.  

 

Please note the specifics of the contract as you proceed. As we indicated in that
Scope of Work (SOW), the purpose of the review is to help us ensure that we have
used the best scientific and commercial information when we make our final
decision as to the current status of the lynx.  As a result, we are looking for
independent scientific perspectives on the comprehensiveness and logic of the
document, as well as how well the technical conclusions are supported by the data
and analyses. Peer reviewers should be advised that they are not to provide
advice on policy.

 

Questions for Peer Review (from the SOW)

 

Available Data
 

1.      Please identify any oversights or omissions of data or information, and
their relevance to the assessment. Are there others sources of information
or studies that were not included that are relevant to assessing the viability
of this species? What are they are how are they relevant?

 

mailto:Matthew.Cusack@atkinsglobal.com
http://www.atkinsglobal.com/northamerica
http://www.atkinsglobal.com/
mailto:jodi_bush@fws.gov
mailto:Benjamin.Cogdell@atkinsglobal.com
mailto:matt.cusack@atkinsglobal.com
mailto:jim_zelenak@fws.gov
mailto:steve_gess@fws.gov


2.      Provide advice on the overall strengths and limitations of the scientific
data used in the document. Have the authors been explicit about
assumptions and limitations of, and concerns regarding, the data, and are
these appropriately qualified or explained? Are there concerns that the
Service did not identify, and if so, how relevant are these concerns to the
assessment of viability of lynx in the contiguous U.S.? Are there any
inconsistencies in how the data are presented or assessed?

 
Analysis of Available Data

 

3.      Have the assumptions and methods used in the SSA report been clearly
and logically stated in light of the best available information? If not, please
identify the specific assumptions and methods that are unclear or illogical.

 

4.      Are there demonstratable errors of fact or interpretation? Have the
authors of the SSA report provided reasonable and scientifically sound
interpretations and syntheses from the scientific information presented in
the report? Are there instances in the SSA report where a different but
equally reasonable and sound interpretation might be reached that differs
from that provided by the Service? If any instances are found where this is
the case, please provide the specifics regarding those particular concerns.

 

5.      Provide feedback on the inclusion and portrayal of uncertainty in the
SSA report. Have the scientific uncertainties present given the data and the
analyses conducted been clearly identified and has the degree of
uncertainty been appropriately characterized? If not, please identify any
specifics concerns.

 

Please remind Peer Reviewers (as per text in SOW and required in correspondence
with Peer Reviewers) of the following:

 

The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife
Service is using to improve transparency while conducting listing determinations
and other Act actions, and peer review of our analyses of the viability of species is
part of that new process.  The attached draft SSA report is a rough draft; we are
seeking comments at this stage to ensure that we have time to incorporate any
substantial comments as we finalize the report.

 

In reviewing the document, please note that this draft SSA report does not result in
or predetermine a decision by the Service on whether the Canada lynx warrants



protections of the s Act.  This document is strictly a characterization of the
viability species’ viability in the contiguous United States.

 

As a reminder, all peer reviews and comments will be public documents, and
portions may be incorporated verbatim into the Service’s final decision Document,
should there be one, with appropriate credit given to the author of the review.  If
you do not want your name to appear in a final decision document, as published in
the Federal Register, please inform us of this as soon as possible. 

 

In general we ask that your comments on the draft SSA report focus specifically on
whether the best available information was used, the quality of the scientific
information,  and our interpretation and analyses of the data with regard to the
species’ viability in the contiguous United States.  We request that you direct your
review to the scientific issues and assumptions related to your expertise.

 

 

A list of literature cited is included in the report and we have most of these
documents available in pdfs (although not all).  We can send you a thumb drive or
cd as you wish with what we have.  Please let me know your preference and an
address to have them fed-exed too.    

 

We look forward to your responses.  If you have questions, please contact our lead
for this project: Jim Zelenak at (406) 449-5225, ext. 220 or at
Jim_Zelenak@fws.gov.  Thank you.  JB

 

 

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

mailto:Jim_Zelenak@fws.gov


(406) 449-5225, ext.205

 

 

On Thu, Jan 5, 2017 at 2:36 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Ben and Matt.  Just a heads up.  I wanted to let you know that the document for
review (Draft Lynx SSA) will be coming later today or first thing tomorrow.  I
have also asked our contracting agent to extend the contract so you have enough
time to complete the review.  Thanks. JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Sep 7, 2016 at 12:01 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Hi Ben.  We are getting pretty close but probably won't see a document ready
to review for at least a few more weeks.  I'll keep you posted.  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov


On Wed, Sep 7, 2016 at 9:52 AM, Cogdell, Benjamin E <Benjamin.Cogdell@
atkinsglobal.com> wrote:

Jodi,

I am working with Matt Cusack on the Canada Lynx peer review
document.  Do you have an update on the Draft Species Status Assessment
(Document 1 listed below)?

 

Thank you,

 

Ben Cogdell

Scientist

ATKINS

1616 East Millbrook Road, Suite 310, Raleigh, NC 27609 | Tel: +1.919.431.5226 | Fax:
+1.919.876.6848

Email:benjamin.cogdell@atkinsglobal.com| Web: www.atkinsglobal.com/northamerica 
www.atkinsglobal.com

 

From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Thursday, July 28, 2016 2:58 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks
<kaimy_marks@fws.gov>; jim_zelenak@fws.gov
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW
LYNX

 

Matt,  Sorry for the delay in responding to your questions; I
was out of town on business and just returned today.  Your
questions were however,  forwarded to Jim Zelenak whom
works with Jodi Bush. He sent me the following responses:  I
think these should answer your concerns.

 

Document 1 - the Species Status Assessment for the lynx DPS (SSA
Report) - is the document that we (FWS) need to have peer-reviewed.  We
are working now to complete the draft SSA report, and we hope to have it
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done very soon (in the next week or so).  It will then go through internal
review and editing before it is ready to send out for peer review. I'm not
sure how long internal review will take - the DPS covers 4 FWS regions
and 10-15 states depending on how you want to slice it - but the internal
review will be on as fast a time line as possible.

 

Document 2 - The Final Report from the expert elicitation workshop is a
supporting FWS document that we want to provide to peer-reviewers,
though we are not seeking peer review on this document itself.  Most of the
potential peer reviewers likely already have the report because they either
participated in the workshop of were provided the report when it was
completed. The final report is on our Region 6 lynx web page under the
SSA tab (Appendices and Expert Presentations are also there); here is the
direct link to the report:

 

https://www.fws.gov/mountain-prairie/es/species/mammals/
lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%
20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf

 

Document 3 - the revised LCAS - is also a supporting document that
candidate peer reviewers probably already have, though we wanted to
provide it because we rely on it in the SSA report. It can be found and
downloaded here:

 

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_
revisedAugust2013.pdf

 

Let me know if you would prefer that I send you PDFs of these.

 

We will let you know when the Draft SSA Report is undergoing internal
review when we will have a better idea of the timing of when it will be
ready for peer review.

 

 

 

Steven C. Gess, CPPO

https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
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https://urldefense.proofpoint.com/v2/url?u=http-3A__www.fs.fed.us_biology_resources_pubs_wildlife_LCAS-5FrevisedAugust2013.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=WfVHf_XQZGHn_4RLp5v09MqjZ59GaPEkBwWHG9vxkq0&e=


Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

 

From: Cusack, Matthew T [mailto:matt.cusack@atkinsglobal.com] 
Sent: Tuesday, July 26, 2016 9:56 AM
To: Steve Gess
Cc: Jodi Bush; Kaimy Marks
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Thanks Steve,

 

Can you please provide the following items that were indicated as being
provided in the Scope of Work?

 

1. 1) Species Status Assessment for the contiguous United States
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NOTE ABOUT THIS DRAFT DOCUMENT, DECEMBER 2016 
 
This is a preliminary draft document of the U.S. Fish and Wildlife Service. This draft species status 
assessment report has not undergone peer review, and it should not be cited or referenced as an 
agency document. At this time it is intended for the sole purpose of soliciting scientific reviews 
from expert peer reviewers selected by the Service, from State and Federal partners with expert 
knowledge of the species and its habitat, and from internal reviewers by Department of Interior staff. 
The document is not intended to solicit public comment. This document will be revised after this 
scientific review. This document does not predetermine any future agency decision under the 
Endangered Species Act. For more information contact Jim_Zelenak@fws.gov.     
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Executive Summary  
Background 
  
This report presents the results of a species status assessment (SSA) conducted for the 
contiguous United States (U.S.) distinct population segment (DPS) of Canada lynx (Lynx 

canadensis). The DPS was listed in 2000 as threatened under the Endangered Species Act 
(ESA) because of the inadequacy, at that time, of existing regulatory mechanisms on Federal 
lands. The SSA will provide the scientific basis for the statutorily required 5-year status review 
for this listed species and other decisions the U.S. Fish and Wildlife Service (Service) is 
required to make in accordance with the ESA. The SSA provides an evaluation of the current 
and possible future conditions for lynx in the six geographic units within the DPS that currently 
support or recently supported resident lynx populations. The units are distributed across the 
northern contiguous U.S. from Maine to Washington and south along the Rocky Mountains to 
western Colorado (Figure 1). 
 

 
Figure 1. Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis). 
 
These units encompass the geographic areas in the contiguous U.S. with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations 
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and, combined, they represent approximately the southern two percent of the species’ entire 

breeding range (98 percent occurs in Canada and Alaska). The units are relatively isolated from 
each other, but four of the six units are directly adjacent to lynx populations and habitats in 
Canada. Although lynx are regularly or occasionally documented in other parts of the northern 
contiguous U.S., usually peripheral to the SSA geographic units, the ability of these peripheral 
areas to support persistent resident lynx populations remains questionable. Lynx may occur in 
such areas as small and ephemeral breeding populations or as occasional dispersing or 
transient individuals. The locations and sizes of the SSA geographic units are summarized in 
Table 1. 
  
Table 1. Canada Lynx SSA Geographic Units.  

Unit No. Unit Name and Location Unit Size (km2) 

Unit 1 Northern Maine 28,909 

Unit 2 Northeastern Minnesota 21,101 

Unit 3 Northwestern Montana/Northeastern Idaho 26,997 

Unit 4 North-central Washington 5,176 

Unit 5 Greater Yellowstone Area 23,687 

Unit 6 Western Colorado 25,294 
 
 
This report represents the Service’s evaluation of the best available scientific information, 

including the formally-elicited professional judgments and opinions of recognized lynx experts. 
Based on this information, we:  (1) describe the ecological requirements and population 
dynamics of the species; (2) evaluate the historical and current condition of lynx populations in 
the DPS, including the six geographic units, and the factors that appear to have influenced 
them; and (3) assess the future viability of the DPS in the near term (through the year 2025), 
mid-term (through 2050), and through the end of this century in terms of the conservation 
biology principles of resiliency, redundancy, and representation (the “3 Rs”).  
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests having 
long winters with deep, fluffy snow and abundant snowshoe hares, which typically comprise >90 
percent of the lynx’s year-round diet. The lynx has evolved morphological adaptions (long legs 
and large paws) that allow it to efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (e.g., bobcats, coyotes). These characteristics 
provide lynx with a seasonal (4-5 months in most of the DPS) competitive advantage over other 
hare predators and allow them to occupy habitats that are unavailable to some of their 
competitors. 
 
The DPS occurs at the southernmost margin of the species’ range and of the environmental 

thresholds of snow quality, depth, and persistence; hare density; and boreal forest conditions 
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that lynx require. Because of this, lynx habitats and, thus, lynx are naturally less abundant and 
more patchily distributed in the DPS than in the core of the species’ range in Canada and 

Alaska. Maintaining connectivity between the DPS and lynx populations in Canada is thought to 
be important, but whether the demographic and/or genetic health of DPS populations depends 
on intermittent immigration of lynx from Canada and, if so, to what extent remain uncertain. 
 
Research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, and population dynamics of 
lynx in the contiguous U.S. For example, analysis of historical records in the U.S. and Canada 
indicated that many lynx records in the contiguous U.S. coincided with intermittent “irruptions” 

(mass dispersal events) of lynx from Canada into the northern U.S. when hare populations in 
Canada underwent cyclic declines (every 8-11 years). During these irruptions, large numbers of 
lynx occurred temporarily in (and disappeared quickly from) areas that we now believe are 
naturally incapable of supporting resident populations. 
 
Additionally, although we knew resident lynx occurred in Maine, we lacked information on the 
historical and recent distribution and quality of lynx habitat. We now know that forest 
regeneration after large-scale clear-cutting in the 1970s and 1980s has contributed substantially 
to the current broad distribution of high-quality habitat in northern Maine, which currently 
supports the largest resident lynx population in the DPS. Similarly, we were uncertain if 
Minnesota supported a resident breeding population, but we now know that a persistent 
population occupies the northeastern corner of the state. Research and monitoring also suggest 
that lynx and habitats in the western U.S. are naturally less abundant and more patchily 
distributed than was thought at the time of listing, and lynx may have been extirpated recently 
from several areas thought to have previously supported small resident populations (e.g., the 
Kettle Mountains in northeastern Washington, the Garnet Mountains in western Montana, and 
the Greater Yellowstone Area of southwestern Montana and northwestern Wyoming). We also 
know that recent extensive wildfires in north-central Washington have temporarily reduced the 
amount of high-quality lynx habitat and have probably caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999 to 2006 and the 
subsequent survival and reproduction of some of these lynx and their offspring, resident lynx 
currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographical unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation as the framework for assessing current and future conditions. 
Resiliency describes the ability of the species to withstand stochasticity, redundancy describes 
the ability of the species to withstand catastrophic events, and representation describes the 
ability of the species to adapt over time to long-term changes in the environment. The 3 Rs can 
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be influenced by any number of factors. For lynx, the factors evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS. Additionally, consistent methods to monitor hare and lynx habitats 
have not been implemented throughout most of the DPS. And importantly, given the emerging 
role of climate change as a stressor, uncertainties about the rate and extent of projected future 
declines in snow quality, depth, and persistence, and in the northward and upslope retraction of 
boreal, subalpine, and montane forests constrain our ability to precisely predict effects on lynx 
and snowshoe hare populations and habitats, including to what degree these changes may 
affect interactions between lynx and their competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, 

including the DPS, than in the core of the species’ range in Canada and Alaska. 
 

● We assume that as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 

populations. 
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● We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and 
persistent) to express a competitive advantage over bobcats and other terrestrial hare 
predators, and that in the absence or loss of these conditions, lynx will be displaced by other 
hare predators.  
 

● We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 
a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to do so as long as those 
measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume 
conditions for delisting would include requirements and incentives to continue to conserve 
lynx and its habitats and to try to assure persistence of resident lynx populations in those 
places that can support them in the DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through 
year 2100. Beyond that time frame, uncertainty regarding the potential impacts of climate 
change and other potential stressors to lynx populations in the DPS becomes so great as to 
preclude meaningful analysis or projections of viability. 
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous U.S. is likely somewhat smaller than 
the historical distribution because of the potential loss of small populations in several places 
(e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern New York, Isle 
Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, more recently, 
the Greater Yellowstone Area of Southwestern Montana and northwestern Wyoming, and 
perhaps the Garnet Mountains in western Montana). However, based on verified historical 
records, we lack compelling evidence that the current distribution and relative abundance of 
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resident lynx in the DPS range are substantially diminished from historical conditions, and 
resident populations continue to persist in the geographic areas with the strongest historical 
evidence of an ability to support them. Nonetheless, in many parts of the DPS range habitat 
features (forest distribution and structure, hare densities, and snow conditions) appear to exist 
at or just above thresholds thought necessary to support persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency among lynx populations in the DPS. Among these units, lynx in Maine appear to have 
recently demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the Garnet Mountains of Unit 3 (a small and somewhat isolated 
mountain range at the southern periphery of Unit 3) may suggest a recent decline in resiliency in 
this part of the unit. The persistence of lynx in north-central Washington (Unit 4) despite the 
substantial recent wildfire-mediated loss of habitat suggests resiliency in that population. 
However, the post-fire increase in home range size and likely decrease in lynx numbers may 
indicate the population in Unit 4 is currently less resilient (less able to persist if additional or 
similar habitat losses occur) than it was previously. Among the other two geographic units, the 
current absence of resident lynx in the GYA (Unit 5) despite the large proportion of lands in 
conservation status (e.g., national parks and designated wilderness areas) may indicate the 
naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate historically inadequate resiliency in this unit. However, the recent 
persistence of resident lynx in this unit following the 1999-2006 introduction of 218 Canadian 
and Alaskan lynx suggests recent resiliency thus far. We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have 
declined recently in several geographic units. 
 
Redundancy – The current broad distribution of resident lynx populations in large, 
geographically discrete areas makes the DPS invulnerable to extirpation caused by a single 
catastrophic event. The DPS range currently spans the northern contiguous states from Maine 
to Washington and south along the Rocky Mountains to southwestern Colorado. Resident 
breeding lynx populations currently occupy five of the six geographic units (all but the GYA; 
Figure 1). Of the five occupied units, four are larger than 20,000 km2 (7,722 mi2), and the other 
(North-central Washington) is over 5,000 km2 (1,931 mi2) (Table 1). We find that no single 
catastrophic event could result in the functional extirpation (loss of the ability to support resident 
lynx populations) of the entire DPS or of any of the individual geographic units that currently 
support resident populations. Because we lack evidence that persistent lynx populations have 
been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels. We 
conclude that the DPS currently demonstrates adequate redundancy to preclude the possibility 
of extirpation via catastrophic event. 
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Representation – The high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the 

absences of current threats to the genetic health of lynx populations in the DPS. Although 
hybridization with bobcats has been documented in Maine and Minnesota, it is not considered a 
substantial current threat to the DPS. Similarly, although some small populations may have 
become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
U.S., suggesting relative maintenance of the breadth of diversity of ecological settings occupied 
within the DPS range. Because there are no indications of significant loss of or current threats to 
the genetic health or adaptive capacity of lynx populations in the DPS, and the current level of 
representation does not appear to indicate a decrease from historical conditions, we find that 
the DPS currently displays an adequate level of representation. 
 
Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will decline through the end of the century 
largely as a result of projected continued climate warming and associated impacts, which are 
likely to exacerbate the potential adverse effects of other factors (e.g., forest management, 
competition from other hare predators). Continued warming is expected to cause a northward 
and upslope retraction of the boreal forest and snow conditions that lynx need, resulting in 
smaller, more fragmented, and increasingly isolated patches of habitat and a reduced 
probability of persistence for all resident populations in the DPS range. We expect that resident 
populations will persist through mid-century in all five of the geographic units that currently 
support them (albeit in reduced numbers and distributions), but that lynx may be functionally 
extirpated (loss of the ability to support persistent resident populations) from two or three of the 
units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in in lynx habitats projected by climate models. 
Nonetheless, we are unaware of any management actions that can be expected to abate the 
projected long-term retreat of boreal forests and diminished snow conditions expected under 
continued climate warming. Further, climate-induced frequency and intensity of wildfires and 
forest insect outbreaks are expected to increase, particularly in the western portion of the DPS, 
although we do not anticipate such events alone to cause the permanent loss of breeding lynx 
populations in any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal 
forest and snow conditions are projected to decline more severely than in the western units, and 
in some climate modeling scenarios they could disappear completely from these units by the 
end of the century. Over the next 15-20 years, lynx habitat conditions in Maine are also likely to 
decline significantly from current historically high and anthropogenically influenced levels as 
private forest management practices, particularly a shift away from landscape-level clearcutting, 
result in forest succession detrimental to snowshoe hare and lynx needs. 
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Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore be less resilient in the future. We anticipate that 
resiliency will likely be adequate to foster persistence of resident lynx in most units through mid-
century but that it will be substantially diminished after that time, with resulting extirpation of 
resident populations from two to three (of five) units by the end of the century. Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit, although uncertainty 
remains regarding the timing, extent, and biological consequences of such impacts. As 
vegetation and snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible (i.e., less resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS will decline with the projected loss of 
populations from two or three geographic units by the end of the century, our evaluation 
suggests that none of individual geographic units that currently support resident lynx are 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in one or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in one or more units within the DPS (and we expect 
populations to persist in two or three of five units by the end of the century), extirpation of the 
DPS from a single catastrophic event is very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, and the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units. Based on 
these factors and expert input, we find that is there is no indication that the relatively low level of 
genetic diversity currently observed among lynx populations is likely to reduce DPS viability in 
the future and no indication that future gene flow is likely to be substantially reduced. This 
information suggests the current and likely future relative genetic health of the DPS. How the 
potential loss of resident lynx from one or more geographic units may affect representation 
within the DPS in terms of ecological diversity is uncertain. The loss of resident lynx from any of 
the geographic units could result in the loss of behavioral and potential future genetic 
adaptations to the climate-mediated changes now occurring and likely to continue into the future 
at the southern edge of the lynx range. Such potential adaptability to diminished snow 
conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance may 
be important to the taxon as a whole faced with a rapidly changing climate. 
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DPS-wide Synthesis  

We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all five geographic units that 
currently support them through mid-century, but that functional extirpation is likely in two to three 
of those units by the end of the century, driven largely by projected continued climate warming. 
Because resident lynx in many parts of the DPS persist in areas that appear naturally to barely 
meet thresholds for hare densities and habitat quality and distribution, relatively small declines 
in these features could result in loss of the ability to support resident populations over large 
areas. Because of this, we believe that future lynx habitats and resident populations throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Uncertainty increases at mid- to late-century regarding the timing and extent of 
various stressors that will affect lynx and hare habitat and snow regimes, especially those 
related to climate change. However, review of the best available science in concert with input 
from lynx experts suggests that the probability of the persistence of resident breeding 
populations will decline in all geographic units, with the negative DPS-wide trajectory continuing 
to the end of the century, and (with no evidence to the contrary) beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 

Chapter 1: Introduction 
The U.S. Fish and Wildlife Service (Service) designated lynx in the contiguous U.S. as a distinct 
population segment (DPS) and listed it as threatened under the Endangered Species Act of 
1973, as amended (ESA) in 2000 (65 FR 16052-16086). On May 8, 2014, the United States 
District Court for the District of Montana ordered the Service to complete recovery planning for 
the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered 
the Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
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13 
 

such a plan will not promote the conservation of the [lynx]” (U.S. District Court MT 2014b, p. 2). 

Thus, we conducted this SSA (version 1.0) to summarize the best available information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on adequate populations of its primary prey, the 
snowshoe hare (Lepus americanus), to support survival, reproduction, recruitment, and, 
therefore, population persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; 
Steury and Murray 2004, pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team 
[ILBT] 2013, pp. 30-34; 79 FR 54808-54809). Lynx survival and distribution is also influenced by 
snow conditions. It is generally restricted to areas that receive deep, powdery, and persistent 
snow that allows lynx, with their proportionately longer limbs and very large feet, to outcompete 
other terrestrial hare predators that are less efficient in such conditions (McCord and Cardoza 
1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et 

al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 
2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 
FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 

comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous U.S. (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; Hodges 
2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the six geographic units 
evaluated in this SSA represent the remaining 2 percent of the species’ breeding distribution 

(approximately 131,168 km2 [50,644 mi2]; see Figure 1 and Table 2, below). Lynx populations in 
the DPS (as well as some others on the margin of the range in southern Canadian provinces) 
seem to function as peripheral subpopulations (islands) of a larger (mainland) metapopulation 
centered in north-central Canada (McKelvey et al. 2000b, p. 25; 68 FR 40077; also see 2.2 
below). The demographic and genetic health and persistence of DPS populations are thought to 
be influenced by connectivity with, and immigration of lynx from, larger populations in Canada 
(McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 78 FR 59434, 59447; 79 FR 
54815). 
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Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 

lynx dispersing from southern Canada during the decline phase of 8- to 11-year snowshoe hare 
population cycles. Many of these occurrences were  in anomalous habitats, and lynx were 
unable to persist and establish populations in most of these areas (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, p. 23; 
see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous U.S. occur over a much smaller geographic area that includes 
parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous U.S., and small breeding populations may have been lost from 
some places, neither broad-scale breeding range contraction nor substantial changes in 
population status in the contiguous U.S. has been documented based on verified occurrence 
data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 2016, p. 
11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 14 states in 2000 because of the inadequacy, at that time, of existing regulatory 
mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court memorandum 
opinion on the 2000 listing rule, the Service reaffirmed its determination of the lynx DPS and its 
status as threatened under the ESA (68 FR 40076). The Service completed a recovery outline 
in 2005 (UUSFWS 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) 
and, in 2007, again in response to a court order, clarified its determinations of “significant 

portion of the range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 

1186). Also in 2007, the Service announced that it would initiate a 5-year status review of the 
DPS (72 FR 19549). The Service revised the critical habitat designation for the DPS in 2009 (74 
FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, rescinded the state-based 
definition of the DPS boundary to formally extend ESA protection to lynx “where found” in the 

contiguous U.S., including New Mexico and other states that were not included in the original 
DPS range (79 FR 54804). The Service reinitiated the 5-year status review in 2015 (USFWS 
2015, entire), and that review will be informed by this SSA report. On September 7, 2016, the 
U.S. District Court for the District of Montana remanded the 2014 critical habitat designation to 
the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The six geographic units evaluated in this SSA encompass all areas of the contiguous U.S. that 
currently support or are believed to have recently supported persistent resident lynx populations 
(Figure 1, above). Five of the six geographic units were designated as “Core Areas” in the 

Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and western Colorado was designated a 
“Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With the exception of western Colorado, 
these units also encompass and closely mirror the areas the Service designated as critical 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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habitat in 2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are 
known or suspected to intermittently support lynx home ranges and occasional reproduction. 
Uncertainty remains as to whether resident lynx populations occurred historically in other areas 
not encompassed by the geographic units evaluated here. 
 
The six geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
in Minnesota, and Federal lands predominating in the western units (Table 2). 
 
 Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/ Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 

coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA (see 
http://www.fws.gov/endangered/improving_ESA/). As part of this effort, our Endangered Species 
Program has developed the Species Status Assessment (SSA) Framework to guide how we 
assess the best scientific and commercial data available when evaluating the biological status of 

http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/endangered/improving_ESA/
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species. In conducting an SSA, we take into consideration the life history and ecological 
requirements of the species to understand how the species 
maintains itself over time (captured under the broad heading 
of “species needs”); the current condition of the species at the 
individual, population, and range-wide levels in terms of 
meeting those needs; and the likely changes in the 
environment that may influence the species’ future condition 

and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame1. Throughout the 
assessment, the SSA uses the conservation biology principles 
of resiliency, redundancy, and representation (collectively 
known as the “3 Rs”) as a lens to evaluate the current and 

future condition of the species. Briefly, resiliency describes the 
ability of the species to withstand stochastic events; 
redundancy describes the ability of the species to withstand catastrophic events; and 
representation describes the ability of the species to adapt over time to long-term changes in 
the environment. As a result, the SSA characterizes a species’ ability to sustain populations in 

the wild over time based on the best scientific understanding of current and future abundance 
and distribution within the species’ ecological settings. Importantly, the SSA neither results in, 

nor predetermines, any decisions (e.g., listing status, critical habitat designations, section 7 
consultation requirements, etc.) by the Service under the ESA. Instead the SSA provides the 
biological basis to inform these decisions. The SSA is a dynamic document and should be 
periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat” at the following IP address: 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous U.S. as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
                                                
1 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWS. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html


 

17 
 

literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the six geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of population sizes and trends, growth rates, and other long-
term demographic data for most populations in the DPS, our evaluation of the resiliency of lynx 
populations in the DPS was based largely on consideration of recent status updates and 
formally-elicited expert opinion regarding the likelihood that DPS populations will remain viable 
into the future. The relationships among factors that influence DPS resiliency are shown in 
Figure 5 below. 
 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the probabilities that resident lynx populations will persist in each 
geographic unit because we lack reliable estimates of the sizes and trends of lynx populations in 
the DPS and because existing demographic data are inadequate to construct empirical models 
to project population sizes, trends, and viability into the future. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. The factors we consider for each 
geographic unit include regulatory mechanisms (the factor for which the DPS was originally 
listed under the ESA) and the anthropogenic influences identified by the Interagency Lynx 
Biology Team (ILBT) as the most likely to have population-level impacts to lynx in the DPS 
(climate change, vegetation management, wildland fire management, and habitat 
loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
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conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted and, if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 

hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the probabilities that resident lynx will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate warming as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 

areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 

Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of an October 2015 lynx expert 
elicitation workshop (Lynx SSA Team 2016, entire). We also provide a summary of the pertinent 
ecological requirements of lynx at the individual, population, and DPS levels. These ecological 
requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is one of four species within the genus Lynx 
(Kerr 1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. 

lynx, Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 
three recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 

mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 

1897) (Integrated Taxonomic Information System online database, http://www.itis.gov, retrieved 
April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; Maine Department of Inland Fisheries and Wildlife 2012, unpublished 
data), and males are 13-25 percent larger than females (Mowat et al. 2000, p. 267). The lynx’s 

large feet and long legs make it highly adapted for traversing and hunting in deep, powdery 
snow, where its low foot-loading (weight per surface area of foot) is thought to provide a 
competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) 
over other terrestrial predators of snowshoe hares, the lynx’s primary prey. In southern Canada 

and the northern contiguous U.S., where the southern edge of the lynx range overlaps the 
northern edge of the bobcat range, the two species are easily confused because of their similar 
size and appearance. However, the lynx’s longer ear-tufts, larger feet, and black-tipped tail 
distinguish it from the bobcat, which has shorter ear tufts, small feet, and white on the underside 
of the tail. Bobcats are much more common and abundant than lynx in most of the contiguous 
U.S. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/


 

22 
 

barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016, pp. 11-12). Genetic evidence also indicates interactions between lynx 
populations even where physical barriers appear most likely to restrict gene flow. For example, 
although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 1262-
1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) distinct 
from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between the two 
areas, indicating that some lynx are able to cross the 15-60 km-wide (9-37 mi) Strait of Belle Isle 
that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in functional 
genetic markers (unique alleles) in lynx south versus north of the St. Lawrence Seaway/River in 
eastern Canada, which suggest the potential for evolutionarily significant differences in those 
areas, recent analyses reveal genetic exchange among lynx on either side, indicating that some 
lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA 
Team 2016, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/ fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but they did imply that the persistence of lynx populations in the 
contiguous U.S. depends on dispersal from larger (core) populations (Schwartz et al. 2002, p. 
522). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 

genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada, the noted dispersal capabilities of lynx, evidence of 
dispersal in both directions across the Canada-U.S. border (Aubry et al. 2000, pp. 386-387; 
Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and the 
small number of immigrants thought necessary to maintain genetic variability in peripheral 
populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, biologically meaningful genetic 
drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among most DPS populations in the 
future (79 FR 54793). 
 
Within the contiguous U.S., minor genetic sub-structuring has been documented among lynx 
subpopulations in western Montana (Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5). 
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Genetic diversity may be somewhat greater among lynx in western Colorado than elsewhere in 
the DPS range because of the broad geographic distribution of the source populations that 
contributed to the lynx releases in Colorado (45 lynx from Quebec, four from Manitoba, 91 from 
British Columbia, 48 from The Yukon Territory, and 30 from Alaska). Additionally, lynx-bobcat 
hybridization has been documented in Minnesota, Maine and New Brunswick (Schwartz et al. 

2004, entire; Homyack et al. 2008, entire), where male bobcats bred with female lynx to produce 
fertile offspring with lynx-like ear tufts, intermediate foot-size, and bobcat-like fur (ILBT 2013, p. 
35). In Minnesota from 2000 to 2015, DNA analyses documented 13 distinct hybrid individuals 
(Moen and Catton in Lynx SSA Team 2016, pp. 13, 19); no hybrids have been documented in 
the western portion of the lynx’s range (Schwartz in Lynx SSA Team 2016, p. 12). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (Figure 
6). Snowshoe hares comprise a majority of the lynx diet throughout its range (Nellis et al. 1972, 
pp. 323–325; Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 
37–38; Squires et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69), and hare abundance is the 
major driver of lynx population dynamics. Lynx den site selection, litter sizes, pregnancy, as well 
as recruitment, survival (kitten, subadult and adult) and dispersal rates, and population age 
structure, home range sizes, density, and distribution are all strongly influenced by hare 
abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, 
pp. 375-390; Mowat et al. 2000, pp. 270-294; ILBT 2013, pp. 18, 22-24, 26-34). 
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Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). Over much of the lynx’s range, hare densities are higher in 

regenerating, earlier successional forest stages because they often have greater understory 
structure than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; 
Koehler 1990, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 
2004, pp. 84-88). However, snowshoe hares also can be abundant in mature forests with dense 
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understories, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and 
Mills 2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg 
et al. 2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent 
forest types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially 
important winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most 
limiting habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also 
are more temporally-stable (i.e., they provide high-quality hare habitat for a longer period of 
time) than regenerating stands, which may foster high hare densities for a variable window of 
time between stand-initiation and stem-exclusion stages of succession, after which they may 
persist, in the absence of disturbance, for many years as lower-quality hare habitat (ILBT 2013, 
pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
U.S. (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This may be due 
to inadequate abundance, density, or spatial distribution of hares in some places, or the 
absence of snow conditions that would allow lynx to express a competitive advantage over other 
hare predators, or a combination of these factors (79 FR 54809). 
 
The boreal forest landscape is naturally dynamic. Forest stands within the landscape change as 
they undergo succession after natural or human-caused disturbances such as fire, insect 
epidemics, wind, ice, disease, and forest management (Elliot-Fisk 1988, pp. 47-48; Agee 2000, 
pp. 47-69). As a result, lynx habitat within the boreal forest landscape is a shifting mosaic of 
habitat patches of variable and continually changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). Lynx generally concentrate hunting activities in areas 
where snowshoe hare densities are high (Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 
2821-2823; Murray et al. 1994, p. 1450; O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, 
pp. 178-181; Fuller and Harrison 2010, entire; Simons-Legaard et al. 2013, pp. 573-575). 
Because understory density within a forest stand changes over time, hare habitat quality and 
corresponding hare densities also shift continually across boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1/ha 
(0.04/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are generally lower 
at the southern periphery of lynx distribution, and hare population cycles are generally much 
less pronounced or absent entirely among some hare populations in southern Canada and in 
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the contiguous U.S. (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 875–876; Scott 
2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 2016, pp. 16-17). 
In the contiguous U.S., average stand-level hare densities may exceed 2 hares/ha (0.8 
hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 2006, pp. 26-36, 62-75; 
Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon et al. 2012, p. 14), but 
in many parts of the DPS, landscape-level densities are lower, ranging from just above to well 
below the 0.5 hares/ha (0.2/ac) density thought necessary to sustain lynx home ranges and 
populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 2000b, pp. 446–447; Squires and 
Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-1477; Zahratka and Shenk 2008, 
pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 91-92, 95-102; Berg et al. 2012, 
p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels (Tamiasciurus hudsonicus), and birds, but alternate prey species do not 
sufficiently compensate for low availability of snowshoe hares, and lynx populations cannot 
persist over time in areas with consistently low hare densities (Brand et al. 1976, pp. 422–425; 
Brand and Keith 1979, pp. 833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–

268). Nonetheless, even in areas with relatively low or marginal hare densities, hares constitute 
the majority of the biomass in lynx diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-
363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 
2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 
2009, pp. 13, 16; Ivan in Lynx SSA Team 2016, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, entire). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed, large, woody debris, tip-up mounds) seems to be more important 
than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-275, Organ 
et al.2008, p. 1516). Denning habitat is not thought to be a limiting factor for lynx in the DPS 
(Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516–1517; Squires et al. 2008, p. 
1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near foraging habitat to allow females to 
adequately provision dependent kittens, and females seem to select den sites near prey 
sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, p. 1507; 
Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend kittens at the natal den site and 
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one or more (up to five) alternate or maternal dens until kittens are about 6-10 weeks old 
(Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et al. 2012, p. 17; ILBT 
2013, p. 29). Thereafter, kittens remain with their mothers through their first winter, apparently 
learning from her how to hunt and capture prey, initially on a small portion of her home range, 
but by fall on the larger area the female used before kittens were born (Mowat et al. 2000, pp. 
269, 278). Juveniles remain closely associated with their mothers until February or March, when 
family groups begin to break up, with young typically dispersing in April and May (Mowat et al. 

2000, pp. 278-279) to establish their own home ranges. Female offspring may establish home 
ranges overlapping or adjacent to their mother’s home range and maintain mother-daughter 
bonds throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly 
overlap adjacent male home ranges. While male home ranges typically overlap one to three 
female home ranges, and female home ranges are partially or completely encompassed by a 
male’s home range, core areas within home ranges appear to be exclusive except during the 
breeding season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon 
et al. 2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for 
both sexes, but shifts and abandonment of home ranges have also been documented (Koehler 
and Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by one year 
(McKelvey et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are 
abundant, lynx have higher pregnancy rates and larger litter sizes, higher kitten survival, and 
lower adult mortality, resulting in rapid population growth during the increase phase of the hare 
cycle (Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). 
When hare populations are low, female lynx produce few or no kittens that survive to 
independence (Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 
1979, pp. 837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; 
O’Donoghue et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 
285–287). When hares decline, lynx mortality rates increase, largely because of starvation, and 
home range sizes and dispersal/ emigration rates also increase (Ward and Krebs 1985, pp. 
2821–2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 

2000, pp. 265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ 

phase of the hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), 
when many lynx starve and many others abandon home ranges and disperse in search of food, 
with many of the latter also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 
293).  
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
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952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2) (Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous U.S. have ranged from 9.2-
13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low. Poole (1994, pp. 613-614) documented a similar trend in the 
Northwest Territories, where lynx home range size increased from 17 km2 (7 mi2; males and 
females combined) when hares were abundant, to 44 km2 (17 mi2) and 62 km2 (24 mi2) for 
males and females, respectively, when hare numbers declined. In contrast, Breitenmoser et al. 

(1993, p. 552) reported no change in lynx home range size despite a 10-15 fold increase in lynx 
density as hare abundance increased in the southern Yukon. Similarly, in Maine, lynx home 
range size did not increase when hare densities in the best habitats declined from 2/ha (0.8/ac) 
to 1/ha (0.4/ac) (Mallett 2014, pp. 53-93). In general, hare and lynx densities are lower and lynx 
home ranges larger at the southern periphery of the lynx’s range, including most of the 

contiguous U.S., and are similar to those of northern populations during the low phase of the 
hare population cycle (Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 
2000, pp. 362-367). 
 
Lynx populations in the contiguous U.S. seem to function as subpopulations or southern 
extensions of larger populations in northern and eastern Canada (McKelvey et al. 2000b, pp. 
21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 8616–8641; 
Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from one another, 
though most are directly connected via dispersal to lynx populations in Canada (McKelvey et al. 

2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). Lynx disperse in both directions 
across the Canada–U.S. border (Aubry et al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 
19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx populations in 
Canada is thought to be important to the conservation of lynx populations in the DPS. 
(McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 2005, 
p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, whether and, if 
so, to what the extent the demographic and genetic health and persistence of populations in the 
DPS depend on regular or intermittent immigration of lynx from Canada remains uncertain 
(McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) it is born to a female that occupies a home range containing 

a) secure denning habitat, 
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b) adequate hare abundance to support lactation during the early kitten stage and later 
provisioning of the kitten with hare meat, 

c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 
etc.); 

 
2) the mother’s home range occurs within a larger landscape that also contains adequate hare 

abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition and mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least one offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few kittens are born, very few survive until their first winter, and recruitment may collapse 
completely or nearly so for several successive years (Slough and Mowat 1996, entire; Mowat et 

al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten born 

during a period of declining or low hare abundance is very unlikely to survive to independence, 
breed successfully, and replace itself within the breeding population in its lifetime. Conversely, a 
kitten born during the increase or high phase of the hare population cycle is much more likely to 
survive, establish a home range, breed successfully, and replace itself via recruitment of one or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous U.S.), hare population cycles 
are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 2009, pp. 870, 
875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA Team 
2016, pp. 16-17), and hare and lynx abundances and lynx demographic rates are typically like 
those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; Aubry et al. 

2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an individual lynx will 
have its ecological requirements met sufficiently so that it may replace itself in the breeding 
population is probably consistently relatively low, perhaps similar to lynx born during hare 
declines/lows in the north. Also in the south, there are more diverse assemblages of potential 
competitors and predators, more natural patchiness and anthropogenic fragmentation of lynx 
habitat (fewer areas with adequate hare densities and favorable snow conditions distributed 
broadly across large landscapes), and higher road densities and, thus, greater potential for lynx-
vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 2000a, entire). These factors probably 
further reduce the likelihood that an individual lynx in the southern periphery of the range will 
survive, reproduce successfully, and have one or more offspring recruited into the resident 
breeding population. 
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Individual lynx require large areas of boreal forest landscapes to support their home ranges, 
provide hares in adequate abundance to meet their nutritional needs, provide breeding 
opportunities, and facilitate dispersal and exploratory travel. Female home ranges must also 
provide secure denning habitat in close proximity to foraging areas with high hare densities to 
allow females to adequately provision dependent kittens, and females appear to select den sites 
near prey sources to minimize time spent away from kittens while foraging (Moen et al. 2008a, 
p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home ranges is strongly 
influenced by the quality of the habitat, particularly the abundance of snowshoe hares, in 
addition to other factors such as gender, age, season, and density of the lynx population (Aubry 
et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, females with kittens have 
the smallest home ranges, likely related to their need to stay close to dens and dependent 
kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; Burdett et al. 2007, p. 
463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous U.S. (Table 3, below) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24).  
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States.  
 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482); Mallett 2014 
(169) 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265); Burdett et al. 2007 
(460-463); Moen et al. 2008a (17) 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20); Squires and Laurion 
2000 (343-344); Squires et al. 2004a (13, 

Table 6) 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5); 
Koehler 1990 (847); Maletzke in Lynx SSA 

Team 2016 (21) 
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GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344); 
Squires et al. 2003 (12-13) 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10) 

 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Available research 
suggests that landscape-level hare densities >= 0.5 hares/ha (0.2/ac) are necessary to support 
lynx home ranges and resident breeding populations; lynx home range abandonment, dispersal, 
and mortality increase when hare densities are lower; and lynx may be unable to survive where 
landscape hare densities are below 0.3/ha (0.12/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire; Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125). 
Recent research in the contiguous U.S. supports this - in northern Maine, areas with landscape 
hare densities of 0.74/ha (0.30/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5/ha (0.2/ac) were not occupied by lynx (Simons-Legaard et al. 2013, pp. 567, 
574-575). Likewise, in northeastern Minnesota, resident lynx maintained home ranges where 
landscape hare densities were 0.64/ha (0.26/ac), but nearby Voyageurs National Park, where 
hare density was estimated at 0.35/ha (0.14/ac), did not support resident breeding lynx (Moen et 

al. 2012, pp. 352–354). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter other species that may prey on them (mountain lion [Puma concolor], 
coyote [Canis latrans], wolverine [Gulo gulo], gray wolf [Canis lupus], and fisher [Pekania 

pennanti]) (ILBT 2013, pp. 33, 35). Although lynx have co-evolved with other predators, the 
influence of predation on lynx populations is unknown (ILBT 2013, pp. 35-36), and mountain 
lions and coyotes are now more widespread and abundant in the southern periphery of the lynx 
distribution than they seem to have been historically (Buskirk et al. 2000a, p. 83; Gompper 
2002, entire). Lynx also need landscapes where they are unlikely to suffer reduced fitness 
because of competition with other hare predators, or encounter traps or other anthropogenic 
causes of mortality. Except for fisher and marten (Martes americana), lynx predators and 
potential terrestrial competitors for hares (the species above plus bobcat; maybe red fox [Vulpes 

vulpes] in some situations) all have higher foot-loading (weight per surface area of the foot), 
making them less efficient at traveling and hunting in the deep powdery snow conditions 
favorable for lynx (Buskirk et al. 2000a, pp 86-95, Krohn et al. 2005, entire) and, therefore, likely 
limiting, at least seasonally, interactions between lynx and these species. Analysis of lynx 
occurrence data in the contiguous U.S. suggests that lynx require at least four months 
(December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). Where 
snow conditions do not consistently favor lynx, increased potential for predation and competition 
would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely to survive, 
breed, and replace themselves in the breeding population if they occupy home ranges where 
trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, entire), high-speed/ 
high-volume roadways are absent (ILBT 2013, pp. 77-78), and other potential anthropogenic 
causes of lynx mortality are minimal.  
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 

1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently >= 0.5 hares/ha 
(0.2/ac) and favorable snow depth and conditions for about four months are needed to support 
lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx distribution, 
some places, including within the range of the DPS, seem to be at minimum thresholds to meet 
these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a mainland-island metapopulation structure like that thought to govern lynx population 
dynamics, the persistence of peripheral island populations is determined by colonization and 
extinction rates (McKelvey et al. 2000b, p. 25). Colonization is driven by the number of islands, 
the distances between them, and the species’ dispersal capabilities and timing. Extinction rates 
are determined by population size and demographic and environmental stochasticity, with 
extinction more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-
31). Lynx populations in the DPS are at the periphery of the species’ range and may behave as 

islands in a mainland-island metapopulation construct. In such a system, larger islands with 
higher habitat quality and in closer proximity to the mainland would be more likely to support 
persistent resident populations and to sometimes act as “sources” that produce surplus animals 

that may disperse to other islands. Smaller islands with lower habitat quality or at greater 
distance from the mainland may, in contrast, act as “sinks” that depend on immigration from 

source populations (McKelvey et al. 2000b, p. 30), and which may support resident lynx only 
occasionally, intermittently, or temporarily.  
 
Formal population viability analyses (PVAs) have not been published for lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
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most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 

(annual doubling) during the 4-year increase-to-peak phase for a lynx population in the core of 
the species’ range in the southern Yukon. This period of rapid growth was followed by a rate of 
λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid decline) 

during the first two years of the lynx population decline when hares were scarce. (Note – the 
value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) appears to be an error; 
the correct value for λ in a population in which the estimated number of individuals declined 

from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented above]). However, the 
natural range in λ that would be expected among peripheral, isolated, or semi-isolated lynx 
populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS populations), versus those 
that would signal long-term population decline or instability is unknown. Despite this, and the 
limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016, p. 20) calculated 
population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area 

(i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains 
(increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex10, 
deterministic population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) 
to calculate finite growth rates during a period of high hare density (λ = 1.16; increasing trend) 

and during a period of low hare density (λ = 0.88; decreasing trend) for the lynx population in 

northern Maine (see also section 4.1.1, below). Neither the Montana nor Maine estimates 
incorporated rates of immigration/emigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 

1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities (at least 0.5 hares/ha 
[0.2/ac]), and snow conditions favorable for lynx (“fluffy and/or deep...for sufficient periods to 

favor the competitive advantage of lynx”). These are the minimum landscape size and habitat 
conditions thought necessary to support a minimum lynx population of at least 25 adults based 
on a lynx density of one lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) 
noted that extinction (extirpation) risk should decrease with increasing population size, and that 
extinction resulting from demographic stochasticity is very unlikely even for a population 
(generally; not specific to lynx) with as few as 20 reproducing females. Kramer- Schadt et al. 

(2005, entire) developed a spatially explicit population model for Eurasian lynx in Germany 
which they combined with demographic scenarios to evaluate the likely success of potential 
reintroduction efforts; they concluded that at least 10 females and 5 males would be required to 
establish a population with an extinction probability less than 5 percent over 50 years. 
Rodriguez and Delibes (2003, entire) evaluated extinction among populations of Iberian lynx; 
they found that extinction occurred only in small populations that occupied habitats of less than 
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500 km2 and that extinction within 35 years was unlikely among populations occupying areas of 
at least 500 km2 of adequate habitat quality. 
 
In summary, lynx populations need large boreal forest landscapes with snow conditions 
(consistency, depth, and duration) that allow lynx to outcompete other terrestrial hare predators. 
These landscapes must have hare densities capable of supporting (1) multiple lynx home 
ranges, (2) reproduction and recruitment most years, and (3) at least some survival even during 
years when hare numbers are low. To persist, lynx populations must exhibit recruitment and 
immigration rates that exceed mortality and emigration rates on average over the long-term. 
Immigration may be particularly important to the persistence and stability of lynx populations at 
the southern periphery of the range, including those within the DPS, where hare densities are 
generally low and hare populations are either non-cyclic or weakly-cyclic compared to northern 
populations. Low hare densities reduce the likelihood that lynx recruitment will consistently 
equal or exceed mortality, and non-cyclic or weakly-cyclic hare populations are unlikely to allow 
the rapid lynx population recovery observed in northern lynx populations when hare numbers 
increase dramatically after cyclic population crashes. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 

abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
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southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
habitats (University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 

comm.), which represents about 8.7 percent of the species’ distribution. Lynx in Alaska are 

apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the hare-lynx 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-U.S. border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 

contiguous U.S. and to assess the current distribution relative to historical conditions (79 FR 
54814-54815; McKelvey in Lynx SSA Team 2016, p.11). They also have resulted in inaccurate 
portrayals of lynx distribution and misperceptions that the historical range of lynx in the 
contiguous U.S. was once much more extensive than is ecologically possible (68 FR 40080; 74 
FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has 
cyclic population dynamics that are tied to cyclic snowshoe hare populations, numbers of lynx 
naturally fluctuate and become extremely low at times during a cycle. Additionally, where 
snowshoe hare populations are not adequate, resident lynx populations cannot be sustained. 
Resident lynx populations never occurred everywhere boreal forest existed in the contiguous 
U.S. Where the boreal forest was naturally more patchy and marginal, the habitat was incapable 
of supporting a snowshoe hare population adequate to support a resident lynx population over 
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time. Only a relatively few areas in the contiguous U.S. historically supported an adequate 
quantity and quality of habitat to support resident lynx populations continuously over time, and 
many historical lynx occurrences across a large area of the contiguous U.S. were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will likely 
continue to periodically move into areas that are not lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous U.S. when northern hare populations crashed are well-documented 
(Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 

2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have 
resulted in records of lynx occurrence, in some cases very rarely, in others sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). Many 
records of lynx in the contiguous U.S. appear to be related to such events, including the 
unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s (Gunderson 1978, 

entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx occurred in 
anomalous habitats, exhibited unusual behavior, suffered high mortality, and numbers declined 
dramatically within a few years of irruptive peaks (Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not persist in these areas 
of temporary range expansion, disappearing fairly quickly after irruptions, van Zyll de Jong 
(1971, p. 16) suggested that only areas that support lynx populations throughout both the low 
and the high phases of the “10-year cycle” (i.e., across the natural range of hare densities) 

should be considered to constitute the species’ range. In its 2003 remanded determination, the 

Service determined that lynx in the contiguous U.S. exist either as resident populations or as 
dispersers, that dispersing lynx are often found repeatedly and for variable amounts of time in 
habitats that cannot sustain breeding populations over time (though some breeding may occur 
occasionally in some of these areas), and that such areas probably contribute little to the 
persistence of lynx in the DPS (68 FR 40077, 40079-80). This repeated dispersal into habitats 
that ultimately cannot support the species (‘‘sink’’ habitats) often leads to confusion among 

scientists and the public about where lynx populations may be viable (74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with irruptions/ 
dispersal and those suggesting resident lynx populations, the “mainland-island” metapopulation 

structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous U.S. may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 

jsquires
Highlight
I generally agree with this description.  However, I should be mentioned that small insular lynx populations may persist for long periods (e.g. Garnets at least since mid -1980 and assume much longer - genetically distinct) .  Also important to mention that population incursions were met with heavy human-inducted mortality (e.g. Pioneers, Wyoming Range) so we don't know how long these islands would have persisted had they not been killed. 



 

37 
 

suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 

source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 

these places (especially those that act more often as “sinks” than “sources”) to the maintenance 

and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 

with the northern distribution of the much more common bobcat; the two species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common species, McKelvey et al. (2000a, p. 209; 
2008, pp. 553-554) suggest that anecdotal information should be interpreted with caution, and 
only verified occurrence data should be used to assess historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous U.S. (Koehler and Aubry 1994, p. 79; 68 FR 40084). While 
recognizing these limitations, we use our best professional judgment of the best scientific and 
commercial data available to make conclusions about the range of the lynx for the purposes of 
this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous U.S., and our current understanding of the historical and current 
distributions of resident lynx populations in the DPS considering the factors discussed above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
U.S., where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 
1, 3), deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of the DPS 
range, these boreal forest landscapes become naturally patchy and transitional because they 
are at the southern edge of the boreal forest range, and they are limited, particularly in the west, 
by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). There also is increased 
prevalence of non-forested land uses (e.g., agriculture, development) at the southern periphery 
of boreal forests. These factors generally limit snowshoe hare populations in the contiguous 
U.S. from achieving landscape densities similar to those of the expansive northern boreal forest 
in Alaska and Canada, where hares are generally more abundant and more evenly distributed 
across the landscape (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 
1990, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). 
Consequently, important foraging habitat for lynx is often more limited and fragmented in the 
contiguous U.S. than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 
6), and overall habitat quality is typically lower. 
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The habitats that lynx use in the contiguous U.S. are characterized by patchily-distributed moist 
forest types with relatively higher hare densities in a matrix of other habitats (e.g., hardwoods, 
dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 78 FR 59434). In 
these areas, lynx incorporate the matrix habitat (non-boreal forest habitat elements) into their 
home ranges and use it for traveling between patches of boreal forest that support higher hare 
densities where most lynx foraging occurs. In some areas, patches of habitat containing 
snowshoe hares become so small and fragmented that the landscape cannot support lynx home 
ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). Additionally, the presence of 
more snowshoe hare predators and competitors at southern latitudes may inhibit the potential 
for high-density hare populations (Wolff 1980, p. 128). As a result, lynx generally occur at 
relatively low densities in the contiguous U.S. compared to the high lynx densities that occur in 
the boreal forest of Canada when hares are abundant (Aubry et al. 2000, pp. 375, 393-394) or 
the densities of species such as the bobcat, which is a habitat and prey generalist. 
  
Snow conditions also determine the distribution of lynx (Ruggiero et al. 2000b, pp. 445-449), 
which are morphologically and physiologically adapted for hunting snowshoe hares and 
surviving in areas that have cold winters with deep, fluffy snow for extended periods. These 
adaptations provide lynx a competitive advantage over potential competitors, such as bobcats 
or coyotes (McCord and Cardoza 1982, p. 748; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 

2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 450), which have a higher foot load (more 
weight per surface area of foot), causing them to sink into the snow more than lynx. Therefore, 
bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are at a competitive 
disadvantage to lynx. Long-term snow conditions presumably limit the winter distribution of 
potential lynx competitors such as bobcats (McCord and Cardoza 1982, p. 748) or coyotes. 
These adaptations may also help lynx avoid predators such as mountain lions (Squires and 
Laurion 2000, p. 346), which also have higher foot-loading (Buskirk et al. 2000a, p. 90; Krohn et 

al. 2005, p. 123), making them less efficient in deep and fluffy snow conditions.  
  
Based on verified historical data, lynx occurrence has been documented in 24 states in the 
contiguous U.S. (McKelvey et al. 2000a, 207-232) and, more recently, in a 25th after some of 
the lynx released into southwestern Colorado dispersed into northern New Mexico (Colorado 
Division of Wildlife 2000, p. 3; 74 FR 66938), which had previously lacked verified evidence of 
lynx occurrence (USFS 2009, entire; 74 FR 66940-66943). Of these, and based on our current 
understanding of lynx and hare habitat requirements, the Service concludes that records in at 
least 11 states (Connecticut, Illinois, Indiana, Iowa, Massachusetts, Nebraska, Nevada, New 
Mexico, North Dakota, Pennsylvania, and South Dakota) most likely represent occasional 
dispersing lynx that arrived in places with no historical or recent evidence of the habitat quality 
or quantity necessary to support a persistent resident lynx population (68 FR 40099; 74 FR 
66940-66942; 79 FR 54807, 54817). These states are not within the distribution of resident lynx 
in the DPS, and we conclude that they naturally lack the necessary habitat, hare densities, and 
snow conditions and that they were not capable historically and are not capable now of 
supporting resident lynx populations.  
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The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous U.S. 
 
In contrast, nine lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but that its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 

al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 

population, and that this likely represents its natural historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was by then 
extirpated (65 FR 16055-16056; 16058-16059). In the 2003 remand, the Service noted 
inconsistencies and likely errors in historical lynx reports for the Southern Rockies, questioned 
its original conclusion that Colorado historically supported an isolated resident population, and 
concluded that it was uncertain whether a resident population occurred historically in Colorado 
or if historical records were of periodic dispersing lynx during “extremely high populations 

cycles” and that a resident population never existed in southeastern Wyoming (68 FR 40081, 

40091). The Service also noted that in 1999 and 2000 the Colorado Division of Wildlife (now 
Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska into 
southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016, p. 22). From 2003-2006, another 122 
lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction was 
documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including a 
third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016, p. 22). 
In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
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densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 

(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 

al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.). However, 
more recent surveys and research-related trapping efforts have failed to detect lynx in this area 
or elsewhere in Wyoming since 2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-
21, 45). In the 2014 revised critical habitat designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 

2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
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54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to tip the quality of the area’s habitat from just barely capable of supporting a small 

resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (see Devineau et al. 2010, Fig. 1, p. 526), including one female 
who in 2004 established a den in the Snowy Mountains and produced kittens that did not 
survive (Bjornlie 2016, pers, comm.; Ivan 2016a, pers. comm.). Based on the available 
information, we conclude that southern Wyoming did not historically or recently support a 
resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 18 confirmed lynx records indicating 28 individual lynx in northern 
New Hampshire from 2006 to 2013, with evidence of reproduction in 2010 and 2011 (79 FR 
54820). An additional 8 lynx detections were documented in 2014 (Siren 2014, p. 7), 24 lynx 
track intercepts were recorded during snow-tracking surveys during the winter of 2014-2015 
(Siren 2016, p. 1), and surveys in 2016 also detected lynx (Siren 2016, pers. comm.). Most 
records since 2006 are in the vicinity of Pittsburg in the northernmost reaches of the state, 
though lynx detections in 2015 and 2016 suggest a southern expansion from the area of 2006-
2014 detections (Siren 2016, p. 1; Siren 2016, pers. comm.). Despite recent evidence of lynx 
residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
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unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014, p. 10) suspected that the relatively few lynx detections 
documented in 2012-2014 may be related to the presence and abundance of bobcat, coyote, 
and fisher populations in much of northern New Hampshire. We conclude that northern and 
central New Hampshire likely supported a small resident lynx population historically that was 
extirpated during the latter half of the 20th century. We are uncertain whether lynx detections in 
northernmost New Hampshire over the past decade may represent the natural reestablishment 
of a small resident breeding population in the state or if it is a temporary phenomenon related to 
an expanding source population in neighboring northern Maine (79 FR 54821). Although bobcat 
populations have increased and expanded their range in this region in recent decades (Lavoie 
et al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations 
(Reed 2009, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s bobcat harvest declined 

substantially after two deep snow winters in 2008 and 2009 (Maine Department of Inland 
Fisheries and Wildlife 2015, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016, p. 11). Historical lynx records exist for 
much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous U.S. in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-227). The 
historical record and recent surveys (summarized at 79 FR 54818-54820; also see U.S. District 
Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most of Idaho, 
habitats in many parts of the state are drier forest types that support lower densities of hares, 
and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet mountain 
ranges in the northern panhandle. The number of resident lynx in northern Idaho is unknown but 
certainly small based on the amount of potential habitat, and resident lynx here are part of a 
larger population that occurs primarily in northwestern Montana and southeastern British 
Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016, p. 18). The current amount and distribution of high-quality lynx and hare habitat and 
the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016, p. 18]). The current lynx population 
in Maine is supported by the broad distribution of high-quality hare habitat that resulted from 
extensive, large-scale clearcutting in the 1970s and 1980s in response to a massive spruce 
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budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 
4.1.1, below). As these regenerating clearcuts, which currently provide the dense horizontal 
structure preferred by hares, mature beyond about 35 years post-harvest, hare densities decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016, p. 16). The current lynx population in Maine is probably larger 
than the likely historical condition, when relatively small amounts of the spruce-fir forests in the 
state are thought to have been composed of young stands (Lorimer 1977, entire; 68 FR 40094; 
Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the 
proliferation of partial harvesting following enactment of the Maine Forest Practices Act of 1989, 
it is projected that lynx densities in Maine will decline by 55 to 65 percent by 2032 (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016, p. 16). Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 

range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen in Lynx SSA Team 
2016, pp. 19, 39). The number of resident lynx in Minnesota is unknown but believed to be 
between 50 and 200 (Moen in Lynx SSA Team 2016, pp. 19, 39). Lynx are occasionally 
detected in other parts of the state, but hare densities and snow conditions consistently 
favorable for lynx appear to be restricted to the northeastern “Arrowhead” region of the state, 

and areas to the south and west are dominated by bobcats. Although there are currently more 
lynx in Minnesota than suspected at the time of listing, it is unclear whether current numbers 
and distribution are similar to the historical condition. The extent to which lynx persistence in 
Minnesota relies on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016, p. 20). The number of resident lynx in northwest 
Montana is unknown but believed to be between 200 and 300 (Squires in Lynx SSA Team 
2016, p. 41) in three subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet 
Mountains subpopulations (Squires in Lynx SSA Team 2016, p. 20). Recent (2014-2015) 
surveys failed to detect lynx in the Garnet Mountains in the southern part of the area (Squires in 
Lynx SSA Team 2016, p. 20), which had residents as recently as 2010 and is thought to have 
habitat capable of supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). Lynx in 
northwestern Montana (and northern Idaho) likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia. The extent to which lynx 
persistence in this area relies on immigration from Canada is unknown, and there is no 
indication of substantial immigration from Canada after the 1980s (Squires in Lynx SSA Team 
2016, p. 20). In southwest Montana, few lynx and no recent evidence of reproduction have been 
documented in the Montana portion of the GYA where, as with the northwestern Wyoming part 
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of the GYA (discussed above), uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016, p. 57). As elsewhere in the West, 
recent research and habitat assessments suggest that habitats capable of supporting resident 
lynx in Montana are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-
47; Squires et al. 2013, p. 191), and lynx therefore naturally rarer, than was thought at the time 
of listing (ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 

al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34 percent of lynx 
habitat (Lewis 2016, p. 4), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). Although these 
areas should regenerate into lynx and hare habitat, it may take 35-40 years (Maletzke in Lynx 
SSA 2016, p. 21), during which time additional fire and insect impacts could further diminish 
habitat availability and the lynx population’s probability of persistence (Lynx SSA Team 2016, p. 
44; see also sections 3.4, 4.1.4, and 5.1.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous U.S. from 
historical conditions until the DPS was listed have been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016, p. 11). New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in Maine are at historically high 
numbers and may currently be facilitating the recolonization of formerly occupied habitat in 
northern New Hampshire and recent lynx occurrences in northernmost Vermont. However, lynx 
persistence is uncertain in New Hampshire and unlikely in Vermont, and lynx numbers in Maine 
are projected to decline over the next several decades. In the West, small breeding populations 
in the GYA and the Garnet Mountains of Montana may recently have become extirpated 
(although both also may be only temporarily “winked off” in a metapopulation dynamics sense). 

In north-central Washington, lynx habitat and numbers have declined because of recent large 
fires and insect outbreaks, and the persistence of the breeding population there could be 
threatened if additional such impacts occur with similar magnitude and frequency over the next 
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several decades. As a result of the release of 218 Canadian and Alaskan lynx from 1999-2006, 
resident lynx currently occur in western Colorado. Although the number of lynx in this population 
and its future persistence are uncertain, Colorado currently supports more lynx than it likely did, 
based on the historical record, for much of the previous century. The geographic units evaluated 
in this SSA include all areas in the contiguous U.S. with strong historical and recent evidence of 
persistent resident lynx populations. Detailed assessments of the current status and future 
viability of resident lynx populations and habitats in these areas are presented in chapters 4 and 
5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous U.S., their likely influence on the future viability of 
the DPS, and we describe the cause-and-effects pathways of impacts associated with particular 
factors. We focus on the factor for which the DPS was listed under the ESA (the inadequacy of 
regulatory mechanisms in Federal land management plans at the time of listing) and on the 
anthropogenic influences identified by the ILBT in the revised LCAS as having the potential to 
exert population-level impacts on lynx and lynx habitats (ILBT 2013, pp. 68-78). Those 
anthropogenic influences - climate change, vegetation management, wildland fire management, 
and habitat loss and fragmentation - are considered the most influential factors in the future 
viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, minimize, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western U.S. (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota regions. Therefore, in the 
following sections we describe and compare the Federal regulatory environment for lynx in the 
DPS at the time of listing and currently, and we describe other regulatory mechanisms as they 
pertain to lynx on private as well as State and Tribal lands. 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 

section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
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The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 

may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological  features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014. Section 4 
also requires recovery planning for listed species; a recovery plan for the lynx DPS has not yet 
been completed, but part of the purpose of this SSA is to inform near-term recovery planning 
direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the six 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and two 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from one percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see 
Table 2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms. 
Specifically, at that time the Service believed that most lynx populations and potential lynx 
habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 16071]) in the 
contiguous U.S. occurred on Federal (USFS, NPS, and BLM) lands in the western states, and 
that the plans that guided management of those lands (particularly USFS and BLM lands) 
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included “...programs, practices, and activities within the authority and jurisdiction of Federal 
land management agencies that may threaten lynx or lynx habitat. The lack of protection for lynx 
in these Plans render them inadequate to protect the species” (65 FR 16052, 16082). At that 

time, the Service found that USFS and BLM management plans did not adequately address 
risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 through 6-3), those 
plans allowed actions that cumulatively could result in significant detrimental effects to lynx in 
the contiguous U.S. As a result, the Service concluded in the final rule that the lack of Federal 
land management plan guidance for the conservation of lynx and the potential for those plans to 
allow or direct actions that could adversely affect lynx constituted a significant threat to the DPS 
(68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 

Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with Section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous U.S. (USFWS 
2014, p. 15). The first edition of the LCAS was completed in January, 2000 and revised in 
August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently issued 
several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into two tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
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patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 

Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects to lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for seven national forests 
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with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and 
Wisconsin were revised to include recommendations from the LCAS and the CAs (Jackson 
2015, pers. comm.; USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies 
Lynx Management Direction (NRLMD), which formally amended management plans to include 
lynx conservation measures, standards, and guidelines for 18 national forests covering over 
150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 
(27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016, Appendix 3, p. 11). In 2008, USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016, 
Appendix 3, p. 11). The management direction adopted in the Northern and Southern Rockies 
amendments was developed in accordance with the National Forest Management Act of 1976 
and the regulations that implement the statute (36 CFR 219.22), which requires public review 
and comment as part of the decision making process. Among national forests within the 
geographic units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee 
and Colville national forests) have not formally amended or revised their land and resource 
management plans. However, the plan revision process has been initiated for both forests, and 
both continue to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 2, above). In the Western Colorado 
SSA unit, BLM Field Offices that contain potential lynx habitat include the Colorado River Valley, 
Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres Rios, 
Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008b, pp. A18-10 - A18-16; BLM 2010b, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
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BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or its habitats and thus promote the conservation of the 
DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and USFWS 
2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). Standards and 
guidelines developed and implemented in accordance with the NRLMD and the SRLA were 
designed to promote beneficial effects and limit potentially adverse effects of management 
activities (vegetation management [e.g., timber harvest, precommercial thinning], wildland fire 
and fuels management, grazing, recreation, road/access management, energy development, 
etc.) on important lynx habitats including winter snowshoe hare habitat (high-quality lynx 
foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, pp. 8-30, 
USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 

provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 

management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 

(USFWS 2000, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are capable of supporting them. They represent the agencies’ efforts, in 

collaboration with the Service, to address and ameliorate the singular threat for which the lynx 
DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it’s clear that implementation of the CAs and revised/amended plans, and the 

associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous U.S. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the six geographic units evaluated in this SSA, accounting for almost 27 percent, almost nine 
percent, and one percent of the total, respectively (Table 2). The amount of private land varies 
by unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
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Northern Maine Unit. Likewise, State ownership varies from less than one percent in the GYA 
and Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands 
account for about four percent of the Northwestern Montana/Northeastern Idaho Unit and 
roughly one percent of the Northern Maine and Northeastern Minnesota units; there are no 
Tribal lands in the North-central Washington, GYA, or Western Colorado units. Private, State, 
and Tribal lands, combined, constitute 99 percent of the lands in the Northern Maine 
Geographic Unit and over half of those in the Northeastern Minnesota Unit. Because both of 
these units support larger resident lynx populations than was suspected when the DPS was 
listed and, therefore, may contribute more substantially to the conservation of the DPS than was 
understood at the time of listing, we must evaluate the regulatory mechanisms that pertain to 
lynx on these lands (Lynx SSA Team 2016, p. 54). Although private, State, and Tribal lands 
constitute much smaller proportions of the other four (western) geographic units (from about 3 
percent to 16 percent, combined), important lynx habitats occur on some of those lands, and 
regulatory mechanisms may influence their contributions to the conservation and persistence of 
DPS populations or parts of them. Therefore, in this section, we summarize the relevant 
regulatory frameworks and mechanisms that may affect lynx on private, State, and Tribal lands 
within the six geographic units of the DPS, but with a focus on those units with the greatest 
proportions of these lands and on activities on these lands with the greatest potential to impact 
lynx. 
 
State Wildlife Management Regulations - The following information is derived from the Service’s 

2014 Incremental Effects Memorandum prepared in support of the revised designation of critical 
habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the 2000 listing of the DPS under the ESA, and those activities were prohibited in all states 
once the DPS was listed. All states within the lynx DPS range that allow legal bobcat harvest (1) 
manage in accordance with the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES) Export Program for Appendix II Furbearer Species (USFWS 
2014, pp. 25-26), (2) have distributed information to bobcat trappers and hunters on how to 
avoid incidental take of lynx, and (3) report all known incidences of incidental take of lynx to the 
Service’s Division of Management Authority to assure that take does not exceed the amount 
permitted under the intra-agency section 7 consultation for the CITES Export Program (USFWS 
2001, entire). Most states have also adopted special regulations in areas where lynx occur to 
minimize the potential for incidental take (including injury) of lynx during legal trapping of other 
furbearers. These efforts benefit lynx and are expected to do so in the future with continued 
implementation and enforcement. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
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legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx (http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-
restrictions/). MDIFW also adopted and made available for download on its web page the 
interagency brochure How to Avoid Incidental Take of Lynx while Trapping or Hunting Bobcats 

and other Furbearers, and modified it to be more specific to Maine. MDIFW also set-up an 
incidental lynx capture hotline and requires that all incidentally trapped lynx be reported 
(http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016), 
and has staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and 
release, if appropriate, any lynx reported to the hotline. This program has resulted in the release 
of 98 lynx from 2000 - 2015 (ten lynx died from traps or illegal shooting in traps) that were 
reported incidentally trapped in northern Maine (MDIFW 2014, p. 75). After preparing a habitat 
conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained an incidental take permit 
from the Service for lynx trapped incidental to predator management and animal damage control 
activities, and other legal furbearer trapping in Maine. The permit allows incidental trapping of 
195 lynx (including 3 mortalities) over a 15-year period. After two lynx were killed in killer-type 
traps in 2014, MDIFW imposed additional emergency trapping restrictions to further reduce 
mortality and injury of incidentally-trapped lynx (see Other Factors in section 4.1.1 below). The 
regulations now require exclusion devices on most killer-type traps, prohibit the use of drag sets 
on foothold traps, address specific trap types and sets, prohibit visual use of bait and visual 
attractants, multiple swivels on chains, and require reporting of incidental captures. The trapping 
incidental take permit is currently being litigated in Federal court. The MDIFW also is 
responsible for implementing the Maine Endangered Species Act 
(http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html; MDIFW 2009, p. 9). 
Although the lynx is not State-listed as threatened or endangered because its population is 
estimated to exceed the State’s listing threshold, it is considered a species of special concern 

(MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to conduct research and 
monitor lynx populations and habitats, and it recommends voluntary forest management 
activities to promote a sustainable supply and large, connected, and widely-distributed blocks of 
dense, young spruce-fir stands and to conserve large blocks of unfragmented forestland in 
northern and western Maine (MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the State Department of Natural Resources (MNDNR) has identified a specific “Lynx 

Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat. The MNDNR has modified trapping regulations 
within the LMZ to minimize the incidental take of lynx during the legal trapping of other 
furbearers. The regulations address specific trap types and sets, prohibit the use of certain baits 
and visual attractants, and require reporting of any incidentally trapped lynx to DNR 
conservation officers within 24 hours (pages 53,54 at: 
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf). In 2015, the MNDNR 
issued emergency trapping rules in the LMZ mandating additional restrictions on the types of 
traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of incidentally 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
http://files.dnr.state.mn.us/rlp/regulations/hunting/2016/full_regs.pdf
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trapping lynx. Minnesota DNR is under a Federal court order to develop an incidental take plan 
for lynx and plans to seek an incidental take permit from the Service for lynx trapped incidental 
to other legal furbearer trapping. Like Maine, Minnesota has a State Endangered Species 
Statute (84.0895) which requires the Minnesota DNR to adopt rules designating species 
meeting the statutory definitions of endangered, threatened, or species of special concern 
(State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt rules that 
regulate treatment of species designated as endangered and threatened. Also like Maine, 
Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), and 
coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 

offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 

takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 

2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act 
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(http://leg.mt.gov/bills/mca/87/5/87-5-103.htm;  https://www.animallaw.info/statute/mt-
endangered-species-chapter-5-wildlife-protection   
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 

Washington Department of Fish and Wildlife (DFW) developed a Lynx Recovery Plan 
(http://wdfw.wa.gov/publications/00394/) and a Status Report 
(http://wdfw.wa.gov/publications/01521/), and it prepares annual reports to update population 
and habitat information for the species. The DFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015b, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 
Unit 1: Northern Maine - State and private lands constitute seven percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 

http://leg.mt.gov/bills/mca/87/5/87-5-103.htm
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
https://www.animallaw.info/statute/mt-endangered-species-chapter-5-wildlife-protection
http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was three to eight 
times higher than natural historical conditions, when only three to seven percent of stands were 
likely in such condition at any given time (68 FR 40094). Current timber harvest and 
management on State and private lands in Maine are governed by the Maine Forest Practices 
Act of 1989 and administered by the Maine Forest Service within the Department of Agriculture, 
Conservation & Forestry to regulate, among other things, the size, arrangement, regeneration, 
and management of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) 
clear-cuts are still permitted, but require special permits. Because of this regulatory burden and 
public referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely 
been replaced by various forms of partial harvest techniques; many of which are unlikely to 
maintain the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.1.1 and 5.1.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on private lands to assure 
management of lynx. In 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
one withdrew. The remaining four landowners were provided funding to develop lynx plans on a 
total of about 630,000 acres (about 10 percent of the critical habitat area). These landowners 
selected one or two township-sized (23,000 acre) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 161,000 acres within the larger area was 
targeted for managing lynx. All four landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007). NRCS contracts 
with the landowners last 10 years and will expire in 2016 and 2017. The HFRP described an 
opportunity for enrollees to apply for Safe Harbor Agreements when their contracts expired, 
although none have indicated an interest yet in doing so. Management plans were written for a 
70-year period so some landowners may continue voluntary lynx management activities. Many 
private landowners in Maine are enrolled in forest certification programs; the Sustainable 
Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both programs require 
landowners to protect endangered species and their habitats, but there are not specific 
recommendations pertaining to lynx. About 2.5 million acres in northern Maine is under 
conservation easement (http://web.colby.edu/stateofmaine2012/state-of-large-landscape-
conservation-in-maine/ last accessed 8.18.2016), but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or LCAS. 
 
State lands include Baxter State Park (~200,000 acres) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for Maine Department of Inland Fisheries and Wildlife’s incidental take permit for 

trapping requires management of 6,200 acres of lynx habitat within a 22,046-acre habitat 
management area on the MBPL’s Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The Minnesota Department of Natural Resources (MN 
DNR) Division of Forestry regulates timber harvest and management on State and private 
lands. Under the Sustainable Forest Resources Act of 1995 (revised most recently in 2014 
[MFRC 2014a, p. 1]), the Minnesota Forest Resources Council (MFRC) has developed 
voluntary guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) 
that are intended for private and State landowners and include some general recommendations 
for wildlife including lynx. However, because they are voluntary, the extent to which these 
guidelines benefit lynx is uncertain (see sections 4.1.2 and 5.1.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 
four percent and eight percent, respectively, of this SSA unit and almost all are in the Montana 
portion of the unit. The Montana Department of Natural Resources and Conservation 
(MTDNRC) administers several laws pertaining to forest practices on State and private lands. 
These laws are intended to protect streamside management zones, reduce fire hazards, and 
provide BMPs to minimize non-point source water pollution 
(http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed July 18, 
2016). Although these laws may provide indirect benefits to lynx and other wildlife, they do not 
include specific measures to conserve or avoid impacts to lynx habitats. However, the MTDNRC 
and the Service collaborated on a multi-species habitat conservation plan (HCP) for forested 
State Trust lands that includes a Lynx Conservation Strategy to minimize impacts of forest 
management activities on lynx and describes conservation commitments that are based on 
recent information from lynx research in Montana (USFWS 2104, pp. 22-23; 79 FR 54835-
54837). This HCP covers about 64 percent of the State lands in this SSA unit, regulates 
activities primarily associated with commercial forest management to conserve lynx foraging, 
denning, and connectivity habitats, and includes a 50-year commitment (79 FR 54835-54836). 
Additional details on this HCP and other programs for conserving lynx habitats on State and 
private lands in this unit are provided in section 4.1.3 below.  
 
Unit 4: North-central Washington - State and private lands constitute about eight percent and 
0.3 percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 

http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.1.4 and 5.1.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over two percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 

programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservations measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9nine 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than one percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 

environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 

Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 

natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 

prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent one percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 

management practices benefit populations of snowshoe hares, the lynx’s primary prey 

(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly four percent of 
this SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 

Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 

continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 

Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 

‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 

with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 

Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 

for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
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‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 

with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 

the mean or variability of one or more measures of climate (e.g., temperature or precipitation) 
that persists for an extended period, typically decades or longer, whether the change is a result 
of natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). In our analyses, we weigh relevant information, 
including uncertainty, in our consideration of various aspects of climate change. 
  
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 

evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will increase extinction risk for 
many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, observed 
impacts attributable to climate change that may affect lynx habitats and distribution include 
upslope and northward shifts in species distributions across multiple taxa, and increased wildfire 
activity, fire frequency and duration in boreal and subarctic conifer forests of Canada and the 
western U.S. (IPCC 2014a, p. 31). 
 
At the time of listing, the Service determined there was no evidence to support global warming 
as a threat to lynx (65 FR 16068-16069). In the 2003 remanded determination, we concluded 
that the best information available at that time regarding the potential impact of climate change 
on lynx (warming leading to long-term reductions in snow depths needed to support lynx in the 
eastern U.S. and eastern Canada south of the St. Lawrence Seaway; Hoving 2001, pp. 72-75) 
was speculative and did not demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 
recovery outline for the DPS, the Service acknowledged that continued climate warming was 
likely to negatively affect the boreal forest ecosystem for which lynx are highly adapted, 
eventually causing it to recede north and/or to higher, colder elevations, potentially resulting in a 
substantial reduction or even elimination of lynx habitats from the contiguous U.S. (USFWS 
2005, pp. 11, 14). In the 2009 critical habitat rule, the Service acknowledged that new science 
concerning climate change was available, and that climate change may pose a risk to the future 
conservation of lynx (74 FR 8617, 8621). In the 2014 revised critical habitat rule, we concluded 
that recent information on regional climate changes and potential effects to lynx habitat (e.g., 
Knowles et al. 2006, pp. 4545–4559; Carroll 2007, pp. 1098–1102; Danby and Hik 2007, pp. 
358–359; Gonzalez et al. 2007, entire; Iverson et al. 2008, pp. 390–400; Beckage et al. 2008, 
entire; Burns et al. 2009, p. 31; Johnston et al. 2012, pp. 6–13) suggested that climate change 
is likely to be a significant issue of concern for the future conservation of the lynx DPS (79 FR 
54811). Specifically, climate models project reductions in the extent of boreal forest habitats and 
snow conditions needed to support lynx throughout the DPS, with both features modeled to 
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migrate to higher elevations (in locations where this is possible) and northward in latitude. This 
would result in fewer, smaller, and more fragmented and isolated areas capable of supporting 
resident lynx and, therefore, smaller and more isolated lynx populations that would likely be 
more vulnerable to stochastic environmental and demographic events (79 FR 54811). Climate 
change also may have synergistic effects with other stressors (e.g., forest insect outbreaks and 
wildfire frequency, size, and intensity) that could further reduce and isolate lynx populations 
within the DPS and reduce connectivity to lynx in Canada. Climate change may also affect 
human interactions in the DPS that could benefit or stress lynx (e.g., growing older forests to 
increase carbon sequestration, developing biomass and wind energy in lynx areas). 
  
Lynx biologists identify climate change as the most important and overarching factor influencing 
resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Climate change is likely to be exacerbated at the 
southern edge of the range where habitat and snow conditions are patchy and becoming 
increasingly marginal for the continued existence of lynx (Gonzalez et al. 2007, p. 8). Across 
North America, a significant increase in proportion of winter precipitation falling as rain rather 
than snow has resulted in reduced persistence of the winter snowpack (Dyer and Mote 2006, 
entire), increased snow density (Hodgkins and Dudley 2006, entire), and decrease in the extent 
of deeper snowpacks (Dyer and Mote 2006 p. 1; Brown 2000, pp. 2347-2354). Climate change 
models suggest that future snow cover in the contiguous U.S. will be further reduced in extent 
and distribution (McKelvey et al. 2011, pp. 2892-2896).  
 
Warming and more frequent winter thaws are contributing to changes in snowpack structure, 
namely replacing deep, fluffy snow with harder, crustier snow. These suboptimal snow 
conditions are expected to occurr at higher latitudes (Callaghan et al. 2011, entire) and higher 
elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). The frequency of winter warm 
spells is correlated to the hardness of the snow surface, sinking depth, and, in turn, influence 
the hunting efficiency of lynx (Stenseth et al. 2004, p. 10633). As the climate warms, winter 
temperatures are rising above freezing more often. This results in more rain on snow events 
and winter thaws that change the structure of the snowpack; larger grain size, basal ice layers, 
depth hoar (weak layers in the snowpack), and slip planes (crusts and ice layers within the 
snowpack;Callaghan et al. 2011, p. 23). Hard snow surfaces (crust) and other structure in the 
snowpack are believed to reduce the competitive advantage of lynx over bobcats and other 
mesocarnivore competitors and predators.  
 
Although it is believed that high elevation areas in the West may provide snow refugia for lynx 
(Lynx SSA Team 2016, p. 45), these areas will also be affected. Mountainous regions in the 
western U.S. have historically been snow-covered from November through March. By 2050, the 
length of snowfall-conducive temperatures over many western mountain ranges will be reduced 
from approximately five months (November–March) to approximately three months (December-
February) of the year (Klos et al. 2014, p. 4566). Many relatively large areas that contain lower 
relief, mid-elevation mountain ranges will likely shift relatively quickly into new precipitation 
phase regimes (e.g., the Northern Rockies, North Cascades; Klos et al. 2014, p. 4566). The 
interior northwestern U.S. shows a greater sensitivity of its strongly snow-dominated areas to 
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warming because much of the region is characterized by relatively warm winter temperatures 
and by mainly mid-elevation mountain ranges. The climatic rain-snow transition zone will move 
up in altitude and north in latitude.  
 
It is possible that in high elevation areas of the DPS range in the West, snow conditions suitable 
for lynx may move up slope at a faster rate than boreal forest habitat will migrate, providing a 
mismatch of these important habitat elements for lynx. During prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both 
the northern (Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). 
Boreal treelines in Scandinavia moved upslope an average of 40 m (but in some locations up to 
100 m) during a recent 50-year period of warming (Kullman 1990). However, despite recent 
warming, the alpine treeline in North America has thus far remained relatively static (Butler et al. 

1994). Upslope migration of the treeline of boreal forest may be limited by high winds, 
desiccation, and soil depth not conducive to colonization by conifers. Upslope migration of 
boreal forest will occur either gradually or as a series of scattered, rapid advances as climate 
thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower elevations, the upslope 
movement of the deciduous-boreal ecotone is limited by an isocline of excessively cold winter 
temperatures (generally -40C), moisture (cloud, fog line), and acidic soils (Kupfer and Cairns 
1996, p. 263-264). The rate that boreal forest will retreat upslope is highly speculative 
depending on how climate change will affect complex moisture and temperature regimes, and 
there could be a lag time before these community types move up slope (Kupfer and Cairns 
1996, p. 268). In the Yukon, upslope migration of spruce-fir seemed to be triggered by climate 
thresholds and was characterized by slow, gradual change followed by rapid advances (Danby 
and Hik 2007, p. 361). However, in Vermont, the northern hardwood-boreal ecotone moved 
upslope 91 to 119 m between 1962 and 2005 consistent with rapidly increasing cloud ceilings in 
the Northeast, which is believed to be closely associated with this ecotone transition (Beckage 
et al. 2008, pp. 4200-4201). 
 
In contrast, there have been no lag time or thresholds slowing changes in the precipitation and 
snow regime. Much of the Rockies have already experienced declines in spring snowpack in 
response to climate change, especially since midcentury, despite increases in winter 
precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-5368). 
Some mountainous regions are warming at a faster rate than global land averages (Rangwalla 
and Miller 2012, entire). It is likely that the losses in snowpack observed to date will continue 
and even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses in 
milder climates like the Cascades and the slowest losses in the high peaks of the northern 
Rockies and southern Sierras. For every 1 °C increase in temperature, snowline increases 
about 150 m in elevation (Beniston 2016, p. 106). If greenhouse gas emissions continue at the 
current rate, by 2100, the altitude above which it snows and below which it rains will climb as 
much as 800 feet in the Colorado Rockies, by 1,400 feet in the Rockies of Idaho and Wyoming, 
and the snow line will rise by an average of 950 feet across six Western mountain regions 
(Scalzitti et al. 2016, p. 1564). Thus, it is possible that boreal forest will persist for a while, but 
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deep, fluffy snow conditions will retreat upslope and preclude the use of boreal habitat by lynx 
and instead favor competitors such as bobcats. 
 
The effects of climate warming are already occurring and have accelerated over the past three 
to four decades (Hansen et al. 2006, entire). Globally, greenhouse gas emissions are increasing 
and tracking levels predicted by models for high emissions scenarios (e.g., RCP8.5) (Peters et 

al. 2013; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 
187-189). Analysis of paleoclimate indicates 20th century warming is likely to have been the 
largest of any century within the last 1000 years (Folland et al. 2001, pp. 99-101). These 
changes are predicted to continue and accelerate under future climate scenarios (Hall and 
Fagre 2003, Fig. 7). The range of warming projected over this century runs from 3.6 °F (2 °C) to 
10.8 °F (6 °C) for North America, with warming higher than this average in areas that are inland, 
northerly, or mountainous. 
  
Climate change is manifested in different ways throughout the northern contiguous United 
States and the lynx DPS. To date, the observed and predicted increases in surface 
temperatures have been greatest in the northern Rockies and Northeast (much of the lynx DPS) 
than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 2016, 
pp. 14-15). Climate history and projections from regional climate models for regions associated 
with the lynx DPS units corroborate global models, and indicate that both eastern and western 
North America, including all portions of the lynx DPS, have warmed in the last century and are 
likely to warm 1.8 °F (1 °C) to 5.4 °F (3 °C) by the year 2050 (IPCC 2007b, p. 889). For 
example, in the Northern Rocky Mountains at Glacier National Park, mean summer 
temperatures have increased 3.0 °F (1.66 °C) between 1910 and 1980 (Hall and Fagre 2003, 
pp. 134–137) resulting in lower snowpack, earlier spring melt, and distributional shifts in 
vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
   
Climate change is diminishing snow conditions (reduced depth, quality, persistence) 
considerably throughout the DPS. The strong warming in recent decades corresponded to a 
large decline in snow cover in North America, particularly in the mountains of the western U.S. 
(Mote et al. 2005, p. 47-48). In most mountain ranges, relative declines vary from minimal at 
ridgetop to substantial at snow line. Temperature has increased more in the winter than summer 
(Knowles et al. 2006), which has increased the amount of winter precipitation falling as rain 
instead of snow throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; 
Feng and Hu 2007, entire). The rate of decline in the snowpack of the northern Rockies is 
unprecedented in the last 1000 years (Pederson et al. 2011, entire). An analysis of potential 
snow cover under a range of IPCC future climate scenarios and modeling of vegetation using a 
dynamic vegetation model indicates that potential lynx habitat could decrease by as much as 
two-thirds in the contiguous U.S. by the end of this century (Gonzalez et al. 2007, pp. 4, 7–8, 
10, 13–14). Climate modeling suggests that lynx habitat and populations are anticipated to 
decline accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of 
the range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13).  
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Climate change is expected to substantially reduce the amount and quality of lynx habitat in the 
contiguous U.S., with patches of high-quality boreal and subalpine forest habitat becoming 
smaller, more fragmented, and more isolated (Carroll 2007, pp. 1099–1100; Johnston et al. 

2012, p. 11). Various forms of snow compaction and structure within the snowpack (see above) 
give a competitive advantage to bobcats and other predators/competitors with higher foot 
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow 
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). These trends indicate the range of the lynx 
in the DPS is likely to contract as a direct result of climate change. Because of climate change 
and other stressors, lynx biologists believed that only one to three of the six units may persist to 
the end of the century (Lynx SSA Team 2016, p. 48). 
 
Near-term effects of climate warming on lynx are more certain than long-term effects. Lynx 
experts anticipate a downward trend for the probability of persistence of lynx in all six 
geographic units primarily because of the effects of climate warming (Lynx SSA Team 2016, pp. 
35-47). The rates of change and magnitude of effects of climate warming is difficult to predict. 
Climate change is anticipated to affect each unit differently as summarized below. 
 
Climate change is affecting many of the requirements necessary for the continued existence of 
lynx in the DPS. Climate warming will continue to stress populations into the foreseeable future. 
Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably 
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the hare 
cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4) 
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare 
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7) 
introduction of disease and parasites, and 8) reduced gene flow. Synergistic effects between 
these factors and other stressors (e.g., forest management, trapping, development) may 
intensify their effects (Carroll 2007). Diminished snow, increasing drought and fire, and 
increased forest pests and disease are believed to currently be the most important stressors for 
lynx in the DPS, but it is possible that other pathways are, or may become, equally important. 
Over the next decades, southern lynx populations will continue to be affected by climate change 
and associated shifts in habitat, prey base, and competition. The extent of such changes and 
whether lynx are able to adapt to them will determine not how, but if, this species can persist in 
the contiguous U.S. (Murray et al. 2008). 
  
Range Contraction in the DPS - In response to climate change, lynx range in the DPS is 
expected to contract as a result of boreal habitat shifting to higher elevation (Danby and Hik 
2007, pp. 360-362) and northward shifts in latitudinal distribution of boreal habitat and snow 
conditions (Sturm et al. 2001, pp. 342-342; Gonzalez et al. 2010, pp. 761-766; Koen et al. 2015. 
p. 528; ILBT 2013, p. 69). For example, lynx distribution in southeastern Ontario has shifted 
northward >175 km over the past 40 years (Koen et al. 2014a, pp. 757-758). Habitat patches 
will become smaller, more fragmented and isolated (Carroll 2007, pp. 1099-1100; Johnston et 
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al. 2012, p. 11), bobcat distribution will expand northward (see below), and lynx will become 
more vulnerable to stochastic and environmental and demographic effects because of smaller 
population sizes and increased isolation. 
  
Reduction in Periodicity and Amplitude of the Hare Cycle - Climate change is altering large-
scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific North 
American Index, and North Pacific Index which, in turn, affect patterns of temperature and snow 
in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are believed 
to have caused the collapse of cycles in voles, lemmings, and snowshoe hare populations (Ims 
et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). The 
geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
  
Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the negative effects of climate warming on hare-lynx cycles in Canada. The 
authors concluded that climate forcing is not only essential in producing sustained cycles, but 
also in modifying the cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests 
in Canada beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 
3269). With more pronounced troughs in hare abundance cycles, lynx populations will decline 
(Hone et al. 2011, p. 424). Diminished lynx populations in the core of the range in Canada is a 
concern because most of the populations of lynx in the DPS are believed to be dependent on 
periodic immigration from Canada for demographic persistence and genetic stability (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 
40097-40100). If diminished amplitude of the hare cycle in Canada persists, it will likely translate 
into a reduced potential for lynx to expand into new or unoccupied habitat in Canada or the 
adjoining U.S. (ILBT 2013, p. 69).  
  
Reduction in Snow Conditions that are Necessary to Provide Lynx a Competitive Advantage - 
Climate-induced changes in snow depth and quality are critical because they reduce the extent 
of deep, fluffy snow habitat available to lynx (Knowles et al. 2006, p. 4557; Carroll 2007, p. 
1103; Gonzalez et al. 2007, pp. 7-8; McKelvey et al. 2011, pp. 2893-2895; ILBT 2013 p. 69). 
Across their worldwide distribution, lynx rely on deep, powdery and persistent snow because 
they restrict potential lynx competitors such as bobcat or coyote and predators such as fishers 
and cougars from effectively encroaching on or hunting hares in winter lynx habitat (Peers et al. 

2016, entire; 79 FR 54809).  
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Warmer winter temperatures are reducing snowpack in all portions of the lynx DPS through a 
combination of a higher proportion of precipitation falling as rain and higher rates of snowmelt 
during winter (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 
73–75; Mote 2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–

4549). These trends are expected to continue with future climate warming (Hamlet and 
Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 
2007b, p. 850). The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth 

are very likely to decrease in most of North America except in the northernmost part of Canada 
where maximum snow depth is likely to increase.’’ Shifts in the timing of the initiation of spring 

runoff toward earlier dates in western North America are also well documented (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan et al. 2001, pp. 409–410; Christensen 
et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 2006, p. 4554). In addition, a 
feedback (albedo) effect is likely to accelerate the rate of loss of snow cover because of the 
reflective nature of snow and the relative heat-absorbing properties of non-snow-covered 
ground. This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 

al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has led to the 
average date of peak snowmelt to shift 3 weeks earlier in spring in the Intermountain West 
(Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert 
dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). Snow accumulation and duration are expected to 
decline generally in the geographic areas that contain the central and eastern portion of the lynx 
DPS (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Because lynx require prolonged periods of 
deep fluffy snow, current habitats that lose this feature would decline in value for lynx (Hoving 
2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
  
Reduced snow depth and duration may reduce lynx’s competitive advantage over bobcats, 

which have similar ecology to lynx but are not as well-adapted to hunting hares in deep fluffy 
snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71). The bobcat is the 
closest related species to lynx in North America, and it outcompetes or displaces lynx wherever 
the two species overlap, at both broad (Peers et al. 2016, entire) and local (Parker et al. 1983; 
Robinson 2006, pp. 120-129) geographic scales. In areas where they do overlap, lynx are 
subjected to niche displacement to habitats of inferior quality, which probably limits lynx survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth likely acts as a mediator of competition between the two species. Bobcats 
have a higher foot loading than lynx, are unable to hunt hares successfully in areas with deep, 
soft snow (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and experience high 
mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Lynx have a low foot loading and 
long legs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, pp. 122-129) that gives them a 
competitive advantage over bobcats in deep, fluffy snow conditions. This has important 
implications for lynx persistence and range distribution at the southern edge of their range 
considering the current and projected changes in snow cover, stable or increasing bobcat 
populations in the DPS (Roberts and Crimmins 2010, p. 170), and the predicted northward 
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expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; 
Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172). 
  
Buskirk et al. (2000a, entire) described exploitation (competition for food) and interference 
(avoidance) competition from bobcats and other species that may compete with lynx. 
Exploitation competition could contribute to lynx starvation and reduced recruitment. Of several 
predators examined (raptors, coyote, gray wolf, cougar, bobcat, and wolverine), coyotes were 
deemed the most likely to pose local or regionally important exploitation impacts to lynx. 
Coyotes, bobcats, and cougars are possibly capable of imparting interference competition 
effects on lynx. Interference would be most probable during summer and during winter in areas 
lacking deep, unconsolidated snow (ILBT 2013, p. 36). Cougars are also predators of lynx in the 
West (ILBT 2013, p. 35), but, like bobcats, cougars also have high foot loading, which limits 
their efficiency in deep, fluffy snow (Buskirk et al. 2000a, p. 90). Fishers are predators of lynx in 
Maine (Vashon et al. 2012), but their distribution and movements in winter are also limited by 
deep, unconsolidated snow (Krohn et al. 2005, entire).  
  
The effects of lynx-bobcat hybridization on lynx populations in the DPS are uncertain. Bobcats 
have hybridized with lynx in Minnesota, Maine, and New Brunswick (Schwartz et al. 2004, 
entire; Homyack et al. 2008, entire), where low topographic relief and variability in winter 
severity may allow more interaction between the two species during the breeding season (ILBT 
2013, p. 34). Hybrids were capable of reproducing successfully (Homyack et al. 2008, p. 507). 
The hybridization rate is currently low between the species (0.24 percent) but could increase as 
bobcat populations move north with climate change (Murray et al. 2007, p. 1465; Koen et al. 

2015, p. 528).  
  
Reductions in Hare Populations - In addition to affecting the synchronicity and amplitude of hare 
cycles, climate change will likely affect hare populations in other ways, especially at the 
southern extent of the range. Changing snow conditions may influence lynx hunting behavior 
and effectiveness. For example, hard-packed snow is reported to be associated with a higher 
kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 

2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other hare 
predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels (Stenseth 
et al. 2004, p. 10633). Predator communities are more diverse at the southern part of the lynx 
range than in central Canada (Murray et al. 2008, pp. 1464-1465). The diverse predator 
community could explain why hare populations have declined and seem to remain low in Maine 
(Scott 2009, p. 43). Climate change will cause increased annual precipitation, periods of drought 
and extreme precipitation, and hotter summers across the northern tier of U. S. (i.e., throughout 
the DPS) in eastern North America (Jacobson et al. 2009, pp. 14-15, Romero-Lankao 2014, pp. 
1452-1456). Increased precipitation may reduce hare numbers because the second litters of 
snowshoe hares have lower survival in wet summers (Meslow and Keith 1971, entire). However, 
because hares have two to four litters per summer, there is opportunity for compensatory 
survival of later litters if one is affected by weather (Krebs et al. 2014, p. 1043). Decreased hare 
survival may also be expected during prolonged hot, dry summer conditions. For example, hare 
densities in the GYA are believed to be low, in part, because of the dry conditions there 
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(Hodges et al. 2009). In dry western forests like those in the GYA, increased precipitation may 
result in more herbaceous forage and cover, which may promote hare survival and reproduction 
(Ivan et al. 2014, p. 590). Thus, climate change may have both positive and negative effects on 
hares. 
 
Finally, the shorter duration and diminished snow cover in the DPS is causing an increasingly 
pronounced mismatch in the phenology of hare pelage change that may reduce hare survival 
(Mills et al. 2013, entire; Zimova et al. 2013, entire). Diminished snow duration by as much as 8 
weeks by the end of the century could have population-level effects on hares at the southern 
edge of their range. Hares exhibit plasticity in the rate at which they can molt from white to 
brown in the spring, but not in the initiation date of color change or the fall transition from brown 
to white (Mills et al. 2013, pp. 7362-7363). Hares do not seem to compensate for mismatched 
pelage by changing their behavior related to concealment, thus predisposing them to predation 
(Mills et al. 2014, entire). There is wide variability in the timing of pelage change by individual 
hares within populations, and “mismatched” hares experience increased mortality rates (Zimova 

et al. 2016, p. 302). Under high emission scenarios, this could lead to an 11 percent decline in 
hare survival by mid-century and a 23 percent decline by late century. Diminished survival 
would lead to steep (high emissions) to moderate (medium-low emissions) declines in hare 
populations (Zimova et al. 2016, p. 304). It is also possible that this phenological mismatch may 
dampen hare cycles (Zimova et al. 2016, p. 305). Snow patterns have been proposed to 
potentially play a role in dampening cycles (Cornulier et al. 2013, pp. 64-65, Sultaire et al. 

2016a, entire).  
 
The range of the snowshoe hare is contracting northward in the southern part of its range in the 
contiguous U. S. because of changing snow conditions and reduced survival because of 
delayed pelage changes (Diefenbach et al. 2016, p. 245; Sultaire et al. 2016a, entire). In 
Wisconsin, snowshoe hare range has been contracting northward an average of 8.7 km per 
decade and will continue to recede northward with climate change (Sultaire et al. 2016a, entire). 
Loss of snow now contributes more than loss of habitat in determining the range of snowshoe 
hares in the Great Lakes region (Sultaire et al. 2016a, entire).  
  
Reduction in Lynx and Hare Habitats - Climate change will diminish the amount of lynx habitat 
throughout the DPS by a) reducing the areas where snow conditions give lynx a competitive 
advantage over bobcats and other species, and b) reducing the amount of spruce-fir habitat 
required by snowshoe hares. An analysis of potential snow cover under a range of IPCC future 
climate scenarios and modeling of vegetation using a dynamic vegetation model indicates that 
potential lynx habitat could decrease by as much as two-thirds in the contiguous U.S. by the end 
of this century (Gonzalez et al. 2007, pp. 4, 7–8, 10, 13–14). Areas of contiguous spring snow 
cover will become smaller and more isolated throughout the Columbia, Upper Missouri, and 
Upper Colorado Basins, with greatest losses at the southern periphery, which likely is an 
indicator of the trajectory of lynx habitat (McKelvey et al. 2011). Deteriorating snow conditions 
caused by climate change is causing range contraction of snowshoe hares and the southern 
edge of their range (Sultaire et al. 2016b, pp. 900-904). Similarly, because of diminishing snow 
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resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093).  
  
Changes in temperature and rainfall patterns are expected to shift the distribution of ecosystems 
northward and up mountain slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 
2007, pp. 358–359; IPCC 2007c, pp. 230, 232). As climate changes over a landscape, the 
ecosystems that support lynx are likely to shift, tracking the change of temperature, but with a 
time lag depending on the ability of individual plant and animal species to migrate (McDonald 
and Brown 1992, pp. 413–414; Hall and Fagre 2003, p. 138; Peterson 2003, p. 652). On the 
basis of the best existing data for 130 tree species in North America and associated climate 
information, and assuming no limitations to individual tree growth, McKenney et al. (2007) 
predicted that the average range for a given tree species will decrease in size by 12 percent and 
will shift northward by 700 km during this century. In the contiguous U.S., researchers expect 
that lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope (Gonzalez et al. 2007, p. 7). Some areas of the DPS (e.g., 
Maine, Minnesota) lack potential elevational refugia and, therefore, lynx populations are 
anticipated to decline accordingly (Carroll 2007, pp. 1098–1102). 
  
Lynx and hare habitats—boreal spruce-fir and subalpine forests—and, therefore, lynx 
distribution, are likely to shift upward in elevation within its currently occupied range and recede 
northward as temperatures increase (Gonzalez et al. 2007, pp. 7, 13–14, 19; Beckage et al. 

2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 2012, pp. 60, 64; ILBT 
2013, p. 69). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in New England, the 
Northern Great Plains, and higher elevations in the Rockies are vulnerable to drought-related 
stress from climate change during the next century. The boreal spruce-fir forests that provide 
habitat for lynx and snowshoe hares are thought to be limited by higher summer temperatures 
and drought (Iverson and Prasad 2001, pp.192–196) and, under a suite of emissions and 
climate change scenarios, are projected to diminish dramatically or disappear from much of the 
eastern U.S. (Iverson and Prasad 2001, p. 196; Iverson et al. 2008, pp. 390–400). Within the 
last 20 to 25 years, widespread mortality and reduced growth in red spruce in the Northeast are 
believed to be linked to climate stress (McLaughlin et al. 1987, p. 501, Johnson et al. 1988, p. 
5373.). Climate modeling suggests that lynx habitat and populations are anticipated to decline 
accordingly (Carroll 2007, pp. 1098–1102) and may disappear completely from parts of the 
range of the DPS by the end of this century (Johnston et al. 2012, pp. 6–13). Remaining lynx 
populations would likely be smaller than at present and, because of small population size and 
increased isolation, populations would likely be more vulnerable to stochastic environmental and 
demographic events (Carroll 2007, pp. 1100–1103). 
  
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
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forest dieback of ~ 3 °C global warming (Lucht et al. 2006, entire, Joos et al. 2001, entire). 
Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will be in excess of 40 percent above the global mean (Soja et al. 2007, 
p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly during 
the winter, but may be offset with increases in summer drought, heat stress and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and would reduce habitat connectivity between lynx populations in the contiguous U. S. 
and southern Canada. 
  
Changes in the Frequency and Pattern of Disturbance Events – The distribution, amount, and 
composition of lynx habitat could be rapidly and dramatically altered by an increasing 
occurrence and persistence of drought, along with associated outbreaks of insects and 
pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long or they be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forest (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes region and parts of the Northwest could experience drought stress within two 
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decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
The frequency of wildfire is increasing in boreal forests of North America. Extended fire seasons 
and increases in the total area burned are anticipated in the western U.S. with continued climate 
warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western U.S. from 1970-
2004, Westerling et al. (2006, entire) found rapid and dramatic increases in the frequency of 
large fires, wildfire durations, and the length of the wildfire season beginning in the mid-1980s. 
Mesic, middle- and high-elevation forest types (such as lodgepole pine and spruce-fir) in the 
northern Rocky Mountains experienced the greatest increases. Increased spring and summer 
temperatures and an earlier spring snowmelt strongly influenced large wildfires, suggesting that 
climate is the primary driver of these changes rather than fire exclusion (suppression), which 
appears to have had little impact on natural fire regimes of these higher-elevation forest types in 
this area (ILBT 2013, p. 70). In contrast, climate change is increasing precipitation in boreal 
forest regions of eastern North America, which has reduced wildfire frequency (Bergeron et al. 

2001, p. 388). Under multiple climate scenarios, large increases in fire frequency are expected 
for boreal forest in central and western Canada, and reduced frequency in eastern Canada - a 
situation that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 

2001, pp. 860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest 
transition in western Canada may hasten the conversion of boreal forest to aspen parkland and 
aspen parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity 
and gene flow in lynx populations. 
 
Warmer springs could increase the frequency and duration of wildfires, which in turn could 
increase vulnerability of surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, 
p. 70). Increasing temperatures and forest homogeneity could create conditions favorable for 
bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 

2008; ILBT 2013, p. 70).  
  
Climate change is dramatically affecting the frequency and intensity of some eruptive boreal 
forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes 
in temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 

rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. By the end of the century, 
changes in temperatures across the boreal forests of western North America may cause 
markedly high probability of outbreak of these species (Bentz et al. 2010. pp. 607, 609). In 
contrast, the range of the spruce budworm, a major pest of spruce-fir ecosystems in eastern 
North America, is expected to shift northward reducing vulnerability of spruce-fir forests in Maine 
and Minnesota (Regniere et al. 2010, entire). Widespread clearcutting following the most recent 
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spruce budworm outbreak in Maine was the primary driver creating the current broad 
distribution of high-quality lynx habitat (Hoving et al. 2005; Vashon et al. 2012).  
 
Introduced species can affect forests through herbivory, predation, habitat change, competition, 
alteration of gene pools via hybridization with natives, and disease (as either pathogens or 
vectors) and can alter the diversity, nutrient cycles, forest succession, and fire frequency and 
intensity of some ecosystems (Dale et al. 2001, p. 727). Climate change will modify the 
distributions of many introduced species. Currently, there are few exotic species in North 
American boreal forests. This is likely because remote areas with little human intervention 
receive fewer exotic species. However, exotic species could be introduced in the future as 
boreal systems are increasingly exploited for forest products, mining, energy production, and 
other natural resources (Schinder and Lee 2010, entire).  
 
Ice storms occur throughout the northern U.S.but are most frequent in the Northeast (Dale et al. 

2001, p. 728). For example, in January, 1998 a severe ice storm extensively damaged the 
canopy of many northeastern U.S. and eastern Canadian forests, causing moderate to severe 
forest damage to over 10 million acres in the Northeast U.S. and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). It is uncertain how climate change will affect the frequency, intensity, 
location, and extent of ice storms; however, atmospheric warming will most likely shift the 
locations of prevailing ice storms northward. 
 
Introduction of Lynx or Hare Disease and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000).  
  
No apparent climate-influenced parasites or diseases have been identified that would affect 
Canada lynx or snowshoe hares, but lynx experts believed this is difficult to predict and remains 
a possibility (Lynx SSA Team 2016, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 

pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in six areas in western North America (Montana-Alaska; Biek et al. 

2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). 
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Reduction in Gene Flow - Koen et al. (2014a, entire) hypothesized that climate change would 
create increasingly unsuitable environmental conditions for lynx (e.g., milder winters with 
reduced snow quality, declining and fragmented boreal forest), which was associated with low 
genetic diversity and high genetic differentiation at the trailing (southern) edge of the range. 
Furthermore, high winter temperature, low snow depth, and low proportion of suitable habitat 
were strongly correlated with neutral genetic diversity, low allelic richness, and high genetic 
differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic structuring in 
southern lynx populations could be caused by a northward shift in optimal conditions, resulting 
in isolation and extirpation of lynx populations at the trailing edge of their range or climate-
induced changes in the distributions of snowshoe hare or bobcats causing lynx to shift 
northward. Lynx with the greatest allelic richness were found in areas with the deepest snow in 
the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The authors concluded 
that climate warming has reduced gene flow at the receding (southern) edge of the lynx’s range, 

and that southward gene flow from Canada into threatened U.S. populations is unlikely (Koen et 

al. 2014a, p. 760). Stenseth et al. (2004, entire) documented population and genetic structuring 
in the lynx populations east and west of Hudson Bay based on differences in snow conditions 
on either side of this divide. This may be explained by the reluctance of lynx to disperse 
between areas having different snow regimes and snow quality. Snow conditions may be the 
key factor in the spatial, ecological, and genetic structuring of Canada lynx (Stenseth et al. 

2014, pp. 10633-10644). 
  
Climate warming may further isolate lynx populations, thus reducing gene flow, by reducing 
connectivity between populations. For example, gene flow between eastern Canada and Maine 
lynx populations depends on an ice bridge for dispersal across the St. Lawrence River. Although 
some lynx currently cross the river, Koen et al. (2014a, entire) found genetic structuring on 
either side of the river. Thus, the river already restricts gene flow. Climate-induced deteriorating 
ice conditions on the St. Lawrence River could further restrict gene flow between lynx 
populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 and 2002 
there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the Gulf of the 
St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on the St. Lawrence may prevent 
bobcats from dispersing northward into lynx areas in central Quebec (Koen et al. 2015, p. 528). 

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
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and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 

2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in one geographic area may not be beneficial to hares and 
lynx in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to one common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
from predation. Softwood (e.g., spruce-fir) has about three times more cover value than 
hardwoods (Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare 
density are directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; 
Koehler 1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 

2000; Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest 
practices that promote high stem density and dense horizontal cover can increase snowshoe 
hare densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 

1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western U.S. After 
disturbances, forests generally develop through several stages described by Oliver (1980) as 
“stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, 

particularly within-stand competition for light, nutrients, and space, determine how forests grow 
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and respond to intentional manipulations and natural disturbances (Oliver and Larson 1996). 
The frequency and severity of disturbances have a large role in determining which species will 
dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat are created 
during the stand initiation stage, after the young trees have established and grown tall enough 
(1-3 meters [m]) to protrude above the snow and provide adequate horizontal cover. During the 
stem exclusion stage (~10 m depending on tree species) the tree crowns lift and lower branches 
self-prune, thus reducing the live horizontal branches providing food and cover for snowshoe 
hares. In the old growth stage, understory may re-develop (e.g., in forest gaps where mature 
trees die or fall down) and food and cover may again become available to support snowshoe 
hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 
from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than widespread fire, 
insect, or wind damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
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maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 

al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 

industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a five-fold increase in biofuel production (Benjamin et al. 

2009, p. 125). The wood pellet sector is expected to grow, although woody biomass is typically 
the lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last two decades in Maine, where nearly all the lynx critical habitat 
is on private land, about 23.8 million acres (80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
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manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 

al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 

2003, entire). Many models have been developed to project how U.S. timber production and 
markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, Perez-Garcia 
et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under climate 
change, total U.S. timber inventories will increase, timber harvest will increase, and product 
prices will decrease relative to an assumed stable climate. Some models predict that consumers 
will gain from climate change while landowners in some regions will lose. The forest industry will 
adapt to climate change in many ways including using alternate tree species in manufacturing, 
shifts to geographic regions of the country with economic advantages in timber growth, and 
increasing forest plantations with new species that are favorably adapted to the new climate and 
markets. Many strategies have been evaluated to increase the quantity of carbon stored in 
North American forests (Irland et al. 2003) including discontinuing or greatly reducing harvest in 
some forests to build carbon reserves, increased recycling to reduce use of forest products, 
converting agricultural lands to forests, and substituting wood products for more energy-
intensive products. Increased atmospheric carbon will increase forest growth slightly, except for 
softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters more carbon, 
is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with older growth 
conifer forest to sequester carbon could benefit lynx in the West and be to the detriment of lynx 
in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
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stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 

1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
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2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hares across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
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story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 

“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (Simons 2009), 
which is below the landscape hare densities (0.5 hares/ha (Ruggiero et al. 2000b, Simons-
Legaard et al. 2013) needed to support lynx. 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western U.S., prescribed fire for ecosystem restoration is most applicable to the dry 
ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests are 
generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western U.S., projects designed to restore forests to a condition 
more representative of the historical range of variability are generally targeted to drier, lower-
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elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx habitat. 
Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can intentionally (or not) alter tree species composition away 
from boreal forest types that support snowshoe hare and lynx. Similarly, lack of forest 
management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 

2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 

al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 

2005, p. 10). In Norway, hares use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Fragmentation - Lynx achieve highest densities in >100 km2 landscapes having a high 
percentage of large, contiguous patches of high quality hare habitat (Simons 2009, Simons-
Legaard et al. 2013). In Maine and northern Washington, landscapes where boreal forest 
habitat was more contiguous supported more snowshoe hares than landscapes that were more 
fragmented (Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for 
habitat patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 

2008a, Fuller and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in 
Maine indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
  
Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous U.S. can affect 
lynx by reducing their prey base and increasing the energetic costs of using habitat within their 
home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to include 
creation of openings that potentially increase access by competing carnivores, increasing the 
edge between early-successional habitat and other habitats, and changes in the structural 
complexities and amounts of seral forests within the landscape. At some point, landscape-scale 
fragmentation from forest management can make patches of foraging habitat too small and too 
distant from each other to be effectively accessed by lynx as part of their home range. For 
example, in Maine the proliferation of partial harvesting will actually increase the patches of high 
quality hare habitat by 57 percent, but the average size of patches will be diminished by 87 
percent, and patches will become more isolated (Simons-Legaard et al. 2016, pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western U.S. 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak or wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
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similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of thousands of years. After several centuries of forest 
management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 

2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 

al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequency, size, intensity, and return intervals also vary across the range of the lynx and 
depend on localized vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) U.S. 
forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the 
dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 

maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
U.S., (2) the potential for fire suppression to alter this dynamic to the detriment of hares and 
lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit hares and 
lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 

Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 

in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and, thus, fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in Great Lakes, S. Rockies, and N. Rockies/Cascades (65 FR 16075-16076; 68 FR 40093-
40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
as a tool to restore hare and lynx habitats and return to natural temporal and spatial patterns of 
fire disturbance, which were not in place when the DPS was listed, likely further reduce what 
was even then considered the low potential threat to lynx of past fire suppression activities. 
Based on the information above, we conclude that fire suppression and other fire management 
activities have not substantially impacted lynx and hare habitats in the DPS range and are 
unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 

al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 

2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 



 

86 
 

al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and, therefore, lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 

recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many over a short time period could, perhaps in concert with other influencing factors, tip an 
area from just barely capable of supporting a resident lynx population to no longer capable of 
doing so, resulting in extirpation. For example, multiple large fires in north-central Washington 
over the last 24 years have burned about 34 percent of lynx habitat (Lewis 2016, p. 4), resulting 
in a more than doubling of estimated female lynx home range size and a two-thirds or more 
reduction in the number of resident females that potentially could be supported in that 
geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-40 years for these areas to 
recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 21), during which time 
additional fire and other habitat impacts could further diminish habitat availability and the lynx 
population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA Team 2016, p. 44; also 
see section 2.3.2.2, above, and sections 4.1.4 and 5.1.4, below). The loss of habitat resulting 
from these fires and its potential demographic impacts on the State’s only resident lynx 

population contributed substantially to the Washington Department of Fish and Wildlife’s recent 

recommendation to uplist lynx from threatened to endangered under its State Endangered 
Species Program (Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and, therefore, for lynx foraging habitat, perhaps increasing the likelihood 
that they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
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activity related to continued climate warming, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
lynx populations, especially in places already affected by increased fire activity and those that 
are naturally only marginally capable of supporting resident lynx.  

3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in the DPS are patchy and marginal for both snowshoe hares and Canada 
lynx. In this region, boreal forest transitions to various types of northern hardwood forest. The 
transitional nature of the boreal forest at its southern extent is believed (along with competition 
from other hare predators) to limit the numbers of both hares and lynx, preventing either from 
regularly achieving densities comparable to those regularly achieved in the classic boreal 
forests at the centers of their ranges in north-central Canada and Alaska (79 FR 54790). Lynx 
must contend with aspects of their habitat at the southern extent of the boreal forest for which 
they are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 
4.5% loss in area (20,000 km2) of forest, and continued expansion of residential development 
will likely reduce forested patches by another 1.2% by 2030 (Theobold et al. 2011, entire). 
Human-caused fragmentation in the forested western landscape resulted in a decline of 
weighted mean patch size from roughly 35,000 to 3,200 km2 from natural to current conditions, 
but models predict relatively small declines in the size of forested patches over the next 30 
years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half or more of the 
natural forest was cleared in the past three centuries, but as agriculture and settlement 
relocated westward and some eastern farmlands were abandoned, eastern forest cover 
rebounded (Williams 1989, Smith et al. 2005). Maine’s forest area has increased 0.79 percent 

since 1982 (Maine Forest Service, Department of Conservation 2010, p. 25). Similarly, a large 
portion of Minnesota forests were cleared in the last century, but forest cover has rebounded. 
The forest area in northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 
22). Preliminary findings from the 2002 U.S. timber assessment (Haynes 2003) indicate that 
approximately 15 to 20 million acres of U.S. forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the U.S. population is estimated to grow by another 126 
million people. 
 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
sources results in habitat alteration, direct habitat loss, vehicle collisions and behavioral 
disturbance from roads and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high quality patches themselves (Lewis et 

al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 

al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution of hares and differences between landscape hare densities in the 
contiguous United States require lynx in most areas to incorporate more land area into their 
home ranges than lynx do in the north to acquire adequate food (Mowat et al. 2000, pp. 265, 
277–278). At some point, landscape hare densities become too low, making some areas 
incapable of supporting lynx. Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation, 
roads, trapping, and other mortality factors than lynx face in the core of their range.  
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84). Under such conditions, generalist predators tend to 
dominate the predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). 

http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-7
http://jmammal.oxfordjournals.org/content/92/3/561.full#ref-37
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Hares fluctuate less dramatically in the southern part of the range of lynx, thus there is more 
competition for a limited resource and exploitation competition inflicted by generalists (e.g., 
coyotes) and other predators (Buskirk et al. 2000a, p. 95).  
 
Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that extremely high 
predation rate on hare living in high quality hare habitats, rather than predation on naturally 
dispersing individuals, seemed to be driving the changes in distribution and abundance in a 
snowshoe hare population in Wisconsin. In this study, predation pressure on populations 
occupying small (<7 ha) patches of preferred habitat was so severe that 3 of the 5 populations 
under investigation went extinct in the course of the 3-year study. Fragmentation of landscapes 
exacerbate the effect of predation by allowing carnivores to concentrate their hunting efforts on 
small patches of habitat used by their preferred prey instead of preying disproportionately on 
dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich landscapes characteristic of 
the DPS, this can result in intense predation and competition for a limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 

2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Snow depth (Hoving et al. 2005, Peers et al. 2013, entire) 
and duration (Gonzalez et al. 2007) give lynx a competitive advantage over generalist predators 
in the conterminous United States. Too little snow or crusting conditions favor competitors and 
predators like bobcat, fisher, and coyotes. High elevations may provide snow conditions that 
favor lynx, whereas low elevations favor conditions for competitors. Lynx may have competitive 
advantage at higher elevations in the DPS in the winter, but not in summer months when 
competitors may have free access to all habitats. In contrast, extensive deep, fluffy snow 
conditions favor lynx in broad areas of north-central Canada and Alaska. 
 
Landscape features further fragment hare and lynx habitat. In lynx units in the western 
contiguous U.S., potentially suitable boreal forests and appropriate snow conditions occur in 
relatively narrow elevational bands in the Cascade and Northern and Southern Rocky 
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mountains. Thus, appropriate habitats for lynx are naturally fragmented by topography and 
vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
restrict lynx dispersal between habitat patches. In some western parts of the DPS range, lynx 
habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In other 
areas of the DPS where there is little topography, including Minnesota and Maine, matrix forest 
facilitates lynx movements between suitable habitats. Large rivers are unlikely to fragment 
habitat as lynx readily swim across large bodies of water (Feierabend and Kielland 2014, entire) 
or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western U.S., although snow alone does not constitute lynx habitat (i.e., many places receive 
sufficient snow but lack other features lynx need, typically adequate hare densities). Snow 
conditions are less consistent in the East. For example, lake-effect snow from Lake Superior 
can increase snow depth and duration in the Arrowhead region of Minnesota in some years, but 
not others. The Gulf of Maine has the reverse effect, and its warming influence reduces snow 
depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that eastern 
Maine has extensive areas of boreal forest but does not achieve snowfall thresholds that gave 
lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
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foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 
their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and avoided recent clearcuts 
or other open patches (Squires et al. 2010). Similarly, in Washington, Lewis et al. (2011) 
reported that landscapes in which hare habitat was more contiguous, or surrounded by a 
mosaic of similar habitat quality, supported more hares than did more fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management  but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous U.S. can affect lynx by reducing their prey base and increasing the energetic costs 
of using habitat within their home ranges. Buskirk et al. (2000a) identified direct effects of 
fragmentation on lynx to include creation of openings that potentially increase access by 
competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 

2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
incur further habitat loss and fragmentation and the effects of climate change. Changes in 
habitat, prey base, and competitor guild will further stress southern lynx populations and 
possibly populations in southern Canada. Ultimately, the extent of such changes and whether 
lynx are able to adapt to them will determine not how, but if, this species can persist in its 
current southern range (Murray et al. 2008, p. 1469).  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 

jsquires
Highlight
What is the point here?   The topic of the lead sentence is snow.  If you are talking about winter movements and habitat use, then I suggest a more in depth discussion of habitat selection. 

jsquires
Highlight
Suggest you consult Baigas et al 2017 for more detailed observation of how lynx respond to highways.  We dedicated an entire paper to this topic. 



 

92 
 

providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways, however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J.Squires, personal communication 2012). Colorado lynx crossed two-
lane highways an average of 0.6 times per day and more frequently during dusk and night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially forested areas under large, elevated bridges that spanned streams (Baigas et al. 

2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, Maine Department of Inland Fisheries and Wildlife, unpub. data), 
11 in Minnesota (T. Smith, U. S. Fish and Wildlife Service, unpub. data), 1 in Idaho and 5 in 
Montana (compiled by K. Broderdorp, USFWS, unpub. data 2016). Between 1995 and 2011, 15 
lynx were reported killed on British Columbia highways (British Columbia Wildlife Accident 
Reporting System 2012). Most of these mortalities are on higher-speed paved highways. 
However, in Maine, about 41 percent (22 of 54) were killed on dirt logging roads with low traffic 
volume and lower speed limits. 
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Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012 , pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift to partial harvesting forms of forest management will continue to increase the number 
of patches of high quality hare habitat, but it will greatly reduce the size of patches and increase 
their isolation (Simons-Legaard et al. 2016, pp. 5-6). This is diminishing landscape conditions 
conducive to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
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surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous U.S. (ILBT 2013, 
pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow conditions 
provide for extended ski/snowboard recreational seasons. In the western states, many of these 
landscapes feature spruce-fir forests. While ski resorts occupy a small proportion of the 
landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
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consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and railroad access to facilitate exploration 
and development also directly impact lynx habitat, contribute to fragmentation, facilitate 
increased competition as a result of snow-compacted routes, and result in direct mortality. 
Despite these potential effects, mining exploration and development is generally anticipated to 
affect only a small portion of lynx habitat in the contiguous United States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
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Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous U.S. is thought to 
depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the U.S. are of concern. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous U.S. (described above in section 2.3.2.1), it is difficult to compare the current 
distribution and status of resident lynx populations in the DPS with what may have been the 
historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last two decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps several hundred lynx occupies the 
northeastern corner of the state. Research also suggests that lynx and habitats in the western 
U.S. (Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was 
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thought at the time of listing, and several areas thought to have historically supported small 
resident populations currently do not (the GYA [Unit 5], the Garnet Mountains in western 
Montana [Unit 3], and the Kettle Mountains of northeastern Washington). We also know that 
recent extensive wildfires in north-central Washington (Unit 4) have substantially reduced 
(probably temporarily) the amount of high-quality lynx habitat and likely caused a decline in lynx 
numbers there. Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-
2006, and their subsequent survival and reproduction, resident lynx currently occupy parts of 
western Colorado (Unit 6), although the current number and distribution of lynx there are 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy five of the six geographic units (all but the GYA; Figure 1). Of the five occupied 
units, four are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is 
over 5,000 km2 (1,931 mi2) (see tables 2, above, and 4, below). Our analyses and lynx expert 
imput indicate no single catastrophic event that could result in the functional extirpation (loss of 
the ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016, p. 56).  
 
Because we lack evidence that persistent lynx populations have been lost from any other large 
geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has not 
been meaningfully diminished from historical levels. That is, the loss of resident lynx populations 
in the DPS, to the extent suggested by verified historical records, was likely in areas (e.g., 
northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps Isle 
Royale in Lake Superior) peripheral to the geographic units that currently support resident lynx. 
Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S. However, the 
implications of the potential recent loss of resident lynx in the GYA for the redundancy of the 
DPS are unclear. The historical record and recent research show that the GYA has supported 
resident lynx. However, it is unclear whether the area consistently supported a resident 
breeding population over time or whether it naturally supported resident lynx only some of the 
time (“winked on” in a metapopulation sense) when habitat conditions and hare densities were 
favorable, and at other times, when habitats and hare densities were less favorable, it did not 
support resident lynx (“winked off” in a metapopulation sense). Given the protected conservation 
status of millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or 
parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, 
and Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx. If so, the 
contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topographic/ 
elevation settings) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous U.S. Because there are no indications of 
current threats to the genetic health or adaptive capacity of lynx populations in the DPS, and the 
current level of representation does not appear to represent a decrease from historical 
conditions, we find that the DPS currently displays an adequate level of representation. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 

conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
appear to have demonstrated resiliency by responding positively to substantial anthropogenic 
increases in the amount and distribution of high-quality foraging habitat. Conversely, the current 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
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persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least four of the six geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest adequate historical and recent levels of 
resiliency of lynx populations in the DPS. 
 
In summary, the lynx DPS currently exhibits adequate redundancy to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest a currently adequate level of representation. The long-term 
persistence and apparent broad geographical distribution of lynx populations in four of the six 
geographic units also suggests the historical and recent adequacy of resiliency in the DPS, 
although the potential recent extirpation of several small populations may be an indication of 
inadequate or declining resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit     
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited), 
Canada. There are no reliable estimates of current or historical resident lynx numbers in this 
unit. At the time of listing, the Northern Maine Unit was not believed to contribute significantly to 
the DPS. However, we now know that there currently is sufficient habitat in this unit to possibly 
support the largest reproducing resident population of lynx in the DPS (numbers and trends 
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx). Small 
numbers of reproducing lynx have also been documented recently in northern New Hampshire 
and northern Vermont. Historically, when Maine had a greater proportion of mature forest, lynx 
distribution in this unit was likely patchier, and lynx populations were likely low and dependent 
on immigration from Canada. Forest management is now the primary driver of hare and lynx 
habitat in this DPS unit. Current lynx and hare habitat is historically high because of young, 
regenerating softwood forests created by extensive clearcutting and herbiciding to salvage 
spruce-fir following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 

2004, Vashon et al. 2008b). Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and moderate population densities. State forestry regulations 
passed in 1989 caused landowners to shift to various forms of partial harvesting that have 
resulted in lower landscape hare densities across much of the unit. Hares do not seem to cycle 
in this region, but underwent a 50 percent decline starting in 2006 and have remained at lower 
levels. Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
who wish to diversify income from their investments, which could result in forest practices 
inconsistent with hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest, dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population; and densities 
are highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National 
Forest continues to manage lynx habitats in accordance with its 2004 Forest Plan, which 
includes measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, incidental trapping, mining development, snow 
compaction, competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, four from legal trapping/hunting, 
and two of unknown causes. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 

2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016, p. 12). Minor genetic differences suggest three 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx have been detected in the Garnets after 2010, but 
whether this indicates the extirpation of a small (7-10 individuals) previously persistent resident 
population or the temporary loss of an historically ephemeral population is uncertain. Most 
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(about 90 percent) of this unit, including Federal, State, Tribal, and some private lands, is 
managed to conserve and restore lynx and hare habitats. Past timber harvest and associated 
management (thinning, road construction, fire suppression) appear to have had localized 
impacts but not to have diminished the unit’s ability to support resident lynx, with the Garnets 

being a possible exception. The size and intensity of wildfires have increased over the past 
several decades, likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and if so to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit is also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses approximately 5,176 km2 
(1,988 mi2), 91.5 percent Federally owned. It contains extensive boreal forest vegetation types 
and the components essential to the conservation of the lynx. Additionally, lynx populations 
exist in British Columbia, directly north of this unit, and maintaining connectivity with Canada is 
considered important to maintaining lynx populations in this unit. There are no reliable estimates 
of current or historical resident lynx numbers in this unit, but recent habitat and home range 
analyses (summarized in Lewis 2016) suggest that it may have been capable of supporting 65-
90 lynx prior to recent large wildfires. Those fires affected about 50 percent of the potential lynx 
habitat, led to increased home range size, and may have reduced the current carrying capacity 
of this unit to 40-55 lynx. Recent wildfire severity, extent, and intensity in lynx habitat within this 
geographic unit may have been influenced by climate change (Westerling et al. 2006, pp. 942-
943). There is significant risk for potential future wildfires to further affect the viability of lynx in 
this geographic unit. Burned habitats are expected to regenerate back into suitable lynx habitat, 
but this may take 35-40 years. The Kettle Range to the east of this unit was suspected to have 
supported a small (likely fewer than 20 individuals) resident population until about 30 years ago 
when over-trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. Results of snowshoe 
hare research suggest that the hare population density in Washington exists at the low end of 
the range thought necessary to support lynx reproduction (>= 0.5 hares/ha). The OWNF and 
CNF, which administer more than 90 percent of lynx habitat in Washington, continue to manage 
lynx habitat on their forests in accordance with the LCAS. Additionally, the WADNR, which 
manages approximately 4 percent of lynx habitat in Washington, has developed and is 
implementing its 2006 Lynx Plan, which is also largely based on the LCAS.  
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Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population. No lynx have been verified in this unit since 2010, but whether this indicates 
the extirpation of a small but previously persistent resident population or the temporary loss of 
an historically ephemeral population is uncertain. Over 97 percent of this unit consists of 
Federal lands that are currently managed to conserve and restore lynx and hare habitats. Past 
timber harvest and associated management (thinning, road construction, fire suppression) 
appear to have had localized impacts but not to have diminished the unit’s ability to support 

resident lynx. The size and intensity of wildfires have increased over the past several decades, 
predominantly in the northern half of the unit (including the large fires of 1988 in Yellowstone 
National Park) and likely in response to climate warming, but impacts to lynx are uncertain. 
Whether and, if so, to what extent other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Snow conditions currently 
appear to be adequate, with most of this geographic unit modeled to have a 95 percent 
probability of providing snow cover conditions supportive of lynx presence (Gonzalez et al. 

2007, p. 12). Hare densities were very low in most of Yellowstone National Park but high in 
parts of the Bridger-Teton National Forest in the southern half of the unit. The role of past and 
recent immigration in maintaining the demographic and genetic health of lynx populations in this 
unit is unknown. This unit lacks direct connectivity to other lynx populations, and there is only 
anecdotal evidence that irruptions of lynx from Canada resulted historically in immigration into 
this unit. Some lynx released in Colorado dispersed northward into this unit and temporarily 
occupied home ranges in areas used previously by native resident lynx, but there is no evidence 
of reproduction among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit. Lynx habitat in Colorado is distributed west of US Interstate-25. This unit is 
not directly connected to lynx populations in Canada. Compared to the time of listing and 
completion of the Southern Rockies Lynx Amendment, two bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in many areas. Areas affected by beetles that contained multistoried stand conditions 
likely continue to provide habitat to support snowshoe hares and lynx. Areas affected by beetles 
and fire require 20 plus years to recover to a point where the stands will again support 
snowshoe hares. The CPW completed their lynx reintroduction, and based on information 
generated during on-going studies, and reports received by CPW and the USFS, lynx continue 
to persist, at least in the San Juan Mountains. However, we believe it is reasonable that lynx 
continue to occupy all National Forests within the State of Colorado (Odell undocumented pers 
comm. April 4, 2016), and Rocky Mountain National Park (Shenk 2008, page 3). Habitat that 
supports snowshoe hares is patchily distributed in this geographic unit, which limits their 
abundance. Because the majority (90 percent) of lynx habitat in Colorado is under Federal land 
management, actions occurring on other ownerships are unlikely to result in significant losses of 
lynx habitat within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, 
providing conservation through the Southern Rockies Lynx Amendment. However, regulatory 
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mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in six geographic units within the DPS range.  

 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
The “Northern Maine unit” includes the core, occupied habitat in northern Maine, which is 

designated critical habitat. It also includes areas where lynx have recently occurred in western 
and eastern Maine and northern New Hampshire and Vermont. To be consistent with the 
Workshop Report, we refer to this collective region as the Northern Maine unit.  
 
Unit Description: This unit encompasses northern hardwood and spruce-fir forest (the Acadian 
forest) primarily in northern Maine, but also small areas of northern New Hampshire and 
Vermont. Climate in this region is characterized by warm summers and some of the coldest 
temperatures and highest snowfalls in the eastern U. S.; a function of latitude, elevation, and 
distance from the ocean. The average terrain rises in northern Maine to 1,000-1,500 feet with 
mountain peaks, particularly in western Maine, northern New Hampshire and Vermont from 
3,000 to 5,000 feet. This region is far enough inland to be unaffected by marine influences. 
Average annual precipitation is currently 104 cm (41 in), with greatest precipitation in winter in 
the form of snow (average total snowfall is 228-280 cm (90 -110 in), with higher amounts at the 
highest elevations. Snow duration is about four months (mid-November through mid-April). 
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Maine - Much of the lynx habitat in northern Maine occurs within the designated critical habitat 
boundary, which is approximately 28,909 km2 (11,162 mi2) all in northern Maine (79 FR pp. 
54823-54828). Land ownership in the critical habitat unit boundary is about 90 percent private, 
seven percent State (primarily Baxter State Park), one percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and one 
percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost 
entirely commercial forest lands. Lynx regularly occur outside of the designated critical habitat 
boundary in parts of northeastern, eastern, and western Maine and, recently, in northernmost 
New Hampshire and Vermont (see below).  
 
New Hampshire - Habitat in northern New Hampshire is not within the designated critical 
habitat. Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that 
support lynx in New Hampshire are much smaller than those in northern Maine (Litvaitis and 
Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). Hoving estimated 
approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 50 percent 
probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–298) 
estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical distribution in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 

2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these two ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation easement 
under which it will be allowed to mature to a climax forest type potentially providing good 
denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable future. 
Current conditions are in a transition state, and portions of the core area currently support 
higher densities of snowshoe hare because of past forest management (Kilborn 2015, App. A 
pp. 42-43). Regional-scale modeling suggests that a high component of deciduous forest and 
insufficient snow conditions in New Hampshire are unlikely to support viable lynx populations 
over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Potential lynx habitat in northern Vermont is not within the designated critical habitat. 
Recent modeling to determine lynx habitat connectivity in the Northeast suggests that the 
Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012). The 530-km2 (205- 
mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife Refuge), 17 percent 
State (Vermont Department of Natural Resources), and 63 percent private commercial timber 
lands (with conservation easement). The future persistence of lynx in Vermont is unlikely 
because of the patchy and limited amount of potential habitat, climate change (decreasing 
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snow), trends toward hardwood management, and increasing human disturbance (Vermont Fish 
and Wildlife 2015, Appendix A5 p. 127). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
Habitat Description:  In the Northern Maine Unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 

al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within one m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 

2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) populations (Scott 2009, 
pp. 1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, 
several estimates of hare densities in the highest quality, regenerating conifer or mixed forest 
averaged 1.9 (Homyack et al. 2007, p. 8) to 2.1 hares/ha (Robinson 2006, p. 26,). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha at low and high elevation 
(Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower densities in New 
Hampshire (0.25 to 0.36 hares/ha) in both montane and lowland spruce-fir. Densities in high 
elevation (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha. Comparable hare 
density data are not available for Vermont or New York. The average landscape hare density in 
home range-sized areas occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 

2013, p. 567). Based on these observations, Simons-Legaard et al. (2013, p. 576) 
recommended maintaining landscape hare densities of at least 0.74 hares/ha (or 27 percent of 
100-km2 areas in high-quality hare habitat) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
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extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [14.5–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
snowshoe hare densities (tall regenerating or older partial harvest stands), which afforded lynx 
with greater mobility and where snowshoe hares were more vulnerable to predation, rather than 
in the densest stands (short regenerating stands; Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris; blowdown, deadfalls, and root 
wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-dominated 
sapling stands, and 6 dens were found in mature or mixed multi-story forest stands dominated 
by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically lynx habitat in the northern Maine unit was likely uncommon. Both the current 
amount of high-quality habitat and the lynx population in Maine are likely larger than occurred 
prior to European settlement, when a relatively smaller proportion of the forest was in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior 
to European settlement, lynx habitat was created and maintained by frequent, small-scale forest 
gap dynamic events and infrequent, large-scale stand-replacing forest disturbances (Seymour 
et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests 
often exhibit an even-aged wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). 
Large, stand-replacing events (fire, wind and ice storms, insect outbreaks) are rare (interval of 
several hundred to several thousand years) and highly variable in size (Seymour et al. 2002, 
entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark 
disease, and sugar maple defoliators have been important influences affecting forest landscape 
patterns (McNab and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm 
outbreaks, the most likely insect to affect lynx habitat, have been highly variable in Maine and 
eastern Canada in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less 
significant as a natural agent of disturbance. The typical fire regime is infrequent surface fires in 
the dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha increased 400 percent (Simons-
Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future. In response to the widespread clearcutting in the 1980s, in 1989 
Maine passed the Forest Practices Act. This Act regulated clearcutting. Various forms of partial 
harvesting replaced clearcutting as the predominant form of forest management in northern 
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Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, overstory 
removal) have a wide range of residual stand conditions, but many have lower conifer stem 
densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 29). On 
average, partially harvested stands support about 50 percent of the hare densities observed in 
regenerating clearcuts (Robinson 2006, p. 26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), two 
tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) 
and 18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in 
theFederal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time four private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
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these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 

‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All four plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for coastal areas. These records included 39 kittens 
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representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the Maine Department of Inland 
Fisheries and Wildlife (Vashon et al. 2008a, entire; 2008b, entire; and 2012 entire) and the 
University of Maine (Hoving et al. 2003, entire; Hoving et al. 2004, entire; Hoving et al. 2005, 
entire; Homyack et al. 2005, entire; Homyack et al. 2007, entire; Homyack et al. 2006, entire; 
Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and Harrison 2005, entire; Simons-
Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) have greatly increased our 
knowledge. Snow track surveys and confirmed occurrence records (Vashon et al. 2012, entire; 
Siren 2015, entire) document that lynx occur throughout northern Maine and in small, isolated 
pockets in western and eastern Maine, northern New Hampshire, and Vermont (Siren 2015, 
entire). Population size and trends are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 

al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016, p. 
18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
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habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 

highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 

1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the Maine Department of Inland Fisheries and Wildlife conducted 
snow track surveys in 66 townships to document the distribution of lynx and to inform habitat 
modeling at the University of Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx 
habitat were well-distributed throughout northern Maine in the early 2000s (Simons-Legaard et 

al. 2016, entire; Simons 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only two 
records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a 
small resident population likely occurred historically in New Hampshire but no longer exists (68 
FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only four historical records of lynx in Vermont prior to 2003. Since then, nine lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of three lynx, a presumed family group, were observed travelling together 
in late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over three winters (Brocke 1982). The reintroduction was unsuccessful in 
establishing a resident population, and in 2003 the Service concluded that a resident population 
may have existed in New York prior to 1900, however, records of lynx since 1900 likely 
represent dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the Maine Department of Inland 
Fisheries and Wildlife trapped and radio-marked 85 lynx in northern Maine and documented 
lynx movements and home range (Vashon et al. 2008a, entire), resource use (Vashon et al. 
2008b, entire), survival (Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-
19), and other aspects of their life history (Vashon et al. 2012, entire).. During the period when 
snowshoe hare populations were highest (2000-2006), Maine lynx had among the highest 
reproductive rates (average litter size 2.74, 89 percent of adult females producing litters) in the 
DPS (Vashon et al. 2012, pp. 18-19). During the current (2006-present) period of low hare 
density, litter size was smaller, only 30 percent of females had litters, and mortality was greater. 
Maine lynx have among the smallest home ranges documented in the DPS (Vashon et al. 
2008a, p. XX; LCAS 2013, p. 24; also see Table 3, above). Home range sizes were similar 
during periods of high and low hare density (Mallett 2014). Lynx populations likely increased 
during the period of high hare density (lambda [λ] = 1.16) and declined during periods of low 

hare density (λ = 0.88) (USFWS, Vortex10, deterministic population simulation 2016; 

demographic data from Vashon et al. 2012). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002, Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and were dependent on immigration from Canada. 
Current habitat is the result of widespread clearcutting to salvage spruce and fir damaged by a 
spruce budworm outbreak in the 1970s and 1980s and subsequent use of herbicides to 
suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). Maine lynx at multiple scales 
select extensive areas of regenerating, dense (7,000 – 14,000 stems/ha) spruce-fir stands 15 to 
35 years after clearcut or other even-aged harvest (Hoving et al. 2005, Fuller et al. 2007, 
Vashon et al. 2008b, Simons-Legaard et al. 2013). Lynx habitat is expected to remain stable for 
the next few years then decline because of changing forest practices (Simons-Legaard et al. 

2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46o C/decade with the greatest warming occurring in the winter months (especially 
January and February; Burakowski et al. 2008). Under mid- to high-emissions scenarios, 
average mean temperatures in northern Maine are projected to increase by 12 to 14 degrees F 
by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). Under a higher emissions 
scenario, snow covered days in northern Maine (December to February) could decrease from 
30 days per month (100% of the time) observed from 1961-1990 to about 18-20 days per month 
in 2070-2099 (Galbraith et al. 2013, p. 49). Climate change has, and will continue to affect lynx 
by reducing snow and boreal forest (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least four months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow 
cover days in northern New England (1965-2005) ranged from 60-121 days and declined an 
average of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined 
by 16 days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish 
another two weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions 
in Maine are currently at or below the snow persistence thresholds believed to be needed to 
support lynx (Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in 
Canada in the last six decades have occurred in the lower St. Lawrence Valley, immediately 
north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast U.S. and eastern Canada occur where there is regularly total snowfall of 
at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx (to the 
north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et al. 

2013). Average annual snow depth at all five NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold  and ranged from 228-263 cm (90-
104 in; NOAA 2011, http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 31 March, 
2016). In the last 50 years, 18 of 23 snow sampling sites in and near Maine experienced 
reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New England (1965-
2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 2008). Thus, 
average snow conditions in Maine are currently at or below snow depth thresholds for lynx, and 
further declines in annual snow depth would be expected to reduce the probability of lynx 
persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage over 
bobcats and gives snowshoe hares the ability to reach winter browse. Snow quality (“fluffiness”) 

has deteriorated in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (A. Siren in Lynx SSA Team 2016, p. 15; 
Fernandez et al. 2016), and especially rain on snow events in winter in northern Maine 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
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(Huntington and Hodgkins 2004, Deser et al. 2013, Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002, Huntington et al. 2004, 
Huntington 2005, Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800- to 9000-years) (Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks 
cause stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 

2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River (http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp last accessed May 19, 2016). 
 
In 2014, the Maine Department of Inland Fisheries and Wildlife (MDIFW) worked with the 
Service to develop an Incidental Take Plan for Maine’s Trapping Program (MDIFW 2014a, 
2015b as amended, entire) and obtained a permit from the Service for lynx trapped incidental to 
other furbearer trapping in Maine. From 2000 to 2016, 114 lynx have been reported captured in 
traps set for other species and 8 of those were killed (Vashon et al. 2012, MDIFW 2014, p. 75). 
In Maine, after two lynx were killed in killer-type traps in 2014, the MDIFW imposed additional 
trapping restrictions to further reduce mortality and injury of incidentally-trapped lynx, (e.g., 
requiring killer-type traps be placed in exclusion boxes, eliminating the use of drag sets for 
foothold traps, and requiring multiple swivels on trap chains. No lynx have been reported 
incidentally trapped in New Hampshire or Vermont since 2000. 
 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - In response to climate change, interest in wind energy development 
has increased in northern and western Maine, posing a potential threat to high- and low-
elevation spruce-fir habitats (Whitman et al. 2013). Maine has experienced a rapid increase in 
wind energy development (http://www.eia.gov/electricity/data/browser, last accessed August 2, 
2016), and there is increased interest in placing developments on private lands in unpopulated 
areas in northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly 
appealing source of income for investment companies and other landowners who own 
forestland in the northern Maine unit. As of 2016, at least 11 wind projects have been proposed 
in northern Maine and five projects are in operation; two have been proposed in northern New 
Hampshire and two are in operation; and three have been proposed for northeast Vermont and 
two are in operation or under construction. Maine’s two largest wind projects (combined over 

300 turbines covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx 
critical habitat. The effects of wind energy projects on lynx, hares, and their habitats are 
unknown. Potential direct effects include disturbance or displacement of resident lynx from large 
landscapes and loss and fragmentation of habitat from turbines, roads, and transmission lines. 
Increasing power infrastructure associated with these projects could greatly change 
development potential and patterns in northern Maine by bringing electricity into the interior of 
Maine’s vast undeveloped forest region. Extensive road construction would further fragment 
habitat and increase access for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
activities (timber harvest or other vegetation management) that could benefit lynx. Another 

http://www.eia.gov/electricity/data/browser
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conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; competition 
from bobcats and fishers; loss of spruce-fir to northern hardwoods; and future isolation of the 
metapopulation because of diminishing ice conditions on the St. Lawrence River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land in northern Minnesota that was excluded from 
critical habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with 
some NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand 
Portage Reservation) (see Table 2). This unit includes most of Superior National Forest (SNF; 
including the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National 
Park. This unit is directly connected to lynx habitats and populations in Canada, and lynx in this 
unit likely represent the southern extent of a larger cross-border population, most of which 
occurs in Ontario (ON). Relative to other DPS lynx populations, this unit is about 1,480 km (920 
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mi) east of the Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
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eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million hectare study area in northeastern Minnesota, 
which was based on General Land Office Survey records from the late 1800s and the 1990 
USFS Inventory and Analysis Survey. The study documents altered forest tree species 
abundance, proportional basal area, and spatial distribution patterns. The proportionally most 
abundant species in northeastern Minnesota shifted from the presettlement period (spruce, 21 
percent; larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 
percent), and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent 
basal area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 
percent, and larch from 12 percent to 2 percent, while aspen increased from 8 percent to 35 
percent basal area dominance. 
 
In 2015, the SNF estimated that there were approximately 759,700 acres (60 percent of lynx 
habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 acres of 
habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E, pp. E-1 – E-12) that are based on recommendations in the 2000 
LCAS (Ruediger et al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest 
landscape scale on which to analyze effects to lynx. The boundaries have remained in place 
since that time to allow for long term analysis of project effects. However, the SNF Plan 
proposed several changes of current LAU boundaries, such as adding LAUs to the Virginia 
Management Unit of the Laurentian Ranger District, and designating the BWCAW a lynx 
refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements between Minnesota and Ontario (Burdett et al. 2007, p. 458; Moen 2009, pp. 4- 
6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, the Minnesota population was not believed to contribute 
significantly to the DPS. However, we now know that a reproducing resident population exists in 
northeastern Minnesota. Moen (in Lynx SSA Team 2016) recently estimated the potential for a 

jsquires
Highlight
Actually, it seems the population increased sharply after the listing approximately 2005.  



 

120 
 

population of about 50 to 200 lynx to occur in northeastern Minnesota. In 2008, Moen et al. 

(2008b, p. 30), estimated the number of lynx that might be resident in northeastern Minnesota at 
a given time as between 190 and 250 individuals, assuming that about 25 percent of northeast 
Minnesota is suitable lynx habitat, coupled with assumptions about residence time and 
detectability. The actual number of lynx is unknown because methods have not been 
implemented to measure and produce precise population estimates over such a large 
geographic area. We have no estimates of lynx densities in Minnesota.  
 
Average home range sizes in Minnesota were reported as 194 km2 (75 mi2) for males and 87 
km2 (34 mi2) for females (Mech 1980, p.263). Later radio-telemetry data showed that males had 
much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), and 
that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent Female, 51 percent 
Male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
nine that were hit by vehicles on roads, seven that were illegally shot, and two that were hit by 
trains (USFWS 2016, unpublished data). In addition to the 11 trapping mortalities, another 15 
lynx were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and two died in Ontario of unknown causes (USFWS 2016, 
unpublished data). Minnesota has relatively high forest road and highway densities that 
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intersect lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that 
were bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can produce lynx habitat, and the SNF has a long-term 
commitment for doing so; however, private landowners do not. Under the Sustainable Forest 
Resource Act of 1995, the Minnesota Forest Resources Council (MFRC) has developed 
guidelines for site-level timber harvesting and forest management (MFRC 2012, p. 1) - these 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife including lynx. The implementation of the MFRC guidelines is 
monitored annually (e.g., MDNR 2015, entire). Thus, the several risk factors are being 
minimized and managed to promote the conservation of lynx within the SNF, however 
implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated). Where lynx and bobcat overlap, there 
is potential for accidental shooting of lynx, or for bobcat hunting with dogs to harass or harm 
lynx. 
 
Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
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were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MN DNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region, 
deer mortality may be reduced; this may potentially increase bobcat densities and facilitate 
bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25). According to annual track 
surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, similar 
to bobcat, wolf populations may increase with changing snow conditions and prey availability as 
influenced by climate change. 
 
Furthermore, in Northeastern Minnesota, several lynx-bobcat hybrids have been documented 
(Catton et al. 2015, p. 1), however, most bobcat records occur south and west of the core part 
of the lynx range in Minnesota (see figure 1.1 in Kapfer 2012, p. 51). Bobcat populations are 
increasing in Minnesota (Erb 2014, p. 40) and more bobcat-lynx hybridization may occur as a 
result of climate change (Koen et al. 2014b, p. 113).  
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
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in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo national forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 

Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 

lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
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In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 

ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 

northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely- distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha in one study area) in dense young stands, and winter densities were highest (up 
to 1.8 hares/ha in one study area) in dense mature stands (Griffin and Mills 2009, pp. 1492-
1496). Over a longer interval (1999-2003) when hare populations in this area were thought to be 
stable (Squires and Ruggiero 2007, p. 314), mean summer and winter hare densities, 
respectively, were 0.34 hares/hectare (ha) and 0.53/ha in dense mature stands and 0.64/ha and 
0.47/ha in dense young stands – habitats selected by lynx, compared to 0.18/ha and 0.20/ha in 
open mature stands and 0.18/ha and 0.12/ha in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense mature and dense young stands only marginally achieve the threshold density of 0.5/ha 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90). Nonetheless, hares accounted for 96 percent of the biomass in lynx 
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diets in this unit based on evidence at kill sites (Squires and Ruggiero 2007, pp. 310-313), 
suggesting that even small declines in landscape-level hare densities could reduce the ability of 
habitats in this unit to support resident lynx (Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 

2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/ Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada - U.S. border, to 345 cm (136 in) in Seeley Lake, Montana, 
in the central part of the unit, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 4/2/2016).  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily- distributed and interspersed with areas of non-habitat (matrix). Among the six 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated five LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 

allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

https://snowfall.weatherdb.com/d/a/Montana
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides restrictions on land 
use beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and adverse 
effects of management activities on lynx habitats in these areas are unlikely. Among the six 
national forests that contribute to this unit, 56 percent of potential lynx habitat is in designated 
wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently- applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservations partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 

prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 

Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 

support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 

habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous U.S. from 1966-1998 with snow-cover data available for those locations and 
concluded that lynx require nearly continuous snow cover from December through March. The 
authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover conditions 
supportive of lynx presence (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts have failed to detect lynx (Squires in Lynx SSA Team 
2016, p. 20; also see Lynx Status, below). This small and relatively isolated island of lynx 
habitat (Squires 2014, p. 4) at the southern end of this unit is thought to be capable of 
supporting 7-10 lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) 
contrasted current and historical distributions of lynx habitats in the Garnets and found that 
early- successional stands (future hare and lynx foraging habitats) were at 25-50 percent of the 
historical condition in lower- elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 
percent in higher- elevation (1,675-2,130 m [5,500-7,000 ft]) habitats. Late- successional 
(mature multistoried) stands (25-75 percent of historical condition) and large (> 100 ha [250 ac]) 
patches (25-50 percent of historical condition) were also underrepresented at lower elevations, 
but at higher elevations, late- successional stands and large patches exceeded 200 percent and 
100 percent of historical conditions, respectively. Lower elevation habitats were fragmented by 
roads and past management practices (i.e., timber harvest), while higher-elevation habitat 
patterns were attributed to the absence of disturbance, including fire (BLM 2004, p. 5), though 
fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of lynx in the 
Garnets represents the extirpation of a previously- persistent small resident population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
small peripheral population that would be expected in a mainland-island metapopulation 
structure is uncertain and perhaps irresolvable. If residency was intermittent or ephemeral 
historically, the current absence of lynx might be a natural condition related to the area’s 
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naturally fragmented habitats and generally low hare densities - i.e., it may naturally be capable 
of supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. If so, future intermittent lynx occupancy would be expected, but only if lynx dispersing 
from a source population immigrate to the Garnets when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the Garnets historically supported a small but 
persistent population that was recently extirpated, it may suggest that the alteration of the 
historical distribution of some habitats in some parts of the range, described above, was enough 
to tip the quality of the area’s habitat from capable of supporting a small resident population to 
no longer capable of doing so.  
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently- 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha threshold thought necessary to support resident 
lynx, relatively minor impacts, especially to hare and lynx foraging habitats, may strongly 
influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnets), central (Seeley Lake), and 
northern (Purcells) parts of this unit, suggesting limited interaction among lynx in those areas 
(Schwartz in Lynx SSA Team 2016, p. 12 and Appendix 5; Squires in Lynx SSA Team 2016, p. 
20). Lynx in this unit likely represent the southern periphery of a larger population in 
southwestern Alberta and southeastern British Columbia, but the extent to which lynx 
persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station in 

Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected nearly 
170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, resource 
use, survival, and productivity (Squires in Lynx SSA Team 2016, p. 20). From 1999-2007, litter 
sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-2007, 2.95 
kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of breeding-age 
females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) produced 
kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a female 
produces a litter and initial litter size are correlated positively with mature forest connectivity and 
negatively with fragmentation in female home ranges (Squires in Lynx SSA Team 2016, p. 20 
and Appendix A). Annual survival rates for subadult and adult female lynx were 0.52 and 0.75, 
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells. There was no 
evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx into 
these study areas from Canada. Starvation, predation by mountain lions, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 

area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic Canadian 

population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, Table 
4), and the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would 
signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
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in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 

“winked on” again in the future is unknown and perhaps irresolvable. 
  
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015, pp. 9-27). On the Flathead, the USFS Rocky 
Mountain Research Station(RMRS) trapped and radio-marked 7 lynx (3 females, 4 males) in the 
Flathead River watershed from 2010-2015, and surveys detected lynx in several other areas 
including the Salish Mountains, the area just south of Glacier National Park, and in the vicinity of 
Hungry Horse Reservoir (USFS 2015, pp. 10-11). The Swan Lake District in the southern part of 
the Flathead, along with the Seeley Lake District of the Lolo National Forest and the Lincoln 
District of the Helena National Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown 
of the Continent, which was intensively surveyed from 2012-2014 by the Southwestern Crown 
Carnivore Monitoring Team (SCCMT 2014, entire). The SCCMT conducted snow track surveys 
and used hair snares, bait stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 
x 5 mi) grid cells they surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection 
of DNA that allowed identification of 18 individual lynx (5 females, 13 males), 13 of which were 
new to regional lynx databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwest Crown described above. In the south MacDonald Pass area, just south of this SSA 
unit and south of designated critical habitat, an individual male lynx was verified by DNA 
evidence over four winters (2007-2011), and an individual female was verified in the same area 
in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015, p. 27). Other surveys on the 
Helena failed to detect lynx in the disjunct Big Belt and Elkhorn Mountains, although telemetry 
data indicated that three lynx released in Colorado passed through the Big Belts in 2004-2006 
(USFS 2015, pp. 26-27). Likewise, during snow tracking surveys on the Lolo in 2010-2011 (prior 
to the Southwestern Crown monitoring described above), lynx were also confirmed on the 
Seeley Lake District in the eastern part of the forest, but no lynx were documented on the 
Missoula or Ninemile districts, nor on the Superior and Plains/Thompson Falls districts in the 
western part of the forest (USFS 2015, pp. 12-14). The USFS concluded that lynx presence in 
districts other than Seeley Lake is extremely rare and likely represents occasional dispersing 
lynx (USFS 2015, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015, p. 10). On the Lewis and Clark National Forest, lynx are 
considered “still present” in the Rocky Mountain Front portion of the forest, which is within this 

geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in the 
disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx in 
those ranges (USFS 2015, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-U.S. border (USFS 2015, p. 10). No 
lynx were detected during surveys in 2007 or 2013-2014, and snow surveys were not done in 
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2015 because of poor snow conditions (USFS 2015, p. 9). However, in 2012-2014 three lynx 
were incidentally trapped on the Idaho Panhandle (one in 2012 in the Purcells, and two in 2014 
in the Cabinet Mountains), and another was documented by a Service grizzly bear trapping 
crew in the Purcells in 2014 (USFS 2015, pp. 9-10; U.S. District Court ID 2016, pp. 6-7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout most of the unit. The recent apparent absence 
of lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx and 
habitats by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level threat to lynx at the time of listing (65 FR 
16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. For example, as described above in Habitat Status and Lynx Status, past timber 
harvest/management and associated road construction may have fragmented, reduced the 
amount, and altered the distribution of lynx habitats in the Garnet Mountains, perhaps 
contributing to the apparent recent loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not be quantitatively 
evaluated, and despite the potential extirpation of a small population in the Garnets, lynx 
habitats and resident lynx appear to remain well distributed throughout most of this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole and must be 48” above ground for marten, 
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fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, eight were 
released uninjured, one was released with an injury, and seven were killed; all incidences of 
mortality occurred prior to 2008 and the implementation of the more protective regulations 
(MTFWP 2016, p. 5). In Idaho, in addition to the three lynx incidentally trapped on the Idaho 
Panhandle National Forest from 2012-2014 (described above under Lynx Status), one other 
lynx was incidentally trapped in 2012 on the Salmon-Challis National Forest further south (U.S. 
District Court ID 2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 

2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA 
Team 2016, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, because lynx habitats in this unit are naturally highly-fragmented and 
hare densities, even in areas considered high-quality habitat for this DSP unit, often appear to 
barely meet the 0.5 hares/ha threshold thought necessary to support resident lynx, relatively 
minor impacts, especially to hare and lynx foraging habitats, may strongly influence lynx 
persistence in some parts of this unit. Modeling vegetation and snow suitability for lynx across 
North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal and temperate conifer 
forest biomes were broadly distributed across this geographic unit and that snow conditions 
suitable for lynx occurred with 90-95 percent probability from 1961-1990. (Future conditions 
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based on this modeling are described in section 5.2.3, below). As described in section 3.2, 
above, climate change has also been implicated in recent increases in the frequency and 
intensity of outbreaks of boreal forest insect pests, with warmer winters resulting in increased 
insect survival and drought increasing conifer vulnerability to insects. This trend is expected to 
continue through the end of the century with continued climate warming (Bentz et al. 2010. pp. 
607, 609). Although insect outbreaks have affected some parts of the DPS, no major outbreaks 
have been documented in lynx habitats in this unit (Lynx SSA Team 2016, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 

longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 

Lynx SSA Team 2016, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and forest/ 
backcountry roads and trails; these are all considered second tier anthropogenic influences 
(ILBT 2013, pp. 78-85) that are unlikely to exert population-level influences, despite potential 
impacts to individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous U.S. in the early 1960s and early 
1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of lynx 
into this unit after the 1980s (Squires in Lynx SSA Team 2016, p. 20). This is supported by lynx 
trapping records from Canada, which suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey et al. 

2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx SSA 
Team 2016, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous U.S. If lynx populations in this unit are reliant on immigration from Canada 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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which is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced probability of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a 
gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located in the northern Cascade Mountain Range of 
north-central Washington in portions of Chelan and Okanogan Counties and includes mostly 
Okanogan-Wenatchee National Forest lands as well as BLM lands in the Spokane District that 
were designated as critical habitat (Unit 4) for lynx in 2014 (79 FR 54825). The unit also 
includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands. This area was occupied at the time lynx was 
listed and is currently occupied by the species. Evidence from recent research and DNA 
analysis shows lynx distributed within this unit, with breeding being documented. Although 
researchers have fewer records in the portion of the unit south of Highway 20, this area contains 
boreal forest habitat and the components essential to the conservation of the lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness, so access to survey this 
area is difficult. This northern portion contains extensive boreal forest vegetation types and the 
components essential to the conservation of the lynx. Additionally, lynx populations exist in 
British Columbia directly north of this unit. 
  
As it is throughout the range of lynx in the contiguous U.S., maintaining connectivity with 
Canada is important to lynx populations in northern Washington and the Cascade Mountains. 
Singleton et al. (2002, entire) evaluated landscape permeability for large carnivores in 
Washington. They reported broad landscape permeability for lynx between the Thompson River 
watershed in British Columbia and the U.S. portion of the northern Cascades (Singleton et al. 

2002, p. 46). According to the LCAS, connectivity currently appears functional, as lynx dispersal 
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from Washington into Canada was recently documented. A male lynx radio-collared in 2008 in 
the Loomis State Forest remained there until late winter in 2009, when it dispersed north into 
Canada toward Hope, British Columbia, and then headed north-east toward Kamloops where it 
appeared to establish a home range just southeast of Kamloops. This individual was later 
trapped and killed in British Columbia, highlighting the need for cooperation and shared 
management goals across political boundaries (LCAS 2013, p. 65). 
  
Several areas adjacent to this geographic unit (e.g., Kettle Range, the Wedge, Little Pend 
Oreille, Selkirk Mountains of northeast Washington) are known or thought to support a small 
number of lynx, at least intermittently. One of these areas in particular (Kettle Range) contains 
the second largest block of potential lynx habitat in Washington comprising approximately 987 
km2 (381 mi2), which is significantly smaller than the North Cascades that supports 
approximately 8,923 km2 (3,445 mi2) of lynx habitat (Stinson 2001, p. 18). Historically, although 
the Kettle Range supports a fairly small block of lynx habitat (relative to other geographic areas 
supporting persistent lynx populations), it was considered to be a stronghold for lynx in 
Washington (Stinson 2001, p. 14). The Kettle Range was suspected to have supported a 
resident population until about 30 years ago when over-trapping may have resulted in their 
extirpation from the mountain range (Koehler et al. 2008, p.1523). For example, lynx were 
consistently trapped in the Kettle Range in the 1960s, 1970s, and 1980s. In the Kettle Range, a 
total of 81 lynx were trapped from 1961 through 1986. One lynx was harvested in 1963, 3 in 
1966, 7 in 1967, 2 in 1969, 26 in 1970, 14 in 1976, and 17 in 1977. A single lynx was taken 
each year in 1980, 1983, 1985, and 1986 (Stinson 2001, p. 63). Prior to 1961, lynx trapping 
records were not maintained in Washington. Beginning in 1978, trapping seasons in 
Washington for lynx were reduced to one month. In 1987 a restricted permit system was 
implemented, and in 1990 a statewide closure on lynx trapping was implemented (USFWS 
2008a, p. 2). 
 
Lynx habitat in the Kettle Range is limited in size and potentially capable of supporting only a 
few lynx. According to Koehler et al. (2008, p. 1523), the Kettle Range could support between 
10 to 23 lynx based upon a lynx density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 
(381 mi2) of lynx habitat. It should be noted that the lynx density estimate was derived from 
research conducted in the Cascade Range within a large area of contiguous, high quality habitat 
(Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle Range is much smaller and likely more 
fragmented, and thus may not be capable of supporting a density of 2.3 lynx/100 km2. The 
Kettle Range is also somewhat isolated from other lynx habitats in Washington (e.g., the 
Cascades) and British Columbia. The Kettle Range is separated from the Cascades in 
Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and ponderosa 
pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle River Valley 
(Stinson 2001, p. 20) and a major highway corridor with associated fence in British Columbia 
(Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic features may 
present impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia, making natural recolonization of the Kettle Range by lynx difficult. Thus, it may be 
difficult for lynx to reestablish a persistent and viable resident breeding population in the Kettle 
Range. 
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Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (less than 30 degrees), and avoid 
Douglas-fir and ponderosa pine forests, forest openings, recently burned areas with sparse 
canopy and understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], 
and steep slopes (greater than 30 degrees) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 
2004, pp. 16-17). Similar to the northern Rocky Mountains, lynx habitat in the Cascades is 
naturally fragmented (Koehler et al. 2008, p. 1523). Disturbance is common in boreal forests, 
and fires and insect epidemics are major drivers of this disturbance, but other factors including 
wind and disease also contribute to the process of disturbance (Agee 2000, p. 47). Fire return 
intervals in the north Cascades ranges between approximately 100 to 250 years (Agee 2000, p. 
50). 
  
Snowshoe hares are the primary prey of lynx throughout their range in North America (Mowat et 

al. 2000, p. 267) comprising 35-97 percent of their winter diet (Koehler and Aubry 1994, p. 75). 
Lynx also consume other prey species, including red squirrels, mice, voles, grouse, ptarmigan, 
and other species of mammals and birds, especially during summer or when snowshoe hare 
population densities decline (Mowat et al. 2000, pp. 267-268). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the north Cascades of Washington occurring in 
23 of 29 (79 percent) lynx scats examined, but the remains of red squirrels were identified in 7 
of the 29 (24 percent) lynx scats, as were the remains of other species including deer and mice. 
Von Kienast (2003, p. 39), who also conducted a lynx study in the north Cascades of 
Washington, found snowshoe hares in 87% (40 of 46) of lynx scats, while red squirrels were 
identified in 28% (13 of 46) of lynx scats. 
 
Results of lynx research in the northern portion of its range suggest that a minimum density of 
0.5-1.0 hares/ha (0.2-0.4 hares/ac) is needed to support lynx reproduction, but it is unknown if a 
similar snowshoe hare density is required to support lynx reproduction in the southern portion of 
its range (Ruggiero et al. 2000b, p. 446). In the northern portion of lynx range (i.e., the taiga) 
peak snowshoe hare densities regularly exceed 4-6 hares/ha (1.6-2.4 hares/ac), and cycle as 
low as 0.1-1 hares/ha (0.04-0.4 hares/ac) (Hodges 2000b, pp. 119-120). In the southern portion 
of lynx range (e.g., the U.S.) snowshoe hare densities are low compared to those in northern 
regions (Aubry et al. 2000, p. 375). Walker (2005, p. 20) estimated an average snowshoe hare 
density of 0.89 hares/ha (0.36 hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 
hares/ac) in north central Washington (i.e., the Cascades). The Washington Department of 
Natural Resources (WADNR) found snowshoe hare densities between 0.3 and 0.7 hares/ha 
(0.1 and 0.3 hares/ac) on the Loomis State Forest (WADNR 2006, p. 87).  
  
Lynx distribution is nearly coincident with the distribution of snowshoe hares (McCord and 
Cardoza 1982, entire; Bittner and Rongstad 1982, entire), and lynx occupy habitats where 
snowshoe hares are abundant (Koehler and Aubry 1994, p. 84). Snowshoe hares are limited to 



 

139 
 

environments with snowy climates (Ruggiero et al. 2000b, p. 448). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (114.5 in) 
(https://snowfall.weatherdb.com/d/a/Washington; accessed 4/27/2016). 
 
Habitat Status:  The range of lynx in the contiguous U.S. is broadly delineated by the distribution 
of the southern extensions of boreal forest. However, the complexities of lynx population 
dynamics and our incomplete understanding of the limited lynx occurrence data, combined with 
naturally dynamic habitat, make it difficult to precisely delineate the historical range of lynx in the 
U.S. (68 FR 40084). McKelvey et al. (2000a, pp. 245-246) described the historical range of lynx 
in the western U.S., encompassing at least 75 percent of lynx occurrences, as associated with 
the Rocky Mountain Conifer Forest containing the primary vegetation types of Douglas-fir and 
western spruce/fir forests. These western spruce fir forests represent the southern extension of 
boreal forests into the U.S. (Agee 2000, pp. 40-42, 46). The amount of boreal forest habitat in 
the contiguous U.S. has not changed substantially in the past 100 years (68 FR 40085). 
 
However, while the boreal forest may not have changed substantially within the past 100 years 
(i.e., permanent or long-term reductions in the quantity or size), it is naturally dynamic with fire 
and insects representing major disturbance processes (Agee 2000, p. 47) that can create areas 
temporarily unsuitable for lynx through regeneration of forested stands to early successional 
conditions (Agee 2000, pp. 62-63). In 2001, the Washington Department of Fish and Wildlife 
(WDFW) estimated there was approximately 8,923 km2 (3,445 mi2) of potential lynx habitat 
within this geographic unit. Several wildfires affected lynx habitat in the north Cascades during 
the middle 1990s and early 2000s:  1994 Whiteface Burn (1,554 ha (3,840 ac)); 1994 Thunder 
Mountain Fire (3,686 ha (9,108 ac)); 2001 Thirty-Mile Fire (2,565 ha (6,338 ha)); and 2001 
Farewell Fire (32,278 ha (79760 ac)) (Vanbianchi 2015, p. 23). Subsequent to these fires and 
incorporating new science on lynx habitat use, Koehler et al. (2008, pp. 1521-1522) estimated 
this geographic unit contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat based 
on studies conducted from 2002 through 2004. More recent wildfires, including the 2006 Tripod 
Fire (70,644 ha (175,656 ac)) (Vanbianchi 2015, p.23), have affected approximately 1,000 km2 
(386 mi2) of lynx habitat within this geographic unit (Lynx SSA Team 2016, p. 21). Cumulatively, 
over the past 2 decades these wildfires have burned greater than 50 percent of the suitable lynx 
habitat within this geographic unit (Koehler et al. 2008, p. 1523). These acres are expected to 
regenerate back into suitable lynx habitat, but it may take several decades for this to occur. 
 
Lynx Status:  In Washington, there is little information on the status of the lynx population prior 
to the early 1960s (Stinson 2001, p. 13). From 1960-61 to 1990-91 a total of 234 lynx were 
harvested in Washington, with the most lynx trapped in Ferry County (35 percent of the 234), 
followed by Okanogan (23 percent) and Stevens (10 percent) counties (Stinson 2001, p. 13). 
The WDFW identified six lynx management zones (LMZs) in Washington:  Okanogan, Vulcan-
Tunk, Kettle Range, The Wedge, Little Pend Oreille, and Salmo-Priest (i.e., essentially the 
Selkirk Mountain Range in northeast Washington (Stinson 2001, p 14). In 2001, the WDFW 
considered lynx to be present in the Okanogan, Kettle Range, Little Pend Oreille, and Salmon-
Priest LMZs; at that time lynx had not been detected in the Wedge LMZ since 1987 nor the 
Vulcan-Tunk LMZ since 1990 (Stinson 2001, p.15).  

https://snowfall.weatherdb.com/d/a/Washington
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In 2001, based on data collected from lynx telemetry studies conducted in the Cascade Range 
during the 1980’s, the WDFW estimated that Washington contained approximately 12,579 km2 
(4,857 mi2) of lynx habitat which could theoretically support up to 238 lynx (based on a lynx 
density of 2.5 lynx/100 km2) (Koehler 2008, p. 1518; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat, the WDFW 
adjusted this number down suggesting that Washington likely supported fewer than 100 
individual lynx (Stinson 2001, p. 16). More recently, Koehler et al. (2008, p. 1523), estimated 
there was approximately 3,800 km2 (1,467 mi2) of lynx habitat in Washington potentially 
supporting up to 87 lynx. This more recent population estimate was based on a study 
investigating lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density 
estimate of 2.3 lynx/100 km2 derived from a radio-telemetry study conducted on lynx in the 
Cascades from 1985-1987 (Koehler 1990, pp. 845-847). However, the study area in which the 
2.3 lynx/100 km2 density estimate reported by Koehler (1990, p.847) was derived is located in 
an area of the northern Cascades known as the “Meadows”. During the time of Koehler’s (1990, 
entire) study the Meadows provided some of the best lynx habitat in Washington, whereas most 
other lynx habitat in Washington is lower in elevation and more highly fragmented (Walker 2005, 
pp. 3, 6). Thus, the lynx densities Koehler observed in his study area in the Meadows may not 
translate to lynx densities throughout the rest of lynx habitat in Washington, because as habitat 
becomes more fragmented and isolated (i.e., marginal), the carrying capacity for a particular 
species declines. Thus, applying Koehler’s estimated lynx density uniformly throughout 

Washington, may overestimate the overall lynx population capable of being supported in 
Washington. 
  
Relative to the Okanogan LMZ (i.e., the north Cascades), which supports the only known 
persistent breeding population of lynx in Washington State, in 2001, the WDFW estimated the 
LMZ could support a maximum of 149 lynx (Stinson 2001, p. 16). This number was derived by 
estimating that the LMZ contains approximately 8,923 km2 (3,445 mi2) of lynx habitat (which was 
decreased by 33  percent to account for unsuitable areas) combined with an average lynx 
population density estimate of 2.5 lynx/100km2 derived from two studies conducted in the 1980s 
(Stinson 2001, p. 16). The estimated quantity of lynx habitat was based on mapping areas 
supporting the forest-type and physiographic characteristics identified as being used by lynx 
during telemetry studies conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of 
the current condition (successional stage, or stand type, structure, or age, etc.) of the habitat. 
The estimation of lynx habitat was based purely on forested areas potentially supporting a 
forest-type potential of subalpine fir/Engelmann spruce, and the physiographic characteristics of 
elevations greater than 1,400 m (4593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 
1518), and did not consider whether the area was recently burned, harvested, etc. Recognizing 
that new information on lynx and snowshoe hare habitat use patterns had been learned since 
the 1980’s, and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. 

(2008, entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess 
the suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 
km2 (930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
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from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of five adult male and two adult female radio-collared lynx 
were monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During 
the study two kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the 
study indicated female average home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
  
As stated previously, fire is a common disturbance factor in boreal forests (Agee 2000, p. 47). 
Fire return intervals within western subalpine fir forests in the Cascades range from 109 to 250 
years (Agee, 2000, p. 50) with typically high fire intensities in lynx habitat resulting in extensive 
areas of regenerating forest (Agee, 2000, p. 53). Maletzke assessed the effects of recent fires in 
the Cascades and their potential impacts to the lynx population there as follows: 
  

“From 1990-2002, there were about 2,600 km2 of lynx habitat in the Okanogan (Eastern 
Cascades) area, and female home ranges were estimated at 39 – 41 km2, suggesting the 
potential to support roughly 90-115 resident females (home ranges include “matrix” or non-
habitat). By 2014, habitat had been reduced by fire to about 1,600 km2, and habitat loss 
and fragmentation resulted in female home ranges increasing to an estimated 91 km2, with 
a potential to support roughly 27 resident females” (Lynx SSA Team 2016, p. 21). 
  

Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 

847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the two dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke estimated the average female 
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home range size had increased to 91 km2 (35 mi2) (Lynx Workshop Report 2016, p. 21). The 
important point is the recent large, stand replacing fires in the Cascades has resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 35-40 years to do so (Lynx Workshop Report 2016, p. 21). 
 
Factors Affecting Current Condition 
 
In 1993, lynx were classified by the Washington Fish and Wildlife Commission as a State 
threatened species (Stinson 2001, p. 22). On July 12, 2016, the WDFW recommended that the 
Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a State 
endangered species (WDFW 2016, p.1). According to the Draft Washington State Periodic 
Status Review for the Lynx, the WDFW recommended listing the lynx as endangered because 
of: 1) observed range contraction in Washington following protection efforts; 2) the substantial 
loss of habitat in the last 20 years; and 3) the ongoing and anticipated threats to lynx population 
persistence. 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan/ 
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the ONWF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
The LCAS, which was also developed pursuant to the listing by an interagency team comprised 
of USFS, BLM, Service, and NPS personnel, identified four primary risk factors potentially 
exerting population level effects upon the status of lynx:  climate change, vegetation 
management, wildland fire management, and habitat fragmentation. To promote conservation of 
lynx and its habitat, the LCAS contains conservation measures addressing the identification and 
maintenance of lynx habitat (foraging, denning, and connectivity habitats) on Federal lands. 
Toward this end, the LCAS recommends that Federal land managers identify and map lynx 
habitat on their ownerships, and delineate LAUs containing the mapped lynx habitat, within 
which the effects of management actions on lynx habitat will be monitored and analyzed. The 
LCAS also recommends that the size of LAUs should be based on the average size of a female 
lynx home range and contain year-round habitat components (i.e., foraging and denning 
habitat). Thus, in Washington, and the north Cascades specifically, it appears that the single 
threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has 
largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF 
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and CNF, to use the LCAS in the management of lynx habitat on their ownerships and when 
designing and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost two decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on February 25, 2009 
(74 FR 8657–8658), we determined that the benefits of excluding lands managed in accordance 
with the WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, 
and that doing so would not result in extinction of the species. We, therefore, again are 
considering excluding 164.2 mi2 of lands managed in accordance with the WADNR 2006 Lynx 
Plan from the revised lynx critical habitat designation. 
 
Recent wildfires have temporarily eliminated or reduced the quality of greater than 50 percent of 
lynx habitat within the north Cascades (Koehler et al. 2008, p. 1523), which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. As 
discussed below under Potential Threats/Stressors/Factors Influencing Viability, there is 
significant risk of potential future wildfires to further affect the viability of lynx in this geographic 
unit. Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may 
have been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as 
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discussed below, climate change may similarly affect the future viability of lynx within this 
geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
national forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It includes 
parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, and 
Wyoming mountain ranges. This unit is not directly connected to lynx habitats and populations 
in Canada or to other DPS populations, although lynx dispersing from the north likely arrived 
intermittently into the area historically and, more recently, some lynx released into Colorado 
traveled into and through this unit (see Devineau et al. 2010, p. 526). Relative to other DPS lynx 
populations, this unit is about 145 km (90 mi) southeast of the Northwestern 
Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) northwest of the Western 
Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.1.3) for the northwestern Montana, although 
this habitat and, thus, lynx typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016, p. 45). Among the 
three national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this SSA 
unit; USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, 870, 873-877). In contrast, 
estimated hare densities were >= 0.48 hares/ha in all surveyed stands on the Bridger-Teton 
National Forest in the southern portion of the GYA, with highest densities (1.7 hares/ha) in 30-
70-year-old regenerating lodgepole pine stands with dense horizontal cover, and densities of 
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1.2 - 1.6 hares/ha in mature multi-storied spruce-fir and mixed spruce-fir (containing aspen or 
lodgepole pine) stands (Berg et al. 2012, p. 1483). In the central Wyoming Range in the 
southern part of this unit, hare tracks were more abundant in seral aspen stands with a 
significant spruce-subalpine fir component than in aspen stands with little or no spruce-fir, and 
hares appeared to be absent from pure aspen stands except where they bordered spruce/fir 
areas (Endeavor Wildlife Research 2009, p. 4). The only lynx den sites described for this unit 
(the natal den and a subsequent maternal den of one female in 1998) occurred in a mature 
subalpine fir-lodgepole pine forest in the Wyoming Range, where coarse woody debris and high 
sapling density provided dense horizontal cover (Squires and Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each place 
(https://snowfall.weatherdb.com/d/a/Montana; accessed 8/17/2016). In potential lynx habitats on 
the Bridger-Teton National Forest in the southern half of this unit, deep snow persisted from late 
October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) compared the highest-precision 

https://snowfall.weatherdb.com/d/a/Montana
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lynx occurrence data in the contiguous U.S. from 1966-1998 with snow-cover data available for 
those locations and concluded that lynx require nearly continuous snow cover from December 
through March. The authors modeled the probability of suitable snow across North America, 
showing that most of this geographic unit has a 95 percent probability of providing snow cover 
conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the three national forests that contribute to this unit, 75 percent of potential lynx habitat 
is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in 
these areas are unlikely to adversely impact lynx and hare habitats. 

Large parts of Yellowstone National Park burned in the extensive wildfires of 1988. Although the 
extent to which those fires may have impacted potential lynx habitats is uncertain, some of the 
burned areas may soon reach a stage of regeneration capable of supporting increased densities 
of hares, perhaps increasing the likelihood that lynx could reestablish and maintain home 
ranges in some parts of the park (Lynx SSA Team 2016, p. 45). 

Because non-Federal lands make up less than 3 percent of lynx habitats in this unit, it is unlikely 
that activities on those lands have impacted lynx populations or meaningfully influenced the 
unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
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habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx, but it is unclear whether the area consistently 
supported a persistent resident population over time or whether it naturally supported resident 
lynx only intermittently. Most historical and recent verified lynx records are from the southern 
portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming mountain ranges in 
the Bridger-Teton National Forest. Eighteen lynx were reported to have been trapped from a 
small area in the Wyoming Range in 1971-72 (Squires and Laurion 2000, p. 338), but it is 
unknown whether any of those lynx were residents (and if so, how many) or if some or all of 
them were dispersers associated with the “explosion” (irruption) of lynx documented in several 

places in the contiguous U.S. in the early 1970s (McKelvey et al. 2000a, pp. 235-242). 
However, two resident lynx, a male and a female, were trapped, radio-marked, and monitored in 
the Wyoming Range over several years beginning in 1996. The female produced four kittens in 
1998 and two in 1999, though none of the kittens survived to independence, and the female 
died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, pp. 9, 
26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was monitored, 
and the male’s averaged 824 km2 (318 mi2) over five years (Squires et al. 2003, pp. 12-13). The 
male also made multiple long-distance exploratory movements (up to 728 km [452 mi], including 
multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-16; Squires 
and Oakleaf 2005, entire). 
 
Other surveys also detected lynx in the southern portion of this unit from 1999-2009, with 
records most consistent in the Wyoming Range, Togwotee Pass, Union Pass, the Bondurant 
Corridor, and in the Gros Ventre Range (Squires et al. 2001, pp. 9-14; Squires et al. 2003, pp. 
9-11, 29-31; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; Squires 
in Lynx SSA Team 2016, pp. 20-21). Additionally, 10 radio-marked lynx released in Colorado 
subsequently moved into or through this portion of the GYA unit from 2004-2010, with locations 
concentrated in areas used previously by native Wyoming lynx (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.). Several of the Colorado-released lynx occupied home ranges 
(including overlapping male and female home ranges) in areas of the Wyoming Range 
previously occupied by “native” resident lynx (Squires in Lynx SSA Team 2016, p. 21), but there 
is no evidence of reproduction among these lynx. On the Shoshone National Forest in the 
northeastern part of this unit, seven lynx snow tracks were confirmed by DNA analysis in winter 
2005/06, and a single track was verified  the following winter (Endeavor Wildlife Research 2008, 
p. 2; Berg 2016, pers. comm.). During the winters of 2004-05 through 2007-08, 26 snow tracks 
on the Bridger-Teton and Shoshone national forests were confirmed by DNA analyses to be 
from five individual lynx (3 males, 2 females). One of the males had previously been 
documented in Yellowstone National Park (see below). The other two males and both females 
were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
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Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including two kittens, in 
the eastern part of the park (Murphy et al. 2006, entire). Several Colorado-released lynx also 
traveled through the park (Devineau et al. 2010, p. 526), and two possible (unconfirmed) lynx 
tracks were recorded in the park during winter 2008/2009 (Endeavor Wildlife Research 2009, 
pp. 4, 12). On the Custer-Gallatin National Forest in Montana in the northern part of the unit, a 
single female was detected over six consecutive winters (2003/2004 - 2008/2009) but not 
subsequently (Gehman et al. 2010, pp. 2-4), and it appears that she did not encounter a male or 
produce kittens during the six years she was detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016, pp. 20-21, 45; Hanvey 2016, pers. 

comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently has supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could tip this unit from just barely able to support a 
persistent resident population to incapable of doing so. Further, the available evidence suggests 
that if this unit did support a persistent population, it was very likely a very small one, which 
would be more vulnerable to extirpation as a result of demographic, environmental, and genetic 
stochasticity, and to catastrophic events (McKelvey et al. 2000b, pp. 23-29), or to a combination 
of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016, pp. 15-16; Siren in Lynx SSA Team 2016, p. 15; 
see also section 3.2, above, and 5.1.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.1.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 

al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 

Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 

al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand- 
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
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Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 

ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
include recreation, minerals/energy development, and forest/ backcountry roads and trails; 
these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are 
unlikely to exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous U.S., no 
barriers to lynx dispersal from the north have been identified, and 10 lynx released in Colorado 
are known to have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; 
Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern and northern 
Rockies is possible. As described above in Lynx Status, the large number of lynx reportedly 
trapped from a small area of the Wyoming Range in the early 1970s (Squires and Laurion 2000, 
p. 338) may suggest dispersers associated with the irruption of many lynx from Canada into the 
northern contiguous U.S. documented at that time (McKelvey et al. 2000a, pp. 235-242). No 
subsequent pulses of lynx dispersing from the north have been documented, and lynx trapping 
records suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, 
the most likely source of lynx dispersing southward into this unit, dampened dramatically after 
the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016, p. 13; also 
see Appendix 5,  2015 10 13 - 5, pp. 4-5 [https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PD
Fs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf]).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
jsquires
Highlight
Fire was a large impact in the the Wyoming Range, plus potential impacts across Yellowstone given what we know about lynx habitat in that region.  

jsquires
Highlight
There is more know about these dispersals than communicated in this sentence. 



 

151 
 

contiguous U.S. If lynx populations in this geographic unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes the Southern Rocky Mountains of western 
Colorado. Small areas of similar potential lynx habitat extend into south-central Wyoming and 
north-central New Mexico, and some lynx released in Colorado traveled into or through those 
areas. However, there is no evidence that either area supports resident lynx, and we question 
their ability to do so. Potential lynx habitat in Colorado totals approximately 25,294 km2 (9,766 
mi2), and is distributed west of US Interstate 25. We excluded the northwest part of the State, 
bounded on the south by US Interstate 70 and the east by Colorado State Highway 13, because 
this area lacks sufficient habitat to support lynx. Lynx habitat in this unit occurs within the 
following land ownerships: USFS (85 percent), BLM (3 percent), NPS (2 percent), private (9 
percent), and State (< 1 percent).  
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies, because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the upper montane, spruce-fir 
forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-elevation sites, 
Engelmann spruce may retain dominance, intermixed with aspen, lodgepole pine, and Douglas-
fir. Lodgepole pine reaches its southern limits in the central part of the geographic unit, while 
southwestern white fir occurs only in the San Juan Mountains. The lower montane zone is 
dominated by ponderosa pine and Douglas-fir, with pines typically dominating on lower, drier, 
more exposed sites, and Douglas-fir occurring on the more sheltered sites. Lower montane 
forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce/subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce/subalpine fir/aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
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pattern of increasing use beginning in July, peaking in November, and dropping off in 
December. Large or medium willow/alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
  
Ivan et al. (2012, p. 5) confirmed some relationships that were already known (e.g., lynx are 
strongly associated with high-elevation spruce/fir and mixed spruce/fir forests but avoid lower-
elevation montane forests and montane shrublands). We recognize that all spruce-fir forest 
does not support lynx equally based on the low detection rate (28 percent) reported during the 
ongoing lynx study in the San Juan Mountains within predominantly spruce-fir forest (Ivan in 

Lynx SSA Team 2106, p. 14), thus not all areas of spruce-fir forest are used by lynx. 
  
Dolbeer and Clark (1975, p. 539) estimated a density of 0.73 hares/ha (0.3 hares/ac) within their 
study site in Colorado, with the highest densities of snowshoe hare in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). 
 
Habitat that supports snowshoe hares is patchily distributed in the Southern Rocky Mountains, 
including the Western Colorado Geographic Unit, which limits their abundance. Zahratka and 
Shenk (2008, entire) found densities of snowshoe hares to be greatest in mature Engelmann 
spruce-subalpine fir stands when compared to mature lodgepole pine stands in Taylor Park, 
Colorado. Their density estimates were 0.08±0.03 to 1.32±0.15 hares/ha (0.03–0.5 hares/ac) in 
Engelmann spruce-subalpine fir habitats, and 0.06±0.01 to 0.34±0.06 hares/ha (0.02–0.14 
hares/ac) in lodgepole pine habitats (Zahratka and Shenk 2008, pp. 910-911). 
  
Ivan (2011a in ILBT 2013) compared snowshoe hare density, survival, and recruitment in 
mature uneven-aged spruce/fir stands, small-diameter lodgepole pine (2.54–12.7 cm [1–5 in]) 
stands (20–25 years old), and medium-diameter (12.7–22.9 cm [5–9 in]) previously-thinned 
lodgepole pine stands (40–60 years old) in Colorado. During summer, Ivan (2011a in ILBT 

2013) recorded densities of 0.2+0.01 to 0.66+0.07 hares/ha (0.08–0.27 hares/ac) in small 
lodgepole pine forest, 0.01+0.04 to 0.03+0.03 hares/ha (0.004–0.01 hares/ac) in medium 
lodgepole forest, and 0.01±0.002 to 0.26±0.08 hares/ha (0.004–0.1 hares/ac) in spruce/fir 
forest; densities were more similar across the 3 forest types during the winter months. He 
concluded that “hares reached their highest densities and recruited juveniles most consistently 

in stands of small lodgepole, followed closely by spruce/fir, but survival was highest in spruce/fir 
stands.” 
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). As stated above, our focus here is limited to the State of Colorado. In 
2008, the USFS reported that most of their LAUs in the Southern Rockies fell within a range of 
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3-8 percent in a currently unsuitable condition, with only one LAU exceeding 30 percent 
unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 (25%) LAUs currently 
exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. comm.). These changes 
are mostly in response to the ongoing bark beetle infestations, as well as wildfire events that 
have occurred since 2008. 
 
Ivan (2011e, entire), developed a predictive map of lynx habitat use by using lynx location data 
collected during CPWs reintroduction monitoring, then estimated the amount of habitat 
associated with a high probability of detecting lynx. Our review of the vegetative characteristics 
of CPW’s predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated the top 20 percent of predicted use (Ivan 2011e, p. 26). 
Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in Colorado totaling 25,294 
km2 (9,766 mi2). This habitat estimate falls between the Ivan (2011e, p. 26) estimate and the 
USFS’s habitat estimate of 30,664 km2 [11,839 mi2] (USFS 2008, p. 18), while retaining a 
greater than 60 percent probability of detecting lynx as described by Ivan (2011e, pp. 32-33).  
 
Regulatory mechanisms in Colorado are largely provided through Forest Service planning 
documents. All USFS land management plans within the unit were amended in 2008 to provide 
for the conservation of lynx. Three BLM plans in Colorado have been amended or revised to 
conserve lynx following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of 
potential lynx habitat. One additional plan provides conservation measures for timber 
management actions only, but the FO contains only about 1 km2 (0.39 mi2) of potential lynx 
habitat. The remaining FOs currently have not amended or revised their plans specifically to 
provide conservation for lynx (these plans combined guide management of approximately 645 
km2 (298 mi2) of potential lynx habitat. Since the 2000 listing, however, all BLM Field Offices in 
Colorado have been conserving lynx discretionarily through application of conservation 
measures provided in the Lynx Conservation Assessment and Strategy (Ruediger et al. 2000, 
entire; ILBT 2013, entire). Rocky Mountain National Park has a fire management plan that 
includes conservation measures for lynx. We are not aware of any specific conservation 
planning guiding activities on non-Federal lands (M. Wrigley 2016, pers. comm.; M.K. Watry 
2016, pers. comm.). 
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.), and Rocky Mountain National Park 
(Shenk 2008, p. 3). The CPW is developing a minimally-invasive, long-term, statewide 
monitoring program to track the distribution, stability, and persistence of lynx in Colorado (Ivan 
2011e, entire). 
  
As of 2015, evidence of recent lynx reproduction is provided through kittens captured on game 
cameras accompanying adult females at three locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) USFS Rocky Mountain Research Station research projects in Colorado have been 
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young and/or unmarked cats (Ivan in Lynx SSA Team 2016, p. 17), suggesting continued 
reproduction within Colorado. However, reproductive rates are currently unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.9315±0.0325 within 
the study area in the San Juan Mountains and 0.8219±0.0744 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of Canada lynx in the Yukon (0.75–

0.90; Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest 
Territories (~0.90; Poole 1994, p. 612). Successful reproduction, including by females born in 
Colorado, has been documented (Shenk 2008, p. 2), and kitten survival was 0.2260 (Ivan 
2016b, pers. comm. March 9, 2016). 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects, and forests in the western U.S. have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 1,375,931 ha (3,400,000 
ac) has been affected by mountain pine beetle, and 639,000 ha (1,579,000 acres) affected by 
spruce beetle since 1996 (USFS 2015, p. 3), a portion of which overlaps with lynx habitat.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 

understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid 20-30 years, and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce/fir forests 
could impact lynx habitat for a long duration. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
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Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Since the majority (88 percent) of lynx habitat in Colorado is under Federal 
land management, actions occurring on other ownerships are unlikely to result in significant 
losses of lynx habitat within Colorado. However, habitat connectivity may be negatively affected 
by intense recreational use or development within strategic areas that are important for habitat 
connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 

native to North America, was reported for the first time in lynx in Colorado (Wild et al. 

2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 

reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 

none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 

to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 

the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 

Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 

suggested that translocated animals might be more vulnerable to highway mortality than 

resident lynx and this could have been a factor in Colorado at the time of listing. 

Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 

during the reintroduction period (1999-2006). Since early 2007, one year after the final 

reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 

two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 

highways with high speed and high traffic volume pass through lynx habitat, such as I-

70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 

movement, as repeated successful crossings by radio-telemetered lynx have been 

documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 

Squires, personal communication 2012). At this time, it appears that hit by vehicle 

mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 

and associated development overlaps with lynx habitat. Preliminary information from a 

study in Colorado indicates that some winter recreation uses may be compatible, but 

lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 

is possible that ski areas and 4-season resorts may reduce the amount and availability 

of lynx habitat within localized areas, in part by influencing the distribution or abundance 

of prey resources within the developed area. However, there is also considerable 

anecdotal evidence of lynx using ski areas. 
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Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 

means of predator control or for commercial and recreational trapping. If a landowner 

can prove that all other non-lethal methods have been ineffective, a 30-day exemption 

may be granted for depredation cases. Incidental trapping mortality of lynx may be a 

minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 

common throughout most of this geographic area, mostly related to the grazing of 

domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 

grazing does occur during summer at the higher elevations, especially in south-central 

Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. We present and summarize the professional 
judgments and opinions of a panel of 10 lynx experts regarding the factors likely to influence the 
persistence of resident lynx populations in each of the six geographic units. We also present 
and summarize the experts’ projections, based on consideration of those influencing factors, of 

the probability that each of the geographic units will continue to support resident breeding 
populations of lynx into the future (at years 2025, 2050, and 2100), and the sources of 
uncertainty that influenced their confidence in their predictions. 
 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as having the potential for population-level impacts to 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78; see also Chapter 3, above). Other factors 
were also evaluated for some geographic units if the Core Team member most familiar with that 
unit felt those factors could pose meaningful, even if less likely, risks to the unit’s continued 

ability to support resident lynx. After considering all of the above, we present our conclusions 
regarding the future conditions for resident lynx populations in each geographic unit and we 
discuss the extent to which our conclusions agree with or differ from the projections provided by 
the lynx expert panel we consulted and, if they differ, why. 
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Implicit in our evaluation of the future for lynx in the contiguous U.S. is our recognition and 
consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016, p. 52). 
 
Additionally, we do not to define and evaluate specific and explicit climate change/ greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-reliant predator that relies heavily on a single, similarly-specialized prey species, and 
whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., wildfire, 
forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the 
impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous U.S. and the current lack of reliable estimates of the sizes, trends, and many 
demographic parameters for most DPS populations, it is difficult to confidently predict the future 
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condition of the DPS or the likelihood that any given geographic unit will support resident lynx in 
the future. We lack data to build rigorous empirical population models for lynx in the DPS, and 
uncertainty regarding the timing and magnitude of potential impacts to lynx from continued 
climate warming also limits our ability to predict the future condition of the DPS. Therefore, our 
assessment of the future condition of the DPS is based on our evaluation of the available 
scientific information regarding the factors identified by the ILBT as the most likely to have 
population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78), including the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see Table 2, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations 
and thus the units. The lack of evaluation of the effectiveness of forest management plans for 
lynx on Federal lands is of concern for western units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016, pp. 36-49; also see 5.2, 
below). Although all five geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 
one (Northwestern Montana/ Northeastern Idaho) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century. Expert input suggests that all other geographic units individually have a 50-percent or 
greater probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from two or three of the five units that 
currently support them by the end of the century (Figure 7). 
 



 

159 
 

 
Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 
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substantially reduced in the remainder by the end of the century (we are aware of no climate 
modeling that suggests the complete disappearance of potential lynx habitat from the entire 
contiguous U.S. by the end of the century). Complete loss of lynx habitat is perhaps more likely 
in the Northern Maine and Northeastern Minnesota units where there is little potential for 
elevational refugia compared to the more topographically diverse units (3 through 6) in the 
western U.S. Under such a scenario, resident lynx would be unable to persist in some units and 
severely restricted in number and distribution in others, with any remaining resident populations 
more vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic 
events than is currently the case. 
 
Conversely, under a “best case” climate scenario (perhaps combined with a “best case” future 

forest management scenario), it is possible that resident lynx could continue to persist through 
the end of the century in all five geographic units that currently support them. Even under this 
scenario, however, we would expect smaller population sizes and reduced distributions in each 
unit resulting from the impacts of even moderate continued climate warming (we are aware of 
no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous U.S. over the next century). We cannot quantify the likelihoods of 
either of these extreme scenarios nor improve the precision of, or our confidence in, the experts’ 

predictions regarding persistence. Nonetheless, we believe the most likely future condition of 
the DPS is that resident lynx populations will continue to persist at the end of the century in two 
or three of the five units that currently support them (i.e., they will be functionally extirpated from 
two or three of the units) and that even where populations persist, they will be reduced in 
number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from one or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in one or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
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A zero probability is a big statement.  For example the functional (actual ) lynx habitat actually has been mostly impacted by a single catastrophic event - bark beetles.  That same scale of event could conceivable  sweep over the actual/functional lynx habitat in Washington, Wyoming, or even Montana (I realize that lynx may be able to gap this disturbance).  Also, somewhat true   for fire (1910 style) in these same western landscapes.  
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uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 

the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (USFWS 2016, p. 51) and no indication that future gene flow is 
likely to be substantially reduced (79 FR 54793). This information suggests the current and 
likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from two to three (of five) units by the end of the century. 
Projected climate warming is expected to exert the greatest influence on the resiliency of 
individual populations, and thus continued presence of resident lynx in each geographic unit. 
Climate models project that boreal forests and snow conditions favorable for lynx at the 
southern periphery of the range will retreat northward and upslope with continued warming, 
further fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare populations will decline and lynx mortality rates are likely to 
increase and reproductive rates decrease. As snow conditions become less favorable, 
competitors (e.g., bobcats) are likely to outcompete and displace lynx. This in turn will reduce 
lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit   
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Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, it may be one of the units in the DPS at greater risk. Forestry practices, climate 
change, habitat loss and fragmentation, and development will be the greatest future drivers of 
hare and lynx habitat in this unit. Lynx habitat and numbers are expected to decline by 50 to 60 
percent by 2032 in response to aging of the budworm-era clearcuts and the effects of 27 years 
of extensive partial harvesting. In the next few decades, high quality hare habitat will drop from 
about 10 percent to 5 percent of the landscape. High quality habitat patches will become more 
fragmented, smaller, and more isolated, thus making the landscape less suitable for lynx. For 
the next few decades the best habitat will occur in the southern portion of the range where 
effects of climate change and competition with bobcats are likely to be greatest. Absent long-
term lynx management agreements, the future of lynx habitat is uncertain. Wood products 
markets will continue to change, and could be affected by interest in carbon sequestration in 
response to climate change. Rapid changes in private forest land ownership are likely to 
continue resulting in subdivision of large ownerships. Non-forestry land uses (wind energy 
development, transmission line corridors, residential and resort land development, and 
unmanaged, conservation lands) will compete with forest management as the primary land use. 
Conservation easements will help reduce development pressures and keep some lands as 
working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not be conducive to creating new lynx habitat. Climate change is expected to affect the 
Maine unit more than others in the DPS because snow depth and duration already seem to be 
at thresholds for lynx and there are few potential elevational refugia. In the near term and to 
mid-century, snow quantity and quality will continue to deteriorate, likely causing the range of 
lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce-
budworm outbreak, and frequent disturbance of the forest all will contribute toward the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50% by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, has not been addressed on private lands. There are no long-term 
management plans in place, State forest regulations have greatly influenced harvesting 
practices that have (and will continue to) reduce landscape hare densities, markets for forest 
products are depressed, and projections (under current harvest scenarios) are that habitat will 
diminish and shift southward in the near term because of post-harvest succession and recede 
northward over the longer-term because of continued climate warming. 
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Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, the quantity, quality, and duration of snow 
are projected to decline; competition and hybridization with bobcats are likely to increase as 
snow conditions favorable to lynx are diminished; boreal conifer forests are projected to contract 
northward, resulting in increased habitat loss and fragmentation and increased isolation of 
Minnesota lynx is anticipated with diminishing forest conditions in Ontario. The probability of 
persistence of the lynx population in Minnesota is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by the quality, 
quantity and persistence of snow, competition, disease, and forest insects, and over the long 
term from some of the same factors with the addition of climate change, loss of spruce-fir 
forests, and (projected increases in?) wildfires. If the SNF in Minnesota continues to follow 
vegetation management and other recommendations under the LCAS in their Forest Plan, we 
expect that several risk factors will continue to be minimized and managed to promote the 
conservation of lynx within the SNF into the future. It is not clear if the Forest will maintain that 
commitment into the long term. If the DPS is de-listed, the species would be placed on the 
Forest’s Regional Forester Sensitive Species list for at least 5 years, which gives it a higher 

priority than other species for monitoring and management during that time. It is expected that 
the MFRC guidelines will remain in place into the future and that voluntary actions will continue 
on State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking all factors into 
consideration (i.e., loss of boreal forest, increased competition, potential disease and insect 
outbreaks, loss of snow), lynx experts projected the mean probability persistence of lynx in 
Minnesota to the year 2025 was greater than 90 percent, to 2050 was 80 percent, and would 
decline to approximately 35 percent by 2100. After reviewing the scientific literature concerning 
climate change projections (diminishing snow conditions, loss of boreal forest, lack of 
elevational refugia, increased competition, potential disease, and insect outbreaks), some 
members of the  SSA Core Team were slightly more pessimistic about the future of lynx in 
Minnesota than the lynx expert panel. The Core Team concluded that the climate-mediated 
conversion of boreal forest to temperate forest and the loss of favorable snow conditions could 
occur at a rate and extent that would result in a lower probability of persistence than the median 
most likely estimate provide by experts, including the possibility   that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitats in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
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majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 

the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Recent wildfires have temporarily eliminated or reduced the 
quality of greater than 50 percent of lynx habitat within north Cascades, which has significantly 
affected the status of and current viability of the lynx population within this geographic unit. 
Similar to the other geographic units, continued climate warming is anticipated to reduce the 
future quality and distribution of lynx habitat in Washington, potentially further exacerbating the 
recent temporary losses of lynx habitat from wildfires. Projected warming may increase wildfire 
frequency and severity, which may result in further temporary losses of lynx habitat. Climate 
change is also expected to reduce the quantity and quality of snow, potentially resulting in 
permanent reductions in the quantity and distribution of lynx habitat in Washington State. These 
potential climate-driven reductions of lynx habitat may serve to further isolate lynx populations 
within this unit as well as between neighboring lynx populations in the other geographic units 
and Canada. Continued forest management on both Federal and State lands will benefit lynx 
populations in Washington, but this may not completely ameliorate the potential negative effects 
related to climate change. Considering the recent reduction in lynx habitat and the projected 
impacts of climate change, experts predicted near-term (year 2025) persistence probabilities of 
60% to 90% (median = 80%), mid-century persistence at 30% to 80% (median = 70%), and 
end-of century (year 2100) persistence probabilities less than 50% (median = 38%) for lynx 
populations within this geographic unit. After considering the best available scientific information 
and input from lynx experts summarized above, the Core Team is generally in agreement with 
the experts regarding the probability of long-term persistence of Canada lynx in this geographic 
unit. We expect this unit will continue to support a small resident lynx population through mid-
century but that its ability to do so beyond then is questionable, and that functional extirpation of 
lynx from this unit by the end of the century is more likely than not. 
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Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 

least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally/ intermittently support 
a small number of resident lynx and some reproduction throughout the remainder of the century. 
However, we conclude that it is very unlikely to support a persistent resident population over the 
short-term (through 2025), even less likely that it will do so at mid-century, and it is highly 
improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions within the Western Colorado unit. The elevation 
gradient in Colorado may provide refugia from deteriorating snow quality, depth, and duration 
throughout the period. However, climate models suggest a 40 percent decline in snow 
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persistence. Assuming that snow levels will increase in elevation, lynx habitat is likely to 
become more fragmented by areas that no longer retain appropriate snow conditions and 
vegetation. However, we anticipate large areas of snow persistence to remain through the end 
of the century. Beetle kill and wildland fire will result in temporary nonfunctional habitat 
conditions. However, affected areas are likely to regenerate and provide excellent habitat 
conditions to support hares and lynx. A caveat to future habitat conditions in light of climate 
warming is that some areas that currently support snowshoe hare populations may experience 
vegetation type conversion that may not support snowshoe hares. Our conclusion, based on the 
information available to us, is that lynx are likely to persist in western Colorado to the end of the 
century. Our conclusion is not without uncertainty, stemming primarily from the historical lack of 
evidence of consistent lynx presence within Colorado prior to the reintroduction effort. Our 
conclusion is generally consistent with that of the experts. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 
  

2100 median 
35% (range 0 to 

100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 
will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
Ontario 

● Extent and pace of deteriorating 
snow conditions  

● Response of bobcat and fisher to 
changing snow regime 
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● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 
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repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
Most of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016, pp. 33-36 and Fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to the end 
of the century (2050, 2100). Snow conditions would continue to deteriorate (especially in the 
Northern Maine Unit compared to other areas in the DPS), likely resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short term (next few decades), but that 
the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or loss of 
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spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest management 
affecting large acreages of lynx habitat annually).  
 
In addition to climate change, the lynx experts that we consulted expressed a number of near-
term stressors (in the next 15 years) related to forest management in northern Maine. Land 
management objectives were uncertain because of frequent changes in private forest land 
ownership. Changes in forestry management because of the Maine Forest Practices Act (shift to 
partial harvesting, increasing acreage harvest, habitat shifting to south) would result in 
increased fragmentation and declining lynx and snowshoe hare habitat (succession of previous 
clearcuts from young, dense regenerating stands to mature stands less conducive to high hare 
densities). 
 
Both the Core Team and experts that we consulted acknowledge uncertainty concerning the 
severity and response by new landowners to the next spruce budworm outbreak. Experts 
believed that investment landowners would not respond to the pending spruce budworm 
outbreak like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the current clearcuts aging past conditions that 
support hares and lynx. The Core Team echoes these concerns. We conclude that it is unlikely 
that the response to the coming spruce budworm outbreak will create extensive hare and lynx 
habitat as it did in the past. 
 
The best available science indicates that hare populations have declined by about half across 
all stand types (and in adjacent Quebec) since 2006 and apparently have not rebounded. In 
response, lynx initially had lower reproduction (lower proportion of females breeding, slightly 
lower litter sizes), but this has not affected home range sizes. Lower landscape hare densities 
are likely to eventually result in lower lynx populations. The lynx experts that we consulted were 
uncertain about how hare numbers will cycle or fluctuate in the future.  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and bobcat competition are likely to reduce the probability of lynx persistence in this 
unit. Modeling of current lynx habitat and future habitat trends was more advanced for the 
Northern Maine Unit than other units. Models indicate that aging of past clearcuts and changes 
in forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades. Experts and the Core Team expressed uncertainty about the severity of a pending 
spruce budworm outbreak, forestry response by investment company landowners, and how this 
will affect future lynx habitat. More is known about long-term trends in snowshoe hare 
populations in this unit than others. Hares seem to have declined by half since about 2006 and 
have remained low. Experts and the Core Team were uncertain about whether hare numbers 
would rebound or remain at this lower level, but lower hare densities are affecting demographics 
(especially percentage of females breeding), which could contribute to population declines. 
Taking all of these factors into consideration, the median probability of persistence projected by 
the experts to the years 2025 was greater than 95 percent, to 2050 was about 80 percent 
(range from 20 to 100 percent), and to 2100 was about 50 percent (range from 0 to 100 percent; 



 

170 
 

Lynx SSA Team 2016, pp. 33-34, Fig. 8). The USFWS lynx Core Team generally agreed with 
this prognosis with the exception that some were less optimistic about the persistence of this 
population, especially after reviewing the literature pertaining to climate change in this region. 
 

 

Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  
 
Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the three probability-of-persistence levels, i.e., 
highest, most likely, and lowest probabilities of persistence, are represented by the hollow red, 
filled green, and hollow blue points respectively. The black x mark is the median of the most 
likely responses across the experts in each response year. The red, green, and blue dashed 
lines connect the median of the highest, most likely, and lowest probability of persistence 
responses across the experts in each response year. The edges of the grey area were defined 
by the extreme responses, i.e., the range from the largest of the highest probability of 
persistence responses to the smallest of the lowest probability of persistence responses. The 
median lines and grey area are provided as a summarizing visualization to aid comprehension 
of the experts’ responses and their range, and should not be viewed as a substitute for 

individual responses or presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to four percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods at and similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 

2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
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2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from one to three decades 
later, our ability to project what effects the next outbreak will have on lynx habitat is still limited. 
Land ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
use widespread use of pesticides to control spruce budworm and herbicides to promote spruce-
fir regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a substantial decline in snowshoe hare densities that has 
occurred in Maine. Snowshoe hare density declined by 69.3 percent from a period of high hare 
density in 2001-2006 (average of 2.1 hares/ha in regenerating conifer) to a period of lower hare 
density 2007-2009 (average of 1.0 hares/ha). This decline occurred across all forest stand types 
and across a broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe 
region of southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at 
these lower numbers through 2013 (D. Harrison, University of Maine, unpublished data). If 
future hare populations remain low, then Maine habitats will have a lower capacity for 
supporting lynx.  
 
Climate Change - The northern Maine unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 

al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 

lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
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models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). Largest increases in temperature are expected in northern Maine 
(A. Siren in Lynx SSA Team 2016, Appendix 3; Rawlins et al. 2012, p. 9) where temperatures 
may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, 
interest in wind development has grown in northern and western Maine, increasing threats to 
high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are 
currently at or falling below threshold values needed to support lynx in Maine.  
 
If future trends in increasing temperature and decreasing snow occur, then lynx are unlikely to 
persist in Maine. Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future 
snow conditions under nine different low, medium, and high emission scenarios (IPCC 2007) 
and predicted loss of forest and snow conditions able to support lynx in Maine by the end of the 
century. Although there are uncertainties about future climate warming, lynx populations in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 

(2012, p. 60).  
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.1.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another two weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average snow depth in northern Maine is at or below the 270 cm/yr. 
(106 in/yr) thresholds believed needed to support lynx (section 4.1.1; Hoving et al. 2005, p. 749) 
and is expected to decline. By the end of the century, large areas of the Northeast will 
experience 15-percent (low emission) to 25-percent (high emissions) reduced snowfall (Ning 
and Bradley 2015, p. 6). Northeast winter snowfall has decreased by about 4.6 cm/decade, with 
the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By the 
end of the century Notaro et al. (2014, p. 6529) projected average snow declines in the North 
Atlantic Landscape Conservation Cooperative of 59 cm (31 percent) (low emissions) to 92 cm 
(48 percent) (high emissions) because a higher proportion of winter precipitation will fall in the 
form of rain rather than snow.  
 
Snow Quality - Winter precipitation in Maine is likely to increase by 10 to 15 percent by the end 
of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation falling 
as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will continue to increase in the region in the future (Karl et al. 1993, entire; Dudley and 
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Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
 
Loss of Boreal Forest - Climate change is projected to cause a northward contraction of spruce-
fir forest in the Northeast with potential negative consequences for both lynx and snowshoe 
hares (Gonzalez et al. 2007, entire). Spruce-fir forest is expected to decline substantially in 
Maine and the Northeast (Ollinger et al. 2008, p. 17; Beckage et al. 2008, entire; Jacobson et al. 

2009, p. 27; Tang and Beckage 2010, entire; Whitman et al. 2010, p. 12) or disappear (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire) because of climate change. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405). Lynx habitat will decline as boreal forest diminishes (Simons 
2009, pp. 221-222). Even under the lowest emissions scenarios, spruce-fir forest would be 
reduced by 2100 (Williams and Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan 
et al. 2009, pp. 221-222), although some spruce-fir may persist at highest elevations (Tang and 
Beckage 2010, pp. 148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) 
where cooler conditions will prevail. Recent shifts of northern hardwoods to higher elevations 
formerly occupied by boreal forests have also been attributed to regional warming over the last 
century (Beckage et al. 2008, entire). 
 
The spruce-fir forest type has come and gone from New England during the post-glacial period. 
It nearly disappeared from the Northeast during the interglacial warming period 1000 years ago, 
then moved south into New England only in the past few centuries during the “Little Ice Age” 

(Schauffler and Jacobson 2002, entire; DeHayes et al. 2000, entire). Because of its sensitivity to 
climate and mobile nature, Iverson et al. (2008, p. 403) predicted a significant decline (low 
emissions) or the disappearance (high emissions) of the spruce-fir forest type in northern Maine 
in response to climate change.  
 
Spruce (red, black, white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
suitable area for balsam fir would decline by 80 percent in 2100 under an average to high 
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan of trees, slowness of tree dispersal, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Arguments in favor of an accelerated decline include 
evidence that spruce-fir is already in decline and is being replaced in Maine by northern 
hardwoods (oak, pine, red maple). Since 1995, the area of forest land classified as the northern 
hardwoods type in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area 
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in the spruce/fir forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et 

al. 2016, p. 2).The decline of the spruce-fir forest type may be accelerated by forest 
disturbances when northern hardwoods replace areas formerly occupied by spruce-fir. In some 
situations, disturbance may favor persistence of balsam fir and help it persist longer in a 
warming climate (Scheller and Mladenoff 2005, p. 318). A pending spruce budworm outbreak 
and frequent disturbance from forest management could accelerate conversion to northern. 
Other climate-related forest disturbances (forest pests, diseases) could further accelerate 
conversion to northern hardwoods (Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 

favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant, conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 

species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the most sensitive tree 
species in Maine to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 

al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (~4 to 5 F 
degree temperature increase by the end of the century and reduced snow conditions). Some 
have projected the extirpation of spruce-fir forest types in the Great Lakes States (Scheller and 
Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). Balsam fir has 
prolific seed production following forest disturbance such as harvesting (Seymour 1992, p. 217), 
and has proliferated under the current climate and forest management regime dominated by 
partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived tree (~100 
years), and is unlikely to persist long if climate change affects seed and germinations rates. 
Given, anticipated climate changes, especially early snow melt and low spring precipitation, fir 
may increase for the next few decades but is unlikely to regenerate in a the future Maine forest 
(E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
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densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 

al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx, habitat is expected to peak and 
then remain stable through about 2012-2020 then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will shift 
southward into areas occupied by bobcats and fishers where snow conditions are unlikely to 
favor lynx (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 6; Simons-Legaard 
2016, p. 8). By 2022, the number of patches of high quality hare habitat will increase by 57 
percent, but the average size of patches will decline by 87 percent, and patches will become 
more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity index of high quality habitat 
patches will decline by 78 percent within lynx home ranges. Although lynx habitat is peaking, 
fragmentation may diminish its ability to support lynx (Simons-Legaard et al. 2016, p. 8). 
 
Beyond 2030 assumptions concerning future climate change, land ownership, and harvest rates 
introduce greater uncertainty. The most optimistic forest management models (greatest harvest 
rates, no climate change, no spruce budworm) project that lynx habitat will decline over the next 
few decades then gradually increase to about 10 percent of the landscape by 2060 (Simons-
Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will have high quality 
hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although the habitat will be 
much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 1 million acres (4,047 
km2 [1,563 mi2]) of forestland in northern Maine where it is doing the same. Spruce plantations 
are becoming more common on this ownership in Maine, but not others. Stand structure and 
intensive management of plantations are highly variable (e.g., pruning, thinning, herbicide 
treatments), thus hare density and use by lynx vary (Roy et al. 2010, entire). Hares can achieve 
higher densities in plantations depending on the amount of lateral cover, but for shorter periods 
of time; ~10 to 17 years after cutting and planting in New Brunswick (Parker 1984, p. 163) and 
15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to ~15 to 35 years in 
naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The 
future of plantations in the northern Maine unit is uncertain. Most investment landowners have 
short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances are rare and infrequent and, other than spruce budworm 
outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 2004, p. 
292). A spruce budworm outbreak is projected to reach epidemic proportions in Maine in 2018 
to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of 
spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The last 
outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the Northern 
Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce-fir stands across the 
State are at risk of defoliation. Although the outbreak has caused severe defoliation thus far 
over 15 million acres (60,703 km2 [23,438 mi2]) of spruce-fir forests in southern Quebec, some 
project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 

2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming outbreak vary and include applying 
insecticides (although land area sprayed is expected to be small compared to the previous 
outbreak), pre-emptive cutting of mature spruce-fir before defoliation, stop precommercial and 
commercial thinning, and salvaging dead and diseased trees (Wagner et al. 2016, pp. 38-48). 
An aggressive forest management response (or not) will greatly affect future outcomes for lynx 
habitat (see section 5.2.1). The next budworm outbreak and subsequent forestry response is a 
disturbance agent that may accelerate changes in forest composition influenced by climate 
change, especially toward increased northern hardwood and reduced spruce-fir. The nature of 
land ownership is greatly changed from the 1970s and 1980s, and landowner response is 
expected to be diverse depending on their objectives and investment horizons. The pending 
budworm outbreak cast additional uncertainty on the status of lynx habitat beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All three variables have yet to be modeled 
simultaneously (K. Legaard 2016, pers. comm.). Assuming current forest management trends 
persist to the end of the century, spruce-fir dominated forest is expected to continue to decline 
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(Legaard et al. 2013, entire). The combination of budworm-induced mortality and salvage 
harvesting will have a negative effect on spruce-fir (Legaard et al. 2013, entire). However, after 
a budworm outbreak the biomass and area of mixed-hardwood/softwood forest would be 
expected to increase through this century primarily because of the proliferation of regenerating 
balsam fir (see discussion above) (Legaard et al. 2013). Mixed forests having a high (greater 
than 50%) hardwood component are not believed to support high hare densities (Scott 2009, p. 
109) or be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx 
can adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. 
They may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 

immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 10 million-acre (40,470-km2 [15,630-mi2]), sparsely 
populated “North Woods” of Maine is highly uncertain and has been the subject of intense public 

debate (Baldwin et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” 

are the responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 

owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short time horizons (e.g., 5 to 15 years) and are willing to consider multiple 
means of monetizing their asset, including development and real estate sales (Legaard 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
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third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 

trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for Canada lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships — an increase of 66 percent in the number of residences during this 
time period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC issued 1,353 development permits for new uses scattered throughout the unorganized 
townships (Maine Land Use Regulation Commission 2010, pp. 97-99); most (42 percent) being 
recreational facilities (boat launches, campsites, gatehouses, recreational lodges). Most 
development has occurred in areas that abut organized communities and near public roads. 
Within the interior most development has occurred on long lakeshores and waterfront. However, 
the amount of hillside and ridge development is growing and this trend is likely to continue 
(Maine Land Use Regulation Commission 2010, p. 136), which will further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last five years, two landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and two resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 2010, 
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
; last accessed 5/25/2016), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become two of the largest such projects in Maine. Mining is not a traditional land 
use in this unit, but a large mining operation is being considered at one location in designated 
lynx critical habitat. Extraction operations for gravel (for road building) are widely-scattered 
throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999, Beck et 

al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other threats unique to this unit (e.g., lack of forest planning for lynx, rapid land ownership 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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turnover and development pressures), the Core Team also believed that the population status of 
lynx in Maine will diminish substantially in the future. The Core Team believed that lynx 
populations in Maine are at an artificially (historically) high level and will decrease to lower 
populations. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting of the forest, forest fragmentation, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower snow environment) landscape 
hare densities have, and will continue to decline in northern Maine. Extended periods of lower 
hare numbers (as seems to be occurring now), would be expected to exacerbate these 
declines. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) will 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership have 
provided opportunities to conserve some areas of the north Maine woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
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governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. In a future 
scenario without Federal listing, Maine’s incidental take plan for trapping would be rescinded, 
and it is likely that many protective measures to minimize injury, take, and mortality of lynx 
would cease or diminish. It is unlikely that lynx would become a legally trapped furbearer in 
Maine (although some Maine trappers have suggested that). Habitat mitigation for lethal take of 
lynx associated with the Maine trapping HCP would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting would 
likely increase without Federal protection. We believe several high-profile Federal law 
enforcement cases have helped to reduce illegal shooting of lynx. With a diminished snow 
regime, populations of bobcats would be expected to increase and expand northward into areas 
currently occupied by lynx. Incidental take of lynx from bobcat trapping, running with dogs, and 
hunting activities would likely increase without Federal listing. Similarly, increased fisher 
populations and trapping would be expected to occur in northern Maine in a diminished snow 
regime that would lead to greater incidental (lethal) take of lynx. There have been a few 
situations where lynx have destroyed livestock, but lethal actions to remove lynx were avoided 
because of Federal listing. Without Federal listing, justification for shooting lynx in these 
situations would likely increase. We believe that despite a closed hunting and trapping season, 
incidental take would continue and possibly increase and could become a significant threat to a 
population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
existence of hare and lynx, and snow depth and duration are currently at or below the 
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thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016, pp. 37-38 and Figure 9, below). Near term drivers of the 
projected decline were reduced quality, quantity, and persistence of snow, competition from 
bobcats, disease (e.g., lungworm, liver fluke, feline leukemia), and forest insects. Long term 
drivers of the projected decline were reduced the quality, quantity, and persistence of snow, 
competition from bobcats, loss of spruce-fir forests, wildfires, and climate change. 
 
Climate change was primarily associated with loss of boreal forest but could potentially also 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests and one of the climate change experts indicated that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia) and all noted that an increase in northern 
hardwood composition of the forest is already occurring. The connection to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was compromised. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
boreal forest, and increased bobcat competition and hybridization are likely to reduce the 
probability of lynx persistence in this unit. Experts expressed uncertainty about the severity of a 
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pending insect outbreak (and how this will affect future lynx habitat) and the potential 
introduction and spread of diseases. Less is known about long-term trends in snowshoe hare 
populations in this unit than other units (e.g., the Maine unit). 
 
Taking all factors into consideration (i.e., loss of boreal forest, competitions, disease and insect 
outbreaks, loss of snow), the experts projected the mean probability persistence to the year 
2025 was greater than 90 percent, to 2050 was 80 percent (ranging from 60 to 90 percent), and 
would decline to approximately 35 percent (ranging from 10 to 60 percent) by 2100 (Lynx SSA 
Team 2016, pp. 37- 38). 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF is currently implementing the 2004 SNF 
Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, 
entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service and the 
Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. Active 
management of forest lands can maintain, restore, or create lynx habitat, and the SNF has a 
long-term commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
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management and other applicable recommendations under the 2000 LCAS (or the updated 
2013 LCAS or subsequent updates) in its Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. Management of lynx and its habitat on SNF land will remain in place until the forest 
amends or revises its LRMP. We expect that management direction for lynx addressing 
vegetation management, wildland fire management, and habitat fragmentation on national forest 
system lands will be incorporated into the revised or amended Forest Plans (LRMPs). It is 
unclear if the SNF will continue to implement lynx direction in the absence of the DPS listing. 
Once if the DPS is de-listed, the species would be placed on the Forest’s Regional Forester 

Sensitive Species list for a minimum of 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. The SNF consults with the FWS to 
consider the effects of any projects to lynx and its critical habitat and is anticipated to do so as 
long as the species is listed under the ESA. 
  
The Chippewa and the Chequamegon-Nicolet national forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing) in the Great Lakes Region. However, because lynx occasionally 
occur on these forests, the Forest Plans for both also include direction based on the LCAS and 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service 
(Ruediger et al. 2000, entire; USFS and USFWS 2000, entire), for all forest activities that occur 
within LAUs (USFS 2004b, entire; USFS 2004c, entire). These two forests consult with the FWS 
to consider the effects of any projects to lynx and are anticipated to do so as long as the species 
is listed under the ESA. It is unclear if these national forests outside of the lynx core area would 
continue to implement lynx direction in the absence of the DPS listing. 
  
Additionally, the Minnesota Department of Natural Resources (MN DNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MFRC) has developed guidelines for site-level 
timber harvesting and forest management (MFRC 2013, entire; MFRC 2014, entire). These 
voluntary guidelines are intended for private and State landowners and include some general 
recommendations for wildlife but are not specific to lynx (MFRC 2014, pp. 4-5). It is expected 
that the MFRC guidelines will remain in place into the future and that voluntary actions will 
continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The MFRC 
guidelines are less comprehensive and are not specific to lynx, and therefore may not be as 
beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the Forests. 
  
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 



 

186 
 

long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, who has been actively working on lynx conservation since 2004. On-reservation 
timber sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 

management practices benefit populations of snowshoe hares, the lynx’s primary prey 

(Deschampe 2008, entire) and are expected to continue into the future. 
  
In response to a 2008 court ruling, the MN DNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MN DNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016, pp. 15 and Moen in Lynx SSA Team 2016, p. 19) 
and could further restrict their range. Since the DPS was listed in 2000, new information on 
regional climate changes and potential effects to lynx habitat has been developed (e.g., Danby 
& Hik 2007; Gonzalez et al. 2007; Knowles et al. 2006, Notaro et al. 2015), and this new 
information suggests that climate change may be an issue of concern for the future 
conservation of lynx because lynx distribution and habitat is likely to shift upward in elevation 
within its currently occupied range as temperatures increase (Gonzalez et al. 2007, entire). 
Greatest stressors of climate change include diminishing snow depth, quality and duration; 
competition from bobcats and other carnivores; hybridization with bobcat (Schwartz et al. 2004, 
p. 354); loss of spruce-fir to northern hardwoods; and potential future isolation of resident lynx in 
this unit because of diminishing forest conditions in Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under nine different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions able to support lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
with a decline later in the century, with an overall decline in the amount and duration of pack in 
the Midwest. Although there are uncertainties about future climate warming, lynx populations in 
Minnesota are expected to recede northward and decline over the next century (Lynx SSA 
Team 2016, pp. 37-38).  
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Lynx require at least four months (120 days) of continuous snow coverage (Gonzalez et al. 

2007, p. 7). Snow cover days of 1 inch or greater in northern Minnesota (1959 -1979) ranged 
from 130-160 days, of 6 inches or greater ranged from 85 to 130 days, of 12 inches or greater 
ranged from 50 to 100 days, of 24 inches or greater ranged from 10 to 30 days (Kuehnast et al. 

1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general reduction in the 
frequency of heavy lake-effect snowstorms during the twenty-first century, with the exception of 
projected mid-century increases around Lake Superior when local air temperatures are 
expected to remain low enough for precipitation to largely fall in the form of snow. The snow 
season in the Great Lakes basin is likely to become substantially compressed during the twenty-
first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-1678). The 
Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational refugia 
(Siren in Lynx SSA Team 2016, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 cm 
per year (55 to 95 in/yr.) 
http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.ht
ml, accessed 24May2016) and is projected to decline across the Great Lakes Basin (Notaro et 

al. 2015, p. 1675). Snow quality (‘fluffiness”) is projected to deteriorate in the Great Lakes. 
Notaro et al. (2015, pp. 1671-1674) projected a dramatic decline of Great Lakes ice cover that 
will become confined to the northern shallow lakeshores during mid-to-late winter by the end of 
the century. Ultimately, this leads to increased rainfall, not snowfall, as these projected 
reductions in ice cover and greater dynamically induced wind fetch lead to enhanced lake 
evaporation and total lake-effect precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). According to Frelich (in Lynx 
SSA 2016, p. 14), Minnesota could lose the boreal biome completely, possibly within the next 
60 to 70 years, with unmitigated climate change. Gonzalez et al. (2007, pp. 8, 13) projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than 
currently exists in Minnesota. Moen presented preliminary snow modeling results that project 
snow conditions suitable for lynx will shrink significantly by 2055, be limited to extreme 
northeastern Minnesota by 2070, and may be entirely absent from the state by 2095 (Moen and 
Catton in Lynx SSA Team 2016, p. 19). If a refugium for lynx does persist in this unit in the 
future, it would likely only consist of the small area in Cook County (the extreme northeastern 
corner of the unit) with slightly higher elevations (518-701 m [1700-2300 ft) than the majority of 
the area that is now considered lynx core habitat and would, therefore, support a much smaller 
number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
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the DPS is listed. These activities include timber harvest, such as thinning, clear-cutting, 
shelterwood, partial cut, and uneven-aged cutting; wildlife restoration projects that involve tree 
cutting, shearing, burning, seeding, and planting; prescribed burning for ecological purposes, 
hazardous fuel reduction, and site preparation; mechanical site preparation. If the DPS is de-
listed, the species would be placed on the Forest’s Regional Forester Sensitive Species list for a 
minimum of five years, which gives it a higher priority than other species for monitoring and 
management during that time; however, it is unclear what the forest management would entail 
during or after that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 (MN DNR 
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http://www.dnr.state.mn.us/fid/july2014/articles.html) and is expected to continue into the future. 
Modeling to evaluate the relative strength of interactions between spruce budworm outbreaks 
and fire disturbances in the BWCA showed that budworm disturbance can partially mitigate 
long-term future fire risk by periodically reducing live ladder fuel within the forest types of the 
BWCA but will do little to reverse the compositional trends caused in part by reduced fire 
rotations there (Sturtevant et al. 2012, pp. 1286-1292).  
 
The SNF manages for wildfires through preventative measures such as fuels reductions, but 
does not manage for wildfires in the BWCAW. Natural successional changes and those 
associated with natural phenomena, such as wildfire or windstorms, are and are expected to 
continue to be the dominant force in ecosystems on the BWCAW. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely un-fragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within three to five years, depending on the forest type and 
number and type of activities (USFS 2011, p. 119). The SNF’s Forest Plan (USFS 2004a, 
Appendix E) provides direction on limiting lynx habitat fragmentation and the Forest actively 
consolidates habitat through land acquisitions and exchanges. The Forest direction limiting 
habitat fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx areas occurs by foot and motorized vehicle, including RMVs and off-road 
vehicles, and generally occurs on trails, low standard roads, and temporary roads developed for 
management operations, particularly timber harvests, and more recently, minerals exploration. 
While open, these roads provide access to lynx habitat. As northern Minnesota has become 
more developed and the human population has increased, the SNF has sustained increased 
visitation in recent years (USDA 2011) which increases the opportunity for human-lynx 
encounters, especially by trappers. Lynx are likely to continue to be incidentally trapped at the 
current rate as a result of continued access via low standard roads and trails on the Forest. Any 
corridor open to RMVs provides the potential for Forest visitors to incidentally trap, shoot, or 
collide with lynx. Temporary road construction for minerals exploration projects may have 
significant contributions to temporary road densities and increase human access during the time 
the roads are being used. Temporary roads in mineral exploration projects may stay open for 
more years (1-15 years) than those predicted by the Forest Plan EIS for resource management 
(1-5 years). If these sites are left accessible to the public, then human-lynx conflicts may 
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increase. Furthermore, intersections of new roads, closed temporary roads and/or roads open to 
the public are likely to become parking areas for cars, which would indirectly increase public 
access. Further, these corridors increase potential competition through increased snow 
compaction. Effective road closures, however, may reduce the potential effects to lynx and their 
habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MN DNR 
2016, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporarybecause the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit (MN 
DNR 2016, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, increased competition, potential 
disease, and insect outbreaks), some members of the Core Team were slightly more 
pessimistic about the future of lynx in Minnesota than the lynx expert panel. The Core Team 
concluded, with slightly more certainty than the expert panel, that the lynx may be extirpated at 
the end of the century. The experts predicted the probability of persistence to decline to 
approximately 35 percent by 2100 while the Core Team thought the probability of persistence 
would be lower at that time. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Furthermore, hybridization and competition with bobcat 
may increase with diminishing snow conditions because of continued climate warming and there 
are uncertainties how insect outbreaks or disease may affect the species or its habitat. 
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The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is state listed, however, and 
Minnesota's Endangered Species Statute and the associated Rules impose a variety of 
restrictions, a permit program, and several exemptions pertaining to species designated as 
endangered or threatened. Under the state statute, a person may not take, import, transport, or 
sell any portion of an endangered or threatened species. However, these acts may be allowed 
by permit issued by the DNR. There is a closed season on lynx, and it is expected that 
intentional take would continue to be prohibited until the population reached sustainable levels 
defined by the state. In Minnesota, the large proportion of lynx core area owned by the Forest 
Service provides a nexus for USFWS review of Forest projects under section 7 of the 
Endangered Species Act (i.e., there is rarely federal funding spent on forestry and no federal 
permits required for forest management on private lands), which would be lost post de-listing. 
Because of their Federal listing, Canada lynx are recognized as a priority species for planning 
by federal, tribal, state, and private forest landowners. Voluntary guidelines that consider the 
Federal listing status may guide private landowners to at least consider measures to help 
conserve listed species in the future. Without Federal listing driving voluntary conservation 
guidelines, however, there would be little or no motivation for private forest landowners to 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the USFWS to review other projects in northeastern Minnesota (e.g., Army Corps of 
Engineers permits for wetland impacts); for new highways, transmission lines, large-scale 
energy development, mining, and residential and commercial development. Without Federal-
listing, these projects would not consider impacts to lynx critical habitat. The Core Team 
concludes that a future scenario without Federal listing would result in increased habitat loss 
and fragmentation and would result in reduced justification for habitat protection initiatives in 
northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 

trapping may be further delayed or halted and may result in the diminishment of protective 
measures to minimize injury, take, and mortality of lynx. As it is, approximately 16 lynx have 
been reported to be incidentally trapped in Minnesota since listing, resulting in at least 6 
mortalities. It is unlikely that lynx would become a legally trapped furbearer in Minnesota 
(although a legal wolf hunt was reinstated post-delisting of that species in Minnesota, so it may 
also be suggested for lynx). Seven lynx have been illegally shot and reported or otherwise 
discovered since listing. Illegal shooting and non-reporting would likely increase without federal 
protection. High-profile law Federal enforcement cases may have helped to reduce illegal 
shooting of lynx. With a diminished snow regime, populations of bobcats would be expected to 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
northern Minnesota and trapping would be expected to occur there that may lead to greater 
incidental take of lynx. Without federal listing, shooting lynx may increase. We believe that 
despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that will likely be 
significantly diminished by mid- to late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
of persistence of Canada lynx in the Minnesota unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that the 
carrying capacity to support lynx is diminishing, and the lynx population will likely decline as the 
quantity and quality of boreal forest habitat declines. Although there are voluntary measures to 
consider listed species on private land forest management, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Minnesota unit; slightly more so than expressed by most of the experts. Deep, fluffy snow 
is critical to the existence of hare and lynx, and snow depth and duration are currently at or 
below the thresholds believed necessary to support lynx. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in extreme northeastern Minnesota in Cook 
County. The boreal forest in this unit is already being replaced by northern hardwoods because 
of climate change. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios, 
we are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past 
decade, interest in development has increased in lynx critical habitat, especially proposals for 
large-scale mining developments. We conclude that these threats, individually and cumulatively, 
indicate diminished populations of lynx and their habitat. If these threats are not abated, we 
believe that resident lynx in this unit will have a slightly greater likelihood of extirpation by the 
end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
Because of its connectivity to lynx populations and habitats in Canada, its large geographic 
extent, and the relatively large number and broad distribution of resident lynx it is thought to 
support, future extirpation of lynx from this unit from either reduced genetic health or a 
catastrophic event is unlikely (Lynx SSA Team 2016, pp. 25-34). When considering the 
probability that this unit would continue to support resident lynx in the future, experts noted that 
despite projected losses of favorable forest and snow conditions, climate models project that 
some boreal forest will persist in this unit and that it will maintain some areas of suitable snow 
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into the future. Experts also noted that lynx in this unit primarily occupy public lands, which are 
actively managed for lynx into the future. Experts also considered recent and projected future 
increases in wildfire frequency, size and intensity. 
  
As for most other geographic units, all experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with increasing uncertainty 
over time, but a higher probability of persistence at all time frames than other units. All experts 
predicted near-term (year 2025) persistence probability >= 95%, mid-century persistence at 
70% to 100% (median = 90%), and end-of-century persistence probabilities >= 50% (median = 
78%) (Figure 10, below). 
 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but one expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
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and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 

cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the three subpopulations (Purcell Mountains, Seeley Lake, 
and Garnet Mountains) in this unit. Experts noted that the Garnets Mountains subpopulation at 
the southern end of this unit may have recently become extirpated. 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
  
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change. It is unknown how 
much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
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the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 

Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of five years to assess its ability to sustain itself without the 
ESA's protective measures. If, within the designated monitoring period, threats to the DPS 
change or unforeseen events affect its stability, then the DPS may be relisted or the monitoring 
period extended. Given these requirements, we expect that future Federal management 
direction will continue to include regulations and guidance protective of lynx, although specific 
measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
  

jsquires
Highlight
It is important to realize that these protected and roadless areas are outside the primary lynx habitat in Montana.  Most of these areas are very high elevation and rough topography that are little used by lynx.  It's interesting that lynx Montana are really centered on lands that are in the FS timber base given the species resource-use patterns.  
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On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 

habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished or that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), although some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 41). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
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by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s continued ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality/ 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and encouraging the use 
of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
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Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand- 
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 

population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many over a short time period could tip some parts of this unit from just 
barely capable of supporting resident lynx to incapable of doing so in the future. Although fire 
suppression was considered a potential risk factor for lynx in the DPS range, given the trends 
discussed above and the likely continued increase in future fire activity resulting from continued 
climate warming and drying, it may be necessary to reconsider whether fire suppression in 
some lynx habitats could benefit lynx by reducing the potential for extirpation of resident 
populations, especially in places already apparently only marginally capable of supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
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not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of 
irruptions of lynx from Canada into the contiguous U.S. If lynx populations in this unit rely on 
immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic may support based on expert opinion [Lynx SSA Team 
2016, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 20 
years, and roughly 20 individuals after 30 years. Vulnerability to demographic, environmental, 
and genetic stochasticity would increase as lynx numbers decreased, resulting eventually in an 
increased likelihood of functional extirpation of lynx from this unit (i.e., a lower probability that 
the unit would continue to support a persistent resident lynx population). However, as noted 
above, the lynx population in the Purcell Mountains in the northwestern part of this unit was 
estimated to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016, p. 20) over 
the last four years of the period for which the Seeley Lake population was estimated to be 
declining. In the absence of information on historic, recent, and likely future rates of immigration 
and its contribution to the persistence of lynx populations in this geographic unit, impacts of 
potentially reduced future immigration are difficult to project and are largely speculative at this 
time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
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to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to the previous units, most expert graphs showed a lower probability of persistence 
for this unit over the short term, and then lower probability of persistence along with increasing 
uncertainty by 2100, reflecting a more pessimistic outcome for this unit compared to previous 
units (Figure 11). Experts predicted near-term (year 2025) persistence probabilities of 60% to 
90% (median = 80%), and mid-century persistence at 30% to 80% (median = 70%). All experts 
predicted end-of-century persistence probabilities less than 50%, with a median of 38%, by 
2100 (Figure 11). However, one expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. 
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Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
The probability of lynx persistence in this unit could decrease sharply over the next 10-20 years 
because of extensive recent fires in lynx habitats and the time needed for these areas to 
regenerate back to good hare/lynx habitat. After that, the probability could rebound (or decline 
more slowly) over the longer term as these large areas return to prime habitat providing high 
hare densities. The current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As stated previously, it appears that, currently, adequate protective 
regulatory mechanisms are in place in this geographic unit. Looking to the future, relative to the 
regulatory risks to lynx, we do not anticipate the existing regulatory protections for lynx to 
diminish. We anticipate that either the CA will remain in place (and/or be extended), or the 
OWNF and CNF will revise or amend their respective LRMPS incorporating direction for lynx 
management similar to what has occurred with other 18 National Forests in Idaho, Montana, 
Utah, and Wyoming. These 18 National Forests amended their respective LRMPs with lynx 
management direction known as the Northern Rockies Lynx Amendment (NRLA) in 2007. The 
NRLA incorporated management recommendations from the LCAS, with modifications based on 
the advent of new information pertaining to the management of lynx. Currently, both the OWNF 
and CNF are in the process of amending or revising their LRMPs. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on national forest system lands will be incorporated into the revised or amended 
LRMP. Also, as discussed previously, the WADNR has developed and is implementing its 2006 
Lynx Plan. The WADNR commits to implementing the 2006 Lynx Plan until lynx are delisted or 
until 2076, whichever is shorter (WADNR 2006, p. 6). Thus, it appears the regulatory future of 
lynx management, and thus, lynx habitat management, is largely secure on both Federal and 
State managed lands within Washington State. 
 
Further, should lynx be delisted, the management for and status of lynx in this geographic unit 
should be largely secure (insofar as we can affect their status [i.e., notwithstanding effects of 
climate change)] as greater than 90 percent of lynx habitat in this unit consists of Federal 
ownership on the OWNF and CNF. We expect that both the OWNF and CNF will be required to 
manage for lynx and their habitat into the future because both forests will have incorporated lynx 
management direction into their respective LRMPs. We acknowledge that LRMPs can be 
amended or revised. However, LRMPS are typically in place for 15 years or longer, and the 
Service, other Federal and State agencies, and the public would have opportunities to comment 
on any proposed amendments or revisions to the OWNF and/or CNF LRMPs through the 
National Environmental Policy Act process. Therefore, we expect that both the OWNF and CNF 
will continue managing for lynx and their habitat into the future regardless of their listing status. 
 
Climate Warming - The one risk factor identified by the LCAS which the Forest Service, or the 
WADNR for that matter, has little ability to control or influence is climate change. Climate 
change was identified by the panel of lynx experts convened during development of the Canada 
Lynx Expert Elicitation Workshop Report to potentially represent the greatest threat to the long-
term persistence of lynx (Lynx SSA Team 2016, p. 56). Our review of the published literature on 
this subject leads the Core Team to conclude that climate change does indeed pose the 
greatest risk to the long-term persistence of lynx, including within this geographic unit. 
  
Potentially further exacerbating the recent losses of lynx habitat from fires is climate change. 
Climate change may affect fire return intervals and severity as well as the quality and depth of 
snow within lynx habitat. Westerling et al. (2006, pp. 942-943) compiled information on large 
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wildfires in the western U.S. from 1970-2004 and found that large wildfire activity has increased 
significantly from the mid-1980s with large-wildfire frequency, longer wildfire duration, and 
longer wildfire seasons. The greatest increases occurred in high elevation forest types including 
lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). They also found that 
fire exclusion had little impact on natural fire regimes. Rather, climate appeared to be the 
primary driver of increasing wildfire risk. As stated previously, Koehler’s (1990, p. 847) 

estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an area supporting high quality 
lynx habitat in the Meadows area of north central Washington (at least relative to other lynx 
habitat in Washington). Much of the lynx habitat in the Meadows was impacted by the recent 
large, stand replacing fires in the Cascades, resulting in further fragmentation of lynx habitat in 
the northern Cascades. Thus, the lynx densities Koehler observed in his study area may not be 
currently supported, because as habitat becomes more fragmented and isolated (i.e., marginal), 
the carrying capacity for a particular species declines. 
  
Additionally, relative to the persistence of Washington’s lynx population, during the lynx expert 

elicitation workshop several of the lynx experts expressed concern that should more wildfires 
occur within the next 10 years and result in losses of lynx habitat similar to the impacts caused 
by the recent wildfires, such wildfires could result in the functional extirpation of lynx in 
Washington. The experts expressed heightened concern of functional extirpation of lynx in this 
geographic unit from wildfires because of its small size and current lynx population (Lynx 
Workshop Report 2016, p. 27). However, the experts felt the potential extirpation of lynx, should 
it occur from a large catastrophic wildfire(s) (or other mechanisms such as insect outbreaks), 
may be ameliorated to some extent because of Washington’s juxtaposition and connectivity to 

Canadian lynx populations. The experts felt that lynx immigration from Canada may rapidly 
recolonize Washington as the habitat recovers from fires or other impacts (Lynx Workshop 
Report 2016, p. 43). Climate change, in addition to potentially affecting fire return intervals, fire 
severity (intensity, size), and insect outbreaks, is likely to affect the amount of precipitation 
falling as snow at elevations typically supporting lynx habitat in this geographic unit. 
 
Lynx survive in areas with cold, snowy winters providing deep, fluffy snow (78 FR 59443) that 
gives lynx competitive advantages over other competitors and predators of lynx, as well as 
providing the conditions supporting the lynx’s main prey, the snowshoe hare, which can 

comprise as much as 97 percent of their winter diet (Koehler and Aubry 1994, p. 75). Snowshoe 
hares are limited to environments with snowy climates (Ruggiero et al. 2000b, p. 448). 
  
Climate change may impact the quantity, quality, and temporality of snow in the Cascades. 
Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific Northwest using 
data collected by weather stations from 1930 to 1995, determined that the temperature 
increased in the Pacific Northwest, and more precipitation fell in the spring and summer months, 
especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, pp. 2-3) determined 
that an increasing temperature and precipitation trend from 1950 to 2000 is correlated with a 40 
percent decrease in the snow water equivalent in the Cascades. Mote et al. (2005, p.45) 
determined that the Cascades are very sensitive to temperature changes, with large increases 
in temperature potentially resulting in significant declines in snowpack. Corroborating Mote’s 
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speculation, Stoelinga et al. (2010, p. 2474) determined that the Cascade snowpack has 
declined by up to 40 percent in the latter half of the twentieth century, which resulted from 
increased temperatures. Furthermore, predicted continued increasing temperature changes of 
2° C to 5° C over the next century are expected to cause further and accelerated losses in 
snowpack in the Cascades (Mote et al. 2005, p. 48). Continued declines of snowpack in the 
Cascades through 2025 are predicted to range from 9 percent (Stoelinga et al. 2010, p. 2486) to 
29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 2486), which may also affect lynx 
densities supported in the Cascades. Finally, some of the best lynx habitat in this geographic 
unit occurs on plateaus that may be more vulnerable to impacts of climate change because of 
the absence of higher elevation areas to which habitats and lynx could migrate in response to 
climate warming (Lynx Workshop Report 2016, p. 42). Thus, in addition to the recent losses of 
lynx habitat to large wildfires, coupled with increasing wildfire risk, the potential for the 
Cascades to support a viable lynx population may be further reduced because of projected 
climate-mediated decreases in snow quantity and quality. 
  
Similar to the potential effects of wildfires on the persistence of the lynx population in this 
geographic unit, the lynx experts identified climate change relating to loss of favorable snow 
conditions as a significant factor potentially affecting the long-term persistence of this population 
(Lynx Workshop Report 2016, pp. 43-44). Taking all factors into consideration (i.e., catastrophic 
wildfire, insect outbreaks, loss of snow), the experts felt the probability of this population 
persisting to the year 2050 most likely ranged between approximately 60 percent to 80 percent, 
declining by the year 2100 to approximately 30 percent to 50 percent (Lynx SSA Team 2016, p. 
43). The Core Team generally agrees with this prognosis. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team is generally in agreement with the experts regarding the 
probability of long-term persistence of Canada lynx in this geographic unit. As described above, 
the potential effects of climate change upon the quantity and quality of snow, as well as the 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support fewer lynx as well 
within this geographic unit. A smaller and more isolated lynx population within this unit is likely 
to increase the population’s vulnerability to stochastic environmental and demographic events. 

Recent wildfires have reduced lynx habitat within this geographic unit to approximately 1,600 
km2 (618 mi2). Additional losses of lynx habitat resulting from wildfires (increasing risk of 
wildfires is related to climate change) may pose the greatest near-term threat to the persistence 
of this population. The Service’s Recovery Outline (USFWS 2005, p. 5) suggests that 
landscapes of at least 1,250 km2 (483 mi2) are the minimum landscape size thought necessary 
to support a minimum population of at least 25 lynx. However, also as noted above, the lynx 
population in this geographic unit is connected to lynx populations in Canada. Currently, the 
connectivity of this population between the United States and Canada appears intact. Given that 
lynx are highly mobile and able to traverse large areas of non-lynx habitat, we do not anticipate 
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that climate change, in and of itself, will significantly affect the connectivity of the lynx population 
within this geographic unit to the lynx population in Canada. In fact, it is likely that the lynx 
population in this geographic unit in the Cascades is an extension of the lynx population in 
Canada. This connectivity may contribute to maintaining a persistent, albeit smaller, lynx 
breeding population in this geographic unit. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
The expert graphs for this unit were widely variable and had different outcomes and high 
uncertainty at all time frames. Experts predicted near-term (year 2025) persistence probabilities 
of 10% to 70% (median = 52%), and mid-century persistence at 15% to 60% (median = 35%). 
All experts predicted end-of-century persistence probabilities less than 50% for this unit, with a 
median of 15%, by 2100 (Figure 12). This was the only unit for which most experts believed the 
present probability of persistence is low (i.e., that it is uncertain whether this area currently 
supports a resident lynx population). Some experts increased probability of persistence into 
mid-century as the 1980s-era fires regenerate into hare/lynx habitat, and with the possibility of 
continued immigration of lynx from Colorado. Other experts project a 10% to 20% probability of 
persistence by 2100. One reason given for wide variability in responses is because of the 
uncertainty whether a population currently exists. There were wide confidence intervals around 
the probabilities for all time periods for this area. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refuge from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Lynx immigrating to this unit from 
Colorado could occupy such improved habitats in the near future. Colorado lynx have made 
exploratory movements into the GYA in summer months, and analysis of available data could 
improve our understanding of Colorado lynx movement into and use of the GYA. It is possible 
that lynx from Colorado are maintaining or could maintain lynx in GYA. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of five years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
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conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal/ subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016, 
pp. 15-16; Siren in Lynx SSA Team 2016, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016, p. 15). In this unit, the probability of suitable snow conditions is modeled to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016, pp. 15, 46). There will likely be a 
lag time between the loss of favorable snow conditions and an eventual shift/ contraction in 
vegetative communities (Lynx SSA Team 2016, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
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and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
  
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality/ distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that 
continued climate warming will further reduce habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous U.S., including this geographic unit. Also as 
noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, 
current Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
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However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 

become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand- initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 

to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many over a short time period could tip some parts 
of this unit from just barely capable of supporting resident lynx to incapable of doing so in the 
future. Although fire suppression was considered a potential risk factor for lynx in the DPS 
range, given the trends discussed above and the likely continued increase in future fire activity 
resulting from continued climate warming and drying, it may be necessary to reconsider whether 
fire suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation 
of resident populations, especially in places already apparently only marginally capable of 
supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and forest/ backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
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have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous U.S. Nonetheless, as elsewhere in the DPS, immigration may 
influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 

least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
that continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally/ 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
The experts we consulted suggested an initially high probability of persistence in Colorado, 
declining gradually with increasing uncertainty through the end of the century. Experts predicted 
near-term (year 2025) persistence probabilities of 60 percent to 100 percent (median = 90 
percent), and mid-century persistence at 50 percent to 85 percent (median = 80 percent). 
Experts predicted end-of-century persistence probabilities of 20 percent to 70 percent for this 
unit, with a median of 50 percent, by 2100 (Figure 13). 
 



 

212 
 

 
Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that regeneration after these impacts could result in 
good lynx/hare habitats. Others expressed uncertainty about whether fire and insect impacts 
would be temporary or permanent, especially considering climate change and the potential for 
conversion from boreal/subalpine forests to other forest types. Although 8 of 10 experts graphed 
50 percent to 70 percent probability of persistence by 2100, during subsequent discussions, 
several expressed greater uncertainty about whether resident lynx will persist in the unit at the 
end of the century. Higher-quality lynx habitat occurs primarily in two areas and is patchily-
distributed. Lynx in this unit may occur as several smaller, relatively isolated subpopulations, 
which are likely more vulnerable to stochastic events. This unit’s relative isolation may limit 

exchange with other lynx populations, increasing the likelihood of genetic drift and reducing the 
chance of demographic rescue or recolonization if lynx in the unit become extirpated. There was 
discussion about whether ski areas may affect daily movements of lynx, and hares may be 
declining in ski areas. Ski areas tend to expand and may, therefore, have larger impacts on lynx 
in the future. There is some evidence of lynx using ski areas in summer months but avoiding 
them during the ski season. It is uncertain whether ski areas may affect genetic connectivity 
within the Western Colorado geographic unit. Two-thirds to three-quarters of the lynx in this unit 
are in the southern portion of the range in the San Juan Mountains. There is a large area 
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(Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, so it is possible 
that lynx also could be using that area. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of seven amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of lynx habitat in Colorado, of which, only five percent is in 
Federal ownership. Other ownerships include state, county, municipal, etc., and private lands. 
Some BLM resource management plans have not been amended to include conservation 
specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow forest extensions 
connected to larger blocks of habitat on adjacent USFS lands. Generally these extensions are 
insufficient on their own to support a lynx home range. However, the Gunnison Field Office is 
the only BLM unit that contains sufficient habitat to map and identify LAUs. 
 
The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change - ILBT (2013, p. 61) – “Climate change generally is expected to result in 

warmer winters, earlier spring snowmelt, and a reduction in the extent of snow cover in the 
Southern Rockies. McKelvey et al. (2011, entire) used a variety of climate models to predict 
snow depth and the persistence of spring snow across the western United States. The models 
predicted an overall decline in persistent snow of 40 percent, but large areas of persistent snow 
would continue to be retained late in the 21st century, including the high elevations of 
Colorado.” 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by +2.5°F to +5°F by mid-
century relative to 1971–2000 observed baseline. Under RCP 8.5 (high emissions scenario), 
Colorado’s annual temperatures are projected to warm by +3.5°F to +6.5°F by mid-century. 
Summers are projected to warm slightly more than winters under both RCPs. Looking beyond 
the 2050-centered analysis period, the warming trend is projected to continue into the late-21st 
century under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), the 
projected warming in Colorado annual temperatures under RCP 4.5 is +2.5°F to +6.5°F relative 
to the 1971–2000 baseline. Under RCP 8.5, the projected warming is +5.5°F to +9.5°F relative 
to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
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elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 

models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 

substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. 
 
Vegetation management on non-Federal ownerships within lynx habitat is unlikely to cause 
significant concern for lynx conservation in Colorado through the remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 

(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to eliminate the possibility of lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team retains some uncertainty 
about the fate of lynx in western Colorado. Our uncertainty stems primarily from the historic 
record of lynx in Colorado, where the presence of lynx is questionable or non-existent for 
several decades. In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). Despite these uncertainties, we anticipate lynx populations to persist through the 
end of the century. Our conclusion about their persistence relies on consistent reproductive 
success.  
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx, and the USFS SRLA conservation framework remains in 
place, lynx are likely protected from take, and their habitat requirements likely met in a 
significant majority of the available habitat within the state. Projected future climate warming is 
likely to result in reduction of available habitat and increased fragmentation resulting in larger 
areas of non-habitat between habitat blocks. Vegetative changes caused by climate change will 
likely result in less habitat in private and BLM ownership, due to the anticipated upslope shift in 
vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Discussions during our expert elicitation reflect concern that ski area and base area 
developments could affect daily movements of lynx. The discussions revealed that ski area 
related development, including residential development of base areas, may limit lynx’s ability to 

fully exploit habitats year round. Colorado is isolated from source populations in the northern 
part of the range relative to the other units, which injects uncertainty about the possibility of 
genetic drift from mid-century onward. Our expert elicitation documented some uncertainty 
whether ski areas may affect genetic connectivity within the unit. However, the Core Team is 
less concerned about this particular issue because we cannot foresee the development of 
barriers that would prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous U.S. DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
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Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 

with dense horizontal cover, long winters, and deep, fluffy snow, which gives it a competitive 
advantage for exploiting its primary prey, the snowshoe hare. Lynx in the contiguous U.S. have 
ecological requirements similar to those of lynx in Canada and Alaska, and throughout the 
species’ range hare abundance is the primary driver of lynx population dynamics. However, the 
DPS is at the southernmost margin of the species’ range, where boreal forests transition to 

temperate conifer and hardwood forests, and where snow conditions and hare abundance 
generally become less favorable with decreasing latitude. Because of this, habitat is less 
extensive and generally more fragmented within the DPS range than in the core of the species’ 

range in Canada and Alaska. As a result, lynx in the contiguous U.S. are naturally less 
abundant and more patchily distributed than in the core of the range. Maintaining connectivity 
between lynx populations in Canada and the DPS is thought to be important; however, whether 
and if so to what extent the demographic and/or genetic health of DPS populations relies on 
periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that five out of six geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we have no reliable population-size 
estimates for any of the geographic units, Northern Maine (Unit 1) is believed to currently have 
habitat to support the largest resident population in the DPS, perhaps 500-1,000 individual lynx. 
In Northeastern Minnesota (Unit 2), a resident population of perhaps 50-200 lynx occupies the 
Arrowhead Region of the State. Northwestern Montana and northeastern Idaho (Unit 3) 
continue to support resident lynx, thought to number 200-300, although a small subpopulation in 
the Garnet Mountains on the southern periphery of this unit may have been extirpated recently. 
In North-central Washington (Unit 4), recent extensive wildfires have temporarily reduced the 
amount of high-quality lynx habitat and may have caused a decline in lynx numbers there from 
perhaps 100 before the large fires to half of that currently. The Greater Yellowstone Area (GYA, 
Unit 5) is thought to have historically supported a small resident population; however, resident 
lynx have not been documented recently in this unit. Since the release of Canadian and Alaskan 
lynx in 1999-2006, resident lynx currently occupy western Colorado (Unit 6). The apparent long-
term (historical and current) persistence of resident lynx populations in at least four of the six 
geographic units (Units 1-4) and the absence of reliable information indicating that the current 
distribution and relative abundance of resident lynx are substantially reduced from historical 
conditions suggest the historical and recent resiliency of lynx populations in the DPS. The large 
sizes and broad geographic distributions of the areas occupied by resident lynx populations 
likewise indicate adequate historical and current redundancy in the DPS to preclude its 
extirpation because of catastrophic events. 
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Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016, pp. 

12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016, p. 13). Despite differences in forest 
community types and topographic/elevation settings, lynx across the range of the DPS occupy a 
similarly narrow and specialized ecological niche defined by specific vegetation structure, snow 
conditions, and the abundance of a single prey species. Thus, lynx naturally have little ability to 
adapt to changing environmental conditions (i.e., shift to other forest habitats, snow conditions, 
or prey species). However, although some small populations may have become extirpated 
recently, resident lynx in the DPS remain broadly distributed across the range of ecological 
settings that seems to have supported them historically in the contiguous U.S. There are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, and the current level of representation does not appear to represent a decrease from 
historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western U.S. 
  
Other stressors affect lynx in one or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of nearly 50 percent of lynx habitat, 
likely reducing this unit’s current lynx population and potentially compromising its current ability 

to support a resident population until habitats recover. Increased wildfire activity also has 
impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions favorable for lynx), it has 
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been linked to increased frequency, size, and severity of wildfires and forest insect outbreaks, 
and it likely has already resulted in some changes in forest vegetative communities. Climate 
warming has also been linked to changes in the amplitude, periodicity, and synchronicity of 
northern hare population cycles, which could alter the timing and magnitude of irruptions of lynx 
from Canada into the contiguous U.S. If lynx populations in the DPS depend on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and an increased likelihood of extirpation among resident 
populations would be expected. However, whether, and if so to what extent, these climate-
mediated factors have influenced current lynx numbers, other demographic parameters, and/or 
habitat quality and distribution is uncertain and has not been quantified across the range of the 
DPS or in individual geographic units. Despite uncertainty regarding its influence over current 
conditions for lynx, climate modeling and expert opinion concur that continued climate warming 
will adversely impact lynx in the DPS in the future (see below). 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
about the rate of decline increasing with time from the present. The loss of resident lynx from 
one or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations will decline and lynx mortality rates are likely to increase and reproductive rates 
decrease. As snow conditions become less favorable, competitors (e.g., bobcats) are likely to 
outcompete and displace lynx. This in turn will reduce lynx abundance and density within 
populations, making populations more susceptible to stochastic events. 
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The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 
five geographic units that currently support resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
one or more of the individual geographic units (especially the possibility of additional large 
wildfires in north-central Washington), thereby reducing redundancy within the DPS. However, 
as long as resident lynx remain geographically well-distributed in one or more units within the 
DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 

range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future 
(USFWS 2016, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
 
How the potential loss of resident lynx from one or more geographic unit may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr) is almost twice that observed in Minnesota (140 cm/yr]), and lynx in some 
parts of the West select mature forest stands, particularly in winter, while in other parts of the 
DPS, young regenerating stands are most important. The loss of resident lynx from any of the 
geographic units could result in the loss of behavioral and potential future genetic adaptations to 
the climate-mediated changes now occurring and likely to continue into the future at the 
southern edge of the lynx range. Such potential adaptability to diminished snow conditions, 
increasingly patchy and isolated boreal forests, and reduced hare abundance may be important 
to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 



 

220 
 

lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Although all five geographic units that currently support populations (all units except the GYA) 
are expected by lynx experts to continue to do so through mid-century, only one (Northwestern 
Montana/ Northeastern Idaho) has an estimated probability of persistence greater than 50 
percent (i.e., persistence more likely than not) by the end of the century (Lynx SSA Team 2016, 
pp. 36-49, 58). The experts we consulted projected that all the other geographic units have a 50 
percent or greater probability of functional extirpation (i.e., no longer capable of supporting 
resident lynx populations) by the end of the century, with a moderate to high likelihood that 
resident lynx will be lost from two to four units by then. Potential elevational refugia may 
increase the likelihood of persistence in western units, although uncertainty remains about the 
timing of warming-driven upslope movements of habitats and snow conditions and the extent to 
which hare and lynx populations may follow them. Regardless, future lynx habitats throughout 
the DPS range are likely to be smaller and more fragmented, and geographic units that are 
already relatively isolated from other lynx populations are likely to become even more isolated in 
the future. Despite the lack of elevational refugia, lynx may also persist at the end of the century 
in Maine and Minnesota, depending on the timing and severity of climate change effects and, in 
Maine, on trends in development and private forest management. Uncertainty increases at mid- 
to late-century concerning the timing and extent of various stressors that will affect lynx and 
hare habitat and snow regimes, especially those related to climate change. However, review of 
the best available science in concert with input from lynx experts suggests that the probability of 
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the persistence of resident breeding populations will decline in all geographic units, with the 
negative DPS-wide trajectory continuing to the end of the century, and (with no evidence to the 
contrary) beyond that time frame. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be adequate to foster persistence of resident lynx through mid-
century in most of the five geographic units that currently support them. However, we believe it 
is very unlikely that resident lynx populations will persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from two to three (of five) units more likely 
than not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from one or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. 
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The Draft Species Status Assessment for Canada Lynx, Version 1.0 is a commendable and comprehensive 
effort by the Lynx SSA Team to compile the relevant biological and climate-related information relevant 
to  assessing the historical and current framework, status, conservation challenges, and current 
conditions for maintaining and conserving the Contiguous United States Distinct Population Segment 
(DPS) of Canada Lynx.  The SSA Team has also made a credible effort to assess potential future 
conditions for each of the 6 resident populations within the DPS based on their interpretations and 
those of other experts.  Despite my overall positive impressions of this extensive assessment, I have 
several comments (numbered below) that address either inconsistencies in interpretations, 
inappropriate generalizations, tenuous assumptions, and/or oversights of available information that 
may be relevant to future revisions of the Draft SSA document, and which may influence subsequent 
interpretations and decisions by USFWS based on this assessment.  My comments are concentrated on 
the Maine population given my familiarity with that system and my research experiences there.  I do; 
however, provide several comments that are relevant across the DPS or within other populations of lynx 
within the DPS.  I cite references that already occur in the report in black and new reference that are not 
included in the Draft SSA in red.   References in red are provide in a Literature Cited section at the 
conclusion of this review.  My most substantial comments are summarized by number and are 
presented below: 

1)  The report is based on the broad generalization (e.g., p.6, par. 1, lines 1-2) that “lynx are naturally 
less abundant and more patchily distributed within the DPS than in the core of the species’ range in 
Canada and Alaska.”  This is clearly an issue of both spatial and temporal scale and invokes the broad 
generalization that lynx are neither viable nor sustainable within the DPS.  Lynx densities are naturally 
patchy and densities are uneven (during both highs and lows of hare abundances) across the landscapes 
of interior Canada and Alaska.   Lynx are most abundant in landscapes 10-40 years after large fires, are 
absent from large expanses of treeless high-elevation landscapes, and decline to precipitously low 
densities during the low in the hare cycle within the core of the species’ range.   Previous studies in 
Canada have focused on Canada lynx within areas that were largely contiguous and deemed suitable, 
which does not reflect this natural variation at the larger scale and may provide unrealistic benchmarks.  

 In fact, within suitable landscapes, both densities of lynx (Vashon et al. 2012) and densities of snowshoe 
hares within habitats preferred by lynx and hares appear to have remained higher in northern Maine 
during both a period of high hare density (2001-2005), during a year of transition (2007), and during a 
period of relatively lower hare densities (2008-2015) compared to what is typically observed during the 
nadir of the hare-lynx cycle in Canada (Harrison et al. 2016).   Further, lynx typically expand home 
ranges, abandon territories, and emigrate from areas of prior residency during the nadir of the hare 
cycle within the core of the range; however, no significant changes in landscape-scale resource 
selection, home range area, or evidence of territoriality was observed in lynx between period of relative 
high (though typically lower than peak in core range) hare densities in Maine, or during periods of 
relatively lower hare densities in Maine (Mallett 2014). In fact, mean hare densities in preferred habitat 
during the lower hare density period in Maine (0.86 hares/ha from 2008-2015; Harrison et al. 2016) 
were about 8-fold higher than hare densities during the nadir in many areas of the core range in Canada.  



**Incomplete and Unedited Draft for Use as Working Copy Only** 

 

 

Page | 3 
 

 Thus, the Draft SSA overlooks the possibility that populations may be less variable and have exhibited 
long-term sustainability, coupled with less dramatic temporal  fluctuations in density, survival and 
recruitment within Maine, and perhaps Minnesota, compared to populations within the core range.  
Although the finite rate of population change is lower in Maine during period of high hare density than 
observed in the core range, the rate of growth was positive and remained high for at least 6 years (and 
hares were likely high for at least 10 consecutive years based on additional unpublished information; 
and see snow track surveys for hare in Hoving 2001).  Although very limited evidence for reduced 
reproductive rates (number of litters observed was very low) weakly suggests a potential annual decline 
in lynx during periods of relative hare lows in Maine, the rate of decline is much slower than typical in 
populations in the core range where hare densities may plummet 25-fold (versus declining to levels of 
approximately 40% of peak densities during the hare low in Maine).  Thus, the possibility that a lack of 
10-year cycles in lynx at the southern limit of their distribution means that the populations are not 
sustainable without inputs from Canada is a tenuous inference and ignores the point that average long-
term finite growth rate could be positive in places with non-cyclic or dampened fluctuations with 
increased periodicity.  In fact, the geographic distribution of lynx throughout Maine has been 
remarkably  consistent from the mid 1800’s to present (Hoving et al. 2003), and harvestable populations 
have remained sustainable in the demographically isolated populations in the Gaspe’ region of Quebec 
south of the St. Lawrence River and contiguous with Maine since the matrix fracture caused by the 
formation of the St. Lawrence Seaway (daily ice breakage since  the 1950’s).  This suggests high 
resiliency of this population and argues that Maine is not an island in the meta-population sense and is 
part of a persistent population across the mixed transitional forests of Maine, southern Quebec, and 
New Brunswick and spanning nearly 30 million acres of habitat that is contiguous and demographically 
isolated from other lynx populations.  The population dynamics of this large population in Maine may 
differ from populations in the western Canada, but may be sustainable and may contribute dispersers to 
Canada.  This clearly violates the general assumption (page 7, final bullet at bottom) of the Draft SSA 
which states that:  “We assume that lynx exhibit a “mainland-island” metapopulation structure in which 
the DPS populations function as “islands” that receive periodic input from “mainland” Canada 
populations.”    This  “mainland-island” metapopulation structure is critical to the biological assessments 
throughout the Draft SSA and does not appear relevant to the contiguous populations in Maine, and 
also does not likely apply in Minnesota.    The application of the metapopulation concept may or may 
not apply in Montana (depending on subpopulation), and seems most relevant to the populations in 
Washington, the GYE, and western Colorado.  Applying this concept across the entire DPS does not seem 
appropriate.  

2)  Closely related to comment #1, this comment focuses on the tendency of the Draft SSA to broadly 
generalize across the 6 populations in the DPS despite that some populations are geographically, 
ecologically, demographically, and genetically more similar to contiguous core populations in Canada, 
and which may have much less commonality with other geographically isolated populations within the 
DPS that are separated by hundreds and thousands of miles.  The first bulleted assumption on page 7 is 
an example: “We assume that , in general, habitat quality, hare densities, and lynx numbers are 
naturally lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, including 
the DPS, than in the core of the species range in Canada and Alaska. “   This assumption is important 
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throughout the assessment and ignores that landscape hare densities are substantially much lower in 
western Colorado, GYE, and north-central Washington, which are also demographically isolated from 
core populations, compared to across northern Maine and some areas of north-eastern Minnesota 
where landscape hare densities are higher and habitat is contiguous with core populations of lynx.    
Habitats in western populations within the DPA are also naturally more fragmented with extensive areas 
that are completely absent of hares.  This is in substantial contrast to northern Maine where landscape 
hare densities are higher and where hares occur at varying densities, but are continuously distributed 
across a variety of habitats across the larger 10 million acre landscape (with the exception of water 
bodies), which is also contiguous with another 20 million acres in maritime provinces of eastern Canada 
where no significant geographic barriers to lynx or hares exist. 

The assumption that lynx numbers are lower in the DPS is also tenuous.  In Maine, lynx and hares are 
likely more numerous during the hare low than during the nadir of the cycle in the north, and likely 
maintain a longer period of positive growth rate during the longer periods of relatively higher hare 
abundance (albeit with lower maximum rates of increase than experienced during the cyclic highs in the 
north).  Thus, the dynamics may be fundamentally different and dampened cycles with longer 
periodicity may not indicate that a large U.S. population that is contiguous and part of a larger 
contiguous population in Canada is non-sustainable without supplementation from Canada.   

I acknowledge that the erosion of hare and lynx population cycles in western Canada could contribute to 
endangerment of smaller and isolated populations of lynx that could depend on immigration pulses 
from Canada, but that is a different source-sink process that likely does not apply to the contiguous 
populations in Maine and Minnesota and would seem to be more relevant to the smaller, more isolated 
populations in Washington, GYE, and Colorado (and perhaps to smaller sub-populations in Montana?). 

 The other general assumption that population processes in the DPS are more similar to northerly 
populations at the low in hare numbers is universally inaccurate across the population within the DPS.  
We know that finite rates of population change for lynx are well below 1.0 (rapid decline phase) starting 
1-year following the decline phase of hares within the core range.  This is in complete contrast to the 
positive rate of increase in one subpopulation in Montana across several years, and the positive growth 
rate across several years of relatively high but stable hare densities in Maine. Further, the slightly 
decreasing values for Maine during the relative hare low were based on an exceptionally small sample of 
reproductive-aged females (n~5 , and surely had a confidence-level on lamda spanning 1.0). This also 
coincided with a period of range expansion by lynx in Maine, and the estimated finite range of change 
during the relative hare low in Maine was much closer to one (despite high uncertainty with that 
estimate) than has been reported for lynx during the decline phase in the core  of their range at the 
nadir of the cycle.  This is not surprising given that hare numbers during the low in Maine are ~ 8-fold 
higher than in the core range.  In summary, this general assumption is inconsistent with other 
information presented in the Draft SSA and is not universally applicable across the different populations 
in the DPS.  Again, the assumption seems more relevant to the western populations of the DPS (e.g.,  
Washington, GYE, Colorado) where hare habitat is patchier and where landscape densities of hares are 
generally lower than in Maine and Minnesota (and perhaps in some subpopulations in Montana?). 
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3) The final general assumption that is bulleted on page 8 seems unsupported and could greatly affect 
the future status of lynx.  The assumption that current levels of conservation for lynx would continue 
without protections under the ESA is completely unrealistic.  First, federal agencies (primarily USFS and 
BLM) did not prioritize lynx conservation prior to federal listing as a U.S. Threatened species, and would 
not be required to do so beginning 5 years after lynx are delisted.  Lynx habitat must be managed for 
consistently across the time span of forest succession (i.e., many decades) and involves significant 
economic and ecological tradeoffs that would likely be compromised without ESA listing.   In fact, there 
has not been a credible assessment to date of the efficacy of recent efforts to prioritize lynx 
conservation on federal lands within the DPS.  It seems inadvisable to change what USFA and BLM have 
planned to accomplish before evaluating whether the current efforts are working or require 
modification/enhancements. 

On private lands, forest (i.e., green) certification is growing and is a major force in the marketplace. 
Certification criteria are evolving and increasingly acknowledge the need for landscape-scale habitat 
conservation.  Certification is linked to efforts to conserve threatened and endangered species, thus 
delisting could eliminate the growing potential for lynx conservation on private forestlands, particularly  
in Maine and Minnesota. 

The current Maine Forest Practices Act, as well as 3 public referendums in Maine to ban clearcutting 
were results of ecological and aesthetic concerns by the public.  These factors greatly affect the future 
prognosis for lynx habitat supply and configuration for the largest U.S. population of lynx.  The policies 
are evolving and at least one large landowner (with >1 million acres in Maine and millions of acres in 
New Brunswick) has received variances to allow large-scale clearcutting to achieve outcome-based 
forestry results to promote lynx and hare habitat.   Future opportunities to modify policies to benefit 
lynx conservation on private lands would be severely compromised if lynx were to be de-listed.   

Other federal programs have enhanced lynx habitat on private lands. For example, the Healthy Forest 
Reserve Program funded through USDA resulted in > 180,000 acres of forestland acquired by a 
conservation organization being managed primarily for marten and lynx conservation within a working 
forest framework balanced by appropriately-placed ecological reserves.   Funding was motivated by the 
ESA listing for lynx.  Federal funding for planning and implementation was central to the project and 
similar efforts would likely not exist in the future absent listing of lynx under ESA. 

Additionally, the frequent incidental take of lynx is documented in numerous places within the Draft 
SSA, yet there has been no modeling or simulations presented to address the potential effect of 
incidental harvests on small and marginal lynx populations within the DPS.  The numbers reported in the 
Draft SSA also assume complete reporting of illegally, accidentally, and bycatches of lynx, which is 
unlikely.  In recent decades, as many as 8,000 martens, >2,500 fishers, >4,000 red foxes, hundreds of 
bobcats, and thousands of coyotes have been legally harvested during a single year in Maine.  Lynx are 
vulnerable to incidental capture in a wide variety of sets and traps that are targeting other furbearers.  
Road densities throughout much of the lynx critical habitat in Maine exceeds 1.5 km/km2, thus nearly all 
individual lynx are exposed to potential trapping and illegal shooting.  Historically, up to 400 lynx pelts 
were sold during a single season in Maine.  Additionally, government endorsed programs to control 
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coyotes and/or wolves occur in many western states and in Maine, and may provide risks to lynx.    Lynx 
harvested in the U.S. can be sold illegally in Canada and may be targeted by poachers.   Additionally, fur 
markets cycle widely and shifts in fashion could elevate fur prices and could increase risk by altering 
trapping effort.  Although it is unreasonable to assume that direct human-induced mortality of lynx 
affects resiliency, it is also unreasonable to assume that it does not currently affect resiliency and that it 
may not act synergistically with habitat loss, fragmentation, and climate change in the future.  Further, it 
may be more difficult for state wildlife agencies to effectively conserve lynx given competing public 
demands (e.g., demands for coyote or wolf trapping/snaring to protect game species and livestock) 
absent protections for lynx under the ESA.  These issues have not been adequately considered or 
evaluated in the Draft SSA. 

Finally, the assumption that conservation for lynx would continue absent protection under the ESA does 
not consider that millions of acres of conservation easements purchased since lynx listing, and which  
restrict development and ensure a continued focus on working forests (with forest succession that 
promotes hare densities).  Such easements have been leveraged and publically funded based on 
perceived conservation benefits and using lynx and other listed species of concern as flagships for 
conservation.  Those benefits are largely dismissed by this assumption and all of the above listed 
considerations are inadequately addressed in the Summary section of the Draft SSA.  

4)  The sections on current and future status of lynx in Maine incorrectly imply that lynx would be absent 
and populations would be non-sustainable without the extensive clearcutting that occurred in the late 
1970’s through 1990.  This seems to ignore that more than 400 lynx were harvested and sold in a single 
year in Maine (annual numbers seemed to fluctuate widely), prior to clearcutting and mechanized 
harvesting.  Further, lynx distribution in Maine has been largely unchanged from the 1850’s to present 
(Hoving et al. 1983). Thus, the regenerating forests following spruce-budworm events, as well as the 
potential for multi-layered old-growth forests to support hare has likely been overlooked in terms of its 
historical significance for promoting lynx populations in eastern transitional forests.  Although I agree 
that clearcutting has resulted in an unnaturally high density of hares within regenerating clearcut forest 
stands, this must be counter-balanced with the current absence of naturally regenerating forest 
following severe budworm mortality, as well as the current absence of old-growth forests with complex 
understories, which likely dominated the historical landscape.  Historically, both of those habitat 
conditions likely supported substantial hare densities and are functionally absent from current 
landscapes.  For all we know, landscape-scale hare densities may have been favorable for lynx for 10-45 
years following budworm events, which would have been the majority of the time assuming a 60-year 
budworm interval.   Old-growth stands with gap-phase dynamics were likely a dominant part of the 
historical landscape matrix and likely supported more hares than in mature second- and third-growth 
stands, which support about 1/3rd  to 1/7th the hare densities typical of regenerating clearcuts  (Fuller 
and Harrison 2005, Harrison et al 2016). 

5)  The report seems to over-estimate the current and future population status of lynx in western 
Colorado and does not adequately address why lynx were extirpated or absent for Colorado in the past?  
Recent information suggests landscape hare densities are below thresholds required to support lynx 
over the long-term (i.e. more dry-conifer forests due to lower latitude), and that recent observations on 
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reproductive rates suggest that those rates are insufficient to support positive population growth.  
Further the population is the most southerly and isolated of all lynx populations in the DPS.  Thus I am 
questioning how mid-century persistence of 50-85% and end of century persistence of up to 70% 
(median 50%) can be realistic.  It seems that this decision is largely driven by the high elevation and 
better long-term prognosis for snow and ignores the more critical short- and long-term issue of 
inadequate prey base.  The presence of a potentially significant disease (plague) and high bobcat and 
cougar populations that may expand their winter ranges upslope also seem to have been minimized in 
this assessment?  In my professional judgement, this unnatural (likely), recently established, and 
marginally viable (at extreme southern range limit for hares) population should be deemed 
experimental and should not be a high priority for ESA protection (similar to the approach of the Draft 
SSA with the GYE).  As written, the Draft SSA would seem to place the western Colorado population at 
higher priority for future conservation than other long-established populations based solely on the 
criterion of future projected snow conditions (which lack certainty), while minimizing the historical and 
current potential to provide for a sustainable population . 

6)  Throughout the document, interference competition via aggressive interactions and/or predation by 
mountain lions and particularly by bobcats is mentioned as a major factor affecting current and future 
habitat suitability. Deep, fluffy, persistent snow is stated to provide a refugium for lynx resulting from 
their lower foot-loading.  I agree with this, but in my assessment the Lynx SSA Team has overlooked the 
importance of limb length (see Krohn et al. 2004) and exploitation competition from other predators of 
hares.  Fisher were mentioned as a potential predator of lynx, but not as competitors for food.  Further, 
fisher have similar foot loading, but much shorter limb lengths than lynx and must resort to an 
energetically costly bounding pattern in deep snow.  Further, Krohn et al. (1995, 2004) provided strong 
evidence that the geographic range and density of fisher is limited by deep snow .   Near the northern 
extent of their geographic range, fisher also prey extensively on snowshoe hare during winter, and 
particularly in areas near the northern extent of their geographic range.  Additionally, red fox have both 
higher foot load and shorter limbs than lynx (Krohn et al. 2004) and prey extensively on snowshoe hare 
during winter in boreal and transitional environments .  For example, Major and Sherburne (1987) 
documented that hares occurred in >60% of red fox scats during all seasons except summer within the 
current boundaries of lynx critical habitat in Maine.  Further, that study documented that hare remains 
occurred in >60% of coyote scats during summer and autumn (i.e., when snow was not limiting), and in 
> 60% of bobcat scats during autumn and winter.  Additional evidence that coyote and bobcats compete 
and feed extensively on hares near their interface with the geographic range with lynx in Maine is 
provided by Litvaitis and Harrison (1989). Further, Olson (2015) documented diets of lynx in Maine 
during both summer and winter and during periods of relative high and low hare density that were 
specialized on hares.  Finally, O”Donoghue et al. (1997, 1998) documented both behavioral and 
functional responses of coyotes and lynx that could result in exploitation competition between those 
carnivores in Yukon, Canada.  In summary, the evidence for combined competitive effects from a variety 
of mammalian carnivores, which are more snow-restricted than lynx,  is more convincing and 
ecologically relevant than is stated in the Draft SSA.  Further, those effects may be more pronounced in 
the 2 eastern populations where elevational partitioning among lynx, fisher, coyote, bobcat and red fox 
is less likely and where potential for home range sympatry is greater.   This also has obvious implications 
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given climate change and changing snow conditions throughout the DPS, which are extremely well 
summarized and presented in the Draft SSA. 

More Specific Comments Referenced to Specific Text: 

More specific comments are summarized below with the reference to page/paragraph on page/and 
line(s) within paragraph: 

9/2/22: What is the benchmark for determining when resiliency is “adequate”?  This seems vague and 
warrants justification. 

9/3/10-12:  What is a large geographic area –this seems arbitrary.  Lynx have been lost from Garnett 
Mountains, Kettle Mountains, GYE, and Colorado (perhaps?) in the past 100 years.  It is debatable 
whether this is a “significant” reduction in redundancy?  

10/1/entire:  IBID previous comment.  Are these losses of subpopulations a “significant” loss of 
representation?  This seems a bit arbitrary?  It is uncertain how much “winking off” is natural from a 
meta-population sense, but in at least one case (Kettle Mountains) it appears that human induced 
mortality may have played a role. 

10/2/4:  Forest management may not always be adverse and there could be incentives via subsidies, 
policy changes and certification requirements that could result in favorable forest management for lynx  
on private lands (e.g., clearcutting in a shifting mosaic, herbicide to reduce competing hardwoods after 
clearcutting).  Leveraging and funding such efforts would be more difficult if lynx were to be de-listed.  
Available information for 4.1 million acres of lynx critical habitat in Maine suggests that conifer forest is 
declining and hardwood forest is increasing as a result of past forest harvesting practices (Legaard et al. 
2015). 

11/1/entire:  The assumption that populations will be extirpated from 3 of 5 units represents excessive 
speculation and ignores the high uncertainty and many assumptions associated with that expectation.  I 
agree that the climate change projections, despite uncertainty, suggest increasing challenges for lynx 
conservation in all geographic units.  Populations without topographic relief could be at high risk. 
Additionally, if lynx retreat to higher elevations in western populations their distributions could become 
even more fragmented within naturally fragmented landscapes.  Again, the conclusion that extirpation is 
inevitable in 3 of 5 units implies a level of certainty that is unwarranted given the many interacting 
uncertainties. 

11/3/entire:  Although I agree with the conclusions about genetic representation, the genetic 
structuring, particularly in western mountain ranges and south of the St. Lawrence River suggest that 
demographic isolation could be a concern and could affect future resiliency and redundancy.  Fewer 
population exchanges are needed to maintain genetic representation than are needed to maintain 
population viability in declining populations dependent on demographic exchange with neighboring 
populations. 
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11/2/8-11:  IBID comment on 11/1/entire.  I am fine with this paragraph if the last sentence is omitted -  
“more likely than not…”  is vague, debatable, and compromised by extreme uncertainty.   

14/3/2:  How is “persistent” defined?  More clarity and justification is needed.  Why is the recently 
established population in Colorado where there seems to be lack of sound evidence for a historic 
sustained population, which is dominated by hare densities below landscape thresholds required by  
lynx, and where reproductive success seems marginal, still be considered as “persistent”?  The premise 
that populations in GYE are “persistent” seems contradictory to other evidence presented in the Draft 
SSA. 

16/2/1-7:  References to support the underlying principles behind the “3 R’s” concept are needed to 
strengthen justification for this approach (which I strongly support). 

20/2/1-2:  This sentence could be interpreted to imply an intended outcome by FWS.  Regardless, if de-
listing is a potential future, then the potential effects on lynx conservation need to be much more 
rigorously considered and evaluated throughout the document.  The consideration of this potential 
outcome is very uneven across the 6 populations discussed under Chapter 5: Future Conditions.  In most 
cases, it is implied that things will stay status quo with de-listing.  See comment #3 (above) – this is 
closely tied into my concerns regarding the final general assumption that is bulleted on page 8, which 
seems unsupported and could greatly affect the future status of lynx.  

20/2/5-12:  Why is private land not included in this discussion?  See comment #3 (above). 

23/2/6-10:  This statement ignores the results presented in Mallett (2014), which indicate that in a 
population within the DPS with dampened cyclicity of hares, home range areas, spatial overlap, and 2nd 
and 3rd order resource selection by lynx were unchanged across periods of relatively higher and 
relatively lower hare density.  This benchmark study for a southern population suggests that local-scale 
demography may be more stable in southerly populations where hare populations may exhibit less 
temporal variability. 

24/Figure 6:  A potentially significant interaction seems to be missing from this figure.  With declining 
snow, forest management or natural disturbances that increase habitat quality for hares could actually 
lead to numerical and functional responses of fisher, bobcat, coyote, and red fox, as well as avian 
predators that consume a diet with high representation of hares near the current interface with lynx 
critical habitat.  Increased hare habitat combined with less snow could lead to increased competition for 
a limited food resource. See comment #6 (above). 

25/3/5-9:  Also see Simons-Legaard et al. 2013. 

25/3/entire:  It may be worth mentioning that although lynx select forest landscapes with high 
aggregate amounts of HQHH when choosing home ranges (Hoving et al. 2004, Simons-Legaard et al. 
2013), and often select stands with high hare densities (numerous refs cited plus Vashon et al. 2008b 
and Squires et al. 2010) within their home range.  However, within the home range lynx may also select 
for stands with intermediate hare densities where escape cover for hares is compromised (Fuller et al. 



**Incomplete and Unedited Draft for Use as Working Copy Only** 

 

 

Page | 10 
 

2007).  Additionally, when foraging in HQHH, lynx alter their movement paths to avoid transitions from 
HQHH to habitats supporting lower hare densities (Fuller and Harrison 2010).  Thus, once landscape 
thresholds for lynx occurrence are reached, interspersion of HQHH with intermediate quality hare 
habitats, as well as travel corridors may be optimal (McKelvey et al. 2000c, Hoving et al. 2004, Simons 
and Legaard et al. 2013).  This change would cast the second part of this paragraph in a much more 
precise spatial context as the various spatial scales are easily confused as presented in the Draft SSA. 

26/1/1-5:  Hare densities within lynx critical habitat are also presented in Fuller and Harrison (2005). 

26/1/6-12:  This seems to lack the 2 most recent references on threholds of hares for lynx occurrence –
see Simons-Legaard et al. 2013 (reports threshold of >0.7 hares/ha) and (Simons-Legaard et. al. 2016), 
which depicts distribution of hare habitat meeting landscape thresholds for hares across 4.1 million 
acres of lynx critical habitat circa 2010 and 2022.   

26/2/entire:  Also see Olsen (2015) who reported that lynx in Maine were specialists on hares across 
summer and winter seasons and across period of relatively high and low hare densities in Maine. 

28/1/18-22:  This statement is not supported for all populations within the DPS and contradicts lines 4-6 
of this same paragraph?  This general assumption that population processes in the DPS are more similar 
to northerly populations at the low in hare numbers is universally inaccurate across the populations 
within the DPS.  We know that finite rates of population change for lynx are well below 1.0 (rapid 
decline phase) starting 1-year following the decline phase of hares within the core range.  This is in 
complete contrast to the positive rate of increase in one subpopulation in Montana across several years, 
and the positive growth rate across several years of relatively high but stable hare densities in Maine. 
Further, the slightly decreasing values for Maine during the relative hare low were based on an 
exceptionally small sample of reproductive-aged females (n~5 , and surely had a confidence-level on 
lamda spanning 1.0). This also coincided with a period of range expansion in lynx in Maine, and the 
estimated finite range of change during the relative hare low in Maine was much closer to one (despite 
high uncertainty with that estimate) than has been reported for lynx during the decline phase in the 
core of the range.  This is not surprising given that hare numbers during the low in Maine are ~ 8-fold 
higher than in the core range.  In summary, this general assumption is inconsistent with other 
information presented in the Draft SSA and is not universally applicable across the different populations 
in the DPS.  This general  assumption seems more relevant to the western populations of the DPS ( i.e., 
Washington, GYE, Colorado) where hare habitat is patchier and where landscape densities of hares are 
generally lower than in Maine and Minnesota (and perhaps in some subpopulations in Montana?). 

28/2/11-14:  This last sentence is poorly written and includes too many hedge words to be meaningful. 

29/b/2:  Why hare “meat”… is there really something special about hare protein for lynx – I would think 
not. 

28/d/entire:  This seems overtly vague.  What does a “low likelihood of encounters” really mean? 
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29/1/entire:  This seems to ignore the 1-2 year time lag in lynx response to changing hare densities as 
well as a 2 year lag for birth to reproduction in individual lynx? 

29/2/4-5:  This is a direct contradiction to the positive rate of increase in one subpopulation in Montana 
across several years, and the positive growth rate across several years of relatively high but stable hare 
densities in Maine.  It also ignores the substantial lynx densities cited on 28/1/4-6 in N. Maine during a 
6-year high in hare densities. 

29/2/entire:  This entire paragraph is not supported and all lynx populations in the DPS should not be 
grouped together as the landscape compositions and configurations, distribution of HQHH, and 
demographics are very different.   See numerous comments above about the inappropriateness of the 
broad generalization and assumption that lynx demographics across the DPS are characteristic of 
northern populations during hare lows.  If so, then all populations in the DPS should be in rapid decline 
phase most of the time and would not persist.  Data for most southern populations is in direct contrast 
with this assumption, and the data are particularly contradictory for northern Montana, Minnesota, and 
Maine.  In fact, periods of positive population growth occurred over a much longer period in Maine than 
is typical in northern populations with 10-year cycles. 

30/2/1-5:  Again, the populations across the DPS are being generalized when there is much variability.  
Home ranges in Maine and N-C Washington are relatively smaller, not larger than has been documented 
in areas within core lynx range.  Within the DPS there is 3- to 4-fold variability across populations in 
terms of the mean home range areas within sexes. 

31/2/entire:  This paragraph does not address the historical effect of wolf extirpation and coyote 
colonization or expansion in Maine and Colorado.  Coyotes were historically absent but now occur 
ubiquitously across critical lynx habitat in Maine.  Those coyotes use hares extensively (Major and 
Sherburne 1987, Litvaitis, J. A. and D.J. Harrison. 1989), and coyotes may also mediate competition 
between lynx and bobcats (Litvaitis, J. A. and D.J. Harrison. 1989), particularly given reported 
exploitation competition between coyotes and bobcats, which both rely more on deer during winter 
than do lynx (Olsen 2014). 

31/2/10:  This argument focuses solely on foot loading and ignores the effect of limb length which is 
very important in terms of competition by lynx with red fox and fisher.  See comment #6 (above). 

32/2/entire:  This contradicts page 29 and the general assumption that lynx in the DPS operate 
demographically like populations in the north during cyclic lows.  If so, then the factors contributing to 
positive growth and persistence (as identified in this paragraph) would not exist in the DPS and there 
would be no need for this document? 

32/3/entire:  The peripheral island population concept is not relevant to populations in N. Montana, 
Minnesota, and Maine, all of  which occur over large landscapes and are fully contiguous (and part of)  
populations in Canada.  Although the population may be large enough to be sustainable in their own 
right (particularly in Maine), in at least one case there is 10 million acres of habitat that is completely 
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contiguous and fully connected with 20 million acres in Canada.  See comment #1 (above) where I 
criticize the application of the island metapopulation concept across all 6 populations in the DPS. 

33/2/entire:  The wide uncertainty around estimates of lamda for the entire population needs to be 
acknowledged, particularly given the small samples of lynx used to estimate recruitment and survival.  
Very likely, the credible confidence on all of the estimate rates of increase span 1.0 (i.e., the benchmark 
for population stability).  Estimates are likely more precise during periods of hare highs when there was 
more reproduction.  Thus, I feel confident in the conclusions that growth rates are likely positive when 
hares are high.  For the Maine data, the very low number of reproductive aged females monitored 
during the hare low lends great uncertainty to the estimates of finite rate of population change during 
that period.  I suspect this may also be a problem for other populations in the DPS? 

34/2/5-10:  Not all southern populations are isolated and necessarily dependent on immigration – again 
this is an overgeneralization across populations within the DPS.  This concept is probably most relevant 
to populations in Colorado, GYE, and N.C. Washington. 

34/2/10-18:  Again, there may be lower temporal variability and longer periods of positive growth rate 
in some southern populations with dampened or absent cycles if landscape hare densities during 
extended high periods exist for long periods of time, if population lows do not result in catastrophic 
declines in population growth rate, and if the periods of positive population growth are extended.  This 
appears to be what is happening in Maine, which had the highest growth rate and maintains the largest 
population in the DPS.  Hare densities there during the low are ~8-fold higher than during the nadir in 
some northerly populations.  

35/3/9-12:  There was a “little ice age” during the 1700’s-1800’s in the northeastern U.S. when 
populations of northern mustelids (e.g., martens and fisher) shifted southward in the Appalachians as 
far as Tennessee.   Lynx may have also expanded southward and then later retreated when climate 
warmed and may explain more southerly records of lynx.   The little ice age is discussed and referenced 
in the climate change sections of the report. 

36/2/entire:  There is little evidence that mass immigrations of lynx from Canada were needed to 
restore lynx populations that are contiguous and demographically connected to Canada (e.g., Maine and 
Minnesota).  In Maine, historical distributions of lynx have been very consistent since the 1850’s (Hoving 
et al. 2003). 

36/3/1-7:  As stated previously (particularly see comment #1 and 32/3/entire), the island-
metapopulation concept does not apply universally throughout the DPS and is most relevant to 
populations in Colorado, GYE, and N.C. Washington. 

37/4/16:  The last 7 words are not supported by data, are likely an over- generalization, and I would 
suggest deleting.  See comment #2 (above).  

38/2/entire:  Consider expanding this paragraph to include other potential competitors and influence of 
limb length interactions (see comment #6 above). 
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43/1/1-2:  Why is northern New Hampshire considered separately when it is actually a small extension 
of habitat from northwestern Maine into low elevation industrial forestlands contiguous with the Maine 
population?  This seems to be a political rather than a biological boundary? 

43/1/12-16:  See Litvaitis et al. (1986) for more relevant information regarding this topic.   

44/1/1-4: Also see Simons-Legaard et al. (2016), page 1263, Table2.  

44/1/11-16:  Is 10 million acres of habitat in Maine really a peripheral population if broadly connected 
with an additional ~20 million acres in Canada.  This is a political separation and Maine lynx are really 
residents of a larger trans-border population.  As such, is it really “immigration” when animals move 
within a larger population or are we just creating this concept because of a political boundary.  The 
same may be true for Minnesota and perhaps some sub-populations in Montana? 

44/2/10-11:  IBID comment 44/1/11-16 above. 

45/3/11-13:  This sentence (and the larger document) is missing an important reference that identifies 
lynx habitat in 2010 across Maine and projects to 2022 based on forest succession (Simons-Legaard et 
al. 2016). Also see Simons (2009: pp 202-220). 

47/2/23-27:  Tier II risks could be more important than assumed here (e.g., effects of roads and 
particularly, incidental and illegal harvests have not been modeled or simulated).  These factors could be 
particularly important for isolated populations and sub-populations with small effective population 
sizes, but also for the larger population in Maine where unimproved road densities exceed 1.5 km/km2 
and nearly all individual lynx in the population are potentially exposed to risks via incidental take and 
illegal shooting.  Illegal and incidental harvests are reported later in the document but are neither 
rigorously evaluated, modeled, nor simulated to evaluate their potential as limiting factors in regards to 
lynx resiliency. 
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Jodi L. Bush
Office Supervisor
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---------- Forwarded message ----------
From: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Date: Thu, Mar 2, 2017 at 9:56 AM
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX
To: "Bush, Jodi" <jodi_bush@fws.gov>
Cc: "Cogdell, Benjamin E" <Benjamin.Cogdell@atkinsglobal.com>

Hi Jodi,

 

There are three reviews that were outstanding. Below is their status. Good news is that two of them
came in overnight (at least partially).

 

1.      Reviewer03 (Harrison): Partial review is available with the comments tailored to support your
meeting. The full review will be available within the next week. Partial review is attached. Note from
reviewer “All of my important general comments are spelled out here, as well as my specific
comments that are referenced specifically to the first 50 pages of text.  Thus my most
important comments for FWS to consider are included here and hopefully can help in the
decision process.”

2.      Reviewer04 (Squires): Review and General Comments attached (2017 01 06 DRAFT Lynx SSA
Report_JRS comments.pdf and SSA_Lynx_Comments_Squires.docx)

3.      Reviewer05: I have corresponded with them this morning and believe we will still get their
review today. I will forward it when I get it.
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From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, March 02, 2017 10:50 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt.  Any word on the last few peer reviewers?  We could really use those asap. Thanks JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Feb 22, 2017 at 10:27 AM, Cusack, Matthew T <matt.cusack@atkinsglobal.com>
wrote:

Hi Jodi,

 

Attached are the unedited reviewers from the first two reviewers.
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Please let me know if you have any questions or concerns.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 22, 2017 11:24 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Hey Matt.  Please get us what you have asap.  

 

Unfortunately, the Service's decision meeting is on March 3rd and if we receive the Peer
reviews that day we will be unable to use them in that meeting.  Please let your folks know
that we need their reviews asap, but NLT February 27 or 28 for us to be able to discuss them
during the agency decision meeting.  Thank you.  JB

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

mailto:Matthew.Cusack@atkinsglobal.com
http://www.atkinsglobal.com/northamerica
http://www.atkinsglobal.com/
mailto:jodi_bush@fws.gov
mailto:matt.cusack@atkinsglobal.com
mailto:Benjamin.Cogdell@atkinsglobal.com
mailto:jim_zelenak@fws.gov


Helena, MT  59601
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On Mon, Feb 20, 2017 at 6:38 AM, Cusack, Matthew T <matt.cusack@atkinsglobal.com>
wrote:

Hi Jodi,

 

My apologies for the delayed response. I was out unexpectedly all week with the flu, which was
very hard on me.

 

As I am going through my emails from last week, I see that I have received two peer reviews,
which I will organize and deliver later today.

 

The other three are asking for more time, and have asked for March 3 due to a variety of travel
commitments.

 

I hope this will be acceptable, as I have been doing everything I can to work with the reviewers
so that you have a diversity of opinions.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com
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From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 15, 2017 1:41 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Hi Matt.  I am checking in on the status of the Peer Review.  Any idea when we see
them?  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Fri, Jan 20, 2017 at 3:21 PM, Cusack, Matthew T <matt.cusack@atkinsglobal.com>
wrote:

Hi Jodi,

 

Hope you are well!

 

We are still in the process of some contracting, but the reviewers have adjusted their
schedules and have reported that they will have their reviews to Atkins by Friday, February
10. Just to make sure I have some time for late stragglers, I will have the draft, unfiltered
reviews to the USFWS on Monday February 13.

 

Once the USFWS has returned to me with confirmation that they see no red flags or serious
concerns that a reviewer misunderstood the materials, we will proceed with developing the
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summary report that discusses the points of agreement and disagreement between the
reviewers and have that ready for your review by within two weeks of the USFWS response
to Atkins.

 

Does that schedule work for you? Should allow us to have everything finalized well in
advance of the April 30 end of the period of performance.

 

Have a great weekend!

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, January 20, 2017 11:00 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt.  Just checking up on status of the Peer Review process.  I assume all reviewers
have received document (SSA) and you are proceeding ahead but wanted to check in.  

 

Perhaps an updated version of the Schedule (p.8) from your proposal would be
warranted so we all understand the timelines.  Thanks.  JB
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Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Mon, Jan 9, 2017 at 9:41 AM, Cusack, Matthew T
<matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,

 

We are in receipt of the SSA, thanks for sending.

 

I will let you know if we have any questions.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, January 06, 2017 4:30 PM
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To: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; Cusack, Matthew T
<matt.cusack@atkinsglobal.com>
Cc: jim_zelenak@fws.gov; Steve Gess <steve_gess@fws.gov>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Ben and Matt.  

 

Attached please find the final DRAFT Species Status Assessment for the DPS of the
Canada Lynx.  

 

Please note the specifics of the contract as you proceed. As we indicated in that
Scope of Work (SOW), the purpose of the review is to help us ensure that we have
used the best scientific and commercial information when we make our final decision
as to the current status of the lynx.  As a result, we are looking for independent
scientific perspectives on the comprehensiveness and logic of the document, as well
as how well the technical conclusions are supported by the data and analyses. Peer
reviewers should be advised that they are not to provide advice on policy.

 

Questions for Peer Review (from the SOW)

 

Available Data
 

1.      Please identify any oversights or omissions of data or information, and
their relevance to the assessment. Are there others sources of information or
studies that were not included that are relevant to assessing the viability of
this species? What are they are how are they relevant?

 

2.      Provide advice on the overall strengths and limitations of the scientific
data used in the document. Have the authors been explicit about assumptions
and limitations of, and concerns regarding, the data, and are these
appropriately qualified or explained? Are there concerns that the Service did
not identify, and if so, how relevant are these concerns to the assessment of
viability of lynx in the contiguous U.S.? Are there any inconsistencies in how
the data are presented or assessed?

 
Analysis of Available Data
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3.      Have the assumptions and methods used in the SSA report been clearly
and logically stated in light of the best available information? If not, please
identify the specific assumptions and methods that are unclear or illogical.

 

4.      Are there demonstratable errors of fact or interpretation? Have the
authors of the SSA report provided reasonable and scientifically sound
interpretations and syntheses from the scientific information presented in the
report? Are there instances in the SSA report where a different but equally
reasonable and sound interpretation might be reached that differs from that
provided by the Service? If any instances are found where this is the case,
please provide the specifics regarding those particular concerns.

 

5.      Provide feedback on the inclusion and portrayal of uncertainty in the SSA
report. Have the scientific uncertainties present given the data and the
analyses conducted been clearly identified and has the degree of uncertainty
been appropriately characterized? If not, please identify any specifics
concerns.

 

Please remind Peer Reviewers (as per text in SOW and required in correspondence
with Peer Reviewers) of the following:

 

The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife
Service is using to improve transparency while conducting listing determinations and
other Act actions, and peer review of our analyses of the viability of species is part of
that new process.  The attached draft SSA report is a rough draft; we are seeking
comments at this stage to ensure that we have time to incorporate any substantial
comments as we finalize the report.

 

In reviewing the document, please note that this draft SSA report does not result in
or predetermine a decision by the Service on whether the Canada lynx warrants
protections of the s Act.  This document is strictly a characterization of the viability
species’ viability in the contiguous United States.

 

As a reminder, all peer reviews and comments will be public documents, and
portions may be incorporated verbatim into the Service’s final decision Document,
should there be one, with appropriate credit given to the author of the review.  If you
do not want your name to appear in a final decision document, as published in the
Federal Register, please inform us of this as soon as possible. 

 



In general we ask that your comments on the draft SSA report focus specifically on
whether the best available information was used, the quality of the scientific
information,  and our interpretation and analyses of the data with regard to the
species’ viability in the contiguous United States.  We request that you direct your
review to the scientific issues and assumptions related to your expertise.

 

 

A list of literature cited is included in the report and we have most of these
documents available in pdfs (although not all).  We can send you a thumb drive or cd
as you wish with what we have.  Please let me know your preference and an address
to have them fed-exed too.    

 

We look forward to your responses.  If you have questions, please contact our lead
for this project: Jim Zelenak at (406) 449-5225, ext. 220 or at
Jim_Zelenak@fws.gov.  Thank you.  JB

 

 

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Thu, Jan 5, 2017 at 2:36 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Ben and Matt.  Just a heads up.  I wanted to let you know that the document for
review (Draft Lynx SSA) will be coming later today or first thing tomorrow.  I
have also asked our contracting agent to extend the contract so you have enough
time to complete the review.  Thanks. JB
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Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Sep 7, 2016 at 12:01 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Hi Ben.  We are getting pretty close but probably won't see a document ready to
review for at least a few more weeks.  I'll keep you posted.  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Sep 7, 2016 at 9:52 AM, Cogdell, Benjamin E <Benjamin.Cogdell@
atkinsglobal.com> wrote:

Jodi,

I am working with Matt Cusack on the Canada Lynx peer review document. 
Do you have an update on the Draft Species Status Assessment (Document 1
listed below)?

 

Thank you,
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Ben Cogdell

Scientist

ATKINS

1616 East Millbrook Road, Suite 310, Raleigh, NC 27609 | Tel: +1.919.431.5226 | Fax:
+1.919.876.6848

Email:benjamin.cogdell@atkinsglobal.com| Web: www.atkinsglobal.com/northamerica 
www.atkinsglobal.com

 

From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Thursday, July 28, 2016 2:58 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks
<kaimy_marks@fws.gov>; jim_zelenak@fws.gov
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt,  Sorry for the delay in responding to your questions; I was
out of town on business and just returned today.  Your questions
were however,  forwarded to Jim Zelenak whom works with Jodi
Bush. He sent me the following responses:  I think these should
answer your concerns.

 

Document 1 - the Species Status Assessment for the lynx DPS (SSA Report) -
is the document that we (FWS) need to have peer-reviewed.  We are working
now to complete the draft SSA report, and we hope to have it done very soon
(in the next week or so).  It will then go through internal review and editing
before it is ready to send out for peer review. I'm not sure how long internal
review will take - the DPS covers 4 FWS regions and 10-15 states depending
on how you want to slice it - but the internal review will be on as fast a time
line as possible.

 

Document 2 - The Final Report from the expert elicitation workshop is a
supporting FWS document that we want to provide to peer-reviewers, though
we are not seeking peer review on this document itself.  Most of the potential
peer reviewers likely already have the report because they either participated
in the workshop of were provided the report when it was completed. The final
report is on our Region 6 lynx web page under the SSA tab (Appendices and
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Expert Presentations are also there); here is the direct link to the report:

 

https://www.fws.gov/mountain-prairie/es/species/mammals/
lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%
20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf

 

Document 3 - the revised LCAS - is also a supporting document that
candidate peer reviewers probably already have, though we wanted to provide
it because we rely on it in the SSA report. It can be found and downloaded
here:

 

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_
revisedAugust2013.pdf

 

Let me know if you would prefer that I send you PDFs of these.

 

We will let you know when the Draft SSA Report is undergoing internal
review when we will have a better idea of the timing of when it will be ready
for peer review.

 

 

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

 

From: Cusack, Matthew T [mailto:matt.cusack@atkinsglobal.com] 
Sent: Tuesday, July 26, 2016 9:56 AM

https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.fs.fed.us_biology_resources_pubs_wildlife_LCAS-5FrevisedAugust2013.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=WfVHf_XQZGHn_4RLp5v09MqjZ59GaPEkBwWHG9vxkq0&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.fs.fed.us_biology_resources_pubs_wildlife_LCAS-5FrevisedAugust2013.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=WfVHf_XQZGHn_4RLp5v09MqjZ59GaPEkBwWHG9vxkq0&e=
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To: Steve Gess
Cc: Jodi Bush; Kaimy Marks
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Thanks Steve,

 

Can you please provide the following items that were indicated as being
provided in the Scope of Work?

 

1. 1) Species Status Assessment for the contiguous United States distinct
population segment (DPS) of the Canada lynx (Lynx Canadensis);

2. Final Report of the Canada Lynx Expert Elicitation Workshop
3. Revised (Aug. 2013) interagency Lynx Conservation Assessment and

Strategy (LCAS).

 

 

Feel free to use Atkins’ large file transfer system to provide me with the files
if they are too large for email. The site can be accessed with an email address
and a self-developed password here: http://sendit.na.atkinsglobal.com

 

Also, are these three items the entire scope of what will require peer review per the
scope of work? It is very helpful for me to see the materials that must be reviewed in
order to establish the range of magnitude for the reviews.

Thanks!

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234

http://sendit.na.atkinsglobal.com/


Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Monday, July 18, 2016 11:01 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks
<kaimy_marks@fws.gov>
Subject: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt, Here is a formal request for Proposal to conduct PEER
review for LYNX study.   Attached is the RFP , proposal is due
August 12, 2016. Please let me know if you have any questions.

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

 

 

This email and any attached files are confidential and copyright protected. If you are not the addressee, any
dissemination of this communication is strictly prohibited. Unless otherwise expressly agreed in writing, nothing
stated in this communication shall be legally binding.

The ultimate parent company of the Atkins Group is WS Atkins plc. Registered in England No. 1885586.
Registered Office Woodcote Grove, Ashley Road, Epsom, Surrey KT18 5BW. A list of wholly owned Atkins Group
companies registered in the United Kingdom and locations around the world can be found at
http://www.atkinsglobal.com/site-services/group-company-registration-details

Consider the environment. Please don't print this e-mail unless you really need to.
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          01 March 2017 

Matthew Cusack and Benjamin Cogdell 
Mid-Atlantic Sciences 
ATKINS 
1616 E. Millbrook Road 
Suite 310 
Raleigh, NC 27609 
 

Dear Matt and Ben,  

Thank you for facilitating the peer-review of the Species Status Assessment for Canada lynx 
(hereafter lynx) that was authored by the Canada Lynx Species Assessment Team (SSA Team) 
of the U. S. Fish and Wildlife Service.  I received the document on 22 Feb 2017 and was asked 
to complete the review by 28 Feb 2017.  I focused my comments on the scientific basis of given 
statements, but at times my comments may relate to policy given the nature of the document.  I 
provided 71 comments directly in the attached pdf document entitled – 2017 0106 Draft Lynx 
SSA Report_JRS comments.pdf.  In addition, realizing the SSA team was meeting within a few 
days with limited time to review the attached document, I listed a sub-set of the most important 
comments below.    

Overall, I was genuinely impressed by the high quality of scientific thought expressed in this 
document regarding the status of lynx populations across the species’ southern range periphery.  
The SSA team provided a thorough review of threats facing the 6 population segments of the 
contiguous U.S. in a manner that was clear, transparent, and accurate.  The document was very 
well written and accurately captured the conclusions reached by the Lynx Species Assessment 
panel that met in Minneapolis, MN from 13-15 October 2015.    

I understand why you used the resiliency, redundancy, and representation framework when 
considering population status and threats.  However, I still struggle (as I assume did the SSA 
Team) how best to apply these concepts to lynx, especially relative to Resiliency and 
Redundancy.  You define Resiliency as the ability of the species to withstand environmental 
stochasticity and redundancy as the ability of the species to withstand catastrophic events (page 
6).  You concluded that resiliency and redundancy was generally adequate for lynx.  But, I was 
wondering what “inadequate” resiliency would look like for a wide ranging species (would be 
easier to see for geographically restricted species like those found in caves or springs).  For 
example, lynx habitat in Washington and Montana is broadly impacted by large wildlife, Maine 
is potentially impacted across the entire population segment by changing land use, and Colorado 
is impacted by large-scale beetle outbreak that extends across the best lynx habitat in the state.  
These potential threats extend across the population segments.  Thus, several populations in the 
DPS could be classified as having somewhat low resilience, but I don’t know if these situations 
meet the standard of “inadequate” resilience.  Similarly, redundancy is assumed adequate, but all 
populations could be impacted by broad-scale declines in northern population cycles as they may 
related to population connectivity/augmentation and other climate impacts.  In addition, in 
several places in the document it is mentioned the small localized populations may have “winked 
out” such as Garnet Range, Kettles, the entire Greater Yellowstone Area (GYA), and possibly in 
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areas of Colorado (not mentioned).  I thought the tone when describing these localized 
population contractions was somewhat dismissive throughout the document.  Perhaps, these 
small-scale contractions of populations is how a loss of resilience and redundancy is expressed 
for southern lynx populations and not necessarily the large catastrophic change across population 
segments that was stressed throughout the document; the contraction of small, localized 
populations within segments in a major conservation concern.  I appreciate the challenges the 
SSA Team faced when applying the 3 R’s to lynx, but I suggest the sources of uncertainty 
associated with the classification could receive increased emphasis.   
 
The only other issue that I questioned in the document was how the Wyoming population was 
considered (e.g. Page 41-42 and other places).  It is true that Wyoming historically supported 
small populations of lynx.  That said, early records suggest that lynx were present in Wyoming 
for a long time based on photographs from Yellowstone extending back to the 1920’s and 
museum records.  There were 47 lynx records in Yellowstone National Park that extend 56 years 
(Reeve et al 1986).  Fifty percent of all records recorded for lynx in Reeve et al (1986) were from 
the Teton and Gros Ventre, Absaroka, and Beartooth Ranges, Hoback Canyon, and Yellowstone 
National Park.  There may have been a continuous distribution of lynx from the Wyoming Range 
extending north to Union Pass, Upper Gros Ventre watershed, Togwotee Pass, and eastern 
Yellowstone National Park.  Reeve et al. (1986) concluded that museum specimens suggest that 
lynx may have inhabited the Wyoming Range since 1940.  In total, there were 262 lynx 
documented in Wyoming before 1986 and these records covered a 130 year time period (1856 – 
1986); these occurrences were mostly in the Wyoming, Salt River, Absaroka, and Wind River 
Ranges of northwestern Wyoming.  The distribution of lynx sightings (45% were trapped/killed) 
did not dramatically change since 1973 (Reeve et al. 1986).  Clearly, there may be issues with 
these historical data in terms of reliability due to confusion over identification with bobcats.  
Regardless, these sightings strongly suggest that lynx were present since the 1940s in the GYA 
and these observations refute the notion, as reported in the SSA document, that lynx were 
“intermittent” in the region.  In the early 1990s, the Wyoming Game and Fish initiated research 
and detection surveys and documented lynx denning in the Wyoming Range.  In addition, they 
documented frequent sightings through Union Pass, Togwotee Pass, and east toward Dubois, 
WY.  Between 2000 – 2010, I was involved with trapping and tracking a lynx in the Wyoming 
Range and other surveys throughout the region and lynx were detected. However, it appears the 
distribution of lynx in Wyoming declined sharply since 1997 for unknown reasons and the status 
of the species in the GYA is unclear at present.   
 
The Wyoming Range/Union Pass/Togwotee Pass apparently provided the best lynx habitat in 
Wyoming.  This area was repeatedly recolonized by lynx that were transplanted to Colorado 
including males and females with overlapping home ranges; the current flow of lynx from 
Colorado is unknown because most lynx in Colorado are not instrumented or carry expired 
transmitters.  Regardless, it is important to note that lynx released in southern Colorado were 
able to traverse repeatedly hundreds of miles of non-lynx habitat to locate and occupy the last 
known home ranges of native lynx in Wyoming.  The Wyoming Range is unique in terms of lynx 
habitat in Wyoming and the importance of this range was not stressed in the SSA.  The SSA 
correctly states the GYA supported a small lynx population historically and that the current 
population status is unknown.  However, it was puzzling why in the document (page 40) the 
historical populations in Colorado, New York and Wyoming were combined together to imply a 
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similar importance to lynx conservation; historical and recent records of lynx in Wyoming are 
very different from those in Colorado (pre-release) and New York.  I also question the degree 
that lynx habitat in Wyoming is in protected status as stated in the SSA.  It is true that much of 
the GYA is in national parks or refuges and that these protected areas are/were occupied by lynx.  
However, the document did not mention that the best lynx habitat in the state is actually outside 
national parks and has been highly impacted by natural and anthropogenic disturbance (fire, 
timber manipulation, proposed energy development, conflicting wildlife management priorities).  
In a more general sense, Section 2.3.2.2 - Distribution within the DPS Range could benefit from 
a more cohesive underlying framework when discussing lynx distribution in terms of their 
geographic grouping and their importance to conservation (i.e. the logic needs to be described to 
readers).  I was puzzled why northern Idaho (no resident lynx) was grouped with Montana (best 
lynx habitat in the West) when discussing this geographic area.  There were inconsistencies in 
the document in how populations were emphasized in terms of species’ conservation based on 
current and historical records that could be easily corrected.    
 

In summary, I want to reiterate that this document was well organized and rigorously researched.  
The document concludes (page 221) with the statement, “We conclude that the functional 
extirpation of resident lynx populations from one or more geographic unit would demonstrate a 
loss of resiliency, reduced redundancy, and, possibly, reduced representation within the DPS. The 
probability of losses in resiliency, redundancy, and representation puts the Canada lynx DPS at 
increasing risk of extirpation through the end of this century.”  I agree with this concluding 
statement and the sentiment behind this statement was strongly supported in this well-researched 
and well-written document.    
 

Best Regards,  

 

 
Dr. John Squires 
Research Wildlife Biologists  
Rocky Mountain Research Station 
Forestry Sciences Laboratory 
800 E. Beckwith Ave. 
Missoula, MT  59801 
jsquires@fs.fed.us 
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Most relevant specific comments – see attached - 2017 0106 Draft Lynx SSA Report_JRS 
comments.pdf for all comments 

 

Comment 1 - Page 9 - How do we know the DPS demonstrates "adequate resiliency"?  

Lynx habitat in Washington and Montana is impacted by large wildlife, Maine is impacted by 
changing land use, and Colorado is impacted by large-scale beetle outbreak across of most lynx 
habitat in the state.  What would inadequate resilience look like ?? 

 
2 - Page 12 -  “We conclude that the functional extirpation of resident lynx populations from one 
or more geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, 
possibly, reduced representation within the DPS. The probability of losses in resiliency, 
redundancy, and representation puts the Canada lynx DPS at increasing risk of extirpation 
through the end of this century.” 
 
I think this summary adequately captures the feeling expressed by the SSA panel and is 
consistent with the biological realities facing the species.   
 
3 - Page 20 – “Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest),”    
 
Given what we know about lynx current population status and treats, it is very difficult to 
imagine that additive mortality through hunting or trapping will be consistent with species' 
conservation.  Is this statement required, because it seems to be misleading?  
 
4- Page 39 – “ 2) it was uncertain whether Colorado, New York, and Wyoming historically 
supported resident populations or only occasional dispersers; (3) New Hampshire probably 
supported a small resident populations that had been extirpated; and (4) the remaining states 
(Idaho, Maine, Minnesota, Montana, and Washington) had the best historical and recent 
evidence of resident breeding populations (68 FR 40082, 40086-40095, 40097-40101).”     
 
The inclusion of Wyoming and the GYA in a list with the same uncertainty as Colorado and 
New York is inappropriate (see above).  There are photo records to lynx in Wyoming since the 
1920's and recent reproduction and recolonizations (males and females with overlapping home 
ranges),  Confusing why you would consider Wyoming to be occupied by “occasional 
dispersers” and Idaho as being listed as recent evidence of a breeding population.  
 
5 - Page 41-42  – “ We concluded that the historical record and recent evidence of lynx 
occupancy and reproduction suggested the presence of a small but persistent resident lynx 
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population in the GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 
54796-54797, 42 54825-54826); however, the consistency of occupancy over time remains 
uncertain (Lynx SSA Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently 
or only intermittently supported resident lynx historically makes it difficult to interpret their 
recent apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have acted 
to tip the quality of the area’s habitat from just barely capable of supporting a small resident 
population to no longer capable of doing so, resulting in extirpation. We conclude that this 
uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, and 
that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage containing the 
dense horizontal conifer structure favorable for hares and, therefore, lynx foraging habitat, 
perhaps increasing the likelihood that the GYA may support resident lynx again in the near future 
(Lynx SSA Team 2016, p. 46)..”            
 
The historical importance of the Wyoming population was downplayed throughout the document 
(see above for extended comment).  Suggest the Team reviews/edits the wording to provide a 
better balance.     
 
6 - Page 45 – “although the Kettle Mountains in the northeastern part of the state are thought 
to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523 ) “ 
 
My knowledge of the Kettle Range in Washington is limited.  However, I was under the 
impression that lynx were harvested from this range with some regularity in recent past.  If so, 
this should be mentioned.   
 
7 - Page 45 – “New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23)”. 
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Provide clear documentation that supports the statement that there are “many more lynx in Maine 
and Minnesota” than when listed.  Lynx in Minnesota experienced large fluctuations in 
abundance overtime (McKelvey et al. 2000), including recently.  Only a few years ago, there was 
some question if there were any lynx left in Minnesota.  

 

8 - Page 97 “Because we lack evidence that persistent lynx populations have been lost from any 
other large geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has 
not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
(e.g., northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps 
Isle Royale in Lake Superior) peripheral to the geographic units that currently support resident 
lynx. Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S.” 
 
The loss of these small populations are significant, especially given the patch distribution of lynx 
throughout their range.  This may be what range contraction actually looks like compared to 
large geographic regions instantly winking out.   
 
9 – Page 97 “However, the implications of the potential recent loss of resident lynx in the GYA 
for the redundancy of the DPS are unclear. The historical record and recent research show that 
the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
National Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to 
support resident lynx. If so, the contribution of the GYA to redundancy within the DPS is 
questionable.” 
  
See comment 5 – As I mentioned before, we don’t know the historical status of the other 
populations and they too apparently “winked off” (e.g. Colorado (if historically occupied); 
Minnesota (winked off in 1980s).  Also as mentioned previously; the best lynx habitat in 
Wyoming is not in protected areas.     
 
10) – Page 120 –“ estimated the number of lynx that might be resident in northeastern 
Minnesota at a given time as between 190 and 250 individuals, assuming that about 25 percent 
of northeast Minnesota is suitable lynx habitat, coupled with assumptions about residence time 
and detectability. “  
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The number 190 – 250 I believe represented the upper limit estimate for lynx in Minnesota.  I do not 
know how many lynx are in Minnesota, but in 2007 when I was on a field trip near the Superior National 
Forest, a lynx researcher estimated there were only a “handful” of individuals.  I suspect the 250 number 
is very high compared to the actual population, but to what degree is unknown.   
 
11- Page 129 – “ ….Because lynx habitats in this unit, like most other areas of the DPS range, 
are naturally highly-fragmented, and most have hare densities that barely meet the 0.5 hares/ha 
threshold thought necessary to support resident lynx, relatively minor impacts, especially to hare 
and lynx foraging habitats, may strongly influence lynx persistence in some parts of this unit.  
 
Lynx Status: There are no reliable estimates of the historical or current number of resident lynx in 
this unit although, as described in section 2.3.2.2 above, it is thought to be capable of supporting 
perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially fewer than 
previous estimates of more than 1,000 lynx, which were based on a habitat area/ density index 
and broad assumptions regarding habitat suitability and lynx distribution (65 FR 16058) that are 
not supported by current understanding of lynx habitat requirements. As described above, 
habitats capable of supporting resident lynx in this unit are naturally patchier and less-broadly 
distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx therefore 
naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson in Lynx SSA 
Team 2016, p. 12). Although the exact distribution of resident lynx remains uncertain, this unit 
has a long and continuous history of lynx occurrence and evidence of reproduction (McKelvey et 
al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; Squires et al. 2008, entire; Squires 
et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 40090; 74 FR 8643; 79 FR 54825). “ 
 
Lynx habitat in the Northern Rockies of Montana is the best lynx habitat in the western US.  However, 
readers wouldn't get that impression after reading this summary.   
 
12 – Page 134 – “ Despite this increase, we are aware of no evidence that increased fire activity 
in the unit has thus far impacted resident lynx populations or reduced this unit’s ability to support 
resident lynx.”  
 
Depends on how you define "impacted".  Lynx habitat has been reduced by fire in several areas 
on the Lolo and Flathead National Forests including across broad areas of the Bob Marshall 
Wilderness Complex. 
 
13 – Page 146 -  “ Overall, although naturally fragmented and patchily-distributed, potential 
lynx habitat in this geographic unit appears to be largely intact relative to historical conditions 
and disturbance regimes, with only a small proportion apparently impacted by past management 
(timber harvest and precommercial thinning) activities (65 FR 16072). Despite some likely 
localized impacts of past timber management and infrastructure (e.g., highway, railroad) 
development, past management activities do not appear to have diminished this unit's ability to 
support resident lynx or to have created barriers to lynx movement, or to have had other 
landscape- or population-level effects. “ 
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This statement is generally true, but you also should stress that locations of disturbance are as 
important as the amount.  The human disturbance foot-print for the GYA population is small as 
state, but the disturbance that is present is focused in the best lynx habitat in the state - Wyoming 
Range.  This issues requires a nuanced discussion of disturbance issues relative to Wyoming/Salt 
Ranges, Union Pass, and Togwotee Pass.  
 
14 - Page 160 – “ Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units” 
 
A zero probability is a big statement.  For example, the functional lynx habitat in Colorado was 
actually impacted by a single catastrophic event - bark beetles.  That same scale of disturbance 
event could conceivable  sweep over the actual/functional lynx habitat in Washington, Wyoming, 
or even Montana (I realize that lynx may be able to gap this type disturbance).  Also, somewhat 
true for fire (1910 style) in these same western landscapes.   
 
15 -  Page 195 – “We anticipate that future Federal management direction will include 
continued management of national parks, designated wilderness and roadless areas, and other 
areas with nondevelopmental land-use allocations to maintain natural ecological processes, 
which should maintain natural disturbance regimes and landscape-level habitat mosaics to which 
lynx are adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). “    
 
It is important to realize that these protected and roadless areas are outside primary lynx habitat in 
Montana.  Most of these areas are high elevation and rough topography that are used little by lynx 
compared to mid-elevations.  It's interesting that lynx in Montana are really centered on lands that 
are in the FS timber base given the species resource-use patterns.   
 
16 – Page 208 -  Climate impacts in the GYA 
 
I was under the impression from McKelvey's wolverine work the GYA was an “island” that was 
high enough to ameliorate some climate impacts. I agree with much of the climate discussion as 
written for the GYA in this document, but the notion that the GYA may offer some important 
resilience to climate impacts wasn't communicated in the narrative.  The GYA could potentially 
be important to species’ conservation if the GYA could serve recovery through management 
actions (veg recovery following fire/management, reintroductions, etc) in the future.  
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17 – Page 215 – “In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). “ 
 
Do we really know the pregnancy rate for lynx in Colorado is low?  We don't know pregnancy 
rates for lynx anywhere in the continental US.  My very limited experience of locating lynx dens 
in Colorado (2014-2016) suggest the rate may be similar to Montana – most dens we located in 
beetle-kill produced 2 kittens - no data concerning the pregnancy rate.  
 
18  – Page 217 – “Other stressors affect lynx in one or more geographic units. For example, in 
northern Maine, where most high-quality lynx habitat occurs on private commercial timber lands 
and is the result of past timber harvest, changes in State forestry regulations (the Maine Forest 
Practices Act of 1989) that govern private forest management may currently be causing 
decreases in habitat quantity, quality, and distribution, and in lynx numbers (also see Future 
Conditions and Threats, below). The lack of binding lynx conservation commitments on private 
lands may exacerbate this risk to current lynx habitats in Maine. However, the current amount 
and distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of nearly 50 percent 
of lynx habitat, likely reducing this unit’s current lynx population and potentially compromising 
its current ability to support a resident population until habitats recover. Increased wildfire 
activity also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. “ 
 
In this paragraph, you identify the stressors to lynx populations.  I suggest you also add to the list 
the widespread beetle out-breaks in Colorado in one or two focused sentences.  
 
19  – Page 221 – “We conclude that the functional extirpation of resident lynx populations 
from one or more geographic unit would demonstrate a loss of resiliency, reduced redundancy, 
and, possibly, reduced representation within the DPS. The probability of losses in resiliency, 
redundancy, and representation puts the Canada lynx DPS at increasing risk of extirpation 
through the end of this century.” 
 
I agree with this concluding statement.  
 



From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: Request for Proposal TASK ORDER= PEER REVIEW LYNX
Date: Thursday, March 02, 2017 11:56:11 AM
Attachments: Harrison-draft SSA review v-1.2.pdf

2017 01 06 DRAFT Lynx SSA Report_JRS comments.pdf
SSA_Lynx_Comments_Squires.docx

fyi

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Date: Thu, Mar 2, 2017 at 9:56 AM
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX
To: "Bush, Jodi" <jodi_bush@fws.gov>
Cc: "Cogdell, Benjamin E" <Benjamin.Cogdell@atkinsglobal.com>

Hi Jodi,

 

There are three reviews that were outstanding. Below is their status. Good news is that two of them
came in overnight (at least partially).

 

1.      Reviewer03 (Harrison): Partial review is available with the comments tailored to support your
meeting. The full review will be available within the next week. Partial review is attached. Note from
reviewer “All of my important general comments are spelled out here, as well as my specific
comments that are referenced specifically to the first 50 pages of text.  Thus my most
important comments for FWS to consider are included here and hopefully can help in the
decision process.”

2.      Reviewer04 (Squires): Review and General Comments attached (2017 01 06 DRAFT Lynx SSA
Report_JRS comments.pdf and SSA_Lynx_Comments_Squires.docx)

3.      Reviewer05: I have corresponded with them this morning and believe we will still get their
review today. I will forward it when I get it.

 

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:matt.cusack@atkinsglobal.com
mailto:jodi_bush@fws.gov
mailto:Benjamin.Cogdell@atkinsglobal.com


Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, March 02, 2017 10:50 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt.  Any word on the last few peer reviewers?  We could really use those asap. Thanks JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Feb 22, 2017 at 10:27 AM, Cusack, Matthew T <matt.cusack@atkinsglobal.com>
wrote:

Hi Jodi,

 

Attached are the unedited reviewers from the first two reviewers.

 

mailto:Matthew.Cusack@atkinsglobal.com
http://www.atkinsglobal.com/northamerica
http://www.atkinsglobal.com/
mailto:jodi_bush@fws.gov
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Please let me know if you have any questions or concerns.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 22, 2017 11:24 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Hey Matt.  Please get us what you have asap.  

 

Unfortunately, the Service's decision meeting is on March 3rd and if we receive the Peer
reviews that day we will be unable to use them in that meeting.  Please let your folks know
that we need their reviews asap, but NLT February 27 or 28 for us to be able to discuss them
during the agency decision meeting.  Thank you.  JB

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

mailto:Matthew.Cusack@atkinsglobal.com
http://www.atkinsglobal.com/northamerica
http://www.atkinsglobal.com/
mailto:jodi_bush@fws.gov
mailto:matt.cusack@atkinsglobal.com
mailto:Benjamin.Cogdell@atkinsglobal.com
mailto:jim_zelenak@fws.gov


Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Mon, Feb 20, 2017 at 6:38 AM, Cusack, Matthew T <matt.cusack@atkinsglobal.com>
wrote:

Hi Jodi,

 

My apologies for the delayed response. I was out unexpectedly all week with the flu, which was
very hard on me.

 

As I am going through my emails from last week, I see that I have received two peer reviews,
which I will organize and deliver later today.

 

The other three are asking for more time, and have asked for March 3 due to a variety of travel
commitments.

 

I hope this will be acceptable, as I have been doing everything I can to work with the reviewers
so that you have a diversity of opinions.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

mailto:matt.cusack@atkinsglobal.com
mailto:Matthew.Cusack@atkinsglobal.com
http://www.atkinsglobal.com/northamerica
http://www.atkinsglobal.com/


 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 15, 2017 1:41 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Hi Matt.  I am checking in on the status of the Peer Review.  Any idea when we see
them?  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Fri, Jan 20, 2017 at 3:21 PM, Cusack, Matthew T <matt.cusack@atkinsglobal.com>
wrote:

Hi Jodi,

 

Hope you are well!

 

We are still in the process of some contracting, but the reviewers have adjusted their
schedules and have reported that they will have their reviews to Atkins by Friday, February
10. Just to make sure I have some time for late stragglers, I will have the draft, unfiltered
reviews to the USFWS on Monday February 13.

 

Once the USFWS has returned to me with confirmation that they see no red flags or serious
concerns that a reviewer misunderstood the materials, we will proceed with developing the

mailto:jodi_bush@fws.gov
mailto:matt.cusack@atkinsglobal.com
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summary report that discusses the points of agreement and disagreement between the
reviewers and have that ready for your review by within two weeks of the USFWS response
to Atkins.

 

Does that schedule work for you? Should allow us to have everything finalized well in
advance of the April 30 end of the period of performance.

 

Have a great weekend!

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, January 20, 2017 11:00 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt.  Just checking up on status of the Peer Review process.  I assume all reviewers
have received document (SSA) and you are proceeding ahead but wanted to check in.  

 

Perhaps an updated version of the Schedule (p.8) from your proposal would be
warranted so we all understand the timelines.  Thanks.  JB

mailto:Matthew.Cusack@atkinsglobal.com
http://www.atkinsglobal.com/northamerica
http://www.atkinsglobal.com/
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Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Mon, Jan 9, 2017 at 9:41 AM, Cusack, Matthew T
<matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,

 

We are in receipt of the SSA, thanks for sending.

 

I will let you know if we have any questions.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, January 06, 2017 4:30 PM

mailto:matt.cusack@atkinsglobal.com
mailto:Matthew.Cusack@atkinsglobal.com
http://www.atkinsglobal.com/northamerica
http://www.atkinsglobal.com/
mailto:jodi_bush@fws.gov


To: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; Cusack, Matthew T
<matt.cusack@atkinsglobal.com>
Cc: jim_zelenak@fws.gov; Steve Gess <steve_gess@fws.gov>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Ben and Matt.  

 

Attached please find the final DRAFT Species Status Assessment for the DPS of the
Canada Lynx.  

 

Please note the specifics of the contract as you proceed. As we indicated in that
Scope of Work (SOW), the purpose of the review is to help us ensure that we have
used the best scientific and commercial information when we make our final decision
as to the current status of the lynx.  As a result, we are looking for independent
scientific perspectives on the comprehensiveness and logic of the document, as well
as how well the technical conclusions are supported by the data and analyses. Peer
reviewers should be advised that they are not to provide advice on policy.

 

Questions for Peer Review (from the SOW)

 

Available Data
 

1.      Please identify any oversights or omissions of data or information, and
their relevance to the assessment. Are there others sources of information or
studies that were not included that are relevant to assessing the viability of
this species? What are they are how are they relevant?

 

2.      Provide advice on the overall strengths and limitations of the scientific
data used in the document. Have the authors been explicit about assumptions
and limitations of, and concerns regarding, the data, and are these
appropriately qualified or explained? Are there concerns that the Service did
not identify, and if so, how relevant are these concerns to the assessment of
viability of lynx in the contiguous U.S.? Are there any inconsistencies in how
the data are presented or assessed?

 
Analysis of Available Data

 

mailto:Benjamin.Cogdell@atkinsglobal.com
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3.      Have the assumptions and methods used in the SSA report been clearly
and logically stated in light of the best available information? If not, please
identify the specific assumptions and methods that are unclear or illogical.

 

4.      Are there demonstratable errors of fact or interpretation? Have the
authors of the SSA report provided reasonable and scientifically sound
interpretations and syntheses from the scientific information presented in the
report? Are there instances in the SSA report where a different but equally
reasonable and sound interpretation might be reached that differs from that
provided by the Service? If any instances are found where this is the case,
please provide the specifics regarding those particular concerns.

 

5.      Provide feedback on the inclusion and portrayal of uncertainty in the SSA
report. Have the scientific uncertainties present given the data and the
analyses conducted been clearly identified and has the degree of uncertainty
been appropriately characterized? If not, please identify any specifics
concerns.

 

Please remind Peer Reviewers (as per text in SOW and required in correspondence
with Peer Reviewers) of the following:

 

The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife
Service is using to improve transparency while conducting listing determinations and
other Act actions, and peer review of our analyses of the viability of species is part of
that new process.  The attached draft SSA report is a rough draft; we are seeking
comments at this stage to ensure that we have time to incorporate any substantial
comments as we finalize the report.

 

In reviewing the document, please note that this draft SSA report does not result in
or predetermine a decision by the Service on whether the Canada lynx warrants
protections of the s Act.  This document is strictly a characterization of the viability
species’ viability in the contiguous United States.

 

As a reminder, all peer reviews and comments will be public documents, and
portions may be incorporated verbatim into the Service’s final decision Document,
should there be one, with appropriate credit given to the author of the review.  If you
do not want your name to appear in a final decision document, as published in the
Federal Register, please inform us of this as soon as possible. 

 



In general we ask that your comments on the draft SSA report focus specifically on
whether the best available information was used, the quality of the scientific
information,  and our interpretation and analyses of the data with regard to the
species’ viability in the contiguous United States.  We request that you direct your
review to the scientific issues and assumptions related to your expertise.

 

 

A list of literature cited is included in the report and we have most of these
documents available in pdfs (although not all).  We can send you a thumb drive or cd
as you wish with what we have.  Please let me know your preference and an address
to have them fed-exed too.    

 

We look forward to your responses.  If you have questions, please contact our lead
for this project: Jim Zelenak at (406) 449-5225, ext. 220 or at
Jim_Zelenak@fws.gov.  Thank you.  JB

 

 

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Thu, Jan 5, 2017 at 2:36 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Ben and Matt.  Just a heads up.  I wanted to let you know that the document for
review (Draft Lynx SSA) will be coming later today or first thing tomorrow.  I
have also asked our contracting agent to extend the contract so you have enough
time to complete the review.  Thanks. JB

mailto:Jim_Zelenak@fws.gov
mailto:jodi_bush@fws.gov


Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Sep 7, 2016 at 12:01 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Hi Ben.  We are getting pretty close but probably won't see a document ready to
review for at least a few more weeks.  I'll keep you posted.  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Sep 7, 2016 at 9:52 AM, Cogdell, Benjamin E <Benjamin.Cogdell@
atkinsglobal.com> wrote:

Jodi,

I am working with Matt Cusack on the Canada Lynx peer review document. 
Do you have an update on the Draft Species Status Assessment (Document 1
listed below)?

 

Thank you,

mailto:jodi_bush@fws.gov
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mailto:Benjamin.Cogdell@atkinsglobal.com


 

Ben Cogdell

Scientist

ATKINS

1616 East Millbrook Road, Suite 310, Raleigh, NC 27609 | Tel: +1.919.431.5226 | Fax:
+1.919.876.6848

Email:benjamin.cogdell@atkinsglobal.com| Web: www.atkinsglobal.com/northamerica 
www.atkinsglobal.com

 

From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Thursday, July 28, 2016 2:58 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks
<kaimy_marks@fws.gov>; jim_zelenak@fws.gov
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt,  Sorry for the delay in responding to your questions; I was
out of town on business and just returned today.  Your questions
were however,  forwarded to Jim Zelenak whom works with Jodi
Bush. He sent me the following responses:  I think these should
answer your concerns.

 

Document 1 - the Species Status Assessment for the lynx DPS (SSA Report) -
is the document that we (FWS) need to have peer-reviewed.  We are working
now to complete the draft SSA report, and we hope to have it done very soon
(in the next week or so).  It will then go through internal review and editing
before it is ready to send out for peer review. I'm not sure how long internal
review will take - the DPS covers 4 FWS regions and 10-15 states depending
on how you want to slice it - but the internal review will be on as fast a time
line as possible.

 

Document 2 - The Final Report from the expert elicitation workshop is a
supporting FWS document that we want to provide to peer-reviewers, though
we are not seeking peer review on this document itself.  Most of the potential
peer reviewers likely already have the report because they either participated
in the workshop of were provided the report when it was completed. The final
report is on our Region 6 lynx web page under the SSA tab (Appendices and

mailto:benjamin.cogdell@atkinsglobal.com
http://www.atkinsglobal.com/northamerica
http://www.atkinsglobal.com/
mailto:Steve_Gess@fws.gov
mailto:matt.cusack@atkinsglobal.com
mailto:jodi_bush@fws.gov
mailto:kaimy_marks@fws.gov
mailto:jim_zelenak@fws.gov


Expert Presentations are also there); here is the direct link to the report:

 

https://www.fws.gov/mountain-prairie/es/species/mammals/
lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%
20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf

 

Document 3 - the revised LCAS - is also a supporting document that
candidate peer reviewers probably already have, though we wanted to provide
it because we rely on it in the SSA report. It can be found and downloaded
here:

 

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_
revisedAugust2013.pdf

 

Let me know if you would prefer that I send you PDFs of these.

 

We will let you know when the Draft SSA Report is undergoing internal
review when we will have a better idea of the timing of when it will be ready
for peer review.

 

 

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

 

From: Cusack, Matthew T [mailto:matt.cusack@atkinsglobal.com] 
Sent: Tuesday, July 26, 2016 9:56 AM

https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.fs.fed.us_biology_resources_pubs_wildlife_LCAS-5FrevisedAugust2013.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=WfVHf_XQZGHn_4RLp5v09MqjZ59GaPEkBwWHG9vxkq0&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.fs.fed.us_biology_resources_pubs_wildlife_LCAS-5FrevisedAugust2013.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=WfVHf_XQZGHn_4RLp5v09MqjZ59GaPEkBwWHG9vxkq0&e=
mailto:Steve_gess@fws.gov
mailto:matt.cusack@atkinsglobal.com


To: Steve Gess
Cc: Jodi Bush; Kaimy Marks
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Thanks Steve,

 

Can you please provide the following items that were indicated as being
provided in the Scope of Work?

 

1. 1) Species Status Assessment for the contiguous United States distinct
population segment (DPS) of the Canada lynx (Lynx Canadensis);

2. Final Report of the Canada Lynx Expert Elicitation Workshop
3. Revised (Aug. 2013) interagency Lynx Conservation Assessment and

Strategy (LCAS).

 

 

Feel free to use Atkins’ large file transfer system to provide me with the files
if they are too large for email. The site can be accessed with an email address
and a self-developed password here: http://sendit.na.atkinsglobal.com

 

Also, are these three items the entire scope of what will require peer review per the
scope of work? It is very helpful for me to see the materials that must be reviewed in
order to establish the range of magnitude for the reviews.

Thanks!

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234

http://sendit.na.atkinsglobal.com/


Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Monday, July 18, 2016 11:01 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks
<kaimy_marks@fws.gov>
Subject: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt, Here is a formal request for Proposal to conduct PEER
review for LYNX study.   Attached is the RFP , proposal is due
August 12, 2016. Please let me know if you have any questions.

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

 

 

This email and any attached files are confidential and copyright protected. If you are not the addressee, any
dissemination of this communication is strictly prohibited. Unless otherwise expressly agreed in writing, nothing
stated in this communication shall be legally binding.

The ultimate parent company of the Atkins Group is WS Atkins plc. Registered in England No. 1885586.
Registered Office Woodcote Grove, Ashley Road, Epsom, Surrey KT18 5BW. A list of wholly owned Atkins Group
companies registered in the United Kingdom and locations around the world can be found at
http://www.atkinsglobal.com/site-services/group-company-registration-details

Consider the environment. Please don't print this e-mail unless you really need to.
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Canada Lynx SSA Expert Elicitation Workshop – Notes 

Bloomington, Minnesota - October 13-15, 2015 

U.S. Fish and Wildlife Service 

 

Note to Reviewers:  These notes were taken by the U.S. Fish and Wildlife Service (Service) during a 
Canada lynx (Lynx canadensis) Expert Elicitation Workshop the Service convened to inform its species 
status assessment (SSA) for the Contiguous U.S. Distinct Population Segment (DPS) of lynx.  The lynx DPS 
was designated as threatened under the Endangered Species Act (ESA) in 2000 due to the inadequacy, at 
that time, of existing regulatory mechanisms, particularly those governing management of federal lands.  
The SSA will rely on the best available information to evaluate the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS, and it will provide the 
scientific basis for determinations the Service is required to make in accordance with the ESA.  The 
Service convened this workshop to elicit and capture the knowledge, professional judgments, and 
opinions of lynx experts to inform the SSA, particularly with regard to aspects of lynx population ecology 
for which we lack sound empirical data and which are not otherwise captured in the existing scientific 
literature or other sources of available information. 

These notes were reviewed, and in some cases amended with notes taken separately, by other members 
of the Lynx SSA Team in attendance.  The notes were then sent to workshop experts and other 
participants for their reviews.  Annotations in these final notes, in the form of strikethrough and colored 
text, indicate where experts edited or clarified the notes pertaining to their presentations or responses 
during the workshop.     

The Service has prepared and disseminated to workshop participants a Workshop Report summarizing 
the proceedings and providing the Service’s analysis and assessment of the information gathered at the 
workshop.  These final notes constitute Appendix 3 of the Workshop Report.  Presentations and some of 
the other materials referenced in these notes are also appendices of the Workshop Report, and they are 
available on the Service’s Region 6 Canada lynx web page under Species Status Assessment at: 
http://www.fws.gov/mountain-prairie/es/canadaLynx.php, as are other materials referenced here that 
are not appendices to the Workshop Report.   

Workshop Attendees - See Workshop Report, Appendix 2. 

Day 1  

Introductory Presentations by USFWS 

Welcome and introduction from Jodi Bush, Field Supervisor of the Service’s Montana Ecological Services 
Field Office.  Thanks to everyone for joining us for this important meeting.  As you know, we are here to 
assess the current condition and future viability of lynx in the contiguous U.S. distinct population 
segment (DPS).  This workshop is intended to inform the Species Status Assessment (SSA) that we’ve 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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undertaken for the DPS, which will inform future decisions we need to make under the ESA, including 
recovery planning.  However, this workshop is just about the science and best professional judgments of 
the experts; we will not be discussing ESA policies or making decisions about the listing status of the DPS 
or future recovery goals or criteria, etc. 

Goals/objectives/background – See Jim Zelenak Overview slides (this presentation and all others from 
the workshop are included in Appendix 5 of the Workshop Report and available at 
http://www.fws.gov/mountain-prairie/es/canadaLynx.php).  Where data are lacking, elicit expert 
opinion on the status, threats, and future viability of the lynx DPS.  Complete a SSA for lynx – will be the 
scientific underpinning for decisions on lynx in the future.  SSA will inform recovery planning and 5-year 
review.  Provided overview of listing history.  Six areas within the range of the listed DPS currently or 
recently (GYA) support lynx populations. 

Covered FACA/APA concerns given the information from the handout (attendees were given the 
handout “Using Expert Meetings for SSA” whitepaper) prior to and again at the workshop.  Clarified to 
the participants that all info from the workshop is subject to FOIA.  Meeting is not to make policy 
decisions (e.g., whether there should be multiple DPSs), develop recovery goals or objectives, determine 
the “right” answer or seek consensus.  Rather it is to document range of knowledge and opinion 
regarding current status and likely future conditions for lynx in the Lower 48 states.   

SSA framework overview covered – SSA fact sheet provided to attendees (Appendix 1 of Workshop 
Report). 

Conceptual model handouts provided – in draft form, will be used for elicitation process this week, 
looking for feedback from the experts. 

Overview of the expert elicitation process – we will be eliciting expert judgment/opinion on areas of 
uncertainty concerning lynx.   We will use modified Delphi approach to elicitation – involves eliciting 
individual input from the experts.  Will explore what information/data/reasoning is influencing expert 
opinion on a particular question.  There will be opportunity for reconsideration after discussion.  We are 
not seeking consensus answers to questions asked.  We hope to raise the level of lynx related 
knowledge of the group as we progress through the workshop. 

Overview Presentations: (See also the presentation files from presenters) 

Historic and Current Distribution of Lynx in the Contiguous US – Kevin McKelvey 

- Issues w/ lynx distribution – frequently confused w/ bobcats, a problem for relatively rare 
species like lynx, which can cause misidentification to corrupt the data without proper 
screening of occurrence records. 

- Provided examples of potential error rates when a similar species (bobcat) is much more 
abundant; even with relatively high (90%) identification success, only a few misidentified 
bobcats can cause significant error in lynx “observations.” 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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- Described need to rely on “verified records” to screen out poor data/misidentification. 
- Lynx periodically move south in pulses/waves (irruptions) from Canada.  Some lynx end up in 

places that may support them over time; others end up temporarily in places where they 
cannot persist.  How to determine which places support permanent populations vs those 
that only have lynx temporarily during or after pulses? 

- Largest pulses of lynx seem to be ~1960, 1970, 1980, and lesser pulses in recent decades. 
- Evidence of historical populations in WA, ID, MT, MN, ME, MI, NH based on persistence over 

time and/or evidence of reproduction, habitat, etc. 
- No current populations in NH, NY, VT, MI, WI.  May be a small population in Greater 

Yellowstone Area (southwest MT/northwest WY). 
- No evidence that lynx were widespread across contiguous U.S. historically. 
- Nearly all areas of suitable habitat (with adequate snow resources) seem to be occupied in 

the lower 48 states.  There are a few exceptions. 
- The historic data are in the form of recorded occurrences, which allows for inference about 

past distribution but not abundance. 
- Historic records are both finite and often unreliable. 
- Group discussion following this presentation brought up the fact that IUCN is updating their 

Red List evaluation of lynx, to be released in November, which will include their estimate of 
distribution and trends (Vashon). 

- It was asked why lynx appear unable to establish/maintain populations in most of Idaho, 
given seemingly viable habitat and many historic records.  Presenter indicated there is no 
clear answer based on the evidence in the record. 
 

Lynx Regulatory Environment 2000-2015 – Scott Jackson 

- Pre listing, there was very little regulation on Forest Service lands specifically for lynx. 
- Pre listing, interagency lynx steering committee, science team and bioteam were formed to 

direct compilation of the Lynx Science Report, Lynx Conservation Assessment and Strategy 
(LCAS, 2000), Biological Assessment of 1999, all to guide conservation and land use 
management on Federal lands. 

- Listed due to inadequacy of existing regulatory mechanisms.  
- FWS Biological Opinion in 2000 directed USFS to revise 113 forest plans and develop 

Conservation Agreements to guide management and lynx conservation until forest plans 
were revised.  Some units are still operating under Agreements, though most national 
forests with lynx or potential lynx habitat have formally amended their Forest Plans. 

- Post listing, Conservation Agreements between USFWS, USFS, BLM – “likely to adversely 
affect” projects would no longer occur.  BLM and USFS began updating land use plans to 
align w/ LCAS (2000) standards and guidelines. LCAS was revised in 2013.  

- LCAS (2000) principles: identified 17 risk factors and measures to reduce these risks, 
guidance on how to map Lynx Analysis Units (LAUs), forest management prescriptions to 
benefit lynx. 
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- Revised LCAS (2013) – new science, core area emphasis, anthropogenic influences (2 tiers) 
instead of “risk factors”, fewer conservation measures (vs. “standards and guidelines” from 
2000 LCAS).  Secondary/ peripheral habitat combined into “non-core” areas in the revised 
LCAS.  

- Focus of regulations has been on Federal land, primarily in the West.  There are other issues 
on private lands and unique regulatory issues in Maine (Maine Forest Practices Act of 1989). 

- LCAS (2013) identified greatest potential influences from climate change, forest 
fragmentation, wildland fire management, and vegetation management (timber 
harvest/mgmt. and silvicultural treatments). 

- Areas of greatest uncertainty = large scale, high intensity fires in the West, wide scale insect 
outbreaks, changes in silviculture that may or may not benefit hares and lynx. 

- Amount of lynx habitat in Federal ownership varies among 6 units from 98% in the Cascades 
to 1% in the Northeast. 

- A question regarding landownership was raised - do we have a breakdown of land-
ownership for each of the 6 geographic areas?  JZ – we have broken each critical habitat unit 
by ownership, but we did not designate CH in Colorado/S. Rockies, though ownership info 
there is also probably readily available. 

 
Lynx Genetics Considerations – Michael Schwartz 

- Reviewed all published papers on lynx genetic studies in N. America; summary that global 
results for measure of genetic variation (17 populations) shows high genetic mixing, some 
sub-structuring over distance, but ample gene flow continent wide. 

- N. Rockies provide some gene flow restriction, as well as an invisible barrier to gene flow in 
eastern Canada south of James Bay/Hudson’s Bay that may be related to snowfall.  Other 
than these, there are unlikely to be barriers to genetic interchange throughout much of the 
lynx range in boreal forest. 

- River systems can influence genetic sub-structuring. 
- Some genetic drift within the smallest populations; some genetic substructure in 

populations in eastern Canada and south of the St. Lawrence, island populations 
(Newfoundland and Cape Breton); however, there is evidence that there is interchange of 
lynx between each generation in eastern Canadian populations. 

- Some evidence that we are seeing gene flow out of Canada into US lynx populations during 
population surges. 

- Discussed levels of genetic sub-structuring of lynx in MT – river valley and highway may be 
causing sub-structuring. 

- Hybridization w/ bobcats does occur – studies have shown hybrids in MN, and Maine, no 
hybridization in west detected so far.  Very low numbers.  Does not seem to be a major issue 
nor is there evidence that hybridization is increasing despite significant increases in bobcat 
numbers. 

- Genomic studies can increase power and look for genes under selection. 
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- Recommended conservation goal for lynx should be to conserve genetic diversity currently 
represented in the 6 populations in the lower 48 states.  Recognize that this variation at the 
edge of the range may be of value to future populations, especially as related to changing 
climate. 
 

Lynx Distribution, Status, and Management in Southern Canada – Jeff Bowman 

- Each province has its own management program for lynx, each with its own harvest 
(trapping) policies and strategies. 

- British Columbia, Alberta, Saskatchewan, Manitoba – trapping numbers show peaks in 60’s, 
70’s and 80’s.  Smaller peaks in lynx numbers trapped since then.  Eastern provinces show 
higher peaks in lynx trapped in 1990, 2000 than the western provinces. 

- Peaks in lynx numbers lag behind hare peaks by one year.  Peaks occur roughly every 10 
years. [Note to presenter - please clarify if this statement is correct or if the lynx peaks in the 
east followed lynx peaks in the west by one year]. 

- Potential range contraction in eastern Ontario from 1960’s to 2010, southern boundary 
moving north.  Genetic study also supports trailing range-edge effect. 

- New Brunswick and Nova Scotia have listed lynx as endangered provincially; these two 
provinces have high numbers of bobcats, probable correlation.  Other provinces status 
seems secure (COSEWIC review). 

- Data show large peaks of hares/lynx in 1960, 1970, 1980; cycles since then are dampened, 
may be a future trend? 

- Noted recent genetic studies show some genetic differences (unique alleles) south of the St. 
Lawrence, but differences are not large. 

- Lynx range contraction in southern Ontario because of changes in forest practices, increase 
in tolerant hardwoods.  Seeing less genetic heterozygosity (allele richness) at the range 
margin. 

- “Invisible” genetic barrier south of Hudson’s Bay likely related to winter snow.  Effect will 
likely increase in the future with climate change.  May be habitat “imprinting” (snow 
conditions) between east and west Canadian populations. 

- Nova Scotia and New Brunswick have largest bobcat populations in Canada. 
- There was a question: Why are forests changing in Southern Ontario? It is likely a 

combination of things - the movement towards management of small scale disturbances, 
increased control of fire and other disturbances, less wide-scale logging than in the past, 
now more natural hardwood forests than in previous years. Management not caribou driven 
(caribou are farther north). 
 

Introduction and Discussion of Lynx Conceptual Models – Jonathan Cummings 

- Presented the 4 draft conceptual models to the experts (see handouts). 
- Simplified viability model, and one each for resiliency, redundancy, and representation. 
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- We will be seeking expert input on the models this week, will inform elicitation 
Day 2 

Overview Presentations (continued): 

7 Ways a Warming Climate can kill the Boreal Forest – Lee Frelich 

- Boreal forest may disappear from Minnesota by end of century. 
- Temperate tree species are invading boreal forests at local and regional scales, mixed 

ecotone spreading; deer herbivory may temporarily slow hardwood invasion of conifer 
stands. 

- Higher summer temperatures in northern MN (5 to 12 degree F increases projected by 
2100). 

- Prairie-forest border may move north by 150-300 miles by 2100. 
- Some authors project a 300 mile northward movement of boreal forest continent wide by 

end of the century. 
- Severe drought 8 of last 10 years. 
- High emissions scenario – no paper birch in US. 
- Aspen, fir, spruce will be reduced to absent in US. 
- Insect outbreaks will increase with climate change. 
- Small triangle of boreal forest in northeast MN (Arrowhead region) likely to hang on to end 

of the century because of higher elevation of area and lake-effect snow. This is not the 
entire arrowhead region, just a small proportion of it that is of relatively higher elevation. 

- Discussed 7 ways in which boreal forest will be converted to temperate forest over time w/ 
climate change. 

- Frequency of large damaging storms will increase, facilitating temperate forest conversion. 
 

 
Climate Change and Uncertainty:  Implications for Canada lynx Conservation and Management in the 
Contiguous US – Alexej Siren 

- Lynx presence associated w/ snowpack persistence greater than 4 months and deep (>270 
cm per year in Northeast), fluffy snowfall. 

- Discussed ways in which climate may influence lynx - population cycles and viability, 
increased competition with bobcats, hare coat-color mismatch, access to hares. 

- Warmer global mean surface temps in recent decades and into the future. 
- Warmer winter temps, especially in the Northeast US where increases will be greatest. 
- Winter precipitation projected to increase in eastern US, drier in western US. 
- Discussed emissions scenarios and projected changes across the range of lynx, see 

presentation file. 
- Northwest - overall drying, slight increase in winter precipitation, unsure how much will be 

snow (vs. rain). 
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- Northern Rockies - increased winter temperature and precipitation but not in NW Montana; 
long term may have best snow conditions for lynx because of high elevation; depends on 
snow depth and quality. 

- Southern Rockies - declining number of days below freezing, decline in winter snow and 
snowpack. 

- Great Lakes - increase in winter temperatures but increase in lake-effect precipitation and 
snow because of loss of ice on great lakes; in short term - best snow conditions for lynx. 

- Northeast - increase in winter temperatures and precipitation, dryer in summer, decrease in 
days below freezing and persistence of snowpack. 

- Generally across the range warmer winters, less snowfall and snowpack, warmer summer 
temps, increase in winter precipitation and non-snow precipitation in winter, less 
precipitation in summer, decreased snowpack period. 
 

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the Western US – Josh 
Lawler and Chad Wilsey 

- Vegetation modeled across western range of lynx under climate change projections to end 
of century – shift from subalpine forest to temperate evergreen needleleaf forests in 
western lynx range. 

- Projected decrease in lynx-appropriate forest across range in western states.  
- Fire projected to double by 2040 and triple by 2080; projected increase in fire frequency and 

larger fires. 
- Modeled lynx habitat and lynx ecological traits w/ climate change scenarios – projected 

simulated densities in lynx in western range in 2020s, 2050s, 2090s.  
- Shows some decrease in lynx densities across western range; decline of lynx habitat 

suitability in the Northwest; greatest likelihood of persistence in NW Montana. 
- Also looked at effect of population cycling impact on projected changes – overall changes in 

density not affected by population cycling.  
- On average simulated moderate declines in Canada lynx – some growing populations and 

some declines. 
 

Forest Management and Lynx Habitat Trends – Erin Simons-Legaard 

- Eastern spruce budworm outbreak cycles in Maine became may have become more wide 
ranging frequent since 1970’s (historically outbreaks at roughly 65-year intervals; recently 
30-40 years; severe outbreak in the 1970s). 

- Severe spruce and fir budworm mortality was followed by large-scale clear cuts mid-1970s - 
mid-1980s to salvage-harvest trees - created current lynx habitat. 

- Regulations (Maine Forest Practices Act 1989) then put in place to manage clearcutting 
making cuts smaller, shift from clearcutting to various forms of partial harvesting; this 
caused the annual harvest footprint to double in northern Maine with lower quality habitat.; 
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since 1989, 65% of landscape has been affected by partial harvesting, which supports lower 
hare densities than regenerating clearcuts. 

- Ownership changes in northern Maine, more and diverse ownership now than historically; 
REITS and TMOs; short-term investment horizon and different forestry outcomes. 

- Non-development easements in place in many areas of northern Maine, but they do not 
regulate forest management. 

- Conifer stem density influences hare density in Maine - hare/lynx habitat created by even-
aged management and dense regeneration of spruce-fir. 

- Timber harvest levels increased over past several decades; modelinged emulated 2000-2010 
harvest rates tree species change over this time. 

- Modeled lynx habitat into the future.  Assumptions of forest practices used by current 
landowners.  Also used stochastic modeling (which includes harvest).  

- Lynx foraging habitat – spruce-fir forest – modeled to 2050 – high quality habitat for lynx is 
currently about 8% of the northern Maine landscape.  Projections are that habitat and lynx 
occurrence will decline to about 5% of the landscape by 2030, and then level off. 

- Prevalence of partial harvesting will lead to elimination of most areas with concentrated 
high-quality habitat.  Most of the landscape will have a low (<30%) probability of supporting 
lynx percentage of high-quality habitat for snowshoe hare at the lynx home-range scale. 

- As clear cuts regenerate and age, become less appropriate for hares and lynx at about 35-40 
years post-harvest, probability of lynx occurring in areas where they currently are will go 
down over time to 2050. 

- When forest is disturbed, composition shifts to red maple and balsam fir; however, next 
outbreak of spruce budworm coming in 2 to 5 years, which may greatly affect fir component 
of lynx habitat. 

- It is unlikely budworm will be controlled by spray; unlikely that landowners will clearcut and 
herbicide as they did in the last budworm outbreak. 

- Quebec – currently being heavily impacted by spruce budworm outbreak, spreading to 
Maine, not likely to be managed in Maine. 

- Snow will decrease in Maine in light of climate change (20% projected decline in snowfall). 
- If quality hare habitat is greater than requires only 50% spruce-fir forest, habitat for lynx 

should increase over time after reaching a low point in 2030, habitat may increase between 
2030-2040 and then level off at ~5% of the landscape.  But if hares require higher spruce-fir 
content, lynx habitat would go down not rebound 2030-2040 (remaining at only 2-3% of the 
landscape) as there will be fewer areas w/ high percentage spruce-fir content. 

- Climate envelope modeling suggests balsam fir, white spruce, and red spruce will be largely 
gone from Maine and areas of eastern Canada by 2060. 

 
Southern Snowshoe Hares:  Updates, Questions, Forecasts – Karen Hodges 

- Northern hare cycles are highly variable; peaks and amplitudes do not line up as nicely as 
has been described in the literature.  
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- Some southern hare populations show “cycle-ish” dynamics and high densities.  
- Flathead National Forest, MT in lynx CH, has high hare densities but no lynx, has bobcats, 

why? 
- Regional differences in maximum hare abundances observed in highest quality habitats 

across western and eastern landscapes – presented distributions of hares in western and 
eastern states in lynx range, see presentation file for numbers. 

- Reported hare densities w/ habitat attributes. 
- Forestry that reduces stand structure reduces hare abundances, hares increase w/ number 

of years since pre-commercial and commercial thinning. 
- Hares recolonize burned areas as soon as they become suitable as the stand regenerates 

over time. 
- How many hares do we need to keep lynx around? Landscape hare densities of 0.5 hares/ha 

(LCAS) to 1.1 to 1.3 (Steury and Murray).  Maine and MN landscape hare densities needed to 
support lynx in between these values.  Question why the GYA with low landscape hare 
densities still (may) support lynx. 

- Red squirrels are major alternative prey to snowshoe hares – little known about their 
densities. 

- If we lose boreal forests we will lose snowshoe hares. 
- Hares and shrubs – understory important to hares, but little studied.  Need to be studying 

understory structure - are those data collected on National Forests? 
- Impacts of climate change on hares – changes to habitat structure and changes from boreal 

forest to other types will impact hare abundance. 
- Salvage vs clearcut – salvage logging post fire will lengthen time for hares to recolonize 

burned areas.  In Quebec harvest may create higher hare densities than fire. 
- Climate change will affect hares.  Increased fire and insect outbreaks.  Forests may not 

regenerate to boreal forest.  Coat change mismatch (Mills paper) - had some concerns. 
- Changing forest community - hare is only ~20% of bobcat diet (bobcats eating primarily red 

squirrels), hares used by fishers, raptors, coyotes, fox, etc. - diverse predator assemblage at 
southern edge of range. 

- Uncertain of the impacts of bobcats moving into lynx territory. 
 
Lynx Population Status and Threats Updates: 

Maine/Northeast – Jennifer Vashon 

- A “happy story.” 
- 1990’s to today – extensive areas of regenerating spruce-fir forest in Maine – good for hares 

and lynx. 
- This has resulted in a presumed increase in suitable habitat above likely historic conditions. 
- 18 million forested acres in Maine; 6 million acres of spruce-fir, of which 3 million acres are 

lynx habitat. 
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- Lynx habitat (sapling habitat in Forest Inventory and Analysis [FIA] data) increasing in the 
state; 40% of total spruce-fir is in sapling stage. 

- 2006 - 700,000 acres of dense spruce-fir stands; 2015 – now 805,000 acres. 
- Discussed telemetry study in Maine, conducted from ‘99-’11, with 191 individuals – see 

presentation file for more details. 
- Demographic values from the telemetry study resulted in an estimated reproductive rate of 

65%, an average of 2.63 kittens per breeding female, and a 78% kitten survival rate, see 
presentation for full details. 

- 4.5 adult lynx/100 square km in study area with 5 to 9 kittens. 
- Strong selection for spruce-fir sapling habitat. 
- Measured some demographics on survival and reproduction. 
- 2006 pop estimate 750-1000 adult lynx, 2015 more lynx than 2006 and various indices (road 

mortality, track surveys and incidental trappings) suggest population still increasing. 
- This estimate is based on estimated extent/amount of suitable lynx habitat and estimates of 

lynx density derived from the telemetry study.  Total amount of habitat (from FIA data) X 
proportion of townships with lynx tracks X densities observed on the study area = total 
Maine lynx population.  This estimate is based on data of extent/amount of suitable lynx 
habitat, occupancy from systematic surveys, and estimate of lynx density derived from a 12 
yr telemetry study.   See Day 3 parking lot questions on page X for more detail explanation. 

- Budworm outbreak and clearcutting to occur in the near future. 
- Clear cuts still providing good conditions for lynx and hare 30 years post clear cut. 
- Future impacts of changes to forestry resulting from Forestry Practices Act are unknown. 

but likely will result in a decrease in lynx habitat. 
- The current abundance of habitat for lynx in Maine following extensive clear-cutting of 

budworm impacted stands prior to forest harvest restrictions (i.e., Forest Practices Act). 
- Does not believe that forestry guidelines are needed.  Allow landowners to make choices on 

what they believe lynx need. An objective of IFW/USFWS lynx telemetry study was to 
provide landowners with the forest stand characteristics that support lynx to guide their 
management on private lands. 

- Lynx population connected to neighboring Canadian provinces. 
 

Minnesota/Upper Midwest – Ron Moen and Susan Catton 

- “Non-estimate/guess” of 50-300 lynx in MN, confident of minimum of ~50 due to genetic 
sampling, but the other end of the range is speculative. High degree of uncertainty. In 2015, 
there were 133 DNA samples collected - 48 individuals with 20 recaptures. 

- Lynx population in MN connected to Ontario, not separated; dispersal into and from Ontario 
is common. 

- Discussed home ranges and cover types in home ranges - amount of regenerating (young) 
forest is predictive. 
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- Studied hare densities in NE MN, higher in southern Ontario. Much fluctuation in hare 
numbers in recent years. 

- Lynx are concentrated on the landscape in areas of high-quality hare habitat. 
- Majority of mortality in MN observed in radio telemetry study was human caused 

(incidental trapping, road mortality).  This was a small study with ~20 collared individuals. 
Tamara Smith noted that Twin Cities FO maintains an incidental take database that is cross-
referenced to the Superior National Forest (SNF) DNA database.  

- Bobcats are moving into NE MN; harvest increasing from 2000 to 2015, but still very few in 
the Arrowhead (northeastern MN, where the lynx are). 

- Projected to lose lynx habitat in the future w/ climate change.  Several modeled scenarios 
show almost complete loss of snow suitable for lynx by 2095, only a small area extreme NE 
Minn may retain. 

- Documented hybridization w/ bobcats, 13 hybrids among 268 individual lynx identified from 
DNA samples. 

- In general male lynx in MN were more migratory, moving in and out of Ontario, whereas 
females tended to disperse and then remain in the new location, either going to Ontario to 
stay, or vice versa 

- SNF conducts focused snow track surveys in areas known to have lynx.  SNF collects genetic 
samples to identify individual lynx and to track persistence.  Additional DNA samples are 
collected opportunistically (e.g., from road kills, incidental trapping, etc.).  Their database 
contains 268 identified individuals (48 individuals identified in 2014-15 winter - 20 
recaptures [including 2 hybrids] and 28 new lynx).   

- SNF annually collects/tracks 3-5 family groups. 
- Reproduction documented each year. One female lynx was tracked for 5 years - she 

produced 7 kittens in MN. 
- SNF is working with Twin Cities FO and NC State University to refine the survey protocol to 

get more meaningful data with little added effort. 
 

Montana and Greater Yellowstone – John Squires 

- Wyoming – in 1990’s and early 2000’s  few detections of lynx lynx were detected reliably in 
the Wyoming Range, Union Pass, and both sides of Togwotee Pass. 

- The long-term persistence of lynx in the GYA is unknown, but early records from 
Yellowstone Park documented presence in the 1920-1930s. 

- Yellowstone – 3 lynx confirmed and reproducing in 2000-2004; few, if any, lynx remaining in 
the Wyoming Range and on Togwotee Pass based on recent surveys.  The presence of lynx 
throughout the remainder of the  andGYA is unknown. since then despite extensive survey 
effort. 

- Presence confirmed in Wyoming Range Teton area in early 2000s; 2 individuals collared and 
movements recorded. 
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- Snow track surveys have been conducted over time and indicate a clear pattern of lynx 
presence in the Wyoming Range, Union Pass and Togwotee Pass~ 6 tracks per year of 
survey.  However, the current status of this population is unknown, but believed to be at 
low numbers based on current on-going surveys.  The distribution of lynx in the Yellowstone 
National Park was determined with an extensive survey (2001 – 2004) that indicated lynx 
were present and documented reproduction; additional representative surveys were not 
conducted. , without any notable pattern, which have found ~ 6 tracks per year of survey. 

- Reintroduced 2010 genetic sampling resulted in no “native” GYA Lynx individuals being 
identified - only lynx from Colorado have traveled to the GYA and occupied previous home 
ranges of “native” lynx in the Wyoming Range and on Togwotee Pass, including males and 
females with overlapping home ranges.that dispersed from Colorado. 

- Oil and gas leasing – potential risk to lynx in WY, overlaps lynx range in the Wyoming Range 
of western/northwestern WY. 

 
- Montana – more lynx in northwest MT than GYA. 
- Studied reproduction and litters in MT in Seeley Lake Area and Purcell Mts.  
- 175 individuals were collared; the average lifespan for lynx in this area is 8.6 years. 
- An average of 2.5 kittens per litter (2.25 in Seeley Lake and 2.95 Purcell Mtns.).  Productivity 

was ~0.7 on average, and annual survival was 0.5 for sub-adults and 0.75 for adults on 
average. 

- Lambda (rate of population increase) was 0.92 for the Seeley Lake area (e.g., population 
declining) and 1.16 for the Purcell Mtns. (population increasing). 

- Lynx have recently contracted/perhaps extirpated from the Garnet Range. 
- Modeled monthly survival rates – see presentation file for numbers. 
- Predation (mountain lions), starvation, and human-caused mortality each about 1/3 of 

documented mortality in MT. 
- Evidence of cyclicity in vital rates was not observed. 
- Most of MT probably decreasing lynx abundance.Areas outside the Purcell Mountains in 

Montana may have declining population numbers based on PVA analyses.   
- Protection of lynx habitat in core area in Seeley Lake increased substantially with 

conservation land purchases., hundreds of thousands of acres  “protected” 
- 2000-2013 over a million acres burned in lynx range in MT. 
- Good habitat is habitat in which females produce litters, positively related to connectivity to 

mature forest and low fragmentation. 
- Lynx persisted in low population numbers in WY and MT, may not currently be any lynx in 

WY.Montana is believed to support the largest lynx population in the western United States, 
but minimum population sizes have not been calculated.  Lynx in Montana are more 
abundant compared to Wyoming. 

- Last surge/wave of lynx out of Canada was in 1980s; no recent surges have been observed in 
sampling areas, is this related to the status in MT today? 
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- Fire prevalence in the last 13 years is far greater than it was for the previous decadal periods 
going back to the 19260s? [Note to Reviewer- is this date correct?]. Major factor in 
persistence of lynx in MT. 

- Silviculture in MT has both positive and negative effects - research is currently investigating 
lynx-use of forest management not much evaluation of whether the USFS guidelines are 
working. 

- No evidence of “waves” of lynx during hare/lynx peak:  little demographic effects.  Are we in 
a “lynx drought?” Recent wave of lynx from Canada seem relatively low magnitude, thus MT 
population slowly declining? 

- Lynx in Montana exhibit fine-scale genetic sub-structuring.  
 
Parking Lot topics (Answered on day 3) 

- 2000 LCAS is adopted in Forest Service plans, still operating under 2000 LCAS standards and 
guides.  The 2013 LCAS is less restrictive than 2000 version, so by operating under the 2000 
version the 2013 standards and guides are sufficiently covered. 

- If Maine’s lynx population is so large, why was the State’s incidental take request for lynx 
relatively low? 

- How exactly did Maine estimate lynx population? 
 

Northern Washington – Ben Maletzke 

- Lynx are state-threatened in WA; possible justification to update to endangered status 
based on current status of threats. 

- DNR has a management plan (HCP) and recovery plan for lynx. 
- USFS has 98% of lynx habitat in WA. 
- Okanogan Lynx Management Zone (LMZ) only area in WA w/ consistent lynx records from 

2005-2015 
- Went over 5 listing factors in WA: 

o Reg mechs/lynx plans in place; 
o No disease, little predation, could increase w/ climate change and snow changes; 
o Bark beetle, bud worm – trees dying, increased fire, many burned areas in 

previously good lynx habitat, see presentation file for numbers; 
o Regeneration of burned areas could create good habitat, but takes 20-40 yrs for 

these areas to grow up to hare/lynx habitat again; 
o Climate change may have effects on veg cover, precipitation, fire size and 

frequency, prey densities; 
o Small blocks of populations, vulnerable to stochastic events;  
o Connectivity of Okanogan w/ Canada okay, Kettle crest less connected to Canada. 

- Rough ideas on population.  1990s there were 90 to 120 females, currently as few as 24 
females. 



13 

- Lynx currently have larger home ranges, reduced habitat.  May be vulnerable to trapping in 
BC Canada. No long term studies - snapshots of data. 

- Discussed WA potential management and recovery actions - concerned about climate 
change effects on snow depth, quality (crusting), duration and effects on fire frequency. 

- Connectivity during surge events from Canada more important for areas other than 
Okanogan in WA; have not seen waves of lynx during recent high hare/lynx years in Canada. 

- Thoughts for future study include probability of population persistence, need and feasibility 
for augmentations, collaboration with British Columbia, state status in WA, management, 
surveys and monitoring. 
 

Colorado/Southern Rockies – Jake Ivan 

- Showed map of 90% UD – most hanging around southwest and central CO. 
- State endangered (1973); widespread federal predator control 1910s-1920s . 
- 1978-1997 statewide surveys (11) found only a few tracks. 
- 1999-2006: 218 lynx translocated from Canada and Alaska.  During the period of monitoring 

(1999-2010) the population persisted and had relatively high annual survival, relatively high 
reproduction. 

- First denning documented in 2003, 48 dens by 2010. 
- Modeled population – trajectory of pop is slightly increasing maybe, but at least holding 

steady. 
- Intensive monitoring concluded in 2010; now conducting occupancy monitoring (only in San 

Juan Mountains now; hope to expand to rest of potential habitat and for 10 years) and hope 
to be able to detect trends. 

- Evidence of some continued reproduction 2010-2015 (kittens at camera stations, and 38% 
of Squire’s captures were “new” individuals). 

- Current survival unknown.  
- Potential threats – climate change, bark beetle epidemics, fire, concentrated recreation 

(seem tolerant of humans, but more and more people in the backcountry), highways. 
- Spruce-fir moderately vulnerable to climate change, habitat expected to migrate upslope 

over time. 
- 4 million acres of trees killed by bark beetle, but lynx are still using beetle kill areas for now 

as long as understory vegetation is available for hare production. 
- Potential elevation refugia may be unique for lower 48 states for climate change. 
- Development (extensive ski areas) may be affecting lynx (avoidance). A cursory, pre-analysis 

review of location data suggests that lynx make use of landscapes in which heavy winter 
recreation occurs.  However, use of developed ski areas is light, and outside of ski areas, 
heavy lynx use tends to occur in thick timber that is unused by snowmobiles and other 
backcountry users. 

- Red squirrels can provide 25% (Jake - was this 25% or 20%?) of lynx diet, but losing cone-
producing trees at large geographic scale after beetle outbreak may be significant during 
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landscape level dips in hare density. Over 10 winters of snow-tracking in Colorado, red 
squirrels comprised an average of 25% (range = 7-72% for any given year) of lynx diet by 
occurrence; they comprised an average of 6% (range = 1-32%) by biomass.  

- Lynx snow track and camera surveys have been initiated. 
   

Expert Elicitation of lynx status via questioning on representation, redundancy and resiliency 

Following the presentations, an expert elicitation was conducted to collect additional information on the 
status of lynx for each the three measures of viability used in a species status assessment, namely the 
levels of representation and redundancy for the DPS, and resiliency for each lynx population/geographic 
area within the DPS.  

Redundancy Questions: 

1. List the factors/catastrophic events that could eliminate an entire population.   
Response Type: index card list  
-  Some discussion around defining catastrophic event – a single point in time event, ex. Hurricane, large 
fire vs event that takes 10 yrs to occur or series of events.  For this question the event was defined as a 
single point in time.  And discussion around population – in this case each of the 6 geographic areas is a 
“population”.  Eliminate means functional extirpation.  

- Experts asked whether climate change was considered a catastrophic event; USFWS answered that 
because it operates and its effects are manifested over longer time frames, it should not be considered a 
catastrophic event for the purposes of this elicitation. 

- Experts asked whether the “population” lost meant the DPS in its entirety or a single one of the 6 
subpopulations or units.  Experts were asked to consider the loss of any one subpopulation.  

- See Redundancy expert response handout. 

2.  Could any of the catastrophic events listed eliminate all 6 populations/geographic areas 
simultaneously? 
Response type: experts supplied a written response of yes or no.   

- See Redundancy expert response handout. 

3.  What is the probability that any single population could be eliminated by a single catastrophic event 
in the next 10 yrs? 
Response type: 1-point elicitation.   
 
- See Redundancy expert response handout. 
 
4. What is the percent likelihood that a series of catastrophic events within the next ten years could 
cause functional extirpation of one or more lynx populations? 
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Response type: 1-point elicitation.   
 
- See Redundancy expert response handout. 

5.  How long would a population eliminated by a catastrophic event require to become reestablished 
naturally?  
Response type: 3-point elicitation.   
 
- See Redundancy expert response handout. 

Day 3 

Parking lot questions: How was pop estimate in Maine done? – Jen Vashon answered: FIA data to 
estimate the amount of spruce-fir forest in the core lynx range, FIA data to measure how much was 
sapling, winter snow track surveys used to estimate the proportion of habitat that was occupied.  
Looked at areas to likely have lynx vs all the areas, tells how much of the habitat is likely occupied by 
lynx in 2006.  Looked at home ranges of lynx, how many acres are in a female and male home range.  If 
lynx could occupy all the spruce-fir and all the spruce-fir sapling available to give estimate of number of 
lynx.   

How did you determine primary predation in Maine?  Jen Vashon: Found primary predator was fisher.  A 
lot of initial skepticism around this.  Close tie to snow storms and lynx bedding in hardwood mature 
softwood forests, where fisher are.  Assume they many were killed while bedding. All Most were killed 
by bite around the neck.  Forensic evidence at the sites was consistent w/ fisher predation.   We have a 
draft manuscript in prep. 

For Maine, w/ a pop maybe greater than 1000, why is incidental take in the trapping HCP so low?  Jenn 
Vashon:  MDIFW implemented measures we thought would reduce trapping injury and mortality leading 
up to the time we submitted the ITP application.  We used the recommendations in the AFWA booklet 
and killer-type traps on a leaning pole 4 feet off the ground at a 45 degree angle.  We believed that 
these measures would result in low mortality, thus a request of 3 lynx mortalities in traps over the next 
15 years.  

Question about pellet index vs live trapping of hares – Karen Hodges answered: Pellet counts are proven 
to be robust & are the most reliable survey index method to provide variance population estimates; 
differences in methodology don’t explain variation in survey results across range.  Pellet counts have 
been thoroughly studied by many researchers and we know they relate well to snowshoe hare densities 
across the range and through the cycle.  They do a much better job than tracks or browse or other index 
methods.  Mark-recapture is still the gold standard because it is an estimator, not an index, but pellets 
are by far the best index because their properties are well known and they do map onto capture-mark-
recapture estimates well. 

Resiliency Questions:  Probability of Persistence Exercise 
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1.  What is the probability of persistence over time (particularly currently and at 2025, 2050, 2100) for 
each of the 6 major geographic units with lynx populations? 
Response type: 3-point elicitation.  What are the lowest probability, highest probability, and most likely 
probability of persistence?  Experts were asked to connect the points through time to create a risk 
profile for each of the 6 geographic units. 
  
- See Resilience expert response handout. 

2. What are the major drivers/factors (up to 3) reducing or influencing probability of persistence for 
each of the major geographic units? 
Response type: Ranked list of factors, for each point in time (2025, 2050, and 2100), with % contribution 
of each factor. 
  
- See Resilience expert response handout. 

Conservation Brainstorming Exercise 
  
3.  What conservation actions could be taken that would address the factors impacting the probability of 
persistence or otherwise increase the probability of persistence? 
 
Response type: Individual list with rounds responses.  Experts were asked to each write their own list of 
conservation actions that could be taken.  They were given 5 minutes for this task.  Facilitators then 
asked one expert at a time to provide one item from their list, cycling through the set of experts until 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was their 
turn that had not been on their written lists. 
 
List of potential conservation actions: 

 Reduce CO2 emissions.  

 Continue protections associated w/ Federal and/or State listing. 

 Adjust forest management to retain spruce-fir and reduce fire burn rates. 

 Conserve/promote habitat connection w/ Canada populations through land use planning. 

Management of salvage logging associated with fire and insect damage to facilitate/expedite 
conditions favorable to hares and lynx. 

 Configure and design lynx-friendly landscape at appropriate scales; maintain habitat mosaic. 

 Manage fuels-reduction (wildland fire) projects to maintain hare/lynx habitat features. 
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Population augmentation/reintroductions for currently small or extirpated populations (GYA, 
Kettle, etc.); bolster populations before future impacts. 

Additional research to fill knowledge gaps (particularly related to conservation effects) – forest 
conditions that support hares, hare densities needed for lynx, range of habitat needed for lynx, 
unclear exactly what is needed for lynx across the range, viability, landscape hare densities, etc.  

Cross border cooperation with Canada to increase near border populations, maintain 
connectivity. 

Consider cumulative impacts of mining, ski areas, oil and gas, etc. in management decisions. 

Promote reforestation of heavily-fragmented areas (WY, MN); reduce fragmentation. 

Strategic habitat conservation, model and identify key areas and focus on those areas still in 
need of protection and management (e.g. private forest lands). 

Maximize redundancy of lynx populations throughout the DPS. 

Develop fire-management BMPs to create high- and low-intensity mosaic fire patterns to benefit 
lynx and hare habitats. 

Is there a need for a consistent lynx (and hare?) monitoring strategy?  Maybe could couple 
w/monitoring of other carnivores.  Structured occupancy modeling with genetics sampling, 
could be very informative, and is cost effective.  Known-fate monitoring.  Monitoring pellet plots 
is proven and reliable way to monitor hares. 

Could benefit from more funding specially devoted to mesocarnivores.  Lynx are in worse shape 
than other carnivores that receive a lot of funding, have more secure populations, and  will 
respond to climate change better. 

Representation Questions –  

1. Are any of the populations susceptible to genetic drift on a scale that would limit genetic viability? If 
yes, which populations? 
Response type: Experts supplied a written response of yes or no, with a yes answer accompanied by the 
list of populations. 

- See Representation expert response handout. 

2. Are there locations from a lynx perspective that have unique habitat conditions relative to other areas 
in the lynx range that are necessary to foster future adaptive capacity of the DPS? If yes, where? 
Response Type:  Open discussion. 
 
- See Representation expert response handout. 
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Other things the experts thought we should consider – 

Monitoring of prey base (hares, red squirrels) should be considered, would be very informative.  Pellet 
based or mark recapture are most reliable methods.  Need to sort out if these areas that we think are 
going to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat.  Monitoring of these areas could help 
inform. 

[Participants are invited to provide additional notes in this section] 

MEETING ADJOURNED  
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Executive Summary 
As part of a species status assessment (SSA) for the contiguous United States distinct 
population segment (DPS) of the Canada lynx, the U.S. Fish and Wildlife Service (Service) 
convened an expert elicitation workshop to gather (1) the best available information on the 
current status of lynx populations within the DPS and (2) the professional judgment and 
opinions of lynx experts regarding the future viability of the DPS.  This report summarizes the 
results of the workshop regarding the current and likely future condition of lynx populations in six 
geographic areas within the DPS in terms of representation, redundancy, and resiliency.  The 
Service will incorporate the information gathered at this workshop into the SSA as appropriate, 
along with the published scientific literature, to inform recovery planning for the DPS and any 
other determinations the Service is authorized and required to make in accordance with the 
Endangered Species Act.     

Purpose  
The purpose of this report is to convey the results of an expert workshop convened by the U.S. 
Fish and Wildlife Service (Service) in October 2015 to improve our understanding of the status 
of the contiguous U.S. distinct population segment (DPS) of Canada lynx (Lynx canadensis).  
This workshop was held in conjunction with a species status assessment (SSA; see Appendix 1 
[All appendices are accessible at: http://www.fws.gov/mountain-prairie/es/canadaLynx.php]) for 
the DPS.  The SSA, which will incorporate the best available scientific information on lynx, is 
needed to inform the Service’s response to a June 2014 court order to complete a recovery plan 
for the DPS by January 2018, or make a formal determination that a recovery plan is not 
necessary.   
 
The workshop was organized by a Lynx SSA Team consisting of Service and USGS staff who 
have developed and piloted implementation of the SSA framework, and Service biologists who 
are working on lynx throughout the range of the DPS.  In the interest of collaboration and 
transparency, this team partnered with State agencies, other Federal agencies, and academic 
researchers to elicit expert input regarding the current and likely future status of lynx populations 
within the DPS. 
  
Expert input is needed to complement the published scientific literature and other available 
information on many aspects of lynx population dynamics in the DPS range.  In particular, we 
were looking for additional information on the status, sizes, and trends of lynx populations and 
on threats to lynx habitats and those of their primary prey, snowshoe hares (Lepus americanus).  
We therefore designed a process to elicit and capture the knowledge, professional judgments, 
and opinions of lynx experts to help us assess the current status of, and the nature and 
magnitude of potential threats to, lynx populations and habitats within the DPS.  We also sought 
expert knowledge to help us evaluate the viability of the DPS (in terms of the “3 Rs” - 
redundancy, representation, and resiliency; see definitions below) under a range of future 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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threats, habitat conditions, and climate scenarios, and to identify and make explicit areas of 
uncertainty and potential differences of opinion among experts. 
 
The results of the workshop will contribute to the SSA, which will compile and summarize the 
best available scientific and commercial data, including empirical data, published literature, and 
expert input.  This information will then be used by Service decision makers to inform recovery 
planning direction, classification decisions, and other determinations required by the 
Endangered Species Act (ESA). 

Background 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws.  Its long, 
black ear tufts and short, black-tipped tail distinguish the lynx from the similar bobcat (Lynx 
rufus), which is much more common in the contiguous U.S.  The lynx’s large feet and long legs 
make it highly adapted for hunting snowshoe hares in the deep or powdery snow that persists 
across much of its boreal forest distribution, most of which occurs in Canada and Alaska.  
These adaptations provide lynx a competitive advantage over potential competitors, such as 
bobcats or coyotes (Canis latrans), which have much smaller feet and higher foot-loadings that 
prevent them from hunting efficiently in deep, powdery snow (McCord and Cardoza 1982, p. 
748; Buskirk et al. 2000, pp. 86–95; Ruediger et al. 2000, pp. 1–11; Ruggiero et al. 2000, pp. 
445, 450). 

The southern periphery of the boreal forest extends into parts of the northern contiguous U.S., 
where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 1992, pp. 1, 3), 
deciduous temperate forest in the Great Lakes regions, and subalpine forest in the Rocky 
Mountains and Cascade Mountains in the west (Agee 2000, pp. 40–41).  In the contiguous U.S., 
these transitional boreal forests become discontinuous and patchy, preventing both lynx and 
hares from broadly achieving densities similar to those of the northern boreal forests (Wolff 
1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and 
Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394).  These forests eventually become 
too fragmented and isolated in the contiguous United States to support hares at the landscape 
densities and distributions necessary to support lynx home ranges (Interagency Lynx Biology 
Team 2013, p. 77) or lynx populations over time.   

The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under 
the ESA in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management 
of those forests included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat.  The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052).  In 2003, in response to a court memorandum opinion on the 2000 listing rule, the 
Service reaffirmed its determination of the lynx DPS and its status as threatened under the ESA 
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(68 FR 40076).  The Service completed a recovery outline in 2005 (U.S. Fish and Wildlife 
Service 2005, entire), designated critical habitat for the DPS in 2006 (71 FR 66008) and, in 
2007, again in response to a court order, clarified its determinations of “significant portion of the 
range” and that all lynx in the contiguous U.S. constitute a single DPS (72 FR 1186).  Also in 
2007, the Service initiated a 5-year status review of the DPS (72 FR 19549).  The Service 
revised the critical habitat designation for the DPS in 2009 (74 FR 8616) and 2014 (79 FR 
54782) and, concurrent with the latter, rescinded the state-based definition of the DPS boundary 
to extend ESA protection to lynx “where found” in the contiguous U.S., including New Mexico 
and other states that were not included in the original DPS range (79 FR 54804). 

Although the Service originally identified the DPS as occurring in forested portions of 14 states 
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, Oregon, 
Utah, Vermont, Washington, Wisconsin, and Wyoming) (65 FR 16052, 16085), it recognized at 
the time of listing that both lynx and the boreal forests that support them in the Lower 48 States 
are at the southern margins of their ranges, where habitats naturally become patchy and 
fragmented and snowshoe hare densities in many places are not consistently high enough to 
support resident lynx populations (65 FR 16052-59).  It also recognized that inherent limitations 
in historic occurrence information made it difficult to distinguish between areas that consistently 
supported resident populations; other areas that may have occasionally supported resident, 
breeding lynx; and yet other areas that intermittently and temporarily contained dispersing or 
transient lynx but did not support lynx home ranges or reproduction (65 FR 16054-59).  Many 
lynx records in the DPS range seem to have been associated with cyclic “irruptions” of lynx from 
southern Canada into the northern contiguous U.S. when northern hare populations crashed, as 
they did historically every 8-11 years (Elton and Nicholson 1942, entire; McKelvey et al. 2000, 
entire; Mowat et al. 2000, pp. 281–294; Interagency Lynx Biology Team 2013, p. 33).  Lack of 
reliable information also precluded determination of sizes or trends of lynx populations within the 
DPS. 

Recent research and monitoring have improved our understanding of many aspects of lynx 
biology, distribution, and potential threats in the DPS.  However, we still lack reliable estimates 
of the sizes and important demographic rates of most populations.  Likewise, we would benefit 
from further understanding of the natural range and causes of variation in lynx and hare 
numbers; hare densities necessary to support resident lynx populations throughout the DPS; the 
influence of immigration of lynx from Canada on the demographic and genetic fitness of DPS 
populations; and the timing, extent, magnitude, and severity of potential threats associated with 
climate change.  The Lynx SSA Team organized this expert elicitation workshop to help fill 
some of these information gaps with the knowledge, professional judgments, and opinions of 
lynx experts. 

Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado (Figure 1).  After 
statewide surveys conducted in 1978-1997 suggested the absence of viable resident lynx 
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populations in Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada 
and Alaska into southwest Colorado to establish the current resident population.  Additionally, 
the Greater Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is 
believed historically (and as recently as 2003-04) to have supported a small but relatively 
persistent lynx population, but it is uncertain whether it currently supports any resident lynx.   

   

 

Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.     

Expert Elicitation 

Workshop Protocol 
As mentioned under Purpose, above, the Lynx SSA Team convened the October 2015 
workshop to elicit expert knowledge and opinion on critical uncertainties regarding the current 
status and future viability of resident lynx populations within the DPS range, and thus the DPS 
as a whole.  To facilitate this, a 10-member panel of recognized lynx experts from across the 
DPS range first observed and discussed presentations by subject matter experts summarizing 
the current state of available information on topics relevant to lynx populations in the DPS (see 
Preparing Experts section below).  After subject matter presentations, members of the lynx 
expert panel presented updates on lynx populations in each of the six geographic areas 
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described above under Background.  The subject matter and update presentations were 
intended to ensure that all lynx experts had a common baseline of information prior to the 
elicitation process.  
 
In accordance with the expert elicitation literature (e.g., Burgman 2005, USEPA 2011, Gregory 
et al. 2012, Drescher et al. 2013, Morgan 2014), we then used best practices to elicit opinions 
from the expert panel.  Although invited experts were expected to contribute openly and 
effectively to group discussions, we did not seek consensus among experts; rather, we probed 
differences of opinion or interpretation of scientific and technical information.  We also asked 
experts and other participants to focus on scientific questions and to refrain from discussing or 
recommending management or policy decisions related to the Service’s authorities and 
responsibilities in implementing the ESA. 
   
In addition to the lynx expert panel and subject matter experts, workshop participants included 
members of the USFWS/USGS Lynx SSA Team, facilitators, and observers (see Appendix 2 for 
a full list of attendees and their respective roles).  As a basic ground rule, only members of the 
expert panel participated in the elicitation process, although panelists were encouraged to 
confer with the subject matter specialists and SSA Team members as needed.  All workshop 
participants were welcome to participate in discussions that ensued from review of panel 
responses to various questions.  Due to time constraints and to minimize interference with the 
elicitation process, observers were encouraged to write and submit “parking lot” questions, 
which were collected at the end of the first two days of the workshop and presented to lynx and 
subject matter experts for responses and discussion the following mornings (see workshop 
notes, Appendix 3).  The expert elicitation process was facilitated by USFWS and USGS 
structured decision making practitioners who encouraged open discussion among experts, 
structured input from both panelists and subject matter experts, and ensured that observers 
could witness the process without inappropriately influencing it. 

Identifying Experts 
 
SSA Team members reviewed the relevant literature and used their first-hand knowledge to 
identify experts involved in lynx and hare research or management, boreal forest ecology, and 
climate modeling.  We then developed a priori selection criteria based on professional 
credentials, positions, areas of expertise, and pertinent experience to develop a list of candidate 
lynx experts and other subject matter experts.  Selection criteria (below) helped ensure that 
invitations to participate were made only to scientists with expertise highly relevant to workshop 
topics and, further, that the selections were transparent, unbiased, and adequately captured the 
diversity of expertise and professional judgments related to the topics.  Selection was not based 
on affiliation with a particular organization or interested party; however, States and other 
partners were asked to review the draft list of workshop invitees and suggest alternate or 
additional qualified experts.  The SSA Team then invited experts who met the selection criteria 
and represented lynx expertise throughout the range of the DPS and in adjacent southern 
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Canada.  The number of invited experts was necessarily limited to improve the efficiency and 
effectiveness of the elicitation process, avoid redundancy, maximize scientific discussion among 
all participants, and maintain an open, comfortable meeting environment.  

Expert Selection Criteria  

Expert panelist candidates had to meet all of the following criteria: 

1.   Candidate must hold a graduate degree in a scientific discipline highly relevant to the 
workshop topics.  Typically this may include advanced degrees in wildlife biology, ecology, 
zoology, genetics, modeling, or statistical inference. 

2.  Candidate must hold a research position in government (State, Tribal, or Federal), academia, 
or in the nonprofit research sector; or participant must hold a governmental management 
agency position with responsibility for the species’ conservation. 

3.  Candidate must have expertise in the ecology or management of the species or related 
species, demonstrated by recent (within the past 10 years) peer-reviewed publications or 
related types of professional scientific expression. 

Candidates also had to meet one or more of the following criteria: 
  
4.  Candidate is directly engaged in the species’ management, monitoring, or analysis of 
populations or habitat. 

5.  Candidate is directly engaged in the study of a specific workshop topic. 

6.  Candidate is a government or academic research scientist with expertise in conservation 
biology, population or landscape ecology, genetics, or other relevant fields, as demonstrated by 
recent (within the past 10 years) peer-reviewed publications or related types of professional 
scientific expression. 

Using these criteria, the SSA Team identified 19 candidates for the lynx expert panel who were 
contacted to determine their interest and ability to attend the workshop (Appendix 4).  Among 
those both interested in and able to attend the workshop, the team extended invitations to 13 
candidates, 10 of whom ultimately participated as panelists and who together represent lynx 
expertise throughout the range of the DPS and in southern Canada.  Experts who could not 
attend this workshop may provide their expertise later in the SSA process as peer review 
experts.    

Preparing Experts 
Before the workshop, the SSA Team contacted all lynx experts and other subject matter experts 
by email and phone to discuss their roles and, for some, their willingness to prepare and deliver 
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subject matter or lynx population status presentations at the workshop.  Correspondence with 
lynx and subject matter experts and other workshop participants explained the SSA framework 
and its application to the lynx DPS, the use of expert elicitation in SSAs, and the workshop’s 
purpose, ground rules, and draft agenda. 
 
At the workshop, the Service introduced the Lynx SSA Team, provided a brief overview of the 
SSA framework and its application to the lynx DPS, and outlined workshop objectives.  Prior to 
elicitation exercises, subject matter experts presented information on the historic and current 
distribution of lynx in the contiguous U.S., regulatory mechanisms that apply to lynx on Federal 
lands, genetics considerations, lynx status and management in adjacent southern Canada, 
potential climate change impacts on boreal forest vegetation and snow conditions important to 
lynx, effects of forest management and policy on lynx habitat, and snowshoe hare ecology (see 
Subject Matter Presentations, below).  After these presentations, lynx expert panelists provided 
updates on lynx populations and habitats, research efforts, conservation measures, and 
potential threats to lynx in each of the six geographic areas (Fig. 1).  The subject matter and 
status-update presentations were intended to provide the expert panel with information that 
could inform their responses to elicitation questions and to ensure that the panelists shared a 
common understanding of the current status of lynx throughout the DPS.  All workshop 
presentations are included in Appendix 5 and are accessible at the Service’s Region 6 Canada 
lynx web page (http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 

Subject Matter Presentations 
Canada Lynx Species Status Assessment, Expert Elicitation Workshop - Jim Zelenak, 
U.S. Fish and Wildlife Service, Montana Ecological Services Field Office, Helena, 
Montana 
The objectives of this workshop are to (1) gather scientific information from experts on the 
current status, threats, and future viability of lynx populations in the contiguous U.S.; and (2) 
where empirical data are lacking, elicit expert knowledge, professional judgment, and opinion on 
the nature and magnitude of potential threats to DPS populations and the DPS as a whole.  We 
need this information to complete a status assessment for the DPS that will be used by Service 
decision makers to inform recovery planning and other determinations the Service must make in 
accordance with the ESA.  We have a court order to complete a recovery plan for the DPS by 
January, 2018, unless we determine that a recovery plan is not necessary (i.e., that the threat 
for which the DPS was listed has been adequately addressed and ameliorated and no new 
threats have been identified that pose an immediate or reasonably foreseeable risk of 
extinction).  However, we are not here to make that determination or others regarding the ESA 
status of the DPS.  Rather, we are here to understand the current status of lynx populations and 
habitats in the DPS and hear from experts on factors influencing the current status and future 
viability of those populations.  The DPS was listed as threatened under the ESA in 2000 
because of the inadequacy at that time of regulatory mechanisms in Federal land management 
plans to protect lynx and their habitats.  The Service completed a recovery outline in 2005 and 

http://www.fws.gov/mountain-prairie/es/canadaLynx.php
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designated critical habitat for the DPS in 2006.  In 2007, we clarified our determination of 
“significant portion of the range” of the DPS and withdrew the 2006 critical habitat designation.  
We revised critical habitat in 2009 and 2014 and, also in 2014, we received the court order to 
complete a recovery plan.  The results of this workshop will contribute to the SSA, and the 
expert information gathered here will complement the best available scientific information that 
will be compiled and summarized in the SSA report.  After it is peer-reviewed and finalized, the 
SSA report will be considered by Service decision makers to inform recovery planning and other 
determinations required under the ESA. 

Historical Distribution of Lynx in the Contiguous U.S. - Dr. Kevin McKelvey, USDA 
Forest Service, Rocky Mountain Research Station, Missoula, Montana   
Understanding historical range is important because it provides context for modern 
conservation; however, historical data must be interpreted carefully because they may not be 
representative, are often unreliable, and their meaning may be unclear.  This is especially true 
for rare animals like lynx, and even more so if they are easily mistaken for another more 
common animal, as bobcats are mistaken for lynx in the southern portion of lynx range.  
Because even relatively low identification error rates can lead to significant errors in determining 
distribution, it is important to rely on verified, and not anecdotal, occurrence records, when 
attempting to establish historical range.  The issue is further complicated by the noted cyclicity 
in lynx population dynamics associated with snowshoe hare population cycles, which resulted 
historically in irruptions or pulses of lynx from Canada into the DPS when northern hare 
populations crashed.  This can be described as a wave in which a large number of dispersing 
lynx intermittently flooded into the northern contiguous U.S. over the course of several years 
into a variety of potentially suitable and unsuitable habitats.  As the irruptions waned (i.e., as the 
waves receded), lynx disappeared relatively quickly from areas of unsuitable or poor habitat, 
more slowly from areas of marginal or suboptimal habitat, and persisted (like permanent tide 
pools) in those areas with habitats and hare densities capable of supporting them over time. 
This yielded verified records in the contiguous U.S. in places that clearly cannot support lynx 
populations but, in other places where habitats are or appear to be suitable, it also confounds 
efforts to distinguish between those that have supported persistent lynx populations, those that 
may occasionally but not consistently support resident lynx (“winked off’ more than “winked on” 
in a metapopulation sense), and those where dispersing lynx occurred regularly, if intermittently, 
but could not persist.  Given these ambiguities, there remains irresolvable uncertainty about the 
historic distribution of resident lynx in the DPS.  Despite this uncertainty, it appears that resident 
lynx naturally persist now in most areas that the available reliable data most strongly suggest 
historically supported resident populations in the contiguous U.S. (Maine, Minnesota, Montana, 
Idaho, and Washington).  Several other areas may have historically supported populations but 
no longer do (with evidence most compelling for northern New Hampshire and Michigan’s Upper 
Peninsula; less compelling for the Adirondack region of northern New York, northern Wisconsin, 
and northwestern Wyoming). 
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Canada Lynx Habitat Regulatory Environment - Scott Jackson, USDA Forest Service, 
National Carnivore Program Leader, Missoula, Montana 
Before the lynx DPS was listed under the ESA, there was very little information available and 
little management direction for lynx habitats on national forests or other Federal lands.  Given 
the uncertain status of lynx and lack of information on habitat relationships, an interagency Lynx 
Steering Committee was chartered almost immediately after the DPS was proposed for listing in 
1998.  The committee appointed the Lynx Science Team to assemble the available information 
on lynx and the Interagency Lynx Biology Team to develop a lynx conservation strategy 
applicable to Federal lands.  In 2000, the Science Team published Ecology and Conservation of 
Lynx in the United States (Ruggiero et al. 2000), and the Biology Team completed the Lynx 
Conservation Assessment and Strategy (LCAS; Ruediger et al. 2000).  The committee also 
directed the completion of the 1999 biological assessment (BA) in which the U.S. Forest Service 
(USFS) and Bureau of Land Management (BLM) evaluated potential impacts to lynx of 
management plans for 57 national forests and 56 BLM units and concluded that implementation 
of existing plans could result in some adverse effects to lynx.  The BA recommended amending 
or revising management plans to incorporate conservation measures that would reduce or 
eliminate the identified adverse effects to lynx, and to consider the conservation measures 
identified by the Science Team and Biology Team, once finalized.  In March of 2000, the DPS 
was listed as threatened due to the inadequacy of existing regulatory mechanisms, specifically 
the lack of guidance for conservation of lynx in national forest Land and Resource Management 
Plans and BLM Land Use Plans.  In October 2000, FWS completed a biological opinion on the 
1999 BA, concluding that if forest plans were revised or amended to incorporate the 
conservation measures in the LCAS, they would reduce or avoid the potential for adverse 
effects on lynx.  Also in 2000, USFS and BLM entered into conservation agreements with FWS 
to guide management until plans could be amended or revised.  By 2004, BLM revised plans in 
all units with lynx or potential habitat to incorporate LCAS guidance.  By 2006, USFS similarly 
revised plans for national forests in the Northeast and Great Lakes.  In 2007 and 2008, USFS 
formally amended plans for 18 national forests in the Northern Rockies and 8 in the Southern 
Rockies to address the risk factors identified in the LCAS and adopt management standards 
and guidelines.  Currently, all national forests and BLM units with lynx or potential habitats are 
governed by plans that have adopted conservation measures identified in the LCAS, 
subsequent interagency conservations agreements, or by management direction that formally 
amended or revised land use plans and established standards and guidelines designed to apply 
the best available scientific information to avoid and minimize potential impacts to lynx.  Future 
challenges include developing effective responses to larger, hotter, and more frequent fires and 
extensive insect outbreaks, and designing thinning and salvage harvest treatments conducive to 
creating habitat conditions favorable to lynx and hares.    

Lynx Genetics Considerations - Dr. Michael Schwartz, USDA Forest Service, National 
Genomics Center for Wildlife and Fish Conservation, Missoula, Montana 
Review of lynx genetic studies shows, despite some sub-structuring over distance, high gene 
flow across the continental range of lynx, likely because of high dispersal rates, large dispersal 
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distances, and few geographic barriers to dispersal.  Some research suggests that the Northern 
Rocky Mountains may provide some gene flow restriction in western Canada, as well as an 
“invisible barrier” to gene flow in eastern Canada south of James Bay/Hudson’s Bay that may be 
related to differences in snow conditions driven by large-scale climatic factors (e.g., the Pacific-
North America and North Atlantic Oscillation climatic systems).  North of the DPS, low levels of 
genetic substructure have been documented in populations in eastern Canada between 
populations north versus south of the St. Lawrence Seaway, and between island (Newfoundland 
and Cape Breton islands) and mainland populations.  However, there is evidence of genetic 
interaction among even these relatively isolated eastern Canadian populations.  Within the DPS, 
minor genetic sub-structuring has been documented among lynx subpopulations in western 
Montana.  However, very low Fst values (a measure of the proportional reduction in 
heterozygosity due to population subdivision, with values near zero indicating high levels of 
gene flow and values approaching one indicating poor gene flow) suggest the absence of 
significant barriers to genetic interchange throughout much of the lynx range, including the DPS.  
Across 17 lynx populations in Alaska, Canada, and the contiguous U.S., Fst = 0.033, and the 
highest Fst for any two populations was 0.070 when lynx from the Kenai Peninsula in Alaska 
were compared to those in the Seeley Lake area of Montana.  Lynx-bobcat hybrids have been 
documented in Minnesota, Maine, and eastern Canada, but not in the western part of the range.  
Hybridization does not seem to be a major issue, nor does it appear to be increasing despite 
significant increases in bobcat numbers in some parts of DPS range.  Genomics research (the 
genetic mapping and DNA sequencing of sets of genes or complete genomes) on lynx would 
increase power and precision of genetic analyses and perhaps identify genes under selection at 
the periphery of the range.  The goal for lynx in the DPS should be to conserve the genetic 
diversity currently represented in resident populations, recognizing that maintaining connectivity 
between DPS and Canadian populations is likely important to achieving that goal.  The genetic 
variation at the edge of the range may be of value to future populations, especially as related to 
changing climate.  

Lynx Distribution, Status, and Management in Southern Canada - Dr. Jeff Bowman, 
Ontario Ministry of Natural Resources and Forestry, and Trent University, Ontario 
Lynx are managed provincially in Canada, with each province responsible for its own 
management program, harvest (trapping) policies, and conservation strategies.  Data from 
registered trap lines show cyclic decadal peaks in the numbers of lynx harvested, and these 
align well with (and lag by one year) cyclic peaks in snowshoe hare indices.  In western 
provinces (British Columbia, Alberta, Saskatchewan, Manitoba, Northwest Territories, and the 
Yukon), the magnitude of lynx cycles appears to have dampened dramatically after the 1980s-
1990s, while eastern provinces (Ontario, Quebec, and Newfoundland and Labrador) have seen 
less dramatic declines in peak lynx numbers trapped.  There is some evidence that hare 
numbers in the Yukon have not recovered to past levels after declines beginning in about 2000, 
and that hare numbers in southern Ontario have been low for the past 5-6 years.  There also is 
indication that the range of lynx in eastern Ontario has contracted northward since the 1970s, 
and modeling suggests that this contraction is likely influenced by habitat loss perhaps related 
to changes in forestry practices and an increase in tolerant hardwoods replacing spruce-fir 
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forests resulting from climate warming (Koen et al. 2014).  This has been accompanied by 
reduced genetic heterozygosity (allele richness) at this margin of the lynx range.  Recent studies 
also show some differences in functional genetic markers (unique alleles) in lynx south versus 
north of the St. Lawrence Seaway/River, suggesting the potential for evolutionarily significant 
differences in lynx in those areas (Koen et al. 2015, Prentice unpubl.).  Research also suggests 
an “invisible” genetic barrier south of Hudson’s Bay likely related to climate-driven differences in 
snow conditions, which could be amplified in the future with continued climate warming.  A few 
lynx-bobcat hybrids have been documented.  Lynx are listed as endangered provincially in New 
Brunswick and Nova Scotia, which also have by far the highest numbers of bobcats, and where 
bobcat populations have been increasing since about 1990.  Lynx are considered secure in all 
other provinces.   

Seven Ways a Warming Climate can Kill the Boreal Forest - Dr. Lee Frelich, Director, 
University of Minnesota Center for Forest Ecology, St. Paul, Minnesota  
Northern Minnesota is at the southern edge of the ranges of boreal forest tree species (balsam 
fir, white spruce, paper birch) and the northern extent of temperate forest species (sugar maple, 
red maple, red oak).  A number of climate-mediated processes are likely to shift these ranges 
northward, potentially resulting in the complete disappearance of boreal forest from Minnesota 
before the end of the century.  These include projected declines in snow depth, invasion of 
boreal forests by temperate species and a widening of the mixed forest ecotone, warming 
summer and winter temperatures, declines in boreal trees under both low- and high-emission 
climate scenarios, severe wind- and hail-producing thunderstorms (derechos) of greater extent 
and frequency, large wind-driven fires, heat and drought stress, increased insect infestations 
due to lack of extreme cold temperatures, and phenological disturbance.  These processes, 
alone or in combination may result in gradual or relatively sudden conversion of boreal forests to 
temperate forests, savanna, or grassland at the southern edge of the boreal forest range.  A 
mosaic of conversion mechanisms and rates of change will occur at landscape/ecoregion 
scales.  With unmitigated climate change, Minnesota is likely to lose the boreal biome and about 
one-third of its native species, including lynx, possibly within the next 60-70 years. 

Climate Change and Uncertainty:  Implications for Canada Lynx Conservation and 
Management in the Contiguous U.S. - Alexej Siren, DOI Northeast Climate Science 
Center and University of Massachusetts Department of Environmental Conservation, 
Amherst, Massachusetts 
Climate models are better at detecting long-term trends in temperature and precipitation than 
short-term climate variability.  Generally, projections of precipitation are less robust compared to 
temperature, and within the lynx DPS units, projected trends in precipitation are more certain for 
winter than for summer.  Consequently, the resulting model biases may affect climate 
projections.  Global surface temperatures have increased steadily over the 20th century, 
especially since the 1970s, with an overall increase in winter temperatures in the U.S.  These 
changes are most pronounced from the Northern Rockies to the northeastern U.S., where 
winter precipitation has also increased.  However, the northwestern U.S. has experienced drier 
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winters with less snow over the past several decades.  Importantly, numerous studies have 
shown that Canada lynx distribution is related to snowpack characteristics (e.g., snowfall, 
density, and persistence), which may directly or indirectly affect lynx through 1) increased 
competition (exploitative and interference) with sympatric carnivores, 2) altering hare and lynx 
population cycles, and 3) reduced genetic diversity.  Therefore, climate projections with a 
specific emphasis on winter climate are a valuable tool for assessing the long-term viability of 
lynx in the contiguous U.S.  Below are the climate trends for the past several decades and end-
of-century model projections for each of the DPS units; projections are multi-model means with 
the high emissions scenario (A2).  In the Northeast, recent trends are toward reductions in 
snowfall, the number of snow-covered days per season, and the proportion of winter 
precipitation occurring as snow.  Projections include increased winter precipitation, but with a 
lower proportion occurring as snow, and a decline in snowfall and length of snowpack coverage.  
In the Great Lakes region, recent trends indicate an increase in lake effect snow and longer 
snow seasons to the north.  Winter precipitation is projected to increase throughout the 
Midwest, with a lower proportion occurring as snow, except that lake effect snow is projected to 
increase around Lake Superior and north of the eastern Great Lakes until 2050, and eventually 
decline towards the end of this century.  Overall, models project a decline in snowfall and length 
of snowpack coverage by 2100 for the Midwestern region.  The Northeast and Midwest DPS 
units are especially vulnerable to snowpack loss due to lack of elevational refugia.  In the 
western DPS units and the Colorado population, recent trends show decreasing spring 
snowpack at lower elevations, an overall decline in snowpack by the latter half of the 20th 
century, and a lower proportion of winter precipitation occurring as snow.  Projections include 
decreases in snowfall season and snowfall amount, fewer days with snowfall, and continued 
reduction in the proportion of winter precipitation occurring as snow.  However, projections 
indicate that snowpack and winter severity may be less impacted in the Northern Rockies 
compared to other DPS units.  In summary, model projections are not favorable for lynx within 
the DPS units, especially towards the latter half of the 21st century, with less severe winters and 
diminished snowpack characteristics that favor competing species.    

Projected Climate-change Impacts on Snow, Vegetation, and Lynx Populations in the 
Western U.S. - Dr. Joshua Lawler, University of Washington, School of Environmental 
and Forest Sciences, Seattle, Washington and Dr. Chad Wilsey, National Audubon 
Society Science Division, New York, New York 

Climate modeling suggests reductions in the amount of precipitation falling as snow and a shift 
from subalpine forest to temperate evergreen needleleaf forests in a generalized lynx range in 
the western U.S.  Fire is projected to increase in both frequency and fire size, doubling by 2040 
and tripling by 2080.  Simulated lynx densities were projected for the 2020s, 2050s, and 2090s.  
Of 25 ecoregions included in the study area, 14 had simulated lynx populations greater than 
0.10 individuals/100 km2 across all time points.  Of those, and across various Global Circulation 
Models (GCMs), 3 ecoregions had simulated increasing populations by the 2050s and 11 had 
declining populations. Populations were projected to continue increasing in the 3 ecoregions by 
the 2090s, while declines were projected to deepen in 8 of the remaining 11 ecoregions. 
Growing populations were projected to occur in the sparsely populated Fescue-Mixed Grass 
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Prairie, Middle Rocky-Blue Mountains, and Great Steppe ecoregions, whereas the largest 
proportional declines were projected to occur in the West Cascades, Pacific Northwest Coast, 
Northern Cascades, East Cascades – Modoc, and Aspen Parkland ecoregions.  The study also 
looked at the effect of population cycling on projected changes and found that simulated 
declines differed more due to GCM model used than due to population cycling (i.e., modeling 
suggested lynx population declines were not strongly influenced by population cycles). 

Forest Management and Lynx Habitat Trends - Dr. Erin Simons-Legaard, University of 
Maine School of Forest Resources, Orono, Maine 
Lynx in Maine occur in the Northern Appalachian/Acadian Ecoregion where their distribution is 
governed by snowfall and extent of deciduous cover.  The eastern spruce budworm 
(Choristoneura fumiferana) is endemic to forests in this region, and extensive outbreaks of this 
insect pest occurred in northern Maine in the 1970s-80s, resulting in millions of acres of spruce-
fir die-offs, despite extensive aerial insecticide applications.  For several decades, salvage 
logging via extensive landscape-scale clear-cutting occurred in impacted forests, until passage 
in 1989 of the Maine Forest Practices Act, which regulated clear-cut size, configuration, and 
regeneration.  Regenerating clear-cuts became very dense stands supporting high densities of 
snowshoe hares.  Although the Forest Practices Act reduced the amount of clear-cut harvest 
over the following two decades, overall harvest increased as partial-cut harvesting replaced 
clear-cutting.  At the same time, land ownership patterns in northern Maine were shifting from 
large blocks of commercial timber interests to smaller blocks and more diverse land 
management goals, including development and financial investment, as well as some non-
development easements (though these do not regulate forest management).  The University of 
Maine modeled lynx habitat occurrence from snow track data, a series of Landsat satellite time-
series imagery since 1970, and indices of hare densities for various stand ages post-timber 
harvest to model past, present, and future lynx occurrence in northern Maine.  They found that 
the proliferation of regenerating partial-cuts produce lower landscape hare densities than 
regenerating clear-cuts from the 1970s and 1980s.  Landscape hare densities will likely decline 
in the future as the clear-cut-era stands mature into less dense conifer stands, beginning about 
35-40 years post-harvest.  High-quality stands are being replaced by lower-quality regeneration 
of partial harvests. High-quality habitat for lynx/hares is currently about 8% of the northern 
Maine landscape.  Model projections indicate it will decline to about 5% of the landscape by 
2030, and then level off, and that the prevalence of partial-harvesting will lead to elimination of 
many areas with concentrated high-quality habitat and a lower future probability of supporting 
lynx.      

Southern Snowshoe Hares: Updates, Questions, Forecasts - Dr. Karen Hodges, 
University of British Columbia Okanagan Department of Biology, Kelowna, British 
Columbia 

Northern hare cycles are more variable than commonly portrayed in some literature, with 
questionable synchrony and variation in peak heights and amplitudes.  Some southern hare 
populations (i.e., within the lynx DPS range) show “cycle-ish” dynamics and high densities, but 
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variability in abundances is not obviously linked to forest stand type (thinned, unthinned, 
mature).  Some areas of high hare density are occupied by bobcats instead of lynx (e.g., the 
Tally Lake area of the Flathead National Forest in Montana).  Hare densities in the western 
contiguous U.S. differ substantially across regions and landscapes.  For example, within the 
GYA, hare densities varied from very low (0.2 hares per hectare) in Yellowstone National Park 
to very high (0.5 - 1.7 hares/ha) in the Wyoming Range south of the park.  Hare densities also 
vary in the eastern part of the lynx DPS, with ranges from 0 - 1.8 hares/ha in Maine and, in 
Minnesota, densities of 0.64 hares/ha in the northeast part of the state (which supports resident 
lynx) and 0.35 hares/ha in Voyageurs National Park (which does not support resident lynx).  
Landscape attributes (e.g., tree densities and moisture gradients) also influence stand quality 
for hares.  Hare population dynamics (cyclicity, synchrony, amplitude, and peak densities) also 
vary regionally.  Forest management that reduces stand structure reduces hare abundances.  
For example, hares declined after experimental precommercial thinning in Montana, and, in 
Quebec, hare densities increased with time since commercial thinning, harvest, and fire.  Fire 
destroys hare habitat temporarily, but hares return to burned areas as soon as favorable habitat 
conditions return.  Post-fire hare densities also vary regionally; in stands burned by large fires in 
1988, hare densities by 2007 were higher in Glacier National Park than in Yellowstone National 
Park.  Hare densities necessary to support resident lynx remain poorly understood but appear to 
vary regionally, as do lynx diets and home range sizes.  If southern boreal/montane forests are 
lost, hares will decline.  Fire, timber harvest, and thinning will result in fewer hares, at least 
temporarily, and the impacts of post-fire salvage logging are unknown.  Understory cover and 
browse are very important, but we know little about the influence of shrubs or snow on hares.  
Like lynx, hares in the DPS are at the southern extent of their continental range.  Also like lynx, 
hares show high gene flow across most of the northern range in Canada but lower gene flow 
(higher genetic structure) in the southern part of the range, with some lineages potentially at risk 
of genetic drift.  Climate-mediated increases in fires and insect outbreaks and changes in forest 
regeneration may alter hare habitats and, thus, hare distribution and abundance.  Climate 
change may also affect hare vulnerability to predation by creating a mismatch between pelage 
color, which is controlled by photoperiod, and their surroundings (e.g., reduced snow season 
resulting in white hares on dark forest floors).  It may also alter predator communities, with 
uncertain impacts on hare populations.  Continued research is needed to better explain regional 
variation in population dynamics and peak abundances, to predict post-fire recolonization and 
densities and responses to climate change, and to better understand links between physiology 
and demography (e.g., predation stress and reproduction).      
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Lynx Status Update Presentations1 
Status of Lynx in Maine - Jennifer Vashon, Maine Department of Inland Fisheries and 
Wildlife, Bangor, Maine 
Much of the current lynx habitat in Maine was created from extensive harvests to salvage 
spruce budworm-damaged forests during 1970-1985, and the amount and distribution of high-
quality lynx/hare habitat are likely greater now than historic conditions.  Many stands were 
treated with herbicides to create extensive regeneration of spruce and fir.  Analysis of Forest 
Inventory and Analysis (FIA) data indicates that half of the 3 million forested acres of spruce-fir 
in northern Maine is currently sapling stage that should provide lynx with high quality foraging 
habitat.  Also based on FIA data, the amount of dense spruce-fir (supporting the highest hare 
densities) increased from 700,000 acres in 2006 to 805,000 acres in 2010.  The Maine 
Department of Inland Fisheries and Wildlife (MDIFW) conducted a telemetry study of lynx from 
2000-2011 in a study area with extensive areas of regenerating spruce-fir stands in 
northwestern Maine and found that lynx had relatively small home ranges.  Lynx strongly 
selected these high-quality hare habitats in former clear-cut areas.  Although hare densities 
declined from 2 hares/hectare to 1 hare/hectare mid-way through the study, lynx did not 
increase their home range sizes or alter their habitat use.  Reproduction declined initially after 
hare populations declined, but later recovered, with all females producing litters.  An average of 
65% of females bred each year throughout the study.  Litter sizes ranged from 1 to 5 and 
averaged 2.63 kittens/breeding female.  Kitten survival remained high (averaged 78%).  
Densities of 4.5 adults and 5 to 9 kittens were observed in 100 km2 areas.  Based on estimates 
of occupied habitat and home range information, MDIFW estimated there were between 750 
and 1,000 lynx in northern Maine in 2006, and more than 1,000 lynx in 2015 (or at least more 
animals than 2006).  Indices (number incidentally trapped, observed, or killed on roads) have 
increased, suggesting there are more lynx than in 2006, and the distribution of the population 
also appears to be expanding.  MDIFW initiated a third round of periodic lynx snow track survey 
in 2015 that support increased populations and expanding range.  Additional surveys are 
planned in 2016 and 2017 to update estimates.  Although a model by the University of Maine 
suggests the effects of the Maine Forest Practices Act could lead to a decrease in lynx habitat, 
thus far, it does not appear that lynx have declined in response to aging clear-cuts and the 
prevalence of partial harvests resulting from the Act.  A budworm outbreak is expected in the 
near future that will also impact future amounts of habitat for lynx and snowshoe hare.  MDIFW 
provides landowners with descriptions of lynx-hare habitat for their management plans through 
published peer-reviewed papers and reports on lynx status and habitat use in Maine and 
consultation.  

                                                
1 These are summaries of status updates presented by lynx experts for each of the geographic 
units in the DPS.  Summaries were written by the Lynx SSA Team based on the presentations 
and notes submitted by expert presenters and on the notes taken at the workshop during 
presentations.  Experts reviewed drafts of these summaries and provided clarifications/ 
corrections if needed, which were incorporated into the final summaries.    
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Canada Lynx in Minnesota - Dr. Ron Moen, Natural Resources Research Institute, 
University of Minnesota Biology Department, Duluth, Minnesota, and Susan Catton, 
USDA Forest Service, Superior National Forest, Duluth, Minnesota 
Prior to 1965, lynx in Minnesota were unprotected, had a bounty placed on them, and were 
overexploited by trapping.  From 1930-1977, harvest in Minnesota was twice that of Montana 
and 40 times that of other states.  In 1976, State protection was provided in the spring and 
summer months, and in 1984 the trapping season was closed.  In the 1990s and when listed 
under the ESA in 2000, it was unknown if lynx in Minnesota were residents or migrants from 
Canada, but now it is known that the Minnesota lynx population consists of both residents and 
migrants from Canada.  Since then, there have been hair snare and snow-tracking surveys, 
DNA analyses, and a multi-year telemetry project – none of these monitoring efforts were 
designed to estimate densities or abundances of the species.  However, as of 2015, it is thought 
that there are somewhere between 50 and 300 lynx in Minnesota (this expert later refined the 
range as 50 - 200 lynx, as indicated in the summary presentation preceding the graphing 
exercise below), with the core habitat in the arrowhead region of the state (St. Louis, Lake, and 
Cook counties), although there have been verified and probable lynx sightings elsewhere in the 
state.  At least 5 of 27 adult lynx radio-collared in Minnesota were later legally trapped in 
Ontario, and other collared lynx did not return from Canada, therefore their fates are unknown.  
Telemetry data showed that about half of males radio-marked in Minnesota moved back-and-
forth across the border, traveling at all times of the year; that Minnesota females that dispersed 
into Canada tended not to return to Minnesota; that males had much larger home ranges (267 
km2) than females (21 km2); and that females with kittens had the smallest home ranges.  About 
half of the mortality of collared lynx was from vehicle collisions, incidental catch, illegal kills, or 
unknown causes.  Moen et al. (2008) documented 10 den sites and showed that denning 
habitat is not limiting in Minnesota.  Since 2000, incidental take of lynx tracked by the USFWS 
Twin Cities Field Office has ranged from 0-14 per year and included vehicle (car and train) 
collisions, gunshot, incidental trapping, and unknown causes.  Approximately 50% of reported 
take was of incidentally trapped lynx, about half of which were released alive.  Home range 
analyses showed mean distance to nearest linear feature is approximately 200m, suggesting 
that lynx do not avoid roads.  Bobcat harvest data show a concentration of bobcats adjacent to 
the core of the lynx range.  The IPCC SRES A1B Scenario climate change model (Gonzalez et 
al. 2007, p. 14) shows snow conditions potentially suitable for lynx throughout the northern half 
of Minnesota to the end of this century; however, the snow and/or biological assumptions in the 
model need work, because it predicts a range for lynx that is larger than the current suitable 
range based on snow depth.  Other climate modeling (e.g., Morgan, in prep.) suggests that 
suitable snow-depth range will shrink significantly by 2055, be limited to extreme northeastern 
Minnesota by 2070, and may be entirely absent from the state by 2095.  Since 2000, the 
Superior National Forest (SNF) and others have identified 268 unique individual lynx (47% 
Female, 53% Male) from 1,306 DNA samples, primarily from SNF lands.  These samples also 
documented 13 unique individual lynx-bobcat hybrids (5 Female, 8 Male).  The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota.  The SNF annually documents 3-5 family groups and is working with 
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North Carolina State University and the Twin Cities Field Office on a study of the distribution of 
lynx that can be used to inform future study designs aimed at monitoring lynx occupancy and 
designing more intensive studies to estimate abundance. 

Current Distribution, Status, and Threats to Canada Lynx in Montana and Wyoming - 
Dr. John Squires, USDA Forest Service, Rocky Mountain Research Station, Missoula, 
Montana 
Northwestern Montana - This area is believed to support the largest lynx population in the 
western U.S., but minimum population size has not been calculated.  The Forest Service’s 
Rocky Mountain Research Station in Missoula initiated a lynx research program in 1998 to 
investigate lynx resource and prey selection, competition, activity patterns, detection and 
monitoring, and connectivity.  From 1998 to 2007, researchers trapped and radio-marked 175 
lynx in northwestern Montana and collected nearly 170,000 GPS and over 3,000 VHS telemetry 
locations documenting lynx movements, resource use, survival, and productivity.  From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area (the central 
portion of this geographic unit) and from 2003-2007, 2.95 kittens/litter (N = 22) in the Purcell 
Mountains (the northwestern portion of the unit).  In Seeley Lake, 61% of breeding-age females 
(N = 52) produced kittens; in the Purcells, 83% of females (N = 28) produced kittens.  Recent 
research (Kosterman 2014) suggests kitten production is correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges.  Annual survival rates for 
subadult and adult female lynx were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 
0.85, respectively, in the Purcells.  There was no evidence of cyclicity in these vital rates, and 
no indication of irruptions of lynx into this unit from Canada after the 1980s.  Starvation, 
predation by mountain lions, and human-caused deaths each accounted for roughly one-third of 
documented sources of lynx mortality.  Population viability analyses yielded population growth 
rates of 0.92 for the Seeley Lake area (i.e., declining population trend, 1999-2007) and 1.16 for 
the Purcells (increasing trend, 2003-2007).  The distribution of lynx in this unit appears to have 
contracted recently; lynx were documented in the Garnet Mountain Range in the southern 
portion of the unit from at least 1980 into the early 2000s, but in 2010, extensive research 
trapping efforts yielded only two males, and snow-track and camera-trap surveys in winter 2014-
2015 detected no lynx.  Genetic analyses revealed fine-scale genetic sub-structuring among the 
Garnets, Purcells, and Seeley Lake subpopulations, suggesting some level of relative isolation 
among lynx in those areas.  Most lynx habitat in this unit occurs on Federal lands (USFS, BLM, 
NPS).  Recent conservation land purchases substantially increased protection of lynx habitat in 
the Seeley Lake core area.  The extent of fire in this area has increased, with over one million 
acres burned in 2000-2013.  Forest management (timber harvest, silviculture, and fire 
management) can have negative, neutral, or positive impacts on lynx habitat; current research 
is investigating lynx response to management actions. 
      
Wyoming/GYA – The long-term persistence of lynx in the GYA is unknown, but early records 
from Yellowstone National Park documented lynx presence in the 1920s-30s, and more recent 
(2001-2004) surveys in the park documented several lynx and evidence of reproduction on the 
east side of Yellowstone Lake.  South of the park, lynx were also detected reliably in the late 
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1990s-early 2000s in the Union Pass and Togwotee Pass areas of the Wyoming Range in the 
Bridger-Teton National Forest.  Several lynx released in Colorado (1999-2006) dispersed to the 
GYA and occupied home ranges (including males and females with overlapping home ranges) 
in areas of the Wyoming Range previously occupied by “native” resident lynx.  Recent (2005-
2010) research trapping and survey efforts in the Wyoming Range have detected only 
Colorado-released lynx, and the current status of lynx in the GYA is uncertain but believed to be 
at low numbers based on on-going surveys.  In addition to fire and forest management (as 
described above for northwestern Montana), oil and gas exploration and development may pose 
a potential risk to lynx and habitat in the Wyoming Range.             

Lynx in Washington: Current Status and Potential Threats – Dr. Benjamin Maletzke, 
Washington Department of Fish and Wildlife, Olympia, Washington 
Lynx in Washington were State-listed as threatened in 1993, but with recent large-scale impacts 
to lynx habitats and likely declines in lynx numbers, upgrading to State-endangered may be 
justified.  The Washington Department of Fish and Wildlife completed a lynx recovery plan in 
2001, and the Department of Natural Resources completed a habitat management plan for its 
lands in 1996, which it revised in 2006.  The majority of lynx habitat in Washington occurs on 
public lands including State Forests and National Forests.  Although individual lynx are 
occasionally documented in the northeastern part of the state, only the Okanogan area (eastern 
Cascade Mountains abutting the border with Canada) in the north-central part of the state has 
consistent records and evidence of a resident breeding population.  In terms of the ESA’s five 
listing factors, over-utilization, disease/predation, and inadequacy of existing regulatory 
mechanisms are not issues for lynx in Washington.  Lynx trapping was prohibited in 1991, and 
only live-trapping is allowed for bobcats, so there is little chance for incidental trapping.  There is 
no documented disease and little evidence of predation (though these could occur/increase with 
climate change).  With ESA and State listings, critical habitat designation, and State recovery 
and State and Federal habitat management plans in place, regulatory mechanisms appear 
adequate.  Recently, much lynx habitat has been lost, at least temporarily, to frequent large-
scale fires and insect outbreaks, and climate change may pose additional (or exacerbate 
existing) threats to lynx and habitats in Washington.  From 1990-2002, there were about 2,600 
km2 of lynx habitat in the Okanogan (Eastern Cascades) area, and female home ranges were 
estimated at 38 - 41 km2, suggesting the potential to support roughly 90-115 resident females 
(home ranges include “matrix” or non-habitat).  By 2014, habitat had been reduced by fire to 
about 1,600 km2, and habitat loss and fragmentation resulted in female home ranges increasing 
to an estimated 91 km2, with a potential to support roughly 27 resident females.  Although areas 
impacted by fires and insects should regenerate to hare/lynx habitat, it may take 35-40 years or 
more for that to happen.  Climate change will likely reduce snow depth, condition, and 
persistence, potentially influencing interspecific competition.  It also may cause temperature- 
and precipitation-driven changes in vegetation and increased fire frequency, size, and intensity, 
resulting in further reduction, fragmentation, and isolation of suitable habitats and impacts to 
prey abundance.  Connectivity between the Okanogan area and lynx populations and habitats in 
Canada seems adequate; it is more tenuous in the northeastern part of the state, where cross-
border populations/habitats in Canada are smaller and potential corridors more constricted.  It is 
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also possible that legal trapping in southern British Columbia could limit immigration into 
Washington’s lynx population and be a source of mortality for lynx dispersing from Washington 
into Canada.  Potential management and recovery actions could include resuming surveys and 
monitoring efforts, reviewing current State, Tribal, and Federal management actions to see if 
they can be more “lynx-friendly,” conducting population viability analyses to estimate 
probabilities of persistence over various time periods, coordinating with British Columbia on 
cross-border lynx conservation efforts, evaluating the need and feasibility of augmenting female 
lynx in the Okanogan and reintroducing lynx to the Kettle Crest, up-listing lynx in Washington to 
indicate the current status and severity of threats, and seeking collaboration and funding to 
support the measures above. 

Status of Lynx in Colorado - Dr. Jake Ivan, Colorado Parks and Wildlife, Fort Collins, 
Colorado 
Lynx in Colorado were State-listed as endangered in 1973.  Based on statewide surveys 
conducted in 1978-1997 that found some possible lynx sign (tracks), the State concluded that if 
lynx were present, too few individuals remained for a viable population and that natural 
recolonization was unlikely due to geographic isolation.  The State initiated a lynx reintroduction 
program, releasing 218 lynx from source populations in Alaska and Canada from 1999 to 2006.  
All animals were released into the San Juan Mountains in the southwest part of the state.  Many 
stayed there and used the area heavily; many others established home ranges in the Sawatch 
Range in the central part of the state, where the bulk of historical records occurred.  Although 
post-release mortality was initially high, it decreased after release protocols were modified and 
among lynx after they’d been on the ground a year.  Mean annual survival was 0.93 for lynx that 
stayed within the San Juan Mountains core-release area, and 0.82 outside of it.  The first den 
was located in 2003, and 48 dens were subsequently documented in Colorado through 2010, 
including a third-generation of Colorado-born lynx.  The reintroduced population displayed 
reproduction similar to other areas in the DPS in some regards (e.g., mean litter size was 2.75 
kittens), and lower in others (e.g., mean percentage of females that produced kittens was 24% 
[range = 0% - 46%])2.  A deterministic model that uses survival estimates and reproduction data 
from ten years of monitoring reintroduced lynx and assumes that reproductive parameters 
observed during that time would repeat each decade shows a slightly increasing trajectory 
through time.  Although current population size and survival rates are unknown, photos of 
females with kittens in 3 sampling units during occupancy monitoring in the San Juan Mountains 
in 2014-15 and capture of young and unmarked (i.e., “new”) lynx during research efforts in 
2010-15 provide evidence of continued reproduction.  Potential threats to lynx in Colorado 
include climate change, bark beetle outbreaks, fire, increasing human recreation, and 
vulnerability to vehicle collisions and disturbance from highways.  Climate modeling in 2014, 
based on the RCP6 (2nd-highest) emissions scenario, suggests that by mid-century 
temperature will increase by 2°C, precipitation will decrease in the San Juan and other southern 
mountains, and that spruce-fir habitat will migrate upslope, lagging climate conditions by 50-100 

                                                
2 These data were provided by the presenter after the workshop but were not part of the original 
workshop presentation. 
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years.  Based on this, the overall vulnerability of spruce-fir in the state is considered moderate 
at mid-century.  As of 2014, over 4 million acres of potential lynx habitat has been impacted by 
bark beetle outbreaks; however, lynx and hares continued to use impacted areas, even when 
beetle impacts are severe.  Red squirrel use declined in areas that were heavily impacted by 
beetles.  Large fires also have impacted lynx habitat, and as elsewhere, fire size, frequency, 
and intensity are expected to increase with climate change.  A cursory, pre-analysis review of 
location data suggests that lynx make use of landscapes in which heavy winter recreation 
occurs.  However, use of developed ski areas is light, and outside of ski areas, heavy lynx use 
tends to occur in thick timber that is not used by snowmobilers and other backcountry users.  
Finally, lynx frequently crossed 2-lane paved highways in home ranges (0.6 crossings/day), 
more often at dusk and night, coincident with lower traffic volumes, and usually at forested 
crossings.  Recent results from a new large-scale monitoring program indicated that lynx 
occupied a similar proportion of the landscape in the San Juan Mountains during winter 2014-15 
as they did during winter 2010-11.  

Expert Elicitation Process 
All questions posed to the 10 lynx expert panelists were framed in the context of the 3Rs, a 
driving principle for evaluating viability under the SSA framework.  In questioning, we used a 
modified Delphi method (e.g., MacMillan and Marshall 2006), which involves eliciting individual 
responses/scores, exploring response rationale and differences in expert judgment through 
guided discussions, then allowing experts to reconsider their scores in light of those discussions 
if they so desire.   
 
In our implementation of the modified Delphi approach, panel members were first asked to 
respond individually to a particular question and indicate their level of confidence in their 
response.  We then collated and noted the range of responses, which became the mechanism 
for follow-up discussion.  In collating responses, we used a simple numeric coding system 
rather than the experts’ names to provide for a reasonable level of anonymity.  We noted where 
there was high congruence among responses, as well as low congruence and outlying 
responses.  By asking for experts to voluntarily provide their reasoning for particular responses, 
we were able to delve into the basis for varying opinions.  After the discussion period, experts 
were given the opportunity to revise their scores.   
 
In addition to elicited responses to each question, we received substantial feedback from the 
experts on definitional issues and the validity of the questions themselves; we revised the 
questions as needed following these discussions.  In the case of a revised question, scores 
were elicited again following the revision.  The second round of scoring was displayed for 
experts, with a closing opportunity for comment, discussion, or score revision. 
 
All panel members were encouraged to respond to each question but also given the option of 
abstaining from responding to a question if they felt it was beyond the bounds of their expertise.  
With few exceptions, all 10 expert panelists responded as requested to every question.  
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Instances where experts either chose not to reply or otherwise replied in a manner differing from 
the expected form of response to the question are noted in the responses below. 

Lynx Status:  Expert Elicitation and Responses 
Questions for experts were scripted by the Lynx SSA Team prior to the meeting to facilitate 
discussion of lynx ecology among the experts, solicit their professional opinions, and to help the 
Service gather and synthesize biological information for use in the SSA, particularly where 
empirical data are lacking in the published literature and projecting habitat and population 
conditions into the future is needed.  Because of the uncertainty of quantifying the population 
status and other aspects of lynx biology, the Service and facilitators decided to generate a 
series of discussion questions with quantifiable responses (scores) concerning the redundancy, 
resilience, and representation (3 Rs) of the DPS.  Although scores provided a starting point for 
discussion among experts and are quantified, analyzed, and summarized as appropriate in the 
following sections of this report, the Service also places high value on the content of the 
discussion among experts.  Therefore, both the analyses of scores and summaries of the 
discussion content are presented and will be considered during development of the SSA, noting 
that both were integral to the expert elicitation process. 

The types of questions and the format of responses differed based on the information needed to 
inform the status assessment, and the best way to capture the information relevant to the 
question being asked.  For example, responses were requested in the form of lists, when a set 
of influences was desired, in the form of a 4 point elicitation (e.g., the most likely, high, and low 
end of a range, and confidence that the range contains the true value) when an uncertain 
quantitative value was desired, in the form of graphed trajectories when probabilities of 
persistence over time were desired, and other forms as necessary (see questions below).  
Experts submitted their scores independently via submission sheets (sticky notes, index cards, 
graph paper, etc.) with their ID numbers.  Note takers recorded and displayed scores to assist 
discussion.  Facilitators and other members of the SSA Team then asked directed questions to 
clarify responses from the panelists as needed.  Following each round of discussion and 
clarification, the panelists were provided the opportunity to update their response if desired and 
the second round of responses were collected and recorded.  The final responses are the only 
responses reported here.  The range of individual responses that we received was not 
combined (e.g., averaged or otherwise) in any way that would obscure or conceal individual 
responses, and the final scores for each panelist were recorded if the response was revised. 

We present the results of the expert elicitation below under the headings of representation, 
redundancy, and resilience.  Under each heading, the following is provided:  the definition of the 
viability category (3 Rs) under consideration, the question(s) asked of the expert panelists, 
response type (i.e., the form of the response requested of the experts), question clarification 
(i.e., a narrative description of any additional information provided to the experts by the 
facilitators for clarification as the questions were asked), expert responses, and notes from the 
discussion. 
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Expert Responses 

Representation 

Definition - Representation contributes to the adaptability and evolutionary capacity of a 
species over time, to accommodate long term issues like climate change.  The breadth of 
genetic ecological, demographic, and behavioral diversity across a species’ range may 
contribute to its capacity to adapt over time.  Measures of genetic and life history variability 
among populations, distribution of populations across a range of ecologically diverse locations 
or niches, etc., are useful proxies to measure.  Consider needs for establishing or reestablishing 
populations in unoccupied habitat that may be necessary or suitable for species adjustment to 
climate change or other stressors, including the need to replace former populations in no longer 
represented ecosystems. 

Representation Questions  

1.  Are any of the geographic units susceptible to genetic drift on a scale that would limit 
genetic viability?  If yes, which geographic units? 
 
Response Type:  Experts supplied a written response of “yes” or “no,” with a yes answer 
accompanied by a list of susceptible geographic units. 

Expert Responses:  Five experts responded that none of the geographic units are susceptible to 
meaningful genetic drift, two experts abstained from answering, and three experts responded 
that there are geographic units that are susceptible to such genetic drift.  Among the latter, one 
expert responded that the Colorado geographic unit is susceptible over a long period of time, 
and the other two experts responded that both the Colorado and GYA geographic units are 
susceptible to genetic drift. 

Discussion Points Following Initial Responses:  It wouldn’t take many immigrating lynx to 
provide adequate genetic diversity to prevent genetic drift.  One reproductively successful 
immigrating lynx every 5 to 10 years per geographic unit is likely sufficient to prevent genetic 
drift.  Most experts believed there was a low likelihood that even the smaller lynx populations 
(GYA and Washington) or those in more isolated geographic units (Colorado and GYA) are 
vulnerable to genetic drift at a scale that would impact viability, though several experts felt that 
both the GYA and the western Colorado units could experience meaningful drift in the absence 
of immigration or augmentation.  Overall, most experts felt there is a low risk of genetic drift 
being a problem for lynx in the DPS.  

2.  Are there locations from a lynx perspective that have unique habitat conditions 
relative to other areas in the lynx range that are necessary to foster future adaptive 
capacity of the DPS?  If yes, where? 
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Response Type:  Open discussion.  No response forms were submitted, but notes were taken 
on the discussion that followed. 
 
Question Clarification:  The experts required some clarification of terms and the intention of this 
question to respond.  Facilitators read the working definition of representation (above), which 
previously had been provided to the experts.  Experts then discussed representation across the 
lynx DPS from an adaptive capacity perspective. 
 
Expert Responses:  The response was an open discussion captured below. 
 
Discussion Points Following Initial Responses:  Maintaining genetic variability is important for 
adaptive capacity.  If uncertain about the capacity for lynx to adapt, then experts encouraged 
that all populations (and hence the genetic variation within each) be maintained.  Experts 
indicated that it doesn’t appear that any U.S. population is more or less important to maintain 
than the others because of relatively similar ecological settings and the generally low level of 
genetic differentiation across the DPS.  Summary:  Experts discussed that maintaining 
representation in the DPS could best be achieved by retaining current DPS populations, 
maintaining connectivity between DPS and Canadian lynx populations, conserving the genetic 
diversity currently represented in DPS, and avoiding impacts that could facilitate or increase the 
potential for or likelihood of genetic drift. 

It was also noted that lynx north of the DPS in some parts of eastern Canada (in New Brunswick 
and Quebec south of the St. Lawrence Seaway and on Newfoundland Island) have some 
unique alleles, including at functional genes, and should be preserved.  Lynx in these areas are 
relatively more isolated than lynx elsewhere in Canada.  Lynx south of the St. Lawrence are 
separated from lynx to the north by the seaway itself, which historically froze over during winter 
but which is now kept open to facilitate maritime shipping, perhaps reducing the level of genetic 
exchange between lynx on opposite sides.  Lynx on Newfoundland Island are separated from 
lynx in mainland Labrador and Quebec by the 15- to 60-kilometer-wide Strait of Belle Isle.  
Despite the relative isolation of these populations, genetic evidence indicates some interchange 
between lynx south and north of the St. Lawrence and between Newfoundland Island and 
mainland populations.  Eastern Canadian populations north of the St. Lawrence may have 
slightly different genetic composition than lynx in the Maine geographic unit. 

Redundancy 
Definition - Redundancy contributes to the ability of population types to withstand catastrophic 
events (hurricanes, wildfires, etc.).  The number and distribution of populations of each 
representative type contribute to the retention of various representative types despite 
catastrophic events by ensuring that the loss of a population doesn’t lead to the loss of 
representation. 
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Redundancy Questions 
 
1.  List the factors/catastrophic events that could functionally extirpate an entire 
geographic unit. 
   
Response Type:  Each expert supplied a written list submitted via index card of the 
factors/catastrophic events. 
 
Question Clarification:  Three issues required clarification prior to obtaining responses to this 
question.  First, we initially asked about eliminating a “population” rather than a geographic unit.  
Because some of the geographic units may support several relatively isolated subpopulations, 
experts questioned whether we meant individual populations or subpopulations.  We clarified 
that we are evaluating the likely persistence of resident lynx populations in each of the six 
geographic units that currently support or recently supported them; therefore, we are interested 
in the likelihood that a catastrophic event could result in the extirpation of resident lynx from the 
entirety of any of the geographic units. Second, we were asked if extirpation meant the 
complete loss of all lynx from a unit.  We clarified that we wanted to know if lynx could be 
“functionally extirpated” from any geographic unit, with functional extirpation described as the 
loss of the unit’s ability to support a resident breeding population(s) of lynx.  Third, experts were 
not clear what an “event” entailed.  After discussion, it was agreed that an event was defined as 
a single occurrence of some form, such as a fire, drought, hurricane, etc., that occurs over a 
relatively brief period of time, rather than a series of smaller cumulative events (e.g., a series of 
climate change-associated occurrences of fires or insect outbreaks over the course of a 
decade) causing a cumulative catastrophic result. 

Expert Response:  Six of the ten experts did not list any catastrophic events that could result in 
the functional extirpation of lynx from any entire geographic unit.  Three of the experts listed 
multiple catastrophic events they felt could result in at least temporary functional extirpation of 
lynx in a unit.  Among these, two of the experts listed fire, three listed disease, one listed insect 
outbreak, and one listed a failure of winter conditions due to a combination of heat or drought 
conditions.  One expert listed geographic unit-specific events, namely fire or insect outbreak for 
the Washington geographic unit, insect outbreak in Maine, and either insect outbreak or fire for 
one of the Minnesota geographic unit’s groupings of individuals, but not all. 

Discussion Points Following Initial Responses:  Experts were told that climate change was not 
considered a catastrophic event because it is both a driver of events and influences severity, 
rather than being an event itself as defined above.  Experts discussed the possibility that the 
Washington geographic unit, because of its relatively smaller size and history of recent 
extensive fires in lynx habitat, may be at risk of functional extirpation from multiple catastrophic 
events; disease, fire, and beetle outbreak were all mentioned as possible events.  One expert 
suggested that the Minnesota geographic unit could potentially be eliminated by a very large 
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fire, although there was a low probability of this occurring.  Experts expressed some uncertainty 
whether fire could occur at the severity and scale sufficient to eliminate an entire geographic 
unit; however, a series of fires over a short time period may have the potential to cause 
functional extirpation of lynx from a geographic unit or significantly reduce the number of 
resident lynx it could support, at least temporarily. 

2.  Could any of the catastrophic events listed in response to redundancy question 1 
eliminate all 6 geographic units simultaneously? 
 
Response Type:  Each expert supplied a written response of “yes” or “no.” 

Expert Response:  All experts answered “no.” 

3.  What is the probability (expressed as a percentage) that any single geographic unit 
could be eliminated by a single catastrophic event in the next 10 years? 
 
Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  In response to the discussion around question #1, which resulted in the 
inclusion of question 3, this question was modified from its original script to include a 10-year 
time frame (underlined). 

Expert Responses:  All responders gave a relatively low probability (≤ 10%, median of 1%) that 
any single geographic unit could be eliminated (resident lynx functionally extirpated) by a single 
catastrophic event in the next 10 years (Figure 2).   

4. What is the percent likelihood that a series of catastrophic events within the next 10 
years could cause functional extirpation of one or more lynx geographic units? 

Response Type:  1-point elicitation.  Each expert supplied a written response of X%. 
 
Question Clarification:  This question was developed after discussion of question 3 to capture 
the possibility of functional extirpation of lynx from geographic units due to a series of 
catastrophic events over a relatively short time rather than a single event that occurs at one 
point in time. 

Expert Responses:  The percent likelihood ranged from 0.5% to 60%, with a median response 
of 7.5% (Figure 2).  Expert responses indicated a higher probability of a series of catastrophic 
events over 10 years resulting in functional extirpation than a single event in the next 10 years, 
as in question 3.  
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Figure 2.  Individual scores and summary boxplots of the percent chance that a geographic unit 
is eliminated by a single catastrophic event (question #3, left) or a series of catastrophic events 
(question #4, right) in the next 10 years.  Note:  This and all subsequent figures below were 
generated using the statistical software R (Appendix 6).  

In Figure 2, individual responses to a single catastrophic event were 0.01%, 0.1%, five 
responses of 1%, 5%, and two responses of 10%.  Individuals responses to a series of 
catastrophic events were 0.5%, 1.1%, three responses of 5%, 10%, 15%, 20%, 40%, and 60%).  
Boxplots illustrate response mean values (bold black lines), the 25% and 75% quartiles (upper 
and lower bounds of boxes), and the highest and lowest values within 1.5 times the quartile 
range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of the 
whiskers (outside 1.5 times the quartile range) are considered outliers and plotted as points 
beyond the ends of the whiskers (i.e., experts 3 & 4 in Q3 and experts 3 and 10 in Q4, as 
indicated by the points plotted between experts 5 and 6).  The individual expert responses used 
to produce the boxplots are indicated by x-marks.  Boxplots are provided as a summarizing 
visualization to aid comprehension of the experts’ responses and their range, and the summary 
values are presented in this context and not intended for use outside of the context of the full set 
of responses. 

Discussion Points Following Initial Responses:  One expert noted that the probability of 
extirpation in any one of the 6 geographic units is greater than the probability of a single specific 
geographic unit being extirpated.  Also, any combination of a series of events over a decade 
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increases the likelihood of extirpation in any one geographic unit relative to the probability of 
extirpation due to a single event.  

Although median probabilities of extirpation were low, experts felt the geographically smallest 
unit (Washington) and those units believed currently to support the fewest resident lynx (GYA, 
Washington, and Minnesota) were the most vulnerable geographic units when scoring this 
exercise.  Fire, drought, and beetle kill were the most frequently mentioned events that were 
considered by the experts when answering this question.  Some experts felt that these 
geographic units may be susceptible to such a scenario because of small geographic and/or 
population sizes and distribution.  In particular, it was noted that this past year there were many 
fires in lynx habitat, especially in Washington, and another year with similar fire impacts, or a 
few such fire years in a 10 year period, could lead to extirpation of lynx in the Washington 
geographic unit.  An expert noted there currently may be as few as 24 remaining females in 
Washington and that with fewer individuals in this area it would result in a higher probability of at 
least temporary extirpation.  Experts noted that fire disturbance data are likely available that 
could be used to model the likelihood of future fire impacts to each geographic unit.  

Experts with outlier responses provided their rationales.  Experts having the lowest scores 
believed that even the smallest geographic units would have only a low probability of extirpation 
in the next decade - that the time frame under consideration was very short.   

5.  What length of time would be required for a geographic unit eliminated by a 
catastrophic event to reestablish naturally? 
  
Response type:  4-point elicitation.  Each expert supplied a written response in years for the 
longest, shortest, and most plausible time periods for reestablishment of a resident lynx 
population within a geographic unit following functional extirpation.  They were also asked to 
indicate their confidence, as a percentage chance, that the true amount of time necessary for 
reestablishment would fall between the shortest and longest plausible time periods provided. 
 
Expert Responses:  The responses to each of the points elicited are shown below in Table 1.  
Two experts provided additional information beyond the 4 points elicited when responding.  One 
presented two scenarios, one in which connectivity is intact and the habitat was damaged by the 
catastrophic event (e.g., insect outbreak or fire) which would require habitat regrowth first, and 
the second in which the habitat remained present.  In the case of habitat being present the most 
likely time period response was less than 10 years.  In the habitat elimination scenario the 
expert felt given climate changes to habitat that the geographic unit would not re-establish.  The 
second expert responded by geographic unit, with the exception of the Minnesota geographic 
unit for which there was no response.  Their responses are summarized in Table 1 using the 
overall longest and shortest responses as well as the average of the most plausible time (see 
footnote 3). 
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Table 1.  Expert responses regarding the natural reestablishment time in years for a geographic 
unit after extirpation by a catastrophic event. 
 

Expert # 
Reestablishment Time in Years Percent Confidence in 

Range3 Shortest Plausible 
Time 

Most Plausible 
Time  

Longest Plausible 
Time 

1 10 40 100 50% 
2 15 100 300 80% 
3 15 35 60 5% 
44 1, 

will not reestablish 
<10,  

will not 
reestablish 

will not reestablish 100% 

5 25 50 100 75% 
6 20 30 50 90% 
7 15 20 25 90% 
8 15 50 will not reestablish 40% 
9 20 30 100 50% 

105 15 55 200 50% 
 

Expert responses are also visualized in Figure 3 and Figure 4 below.  The raw responses are 
visualized in box plot form to aid communication of the results (Figure 3).  Confidence ranges 
provided in a four point elicitations enable expert responses to be rescaled to produce a 
common confidence bound across experts using linear extrapolation (e.g., McBride et al. 2012).  
We calculated the 95% confidence interval for the shortest and longest plausible time periods 
for each expert (Figure 4).  In cases where the linear extrapolation resulted in negative years for 
the shortest time periods, we adjusted to zero.  This may indicate underconfidence in the 
responses provided by the experts, or that the use of linear extrapolation for these 4-point 
elicitation responses fails to distribute expert uncertainty in a manner consistent with the actual 
uncertainty present in expert responses (i.e., the experts could have been more confident in 
their shortest plausible time response than their longest plausible time responses, which the 
linear extrapolation doesn’t account for). 

                                                
3 Expert confidence that the true recovery time would fall between the shortest and longest time periods 
of their response. 
4 This expert provided a response for two scenarios, first that the catastrophic event does not result in 
habitat loss, and second that habitat is lost and therefore connectivity to extant populations is lost. 
5 This expert provided separate responses for each geographic unit.  The values in this table are the 
overall shortest, longest, and average most plausible number of years indicated in the responses across 
geographic units. 
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Figure 3.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events. 

The raw responses for each of the three time periods (longest plausible time to reestablishment, 
most plausible time, and shortest plausible time period) are displayed in the box plots in Figure 
3 above.  Boxplots illustrate response mean values (bold black lines), the 25% and 75% 
quartiles (upper and lower bounds of boxes), and the highest and lowest values within 1.5 times 
the quartile range (“whiskers” external to boxes).  In this analysis, responses beyond the ends of 
the whiskers are considered outliers and plotted as points.  The individual expert responses 
used to produce the boxplots are indicated by x-marks.  Boxplots are provided as a 
summarizing visualization to aid comprehension of the experts’ responses and their range, and 
the summary values are presented in this context and not intended for use outside of the 
context of the full set of responses. 
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Figure 4.  Years for a geographic unit to become reestablished following extirpation due to 
catastrophic events, adjusted to provide 95% confidence bounds. 

In Figure 4, 95% confidence bounds were produced from the 4-point responses using linear 
extrapolation.  Shortest plausible time period is in blue, most plausible is green, and longest 
plausible is red.  For plotting purposes negative shortest time period values were adjusted to 
zero, and all zeroes in the plot indicate 95% confidence bounds that extended below zero.  
Longest time periods beyond 350 years were plotted at 350, with the actual time period noted in 
text left and below those points.  Also note that expert 10 responded by geographic unit, so the 
figure displays the 95% confidence bound adjusted overall longest, overall shortest, and 
average most plausible time periods across the six units for expert 10. 

Discussion Points Following Initial Responses:  Experts discussed the amount of time it takes 
for habitat to recover after catastrophic events (e.g., fire, insects) when considering timeframes 
for repopulation.  Some experts could picture some geographic units never being recolonized 
again, and that some could be recolonized immediately, depending on which geographic unit is 
being evaluated and the level of connectivity to other geographic units and to lynx populations in 
Canada.  Washington is more connected to Canada than the Colorado geographic unit for 
example.  The rate of recolonization was variable for each geographic unit because of the size 
of each geographic unit, status of adjacent source geographic units, and the level of 
connectivity.  Experts found it hard to generalize across the range of the species for this 
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question.  The variances in the geographic units across the range need to be considered.  
Experts believed GYA and CO would have a long period for recolonization, if ever recolonized, 
after a potential extirpation event because of the lack of connectivity with Canadian populations.  
It is likely that those geographic units with connectivity to Canada would recover much sooner 
than geographic units not connected to Canada. 

Resiliency 

Definition - Resiliency speaks to an individual population’s ability to tolerate environmental and 
demographic stochasticity, such as fluctuations in temperature or genetic drift.  It is often 
measured in terms of population size and growth rate, but in fact is dependent on a number of 
traits, both demographic and environmental.  These include, among others: age or stage class 
distribution, genetic heterogeneity, birth rates, annual survivorship, sex ratios, etc., and the 
quality and extent of habitat, the degree of disease, competition, etc.  Metapopulation dynamics 
and distribution can also contribute to population resiliency in some species. 

Resiliency Questions:  Probability of Persistence Exercise  

Exercise Summary 

The first two resiliency questions were asked concurrently as part of a probability-of-persistence 
exercise conducted for each geographic unit.  Experts were asked to graphically provide the 
probability of persistence of resident lynx through time for each geographic unit, as well as the 
major factors influencing persistence in those geographic units, one geographic unit at a time.  
Experts were asked to provide persistence probabilities and influencing factors for the near-term 
(2025), mid-term (2050) and longer-term (2100).  Experts were also asked to indicate on each 
of their graph sheets the emissions scenario (low, moderate, or high/status quo) they were 
considering in graphing persistence probabilities and listing influencing factors.  
 
We began this exercise with the Northern Maine geographic unit, and the discussion and 
questions among experts that followed the initial persistence-graphing and factor-listing efforts 
indicated that a review of the status and major issues confronting lynx in each unit (a quick 
reminder and summary of the earlier status update presentations) would be helpful.  Therefore, 
prior to expert responses for the remaining units, the expert(s) most familiar with the geographic 
unit in question gave a 5-10 minute summary of what they viewed as the most relevant 
information about the current and likely future status of lynx populations and habitats in that unit.  
They also presented any other conditions or issues they thought could affect the probability of 
persistence of resident lynx in that unit.  All experts then completed their graphs and lists of the 
factors that influenced the probabilities of persistence they selected for each time frame for the 
geographic unit in question.  For the Maine unit, the discussion following initial responses 
served the same purpose, and after that discussion, experts were given the opportunity to 
revise their responses if they felt it necessary. 
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After all experts completed their responses, the graphs and influence lists from each expert 
were posted on the wall, and workshop participants were invited to gather around to view and 
discuss the range of responses.  Facilitators and SSA Team members then polled the experts 
about what drove their responses.  These questions were a mix of directed questions about 
unique responses, the role of particular factors noted in the responses, and open-ended 
questions to allow experts to describe their thinking.  Experts and team members were also 
encouraged to ask clarifying questions about the responses.  Experts were encouraged to 
modify their responses by posting a revised sheet above their first response if they wished to 
adjust their responses based on the discussions. 
 
1.  What is the probability of persistence over time (particularly at present, 2025, 2050, 
and 2100) for each of the 6 major geographic units? 
 
Response Type:  Graphical 3-point elicitation.  Each expert was provided a blank sheet of 
graphing paper with a y axis of probability of persistence, and an x axis of time, with 4 time 
periods bolded (2015, 2025, 2050, and 2100).  For each of those years, experts were asked to 
add a point to the graph representing the lowest, highest, and most likely probabilities of 
persistence at that time period.  Experts were also asked to connect the points through time. 
 
Question Clarification:  It was explained that the most likely point should represent the 
probability of persistence that the expert anticipates to be most likely to occur for that 
geographic unit at each time period, and that  the points for lowest and highest probability of 
persistence were intended to capture the expert’s uncertainty in the future probability of 
persistence.  Experts preferred to indicate a most likely probability and to provide a full 
confidence interval (i.e., upper and lower bounds within which they felt 100% certain the future 
probability of persistence would fall) rather than indicate a confidence level associated with the 
lowest and highest probability responses. 
 
Expert Responses:  Responses are by geographic unit and are presented below in conjunction 
with the responses to question #2 below. 
 
2.  What are the major drivers/factors (up to 3) reducing probability of persistence for 
each of the major geographic units? 
 
Response Type:  Ranked list of top three factors, for each point in time (present, 2025, 2050, 
and 2100), with % contribution of each factor. 
 
Question Clarification:  Resiliency questions 1 and 2 were asked concurrently.  Experts were 
provided a sheet of paper for each geographic unit and the area at the bottom of the sheet 
below the graphing area was used to list the three major factors they expected would most 
significantly influence the probability of persistence at each time period.  Influencing factors 
were described as those anthropogenic or naturally-occurring activities, events or factors that 
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could influence the probability that resident lynx populations will persist in a given geographic 
unit. 

Expert  Responses:  For each geographic unit, an overview of the unit from the area 
expert are provided, as well a summary of the hand drawn graphs via a figure (Figures 
5 - 10), the responses and major factors are summarized via text, and the discussion 
that the responses generated are presented. 

Results by Geographic Unit 

Northern Maine  

Pre-graphing Overview from Unit Experts:  This step was not added to the process until after the 
probability of persistence exercise for this unit.  Because this unit was the first for which experts 
attempted to graph persistence over time, there were many questions and much discussion 
about process and intent.  It was the discussion following this initial graphing exercise that led 
the SSA Team to request unit summaries prior to subsequent graphing exercises.  The Team 
felt that overview information similar to that provided prior to graphing persistence for 
subsequent units (below) came out during the discussion.  Further, because experts were 
encouraged to update their Northern Maine geographic unit responses as necessary following 
that discussion, the Team felt that the results of the graphing exercise for the Northern Maine 
geographic unit were valid and comparable to the results generated for the other units. 

Expert Responses:  All experts indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Maine through the end of the century, with uncertainty (range 
between lowest and highest probabilities) also increasing over time.  Nearly all experts 
predicted near-term (year 2025) persistence probability >= 90% and mid-century persistence >= 
70%.  All experts predicted end-of-century persistence probability >= 50% for this unit, with most 
predicting a 40% to 60% probability of persistence by 2100 (Figure 5).  Near-term drivers that 
influenced experts’ probabilities of persistence for this geographic unit were changes in private 
forest land ownership, changes in forestry management (timber harvest methods, volumes, and 
spatial distributions), habitat decline (succession of previous clear-cuts from young, dense 
regenerating stands to mature stands less conducive to high hare densities), spruce budworm 
outbreak, climate change-induced loss of spruce-fir habitats, and competition with bobcats due 
to climate change-induced loss of snow conditions that favor lynx.  Longer-term (2050, 2100) 
drivers similarly included changes in forestry practices, but also climate-driven loss of snow 
conditions favorable to lynx/competition with bobcats, and loss of spruce-fir forest.  As with 
responses for other geographic units, not all experts provided the factors that influenced their 
persistence probabilities for each time period, and not all provided the percent contribution of 
each factor. 
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Figure 5.  Expected probability of persistence for the Northern Maine geographic unit at present, 
2015, and in 2025, 2050 and 2100. 

Note:  In Figure 5, above, and figures 6 through 10, below, points for each of the 10 expert 
responses, for each of the three probability of persistence levels, i.e., highest, most likely, and 
lowest probabilities of persistence, are represented by the hollow red, filled green, and hollow 
blue points respectively.  The black x mark is the median of the most likely responses across 
the experts in each response year.  The red, green, and blue dashed lines connect the median 
of the highest, most likely, and lowest probability of persistence responses across the experts in 
each response year.  The edges of the grey area were defined by the extreme responses, i.e., 
the range from the largest of the highest probability of persistence responses to the smallest of 
the lowest probability of persistence responses.  The median lines and grey area are provided 
as a summarizing visualization to aid comprehension of the experts’ responses and their range, 
and should not be viewed as a substitute for individual responses or presented outside the 
context of the accompanying discussion. 

Discussion Points Following Initial Responses:  One expert expressed confidence that the lynx 
population in Maine will be stable in the near term; that climate change out to 2050 will primarily 
affect coastal areas, which support few lynx; and that there will likely still be favorable conditions 
for lynx in northern Maine where most lynx currently occur.  A second expert disagreed, and 
indicated that a combination of aging of the last of the budworm-era (1970s-80s) clear-cuts, the 
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cumulative effects of the last 25-years of partial harvesting (in accordance with the Maine Forest 
Practices Act), and the coming spruce budworm outbreak will all substantially reduce the 
amount of high quality lynx/hare habitat in this unit.  Projecting past 2050, experts generally 
agreed that climate change will likely create unfavorable conditions (e.g., insufficient snow, loss 
[northward migration] of spruce-fir forests) in northern Maine’s core area for lynx, and the 
probability of persistence will decline over the longer term.  Although uncertainty increases with 
time from the present, climate-related loss of favorable snow conditions (amount, consistency, 
and duration), loss of spruce-fir, and bobcat competition will likely reduce the probability of 
persistence in this unit beyond 2050.   

There was some concern that timber companies would not respond to the pending spruce 
budworm outbreak like they did in the 1970s (extensive clear-cuts).  Some experts also 
expressed concerns about the effects of the current clear-cuts aging past conditions that 
support hares and lynx.  Out to year 2050, changes in snow conditions and loss of spruce-fir 
associated with climate change will contribute to habitat loss.  Past 2050, diminished snow, 
successional loss of high-quality habitats, increased competition from bobcats, and spruce-fir 
decline will make conditions unfavorable for lynx.  Some experts assumed a high-emissions 
climate change scenario, but others said their predictions would not change under moderate 
emissions scenarios.  The second expert (above) indicated that current data show spruce-fir 
habitat is being replaced with a hardwood forest (red maple) system, and that this will continue 
throughout the century.  This expert indicated hardwood forest invasion isn’t being controlled by 
herbicides as it was in the last budworm outbreak.  The first expert (above) disagreed and said 
that lynx are resilient and forestry practices will likely sustain spruce-fir habitats in Maine, 
providing an example of one timber company that has already invested in spruce plantations.  
The second expert indicated that most of the land base is owned now by Timber Investment 
Management Organizations and Real Estate Investment Trusts who will not employ intensive or 
expensive (plantation, herbicide) forms of forestry.  In summary, experts expressed a variety of 
opinions about how forest management may change in the future in Maine and, in particular, 
how forest landowners and managers may respond to the pending spruce budworm outbreak, 
and how these responses may impact resident lynx.  

Other factors considered by the experts included budworm outbreaks, the potential for disease 
in a lynx population (not currently a recognized or documented threat and typically unexpected, 
but always a possibility), ecosystem change induced by climate change, forest tree species 
composition changes, competition with other temperate forest animals.  There are many 
interrelated factors and different stresses and factors that may occur in the future.  It is difficult 
to anticipate the factors that will affect lynx in the future.   

Experts discussed the role of competition between lynx and other carnivores, especially 
bobcats, throughout the DPS.  One expert remarked that in some parts of Montana there is 
complete overlap of lynx and bobcat home ranges and little or no evidence of competition 
effects.  Others indicated relatively narrow regions of overlap and sharp demarcation between 
areas that support home ranges of the two species that correspond with annual snowfall 
amounts in Maine and Minnesota.  Experts were unsure whether bobcat-lynx overlap is more a 



39 

function of snow conditions in these areas or competition between the species (i.e., competition 
for food or behavioral competition).  Although separation of the species has been documented, 
the nature and causes of the separation are not certain.  Bobcats are a more generalist predator 
than lynx and less reliant upon hares than lynx.  Experts expressed varying opinions regarding 
seasonal differences in overlap among lynx and bobcat diets, the effect and importance of 
competition between the two species, and whether it is behavioral or resource competition.    

Lynx in Maine have not responded to changes in hare abundance exactly as lynx in Canada 
and Alaska have to hare population cycles.  In Maine, the proportion of females that reproduced 
and average litter size declined during low hare years, as in the north, but home range sizes in 
Maine did not increase as they did in the north when hare abundance was low.  Hare densities 
do not appear to have dropped below a critical threshold to alter lynx home range size in Maine 
as in the North.   

An SSA Team member asked how hare cycles or fluctuations may affect predictions of 
persistence in Maine.  The first expert (above) said that hare declines documented by University 
of Maine monitoring is likely due to the aging forest, and that lynx in Maine haven’t yet 
responded biologically to the range of hare densities observed in Maine, as suggested by the 
lack of change in home range sizes and survival.  The second expert (above) disagreed, and 
cited University of Maine research that showed hare populations declined by ~50% in all stand 
types sampled starting in 2006, that forests where hares were monitored have not yet 
progressed to the self-thinning stage, and that the hare decline in Maine is mirrored by hare 
data from southern Quebec.   

Northeastern Minnesota 

Pre-graphing Overview from Unit Experts:  There are probably 50-200 resident lynx in 
Minnesota but there is much uncertainty and survey protocols do not support generation of 
precise abundance estimates.  Lynx occupancy and reproduction both have been consistently 
documented in the state since it was listed in 2000.  Lynx in this geographic unit are interacting 
with, and possibly depending on, southern Ontario populations.  Although females exhibit high 
reproductive rates, radio-telemetry data suggest low recruitment of Minnesota-born kittens into 
the breeding population of this geographic unit.  Bobcats are a potential future stressor as they 
are encroaching into lynx areas; fire is a threat in dry years (e.g., there have been 3 fires in last 
15 years that have burned approximately 20% of lynx habitat).  The forest management industry 
is tied to softwoods and continued management of softwood tree species is expected in the 
future. 

Expert Responses:  As with the previous unit, all expert graphs showed initially high and 
subsequently declining probability of lynx persistence in Minnesota over time, along with 
increasing uncertainty through the end of the century.  Nearly all experts predicted near-term 
(year 2025) persistence probability >= 90%, and all experts predicted mid-century persistence at 
60% to 90% (median = 80%).  Experts predicted end-of-century persistence probabilities of 10% 
to 60%, with a median of 35%, by 2100 (Figure 6).  Near term drivers were reduced snow, 
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bobcat competition, disease in lynx (e.g., lungworm, liver fluke, feline leukemia), and forest 
insects.  Long term drivers were reduced snow, competition with bobcat, loss of spruce-fir 
forests, fires, and climate change. 

 

Figure 6.  Expected probability of persistence for the Minnesota geographic unit at present 
(2015), and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts expressed uncertainty whether 
potential climate change impacts will be realized in the short term, but that the cumulative 
effects of climate-induced changes seem more likely in the longer term.  This uncertainty may 
be a source of variability in predicted persistence probabilities.   Some experts expressed 
uncertainty about the accuracy of the rough estimate of the size of the lynx population in this 
unit because surveys were not designed to provide population estimates.  Some experts wanted 
clarification on the distribution of lynx in the state, and which areas of the state have the highest 
use.  The core-use spatial extent was described as a 20-mile-wide strip inland from the north 
shore of Lake Superior and extending about 60 miles from the northeast tip of the “arrowhead” 
southwest into the Superior National Forest (SNF).  Lynx occasionally occur further west in the 
SNF and in other areas such as Voyageurs National Park.  Recent snow-track surveys suggest 
lynx may be using a larger portion of the arrowhead region, and radio-telemetry data have 
documented travel to and from southern Ontario.  Lynx also have been documented to use the 
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1-million-acre Boundary Waters Canoe Area Wilderness (BWCAW) that borders Canada for 
dispersal in both directions across the border.  However, because the BWCAW has not been 
surveyed for lynx, the number of lynx that may use this area is unknown.  The SNF does not 
actively manage the BWCAW.  The current connectivity between lynx in this unit and the larger 
population in Ontario reduces the likelihood of local extirpation in this geographic unit, but the 
likelihood would increase if connectivity was compromised and cross-border interactions 
reduced. 

Factors considered included potential disease, fire, loss of boreal forest, competition with 
bobcats and possibly other hare predators.  Some experts questioned the validity of disease as 
an influence in this and other geographic units because although disease has been documented 
in some felines, it has not been documented as a threat to lynx in any of the DPS populations to 
date.  Some experts speculated that because there is a link between disease and temperature 
increases in other animals, projected climate warming could contribute to disease in lynx.  
Therefore, although not a factor for lynx currently, it is not unreasonable that disease could 
impact lynx populations in the DPS in the future, so we may want to consider disease in future 
conservation planning.  Experts also discussed the possibility that climate warming may 
facilitate the westward expansion of the spruce budworm outbreak that is projected for Maine 
and eastern Canada into southern Ontario and the Minnesota geographic unit. 

Northwestern Montana/ Northeastern Idaho 

Pre-graphing Overview from Unit Experts:  There are likely 200-300 lynx in this unit in several 
subpopulations (expert stressed that this is a guess and not a true population estimate), and 
there is currently a connection with lynx in Canada.  Climate models project that some boreal 
forest will persist in this unit and that it will maintain snow into the future.  In this unit, lynx 
primarily occupy public lands, which are actively managed for lynx into the future.  In recent 
decades, fires have occurred on a large scale, with high intensity and increasing frequency.  
There have been no documented cases of beetle infestations in lynx habitats in this unit. 

Expert Responses:  As for previous units, all expert graphs showed an initially high and 
subsequently decreasing probability of persistence for this unit, with increasing uncertainty over 
time, but a higher probability of persistence at all time frames than other units.  All experts 
predicted near-term (year 2025) persistence probability >= 95%, and all predicted mid-century 
persistence at 70% to 100% (median = 90%).  All experts predicted end-of-century persistence 
probabilities >= 50%, with a median of 78%, by 2100 (Figure 7). 
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Figure 7.  Expected probability of persistence for the Northwestern Montana/Northeastern Idaho 
geographic unit at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Overall, experts assigned a higher probability of 
persistence in this unit compared to the other two units discussed thus far.  Most lynx habitats in 
this unit occur on Federal lands that are managed for lynx conservation, but one expert noted 
that little has been done to document whether lynx are responding to this management.  The 
recent sale of large tracts of private commercial timberlands in the central part of this unit to The 
Nature Conservancy has increased protection for lynx via conservation easements managed for 
lynx.  Habitats in some areas should improve in the near future as previously cut or burned 
areas mature into dense stands.  Unlike the Maine and Minnesota geographic units (but similar 
to most other western units), high elevations in this unit could buffer the effects of climate 
change by providing for the upslope migration of lynx habitats and snow conditions that climate 
models predict.  However, this would result in even patchier and more isolated islands of habitat 
in high elevation areas that would be more prone to extirpation due to catastrophic or stochastic 
events.  Competition from coyotes and bobcats seem to be less of a concern for this unit. 

This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historic lynx population cycles in Canada believed to have fueled such immigration are still 
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occurring or will into the future.  There doesn’t appear to be much demographic input from 
recent cycles.  There is evidence of lynx from this unit moving north into Canada, but little 
evidence of demographic interactions among the three subpopulations (Purcell Mountains, 
Seeley Lake, and Garnet Mountains) in this unit.  Experts noted that the Garnets Mountains 
subpopulation at the southern end of this unit may have recently become extirpated.     

Discussion among experts indicated that fire was more of a concern for this area.  Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit.  Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels.  Out to 2050 and 
beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity.  Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 

Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats.  Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in future with climate change.  It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level.  One expert reminded that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation.  Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in future.   

North-central Washington 

Pre-graphing Overview from Unit Expert:  This geographic unit is thought to currently support 
roughly 50 resident lynx.  There may have been more lynx prior to recent major fires.  This unit 
is currently connected to Canada, and there is no indication that this connection will be 
disrupted.  Some of the best lynx habitat in this unit occurs on plateaus that may be more 
vulnerable to impacts of climate change because of the absence of higher-elevation areas to 
which habitats, lynx and hares could migrate in response to warming.  In areas that receive 
maritime climate influences, projected climate-induced changes to snow conditions could be 
detrimental for lynx.  Studies have shown good lynx survival rates in this unit. 

Expert Responses:  Compared to the previous units, most expert graphs showed a lower 
probability of persistence for this unit over the short term, and then lower probability of 
persistence along with increasing uncertainty by 2100, reflecting a more pessimistic outcome for 
this unit compared to previous units (Figure 8).  Experts predicted near-term (year 2025) 
persistence probabilities of 60% to 90% (median = 80%), and mid-century persistence at 30% to 
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80% (median = 70%).  All experts predicted end-of-century persistence probabilities less than 
50%, with a median of 38%, by 2100 (Figure 8).  However, one expert predicted an increase in 
persistence probability by mid-century as habitats impacted by recent large-scale fires 
regenerate into optimal hare-lynx habitat. 

 

Figure 8.  Expected probability of persistence for the North-central Washington geographic unit 
at present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  The probability of lynx persistence in this unit 
could decrease sharply over the next 10-20 years because of extensive recent fires in lynx 
habitats and the time needed for these areas to regenerate back to good hare/lynx habitat.  
After that, the probability could rebound (or decline more slowly) over the longer term as these 
large areas return to prime habitat providing high hare densities.  The current small population is 
likely at greater risk of extirpation because of stochastic events, particularly if large fires in lynx 
habitat continue to occur in the near future as they have in the recent past.  A small population 
also could be more susceptible to disease, though none has been documented among lynx in 
this unit.  Experts discussed the extent to which small lynx populations could be reduced before 
they would become highly susceptible to stochastic demographic effects.  It was suggested that 
15-20 breeding individuals might be the minimum needed to avoid such susceptibility.  
Unimpeded connectivity between Canada and the Okanogan area of this unit could allow lynx to 
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repopulate currently-unsuitable areas after the habitat recovers.  Lynx in this unit are likely the 
southern portion of a larger population in Canada, not really a separate, isolated small 
population.  Factors that influenced expert persistence probabilities for this unit included fire, 
habitat loss, and the future loss of favorable snow conditions predicted by climate change 
models. 

Greater Yellowstone Area (GYA) 

Pre-graphing Overview from Unit Experts:  This unit has a long history of lynx presence, but the 
consistency of occupancy over time is uncertain.  Research and surveys since 1997 have 
detected few lynx in this unit.  Lynx are likely spatially limited within the unit because of the 
patchy distribution of high-quality habitat and the generally low or marginal hare densities in 
much of the unit.  Lynx have large home ranges in this area, an indicator of lower habitat quality.  
Nevertheless, until recently, this unit appears to have supported a small resident lynx 
population.  The current lynx population in this unit is very small - likely fewer than 10 lynx, and 
possibly zero.  This population may have been somewhat larger in the past; however, there is 
some uncertainty about this.  Recent surveys and trapping efforts have not detected resident 
lynx, only several that were previously released in Colorado.  Several Colorado-released lynx 
have established home ranges in the GYA unit, and there is evidence of overlapping male and 
female home ranges.  In the late 1800s and early 1900s, there was notable predator control in 
some parts of this unit.  There currently is oil and gas exploration and development activity in 
parts of this unit, but potential impacts to lynx are uncertain, and projects are attempting to 
minimize impacts to lynx habitat. 

Expert Responses:  The expert graphs for this unit were widely variable and had different 
outcomes and high uncertainty at all time frames.  Experts predicted near-term (year 2025) 
persistence probabilities of 10% to 70% (median = 52%), and mid-century persistence at 15% to 
60% (median = 35%).  All experts predicted end-of-century persistence probabilities less than 
50% for this unit, with a median of 15%, by 2100 (Figure 9).  This was the only unit for which 
most experts believed the present probability of persistence is low (i.e., that it is uncertain 
whether this area currently supports a resident lynx population).  Some experts increased 
probability of persistence into mid-century as the 1980s-era fires regenerate into hare/lynx 
habitat, and with the possibility of continued immigration of lynx from Colorado.  Other experts 
project a 10% to 20% probability of persistence by 2100.  One reason given for wide variability 
in responses is because of the uncertainty whether a population currently exists.  There were 
wide confidence intervals around the probabilities for all time periods for this area. 
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Figure 9.  Expected probability of persistence for the GYA geographic unit at present, 2015, and 
in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Current and future factors expressed by experts 
as influencing probability of persistence for this unit included small population size, forest 
disease and insect pests, and fire.  Some experts doubt that the GYA unit currently supports a 
resident breeding population of lynx.  Experts indicated that climate models predict that some 
parts of the GYA unit could provide refuge from climate change impacts because of their high 
elevations and potential to maintain winter snow levels into the future.  Summer conditions in 
this unit, however, could be drier in the future, resulting in increased fire frequency, extent and 
intensity, and additional temporary habitat loss.  However, regeneration of these areas and the 
extensive areas that have burned in the recent past may provide good habitat over the next 
several decades.  Lynx immigrating to this unit from Colorado could occupy such improved 
habitats in the near future.  Colorado lynx have made exploratory movements into the GYA in 
summer months, and analysis of available data could improve our understanding of Colorado 
lynx movement into and use of the GYA.  It is possible that lynx from Colorado are maintaining 
or could maintain lynx in GYA. 
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Western Colorado 

Pre-graphing Overview from Area Expert:  From 1999 to 2006, Colorado Division of Wildlife 
(CDOW; now Colorado Parks and Wildlife [CPW]) released 218 Canadian and Alaskan lynx into 
western Colorado.  Survival and litter sizes have been similar to rates observed in other DPS 
populations.  There are probably 100-250 lynx in Colorado today.  There are currently 5-6 
million acres of habitat in this unit thought capable of supporting lynx and where hares are 
present in sufficient numbers to support persistent reproduction.  Extensive bark beetle 
infestations have impacted large areas of lynx habitat, but snowshoe hare are still occupying 
areas with beetle damage.  Three large fires have occurred in recent years, resulting in some 
lynx habitat burned.  Salvage operations in burned areas could diminish future habitat quality.  
This unit is more isolated from Canadian and other DPS lynx populations; separated by a large 
swath of inhospitable habitat.  Road mortality of released lynx was initially high but it doesn’t 
seem to be a problem now (about 1 per year killed on roads on average since the first year of 
the reintroduction).  There is no incidental take from trapping because foothold traps are banned 
in Colorado.  Climate models show CO will maintain habitat over time with anticipated climate 
changes.  Like other western units, habitat is patchily-distributed across this unit. 

Expert Responses:  Similar to most of the other units, most expert graphs indicate an initially 
high probability of persistence in this unit that will decline gradually with increasing uncertainty 
through the end of the century.  Experts predicted near-term (year 2025) persistence 
probabilities of 60% to 100% (median = 90%), and mid-century persistence at 50% to 85% 
(median = 80%).  Experts predicted end-of-century persistence probabilities of 20% to 70% for 
this unit, with a median of 50%, by 2100 (Figure 10). 
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Figure 10.  Expected probability of persistence for the Western Colorado geographic unit at 
present, 2015, and in 2025, 2050 and 2100. 

Discussion Points Following Initial Responses:  Some experts indicated that beetle kill and fire 
could potentially create poor habitat conditions in large areas of this unit by mid-century, but that 
regeneration after these impacts could result in good lynx/hare habitats.  Others expressed 
uncertainty about whether fire and insect impacts would be temporary or permanent, especially 
considering climate change and the potential for conversion from boreal/subalpine forests to 
other forest types.  Although 8 of 10 experts graphed 50% to 70% probability of persistence at 
2100, during subsequent discussions, several expressed greater uncertainty about whether 
resident lynx will persist in the unit at the end of the century.  Higher-quality lynx habitat occurs 
primarily in two areas and is patchily-distributed.  Lynx in this unit may occur as several smaller, 
relatively isolated subpopulations, which are likely more vulnerable to stochastic events (similar 
to MT).  This unit’s relative isolation may limit exchange with other lynx populations, increasing 
the likelihood of genetic drift and reducing the chance of demographic rescue or recolonization if 
extirpated.  There was discussion about whether ski areas may affect daily movements of lynx, 
and hares may be declining in ski areas.  Ski areas tend to expand and may, therefore, have 
larger impacts on lynx in future.  There is some evidence of lynx using ski areas in summer 
months but avoiding them during the ski season.  It is uncertain whether ski areas may affect 
genetic connectivity within the Western Colorado geographic unit.  Two-thirds to three-quarters 
of the lynx in this unit are in the southern portion of the range in the San Juan Mountains.  There 
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is a large area (Weminuche Wilderness) in Colorado that has not been well surveyed for lynx, 
so it is possible that lynx also could be using that area. 

Summary across Geographic Units 

This section extrapolates from the probability of persistence responses for each geographic unit 
in the section above.  In this section we show the combined probabilities of persistence for 
those geographic units to provide a sense of what the DPS-wide results could be when the 
results for the individual geographic units are combined.  This is shown as a summary of the 
probability that a given number of geographic units persist into the future (See Figure 11) using 
the probabilities provided for each individual unit.  Note that no additional information was 
elicited to produce this summary; rather, the probabilities for each geographic unit were treated 
as independent probabilities of persistence and used to determine the joint probability of 
persistence for a given number of geographic units in total.  Computationally these joint 
probabilities were computed using a convolution of the Bernoulli probability distribution of 
persistence for each geographic unit via a custom convolve function executed in the statistical 
software R (see Appendix 6 for the R code used to produce these and the other summaries and 
figures presented in the report).  The results of this convolution are shown in two forms, first is 
the probability that a particular number of geographic units persists (Figure 11) and the second 
is the cumulative probability that at least a given number of geographic units persist (Figure 12). 
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Figure 11.  Summarized probability of persistence of a given number of geographic units given 
the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 11 is the probability that the specific number of geographic 
units indicated by the x axis of the grid persist.  The probability sums to one in each grid.  
Moving from top to bottom the grids show the probabilities of a specific number of geographic 
units persisting by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by selection type and probability response.6  Therefore 
looking down a column of grids provides a view of the trend in persistence through time and 
looking across a row of grids provides a view of the range of uncertainty in persistence experts 
had for a given time period.  The summarized probabilities presented here are provided to aid 
understanding of the implications of the individual persistence probabilities provided above, and 

                                                
6 “Median_High” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the highest probability response in each geographic unit. 
“Median_Likely” is the probability of persistence generated by selecting the median probability 
of persistence across experts from the most likely probability response in each geographic unit. 
“Median_Low” is the probability of persistence generated by selecting the median probability of 
persistence across experts from the lowest probability response in each geographic unit. 
 



51 

are derived directly from those responses and therefore should be presented and considered in 
conjunction with those figures. 

 

Figure 12.  Summarized probability of persistence of at least a given number of geographic units 
given the probability of persistence for each individual geographic unit. 

The y axis of each grid in Figure 12 is the probability that at least the number of geographic 
units indicated by the x axis of the grid persist.  The probability in a bar reaches 1 when there is 
no probability of fewer geographic units persisting.  Moving from top to bottom the grids show 
the probabilities by time period (2015, 2025, 2050, and 2100).  Moving from left to right the grids 
show the range of expert responses by summary selection type and probability response as in 
Figure 11.  Therefore looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.  The summarized probabilities presented here are provided 
to aid understanding of the implications of the individual persistence probabilities provided 
above, and are derived directly from those responses and therefore should be presented and 
considered in conjunction with those figures. 

Expert Assumptions during Persistence Graphing Exercises 

Experts were asked to summarize the assumptions that informed their responses to resiliency 
questions 1 and 2.  This was done via open discussion, with facilitators asking both direct 
questions about particular issues that could impact responses (e.g., climate change conditions), 
and open ended questions (e.g., what other assumptions were considered?). 



52 

Notes:  Climate-change emissions scenarios considered during this exercise differed among 
experts (and some responses did not indicate an emissions scenario).  However, in discussions 
following the graphing exercise, experts indicated that the confidence intervals around their 
persistence probabilities were likely to capture the variance associated with different emission 
scenarios and other climate change uncertainties. 

Experts were asked whether regulatory protections influenced their predictions.  Some experts 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies).  Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections.  Their focus was on the biology and ecology of the species, not listing status-related 
impacts or regulatory scenarios in the future, and they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status.   

Experts were asked what they meant by “small population size effects.”  They explained that 
because small populations are more vulnerable to both demographic and genetic impacts and 
at increased risk from catastrophic and other stochastic events than are larger populations, they 
also have a lower likelihood of persistence.  Experts indicated that connectivity with other 
populations reduces the vulnerability of small populations as it does for larger populations.   

Experts were asked if their projections were influenced by considerations of whether historical 
patterns of cyclic irruptions of lynx into the DPS from Canada will continue in the future.  Most 
agreed that the magnitude of irruptions has declined from the historical highs of the 1960s and 
1970s, and that irruptions may have ceased in recent decades in some parts of the range, 
particularly in the West.  However, most experts felt that connectivity remains good between 
Canada and those DPS geographic units that abut the international border, and most assumed 
some level of regular or intermittent interaction between lynx in those units and Canada, even if 
full-blown irruptions have not been documented recently.  Some experts said that the likelihood 
of future irruptions had little influence on their persistence graphs, especially for the more 
isolated units (GYA and Western Colorado), where an influx of lynx from Canada may be less 
likely. 

Conservation Actions to Address Influencing Factors and Increase Probability of 
Persistence 

3.  What conservation actions could be taken that would address the factors impacting 
the probability of persistence, or would otherwise increase the probability of 
persistence? 
 
Response Type:  Individual list with rounds responses.  Experts were given 5 minutes to write a 
list of three potential conservation actions that could be taken.  Facilitators then asked one 
expert at a time to provide one item from their list, cycling through the set of experts until all 
experts had exhausted their lists.  Experts were given the opportunity to add items when it was 
their turn that had not been on their written lists.  Experts were not asked if they agreed with 
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conservation actions presented by other experts, thus the following list should not be viewed as 
consensus among lynx experts. 
 
Expert Responses:  List of potential conservation actions in the order provided. 

● Reduce CO2 emissions  
● Continue protections associated with Federal and/or State listing 
● Adjust forest management to retain spruce and fir, and reduce fire burn rates 
● Promote/maintain habitat connectivity with Canadian populations through coordinated 

cross-border land use planning 
● Manage salvage logging associated with fire and insect damage to minimize impacts to 

and/or facilitate restoration of lynx/hare habitats 
● Configure and design lynx-friendly landscapes at appropriate scales; design and 

maintain a mosaic of lynx/hare habitats 
● Manage fuels reduction (fire management) projects while maintaining or enhancing 

hare/lynx habitat features. 
● Augment small populations and reintroduce lynx to former, historic range with suitable  

habitat  (GYA, Kettle Range in Washington, perhaps other areas); bolster populations 
before future climate change impacts 

● Support additional research to fill knowledge gaps, particularly related to effectiveness of 
conservation efforts – it remains unclear exactly what is needed for lynx across the 
range to achieve/maintain viability (e.g., habitat quality/amount/distribution, landscape-
level hare densities, forest conditions that support hares, etc.)  

● Enhance cross-border cooperation with Canada to increase near-border lynx 
populations and maintain connectivity 

● Consider cumulative impacts of mining, ski areas, oil and gas, etc., in management 
● Promote reforestation of heavily fragmented areas (e.g., some parts of the GYA and 

Minnesota units); reduce fragmentation 
● Apply strategic habitat conservation concepts; model and identify key areas and focus 

on those areas still in need of protection and management (e.g., private forest lands) 
● Maximize redundancy of lynx populations throughout the DPS 
● Implement fire management Best Management Practices (BMPs)( e.g., allow/encourage 

burns to occur in a way that creates high- and low-intensity mosaic fire patterns) 
● Evaluate whether there is a need for monitoring lynx (and hares) using consistent 

methods throughout the DPS, perhaps coupled with monitoring of other carnivores; 
structured occupancy modeling with genetics sampling could be very informative and is 
cost effective; also known-fate monitoring; monitoring pellet plots is proven and reliable 
way to monitor hares 

● Devote increased funding to lynx conservation - lynx are in worse shape than other 
mesocarnivore species, but receive less funding than those species that have more 
secure populations and appear less vulnerable to climate change  
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Other Considerations 
After completing the elicitation exercises and prior to adjourning the workshop, facilitators asked 
if there were any other considerations the lynx experts or subject matter experts felt are relevant 
to the SSA.  One subject matter expert indicated that monitoring of prey base (hares, red 
squirrels) would help inform lynx recovery, and that pellet-based or mark-recapture methods are 
most reliable.  This expert suggested a need to determine whether areas that we think are going 
to become poor habitat for a variety of reasons could still hold hares and lynx in the future.  
Maybe hares still can use areas we think will be poor habitat, and monitoring these areas could 
help inform our understanding of how lynx persist at the edge of their range. 

Synthesis 
Although uncertainty remains about the historical distribution and sizes of resident lynx 
populations in the DPS, as well as current population sizes, much more is known now than 
when the DPS was listed under the ESA in 2000.  Based on research conducted since the DPS 
was listed, including the summaries of that work provided at this workshop, as well as ongoing 
research, conservation, and management efforts, we have a much better understanding of the 
distribution and status of populations throughout the DPS range.  For example, in 2000, it was 
unclear whether Maine and Minnesota supported resident populations or were only occasionally 
visited by lynx dispersing from Canada during and after northern hare population crashes.  We 
now know that both northern Maine and northeastern Minnesota support resident lynx 
populations, and both are likely larger now than they were historically (Maine), or before they 
were protected by State and Federal regulations (Minnesota).  In contrast, resident lynx appear 
to be naturally less abundant and more patchily-distributed in some parts of the DPS than 
thought at the time of listing, including the West (Interagency Lynx Biology Team 2013, p. 23), 
where potential lynx habitats also appear to have been initially overestimated.  We also have a 
better understanding of the habitat features and hare densities that appear necessary to support 
resident lynx at the southern margin of the species’ range, and of the parts of the contiguous 
U.S. that contain these features.  The presentations in conjunction with expert elicitation 
responses at this workshop have informed and refined our understanding of key aspects of the 
status of, and potential threats to, the lynx DPS.  
 
For example, we were provided a thorough history of the evolution of regulatory mechanisms 
that have been developed and implemented through conservation agreements and formal 
amendments to Federal agency management plans to address the singular threat for which the 
DPS was listed under the ESA - the inadequacy of regulatory mechanisms in Federal land 
management plans prior to listing.  Given our improved understanding of resident lynx 
populations in Maine and Minnesota (above), where State and private lands constitute much 
more of the lynx habitat than elsewhere in the DPS (98.9% in Maine; 51.7% in Minnesota), an 
assessment of the adequacy of regulatory mechanisms on those State and private lands will be 
a necessary component of the status assessment.  Likewise, our understanding of lynx genetics 
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also has improved, with evidence of continued high levels of gene flow range-wide, despite fine-
scale genetic sub-structuring in some populations and additional evidence of lynx hybridization 
with bobcats.  Bobcats appear to be encroaching at the edge of the lynx range in Minnesota 
(Appendix 3, p. 9) and their numbers appear to have increased recently in New Hampshire, 
Vermont, and southern Quebec (Lavoie et al. 2009, entire; Roberts and Crimmins 2010, p. 170; 
Broman et al. 2014, p. 230) adjacent to the northern Maine lynx distribution.  Whether this 
represents a threat to lynx populations in Minnesota and Maine via increased hybridization, 
behavioral mechanisms, or competition for hares is not documented at this time; however, 
encroachment of bobcats in the southern periphery of lynx range may result in lynx 
displacement or niche contraction (Peers et al. 2013, entire). 
 
Canadian researchers also provided updated information on lynx status, management (including 
legal harvest), threats, genetics, and hare population cycles in southern Canada, adjacent to 
some DPS lynx populations.  Forest ecologists and climate modelers also presented information 
regarding potential impacts of timber management and climate change on lynx and boreal forest 
habitats in the contiguous U.S.  Knowledge of lynx and hare responses to various silvicultural 
treatments continues to improve, although the need for continuing research remains.  Climate 
models continue to point toward the future northward and upslope migration of lynx and hare 
habitats and loss of snow conditions favorable to lynx, although uncertainty remains regarding 
the timing, extent, and biological consequences of such impacts.  Increases in the size, 
intensity, and frequency of wildfires and insect outbreaks in boreal/subalpine forests may also 
be related to climate change, but whether these represent temporary or permanent impacts to 
lynx habitats remains unclear.  Finally, much research has been done on hare population 
dynamics and habitat relationships at the southern extent of their range, much of which overlaps 
that of lynx in the contiguous U.S., but questions remain regarding regional variation in hare 
densities and what landscape-level hare abundances are necessary to support persistent 
resident lynx populations across the DPS. 
 
Based on the summaries of post-listing research and the status and threat updates provided at 
this workshop, and on the results of the expert elicitation process, the Service provides the 
following synthesis of the status and likely viability of the DPS in terms of the 3 Rs.  This 
information will be considered as appropriate, along with more detailed analysis of the published 
literature, in the subsequent SSA report for the DPS.  The conclusions below are based on the 
information provided and the results of expert elicitation conducted at this workshop; they may 
be complemented or altered by the additional analyses yet to be conducted as part of the SSA 
process. 

Representation 
Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or 
adaptive capacity of lynx in the DPS.  High gene flow across the continental lynx range, 
indicated by very low Fst values (see Subject Matter Presentations, above), suggests the 
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absence of substantial barriers to genetic interchange, and little evidence or risk of significant 
genetic drift among DPS populations.  Most experts indicated that none of the six geographic 
units known or thought to support lynx populations in the DPS is susceptible to meaningful 
genetic drift, although several experts indicated that the more geographically isolated units (the 
GYA and Western Colorado units) are likely more susceptible to such drift than the units that 
are directly connected to lynx populations and habitats in Canada.  Overall, according to both 
the expert panel and the subject matter presentations, there appears to be a low risk of 
biologically consequential drift for lynx populations in the DPS.  Likewise, expert responses 
indicated that the generally low level of genetic differentiation and relatively similar ecological 
settings across the DPS suggest little life history variability or niche differentiation among DPS 
populations that would indicate that any are more or less important to maintain than others in 
terms of representation.  Individual experts indicated that representation can best be maintained 
by conserving current DPS populations (and hence the genetic variation in each), maintaining 
connectivity between DPS and Canadian populations, and avoiding impacts that would facilitate 
or increase the potential for or likelihood of genetic drift.  Our interpretation of this part of the 
elicitation is that the adaptability and evolutionary capacity of the DPS over time does not 
appear to have been diminished and is unlikely to become so, independent of threats that may 
impact the redundancy and persistence of lynx populations.  We will consider this information 
along with available empirical data and the published literature when evaluating representation 
in the DPS for the SSA. 

Redundancy 
With resident lynx populations and subpopulations in at least five of six large (the smallest is 
over 2,000 square miles, the others are all over 8,000 square miles), widely-distributed (from 
Maine to Washington and south along the Rocky Mountains), and relatively discrete geographic 
areas (see Figure 1), the DPS as a whole appears invulnerable to extirpation from a single 
catastrophic event.  Expert responses indicated no catastrophic event that could result in the 
functional extirpation of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units due to a single catastrophic event.  We 
interpreted these responses to indicate there is a small chance of decreased redundancy from a 
single catastrophic event because the probability of any geographic unit being lost to a 
catastrophic event is low.  Experts indicated that functional extirpation of the geographically 
smallest unit (Washington) and those supporting the fewest resident lynx (Washington, GYA, 
and perhaps Minnesota) would be more likely to occur as a result of a series of catastrophic 
events over a 10-year period than to any single event over the next 10 years (see Figure 2 
above).  Experts listed fire, drought, insect outbreaks, loss of favorable winter conditions, and 
disease as potential events that could lead to functional extirpation in these units.  In 
Washington in particular, where large fires have impacted nearly 40 percent of the occupied 
lynx habitat over the past 10-15 years, experts felt that several more successive years of such 
fires could result in functional extirpation.  However, because fire and insects are likely to cause 
only temporary (20-40 years) losses of lynx and hare habitats, and because connectivity 
between the Washington unit and lynx habitats and populations in southern British Columbia 
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remains intact, experts indicated this unit (and others abutting habitats and lynx populations in 
Canada) would likely be naturally re-colonized relatively quickly by dispersing lynx.  Therefore, 
extirpation in these units because of catastrophic events (or a series of them over time) would 
be temporary (likely lasting only one or several decades) unless events permanently altered the 
habitats.  Experts indicated that if lynx were functionally extirpated in the GYA or western 
Colorado units, which are not connected to habitats or populations in Canada and are relatively 
isolated from other DPS populations, natural re-colonization would be less likely, would take 
longer, or may never occur. 

Overall, expert responses indicated that extirpation of the DPS as a whole, or of resident lynx 
populations in most individual geographic units, because of a catastrophic event is very unlikely.  
Because we lack evidence that persistent resident lynx populations occurred historically but 
have been lost from any other large geographic areas in the contiguous U.S., it also seems that 
redundancy in the DPS has not been meaningfully diminished from historical levels.  That is, the 
loss of resident lynx populations in the DPS, to the extent suggested by the historic record, was 
likely in areas (e.g., northern New Hampshire, Michigan’s Upper Peninsula, the Kettle/Wedge 
area of northeastern Washington, perhaps Isle Royale in Lake Superior) peripheral to the 
geographic units that currently support resident lynx, and not in discrete geographic units that 
would have represented greater redundancy in the contiguous U.S.  However, the implications 
of the potential recent loss of resident lynx in the GYA for the redundancy of the DPS are 
unclear.  The historic record and recent research show that the GYA has supported resident 
lynx, but it is unclear whether the area consistently supported a persistent resident population 
over time or whether it naturally supported resident lynx only some of the time (was “winked on” 
in a metapopulation sense) when habitat conditions and hare densities were favorable, and at 
other times, when habitats and hare densities were less favorable, it did not support resident 
lynx (“winked off” in a metapopulation sense).  Given the protected conservation status of 
millions of acres in the GYA unit (Yellowstone and Grand Teton National Parks; all or parts of 
the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and 
Washakie Wildernesses), its apparent recent inability to support resident lynx may be a 
reflection of naturally marginal and patchy habitats and relatively low hare abundance in much 
of the unit, resulting in only an intermittent ability of this unit to support resident lynx.  If so, its 
contribution to redundancy within the DPS is questionable. 

Resiliency 
Because we lack reliable estimates of the sizes and trends of most lynx populations in the DPS, 
we are unable to use these parameters to evaluate the resiliency of individual populations or the 
DPS as a whole.  Efforts to understand resiliency are also confounded by the metapopulation 
structure thought to govern lynx populations at the southern margin of their continental range 
(i.e., populations and subpopulations in the DPS), the related uncertainty about the extent to 
which DPS populations may rely on cyclic immigration of lynx from Canada during population 
irruptions, and the ambiguity in the historic record that limits our understanding of the relative 
persistence of lynx in various geographical areas of the contiguous U.S. and, thus, the 
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contribution of those areas to the viability of the DPS.  Our evaluation of the resiliency of lynx 
populations in the DPS is limited, therefore, to a largely qualitative assessment of the current 
status of populations in each of the six geographic units along with the quantitative summary of 
expert professional judgment of their likelihood of persistence over time given known or 
perceived potential threats. 
 
As expected, both expert estimates of probability of persistence and expert confidence in those 
estimates were higher over the short-term than the long-term.  Median probability of persistence 
(MPOP) at year 2025 was >= 0.90 for all but one of the six geographic areas.  The GYA had a 
MPOP of 0.52, apparently reflecting the uncertainty regarding whether this unit consistently 
supported a resident lynx population historically and whether it currently supports resident lynx.  
At year 2025, confidence bounds were smallest (indicating higher expert confidence) for the 
units with the highest MPOPs (Northern Maine, Northeastern Minnesota, and Northwestern 
Montana/ Northeastern Idaho), and larger for units with lower MPOPS (North-central 
Washington, GYA, and Western Colorado).  At mid-century, MPOP declined for all units but 
remained >= 0.70 for all but the GYA (0.35), and confidence bounds increased for estimates for 
all units but the GYA, where it remained the same as at year 2025.  At end-of-century, 
persistence probabilities declined further, as expected, and only the Northern Maine, 
Northwestern Montana/ Northeastern Idaho and Western Colorado units had MPOPs >= 0.50.  
Also as expected, confidence bounds were very large around persistence estimates at year 
2100, with the median confidence range extending across more than 50% of the range of 
possible outcomes for all but the Northwestern Montana/ Northeastern Idaho population, and 
the extremes of the range nearly covering the full range (0% to 100% probability of persistence) 
of possible outcomes. 
 
Experts listed a number of factors that influenced their probability of persistence estimates for 
each unit (see unit summaries above in the Resiliency section).  Near-term factors varied by unit 
(e.g., post-harvest forest succession in Maine, where hare abundance is expected to decline as 
currently dense regenerating clear-cuts mature; continued large-scale fires in lynx habitats in 
Washington; and insect outbreaks in Maine, Minnesota, and Colorado), but longer term factors 
seemed to coalesce around anticipated direct and indirect effects of climate change.  These 
included potentially climate-driven increases in the size, frequency, and intensity of fire and 
insect outbreaks; decreases in snow amount, duration and quality, leading perhaps to increased 
competition with bobcats and other hare predators; and the projected warming-induced 
northward and upslope migration of boreal and subalpine forests that would result in the loss 
and further fragmentation and isolation of lynx and hare habitats in the contiguous U.S.  Expert 
responses and ensuing discussions indicated that continued climate warming and associated 
direct and indirect effects will likely exert the greatest negative influence on the probability of 
persistence for lynx populations in the DPS regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
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Overall, expert responses to this part of the elicitation indicate that all five of the geographic 
units known to currently support resident lynx populations have a greater than 70% expectation 
of doing so by mid-century, but a declining likelihood and greater uncertainty of doing so by the 
end of the century.  It is uncertain whether the remaining geographic unit (the GYA) currently 
supports resident lynx, and expert responses indicate a lower probability that it will do so in the 
future compared to the other units.  Responses also suggest that the overarching threat to the 
long-term persistence of lynx populations in the DPS is climate change, which is anticipated to 
result first in loss of snow conditions favorable for lynx and, after an uncertain lag time following 
continued climate warming, loss (northward and upslope migration) of boreal forest habitats, 
although the timing and magnitude of such losses are uncertain. 

Conclusion 
The Service and the Lynx SSA Team appreciate the willingness of lynx and subject matter 
experts to attend this workshop and share their knowledge, professional judgments, and 
opinions.  We have gained considerable insight into the current status of lynx populations 
throughout the DPS and the factors most likely to influence the DPS’s future viability - including 
information that is not currently available in the peer-reviewed literature.  We will incorporate this 
information into the SSA as appropriate, along with the published scientific literature, to inform 
recovery planning for the DPS and any other ESA-related determinations the Service is 
authorized and required to make.  As we develop the SSA report, we will continue to solicit 
expert input from workshop panelists and from other lynx and subject matter experts who were 
unable to attend this workshop, including peer review of the SSA report. 
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Appendices 
All appendices are available on the Service’s Region 6 Canada lynx webpage 
(http://www.fws.gov/mountain-prairie/es/canadaLynx.php). 
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From: Bush, Jodi
To: Jennifer Szymanski
Subject: Final Expert Elicitation Report
Date: Thursday, March 02, 2017 12:11:39 PM
Attachments: 2016 04 18 FINAL Lynx SSA EE Workshop Report 2.pdf

Appendix 3 FINAL Lynx SSA Expert Elicitation Workshop Notes.pdf

Here is the report and appendix 3 -the notes from the meeting. 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:jennifer_szymanski@fws.gov


From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Peer Reviews Uploaded
Date: Thursday, March 02, 2017 1:39:44 PM

I added Schwartz, Squires, and Harrison's peer reviews to the Lynx SSA Drive; the latter are apparently draft - will
submit final from Dan when I get it.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Peer Reviews Uploaded
Date: Thursday, March 02, 2017 3:39:47 PM
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From: Harris, Anna
To: McCollough, Mark
Subject: Re: RD briefing?
Date: Thursday, March 02, 2017 4:43:52 PM

What a pain to have been stuck in traffic when you finally made it to Denver! I'm glad you're
there now.

I had an RD briefing scheduled for last week, then removed from my calendar. I was not on
the briefing that you mentioned.

I hope the meeting is productive this week. You and the core team have put a lot of effort into
pulling information quickly to prepare for it,
Feel free to call or email me with updates if you'd like.

Thanks Mark,

On Wed, Mar 1, 2017 at 9:48 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
I made it to Denver this evening, but one of the interstate highways was closed and it took
me over two hours to get to the hotel.

Mary Parkin called me and said the RD was briefed yesterday by Paul on the lynx SSA.  I
did not know about the meeting.  Were you part of the call.

I understand that most of the conversation revolved around delisting the lynx based on the
definition of the DPS?  

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
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mailto:mark_mccollough@fws.gov


Maine Fish and Wildlife Service Complex
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https://www.fws.gov/northeast/mainecomplex/


From: Harris, Anna
To: McCollough, Mark
Subject: Re: RD briefing?
Date: Thursday, March 02, 2017 4:43:52 PM

What a pain to have been stuck in traffic when you finally made it to Denver! I'm glad you're
there now.

I had an RD briefing scheduled for last week, then removed from my calendar. I was not on
the briefing that you mentioned.

I hope the meeting is productive this week. You and the core team have put a lot of effort into
pulling information quickly to prepare for it,
Feel free to call or email me with updates if you'd like.

Thanks Mark,

On Wed, Mar 1, 2017 at 9:48 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
I made it to Denver this evening, but one of the interstate highways was closed and it took
me over two hours to get to the hotel.

Mary Parkin called me and said the RD was briefed yesterday by Paul on the lynx SSA.  I
did not know about the meeting.  Were you part of the call.

I understand that most of the conversation revolved around delisting the lynx based on the
definition of the DPS?  

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office

mailto:anna_harris@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov


Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

https://www.fws.gov/northeast/mainecomplex/


From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Maine white paper on SSA process
Date: Friday, March 03, 2017 9:09:19 AM

i think Paul and Noreen got to these issues today...

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Mar 3, 2017 at 8:53 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
probably not - think we covered some yesterday about return to historical and long-term stabilizing at a lower
level but more like historical.

On Fri, Mar 3, 2017 at 8:18 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
are you going to bring any of this up today?

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Feb 15, 2017 at 9:28 AM
Subject: Re: Maine white paper on SSA process
To: "Bush, Jodi" <jodi_bush@fws.gov>

Maybe we can discuss - I want to make sure we have the opportunity to discuss these differences of opinion at
the decision meeting - but, yes - I don't want to be in a rough spot with Mark.  I already sent an email yesterday
replaying to some of his responses to Jennifer's requests and challenging some fo the things he said.  Think I
cc'd you on that - if not I will forward it.

On Wed, Feb 15, 2017 at 8:53 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
this is frustrating.  He is not giving his decision makers the facts - he is giving them his
version of the facts.  This is why we have problems with our records.  I will be sharing
your input with Paul (his ARD) but it will come from me.  I don't want to put you in a
difficult position.  Thanks.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
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585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Feb 15, 2017 at 8:37 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Attached is what Mark put together for his briefing with Paul Phifer, which also included Marty Miller
and Ken Elowe.

There are several errors (e.g., the lynx pop. in Minnesota does not occur primarily on "private industrial
forest lands" - that is only true in Maine; in MN, under 16% of the unit is private and nearly half is Fed.;
Recovery outline defined CO as "provisional core area," distinct from the "real" core areas; the revised CH
in 2009 was not the result of litigation but rather our own decision based on Julie MacDonald influence on
the 2006 CH; the final EE workshop report was completed in April 2016, not Jan. 2016 (nor in Feb. 2016
as he states later); the Core team wrote the SSA between April - Oct. 2016, not Jan. - Nov.; and several
other minor errors).

He suggests that climate change may be considered a "catastrophic event," though we intentionally chose
not to consider it thus in the EE workshop, the subsequent report, of the draft SSA report. 

As usual he points out the projected 50-60% decline in "habitat" - he neglects to mention this is "high-
quality hare habitat" that will likely decrease in quality but will also still support hares - and he also again
fails to acknowledge that this decline will also likely represent a return to a condition more similar to
historical conditions that the current anthropogenically-influenced unnaturally high amount and
distribution of high-quality habitat.

I think he also misrepresents the probability of persistence projections - he talks about the functional
extirpation "from one or more geographic units by mid-century," but expert projections 
 showed that 4 of the 5 units that have pops are very likely to do so at mid-century and there is roughly a
50-50 chance that we could lose the other one.

Anyway, I thought it would be helpful for you to see/understand what R5 decionmaker(s) have been
presented, as it will likely influence their participation and perspectives at the decision meeting.

I wasn't sure whether to share this memo and my assessment of it with Marjorie - I'll leave that up to you. 

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Tue, Feb 14, 2017 at 1:52 PM
Subject: Maine white paper on SSA process
To: Jim Zelenak <jim_zelenak@fws.gov>

Jim:  Attached is the white paper/briefing memo that we provided to Paul Phifer last
week.  Feel free to use any of it....

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED
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mailto:mark_mccollough@fws.gov
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Szymanski, Jennifer
To: Jim Zelenak; Craig Hansen; Justin Shoemaker
Subject: Excel spreadsheet & DM status summaries
Date: Friday, March 03, 2017 11:24:30 AM

I put both up on the drive under Dec. Meeting Materials.

Jennifer

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 
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From: Zelenak, Jim
To: Bryon Holt
Subject: Dennis Murray peer review comments
Date: Friday, March 03, 2017 2:23:36 PM
Attachments: Review of Canada Lynx Species Status Assessment.pdf

Here ya go man.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Phifer, Paul
Cc: Spencer Simon; Anna Harris; Peter Lamothe
Subject: Re: Thanks
Date: Monday, March 06, 2017 10:54:57 AM

Paul:

Thanks.  I tried to help R6 as much as I could when writing the SSA.  In addition to the Maine
sections, I drafted the climate change and vegetation change sections for Jim.  As you know,
we received a large amount of comments from the states, federal agencies, and the five peer
reviewers (no tribal comments that I am aware of).  It will take considerable effort to
incorporate all of this information, but the input will help make the SSA an even better
document.

No problems coming home, except the 7 degree temperatures and 20 mph winds when I
stepped off the airplane, brrrrrrrr

Mark

On Mon, Mar 6, 2017 at 9:33 AM, Phifer, Paul <paul_phifer@fws.gov> wrote:
Mark - 

I didn't get a chance to thank you on Friday for your contribution to the Lynx Core
Team.  Obviously, you are a vital member of the team and I appreciated your input
last week. The SSA is an impressive document and I appreciate all your hard work
in moving it this far along.

I hope your trip back home was uneventful.

Cheers, Paul
______________
Paul Phifer, PhD
Assistant Regional Director - Ecological Services
Northeast Region
Dept of the Interior
US Fish and Wildlife Service
413.253.8698 work
413.687.4764 cell

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
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From: lynxdan@gmail.com
To: McCollough, Mark
Subject: Re: Thank you for peer review comments
Date: Monday, March 06, 2017 3:30:40 PM

Hi Mark,

Yes, I sent along incomplete draft comments last Tuesday evening in hopes that the SSA
Team would have them in advance of the meeting last week.  My complete report was sent to
the consulting firm last Friday, so I am hoping that you and others will receive that right away.

I greatly appreciated the opportunity to participate in the Lynx SSA process and hope that my
comments were/are constructively useful to the process.  The Lynx SSA Team should be
commended for a very comprehensive and well-researched assessment.

All the best,

Dan

Daniel J. Harrison
Professor of Wildlife Ecology - Department of Wildlife, Fisheries, and Conservation Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

On Mon, Mar 6, 2017 at 2:05 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Dan:

Thank you very much for your peer review comments concerning the lynx status
assessment.  They arrived last Thursday evening (with two other sets of peer review
comments).  Several of the lynx Core Team and decision-makers were able to read them
before the second day of our meeting.  Your comments were well-received and there were
several questions directed to me.  I did my best to explain what I believed were the nature of
some of your overarching comments.

The lynx Core Team has been tasked with making a careful evaluation of the peer review
and other comments received and to revise the SSA accordingly.  I've been asked to review
and incorporate your comments and those from MDIFW.  We realize that your comments
were submitted in draft form, so look forward to receiving the balance of your comments.  I
assume you will do that through the consulting company that worked with you.  I'm not sure
how much more time you will need to complete your comments, but please let Jim or I
know if it will be any more than a week or two.  We are expected to report back to the
decision-makers in about two weeks to summarize the nature of your review.

Some of the peer reviewers indicated the short turnaround that was involved.  We greatly
appreciate that you dropped everything to provide us with thoughtful comments.

mailto:harrison@maine.edu
mailto:mark_mccollough@fws.gov
mailto:harrison@maine.edu
mailto:mark_mccollough@fws.gov


thanks,  Mark
-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

tel:(207)%20902-1570
tel:(207)%20902-1588
tel:(207)%20944-5709
mailto:mark_mccollough@fws.gov


From: lynxdan@gmail.com
To: McCollough, Mark
Subject: Re: Thank you for peer review comments
Date: Monday, March 06, 2017 3:30:40 PM

Hi Mark,

Yes, I sent along incomplete draft comments last Tuesday evening in hopes that the SSA
Team would have them in advance of the meeting last week.  My complete report was sent to
the consulting firm last Friday, so I am hoping that you and others will receive that right away.

I greatly appreciated the opportunity to participate in the Lynx SSA process and hope that my
comments were/are constructively useful to the process.  The Lynx SSA Team should be
commended for a very comprehensive and well-researched assessment.

All the best,

Dan

Daniel J. Harrison
Professor of Wildlife Ecology - Department of Wildlife, Fisheries, and Conservation Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

On Mon, Mar 6, 2017 at 2:05 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Dan:

Thank you very much for your peer review comments concerning the lynx status
assessment.  They arrived last Thursday evening (with two other sets of peer review
comments).  Several of the lynx Core Team and decision-makers were able to read them
before the second day of our meeting.  Your comments were well-received and there were
several questions directed to me.  I did my best to explain what I believed were the nature of
some of your overarching comments.

The lynx Core Team has been tasked with making a careful evaluation of the peer review
and other comments received and to revise the SSA accordingly.  I've been asked to review
and incorporate your comments and those from MDIFW.  We realize that your comments
were submitted in draft form, so look forward to receiving the balance of your comments.  I
assume you will do that through the consulting company that worked with you.  I'm not sure
how much more time you will need to complete your comments, but please let Jim or I
know if it will be any more than a week or two.  We are expected to report back to the
decision-makers in about two weeks to summarize the nature of your review.

Some of the peer reviewers indicated the short turnaround that was involved.  We greatly
appreciate that you dropped everything to provide us with thoughtful comments.
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thanks,  Mark
-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

tel:(207)%20902-1570
tel:(207)%20902-1588
tel:(207)%20944-5709
mailto:mark_mccollough@fws.gov


From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Communication Plan for Lynx
Date: Monday, March 06, 2017 3:54:29 PM

Shouldn't be a problem. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Mar 6, 2017 at 3:51 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Works for me, but I have to leave here no later than 3:50 for a 4:00 appointment.

On Mon, Mar 6, 2017 at 3:28 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Could we have a quick call this week to talk about this assignment from Noreen?  I need a
little guidance on what you all think she wants and whether EA can help.  Perhaps we can
have someone from EA on the call too.  JB

Folks look available around 3 on Wednesday (March 8) if that works.  Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov


From: Nelson, Marjorie
To: Zelenak, Jim
Cc: Shoemaker, Justin; Bush, Jodi
Subject: Re: Communication Plan for Lynx
Date: Tuesday, March 07, 2017 9:33:02 AM

3 ish works for me today - thanks!

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258

On Tue, Mar 7, 2017 at 8:50 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
works for me. thanks.

On Tue, Mar 7, 2017 at 8:43 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Works for me.  Appears Marj if free from her calendar. 

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov

On Tue, Mar 7, 2017 at 8:40 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
How about 3 ish today? Tuesday.   (Jim has an appointment at about 345 on weds so
starting the meeting late that day probably won't work).  

Or maybe 130 on Thursday?  Let me know. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Mar 7, 2017 at 8:19 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Marj and I have a meeting til 3:30 tomorrow, but possibly free after that.

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov

On Mon, Mar 6, 2017 at 3:28 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Could we have a quick call this week to talk about this assignment from Noreen?  I
need a little guidance on what you all think she wants and whether EA can help. 

mailto:marjorie_nelson@fws.gov
mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov


Perhaps we can have someone from EA on the call too.  JB

Folks look available around 3 on Wednesday (March 8) if that works.  Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: McCollough, Mark
To: Jim Zelenak; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: lynx bobcat interactions
Date: Tuesday, March 07, 2017 3:24:22 PM
Attachments: Parker 2001.pdf

Several reviewers (Murray, MN DNR) question our pathway of lynx-snow-bobcat
interactions.  They correctly state that there are no empirical data to support the exact nature of
the interaction (compete with each other for hares or direct antagonistic competition) BUT
acknowledge that throughout almost all of the DPS there is a relatively sharp demarcation
between lynx and bobcat ranges that seems defined by snow (Hoving, Peers).

Parker first documented the relationship between bobcats, coyotes, and lynx in Cape Breton
Island back in the late 1970s.  He also wrote a status review of lynx in Nova Scotia in 2001
that we did not cite in the SSA (but we should).  For those of you rewriting sections that deal
with lynx-snow-bobcat relationships you may want to use some of the rationale that Parker
uses in the 2001 lynx review.  Just as we did, they consider bobcats and coyotes to be a
significant threat to lynx populations in Nova Scotia and the importance of snow in mediating
competition between these species.

See attached pages 34-36, but elsewhere throughout the review.

Mark 

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:tamara_smith@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:mark_mccollough@fws.gov


From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Tam"s schedule
Date: Tuesday, March 07, 2017 4:00:15 PM

what?  I will email Lori. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Mar 7, 2017 at 3:50 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI - Tam just texted me this:

hey Jim! fyi I won't be able to work on the lynx comments until next week due to the RPBB petition we received
last week...I can explain more later... Sorry!
I might have a little head start on the lynx comments anyway, I started bullets of the substantial comments in prep
for the meeting last week

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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INFORMATION MEMORANDUM FOR THE SECRETARY 

 

DATE: March 10, 2017 
 
FROM: Jim Kurth, Acting Director, U.S. Fish and Wildlife Service 
 
CC:  Gary Frazer, Assistant Director, Ecological Services 

Noreen Walsh, Regional Director, Region 6 
 

SUBJECT: Status Review for the Canada Lynx Distinct Population Segment 
 
I. STATEMENT OF PURPOSE 
 
This memorandum provides an update to the Secretary on the current status of and related issues 
regarding the contiguous United States distinct population segment of the Canada lynx. 
 
II. BACKGROUND 
 
The Service identified Canada lynx (Lynx canadensis) in the contiguous United States as a 
distinct population segment (DPS) and listed the DPS as threatened under the Endangered 
Species Act (Act) in 2000.  The threat to the DPS was identified as the inadequacy, at that time, 
of existing regulatory mechanisms on Federal lands, particularly those administered by the 
Bureau of Land Management (BLM; DOI) and the U.S. Forest Service (USFS; USDA).  The 
Service developed a Recovery Outline for the DPS in 2005, designated critical habitat in 2006, 
and revised the critical habitat designation in 2009 and again in 2014, the latter in response to 
court orders from the U.S. District Courts in Montana and Wyoming.  In 2014, the Montana 
District Court ordered the Service to complete a final recovery plan for the DPS by January, 
2018, unless we determine that the DPS no longer warrants listing under the Act (i.e., it is 
already recovered).  In 2016, the same court remanded the 2014 critical habitat designation to the 
Service for further consideration regarding Colorado and several National Forests in Idaho and 
Montana but did not specify a deadline for revising critical habitat.    
 
III. DISCUSSION 
 
The lynx is a boreal species that occurs primarily in Canada and Alaska and whose range largely 
overlaps that of its primary prey species, the snowshoe hare (Lepus americanus).  In the north, 
both hares and lynx undergo dramatic and well documented 10-year population cycles, which 
resulted historically in large numbers of lynx dispersing from Canada into the northern 
contiguous states intermittently when hare populations in Canada declined.  These roughly 
decadal events, referred to as “irruptions,” resulted in lynx records in 24 states, including many 
areas lacking habitat capable of supporting lynx over time.  The southern edges of the ranges of 
lynx, snowshoe hares, and boreal forest extend into the northern contiguous United States, which 
includes about 2 percent of the lynx’s breeding distribution.  Along this southern margin of the 
species’ range, habitats become naturally patchy as boreal forests transition to temperate forest 
types and snow conditions become less favorable for both hares and lynx.  In this part of the 



range, some places support persistent resident lynx populations, while others support resident 
lynx only ephemerally, and yet others support only dispersing lynx temporarily during and for 
short periods after irruptions.  In the contiguous United States, resident lynx populations occur in 
northern Maine, northeastern Minnesota, northwestern Montana, and north-central Washington, 
and an introduced population of lynx currently occurs in western Colorado, where 218 Canadian 
and Alaskan lynx were released in 1999-2006.  Small resident populations may also have 
occurred historically in northern New Hampshire, northern Michigan, northern Idaho/ 
northeastern Washington, and the Greater Yellowstone Area of southwestern Montana and 
northwestern Wyoming. 
 
Since the DPS was listed, nearly all BLM and USFS units within the lynx range have formally 
amended management plans or adopted conservation agreements with the Service to implement 
specific science-based conservation measures for lynx and hare habitats and populations.  Such 
commitments are lacking on private lands in some parts of the DPS range, particularly Maine 
and Minnesota.  Also since listing, projected continued climate warming has been identified as a 
factor that ultimately will diminish the amount and extent of suitable lynx habitat in the 
contiguous U.S. and as the threat that is most likely to influence the continued persistence of 
DPS lynx populations in the long term. 
 
IV. NEXT STEPS 
 

• To address the outstanding court orders described above, the Service completed a draft 
Species Status Assessment (SSA) for the lynx DPS and we are in the process of finalizing 
it based on peer reviews and comments from State and Federal partners. 

• The final SSA report will provide the scientific basis for a statutorily-required five-year 
status review to determine whether lynx in the Lower 48 States continue to warrant 
protection under the Act. 

• If so, the Service will also rely on the final SSA report to comply with court orders 
regarding development of a recovery plan for the DPS and a revised designation of 
critical habitat. 

• If not, the Service will rely on the SSA to support a recommendation and subsequent 
rulemaking to delist the DPS.  

 
V. ATTACHMENTS 
 
N/A 



INFORMATION MEMORANDUM FOR THE SECRETARY 

 

DATE: March 10, 2017 
 
FROM: Jim Kurth, Acting Director, U.S. Fish and Wildlife Service 
 
CC:  Gary Frazer, Assistant Director, Ecological Services 

Noreen Walsh, Regional Director, Region 6 
 

SUBJECT: Status Review for the Canada Lynx Distinct Population Segment 
 
I. STATEMENT OF PURPOSE 
 
This memorandum provides an update to the Secretary on the current status of and related issues 
regarding the contiguous United States distinct population segment of the Canada lynx. 
 
II. BACKGROUND 
 
The Service identified Canada lynx (Lynx canadensis) in the contiguous United States as a 
distinct population segment (DPS) and listed the DPS as threatened under the Endangered 
Species Act (Act) in 2000.  The threat to the DPS was identified as the inadequacy, at that time, 
of existing regulatory mechanisms on Federal lands, particularly those administered by the 
Bureau of Land Management (BLM; DOI) and the U.S. Forest Service (USFS; USDA).  The 
Service developed a Recovery Outline for the DPS in 2005, designated critical habitat in 2006, 
and revised the critical habitat designation in 2009 and again in 2014, the latter in response to 
court orders from the U.S. District Courts in Montana and Wyoming.  In 2014, the Montana 
District Court ordered the Service to complete a final recovery plan for the DPS by January, 
2018, unless we determine that the DPS no longer warrants listing under the Act (i.e., it is 
already recovered).  In 2016, the same court remanded the 2014 critical habitat designation to the 
Service for further consideration regarding Colorado and several National Forests in Idaho and 
Montana but did not specify a deadline for revising critical habitat.    
 
III. DISCUSSION 
 
The lynx is a boreal species that occurs primarily in Canada and Alaska and whose range largely 
overlaps that of its primary prey species, the snowshoe hare (Lepus americanus).  In the north, 
both hares and lynx undergo dramatic and well documented 10-year population cycles, which 
resulted historically in large numbers of lynx dispersing from Canada into the northern 
contiguous states intermittently when hare populations in Canada declined.  These roughly 
decadal events, referred to as “irruptions,” resulted in lynx records in 24 states, including many 
areas lacking habitat capable of supporting lynx over time.  The southern edges of the ranges of 
lynx, snowshoe hares, and boreal forest extend into the northern contiguous United States, which 
includes about 2 percent of the lynx’s breeding distribution.  Along this southern margin of the 
species’ range, habitats become naturally patchy as boreal forests transition to temperate forest 
types and snow conditions become less favorable for both hares and lynx.  In this part of the 



range, some places support persistent resident lynx populations, while others support resident 
lynx only ephemerally, and yet others support only dispersing lynx temporarily during and for 
short periods after irruptions.  In the contiguous United States, resident lynx populations occur in 
northern Maine, northeastern Minnesota, northwestern Montana, and north-central Washington, 
and an introduced population of lynx currently occurs in western Colorado, where 218 Canadian 
and Alaskan lynx were released in 1999-2006.  Small resident populations may also have 
occurred historically in northern New Hampshire, northern Michigan, northern Idaho/ 
northeastern Washington, and the Greater Yellowstone Area of southwestern Montana and 
northwestern Wyoming. 
 
Since the DPS was listed, nearly all BLM and USFS units within the lynx range have formally 
amended management plans or adopted conservation agreements with the Service to implement 
specific science-based conservation measures for lynx and hare habitats and populations.  Such 
commitments are lacking on private lands in some parts of the DPS range, particularly Maine 
and Minnesota.  Also since listing, projected continued climate warming has been identified as a 
factor that ultimately will diminish the amount and extent of suitable lynx habitat in the 
contiguous U.S. and as the threat that is most likely to influence the continued persistence of 
DPS lynx populations in the long term. 
 
IV. NEXT STEPS 
 

• To address the outstanding court orders described above, the Service completed a draft 
Species Status Assessment (SSA) for the lynx DPS and we are in the process of finalizing 
it based on peer reviews and comments from State and Federal partners. 

• The final SSA report will provide the scientific basis for a statutorily-required five-year 
status review to determine whether lynx in the Lower 48 States continue to warrant 
protection under the Act. 

• If so, the Service will also rely on the final SSA report to comply with court orders 
regarding development of a recovery plan for the DPS and a revised designation of 
critical habitat. 

• If not, the Service will rely on the SSA to support a recommendation and subsequent 
rulemaking to delist the DPS.  

 
V. ATTACHMENTS 
 
N/A 



From: Zelenak, Jim
To: Jodi Bush
Subject: Draft Lynx Memo
Date: Tuesday, March 07, 2017 4:07:04 PM
Attachments: 2017 03 06 DRAFT Lynx INFO MEMO FOR THE SECRETARY.docx

Attached.

See you tomorrow.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Subject: Draft Lynx Memo
Date: Tuesday, March 07, 2017 4:07:01 PM
Attachments: 2017 03 06 DRAFT Lynx INFO MEMO FOR THE SECRETARY.docx

Attached.

See you tomorrow.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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INFORMATION MEMORANDUM FOR THE SECRETARY 

 

DATE: March 10, 2017 
 
FROM: Noreen Walsh, Regional Director, Mountain-Prairie Region, Denver, Colorado 

 
SUBJECT: Status Review for the Canada Lynx Distinct Population Segment 
 
I. STATEMENT OF PURPOSE 
 
This memorandum provides an update to the Secretary on the current status of and related issues 
regarding the contiguous United States distinct population segment of the Canada lynx. 
 
II. BACKGROUND 
 
The Service identified Canada lynx (Lynx canadensis) in the contiguous United States as a 
distinct population segment (DPS) and listed the DPS as threatened under the Endangered 
Species Act (Act) in 2000.  The threat to the DPS was identified as the inadequacy, at that time, 
of existing regulatory mechanisms on Federal lands, particularly those administered by the 
Bureau of Land Management (BLM; DOI) and the U.S. Forest Service (USFS; USDA).  The 
Service developed a Recovery Outline for the DPS in 2005, designated critical habitat in 2006, 
and revised the critical habitat designation in 2009 and again in 2014, the latter in response to 
court orders from the U.S. District Courts in Montana and Wyoming.  In 2014, the Montana 
District Court ordered the Service to complete a final recovery plan for the DPS by January, 
2018, unless we determine that the DPS no longer warrants listing under the Act (i.e., it is 
already recovered).  In 2016, the same court remanded the 2014 critical habitat designation to the 
Service for further consideration regarding Colorado and several National Forests in Idaho and 
Montana but did not specify a deadline for revising critical habitat.    
 
III. DISCUSSION 
 
The lynx is a boreal species that occurs primarily in Canada and Alaska and whose range largely 
overlaps that of its primary prey species, the snowshoe hare (Lepus americanus).   
 
In the north, both hares and lynx undergo dramatic and well documented 10-year population 
cycles, which resulted historically in large numbers of lynx dispersing from Canada into the 
northern contiguous states intermittently when hare populations in Canada declined.  These 
roughly decadal events, referred to as “irruptions,” resulted in lynx records in 24 states, including 
many areas lacking habitat capable of supporting lynx over time.   
 
The southern edges of the ranges of lynx, snowshoe hares, and boreal forest extend into the 
northern contiguous United States, which includes about 2 percent of the lynx’s breeding 
distribution.  Along this southern margin of the species’ range, habitats become naturally patchy 
as boreal forests transition to temperate forest types and snow conditions become less favorable 
for both hares and lynx.   



 
In this part of the range, some places support persistent resident lynx populations, while others 
support resident lynx only ephemerally, and yet others support only dispersing lynx temporarily 
during and for short periods after irruptions.   
 
In the contiguous United States, resident lynx populations occur in northern Maine, northeastern 
Minnesota, northwestern Montana, and north-central Washington, and an introduced population 
of lynx currently occurs in western Colorado, where 218 Canadian and Alaskan lynx were 
released in 1999-2006.   
 
Small resident populations may also have occurred historically in northern New Hampshire, 
northern Michigan, northern Idaho/ northeastern Washington, and the Greater Yellowstone Area 
of southwestern Montana and northwestern Wyoming. 
 
Since the DPS was listed, nearly all BLM and USFS units within the lynx range have formally 
amended management plans or adopted conservation agreements with the Service to implement 
specific science-based conservation measures for lynx and hare habitats and populations.  Such 
commitments appear to be lacking on private lands in some parts of the DPS range, particularly 
Maine and Minnesota.  Also since listing, projected continued climate warming has been 
identified as a factor that ultimately may diminish the amount and extent of suitable lynx habitat 
in the contiguous U.S. and as the threat that is most likely to influence the continued persistence 
of DPS lynx populations in the long term. 
 
IV. NEXT STEPS 
 

• To address the outstanding court orders described above, the Service completed a draft 
Species Status Assessment (SSA) for the lynx DPS and we are in the process of finalizing 
it based on peer reviews and comments from State and Federal partners. 

• The final SSA report will provide the scientific basis for a statutorily-required five-year 
status review to determine whether lynx in the Lower 48 States continue to warrant 
protection under the Act. 

• If so, the Service will also rely on the final SSA report to comply with court orders 
regarding development of a recovery plan for the DPS and a revised designation of 
critical habitat. 

• If not, the Service will rely on the SSA to support a recommendation and subsequent 
rulemaking to delist the DPS.  

 
 



From: Bush, Jodi
To: Justin Shoemaker
Subject: Fwd: Draft Lynx Memo
Date: Tuesday, March 07, 2017 4:15:40 PM
Attachments: 2017 03 07 DRAFT MEM RD_SEC Status of Lynx.docx

Justin - can you review?  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Mar 7, 2017 at 4:07 PM
Subject: Draft Lynx Memo
To: Jodi Bush <jodi_bush@fws.gov>

Attached.

See you tomorrow.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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INFORMATION MEMORANDUM FOR THE SECRETARY 

 

DATE: March 10, 2017 
 
FROM: Noreen Walsh, Regional Director, Mountain-Prairie Region, Denver, Colorado 

 
SUBJECT: Status Review for the Canada Lynx Distinct Population Segment 
 
I. STATEMENT OF PURPOSE 
 
This memorandum provides an update to the Secretary on the current status of and related issues 
regarding the contiguous United States distinct population segment of the Canada lynx. 
 
II. BACKGROUND 
 
The Service identified Canada lynx (Lynx canadensis) in the contiguous United States as a 
distinct population segment (DPS) and listed the DPS as threatened under the Endangered 
Species Act (Act) in 2000.  The threat to the DPS was identified as the inadequacy, at that time, 
of existing regulatory mechanisms on Federal lands, particularly those administered by the 
Bureau of Land Management (BLM; DOI) and the U.S. Forest Service (USFS; USDA).  The 
Service developed a Recovery Outline for the DPS in 2005, designated critical habitat in 2006, 
and revised the critical habitat designation in 2009 and again in 2014, the latter in response to 
court orders from the U.S. District Courts in Montana and Wyoming.  In 2014, the Montana 
District Court ordered the Service to complete a final recovery plan for the DPS by January, 
2018, unless we determine that the DPS no longer warrants listing under the Act (i.e., it is 
already recovered).  In 2016, the same court remanded the 2014 critical habitat designation to the 
Service for further consideration regarding Colorado and several National Forests in Idaho and 
Montana but did not specify a deadline for revising critical habitat.    
 
III. DISCUSSION 
 
The lynx is a boreal species that occurs primarily in Canada and Alaska and whose range largely 
overlaps that of its primary prey species, the snowshoe hare (Lepus americanus).   
 
In the north, both hares and lynx undergo dramatic and well documented 10-year population 
cycles, which resulted historically in large numbers of lynx dispersing from Canada into the 
northern contiguous states intermittently when hare populations in Canada declined.  These 
roughly decadal events, referred to as “irruptions,” resulted in lynx records in 24 states, including 
many areas lacking habitat capable of supporting lynx over time.   
 
The southern edges of the ranges of lynx, snowshoe hares, and boreal forest extend into the 
northern contiguous United States, which includes about 2 percent of the lynx’s breeding 
distribution.  Along this southern margin of the species’ range, habitats become naturally patchy 
as boreal forests transition to temperate forest types and snow conditions become less favorable 
for both hares and lynx.   



 
In this part of the range, some places support persistent resident lynx populations, while others 
support resident lynx only ephemerally, and yet others support only dispersing lynx temporarily 
during and for short periods after irruptions.   
 
In the contiguous United States DPS, resident lynx populations occur in northern Maine, 
northeastern Minnesota, northwestern Montana, and north-central Washington, and an 
introduced population of lynx currently occurs in western Colorado, where 218 Canadian and 
Alaskan lynx were released in 1999-2006.   
 
Small resident populations may also have occurred historically in northern New Hampshire, 
northern Michigan, northern Idaho/ northeastern Washington, and the Greater Yellowstone Area 
of southwestern Montana and northwestern Wyoming. 
 
Since the DPS was listed, nearly all BLM and USFS units within the lynx range have formally 
amended management plans or adopted conservation agreements with the Service to implement 
specific science-based conservation measures for lynx and hare habitats and populations.  Such 
commitments appear to be lacking on private lands in some parts of the DPS range, particularly 
Maine and Minnesota.  Also since listing, projected continued climate warming has been 
identified as a factor that ultimately may diminish the amount and extent of suitable lynx habitat 
in the contiguous U.S., and as the threat that is most likely to influence the continued persistence 
of DPS lynx populations within the DPS in the long term. 
 
IV. NEXT STEPS 
 

• To address the outstanding court orders described above, the Service completed a draft 
Species Status Assessment (SSA) for the lynx DPS and we are in the process of finalizing 
it based on peer reviews and comments from State and Federal partners. 

• The final SSA report will provide the scientific basis for a statutorily-required five-year 
status review to determine whether lynx in the Lower 48 States continue to warrant 
protection under the Act. 

• If so, the Service will also rely on the final SSA report to comply with court orders 
regarding development of a recovery plan for the DPS and a revised designation of 
critical habitat. 

• If not, the Service will rely on the SSA to support a recommendation and subsequent 
rulemaking to delist the DPS.  
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Very minor stuff. Looks good. 

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
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Email: justin_shoemaker@fws.gov
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TECHNICAL SUMMARY

DISTRIBUTION

Extent of occurrence: approximately 12,000 k2 (Cape Breton Island)

Area of Occupancy: approximately 4,800 km2 (Cape Breton Highlands) 

POPULATION INFORMATION

Total number of individuals in the Cape Breton Island population: Uncertain but at 
the high in the cycle densities possibly range from 10-11 lynx/100km2 (~475-525 
individuals) and at the low in the cycle from 2-3 lynx/100 km2 (~95-140 
individuals)

Number of mature individuals in the Cape Breton Island population (effective 
population size): Depends upon the point in the population cycle; at lows most 
individuals are mature (>2 years old) while at cyclical highs only ~20-30% of 
population are mature.

Generation time: 2-5 years, varying with the cycle in reproduction. Recruitment may
fail for 3-4 years during the low of the 10-year snowshoe hare cycle.

Population trend:        ______ declining _____increasing
  __X___ stable _____unknown

Number of sub-populations: Probably only one (1), most of which breed on the Cape 
Breton Highlands.

Is the population fragmented? Generally not; small numbers (10-30) may breed east 
of Bras d'Or Lake.

Number of historic sites from which species has been extirpated: since 
~1950, all of mainland Nova Scotia.

Does the species undergo fluctuations? Yes, ~10-year cyclical fluctuations closely 
allied with the 10-year cycle of snowshoe hare.

THREATS 

Main threats for the Cape Breton Island population are identified as interspecific 
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competition with coyotes and bobcats, global warming and ameliorating winters, and 
reduced population viability through population isolation and limited genetic diversity. 
Consideration should be given to possible threats from human harvest (at cyclical lows), 
disease and habitat change from forestry operations.

RESCUE POTENTIAL

Does species exist outside Nova Scotia? Yes, across boreal/taiga zone of continental 
North America and in limited numbers in New Brunswick and several of the 
northern contiguous states, such as Maine in the northeast.

Is immigration known or possible? Not likely for Cape Breton Island population; 
possible into mainland Nova Scotia from New Brunswick.

Would individuals from the nearest foreign population be adapted to survive in 
Cape Breton Island? Yes.

Would sufficient suitable habitat be available for immigrants? Probably available 
habitat currently at capacity.
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RESPONSE STATEMENT

[This page is not for authors. It will be completed by the Nova Scotia Species at Risk Working
Group (NSSRWG) Chair after the species has been considered and designated by NSSRWG.]

NSSRWG DESIGNATION AND SUMMARY OF REASONS 

[Category assigned by NSSRWG to the species]

[Summary of reasons clearly stating the facts, criteria-based rationale and other factors that led
to the above conclusion.]
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EXECUTIVE SUMMARY

Description

The Canada lynx (Lynx canadensis) and the bobcat (Lynx rufus) are the two wild felids
native to the province of Nova Scotia. The Canada lynx, although similar in appearance to the
bobcat, is longer limbed with larger paws, has longer ear tufts, a totally black-tipped tail and a
somewhat less spotty and lighter-coloured pelage, especially in winter. Only one species (L.
canadensis) is recognized throughout North America. Adult male and female lynx in Nova
Scotia weigh approximately 8 and 10 kg., respectively.

Distribution

Lynx were once distributed on mainland Nova Scotia, especially the Cobequid Mountain,
Pictou Uplands and Musquodoboit Hills Districts of the Maritime Uplands Ecoregion in the
northern and northeastern portions of the province. However, for the past 40-50 years, the
breeding range of lynx has been restricted to Cape Breton Island, and there mainly to the
Highlands of Victoria and Inverness Counties (~4,500 km2) and several small areas on the
eastern shore of Bras d'Or Lake (~270 km2). The absence of lynx on the mainland has reduced
historic breeding range in Nova Scotia by at least 50-60%. The distribution of lynx on Cape
Breton Island has remained stable for at least the past 30 years.

Habitat

Continental lynx populations reach their highest densities in boreal and mixed wood
forests, and prefer a habitat of diversified age which supplies habitat required for denning, cover
and food. Lynx are highly dependent on snowshoe hare (Lepus americanus) for food, and hares
are most common in young (10-25 years), dense, mixed regenerating forest stands. On Cape
Breton Island, most lynx are found on the western Highlands where a balsam fir (Abies
balsamea) dominated mixed forest, susceptible to periodic infestations of the spruce budworm
(Archips fumiferana), has traditionally provided a landscape supporting an attractive landscape
mosaic of older-aged and regenerating conifer-mixed forest stands. From this core breeding
range lynx, during periods of abundance and in the first years following a crash of snowshoe
hares, have regularly dispersed onto adjacent lowlands at ~10 year intervals.

Population Size and Trend

Total numbers of lynx on Cape Breton Island may vary from approximately 475-525 (10-
11 lynx/100 km2) in times of abundant snowshoe hare and high lynx productivity to 95-140 (2-3
lynx/100 km2) during intervening years of low snowshoe hare densities. These densities are
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comparable to northern mainland taiga lynx populations where productivity and survival are
highly dependent upon abundance/availability of snowshoe hare. These density estimates operate
within a fairly well-defined ~10-year cycle and, similar to range limits, appear to have changed
little over the past 30-40 years.

Limiting Factors and Threats

The most significant threat identified for northern taiga lynx populations is over-trapping
during years of suppressed productivity and reduced densities. Most jurisdictions now recognize
that threat and regulate harvests accordingly. Except for a small aboriginal harvest (~4-5 per
year), which was closed several years ago for conservation reasons, the trapping of lynx in Nova
Scotia has been illegal since 1980. A small number of lynx (~5-7 per year) are now accidentally
taken each year in traps and snares set for other furbearers such as bobcat (Lynx rufus), fox
(Vulpes vulpes) and eastern coyotes (Canis latrans). Although of concern, this source of
mortality, if it does not measureable increase, should not by itself pose a threat to the overall
viability of the population. 

A substantial portion of the Highlands has received extensive disturbance from forest
harvesting operations over the past 30 years, especially during the period of spruce budworm
salvage operations in the late-1970s and early-1980s. Evidence for healthy snowshoe hare and
lynx population peaks on the Highlands in 1988-90 and 1998-2000 suggests that both species
managed to survive that era of "single resource" exploitation and significant deforestation. That
encouraging observation, combined with a new era of "multi-resource" ecological landscape
management based upon sustainability and ecological processes suggests that, with future
resource management strategies developed through coopperative planning between industry and
government and enhanced programs of ecological research and wildlife population monitoring,
the habitat for lynx appears secure for the foreseeable future. 

Both the bobcat and coyote have been identified as potential threats to viable lynx
populations, especially in southern boreal/montane habitats, and both potential competitors are
found on Cape Breton Island. In the absence of cause/effect research into interspecific
competition and which might show otherwise, there is no historical correlational evidence that
either has adversely affected lynx densities or range limits in the past 20-30 years. More subtle
and longer-term threats include global warming and subsequent climate change, decline in
population viability through limited gene flow and genetic diversity and disease, such as the
recent isolation of canine distemper.

Lynx Management

Except for a small aboriginal harvest (~4-5 per year), which was recently eliminated for
conservation reasons, there has been no public trapping of lynx in Nova Scotia since 1980. The
current restriction of occupied range, susceptibility of lynx to being trapped, and the uniqueness
of this small and isolated population to the faunal diversity and richness of the province,
suggests that the species should receive continued protection from public trapping. Also, if
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population monitoring indices show densities significantly below those expected within the
normal limits of the 10-year cycle, total closure to human exploitation would be appropriate.
Lynx research and management recommendations are provided.

Existing Protection

 In the United States south of the 49th parallel, the Canada lynx was listed as threatened
in March, 2000 under the United States Endangered Species Act. The most recent (May, 2001)
COSEWIC status for lynx in Canada is "Not at Risk." Except for New Brunswick and Nova
Scotia (and Prince Edward Island where they are extirpated), lynx are managed in all provinces
and Territories of Canada by regulated trapping seasons. In New Brunswick the lynx was listed
as an endangered species in 1982 under the provincial Endangered Species Act and receives full
protection. In Nova Scotia the lynx receives protection by not being included among those game
animals which can be hunted and/or trapped. In 1996 the species was assigned "RED" status,
indicating the species is at risk. 

Evaluation of Proposed Status

The most recent (2000) COSEWIC status report recommended the status "NOT AT
RISK" to the Canada lynx at the national level, a recommendation approved by COSEWIC in
May, 2001.That report could find no evidence of decline in populations or distributions of lynx
over the past two decades and given their high potential productivity and extensive pattern of
dispersal combined with reduced harvests and a greater awareness of the need for proactive lynx
management, the future of the species in Canada was considered to be secure. However, that
report also recognized examples of local southern populations which have experienced
reductions in both numbers and distribution. 

The lynx population of Nova Scotia is one of those examples and although its range in
the province appears to have remained stable for the past 40-50 years, lynx do remain isolated in
distribution to parts of Cape Breton Island and do not benefit from immigrants from other
populations. For this reason, and because of potential threats to Cape Breton Island lynx from
sympatric bobcats and eastern coyotes, forestry operations and possibly other localized factors
not yet fully understood (e.g. canine distemper), it appears prudent for Nova Scotia to assess the
status of the Cape Breton Island lynx in a more conservative fashion. For those reasons it is
recommended that the lynx of Nova Scotia be assigned "SPECIAL CONCERN" under the Nova
Scotia Endangered Species Act, a status which means that the species is particularly sensitive to
human activities and specific natural events but, at this time, is not an endangered or threatened
species. 
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SPECIES INFORMATION

Name, Classification

The distribution of the Canada lynx (Lynx canadensis (Kerr 1792) ) across most of
Canada, from Newfoundland/Labrador and eastern Quebec west and northwest through Yukon
and into Alaska is generally considered continuous although, especially during cyclical
continental population lows, certain "metapopulation" or core breeding areas may be considered
temporarily isolated. Such geographical foci of distribution, however, are normal and with the
extensive pattern of lynx dispersal during years of high densities, and immediately following
crashes of snowshoe hares, genetic interchange is considered sufficient to classify it as one
subspecific monotype. Although there remains considerable debate on the proper taxonomy of
the global felid family (Werdelin 1996), it is generally accepted that the North American lynx
(Lynx canadensis) is sufficiently distinct from the Eurasian lynx (Lynx lynx) to justify full
species status (Hall 1981; Wozencraft 1993).

In North America there has been disagreement on whether the lynx on insular
Newfoundland represent a distinct subspecies (L. canadensis subsolanus (Bangs 1897) (Banfield
1974; Tumlison 1978) or not (van Zyll de Jong 1975). Until current DNA analyses of lynx tissue
samples collected from various regions of North American lynx range are completed, it is
perhaps advisable to consider lynx as monotypic throughout North America. Tissue samples
from Cape Breton Island lynx are included in those analyses. 

Although on occasion there are lynx recovered on the mainland of Nova Scotia, which
presumably would have emigrated from Cape Breton Island, there is little possibility of lynx
from other geographical populations crossing the Canso Strait onto Cape Breton Island - the
small numbers of lynx in New Brunswick are restricted to the extreme northwest with only
occasional recoveries in the southeast, and dispersion from that source onto Cape Breton Island
is highly unlikely. Current genetic analyses of lynx tissue samples (muscle, heart, kidney, liver)
from Maine, Quebec, New Brunswick, Nova Scotia and Newfoundland are being conducted at
the National Cancer Institute's Laboratories of Genomic Diversity in Frederick, Maryland. The
main objective is to understand the felid genome and disease associations - these analyses will
prove critical to state, provincial, and federal wildlife management agencies relative to lynx
metapopulation dynamics in eastern North America. These analyses will elucidate the degree of
isolation versus mixing of adjacent lynx populations. For this report, and until the results of the
genetic analyses are completed, the lynx on Cape Breton Island are considered to be an eastern
extension of the continental monotypic species Lynx canadensis.
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Figure 1: Current and historic distribution of Canada lynx in
North America (Poole, 2000).

DISTRIBUTION

North America

Throughout North America, Canada lynx are generally considered to be distributed in
one of two spatial and demographic patterns: 1/ a broad northern and fairly continuous
continental distribution which, in general, includes that vast area from the southern terminus of
the boreal forest north to the edge of the treeline, and extends from Newfoundland/Labrador to
Alaska, often referred to as the
northern taiga population, and 2/
small fragmented and often
threatened "metapopulations"
scattered in favoured habitats in a
few northern states south of the
49th parallel, in northwestern New
Brunswick and, in Nova Scotia, on
Cape Breton Island, and referred to
as southern boreal populations
(Mowat et al. 1999; Aubry et al.
1999) (Figure 1). Lynx habitat
quality is believed to be lower in the
southern periphery of its range
because landscapes are more
heterogeneous in terms of
topography, climate, and vegetation
(Buskirk et al 2000). 

Northern populations
"crash" approximately 1-2 years
following the decline in snowshoe
hares, a period when lynx
experience significant declines in
productivity and increases in
dispersal and emigration (Brand et
al. 1976; Keith 1963; Mowat 1993).
Densities of lynx in northern
populations vary from 10-11/100
km2 during peak years of productivity to 2-4/100 km2 during intervening years of low food
availability. Southern boreal populations, such as those found in parts of Washington and
northern Maine, do not appear to experience such predictable and measurable changes in
abundance as those in northern forest systems. This may be due to more stable hare populations
in southern portions of their range (Adams 1959; Keith 1963; Dolbeer and Clark 1975; Wolff
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1980) which in turn may be a response to fragmented and diversified landscapes. Southern
populations appear to maintain densities at suppressed levels of 2-3/100 km2, densities
comparable to those during the lows of the northern taiga lynx cycle (Keith 1963; Koehler and
Aubry 1994).

In Canada, the lynx is distributed in parts of all Provinces and Territories, except Prince
Edward Island where it is extirpated, and, with the exception of Nova Scotia and New
Brunswick, is recognized as a furbearer and managed through regulated harvests (Quinn and
Parker 1987). In New Brunswick the lynx is considered to be "Regionally Endangered" -
threatened with imminent extirpitation throughout all or a significant portion of its range
(Cumberland et al. 1998), and in Nova Scotia was classified as a RED species (species of special
concern) in 1996 under the provincial Status of Wildlife Assessment Process and are protected
throughout the province. The lynx will probably be listed under the Nova Scotia Endangered
Species Act (NSESA). Until this process is completed, a "best interim" Special Management
Practices for Lynx was drafted in March, 2000. 

This report was commissioned by the Nova Scotia Department of Natural Resources to
evaluate the past, present and projected status of lynx in Nova Scotia and to serve as a reference
document for the Nova Scotia Species at Risk Working Group when considering a
recommendation for legal status of lynx in the province.

The United States Fish and Wildlife Service considers lynx to have at one time been a
resident species in 16 states in the contiguous United States (Hickenbottom et al., 1999). By
1999, four of those states had classified the lynx as endangered (Vermont - 1972; New
Hampshire - 1980; Michigan - 1987; Colorado - 1976) while in Washington it is classified as
threatened. Utah recognizes the lynx as a sensitive species, Massachusetts and Pennsylvania
classify the lynx as extirpated, in Maine, where in 1999 nine lynx were radio-collared and kittens
found, the species is recognized as one of special concern and in Wisconsin the lynx has been
reclassified as a state protected species with a closed season. Several states, such as New York,
Minnesota, Wyoming, Idaho and Oregon recognize the lynx as a small game or furbearer but is
fully protected from legal harvest. In these states lynx occur almost exclusively in the southern
extensions of the boreal forest habitat type (McKelvey et al., 1999) where they occupy a mosaic
between boreal forests and subalpine coniferous forest or northern hardwoods (Barbour et al.,
1980; McCord and Cardoza 1982; Koehler and Aubry 1994). In most instances lynx are more
common in areas with higher than average elevations.

Chris Hoving (MS student, University of Maine, Orono, pers com.) gathered information
on lynx sightings in the northeast for the 15 year period 1985-1999 and found no records for
Vermont, Massachusetts, Rhode Island, Connecticut or New York (excluding the attempted
reintroduction in the 1990s). Hoving found 3 records for New Hampshire and 50 for Maine. To
put this into a Maritime perspective, but realizing that the data are not weighted for "degree of
searching effort," he found 200 from Nova Scotia and 21 for New Brunswick.

In the northeastern states most plotted lynx occurrences fall within the Mixed Forest -
Coniferous Forest - Tundra province and associated with elevations of 250 - 500 m asl (800 -
2,460 ft asl). Prevalent habitats include coniferous and mixed coniferous/deciduous vegetation
types dominated by spruce (Picea spp), balsam fir, pine (Pinus spp), northern white cedar (Thuja
occidentalis), hemlock (Tsuga canadensis), aspen (Populus spp) and paper birch (Betula
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papyrifera) (Ruediger et al., 2000). Elevation and conifer dominated habitat are predominant
factors in lynx distribution in those northern states - in the western United States most
occurrences were within the 1,500 - 2,000 m asl (4,920 - 6,560 ft asl) elevation zones of the
Rocky Mountain Conifer Forest (McKelvey et al. 2000).

In 1882, the American Naturalist Dr. C. Hart Merriam wrote the following on the
distribution and abundance of lynx in New York. "The lynx is and so far as I can learn has
always been a rather rare inhabitant of this region" (in Miller 1899). Merriam also reported that
the bobcat, "...which once ranged throughout the state, appears to be now exterminated except in
the wilder parts of the Adirondacks, the Catskills and the Hudson Highlands. It is, however, an
animal that resists the progress of forest clearing much more than the lynx" (in Miller 1899). By
the turn of the last century, Miller believed that "The Canada lynx is rapidly approaching
extinction in New York and in fact throughout the eastern part of its range" (Miller 1899). In
Vermont, Osgood (1938) stated that the Canada lynx was "Formerly taken occasionally. The last
record actually checked was in 1928." Bobcat were also reported as "occasional," with bounties
paid on only 20 in 1936. And in 1930 Crane reported that the Canada lynx was very rare in
Massachusetts, and as early as 1840 was considered a "straggler." The bobcat, however, was
fairly common, and was "...increasing throughout New England in recent years, following a long
period of relative scarcity" (Crane, 1930). 

In New York, the lynx is currently classified by state law as a small game animal, but
Department of Environmental Conservation (DEC) regulations do not permit a lynx harvest.
Although Canada lynx were historically found in New York, it is uncertain whether there were
ever self-sustaining resident populations. Most likely lynx in New York were sustained by
immigration from other adjacent regions. Between 1989 and 1992, the New York State College
of Environmental Science and Forestry at Syracuse University (CESF) conducted an
experimental program of lynx releases in northern New York. Over 80 lynx were caught in
northwestern Canada and released in the Adirondacks. All of the lynx were radio-collared at the
time of release, and the radios provided information on survival and dispersal of these animals.
Some of the released lynx dispersed farther than anyone expected. Lynx from the CESF release
showed up in Pennsylvania, New Jersey, Massachusetts, New Hampshire, Quebec, Ontario, New
Brunswick, and other parts of New York. One lynx was found a straight line distance of 485
miles from the release site, 8 months later and 2 pounds heavier than at the time of release.
Home ranges of the released lynx were large, and there is still no firm evidence of lynx
reproduction. The success of the New York lynx introduction remains in doubt (from New York
State Department of Environmental Conservation home page - Canada Lynx Fact Sheet)

In March, 2000, the National Wildlife Federation issued a statement claiming that the
decline of lynx in the lower 48 states of USA "...stemmed from forest destruction and human
encroachment into its deep-woods habitat, excessive trapping in the 1970s and 1980s and
expansion of competitors such as bobcats and coyotes." On March 21, 2000, the USFWS listed
the Canada lynx as "Threatened" under the Endangered Species Act in the contiguous United
States. A species is listed as threatened when "...it is likely to become endangered
throughout all or a significant portion of its range in the foreseeable future." As well, in most of
those northern states in which lynx currently, or at one time did occur, the lynx is classified as
"Endangered" or "Threatened" and are fully protected. At the national level in Canada, the most



Status report on Canada lynx in Nova Scotia - Parker 8

Figure 2: Distribution of 32 lynx recovered in New
Brunswick: 1973-2000 (from Cumberland et al. 1998 -
revised to 2000).

recent Committee on the Status of Endangered Wildlife in Canada (COSEWIC) Status Report
recommended that the status of lynx in Canada should be "Not at Risk" (Poole, 2000), a
recommendation approved by COSEWIC in May, 2001.

Maritimes

Historical records show that lynx have an extended history in New Brunswick
(Cumberland et al. 1998). Squires (1946) considered the "....position of the two lynxes in our
fauna have been reversed - that the Canada lynx was formerly so much the more common that it
was the only one that came to the attention of many of the [early] writers, whereas of late years it
has become almost extinct in the Province while the wildcat is now abundant. The Chief Game
Warden stated that a Canada lynx trapped in Albert County in 1943 was the first which had been
reported to him in fifteen years." It is likely that the bounty placed on "wildcats" in New
Brunswick in 1898 and which
continued through to 1962 contributed
to the decline in lynx in that province
as the carcass or parts of carcass
would have qualified for the bounty [in
many instances only the skinned
carcass or the nose or snout were
required for payment]. By the mid-
1800s, Chamberlain (1844) listed the
Canada lynx, Loup-cervier or
Loocervee and the Bay lynx or Wild
Cat as both common in the province of
New Brunswick. By the late-1940s,
Morris (1948) described the lynx of
New Brunswick as "...formerly
common, but now very rare and
restricted to the more remote parts of
the Province.... Within the present
century... it has greatly decreased in
numbers and is now on the verge of
extirpation." 

The last year that lynx were
legally exported from New Brunswick
was in 1929, when 29 lynx were
trapped (McAlpine and Heward 1993).
Banfield (1974) believed that the lynx
became absent from New Brunswick around 1943 although some believe that the species was
never completely extirpated from the province (McAlpine and Heward 1993).  Around 1950
Bruce Wright, reporting on the status of lynx in New Brunswick, wrote "The last report that I
have of a lynx was one shot in Charlotte County on November 12, 1943, and the chief game
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warden states that he had not heard of one being taken in the previous 15 years. That would date
the virtual extirpation of the species [in New Brunswick] about 1928, or earlier" (de Vos and
Matel 1952). The province-wide decline is similar to that documented for Nova Scotia.
However, with the elimination of bounties on bobcats in 1961, the proclamation of the New
Brunswick Endangered Species Act (NBESA) in 1976 and admendment of the NBESA in 1982
to list the lynx as an endangered species with full legislative protection, lynx appear to have
recovered over the past 25-30 years, especially over the past decade. Twenty-nine lynx have
been "accidentally" recovered in New Brunswick from 1992 through 2000, most in the extreme
northeast portion of the province (Figure 2). The spatial distribution of those recoveries are
interesting relevent to the apparent isolation of the lynx on Cape Breton Island from mainland
populations. Evidence of breeding was recorded in 4 of 7 female carcasses, suggesting a small
and certainly vulnerable breeding population. Recent ground-based surveys have been
established to better define abundance and distribution in north-western New Brunswick and to
determine whether lynx have established a resident population or represent transients crossing
over from Quebec (Forbes et al. 1999).

Lynx were extirpated from Prince Edward Island during the early 1800s, probably due to
settlement and habitat destruction (Stardom, 1988). Although fur returns for Prince Edward
Island show several lynx caught there in 1969 and 1971, they were believed to have been
brought to the province from Newfoundland (Stardom 1988). However, it is quite possible that
they were dispersers from Cape Breton Island (it is interesting that fur records show the highest
number of lynx trapped on Cape Breton Island was in 1969- see Figure 5).

The historic distribution of lynx in the Maritime Provinces most likely corresponded
quite closely with the Maritime Uplands, New Brunswick Highlands and Gaspe - Cape Breton
Ecoregions (as described by Loucks 1962). Most of these areas are from 500 - 1200 ft asl and
represent some of the most elevated regions of the Maritime Provinces. However, the absence of
a significant balsam fir component to all but the Cape Breton Highland and Green River
Districts of the Gaspe - Cape Breton Ecoregion appears to be the one factor which limits the
cyclical nature of snowshoe hare and, consequently, suppressing lynx densities. It is interesting
that today most of the regions of the Maritimes which appear to support breeding lynx lie within
the Gaspe - Cape Breton Ecoregion.

Nova Scotia

For this report I have chosen to review the distribution of lynx in Nova Scotia relative to:
1/ historic (<1920 - prior to credible fur trapping records), 2/ recent (1920 to 1955 - completion
of the Canso Causeway and subsequent ingression of the bobcat to Cape Breton Island), and 3/
current (since lynx have been restricted to Cape Breton Island i.e. ~1955 to the present).

First, however, it must be recognized that most of the forested landscape in the Maritime
Provinces does not represent what is generally considered favoured lynx habitat. Most
continental lynx populations are closely tied to regional abundance and distribution of snowshoe
hares, and hare populations throughout much of the circumpolar boreal region typically exhibit
fluctuations which closely follow a ~10 year cycle. In more temperate regions where forested
landscapes have been fragmented from human disturbances (agriculture, forestry, urbanization),
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hare populations seldom exhibit predictable and well defined numerical fluctuations. Rather,
regional hare populations often show local differences in levels of abundance, most likely driven
by the wide array of habitat change at the woodlot level, combinations of which provide a virtual
unlimited diversity of preferred food and cover.

Second, there is evidence to suggest that the Maritime Provinces have experienced
periodic long-term changes in prevailing climatic conditions and consequent changes to native
fauna and flora. It was not until the early 1800s, for instance, that white-tailed deer reoccupied
extreme southern New Brunswick and did not reach Nova Scotia (through natural ingression and
several introductions from New Brunswick) until the latter part of the century. White-tailed deer
brought with them the parasite P. tenuis, and the subsequent spread of that parasite among
resident moose and caribou certainly contributed to their decline and, in the case of the caribou,
extirpation. The bobcat, historically a resident of Nova Scotia and New Brunswick, was most
likely present in low numbers due its frequent association with more temperate climate and food
species associated with diversified and disturbed habitat. The bobcat is less dependent upon
snowshoe hare than the lynx (Parker and Smith 1983) and also appears to be a direct and more
efficient competitor with lynx. The aforementioned is important relative to understanding the
historic and current abundance and distribution trends of lynx in Nova Scotia.

Historic (<1920) - The earliest written records suggest that the Canada lynx has a long history of
occurrence throughout the Maritime Provinces. As early as the mid 1600s, Nicolas Denys
described how the Micmac Indians frequently used dogs to pursue and tree lynx, which were
then killed, the furs of which were used for "winter robes" (Denys 1672). But it was not until the
early 1860s that
Bernard Gilpen left
us the following
descriptive account
that we have some
published records
on the abundance
and distribution of
lynx, or
"Loupcervier," in
Nova Scotia
(Gilpen 1864).

"This true
boreal species,
reminding us of the
alpine hare, the
ptarmigan, the
spruce grouse, and
the snow owl, in
his well-furred
limbs, is abundant
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in the Province. He loves the thick covers and dense spruce-pine woods of the midland counties
of King's and Annapolis, in which he hunts the varying hare, and surprises the dusky grouse, and
from which he descends at night to the barns and sheepfolds in the cleared land. He is very
destructive to sheep. He rarely is found near the seaboard, or amongst the scanty cover of the
granite hills where the red cat [bobcat] abounds, and never like the latter comes out in the open,
or into the town in daylight...About twenty-five years ago the country about Annapolis Royal
was infested with them, when George Hardwicke, a young farmer, with a love for hunting,
introduced hunting them with a foxhound."

It is interesting that Gilpen describes the hills of Kings and Annapolis Counties as
favoured habitat for the lynx. This indicates that the lynx may have had a wider distribution in
the province than generally believed. Gilpen continues to describe the bobcat, or Wild Cat of
Nova Scotia. "Where it [the bobcat] abounds, few or no Loupcerviers are seen. Its food is the
same, and it is equally destructive to sheep. Its bolder nature brings it down into open country."
When comparing the arrival of the lynx and bobcat to Nova Scotia, Gilpen thought that "....the
Loupcervier is a true boreal animal with a limited range...On the other hand, the Wild or Red Cat
has become indigenous at a far later period." He considered the bobcat to be from "....a more
southern centre of origin."

Gilpen found it strange that "...the less boreal animal [the bobcat] is the more abundant -
the Wild Cat skin being exported at the rate of five hundred and fifty or more and the
Loupcervier is becoming scarce and is exported at the rate of about two hundred and forty."

Given the current "restriction" of most southern lynx populations to forested wilderness
landscapes usually above 500 ft asl, the historic core breeding areas for lynx on mainland Nova
Scotia may have approximated the uplands of the northern and northeastern sectors of the
province, and described by Loucks (1962) as the Cobequid Mountain, Pictou Uplands and
Musquodoboit Hills Districts of the Maritime Uplands Ecoregion (Figure 3). As well, and as
described by Gilpen (1862), during times of population peaks lynx probably dispersed from
these core areas throughout most parts of the province, and there may have been small and
isolated core areas within other elevated topography such as the North and South Mountains
which lie on either side of the Annapolis Valley, and which might explain periodic abundances
of lynx in such places as Annapolis Royal around 1837. There are also references to lynx in
southwestern Nova Scotia although there may have been some confusion between lynx and
bobcat.

Recent (1920 - 1955)- A.L. Rand came to Nova Scotia from Cornell University in the summers
of 1929 and 1931 to study wildlife in western Nova Scotia (Rand 1933). He saw no lynx and
reported it to be rather rare, the species having continued to decline since Gilpen's observations
some 65 years earlier, with only 35 lynx skins exported from Nova Scotia in 1927 compared to
1,142 "wildcat skins." In 1940, R.W. Smith, from the California Museum of Vertebrate Zoology,
published on the land mammals of Nova Scotia and described the lynx as having been "...
formerly [distributed] throughout most of the Province but now extinct or exceedingly rare on
the mainland but found still on Cape Breton Island" (Smith 1940).  He remarked that the lynx
had been decreasing in the province through the 1930s and many people considered them to be
extirpated from the mainland. He attributed the decline to the loss of undisturbed forests from
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Figure 4: Approximate current distribution of
core lynx breeding habitat on Cape Breton
Island.

fire and excessive cutting. He cautioned that even on Cape Breton Island lynx were becoming
fewer each year.

In 1950, C.W.I. Creighton, Deputy Minister for Nova Scotia Department of Lands and
Forests, reported that lynx, which had once been found throughout the entire province, were then
confined to Cape Breton Island. "We do not know of any animal having been trapped on the
mainland during the past thirty years or more [i.e. since 1920], although it is possible that a few
animals do remain" (de Vos and Matel 1952). The first year that a license was required for
residents to trap lynx was i  1976. Prior to that, residents only required a license to trap beaver.
There was, however, a 50 cent royalty collected for each lynx pelt exported from the province.
Although only a few lynx were taken in western Nova Scotia from 1932 to 1949, they were
commonly trapped in the highlands (Cobequid/Antigonish Uplands) of eastern mainland Nova
Scotia up to 1945 but harvests dwindled rapidly in this area between 1945 and 1953 (letter from
Neil vanNostrand, Nova Scotia Wildlife Biologist, Kentville to Dr. C.G. van Zyll de Jong, Dept.
of Mines and Natural Resources, Winnipeg - Feb. 8, 1971).

"The Canso Causeway caused the
strait to freeze solid thus forming a 'bridge'
for the first time about 1955. Bobcats were
first reported from Cape Breton Island in the
early 1960s, and by 1970 that species was
increasing rapidly over the Cape Breton
Island lowlands, a factor which will likely
further shrink the lynx range to include only
the highlands of Cape Breton" (letter from
Neil vanNostrand, Nova Scotia furbearer
biologist to Dr. van Zyll de Jong, Dept. of
Mines and Natural Resources, Winnipeg -
Feb. 8, 1971).

"By winter of 1948-49 records
showed that only 34 lynx pelts were
exported from the province, and in 1951-52
only 5 pelts were exported. In the winter of
1940-41 lynx were very abundant in the
Cape Breton Highlands National Park
according to wardens reports. Lynx had
become so scarce by 1940 that a cycle was
not evident in the records maintained by the
Nova Scotia Dept. of Lands and Forests.
According to data compiled by the Nova
Scotia Dept. of Lands and Forests on the
number of lynx pelts exported from the
province, approximately 50% are taken on Cape Breton Island" (Cameron 1958). Cameron
(1958) also believed that "The bobcat is much less common on [Cape Breton Island] than in
peninsular Nova Scotia while the reverse is true with regard to the lynx. According to provincial
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fur returns for the period 1932 to 1949, a total of fifteen wildcats were taken on the island,
chiefly from Cape Breton County ..... Anderson (1942) states that there are no claims of these
mammals occurring on the island, but Clarke (1942) reports that Warden Roach stamped six
pelts from the National Park area before the Park was established. No evidence for the
occurrence of this species on the island was found by the 1953 field party, and no definite
reports were received from woodsmen or trappers. Both the lynx and the bobcat are generally
referred to as 'wildcats' with the result that the records are unreliable" (Cameron 1958).

Current - Although the lynx of Cape Breton Island have been considered an eastern extension
of the southern boreal populations, their high dependence upon snowshoe hare, low dependence
on red squirrels (Tamiasciurus hudsonicus) (Parker et al. 1983) [a trait more common to
northern than southern populations (Aubry et al. 1999)], and cyclical nature suggest, rather, that
they are more similar to northern taiga populations. Northern taiga populations are characterized
by periodic, and often predictable numerical fluctuations driven by the 10-year snowshoe hare
cycle. The record of lynx trapped and exported from Nova Scotia from 1920 - 1980 (Novak et al
1987; Nova Scotia DNR files) show an approximate 10-year cycle of abundance (Figure 5; Note
- almost all lynx exported after 1950 came from Cape Breton Island). 

The similarity between northern continental and Cape Breton Island lynx is probably due
to one or more of the following factors: 1/ the isolated and wilderness nature of the Highlands; 2/
the elevated topography which favours a spruce-fir-birch dominated boreal-like ecosystem over
much of the plateau; 3/ prolonged winters with deep snow cover comparable to northern boreal
systems; and 4/ a snowshoe hare prey base which experiences well-defined 10 year numerical
cycles. This combination of physical and biological features has created an ecological
phenomenon on the Cape Breton Highlands - one where lynx exhibit demographic features
comparable to, although significantly isolated from, northern continental taiga populations and
which represents a unique ecological feature of the Nova Scotia landscape. 

The breeding range of lynx on Cape Breton Island consists of the following three
geographically distinct units: 1/ the Cape Breton Highlands; 2/ the Boisdale Hills; and 3/ the East
Bay Hills (Figure 4).

The Cape Breton Highlands (~ 4500 km2) - The predominant core of lynx breeding range
in Nova Scotia lies above 1000 ft asl and includes portions of Inverness and Victoria Counties of
northwestern Cape Breton Island. It includes all of the Cape Breton Plateau (Spruce Taiga Zone
$ 1500 ft asl) and Cape Breton Highland Ecoregion (Fir-Pine-Birch Zone 1000 - 1500 ft asl) and
parts of the Cape Breton Hills District (500 - 1000 ft asl) of the Maritime Uplands Ecoregion
(Sugar Maple - Yellow Birch - Fir Zone) as described by Loucks (1962).

The Boisdale Hills (~150 km2)- A small portion of the Sugar Maple - Yellow Birch - Fir
Zone, characteristic of the Cape Breton Hills District, lies east of the Highlands proper on a
peninsula jutting out into the Bras d'Or Lake. Lynx from this small refugium are occasionally
seen and killed, often as bycatches by trappers or highway fatalities, within and near the
Eskasoni region and east as far as Sydney, especially in years of population highs and subsequent
lynx emmigration following a crash in snowshoe hares.

The East Bay Hills (~120 km2)- Similar to the Boisdale Hills, this small area of lynx
breeding habitat is located on the eastern shore of Bras d'Or Lake just to the south of East Bay
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and possibly represents an extension of the Boisdale breeding range. Lynx from this core
breeding area occasionally wander to the south and southwest as far as St. Peters Bay.

We know little of the distribution of lynx on Cape Breton Island prior to the 1960s, a
time when bobcats first crossed from the mainland via the Canso Causeway and were rapidly
occupying most of the Lowlands. It is reasonable to assume that lynx would have had a greater
area of distribution although the core breeding areas would probably have remained as they are
today, in synchrony with the boreal-like snowshoe hare population cycle. It is also reasonable to
assume that lynx would have experienced significant human exploitation on the Lowlands given
their accessibility and susceptibility to trapping, the absence of required trapping licences and
subsequent harvest regulations and control and bounty on "wildcats."

HABITAT

Definition

In southern boreal populations of the Northeast, lynx and hare generally prefer conifer
and conifer-deciduous habitats above 500 ft asl (Brocke 1982; McCord and Cardoza 1984;
Litvaitis et al. 1991). Historic processes of disturbance that create early successional stages
exploited by snowshoe hares include fire, insect infestations, catastrophic wind events, and
disease outbreaks (Veblen et al. 1998; Kilgore and Heinselman 1990; Agee 2000). Wind and
insects are particularly dominant natural processes of forest disturbance on the Cape Breton
Highlands. Today, however, the dominant form of forest disturbance is large-scale forestry
operations.

Nova Scotia

Review - Since the early part of the 1900s, the lynx of Nova Scotia have been most common on
Cape Breton Island, and there, at least since the early 1950s, predominantly restricted to the
western Highlands. Even in earlier times the lynx of New Brunswick and Nova Scotia appear to
have been restricted to the areas of higher elevations with a moderate component of softwood,
especially balsam fir. Such regions supported cyclical populations of snowshoe hare and in
winter, due to deep winter snow, were selected against by the bobcat, an apparent superior
competitor with sympatric lynx.

Elevated regions of mainland Nova Scotia that likely supported low to moderate
densities of lynx in earlier times would have included districts within Loucks' Maritime Uplands
Ecoregion, specifically the Cobequid Mountain, Pictou Upland and Musquodoboit Hills Districts
(Loucks 1962). This "suggested" historical distribution of lynx is generally supported by early
records of lynx abundance and distribution, such as those by Gilpen (1862). With the presence of
bobcat throughout the Lowlands of Cape Breton Island at least since the mid-1950s, and the
occupation of much of Cape Breton Island by the coyote since the early 1980s, it appears certain
that most of the breeding population of lynx will remain restricted to the western Highlands,
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with several other small and vulnerable areas of breeding to the east of Bras d'Or Lake, the latter
being threatened with extirpation from mortality during lows in the population cycle and/or
substantive habitat change through intensive forestry management.

The physiography of the Highlands is characterized by a high plateau, generally over
1000 ft asl and supporting a forest comprised largely of balsam fir, white birch, yellow birch on
the Southern Highlands, and spruce. The outside border is characterized by tolerant hardwoods,
usually between the 700 - 1,100 ft contours, and dominated by beech (Fagus grandifolia), sugar
maple (Acer saccharum) and yellow birch (Betula alleghaniensis). The soils are variable and
consist mainly of sandy loams derived from sandstones, conglomerates, igneus and metamorphic
rocks, and granite. Shallow soils and bare bedrock are frequent. An extreme rugged terrain
results from the many narrow valleys throughout the District. Short dense spruce and fir
alternate with shrub barrens and peat bogs on the flat central portion of the Cape Breton Plateau
(Loucks 1962). 

Historically, the demographics of lynx on the Cape Breton Highlands have been driven
by the 10-year snowshoe hare cycle (Elton and Nicholson 1942) which in turn was influenced by
patterns of disturbance and regeneration within the balsam fir dominated forests. Recurring
outbreaks of forest disease, especially spruce budworm, was the most common form of
disturbance. The "boreal" nature of the Highlands with deep and prolonged snow cover and
balsam fir - white birch dominated pattern of successional forest favoured the classical lynx-
snowshoe hare cycle.

Over the past 30 years, beginning with the last large outbreak of spruce budworm in the
early 1970s, much of the forested landscape on the Highlands has been influenced by large-scale
forest harvest operations. Much of the harvesting in the late 1970s and 1980s represented
"salvage"operations following the effects of the budworm infestation (Kelly and Routledge
1993). It is important to assess how the application of mechanized forest harvesting and
subsequent intensive silviculture has influenced the natural pattern of forest change and patterns
of succession within the balsam fir dominated forest on the Highlands.

Initially, during the period of hastily planned and executed salvage operations, the
resulting "manicured" landscapes with extensive network of roads would not have compared
well to the natural one. At that time (1970s - 1980s) little thought was given to "ecological
function" when developing harvest and silviculture prescriptions for the landscape. The main
objective was to remove maximum timber with maximum efficiency and, through intensive site
preparation and planting, to ensure regeneration of a conifer forest in as short a period of
rotation as possible. Management prescriptions included clearcuts, site scarification, planting
and application of herbicides to discourage deciduous competition. 

However, neat and tidy is not nature's way. Forests ravaged by the spruce budworm die a
slow death - dead and dying snags remain for years, and those that fall create a tangle of down
woody debris. Regeneration can be rapid and prolific with fir, birch and shrubs creating a dense
and expansive undergrowth which, over the following several decades, represents excellent food
and cover for snowshoe hare and, as a consequence, excellent habitat for lynx (Parker et al.
1983; Parker 1981; Koehler and Brittell 1990; Aubry et al. 1999). But as much as we profess to
understand what represents good hare habitat, we are less clear on the "limits of tolerance" for
hare populations when the natural patterns of forest disturbance are disrupted by forest
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management interventions, especially those which completely remove large contiguous tracts of
forest cover (clearcutting) and standing and down woody material (hauling roadside; burning
and scarification), proliferate conifer plantations, discourage deciduous regeneration (through
herbicide application and/or intensive mechanical thinning) and encourage human encroachment
and wildlife resource exploitation through intricate networks of hauling and service roads.

Lynx do use silviculturally thinned stands with at least 420-640 trees/ha (Koehler 1990)
and hares are often very abundant in spruce plantations (Parker 1984). It is reasonable to assume,
albeit we have no supporting data, that many of the spruce plantations established on the Cape
Breton Highlands in the 1980s (15-20 years old) now serve as acceptable habitat for snowshoe
hare and, consequently, for Canada lynx. Winter tracking studies and summer snowshoe hare
pellet sample plots, especially when hare densities are high, would serve to support/refute that
assumption.

The scanty information available suggests that snowshoe hare and lynx on the Highlands
continued to cycle through the period of intensive forest managementt (1975 - 1985) to the
present. A study of lynx in the late 1970s, although limited to a 60 km2 study area outside of,
although adjacent to, landscape subjected to wood salvage operations, found high populations of
both hares and lynx (Parker et al. 1983). Both reached peak numbers in the first year of that
study and lynx recruitment was high. Concurrent with the subsequent crash of hares, lynx
recruitment declined significantly in the last year of the study. Much of that study area
represented ~20 year old mixed regeneration. More recent data on hare pellet counts, lynx and
hare tracks at bait stations and appearance of lynx on adjacent Lowlands all indicate that the
most recent peak in hares occurred around 1998, and the peak of lynx in 1999 with subsequent
dispersion of lynx off of the Highlands in 2000 following the crash in hares. We are less clear,
however, on the extent and intensity of the hare and lynx cycle prior to intensive forest
management on the Highlands.

We do know, however, that most of the productive forested land on the Highlands has
now been harvested and much of that land is now in stages of regeneration varying from 0 - 25
years in age. We also know that forestry operations are changing harvest and silviculture
prescriptions to be more compatible with natural patterns of forest disturbance and succession.
By attempting to manage the forests at the ecological landscape level with consideration given to
ecological processes and historic patterns of disturbance, and by designing harvest prescriptions
which include innovative block designs and edge considerations, leaving islands of standing
trees, protection of forested buffers along streams and lakes, establishment of wildlife corridors,
elimination of herbicides and promotion of natural processes of tree selection and allowances for
retention of standing and down woody debris, it may be possible to reduce the perceived and/or
real threats that intensive forest operations may have posed to "lynx habitat" in the recent past.

Forest Harvesting - a Brief History - There is little information on forest harvesting on
the Highlands prior to 1900. Given the remote and uninhabited nature of much of the region, it is
likely that the dynamics of balsam fir dominated forests were basically driven by the 20 - 30 year
spruce budworm cycle. Although fires were once common on the adjacent mixed wood slopes,
the cool, wet climate common  on the interior plateau discourages fire as a major disturbance
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factor there. A balsam fir - dominated forest subject to periodic, intense and wide-spread
disturbance from the ravages of the spruce budworm suggests one favourable to creation of
preferred snowshoe hare habitat and, consequently, prime lynx habitat.

The earliest record of organized and government sanctioned timber harvesting on the
Highlands was in 1899 at which time the Province of Nova Scotia leased 620,000 acres to
parties from Massachusetts, and managed by F.J.D. Barnjum, for a 99 year lease. This was
mainly a high-grading operation which closed down in 1907. In 1915 Mr. Barnjum, still manager
of the lease on the properties, began construction of a rossing mill which was completed in 1916.
On January 2, 1917, the properties and mill were taken over by the Cape Breton Pulp and Paper
Company Limited, affiliated with the Oxford Paper Company and later, on April 10, 1920,
absorbed by the Oxford Paper Company (Kelly and Routledge 1993).

From 1917 to 1931 inclusive a total of 325,000 rough cords of pulpwood were harvested
within the watersheds of the East, Middle and West Branchs of North River and Timber Brook.
The annual production varied from 7,000 cords in 1931 to 57,000 cords in 1920-21. In all,
36,000 acres were cutover. By 1931 the Oxford Paper Company ceased operation and in 1936
the Nova Scotia Government expropriated 178,000 acres for the establishment of the Cape
Breton Highlands National Park. In the early 1950s the Mariana Timber Company obtained
stumpage rights from the Oxford Paper Company and in the period 1953 - 1956 produced 28,000
cords of high quality pulpwood for export. Approximately 5,000 acres were cutover during this
period. In 1960 the Nova Scotia Government terminated the lease held by the Oxford Paper
Company and subsequently leased it to Nova Scotia Pulp Limited. In 1961 work on clearing road
right-of-way was carried out and in 1962 an extensive road construction program began.

In 1960 it became evident that there was serious Hemlock Looper (Lambdina fiscellaria)
infestation in areas of balsam fir on the Plateau. Roads were built to infected areas and in 1963,
5,500 cords of insect killed wood were salvaged. This increased to 18,000 cords in 1964 and
over 21,000 cords were salvaged in 1965 along with 40,000 cords of green wood. In 1966 the
Beloit Harvester was first used and in 1970 the first Koehring Processor in the Maritime
Provinces was introduced on the Cape Breton Highlands - a second one was put into operation
early in 1971. Wood harvesting operations gradually expanded from less than 10,000 cords in
1963 to 65,000 cords in 1971. In 1972 and 1973 the annual harvests increased to 80,000 - 90,000
cords, a rate of annual harvest which at that time was considered near maximum sustainability. 

Nineteen seventy-five (1975) might be considered the last year of normal production for
the Cape Breton Highlands. It was then that the spruce budworm infestation spread over most of
the island and forced dramatic changes in harvesting and forest management activities. In that
year the budworm had caused significant defoliation on about 12,000 acres of Highland timber
and high egg counts indicated a very dangerous situation for 1976. Defoliation was rampant
throughout most of the Highlands and continued for the next 4-5 years when, by 1981, some
decrease in budworm populations became evident. Applications by Nova Scotia Forest Industries
(Stora) to spray chemical insecticides over the Highlands in 1976 and again in 1977 were denied
by the Nova Scotia Government at which time the company initated salvage operations which
totalled 180,000 cords in 1977.

In 1978 the Province of Nova Scotia and Nova Scotia Forest Industries (NSFI) entered
into a salvage/storage agreement for the Crown lands, with the objective of salvage and storage
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of wood volume in excess of the immediate requirements of NSFI. Provision was made for the
storage of up to 500,000 cords of pulpwood during the 1978 - 1981 period. NSFI produced and
placed the surplus pulpwood in storage and after a joint roadside scale the Province bought the
stored wood. NSFI agreed to re-purchase all the pulpwood from the Province by 1984. In the
four years from 1978 - 1981 slightly over one million cords of wood were harvested on the
Highlands, 500,000 cords being placed in storage and the balance trucked directly to the mills at
Point Tupper.

In summary, the early forest harvesting activities of Stora Forest Industries can be
divided into two distinct periods: 1/ the pre-budworm period 1963 to 1975 when the first
network of roads were built and 750,000 cords of green softwood were delivered to the mills at
Point Tupper, and 2/ the budworm harvest period of 1976 to 1987 when 1,550,000 cords of dead
and damaged softwood were harvested and delivered.

Spruce budworm defoliation resulted in nearly 100% mortality of balsam fir trees on the
Highlands - a few patches of black spruce (Picea mariana) survived. Some stands harvested by
Bowater Mersey Paper Company in the mid-1950s have allowed limited harvesting in the late
1990s but over those expansive areas which are regenerating following the budworm epidemic
there will be little harvesting until around 2010.

Ecosystem Management - Forestry operations currently employ an Ecological Landscape
Planning approach for Crown lands under licence on Cape Breton Island and elsewhere in
Eastern Nova Scotia. The founding principle of this approach is the selection and
implementation of forest management strategies and techniques which are compatible with the
natural processes that shape forest communities. Ecological landscape planning provides a
means to ensure a sustainable flow of forest products consistant with society's demands, while
interfering as little as possible with natural forest processes. For instance, in the birch - balsam
fir forests which occupy elevated sites in Cape Breton, forest harvesting, in an attempt to
simulate the natural forest cycle where recurrent insect attacks, such as the spruce budworm and
hemlock looper, and blowdown periodically remove older fir trees and create gaps in the
canopy, employs partial cutting systems which remove mature trees while leaving the hardwood
canopy and young balsam fir intact.

Although clear-cutting remains the harvest method of choice in most balsam fir
dominated stands, current harvesting operations differs significantly from those employed 10-15
years ago. More attention is paid to what is left behind, often referred to as retention harvesting,
where large live trees, snags, rotting logs and clumps of undisturbed mature forest remain to
enhance forest biodiversity by sustaining biologically important processes. As well, and adhering
to Nova Scotia's Forest/Wildlife Guidelines, managed areas accommodate riparian buffers,
wildlife corridors, residual tree clumps, coarse-woody debris retention and careful stream
crossing techniques. Ecological landscape planning, simulating natural patterns of forest
disturbance and retention harvesting all serve to minimize the disruption from forest harvesting
to natural patterns of ecological diversity, which in turn improves the value of that forested
landscape to snowshoe hare and, indirectly, to lynx.

An analysis of the history (1967-2000) of silvicultural treatments on the Cape Breton
Highlands Plateau shows several interesting trends which may impact both snowshoe hare and



Status report on Canada lynx in Nova Scotia - Parker 19

lynx  (Table 1). Most clear-cutting (14,915 of 15,298 ha - 97%) occurred in the 1980s and partial
cutting (final harvest where >10%, and often 25%-30%, of the mature forest overstory is left
standing) has become the predominant form of timber harvesting in the 1990s. Also, associated
silvicultural treatments such as site preparation (96% of 2,742 ha), use of herbicides (94% of
11,425 ha) and replanting (88% of 8,464 ha) also occurred in the 1980s. Much of this trend, of
course, is due to supply, i.e. most of the available productive balsam fir-dominated forests on the
Highlands for which clearcutting is the prescription of choice, have been harvested. Partial
cutting is the prescription for stands of balsam fir/yellow birch common to the Southern
Highlands and Cape Breton Uplands. The number of hectares planted annually declined in
approximate proportion to the area subjected to clearcutting. As well, most precommercial
spacings in plantations (~15 years after planting) have occurred in the 1990s.

It is difficult to assess just how the elimination of herbicides may effect regeneration in
disturbed sites, especially in regenerating conifer plantations. The most likely result is a greater
component of deciduous trees and shrubs in younger sites, which if correct, would benefit
snowshoe hare, and ultimately lynx. On the other hand, the release spacings (stand thinning) will
reduce deciduous trees and shrubs which modelling exercises at University of Maine suggest
could be quite harmful to snowshoe hare habitat (Chris Hoving, MS student, and Dan Harrison,
Professor of Ecology, University of Maine, Orono, pers com.). Those models further suggest that
more extensive forest disturbances (e.g. spruce budworm and clear-cutting) tend to promote
large and relatively contiguous areas of dense, mixed forest regeneration favourable to both hare
and lynx. Furthermore, lynx and hare densities were positively correlated with regenerating
forests but negatively correlated with partial cuts, recent clear-cuts and mature conifer stands.
Measurements of densities and vertical and horizontal cover of trees and shrubs in stands
subjected to various silvicultural treatments are needed to evaluate past, current and projected
programs of silviculture on both hares and lynx. 

The history of intensive forest harvesting on the Cape Breton Highlands, prompted in
large part by the ravages of the spruce budworm, did not begin until the late 1970s  and was
virtually complete by 1990. In the early years, little attention was given to protecting or
conserving landscape biodiversity - salvage operations relied on clearcutting to remove dead and
dying timber as quickly and efficiently as possible. If the lynx were ever in danger of
extirpitation from habitat change on the Highlands that would have been the time. However,
lynx did survive that period of significant deforestation and, although even approximations of
immediate demographic responses are unavailable, there is evidence that a population peak of
hares and lynx occurred, as expected, around 1989-90. Today, much of the landscape that was
clearcut some 20-25 years ago has regenerated into preferred habitat for snowshoe hare, and,
given the current awareness and application by Stora of contemporary sustainable forestry
management practices, habitat should not represent a threat to lynx on the Highlands in the near
or long-term. Given the real threat of a renewed outbreak of spruce budworm in eastern Canada
within the next 10 years, forest management provisions should now be developed to avoid
another threat to lynx such as the largescale clear-cutting and salvage operations of several
decades earlier. 

It is important to note, of course, that a significant (~20%) amount of potential lynx
habitat on the Highlands falls within the boundaries of the Cape Breton Highlands National
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Park. This is certainly fortuituous and may have played the role as a population source from
which lynx dispersed to occupy forested lands exploited earlier by extensive clear-cutting and
timber salvage operations.

In summary, the future of the forests on the Highlands to continue to represent snowshoe
hare and lynx habitat looks positive. Through an innovative policy of ecosystem management, an
operational plan which encourages landscape diversity with measures reviewed earlier, as well
as encouraging a natural regenerating mixed forest through elimination of herbicides, an
adequate supply of snowshoe hare habitat should be sustained which in turn should continue to
encourage a dynamic snowshoe hare and lynx 10-year cycle.

Protection/Ownership

Most of the Cape Breton Highlands falls either within the protection afforded by the
Cape Breton Highlands National Park (950 km2) or within pubic-owned lands leased for
commercial forestry (~3,550 km2). Crown ownership of that portion of the Highlands leased for
commercial forestry provides the potential for public input into forest management planning and
presents the opportunity for flexible and innovative resource management strategies to ensure
the long-term availability of lynx habitat and the viability of lynx and snowshoe hare
populations. The challenge is commitment, both by the province of Nova Scotia and forestry
industry. The process, if not the precise mechanisms, is clear - a diversified landscape which
promotes a reasonable mix of stand age and tree and shrub composition and which uses the
prevailing natural patterns of forest disturbance and succession as the template in the forest
management decision process.

GENERAL BIOLOGY

Nova Scotia

General -The occurrence of lynx on Cape Breton Island, similar to populations across the
continental range, is highly dependent upon abundance and availability of snowshoe hare
(Parker et al. 1983). As well, available although fragmented information suggests that the two
species follow a classic 10-year predator/prey cycle. The intensities of numerical fluctuations in
lynx numbers on Cape Breton Island may approach a magnitude of change of 5-6X and therefore
more closely resembles northern taiga than southern boreal lynx populations, the latter occurring
in several northern states, typically in densities comparable to the lows of northern taiga lynx
populations (~2-3/100 km2) and which appear to depend upon occasional immigration from
northern populations for long-term viability.

On Cape Breton Island the core breeding areas for lynx appear to be the western
Highlands and two smaller centres situated on the eastern shore of Bras d'Or Lake and which
appear most vulnerable to extirpation, especially during lows in the hare cycle. The
demographics of these populations resemble those described in great detail for western and
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northern continental populations i.e. rapid population increases which closely follow recovery of
snowshoe hares and equally swift declines 2-3 years following the crash in hares (Keith et al.
1977; Poole 1994; Slough and Mowat 1996; O'Donoghue et al 1997). Demographic changes
appear driven by availability of hares which influence lynx recruitment i.e. over-winter survival
of young and juvenile fecundity. Yearlings that do survive seldom breed during years of hare
scarcity. Reports of lynx recovered in areas adjacent to the Highlands immediately following
hare declines suggests that many dispersers die from food scarcity, disease and predation.

Reproduction and Survival - Most information available on lynx reproduction and
survival on Cape Breton Island comes from samples collected from trappers during the last three
years of open public trapping - 1977-78 through 1979-80 (Parker et al 1983). By chance, those 3
years corresponded to a peak and crash in snowshoe hares and consequent declines in the
productivity and survival of lynx. Basically, the decline in available food measureably affected
lynx productivity and survival by 1/ a decline in pregnancy rates (placental scar counts) of
yearlings (67% to 0%) and, 2/ a decline in representation of yearlings in the population,
presumeably through direct mortality related to starvation, disease and predation. Reproduction
in adult females declined only slightly while mean number of young per litter (mean count of
placental scars) remained unchanged over the three years of declining food. The reproductive
dynamics described for the Cape Breton Island lynx during highs and lows of snowshoe hare
compares well to those which control the cyclical abundance of lynx in northern boreal
ecosystems, and cited above.  

When hares are abundant and lynx populations are increasing there is little reason for
lynx to leave the Highlands and survival of lynx there appears to be high. Parker et al (1983)
found that a high proportion (52% - 69%) of the lynx examined in years of hare abundance
consisted of 2-year olds, suggesting high survival rates of lynx during their first year of life. In
years of hare scarcity and reduced lynx productivity, the proportional representation of 2-year
olds declined (39%), yearlings were virtually absent while older aged classes increased. The
scarcity of older aged lynx in trapper catches during years of hare abundance reflects the
abundance of food, the greater availability of younger lynx and the susceptibility of younger lynx
to being trapped. In years of food scarcity, younger lynx are more scarce while older lynx
become more susceptible to being attracted to traps by bait.

Studies in the Yukon (O'Donoghue et al. 1995) and the Northwest Territories (Poole
1994) have shown that, in times of snowshoe hare and lynx decline, lynx may be killed by
wolves (Canis lupus), coyotes and other lynx. Mortality, combined with emigration may
combine to depress lynx densities in specific areas by as much as 90%-100%. In the first year of
hare decline many lynx emigrate, especially the younger cohorts, but in the subsequent 1-2 years
of decline, loss of lynx is by direct mortality, usually by starvation and predation.

Diet - The distribution of lynx throughout North America is concurrent with the distribution of
snowshoe hare (McCord and Cardoza 1984; Bittner and Rongstad 1984). The universal
dependence of lynx on snowshoe hare, both winter and summer, is well documented (for a
review see Quinn and Parker 1987; Mowat et al. 1999; Aubry et al, 1999). Although lynx on
Cape Breton Island are often considered to represent a southern boreal population (Aubry et al.



Status report on Canada lynx in Nova Scotia - Parker 22

1999), a comparison of seasonal diets suggests otherwise. The high dependence on snowshoe
hare by lynx on Cape Breton Island, especially in winter, compares more favourably to the diet
of northern taiga populations (Alberta - Brand et al. 1976, Brand and Keith 1979; Yukon -
O'Donoghue et al. 1998; Alaska - Kesterson 1988) than for southern boreal lynx (Koehler 1990).
The size of home ranges of lynx on Cape Breton Island (Parker et al. 1983) are also more similar
to those for northern than for southern populations (i.e. smaller than most southern populations -
for a review of lynx home ranges see Aubry et al. (1999)). As well, red squirrels were virtually
absent in the diet of Cape Breton Island lynx, again similar to the diet of northern taiga lynx
during years of hare abundance (at which time the Cape Breton Island lynx were studied). Red
squirrels may occur in 25-30% of scats and kills of southern populations (Koehler 1990). Red
squirrels are common on the Highlands and may become more important to lynx when snowshoe
hares are scarce. The "taiga similarity" between the forests (balsam fir-white birch), climate
(deep and prolonged snow cover), and well-defined snowshoe hare cycle of the Cape Breton
Highlands and northern taiga environments most likely explains the similarities in lynx
demographics between the two ecosystems.

In times of hare scarcity when many lynx disperse from the Highlands and onto the
adjacent Lowlands of Cape Breton Island, their diet, from necessity, would be considerably more
diverse. This is suggested by incidental observations of lynx killing chickens and pets and often
being in emaciated condition. 

Habitat Use - Habitat selection by lynx within a 60 km2 study area on the Cape Breton

Highlands was measured by snowtracking in winter 1977/78 (Parker 1981) and by radio-
telemetry in 1979 (Parker et al. 1983). Snowtracking showed that lynx preferred (i.e. used more
than expected relative to availability) to travel in open mature conifer, early and advanced
successional and open black spruce bog habitat types. Hares were most common in advanced
mixed regeneration stands (22-28 yrs) dominated by balsam fir and white birch with average
stem height of 2-6 meters and mean crown closure of 75-80%. This habitat type was selected by
lynx for hunting snowshoe hare. The preference of hares for similar habitat has been reported for
other regions of Nova Scotia (Orr and Dodds 1982). The abundance of hares during winter in the
various habitats, as measured by summer pellet counts, showed a positive correlation with lynx
use in the early and late successional habitats but a negative correlation for mature conifer and
spruce bogs. Lynx activity - travel, resting, hunting, socializing - varies among habitat types.
This allocation of behavioural activities to specific habitat types is similar to lynx in other
regions of North America (Koehler and Brittell; 1990Murray et al 1994) and to other predators,
such as the eastern coyote (Parker and Maxwell 1989). Radio telemetry studies in 1979
supported the habitat selection reported for the 1977/78 snowtracking study.

Although lynx need food (hares) to survive, which is undoubtedly the most important
factor that influences the presence or absence of most predators in specific regions, most other
habitats within defined home ranges are used for other less understood reasons, and often at
specific seasons of the year. A diversified landscape which emulates natural patterns of forest
disturbance and regeneration should be the objective of the forest and wildlife managers. 

Disease - On occasion, sick and debilitated lynx and bobcat are collected and submitted for
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necropsy and examination for disease. In 1996-97 six lynx specimens were collected on Cape
Breton Island and submitted to the Canadian Cooperative Wildlife Health Centre (Atlantic
Veterinary College) in Charlottetown, Prince Edward Island. Common symptoms of these lynx
were lack of fear, aberrant behaviour and debilitated condition. None of these specimens were
rabid but all displayed microscopic lesions and severe inflammatory reaction in the meninges,
brain and spinal cord sufficient to explain individual behaviour and physical abnormalities
(Canadian Cooperative Wildlife Health Centre. 1997. Wildlife Health Centre Newsletter 5 (1)
Charlottetown, PEI). Common cause of the neurological disease was identified as a
morbillivirus, an infection previously diagnosed in two bobcats from New Brunswick (Canadian
Cooperative Wildlife Health Centre. 1995. Wildlife Health Centre Newsletter 35 (1)
Charlottetown, PEI) and closely related to canine distemper virus.

The unusually high number of lynx recovered by Nova Scotia DNR staff in 2000
provided the opportunity for more specimens to be examined for disease at the Atlantic
Veterinary College. I found 3 individual records for lynx carcasses recovered in 2000, and blood
samples from 8 lynx captured on Cape Breton Island (five of which were held captive at
Shubenacadie Wildlife Park), which had been submitted and examined by the Atlantic
Veterinary College and for which there were corresponding diagnostic services reports (DSR).
The 3 lynx carcasses, all juveniles, were emaciated with moderate to heavy parasitism - the
cause of death was attributed to starvation. "...[evidence] supports the original hypothesis that a
recent crash in the population of snowshoe hare on Cape Breton Island was responsible for an
inordinate prevalence of emaciated lynx in this region .... Emaciation and heavy parasitism are
often found concurrently in wild animals." - summary comment on DSR.

The five live lynx held captive at Shunenacadie Wildlife Park were generally emaciated
but with no apparent evidence of disease. Blood samples did show evidence of exposure to
"canine distemper-like virus" which led to the following summary comment. "This disease has
not yet been reported by others in free-ranging wild cats elsewhere in North America although
we have confirmed it also in a few bobcats from New Brunswick ... Therefore, I believe that this
is a new disease for lynx and that the population of this species on Cape Breton Island probably
still has a low level of immunity against the virus. Because of this, I am personally tempted to
ascribe much significance to high levels of antibody in an individual lynx, particularly one that
has been found in a weak condition in the wild" (letter from Dr. Pierre-Yves Daoust, DVM,
Atlantic Veterinary College, Charlottetown to Dan Banks, Nova Scotia Department of Natural
Resources, May 26, 2000).

In addition to the above, the DNR Baddeck office completed lynx necropsy reports for 7
lynx carcasses and dated December, 2000. Two were snared or trapped, 2 were killed by
vehicles, 1 was shot in a chicken coop, and cause of death for one was not recorded.
Measurements of body fat varied from "no fat" to "very fat" and tissue samples were submitted
to DNR office in Kentville for future DNA analyses.

In summary, most lynx recovered on the Lowlands in 2000 and which were examined by
DNR personnel and/or by the Atlantic Veterinary College showed signs of emaciation and
parasitism, the latter probably the result from immuno-suppression stemming from starvation
which in turn was most likely prompted by a crash of snowshoe hare on the Cape Breton
Highlands. This appears to be a normal functional response by lynx across their northern
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continental taiga range to the sudden and significant cyclical declines in snowshoe hares. Some
evidence of exposure by several lynx to "canine distemper-like virus" may be cause for concern
for the impact of this disease at the population level, but further study is required. 

Movements/Dispersal - In the context of this report any discussion on  movement of lynx on
Cape Breton Island can be conveniently classified as local (e.g. home range limits, daily rates of
travel) and long-range (dispersal patterns from core areas of distribution during lows in the hare
population). Lynx commonly disperse 100 km or more, and have been reported to travel as far as
400-500 km (Mech 1977; Brittell et al. 1989). Information on local movements was gathered by
Parker et al (1983) during 2 years (1978-79 and 1979-80) of radio-tracking several lynx within a
60 km2 study area near the Norman Fire Tower on the Upper Mariana Road. That information
was useful in describing seasonal home range limits of several lynx during a peak and early
decline in the snowshoe hare population, but prior to extensive lynx dispersion.

Home ranges were well defined, were larger in summer (Male - 26 km2; Female - 32
km2) than winter (Male - 12 km2; Female - 19 km2) and lynx maintained a core area of
occupation at all seasons. Distances traveled per 24 h (DCD - daily cruising distance) were
slightly greater in summer (7-10 km) than in winter (6-8 km), and travel activity was greatest in
evening and early morning. These local data on home range limits, movements and daily activity
patterns, although interesting, contribute little to understanding the current status of lynx in
Nova Scotia. More important is information on dispersion, although that is lacking at the
individual level due to the absence of a mark/recapture program. However, from the information
at hand it is possible to generate hypotheses on lynx dispersal on Cape Breton Island. It is almost
certain that lynx on Cape Breton Island represent an isolated metapopulation removed from
ingression of lynx from other mainland populations. There are no known lynx breeding on
mainland Nova Scotia, while in New Brunswick the status of a breeding population remains
uncertain, and if it does breed in that province, it appears to be restricted to the extreme
northwestern sector - dispersion to Cape Breton Island from that source appears very unlikely. 

What we do know is that in approximate 8-10 year intervals, coinciding with crashes of
snowshoe hares on the Highlands of Cape Breton Island, lynx are recovered on the Lowlands,
especially on Lowlands of Victoria and Inverness Counties adjacent to the Highlands. On
occasion, and coincidental to snowshoe hare declines, lynx are recovered from mainland Nova
Scotia, and are presumed to be dispersers from Cape Breton Island.

There has been some concern expressed over the fate of the cyclical migrants from the
Highlands. Do they represent an "expendable" element of the population which, compatible with
the normal dynamics of  a 10-year predator-prey cycle, move out of traditional breeding ranges
due to food shortage and, especially in contiguous mainland populations, serve as colonizers for
new habitats? This "inherent" demographic response is normal, even though on Cape Breton
Island there appears to be no new favourable and unoccupied habitats to colonize. Thus, in this
scenario, they are expendable to the long-term viability of the Cape Breton Island breeding
population of lynx. It is assumed that a core breeding population remains on the Highlands
during periods of hare scarcity and represent the "seed stock" for a renewed population increase.

However, and this is the concern, does a core breeding component remain on the
Highlands during years of snowshoe hare scarcity, or, do those lynx which move to the adjacent
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Figure 5: Lynx harvests in Nova Scotia (after Novak et al. 1987) and
approximate 10-year peaks in abundance.

Lowlands and beyond, and which survive for 3-4 years, move back onto the Highlands and serve
as the breeding core of a renewed lynx cycle? The increasing frequencies of lynx tracks at bait
stations on the Highlands through the winters of 1996-97, 1997-98 and 1998-1999 suggest that,
during periods of hare decline, lynx search for other sources of food, including carrion, but how
many actually remain on the Highlands is unknown. The recent colonization of Cape Breton
Island by the eastern coyote, especially the Lowlands, and the documented predation of coyotes
on lynx, may be cause for concern. If a portion of those lynx which disperse from the Highlands
during times of hare scarcity represent the core breeding stock for the next cyclical phase, does
mortality from coyotes on the Lowlands pose a threat to sufficient numbers of lynx returning to
the Highlands to breed? Do coyotes remain on the Highlands in winter during periods of hare
scarcity, and if so, do they pose additional competitive stress on lynx which are already stressed
from food shortage? 

POPULATION SIZE AND TRENDS

Historic Fur Returns

The annual harvests of major furbearers in North America over the past several hundred
years were compiled by Novak et al. (1987). The records for Nova Scotia begin around 1920,
although there may have
been some confusion
between lynx and bobcat
in the first few years.
Since 1950 most lynx
from Nova Scotia have
been trapped on Cape
Breton Island. The public
trapping season has been
closed for the past 20
years. The plotted
distributions of lynx
harvests for Nova Scotia
show a long-term 10-year
cycle of abundance
(Figure 5), a
demographic
characteristic common to
northern taiga lynx
populations and which
are driven by the 10-year
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cycle of snowshoe hare.
Variations in amplitude of cyclical peaks among years could represent true temporal

differences in population densities, changes in fur prices and trapping pressure, or a combination
of these and other more subtle and less obvious factors. If we include only harvests since 1950,
the time when most if not all lynx exported from Nova Scotia were trapped on Cape Breton
Island, harvests have fluctuated between 44 (1931/32) and 218 (1969/70) during population
peaks and between 2 (1934/35) and 24 (1963/64) during population lows. Although we do not
know the trapping pressure in the 1930s, we do know that the average price per lynx pelt in
1934-35, when only 2 lynx were trapped, was $67.13, certainly an incentive for most trappers at
that time. The highest annual harvest through the 1930s was only 44 lynx. The average price per
lynx pelt in 1969-70, a year with the record number of lynx trapped, was only $27.48. These data
suggest that lynx were more numerous in the 1960s than in the 1930s. It is interesting that the
second highest annual harvest of lynx was in 1941-42 or approximately 30 years prior to the
1969-70 peak and similar to the approximate interval between spruce budworm outbreaks. This
suggests that the budworm outbreaks occurred approximately 15-20 years earlier i.e. ~1920-25
and 1950-55. It is also interesting that the most recent outbreak of spruce budworm occurred in
the late 1970s and early 1980s (~30 year interval) and that the unusually high number of lynx on
the Lowlands occurred in 1999-2000, approximately 30 years since the record harvest of lynx in
1969-70. Is this an indication that exceptionally high peaks in hare and lynx cycles are because
of periodic (~30 year intervals) abundance of optimum regenerating habitat? Mere speculation
but worth noting. One caveat to this budworm-lynx correlation theory is that the first network of
roads into the Highlands was built in the early and mid-1960s. This event increased access and
may have contributed to high numbers of lynx trapped in the mid- to late-1960s (see Figure 5;
Appendix 1).

Although population estimations from historic harvest statistics can be misleading, it
appears that, within expected limits of cyclical variation, the lynx population on the Cape Breton
Highlands has remained stable over the past 50 years.

Estimations and Indices

Telemetry Study - In years of hare scarcity and extreme lynx population lows, few lynx are
seen or recovered outside of the three identified core population areas. Most sightings and
recoveries of lynx beyond those areas are during the first several years following a crash in hares
and while lynx numbers are still relatively high. The amount of breeding within and among these
three zones is important to ensure genetic interchange and diversity of lynx throughout Cape
Breton Island. Based on live-trapping, radio-telemetry and snow-tracking during the three years
1977-78 through 1979-80, Parker et al (1983) estimated 11 lynx occupied approximately 60 km2
- a time of cyclical highs of both snowshoe hares and lynx (hares began to decline in 1978-79),
for a density of approximately 20 lynx/ 100 km2. The authors cautioned that the habitat in that
particular study area represented an uneven-aged mixed forest providing optimum food and
cover for hares and consequently optimum habitat for lynx. As well, the study area was adjacent
to an extensive area of the Highlands subjected to intensive wood salvage operations. At that
time displaced lynx may have been temporarily concentrated in such areas of favoured habitat
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Figure 6: Comparative track indices (tracks/bait
station visit) for snowshoe hare, Canada lynx and
eastern coyotes for the years 1997, 1998 and 1999.

creating artificially high densities.  
Recognizing that the density of lynx in that 60 km2 study area was exceptionally high

and probably not representative of most forested landscape occupied by lynx on Cape Breton
Island, it would be prudent to revise that estimate downward to an overall density estimate of 10-
11 lynx/100 km2, a density compatible with estimates for northern taiga lynx during population
highs. Given that conservative revision, estimated numbers of lynx during the 1978-80
population peak would have been: Highlands - 450-500; Boisdale Hills - 15-16; East Bay Hills -
12-13. During lows in the population cycle, and applying the average for continental taiga
populations of 2-3 lynx/ 100 km2, population estimates would be reduced to: Highlands - 90-
135; Boisdale Hills - 3-4; East Bay Hills - 2-3. Even if those density and population estimates
were correct for the late 1970s, it remains uncertain how they might compare to those of today
some 20 years and perhaps two full population cycles later. McKelvey et al. (1999) argue for
ecoprovince wide planning for effective management of small and often isolated southern boreal
populations of lynx. Based on estimates of 2 lynx per 100 km2 in north-central Washington and
a estimated minimum required population size of 25 lynx, they recommended a management
planning area of at least 1,250 km2. Although it appears that the contiguous Highlands can
continue to provide sufficient habitat for a healthy lynx population even at cyclical lows, the two
smaller core areas appear insufficient without significant immigration of lynx from the
Highlands.

The relatively frequent visits of
lynx to bait stations on the Highlands in
1997 through 1999 and the high number of
lynx being seen and killed on the adjacent
Lowlands in 2000, suggest that lynx
numbers peaked approximately 20 years
after the 1978-79 peak and were in the
dispersal/decline phase of the cycle in
2000, again suggesting a 10-year lynx-
snowshoe hare cycle on the Highlands.
Although we do not have compatible
information on the frequencies of lynx
recovered on the Lowlands in years
immediately following the 1978-79 peak in
the lynx population, the information that is
available suggests that densities and
distributions of lynx on Cape Breton Island
have changed little over the past several
decades. As well, fur returns suggest that
lynx densities vary between/among
individual cycles - such variation is
probably a function of changing conditions
of the forested landscape and consequent
availability of snowshoe hares.
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Figure 7: Track indices (tracks/bait station visitation) for
snowshoe hare, Canada lynx and eastern coyotes for bait
stations inside (n=97) and outside (n=100) Cape Breton
Highlands National Park (1998 only).

Bait Stations - In winter 1996/97, the Nova Scotia DNR and Cape Breton Highlands National
Park initiated a pilot project to obtain indices of abundance and distribution for American
marten (Martes americana) and other mammals, especially Canada lynx, in scattered locations
on the Cape Breton Highlands (Mills and O'Brien 1997). The bait station survey was continued,
with modifications, in 1997/98 (Nocera et al 1999) and 1998/99 (Miner 2000).

The project consisted of positioning bait (white-tailed deer (Odocioleus virginianus))
stations on transects established either along roads or snowmobile trails. Sample points were
chosen from DNR and Park files containing historical reports of trapped marten, marten tracks
or sightings. Individual bait stations consisted of a piece of deer meat suspended by wire from a
tree 50 - 800 meters from the edge of the trail at approximately one kilometer intervals. A piece
of cloth scented with marten or skunk (Mephitis mephitis) lure was also tied to the bait wire.
Stations were checked for five consecutive days or as close as possible when weather permitted.
All tracks and animal sign was recorded within a 20 meter radius of each bait tree. In areas
inaccessible by snowmobile, stations were established by using a DNR MacDonnell-Douglas
500 helicopter (35 of the 159 stations along one kilometer transects through blocks of potential
habitat).

In 1997/98 all bait stations (n= 197) were positioned and visited (n = 503) by helicopter
(Nocera et al 1998). This allowed the survey to be more efficient and to sample more remote
parts of the Highlands than in 1996/97.
Prior to positioning of bait stations,
preferred sites were selected from a
GIS digital image of forest cover and
clear-cuts which originated from 1993
aerial photographs (Nova Scotia DNR
proprietary data).  Potentially suitable
American marten habitat was pre-
selected for mature stands of
coniferous forest with a continuous
distribution. The positioning of bait
stations, and subsequent track counts,
followed that established in 1996/97
(see Mills and O'Brien 1997). Bait
stations were visited between February
9 and April 9, 1998. The mean number
of visits was 2.5 (range 1 - 4). The bait
station survey was repeated in 1998/99
using a helicopter to position 57 sites,
each of which was visited only once on
either March 18 or March 24, 1999 (see
Miner 2000).

Although the American marten
track survey was hampered by changes
to design and sampling intensity among
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the three years, it does suggest several interesting temporal trends. 1/ The density of hare tracks
per bait station visited declined from 1997 through 1999 (Figure 6). This measured decline in
abundance of snowshoe hares at bait stations agrees with the decline in hare pellet counts within
permanent sample plots and described elsewhere. 2/ As the frequencies of hare tracks at bait
stations declined from 1997 through 1999, counts of lynx tracks increased. This inverse
correlation between declining hare tracks and increasing lynx tracks near bait stations is not
surprising. A declining hare population forces lynx to rely on other sources of food which
explains their increasing reliance on carrion at bait stations. In times of hare abundance, lynx
feed more on freshly killed prey. 3/ Coyotes appear to be distributed throughout the Highlands in
winter and, similar to lynx, their attraction to bait stations was greatest in 1999 when hares were
least available. Coyote tracks were more frequent than lynx tracks at bait stations surveyed in
1997 and 1998. 4/ Using the 1998 data only (for reasons of consistancy in methodology), hare,
lynx and coyote tracks were more abundant at bait stations outside than inside Cape Breton
Highlands National Park (Figure 7). This is not surprising considering that the forested
landscape within the park is protected from harvesting while the general landscape outside the
park, where forest management is active, supports a greater representation of regenerating forest
stands which in turn provides preferred habitat for snowshoe hare, and consequently, a greater
abundance of preferred food for both lynx and coyotes. However, as many of the 1998 bait
stations outside of the park were positioned within older stands of conifers thought to represent
American marten habitat, the reasons for the apparent discrepancy in lynx densities within and
outside Cape Breton Highlands National Park may be more complex.

Although the data upon which these demographic scenarios are based are correlational,
they do agree with studies elsewhere in northern latitudes that have demonstrated dependence of
hares upon regenerating mixedwood habitats following fire, disease or timber harvesting and the
subsequent dependence of both lynx and coyotes upon hares as the stable component of their
winter diets and the classical predator-prey demographic relationship between abundance of
hares, lynx and coyotes (McCord and Cardoza 1984; Keith et al. 1977; O'Donoghue et al. 1998;
Nellis et al. 1972; Brand et al. 1976; Brand and Keith 1979; Mowat et al. 1996). 

Carcass Collections - Concern over the long-term health and viability of lynx in Nova Scotia
prompted the province to close the public trapping season in 1975/76. On Cape Breton Island a
restricted season (2 lynx per licensed trapper) was reopened in 1977/78 to facilitate the
collection of carcasses for a lynx population study by Canadian Wildlife Service (Parker et al.
1983). The restricted seasons remained open for 3 years (1977/78 through 1979/80) during
which time the lynx and snowshoe hare populations were at or near their numerical peaks in the
10-year cycle. Trappers were required to submit all lynx carcasses to Canadian Wildlife Service
for analysis. A total of 154 lynx were trapped and examined during that 3 year period (1977/78 -
42; 1978/79 - 57; 1979/80 - 55). Analysis of lynx carcasses provided important reproductive,
morphologic, dietary and demographic information on Cape Breton Island lynx during a cyclical
peak. Some of those data have been reported elsewhere in this report.

Although the public trapping season has remained closed since 1979/80, lynx are killed
from other sources and some of those carcasses have been submitted to DNR regional offices at
Baddeck and Coxheath. Until recently there had been a small aboriginal hunt (4-5 per year),
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which was closed for reason of conservation, while a few lynx continue to be recovered as
incidental catches by non-native trappers, road kills and assorted other sources. The data bank
for these carcasses is maintained in DNR Head Office in Kentville.

The introduction of the Wildlife Investigation Report system in 1985 served to provide a
standardized data collection format for field staff. Sorting through these lynx carcass files
supplied by DNR served to identify 77 entries with sufficient information on date, location and
means of death to allow a rudimentary assessment meaningful to the objectives of this report
(Sex ratio of 31 of 77 carcasses - 13 Males : 18 Females).

First, the allocation of that sample through time (1987 - 2000) shows an interesting
although curious distribution (Table 2). We know that the lynx population peaked during the
1977-80 study, and we also believe that it recently peaked in 1999-2000. It is probable, although
less certain, if we hold to a 10-year population cycle, that an intervening peak was reached
sometime around 1988-90. The few carcasses collected at that time do not confirm a peak
although all dispersers from the Highlands which may have been killed were probably not
recovered by DNR field staff. As well, the population peak in 1988-89 may have been less
intense than that of 1999-2000 which would explain the apparent lack of dispersers.

There is, however, fragmented and anecdotal information which sheds some light on hare
and lynx populations on the Highlands in the late 1980s.  S.B. MacLeod, DNR Baddeck office
noted "...quite a bit of coyote sign and lynx tracks..." during a Highlands Patrol on January 22,
1985 while Jack Mackillop, Supervisor Forest Resources at Baddeck, noted heavy rabbit sign
during a patrol on February 14, 1986. Later, Carl Thibault of the Baddeck office noted in an
October 19, 1990 letter that he had recently been made aware of "...four different cases of lynx
in very poor condition in Inverness County. Starvation is believed to be the cause in all four
cases. Two of these were near the village of Cheticamp, one at the Wreck Cove area in the
Highlands and the most recent one at Ainslie Glen. Unfortunately, one had to be destroyed after
jumping through a window of a chicken pen and suffering severe injuries. One of our staff
managed to live trap the one at Ainslie Glen after it was seen killing domestic geese at a farm.
This animal is extremely thin and we are feeding it regularly to bring its weight up before being
released....The lack of small game and especially rabbits has been noticed in this County for a
number of years now....For several days, one lynx was being hand fed with trout by fishermen in
the Wreck Cove area. Another was killing chickens in broad daylight with people present. The
last one was killing domestic animals with people present."

These reports suggest a peak in snowshoe hares sometime around 1985-1987 with a
subsequent peak and dispersion of lynx around 1989-90. That is, of course, 10 years earlier than
the latest (1999-2000) peak and dispersion of lynx and is continued evidence for a 10-year cycle
of hares and lynx on the Cape Breton Highlands. The absence of recovered carcasses from 1992
through 1994 suggests a population low and is consistant with a numerical trough between the
peaks of 1989 and 1999.

What is most interesting with the temporal trend in carcass recoveries is that over 50% of
lynx recovered by DNR staff during that 13 year period occurred in 1999 and 2000. This might
be explained because of an exceptionally high peak in lynx numbers on the Highlands and
subsequent crash in snowshoe hares. Many of those lynx were recovered on adjacent Lowlands
indicative of dispersal from the Highlands. But it is less clear why so many lynx were recovered
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Figure 8: Distribution of lynx carcasses (n=39)
recovered by Nova Scotia DNR in 1999 and 2000 (from
NSDNR files).

in 1999-2000 relative to previous years following a decline in hares on the Highlands. Reasons
may include one or more of the following: 1/ lynx were killed during earlier dispersals but were
not recovered by DNR staff for one reason or another, 2/ the recent concern expressed by DNR
for lynx in Nova Scotia may have prompted greater public awareness and a greater effort for
carcass recoveries, 3/ the density of lynx on the Highlands in 1999 was exceptionally high and
there were more lynx to disperse and be recovered. Could this be a response by snowshoe hare
and lynx to the large amount of successional habitat created during the intensive wood salvage
operations of the late 1970s and early 1980s? Those regenerating areas would have then been 18-
25 years old - optimum age for snowshoe hare habitat.

An alternate hypothesis might be that a much greater proportion of lynx left the
Highlands in 1999/2000 due to unsuccessful competition with coyotes for the few remaining
snowshoe hare. Bait stations in 1997-1999 showed coyotes to be common on the Highlands in
those three winters - their relative abundance on the Highlands 10 years earlier is less clear.

It should be noted that most completed Wildlife Information Reports for lynx and
submitted by DNR Field Staff to Kentville office do not involve a dead animal. Most involve
sightings by the public. Due to the possibility of misidentification of bobcats for lynx, I have
chosen to exclude those WIRs from these analyses. Most of the 39 lynx carcasses recorded in
1999 and 2000 were distributed in
Victoria and Inverness Counties
(Figure 8) although several were
recovered east of Bras d'Or Lake, the
farthest at Mira River. These lynx
may have been dispersers from the
Boisdale Hills and/or East Bay Hills.
The spatial pattern for these 39
recoveries shows a wide distribution
throughout Cape Breton Island and
suggests considerable genetic flow
throughout the island population
during 10-year peaks in densities.

There is considerable merit
in continuing to gather and collate
information from lynx carcasses,
especially if specific
measurements/materials are
collected and recorded in a
standardized procedure and format.
Information on sex and age
structure, reproductive history and
physical condition (fat deposits)
represent a useful long-term
monitoring protocol. Some work has
already been started on a collection
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Figure 9 Densities of snowshoe hare pellets on the Highlands
(Inverness/Victoria Counties) and Lowlands (Cape
Breton/Richmond Counties) of Cape Breton Island (from
NSDNR files).

of tissue samples for DNA analyses and subsequent taxonomic verification.
Of 50 lynx carcasses recovered by DNR staff from 1995 - 2000 and for which cause of

death was known, 22 (44%) were legally or accidentally snared or trapped, some by aboriginals
before total closure several years ago. Another 6 were trapped or shot illegally (presumeably by
non-aboriginals), and 8 were destroyed due to injury or disease. Other assorted mortality factors
included predation by dog (1), unknown predator (8), depredation control (4) and accident (1).
Do the 22 lynx trapped/snared by aboriginals, and the 8 by non-aboriginals, represent a threat to
the population (~ 5-6 per year)? If confined to those numbers, and all other factors remaining
constant, probably not. But, if fur prices escalate those numbers could also rise substantially, at
which time the conservation of the species must take precedent over human exploitation. 

Snowshoe Hare Pellet Counts - Indices of snowshoe hare abundance are important for
tracking demographic trends of the main food source of lynx, searching for correlations between 
abundances of lynx and hare and measuring the magnitude and assessing the importance of a 10-
year cycle to the long-term viability of lynx on Cape Breton Island. In 1993 the Nova Scotia
DNR began a province-wide
program for measuring
snowshoe hare population trends
by counting the pellets within
permanent one m2 circular
sample plots. These hare pellet
plots were positioned at 100 m
intervals along 1000 m ungulate
pellet group inventory (PGI)
transects.

The pellet count index as
a measure of snowshoe hare
populations on Cape Breton
Island shows an interesting trend
for the seven year period 1993
through 2000. By separating
those data into two sets, one
representing the Western
Highlands (Inverness/Victoria
Counties) and the other
representing the Eastern
Lowlands (Cape
Breton/Richmond Counties), a
spatial (altitudinal) difference in temporal hare population trends is apparent (Figure 9). The
Highlands data set shows a very clear cycle in hare abundance, with an approximate 10 fold
increase occurring over the 4 year period 1993 through 1997, followed by a decline of similar
amplitude over the subsequent 3 years (1998 through 2000). These data agree well with other
hare abundance indices for the Highlands for years within that 7 year period, e.g. trend figures at
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Figure 10 Annual snowshoe hare abundance ranking
indices from small game hunter license returns for the
Cape Breton Highlands and Lowlands (from NSDNR
files).

winter bait stations and wildlife abundance rankings from volunteer hunter license returns for
those 2 western counties.

The most recent hare peak (1996-97) and crash (1998-2000) on the Highlands relates
well to what we know of the most recent  demographic trends and behaviour of resident lynx
populations e.g. track frequencies at winter bait stations (decline from 1997 through 1999) and
appearance of emaciated lynx and lynx displaying aberrant behaviour  at scattered locations on
the adjacent Lowlands, as well as several lynx  recovered on mainland Nova Scotia which most
likely represent recent long-range migrants from Cape Breton Island. Long-range movements of
lynx are frequent when snowshoe hare, their main food source, experience cyclical population
lows (Nellis and Wetmore 1969; Mech 1977; Ward and Krebs; Slough and Mowat 1996; Poole
1997).

Hunter License Returns - Nova Scotia small game hunters were first asked to keep record
of specific wildlife observations in
1994 and, at the end of the season, to
complete and submit a "report card"
which assigned each species an
"abundance ranking" on a scale of 0 -
4 (4 = highest score). For snowshoe
hares, small game hunters were
asked to record abundance rankings
on the report card attached to their
license, along with his/her personal
harvest information for the season.
These wildlife abundance indices
were to be used by Nova Scotia DNR
to complement other measures of the
health and dynamics of provincial
wildlife populations.

This 5-year data set (1994 -
1999) shows trends of moderate
increases in hare numbers in 1995 for
both the Highlands (Victoria and
Inverness Counties) and Lowlands
(Cape Breton and Richmond
Counties) sectors of Cape Breton
Island followed by three years of relative stability and then a decline in 1999, the decline on the
Highlands (-55%) markedly greater than that on the Lowlands (-26%) (Figure 10). The 5-year
trend in hare abundance ranking on the Highlands is similar, although less markedly so, to the
hare pellet abundance indices i.e. increase in 1994 through 1997 followed by a decline in 1998
and 1999. The "anecdotal" nature of the license report and the uncertainty of exactly where those
observations were made, especially in Inverness and Victoria Counties relative to the Highlands
proper i.e. many observations may have been near coastal communities and therefore not subject
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to environmental factors which might be driving population changes on the Highlands, limit the
credibility of conclusions from this data set. However, both indices do confirm a significant
decline in snowshoe hares in 1999. (Note: pellet counts, made in the summer, are an indicator of
abundance the preceding autumn/winter, whereas hunter observation indices are a measure of
wildlife abundances at the time of recording i.e. potential one year difference between indices).

Summary - Of the three data sets available for analyses to assess abundance of snowshoe hare
populations on the Cape Breton Highlands over the past decade, the count of hare pellets within
permanent sample plots from 1993 through 2000 is considered to be the most reliable for
measuring demographic trends. First, it is objective and with minimal bias. Accuracy of trends
and subsequent implications for resource (timber and wildlife) management decisions, however,
might be improved through independent assessment of pellet densities relative to habitat types
sampled, with possible modifications to sampling methodologies to ensure sample sizes
adequate for statistical verification. Second, it is repeatable with permanent plots and
standardized sampling procedures. 

The other two estimates of snowshoe hare population trends are subject to human and
environmental variations. For instance, tracks at bait stations are influenced by current snow
conditions and time since last snow fall. A difference of one and three days since last snow can
greatly influence counts of hare tracks. As well, visitations to bait stations, especially when
helicopters are used, can be costly. The biases associated with indices derived from  voluntarily
submitted small game licenses are many, the most notable being individual reporting biases
(abundant hares to one hunter may be considered moderate by another) and the uncertainty of
location of hare observations relative to Highlands vs Lowlands. 

LIMITING FACTORS AND THREATS

Interspecific Interactions

The two main competitors, and potential threats, of lynx on Cape Breton Island appear to
be the bobcat and the eastern coyote. Lynx and bobcat have managed to coexist on Cape Breton
Island for at least the past 45 years, most likely due to spatial separation - lynx on the Highlands
and bobcats on the Lowlands. Lynx have evolved for a life in northern boreal conditions - cold
winters with deep and prolonged snow cover. Morphologically, the lynx is longer-legged with
widely splayed furred paws which provide weight supporting capacity twice that of bobcat
(Parker et al 1983). The bobcat is more adaptable than the lynx and occupies a wide range of
habitats in North America, ranging from southwestern deserts to the southern edge of the boreal
forests. The southern edge of lynx range closely approximates the northern limits for bobcats.
Although the bobcat has a more diversified diet than the lynx, both species rely heavily on
snowshoe hare in northern environments (Parker et al. 1983; Parker and Smith 1983).

Interspecific competition can be classified as either 1/ exploitation competition
(competing for the same food source), or 2/ interference competition (direct aggressive
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interaction) (Buskirk et al. 1999). In Atlantic Canada, the bobcat, Canada lynx and eastern
coyote  all rely on snowshoe hare for a major proportion of their diet, especially in winter, so
when sharing a common range and mutual food resource, exploitation competition among all
three predators is probable. Competition for snowshoe hare, when that food source is in the
decline or low phase of its 10-year cycle, could prove detrimental to the least efficient
predator(s). Given that the lynx is the most adapted and skilled of the three predators for
capturing snowshoe hares during harsh winter conditions, the advantage in this instance must go
to the lynx. However, both the coyote and bobcat appear to have the advantage over the lynx in
interference competition encounters. Bobcats are physically larger than lynx (Parker and Smith
1983; Hall 1981) and, although direct evidence is lacking, it is reasonable to expect that the
larger and more aggressive bobcat would be successful in direct encounters between the two
species. The eastern coyote successfully competes with the bobcat in Maine (Litvaitis and
Harrison 1989) and are known to kill bobcats on occasion (Anderson 1986; Jackson 1986;
Toweill 1986). Although without supporting evidence, Parker et al. (1983) postulated that
interference competition is responsible for the current restriction of lynx to the Cape Breton
Highlands, and probably helps to explain why the southern limit of lynx, except in several
incidences at higher elevations, seldom penetrates into the northern range limits of bobcats.

Of greater concern to lynx is the potential for interference competition with the eastern
coyote. The eastern coyote is a new predator to eastern North America and has been on Cape
Breton Island for only the past 20 years (Parker 1995). Coyotes are known to occasionally kill
lynx (O'Donoghue et al 1995) and in central Alberta lynx were more concentrated where coyotes
were less dense and not where hares were more dense (O'Donoghue 1997). However, winter
conditions were less severe in central Alberta than on the Cape Breton Highlands. Coyotes are
also distributed on the Highlands in both winter and summer. Track counts at winter bait stations
on the Highlands showed coyotes to be 5 times more common than lynx in 1997 when hares
were abundant, about equal to lynx when hares began to decline in 1998, and only one-half as
common as lynx when hares crashed in 1999 (Figure 6). It appears that coyotes avoid the
Highlands in winter when snowshoe hare densities are low, a time when many lynx disperse
from the Highlands onto the adjacent Lowlands in search of alternate sources of food.

But even though coyotes are more common in high elevations during winter than
previously thought (Bider 1962; Ozoga and Harger 1966; Murray et al. 1995), separation of lynx
and coyotes by deep winter snows has been documented (Murray et al. 1994; Todd et al. 1981;
Murray and Boutin 1991; Litvaitis 1992). Coyotes appear to prefer harder packed snow surfaces
than lynx which may be why coyotes often switch prey in late winter, preferring ungulates over
snowshoe hare (Parker 1995). Dead and emaciated lynx have been found on the Lowlands of
Cape Breton Island which appeared to have been killed and/or fed upon by coyotes (Dan Banks,
pers com.)  

In the Yukon, coyotes and lynx shared a common winter range, although coyotes were
generally more common at lower elevations (Murray and Boutin 1991). Both preyed heavily on
snowshoe hare (Murray and Boutin 1994), although lynx, with a smaller foot-load sank less in
the snow and were more successful at catching snowshoe hares. The authors speculated that
coyotes might follow other predator trails (e.g. lynx) and scavenge on remains of kills. That
study certainly illustrates the importance that snowmobile trails might have in facilitating coyote
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dispersal onto the Highlands in winter. Although they reported no interspecific interactions, it
remains uncertain what effects, if any, the eastern coyote will have on the lynx of Cape Breton
Island. Further study of the interaction among the three predators to learn more of the real
threats which the bobcat and coyote pose to lynx on Cape Breton Island appears warranted.

Although measured demographic and spatial responses of bobcats and lynx to the eastern
coyote are lacking (Aubry et al. 1999), the coyote has been identified as a "concern" to the long-
term numerical stability of both felid species (Buskirk et al 1999). Although justification for that
concern remains to be validated, the situation on Cape Breton Island, where lynx are already
restricted in core breeding range to the western Highlands, requires attention. Coyotes are
currently distributed throughout the island, including the Highlands, and track counts at winter
bait stations show them to be quite common there, even during winter. This is surprising, given
the "barrier" which deep winter snow on the Highlands appears to present to bobcats, a predator
of comparable morphology and weight-supporting capacity. But the advantage for interspecific
competition between the two species on the Highlands in winter must be with the lynx, an
animal which evolved to survive under those extreme climatic conditions. Coyotes often use
roads as travel routes in both winter and summer. Forestry operations have created a wide
network of roads throughout much of the Highlands - the extent that those "highways into the
wilderness" have facilitated occupation of the Highlands by the coyote is uncertain, although
their contribution is generally accepted (see Appendix I for map of road network into the
Highlands).

Human Exploitation

The vulnerability of lynx during lows in their population cycle is obvious, especially
within the Boisdale and East Bay Hills distribution units. Although a limited harvest on the
Highlands might be demographically acceptable during the several years of population high, the
economic benefits are limited and social justification questionable. The valued lynx resource on
Cape Breton Island should remain protected from public exploitation. If not trapped, lynx appear
to tolerate moderate levels of human disturbance (Aubry et al. 1999). Radio-collared lynx on
Cape Breton Island showed little concern for snowmobiles (G. Parker, personal observation).

Global Warming

Evidence for a long-term warming trend at the global scale is building, and that trend is
apparent in Atlantic Canada. The winter "snow line" is receeding north and the duration and
severity of winter conditions are ameliorating. To the lynx, a predator evolved to survive under
severe winter conditions, moderating winters pose a threat (Chris Hoving, MS graduate student,
University of Maine, Orono, pers com.). Most important to long-term viability of lynx
populations might be disruption of the 10-year snowshoe hare cycle and greater access to winter
ranges by both coyotes and bobcats. Long-term changes to lynx and hare demographics should
be monitored and perhaps interpreted relative to evidence of a regional warming trend. 
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Habitat Loss

There is no evidence for permanent loss of habitat for either snowshoe hare or lynx on
the Cape Breton Highlands. There is some evidence for habitat change as a result of forest
management practices. On some sites subjected to earlier clear-cutting prescriptions conifer
plantations have now been established and more recently both naturally regenerating stands and
plantations have received various intensities of thinning and spacing (see Table 1). It is uncertain
how snowshoe hare will respond to these stand interventions. Reducing the density of
undergrowth may result in reduced densities of hares which, we must assume, will also reduce
the value of those stands to lynx. Research is needed to address these uncertainties.  
   

SPECIAL SIGNIFICANCE OF SPECIES

In Canada there is a growing public recognition and appreciation for wilderness
ecosystems and the need for their conservation. Nova Scotia is fortunate to have, on the Cape
Breton Highlands, a unique, although quite limited taiga/boreal ecosystem, made possible by a
combination of geology, physiology and climate. Historically the dynamics of a balsam fir-
dominated plateau are driven by 20-30 year episodes of spruce budworm, a situation which
assured a continuous rotation of regenerating mixed forest interspersed with black spruce bogs
and older-aged spruce-fir dominated conifer stands. This landscape mosaic, combined with deep
and prolonged winter snowcover, promotes and perpetuates a well defined 10-year snowshoe
hare cycle. It is here that the last viable population of Canada lynx exists in the Maritime
Provinces, the demographics of which are closely linked to the 10-year cycle of hare. Although
there are perceived and possibly real threats to the continued survival of lynx on Cape Breton
Island, the current situation, where both snowshoe hare and lynx populations appear to be
functioning well within the 10-year cycle, provides the opportunity for the province of Nova
Scotia to develop a lynx management plan which will ensure the long-term health and viability
of both predator and prey.

The Cape Breton Highlands National Park occupies the northern extension of the plateau
and provides some security for the continued presence of lynx. However, the remainder of the
plateau is under lease to forestry operations and it is here that cooperative landscape
management
planning is needed to ensure an adequate and continued supply of hare and lynx habitat

Although the lynx was once ($50 years ago) found in several elevated although spatially
restricted regions on mainland Nova Scotia, the reestablishment of a breeding population there is
very unlikely. The extirpation of lynx from the mainland was probably the result of one or more
of the following: 1/over-trapping, 2/ habitat alteration and fragmentation, and 3/ interference
competition with the bobcat. Unlike the isolated and wilderness boreal ecosystems of the Cape
Breton Highlands, the lynx on mainland Nova Scotia had no sanctuary from the encroachment of
human settlement and development. So the lynx, like the American marten, now appears to be
dependent upon the Cape Breton Highlands for continued survival and should be recognized as
being of special significance to the overall faunal diversity of the province. Both represent
unique features of a very limited boreal/taiga ecosystem in Nova Scotia.
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LYNX MANAGEMENT

A Review

Lynx were managed as a furbearer in Nova Scotia until the season was closed in 1975-
76. Following 3 years of a restricted quota season (2 per trapper and mandatory submission of
carcass) as part of a 3-year lynx research study in 1977-78 through 1979-80, the season has since
remained closed except for a small aboriginal harvest (~4-5 per year) which was also closed
several years ago for reason of lynx conservation. Nova Scotia DNR personnel continued to
collect and examine lynx carcasses which happened to be trapped/snared either legally
(aboriginal harvest) or accidentally by non-aboriginal trappers or in some manner were killed or
died, usually during periods of hare scarcity on the Highlands and subsequent lynx dispersal to
the Lowlands. As well, some monitoring of hare and lynx populations was recently established
through permanent hare pellet plots, winter bait stations and occasional winter patrols.

To address the concern that lynx on Cape Breton Island were declining and were perhaps
approaching endangered status, the lynx was assigned the General Status Assessment "RED" in
1996, indicating that lynx was a species known, or thought to be at risk, with the intent for
preparation of a lynx status report and eventual status designation under the Nova Scotia
Endangered Species Act. In March, 2000 a set of interim special management practices for lynx
in Nova Scotia were developed by staff from Regional Services and the Wildlife Division of the
Nova Scotia DNR. Those recommendations, which have no force under law, resulted from
consideration of the best available information on the lynx in Nova Scotia and from the
exhaustive and comprehensive synthesis of current scientific knowledge and thought on the
ecology and management of southern lynx populations in North America (USDA Forest Service
et al. 1999). 

In general, the draft document accepts the targets of the existing Nova Scotia
Forestry/Wildlife Guidelines and Standards as providing minimal habitat for lynx on Crown
land. Additional measures included in the draft document included: 1/ providing habitat for
alternate prey of lynx, especially red squirrels, and 2/ discouraging incursions of aggressive
competition, especially coyotes, to core lynx habitat on the Highlands. Specific
recommendations included maintaining wider buffers (50 - 100 meters) of unharvested forest
around all bogs to accommodate habitat requirements of red squirrels, and decommissioning
secondary roads, reforest old road beds and discourage travel/recreational use by blocking,
pulling bridges and culverts, etc., among others.

EVALUATION AND PROPOSED STATUS

Existing Legal Protection or Other Status
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In the United States south of the 49th parallel, the Canada lynx was listed as threatened
in March, 2000 under the United States Endangered Species Act. The most recent (May, 2001)
COSEWIC status for lynx in Canada is "Not at Risk." Except for New Brunswick and Nova
Scotia (and Prince Edward Island where they are extirpated), lynx are managed in all provinces
and Territories of Canada by regulated trapping seasons. In New Brunswick the lynx was listed
as an endangered species in 1982 under the provincial Endangered Species Act and receives full
protection. In Nova Scotia the lynx is currently protected from hunting and trapping. As well, in
1996 the province assigned "RED" status to the species, indicating that it is recognized as being
at risk. Some protection to lynx habitat is afforded by the Forest/Wildlife Guidelines and
Standards for Nova Scotia which must be implemented on Crown lands and incorporated into
forest management programs for private lands. As well, in March, 2000, the Nova Scotia DNR
prepared a list of  Special Management Practices for lynx as an interim document, without force
under law, prior to this status report and subsequent listing under the Nova Scotia Endangered
Species Act. Approximately 20% of occupied lynx range on Cape Breton Island lies within the
Cape Breton Highlands National Park. Records suggest ~5-7 lynx are killed by humans each year
(exact numbers depend upon point in 10-year cycle of abundance and subsequent availability).
This number should not significantly influence the overall population dynamics of the lynx on
Cape Breton Island.

Assessment of Status and Author's Recommendation

The current breeding range of the Canada lynx in Nova Scotia is restricted to the western
Highlands of Cape Breton Island and several smaller sites on the eastern shore of the Bras d'Or
Lake. That distribution appears to have changed little over the past 50 years, a time during which
lynx were extirpated from mainland Nova Scotia, probably caused from over-trapping,
interference competition with the bobcat and habitat fragmentation and loss. Lynx harvest
statistics and lynx and hare population indices suggest that the demographics of both species
have historically operated within a fairly well-defined 10-year predator-prey cycle. It is probable
that the intensity of the snowshoe hare cycle on the Highlands is influenced by the availability of
preferred balsam fir dominated regeneration habitat which has historically been created by
periodic outbreaks (20-30 years) of spruce budworm.

Although ~20% of lynx breeding range on Cape Breton Island is within the protected
confines of Cape Breton Highlands National Park, most of the remainder is on Crown Lands
leased for timber harvest. Although a considerable portion of lynx range on the Highlands was
subjected to clear-cutting and timber salvage in the 1980s following the most recent spruce
budworm outbreak in the 1970s, both hares and lynx have continued to cycle within the altered
landscape. Much of the harvested landscape now supports 15-25 year old planted or natural
conifer-dominated regeneration, a forest which should now represent optimum snowshoe hare
habitat (see forest cover type maps of lynx breeding range on Cape Breton Island in Appendix
II).

In 1996 a scientific review committee assigned "RED" status to the lynx of Nova Scotia,
indicating the species to be at risk. In preparation for listing under the new Nova Scotia
Endangered Species Act (NSESA), the Nova Scotia Species at Risk Working Group
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commissioned this lynx status report in January, 2001. It is here recommended that the lynx be
listed as "SPECIAL CONCERN," a status defined by COSEWIC as recognizing that the
species in Nova Scotia is particularly sensitive to human activities and specific natural events
but, at this time, is not an endangered or threatened species. Endangered means that a species
faces imminent extirpation or extinction while threatened means that a species is likely to
become endangered if limiting factors are not reversed. Currently, I cannot identify any limiting
factors that, if not reversed, will lead to the species becoming endangered. Although there are
factors of concern, such as forestry operations and potential competition from bobcats and
coyotes, none of these, albeit in the absence of specific cause/effect research, have been been
shown to have impacted adversely upon lynx populations within core breeding areas of Cape
Breton Island.  Forest management planning should consider recognizing the lynx as a featured
species when developing long-term landscape management strategies and shorter-term timber
harvest operations. A landscape managed for lynx will be one managed for a diversified forest
compatible with the patterns of natural forest disturbance and ecological processes. A landscape
managed for lynx is also one compatible with the habitat requirements of most plants and
animals endemic to the Highlands of Cape Breton Island.

Although lynx habitat might well be maintained on the Highlands over the foreseeable
future through prudent land management strategies sensitive to maintaining ecological processes
and biological diversity, this restricted population of lynx does represent a valuable,
irreplaceable and unique component of the Nova Scotia fauna which should receive high priority
in resource management planning. 
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Research Scientist Emeritus with Canadian Wildlife Service in Sackville, New Brunswick. 
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Natural Resources, Coxheath, Nova Scotia.
 

Table 1: Silvicultural treatment history on Cape Breton Highlands Plateau - 1967-2000 (ha). Courtesy of Stora Port Hawkesbury Ltd.

Year Clearcut  Partial Cut     Site       Hardwood   Planted   Release Spacing   Release Spacing   Corridor Regular  
Shelterwood

         Preparation     Control          Plantation    Natural     Spacing Spacing

1967 20     174
1968           406
1969         1399         6       34
1970     105
1971       16     183
1972       85     148
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1973     335
1974       74     374
1975     183
1976  36     113
1978       33       20
1980   4898         75     393
1981   3554     476
1982   1554     669
1983     616        434     510
1984   1271       32   91     735
1985     546   163 47   1503     933
1986     531 1082         4703   1634   51     941
1987     667   367           993   1345     980
1988     536   275           421   1264     336
1989     742   416         1001     315     462
1990     155   323         1742   1015     517
1991     128           657     328     705

Table 1 (cont'd)

1992      25      78   116    490 507    1108
1993   42       735           1282      776
1994        7             180        8   22       944 188        14
1995   15      14           1479       380
1996        7 151      25           1663        13         18
1997 154        1 478      909
1998      23 182 445      685
1999      11 358      99 247      214         9
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2000      27 228    177           1019        64
      108

Totals 15298           1387 2742       11425  8464           5403    4018
        2502 11242     117

Table 2: Distribution of lynx carcass recoveries by year, 1987 -2000.
__________________________________________________

Year Number of Carcasses
__________________________________________________

1987 2
1988 6
1989 2
1990 4
1991 6
1992 0
1993 0
1994 0
1995 3
1996 5
1997 6
1998 4
1999 11
2000 28

__________________________________________________
Totals 77
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From: McCollough, Mark
To: Jim Zelenak; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: lynx bobcat interactions
Date: Tuesday, March 07, 2017 5:24:13 PM
Attachments: Parker 2001.pdf

Several reviewers (Murray, MN DNR) question our pathway of lynx-snow-bobcat
interactions.  They correctly state that there are no empirical data to support the exact nature of
the interaction (compete with each other for hares or direct antagonistic competition) BUT
acknowledge that throughout almost all of the DPS there is a relatively sharp demarcation
between lynx and bobcat ranges that seems defined by snow (Hoving, Peers).

Parker first documented the relationship between bobcats, coyotes, and lynx in Cape Breton
Island back in the late 1970s.  He also wrote a status review of lynx in Nova Scotia in 2001
that we did not cite in the SSA (but we should).  For those of you rewriting sections that deal
with lynx-snow-bobcat relationships you may want to use some of the rationale that Parker
uses in the 2001 lynx review.  Just as we did, they consider bobcats and coyotes to be a
significant threat to lynx populations in Nova Scotia and the importance of snow in mediating
competition between these species.

See attached pages 34-36, but elsewhere throughout the review.

Mark 

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:tamara_smith@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:mark_mccollough@fws.gov


Trigger Text ‐ Comment (What words highlite the issue?)
Commenter 
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Comment 
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Comment 
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Comment code 
3

Comment 
code 4

Full Comment Text is where (from 
Whom, what page, paragraph)

Preliminary Response or Points to make in 
Response

Annotation Notes (Anything you 
think is important to Note)

FIRST SEVERAL COMMENTS ARE MADE UP EXAMPLES

THIS IS A MADE UP COMMENT>  Lynx numbers will decline 
under state management, and there will be an enormous  
effort to stall attempts to relist them as a listed species once 
declines become apparent.  This reduction will not only undo 
achieved recovery efforts, it will prevent lynx from moving 
into areas they need to survive changes in the environment 
and from connecting with other lynx populations.   P1

Regulatory 
Mechanisms

Vegetation 
mgmt

Habitat Loss 
and 
Fragmentation

FROM PEER RVW 1. PAGE 3, 
PARAGRAPH 4

What is state mgmt doing…for conservation of 
lynx..

THIS IS A MADE UP COMMENT>FWS has not taken into 
account the effects of climate change on the lynx's food 
sources and habitat.  P1 Climate

Vegetation 
changes

FROM PEER RVW 1. PAGE 7, 
PARAGRAPH 1

THIS IS A MADE UP COMMENT>The research /data (climate) 
that has been presented is insufficient in duration. S_WY Climate

Uncertainty in 
timing and 
projections From S_WY. PAGE 2, PARAGRAPH 5



From: Bush, Jodi
To: Jim Zelenak
Subject: TABLE
Date: Wednesday, March 08, 2017 8:55:00 AM
Attachments: Lynx SSA Combined Comment Outputs.xlsx

HERE IT IS AGAIN...

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
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Code Comment Bin 1 Comment Bin 2 Comment Bin 3 Comment Bin 4

Full Comment Text is where (from 
Whom, what page, paragraph)

Preliminary Response or Points to make in 
Response

Annotation Notes (Anything you think 
is important to Note)

FIRST SEVERAL COMMENTS ARE MADE UP EXAMPLES

THIS IS A MADE UP COMMENT>  Lynx numbers will decline 
under state management, and there will be an enormous  
effort to stall attempts to relist them as a listed species once 
declines become apparent.  This reduction will not only undo 
achieved recovery efforts, it will prevent lynx from moving 
into areas they need to survive changes in the environment 
and from connecting with other lynx populations.   P1

Regulatory 
Mechanisms Vegetation mgmt

Habitat Loss and 
Fragmentation connectivity

FROM PEER RVW 1. PAGE 3, 
PARAGRAPH 4

What is state mgmt doing…for conservation of 
lynx..

THIS IS A MADE UP COMMENT>FWS has not taken into 
account the effects of climate change on the lynx's food 
sources and habitat.  P1 Climate Vegetation changes

FROM PEER RVW 1. PAGE 7, 
PARAGRAPH 1

THIS IS A MADE UP COMMENT>The research /data (climate) 
that has been presented is insufficient in duration. S_WY Climate

Uncertainty in 
timing and 
projections From S_WY. PAGE 2, PARAGRAPH 5



From: Bush, Jodi
To: Jim Zelenak
Subject: Re: TABLE
Date: Wednesday, March 08, 2017 8:59:37 AM
Attachments: Lynx SSA Combined Comment Outputs.xlsx

next version...

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Mar 8, 2017 at 8:55 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
HERE IT IS AGAIN...

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov


From: Bush, Jodi
To: Jim Zelenak
Subject: Re: TABLE
Date: Wednesday, March 08, 2017 9:00:00 AM
Attachments: Lynx SSA Combined Comment Outputs.xlsx

next version...

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Mar 8, 2017 at 8:55 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
HERE IT IS AGAIN...

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov


Response Type DRAFT COMMENT BINS BIN N0.
P# Peer Rvw Comments, # of reviewer General Comments A
S_XX State comments, 2 LTR State abbrev Document organization, length, complexity, editing, adequacy, redundancy, etc. A‐1
I Internal USFWS comment Appropriate use of best available science & data; data doubts/concerns A‐2
F_USFS Federal Comments_Agency Validity of assumptions A‐3

Appropriateness of conclusions A‐4
Peer Reviewers Corrections to facts and data in document A‐5
P1= R Moen Additional information, data, publications available that were not used A‐6
P2= D Murray Further research or analysis needed A‐7
P3= D Harrison
P4= J Squires SSA Process B
P5= M Schwartz Value or shortcomings of framework, process, analytical approach B‐1

Expert elicitation process B‐2
Note: MFPC comments to be treated as part of State of Maine's comments Reporting expert elicitation results, summarizing elicitation data B‐3

Assessment/presentation of uncertainties related to expert elicitation B‐4

Lynx Ecology C
Taxonomy, Description and Genetics

Genetic Issues C‐1
Life History and Population Dynamics

Individual requirements C‐2
Population requirements C‐3
Lack of population numbers / viability analysis C‐4
Role/importance of immigration/emigration C‐5
Role/contribution of dispersing/transient lynx to DPS conservation C‐6
Role of competition for prey C‐7
Ungulate competition with prey C‐8
Hare density thresholds C‐9
Lynx-snow relationship C‐10
Hare-snow relationship C‐11
Alternate prey C‐12

Historical and Current Distribution
Persistent vs. ephemeral populatinons vs. intermittent dispersers C‐13
Verified vs. anecdotal occurrence data C‐14

Factors Influencing Viability of DPS
Regulatory Mechanisms D

Federal management D‐1
State management D‐2
Tribal management D‐3
Private lands management D‐4
Effectiveness of conservation measures D‐5

Climate Change E
Vegetation changes- hares and lynx E‐1
Snow changes- hares and lynx E‐2
Influence on wildfire size, intensity, frequency E‐3
Influence on forest insect (budworm, pine beetle) outbreaks (timing, extent, severity) E‐4
Influence on hare and lynx cycles, lynx emigration into DPS E‐5
Hare pelage change timing/phenological mismatch E‐6
Uncertainty in timing and magnitude of climate impacts E‐7

Vegetation Management F
Federal management F‐1
State management F‐2
Tribal management F‐3
Private lands management F‐4
Connectivity/linkage/habitat fragmentation F‐5

Wildland Fire Management G
Connectivity/linkage/habitat fragmentation G‐1

Habitat Loss and Fragmentation H
Connectivity/linkage/habitat fragmentation H‐1
Causes of loss/fragmentation; likelihood and importance H‐2

Unit-specific Comments I
Current Conditions

Unit 1 I‐1
Unit 2 I‐2
Unit 3 I‐3
Unit 4 I‐4
Unit 5 I‐5
Unit 6 I‐6

Future Conditions
Unit 1 I‐7
Unit 2 I‐8
Unit 3 I‐9
Unit 4 I‐10
Unit 5 I‐11
Unit 6 I‐12

Other Issues J
Mortality

Trapping J‐1
Vehicle Mortality J‐2
Poaching J‐3

POLICY COMMENTS - DPS or listing status comments K
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FIRST SEVERAL COMMENTS ARE MADE UP EXAMPLES

THIS IS A MADE UP COMMENT>  Lynx numbers will decline 
under state management, and there will be an enormous  
effort to stall attempts to relist them as a listed species once 
declines become apparent.  This reduction will not only undo 
achieved recovery efforts, it will prevent lynx from moving 
into areas they need to survive changes in the environment 
and from connecting with other lynx populations.   P1

Regulatory 
Mechanisms Vegetation mgmt

Habitat Loss and 
Fragmentation connectivity
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THIS IS A MADE UP COMMENT>FWS has not taken into 
account the effects of climate change on the lynx's food 
sources and habitat.  P1 Climate Vegetation changes
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PARAGRAPH 1

THIS IS A MADE UP COMMENT>The research /data (climate) 
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From: Zelenak, Jim
To: Jodi Bush
Subject: Lynx SSA comment entry/tracking
Date: Wednesday, March 08, 2017 11:56:56 AM
Attachments: 2017 03 08 DRAFT Lynx SSA Combined Comment Outputs.xlsx

Take a look at the attached.

I expanded and reorganized the comment bins (sheet 1) to reflect the report organization, and I added bin numbers,
which I think might be easier in terms of entering on sheet 2 and ultimately may simplify sorting the comments. 
This way - in each of the 4 bin columns on sheet 2, Core Team members could enter the bin number rather than type
or copy the bin names/descriptions.

Let me know if you think this is an improvement and/or you are OK with me sending it to Core Team for their
review.

If you are agreeable to these changes, we would just replace the text in the 4 bin columns on sheet 2 with bin
numbers (as examples), then send to Core Team.

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov


Trigger Text ‐ Comment (What words highlite the issue?)
Commenter 
Code Comment Bin 1 Comment Bin 2 Comment Bin 3 Comment Bin 4

Full Comment Text is where (from 
Whom, what page, paragraph)

Preliminary Response or Points to make in 
Response

Annotation Notes (Anything you think 
is important to Note)

FIRST SEVERAL COMMENTS ARE MADE UP EXAMPLES

THIS IS A MADE UP COMMENT>  Lynx numbers will decline 
under state management, and there will be an enormous  
effort to stall attempts to relist them as a listed species once 
declines become apparent.  This reduction will not only undo 
achieved recovery efforts, it will prevent lynx from moving 
into areas they need to survive changes in the environment 
and from connecting with other lynx populations.   P1 D D‐2 F‐5 H‐1

FROM PEER RVW 1. PAGE 3, 
PARAGRAPH 4

What is state mgmt doing…for conservation of 
lynx..

THIS IS A MADE UP COMMENT>FWS has not taken into 
account the effects of climate change on the lynx's food 
sources and habitat.  P1 E E‐1

FROM PEER RVW 1. PAGE 7, 
PARAGRAPH 1

THIS IS A MADE UP COMMENT>The research /data (climate) 
that has been presented is insufficient in duration. S_WY E E‐7 From S_WY. PAGE 2, PARAGRAPH 5



From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Lynx SSA comment entry/tracking
Date: Wednesday, March 08, 2017 12:05:32 PM
Attachments: Lynx SSA Combined Comment Outputs.xlsx

some small changes for readability and I changed the example comments to follow your Bin
Numbers.  If you are OK with my edits -send it.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Mar 8, 2017 at 11:56 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Take a look at the attached.

I expanded and reorganized the comment bins (sheet 1) to reflect the report organization, and I added bin
numbers, which I think might be easier in terms of entering on sheet 2 and ultimately may simplify sorting the
comments.  This way - in each of the 4 bin columns on sheet 2, Core Team members could enter the bin number
rather than type or copy the bin names/descriptions.

Let me know if you think this is an improvement and/or you are OK with me sending it to Core Team for their
review.

If you are agreeable to these changes, we would just replace the text in the 4 bin columns on sheet 2 with bin
numbers (as examples), then send to Core Team.

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Lynx SSA comment entry/tracking
Date: Wednesday, March 08, 2017 12:05:56 PM
Attachments: Lynx SSA Combined Comment Outputs.xlsx

some small changes for readability and I changed the example comments to follow your Bin
Numbers.  If you are OK with my edits -send it.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Mar 8, 2017 at 11:56 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Take a look at the attached.

I expanded and reorganized the comment bins (sheet 1) to reflect the report organization, and I added bin
numbers, which I think might be easier in terms of entering on sheet 2 and ultimately may simplify sorting the
comments.  This way - in each of the 4 bin columns on sheet 2, Core Team members could enter the bin number
rather than type or copy the bin names/descriptions.

Let me know if you think this is an improvement and/or you are OK with me sending it to Core Team for their
review.

If you are agreeable to these changes, we would just replace the text in the 4 bin columns on sheet 2 with bin
numbers (as examples), then send to Core Team.

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Jodi Bush; Justin Shoemaker; Heather Bell; Mary Parkin; Jonathan Cummings
Subject: DRAFT SSA comment entry and tracking spreadsheet
Date: Wednesday, March 08, 2017 1:08:24 PM
Attachments: Lynx SSA Combined Comment Outputs.xlsx

Core Team,

Please take a look at the attached and let me know if you have major concerns with the comment bins (note - we can
add others later if needed).  I will upload this to the Lynx SSA Drive so that we all can be working on it
simultaneously if need be.

Jodi provided some hypothetical examples on sheet two, but we will fill in below with the actual comments. The
ability to sort by comment source and/or bins will be helpful in prioritizing our responses, ensuring that we are
responding consistently, and in summarizing major themes/issues for decision makers in a few weeks.

Note that a single comment may make multiple points and therefore need multiple bin numbers (like Jodi's first
example), or a single point made in a comment may require more than one bin number.  For example of latter, a
comment that questions our assumption that lynx need fluffy snow would get an A-3 and a C-10 (maybe even an E-
2 if their was a climate component to the content or context...).

Anyway, there are a lot of bin numbers, but I suspect only 10-15 will get much use, that about as many will see
more limited use, and the rest will only be used a handful of times if at all.

If you come across a comment that does not fit any bin, we can add additional bins to the bottom of the current list
(even if they fit a category or heading above).  E.g., if we missed something important under the climate change, we
could add E-8 at the bottom of the current list of bins.

Let me know if you have questions.

Thanks,

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:heather_bell@fws.gov
mailto:mary_parkin@fws.gov
mailto:jwcummings@usgs.gov
mailto:jim_zelenak@fws.gov
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FIRST SEVERAL COMMENTS ARE MADE UP EXAMPLES

THIS IS A MADE UP COMMENT>  Lynx numbers will decline 
under state management, and there will be an enormous  
effort to stall attempts to relist them as a listed species once 
declines become apparent.  This reduction will not only undo 
achieved recovery efforts, it will prevent lynx from moving 
into areas they need to survive changes in the environment 
and from connecting with other lynx populations.   P1 JB D D‐2 F‐5 H‐1

FROM PEER RVW 1. PAGE 3, 
PARAGRAPH 4

What is state mgmt doing…for conservation of 
lynx..

THIS IS A MADE UP COMMENT>FWS has not taken into 
account the effects of climate change on the lynx's food 
sources and habitat.  P1 JB E E‐1
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Jodi Bush; Justin Shoemaker; Heather Bell; Mary Parkin; Jonathan Cummings
Subject: DRAFT SSA comment entry and tracking spreadsheet
Date: Wednesday, March 08, 2017 3:08:29 PM
Attachments: Lynx SSA Combined Comment Outputs.xlsx

Core Team,

Please take a look at the attached and let me know if you have major concerns with the comment bins (note - we can
add others later if needed).  I will upload this to the Lynx SSA Drive so that we all can be working on it
simultaneously if need be.

Jodi provided some hypothetical examples on sheet two, but we will fill in below with the actual comments. The
ability to sort by comment source and/or bins will be helpful in prioritizing our responses, ensuring that we are
responding consistently, and in summarizing major themes/issues for decision makers in a few weeks.

Note that a single comment may make multiple points and therefore need multiple bin numbers (like Jodi's first
example), or a single point made in a comment may require more than one bin number.  For example of latter, a
comment that questions our assumption that lynx need fluffy snow would get an A-3 and a C-10 (maybe even an E-
2 if their was a climate component to the content or context...).

Anyway, there are a lot of bin numbers, but I suspect only 10-15 will get much use, that about as many will see
more limited use, and the rest will only be used a handful of times if at all.

If you come across a comment that does not fit any bin, we can add additional bins to the bottom of the current list
(even if they fit a category or heading above).  E.g., if we missed something important under the climate change, we
could add E-8 at the bottom of the current list of bins.

Let me know if you have questions.

Thanks,

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Jodi Bush; Justin Shoemaker; Heather Bell; Mary Parkin; Jonathan Cummings
Subject: Re: DRAFT SSA comment entry and tracking spreadsheet
Date: Wednesday, March 08, 2017 3:08:00 PM

I have placed the comment entry/tracking spreadsheet on the drive at:

Lynx SSA > SSA > SSA Documentation and Report > Peer and Partner Review Jan 2017 > Comment Tracking and
Response.

The spreadsheet resides in that folder as a "Google Sheets" document that you all should be able to view and edit. 
I've begun the first few entries from Squires' peer review comments.

Have at it!

Thanks.
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Core Team,
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simultaneously if need be.
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mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:heather_bell@fws.gov
mailto:mary_parkin@fws.gov
mailto:jwcummings@usgs.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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I've begun the first few entries from Squires' peer review comments.

Have at it!

Thanks.

On Wed, Mar 8, 2017 at 1:08 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Shoemaker, Justin
To: Zelenak, Jim
Subject: Re: DRAFT SSA comment entry and tracking spreadsheet
Date: Thursday, March 09, 2017 8:36:24 AM

This will be nice, well organized. 

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov

On Wed, Mar 8, 2017 at 1:08 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Core Team,

Please take a look at the attached and let me know if you have major concerns with the comment bins (note - we
can add others later if needed).  I will upload this to the Lynx SSA Drive so that we all can be working on it
simultaneously if need be.

Jodi provided some hypothetical examples on sheet two, but we will fill in below with the actual comments. The
ability to sort by comment source and/or bins will be helpful in prioritizing our responses, ensuring that we are
responding consistently, and in summarizing major themes/issues for decision makers in a few weeks.

Note that a single comment may make multiple points and therefore need multiple bin numbers (like Jodi's first
example), or a single point made in a comment may require more than one bin number.  For example of latter, a
comment that questions our assumption that lynx need fluffy snow would get an A-3 and a C-10 (maybe even an
E-2 if their was a climate component to the content or context...).

Anyway, there are a lot of bin numbers, but I suspect only 10-15 will get much use, that about as many will see
more limited use, and the rest will only be used a handful of times if at all.

If you come across a comment that does not fit any bin, we can add additional bins to the bottom of the current
list (even if they fit a category or heading above).  E.g., if we missed something important under the climate
change, we could add E-8 at the bottom of the current list of bins.

Let me know if you have questions.

Thanks,

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Nordstrom, Lori
Subject: Re: SSA help
Date: Thursday, March 09, 2017 12:04:42 PM

sounds good

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Mar 9, 2017 at 11:45 AM, Nordstrom, Lori <lori_nordstrom@fws.gov> wrote:
Let me ask this editor here (well, ask his boss)

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

On Thu, Mar 9, 2017 at 12:43 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
remember -Anne doesn't return my calls...

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Mar 9, 2017 at 11:39 AM, Nordstrom, Lori <lori_nordstrom@fws.gov> wrote:
Anne Vandehey?!

Actually, we have a guy here in Refuges in the RO who is an editor, I bet he could do
this.  He edits documents for refuges.

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov
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On Thu, Mar 9, 2017 at 12:31 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Marj did some asking -looks like within the program there is no help.  I will likely
need to contract.  So looking for ideas for names outside of the agency....JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Mar 9, 2017 at 10:55 AM, Nordstrom, Lori <lori_nordstrom@fws.gov>
wrote:

Hi Heather
I'm thinking maybe you are on your trip to Scotland, if you're not, do you have
thoughts on the potential for some one who is on the SSA team at HQ being able to
help with editing/finalizing the lynx SSA (see my email below).

Lori

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

On Fri, Mar 3, 2017 at 1:50 PM, Lori Nordstrom <lori_nordstrom@fws.gov> wrote:
Heather
Jennifer said that HQ has hired/contracted with someone help write
SSAs - I wonder if this person could work on the Lynx SSA to help
incorporate comments/substantive editing, etc.  Jennifer had the
impression that person was looking for projects.

I feel like the core team could really use some help to give them a
break and get some fresh eyes on this.

Lori

Sent from my iPhone
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Status Reviews for Listed Species – How to Address ESA Protection 
Martin Miller 
March 9, 2017 
 

Issue: 

Q:  When conducting a status review for a listed species, should the protections afforded by ESA listing 
be considered in evaluating the threats to the species? 

A:  No. 

Discussion: 

The purpose of a status review, for both listed and nonlisted species, is to determine whether the species 
satisfies the definitions of an endangered species or threatened species and therefore should receive the 
protections of the ESA. 

For a listed species, which is already receiving the protections of the ESA, it is necessary to evaluate the 
threats to the species assuming the species is not listed. 

To consider the protections afforded by listing when evaluating the threats to a listed species could result 
in a determination that the ESA is providing sufficient protection to justify delisting; if the species were 
delisted, however, these protections would be removed necessitating immediate relisting of the species. 

When conducting a status review for a listed species, the assumption that a listed species will not receive 
ESA protections in the future is nothing new.  When we evaluate a species’ status in response to a 
delisting petition or to determine whether recovery criteria are met, we naturally approach the analysis as 
a test of whether the species will be secure without the ESA protections it is now receiving. 

Even when we don’t have a particular outcome (e.g., delisting) in mind when we conduct a status review 
for a listed species, the evaluation of threats must still be conducted assuming the species is not listed. 

Under this approach, the species is not considered to have never been listed or to have been recovered and 
delisted; rather, the species is simply assumed to experience a future in which the threats act in the 
absence of ESA protections.  Similarly, we do not assume that there is no ESA in the future; agencies and 
landowners, for example, may be motivated to continue to implement conservation measures by a desire 
to avoid listing of the species. 

PECE Considerations: 

The outcome of a status review for a listed species could be a recommendation to delist or downlist.  The 
Policy for Evaluation of Conservation Efforts When Making Listing Decisions (PECE) states that 
compliance with the policy is not required for delisting and downlisting decisions.  However, the Service 
may choose to apply the PECE criteria or similar criteria to delisting and downlisting decisions on a case-
by-case basis. 



In determining whether to consider delisting or downlisting based on conservation efforts that have not 
yet been implemented or demonstrated effectiveness, it is important to understand the Service’s intent in 
excluding delisting and downlisting from the PECE.  The Service believed that delisting and downlisting 
should not be considered for an already-listed species until the species’ population (abundance, 
distribution, etc.) has sufficiently responded to implementation of conservation efforts (as informed by 
recovery plan criteria, if a valid recovery plan exists).  That is, we should not base a delisting or 
downlisting decision on the expectation that the population will respond to conservation efforts that have 
not yet been implemented or demonstrated effectiveness – regardless of whether the conservation efforts 
satisfy the PECE criteria or PECE-like criteria. 

Application of PECE or PECE-like criteria in making a delisting decision will be necessary in the 
evaluation of postdelisting management that has not yet been implemented and/or demonstrated 
effectiveness.  And sometimes planned postdelisting management cannot be fully implemented prior to 
delisting (e.g., management that allows for regulated harvest cannot be authorized while the species is 
listed).  In these cases, assessment of the status of the species will necessarily require PECE or PECE-like 
considerations of the certainty of implementation and effectiveness of such postdelisting management. 
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From: Miller, Martin
To: Zelenak, Jim
Cc: Mary Parkin; Krishna Gifford
Subject: Re: Draft Canada lynx SSA Report
Date: Thursday, March 09, 2017 3:58:26 PM
Attachments: 20170309_Status reviews for listed species_assuming absence of ESA protections.docx

Jim - sorry, but the PECE issue is more nuanced than I made it out to be.  The TE Chiefs are
discussing this issue as part of the larger issue of status reviews for already-listed species, and
I prepared a paper to aid that discussion (attached).  The last section addresses the PECE
issue.  This is based on my understanding of the Service's position at the time the PECE was
issued.  I'm hoping to clarify whether this is still the Service's position.  For this lynx review, I
think the important point is that, when you are evaluating the certainty of formalized
consrvation efforts that has not yet been implemented and/or demonstrated effectiveness to
detemrine whether such efforts can be considered in the decision, you're not bound to use the
PECE criteria, although you can if you determine they are the most appropriate.  Marty

On Fri, Feb 3, 2017 at 6:57 AM, Miller, Martin <martin_miller@fws.gov> wrote:
Jim - I realized I made a mistake in my comments 28 and 37 regarding the need for
formalized conservation efforts to satisfy PECE to be considered in a listing determination. 
While in conducting a 5-year review we're not anticipating a change in status (our objective
is to determine whether such a change in status is necessary), the outcome could be a
recommendation to delist or uplist.  And because the PECE does not apply to delisting,
downlisting, and uplisting, we should not evaluate formalized conservation efforts under
PECE.  For a 5-year review (or any delisting, downlisting, or uplisting rule), conservation
efforts that are not yet implemented and/or proven effective cannot be considered - even if
they satisfy PECE.  Sorry for the confusion.  Marty

On Wed, Jan 25, 2017 at 3:27 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Jim - I reviewed this new draft to see how my comments on the previous draft were
addressed.  I identified a few outstanding issues.  I tried my best to provide fixes, but there
are a few issues that only the team can address.  I appreciate all the work the team did, and
especially you, to address my previous comments.  I'm happy to discuss these additional
comments with you (and the team if you'd like).

Thanks for putting together such a well-written document, especially considering its
length and multiple contributors.  I usually spend a lot of time dealing with sentence
structure, usage, and other clarity issues; it was a pleasure not having to struggle to
understand what was trying to be said.  I tried to help polish it with minor edits (GPO
Style Manual compliance, punctuation, etc.); I hope this helps save you some time and
make up for some of the extra work my comments have created.

Marty

On Wed, Jan 11, 2017 at 5:19 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All,

Attached is the draft lynx SSA report, which was sent to our peer review contractor on Friday and to State,
Federal, and Tribal partners yesterday and today.  Apologies to those of you who have received this
previously through other/multiple channels.
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The draft went through internal FWS review in Oct./Nov.  Thanks to those of you who provided comments;
the SSA Team hopes we addressed them adequately in this revised draft.

We are not soliciting additional FWS review and comment of this draft, but we wanted everyone to have the
most current version in case you get questions from your local State, Federal or Tribal partners. However, if
you see glaring errors or problems, please let me know!

Please note that the lit cited list in this draft is incomplete - the SSA Team is continuing to work on getting
all the cited documents listed and PDFs compiled in one place.  In the mean time, if you need a copy of a
cited document, let me know and we will get it to you.

Also note that we are not posting this for public review and comment, but we will make the final SSA report
publicly available.  We ask that you not distribute this draft to the public, although we anticipate some level
of circulation given all the partner agencies that have been invited to review it and provide comments.

Don't hesitate to contact me or your local SSA Core Team member if you have questions or need additional
information.

Cheers!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615
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From: Harris, Anna
To: McCollough, Mark
Subject: Re: Mark teleworking today
Date: Friday, March 10, 2017 8:54:38 AM

Glad to hear this Mark,

I too am skipping the field trip but enjoyed meeting new folks and learning more about the
forest industry in New England.

I was planning to call the Corps this morning. I had sent an email yesterday about this, since it
has been flagged by both Paul and Wendi. Did you already call Valerie? If not, could you
please wait until I've reached out. And if you have already reached out, could you please give
me a ring so we can discuss the conversation. I've already been flagged by the RO to provide
an update by this afternoon. 

The Sportsmen Show sounds like an awesome event and I'm glad your participating.

Thanks,
Anna

On Fri, Mar 10, 2017 at 7:45 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Anna:  That was a good conference.  I learned a lot about the latest wildlife research in
Maine - many studies that I was not familiar with.  Thanks for supporting our attendance.

I was able to talk to a number of foresters and silviculture professor at UMaine about
MDIFW's hypothesis that shelterwood harvests are providing quality habitat for lynx.  There
are arguments on both sides of the issue - it is not as simple as portrayed in the talk
yesterday. 

I am going to skip field trips this morning and work on the lynx SSA.  We have to
summarize comments received for an upcoming meeting with decision-makers and begin
revisions.

Wende gave me the information from the Corps concerning an emergency dredge on the
Kennebec.  I don't know why they would go to Paul Phifer concerning this.  We have done
similar consultations for similar reasons in the past (they seem to always be an emergency). 
There should be no adverse effects to piping plovers or roseate terns that may nest near the
mouth of the river.  I will call the Corps first thing this morning.

I am taking a few hours of comp time this afternoon to help set up for the Eastern Maine
Sportsmen's Show in Orono (UMaine Field House near the hockey arena).  It's a fantastic
event if you are looking for something interesting to do this weekend (besides look at
houses!).  Lot's of exhibits on hunting, fishing, boats, outdoors, seminars, hunting dogs,
etc......USFWS (or at least Friends of Craig Brook) often has a booth there.  See http://
conservationassociation.org/eastern-maine-sportsmens-show/     All proceeds go to UMaine
and Unity wildlife student scholarship fund.

Mark
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-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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From: Harris, Anna
To: Gifford, Krishna
Cc: McCollough, Mark; Anthony Tur
Subject: Re: Comments Requested by March 9, 2017: Bicknell"s thrush draft biological species rpt for internal review
Date: Friday, March 10, 2017 10:16:57 AM

Thanks Krishna,

I'm glad Mark was able to provide his perspective on the draft too.
I appreciate your willingness to revisit and elaborate on the role of elevation and latitude. Also
thanks for clarifying the intent for this report. I agree this is not the place to provide a list of
research needs.

I'm not sure I can answer your last question. I don't know enough about the climate science
that informed the assumptions and conclusions to comment on whether or not you overstated
the certainty in the data. I would hope others, including the peer reviewers, could provide
helpful feedback on that point.

Thanks again for including the Maine field office in the review of this report.

all the best,
Anna

On Fri, Mar 10, 2017 at 8:59 AM, Gifford, Krishna <krishna_gifford@fws.gov> wrote:
Mark - 

I understand about workload priorities, so no need to apologize.  Thank you for providing
additional information about the forestry situation in Maine and for sending the climate
change section of the lynx SSA for our consideration.  

Please see my separate response to Anna's email.  

I appreciate both you and Anna taking the time to send along helpful comments.

-Krishna

______________________________________________________________________
Krishna Gifford

ESA Listing Coordinator
U.S. Fish and Wildlife Service - Northeast Region
Endangered Species Program
300 Westgate Center Dr.
Hadley, MA 01035
413-253-8619 (v); 413-253-8482 (f)

On Fri, Mar 10, 2017 at 8:42 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Krishna:  My apologies, but I just could not get to the Bicknell's thrush SSA because of all
that is on my plate.  As you know, we have been extremely busy in the past few weeks
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with the lynx SSA preparing for the decision team meeting last week in Denver.

I did read the climate change section of the Bicknell's SSA a few weeks ago.  It seems that
we discovered and cited much the same climate information.  There may be more
information in the lynx SSA that could be of use to you concerning the Northeast.  I've
attached a copy.

Dr. Lloyd's talk was  very interesting at the Wildlife Society meeting yesterday.  The new
2017 report is at http://bicknellsthrush.org/wp-content/uploads/2017/02/Guidelines-for-
Managing-Bicknells-Thrush-Habitat-in-the-United-States-2017.pdf

Anna correctly interpreted Dr. Lloyd's talk yesterday, but I am not sure that anyone has
documented Bicknell's thrush at low elevations in Maine (or if so, rarely).  This is despite
extensive, dense regenerating spruce and fir at low elevations in the 1980s and 1990s on
the landscape associated with extensive clearcuts following the last spruce budworm
outbreak.  There were many bird research studies done in northern Maine at that time to
evaluate the effects of budworm and spraying on bird communities.  I don't recall anyone
documenting breeding Bicknell's thrush at lower elevation.  The Maine Breeding Bird
Atlas was completed in the mid-1980s and could be consulted to see if I have forgotten
something.  

During the 1980s I went to New Brunswick with a Maine birder to record Bicknell's
thrush (back when it was considered a variant of the gray-cheeked thrush) and mourning
warblers in coastal spruce fir forests.  It was well-known at that time that this population
existed, but I don't believe it does any longer.  See http://bicknellsthrush.org/wp-
content/uploads/2016/08/BITHNBforests.pdf

Dr. Lloyd and the information from New Brunswick (Nixon et al. 2001) indicates that
BITH prefers dense stands (40-50,000 stems/ha or about 20,000 stems/acre).  Lynx like
the same habitat, but I am not aware of stem densities that regularly get to this level in a
typical lower-elevation managed forest in northern Maine. Most hare habitat in northern
Maine is ~8,000 to 14,000 stems/acre.   Foresters do not want to manage for this dense
regeneration because of competition.  Pre-commercial thinning of dense spruce-fir is a
problem for lynx and hares as it would be for BITH.

Finally, decision-makers should know that forest management and associated regulations
in Maine and New Brunswick are very different.  The lynx SSA explains how forestry has
changed in Maine since the Maine Forest Practices Act.  Clearcutting to create dense,
regenerating spruce-fir is no longer a part of management in northern Maine.  Partial
harvesting has replaced clearcutting in Maine (but not New Brunswick), and this form of
silviculture does not create BITH habitat.  One landowner, Irving, in Maine has increased
clearcutting.  They are the largest landowners in New Brunswick.  Irving clearcuts, but
heavily herbicides the site and does plantations at spacings that would be not conducive to
BITH.  Finally, Maine lost over 1 million acres of spruce-fir permanently from the
landscape (converted to northern hardwoords and mixed wood) after the last budworm
outbreak and we have continued to see spruce-fir decline during the last 20 years of partial
harvesting era.  This may be in part to climate change, but it is also a natural phenomenon
of our Acadian forest after a disturbance.  We are expecting another budworm outbreak
shortly (see lynx SSA), but there will be no large salvage clearcuts this time.  

http://bicknellsthrush.org/wp-content/uploads/2017/02/Guidelines-for-Managing-Bicknells-Thrush-Habitat-in-the-United-States-2017.pdf
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Thus, I believe the chances of finding BITH at low elevations in Maine to be minimal.  I
also believe it unlikely that we can manage the forest to create large areas of habitat at low
elevations that may be used by BITH.  Decision-makers should not believe that Maine has
large potential for BITH recovery at low elevations OR that there are large numbers of
BITH waiting to be discovered at low elevations.  I do not believe that to be the case.  

We are processing a large number of state and peer review comments for the lynx SSA, so
I don't think I will be able to edit the Bicknells SSA in the next few weeks.  Proceed, and I
will try to catch up later this spring.  Let me know if you have further questions about the
potential for Bicknell's in Maine.

Mark   

On Thu, Mar 9, 2017 at 8:50 PM, Harris, Anna <anna_harris@fws.gov> wrote:
Hi Krishna,

Thank you for sharing this analysis with me. It is very thorough and focuses quite a bit
on climate change. I don't have any familiarity with this species or a species report like
this but I attended a talk today by Dr. John Lloyd from the VT Center for Ecostudies and
will share a  few thoughts I had after reading through this species report.

- According to Dr. Lloyd, elevation doesn't appear define the habitat for Bicknell's; that
it was more about elevation and latitude. I didn't see this point conveyed in the report.

- Some forestry practices can destroy habitat while other conditions in managed forests
actually create habitat. 

It seemed to me there were a number of research questions still needing answers about
this species. Is this report the appropriate place to bring those up or at least acknowledge
them? For instance, how are the birds using clear cuts and what can we do to create
habitat with forest management. As well as finding out more about what is happening at
lower elevations, outside of the mountain top areas?

Thanks for the opportunity to comment. I'm happy to follow up with a phone call
tomorrow afternoon if you'd like to discuss.

all the best,
Anna

On Thu, Feb 16, 2017 at 12:42 PM, Gifford, Krishna <krishna_gifford@fws.gov>
wrote:

DO NOT SHARE OUTSIDE OF FWS - INTERNAL REVIEW,
PREDECISIONAL DOCUMENT

Hi Everyone - 

It has been quite awhile since some of you have heard from me about the status of our
Bicknell's thrush status review.  The core team (Anthony Tur, Beth Forbus, and I)
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have been busy synthesizing information and writing the attached biological species
report.  There hasn't been a lot to convey with you over the last 9 or so months, but I
should have at least told you we were working on it. My apologies for the lack of
communication.

Some of you (Tim, Anne, Anna) are getting this message and thinking, this is the first
I've heard about it, period.  That's because we've had some staff turnover in our points
of contacts.

So as orientation for our new points of contacts and a reminder for the rest of the
group, let me recap what we are doing and why:

We were petitioned under the Endangered Species Act (ESA) to list the
Bicknell's thrush as a threatened or endangered species in 2010 by the Center
for Biological Diversity.  We published a 90-day substantial finding in 2012,
which initiated a status review.  Due to workload constraints we started in
earnest on the status review last year.
We have a litigation deadline of 9/30/17 to send an ESA listing determination
document (either a 12-month not warranted petition finding or a proposed rule
to list as T or E) to the Federal Register.
The species' range includes:  Canada, the Bahamas, Cuba, Dominican, Haiti,
Jamaica, and the United States (CT, DE, GA, MA, MD, ME, NC, NH, NJ, NY,
PA, RI, SC, VA, VT, and Puerto Rico).   Here's a link to basic overview info:
 https://www.allaboutbirds.org/guide/Bicknells_Thrush/id
Starting in FY 2017,we are using the Species Status Assessment (SSA)
framework process to develop a stand alone species report for all of our listing
determinations.  The SSA report will be the primary analysis document that
decision makers will use to make a listing determination (e.g., there is no ESA
policy determination in the species report).
Since we started the Bicknell's thrush status assessment process in FY 2016, we
are using relevant elements of the SSA framework in our report but you may
notice that it is not in exactly the same layout or uses the same metrics that you
may have seen in other SSAs.  That's okay, it just means we may have more
translation to do during the briefing process.
The intent is to get internal review of this biological report from you,
incorporate comments, then send it out for peer review.  Once peer review is
complete, we'll start developing briefing materials for the R4-R5
decisionmakers.  We have tentatively scheduled a decision meeting in early
May.  Once we have an ESA listing determination, we'll develop the appropriate
Federal Register document and route it for surname/signature.

Now, back to the main reason that I am contacting you.  The core team would
appreciate your review of the draft species report.  I am asking that you provide me
with your comments via email no later than March 9th.   If you do not have time to
review the report, please let me know.  If you have time to read it and provide verbal
rather than written comments, I can use that kind of feedback as well.

Thanks, in advance, for your assistance.  Do not hesitate to contact me if you have
questions about the process or this specific request for review and comment.

https://www.allaboutbirds.org/guide/Bicknells_Thrush/id


-Krishna
____________________________________________________________
__________
Krishna Gifford

ESA Listing Coordinator
U.S. Fish and Wildlife Service - Northeast Region
Endangered Species Program
300 Westgate Center Dr.
Hadley, MA 01035
413-253-8619 (v); 413-253-8482 (f)

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
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East Orland, Maine 04431
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Fax: (207) 902-1588
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Anna Harris
ES Project Leader
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From: Baker, Richard (DNR)
To: Andrew Bray
Cc: Joyal, Lisa (DNR); Tamara_Smith@fws.gov
Subject: RE: Lynx Distribution
Date: Friday, March 10, 2017 4:15:14 PM

Mr. Bray,
 
To request data from Minnesota’s Rare Features Database, please review the PDF’s at the bottom of
the DNR’s webpage at http://www.dnr.state.mn.us/nhnrp/nhis.html.
 
You should be aware that our records of Canada Lynx are limited to the few den sites that we have
detected. If you need clarification on the requirements of the biological assessment that you are
developing, I recommend that you contact Tamara Smith at the USFWS’s Twin Cities Field Office,
whom I’ve copied here.
 
Rich Baker
 
<><><><><><><><><><><><><><><><><><> 
Richard J. Baker
Minnesota Endangered Species Coordinator
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Rd., Box 25
St. Paul, MN  55155
Phone: 651/259-5073
Fax: 651/296-1811
E-mail: richard.baker@state.mn.us
http://www.dnr.state.mn.us/eco/nhnrp
<><><><><><><><><><><><><><><><><><> 
 

From: Andrew Bray [mailto:a.bray@trileaf.com] 
Sent: Friday, March 10, 2017 4:01 PM
To: Baker, Richard (DNR) <richard.baker@state.mn.us>
Subject: Lynx Distribution
 
Richard –
 
We are in the process of completing a biological assessment which is located just outside
of Duluth. Our proposed location is within the Lynx critical habitat. If I get you a precise
location can you inform me as to if any lynx have been documented in the area?  
 
Many thanks,
 
Andrew Bray
Project Scientist II
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Abstract
A	fundamental	problem	in	ecology	is	forecasting	how	species	will	react	to	major	dis-
turbances.	As	 the	climate	warms,	 large,	 frequent,	and	severe	 fires	are	 restructuring	
forested	landscapes	at	large	spatial	scales,	with	unknown	impacts	on	imperilled	preda-
tors.	We	use	the	United	States	federally	Threatened	Canada	lynx	as	a	case	study	to	
examine	how	predators	navigate	recent	large	burns,	with	particular	focus	on	habitat	
features	and	the	spatial	configuration	(e.g.,	distance	to	edge)	that	enabled	lynx	use	of	
these	transformed	landscapes.	We	coupled	GPS	location	data	of	lynx	in	Washington	in	
an	area	with	several	recent	large	fires	and	a	number	of	GIS	layers	of	habitat	data	to	
develop	models	of	lynx	habitat	selection	in	recent	burns.	Random	Forest	habitat	mod-
els	showed	lynx-	selected	islands	of	forest	skipped	by	large	fires,	residual	vegetation,	
and	areas	where	some	trees	survived	to	use	newly	burned	areas.	Lynx	used	burned	
areas	as	early	as	1	year	postfire,	which	is	much	earlier	than	the	2–4	decades	postfire	
previously	thought	for	this	predator.	These	findings	are	encouraging	for	predator	per-
sistence	in	the	face	of	fires,	but	increasingly	severe	fires	or	management	that	reduces	
postfire	residual	trees	or	slow	regeneration	will	likely	jeopardize	lynx	and	other	preda-
tors.	Fire	management	should	change	to	ensure	heterogeneity	is	retained	within	the	
footprint	of	large	fires	to	enable	viable	predator	populations	as	fire	regimes	worsen	
with	climate	change.

K E Y W O R D S

Canada	lynx,	fire	regime,	habitat	use,	Lynx canadensis,	North	Cascade	Mountains,	predators,	
Random	Forest	models,	Washington,	wildfire

1  | INTRODUCTION

Climate	change	is	inducing	hotter,	drier,	and	longer	summers	in	North	
America.	Consequently,	hotter,	 larger,	and	more	severe	wildfires	are	
burning	(Balshi	et	al.,	2009;	Fauria	&	Johnson,	2007;	Littell	et	al.,	2010;	
Westerling,	 Hidalgo,	 Cayan,	 &	 Swetnem,	 2006),	 and	 in	 2015,	 the	
United	States	saw	a	record-	setting	4.1	million	ha	consumed	(National	
Interagency	Fire	Center	2016).	Fire	suppression	efforts	also	increased	
in	2014	and	2015;	over	$3.5	billion	USD	were	spent	on	firefighting	ef-
forts	(National	Interagency	Fire	Center	2016).	Boreal	forests	account	

for	more	than	one-	third	of	global	forest	covering	much	of	the	circum-
polar	north,	making	an	increase	in	the	boreal	fire	regime	significant	not	
only	for	the	economy	(National	Interagency	Fire	Center	2016)	but	for	
ecosystem	services	such	as	carbon	storage	(Brassard	&	Chen,	2006;	
Goldammer	 &	 Furyaev,	 1996)	 and	 for	 wildlife	 habitat	 (Appenzeller,	
2015).

Boreal	forests	are	characterized	by	dramatic	and	frequent	distur-
bances	that	create	a	continually	shifting	mosaic	of	successional	stages	
across	the	landscape	(Agee,	2000;	Perera	&	Buse,	2014),	and	the	most	
important	boreal	and	sub-	boreal	forest	disturbance	is	wildfire	(Agee,	
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2000).	Wildfires	burn	millions	of	hectares	per	year	in	the	boreal	forest,	
often	over	large	areas	and	at	intensities	that	initiate	stand	replacement	
(Perera	 &	 Buse,	 2014).	 These	 dramatic	 fires	 drive	 the	 boreal	 land-
scape’s	heterogeneity	of	forest	age	structure	and	species	assemblages.

Boreal	fires	create	heterogeneity	both	at	the	landscape	level	and	
within	a	single	burn	perimeter	as	fire	behavior	varies	greatly	according	
to	weather,	microclimate,	fuels,	and	topography	(Cansler	&	McKenzie,	
2014;	Perera	&	Buse,	2014)	 (Figure	1).	As	a	 result,	 some	areas	burn	
at	a	high	intensity,	consuming	forest	canopies	and	leaving	only	burnt	
snags	 behind,	while	 other	 areas	 burn	 at	 a	 lower	 intensity	 such	 that	
the	understory	burns	but	many	trees	survive	(Brassard	&	Chen,	2006;	
Perera	&	Buse,	2014).	Fire	skips,	areas	within	a	burn	perimeter	 that	
do	not	burn	at	all,	leave	the	original	forest	structure	and	species	com-
position	intact	(Perera	&	Buse,	2014).	Consequently,	the	composition	
of	 the	 residual	vegetation	and	structural	 features	 such	as	 live	 trees,	
snags,	and	downed	logs	fluctuates	across	a	burn.

In	turn,	forest	regeneration	patterns	vary,	influenced	by	the	pres-
ence	or	absence	of	residual	vegetative	reproductive	structures	such	as	
coniferous	seeds	released	from	serotinous	cones,	underground	suck-
ers,	or	wind-	blown	seeds	from	fire	skips	and	burn	edges	(Brassard	&	
Chen,	2006;	Perera	&	Buse,	2014).	Residual	snags	and	logs	also	affect	
regrowth	as	they	provide	substrate,	shade,	and	physical	protection	for	
young	seedlings	 (Brassard	&	Chen,	2006).	Finally,	site-	specific	varia-
tions	 in	 soils,	 climate,	 and	 topography	 also	 affect	 regeneration	 pat-
terns	 and,	 combined	with	varying	 residual	 vegetation	 compositions,	
result	 in	 a	 heterogeneous	 landscape	 within	 a	 single	 fire	 perimeter	
(Bonnet,	Schoettle,	&	Shepperd,	2005;	Brand,	1991;	Crotteau,	Varner,	
&	Ritchie,	2013;	Franklin	&	Dyrness,	1973;	Irvine,	Hibbs,	&	Shatford,	
2009;	 Perera	 &	 Buse,	 2014;	 Turner,	 Romme,	 Gardner,	 &	 Hargrove,	
1997).

With	 the	 onset	 of	 climate	 change,	 more	 frequent,	 larger,	 and	
more	severe	fires	will	increase	the	amount	of	forest	in	an	open	stand-	
initiation	 stage	 (Balshi	 et	al.,	 2009;	 Fauria	 &	 Johnson,	 2007;	 Littell	
et	al.,	2010;	Soja	et	al.,	2007;	Westerling	et	al.,	2006)	and	change	the	
composition	and	spatial	patterns	of	residual	vegetation,	potentially	ho-
mogenizing	the	landscape	within	a	fire	perimeter	(Cansler	&	McKenzie,	
2014).	Warmer	and	drier	summers	could	also	change	forest	regenera-
tion	patterns	following	a	fire	by	limiting	the	establishment	and	growth	
of	plant	species	dependent	on	moist	conditions	(Littell	et	al.,	2010).

A	change	in	fire	regime	and	regeneration	patterns	will	likely	affect	
the	wildlife	 of	 boreal	 forests.	Historically,	 as	 succession	 progresses,	
plant	 communities	 change	 in	 composition	 and	 structure,	 and	 ani-
mal	communities	shift	 in	response	to	the	changing	habitat	 (Fisher	&	
Wilkinson,	2005;	Fox,	1983).	For	example,	the	snowshoe	hare	(Lepus 
americanus)	 is	an	important	boreal	prey	species	whose	presence	can	
be	predicted	based	on	a	forest	stand’s	developmental	stage.	Hares	de-
pend	on	high	stem	density	forests	to	provide	browse	and	cover,	a	fea-
ture	primarily	found	in	young	stands	and	in	old-	growth	forests	where	
canopy	 gaps	 promote	 a	 multilayered	 structure	 (Hodges,	 2000a,b;	
Hodson,	Fortin,	&	Belanger,	2011).	Unfortunately,	although	responses	
of	animals	to	fire	are	documented	for	some	small	mammals	and	birds,	
substantial	 information	gaps	exist	regarding	responses	of	larger	prey	
species	and	carnivores	to	fire	(Fisher	&	Wilkinson,	2005).	This	lack	of	
information	 hinders	 both	 current	 conservation	 and	management	 of	
boreal	forest	carnivores	and	the	ability	to	adapt	conservation	strate-
gies	as	fire	regimes	shift	under	climate	change.

One	such	carnivore	is	the	Canada	lynx	(Lynx canadensis),	an	iconic	
boreal	 forest	 species	 that	 depends	 on	 the	 snowshoe	 hare	 for	 prey	
and	is	thus	closely	linked	to	forest	structure.	Studies	of	lynx	in	Alaska,	
Canada,	and	to	a	 lesser	extent	 in	the	sub-	boreal	regions	of	the	con-
tiguous	US	document	general	trends	in	lynx	response	to	fire,	but	lack	
detailed	information	that	could	be	used	to	improve	lynx	management	
and	conservation	(Koehler,	1990;	Paragi,	Johnson,	Katnik,	&	Magoun,	
1997;	Staples,	1995).	These	studies	describe	lynx	as	selecting	against	
recent	burns	in	the	open	stage	where	shrubs	and	trees	have	not	grown	
tall	enough	to	provide	cover	and	browse	for	snowshoe	hares,	espe-
cially	during	the	winter	when	snow	covers	low	understory	structure,	
but	have	not	probed	in	detail	what	habitat	features	lynx	use	when	they	
are	within	a	recent	burn	scar	(Hodson	et	al.,	2011;	von	Kienast,	2003;	
Koehler	 et	al.,	 2008;	 Maletzke,	 Koehler,	 Wielgus,	 Aubry,	 &	 Evans,	
2008).	Recent,	more	detailed	studies	in	sub-	boreal	forests	of	the	west-
ern	US	document	high	hare	densities	in	regenerating	stands	with	high	
sapling	densities	within	0-	2	decades	postfire	(Cheng,	Hodges,	&	Mills,	
2015;	Hodges,	Mills,	&	Murphy,	2009),	raising	the	question	of	whether	
lynx	also	use	burns	more	quickly	after	 fire	 than	previously	detected	
with	limited	datasets.

As	forest	regeneration	progresses,	burns	in	an	early-	stand	devel-
opment	 stage	 (2–4	 decades	 postfire)	 are	 often	 composed	 of	 dense	
regenerating	deciduous	shrubs	and	conifer	trees	that	provide	quality	
snowshoe	hare	habitat	and	thus	quality	lynx	habitat	(Hodges,	2000b;	
Mowat	&	Slough,	2003;	Paragi	et	al.,	1997;	Stephenson,	1984).	Stands	
regenerating	postfire	that	move	into	a	late-	stand	development	stage,	
where	a	closed	canopy	 inhibits	understory	growth	and	self-	thinning	

F IGURE  1 A	postfire	mosaic	within	the	Tripod	Burn	in	
northcentral	Washington,	USA.	The	fire	burned	in	2006;	this	picture	
was	taken	in	August	2016	(the	radio-	collared	lynx	were	on	air	from	
2007	to	2013).	Within	the	burn	scar,	there	are	wet	meadows,	dry	
meadows,	fire	skips	where	trees	were	not	burned,	dead	trees,	and	
areas	with	scattered	to	dense	patches	of	young	trees	regrowing	after	
the	fire.	Lynx	are	more	likely	to	use	areas	with	denser	cover,	whether	
the	cover	is	derived	from	residual	unburned	material	or	areas	with	
dense	regeneration	of	trees	or	shrubs.	Photograph	copyright	Karen	
E.	Hodges
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eliminates	branches	in	the	understory,	do	not	provide	good	snowshoe	
hare	and	lynx	habitat	(Hodson	et	al.,	2011;	Koehler,	1990;	Paragi	et	al.,	
1997).	Forests	in	this	late-	stand	development	stage	may	not	provide	
understory	conditions	preferred	by	snowshoe	hares	and	 lynx	until	a	
disturbance	resets	forest	succession	by	returning	the	area	to	the	early-	
stand	development	stage	or	until	the	forest	matures	into	old	growth	
so	that	canopy	gaps	form,	encouraging	shrub	growth,	and	tree	boughs	
provide	understory	cover	(Hodson	et	al.,	2011;	Maletzke	et	al.,	2008;	
Squires,	Decesare,	Kolbe,	&	Ruggiero,	2010).	However,	beyond	these	
general	 descriptions	 of	 lynx	 response	 to	 fire,	 little	 detail	 is	 known	
about	how	lynx	respond	to	different	burn	severities,	to	the	heteroge-
neity	of	regeneration	in	a	burned	area,	or	to	the	spatial	configuration	
of	a	burned	area.

Here,	we	use	Canada	lynx	as	a	case	study	for	examining	whether	
and	how	predators	use	recently	burned	areas.	In	addition	to	intrinsic	
interest	and	legal	requirements	for	protecting	this	species,	lynx	typify	
forest	predators	because	they	use	a	range	of	habitats	and	are	highly	
mobile	with	records	of	dispersing	lynx	moving	up	to	1,100	km	(Mowat,	
Poole,	&	O’Donoghue,	2000).	Canada	lynx	in	the	contiguous	US	occur	
at	 the	 southern	 edge	 of	 lynx	 range	 in	 low-	density	 populations	 and	
have	been	federally	listed	as	Threatened	since	2000	(USFWS	2000),	
but	a	Recovery	Plan	is	still	lacking.

Within	Washington	State,	the	North	Cascade	Mountains	are	des-
ignated	as	critical	lynx	habitat	(USFWS	2014)	and	support	one	of	the	
few	remaining	lynx	populations	in	the	contiguous	US	and	the	only	res-
ident	breeding	population	 in	Washington	 (Stinson,	2001).	According	
to	a	2008	population	model	of	Washington	 lynx	habitat	by	Koehler	
et	al.	 (2008),	 the	 state	 provided	 habitat	 for	 an	 estimated	 87	 lynx.	
Washington	 lynx	use	home	ranges	that	average	88	km2	 (Vanbianchi,	
2015)	 and	 select	 sub-	boreal	 forest	 types	on	moderate	 slopes	 at	 el-
evations	between	1,200	and	2,000	m	 (Koehler,	1990;	Koehler	et	al.,	
2008;	McKelvey,	Ortega,	Koehler,	Aubry,	&	Brittell,	2000).	Specifically,	
lynx	 in	 the	North	Cascades	 select	old-	growth	multilayer	Engelmann	
spruce	 (Picea engelmannii)–subalpine	 fir	 (Abies lasiocarpa)	 forest	 (the	
climax	sere	of	 the	Abies lasiocarpa	Zone;	Franklin	&	Dyrness,	1973),	
where	 canopy	 openings	 encourage	 dense	 understory	 growth	 and	
low-	reaching	boughs	create	additional	horizontal	cover	and	forage	for	
snowshoe	hares	(Hodges,	2000b;	Koehler	et	al.,	2008;	Lewis,	Hodges,	
Koehler,	&	Mills,	2011).	Lynx	also	select	young	lodgepole	pine	(Pinus 
contorta)	forest	(often	present	as	an	early-	seral	stage	of	the	Abies la-
siocarpa	Zone;	Franklin	&	Dyrness,	1973),	where	high	stem	densities	
support	snowshoe	hares	(Koehler,	1990;	McKelvey	et	al.,	2000).

The	North	Cascades	region	has	experienced	a	dramatic	 increase	
in	wildfires	over	 the	 last	30	years	 (National	 Interagency	Fire	Center	
2016).	 In	1994,	 two	 fires	of	1,554	ha	and	3,686	ha	were	 large	 rela-
tive	 to	previous	decades.	Then,	 in	2003	 and	2006,	 one	 fire	 burned	
8,620	ha,	 and	 three	 fires	 burned	 >20,000	ha	 each	 (Figure	2).	These	
fires	 have	 raised	 serious	 concerns	 about	 whether	 lynx	 populations	
will	 remain	viable	within	 the	 state;	 the	 state	has	uplisted	 lynx	 from	
Threatened	 to	 Endangered	 (Interagency	 Lynx	 Biology	 Team	 2013;	
Lewis,	2016).

We	 examine	 (1)	 lynx	 use	 of	 burned	 areas	 1–6	years	 and	
17–19	years	postfire	in	Washington	and	(2)	what	habitat	features	lynx	

selected	within	burned	sites.	We	present	results	from	14	radio-	collared	
lynx	 (monitored	 2007–2013)	 from	 the	 eastern	 slope	 of	 the	 North	
Cascades.	In	2006,	the	large	Tripod	fire	burned	most	of	the	prime	lynx	
habitat	in	the	state	(Koehler	et	al.,	2008;	Stinson,	2001).	We	examine	
how	lynx	used	the	Tripod	Burn	and	the	1994	Whiteface	Burn.	Because	
lynx	 behavior	 postfire	 is	 so	 poorly	 known,	we	used	Random	Forest	
models	to	determine	which	habitats	lynx	selected	in	this	landscape,	as	
this	approach	enables	detection	of	unexpected	patterns.	We	used	lynx	
locations	and	spatial	data	 (forest	cover,	 topographic	setting,	climate,	
and	burn	history)	as	potential	driving	variables	(Vanbianchi,	2015).

2  | METHODS

2.1 | Study area

Our	two	study	areas,	the	Whiteface	and	Tripod	Burn	study	areas,	are	
on	the	Eastern	slope	of	the	North	Cascade	Mountains	in	Washington	
and	 fall	 within	 the	 Okanogan-	Wenatchee	 Lynx	 Management	 Zone	
designated	 by	 the	Washington	 State	 Lynx	 Recovery	 Plan	 (Stinson,	
2001).	 The	 Whiteface	 Burn	 covers	 1,554	ha	 in	 the	 Okanogan-	
Wenatchee	National	Forest,	Washington.	Approximately	15	km	east	
of	the	Whiteface	Burn	study	area,	the	70,644	ha	Tripod	Burn	occurs	
within	both	the	Loomis	State	Forest	and	the	Okanogan-	Wenatchee	
National	Forest	(Figure	2).	To	match	data	from	14	radio-	collared	lynx,	
we	examined	only	the	eastern	portion	of	the	Tripod	Burn,	a	46,800	ha	
area	that	includes	the	1994	Thunder	Mountain	Burn	(3,686	ha).

Cold,	 snowy	 winters	 and	 mild	 summers	 characterize	 the	 study	
areas,	 with	 average	 monthly	 temperatures	 in	 nearby	 Mazama,	
Washington	 (elevation:	 664	m),	 ranging	 between	 −10°C	 and	 23°C,	
with	an	average	annual	snowfall	of	305	cm	(Western	Regional	Climate	
Center,	 http://www.wrcc.dri.edu/,	 accessed	 June	 20,	 2014).	 Forest	
types	 range	 from	 sub-	boreal	 forests	 in	 high-	elevation	 areas	 and	
cool,	mid-	elevation	pockets	and	aspects,	to	low-	elevation	dry	forests	
(Lillybridge,	Kovalchik,	Williams,	&	Smith,	1995).	The	sub-	boreal	for-
est	 consists	 of	 Engelmann	 spruce–subalpine	 fir	 forest	 or	 lodgepole	
pine	 forests.	On	warmer	mid-	elevation	 sites,	 “mixed	 forests”	 transi-
tion	from	sub-	boreal	types	into	a	drier	forest	dominated	by	Douglas	fir	
(Pseudotsuga menziesii),	while	lower	elevations	are	dominated	by	“dry	
forests”	of	Douglas	fir–ponderosa	pine	(Pinus ponderosa).

The	Whiteface	Burn	ranges	from	1,280		m	elevation	at	its	southern	
end	to	2,222	m	at	the	northern	end,	with	an	average	of	1,650	m	and	
80%	of	its	area	above	1,500	m.	Dry,	mixed,	and	deciduous	forest	types	
cover	55%	of	the	forested	areas	within	the	burn,	largely	at	lower	eleva-
tions.	Sub-	boreal	forest	types	exist	at	higher	elevations	and	comprise	
45%	of	the	regenerating	and	residual	 forest.	 In	the	Whiteface	Burn,	
82%	of	 the	fire	burned	at	a	high	severity	 (>50%	canopy	cover	 loss),	
while	10%	burned	at	 low	severity	 (<50%	canopy	cover	 loss)	and	8%	
of	the	area	within	the	burn	perimeter	did	not	burn	(Vanbianchi,	2015;	
Vanbianchi,	Gaines,	Murphy,	Pither,	&	Hodges,	unpublished	data).

The	Tripod	 Burn	 study	 area	 is	 higher	 than	 the	Whiteface	 Burn,	
ranging	from	855	m	to	2,390	m	with	93%	of	its	area	above	1,500	m.	
In	contrast	to	the	Whiteface	Burn,	the	Tripod	Burn	study	area	has	a	
large	sub-	boreal	forest	component	with	88%	of	the	regenerating	and	

http://www.wrcc.dri.edu/
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residual	forest	type	in	this	category.	The	Tripod	Burn	study	area	also	
has	more	 lodgepole	pine	 forest,	which	comprises	35%	of	 the	 forest	
within	 the	 regenerating	 and	 residual	 forest	 category.	 In	 the	 Tripod	
Burn,	63%	of	the	area	burned	at	high	severity	and	8%	burned	at	low	
severity.	 The	 Tripod	 fire	 nearly	 surrounded	 but	 did	 not	 reburn	 the	
1994	Thunder	Mountain	Burn	 (3,686	ha),	 so	8%	of	 the	Tripod	Burn	
study	area	 is	classified	as	an	old	(1985-	1997)	burn.	Fire	skips	 in	the	
Tripod	Burn	study	area	make	up	21%	of	the	burn	and	include	a	1,850-	
ha	 island	 of	 forest	 that	 has	 not	 burned	 since	 the	 1970	 Forks	 Fire	
(Vanbianchi,	2015;	Vanbianchi	et	al.,	unpublished	data).

2.2 | Lynx data

Lynx	 data	 were	 provided	 to	 us	 courtesy	 of	 the	 Washington	
Department	of	Fish	and	Wildlife.	Lynx	were	trapped	and	fitted	with	
global	 positioning	 system	 (GPS)	 telemetry	 collars	 in	 the	 Okanogan	
-	Wenatchee	 National	 Forest	 and	 the	 Loomis	 State	 Forest	 from	
January	2007	 to	April	2012.	Trapping	 took	place	during	 the	winter	

using	 box	 traps	 (Kolbe,	 Squires,	 &	 Parker,	 2003)	 as	 a	 collaboration	
among	the	Washington	Department	of	Fish	and	Wildlife,	Washington	
Department	 of	Natural	 Resources,	U.S.	 Forest	 Service,	U.S.	 Bureau	
of	Land	Management,	and	the	U.S.	Fish	and	Wildlife	Service	 (ethics	
clearances	and	all	necessary	permitting	were	handled	by	these	agen-
cies).	The	collars	were	programmed	to	record	GPS	locations	every	4	hr	
for	1	year,	except	for	one	collar	programmed	to	record	GPS	locations	
every	six	hours.	We	used	data	from	14	adult	lynx	(three	females	and	
11	males).	Lynx	were	on	air	for	varying	durations,	and	the	average	fix	
rate	was	72%;	we	also	omitted	data	from	dispersing	or	wandering	lynx	
that	left	the	study	area.	The	average	straight-	line	distance	travelled	by	
a	lynx	in	the	four-	hour	period	between	GPS	fix	attempts	was	766	m	
(Vanbianchi,	2015;	Vanbianchi	et	al.,	unpublished	data).

2.3 | Study area delineation

We	 used	 a	 raster	 dataset	 depicting	 wildfires	 in	 ArcGIS	 10.1	 (ESRI	
2012)	to	define	the	perimeter	of	the	Whiteface	Burn.	To	outline	the	

F IGURE  2 Large	fires	in	northcentral	
Washington,	Pacific	Northwest	USA,	
over	the	last	30	years.	The	Okanogan	
Lynx	Management	Zone	is	the	only	area	
in	the	state	that	retains	a	population	of	
lynx.	During	the	1980s	and	1990s,	fires	
>1000	ha	were	considered	large,	but	fires	
in	the	2000s	have	been	substantially	larger.	
The	top	edge	of	the	map	is	the	Canada–
Washington	border
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Tripod	Burn	study	area,	we	used	the	raster	dataset	to	define	the	east-
ern	fire	perimeter.	All	of	the	lynx	with	home	ranges	near	the	Tripod	
Burn	 resided	 on	 the	 eastern	 edge	 of	 the	 burn.	 Because	 the	 Tripod	
Burn	extends	further	west	than	any	of	the	nearby	lynx	ventured,	we	
limited	 the	 western	 boundary	 by	 connecting	 sequential	 lynx	 loca-
tions	with	a	straight	line	and	then	buffering	the	lines	by	the	average	
step	 length	 (766	m)	between	GPS	fixes.	The	outermost	edge	of	 the	
buffered	lines	was	used	to	delineate	the	western	extent	of	the	Tripod	
Burn	study	area.	To	examine	 lynx	habitat	use	 in	 the	Whiteface	and	
Tripod	Burn	study	areas,	we	used	ArcGIS	10.1	(ESRI	2012)	to	gener-
ate	 random	 available	 locations	within	 each	 study	 area	 equal	 to	 the	
number	of	used	locations	 in	each	study	area	(Barbet-	Massin,	Jiguet,	
Albert,	&	Thuiller,	2012).

2.4 | Habitat variables

We	used	GIS	 layers	 to	 represent	 the	 landscape	 characteristics	 that	
are	 important	 to	 lynx	 habitat	 use	 (Table	 S1).	We	used	ArcGIS	10.1	
(ESRI	2012)	 to	derive	 continuous	 representations	of	 each	predictor	
variable	using	30	m2	pixels	projected	into	the	1983	North	American	
Datum	Albers	coordinate	system.	To	explore	habitat	selection	at	dif-
ferent	 scales,	we	examined	variables	within	3	×	3	and	27	×	27	pixel	
windows	(90	and	810	m	width,	respectively).	Previous	lynx	research	
demonstrates	 lynx	choose	habitats	both	at	 fine	 scales	and	at	 larger	
patch	or	higher	scales	(Koehler	et	al.,	2008;	Maletzke	et	al.,	2008).	The	
3	×	3	window	is	the	smallest	window	we	could	use	with	our	statistical	
approach	and	thus	models	the	fine-	scale	habitat	selection.	We	then	
wanted	this	fine-	scale	choice	to	nest	within	our	large-	scale	window;	
we	chose	a	27	×	27	window	as	more	appropriate	than	a	9	×	9	window	
because	previous	research	documents	these	animals	are	highly	mobile	
and	have	large	home	ranges.

We	categorized	land	cover	into	five	forest	types	and	three	nonfor-
est	types	(Table	S1).	Forest	types	were	lodgepole	pine	and	spruce-	fir,	
that	 is,	 sub-	boreal	 types	known	to	be	selected	by	 lynx	 in	 the	North	
Cascades	(Koehler	et	al.,	2008;	Maletzke	et	al.,	2008;	McKelvey	et	al.,	
2000),	 “dry	 forest”	 (dominated	 by	 Douglas	 fir	 or	 ponderosa	 pine),	
“mixed	forest”	(transitional	between	sub-	boreal	and	dry	types),	and	de-
ciduous.	Nonforested	types	were	grassy	meadows,	shrubby	meadows,	
and	barren	areas	such	as	rock	outcrops	or	 ice	fields.	The	 land	cover	
data	 categorized	 23%	 of	 the	Whiteface	 Burn	 simply	 as	 “disturbed,”	
based	on	residual	 trees	providing	<10%	cover.	To	assign	“disturbed”	
areas	to	one	of	our	eight	cover	types,	we	used	the	ArcGIS	10.1	tool,	
Nibble,	to	assign	“disturbed”	pixels	a	land	cover	type	that	was	based	on	
the	cover	types	of	the	surrounding	pixels.

In	high-	severity	burned	areas,	only	blackened	tree	trunks	remain,	
while	 a	 low-	severity	 burn	 consumes	understory	 cover	but	 trees	 sur-
vive.	To	capture	the	effect	of	burn	severity,	we	included	variables	de-
picting	fire	age	and	severity.	Old	burns	burned	in	1994	and	included	
the	Whiteface	Burn	and	a	burn	within	the	Tripod	fire	scar	that	did	not	
reburn.	The	new	burn	was	the	2006	Tripod	fire.	Low	severity	was	clas-
sified	based	on	canopy	cover	loss	of	1-	50%,	while	higher	severity	had	
>51%	loss.	We	ended	up	with	four	categories	of	burn:	old,	high	severity,	
old,	low	severity,	new,	high	severity,	and	new,	low	severity	(Table	S1).

We	examined	how	the	spatial	arrangement	of	burn	pattern	may	in-
fluence	lynx	habitat	selection	by	including	a	patch	metric	depicting	the	
distance	from	each	pixel	within	the	burn	to	the	nearest	edge.	We	also	
modeled	slope	and	the	distance	to	the	nearest	draw,	as	both	variables	
have	evidence	suggesting	they	affect	 lynx	movement	 (Koehler	et	al.,	
2008;	Maletzke	et	al.,	2008;	Stinson,	2001).

Lynx	may	select	burned	areas	with	a	cool,	moist	climate	where	for-
est	recovery	can	occur	faster	(Buskirk	et	al.,	2000).	Thus,	we	included	
the	Compound	Topographic	Index	as	a	measure	of	wetness	based	on	
the	amount	of	upstream	contributing	area	and	slope	(Gessler,	Moore,	
McKenzie,	&	Ryan,	1995;	Moore,	Gessler,	Nielsen,	&	Petersen,	1993),	
a	 Heat	 Load	 Index	 variable	 depicting	 temperature	 based	 on	 aspect	
and	slope	(McCune	&	Keon,	2002),	and	a	variable	for	the	average	pre-
cipitation	accumulated	during	the	growing	season.	Finally,	we	had	no	
understory	cover	GIS	layer	available	for	the	study	areas,	so	we	used	
forest	canopy	cover	as	a	proxy	for	the	structure	of	a	forest	(Table	S1).

2.5 | Model development

We	 developed	 Random	 Forest	 (Breiman,	 2001)	 habitat	 models	 for	
the	Whiteface	Burn	and	Tripod	Burn	by	using	randomForest	 (Liaw	&	
Wiener,	2002)	and	 rfUtilities	 (Evans	&	Murphy,	2014)	packages	 in	R	
software	(Version	3.1.2,	R	Core	team	2014).	While	Resource	Selection	
Functions	may	be	 the	predominant	methodology	 for	 predicting	 and	
describing	 habitat	 use,	 a	 relatively	 new	machine-	learning	 algorithm,	
Random	Forest	 (Breiman,	 2001),	 has	 recently	 been	 applied	 to	 habi-
tat	analysis	studies	(Mochizuki	&	Murakami,	2013;	Wilsey,	Lawler,	&	
Cimprich,	2012).	Random	Forest	has	several	advantages	over	Resource	
Selection	Functions;	 it	 is	nonparametric,	and	 it	accounts	 for	 interac-
tions	 among	variables	 and	across	 scales,	 and	 the	 complex	nonlinear	
relationships	common	to	ecological	data	(Cutler	et	al.,	2007;	Evans	&	
Cushman,	 2009;	 Evans,	Murphy,	Holden,	&	Cushman,	 2011).	 In	 ad-
dition,	Random	Forest	accommodates	many	predictor	variables,	does	
not	assume	 independence	of	 samples,	 and	does	not	 require	a	priori	
hypotheses	regarding	the	direction	of	the	response	variable,	thus	al-
lowing	unexpected	interactions	to	be	discovered	(Evans	et	al.,	2011).	
Random	Forest	often	 creates	highly	predictive	 classification	and	 re-
gression	models,	but	it	is	criticized	for	offering	limited	insight	as	to	the	
mechanistic	 relationships	 between	 predictor	 and	 response	 variables	
(McCue,	McGrath,	&	Wiersma,	2013;	Murphy,	Evans,	&	Storfer,	2010).	
However,	 partial	 plots	 (graphical	 representation	 of	 the	 functional	
relationship	 between	 predictor	 and	 response	 variables)	 and	 overall	
model	significance	tests	have	increased	model	interpretability	(Evans	
&	Cushman,	 2009;	 Evans	 et	al.,	 2011;	Murphy	 et	al.,	 2010).	 Indeed,	
Random	Forest	and	other	related	machine-	learning	algorithms	often	
yield	 better	 predictions	 than	parametric	 statistical	models,	 including	
Generalized	Linear	Models	(Cutler	et	al.,	2007;	McCue	et	al.,	2013).

For	each	model,	we	compared	all	lynx-	used	points	within	the	burn	
to	an	equal	number	of	random	available	points	within	the	burn	(Evans	&	
Cushman,	2009).	We	subsampled	80%	of	the	data	using	the	R	program	
Spatial	Intensity	Weighted	Subsample	(Evans,	2015)	using	R	packages	
spatialEco	(Evans,	2015),	sp	(Bivand,	Pebesma,	&	Gomez-	Rubio,	2013;	
Pebesma	&	Bivand,	2005),	 and	 spatstat	 (Baddeley,	Rubak,	&	Turner,	
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2015)	leaving	20%	of	the	data	for	an	independent	validation.	We	ex-
plored	whether	any	one	lynx	selected	habitat	significantly	differently	
from	the	others	 in	a	general	model	of	habitat	selection	 (Vanbianchi,	
2015);	no	lynx	showed	significant	individual	variation.

We	developed	Random	Forest	models	following	methods	outlined	
in	Murphy	et	al.	(2010).	Specifically,	we	removed	growing	season	pre-
cipitation	within	a	large-		and	small-	scale	area	from	the	Whiteface	Burn	
Model	and	growing	season	precipitation	within	a	large-	scale	area	from	
the	Tripod	Burn	Model	as	they	were	identified	as	multivariate	redun-
dant	variables	and	we	tested	for	but	detected	no	highly	collinear	vari-
ables	as	identified	by	Spearman’s	rank	test	(r	>	0.8).	We	identified	the	
most	parsimonious	set	of	predictor	variables	for	each	burn	model	that	
contributed	to	overall	model	performance.	For	each	burn	model,	we	
ran	a	Random	Forest	model	using	4,000	bootstrap	samples	and	then	
calculated	a	Model	Improvement	Ratio	for	each	variable	based	on	each	
variable’s	importance	to	the	model.	Variables	with	Model	Improvement	
Ratios	above	increasingly	high	thresholds	(thresholds	range	from	0	to	
1	in	0.1	increments)	were	grouped.	The	final	group	of	variables	were	

chosen	 based	 on	 minimizing	 the	 out-	of-	bag	 error,	 the	 within-	class	
error,	and	the	number	of	variables	(Table	S2).	To	insure	that	each	fire	
model	explained	significantly	more	variation	in	the	data	than	expected	
by	random	chance,	we	assessed	significance	by	randomizing	the	used	
and	available	data	1,000	times	to	create	a	null	distribution	of	model	
accuracy	based	on	a	 random	dataset.	A	fire	model	was	significant	 if	
the	model	accuracies	were	significantly	better	than	the	random	model	
accuracy	distribution	(Murphy	et	al.,	2010).

3  | RESULTS

Only	5.7%	(789	of	13,972)	of	lynx	locations	near	the	Tripod	Burn	were	
within	burned	areas	(Figure	3).	Surprisingly,	however,	lynx	used	new	
burned	areas	regularly,	entering	them	as	early	as	1	year	postfire,	and	
were	able	to	make	the	best	of	the	burn	by	selecting	habitat	character-
istics	that	provided	cover.	The	majority	of	the	lynx	points	within	the	
burn	were	not	the	result	of	multiday	forays	but	rather	were	individual	

F IGURE  3 Lynx	locations	with	two	burned	areas	in	northcentral	Washington	(note	different	scales).	The	Tripod	Burn	study	area	was	
truncated	to	the	area	used	by	radio-	collared	lynx.	(a)	Lynx	locations	within	the	Whiteface	Burn.	(b)	Lynx	locations	within	the	Tripod	Burn.	Habitat	
types	and	lynx	locations	outside	the	burns	are	shown	in	faded	colors
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fixes	 sandwiched	 between	 locations	 in	 mature	 forest.	 Within	 the	
Tripod	Burn,	the	top	predictors	of	 lynx	 locations	were	variables	de-
scribing	burn	severity	or	distance	from	the	edge	of	the	burn	(Figure	4,	
Figure	 S1).	Within	 the	Tripod	Burn,	 lynx	 selected	 areas	 near	 to	 re-
sidual	trees	or	fire	skips,	especially	a	large	island	of	regenerating	trees	
that	resulted	from	the	1970	Forks	fire	(1,850	ha).	In	addition,	79%	of	
the	lynx	locations	within	the	Tripod	Burn	were	<1,000	m	from	the	fire	
perimeter	or	in	or	near	a	patch	of	residual	trees.	Variable	importance	
scores	show	that	lynx	avoided	areas	of	recent	high-severity	burn	and	

areas	further	than	~500	m	from	the	burn	perimeter.	At	a	broad	scale	
(0.66	km2),	 lynx	 selected	 for	 areas	 with	 fire	 skips	 and	 high	 canopy	
cover.	At	 a	 fine	 scale	 (0.008	km2),	 lynx	 selected	areas	with	 residual	
patches.	Climate,	topography,	and	forest	type	selection	patterns	were	
of	much	 less	 importance	 than	selection	explained	by	burn	variables	
(Figure	S1).

In	contrast,	lynx	selected	older	burns;	all	five	lynx	near	the	older	
1994	Whiteface	Burn	used	it,	with	11%	(765	points	of	6,772)	of	their	
locations	within	the	burn	(Figure	3).	Top	predictors	in	the	older	1994	

F IGURE  4 Lynx	selection	of	habitat	within	the	Tripod	Burn.	Probability	of	use	represents	the	effect	of	a	focal	habitat	variable	on	lynx	habitat	
selection	when	the	effect	of	all	other	habitat	variables	in	the	model	is	averaged.	Histograms	show	the	distribution	of	the	focal	habitat	variable	
throughout	the	Tripod	Burn	study	area.	The	dots	represent	the	percentage	of	lynx	points	found	within	each	histogram	category	of	the	focal	
habitat	variable.	Panels	show	lynx	use	of	(a)	new,	high-	severity	burn	at	a	broad	scale;	(b)	new,	high-	severity	burn	at	a	fine	scale;	(c)	fire	skips	at	a	
broad	scale;	(d)	fire	skips	at	a	fine	scale;	and	(e)	distance	to	the	edge	of	the	burn
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Whiteface	 Burn	Model	 described	 forest	 types	 and	 percent	 canopy	
cover,	 topographic	 setting,	 and	 microclimates,	 but	 did	 not	 include	
any	of	the	variables	describing	burn	severity	(Figure	5).	Distance	from	
perimeter	was	not	included	in	the	final	Whiteface	Burn	Model;	 lynx	
occurred	across	the	entire	area,	and	there	is	no	evidence	for	lynx	pre-
ferring	to	be	nearer	the	unburned	habitats	adjacent	to	the	burn.	The	
lack	of	an	edge	signature	in	the	Whiteface	Burn	means	lynx	were	re-
sponding	to	structure	within	the	burn,	not	to	the	perimeter.	Spruce-	
fir	and	dry	forest	were	the	most	important	broad-	scale	predictors	of	
lynx	locations.	Lynx	avoided	spruce-	fir	cover	but	selected	dry	forest	
and	areas	with	deciduous	forests	at	a	broad	scale	(Figure	5).	Habitat	
quality	 also	varied	 according	 to	microclimate	 as	 cool,	moister	 areas	

supported	 denser	 regeneration	 (Casady,	 van	 Leeuwen,	 &	 Marsh,	
2010;	Crotteau	et	al.,	2013;	Lillybridge	et	al.,	1995)	and	provided	the	
high-	cover	habitats	lynx	selected	regardless	of	forest	type.	Dry	forest	
cover	within	 a	 small-	scale	 area	was	 also	 selected	by	 lynx,	 although	
this	variable’s	importance	was	less	than	that	of	dry	forest	at	a	broad	
scale	(Figure	S1).	Similarly,	spruce-	fir	forest	was	also	avoided	within	
a	small-	scale	area	and	was	of	less	importance	than	at	a	broad	scale.	
Additional	explanatory	variables	in	the	Whiteface	Burn	were	low	heat	
load	values	found	on	shallow,	northeast-	facing	slopes	and	moist	sites	
as	depicted	by	the	Compound	Topographic	Index	(Gessler	et	al.,	1995;	
Moore	et	al.,	1993),	indicating	lynx	use	of	areas	with	more	moisture	
(Figure	6).

F IGURE  5 Lynx	selection	of	forest	types	in	the	Whiteface	Burn	study	area.	Probability	of	use	represents	the	effect	of	a	focal	habitat	variable	
on	lynx	habitat	selection	when	the	effect	of	all	other	habitat	variables	in	the	model	is	averaged.	Panels	show	lynx	selection	for	(a)	spruce-	fir	
forest	at	a	broad	scale;	(b)	spruce-	fir	forest	at	a	fine	scale;	(c)	dry	forest	at	a	broad	scale;	(d)	dry	forest	at	a	fine	scale;	and	(e)	deciduous	forest	at	a	
broad	scale
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4  | DISCUSSION

The	patterns	of	habitat	use	revealed	in	this	study	can	be	distilled	to	a	
single	overarching	theme:	Forest	structure	allows	lynx	to	use	areas	of	
new	burns	and	thrive	in	old	burns.	Useable	structure	can	be	residual	
living	trees	left	in	a	recent	burn	or	areas	of	dense	forest	regeneration	
in	an	old	burn.	While	previous	studies	have	shown	snowshoe	hares	
and	 lynx	 use	 dense	 understory	 structure	 in	 undisturbed	 forest,	 our	
results	highlight	an	even	more	critical	importance	of	forest	structure	
for	lynx	venturing	into	burned	areas.

4.1 | The new Tripod Burn

Although	our	results	confirm	the	overall	 low	probability	of	 lynx	using	
new,	high-	severity	burned	areas	(Koehler	et	al.,	2008;	Mowat	&	Slough,	
2003;	Paragi	et	al.,	1997),	our	 large	and	detailed	dataset	was	able	 to	
detect	rarer	habitat	uses	to	reveal	that	lynx	made	the	most	of	the	Tripod	
Burn	area	immediately	postfire,	which	contradicts	previous	assumptions	
that	new	burns	have	no	value	as	lynx	habitat.	Lynx	made	the	most	of	
the	Tripod	Burn	by	selecting	suitable	fire	skips	as	hunting	habitat	where	
islands	of	unburned	forest	remained	quality	hare	habitat	 (Lewis	et	al.,	
2011),	and	more	marginal	residual	cover	for	traveling	across	otherwise	
open-	burned	 areas	 (Vanbianchi,	 2015;	 Vanbianchi	 et	al.,	 unpublished	
data).	 Lynx	 primarily	 used	 residual	 forest	 structure	 in	 areas	 <550	m	

from	the	burn	perimeter,	and	one	lynx	also	regularly	used	a	large	fire	
skip	over	5	km	from	the	burn	perimeter.	Use	of	this	and	other	fire	skips	
demonstrates	the	usefulness	and	importance	of	large	patches	of	quality	
habitat	contained	within	burns	and	corroborates	previous	observations	
in	this	region	of	lynx	using	islands	of	young	trees	that	supported	snow-
shoe	hares	within	a	10-	year-	old	burn	(Lewis	et	al.,	2011).	Further	dem-
onstrating	the	importance	of	residual	cover	to	lynx	in	new	burns,	forest	
cover	types	were	not	highly	predictive	of	lynx	use	in	the	Tripod	Burn:	
Anything	that	offered	cover	was	used.	The	relative	unimportance	of	for-
est	cover	 type	within	burns	contrasts	with	mature	 forests	where	 the	
presence	of	boreal	forest	types	is	highly	predictive	of	lynx	use	(Koehler	
et	al.,	2008;	Vanbianchi,	2015;	Vanbianchi	et	al.,	unpublished	data).

4.2 | The old Whiteface Burn

Lynx	use	of	the	Whiteface	Burn	centered	around	forest	structure.	
However,	 rather	 than	 lynx	 depending	 on	 postfire	 residual	 struc-
ture	 as	 in	 the	new,	Tripod	Burn,	 the	20-	year-	old	Whiteface	Burn,	
had	 largely	 regenerated	 enough	 that	 lynx	were	 able	 to	 use	 areas	
of	dense	regeneration	in	addition	to	fire	skips.	Indeed,	results	from	
additional	habitat	models	revealed	that	much	of	the	Whiteface	Burn	
provided	high-	quality	core	lynx	habitat,	although	habitat	quality	var-
ied	and	not	all	areas	supported	core	lynx	habitat	(Vanbianchi,	2015;	
Vanbianchi	et	al.,	unpublished	data).

F IGURE  6 Lynx	selection	of	climate	in	the	Whiteface	Burn	study	area.	Probability	of	use	represents	the	effect	of	a	focal	habitat	variable	
on	lynx	habitat	selection	when	the	effect	of	all	other	habitat	variables	in	the	model	is	averaged.	Panels	show	lynx	selection	for	(a)	average	heat	
load	at	a	broad	scale;	(b)	average	heat	load	at	a	fine	scale;	(c)	average	cumulative	topographic	index	at	a	broad	scale;	and	(d)	average	cumulative	
topographic	index	at	a	fine	scale
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Lynx	 in	 the	Whiteface	Burn	favored	areas	where	cool	and	moist	
growing	conditions	supported	thick	understory	cover.	Similar	to	habi-
tat	selection	in	the	Tripod	Burn,	the	importance	of	dense	forest	cover	
outweighed	 the	 importance	 to	 lynx	of	 boreal	 forest	 types	 in	 undis-
turbed	forests:	 lynx	in	the	Whiteface	Burn	selected	for	the	normally	
avoided	dry	forest	and	against	spruce-	fir	forests.	A	field	examination	of	
the	Whiteface	Burn	explained	this	interesting	switch	in	lynx-	selected	
forest	type.	At	the	northern	end	of	the	Whiteface	Burn,	sub-	boreal	cli-
mate	conditions	support	the	regeneration	of	spruce-	fir	forests,	while	
at	the	southern,	lower-	elevation	end	of	the	Whiteface	Burn,	dry	forest	
regeneration	is	common.	Spruce-	fir	regeneration	at	the	northern	end	
of	 the	 burn	 is	 short	 and	 sparse,	 and	 sub-	boreal	 forest	 regeneration	
in	the	Whiteface	Burn	thus	provides	 little	cover	for	snowshoe	hares	
and	lynx.	In	contrast,	at	the	southern	end	of	the	burn	and	especially	
in	draws,	large	amounts	of	willow	(Salix	spp.)	and	alder	(Alnus	spp.)	are	
mixed	with	Douglas	fir	and	ponderosa	pine	trees	in	the	regenerating	
dry	forests.	The	densely	growing	deciduous	species	provide	thick	un-
derstory	cover	for	snowshoe	hare	and	lynx,	which	matches	findings	by	
Mowat	and	Slough	(2003)	that	lynx	and	snowshoe	hares	in	the	Yukon	
selected	dense	willow	patches.	By	selecting	the	dry	forests	lynx	usu-
ally	avoid	(Maletzke	et	al.,	2008;	Vanbianchi,	2015;	Vanbianchi	et	al.,	
unpublished	data),	lynx	in	the	Whiteface	Burn	demonstrated	the	im-
portance	of	thick	understory	structure	over	forest	type	for	lynx	habi-
tat,	confirming	prior	research	(Mowat	&	Slough,	2003).

Our	 results	 clearly	demonstrate	 that	 residual	 forest	 cover,	espe-
cially	fire	skips,	allow	lynx	to	use	new	burns	and	that	as	burns	regener-
ate,	microclimates	conducive	to	growing	dense	cover	create	rich	lynx	
habitat.	However,	as	climate	change	progresses	and	summers	 in	the	
boreal	 region	 become	 drier	 and	warmer,	 the	wildfire	 season	 is	 pre-
dicted	 to	become	even	 longer	 and	more	 severe	 (Balshi	 et	al.,	 2009;	
Fauria	&	Johnson,	2007;	Littell	et	al.,	2010),	with	more	frequent	fires	
burning	 larger	 areas	 at	 higher	 severity	 (Hessburg	 et	al.,	 2015).	 Not	
only	will	 this	ongoing	regime	shift	cause	more	 lynx	habitat	to	revert	
to	 the	 open	 stand-	initiation	 stages	 (O’Hara,	 Latham,	 Hessburg,	 &	
Smith,	1996)	that	snowshoe	hares	and	lynx	generally	avoid,	but	also	
higher	severity	burns	may	homogenize	areas	within	a	burn	perimeter	
so	that	the	residual	trees	and	fire	skips	lynx	select	are	less	abundant	
(Cansler	&	McKenzie,	2014).	Additionally,	climate	change	may	also	de-
grade	regenerating	lynx	habitat	in	burns	as	warmer	and	drier	summers	
will	likely	hinder	the	regeneration	of	dense	forest	stands	(Littell	et	al.,	
2010).

The	 finding	 that	 lynx	 are	 able	 to	 use	 areas	 of	 new	burns	 offers	
hope	to	lynx	in	increasingly	burned	landscapes	and	corroborates	a	re-
cent	 study	 that	 indicates	 lynx	occupancy	 is	 affected	by	habitat	 loss	
but	not	by	habitat	fragmentation	on	a	landscape	scale	(Hornseth	et	al.,	
2014).	These	 authors	 suggest	 that	 in	 central	Ontario,	 lynx	 adapted	
their	habitat	selection	patterns	so	that	fragmentation	of	quality	 lynx	
habitat	did	not	affect	lynx	occurrence;	lynx	were	able	to	adapt	to	local	
habitat	conditions	and	use	small	patches	of	resources,	thus	surviving	
in	fragmented	landscapes	(Hornseth	et	al.,	2014).	However,	a	tipping	
point	must	exist	in	burned	landscapes	past	which	the	amount	of	use-
able	 fire	 residuals	 does	 not	 compensate	 for	 the	 amount	 of	 habitat	
lost	to	new,	high-	intensity	burned	areas	and	lynx	populations	suffer.	

Discovering	where	this	tipping	point	exists	 is	an	area	for	further	ex-
ploration.	 Furthermore,	while	 lynx	 have	 the	 ability	 to	 occupy	 home	
ranges	and	a	broader	landscape	fragmented	by	disturbances,	how	dif-
ferent	habitats	and	habitat	configurations	affect	population	dynamics	
is	unknown	for	lynx	in	Washington.	Indeed,	a	recent	study	in	Montana	
found	that	reproductive	success	was	highest	for	female	lynx	living	in	
home	ranges	with	more	continuous	high-	quality	habitat	 (Kosterman,	
2014).	Additionally,	snowshoe	hares	in	the	North	Cascades	are	sensi-
tive	to	matrix	habitat	types	and	hare	densities	are	highest	in	contin-
uous	habitat	or	in	habitat	patches	surrounded	by	matrix	habitat	more	
similar	to	core	forest	habitats	(Lewis	et	al.,	2011).	Using	a	spectrum	of	
habitat	types	may	allow	lynx	to	exist	in	the	North	Cascades,	but	ques-
tions	remain	regarding	how	lynx	population	dynamics	are	affected	by	
more	 frequent	wildfires,	 and	a	prey	 species	 that	 is	 also	 sensitive	 to	
more	open	habitats.	As	 climate	 change	 increases	 the	amount	of	 re-
cently	burned	areas	in	boreal	landscapes,	discovering	how	lynx	popu-
lation	dynamics	are	affected	by	wildfires	becomes	urgent.

4.3 | Implications for forest predators and fire  
management

In	 terms	 of	 conservation	 of	 forest	 carnivores,	 our	 findings	 offer	 a	
mixed	 message.	 First,	 lynx	 use	 burned	 landscapes	 more	 often	 and	
more	 rapidly	 postfire	 than	 previously	 thought,	 which	 offers	 some	
hope	that	lynx	and	potentially	other	forest	carnivores	are	resilient	to	
large	disturbances	(see	also	Fisher	&	Wilkinson,	2005).	In	contrast,	if	
fire	regimes	do	shift	such	that	landscapes	are	more	frequently	burned	
by	severe	fires	than	in	the	past,	leading	to	high	proportions	of	land-
scapes	 in	 early-	seral	 conditions,	 there	 may	 be	 inadequate	 mature	
forest,	 postfire	 residuals,	 or	 regrowth	 to	 sustain	 predators	 in	 these	
heavily	burned	landscapes.	Although	we	have	focused	on	the	highly	
vulnerable	Washington	lynx	population,	which	is	thought	to	number	
<100	 individuals	 (Lewis,	 2016),	 we	 note	 that	 regime	 shifts	 in	 fires	
are	 also	 likely	 affecting	 lynx	 and	 other	 predators	 within	 Montana,	
Wyoming,	and	Colorado.	We	suspect	other	forest	predators	likewise	
depend	 on	 postfire	 heterogeneity	 in	 order	 to	 make	 use	 of	 burned	
landscapes,	 although	 research	on	predators	and	 fire	 is	quite	 limited	
(Fisher	&	Wilkinson,	2005).

Current	forest	and	fire	management	involves	many	practices	that	
may	be	damaging	the	ability	of	predators	to	use	postfire	landscapes.	
Areas	disturbed	by	wildfires	are	not	uniform.	Instead,	wildfires	create	
a	diversity	of	habitat	conditions	that	depend	upon	burn	severity	and	
microclimates	 that	 influence	 forest	 regeneration	 rates	 and	patterns.	
In	turn,	lynx	respond	to	burned	areas	with	habitat	selection	patterns	
that	are	more	nuanced	than	previously	described	patterns	for	lynx	in	
harvested	areas	(Simons-	Legaard,	Harrison,	Krohn,	&	Vashon,	2013).	
The	 heterogeneous	 habitats	 created	 by	wildfires	 are	 in	 contrast	 to	
disturbed	habitats	 created	by	 timber	harvest	which,	 even	when	de-
signed	to	emulate	a	fire	disturbance,	create	more	uniform	patterns	of	
disturbance	with	less	edge	area	and	fewer	standing	live	trees	left	after	
harvest	 (McRae,	 Duchesne,	 Freedman,	 Lynham,	 &	Woodley,	 2001).	
Regeneration	patterns	between	burned	areas	and	harvested	areas	also	
differ	as	residual	trees	and	coarse	woody	debris	left	postfire	can	seed	



     |  11VANBIANCHI et Al.

and	protect	young	seedlings	 (Brassard	&	Chen,	2006).	Furthermore,	
cycles	of	harvest	are	often	shorter	 than	burn	cycles	and	occur	over	
smaller	 areas	 (McRae	 et	al.,	 2001).	 Lynx	 and	 snowshoe	 hares	 avoid	
harvest	conditions	that	eliminate	understory	cover,	such	as	thins	and	
new	clear-	cuts,	but	are	benefitted	by	old	clear-	cuts	that	promote	thick	
forest	regeneration	(Simons-	Legaard	et	al.,	2013;	Squires	et	al.,	2010).	
In	 contrast	 to	 this	 relatively	 simple	 and	more	 predictable	 response,	
the	heterogeneous	habitat	created	by	burns	provides	lynx	with	more	
varied	habitats	to	suit	their	survival	needs	than	areas	disturbed	by	tim-
ber	harvest,	especially	in	new	burns	where	fire	skips	and	low-	severity	
burns	create	cover	for	lynx.

Treatments	 such	 as	 burn-	out	 operations	 of	 dead	 fuels	 and	 fire	
skips	to	avoid	new	spot	fires	during	a	fire	or	postfire	salvage	logging	
reduce	 habitat	 quality,	with	 road	 building,	 soil	 compaction,	 and	 re-
moval	of	residual	living	and	dead	tree	biomass	(Lindenmayer,	Burton,	
&	 Franklin,	 2008;	 Peterson	 et	al.,	 2009).	 Salvage	 logging	 slows	 and	
alters	tree	regeneration	in	the	immediate	years	postfire,	as	well	as	re-
moving	existing	vegetation	that	might	act	as	habitat	or	cover	for	some	
species	(Boucher,	Gauthier,	Noel,	Greene,	&	Bergeron,	2014;	Donato	
et	al.,	2006).	Because	fire	skips	are	important	habitat	constituents	for	
lynx	after	fires,	lynx	conservation	would	be	aided	by	preventing	burn-	
outs,	 reducing	postfire	 salvage	 logging,	and	ensuring	 that	 trees	 that	
survived	 the	 fire	 are	 protected.	 For	 example,	Colorado	may	 salvage	
log	thousands	of	square	kilometers	of	beetle-	killed	forest	in	an	effort	
to	reduce	fuels	and	alter	fire	sizes	and	severity	(USDA	2015),	but	the	
salvage	itself	may	damage	lynx	habitat	if	residual	trees	are	eliminated.

We	 therefore	 agree	with	 recent	 advances	 in	 fire	 and	 landscape	
ecology:	Forest	management	needs	to	change	before	fire,	during	fire-
fighting,	and	after	fires,	if	we	are	to	sustain	forest	mosaics	that	contain	
appropriate	amounts	and	configurations	of	different	stand	types	that	
predators	and	their	prey	can	use	 (Hessburg	et	al.,	2015;	Perry	et	al.,	
2011).	 Prefire,	 management	 tools	 include	 fuels	 reductions,	 harvest,	
and	prescribed	fires,	all	as	ways	to	affect	where	large	wild	fires	might	
burn.	Managers	could	prescribe	burns	and	craft	timber	harvest	units	
that	would	act	as	natural	 fire	breaks	to	decrease	the	spread	and	 in-
tensity	 of	 increasingly	 severe	 fires,	 thus	 preserving	 heterogeneous	
burn	patterns	that	provide	cover	for	predators.	Similarly,	forest	man-
agement	that	promotes	cooler,	 less	severe	fires	may	lead	to	a	faster	
postfire	return	of	suitable	habitat	conditions	for	hares	and	lynx.	During	
fires,	firefighting	decisions	about	where	to	deploy	defenses	will	 like-
wise	affect	the	size,	shape,	and	severity	of	each	fire.	Postfire,	salvage	
logging	is	an	additive	disturbance	that	may	be	a	direct	threat	to	carni-
vore	conservation	if	it	removes	residual	structures	the	animals	could	
otherwise	use	 to	access	 recent	burns	and	hinders	 regeneration.	We	
suggest	that	landscape-	scale	planning	that	affects	the	distribution	of	
fire	sizes	and	severities	will	be	essential	to	ensure	predators	remain	on	
these	increasingly	fire-	disturbed	landscapes.
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Abstract
A	fundamental	problem	in	ecology	is	forecasting	how	species	will	react	to	major	dis-
turbances.	As	 the	climate	warms,	 large,	 frequent,	and	severe	 fires	are	 restructuring	
forested	landscapes	at	large	spatial	scales,	with	unknown	impacts	on	imperilled	preda-
tors.	We	use	the	United	States	federally	Threatened	Canada	lynx	as	a	case	study	to	
examine	how	predators	navigate	recent	large	burns,	with	particular	focus	on	habitat	
features	and	the	spatial	configuration	(e.g.,	distance	to	edge)	that	enabled	lynx	use	of	
these	transformed	landscapes.	We	coupled	GPS	location	data	of	lynx	in	Washington	in	
an	area	with	several	recent	large	fires	and	a	number	of	GIS	layers	of	habitat	data	to	
develop	models	of	lynx	habitat	selection	in	recent	burns.	Random	Forest	habitat	mod-
els	showed	lynx-	selected	islands	of	forest	skipped	by	large	fires,	residual	vegetation,	
and	areas	where	some	trees	survived	to	use	newly	burned	areas.	Lynx	used	burned	
areas	as	early	as	1	year	postfire,	which	is	much	earlier	than	the	2–4	decades	postfire	
previously	thought	for	this	predator.	These	findings	are	encouraging	for	predator	per-
sistence	in	the	face	of	fires,	but	increasingly	severe	fires	or	management	that	reduces	
postfire	residual	trees	or	slow	regeneration	will	likely	jeopardize	lynx	and	other	preda-
tors.	Fire	management	should	change	to	ensure	heterogeneity	is	retained	within	the	
footprint	of	large	fires	to	enable	viable	predator	populations	as	fire	regimes	worsen	
with	climate	change.

K E Y W O R D S

Canada	lynx,	fire	regime,	habitat	use,	Lynx canadensis,	North	Cascade	Mountains,	predators,	
Random	Forest	models,	Washington,	wildfire

1  | INTRODUCTION

Climate	change	is	inducing	hotter,	drier,	and	longer	summers	in	North	
America.	Consequently,	hotter,	 larger,	and	more	severe	wildfires	are	
burning	(Balshi	et	al.,	2009;	Fauria	&	Johnson,	2007;	Littell	et	al.,	2010;	
Westerling,	 Hidalgo,	 Cayan,	 &	 Swetnem,	 2006),	 and	 in	 2015,	 the	
United	States	saw	a	record-	setting	4.1	million	ha	consumed	(National	
Interagency	Fire	Center	2016).	Fire	suppression	efforts	also	increased	
in	2014	and	2015;	over	$3.5	billion	USD	were	spent	on	firefighting	ef-
forts	(National	Interagency	Fire	Center	2016).	Boreal	forests	account	

for	more	than	one-	third	of	global	forest	covering	much	of	the	circum-
polar	north,	making	an	increase	in	the	boreal	fire	regime	significant	not	
only	for	the	economy	(National	Interagency	Fire	Center	2016)	but	for	
ecosystem	services	such	as	carbon	storage	(Brassard	&	Chen,	2006;	
Goldammer	 &	 Furyaev,	 1996)	 and	 for	 wildlife	 habitat	 (Appenzeller,	
2015).

Boreal	forests	are	characterized	by	dramatic	and	frequent	distur-
bances	that	create	a	continually	shifting	mosaic	of	successional	stages	
across	the	landscape	(Agee,	2000;	Perera	&	Buse,	2014),	and	the	most	
important	boreal	and	sub-	boreal	forest	disturbance	is	wildfire	(Agee,	
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2000).	Wildfires	burn	millions	of	hectares	per	year	in	the	boreal	forest,	
often	over	large	areas	and	at	intensities	that	initiate	stand	replacement	
(Perera	 &	 Buse,	 2014).	 These	 dramatic	 fires	 drive	 the	 boreal	 land-
scape’s	heterogeneity	of	forest	age	structure	and	species	assemblages.

Boreal	fires	create	heterogeneity	both	at	the	landscape	level	and	
within	a	single	burn	perimeter	as	fire	behavior	varies	greatly	according	
to	weather,	microclimate,	fuels,	and	topography	(Cansler	&	McKenzie,	
2014;	Perera	&	Buse,	2014)	 (Figure	1).	As	a	 result,	 some	areas	burn	
at	a	high	intensity,	consuming	forest	canopies	and	leaving	only	burnt	
snags	 behind,	while	 other	 areas	 burn	 at	 a	 lower	 intensity	 such	 that	
the	understory	burns	but	many	trees	survive	(Brassard	&	Chen,	2006;	
Perera	&	Buse,	2014).	Fire	skips,	areas	within	a	burn	perimeter	 that	
do	not	burn	at	all,	leave	the	original	forest	structure	and	species	com-
position	intact	(Perera	&	Buse,	2014).	Consequently,	the	composition	
of	 the	 residual	vegetation	and	structural	 features	 such	as	 live	 trees,	
snags,	and	downed	logs	fluctuates	across	a	burn.

In	turn,	forest	regeneration	patterns	vary,	influenced	by	the	pres-
ence	or	absence	of	residual	vegetative	reproductive	structures	such	as	
coniferous	seeds	released	from	serotinous	cones,	underground	suck-
ers,	or	wind-	blown	seeds	from	fire	skips	and	burn	edges	(Brassard	&	
Chen,	2006;	Perera	&	Buse,	2014).	Residual	snags	and	logs	also	affect	
regrowth	as	they	provide	substrate,	shade,	and	physical	protection	for	
young	seedlings	 (Brassard	&	Chen,	2006).	Finally,	site-	specific	varia-
tions	 in	 soils,	 climate,	 and	 topography	 also	 affect	 regeneration	 pat-
terns	 and,	 combined	with	varying	 residual	 vegetation	 compositions,	
result	 in	 a	 heterogeneous	 landscape	 within	 a	 single	 fire	 perimeter	
(Bonnet,	Schoettle,	&	Shepperd,	2005;	Brand,	1991;	Crotteau,	Varner,	
&	Ritchie,	2013;	Franklin	&	Dyrness,	1973;	Irvine,	Hibbs,	&	Shatford,	
2009;	 Perera	 &	 Buse,	 2014;	 Turner,	 Romme,	 Gardner,	 &	 Hargrove,	
1997).

With	 the	 onset	 of	 climate	 change,	 more	 frequent,	 larger,	 and	
more	severe	fires	will	increase	the	amount	of	forest	in	an	open	stand-	
initiation	 stage	 (Balshi	 et	al.,	 2009;	 Fauria	 &	 Johnson,	 2007;	 Littell	
et	al.,	2010;	Soja	et	al.,	2007;	Westerling	et	al.,	2006)	and	change	the	
composition	and	spatial	patterns	of	residual	vegetation,	potentially	ho-
mogenizing	the	landscape	within	a	fire	perimeter	(Cansler	&	McKenzie,	
2014).	Warmer	and	drier	summers	could	also	change	forest	regenera-
tion	patterns	following	a	fire	by	limiting	the	establishment	and	growth	
of	plant	species	dependent	on	moist	conditions	(Littell	et	al.,	2010).

A	change	in	fire	regime	and	regeneration	patterns	will	likely	affect	
the	wildlife	 of	 boreal	 forests.	Historically,	 as	 succession	 progresses,	
plant	 communities	 change	 in	 composition	 and	 structure,	 and	 ani-
mal	communities	shift	 in	response	to	the	changing	habitat	 (Fisher	&	
Wilkinson,	2005;	Fox,	1983).	For	example,	the	snowshoe	hare	(Lepus 
americanus)	 is	an	important	boreal	prey	species	whose	presence	can	
be	predicted	based	on	a	forest	stand’s	developmental	stage.	Hares	de-
pend	on	high	stem	density	forests	to	provide	browse	and	cover,	a	fea-
ture	primarily	found	in	young	stands	and	in	old-	growth	forests	where	
canopy	 gaps	 promote	 a	 multilayered	 structure	 (Hodges,	 2000a,b;	
Hodson,	Fortin,	&	Belanger,	2011).	Unfortunately,	although	responses	
of	animals	to	fire	are	documented	for	some	small	mammals	and	birds,	
substantial	 information	gaps	exist	regarding	responses	of	larger	prey	
species	and	carnivores	to	fire	(Fisher	&	Wilkinson,	2005).	This	lack	of	
information	 hinders	 both	 current	 conservation	 and	management	 of	
boreal	forest	carnivores	and	the	ability	to	adapt	conservation	strate-
gies	as	fire	regimes	shift	under	climate	change.

One	such	carnivore	is	the	Canada	lynx	(Lynx canadensis),	an	iconic	
boreal	 forest	 species	 that	 depends	 on	 the	 snowshoe	 hare	 for	 prey	
and	is	thus	closely	linked	to	forest	structure.	Studies	of	lynx	in	Alaska,	
Canada,	and	to	a	 lesser	extent	 in	the	sub-	boreal	regions	of	the	con-
tiguous	US	document	general	trends	in	lynx	response	to	fire,	but	lack	
detailed	information	that	could	be	used	to	improve	lynx	management	
and	conservation	(Koehler,	1990;	Paragi,	Johnson,	Katnik,	&	Magoun,	
1997;	Staples,	1995).	These	studies	describe	lynx	as	selecting	against	
recent	burns	in	the	open	stage	where	shrubs	and	trees	have	not	grown	
tall	enough	to	provide	cover	and	browse	for	snowshoe	hares,	espe-
cially	during	the	winter	when	snow	covers	low	understory	structure,	
but	have	not	probed	in	detail	what	habitat	features	lynx	use	when	they	
are	within	a	recent	burn	scar	(Hodson	et	al.,	2011;	von	Kienast,	2003;	
Koehler	 et	al.,	 2008;	 Maletzke,	 Koehler,	 Wielgus,	 Aubry,	 &	 Evans,	
2008).	Recent,	more	detailed	studies	in	sub-	boreal	forests	of	the	west-
ern	US	document	high	hare	densities	in	regenerating	stands	with	high	
sapling	densities	within	0-	2	decades	postfire	(Cheng,	Hodges,	&	Mills,	
2015;	Hodges,	Mills,	&	Murphy,	2009),	raising	the	question	of	whether	
lynx	also	use	burns	more	quickly	after	 fire	 than	previously	detected	
with	limited	datasets.

As	forest	regeneration	progresses,	burns	in	an	early-	stand	devel-
opment	 stage	 (2–4	 decades	 postfire)	 are	 often	 composed	 of	 dense	
regenerating	deciduous	shrubs	and	conifer	trees	that	provide	quality	
snowshoe	hare	habitat	and	thus	quality	lynx	habitat	(Hodges,	2000b;	
Mowat	&	Slough,	2003;	Paragi	et	al.,	1997;	Stephenson,	1984).	Stands	
regenerating	postfire	that	move	into	a	late-	stand	development	stage,	
where	a	closed	canopy	 inhibits	understory	growth	and	self-	thinning	

F IGURE  1 A	postfire	mosaic	within	the	Tripod	Burn	in	
northcentral	Washington,	USA.	The	fire	burned	in	2006;	this	picture	
was	taken	in	August	2016	(the	radio-	collared	lynx	were	on	air	from	
2007	to	2013).	Within	the	burn	scar,	there	are	wet	meadows,	dry	
meadows,	fire	skips	where	trees	were	not	burned,	dead	trees,	and	
areas	with	scattered	to	dense	patches	of	young	trees	regrowing	after	
the	fire.	Lynx	are	more	likely	to	use	areas	with	denser	cover,	whether	
the	cover	is	derived	from	residual	unburned	material	or	areas	with	
dense	regeneration	of	trees	or	shrubs.	Photograph	copyright	Karen	
E.	Hodges
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eliminates	branches	in	the	understory,	do	not	provide	good	snowshoe	
hare	and	lynx	habitat	(Hodson	et	al.,	2011;	Koehler,	1990;	Paragi	et	al.,	
1997).	Forests	in	this	late-	stand	development	stage	may	not	provide	
understory	conditions	preferred	by	snowshoe	hares	and	 lynx	until	a	
disturbance	resets	forest	succession	by	returning	the	area	to	the	early-	
stand	development	stage	or	until	the	forest	matures	into	old	growth	
so	that	canopy	gaps	form,	encouraging	shrub	growth,	and	tree	boughs	
provide	understory	cover	(Hodson	et	al.,	2011;	Maletzke	et	al.,	2008;	
Squires,	Decesare,	Kolbe,	&	Ruggiero,	2010).	However,	beyond	these	
general	 descriptions	 of	 lynx	 response	 to	 fire,	 little	 detail	 is	 known	
about	how	lynx	respond	to	different	burn	severities,	to	the	heteroge-
neity	of	regeneration	in	a	burned	area,	or	to	the	spatial	configuration	
of	a	burned	area.

Here,	we	use	Canada	lynx	as	a	case	study	for	examining	whether	
and	how	predators	use	recently	burned	areas.	In	addition	to	intrinsic	
interest	and	legal	requirements	for	protecting	this	species,	lynx	typify	
forest	predators	because	they	use	a	range	of	habitats	and	are	highly	
mobile	with	records	of	dispersing	lynx	moving	up	to	1,100	km	(Mowat,	
Poole,	&	O’Donoghue,	2000).	Canada	lynx	in	the	contiguous	US	occur	
at	 the	 southern	 edge	 of	 lynx	 range	 in	 low-	density	 populations	 and	
have	been	federally	listed	as	Threatened	since	2000	(USFWS	2000),	
but	a	Recovery	Plan	is	still	lacking.

Within	Washington	State,	the	North	Cascade	Mountains	are	des-
ignated	as	critical	lynx	habitat	(USFWS	2014)	and	support	one	of	the	
few	remaining	lynx	populations	in	the	contiguous	US	and	the	only	res-
ident	breeding	population	 in	Washington	 (Stinson,	2001).	According	
to	a	2008	population	model	of	Washington	 lynx	habitat	by	Koehler	
et	al.	 (2008),	 the	 state	 provided	 habitat	 for	 an	 estimated	 87	 lynx.	
Washington	 lynx	use	home	ranges	that	average	88	km2	 (Vanbianchi,	
2015)	 and	 select	 sub-	boreal	 forest	 types	on	moderate	 slopes	 at	 el-
evations	between	1,200	and	2,000	m	 (Koehler,	1990;	Koehler	et	al.,	
2008;	McKelvey,	Ortega,	Koehler,	Aubry,	&	Brittell,	2000).	Specifically,	
lynx	 in	 the	North	Cascades	 select	old-	growth	multilayer	Engelmann	
spruce	 (Picea engelmannii)–subalpine	 fir	 (Abies lasiocarpa)	 forest	 (the	
climax	sere	of	 the	Abies lasiocarpa	Zone;	Franklin	&	Dyrness,	1973),	
where	 canopy	 openings	 encourage	 dense	 understory	 growth	 and	
low-	reaching	boughs	create	additional	horizontal	cover	and	forage	for	
snowshoe	hares	(Hodges,	2000b;	Koehler	et	al.,	2008;	Lewis,	Hodges,	
Koehler,	&	Mills,	2011).	Lynx	also	select	young	lodgepole	pine	(Pinus 
contorta)	forest	(often	present	as	an	early-	seral	stage	of	the	Abies la-
siocarpa	Zone;	Franklin	&	Dyrness,	1973),	where	high	stem	densities	
support	snowshoe	hares	(Koehler,	1990;	McKelvey	et	al.,	2000).

The	North	Cascades	region	has	experienced	a	dramatic	 increase	
in	wildfires	over	 the	 last	30	years	 (National	 Interagency	Fire	Center	
2016).	 In	1994,	 two	 fires	of	1,554	ha	and	3,686	ha	were	 large	 rela-
tive	 to	previous	decades.	Then,	 in	2003	 and	2006,	 one	 fire	 burned	
8,620	ha,	 and	 three	 fires	 burned	 >20,000	ha	 each	 (Figure	2).	These	
fires	 have	 raised	 serious	 concerns	 about	 whether	 lynx	 populations	
will	 remain	viable	within	 the	 state;	 the	 state	has	uplisted	 lynx	 from	
Threatened	 to	 Endangered	 (Interagency	 Lynx	 Biology	 Team	 2013;	
Lewis,	2016).

We	 examine	 (1)	 lynx	 use	 of	 burned	 areas	 1–6	years	 and	
17–19	years	postfire	in	Washington	and	(2)	what	habitat	features	lynx	

selected	within	burned	sites.	We	present	results	from	14	radio-	collared	
lynx	 (monitored	 2007–2013)	 from	 the	 eastern	 slope	 of	 the	 North	
Cascades.	In	2006,	the	large	Tripod	fire	burned	most	of	the	prime	lynx	
habitat	in	the	state	(Koehler	et	al.,	2008;	Stinson,	2001).	We	examine	
how	lynx	used	the	Tripod	Burn	and	the	1994	Whiteface	Burn.	Because	
lynx	 behavior	 postfire	 is	 so	 poorly	 known,	we	used	Random	Forest	
models	to	determine	which	habitats	lynx	selected	in	this	landscape,	as	
this	approach	enables	detection	of	unexpected	patterns.	We	used	lynx	
locations	and	spatial	data	 (forest	cover,	 topographic	setting,	climate,	
and	burn	history)	as	potential	driving	variables	(Vanbianchi,	2015).

2  | METHODS

2.1 | Study area

Our	two	study	areas,	the	Whiteface	and	Tripod	Burn	study	areas,	are	
on	the	Eastern	slope	of	the	North	Cascade	Mountains	in	Washington	
and	 fall	 within	 the	 Okanogan-	Wenatchee	 Lynx	 Management	 Zone	
designated	 by	 the	Washington	 State	 Lynx	 Recovery	 Plan	 (Stinson,	
2001).	 The	 Whiteface	 Burn	 covers	 1,554	ha	 in	 the	 Okanogan-	
Wenatchee	National	Forest,	Washington.	Approximately	15	km	east	
of	the	Whiteface	Burn	study	area,	the	70,644	ha	Tripod	Burn	occurs	
within	both	the	Loomis	State	Forest	and	the	Okanogan-	Wenatchee	
National	Forest	(Figure	2).	To	match	data	from	14	radio-	collared	lynx,	
we	examined	only	the	eastern	portion	of	the	Tripod	Burn,	a	46,800	ha	
area	that	includes	the	1994	Thunder	Mountain	Burn	(3,686	ha).

Cold,	 snowy	 winters	 and	 mild	 summers	 characterize	 the	 study	
areas,	 with	 average	 monthly	 temperatures	 in	 nearby	 Mazama,	
Washington	 (elevation:	 664	m),	 ranging	 between	 −10°C	 and	 23°C,	
with	an	average	annual	snowfall	of	305	cm	(Western	Regional	Climate	
Center,	 http://www.wrcc.dri.edu/,	 accessed	 June	 20,	 2014).	 Forest	
types	 range	 from	 sub-	boreal	 forests	 in	 high-	elevation	 areas	 and	
cool,	mid-	elevation	pockets	and	aspects,	to	low-	elevation	dry	forests	
(Lillybridge,	Kovalchik,	Williams,	&	Smith,	1995).	The	sub-	boreal	for-
est	 consists	 of	 Engelmann	 spruce–subalpine	 fir	 forest	 or	 lodgepole	
pine	 forests.	On	warmer	mid-	elevation	 sites,	 “mixed	 forests”	 transi-
tion	from	sub-	boreal	types	into	a	drier	forest	dominated	by	Douglas	fir	
(Pseudotsuga menziesii),	while	lower	elevations	are	dominated	by	“dry	
forests”	of	Douglas	fir–ponderosa	pine	(Pinus ponderosa).

The	Whiteface	Burn	ranges	from	1,280		m	elevation	at	its	southern	
end	to	2,222	m	at	the	northern	end,	with	an	average	of	1,650	m	and	
80%	of	its	area	above	1,500	m.	Dry,	mixed,	and	deciduous	forest	types	
cover	55%	of	the	forested	areas	within	the	burn,	largely	at	lower	eleva-
tions.	Sub-	boreal	forest	types	exist	at	higher	elevations	and	comprise	
45%	of	the	regenerating	and	residual	 forest.	 In	the	Whiteface	Burn,	
82%	of	 the	fire	burned	at	a	high	severity	 (>50%	canopy	cover	 loss),	
while	10%	burned	at	 low	severity	 (<50%	canopy	cover	 loss)	and	8%	
of	the	area	within	the	burn	perimeter	did	not	burn	(Vanbianchi,	2015;	
Vanbianchi,	Gaines,	Murphy,	Pither,	&	Hodges,	unpublished	data).

The	Tripod	 Burn	 study	 area	 is	 higher	 than	 the	Whiteface	 Burn,	
ranging	from	855	m	to	2,390	m	with	93%	of	its	area	above	1,500	m.	
In	contrast	to	the	Whiteface	Burn,	the	Tripod	Burn	study	area	has	a	
large	sub-	boreal	forest	component	with	88%	of	the	regenerating	and	

http://www.wrcc.dri.edu/
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residual	forest	type	in	this	category.	The	Tripod	Burn	study	area	also	
has	more	 lodgepole	pine	 forest,	which	comprises	35%	of	 the	 forest	
within	 the	 regenerating	 and	 residual	 forest	 category.	 In	 the	 Tripod	
Burn,	63%	of	the	area	burned	at	high	severity	and	8%	burned	at	low	
severity.	 The	 Tripod	 fire	 nearly	 surrounded	 but	 did	 not	 reburn	 the	
1994	Thunder	Mountain	Burn	 (3,686	ha),	 so	8%	of	 the	Tripod	Burn	
study	area	 is	classified	as	an	old	(1985-	1997)	burn.	Fire	skips	 in	the	
Tripod	Burn	study	area	make	up	21%	of	the	burn	and	include	a	1,850-	
ha	 island	 of	 forest	 that	 has	 not	 burned	 since	 the	 1970	 Forks	 Fire	
(Vanbianchi,	2015;	Vanbianchi	et	al.,	unpublished	data).

2.2 | Lynx data

Lynx	 data	 were	 provided	 to	 us	 courtesy	 of	 the	 Washington	
Department	of	Fish	and	Wildlife.	Lynx	were	trapped	and	fitted	with	
global	 positioning	 system	 (GPS)	 telemetry	 collars	 in	 the	 Okanogan	
-	Wenatchee	 National	 Forest	 and	 the	 Loomis	 State	 Forest	 from	
January	2007	 to	April	2012.	Trapping	 took	place	during	 the	winter	

using	 box	 traps	 (Kolbe,	 Squires,	 &	 Parker,	 2003)	 as	 a	 collaboration	
among	the	Washington	Department	of	Fish	and	Wildlife,	Washington	
Department	 of	Natural	 Resources,	U.S.	 Forest	 Service,	U.S.	 Bureau	
of	Land	Management,	and	the	U.S.	Fish	and	Wildlife	Service	 (ethics	
clearances	and	all	necessary	permitting	were	handled	by	these	agen-
cies).	The	collars	were	programmed	to	record	GPS	locations	every	4	hr	
for	1	year,	except	for	one	collar	programmed	to	record	GPS	locations	
every	six	hours.	We	used	data	from	14	adult	lynx	(three	females	and	
11	males).	Lynx	were	on	air	for	varying	durations,	and	the	average	fix	
rate	was	72%;	we	also	omitted	data	from	dispersing	or	wandering	lynx	
that	left	the	study	area.	The	average	straight-	line	distance	travelled	by	
a	lynx	in	the	four-	hour	period	between	GPS	fix	attempts	was	766	m	
(Vanbianchi,	2015;	Vanbianchi	et	al.,	unpublished	data).

2.3 | Study area delineation

We	 used	 a	 raster	 dataset	 depicting	 wildfires	 in	 ArcGIS	 10.1	 (ESRI	
2012)	to	define	the	perimeter	of	the	Whiteface	Burn.	To	outline	the	

F IGURE  2 Large	fires	in	northcentral	
Washington,	Pacific	Northwest	USA,	
over	the	last	30	years.	The	Okanogan	
Lynx	Management	Zone	is	the	only	area	
in	the	state	that	retains	a	population	of	
lynx.	During	the	1980s	and	1990s,	fires	
>1000	ha	were	considered	large,	but	fires	
in	the	2000s	have	been	substantially	larger.	
The	top	edge	of	the	map	is	the	Canada–
Washington	border
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Tripod	Burn	study	area,	we	used	the	raster	dataset	to	define	the	east-
ern	fire	perimeter.	All	of	the	lynx	with	home	ranges	near	the	Tripod	
Burn	 resided	 on	 the	 eastern	 edge	 of	 the	 burn.	 Because	 the	 Tripod	
Burn	extends	further	west	than	any	of	the	nearby	lynx	ventured,	we	
limited	 the	 western	 boundary	 by	 connecting	 sequential	 lynx	 loca-
tions	with	a	straight	line	and	then	buffering	the	lines	by	the	average	
step	 length	 (766	m)	between	GPS	fixes.	The	outermost	edge	of	 the	
buffered	lines	was	used	to	delineate	the	western	extent	of	the	Tripod	
Burn	study	area.	To	examine	 lynx	habitat	use	 in	 the	Whiteface	and	
Tripod	Burn	study	areas,	we	used	ArcGIS	10.1	(ESRI	2012)	to	gener-
ate	 random	 available	 locations	within	 each	 study	 area	 equal	 to	 the	
number	of	used	locations	 in	each	study	area	(Barbet-	Massin,	Jiguet,	
Albert,	&	Thuiller,	2012).

2.4 | Habitat variables

We	used	GIS	 layers	 to	 represent	 the	 landscape	 characteristics	 that	
are	 important	 to	 lynx	 habitat	 use	 (Table	 S1).	We	used	ArcGIS	10.1	
(ESRI	2012)	 to	derive	 continuous	 representations	of	 each	predictor	
variable	using	30	m2	pixels	projected	into	the	1983	North	American	
Datum	Albers	coordinate	system.	To	explore	habitat	selection	at	dif-
ferent	 scales,	we	examined	variables	within	3	×	3	and	27	×	27	pixel	
windows	(90	and	810	m	width,	respectively).	Previous	lynx	research	
demonstrates	 lynx	choose	habitats	both	at	 fine	 scales	and	at	 larger	
patch	or	higher	scales	(Koehler	et	al.,	2008;	Maletzke	et	al.,	2008).	The	
3	×	3	window	is	the	smallest	window	we	could	use	with	our	statistical	
approach	and	thus	models	the	fine-	scale	habitat	selection.	We	then	
wanted	this	fine-	scale	choice	to	nest	within	our	large-	scale	window;	
we	chose	a	27	×	27	window	as	more	appropriate	than	a	9	×	9	window	
because	previous	research	documents	these	animals	are	highly	mobile	
and	have	large	home	ranges.

We	categorized	land	cover	into	five	forest	types	and	three	nonfor-
est	types	(Table	S1).	Forest	types	were	lodgepole	pine	and	spruce-	fir,	
that	 is,	 sub-	boreal	 types	known	to	be	selected	by	 lynx	 in	 the	North	
Cascades	(Koehler	et	al.,	2008;	Maletzke	et	al.,	2008;	McKelvey	et	al.,	
2000),	 “dry	 forest”	 (dominated	 by	 Douglas	 fir	 or	 ponderosa	 pine),	
“mixed	forest”	(transitional	between	sub-	boreal	and	dry	types),	and	de-
ciduous.	Nonforested	types	were	grassy	meadows,	shrubby	meadows,	
and	barren	areas	such	as	rock	outcrops	or	 ice	fields.	The	 land	cover	
data	 categorized	 23%	 of	 the	Whiteface	 Burn	 simply	 as	 “disturbed,”	
based	on	residual	 trees	providing	<10%	cover.	To	assign	“disturbed”	
areas	to	one	of	our	eight	cover	types,	we	used	the	ArcGIS	10.1	tool,	
Nibble,	to	assign	“disturbed”	pixels	a	land	cover	type	that	was	based	on	
the	cover	types	of	the	surrounding	pixels.

In	high-	severity	burned	areas,	only	blackened	tree	trunks	remain,	
while	 a	 low-	severity	 burn	 consumes	understory	 cover	but	 trees	 sur-
vive.	To	capture	the	effect	of	burn	severity,	we	included	variables	de-
picting	fire	age	and	severity.	Old	burns	burned	in	1994	and	included	
the	Whiteface	Burn	and	a	burn	within	the	Tripod	fire	scar	that	did	not	
reburn.	The	new	burn	was	the	2006	Tripod	fire.	Low	severity	was	clas-
sified	based	on	canopy	cover	loss	of	1-	50%,	while	higher	severity	had	
>51%	loss.	We	ended	up	with	four	categories	of	burn:	old,	high	severity,	
old,	low	severity,	new,	high	severity,	and	new,	low	severity	(Table	S1).

We	examined	how	the	spatial	arrangement	of	burn	pattern	may	in-
fluence	lynx	habitat	selection	by	including	a	patch	metric	depicting	the	
distance	from	each	pixel	within	the	burn	to	the	nearest	edge.	We	also	
modeled	slope	and	the	distance	to	the	nearest	draw,	as	both	variables	
have	evidence	suggesting	they	affect	 lynx	movement	 (Koehler	et	al.,	
2008;	Maletzke	et	al.,	2008;	Stinson,	2001).

Lynx	may	select	burned	areas	with	a	cool,	moist	climate	where	for-
est	recovery	can	occur	faster	(Buskirk	et	al.,	2000).	Thus,	we	included	
the	Compound	Topographic	Index	as	a	measure	of	wetness	based	on	
the	amount	of	upstream	contributing	area	and	slope	(Gessler,	Moore,	
McKenzie,	&	Ryan,	1995;	Moore,	Gessler,	Nielsen,	&	Petersen,	1993),	
a	 Heat	 Load	 Index	 variable	 depicting	 temperature	 based	 on	 aspect	
and	slope	(McCune	&	Keon,	2002),	and	a	variable	for	the	average	pre-
cipitation	accumulated	during	the	growing	season.	Finally,	we	had	no	
understory	cover	GIS	layer	available	for	the	study	areas,	so	we	used	
forest	canopy	cover	as	a	proxy	for	the	structure	of	a	forest	(Table	S1).

2.5 | Model development

We	 developed	 Random	 Forest	 (Breiman,	 2001)	 habitat	 models	 for	
the	Whiteface	Burn	and	Tripod	Burn	by	using	randomForest	 (Liaw	&	
Wiener,	2002)	and	 rfUtilities	 (Evans	&	Murphy,	2014)	packages	 in	R	
software	(Version	3.1.2,	R	Core	team	2014).	While	Resource	Selection	
Functions	may	be	 the	predominant	methodology	 for	 predicting	 and	
describing	 habitat	 use,	 a	 relatively	 new	machine-	learning	 algorithm,	
Random	Forest	 (Breiman,	 2001),	 has	 recently	 been	 applied	 to	 habi-
tat	analysis	studies	(Mochizuki	&	Murakami,	2013;	Wilsey,	Lawler,	&	
Cimprich,	2012).	Random	Forest	has	several	advantages	over	Resource	
Selection	Functions;	 it	 is	nonparametric,	and	 it	accounts	 for	 interac-
tions	 among	variables	 and	across	 scales,	 and	 the	 complex	nonlinear	
relationships	common	to	ecological	data	(Cutler	et	al.,	2007;	Evans	&	
Cushman,	 2009;	 Evans,	Murphy,	Holden,	&	Cushman,	 2011).	 In	 ad-
dition,	Random	Forest	accommodates	many	predictor	variables,	does	
not	assume	 independence	of	 samples,	 and	does	not	 require	a	priori	
hypotheses	regarding	the	direction	of	the	response	variable,	thus	al-
lowing	unexpected	interactions	to	be	discovered	(Evans	et	al.,	2011).	
Random	Forest	often	 creates	highly	predictive	 classification	and	 re-
gression	models,	but	it	is	criticized	for	offering	limited	insight	as	to	the	
mechanistic	 relationships	 between	 predictor	 and	 response	 variables	
(McCue,	McGrath,	&	Wiersma,	2013;	Murphy,	Evans,	&	Storfer,	2010).	
However,	 partial	 plots	 (graphical	 representation	 of	 the	 functional	
relationship	 between	 predictor	 and	 response	 variables)	 and	 overall	
model	significance	tests	have	increased	model	interpretability	(Evans	
&	Cushman,	 2009;	 Evans	 et	al.,	 2011;	Murphy	 et	al.,	 2010).	 Indeed,	
Random	Forest	and	other	related	machine-	learning	algorithms	often	
yield	 better	 predictions	 than	parametric	 statistical	models,	 including	
Generalized	Linear	Models	(Cutler	et	al.,	2007;	McCue	et	al.,	2013).

For	each	model,	we	compared	all	lynx-	used	points	within	the	burn	
to	an	equal	number	of	random	available	points	within	the	burn	(Evans	&	
Cushman,	2009).	We	subsampled	80%	of	the	data	using	the	R	program	
Spatial	Intensity	Weighted	Subsample	(Evans,	2015)	using	R	packages	
spatialEco	(Evans,	2015),	sp	(Bivand,	Pebesma,	&	Gomez-	Rubio,	2013;	
Pebesma	&	Bivand,	2005),	 and	 spatstat	 (Baddeley,	Rubak,	&	Turner,	
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2015)	leaving	20%	of	the	data	for	an	independent	validation.	We	ex-
plored	whether	any	one	lynx	selected	habitat	significantly	differently	
from	the	others	 in	a	general	model	of	habitat	selection	 (Vanbianchi,	
2015);	no	lynx	showed	significant	individual	variation.

We	developed	Random	Forest	models	following	methods	outlined	
in	Murphy	et	al.	(2010).	Specifically,	we	removed	growing	season	pre-
cipitation	within	a	large-		and	small-	scale	area	from	the	Whiteface	Burn	
Model	and	growing	season	precipitation	within	a	large-	scale	area	from	
the	Tripod	Burn	Model	as	they	were	identified	as	multivariate	redun-
dant	variables	and	we	tested	for	but	detected	no	highly	collinear	vari-
ables	as	identified	by	Spearman’s	rank	test	(r	>	0.8).	We	identified	the	
most	parsimonious	set	of	predictor	variables	for	each	burn	model	that	
contributed	to	overall	model	performance.	For	each	burn	model,	we	
ran	a	Random	Forest	model	using	4,000	bootstrap	samples	and	then	
calculated	a	Model	Improvement	Ratio	for	each	variable	based	on	each	
variable’s	importance	to	the	model.	Variables	with	Model	Improvement	
Ratios	above	increasingly	high	thresholds	(thresholds	range	from	0	to	
1	in	0.1	increments)	were	grouped.	The	final	group	of	variables	were	

chosen	 based	 on	 minimizing	 the	 out-	of-	bag	 error,	 the	 within-	class	
error,	and	the	number	of	variables	(Table	S2).	To	insure	that	each	fire	
model	explained	significantly	more	variation	in	the	data	than	expected	
by	random	chance,	we	assessed	significance	by	randomizing	the	used	
and	available	data	1,000	times	to	create	a	null	distribution	of	model	
accuracy	based	on	a	 random	dataset.	A	fire	model	was	significant	 if	
the	model	accuracies	were	significantly	better	than	the	random	model	
accuracy	distribution	(Murphy	et	al.,	2010).

3  | RESULTS

Only	5.7%	(789	of	13,972)	of	lynx	locations	near	the	Tripod	Burn	were	
within	burned	areas	(Figure	3).	Surprisingly,	however,	lynx	used	new	
burned	areas	regularly,	entering	them	as	early	as	1	year	postfire,	and	
were	able	to	make	the	best	of	the	burn	by	selecting	habitat	character-
istics	that	provided	cover.	The	majority	of	the	lynx	points	within	the	
burn	were	not	the	result	of	multiday	forays	but	rather	were	individual	

F IGURE  3 Lynx	locations	with	two	burned	areas	in	northcentral	Washington	(note	different	scales).	The	Tripod	Burn	study	area	was	
truncated	to	the	area	used	by	radio-	collared	lynx.	(a)	Lynx	locations	within	the	Whiteface	Burn.	(b)	Lynx	locations	within	the	Tripod	Burn.	Habitat	
types	and	lynx	locations	outside	the	burns	are	shown	in	faded	colors
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fixes	 sandwiched	 between	 locations	 in	 mature	 forest.	 Within	 the	
Tripod	Burn,	the	top	predictors	of	 lynx	 locations	were	variables	de-
scribing	burn	severity	or	distance	from	the	edge	of	the	burn	(Figure	4,	
Figure	 S1).	Within	 the	Tripod	Burn,	 lynx	 selected	 areas	 near	 to	 re-
sidual	trees	or	fire	skips,	especially	a	large	island	of	regenerating	trees	
that	resulted	from	the	1970	Forks	fire	(1,850	ha).	In	addition,	79%	of	
the	lynx	locations	within	the	Tripod	Burn	were	<1,000	m	from	the	fire	
perimeter	or	in	or	near	a	patch	of	residual	trees.	Variable	importance	
scores	show	that	lynx	avoided	areas	of	recent	high-severity	burn	and	

areas	further	than	~500	m	from	the	burn	perimeter.	At	a	broad	scale	
(0.66	km2),	 lynx	 selected	 for	 areas	 with	 fire	 skips	 and	 high	 canopy	
cover.	At	 a	 fine	 scale	 (0.008	km2),	 lynx	 selected	areas	with	 residual	
patches.	Climate,	topography,	and	forest	type	selection	patterns	were	
of	much	 less	 importance	 than	selection	explained	by	burn	variables	
(Figure	S1).

In	contrast,	lynx	selected	older	burns;	all	five	lynx	near	the	older	
1994	Whiteface	Burn	used	it,	with	11%	(765	points	of	6,772)	of	their	
locations	within	the	burn	(Figure	3).	Top	predictors	in	the	older	1994	

F IGURE  4 Lynx	selection	of	habitat	within	the	Tripod	Burn.	Probability	of	use	represents	the	effect	of	a	focal	habitat	variable	on	lynx	habitat	
selection	when	the	effect	of	all	other	habitat	variables	in	the	model	is	averaged.	Histograms	show	the	distribution	of	the	focal	habitat	variable	
throughout	the	Tripod	Burn	study	area.	The	dots	represent	the	percentage	of	lynx	points	found	within	each	histogram	category	of	the	focal	
habitat	variable.	Panels	show	lynx	use	of	(a)	new,	high-	severity	burn	at	a	broad	scale;	(b)	new,	high-	severity	burn	at	a	fine	scale;	(c)	fire	skips	at	a	
broad	scale;	(d)	fire	skips	at	a	fine	scale;	and	(e)	distance	to	the	edge	of	the	burn
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Whiteface	 Burn	Model	 described	 forest	 types	 and	 percent	 canopy	
cover,	 topographic	 setting,	 and	 microclimates,	 but	 did	 not	 include	
any	of	the	variables	describing	burn	severity	(Figure	5).	Distance	from	
perimeter	was	not	included	in	the	final	Whiteface	Burn	Model;	 lynx	
occurred	across	the	entire	area,	and	there	is	no	evidence	for	lynx	pre-
ferring	to	be	nearer	the	unburned	habitats	adjacent	to	the	burn.	The	
lack	of	an	edge	signature	in	the	Whiteface	Burn	means	lynx	were	re-
sponding	to	structure	within	the	burn,	not	to	the	perimeter.	Spruce-	
fir	and	dry	forest	were	the	most	important	broad-	scale	predictors	of	
lynx	locations.	Lynx	avoided	spruce-	fir	cover	but	selected	dry	forest	
and	areas	with	deciduous	forests	at	a	broad	scale	(Figure	5).	Habitat	
quality	 also	varied	 according	 to	microclimate	 as	 cool,	moister	 areas	

supported	 denser	 regeneration	 (Casady,	 van	 Leeuwen,	 &	 Marsh,	
2010;	Crotteau	et	al.,	2013;	Lillybridge	et	al.,	1995)	and	provided	the	
high-	cover	habitats	lynx	selected	regardless	of	forest	type.	Dry	forest	
cover	within	 a	 small-	scale	 area	was	 also	 selected	by	 lynx,	 although	
this	variable’s	importance	was	less	than	that	of	dry	forest	at	a	broad	
scale	(Figure	S1).	Similarly,	spruce-	fir	forest	was	also	avoided	within	
a	small-	scale	area	and	was	of	less	importance	than	at	a	broad	scale.	
Additional	explanatory	variables	in	the	Whiteface	Burn	were	low	heat	
load	values	found	on	shallow,	northeast-	facing	slopes	and	moist	sites	
as	depicted	by	the	Compound	Topographic	Index	(Gessler	et	al.,	1995;	
Moore	et	al.,	1993),	indicating	lynx	use	of	areas	with	more	moisture	
(Figure	6).

F IGURE  5 Lynx	selection	of	forest	types	in	the	Whiteface	Burn	study	area.	Probability	of	use	represents	the	effect	of	a	focal	habitat	variable	
on	lynx	habitat	selection	when	the	effect	of	all	other	habitat	variables	in	the	model	is	averaged.	Panels	show	lynx	selection	for	(a)	spruce-	fir	
forest	at	a	broad	scale;	(b)	spruce-	fir	forest	at	a	fine	scale;	(c)	dry	forest	at	a	broad	scale;	(d)	dry	forest	at	a	fine	scale;	and	(e)	deciduous	forest	at	a	
broad	scale
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4  | DISCUSSION

The	patterns	of	habitat	use	revealed	in	this	study	can	be	distilled	to	a	
single	overarching	theme:	Forest	structure	allows	lynx	to	use	areas	of	
new	burns	and	thrive	in	old	burns.	Useable	structure	can	be	residual	
living	trees	left	in	a	recent	burn	or	areas	of	dense	forest	regeneration	
in	an	old	burn.	While	previous	studies	have	shown	snowshoe	hares	
and	 lynx	 use	 dense	 understory	 structure	 in	 undisturbed	 forest,	 our	
results	highlight	an	even	more	critical	importance	of	forest	structure	
for	lynx	venturing	into	burned	areas.

4.1 | The new Tripod Burn

Although	our	results	confirm	the	overall	 low	probability	of	 lynx	using	
new,	high-	severity	burned	areas	(Koehler	et	al.,	2008;	Mowat	&	Slough,	
2003;	Paragi	et	al.,	1997),	our	 large	and	detailed	dataset	was	able	 to	
detect	rarer	habitat	uses	to	reveal	that	lynx	made	the	most	of	the	Tripod	
Burn	area	immediately	postfire,	which	contradicts	previous	assumptions	
that	new	burns	have	no	value	as	lynx	habitat.	Lynx	made	the	most	of	
the	Tripod	Burn	by	selecting	suitable	fire	skips	as	hunting	habitat	where	
islands	of	unburned	forest	remained	quality	hare	habitat	 (Lewis	et	al.,	
2011),	and	more	marginal	residual	cover	for	traveling	across	otherwise	
open-	burned	 areas	 (Vanbianchi,	 2015;	 Vanbianchi	 et	al.,	 unpublished	
data).	 Lynx	 primarily	 used	 residual	 forest	 structure	 in	 areas	 <550	m	

from	the	burn	perimeter,	and	one	lynx	also	regularly	used	a	large	fire	
skip	over	5	km	from	the	burn	perimeter.	Use	of	this	and	other	fire	skips	
demonstrates	the	usefulness	and	importance	of	large	patches	of	quality	
habitat	contained	within	burns	and	corroborates	previous	observations	
in	this	region	of	lynx	using	islands	of	young	trees	that	supported	snow-
shoe	hares	within	a	10-	year-	old	burn	(Lewis	et	al.,	2011).	Further	dem-
onstrating	the	importance	of	residual	cover	to	lynx	in	new	burns,	forest	
cover	types	were	not	highly	predictive	of	lynx	use	in	the	Tripod	Burn:	
Anything	that	offered	cover	was	used.	The	relative	unimportance	of	for-
est	cover	 type	within	burns	contrasts	with	mature	 forests	where	 the	
presence	of	boreal	forest	types	is	highly	predictive	of	lynx	use	(Koehler	
et	al.,	2008;	Vanbianchi,	2015;	Vanbianchi	et	al.,	unpublished	data).

4.2 | The old Whiteface Burn

Lynx	use	of	the	Whiteface	Burn	centered	around	forest	structure.	
However,	 rather	 than	 lynx	 depending	 on	 postfire	 residual	 struc-
ture	 as	 in	 the	new,	Tripod	Burn,	 the	20-	year-	old	Whiteface	Burn,	
had	 largely	 regenerated	 enough	 that	 lynx	were	 able	 to	 use	 areas	
of	dense	regeneration	in	addition	to	fire	skips.	Indeed,	results	from	
additional	habitat	models	revealed	that	much	of	the	Whiteface	Burn	
provided	high-	quality	core	lynx	habitat,	although	habitat	quality	var-
ied	and	not	all	areas	supported	core	lynx	habitat	(Vanbianchi,	2015;	
Vanbianchi	et	al.,	unpublished	data).

F IGURE  6 Lynx	selection	of	climate	in	the	Whiteface	Burn	study	area.	Probability	of	use	represents	the	effect	of	a	focal	habitat	variable	
on	lynx	habitat	selection	when	the	effect	of	all	other	habitat	variables	in	the	model	is	averaged.	Panels	show	lynx	selection	for	(a)	average	heat	
load	at	a	broad	scale;	(b)	average	heat	load	at	a	fine	scale;	(c)	average	cumulative	topographic	index	at	a	broad	scale;	and	(d)	average	cumulative	
topographic	index	at	a	fine	scale
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Lynx	 in	 the	Whiteface	Burn	favored	areas	where	cool	and	moist	
growing	conditions	supported	thick	understory	cover.	Similar	to	habi-
tat	selection	in	the	Tripod	Burn,	the	importance	of	dense	forest	cover	
outweighed	 the	 importance	 to	 lynx	of	 boreal	 forest	 types	 in	 undis-
turbed	forests:	 lynx	in	the	Whiteface	Burn	selected	for	the	normally	
avoided	dry	forest	and	against	spruce-	fir	forests.	A	field	examination	of	
the	Whiteface	Burn	explained	this	interesting	switch	in	lynx-	selected	
forest	type.	At	the	northern	end	of	the	Whiteface	Burn,	sub-	boreal	cli-
mate	conditions	support	the	regeneration	of	spruce-	fir	forests,	while	
at	the	southern,	lower-	elevation	end	of	the	Whiteface	Burn,	dry	forest	
regeneration	is	common.	Spruce-	fir	regeneration	at	the	northern	end	
of	 the	 burn	 is	 short	 and	 sparse,	 and	 sub-	boreal	 forest	 regeneration	
in	the	Whiteface	Burn	thus	provides	 little	cover	for	snowshoe	hares	
and	lynx.	In	contrast,	at	the	southern	end	of	the	burn	and	especially	
in	draws,	large	amounts	of	willow	(Salix	spp.)	and	alder	(Alnus	spp.)	are	
mixed	with	Douglas	fir	and	ponderosa	pine	trees	in	the	regenerating	
dry	forests.	The	densely	growing	deciduous	species	provide	thick	un-
derstory	cover	for	snowshoe	hare	and	lynx,	which	matches	findings	by	
Mowat	and	Slough	(2003)	that	lynx	and	snowshoe	hares	in	the	Yukon	
selected	dense	willow	patches.	By	selecting	the	dry	forests	lynx	usu-
ally	avoid	(Maletzke	et	al.,	2008;	Vanbianchi,	2015;	Vanbianchi	et	al.,	
unpublished	data),	lynx	in	the	Whiteface	Burn	demonstrated	the	im-
portance	of	thick	understory	structure	over	forest	type	for	lynx	habi-
tat,	confirming	prior	research	(Mowat	&	Slough,	2003).

Our	 results	 clearly	demonstrate	 that	 residual	 forest	 cover,	espe-
cially	fire	skips,	allow	lynx	to	use	new	burns	and	that	as	burns	regener-
ate,	microclimates	conducive	to	growing	dense	cover	create	rich	lynx	
habitat.	However,	as	climate	change	progresses	and	summers	 in	the	
boreal	 region	 become	 drier	 and	warmer,	 the	wildfire	 season	 is	 pre-
dicted	 to	become	even	 longer	 and	more	 severe	 (Balshi	 et	al.,	 2009;	
Fauria	&	Johnson,	2007;	Littell	et	al.,	2010),	with	more	frequent	fires	
burning	 larger	 areas	 at	 higher	 severity	 (Hessburg	 et	al.,	 2015).	 Not	
only	will	 this	ongoing	regime	shift	cause	more	 lynx	habitat	to	revert	
to	 the	 open	 stand-	initiation	 stages	 (O’Hara,	 Latham,	 Hessburg,	 &	
Smith,	1996)	that	snowshoe	hares	and	lynx	generally	avoid,	but	also	
higher	severity	burns	may	homogenize	areas	within	a	burn	perimeter	
so	that	the	residual	trees	and	fire	skips	lynx	select	are	less	abundant	
(Cansler	&	McKenzie,	2014).	Additionally,	climate	change	may	also	de-
grade	regenerating	lynx	habitat	in	burns	as	warmer	and	drier	summers	
will	likely	hinder	the	regeneration	of	dense	forest	stands	(Littell	et	al.,	
2010).

The	 finding	 that	 lynx	 are	 able	 to	 use	 areas	 of	 new	burns	 offers	
hope	to	lynx	in	increasingly	burned	landscapes	and	corroborates	a	re-
cent	 study	 that	 indicates	 lynx	occupancy	 is	 affected	by	habitat	 loss	
but	not	by	habitat	fragmentation	on	a	landscape	scale	(Hornseth	et	al.,	
2014).	These	 authors	 suggest	 that	 in	 central	Ontario,	 lynx	 adapted	
their	habitat	selection	patterns	so	that	fragmentation	of	quality	 lynx	
habitat	did	not	affect	lynx	occurrence;	lynx	were	able	to	adapt	to	local	
habitat	conditions	and	use	small	patches	of	resources,	thus	surviving	
in	fragmented	landscapes	(Hornseth	et	al.,	2014).	However,	a	tipping	
point	must	exist	in	burned	landscapes	past	which	the	amount	of	use-
able	 fire	 residuals	 does	 not	 compensate	 for	 the	 amount	 of	 habitat	
lost	to	new,	high-	intensity	burned	areas	and	lynx	populations	suffer.	

Discovering	where	this	tipping	point	exists	 is	an	area	for	further	ex-
ploration.	 Furthermore,	while	 lynx	 have	 the	 ability	 to	 occupy	 home	
ranges	and	a	broader	landscape	fragmented	by	disturbances,	how	dif-
ferent	habitats	and	habitat	configurations	affect	population	dynamics	
is	unknown	for	lynx	in	Washington.	Indeed,	a	recent	study	in	Montana	
found	that	reproductive	success	was	highest	for	female	lynx	living	in	
home	ranges	with	more	continuous	high-	quality	habitat	 (Kosterman,	
2014).	Additionally,	snowshoe	hares	in	the	North	Cascades	are	sensi-
tive	to	matrix	habitat	types	and	hare	densities	are	highest	in	contin-
uous	habitat	or	in	habitat	patches	surrounded	by	matrix	habitat	more	
similar	to	core	forest	habitats	(Lewis	et	al.,	2011).	Using	a	spectrum	of	
habitat	types	may	allow	lynx	to	exist	in	the	North	Cascades,	but	ques-
tions	remain	regarding	how	lynx	population	dynamics	are	affected	by	
more	 frequent	wildfires,	 and	a	prey	 species	 that	 is	 also	 sensitive	 to	
more	open	habitats.	As	 climate	 change	 increases	 the	amount	of	 re-
cently	burned	areas	in	boreal	landscapes,	discovering	how	lynx	popu-
lation	dynamics	are	affected	by	wildfires	becomes	urgent.

4.3 | Implications for forest predators and fire  
management

In	 terms	 of	 conservation	 of	 forest	 carnivores,	 our	 findings	 offer	 a	
mixed	 message.	 First,	 lynx	 use	 burned	 landscapes	 more	 often	 and	
more	 rapidly	 postfire	 than	 previously	 thought,	 which	 offers	 some	
hope	that	lynx	and	potentially	other	forest	carnivores	are	resilient	to	
large	disturbances	(see	also	Fisher	&	Wilkinson,	2005).	In	contrast,	if	
fire	regimes	do	shift	such	that	landscapes	are	more	frequently	burned	
by	severe	fires	than	in	the	past,	leading	to	high	proportions	of	land-
scapes	 in	 early-	seral	 conditions,	 there	 may	 be	 inadequate	 mature	
forest,	 postfire	 residuals,	 or	 regrowth	 to	 sustain	 predators	 in	 these	
heavily	burned	landscapes.	Although	we	have	focused	on	the	highly	
vulnerable	Washington	lynx	population,	which	is	thought	to	number	
<100	 individuals	 (Lewis,	 2016),	 we	 note	 that	 regime	 shifts	 in	 fires	
are	 also	 likely	 affecting	 lynx	 and	 other	 predators	 within	 Montana,	
Wyoming,	and	Colorado.	We	suspect	other	forest	predators	likewise	
depend	 on	 postfire	 heterogeneity	 in	 order	 to	 make	 use	 of	 burned	
landscapes,	 although	 research	on	predators	and	 fire	 is	quite	 limited	
(Fisher	&	Wilkinson,	2005).

Current	forest	and	fire	management	involves	many	practices	that	
may	be	damaging	the	ability	of	predators	to	use	postfire	landscapes.	
Areas	disturbed	by	wildfires	are	not	uniform.	Instead,	wildfires	create	
a	diversity	of	habitat	conditions	that	depend	upon	burn	severity	and	
microclimates	 that	 influence	 forest	 regeneration	 rates	 and	patterns.	
In	turn,	lynx	respond	to	burned	areas	with	habitat	selection	patterns	
that	are	more	nuanced	than	previously	described	patterns	for	lynx	in	
harvested	areas	(Simons-	Legaard,	Harrison,	Krohn,	&	Vashon,	2013).	
The	 heterogeneous	 habitats	 created	 by	wildfires	 are	 in	 contrast	 to	
disturbed	habitats	 created	by	 timber	harvest	which,	 even	when	de-
signed	to	emulate	a	fire	disturbance,	create	more	uniform	patterns	of	
disturbance	with	less	edge	area	and	fewer	standing	live	trees	left	after	
harvest	 (McRae,	 Duchesne,	 Freedman,	 Lynham,	 &	Woodley,	 2001).	
Regeneration	patterns	between	burned	areas	and	harvested	areas	also	
differ	as	residual	trees	and	coarse	woody	debris	left	postfire	can	seed	
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and	protect	young	seedlings	 (Brassard	&	Chen,	2006).	Furthermore,	
cycles	of	harvest	are	often	shorter	 than	burn	cycles	and	occur	over	
smaller	 areas	 (McRae	 et	al.,	 2001).	 Lynx	 and	 snowshoe	 hares	 avoid	
harvest	conditions	that	eliminate	understory	cover,	such	as	thins	and	
new	clear-	cuts,	but	are	benefitted	by	old	clear-	cuts	that	promote	thick	
forest	regeneration	(Simons-	Legaard	et	al.,	2013;	Squires	et	al.,	2010).	
In	 contrast	 to	 this	 relatively	 simple	 and	more	 predictable	 response,	
the	heterogeneous	habitat	created	by	burns	provides	lynx	with	more	
varied	habitats	to	suit	their	survival	needs	than	areas	disturbed	by	tim-
ber	harvest,	especially	in	new	burns	where	fire	skips	and	low-	severity	
burns	create	cover	for	lynx.

Treatments	 such	 as	 burn-	out	 operations	 of	 dead	 fuels	 and	 fire	
skips	to	avoid	new	spot	fires	during	a	fire	or	postfire	salvage	logging	
reduce	 habitat	 quality,	with	 road	 building,	 soil	 compaction,	 and	 re-
moval	of	residual	living	and	dead	tree	biomass	(Lindenmayer,	Burton,	
&	 Franklin,	 2008;	 Peterson	 et	al.,	 2009).	 Salvage	 logging	 slows	 and	
alters	tree	regeneration	in	the	immediate	years	postfire,	as	well	as	re-
moving	existing	vegetation	that	might	act	as	habitat	or	cover	for	some	
species	(Boucher,	Gauthier,	Noel,	Greene,	&	Bergeron,	2014;	Donato	
et	al.,	2006).	Because	fire	skips	are	important	habitat	constituents	for	
lynx	after	fires,	lynx	conservation	would	be	aided	by	preventing	burn-	
outs,	 reducing	postfire	 salvage	 logging,	and	ensuring	 that	 trees	 that	
survived	 the	 fire	 are	 protected.	 For	 example,	Colorado	may	 salvage	
log	thousands	of	square	kilometers	of	beetle-	killed	forest	in	an	effort	
to	reduce	fuels	and	alter	fire	sizes	and	severity	(USDA	2015),	but	the	
salvage	itself	may	damage	lynx	habitat	if	residual	trees	are	eliminated.

We	 therefore	 agree	with	 recent	 advances	 in	 fire	 and	 landscape	
ecology:	Forest	management	needs	to	change	before	fire,	during	fire-
fighting,	and	after	fires,	if	we	are	to	sustain	forest	mosaics	that	contain	
appropriate	amounts	and	configurations	of	different	stand	types	that	
predators	and	their	prey	can	use	 (Hessburg	et	al.,	2015;	Perry	et	al.,	
2011).	 Prefire,	 management	 tools	 include	 fuels	 reductions,	 harvest,	
and	prescribed	fires,	all	as	ways	to	affect	where	large	wild	fires	might	
burn.	Managers	could	prescribe	burns	and	craft	timber	harvest	units	
that	would	act	as	natural	 fire	breaks	to	decrease	the	spread	and	 in-
tensity	 of	 increasingly	 severe	 fires,	 thus	 preserving	 heterogeneous	
burn	patterns	that	provide	cover	for	predators.	Similarly,	forest	man-
agement	that	promotes	cooler,	 less	severe	fires	may	lead	to	a	faster	
postfire	return	of	suitable	habitat	conditions	for	hares	and	lynx.	During	
fires,	firefighting	decisions	about	where	to	deploy	defenses	will	 like-
wise	affect	the	size,	shape,	and	severity	of	each	fire.	Postfire,	salvage	
logging	is	an	additive	disturbance	that	may	be	a	direct	threat	to	carni-
vore	conservation	if	it	removes	residual	structures	the	animals	could	
otherwise	use	 to	access	 recent	burns	and	hinders	 regeneration.	We	
suggest	that	landscape-	scale	planning	that	affects	the	distribution	of	
fire	sizes	and	severities	will	be	essential	to	ensure	predators	remain	on	
these	increasingly	fire-	disturbed	landscapes.
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Carmen’s lynx-fire paper is now online-early at Ecology and Evolution (and attached here). 
Her main model paper is in review, and we’re close to ready on the connectivity modeling
paper.
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Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
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Anna: I got an email from Jim Zelenak that we must have peer and state review comments for
the lynx SSA summarized with responses by COB Thursday.  I will be working on these at
home during the snowstorm.  Friday is a flex day.  

We have a lynx call today at noon and a rusty patched bumblebee call Wednesday morning. 
The RPBB call Wed. is important with new section 7 policy.  As I understand it, only post-
2007 records will be considered current and sect7 reviews will only be done within the
modeled habitat around each point.  Counties will be dropped from IPaC.  For Maine that
means that we only have one occurrence in Stockton Springs.  We have not seen the modeled
habitat map around that point, but it will only be about a mile or two buffer.  This is a
substantial change from what we have told our partners.  (Patrick and Chris take note!!!!)
 Once we know more, we can inform them of the latest policy.  

I will forward the call-in information for Wednesday morning (has not been distributed yet).
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Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Shoemaker, Justin
Subject: Re: Lynx SSA report, RD version
Date: Tuesday, March 14, 2017 9:12:23 AM
Attachments: 2017 01 06 DRAFT Lynx SSA Report to Peer Reviewers.pdf

It is the same 2017 01 06 Draft we sent to peer reviewers, and it is on the drive that Marjorie set up for the decision
meeting at: 

Lynx Recommendation Team Materials > Draft SSA Report and Reviews

Also attached here.

On Tue, Mar 14, 2017 at 8:54 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Jim,

Can you send me the version of the SSA report that we shared with ARDs and Noreen just
prior to the recommendation team meeting?

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
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From: Zelenak, Jim
To: Bush, Jodi; Cusack, Matthew T
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX
Date: Tuesday, March 14, 2017 9:15:27 AM

Hi Matt,

Have you received Harrison's final comments yet?  If so, we need them.  If not, could you touch base with Harrison
and let us know when we can expect them?

Thanks,

Jim

On Thu, Mar 2, 2017 at 11:55 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
fyi

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Date: Thu, Mar 2, 2017 at 9:56 AM
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX
To: "Bush, Jodi" <jodi_bush@fws.gov>
Cc: "Cogdell, Benjamin E" <Benjamin.Cogdell@atkinsglobal.com>

Hi Jodi,

 

There are three reviews that were outstanding. Below is their status. Good news is that two of
them came in overnight (at least partially).

 

1.      Reviewer03 (Harrison): Partial review is available with the comments tailored to support your
meeting. The full review will be available within the next week. Partial review is attached. Note
from reviewer “All of my important general comments are spelled out here, as well as my
specific comments that are referenced specifically to the first 50 pages of text.  Thus my most
important comments for FWS to consider are included here and hopefully can help in the
decision process.”

2.      Reviewer04 (Squires): Review and General Comments attached (2017 01 06 DRAFT Lynx SSA

mailto:jim_zelenak@fws.gov
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Report_JRS comments.pdf and SSA_Lynx_Comments_Squires.docx)

3.      Reviewer05: I have corresponded with them this morning and believe we will still get their
review today. I will forward it when I get it.

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, March 02, 2017 10:50 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt.  Any word on the last few peer reviewers?  We could really use those asap. Thanks JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Feb 22, 2017 at 10:27 AM, Cusack, Matthew T <matt.cusack@atkinsglobal.com>
wrote:

mailto:Matthew.Cusack@atkinsglobal.com
http://www.atkinsglobal.com/northamerica
http://www.atkinsglobal.com/
mailto:jodi_bush@fws.gov
mailto:matt.cusack@atkinsglobal.com
mailto:matt.cusack@atkinsglobal.com


Hi Jodi,

 

Attached are the unedited reviewers from the first two reviewers.

 

Please let me know if you have any questions or concerns.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 22, 2017 11:24 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Hey Matt.  Please get us what you have asap.  

 

Unfortunately, the Service's decision meeting is on March 3rd and if we receive the Peer
reviews that day we will be unable to use them in that meeting.  Please let your folks
know that we need their reviews asap, but NLT February 27 or 28 for us to be able to
discuss them during the agency decision meeting.  Thank you.  JB

 

mailto:Matthew.Cusack@atkinsglobal.com
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Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Mon, Feb 20, 2017 at 6:38 AM, Cusack, Matthew T <matt.cusack@atkinsglobal.com>
wrote:

Hi Jodi,

 

My apologies for the delayed response. I was out unexpectedly all week with the flu, which
was very hard on me.

 

As I am going through my emails from last week, I see that I have received two peer reviews,
which I will organize and deliver later today.

 

The other three are asking for more time, and have asked for March 3 due to a variety of
travel commitments.

 

I hope this will be acceptable, as I have been doing everything I can to work with the
reviewers so that you have a diversity of opinions.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road

mailto:matt.cusack@atkinsglobal.com


Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 15, 2017 1:41 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Hi Matt.  I am checking in on the status of the Peer Review.  Any idea when we see
them?  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Fri, Jan 20, 2017 at 3:21 PM, Cusack, Matthew T <matt.cusack@atkinsglobal.com>
wrote:

Hi Jodi,

 

Hope you are well!

 

We are still in the process of some contracting, but the reviewers have adjusted their
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schedules and have reported that they will have their reviews to Atkins by Friday, February
10. Just to make sure I have some time for late stragglers, I will have the draft, unfiltered
reviews to the USFWS on Monday February 13.

 

Once the USFWS has returned to me with confirmation that they see no red flags or
serious concerns that a reviewer misunderstood the materials, we will proceed with
developing the summary report that discusses the points of agreement and disagreement
between the reviewers and have that ready for your review by within two weeks of the
USFWS response to Atkins.

 

Does that schedule work for you? Should allow us to have everything finalized well in
advance of the April 30 end of the period of performance.

 

Have a great weekend!

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, January 20, 2017 11:00 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX
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Matt.  Just checking up on status of the Peer Review process.  I assume all reviewers
have received document (SSA) and you are proceeding ahead but wanted to check in.
 

 

Perhaps an updated version of the Schedule (p.8) from your proposal would be
warranted so we all understand the timelines.  Thanks.  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Mon, Jan 9, 2017 at 9:41 AM, Cusack, Matthew T
<matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,

 

We are in receipt of the SSA, thanks for sending.

 

I will let you know if we have any questions.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255

mailto:matt.cusack@atkinsglobal.com


Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, January 06, 2017 4:30 PM
To: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; Cusack, Matthew T
<matt.cusack@atkinsglobal.com>
Cc: jim_zelenak@fws.gov; Steve Gess <steve_gess@fws.gov>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Ben and Matt.  

 

Attached please find the final DRAFT Species Status Assessment for the DPS of
the Canada Lynx.  

 

Please note the specifics of the contract as you proceed. As we indicated in that
Scope of Work (SOW), the purpose of the review is to help us ensure that we have
used the best scientific and commercial information when we make our final
decision as to the current status of the lynx.  As a result, we are looking for
independent scientific perspectives on the comprehensiveness and logic of the
document, as well as how well the technical conclusions are supported by the data
and analyses. Peer reviewers should be advised that they are not to provide
advice on policy.

 

Questions for Peer Review (from the SOW)

 

Available Data
 

1.      Please identify any oversights or omissions of data or information, and
their relevance to the assessment. Are there others sources of information or
studies that were not included that are relevant to assessing the viability of
this species? What are they are how are they relevant?

 

2.      Provide advice on the overall strengths and limitations of the scientific
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data used in the document. Have the authors been explicit about
assumptions and limitations of, and concerns regarding, the data, and are
these appropriately qualified or explained? Are there concerns that the
Service did not identify, and if so, how relevant are these concerns to the
assessment of viability of lynx in the contiguous U.S.? Are there any
inconsistencies in how the data are presented or assessed?

 
Analysis of Available Data

 

3.      Have the assumptions and methods used in the SSA report been clearly
and logically stated in light of the best available information? If not, please
identify the specific assumptions and methods that are unclear or illogical.

 

4.      Are there demonstratable errors of fact or interpretation? Have the
authors of the SSA report provided reasonable and scientifically sound
interpretations and syntheses from the scientific information presented in
the report? Are there instances in the SSA report where a different but
equally reasonable and sound interpretation might be reached that differs
from that provided by the Service? If any instances are found where this is
the case, please provide the specifics regarding those particular concerns.

 

5.      Provide feedback on the inclusion and portrayal of uncertainty in the
SSA report. Have the scientific uncertainties present given the data and the
analyses conducted been clearly identified and has the degree of uncertainty
been appropriately characterized? If not, please identify any specifics
concerns.

 

Please remind Peer Reviewers (as per text in SOW and required in correspondence
with Peer Reviewers) of the following:

 

The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife
Service is using to improve transparency while conducting listing determinations
and other Act actions, and peer review of our analyses of the viability of species is
part of that new process.  The attached draft SSA report is a rough draft; we are
seeking comments at this stage to ensure that we have time to incorporate any
substantial comments as we finalize the report.

 

In reviewing the document, please note that this draft SSA report does not result in
or predetermine a decision by the Service on whether the Canada lynx warrants
protections of the s Act.  This document is strictly a characterization of the viability



species’ viability in the contiguous United States.

 

As a reminder, all peer reviews and comments will be public documents, and
portions may be incorporated verbatim into the Service’s final decision Document,
should there be one, with appropriate credit given to the author of the review.  If
you do not want your name to appear in a final decision document, as published in
the Federal Register, please inform us of this as soon as possible. 

 

In general we ask that your comments on the draft SSA report focus specifically on
whether the best available information was used, the quality of the scientific
information,  and our interpretation and analyses of the data with regard to the
species’ viability in the contiguous United States.  We request that you direct your
review to the scientific issues and assumptions related to your expertise.

 

 

A list of literature cited is included in the report and we have most of these
documents available in pdfs (although not all).  We can send you a thumb drive or
cd as you wish with what we have.  Please let me know your preference and an
address to have them fed-exed too.    

 

We look forward to your responses.  If you have questions, please contact our lead
for this project: Jim Zelenak at (406) 449-5225, ext. 220 or at
Jim_Zelenak@fws.gov.  Thank you.  JB

 

 

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

mailto:Jim_Zelenak@fws.gov


 

 

On Thu, Jan 5, 2017 at 2:36 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Ben and Matt.  Just a heads up.  I wanted to let you know that the document for
review (Draft Lynx SSA) will be coming later today or first thing tomorrow.  I
have also asked our contracting agent to extend the contract so you have enough
time to complete the review.  Thanks. JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Sep 7, 2016 at 12:01 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Hi Ben.  We are getting pretty close but probably won't see a document ready
to review for at least a few more weeks.  I'll keep you posted.  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Sep 7, 2016 at 9:52 AM, Cogdell, Benjamin E

mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov


<Benjamin.Cogdell@atkinsglobal.com> wrote:

Jodi,

I am working with Matt Cusack on the Canada Lynx peer review
document.  Do you have an update on the Draft Species Status Assessment
(Document 1 listed below)?

 

Thank you,

 

Ben Cogdell

Scientist

ATKINS

1616 East Millbrook Road, Suite 310, Raleigh, NC 27609 | Tel: +1.919.431.5226 | Fax:
+1.919.876.6848

Email:benjamin.cogdell@atkinsglobal.com| Web: www.atkinsglobal.com/northamerica 
www.atkinsglobal.com

 

From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Thursday, July 28, 2016 2:58 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks
<kaimy_marks@fws.gov>; jim_zelenak@fws.gov
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW
LYNX

 

Matt,  Sorry for the delay in responding to your questions; I was
out of town on business and just returned today.  Your questions
were however,  forwarded to Jim Zelenak whom works with
Jodi Bush. He sent me the following responses:  I think these
should answer your concerns.

 

Document 1 - the Species Status Assessment for the lynx DPS (SSA
Report) - is the document that we (FWS) need to have peer-reviewed.  We
are working now to complete the draft SSA report, and we hope to have it
done very soon (in the next week or so).  It will then go through internal
review and editing before it is ready to send out for peer review. I'm not
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sure how long internal review will take - the DPS covers 4 FWS regions and
10-15 states depending on how you want to slice it - but the internal review
will be on as fast a time line as possible.

 

Document 2 - The Final Report from the expert elicitation workshop is a
supporting FWS document that we want to provide to peer-reviewers,
though we are not seeking peer review on this document itself.  Most of the
potential peer reviewers likely already have the report because they either
participated in the workshop of were provided the report when it was
completed. The final report is on our Region 6 lynx web page under the
SSA tab (Appendices and Expert Presentations are also there); here is the
direct link to the report:

 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx
/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%20SSA%
20EE%20Workshop%20Report%202%20jzeds.pdf

 

Document 3 - the revised LCAS - is also a supporting document that
candidate peer reviewers probably already have, though we wanted to
provide it because we rely on it in the SSA report. It can be found and
downloaded here:

 

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_re
visedAugust2013.pdf

 

Let me know if you would prefer that I send you PDFs of these.

 

We will let you know when the Draft SSA Report is undergoing internal
review when we will have a better idea of the timing of when it will be
ready for peer review.

 

 

 

Steven C. Gess, CPPO

Contracting Officer

https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.fs.fed.us_biology_resources_pubs_wildlife_LCAS-5FrevisedAugust2013.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=WfVHf_XQZGHn_4RLp5v09MqjZ59GaPEkBwWHG9vxkq0&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.fs.fed.us_biology_resources_pubs_wildlife_LCAS-5FrevisedAugust2013.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=WfVHf_XQZGHn_4RLp5v09MqjZ59GaPEkBwWHG9vxkq0&e=


US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

 

From: Cusack, Matthew T [mailto:matt.cusack@atkinsglobal.com] 
Sent: Tuesday, July 26, 2016 9:56 AM
To: Steve Gess
Cc: Jodi Bush; Kaimy Marks
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Thanks Steve,

 

Can you please provide the following items that were indicated as being
provided in the Scope of Work?

 

1. 1) Species Status Assessment for the contiguous United States
distinct population segment (DPS) of the Canada lynx (Lynx
Canadensis);

2. Final Report of the Canada Lynx Expert Elicitation Workshop
3. Revised (Aug. 2013) interagency Lynx Conservation Assessment and

Strategy (LCAS).

 

 

Feel free to use Atkins’ large file transfer system to provide me with the
files if they are too large for email. The site can be accessed with an email
address and a self-developed password here: http://sendit.na.atkinsglobal.com

 

Also, are these three items the entire scope of what will require peer review per the
scope of work? It is very helpful for me to see the materials that must be reviewed in
order to establish the range of magnitude for the reviews.

Thanks!
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Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Monday, July 18, 2016 11:01 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks
<kaimy_marks@fws.gov>
Subject: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt, Here is a formal request for Proposal to conduct PEER
review for LYNX study.   Attached is the RFP , proposal is due
August 12, 2016. Please let me know if you have any questions.

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov
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This email and any attached files are confidential and copyright protected. If you are not the addressee, any
dissemination of this communication is strictly prohibited. Unless otherwise expressly agreed in writing, nothing
stated in this communication shall be legally binding.

The ultimate parent company of the Atkins Group is WS Atkins plc. Registered in England No. 1885586.
Registered Office Woodcote Grove, Ashley Road, Epsom, Surrey KT18 5BW. A list of wholly owned Atkins
Group companies registered in the United Kingdom and locations around the world can be found at
http://www.atkinsglobal.com/site-services/group-company-registration-details

Consider the environment. Please don't print this e-mail unless you really need to.

 

 

 

 

 

 

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

http://www.atkinsglobal.com/site-services/group-company-registration-details
mailto:jim_zelenak@fws.gov


From: Cusack, Matthew T
To: Zelenak, Jim; Bush, Jodi
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX
Date: Tuesday, March 14, 2017 9:20:41 AM
Attachments: Harrison-Draft Lynx SSA Complete Review.pdf

My apologies, I thought I had forwarded this along but my records also confirm that I have not.
 
Attached as requested.
 
Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, March 14, 2017 11:15 AM
To: Bush, Jodi <jodi_bush@fws.gov>; Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX
 
Hi Matt,
 
Have you received Harrison's final comments yet?  If so, we need them.  If not, could you touch base with Harrison and let us know when we can expect them?
 
Thanks,
 
Jim
 
On Thu, Mar 2, 2017 at 11:55 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:

fyi

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
---------- Forwarded message ----------
From: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Date: Thu, Mar 2, 2017 at 9:56 AM
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX
To: "Bush, Jodi" <jodi_bush@fws.gov>
Cc: "Cogdell, Benjamin E" <Benjamin.Cogdell@atkinsglobal.com>

Hi Jodi,
 
There are three reviews that were outstanding. Below is their status. Good news is that two of them came in overnight (at least partially).
 

1.      Reviewer03 (Harrison): Partial review is available with the comments tailored to support your meeting. The full review will be available within the next week. Partial review is
attached. Note from reviewer “All of my important general comments are spelled out here, as well as my specific comments that are referenced specifically to the first 50 pages
of text.  Thus my most important comments for FWS to consider are included here and hopefully can help in the decision process.”

2.      Reviewer04 (Squires): Review and General Comments attached (2017 01 06 DRAFT Lynx SSA Report_JRS comments.pdf and SSA_Lynx_Comments_Squires.docx)

3.      Reviewer05: I have corresponded with them this morning and believe we will still get their review today. I will forward it when I get it.

 
Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, March 02, 2017 10:50 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX
 
Matt.  Any word on the last few peer reviewers?  We could really use those asap. Thanks JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
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585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Wed, Feb 22, 2017 at 10:27 AM, Cusack, Matthew T <matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,
 
Attached are the unedited reviewers from the first two reviewers.
 
Please let me know if you have any questions or concerns.

Cheers,
Matt
 
Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 22, 2017 11:24 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX
 
Hey Matt.  Please get us what you have asap.  
 
Unfortunately, the Service's decision meeting is on March 3rd and if we receive the Peer reviews that day we will be unable to use them in that meeting.  Please let your
folks know that we need their reviews asap, but NLT February 27 or 28 for us to be able to discuss them during the agency decision meeting.  Thank you.  JB
 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Mon, Feb 20, 2017 at 6:38 AM, Cusack, Matthew T <matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,
 
My apologies for the delayed response. I was out unexpectedly all week with the flu, which was very hard on me.
 
As I am going through my emails from last week, I see that I have received two peer reviews, which I will organize and deliver later today.
 
The other three are asking for more time, and have asked for March 3 due to a variety of travel commitments.
 
I hope this will be acceptable, as I have been doing everything I can to work with the reviewers so that you have a diversity of opinions.

Cheers,
Matt
 
Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 15, 2017 1:41 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX
 
Hi Matt.  I am checking in on the status of the Peer Review.  Any idea when we see them?  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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On Fri, Jan 20, 2017 at 3:21 PM, Cusack, Matthew T <matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,
 
Hope you are well!
 
We are still in the process of some contracting, but the reviewers have adjusted their schedules and have reported that they will have their reviews to Atkins by Friday, February
10. Just to make sure I have some time for late stragglers, I will have the draft, unfiltered reviews to the USFWS on Monday February 13.
 
Once the USFWS has returned to me with confirmation that they see no red flags or serious concerns that a reviewer misunderstood the materials, we will proceed with
developing the summary report that discusses the points of agreement and disagreement between the reviewers and have that ready for your review by within two weeks of the
USFWS response to Atkins.
 
Does that schedule work for you? Should allow us to have everything finalized well in advance of the April 30 end of the period of performance.
 
Have a great weekend!

Cheers,
Matt
 
Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, January 20, 2017 11:00 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX
 
Matt.  Just checking up on status of the Peer Review process.  I assume all reviewers have received document (SSA) and you are proceeding ahead but wanted to check
in.  
 
Perhaps an updated version of the Schedule (p.8) from your proposal would be warranted so we all understand the timelines.  Thanks.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Mon, Jan 9, 2017 at 9:41 AM, Cusack, Matthew T <matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,
 
We are in receipt of the SSA, thanks for sending.
 
I will let you know if we have any questions.

Cheers,
Matt
 
Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, January 06, 2017 4:30 PM
To: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: jim_zelenak@fws.gov; Steve Gess <steve_gess@fws.gov>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX
 
Ben and Matt.  
 
Attached please find the final DRAFT Species Status Assessment for the DPS of the Canada Lynx.  
 
Please note the specifics of the contract as you proceed. As we indicated in that Scope of Work (SOW), the purpose of the review is to help us ensure that we have
used the best scientific and commercial information when we make our final decision as to the current status of the lynx.  As a result, we are looking for independent
scientific perspectives on the comprehensiveness and logic of the document, as well as how well the technical conclusions are supported by the data and analyses.
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Peer reviewers should be advised that they are not to provide advice on policy.
 
Questions for Peer Review (from the SOW)
 

Available Data
 

1.      Please identify any oversights or omissions of data or information, and their relevance to the assessment. Are there others sources of information or
studies that were not included that are relevant to assessing the viability of this species? What are they are how are they relevant?

 

2.      Provide advice on the overall strengths and limitations of the scientific data used in the document. Have the authors been explicit about assumptions and
limitations of, and concerns regarding, the data, and are these appropriately qualified or explained? Are there concerns that the Service did not identify, and if
so, how relevant are these concerns to the assessment of viability of lynx in the contiguous U.S.? Are there any inconsistencies in how the data are presented
or assessed?

 
Analysis of Available Data

 

3.      Have the assumptions and methods used in the SSA report been clearly and logically stated in light of the best available information? If not, please
identify the specific assumptions and methods that are unclear or illogical.

 

4.      Are there demonstratable errors of fact or interpretation? Have the authors of the SSA report provided reasonable and scientifically sound interpretations
and syntheses from the scientific information presented in the report? Are there instances in the SSA report where a different but equally reasonable and
sound interpretation might be reached that differs from that provided by the Service? If any instances are found where this is the case, please provide the
specifics regarding those particular concerns.

 

5.      Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have the scientific uncertainties present given the data and the analyses
conducted been clearly identified and has the degree of uncertainty been appropriately characterized? If not, please identify any specifics concerns.

 
Please remind Peer Reviewers (as per text in SOW and required in correspondence with Peer Reviewers) of the following:
 
The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to improve transparency while conducting listing determinations
and other Act actions, and peer review of our analyses of the viability of species is part of that new process.  The attached draft SSA report is a rough draft; we are
seeking comments at this stage to ensure that we have time to incorporate any substantial comments as we finalize the report.
 
In reviewing the document, please note that this draft SSA report does not result in or predetermine a decision by the Service on whether the Canada lynx warrants
protections of the s Act.  This document is strictly a characterization of the viability species’ viability in the contiguous United States.
 
As a reminder, all peer reviews and comments will be public documents, and portions may be incorporated verbatim into the Service’s final decision Document,
should there be one, with appropriate credit given to the author of the review.  If you do not want your name to appear in a final decision document, as published in
the Federal Register, please inform us of this as soon as possible. 
 
In general we ask that your comments on the draft SSA report focus specifically on whether the best available information was used, the quality of the scientific
information,  and our interpretation and analyses of the data with regard to the species’ viability in the contiguous United States.  We request that you direct your
review to the scientific issues and assumptions related to your expertise.
 
 
A list of literature cited is included in the report and we have most of these documents available in pdfs (although not all).  We can send you a thumb drive or cd as
you wish with what we have.  Please let me know your preference and an address to have them fed-exed too.    
 
We look forward to your responses.  If you have questions, please contact our lead for this project: Jim Zelenak at (406) 449-5225, ext. 220 or at
Jim_Zelenak@fws.gov.  Thank you.  JB
 
 
 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Thu, Jan 5, 2017 at 2:36 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Ben and Matt.  Just a heads up.  I wanted to let you know that the document for review (Draft Lynx SSA) will be coming later today or first thing tomorrow.  I
have also asked our contracting agent to extend the contract so you have enough time to complete the review.  Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Wed, Sep 7, 2016 at 12:01 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Hi Ben.  We are getting pretty close but probably won't see a document ready to review for at least a few more weeks.  I'll keep you posted.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Wed, Sep 7, 2016 at 9:52 AM, Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com> wrote:

Jodi,
I am working with Matt Cusack on the Canada Lynx peer review document.  Do you have an update on the Draft Species Status Assessment (Document 1
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listed below)?
 
Thank you,
 
Ben Cogdell
Scientist
ATKINS
1616 East Millbrook Road, Suite 310, Raleigh, NC 27609 | Tel: +1.919.431.5226 | Fax: +1.919.876.6848
Email:benjamin.cogdell@atkinsglobal.com| Web: www.atkinsglobal.com/northamerica  www.atkinsglobal.com
 
From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Thursday, July 28, 2016 2:58 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks <kaimy_marks@fws.gov>; jim_zelenak@fws.gov
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX
 
Matt,  Sorry for the delay in responding to your questions; I was out of town on business and just returned today.  Your questions
were however,  forwarded to Jim Zelenak whom works with Jodi Bush. He sent me the following responses:  I think these should
answer your concerns.
 
Document 1 - the Species Status Assessment for the lynx DPS (SSA Report) - is the document that we (FWS) need to have peer-reviewed.  We are working
now to complete the draft SSA report, and we hope to have it done very soon (in the next week or so).  It will then go through internal review and editing
before it is ready to send out for peer review. I'm not sure how long internal review will take - the DPS covers 4 FWS regions and 10-15 states depending on
how you want to slice it - but the internal review will be on as fast a time line as possible.
 
Document 2 - The Final Report from the expert elicitation workshop is a supporting FWS document that we want to provide to peer-reviewers, though we are
not seeking peer review on this document itself.  Most of the potential peer reviewers likely already have the report because they either participated in the
workshop of were provided the report when it was completed. The final report is on our Region 6 lynx web page under the SSA tab (Appendices and Expert
Presentations are also there); here is the direct link to the report:
 
https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf
 
Document 3 - the revised LCAS - is also a supporting document that candidate peer reviewers probably already have, though we wanted to provide it because
we rely on it in the SSA report. It can be found and downloaded here:
 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
 
Let me know if you would prefer that I send you PDFs of these.
 
We will let you know when the Draft SSA Report is undergoing internal review when we will have a better idea of the timing of when it will be ready for peer
review.
 
 
 
Steven C. Gess, CPPO
Contracting Officer
US Fish & Wildlife Service
Region 6 Lakewood CO.
303-236-4334
Steve_gess@fws.gov
 
From: Cusack, Matthew T [mailto:matt.cusack@atkinsglobal.com] 
Sent: Tuesday, July 26, 2016 9:56 AM
To: Steve Gess
Cc: Jodi Bush; Kaimy Marks
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX
 
Thanks Steve,
 
Can you please provide the following items that were indicated as being provided in the Scope of Work?
 

1. 1) Species Status Assessment for the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx Canadensis);
2. Final Report of the Canada Lynx Expert Elicitation Workshop
3. Revised (Aug. 2013) interagency Lynx Conservation Assessment and Strategy (LCAS).

 
 
Feel free to use Atkins’ large file transfer system to provide me with the files if they are too large for email. The site can be accessed with an email address
and a self-developed password here: http://sendit.na.atkinsglobal.com
 
Also, are these three items the entire scope of what will require peer review per the scope of work? It is very helpful for me to see the materials that must be reviewed in order to
establish the range of magnitude for the reviews.

Thanks!

Cheers,
Matt
 
Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com
 
From: Steve Gess [mailto:Steve_Gess@fws.gov] 
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Sent: Monday, July 18, 2016 11:01 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks <kaimy_marks@fws.gov>
Subject: Request for Proposal TASK ORDER= PEER REVIEW LYNX
 
Matt, Here is a formal request for Proposal to conduct PEER review for LYNX study.   Attached is the RFP , proposal is due August
12, 2016. Please let me know if you have any questions.
 
Steven C. Gess, CPPO
Contracting Officer
US Fish & Wildlife Service
Region 6 Lakewood CO.
303-236-4334
Steve_gess@fws.gov
 
 

This email and any attached files are confidential and copyright protected. If you are not the addressee, any dissemination of this communication is strictly prohibited. Unless otherwise expressly agreed in writing, nothing stated in
this communication shall be legally binding.

The ultimate parent company of the Atkins Group is WS Atkins plc. Registered in England No. 1885586. Registered Office Woodcote Grove, Ashley Road, Epsom, Surrey KT18 5BW. A list of wholly owned Atkins Group companies
registered in the United Kingdom and locations around the world can be found at http://www.atkinsglobal.com/site-services/group-company-registration-details

Consider the environment. Please don't print this e-mail unless you really need to.

 
 

 
 

 
 

 
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Cusack, Matthew T
To: Zelenak, Jim; Bush, Jodi
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX
Date: Tuesday, March 14, 2017 9:21:15 AM
Attachments: Harrison-Draft Lynx SSA Complete Review.pdf

My apologies, I thought I had forwarded this along but my records also confirm that I have not.
 
Attached as requested.
 
Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Tuesday, March 14, 2017 11:15 AM
To: Bush, Jodi <jodi_bush@fws.gov>; Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX
 
Hi Matt,
 
Have you received Harrison's final comments yet?  If so, we need them.  If not, could you touch base with Harrison and let us know when we can expect them?
 
Thanks,
 
Jim
 
On Thu, Mar 2, 2017 at 11:55 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:

fyi

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
---------- Forwarded message ----------
From: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Date: Thu, Mar 2, 2017 at 9:56 AM
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX
To: "Bush, Jodi" <jodi_bush@fws.gov>
Cc: "Cogdell, Benjamin E" <Benjamin.Cogdell@atkinsglobal.com>

Hi Jodi,
 
There are three reviews that were outstanding. Below is their status. Good news is that two of them came in overnight (at least partially).
 

1.      Reviewer03 (Harrison): Partial review is available with the comments tailored to support your meeting. The full review will be available within the next week. Partial review is
attached. Note from reviewer “All of my important general comments are spelled out here, as well as my specific comments that are referenced specifically to the first 50 pages
of text.  Thus my most important comments for FWS to consider are included here and hopefully can help in the decision process.”

2.      Reviewer04 (Squires): Review and General Comments attached (2017 01 06 DRAFT Lynx SSA Report_JRS comments.pdf and SSA_Lynx_Comments_Squires.docx)

3.      Reviewer05: I have corresponded with them this morning and believe we will still get their review today. I will forward it when I get it.

 
Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, March 02, 2017 10:50 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX
 
Matt.  Any word on the last few peer reviewers?  We could really use those asap. Thanks JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
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585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Wed, Feb 22, 2017 at 10:27 AM, Cusack, Matthew T <matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,
 
Attached are the unedited reviewers from the first two reviewers.
 
Please let me know if you have any questions or concerns.

Cheers,
Matt
 
Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 22, 2017 11:24 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX
 
Hey Matt.  Please get us what you have asap.  
 
Unfortunately, the Service's decision meeting is on March 3rd and if we receive the Peer reviews that day we will be unable to use them in that meeting.  Please let your
folks know that we need their reviews asap, but NLT February 27 or 28 for us to be able to discuss them during the agency decision meeting.  Thank you.  JB
 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Mon, Feb 20, 2017 at 6:38 AM, Cusack, Matthew T <matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,
 
My apologies for the delayed response. I was out unexpectedly all week with the flu, which was very hard on me.
 
As I am going through my emails from last week, I see that I have received two peer reviews, which I will organize and deliver later today.
 
The other three are asking for more time, and have asked for March 3 due to a variety of travel commitments.
 
I hope this will be acceptable, as I have been doing everything I can to work with the reviewers so that you have a diversity of opinions.

Cheers,
Matt
 
Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 15, 2017 1:41 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX
 
Hi Matt.  I am checking in on the status of the Peer Review.  Any idea when we see them?  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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On Fri, Jan 20, 2017 at 3:21 PM, Cusack, Matthew T <matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,
 
Hope you are well!
 
We are still in the process of some contracting, but the reviewers have adjusted their schedules and have reported that they will have their reviews to Atkins by Friday, February
10. Just to make sure I have some time for late stragglers, I will have the draft, unfiltered reviews to the USFWS on Monday February 13.
 
Once the USFWS has returned to me with confirmation that they see no red flags or serious concerns that a reviewer misunderstood the materials, we will proceed with
developing the summary report that discusses the points of agreement and disagreement between the reviewers and have that ready for your review by within two weeks of the
USFWS response to Atkins.
 
Does that schedule work for you? Should allow us to have everything finalized well in advance of the April 30 end of the period of performance.
 
Have a great weekend!

Cheers,
Matt
 
Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, January 20, 2017 11:00 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX
 
Matt.  Just checking up on status of the Peer Review process.  I assume all reviewers have received document (SSA) and you are proceeding ahead but wanted to check
in.  
 
Perhaps an updated version of the Schedule (p.8) from your proposal would be warranted so we all understand the timelines.  Thanks.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Mon, Jan 9, 2017 at 9:41 AM, Cusack, Matthew T <matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,
 
We are in receipt of the SSA, thanks for sending.
 
I will let you know if we have any questions.

Cheers,
Matt
 
Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, January 06, 2017 4:30 PM
To: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: jim_zelenak@fws.gov; Steve Gess <steve_gess@fws.gov>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX
 
Ben and Matt.  
 
Attached please find the final DRAFT Species Status Assessment for the DPS of the Canada Lynx.  
 
Please note the specifics of the contract as you proceed. As we indicated in that Scope of Work (SOW), the purpose of the review is to help us ensure that we have
used the best scientific and commercial information when we make our final decision as to the current status of the lynx.  As a result, we are looking for independent
scientific perspectives on the comprehensiveness and logic of the document, as well as how well the technical conclusions are supported by the data and analyses.
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Peer reviewers should be advised that they are not to provide advice on policy.
 
Questions for Peer Review (from the SOW)
 

Available Data
 

1.      Please identify any oversights or omissions of data or information, and their relevance to the assessment. Are there others sources of information or
studies that were not included that are relevant to assessing the viability of this species? What are they are how are they relevant?

 

2.      Provide advice on the overall strengths and limitations of the scientific data used in the document. Have the authors been explicit about assumptions and
limitations of, and concerns regarding, the data, and are these appropriately qualified or explained? Are there concerns that the Service did not identify, and if
so, how relevant are these concerns to the assessment of viability of lynx in the contiguous U.S.? Are there any inconsistencies in how the data are presented
or assessed?

 
Analysis of Available Data

 

3.      Have the assumptions and methods used in the SSA report been clearly and logically stated in light of the best available information? If not, please
identify the specific assumptions and methods that are unclear or illogical.

 

4.      Are there demonstratable errors of fact or interpretation? Have the authors of the SSA report provided reasonable and scientifically sound interpretations
and syntheses from the scientific information presented in the report? Are there instances in the SSA report where a different but equally reasonable and
sound interpretation might be reached that differs from that provided by the Service? If any instances are found where this is the case, please provide the
specifics regarding those particular concerns.

 

5.      Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have the scientific uncertainties present given the data and the analyses
conducted been clearly identified and has the degree of uncertainty been appropriately characterized? If not, please identify any specifics concerns.

 
Please remind Peer Reviewers (as per text in SOW and required in correspondence with Peer Reviewers) of the following:
 
The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to improve transparency while conducting listing determinations
and other Act actions, and peer review of our analyses of the viability of species is part of that new process.  The attached draft SSA report is a rough draft; we are
seeking comments at this stage to ensure that we have time to incorporate any substantial comments as we finalize the report.
 
In reviewing the document, please note that this draft SSA report does not result in or predetermine a decision by the Service on whether the Canada lynx warrants
protections of the s Act.  This document is strictly a characterization of the viability species’ viability in the contiguous United States.
 
As a reminder, all peer reviews and comments will be public documents, and portions may be incorporated verbatim into the Service’s final decision Document,
should there be one, with appropriate credit given to the author of the review.  If you do not want your name to appear in a final decision document, as published in
the Federal Register, please inform us of this as soon as possible. 
 
In general we ask that your comments on the draft SSA report focus specifically on whether the best available information was used, the quality of the scientific
information,  and our interpretation and analyses of the data with regard to the species’ viability in the contiguous United States.  We request that you direct your
review to the scientific issues and assumptions related to your expertise.
 
 
A list of literature cited is included in the report and we have most of these documents available in pdfs (although not all).  We can send you a thumb drive or cd as
you wish with what we have.  Please let me know your preference and an address to have them fed-exed too.    
 
We look forward to your responses.  If you have questions, please contact our lead for this project: Jim Zelenak at (406) 449-5225, ext. 220 or at
Jim_Zelenak@fws.gov.  Thank you.  JB
 
 
 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Thu, Jan 5, 2017 at 2:36 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Ben and Matt.  Just a heads up.  I wanted to let you know that the document for review (Draft Lynx SSA) will be coming later today or first thing tomorrow.  I
have also asked our contracting agent to extend the contract so you have enough time to complete the review.  Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Wed, Sep 7, 2016 at 12:01 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Hi Ben.  We are getting pretty close but probably won't see a document ready to review for at least a few more weeks.  I'll keep you posted.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Wed, Sep 7, 2016 at 9:52 AM, Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com> wrote:

Jodi,
I am working with Matt Cusack on the Canada Lynx peer review document.  Do you have an update on the Draft Species Status Assessment (Document 1
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listed below)?
 
Thank you,
 
Ben Cogdell
Scientist
ATKINS
1616 East Millbrook Road, Suite 310, Raleigh, NC 27609 | Tel: +1.919.431.5226 | Fax: +1.919.876.6848
Email:benjamin.cogdell@atkinsglobal.com| Web: www.atkinsglobal.com/northamerica  www.atkinsglobal.com
 
From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Thursday, July 28, 2016 2:58 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks <kaimy_marks@fws.gov>; jim_zelenak@fws.gov
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX
 
Matt,  Sorry for the delay in responding to your questions; I was out of town on business and just returned today.  Your questions
were however,  forwarded to Jim Zelenak whom works with Jodi Bush. He sent me the following responses:  I think these should
answer your concerns.
 
Document 1 - the Species Status Assessment for the lynx DPS (SSA Report) - is the document that we (FWS) need to have peer-reviewed.  We are working
now to complete the draft SSA report, and we hope to have it done very soon (in the next week or so).  It will then go through internal review and editing
before it is ready to send out for peer review. I'm not sure how long internal review will take - the DPS covers 4 FWS regions and 10-15 states depending on
how you want to slice it - but the internal review will be on as fast a time line as possible.
 
Document 2 - The Final Report from the expert elicitation workshop is a supporting FWS document that we want to provide to peer-reviewers, though we are
not seeking peer review on this document itself.  Most of the potential peer reviewers likely already have the report because they either participated in the
workshop of were provided the report when it was completed. The final report is on our Region 6 lynx web page under the SSA tab (Appendices and Expert
Presentations are also there); here is the direct link to the report:
 
https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf
 
Document 3 - the revised LCAS - is also a supporting document that candidate peer reviewers probably already have, though we wanted to provide it because
we rely on it in the SSA report. It can be found and downloaded here:
 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf
 
Let me know if you would prefer that I send you PDFs of these.
 
We will let you know when the Draft SSA Report is undergoing internal review when we will have a better idea of the timing of when it will be ready for peer
review.
 
 
 
Steven C. Gess, CPPO
Contracting Officer
US Fish & Wildlife Service
Region 6 Lakewood CO.
303-236-4334
Steve_gess@fws.gov
 
From: Cusack, Matthew T [mailto:matt.cusack@atkinsglobal.com] 
Sent: Tuesday, July 26, 2016 9:56 AM
To: Steve Gess
Cc: Jodi Bush; Kaimy Marks
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX
 
Thanks Steve,
 
Can you please provide the following items that were indicated as being provided in the Scope of Work?
 

1. 1) Species Status Assessment for the contiguous United States distinct population segment (DPS) of the Canada lynx (Lynx Canadensis);
2. Final Report of the Canada Lynx Expert Elicitation Workshop
3. Revised (Aug. 2013) interagency Lynx Conservation Assessment and Strategy (LCAS).

 
 
Feel free to use Atkins’ large file transfer system to provide me with the files if they are too large for email. The site can be accessed with an email address
and a self-developed password here: http://sendit.na.atkinsglobal.com
 
Also, are these three items the entire scope of what will require peer review per the scope of work? It is very helpful for me to see the materials that must be reviewed in order to
establish the range of magnitude for the reviews.

Thanks!

Cheers,
Matt
 
Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com
 
From: Steve Gess [mailto:Steve_Gess@fws.gov] 
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Sent: Monday, July 18, 2016 11:01 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks <kaimy_marks@fws.gov>
Subject: Request for Proposal TASK ORDER= PEER REVIEW LYNX
 
Matt, Here is a formal request for Proposal to conduct PEER review for LYNX study.   Attached is the RFP , proposal is due August
12, 2016. Please let me know if you have any questions.
 
Steven C. Gess, CPPO
Contracting Officer
US Fish & Wildlife Service
Region 6 Lakewood CO.
303-236-4334
Steve_gess@fws.gov
 
 

This email and any attached files are confidential and copyright protected. If you are not the addressee, any dissemination of this communication is strictly prohibited. Unless otherwise expressly agreed in writing, nothing stated in
this communication shall be legally binding.

The ultimate parent company of the Atkins Group is WS Atkins plc. Registered in England No. 1885586. Registered Office Woodcote Grove, Ashley Road, Epsom, Surrey KT18 5BW. A list of wholly owned Atkins Group companies
registered in the United Kingdom and locations around the world can be found at http://www.atkinsglobal.com/site-services/group-company-registration-details

Consider the environment. Please don't print this e-mail unless you really need to.

 
 

 
 

 
 

 
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Shoemaker, Justin
Subject: Re: climate change and loss of spruce-fir forest in ME and MN
Date: Tuesday, March 14, 2017 9:53:46 AM

I have scheduled a call with just core team today at normal time/number, but you are welcome to join if you like and
if you have topics for discussion.

10 AM MST - in a few minutes...

866-857-8504
7620543

On Tue, Mar 14, 2017 at 9:49 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
We certainly need to present this to the decision team.  Also, after getting feedback about
the recommendation team meeting from the core team on our last call, I relayed those
thoughts to Marj.  Whatever we do next for the follow-up with decision makers, we should
allow for enough time to go over what some felt was left unsaid at the meeting.  

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov

On Tue, Mar 14, 2017 at 9:30 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
See Mark's message below.

Your thoughts re "game changing"?  Mine: it's still modeling, so uncertainty is inherent.  We probably need to
look at the underlying assumptions and emissions scenarios used in the model. Regardless, we should report
findings accurately and discuss uncertainty appropriately in the final SSA. 

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Tue, Mar 14, 2017 at 9:22 AM
Subject: climate change and loss of spruce-fir forest in ME and MN
To: Jim Zelenak <jim_zelenak@fws.gov>, Tamara Smith <tamara_smith@fws.gov>

Jim and Tam:

While working on responses to comments this morning I found these new research results
coming from UMaine that predicts loss of spruce-fir from Maine and Great Lakes Forest
by the end of the century (and substantial declines by 2060). See pages Maine 88-99 in the
University of Maine Center for Sustainable Research report below.

Maps generated for the years 2030, 2060, and 2090 suggest that suitable habitat for white
and black spruce will disappear from the U.S. by 2060 and from the Acadian Region by
2090 (Figure 9). Patches of suitable habitat for balsam fir and red spruce are projected to
remain in the U.S. ca. 2060, but dwindle to only a few located at high altitudes along the
Appalachian Mountains by 2090.

mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
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This research also indicates that several of our northern hardwoods, red maple and paper
birch, also decline.  Forest management greatly accelerates the declines caused by
climate change. 

I was not aware of this research when I wrote the climate change section for the lynx
SSA.  Sorry, but we have been moving at such speed that I haven't had time to talk to
forestry and climate change researchers at UMaine.  I'm surprised that Erin Simons-
Legaard did not mention the thesis and final reports to me (although I knew they were
working on it).  Tam, you mentioned a similar prediction at the decision meeting, but I
don't know if this was the same source (I doubt it). I will try to get a copy of the Andrews
2015 thesis from UMaine that has more details.
 
Is this a "decision-changer" concerning the preliminary lynx listing decision if we have
two independent sources calling for substantial declines in spruce-fir by 2060 in Maine
and Great Lakes?

Mark
-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov


Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: complete Harrison peer review?
Date: Tuesday, March 14, 2017 11:31:57 AM

thanks Jim.  talk to you soon.  M.

On Tue, Mar 14, 2017 at 11:31 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
This just in from contractor!  I will also put it in the appropriate drive folder.

On Tue, Mar 14, 2017 at 9:17 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
We have not yet received anything else by Harrison from our contractor.  I just emailed him (contractor) to see
if Dan has submitted his final comments and to ask that he get them to us as soon as he can.

So for now, use the "Incomplete and Unedited Draft..." that Dan did submit.

On Tue, Mar 14, 2017 at 8:35 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:  

I can't find Dan Harrison's complete peer review on our Google Drive.  He told me he
sent it to the contractor several weeks ago (by the end of our decision meeting).

Can you send me a copy or post on the google drive.  I can get started with his initial
comments.  I have a draft response to Maine state comments done.

thanks, Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: complete Harrison peer review?
Date: Tuesday, March 14, 2017 11:31:22 AM
Attachments: Harrison-Draft Lynx SSA Complete Review.pdf

This just in from contractor!  I will also put it in the appropriate drive folder.

On Tue, Mar 14, 2017 at 9:17 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
We have not yet received anything else by Harrison from our contractor.  I just emailed him (contractor) to see if
Dan has submitted his final comments and to ask that he get them to us as soon as he can.

So for now, use the "Incomplete and Unedited Draft..." that Dan did submit.

On Tue, Mar 14, 2017 at 8:35 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:  

I can't find Dan Harrison's complete peer review on our Google Drive.  He told me he sent
it to the contractor several weeks ago (by the end of our decision meeting).

Can you send me a copy or post on the google drive.  I can get started with his initial
comments.  I have a draft response to Maine state comments done.

thanks, Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
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jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
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From: Karen Cathey
To: Bryon Holt
Cc: Dennis_Mackey@fws.gov; crystal_garcia@fws.gov
Subject: Briefing - Lynx
Date: Tuesday, March 14, 2017 12:36:05 PM

Hey, Bryon - I talked to Dennis this morning.  Rollie already talked
to Greg, but the conversation was pretty general.  Dennis and probably
Greg would like to hear more detail on how the SSA results meeting
were used to come to a tentative direction.  To this end, can you use
my calendar and work directly with Crystal Garcia (cc'd here) to set
up a briefing?  If you have Tracy's calendar, maybe you can use it to
find a time thats good for her too?  A briefing statement isn't
necessary, but you should give some thought on how to logically walk
us through the information (like you did me prior to the meeting) that
leads to your opinion on what was decided as the recommendation.  I'll
be in Thursday, and we can talk more.

K

Sent from my iPad

mailto:bryon_holt@fws.gov
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From: Smith, Tamara
To: McCollough, Mark
Cc: Jim Zelenak
Subject: Re: climate change and loss of spruce-fir forest in ME and MN
Date: Tuesday, March 14, 2017 12:48:38 PM
Attachments: Galatowitsch_2009_Climate_Change_Adaption_Strategies_Conservation.pdf

Hi Mark and Jim - The paper I was referring to at the DM was the Galatowitsch et al. 2009 
paper (attached). 

On Tue, Mar 14, 2017 at 10:22 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim and Tam:

While working on responses to comments this morning I found these new research results
coming from UMaine that predicts loss of spruce-fir from Maine and Great Lakes Forest by
the end of the century (and substantial declines by 2060). See pages Maine 88-99 in the
University of Maine Center for Sustainable Research report below.

Maps generated for the years 2030, 2060, and 2090 suggest that suitable habitat for white
and black spruce will disappear from the U.S. by 2060 and from the Acadian Region by
2090 (Figure 9). Patches of suitable habitat for balsam fir and red spruce are projected to
remain in the U.S. ca. 2060, but dwindle to only a few located at high altitudes along the
Appalachian Mountains by 2090.

This research also indicates that several of our northern hardwoods, red maple and paper
birch, also decline.  Forest management greatly accelerates the declines caused by
climate change. 

I was not aware of this research when I wrote the climate change section for the lynx SSA. 
Sorry, but we have been moving at such speed that I haven't had time to talk to forestry and
climate change researchers at UMaine.  I'm surprised that Erin Simons-Legaard did not
mention the thesis and final reports to me (although I knew they were working on it).  Tam,
you mentioned a similar prediction at the decision meeting, but I don't know if this was the
same source (I doubt it). I will try to get a copy of the Andrews 2015 thesis from UMaine
that has more details.
 
Is this a "decision-changer" concerning the preliminary lynx listing decision if we have two
independent sources calling for substantial declines in spruce-fir by 2060 in Maine and
Great Lakes?

Mark
-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
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P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (temp. use ext. 201)
952-646-2873 

612-600-1599 Cell

mailto:mark_mccollough@fws.gov


From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: complete Harrison peer review?
Date: Tuesday, March 14, 2017 9:31:15 AM
Attachments: Harrison-Draft Lynx SSA Complete Review.pdf

This just in from contractor!  I will also put it in the appropriate drive folder.

On Tue, Mar 14, 2017 at 9:17 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
We have not yet received anything else by Harrison from our contractor.  I just emailed him (contractor) to see if
Dan has submitted his final comments and to ask that he get them to us as soon as he can.

So for now, use the "Incomplete and Unedited Draft..." that Dan did submit.

On Tue, Mar 14, 2017 at 8:35 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:  

I can't find Dan Harrison's complete peer review on our Google Drive.  He told me he sent
it to the contractor several weeks ago (by the end of our decision meeting).

Can you send me a copy or post on the google drive.  I can get started with his initial
comments.  I have a draft response to Maine state comments done.

thanks, Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
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jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: complete Harrison peer review?
Date: Tuesday, March 14, 2017 9:31:59 AM

thanks Jim.  talk to you soon.  M.

On Tue, Mar 14, 2017 at 11:31 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
This just in from contractor!  I will also put it in the appropriate drive folder.

On Tue, Mar 14, 2017 at 9:17 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
We have not yet received anything else by Harrison from our contractor.  I just emailed him (contractor) to see
if Dan has submitted his final comments and to ask that he get them to us as soon as he can.

So for now, use the "Incomplete and Unedited Draft..." that Dan did submit.

On Tue, Mar 14, 2017 at 8:35 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:  

I can't find Dan Harrison's complete peer review on our Google Drive.  He told me he
sent it to the contractor several weeks ago (by the end of our decision meeting).

Can you send me a copy or post on the google drive.  I can get started with his initial
comments.  I have a draft response to Maine state comments done.

thanks, Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: complete Harrison peer review?
Date: Tuesday, March 14, 2017 11:31:57 AM

thanks Jim.  talk to you soon.  M.

On Tue, Mar 14, 2017 at 11:31 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
This just in from contractor!  I will also put it in the appropriate drive folder.

On Tue, Mar 14, 2017 at 9:17 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
We have not yet received anything else by Harrison from our contractor.  I just emailed him (contractor) to see
if Dan has submitted his final comments and to ask that he get them to us as soon as he can.

So for now, use the "Incomplete and Unedited Draft..." that Dan did submit.

On Tue, Mar 14, 2017 at 8:35 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:  

I can't find Dan Harrison's complete peer review on our Google Drive.  He told me he
sent it to the contractor several weeks ago (by the end of our decision meeting).

Can you send me a copy or post on the google drive.  I can get started with his initial
comments.  I have a draft response to Maine state comments done.

thanks, Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Tamara Smith
Subject: Schwartz"s thoughts on number of lynx in Minnesota
Date: Wednesday, March 15, 2017 10:11:14 AM

You may have seen this, but thought I'd forward it.  I was never quite sure where the 190-250 number came from (I
remember Moen at EE workshop saying first 50-300, kinda of jokingly, then later revising it to 50-200 as his best
guess), but Squires also commented on it.

In response to Schwartz, I will probably say that expert guesses are the best we have and note that we will make sure
in the final report to consistently present these as guesses based on habitat potential.

Anyway, if you have other thoughts on the following (Schwartz comment), please send them to me.  I think I will
ask him what he thinks is a more realistic number based on the DNA surveys he refers to. 

2.  The population estimates of several populations are optimistic.  “…there were several locations throughout the
document where estimates were based on converting suitable habitat to number of individuals (presumably by
assuming a home range size and some overlap among the sexes).  This approach assumes that the fundamental niche
(habitat suitability) equals the realized niche (habitat suitability limited by competition, species interactions, etc). 
This is almost never the case.  One example of this likely overestimation is in Minnesota where the SSA suggests
that there are between 190-250 individual lynx in the area (pg. 120).  Despite the next sentence claiming that the
actual number of lynx is unknown, this high estimate is carried throughout the document.  DNA based surveys on
the Superior National Forest, conducted in conjunction with the USFS National Genomics Center for Wildlife and
Fish Conservation have never produced numbers nearly this high.  I suggest the USFWS revisit the population
estimate of lynx in MN and for planning purposes consider using a much lower number.” 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Shull, Alisa
Cc: Nordstrom, Lori
Subject: Re: lynx SSA peer review Q
Date: Wednesday, March 15, 2017 1:16:33 PM

great thanks.  I will wait til I hear back from Lori on her potential contact (Mark) before I
check into Paige's availability.    JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Mar 15, 2017 at 11:17 AM, Shull, Alisa <alisa_shull@fws.gov> wrote:
Hi,

It's Michael Warriner.

Alisa

On Wed, Mar 15, 2017 at 9:35 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Alisa.  Thanks for information.  Do you know who Paige's direct supervisor is?  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Mar 14, 2017 at 1:39 PM, Shull, Alisa <alisa_shull@fws.gov> wrote:
Hi,

Paige is a F&W  biologist, but she has a strong interest in writing and editing (and
periodically team-teaches the Critical Writing/Critical Thinking course at NCTC).

Alisa

On Tue, Mar 14, 2017 at 1:55 PM, Nordstrom, Lori <lori_nordstrom@fws.gov> wrote:
Hi Jodi

In thinking ahead for when we have to do peer review for the monarch SSA, I noticed
that it looks like the lynx SSA peer review was contracted out since the peer reviewers
sent their responses to someone at Atkins?  How did you find the contractor? Did you
have to go out for bids? Does the Service already have a contract for peer review?
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On a lynx SSA editing note, the person in my RO who is an editor is Mark
Hogeboom, he works in Refuges in the RO.I was hired as an editor but give budget
cuts he's been tasked to some other things in addition to editing.  His supervisor is
Maggie O'Connell, I haven't had a chance to catch up with her to ask if he might be
able to help you with editing the lynx SSA.

Also, Alisa Shull (she's our ESA Chief) said that Paige Najvar in R2 is an excellent
editor (but her job is not as an editor, I don't think).

Lori

-- 
Alisa Shull

Chief, Division of Endangered Species
Region 3,U.S. Fish & Wildlife Service 
5600 American Blvd. West, Suite 990
Bloomington, MN  55437-1458

612-713-5334

Alisa_Shull@fws.gov

-- 
Alisa Shull

Chief, Division of Endangered Species
Region 3,U.S. Fish & Wildlife Service 
5600 American Blvd. West, Suite 990
Bloomington, MN  55437-1458

612-713-5334

Alisa_Shull@fws.gov
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From: Mackey, Dennis
To: Melbihess, Tracy
Subject: Re: bull trout and lynx
Date: Wednesday, March 15, 2017 1:54:21 PM

Okay. Sounds good. Thanks.

On Wed, Mar 15, 2017 at 1:01 PM, Melbihess, Tracy <tracy_melbihess@fws.gov> wrote:
Looks like Greg set up a lynx discussion for next week.  I am not available (will be in Abq
for last modeling session, whew!) but sent an email to Kathleen with pertinent details; all
ducks are in a row between me/Bryon/Karen on what will be discussed/path forward.  

So that leaves bull trout.  I"ll ask Crystal whether Greg wants to fit something in on Friday
or wait til I'm back. 

Thx. 

On Tue, Mar 14, 2017 at 8:46 AM, Mackey, Dennis <dennis_mackey@fws.gov> wrote:
I would set up 30 mins Friday with you, me, Greg, Ben and Kathleen if she is in. Thanks!

On Mon, Mar 13, 2017 at 5:42 PM, Melbihess, Tracy <tracy_melbihess@fws.gov> wrote:
Hi Dennis, 
Let's try to catch up on bull trout this week before I head out again?  Should I pencil
something into our schedules for Thursday or Friday?  Or if there's no rush, we can wait
until later in March.  Let me know. 

I have only the briefest update on the lynx decision meeting, so we can discuss that as
well. 

Tracy 

-- 

Classification and Recovery Branch Chief
Idaho Fish and Wildlife Office (IFWO), Region 1
US Fish and Wildlife Service
#208-378-5287 (office)

and temporary assignment to

Mexican Wolf Recovery Program
Southwest Regional Office, Region 2
US Fish and Wildlife Service
#208-258-0253 (cell)

-- 

mailto:tracy_melbihess@fws.gov
mailto:tracy_melbihess@fws.gov
mailto:dennis_mackey@fws.gov
mailto:tracy_melbihess@fws.gov


Dennis Mackey
Deputy State Supervisor
United States Fish and Wildlife Service
Boise, Idaho  
Office: 208-378-5267
Cell: 208-860-1970 

-- 

Classification and Recovery Branch Chief
Idaho Fish and Wildlife Office (IFWO), Region 1
US Fish and Wildlife Service
#208-378-5287 (office)

and temporary assignment to

Mexican Wolf Recovery Program
Southwest Regional Office, Region 2
US Fish and Wildlife Service
#208-258-0253 (cell)

-- 
Dennis Mackey
Deputy State Supervisor
United States Fish and Wildlife Service
Boise, Idaho  
Office: 208-378-5267
Cell: 208-860-1970 



From: McCollough, Mark
To: Jim Zelenak
Cc: Anna Harris
Subject: lynx SSA ME responses to peer/state review
Date: Wednesday, March 15, 2017 5:22:22 PM

Jim:  At the end of today I can foresee that I will not be able to get you the Maine peer and
state review comments by COB tomorrow.  I will have them to you by noon EST (10:00 your
time) on Friday.

Just so you know, I have MDIFW responses largely done (but they need editing).  I identified
the major issues in the Harrison peer review and just started developing responses late this
afternoon.

Thanks for the reprieve.  As you know, both MDIFW and Dan Harrison had very lengthy
comments.  The Maine Forest Products Council are also lengthy, but a lower priority for me at
this point.  We should decide how to handle these comments as they were not solicited and we
did not extend an invitation to other NGOs to comment.  I suggest we look for any scientific
information in their comments that would help our existing analysis or edits we need to
respond to the MDIFW or peer review comments.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
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From: Bush, Jodi
To: Gess, Steve
Subject: Re: lynx SSA peer review Q
Date: Thursday, March 16, 2017 9:37:07 AM

Thanks Steve!

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Mar 16, 2017 at 9:27 AM, Gess, Steve <steve_gess@fws.gov> wrote:
Lori, if you want to talk about the contract and how you can use it, please call me at 303-
236-4334..  Thanks 

Steven C. Gess, CPPO
Contracting Officer
US Fish & Wildlife- Region 6
303-236-4334

On Tue, Mar 14, 2017 at 1:36 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Thanks Lori.  As far as contracting Peer Reviewers, we have a contract point person in RO
who handles that.  His name is Steve Gess.  He really helped us get through the process.  I
believe this is a national contract that we use and they just cycle through the contractors as
they are used.  I have cc'd him here so he can answer your question and respond to you
directly.  Good luck.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Mar 14, 2017 at 12:55 PM, Nordstrom, Lori <lori_nordstrom@fws.gov> wrote:
Hi Jodi

In thinking ahead for when we have to do peer review for the monarch SSA, I noticed
that it looks like the lynx SSA peer review was contracted out since the peer reviewers
sent their responses to someone at Atkins?  How did you find the contractor? Did you
have to go out for bids? Does the Service already have a contract for peer review?

Lori

mailto:jodi_bush@fws.gov
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OFFICE OF SPECIES CONSERVATION 
 
 
C.L. “BUTCH” OTTER  P.O. Box 83720 
 Governor  Boise, Idaho 83720-0195 
  
  
DUSTIN T. MILLER  304 North Eighth Street, Suite 149 
 Administrator   Boise, Idaho 83702 

 
March 16, 2017 

 
Betty Grizzle 
U.S. Fish and Wildlife Service 
Carlsbad Fish and Wildlife Office of Species Conservation  
2177 Salk Ave, Ste. 250 
Carlsbad, CA 92008 
 
RE: State of Idaho Comments on Species Status Assessment for North American 

Wolverine. 
 
Dear Ms. Grizzle, 
 
The Governor’s Office of Species Conservation (OSC) and the Idaho Department of Fish and 
Game (IDFG), on behalf of the state of Idaho, submit the following comments and data on the 
recent species status assessment for the North American wolverine (Wolverine SSA). First and 
foremost, in response to the U.S. Fish and Wildlife Service’s (Service) Wolverine SSA and 
formal request for comments (see 81 Fed. Reg. 71,670, Oct. 18, 2016), Idaho reiterates its 
position that wolverines belong under state management, and the Endangered Species Act (ESA) 
is not equipped to afford protections over and above those protections provided by the states. To 
the contrary, we believe Idaho is well situated to conserve and manage its wolverine population. 
 
On November 17, 2016, the State provided comments on the reopening of the comment period 
for the proposed rule to list wolverine as a threatened species under the ESA.1 Idaho considers 
those comments still relevant, as well as comments previously submitted to the Service.2 During 
the reopened comment period in November 2016, the Service requested specific information, 
including a request for new information on wolverine status, distribution, and trends in Idaho. 
The State provided the requested information during that comment period and except for some 
updated occurrences (attached), the State has very little new information regarding the 
wolverine’s status within the state. 
 
As a reminder, the state of Idaho remains opposed to the Service’s determination that the 
wolverine population in the contiguous United States qualifies as a distinct population segment 
(DPS) under the ESA. Much like the Service’s analysis for the Canadian lynx DPS, Idaho 
strongly believes that the Service is misapplying the DPS Policy as it relates to wolverine. The 
SSA process will ultimately help inform whether the population is truly discrete and significant 
as required by the DPS Policy. The State encourages the Service to take a renewed look at their 
DPS determination when developing the Wolverine SSA and prior to considering a proposed 
rule or not-warranted finding. 
 

                                            
1 Letter from Sam Eaton to Jodi Bush dated Nov. 17, 2016. 
2 See State of Idaho Comments dated May 6, 2013; Dec. 2, 2013; May 6, 2014 
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It is our hope that the Service will continue to engage with the states during this SSA process and 
beyond. Please do not hesitate to contact us with any questions. 
 
Sincerely, 

 
Sam Eaton 
Deputy Administrator 
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IDAHO DEPARTMENT OF FISH AND GAME 
600 S Walnut / P.O. Box 25 C.L. "Butch" Otter / Governor 
Boise, Idaho  83707 Virgil Moore / Director 
 
 
March 16, 2017 
 
Idaho Department of Fish and Game Comments Re: U.S. Fish and Wildlife Service’s Species 
Status Assessment for the North American Wolverine (Gulo gulo luscus). 
 
The U.S. Fish and Wildlife Service (Service) is in the process of determining the status of the 
distinct population segment of the North American wolverine (Gulo gulo luscus) (hereafter 
wolverine) in the contiguous United States.  To conduct its review, the Service will be using the 
Species Status Assessment (SSA) framework and is currently seeking information to guide their 
evaluation.  Most recently (S. Eaton letter to Service, November 17, 2016), the Idaho 
Department of Fish and Game (Department) provided information in response to the reopening 
of the comment period on the proposed rule to list the wolverine as a threatened species under 
the Endangered Species Act.  The technical information included in the November 17, 2016 
submission addressed the information and data now being requested by the Service in 
preparation for the SSA.  As such, the Department has no additional comments at this time with 
the exception of the following update regarding wolverine distribution and new detections since 
November 2016.  If there are any questions about this information, please direct them to Dr. Rex 
Sallabanks, Wildlife Diversity Program Manager, rex.sallabanks@idfg.idaho.gov. 
 
 
Information requested: 
 

Specific information on the conservation status of the wolverine, including information on 
distribution, abundance, and population trends.  

 
Previous comments submitted by the Department included maps of wolverine observations 
compiled through November 4, 2016, overlaid on a composite wolverine habitat model based on 
spring snow coverage (Copeland et al. 2010) and female dispersal habitat as modeled by Inman 
(2013).  The Department recently revised maps to include an additional 26 wolverine records 
collected through March 9, 2017 (Table 1, Appendix A).  The new records include 12 detections 
from camera stations deployed as part of the Western States Wolverine Conservation Project 
(WSWCP), five detections from camera stations deployed for Idaho wolf monitoring, and nine 
incidental observations submitted by the public (one verified, eight possible).  
 
As part of the WSWCP, three additional wolverine occurrences were documented in survey grid 
cells along the Idaho/Montana border in the Clearwater region during winter 2016–2017.  These 
survey sites and data are managed by Montana partners on the WSWCP, however, and are not 
included here.  
 
 

mailto:rex.sallabanks@idfg.idaho.gov
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Table 1.  Status of and changes to wolverine records in the Idaho Fish and Wildlife 
Information System’s Observations database, including the number of new records 
submitted to the database (# New) and the number of existing records changed from 
Possible to Verified based on new evidence (photos, # Updated). 
 
 Verified or 

Trusted 
Possible or 
Unverified 

Total 

Status as of November 4, 2016 613 386 999 
Changes    

# New 18 8  
# Updated 7 -7  

# Misidentified*  -1  
Status as of March 13, 2017 638 386 1024 

 
* Photos from 1 existing record (#1197565, previously considered Unverified) were reviewed 
and determined to be misidentified.  In addition, 1 new submission was determined to be 
misidentified and is not included here. 
 
 
Of the 1,024 wolverine observations currently in the Department’s database, 62.3% (n=638) are 
verifiable based on specimens, confirmed DNA, photographs, targeted and non-targeted capture, 
and tracks identified by species experts.  In previous comments, 54% (2013) and 61% (2016) of 
the Department’s records were similarly unequivocal.   
 
  
Literature Cited 
 
Copeland, JP, KS McKelvey, KB Aubry, A Landa, J Persson, RM Inman, J Krebs, E Lofroth, H 

Golden, JR Squires, A Magoun, MK Schwartz, J Wilmot, CL Copeland, RE Yates, I 
Kojola, and R May. 2010. The bioclimatic envelope of the wolverine (Gulo gulo): do 
climatic constraints limit its geographic distribution? Canadian Journal of Zoology 
88:233–246. 

 
Inman, RM. 2013. Wolverine ecology and conservation in the western United States. 

Dissertation, Swedish University of Agricultural Sciences, Uppsala, Sweden. 
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Appendix A 
Wolverine Observations in Idaho, 1891–2017  
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From: Bush, Jodi
To: Gregory Hughes; Dennis Mackey
Cc: Kathleen Hendricks; Bryon Holt
Subject: Fwd: Idaho Comments on Wolverine SSA
Date: Thursday, March 16, 2017 3:58:30 PM
Attachments: State of Idaho Comments on Wolverine SSA 031617.pdf

Just so you know what your esteemed colleagues sent.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Sam Eaton <Sam.Eaton@osc.idaho.gov>
Date: Thu, Mar 16, 2017 at 3:26 PM
Subject: Idaho Comments on Wolverine SSA
To: "betty_grizzle@fws.gov" <betty_grizzle@fws.gov>
Cc: "Bush, Jodi" <jodi_bush@fws.gov>, "Sallabanks,Rex" <rex.sallabanks@idfg.idaho.gov>,
"sharon.kiefer@idfg.idaho.gov" <sharon.kiefer@idfg.idaho.gov>, "Dustin T. Miller"
<Dustin.Miller@osc.idaho.gov>

Hi Betty,

 

Please find the attached comments from the State of Idaho concerning the wolverine SSA.
Please call with questions.

 

Thank you,

 

Sam Eaton

Deputy Administrator | Legal Counsel

Governor's Office of Species Conservation

208.332.1552 |  sam.eaton@osc.idaho.gov
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Summary of Peer review and State review comments, concerns, issues/themes – Draft Lynx SSA Report 

I. Peer Reviews 

Peer Reviewer 3 – Dan Harrison (Mark) 

1. P. 1 The Draft SSA overlooks the possibility that lynx populations may be less variable and have 
exhibited long-term sustainability, coupled with less dramatic temporal fluctuations in density, 
survival and recruitment within Maine, and perhaps Minnesota, compared to populations within 
the core range.   The SSA should reevaluate the possibility that a lack of 10-year cycles in lynx at 
the southern limit of their distribution means that the populations are not sustainable without 
inputs from Canada.  This is a tenuous assumption and ignores the point that average longterm 
finite growth rate could be positive in places with non-cyclic or dampened fluctuations with 
increased periodicity.  

Response:  The SSA process and advisors led the core team toward developing a lynx “model” that fit 
the DPS as a whole.  Although there are some generalities concerning lynx and hare ecology that hold 
true across the DPS, there are many differences concerning lynx and hares in each of the units.  These 
differences could influence our perspective on all 3Rs.  From these and other peer review comments it 
seems that we should revisit how we describe the DPS, particularly the inherent (and significant) 
differences between the units.  As indicated in the next few comments, Dr. Harrison (and other peer 
reviewers) challenged us on the validity of key assumptions that form the biological basis of the SSA.  
Although some assumptions may still hold true for some units, they may not for others.  Perhaps we 
need to aggregate similar units that have similar ecological characteristics and state specific 
assumptions for each.  We need to be more explicit in what assumptions apply to what units.  In other 
words, peer reviewers are asking us to describe a more complex than simplistic status of lynx across the 
DPS. 

Dr. Harrison is makes a valid point concerning noncyclic-or weakly cyclic hare densities providing more 
stable population conditions for ME and MN (and maybe MT) .  He also makes a valid point that 
landscape hare densities in eastern units are much greater than western units resulting in smaller home 
ranges in the east than west (and perhaps other different demographic patterns throughout the DPS.  
We should reevaluate and restate our basic assumptions for each unit or groups of similar units.  At 
one point (meeting in Denver) we started a table that would compare hare densities, lynx 
demographics, etc. for each of the units.  We didn’t have data for all the units, but perhaps this would 
be a good starting point for developing assumptions.  For example, if ME and MN have similar landscape 
hare densities, lynx home ranges and demographics, connected broadly to populations in Canada, 
similar forest ecotypes, etc.  perhaps we could make unique assumptions related to these units that 
would be different from MT and WA. 

 

2. This suggests high resiliency of this population and argues that Maine is not an island in the 
meta-population sense and is part of a persistent population across the mixed transitional 
forests of Maine, southern Quebec, and New Brunswick and spanning nearly 30 million acres of 
habitat that is contiguous and demographically isolated from other lynx populations. This clearly 
violates the general assumption (page 7, final bullet at bottom) of the Draft SSA which states 
that: “We assume that lynx exhibit a “mainland-island” metapopulation structure in which the 
DPS populations function as “islands” that receive periodic input from “mainland” Canada 
populations.” This “mainland-island” metapopulation structure is critical to the biological 



assessments throughout the Draft SSA and does not appear relevant to the contiguous 
populations in Maine, and also does not likely apply in Minnesota. The application of the 
metapopulation concept may or may not apply in Montana (depending on subpopulation), and 
seems most relevant to the populations in Washington, the GYE, and western Colorado. 
Applying this concept across the entire DPS does not seem appropriate. P. 12 The peripheral 
island population concept is not relevant to populations in N. Montana, Minnesota, and Maine, 
all of which occur over large landscapes and are fully contiguous (and part of) populations in 
Canada. P. 12 Not all southern populations are isolated and necessarily dependent on 
immigration – again this is an overgeneralization across populations within the DPS. This 
concept is probably most relevant to populations in Colorado, GYE, and N.C. Washington. Also 
see related comments on p. 13., p. 16 that argue that Maine (and MN?) populations do not 
operate on mainland-island premise. See additional comment on P. 21. 

Response:  Although we acknowledge lynx occur across the border, we did little to quantify or describe 
the populations of lynx that occur nearby.  Dr. Harrison is correct that the ME lynx population is part of a 
large metapopulation south of the St. Lawrence River.  However, this larger metapopulation is probably 
geographically isolated from central Canada (Quebec populations).  I think Dr. Harrison’s hypothesis that 
lynx swim the 5 to 15 distance across the St. Lawrence River is unlikely.  Koen et al. believe what 
interchange occurs in the winter when the River freezes (they show there is more connectivity that 
expected with ice-breaking operations).  We should expand on what we know about lynx status for 
Canadian lynx populations adjacent to ME, MN, MT, and WA.  Dennis Murray advised us to look at 
trapping regulations and harvests of these border/s. Canada populations and believed that trapping has 
or could be affecting immigration rates.   

We should expound on why we believe immigration is important to maintaining the DPS populations, 
drop this assumption, or retain it for the populations (West) where we believe it important.  This is a 
holdover from the early days of lynx listing and as Dr. Harrison indicates probably influences some 
western units more than eastern units.  There has not been major cycles for several decades, yet lynx 
persist in the DPS.  Dr. Harrison’s hypothesis probably is valid – hare populations never cycle as low as 
they do in Canada and seem to be sufficient to support stable populations (or increasing in ME since 
listing because of the unprecedented forestry situation. 

3. Tendency of the Draft SSA to broadly generalize across the 6 populations in the DPS despite that 
some populations are geographically, ecologically, demographically, and genetically more similar 
to contiguous core populations in Canada, and which may have much less commonality with 
other geographically isolated populations within the DPS that are separated by hundreds and 
thousands of miles.  P. 11. all lynx populations in the DPS should not be grouped together as the 
landscape compositions and configurations, distribution of HQHH, and demographics are very 
different. See numerous comments above about the inappropriateness of the broad 
generalization and assumption that lynx demographics across the DPS are characteristic of 
northern populations during hare lows. If so, then all populations in the DPS should be in rapid 
decline phase most of the time and would not persist. Data for most southern populations is in 
direct contrast with this assumption, and the data are particularly contradictory for northern 
Montana, Minnesota, and Maine. 

 
Response:  See comment above.  The SSA paints the DPS with a broad brush, when the science suggests 
there are distinct differences between units that affect the 3Rs.  We should revisit, revise, or possibly 
eliminate our assumption that hare densities resemble those at the low-point of the hare cycle in 
Canada.  Perhaps landscape hare densities in the West do resemble low Canada hare densities.  If so, 



the assumption may only apply to western Units.  However, Dr. Harrison makes a valid point – if hare 
densities in the DPS resemble those at the low-point of the hare cycle, why are not all of our DPS 
populations declining as they would in Canada? 

 
4. “We assume that , in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, including 
the DPS, than in the core of the species range in Canada and Alaska. “  

 
Response:  If we had the table referred to in the previous response, we could compare and contrast 
how lynx and hare populations behave in the DPS compared to what we know about central Canada (did 
the LCAS do this?).  For example some DPS hare-lynx populations may resemble the low-point of the 
hare cycle, whereas others may be somewhere in the middle.  Hare and lynx populations in ME have 
never reached similar numbers to the peak in the Canadian cycle, but they have never approached the 
low-point either.  This stability of hare numbers (especially never crashing to extra-low densities) seems 
important to lynx recovery in the DPS.  

 
5. The assumption that lynx numbers are lower in the DPS is also tenuous. The other general 

assumption that population processes in the DPS are more similar to northerly populations at 
the low in hare numbers is universally inaccurate across the population within the DPS.  Also see 
related comments on p. 10., p. 11., p. 12 

 
Response:  See previous comment.  Maybe lynx numbers are as low as they get in central Canada, 
maybe not.  Again, a table comparing the units would seem useful.  Lynx densities are much lower in the 
West (MT?, CO?, WA?) than in ME and MN.  The SSA paints with a broad brush and probably does not 
do a good job of pointing out differences. 
 
If a peer reviewer indicates we are inaccurate or our assumptions lack support, we need to address. 

 
6. The final general assumption that is bulleted on page 8 seems unsupported and could greatly 

affect the future status of lynx. The assumption that current levels of conservation for lynx 
would continue without protections under the ESA is completely unrealistic. There has not been 
a credible assessment to date of the efficacy of recent efforts to prioritize lynx conservation on 
federal lands within the DPS. P. 27. 202/2/entire: The assumption that management for lynx 
would continue on federal lands absent ESA protections is unsupported. This management did 
not exist prior to lynx being listed as a U.S. Threatened Species and as I understand it, there 
would be no requirement for USFS or BLM to prioritize lynx conservation 5 years after the 
species were de-listed. Further there have been no credible evaluations of whether existing 
management has benefited lynx, particularly given that forest management effects occur across 
decades. 

 
Certification is linked to efforts to conserve threatened and endangered species, thus delisting could 
eliminate the growing potential for lynx conservation on private forestlands, particularly in Maine 
and Minnesota. Future opportunities to modify policies to benefit lynx conservation on private lands 
would be severely compromised if lynx were to be de-listed.  See p. 23 for related comments.  

 



Response:  We should address Dr. Harrison’s comment in the SSA.  Is it true that there are no 
assessments of the effectiveness of the LCAS/USFS plans?  Are there any data that indicate that the 
management is retaining or attracting lynx on the landscape?  We are probably on thin ice to say that 
the USFS would continue lynx management if the lynx were not listed.  Are there any USFS policies that 
would indicate they would continue management?  Would the USFS develop a research/monitoring 
effort to document lynx occupancy of LAUs?  Would they do so if the lynx were not listed?  This point is 
best addressed by Jim or someone representing the western units. 
 
We addressed Forest Certification concerning the Maine unit, but it may pertain to lynx habitat on 
private lands other units as well.  We should broaden the discussion in the SSA to include information 
on SFI of FSC certification on all units (where would there be a quick way to obtain this information?).  
I agree with Dr. Harrison that forest certification has much potential for lynx recovery in Maine and 
probably other units.  It is underutilized and thus far, I am not aware that any certified landowners in 
Maine are actively managing for lynx.  This could be, in part, because of mixed messages concerning 
what is needed for lynx management from UMaine, USFWS, and MDIFW.  I agree that without listing, 
certified private landowners in Maine would have little or now incentive to manage parts of their lands 
specifically for lynx, or if they did, they may indicate that current management (partial harvesting) will 
support lynx. 
 

 
7. P. 14. the issue of potential effects of incidental and illegal mortality have not been adequately 

considered or evaluated in the Draft SSA.  The frequent incidental take of lynx is documented in 
numerous places within the Draft SSA, yet there has been no modeling or simulations presented 
to address the potential effect of incidental harvests on small and marginal lynx populations 
within the DPS. The numbers reported in the Draft SSA also assume complete reporting of 
illegally, accidentally, and bycatches of lynx, which is unlikely. P. 13. Tier II risks could be more 
important than assumed here (e.g., effects of roads and particularly, incidental and illegal 
harvests have not been modeled or simulated). These factors could be particularly important for 
isolated populations and sub-populations with small effective population sizes, but also for the 
larger population in Maine where unimproved road densities exceed 1.5 km/km2 and nearly all 
individual lynx in the population are potentially exposed to risks via incidental take and illegal 
shooting. Illegal and incidental harvests are reported later in the document but are neither 
rigorously evaluated, modeled, nor simulated to evaluate their potential as limiting factors in 
regards to lynx resiliency. P. 13. Yes, state prohibitions on take may limit the potential for 
targeted harvests of lynx. However, lynx are susceptible to capture in a wide variety of set types, 
including in neck snares set to remove nuisance coyotes and wolves. In some states, required 
trap check intervals could also compromise health and survival of incidentally captured lynx. The 
question is not whether existing regulations may benefit lynx, but are current measures 
adequate and enforced to minimize threats to population resiliency. In my view, this topic has 
not been adequately evaluated in the Draft SSA. See related comments on p. 13, p. 14 
concerning trapping reporting rates.  See related comments on p. 23. 162/2/13-15: Yes, this is 
correct and the currently underutilized opportunity for enhancing habitat management on 
private lands would be further diminished if lynx were to be de-listed. Other possible threats 
mentioned previously are increased incidental harvests associated with changing fur markets 
and demands for fisher, marten, bobcat, and coyotes, as well as competing demands by local 
residents (e.g., coyote and/or wolf control to protect livestock or game species).  See related 
comments p. 26., p. 28.  

 



Response:  Potential red flag!!!!!   The SSA does not explore and consider the cumulative and 
synergistic effects of stressors on individual SSA units individually or as a whole.  Peer reviewer Dennis 
Murray provided similar comments concerning the potential adverse effects of trapping in southern 
Canada on lynx in the DPS.  Dr. Harrison makes valid points.  In the biological opinon for our trapping 
HCP with MDIFW, we rationalized that lynx and bobcat populations typically could support 15% harvest 
rates (but not during the decline phase of the hare cycle).  Even if there was considerable non-reporting 
of lynx incidentally trapped or subsequent mortality of lynx released from traps, we could not envision 
that harvest rates would approach 15%.  However, we cautioned that if populations dropped, then 
trapping mortality or injury could be additive and drive populations to lower levels.  It seems that we 
should address the issues raised in Dr. Harrison’s and Dr. Murray’s comments.  
 
In these comments or elsewhere, Dr. Harrision indicated that we tended to evaluate threats/stressors 
individually and did not contemplate the additive, cumulative effects of multiple stressors affecting lynx 
populations in the DPS at the same time.  (The LCAS did not look at cumulative effects.)  We typically do 
a cumulative effects analysis for NEPA.  Should we do a similar analysis in the SSA?  The Carlos Carroll 
paper is the only one I am aware of that looks at the simultaneous effects of forest management, 
climate change, and trapping (in adjacent Canada) on the Maine populations and concludes these three 
factors working together would cause a declining Maine population. 
 
We probably do not have the capacity or time to do a population analysis/PVA concerning the effects of 
trapping on any of the lynx populations for the SSA.  MDIFW did one for their trapping HCP, but take 
numbers were low (they did not consider non-reporting at the scale in Dr. Harrison’s comments).  They 
arrived at the conclusion that incidental trapping mortality did not have population level effects on the 
Maine population.   
 
The combined effects of anthropogenic mortality (incidental trapping, illegal shooting, road mortality) 
could have population-level effects on smaller populations in the DPS.  Many populations (WA, GYA, MT, 
MN, CO) have populations <200-300 animals (and the ME population may be at this level a decade or 
two from now).  How would the loss of 5, 10, 15, 20 animals annually affect viability?  Is there anything 
we can learn from the recent PVA done for WA?  What can be gleaned from PVAs done for incidental 
take of European lynx?  Perhaps we could use Vortex to do a stochastic model of a “generic” population 
of 50, 100, and 250 lynx to illustrate the effects of anthropogenic mortality on the viability of smaller 
populations (over a 50-year and 100-year horizon).  See similar comments concerning the viability of CO 
in point #10.    
 
The FIT team determined not to include population modeling as a basis for evaluating current and future 
status.  I can’t recall why this decision was made, but believe it was because we did not have lynx 
demographic data for all populations.  We rarely have complete data to inform models, but conservative 
assumptions can be made and they can provide valuable insights into how lynx populations work.  For 
example,  Steury and Murray published a valuable, published PVA for lynx without complete 
information.   We actually have quite a bit of demographic data for ME, MN, MT, WA, and CO.  – 
probably more than we have for many species.  Perhaps we could look at the demographic data 
(especially if a table were developed to summarize these data ; see responses to comments #4 and #5 
above).  Maybe the demographic data could be assembled for a generic “eastern” and “western” 
population for modeling using Vortex, RAMAS or other program to help us gain insights on some of the 
key questions we and the peer reviewers have asked: 



• Are small lynx populations in the DPS self-supporting or do they need demographic input from 
populations in Canada?  If so, how many animals/generation from Canada are needed to 
support populations? 

• Are lynx populations in the East (high landscape hare densities) more robust than the West 
(low landscape hare densities)?  What happens if eastern populations (esp. Maine) drops to 
smaller population size? 

• What are the cumulative effects of anthropogenic mortality on different-sized lynx 
populations? 

• How sensitive are small lynx populations to lower hare numbers predicted by climate change 
and trends in forest management  (e.g., we have some data from ME to show lower pregnancy 
rate, smaller litter sizes, and slightly lower survival in a low hare v. high hare environment)? 

 
The SSA could include a table of stochastic PVA-modeled outcomes representative of small western and 
eastern populations.  Perhaps, this would help augment and interpret the information from the 
probability of persistence exercise with the expert elicitation.  This could help answer the points Dr. 
Harrison raises below about CO and GYA. 
 
Initial population size Eastern lynx demographics 

Probability of persistence 
Western lynx demographics 
Probability of persistence 

 50 years 100 yrs 50 years 100 years 
Recent lynx demographics 
50 lynx Lamda + 95% CI    
100 lynx     
250 lynx     
Reduced lynx demographics  from anthropogenic mortality (trapping, illegal shooting, roads) 
50 lynx     
100 lynx     
250 lynx     
Reduced lynx demographics from increased competition for hares in a low-snow environment + 
anthropogenic sources 
50 lynx     
100 lynx     
250 lynx     
 

 
8. the assumption that conservation for lynx would continue absent protection under the ESA does 

not consider that millions of acres of conservation easements purchased since lynx listing, and 
which restrict development and ensure a continued focus on working forests (with forest 
succession that promotes hare densities). Such easements have been leveraged and publically 
funded based on perceived conservation benefits and using lynx and other listed species of 
concern as flagships for conservation. Those benefits are largely dismissed by this assumption 
and all of the above listed considerations are inadequately addressed in the Summary section of 
the Draft SSA. P. 9 if delisting is a potential future, then the potential effects on lynx 
conservation need to be much more rigorously considered and evaluated throughout the 
document. The consideration of this potential outcome is very uneven across the 6 populations 
discussed under Chapter 5: Future Conditions. P. 14. More research and quantification of the 
acreage of land under forest certification within lynx critical habitat is needed. I think the 



percentage would be very surprising. Thus, there is much underutilized opportunity to 
strengthen landscape considerations and to provide incentives for lynx and hare management 
via forest certification, which is directly linked to endangered species conservation. The loss of 
this tool to affect land management in the largest population of lynx in the DPS would likely 
occur if the “nexus” resulting from ESA listing for lynx were to be removed. P. 14. The incentives 
for lynx conservation and mitigation on state-managed lands would also be greatly diminished 
via de-listing. P. 26. 182/1/1-2: ESA listing of lynx has promoted the species as a flagship for 
conservation and has been a stimulus and funding source for purchases of large pieces of land 
that have been subsequently managed for lynx (one parcel >180,000 acres), and has been used 
as a flagship when promoting and funding new conservation easements, which prevent many 
types of development in working forests. These conservation tools would also be greatly 
diminished if lynx were to be de-listed. 

 
Response:  To address Dr. Harrison’s comments we should develop a more rigorous and consistent 
description of the future of lynx conservation without listing in all DPS populations.  This was one of 
the last-minute additions that we added to the SSA in response to Marty’s comments.  The projections 
should be as realistic as possible.  What evidence is there that the USFWS for maintain management in 
forest plans?  Do the plans have an expiration date?  What about commitments, or lack thereof, on 
private lands in each of the units?  The Maine projections need to be reassessed to address Dr. 
Harrison’s comments.  We are purchasing GIS coverage that may help us to document the amount of 
the Maine DPS in conservation easements.  We will have to explore what is available concerning Forest 
Certification (in ME and other units).  I agree with Dan that there will be little motivation for private 
landowners to intentionally manage for lynx in Maine without listing. 

 
9. The sections on current and future status of lynx in Maine incorrectly imply that lynx would be 

absent and populations would be non-sustainable without the extensive clearcutting that 
occurred in the late 1970’s through 1990. This seems to ignore that more than 400 lynx were 
harvested and sold in a single year in Maine (annual numbers seemed to fluctuate widely), prior 
to clearcutting and mechanized harvesting. Further, lynx distribution in Maine has been largely 
unchanged from the 1850’s to present (Hoving et al. 1983). 

Response:  We need to revisit and revise this section to address Dr. Harrison’s comment.  We are 
fortunate to have a several documents that assemble a long historic record for lynx in Maine.  There is 
ample evidence that there has been a continuous presence of lynx in Maine and they were certainly 
here prior to the clearcutting of the 1970s and 1980s.  I agree with Dr. Harrison’s comments. 

 
10. P. 6 The report seems to over-estimate the current and future population status of lynx in 

western Colorado and does not adequately address why lynx were extirpated or absent for 
Colorado in the past? Recent information suggests landscape hare densities are below 
thresholds required to support lynx over the long-term (i.e. more dry-conifer forests due to 
lower latitude), and that recent observations on reproductive rates suggest that those rates are 
insufficient to support positive population growth. Further the population is the most southerly 
and isolated of all lynx populations in the DPS. Thus I am questioning how mid-century 
persistence of 50-85% and end of century persistence of up to 70% (median 50%) can be 
realistic. See related comments on P. 21. P. 27. 205/1/entire: I am confused about how near-
term persistence can be as estimated high as 70% for a population that seems absent based on 
recent surveys? P. 29. 2019/1/1-4: I am not convinced that the issue of potential extinction risk 



has been adequately evaluated and modeled for GYE, W. Colorado, or, particularly, for the small 
and isolated population in N.C. Washington. As such, this seems to be a conclusion without 
sound basis? 

Response:  Dr. Harrison has identified similar issues we have struggled with concerning the past and 
future potential for lynx in CO.  We are not sure why experts gave such an optimistic probability of 
persistence to the GYA and CO.  There was discussion about the likelihood of lynx having snow refugia at 
these higher elevations.  However, if landscape hare densities are low in these regions (conditions 
dryer), then we may want to revisit statements we make about the long-term probability of persistence 
of lynx in these areas. 

11. P. 7 Throughout the document, interference competition via aggressive interactions and/or 
predation by mountain lions and particularly by bobcats is mentioned as a major factor affecting 
current and future habitat suitability. Deep, fluffy, persistent snow is stated to provide a 
refugium for lynx resulting from their lower foot-loading. I agree with this, but in my assessment 
the Lynx SSA Team has overlooked the importance of limb length (see Krohn et al. 2004) and 
exploitation competition from other predators of hares. Fisher was mentioned as a potential 
predator of lynx, but not as competitors for food. Further, the fisher has similar foot loading, but 
much shorter limb lengths than lynx and must resort to an energetically costly bounding pattern 
in deep snow. Further, Krohn et al. (1995, 2004) provided strong evidence that the geographic 
range and density of fisher is limited by deep snow . P. 9 A potentially significant interaction 
seems to be missing from this figure. With declining snow, forest management or natural 
disturbances that increase habitat quality for hares could actually lead to numerical and 
functional responses of fisher, bobcat, coyote, and red fox, as well as avian predators that 
consume a diet with high representation of hares near the current interface with lynx critical 
habitat. Increased hare habitat combined with less snow could lead to increased competition for 
a limited food resource. P. 11 does not address the historical effect of wolf extirpation and 
coyote colonization or expansion in Maine and Colorado. Coyotes were historically absent but 
now occur ubiquitously across critical lynx habitat in Maine. Wolves were present prior to 1900, 
but have been absent since (coyote release?). Those coyotes use hares extensively (Major and 
Sherburne 1987, Litvaitis, J. A. and D.J. Harrison. 1989), and coyotes may also mediate 
competition between lynx and bobcats (Litvaitis, J. A. and D.J. Harrison. 1989), particularly given 
reported exploitation competition between coyotes and bobcats, which both rely more on deer 
during winter than do lynx (Olsen 2014). P. 12 38/2/entire: Consider expanding this paragraph 
to include other potential competitors and influence of limb length interactions (see comment 
#6 above).  See related comments on page 15. 

Response:  Both Dr. Murray and Dr. Harrison indicate that we have not fully explored and documented  
lynx competition with a full suite of predators and the relationship with snow.  Our analysis was based 
almost exclusively on the bobcat-lynx-snow relationship.  We need to broaden our discussion to include 
competitive interactions with the full suite of carnivores and raptors that could be competing with lynx 
for snowshoe hares.  In fact, Murray indicates that in a lower-snow environment there is increased 
competition for hares by a complex predator community within the DPS that will (or already has) 
reduced hare population.  He believes this will be the primary way that climate change affects lynx 
populations in the DPS. 

We should expand our discussion of foot loading, limb length, and full suite of competitors in the DPS.  
We should document use of snowshoe hares by competitors, effects of lower snow on hare predation 



by these species,  and discuss the mediating effects of wolves on coyote populations in some parts of 
the DPS (paper recently published????).  

I do not recall this concept being discussed extensively at the expert workshop (the experts we invited 
seemed focused on bobcats as the primary competitor with lynx).  Had Murray and Harrison been 
present would the discussion and outcomes of the expert workshop have been different? 

12. Address arbitrary statements.  What is the benchmark for determining when resiliency is 
“adequate”? This seems vague and warrants justification. 9/3/10-12: What is a large geographic 
area –this seems arbitrary. Lynx have been lost from Garnett Mountains, Kettle Mountains, GYE, 
and Colorado (perhaps?) in the past 100 years. It is debatable whether this is a “significant” 
reduction in redundancy? 10/1/entire: IBID previous comment. Are these losses of 
subpopulations a “significant” loss of representation? This seems a bit arbitrary? It is uncertain 
how much “winking off” is natural from a meta-population sense, but in at least one case (Kettle 
Mountains) it appears that human induced mortality may have played a role. 

Response: Marty Miller provided similar comments.  We should address . 

 
13. P. 8 The assumption that populations will be extirpated from 3 of 5 units represents excessive 

speculation and ignores the high uncertainty and many assumptions associated with that 
expectation. I agree that the climate change projections, despite uncertainty, suggest increasing 
challenges for lynx conservation in all geographic units. the conclusion that extirpation is 
inevitable in 3 of 5 units implies a level of certainty that is unwarranted given the many 
interacting uncertainties. 

Response:  We received similar comments from states and other peer reviewers concerning the 
probability of persistence exercise.  At minimum, we need to more explicitly state the assumptions used 
and pay close attention to how we state uncertainty (especially given the difficulty decision-makers had 
with interpreting uncertainty).  We discussed depicting the graphs in a different way to show 
uncertainty is really between the median high and low bounds. 

The SSA may be over-reliant on the probability of persistence graphs.  Many reviewers have indicated 
that this exercise had too many inherent biases and uncertainty to make it useful to project far into the 
future.  Some indicated we assigned too much “statistical validity” to these results when, in fact, they 
are a compilation of “guesses” from 10 lynx-hare experts concerning lynx.  Some of the experts said they 
were not qualified to “guess” about the outcome of lynx in units for which they were not as familiar.  At 
the decision-making meeting we discussed other sources of bias (e.g. group think) and different 
interpretations by individual experts on how to bracket uncertainty that may have influenced the results 
of this exercise at the workshop.   

Perhaps re-evaluating the expert exercise with a PVA analysis, discussed above, would help clarify the 
future for lynx across the DPS.   Would the lynx experts have come to different conclusions if they had 
the benefit of PVA information?  The topic came up at the expert workshop, but only Dr. Squires had 
information from a demographic model (a slightly negative lamda).  The modeled lamda for Maine in the 
SSA is also a demographic model (negative lamda for low hare years, which Dr. Harrison comments on 
below).  There are no confidence limits around a demographic model because there is only a single 
estimate of lamda given the inputs.  However, stochastic models do provide confidence limits around a 
mean lamda given multiple “stochastic” events and variability around the mean natality and mortality 



values that are input.  Would uncertainty associated with a stochastic PVA for probability of small lynx 
populations be similar to the uncertainty expressed by the lynx experts in their exercise? 

 
14. P. 9 I agree with the conclusions about genetic representation, the genetic structuring, 

particularly in western mountain ranges and south of the St. Lawrence River suggest that 
demographic isolation could be a concern and could affect future resiliency and redundancy. 
Fewer population exchanges are needed to maintain genetic representation than are needed to 
maintain population viability in declining populations dependent on demographic exchange with 
neighboring populations. 

Response:  We still don’t know what degree of immigration is needed to support lynx populations in the 
DPS.  A PVA could help provide answers.  If, for example, a western population of 250 lynx needs 5 lynx 
per year from Canada to maintain a lamda of +1.0, do we think lynx populations in adjacent Canada are 
likely to provide an excess of this many animals?  As Dr. Murray asks, could some southern Canada lynx 
populations be demographically similar to the DPS (lamda < 1.0) and could trapping harvest affect 
immigration rates?  We make a general statement in the SSA concerning how lynx are managed for 
sustainable harvest in adjacent Canada, but do we really know…does anyone really know including the 
Canadian biologists…are there any data from harvested southern Canada lynx populations to know the 
effects of trapping?   Most Canadian provinces have robust lynx population in the north.  Are they 
concerned about the harvest in the southern parts of their province or do they assume a similar boom-
bust harvest associated with the hare cycle.  Quebec manages trapping harvest of lynx in fur districts 
south of St. Lawrence more conservatively than fur districts to the north.  Do other provinces?  When 
hares dropped in ~2006, Quebec reduced lynx harvest quotas south of the St. Lawrence.  Does this 
affect immigration rates into Maine?  Carlos Carroll’s lynx model seems to indicate this is a significant 
factor influencing the future population of lynx in Maine (with climate change and forestry).     

 
15. P. 9 References to support the underlying principles behind the “3 R’s” concept are needed to 

strengthen justification for this approach (which I strongly support). 

Response:  We should cite references to 3Rs and address Dr. Schwartz’s suggestion concerning 5Rs.  
After the decision meeting, it became unclear whether all three Rs are equally important.  Are they?  If 
so, we should explain in the SSA.  We seemed focused on resiliency, but it seems that decision-makers 
did not believe that loss of redundancy or representation were very important. 

If we acknowledge that the different units of the DPS have different attributes and unique stressors (as 
opposed to a broad-brush analysis of the DPS), perhaps focus would come back to the importance of 
unique attributes of each DPS population that may contribute to the ability of the species to adapt.   

Furthermore, all experts and authors of the SSA seem to agree that climate change is the single 
catastrophic event that, if unabated, will result in endangerment or extirpation of lynx in the DPS.  The 
timing and exact mechanism by which climate change will affect lynx populations are what is uncertain.  
Is there a reason why we do not include climate change as a single catastrophic event in the SSA?  How 
have we addressed climate change in other SSAs? 

16. P. 10 various spatial scales are easily confused as presented in the Draft SSA. 

Response:  Dr. Harrison indicates that we have confused landscape, stand-level, and within-stand scales 
throughout the SSA.  We should address because they arrive at slightly different conclusions.  For 



example, at the landscape scale, lynx in Maine select landscapes and having high hare densities, at the 
stand-scale they select stands where they achieve high hunting success (perhaps adjacent to stands with 
high hare densities).  Not sure if interpretations of spatial scales are included in published papers from 
other DPS units.  We need to address. 

 
17. P. 10 Landscape hare density of 0.5 inferred across the DPS – it likely varies. This seems to lack 

the 2 most recent references on threholds of hares for lynx occurrence – see Simons-Legaard et 
al. 2013 (reports threshold of >0.7 hares/ha) and (Simons-Legaard et. al. 2016), which depicts 
distribution of hare habitat meeting landscape thresholds for hares across 4.1 million acres of 
lynx critical habitat circa 2010 and 2022. 

Response:  Dr. Harrison and Dr. Murray both caution against taking a broad-brush approach to 
landscape hare densities needed to support lynx across the DPS.  As they indicate, there were no data to 
support the O.5 hares/ha.  yet it is widely cited.  There are analyses from Maine that indicates that lynx 
need at least 0.74 hares/ha (Simons-Legaard et al. 2016).  Furthermore, researchers often report the 
maximum hare densities found in some DPS units, not the landscape hare density.  For example, hare 
densities reaching 1.0 hares/ha in small, widely scattered patches in Montana is expressed in relatively 
low landscape hare densities compared to hare landscape densities reaching >1.0 hares/ha in 
contiguous habitat across wide landscapes having spruce-fir in Maine (when hares were high and habitat 
from regenerating clearcuts peaked).  This explains why lynx home ranges are smaller in Maine than 
Montana.  There are hare density data from Montana (Steury and Murray) that suggests that hare 
densities need to be greater than 1.0 hares/ha there.  Not sure if there are analyses for other DPS units.  
We need to address.  This could influence our thoughts on resiliency. 

 
18. Inadequacy of state lynx habitat management guidelines. P. 14 How widely used and applied are 

the state agency’s voluntary management guidelines for conserving lynx habitat? For over 25 
years I have been a Cooperating Scientist working with landowners who manage ~8.5 million 
acres of forestland in lynx critical habitat in Maine, including serving as an advisor regarding 
habitat management for lynx. I have never heard a landowner mention the state agency’s 
habitat management recommendations. I suspect that the impact of these recommendations 
has been insignificant. 

Response:  I agree with Dr. Harrison that there are no state lynx management guidelines.  The Service 
developed lynx habitat management guidelines for lynx in Maine in 2006, but this needs updated with 
much new information.  We need to address. 

 
19. P. 15. Private land management for lynx in Minnesota seems to be an underutilized opportunity. 

Perhaps this could become an increasing priority for FWS and for federal incentives and/or 
management incentives if lynx were to remain a listed species? 

Response:  See comments above about the underutilized and discussed role of privately-owned 
forestlands in the SSA.  Can we obtain information from ME, MN, and MT on the acreage of privately 
owned lands in forest certification? 

 



20. P. 15. Hares in Maine have high tick infestations during spring and summer, particularly in areas 
of high hare density. Have parasite and disease interactions with climate been considered? 

Response:  The SSA addresses lynx diseases and parasites, but not hares.  We need to address. 

 
21. P. 16. The landscape-scale effect of the shifting composition away from conifers and towards 

hardwoods in Maine is documented in Legaard et al. 2015. In my view this rapid shift towards 
hardwoods from forest harvesting is much more important to lynx in the short run than is the 
longer term forest shift associated with climate change. P. 18. 80/1/entire: Selectively removing 
overstory trees, as practiced in the northeastern forests is also a threat as it transitions stands to 
a greater hardwood composition (Fuller et al. 2004), which results in lower densities of hares 
(Legaard et al. 2015, Fuller and Harrison 2005, Robinson 2006 and lower conifer stem densities 
in partially harvested stands (Fuller et al. 2004, Robinson 2006). Further, the residual overstory 
trees have a higher conifer composition and provide less winter canopy cover for hares after 
selection harvests (Fuller et al. 2004) and after other forms of partial harvests (Robinson 2006). 
This has led to landscape-scale declines in boreal forest (Legaard et al. 2015). 

Response:  Red flag!!!! Although we knew that northern hardwoods were increasing and spruce-fir 
declining we were not aware of publications documenting the extent of this decline.  We should review 
and cite Legaard et al. 2015 that documents a 20% decline in spruce-fir since the last budworm 
outbreak.  I agree this degree of loss of habitat, coupled with expected further decline (see Simons-
Legaard et al. 2015, Andrews 2015 – significant citations we also missed) represents a major stressor 
that we did not adequately address in the SSA.  We have since learned that we lost >1 million acres of 
spruce-fir in the Maine unit (B. Seymour, silviculture, UMaine). We need to do additional research into 
this phenomenon and address in the SSA. 

 
22. P. 16. 75/3/bullet #5: I disagree. This statement applies to northern boreal forests and to some 

landscapes in the west; however, in Maine the cumulative effect of forest change from 
mechanized harvesting over the past 40 years dwarfs the size and frequency of any previous 
natural disturbances.  See extensive comments on P. 19 related to this topic. 

Response:  We need to address in the SSA.  The SSA does not adequately show how forest 
management is a greater driver of future trends in lynx habitat in the East than perhaps in the West.  
Even in the western units we should describe the relative importance of forest management v. natural 
disturbance events.  Although lynx habitat is logged in most areas in the West, it seems that some is 
out of reach of forestry (?) and other natural disturbances (e.g., large fires in WA, bark beetles in CO) 
have a greater influence on lynx habitat in the West than the East.  In contrast, in the East natural 
disturbances (budworm) may have both positive (spur additional cutting) and negative (loss of spruce-
fir habitat.) 

 
23. P. 16. 76/2/entire: This paragraph accurately summarizes events on western National Forests, 

but does not accurate depict the situation in the forests supporting the largest population in the 
DPS. In Maine, the annual footprint of forest harvesting in terms of acres/year has more than 
doubled since the enactment of the Maine forest practices Act in 1991 (passes in 1989). The 
cumulative effect of those increased annual harvest equate with monumental landscape 



changes. In the past 3 years there have been slight decreases in forest volumes resulting from 
recently closed paper mills, but the acreages harvested are still well above historical averages. P. 
16. 78/2/9-10: Conversion of conifer-dominated forests to hardwood dominated forests via 
forest practices and regulations is a threat to lynx. See Legaard et al. 2015.  See additional, 
useful comments related to this topic on P. 19.  P. 23. 169/2/entire: It should be recognized that 
ESA listing could promote changes to the Maine Forest Practices Act and forest certification 
requirements and those changes would likely be enhanced by continued listing of lynx under 
ESA. 

Response:  See response to previous comment.  ESA listing has not led to changes in the Maine Forest 
Practice Act to date, but Dr. Harrison is correct that it could in the future.  There is an underutilized 
provision in the FPA that relaxes clearcutting requirements IF a forest management plan is in place for a 
unique resource.  We have not had the capacity to fully explore the possibilities with landowners in 
Maine, but have discussed with both landowners and the Maine Forest Service.  We should revise SSA 
to reflect this. 

 
24. P. 16. 77/2/entirety: It should not be ignored that the federal protection of lynx under ESA has 

heightened the utility of lynx as a flagship species for conservation, and has been a major force 
behind land acquisitions by conservation organizations and subsequent management of these 
lands for lynx and hares. This could change if lynx were to be de-listed. 

Response:   We should cite Dr. Harrison’s work at UMaine to use the lynx as a flagship species for early 
successional species at large landscape scales.  We should discuss and cite two unpublished reports by 
Dr. Harrison (analysis of managing for lynx and benefits to other early successional species – 
Heppenstal, and UMaine report to TNC for managing lynx on their ownership).  I agree that without 
listing that forest landowners are not likely to manage areas for lynx. 

 
25. P. 17. Roads are typically considered in terms of human-induced mortality, but the habitat 

effects of roads are incredibly significant for the Maine population. Fuller et al. (2007) 
documented that gravel roads and associated road edges represented 11% of the total land and 
water surface area of a northern Maine study area. Road and road edges were avoided by lynx 
and had the lowest conifer stem densities and indices of hare abundance of any of the available 
habitat types during that study. Thus, roads affect availability of high quality habitat by lynx and 
affect lynx movements given that lynx alter movement paths to avoid transition out of HQHH 
when foraging (Fuller and Harrison 2010). P. 20. 92/4/entire: The effect of habitat conversion to 
areas with low hare densities and which are avoided by lynx within 60m corridors associated 
with forest roads can result in >10% habitat loss in landscapes with intensive private forestry 
(Fuller and Harrison 2007) and these linear bands of low quality hare habitat alter the foraging 
paths of lynx, who avoid transitions from high- to low-quality foraging habitat (Fuller and 
Harrison 2010). P. 20. 95/3-4/entire: Utility corridors, access roads to wind sites, and gravel 
forest roads (particularly if they receive snowmobile traffic) may enhance access of generalist 
and edge associated predators and competitors (e.g., coyotes and red foxes) into areas where 
lynx occur and forage on hares. 



Response:  Red flag!!!!!  We missed this aspect of Angela Fuller’s analysis.  We need to revise the SSA 
accordingly.  If roads and lynx avoidance area represent 11% of the lynx habitat area in Maine, this 
could be significant.  How to reconcile with frequent observations of lynx using unplowed logging roads 
in winter to travel.  Need to discuss further with Dr. Harrison. 

 
26. P. 17. This is implying that PCT is a threat. From an eastern perspective, clearcut+herbicide+PCT 

creates much better conditions than partial harvests or stands without harvesting in terms of 
hare and lynx habitat.  See related comments about PCT on p. 17. 

Response:  We should clarify the effects of PCT in the West v. East lynx units in the SSA.  Although PCT 
reduces hare densities in Maine by ~50%, these densities are still high enough (at least under high hare 
conditions) to support lynx.  Under low hare conditions, hare density in PCT stands may be too low to 
support lynx by themselves, but they contribute to overall landscape hare density.  Thus, if PCT is 
dispersed in a landscape having a large proportion of HQHH, lynx will likely still occupy the area.  A small 
percentage of spruce-fir stands in Maine are usually treated with PCT (but that could be increasing with 
recent research emphasis at the Maine Coop Forestry Research Unit).    

 
27. P. 17. 81/4/entire: I disagree with this entire paragraph. To the contrary, the vast percentage of 

high quality hare habitat in Maine and New Brunswick is the result of past clearcutting followed 
by herbicide application (e.g., Glyphosate) to suppress competing hardwoods. The result is high 
conifer stem densities that develop into optimal hare habitat which is determined by the 
presence of cover and NOT by deciduous stems for food. Many studies (and cited in the Draft 
SSA) have shown positive relationships between conifer stem densities (>1 m) and hare 
densities. Robinson (2006) modeled vegetation variable as predictors of hare density and found 
that conifer stems were much more influential than deciduous stems, due to greater cover 
provided by conifers (Litvaitis et al. 1985). Fuller and Harrison (2013) reconfirmed those 
relationships via modeling at the microsite scale. 

Response:  We need to review and revise this paragraph in the SSA. 

 
28. P. 19. 82/2/11-14. This statement is incorrect. The trends presented are accurate but the cause 

is NOT from partial harvesting. Clearcuts during the 1980’ and 1990’s that occurred in the 
southern parts of lynx critical habitat are coming on line from 2010-2022 and will buffer losses 
as older clearcuts in the north advance to pole stands. Because of topography, lack of large 
spruce-fir flats, patterns of site quality (i.e., better drained soils on ridges) and given that 
budworm had disappeared by the time these stands were harvested, the cuts were more 
scattered and smaller in average size. Many of these cuts occurred after the 1991 MFPA and 
there were new economic disincentives for cuts >30 acres. This is why the patches are getting 
more fragmented and smaller as HQHH is shifting to the south. This is not a direct result of 
partial harvesting. 

Response:  We misinterpreted the information in Simons-Legaard et al.  We need to revise this 
paragraph given the information above.  Dr. Harrison is correct that the very last budworm clearcuts 
1985-1990 will be aging out of HQHH conditions in the mid_2020s and thereafter there will little new 
habitat coming on line. 



 
29. P. 19. 87/2/1: I strongly disagree with this statement. See many of my previous comments, 

particularly general comments.#1 and #2. As stated previously, nearly all forest habitats (Maine 
is >90% forest) contain snowshoe hares. Thus there is continuous, unfragmented habitat. High 
quality foraging habitats are aggregated due to topography, site quality, road access, and 
harvesting efficiencies. Maine does not have the natural fragmentation of western forests, nor 
expanses of unsuitable habitat that are absent of hares. The background matrix and landscape 
context in Maine and Minnesota may be very different from western populations in the DPS 
where topography and water cause a patchy distribution of mesic conifer forests. The problems 
in Maine result from habitat loss caused by harvesting practices and historical management that 
are shifting species composition towards hardwoods (Legaard et al. 2015). 

Response:  We have to be careful about painting the DPS with a broad brush in the SSA.  This is one 
example, but there are many others pointed out by Dr. Harrison and others.  We need to revise. 

 
30. P. 20. 96/2/8-12: I disagree with this statement. The effective population size in N.C. 

Washington is quite small, so it seems conceivable that disease and or random stochasticity 
could result in a small but significant possibility of functional extirpation in the short run (as 
happened in the adjacent Kettle Mountains?). Has this been considered and modeled? 

Response:  This is another situation where modeling the viability of different-sized lynx populations 
could be instructive.  See responses above about the merits of adding population viability analysis to 
the PVA. 

 
31. P. 21 97/3/20-21: Isn’t it quite feasible that ephemeral lynx populations in GYE would be an 

essential stepping stone for genetic and demographic exchange with the most southerly and 
isolated lynx population in western Colorado? 

Response:  We may not have documented the importance of the GYA as a stepping stone in the SSA.  
Experts at the workshop may not have either.  Need to consider and revise SSA as necessary. 

 
32. P. 21 99/3/1-3: Isn’t the NH population really just part of the Maine population that extends 

across a political boundary. I am unsure why political lines are being used to define geographic 
range boundaries? Isn’t northern NH, Maine, NB, southern Quebec really a single population? 
VT is a bit isolated and should be considered separately. Related to bullet #2 above. 

Response:  I don’t think we need to revise to address this comment.  However, this section is where we 
could provide further information about the larger Maine/eastern Maritime Province of Canada 
metapopulation. 

 
33. P. 21 100/1/7: It is an overstatement that “the next spruce budworm outbreak is imminent.” 

Actually, larval densities of spruce budworm in Maine declined in summer of 1996, and larval 
numbers and distribution are not much above baseline levels at the present time. The outbreak 
in Quebec, Canada is primarily in areas without clearcut harvesting following the last outbreak, 
so Maine forests are very different and the timing and probability of an outbreak in Maine is 



highly uncertain. If an outbreak occurs, the outcome in terms of recycling pole and mature 
stands into sapling conifer habitat for hares is a potential outcome that could be beneficial for 
lynx.  See related comments on p. 25, p. 26. 

Response:  We may have misinterpreted the information concerning the likelihood of another 
budworm outbreak.  Clarify comment with Dr. Harrison – does he mean 2016 instead of 1996?  We 
need to confer with experts at the Cooperative Forestry Research Unit at UMaine (Dr. Brian Roth).  If 
we lost 1 million acres of spruce-fir after the last outbreak, why would we not lose further spruce-fir IF 
there is a new budworm outbreak in Maine?  Need to confer with Dr. Harrison or Dr. Roth. 

 
34. P. 22. 105/2/entire: It should be noted that mixed conifer-deciduous stands dominate on sites 

with intermediate soil drainage and deciduous forests on well-drained hillsides. Both do not 
support HQHH (Fuller and Harrison 2005, Harrison et al. 2016). Thus lynx in N. Maine are not 
advantaged by elevation. In mountainous regions where conifers are on mountaintops, the 
conifer patches are fragmented and tend to be mature conifer (which supports low hare 
densities per Fuller and Harrison (2005) and Harrison et al. (2016). Siren (unpublished report) 
has found that high elevation spruce-fir forests in NH also do not typically provide HQHH. 

Response:  The SSA should be revised to include the information above.  We may have addressed the 
mountaintop conifer situation elsewhere in the SSA.  We may have been over-generous in describing 
mixed-hardwood/softwood stands as having potential for lynx habitat.  Check and revise as necessary 
as I agree with Dr. Harrison.  The wet aspect of spruce-fir flats in Maine is not adequately described in 
the SSA and has a bearing on silvicultural choices.  Shelterwood or patch cuts, which could support 
higher hare than mixed wood or mature stands, are not used frequently in spruce-fir flats because of 
shallow rooting and wind-throw.  Revise SSA accordingly in this paragraph and throughout. 

 
35. P. 22. 109/2/7: This is an error in fact. Actually about 260,000 total acres were harvested in 

Maine during 1988, compared to a peak of about 540,000 acres/year from 2001-2003. I think 
the mistake arose from the fact that there was about 100,000 acres of clearcut harvesting in 
Maine in 1988. 

Response:  Revise the SSA with the information above.  Get the most recent reports from Maine 
Forest Service to make sure this and other similar citations are up to date. 

 
36. P. 23 115/3/3-4: I think this is an error. A 50-200-year fire interval is incredibly frequent and I 

have seen no references to support that. A 200-800 year interval is what I recall. This needs to 
be re-checked. 

Response:  Review the citations.  I believe Dr. Harrison is correct. 

 
37. P. 23 117/3/18-20: I am unclear how “diminished ice conditions on the St. Lawrence River could 

be an increasing risk given that ice-breakers clear the river channel daily during winter? See 
111/4/4-5. 



Response:  Koen et al. reviews the frequency of ice-breaking  information on the St. Lawrence.  There is 
also information (not cited in the SSA) concerning the increasing number of ice-free days on the St. 
Lawrence because of climate change.  I think that Koen et al. says that ice breaking does not occur daily.  
Review citations, add new ones, and revise SSA. 

 
38. P. 23. 138/2/5: This wording suggests lynx are generalists in the summer, which is contradictory 

to Olson (2015) within the DPS. Yes lynx consume a wider range of available foods in summer, 
but > 90 of their caloric intake is likely from hares. 

Response:  Review and revise the SSA.  The Maine literature indicates lynx are reliant on hares year-
round.  This may be another example where we are generalizing and lynx ecology is different across DPS 
units. 

 
39. P. 23. 139/3/1-2: This is an incorrect statement as it applies to the Maine lynx population. Forest 

management has shifted boreal forest towards mixed and hardwood composition in this region 
(see Legaard et al. 2015). 

Response:  Another example of where we generalize and do not reflect differences in factors driving 
hare and lynx populations throughout the DPS.  Revise. 

 
40. P. 23. 159/2/3-4: This text implies that forest management is and will be detrimental for lynx, 

which is contrary to the current situation in the largest population in the DPS and ignores the 
future opportunities to use forest management to enhance hare and lynx habitat on federal and 
private lands managed for wood fiber production. 

Response:  Another example of where we generalize and do not reflect differences in factors driving 
hare and lynx populations throughout the DPS.  Revise.  Forestry can be beneficial or detrimental 
depending on outcomes related to habitat and hares.  For example, widespread clearcutting in Maine 
had beneficial short-term effects (extensive regen spruce-fir) and detrimental long-term effects (loss of 
a million acres of spruce-fir).  Current partial harvesting is not expected to provide sufficient landscape 
hare densities needed to support high lynx populations and best habitat in future decades will shift 
southward where there will be increased competition with other species and possibly lower hare 
densities. 

 
41. P. 23-24. 160/2/9-13: This conclusion seems overly speculative given climate uncertainty (e.g., 

more precipitation could result in more snow despite warmer temps if still below freezing, as is 
currently observed in Lake effect areas east of the Great lakes where bobcats are uncommon). 
Additionally, this Page 24 of 29 ignores natural disturbance events that may rejuvenate conifer 
sapling habitat in Maine and Minnesota, as well as potential changes in wood fiber markets and 
regulations that could be used to promote conifer habitats. I agree that data suggest lynx 
conservation will become more challenging, particularly given climate change, but extirpation in 
3 of 5 units seems overly precise and overly speculative given uncertainty. See general 
comments 3, 4, and 5. 



Response:  If Dr. Harrison is correct, then even if climate change results in an increased snow 
environment (lake effect snow example), then bobcats will benefit because the snow can support them 
(and other competitors).  Do we have data on bobcats from lake effect areas in MI, WI, NY that would 
support this hypothesis.  Since it is raised, we should address in the SSA. 

 
42. P. 24. 164/2/entire: As mentioned previously, effects of disease (e.g., rabies, plague, lungworm, 

distemper) and other stochastic events, coupled with fires and accidental and illegal mortalities 
could affect shortterm resiliency in this population will small effective population size. With the 
exception of wildfire, the additive effects of these stressors seem to have been under-
emphasized. 

Response:  We did not evaluate cumulative effects of stressors in the SSA.  It seems that we should.  
Could we do a NEPA-type analysis to evaluate effects of stressors in each unit (and avoid a broad-
brush approach).  The stressors vary widely in nature and intensity throughout the DPS.  It would 
seem this would be very important to have in the SSA if a 5-factor analysis will eventually be done to 
evaluate listing status. 

 
43. P. 24. 169/3/6-8: The early portion of this paragraph is supported by landowner surveys but it is 

without basis to assume that the lack of spraying to prevent budworm mortality and the 
widespread clearcutting and herbicide application, as conducted during the past outbreak, will 
lead to a lack of budworm-inflicted mortality of trees. Natural recycling or commercial 
harvesting of infected stands that will be naturally transitioning out of hare and lynx habitat by 
2022 could have a benefit to lynx. Again it is a poor assumption that lynx require broad-scale 
clearcutting to be viable in the northeast. See general comment #4. 

Response:  According Dr. Harrison’s previous comments, we do not know if a budworm outbreak will 
occur.  If it does, we do not know landowner response (it could vary widely according to landowner).  
We do not know the degree of spruce-fir mortality that could occur.  We could make worse-case or best-
case scenarios in the SSA? 

 
44. P. 24.  169/5/13: The conclusion that reproductive rates are non-sustainable during the hare low 

is highly uncertain given the extremely low sample sizes of radioed adult females and seems 
contrary to many reported observations of adults traveling with kittens and high apparent 
occupancy of habitats given 8 consecutive years of relatively lower hare populations. See 
169/5/10. 

Response:  Agreed the sample sizes are low, but it is the only information we have.  MDIFW intentionally 
distinguished lynx demographics during a high hare and low hare period.  Alternately, it would seem 
inaccurate to use “average” demographics weighted toward high hare years (the majority of the MDIFW 
study) knowing that hare populations have declined and seem to have stabilized at these lower 
densities.  The response by lynx to declining hares in Maine (although small sample size) is not 
surprising, given that similar responses occur in Canada during the declining phase of the hare cycle.  
Not sure if Dr. Harrison believes hares will ever return to high landscape densities in Maine again?  This 
range in demographic responses by lynx (e.g. at high and low years) could be captured in confidence 
limits around demographic data put into a PVA.  This may be the best way to explore the viability of 
small lynx populations in the DPS. 



 
45. P. 25. 171/1/7-8: This trend data is 14 years-old and should be updated. Maine Forest Service 

has publically made these trends available electronically through 2016. 

Response:  See response above.  Need to secure latest Maine Forest Service reports including those 
that includes graphs in MDIFW response. 

 
46. P. 26. 175/4/2-3: Actually the most recent re-measurements of HQHH stands in Maine suggest 

that most of these overstocked stands on poor quality sites will remain HQHH to at least 40 
years due to slow maturation due to poor site quality and high competition among overstocked 
stems (Scott 2009, Harrison et al. in prep.). 

Response:  Revise given Dr. Harrison’s suggestion.  Spruce-fir on wet sites (poor site quality) are likely 
to stay in HQHH than spruce-fir on better drained soils. 

 
47. P. 27. 183/1/2-3: In the longer-term, climate change may be the primary driver of boreal forest 

change in Maine, but much more rapid and recent changes have resulted from forest harvesting 
practices (Legaard et al. 2015). 

Response:  Agree and revise as necessary.  However, Dr. Harrison did not cite CFRU-funded research 
Simons-Legaard et al. 2015 and Andrews 2015 that shows that climate change is likely already having an 
effect on spruce-fir in Maine (actually forest management and climate change are probably have a 
synergistic effect).  This research indicates spruce-fir could be greatly diminished in Maine by 2060.  We 
need to incorporate this latter research, for which we were not aware, and Dr. Harrison’s comment in 
the SSA. 

 
48. P. 28. 205/1/entire: I am confused about how near-term persistence can be as estimated high as 

70% for a population than seems absent based on recent surveys? 

Response:  How to address?  It seems Dr. Harrison is looking at the most optimistic point on the graph, 
not the median.   

 
49. P. 28. 2019/3/4-8: Interacting effects of temperature with snow depth (Litvaitis et al. 1986), 

along with availability of alternate prey could contribute to apparent differences between 
Maine and Minnesota in snow and competitive interactions. Further, the presence of wolves in 
Minnesota, but not in Maine, may affect relative densities of coyotes, and may influence 
interactions among coyotes, bobcats, and lynx (Litvaitis and Harrison 1989). 

Response:  We did not review the literature concerning competitive interactions of bobcat-coyote-
lynx-wolves in the SSA and should.  Our tendency was to focus on the bobcat-lynx interaction. The 
Litvaitis et al. 1986 citation seems germaine to climate change analyses in the SSA and may shed light on 
how snow depth and quality mediates relationships between the carnivore community that occurs in 
the DPS.  We should do a literature search to determine if other literature concerning the carnivore 
community (and snow) exists within other units of the DPS.  This could be important in projecting 
future outcomes for lynx in the DPS. 



 
50. P. 28. 221/General Summary: The summary does not address how current ESA listing affects 

current status of lynx or how protections and status would be expected to change if the DPS 
were to be removed from ESA protections. This seems inconsistent with the frequent mention 
and consideration of those topics throughout the Draft SSA and considering that this document 
is intended to guide future decisionmaking. 

Response:  Red flag!!!!!   Dr. Harrison is correct that the Synthesis does not include any mention of 
future scenarios without listing.  It should if it is a synthesis of the SSA.  Similarly, the Executive 
Summary makes only one mention of future delisting (assumption page 8).  We say delisting was 
considered but provide no summary of our analysis or conclusions about a future scenario without 
listing.  We don’t know how much of the SSA was read by decision-makers, but if they focused on the 
Executive Summary and Synthesis, these sections provide little information about the consequences of 
no listing.  This relates to Marty Miller’s comments that the SSA needs to be improved concerning future 
scenario with no listing. 

 

  



II. Substantive State Agency Reviews 

Maine Department of Inland Fisheries and Wildlife (including Maine Forest Products Council  

1. Cover letter Page 1: While there are areas of agreement, we are troubled with the tone of the 
document and by what appears to be a very subjective, if not biased, selection of data to include 
in the draft SSA. 

Response: The only specific examples of example of tone in MDIFW’s comments are in the climate 
section, which is addressed below. MDIFW provided few, if any, examples of key scientific publications 
that the Service missed, so we believe we have sought out and used the best available scientific 
information.   In some instances MDIFW requests that their interpretation of status of hares, forest 
conditions, hare and lynx population status be used instead of what the Service considers the best 
available scientific information.  Much of the information that MDIFW requests used is not published or 
peer reviewed, some is conjecture or no details are provided to support their views. Many of their 
viewpoints support delisting or a reinterpretation of the DPS as indicated in the last paragraph of 
Commissioner Woodcock’s letter.  They advocate for a listing outcome in their comments, something 
that the Service specifically asked them not to do.  They also passed the SSA to the Maine Forest 
Products Council for review without consulting with the Service.  No other nong-government 
organizations or groups representing private forest companies were given an opportunity to review the 
SSA.  Therefore, we did not respond to the Maine Forest Products Council comments, but did refer to 
them on a few occasions where there were technical data provided.  Each of MDIFW’s comments and 
requests are addressed below in greater detail. 

2. Cover letter Page 1. The definitive tone of the climate change section on how Maine's forests and 
lynx populations will be affected, does not follow the guidance offered in the IPCC Climate 
Change 2014 Synthesis Report which states that an integral feature of the report is 
communicating the uncertainty of its findings. 

Response: All climate change documents stress uncertainty, and we have tried to incorporate that 
uncertainty into the text.  However, the preponderance of publications we reviewed and cited are 
unanimous in their conclusions concerning trends in snow depth, quality, and persistence and boreal 
forest in Maine – all are declining and will continue to decline.  In general, scientific documents indicate 
snow will decline more severely when modeled with high emissions scenarios and less severely with low 
emissions scenarios.  The scientific literature indicates that thus far, temperatures are tracking the 
projections for the high emissions scenarios.  We could expect to continue on this trajectory unless there 
are significant reduction in carbon emissions, which thus far is not happening.   

Some peer reviewers said we did an excellent job of stating uncertainty and assumptions and that the 
climate change section was particularly well-done.  We should review the climate change section and 
make sure that it adequately addresses uncertainty. 

3. Cover letter Page 1. We are concerned that the draft SSA still considers the lack of management 
assurances on private lands to be a risk to lynx populations. As you know, approximately 90% of 
the forests occupied by lynx in Maine are privately owned. Maine's lynx population reached what 
is believed to be historic highs on these private lands without federal or state intervention that 
stipulated the number of acres that needed to be maintained as lynx habitat. Models used in the 



SSA to predict forest habitat changes and trends in lynx populations do not take into full account, 
and in some cases misrepresent, forest management on private lands. 

Response: The Service documented the best available forestry and wildlife information in the SSA.  It 
documents the significant shift in forest management that has occurred since the Maine Forest Practices 
Act of 1989.  The information MDIFW clearly shows that that clearcutting has been replaced by various 
forms of partial harvesting.  The paradigm that created the abundance of lynx habitat, which is soon to 
age past conditions that support lynx, is clearly no longer occurring.  The scientific literature (both 
forestry and wildlife literature) document this dramatic change in forest practices and will result in 
declining lynx habitat.  The latest modeling of lynx habitat (Simons-Legaard et al. 2016, Simons-Legaard 
2016) clearly states explicit assumptions that future trends in forest management will reflect past 
management.  These analyses are based on a landowner-by-landowner analysis of recent forest 
harvesting trends.  In fact, Maine forest industry has funded and uses exactly the same forest models 
from the University of Maine Center for Research on Sustainable Forests (https://crsf.umaine.edu/ ) to 
project impacts of spruce budworm, climate change and other aspects of forest management.  The 
MDIFW offered no alternative analysis concerning the future trajectory of habitat in northern Maine for 
lynx and assumes current forest management will continue to create lynx habitat.  There is no scientific 
support that alternate forms of silviculture (e.g., shelterwood harvest) currently or in the future will 
provide sufficient habitat to support lynx populations in Maine (see more detailed response below).   

4. Page 1. The lack of focused attention on the “five-factor analyses” that guides ESA status 
changes (https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf) is perplexing, however.  
In the absence of a recovery plan with specific conservation objectives, a periodic “5-year” 
status review should provide a clear evaluation of the species with regard to ESA listing factors.  
This seems essential in the SSA if it will be the only evaluation of lynx DPS status after 17 years 
of listing under the ESA.   

Response: The Service’s lynx core team has also asked how a listing determination can be made without 
the information provided in a traditional 5-factor analysis.  The SSA indicates how the stressors affect 
resilience, redundancy, and representation, but perhaps the relationships between stressors and the 3 
Rs could be strengthened in the document.  The stressors identified in the SSA represent multiple 
listing factors; for example,  Factor A (destruction or damage of habitat) climate change, forest 
management, development, wildfire, forest habitat loss and fragmentation; Factor C (disease and 
predation) expected to increase with climate change; Factor D (inadequate regulations) uncertainty about 
effectiveness of plans on Federal lands and lack of plans on private lands, especially in Maine and 
Minnesota, shift in forest practices, uncertainty in future markets, and rapid land turnover; Factor E 
(other natural or manmade stressors) other secondary factors described in the LCAS (2013) and SSA – 
incidental trapping, backcountry roads and trails, illegal shooting, mineral and energy exploration and 
development, recreation, road and associated mortality, and grazing and livestock.   

These threats will all be evaluated in the 5-year review.  

5. Page 2. Since MDIFW began its lynx telemetry study in 1999, biologists have documented an 
expansion in Maine’s lynx range and population size.   



Response: The MDIFW provides no information to support an expansion in lynx range or population 
size.  If the number of lynx correlates with the available habitat, UMaine analyses (Simons) would 
indicate that lynx habitat has increased from the 1980s to ~2012, then will decline by 50-60% by ~2032.  
This is to be expected as clearcuts age past the conditions to support high populations of hares, the hare 
population has dropped by half and remains depressed, and the preponderance of partial harvesting post-
FPA are not creating new, high-quality habitat.  The SSA provides details about recent occurrences of 
lynx in New Hampshire and Vermont (if that is what the MDIFW is referring to).  The Service provides 
information in our 2014 critical habitat rule and the SSA about the few lynx that have occurred in NH 
and VT and explains why lynx in these areas are not expected to persist and will not contribute 
significantly to the future recovery of lynx. 

IF the Maine population has expanded (slightly) it is no different than the island-metapopulation model 
expressed in the lynx SSA.  We explained in our 2014 critical habitat rule that after two severe, deep 
snow winters in 2008 and 2009 that lynx may have expanded slightly in Unit 1 with a few breeding 
individuals occurring in northern Vermont and New Hampshire, western and eastern Maine.  We 
explained why we believed this was a temporary phenomenon created by deep snow favoring lynx and 
diminishing bobcats in these areas.  Since publishing the critical habitat rule, lynx seemed to have 
disappeared from northern Vermont and breeding has not been documented in Northern New Hampshire 
for several years.  There are probably a relatively small number of lynx in western and eastern Maine (as 
there likely have been since listing). 

We do not see significant, if any, changes in lynx distribution from the information MDIFW provided in 
the workshop (Vashon slide#25) and the map we used in 2014 for critical habitat or from maps circa 
2005 shortly after lynx were listed.  

  

 

6. Page 2. Given the success of lynx populations on private lands in Maine, MDIFW finds 
statements, such as the one on p. 76 of the SSA, “Whereas management of State and Federal 
forest lands have been relatively stable in recent decades, management and ownership of private 



forest land ownership has been extremely unstable. This has resulted in major shifts in forest 
management strategies, outcomes, and products. For example, in the last two decades in Maine, 
where nearly all the lynx critical habitat is on private land, about 23.8 million acres (80 percent) 
of industrial land ownerships in the “northern forest” (Adirondacks to northern Maine) were 
sold to many different kinds of financial groups (Hagan et al. 2005)” overstate the threat posed 
by private land management to lynx.  The period of greatest lynx population growth in Maine 
occurred during the same period (referenced above) that caused “major shifts in forest 
management strategies, outcomes, and products”.   

Response: We cite the best available information documenting the significant changes in forest land 
ownership in Maine.  The new landowners often have different management objectives, markets, and 
outcomes.  Our use of the word “unstable” should be revised to “unpredictable.”  We agree that the 
period of greatest growth to Maine’s lynx population occurred after a period of widespread clearcutting.  
But immediately after the clearcutting came significant reform in forest regulations and turnover and 
fragmentation of Maine’s forestland ownership.  The paradigm that created Maine’s lynx habitat no 
longer exists.  The uncertainty created by changing ownership and forest markets has led to the 
permanent closure of six papermills in Maine in the last two years.  These and other changes in Maine’s 
forest industry are widely acknowledged in Maine and documented in the scientific literature cited in the 
SSA.  

7. Page 2. “Working woodland” easements now encompass >10,000 km2 across northern Maine.  
These covenants do not specify specific management practices or outcomes beyond sustainable 
forestry, but they do ensure that conversions to other land uses will never occur. 

Response: On page 74 of the SSA we devote a paragraph to the role of easements in conserving lynx 
habitat in Maine and the shortfalls of these easements to require or specify habitat management for lynx 
and other wildlife species.  We could expand the SSA to provide the exact acreage easements in 
Maine and perhaps include a map of their locations.  Note: we are ordering the new conservation and 
landowner database from Sewell. 

8. Page 2. MDIFW strongly disagrees with statements in the SSA that Maine’s lynx population and 
lynx/snowshoe hare habitat have declined since 2006, i.e., “The best available science indicates 
that hare populations have declined by about half across all stand types (and in adjacent Quebec) 
since 2006 and apparently have not rebounded.”  No references are given in the SSA to 
substantiate this claim.  MDIFW asserts that there is insufficient scientific evidence to conclude 
that hares have declined at a landscape level and have remained low since 2006 in northern 
Maine.  Hare densities in stands subject to shelterwood and overstory removal harvests more 
than doubled from 2008 to 2011.  As of 2011 (the last year of monitoring in this stand type), hare 
densities in these stands were approximately double those in regenerating clearcuts (D. Harrison, 
unpublished data).   

Response: The Maine Forestry Cooperative Research Unit (forest industry) at UMaine and USFWS 
funded snowshoe hare research at the University of Maine from ~2006-2013.  Prior to that, UMaine 
conducted snowshoe hare research back to the mid-1990s.  During that time, the best available science 
shows a period of high hare density (~1995 to 2006) and lower hare density (after 2006 to 2013 when 
hare monitoring was discontinued) that is mirrored in similar hare data from the adjacent Gaspe region of 



Quebec.  Both MDIFW and the SSA reference unpublished data by Dr. Dan Harrison, wildlife faculty at 
the University of Maine and his ~11 graduate students.  MDIFW acknowledges high- and low-hare 
periods in their Canada Lynx Assessment (Vashon et al. 2012), so we are unsure why they strongly 
disagree with these facts.  Dan Harrison provided us with a citation for hare declines – Harrison et 
al. 2015.  We should site this instead on unpub. in the SSA.  Furthermore, the MDIFW provide no 
other long-term hare data or scientific information to support their claim that hares “more than doubled” 
in shelterwoodstands other than Harrison et al. 2015.  We have discussed this at length with Dr. Harrison 
(pers. comm.2.28.2017).  See comment #11 below.   

9. Page 2. MDIFW has information on the current status of lynx in Maine, which suggests the lynx 
population is both increasing in numbers and expanding its range, and questions why this 
information presented at the Expert Elicitation Workshop (EEW) was not included in the draft 
Lynx SSA.  MDIFW urges the USFWS to consider the data and arguments presented in this 
review and at the EEW to arrive at a more objective perspective on the resiliency of Maine’s 
current lynx population.   

Response: Despite numerous requests for the States to provide information that would help inform the 
SSA, the MDIFW did not share information that the Maine lynx population is both increasing in numbers 
and expanding its range.  This is despite contrasting statements made in the MDIFW’s Canada Lynx 
Assessment (Vashon et al. 2012, page 47) that “lynx habitat reached its lowest level in 1971 and peaked 
in 2003,” “that by 2006 lynx were approaching carrying capacity (p. 58),” and “We anticipate a decline 
in Maine’s lynx population when extensive areas of regenerating spruce/fir stands mature and no longer 
provide optimal cover for snowshoe hares. Although forests continue to be harvested in Maine, there 
isn’t sufficient early succesional spruce and fir to replace midsuccessional spruce/fir sapling stands 
(40%) when they transition to late-successional forest (e.g., pole/small sawlogs) (p. 59).”  MDIFW did 
not provide adequate information to explain the basis for why their interpretation of trends in lynx 
populations have changed since 2012. 

The MDIFW’s presentation at the EEW indicated that when they wrote the Lynx Assessment in 2012 
they believed the lynx population peaked in 2006.  But they now believe, “other indices since 2006, 
suggest Maine’s lynx population is continuing to grow.”  The MDIFW provided a map of the number of  
lynx sightings, increasing road mortality (with very low sample sizes), and increased incidental take 
captures to 20 lynx trapped in 2014 (but neglected to present the precipitous decline to just 4 individuals 
reported trapped in 2015) (Vashon slides  15-19).  The Service does not consider anecdotal lynx 
sightings, road mortality, or trapped lynx  as valid indices of lynx population trends.  Sightings without 
standardizing for effort and reporting rates are difficult to interpret.  Road mortalities are highly variable 
and detection rates are unknown.  Reporting rates for trapped lynx are uncertain and some likely go 
unreported.  Thus, we did not use these types of information in the SSA for Maine or any other state in 
the DPS.  This information does confirm that lynx are still present in Maine and are distributed in 
approximately the same way that we considered when designating critical habitat.   

The MDIFW also presented preliminary results of 2015 snow tracking data (slides 20–27) that showed at 
least one lynx track was found in 11 of 19 townships surveyed between 2003-2008, and lynx were 
detected in 18 of these same 19 townships surveyed in 2015.  The study design for the 2003-2008 survey 
was developed in Cooperation with the Maine Cooperative Fish and Wildlife Research Unit and included 



protocols for selecting sampling units (townships) using a random, stratified sampling design based on 
the latest lynx habitat model (Hoving et al. 2004).  A stratified sample of townships (n=62) was selected 
having low, medium, and high predicted occurrence of lynx.  Townships selected for survey were spaced 
at least six miles apart to avoid autocorrelation of results.  As a result of this sampling design, these data 
could be used in a statistically-rigorous fashion to develop a second-generation lynx habitat model 
(Simons-Legaard et al. 2016).  When MDIFW proposed resuming lynx surveys in 2015, the University of 
Maine and the Service recommended repeating a similar stratified random sampling design based on the 
second-generation Simons-Legaard et al. 2016 lynx model.  Apparently, MDIFW did not accept our 
recommendation, and it is apparent from the map that MDIFW has departed from the previous sampling 
design.  The map indicates that adjacent townships were surveyed possibly  introducing problems with 
autocorrelation.  MDIFW has not shared information concerning their survey design and methodology.  
We do not know the predicted occurrences of lynx in these 19 townships.  It is possible that this sample 
of 19 townships includes a preponderance of townships that were (Hoving et al. 2004) or are (Simons-
Legaard et al. 2016) high probability of occurrence.  Unless the 19 townships were selected in a 
stratified, random sample we don’t know what biases may exist in these preliminary results.  In other 
words, if one samples in Maine where the University of Maine lynx models predicted to occur (or where 
anecdotal information suggests they occur), then there is a high probability that one will find lynx tracks.  
These were preliminary data that have not been published in gray literature or peer-reviewed literature.  
MDIFW did not mention whether these surveys continued in 2016 or provide results for last winter.  For 
these reasons, we did not use this information in the SSA.  This information confirms that lynx are still 
present in some of the same townships they occurred in 2003-2008 and some new townships, which the 
Service has acknowledged as part of our recent designation of critical habitat.  

10. Page 3. Unfortunately, many of the conclusions and the tone of the Climate Change Section in the 
SSA do not communicate this uncertainty and are definitive in nature.  For example on p. 68, 
“Climate change will diminish the amount of lynx habitat throughout the DPS by a) reducing the 
areas where snow conditions give lynx a competitive advantage over bobcats and other species, 
and b) reducing the amount of spruce-fir habitat required by snowshoe hares”, or on p.218, 
“Although uncertainty remains regarding the timing, extent, and biological consequences…..hare 
populations will decline… This in turn will reduce lynx abundance….” (underlines added).  
MDIFW is concerned about the objectivity of the climate change sections in the SSA and urges a 
thorough review of this section -- especially given the USFWS SSA Core Team’s admission that 
they took a more pessimistic view of climate change impacts to lynx than the experts at the EEW.  
Furthermore, MDIFW asks, are 50-year projections an appropriate standard for the 
“foreseeable future” language of the ESA? 

Response: We should review how we express uncertainty in the climate change section.  Although 
the scientific literature typically conveys caveats concerning the degree of uncertainty concerning their 
predictions (depending on the range of climate models used), there is no disagreement among scientific 
papers concerning the certainty of downward trajectory concerning the duration, quality, and depth of 
snow and boreal forest. Refer to Alexej Siren’s  workshop presentation “Climate change and uncertainty: 
implications for Canada lynx conservation and management in the contiguous United States.”  He 
concludes that the bulk of uncertainty lies not with the predictions (i.e. more precipitation in winter, but 
in the form of rain), but with range of emissions scenarios considered (slide 6).  Climate change is 
ongoing, thus we have a high degree of certainty about changes in snow and boreal forest that have 



already occurred to date and the science is unanimous that these trends will continue into the future.  The 
science documenting recent climate change further reinforces the modeled rate and nature of anticipated 
changes that are expected to occur within the next 50 to 100 years.   

We should cite in the SSA new climate information found after the decision meeting.  After the 
decision meeting we documented additional research from the University of Maine Center for 
Sustainable Forest Research report below that predicts loss of spruce-fir from Maine and Great Lakes 
Forest by the end of the century (and substantial declines by 2060). See pages Maine 88-99 in the report: 
Maps generated for the years 2030, 2060, and 2090 suggest that suitable habitat for white and black 
spruce will disappear from the U.S. by 2060 and from the Acadian Region by 2090 (Figure 9). Patches of 
suitable habitat for balsam fir and red spruce are projected to remain in the U.S. ca. 2060, but dwindle 
to only a few located at high altitudes along the Appalachian Mountains by 2090. This research also 
indicates that several of our northern hardwoods, red maple and paper birch, also decline and that red 
spruce could increase slightly.  The research shows that budworm and forest management (forest 
disturbances) greatly accelerates the declines in spruce-fir caused by climate change. 

The MDIFW’s Canada Lynx Assessment (Vashon et al. 2012, p. 60) concludes, “Climate change is 
expected to have the greatest impact on wildlife species that occur at the southern edge of their range. 
Lynx are associated with areas of deep snow (Hoving et al. 2005) and an abundance of young conifer 
(spruce/fir) where lynx have a competitive advantage over other common forest predators (i.e., bobcat, 
fisher, coyotes) and their prey, snowshoe hare, are abundant. It is uncertain how climate change will 
impact future lynx populations, but if projections are accurate, we can expect lynx populations to recede 
northward and populations to decline substantially over the next 100 years.”  On page 26 the assessment 
states, “Climate change, forest disease, and forest management activities (influenced by forest ownership 
and wood markets) will likely have the greatest influence on lynx persistence in Maine.”  MDIFW’s lynx 
assessment does not discuss uncertainty concerning these outcomes concerning climate climate change. 

About April, 2016 before we started to write the SSA, the USFWS core team questioned USFWS 
management about what would be a suitable time frame to analyze future conditions, especially 
concerning climate change.  USFWS managers agreed that since most climate change projections are to 
the end of the century, that would be a suitable time period for our analysis. 

11. Page 3. Perhaps of greater significance than the tone of the climate change sections is the over 
reliance on modeling to predict the persistence of lynx in the face of contradicting field data.  For 
example, on p. 66 of the SSA it states, “Reduced snow depth and duration may reduce lynx’s 
competitive advantage over bobcats, which have similar ecology to lynx but are not as well-
adapted to hunting hares in deep fluffy snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; 
ILBT 2013, pp. 69, 71). The bobcat is the closest related species to lynx in North America, and it 
outcompetes or displaces lynx wherever the two species overlap, at both broad (Peers et al. 2016, 
entire) and local (Parker et al. 1983;Robinson 2006, pp. 120-129) geographic scales.”  However, 
field observations and surveys indicate that lynx have expanded their range in Maine, and that 
lynx are now living and reproducing in Downeast Maine (i.e., sections of Penobscot, Washington, 
and Hancock Counties).  Northern sections of Downeast Maine have long been considered one of 
the best bobcat regions in Maine, and this region has historically had lower snowfall totals than 
northern interior Maine because of the influence of maritime weather patterns.  These field 



observations call into question whether marginally lower snow levels and bobcat are a 
significant threat to lynx in Maine. 

Response: The negative relationship of bobcats, lynx, and snow is well documented and cited in the 
literature (above citations and others including Parker’s paper from Cape Breton Island).  We should cite 
in the SSA the new information found after the decision meeting - Parker 2001 status review of 
lynx in Nova Scotia.  See lynx-bobcat rationale pages 34-36.  They consider bobcats and coyotes to be 
a significant threat to lynx populations in Nova Scotia and the importance of snow in mediating 
competition between these species. 

The two species have very little range overlap continent-wide and fine and coarse scales.  Where they do 
overlap, bobcats are dominant and displace lynx (Robinson 2006, Peer et al. 2016, Parker et al. 1983 and 
others).  Peer reviewers Murray and Harrison observe that although there is not empirical data to 
evaluate the nature of the competition between the species (behavioral, competition for hare 
resources) it seems to be an important limiting factor for lynx.  Both suggest that we expand the 
discussion to include coyotes and other food competitors.  The SSA describes this relationship, and 
USFWS biologists believe, that despite lack of empirical evidence on the mechanism, the best available 
science supports our conclusions about lynx and bobcat. LCAS authors come to the same conclusion.  

Range expansion of lynx in Maine is covered in point #5 above. 

Page 3 

12. MDIFW questions the conclusions reached in the SSA regarding predictions that Maine’s forests 
will 

change in a manner that threatens lynx and snowshoe hare populations. The SSA predicts these 
changes will occur because of climate change, forest maturation, and changes in forestry practices. 
For example p. 169 of the SSA states, “Models indicate that aging of past clearcuts and changes in 
forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades.” MDIFW presents information substantiating that these predictions are based on inaccurate 
figures on hare densities in shelterwood harvests, and the misperception that changes in forest 
species composition will occur at equal rates on managed and unmanaged forests. For example, the 
SSA states on p. 171, “Currently, partial harvesting comprises about 94 percent of acres cut annually 
in Maine (Simons 2009,p. 50)” and “Foremost, snowshoe hare densities in partially harvested forests 
are on average about 50 percent lower (but range from 20 to 90 percent lower) than in regenerating 
conifer stands created by clearcutting (Robinson 2006, pp. 5-37; Scott 2009, p. 109, Simons 2009 p. 
83), thus reducing landscape hare density and presenting a challenge for future lynx conservation 
(Simons 2009, pp. 206, 209, 217; Simons-Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, 
entire).” However, MDIFW points out that according to the Maine Forest Service, since 2006, of the 
total acreage meeting the definition of “partial harvest”, 46% were shelterwood harvests. 
Shelterwood harvests do not have the same hare densities as other forms of partial harvest. Scott 
(2009) demonstrates that as of 2009, stands subject to shelterwood/overstory removal (even age 
management) had only slightly lower winter hare densities than regenerating clearcuts, and 2.5X the 
winter hare density of stands subject to selection harvests (uneven-age management). MDIFW argues 
that the presentation of forest and hare data is misleading, and that more research is needed on hare 
densities in shelterwood stands. 
 
MDIFW points out that while climate conditions in the Northeast may make conditions less favorable 
for spruce/fir forests and more favorable for deciduous trees, the rate of change will likely differ on 



private forests that are actively managed vs. unmanaged forests. Private landowners manage their 
lands for specific outcomes (see attached letter from Maine’s Forest Products Council). Therefore, 
inferences on how lynx populations will respond to changes in forest type must take into account the 
forest management plans of private landowner, especially in a state where 90% of lynx habitat occurs 
on private lands. From 1995 to 2015, the total acrage of conifer forest has actually increased in 
Maine (2,515,732 to 2,904,462 acres) with the acreage of conifer saplings staying relatively 
consistent (1,062,863 acres in 2015; personal communication, Ken Laustsen, Maine Forest Service). 

 

Response: We discussed this issue with Dr. Dan Harrison since it concerns interpretation of his snowshoe 
hare data about hares and shelterwood cuts.  Dr. Harrison believes that MDIFW misinterpreted his data 
and suggested the Service consider additional information concerning shelterwood harvests and hares.   

Concerning information provided by the MDIFW that hare densities in shelterwood harvests doubled, 
whereas they remained low in other stand types.  The sample size of the hare data for the shelterwood 
cuts that MDIFW references is n=2 and Dr. Harrison says that these were not a random representation of 
shelterwood harvests.  Dr. Harrison suggested we consider additional information concerning 
shelterwood harvests and why they are not likely to support landscape hare densities necessary to support 
current lynx populations into the future. 

We should write a paragraph in the SSA concerning the uncertain role of shelterwood harvests 
given the new information below.  We do make a statement that shelterwood harvests could 
contribute to landscape hare densities.  We should clarify that shelterwood harvests are unlikely to 
support lynx on their own and regenerating conifer (clearcut) is needed to raise landscape hare to a 
point where they can support lynx.  

Responses: 

• Currently, various forms of partial harvesting (selection + shelterwood) comprise about 95% of 
harvests.  UMaine publications have included shelterwood harvesting as a kind of partial harvest 
because it is.  We should include a footnote or define in the SSA what we mean by partial 
harvesting. 

• We have reviewed Dr. Harrison’s data with him so we understand his unpublished data.  On page 
18 of their comments, the MDIFW indicates they do not agree with UMaine data that hare have 
declined, but they use two data points showing higher hare densities in shelterwood stands that 
support their argument that shelterwoods will provide future habitat for lynx.  There are a 
number of flaws in their argument and on some points they are incorrect. See below. 

• MDIFW is incorrect citing Scott that shelterwood stands had “only slightly lower hare densities 
than regenerating clearcuts.  From 2005-2007, UMaine data indicates that shelterwood supported 
ONLY 36-56% of the hare densities found in regenerating clearcuts.  Only in 2008 did 
shelterwood cuts have 23% more hares than regen clearcut, but UMaine indicates that the sample 
is only 3 in 2008 (and only 2 in 2009-2011) because the companies took the overstory off these 
stands after 2007, essentially destroying their value to hares and to further sampling.These are 
the data that Shonene Scott had available to her for her thesis in 2009: 

 2005 2006 2007 2008 
Regen clearcut 2.29 hares/ha 1.92 1.19 0.67 



N=15 N=15 N=15 N=15 
Shelterwood 0.84 hares/ha 

N=9 
0.90 
N=9 

0.67 
N=9 

0.82 
N=3 

• Interpretation of Harrison et al. 2015.  The MDIFW contends that the graph below demonstrates 
that hares have “more than doubled” in shelterwood harvested stands.  Dr. Harrison has indicated 
this is a misuse and misinterpretation of the data.data shows that unlike all other stand types in 
Maine, boxes  

 

• The UMaine hare data presented in the CFRU report shows higher hare densities in shelterwood 
stands measured in 2010 and 2011.  The sample sizes for 2008 and 2009 is only 3 stands (see 
table above) and the two points MDIFW cites in 2010 and 2011 is only is only 2 stands.  These 
two stands are not random because the initial entry was particularly heavy (not typical) and they 
had such high regeneration that they were behaving more like regenerating clearcuts.  Dr. Dan 
Harrison is reluctant for a number of reasons to speculate these two data points represent 
increasing hare densities in shelterwood stands. 

Dr. Harrison pointed out several concerns about the hypothesis that shelterwood cuts will continue to 
provide lynx habitat in Maine in the future:   

• Regarding the number of shelterwood cuts.  Out of 100 stands cut in northern Maine, about 40% 
are shelterwood cuts (leaving 40 stands).  Of these about 50% are hardwood or mixed wood and  



favor intolerant hardwood regeneration, and 10% are in softwood (potential for hare and lynx 
habitat).  Most of these softwood stands will be small, isolated from other good hare habitat, or 
have an overstory removal done just as they are becoming good for hares (see below).  Thus, it is 
unlikely that regenerating shelterwood harvests will provide sufficient landscape hare density of 
at least 0.74 hares /ha to support lynx in the future.  Using Dr. Harrison’s data, even if a 
township-sized area were completely softwood and completely shelterwood harvested (both 
unrealistic assumptions), Dr. Harrison’s data would suggest that landscape hare densities (2005-
2008 data in the table and graph above) would only be about 0.80 hares/ha which is just above 
the threshold needed in Maine to support lynx. 

• Extensive stands heavy to softwood are frequently found in low-lying, wet areas.  They have 
problems when they are cut using the shelterwood system because they are subject to wind-
throw.  Thus, this silvicultural system is most frequently used for hardwood management on 
dryer, upland sites (hardwoods are wind-firm).  Shelterwood systems are also frequently used in  
management of white pine on dry sites (not high quality lynx habitat), especially to control for 
pine weevil. 

• The few shelterwood harvests done is spruce-fir are done in poorly drained sites to promote 
spruce and remove balsam fir in the initial entry.  On wet sites, cuts are kept purposefully small 
to prevent wind-throw.  Thus, they have limited utility to lynx. 

• Although 1/3 of shelterwoods are in softwood-dominated stands, very few are in heavy spruce-fir 
that would be good for hares and lynx.  No one is using the shelterwood system to promote 
balsam fir because of poor quality for saw logs and susceptibility to budworm.  Pulp market is 
gone. 

• Shelterwood diminishes hare habitat.  Initial entry requires about 20% of the acreage in skid 
trails that typically are left in heavy slash or grow back to raspberry = non-hare habitat.  After the 
second entry (commonly called the overstory removal), about 30-40% of the acreage is in skid 
trail or crushed regenerating spruce and fir.  What is left are small, scattered patches of hare 
habitat that have lower hare densities (as opposed to large regenerating clearcuts with little skid 
trail impacts). 

• About 70% of the shelterwood reported by Maine Forest Service is in hardwood or mixed wood 
stands – not high quality hare habitat.  After initial entry, many softwood stands are coming back 
to intolerant hardwoods, this is increasing with climate change (see new Legaard and Sader 
papers) and no herbicides are being used to promote softwoods. 

• The second entry in a shelterwood stand (overstory removal) comes at just about the time that 
hare densities become attractive to lynx (8-27 years after initial entry for UMaine study plots).  
After the second entry, hare densities are lower because of crushed regen and 30-40% in skid 
trails.  Dr. Harrison did not know if the skid trail ever recovers to HQHH.  Probably rarely. 

Hardwood-Softwood in northern Maine.  MDIFW believes softwood is increasing in northern Maine.  
Many sources indicate otherwise. 

• SFI/Maine Forest Service data shows increasing softwood (2.5 million acres in 1995 – 2.9 million 
acres in 2015).  This parallels development of lynx habitat in Simons-Legaard et al. 2016 and is 
an artifact of heavy clearcutting and extensive herbicide use to favor softwoods  in the 1970s and 
1980s to promote softwood growth.  The SFI data provided by MDIFW shows a drop in regen 



conifer 0-30 years because of increasing hardwood regeneration.  Several sources show 
increasing northern hardwood in northern Maine and New England on a landscape scale – 
McKaskill et al. 2016 in the SSA.  Also see Legaard et al. 2015 Evaluating the impact of abrupt 
changes in forest policy and management practices on landscape dynamics: analysis of a 
Landscapt image time series in the Atlantic Northern Forest.  This article clearly shows that the 
extensive clearcutting and subsequent harvest under the Maine Forest Practices Act has 
accelerated conversion of spruce-fir to deciduous and mixed forest. 

• In the short-term, balsam fir may increase because of current forest practices (peer review of 2014 
critical habitat by Erin Simons-Legaard), but will decline when the budworm returns and/or as the 
climate warms (new paper Simons-Legaard et al. 2015, climate change modeling of Maine 
forest).  Repeated entry to stands is increasing hardwood composition of northern Maine forest 
forced, in part, by climate change and natural tendency for intolerant hardwoods to dominate 
regeneration in disturbed stands in well-drained sites in northern Maine.  We lost over a million 
acres of spruce-fir in northern Maine after the last budworm outbreak and will lose more with this 
outbreak (Dr. Bob Seymour, UMaine silviculture professor, pers. comm. 3.8.2017). 

 

13. Page 4 MDIFW disagrees with statements that Maine’s lynx population would face increased 
threats from trapping and hunting if they did not have not have protection under the federal 
ESA. Trapping wasevaluated at the time of listing (USFWS 2000) and was determined not to be a 
significant threat to thelynx population. Currently, the vast majority of lynx caught in foothold 
traps are released with little tono injury. MDIFW contends there is no evidence to support 
statements such as, (p. 182) “Lynx wouldbe at greater risk without ESA section 9 
prohibitions against take. In a future scenario without Federal listing, Maine’s incidental 
take plan for trapping would be rescinded, and it is likely that many protective measures 
to minimize injury, take, and mortality of lynx would cease or diminish.” MDIFW submits 
thatin the event of delisting, the Department would continue to be committed to protecting 
lynxpopulations through trapper and hunter education, regulations focused to minimize captures 
in traps,and an active law enforcement presence. Prior to the federal ESA listing of lynx, MDIFW 
implemented anumber of measures to protect the species (MDIFW 2014, p. 78-79). These 
included closing the seasonon lynx hunting and trapping in 1967, and providing information to 
trappers on how to distinguishbobcats from lynx to avoid lynx incidental captures and trapping 
mortalities. 

 
MDIFW disagrees with the Lynx SSA Team’s conclusion that lynx face an increased risk because of 
Animal Damage Control (ADC) activities if lynx were no longer protected under the ESA. The SSA 
states(p. 182), “There have been a few situations where lynx have destroyed livestock, but lethal 
actions toremove lynx were avoided because of Federal listing. Without Federal listing, justification 
for shootinglynx in these situations would likely increase.” There has never been a documented lethal 
taking of lynx related to ADC activities in Maine, and it is very rare to get a report of lynx getting 
into someone’s“livestock” (i.e., chickens). The assertion that there is an increased likelihood of a 
lynx being shot toprotect chickens is pure speculation. MDIFW strongly urges the USFWS to 
reevaluate claims thatdelisting would threaten Maine’s lynx population because of increased 
mortalities from hunting,trapping, and ADC activities. 
 
Page 5MDIFW finds the statement on p. 20 of the SSA, lines 6-7 troubling: “… we do not evaluate 
the unlikely hypothetical future in which the DPS is not listed and conservation efforts disappear.” 



An inference that lynx conservation is totally dependent upon ESA seems unfortunate. The traditional 
role of state conservation efforts is apparently discounted, and current examples of cooperative 
efforts among statesand the USFWS to prevent listings (e.g., New England cottontail) may have not 
been considered.MDIFW does not argue that ESA protections are sometimes appropriate and value-
added, but USFWS should not ignore the long-standing primary jurisdiction of states for most 
wildlife resources, critically important partnerships with states for conservation of vulnerable 
species, the second generation of State Wildlife Action Plans, etc. On p. 6, lines 13-15, MDIFW 
believes the SSA is presenting an “all or nothing” worst-case scenario for the lynx DPS: “Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts, but not the complete absence of all protections for lynx.” MDIFW concurs that 
the lynx DPS needs thoughtful conservation attention at its southernmost range limits. However, our 
Department (1) strongly disagrees that the ESA is the only effective protection, and (2) counters that 
state conservation strategies, which may be inspired by the ESA, are generally a better, more lasting 
solution. 

 

Response: The MDIFW apparently misunderstood why the Service considered a future without lynx 
listing.  Marty Miller attempted to explain why this is an important future scenario to consider in the SSA.   

Perhaps we should reword this response to indicate that we do not know how MDIFW would 
respond to delisting and trapping rules.  MDIFW has publicly told trappers that they would rescind 
some trapping restrictions if the lynx was delisted.  If the MDIFW resumed management prior to listing, 
the lynx would be a protected species.  MDIFW took no special measures concerning traps and their 
placement prior to the time of listing until they were sued.  At that time, it was not required that trapped 
lynx be reported.  There was a case of a lynx killed in defense of property in VT, and in a recent incident 
in ME the landowner wanted to shoot the lynx.  Three lynx were reported shot in fall 2016 alone.  One 
peer reviewer indicated that we should have said much more about the risk to lynx from trapping in 
southern Canada.  He believed it has or could reach a point where trapping affects lynx both emigrating 
and immigrating from Canada.   

14.  Page 5 MDIFW suggests that a broader more forthright discussion is needed on the structure of 
the DPS. In the description of the geographical units of the SSA, MDIFW suggests stating, “The 
DPS designation reflects a jurisdictional boundary, not a biological one, for Canada lynx. The 
species is widespread and relativelysecure in Canadian provinces adjacent to the DPS.” Would 
the USFWS be willing to state, in the list of assumptions (p. 8, SSA), “We assume that the 
statuses of lynx within individual SSA geographic units are mostly independent of one another”? 
This assumption is requested to critically reconsider conservation strategies and outcomes given 
“the units are relatively isolated from each other” (SSA, p. 5). In fact,Unit 1 (northern Maine) and 
Unit 2 (northeastern Minnesota) are extremely isolated from other units bydistance and 
marginal habitat. As the USFWS has experienced with recovery efforts for Canis lupus, the 
improbability of “recovery” occurring concurrently in three (or more) regionally distinct SSA units 
greatlyhandicaps any scenario for delisting. 

 
 page 6 As currently written, the draft SSA examines threats facing lynx as well as resiliency, 
redundancy, andrepresentation of the DPS. “ESA’s requirements for delisting …” are cited (pg. 
20) as a second rationalefor not considering “… the unlikely hypothetical future in which the DPS 
is not listed.” We are unaware of “requirements” other than specific objectives established in 
recovery plans and the five factors guiding ESA status decisions listed in statute. The SSA is a 



thoughtful evaluation of species vulnerability relative to ESA. We hope that discussion of the five 
factors for listing is an option in any SSA but suggest that it particularly should not be omitted in the 
first status review of the lynx DPS after 17 years as an ESA Threatened Species. 

 

Response: The SSA discussed lynx biology.  It does not discuss how to interpret DPS policy, listing, or 
recovery as it concerns lynx.  We asked the states not to comment on listing or policy, but MDIFW and 
others did. 

15. Page 11. CLIMATE CHANGE However, we believe the SSA overstates the confidence with 
which climate models can be used to inform future trends in lynx distribution and population size 
in Maine. Uncertainty regarding changes in the amount and duration of snowfall, and the 
response to these changes by hares, lynx, and potential lynx competitors such as bobcats and 
coyotes, make projecting impacts on lynx very challenging. In addition, we feel that conclusions 
about changing forest species composition in northern Maine due to climate change are 
overstated and not supported by current data (see MFPC letter and other sections of MDIFW 
response). 

Response: The MDIFW provides no alternate science to justify outcomes likely to occur because of 
climate change. 

The MDIFW believes the underlying mechanisms describing the relationship between these species and 
snow are largely unknown.   

From MDIFW’s lynx assessment: 

“Maine’s lynx population is likely most limited by availability of prey and adequate snow depth. Climate 
change, forest disease, and forest management activities (influenced by forest ownership and wood 
markets) will likely have the greatest influence on lynx persistence in Maine. “ p. 27 

On a longer time scale, global warming may result in a net loss of conifer forest in Maine, as conifers are 
replaced by more temperate southern deciduous forest. Climate models for Maine during the 21st 
Century trend towards warmer and wetter conditions during all four seasons, with the greatest increase 
occurring in northern Maine. Over the next 100 years, northern Maine could see an 8% increase in winter 
temperature and a 16% increase in winter precipitation, with more winter precipitation in the form of 
rain (Jacobson et al. 2009). These changes will not only affect future snow levels, but will likely influence 
habitat suitability for individual trees species; balsam fir could become scarce, red spruce may decline 
especially in interior sections, and red maple could become more abundant (Jagels et al. 2009). Because 
mature trees are more tolerant to environmental stress, change in forest composition can be slow in 
existing forest. Conversely, young trees (seedling and saplings) are more susceptible to stress and 
disturbance (Logan and Gottschalk 2007 as cited by Jacobson et al. 2009). Forestmanagement can play a 
critical role in Maine’s response to global warming by slowing down or speeding up changes in forest 
composition by enhancing retention of critical species or facilitating the introduction of new species 
(Jagels et al. 2009). P. 54-55 



Low snow levels and habitat loss pose the greatest risks to Maine’s lynx population. If the prediction of a 
warming climate with more winter precipitation in the form of rain occurs, lynx may be restricted to 
extreme northern sections of Maine, and spruce/fir may also decline and recede northward. 
Management of Maine’s “spruce/fir flats” that maintains northern forest conditions and connectivity 
between neighboring lynx populations in Canada may allow lynx to persist in Maine. Commercial harvest 
of Maine’s spruce and fir forest will likely continue, but new markets that favor shorter rotations and use 
sapling trees will likely reduce the quantity and quality of future lynx habitat, and changes in forest 
landownership could lead to more land development. Forest management activities that do not promote 
conditions to support lynx and hares may be offset by future tree-disease outbreaks. P. 65 

However, most models do not include other extrinsic factors (e.g. budworm outbreak, climate change, 
timber markets) that will influence future lynx numbers. Climate change is expected to have the greatest 
impact on wildlife species that occur at the southern edge of their range. Lynx are associated with areas 
of deep snow (Hoving et al. 2005) and an abundance of young conifer (spruce/fir) where lynx have a 
competitive advantage over other common forest predators (i.e., bobcat, fisher, coyotes) and their prey, 
snowshoe hare, are abundant. It is uncertain how climate change will impact future lynx populations, but 
if projections are accurate, we can expect lynx populations to recede northward and populations to 
decline substantially over the next 100 years. p. 60. 

It seems that MDIFW Lynx Assessment and the SSA arrive at similar conclusions about how climate 
change will affect snow, competition with bobcats and coyotes, and result in habitat changes.  MDIFW 
concludes “if projections are accurate [i.e., climate change in Maine publications], we can expect lynx 
populations to recede northward and populations to decline substantially over the next 100 years.” 

16. Page 12  How did the authors come to this determination? Vashon et al. 2012 (cited throughout 
the document), provides estimates of past and current lynx populations in Maine and 
how those estimates were derived. The USFWS accepted these population estimates in 
the Incidental Take Plan for Maine’s Trapping Program (2014) and issued the state an 
Incidental Take Permit based on these population estimates. 

Response: Maine, and other states, have employed various methods to “ballpark estimate” how many 
lynx may occur in their jurisdiction.  This is most frequently done by applying a lynx density to an 
estimate of overall habitat, which requires many assumptions that may or may not be correct.  These 
are not true population estimates (as MDIFW points out) and cannot provide an estimate of variation 
around a mean, etc.  The methods are not employed in a standard fashion between jurisdictions.  Some 
are more guestimate…it was very difficult for the Core Team to evaluate the validity and we did not use 
any population estimates in the SSA.  Furthermore, lynx populations are known to vary widely over 
relatively short periods of time and this does not seem to be incorporated into any of the estimates.   

MDIFW explains two ways of estimating Maine’s potential lynx population in their lynx assessment.  The 
USFWS or others (UMaine) have not been asked to review and provide comment.  If so, the Service 
would have many comments and concerns on the methods used.  Contrary to what is stated in the 
comments, we did not accept Maine’s lynx population estimate in the biological opinion.  Instead we 
based our jeopardy analysis on a conservative figure of 500 lynx. 



17. Page 12. On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 
117 the SSA states 500 to a 1,000 lynx, and then on Page 111 the SSA states several hundred to a 
1,000 in Maine 

 

Response: Given our decision not to use population estimates, we should revise these sections of the 
SSA to refer to populations only in relative terms.  This is a function of our haste to write the SSA. 

18. Page 13. Population and habitat are not decreasing 
o Page 99 – …after 2006 suggest slightly decreasing population This statement is not cited and is 

contrary to data presented at the Expert Elicitation Workshop that supports an expanding lynx 
population in Maine. At the workshop, we shared the first year of data from snowtrack surveys 
to monitor changes in lynx detections and occupancy over time. We now have another winter 
and a half of data. Between January 2015 and Febuary 2017, we have resurveyed 30 towns 
across northern Maine. During initial surveys (2003-08) lynx were detected in 14 of 30 towns 
(43%), during resurvey efforts lynx have been detected in 28 of the same 30 towns (93%). 

o Page 99 (also see page 105 3rd paragraph) – hare went under a 50% decline in 2006 and 
have remained at lower levels. This statement is not cited. There is no study at the 
scale this sentence implies. 

Response: We should reword sentence on page 99.  Habitat in ME should be declining quickly (Simons-
Legaard papers).  Hare decline is well-documented across a wide geographic area in northern Maine and 
southern Quebec (Harrison et al. 2015, Assels, Scott).  MDIFW provides no data to the contrary.  We 
have no information on the experimental design of MDIFW’s snow track survey.  Are they visiting 
townships with a high predicted probability of having lynx?  Are the townships randomly sampled?  Is 
the sampling design stratified according to the most recent lynx models?  We cannot ascertain this 
information without a report, data, ability to determine the validity of the methods, or to interpret this 
information. 

19. Page 13. Vortex Model The MDIFW questioned the results of the Vortex model produced by the 
USFWS in the SSA (see page 33 and page 113 paragraph 2, last sentence.  The MDIFW 
questioned why this was done since a model by the researchers collecting the data was already 
available. In addition, a Vortex model was part of Maine’s Incidental Take Plan submitted to the 
USFWS which was accepted on 11/4/2014. The MDIFW in 2012 calculated an intrinsic rate of 
growth of 0.05 (Lambda = 1.05) for Maine’s lynx population based on demographic data from a 
radiotelemetry study that we collected over a 12-year period (see Vashon et al. 2012 Appendix 
VI). This is contrary to the model reported in the SSA. 

 

Response: Because there are two distinct periods of snowshoe hare density in Maine since listing the 
lynx (high before 2006, low after 2006) the Service asked MDIFW in the trapping incidental take plan to 
provide two Vortex model runs (deterministic model) to determine lamda – one for lynx demographic 
data obtained when the hares were high and another for when the hares were low.  The MDIFW opted 
to use  “average” survival and reproduction rates over the entire 2000-2012 time period.  For the 
purposes of the SSA, we used the lynx demographic data in MDIFW’s lynx assessment, which they 
present during the high and low hare periods. The Vortex demographic model showed an increasing 



population (lamda) during the high hare period and a decreasing population (lamda) during the low hare 
period.  UMaine data indicates the low hare period has persisted from 2007-2015.  If this persists into 
the future (everything else being equal) lynx populations would be expected to decline.  But all things 
are not equal…habitat will diminish by 50-60% in the next 16 years, shift to the south, and become more 
fragmented.  Thus, we conclude that Maine’s lynx population will return to lower levels, perhaps to 
levels similar to prior to the spruce budworm outbreak. 

20. Page 14. o Page 114, 2nd and 3rd paragraph have surprisingly similar sentences with different 
references leads to the question if cited correctly and also if redundancy is needed. Also repeated on 

page 100 (1st paragraph). 
 2nd paragraph: Thus, average conditions in Maine are currently at or below the 
snow persistence thresholds believed to be needed to support lynx (Gonzalez et 
al. 2007) 
 3rd paragraph: Thus, average snow conditions in Maine are currently at or 
below snow depth thresholds for lynx and further declines in annual snow 
depth would be expected to reduce the probability of lynx persistence in the 
region (Hoving et al. 2005). 
 Contrary to field data from Maine collected by MDIFW: i.e., periodic winter 
snow-track surveys to detect lynx shows lynx are expanding into eastern Maine 
where snow conditions are more variable due to maritime weather on the 
coast. Also, all field data suggests and increasing population since the 1990s, 
which is contrary to the above statements. If you keep these statements, you 
need to share that these hypotheses have not yet been born true by field data. 

Response: Note change second statement from Hoving to Gonzales.   The information provided by Jen 
Vashon in the lynx workshop (slide #22) indicates that the MDIFW did not find lynx in snow-tracking 
surveys in central Washington County where lynx and kittens occurred several years ago.  They were re-
documented in northern Washington County.  “All Field data suggests increasing population…” We 
assume this is the sighting, trapping, and road mortality information provided in the MDIFW’s power 
point at the workshop.  We do not consider highway mortality to be an accurate index of the 
population.  MDIFW relied heavily on reported lynx trapped as an index of an increasing population but 
did not present at the workshop  a dramatic decline from 20 lynx reported in 2014 to 4 lynx in 2015.  Did 
the population crash?  The Service believes that reporting rates of lynx are uncertain, variable from year 
to year, and not a reliable index of population.  Similarly, lynx sightings by biologists are not a reliable 
index.  An alternate hypothesis is that lynx could be starving in Canada and dispersing – thus exposed to 
traps, killed on roads, and sighted more frequently.   

21. Page 14. Corridors Page 95 – indicates that farming in NE Maine fragments corridors between 
Maine and New Brunswick. No citation provided. We have detected lynx during recent 
monitoring efforts (track surveys) and have documented movements of tagged lynx across 
ME/NB border, which contradicts statement made here. Recast sentence. 

 

Revise, if necessary.  No doubt lynx can cross the ME-NB border in certain areas, but the best 
available science says they are reluctant to cross large openings (extensive fields), thus the corridor 
is compromised by extensive farmland in some areas (but maybe not all). 



22. Page 15To date, available research has assumed a density of 0.8 hares/ha for all partially 
harvested stands, regardless of stand composition (hardwood dominated, softwood dominated, 
or mixed wood), time since harvest, or silvicultural objectives. This hare density estimate was 
developed by sampling a group stands that represented the range in conditions likely to be 
present in stands subject to partial harvest (including hardwood dominated stands 

 

Response: If we were to revise these models today, we may consider the lower hare densities that 
prevailed 2007-2015.  Thus it would be prudent to assign a value of about 0.40 hares/ha to partially-
harvested stands.  For the various reasons described above, it is highly unlikely that shelterwood cuts 
will replace the regenerating clearcuts and make a major contribution to the future habitat for lynx.  Of 
the few softwood shelterwood cuts on the landscape, UMaine has found many shelterwood cuts to be 
compromised in their ability to support hares.  Furthermore, the majority are managed for northern 
hardwoods and the phenomenon of extensive hardwood regeneration is documented in scientific 
literature (McCaskill et al. 2016, Legaard et al. 2015). 

Given these comments, we should consider a paragraph explaining why it is unlikely that shelterwood 
stands will provide substantial future habitat for lynx (see earlier comments).  

23. Page 18. MDIFW does not agree with numerous statements in the SSA that suggest that 
sufficient scientific evidence is available to conclude that hares have declined at the landscape 
level in the northern Maine unit and have remained low since 2006. 

 

Response: This is inexplicable because the MDIFW acknowledges the validity of UMaine hare density 
information in their lynx assessment (Vashon et al. 2012) pages 14, 19 (acknowledging lynx have 
different demographics during period of hares abundant and hares less abundant), page 26, etc. 

24. Page 21Throughout the SSA, but especially in Chapters 3 and 4, statements are made without 
citations. If this is to be an objective science-based document, these statements need specific 
references to be valid. 

 

Response: Review these sections.  MDIFW provided no specific examples of statements needing 
citations.  In contrast, peer reviewers unanimously said that we did a good job of citing information that 
contributed to the logic of our conclusions. 

25. Page 21 Chapter 3 (Factors Affecting Long-term Viability of the DPS) considers only adverse 
factors. We urge USFWS to balance the discussion by giving due attention to factors that have 
been beneficial to lynx inthe DPS. Many of the risks (e.g., mining, pre-commercial thinning, 
windpower, land development, etc.) have little information, no documented impacts to lynx, or 
are not significant issues in the DPS. Speculation not supported by facts is inappropriate. We 
urge careful review of these statements before public review and decision-making. 

 

Response:  The SSA and LCAS (2013) come to identical conclusions concerning which threats pose the 
greatest threat to lynx (climate change, forest management, wildfire, loss and fragmentation of habitat) 



and which have a lesser threat (trapping, recreation, illegal hunting, etc.).  This ranking of threats was 
similar to that from the experts at the workshop.  We do not fully understand how lynx respond to 
some forms of development the effects of some development.  Make sure we explain this in Chapter 
3.  

26. Page 21. Finally, we strongly endorse major conclusions in the SSA that (1) the initial threat for 
listing the lynx DPS has been met; (2) that the DPS currently is resilient, redundant, and 
representative; and (3) although there is tremendous uncertainty with long-term projections, we 
agree with the EEW experts that in the foreseeable future (at least through the next 25 years) 
lynx status is secure in the DPS. 

 

Response.  We don’t believe the third point above reflects the opinion of the experts.  Some were 
pessimistic about the future of lynx in some units, even to 2050.  After determining the median 
response, experts believed that 5 of 6 DPS units would persist until 2050 (albeit at lower numbers and 
more fragmented habitat), at worse 3 of 6 units would have a >50% probability of persisting to 2050, 
and median that 4 of 6 units would have a >50% probability of persistence to 2050.  MDIFW did not 
comment on the Service’s Core Team opinion who took a more pessimistic view of persistence of some 
units after having the benefit of an extensive review of the literature.    

 



From: McCollough, Mark
To: Jim Zelenak
Cc: Anna Harris; Mary Parkin; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Responses to Maine peer review and state comments
Date: Friday, March 17, 2017 1:42:15 PM
Attachments: Maine - response peer and state agency review lynx SSA 3.15.17.docx

Jim:

Attached is a summary of Maine peer review and state comments and my responses.  I tended
to be more thorough in summarizing the comments, and some comments and responses could
probably be condensed or combined.  I did not have time to do more than this first draft.

I found that even brief comments could have potentially important consequences.  For
example, one of Dr. Harrison's final comments was  that our Executive Summary and
Synthesis contain no summary of our analysis of a future without listing.  This is potentially a
red flag, especially if decision-makers focused on these sections.  Harrison also said that our
treatment of non-listing was uneven across the DPS.  He suggested several implications for
non-listing that I did not include for Maine.

I noted a couple of other red-flag issues.  We missed some significant information concerning
climate change and spruce-fir in Maine and misinterpreted other citations concerning forestry. 

 Peer and state reviewers expressed concern about over-reliance on interpretation of the
probability of persistence exercise at the expert workshop.  Could we/should we also include
PVA modeling in the SSA to augment our analysis about the future of small lynx populations
and effects of stressors?  I think we could, and cannot recall how we came to the decision not
to.  Stochastic modeling could provide a more in-depth analysis than the deterministic models
that Squires and I used for MT and ME.  For example, stochastic models benefit from mutliple
runs (n=1000) and outputes provide the percentage of simulations likely to go extinct in 50 or
100 years and put confidence limits around lamda.  Would this help us and decision-makers?

Dr. Harrison and MDIFW indicate that the SSA paints the DPS with a broad brush when there
are some unique and significant differences between the units.  This may cause us to re-think
Representation across the DPS.  They call out many of our generalizations and say they do not
hold true for the Maine and possibly MN units.  I think this is because we started the SSA
process with many weeks of trying to model the DPS as a whole.  Also, perhaps we relied too
heavily on the LCAS as a basis for the SSA, which has a West-centric bent given the focus on
USFS land management.  Thus, we tended to generalize.  At least this is how it seemed to me.
 

We did not specifically evaluate the cumulative effects of stressors and tended to consider
them individually.  Sometimes, we generalized effects of stressors across units when some of
the stressors could be have different synergistic in different units. The Nature Conservancy
and NEPA contain some useful ways of documenting cumulative effects of stressors.  Tam,
did you do this for RPBB?

Dr. Murray and Dr. Harrison were critical that we over-simplified the snow-bobcat-lynx
relationship when we have a complex community of competitors all eating hares in the DPS. 
In the SSA we didn't review the literature about how much these competitors (coyotes,
bobcats, fisher in parts of the DPS, raptors, marten, weasels) etc. use and compete for the same
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hare resource as lynx and how snow mediates competition.  We did not look at how the
presence of wolves in parts of the DPS also may influence the predator community, especially
coyotes.  Murray believed that climate change and changing snow conditions would be first
manifested (or already has) on reduced hare populations at the southern edge the lynx range. 
Again, I think our attempt to simplify perhaps caused us to overlook some of the complexity
that occurs throughout the DPS.

Dr. Harrison encouraged us to reevaluate whether the absence of hare cycling in the DPS (or
weakly cyclic) could provide some stability to lynx populations (or at least some of the DPS
units).  He did not agree with generalizations that hares populations in the DPS resembled hare
densities at the low point of the hare cycles in Canada.  Maybe they do in the West but not in
the East.

Bottom line...I wish we had more time.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Justin Shoemaker
Subject: Fwd: Responses to Maine peer review and state comments
Date: Friday, March 17, 2017 1:58:27 PM
Attachments: Maine - response peer and state agency review lynx SSA 3.15.17.docx

Mark's thoughts on "red flags" below, with 39 pages of evaluation of peer and State comments attached.

Sounds like he's beginning to think we need a do-over to address all the things we've heard from peer reviewers.

I'm not sure how to boil this down so that it is meaningful for the recommendation team.  At some point, we may
need to let Mark present what he thinks the recommendation team needs to hear and allow them to respond as to
why  it does or does not alter there thoughts on the status of the DPS.

Would like to talk to you about how to handle this at some point.  Have also shared with Jodi, and she has some
concerns.

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Fri, Mar 17, 2017 at 11:42 AM
Subject: Responses to Maine peer review and state comments
To: Jim Zelenak <jim_zelenak@fws.gov>
Cc: Anna Harris <anna_harris@fws.gov>, Mary Parkin <mary_parkin@fws.gov>, Tamara
Smith <tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>

Jim:

Attached is a summary of Maine peer review and state comments and my responses.  I tended
to be more thorough in summarizing the comments, and some comments and responses could
probably be condensed or combined.  I did not have time to do more than this first draft.

I found that even brief comments could have potentially important consequences.  For
example, one of Dr. Harrison's final comments was  that our Executive Summary and
Synthesis contain no summary of our analysis of a future without listing.  This is potentially a
red flag, especially if decision-makers focused on these sections.  Harrison also said that our
treatment of non-listing was uneven across the DPS.  He suggested several implications for
non-listing that I did not include for Maine.

I noted a couple of other red-flag issues.  We missed some significant information concerning
climate change and spruce-fir in Maine and misinterpreted other citations concerning forestry. 

 Peer and state reviewers expressed concern about over-reliance on interpretation of the
probability of persistence exercise at the expert workshop.  Could we/should we also include
PVA modeling in the SSA to augment our analysis about the future of small lynx populations
and effects of stressors?  I think we could, and cannot recall how we came to the decision not
to.  Stochastic modeling could provide a more in-depth analysis than the deterministic models
that Squires and I used for MT and ME.  For example, stochastic models benefit from mutliple
runs (n=1000) and outputes provide the percentage of simulations likely to go extinct in 50 or
100 years and put confidence limits around lamda.  Would this help us and decision-makers?
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Dr. Harrison and MDIFW indicate that the SSA paints the DPS with a broad brush when there
are some unique and significant differences between the units.  This may cause us to re-think
Representation across the DPS.  They call out many of our generalizations and say they do not
hold true for the Maine and possibly MN units.  I think this is because we started the SSA
process with many weeks of trying to model the DPS as a whole.  Also, perhaps we relied too
heavily on the LCAS as a basis for the SSA, which has a West-centric bent given the focus on
USFS land management.  Thus, we tended to generalize.  At least this is how it seemed to me.
 

We did not specifically evaluate the cumulative effects of stressors and tended to consider
them individually.  Sometimes, we generalized effects of stressors across units when some of
the stressors could be have different synergistic in different units. The Nature Conservancy
and NEPA contain some useful ways of documenting cumulative effects of stressors.  Tam,
did you do this for RPBB?

Dr. Murray and Dr. Harrison were critical that we over-simplified the snow-bobcat-lynx
relationship when we have a complex community of competitors all eating hares in the DPS. 
In the SSA we didn't review the literature about how much these competitors (coyotes,
bobcats, fisher in parts of the DPS, raptors, marten, weasels) etc. use and compete for the same
hare resource as lynx and how snow mediates competition.  We did not look at how the
presence of wolves in parts of the DPS also may influence the predator community, especially
coyotes.  Murray believed that climate change and changing snow conditions would be first
manifested (or already has) on reduced hare populations at the southern edge the lynx range. 
Again, I think our attempt to simplify perhaps caused us to overlook some of the complexity
that occurs throughout the DPS.

Dr. Harrison encouraged us to reevaluate whether the absence of hare cycling in the DPS (or
weakly cyclic) could provide some stability to lynx populations (or at least some of the DPS
units).  He did not agree with generalizations that hares populations in the DPS resembled hare
densities at the low point of the hare cycles in Canada.  Maybe they do in the West but not in
the East.

Bottom line...I wish we had more time.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)



306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Summary of Peer review and State review comments, concerns, issues/themes – Draft Lynx SSA Report 

I. Peer Reviews 

Peer Reviewer 1 – Ron Moen (Tam) 

1. Future condition predictions to 2100 are too far into the future. There is no uncertainty that we 
will have climate change, but there is uncertainty in the magnitude of change, the rate of 
change, and the response of plant species, emergence of new communities, and the response of 
animals. 

2. Future conditions - The text talks about probability, but it really is probability. It is quantitative 
estimate because experts were asked to give a number at the workshop, and then values were 
averaged/median, variance, etc. However, there is very large uncertainty that far into the 
future, and I am sure that others on the panel would agree.  

3. Future conditions comment on "confidence intervals." , it is important to strongly indicate that 
the CI's are on opinions of experts—biological basis but not based on measurements. To me it 
seems to imply a false precision 

4. With high scenario climate change, lynx habitat in MN would disappear, according to 
Galatowitsch et al. (2009), which indicates that the boreal forest biome in MN will be gone by 
2060 – 2069.  In his comments, Moen indicated that he thinks that the disappearance may 
happen sooner (~2050). 

5. Both "upward in elevation" and "receding northward" should be included in discussions of 
climate change impacts, unless are focused only on Maine and Minnesota (186-24). There is not 
enough elevational relief in MN to have a upward movement. 

6. Lynx movement to the north (and return) is documented, and it is likely movement occurred in 
the past, but especially in the recent years (since 1980's) periodic supplementation of lynx in MN 
with lynx from ON has occurred, and is important for maintaining population over the long-
term. May be most relevant to MN because of lack of barriers. 

7. There is too much emphasis on the ability of lynx to move in deep “fluffy” snow.  In the context 
of comparison to competitors of lynx (e.g., coyotes and bobcats) there is no question that foot-
loading of lynx is less given their foot size and body mass. However, what lynx benefit most from 
is the presence of a crust in the snow. The crust enables them to walk on top of the snow. If 
there is a new snowfall, they will go through the new snow until they hit the crust.  It should be 
phrased in the context of relative ability to move. There are further implications of snow quality 
for both lynx and for snowshoe hare for lynx movement and predation success. 

8. Connection with Canada. It seems like for most segments of the DPS at the present time that a 
connection with Canada and cross-border movement is more important to the persistence of 
lynx in the units than implied in 199-10++. There are 2 issues, one is the immigration of lynx into 
the U.S. DPS, and then the second is the movement out of the DPS. 

9. In the past mining has had a smaller footprint in MN, but there are now proposals to increase 
mining with a shift to extraction of non-ferrous metals. Discussed in 94-25++.  

10. The one possible action would be to some sort of a PVA. If we were to take data collected across 
units (as well as in central area of lynx distribution), there could be some sort of a reasonable 
PVA output. I would be more confident in a PVA like this than I would be in the probabilities of 
persistence to 2100.  We just published a PVA for lynx on Isle Royale (Licht et al. 2016). 
Technically this is outside the DPS, but it is very close to the MN portion of DPS. There was also 
the more general modeling approach of Steury and Murray (2004) that is already cited in the 
SSA. You may be possible to generalize across locations, but a PVA approach would probably be 
an improvement. 
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11. Clarify the text regarding the plan for lynx incidental take in Minnesota. The plan was in the 
hands of the FWS, the text here indicates that it is still being developed by the DNR.  

12. Fires in Minnesota. Although fires are discussed already (189-1++), it might be good to include 
that  3 recent fires have burned about 20% of northern NE MN, and a windstorm in 1999) 
covered significant percentage too.   
 

Minor comments 

13. Comment: Please make the correction - lynx were recently classified as a Species of Special 
Concern in MN.   

14. Snowshoe hare population cycle. While the cycle has been cited and described many times in 
the peer-reviewed literature, a couple of recent papers could perhaps be cited in the discussion 
on 6-12++. Somewhere in the document there is text about 11 year cycle, I'd go with 
approximately decadal. These citations are about lynx range to the north of the DPS: Krebs, 
Charles J., et al. 2014 Canadian Journal of Zoology 92.12 (2014): 1039-1048. and Krebs, Charles 
J., et al. Canadian Journal of Zoology 91.8 (2013): 562.   

15. Be consistent or define “large”. Sometimes there were large numbers of lynx, other years of 
peaks there weren't so many, and it would also depend on geographic location in the U.S. It 
would also be good to clarify that at the same time lynx were moving into areas that we 
consider lynx to be able to live today (the DPS units).  

16. Do not describe the lynx population as centered in north-central Canada (13-26) and instead 
indicate that it is broadly distributed across Canada. Some of the recent papers seem to imply an 
east and west distinction in Canada in terms of genetic interchange, but based on peer-reviewed 
literature there is a consistent lynx presence across Canada.   

17. Mountain vs. Southern edge. In 62:5++. Can vegetation move fast enough to keep up? It might 
be beneficial to state that the rate of climate change is much faster than in historical record 

18. Lynx bobcat confusion – not really to experts; indicate that for the public, there can be 
confusion 

19. Lynx den site selection. 23-19 text inconsistent. 
20. Hare habitat. In 25-37 clarify text to include a time scale of  shifting hare habitat quality 
21. In Minnesota, dens were placed at the top end of a fallen tree under branches, we never had a 

den at the base of a tree in a tip-up mound.  Moen 2009. 
22. Hare evolution. Place a caveat should near 68:16++ covering the issue of evolution by hares—

they would be under strong selection pressure to modify date of hair color change. Not sure if it 
would be possible, but it could happen  

23. Home range method. The type of home range calculation (MCP vs. kernel) should be specified. It 
is not given in 28-1++ and 30:27++, 103-14++.  

24. Home range size. Home range size in recent times could cite Burdett et al. (2007 J. Mammalogy) 
although they did not place it in the context of the lynx/hare cycle—was north vs. south 
contrast. Found in 28:20.  

25. Burdett, C.L., R.A. Moen, G.J. Niemi, and L.D. Mech. 2007.  Defining space use and movements 
of Canada lynx with global positioning system telemetry.  Journal of Mammalogy 88(2):457-467.  

26. Density in boreal vs. south. It would be more correct to indicate that densities do not reach 
those in the boreal forest instead of using a qualifier like regularly—I don't know of anywhere in 
the DPS units where densities in south reach north densities in the north. This is in 87-12 text.  

Comment [TAS1]: Jim – I just added minor 
comments here for my own reference/organization. 
They don’t need to be included with the Major 
comments that you send up the chain. 
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27. Female kitten production. I wonder if a general table contrasting DPS units would be useful. 
130-13++ has details for Montana. I don't think the same or similar detailed presentation is 
given for other units.   

28. Fitness of kittens.  29:23++ what said about low phase seems correct. It seems more appropriate 
to say the contrast of high kitten mortality during low phase is the largest difference, and that a 
kitten born during the high phase has higher survival and therefore a higher potential for 
reproduction in high phase. The issue I see is that there are more kittens born during high 
phase, and they don't all reproduce—so it wouldn't be as stark as this wording seems to imply. 
When able to survive, then they have a chance of reproducing.  

29. Marten and Lynx. In 31:31 both predators and competitors are used in the same subject—it 
would be cleaner to separate out which are predators and which are competitors, or maybe 
which are both and which are just competitors.  

30. Access by competitors. Instead of saying may have free access, it would be better to say 
something like increased access, I think. Free access is never available. (89-39). 

31. Landscape size. Would it be better to indicate size of landscape here—or could we have a basis 
for knowing how big of a landscape is large and then just the descriptive term "large" can be 
used (32-2)?  

32. Land use in Maine: it doesn't seem too relevant that forest area has increased by 0.79%--might 
be better to say that it is stable (87-34). Also in this section the change in the future associated 
with human population increase is discussed, but is not placed in the context of expansion of 
human population within area of DPS. Perhaps it should be.  

33. Land use in Colorado. It would be good to discuss what the percent of land area covered by ski 
areas is—text says small proportion 94-16++ but is this < 1%, < 10%, etc. Issue also comes up in 
212-42++. It would be good to make a better case for importance of ski  areas in fragmentation. 
I remember John Squires showed clear responses by lynx at at least one ski area from his 
presentation. 

34. When describing the Colorado DPS unit (151-15++) it would be nice to have a map if allowed.  
35. State Forest issue: Text is on 168-39, discussion of State Forest laws (Maine) as opposed to state 

forests (areas of land) that seemed like it could use clarification. Simply adding laws to state 
forest would have fixed it, I believe.  

36. Liver fluke in lynx. Mentioned in Maine (183-27). First, it would be good to put latin name here 
(Platynosonum fastosum) because there is a much better known liver fluke of livestock that also 
infects wild ruminants (Fascioloides spp.). A literature search did not indicate that ps had been 
found in wild cats, but perhaps it has as an unpublished source that should be included. There 
were several papers in the 1970's, again in the late 1990's, and a review published in 2014: 

37. Basu, A.K. and R.A. Charles. 2014 A review of the cat liver fluke Platynosomum fastosum 
Kossack, 1910 (Trematoda: Dicrocoeliidae). Veterinary Parasitology 200:1–7 
(http://dx.doi.org.libpdb.d.umn.edu:2048/10.1016/j.vetpar.2013.12.016) 

38. The cat liver fluke had been found as far north as Ohio and Illinois, typically it was a disease of 
more tropical areas.  

39. Make the correction in text to numbers of lynx in Minnesota. Population size is probably best 
put at 50 – 200, or something similar. The text says "hundreds"  in 96-42 which could mean 500 
lynx.  The statement on p (120-7) that we have no estimates of lynx densities in MN – Moen did 
some work estimating density, by comparing to adjacent Ontario. However, if the intent here is 
to say that there are no regular surveys done to estimate population, that is correct. Same issue 
arises in 216-24 and 44-18++. Moen 2009. 

40. Lynx in Minnesota and Ontario. Text is in 98-25++. One thing that is probably missing for MN is 
the extent to which the MN population is a part of the ON population. The movement to the 



north (and return is documented, and it is likely in my opinion that in the past, but especially in 
the recent years (since 1980's) periodic supplementation of lynx in MN with lynx from ON has 
happened, and is important for maintaining population over the long-term. If a fence were built 
and maintained that prevented movement back and forth, stochastic processes would likely 
result in disappearance of lynx from MN much sooner.  

41. Lynx and snowshoe hare habitat in MN. It seems odd that 60% of lynx habitat on SNF is suitable 
for snowshoe hare (119-18++). It would seem that all habitat suitable for lynx would also be 
suitable for snowshoe hare. Similarly, that only 23K acres are unsuitable for lynx in SNF. 
Although I guess what this would then imply is that there is some factor that is preventing lynx 
from establishing themselves in SNF.  

42. Bobcat hunting with dogs. As written this is correct, but to my knowledge there is essentially no 
bobcat hunting with dogs in NE MN. Dogs are used in NW MN and North Central MN, but in NE 
MN harvest is primarily by trapping. Yes, the potential is there, but in reality until cultures 
change it will not happen to an extent that it shoudl be included here.  

43. Precision. I would say that survival cannot be estimated to 4 decimal places (154-4). Even if 
original publication carried out this many decimal places, I wouldn't use it.  

44. Cite the Isle Royale. 2015 paper by Licht et al. should be cited (97-28). Extirpation human-
caused.  
 

45. Lynx dispersal to the north. In some cases lynx that were radiocollared in Minnesota would 
move to the north, and live for years. Mostly this was female lynx, and we would get a call from 
either the OMNR or the trapper indicating they had recovered the collar. Many of these lynx 
went all the way to the eastern edge of Lake Superior (Ontario side). This text is 100-31++. It 
probably should be stated that lynx do leave MN (not so sure how important for other DPS 
units) and not return. Males would generally go north and then return, females would generally 
stay. Given that about 1/3 of lynx radiocollared in MN were located in Ontario at least once, this 
is not trivial.  

46. Lynx dispersal. Given the nature of the border (Boundary Waters Canoe Area) and observed 
movement of lynx based on radiotelemetry  that documents distance of movements, it seems 
unlikely that connectivity would be compromised. The text could maybe be left in as a "This is 
theoretically possible" phrase, but it doesn't seem like it should stay in without evidence to the 
contrary.  
 

47. Chippewa and Chequamegon-Nicolet National Forests. Given their locations relative to existing 
lynx habitat, it seems like this would be a good opportunity to ask whether the forests should 
consult regarding lynx (185-21). If there is a low likelihood of lynx presence, and if present the 
lynx is a dispersing individual rather than a resident, should this consultation be continued? 

48. Citation for lynx harvest in Minnesota stopping. Text is on 53-34. Seems like there should be a 
better citation than the workshop, but I can't find one either. Maybe the MN DNR HCP if they 
did one?   

49. 1854 Treaty Authority/Fond du Lac Reservation. Text is on 59-2++. Because are referring to 
Critical Habitat, Fund du Lac reservation is out—they are just south/west of the Critical Habitat 
boundary. The 1854 Treaty Authority does not own land, but is responsible for implementation 
of treaty. Uncertain if they should be mentioned here. 

1.50. See list of additional literature to consider.  

Peer Reviewer 2 – Dennis Murray (Bryon) 



 

Peer Reviewer 3 – Dan Harrison (Mark) 

 

Peer Reviewer 4 – John Squires (Jim) 

1.  What is “adequate” resiliency and redundancy for southern (DPS) lynx populations?  How do we 
know the DPS demonstrates “adequate resiliency?” 

Response – We said that the persistence of resident pops in most places that have supported them 
historically (i.e., no compelling evidence of major declines in resident populations or of significant 
contraction of breeding range [noting metapopulation structure and likely natural “winking on and off” 
of ephemeral peripheral populations]) is evidence of historical and recent resiliency. We also indicated 
that continued climate warming is likely to result in smaller and more fragmented populations, which 
we expect would be less resilient than the historical or recent condition, leading at some point to loss of 
functional populations in some geographic units.  Likewise, we noted that the DPS units/populations are 
large and spread over a very large geographical range and therefore that the DPS is not vulnerable to 
catastrophe-induced extirpation – there is no single event capable of wiping out the entire DPS.  In fact, 
most units are so large as to preclude such extirpation (but perhaps not WA, where a very large fire 
might be capable of extirpating what currently remains of the population, and also GYA where, if a 
resident pop was to become established, it would likely be very small and geographically restricted, and 
therefore more vulnerable to catastrophic extirpation than other units [even more so than WA]).  
Therefore, redundancy is not currently an issue.  We noted that eventual future loss of some resident 
populations would be a reduction in redundancy, though it is uncertain whether redundancy would be 
diminished to the point that catastrophic extirpation would be likely/possible. 

2.  Contraction of small, localized populations could be expression of loss of resiliency and redundancy 
among southern lynx populations; such contraction is a “major conservation concern.” Author also feels 
we treat these populations “dismissively.” 

Response – Smaller and relatively more isolated peripheral (to the taxon range) pops would be expected 
to be less resilient than larger, more contiguous pops at the core of the range, and while their 
contraction and/or ephemeral “winking on and off” could be an indication of that expected lower level 
of resilience, it also may just be a reflection of the inability of the marginal habitats at the edge of the 
range to support persistent lynx pops.  That is, even the most resilient lynx population cannot persist in 
a landscape where hare densities are not consistently adequate most of the time to support lynx 
survival, reproduction, and recruitment – even in the core of the species’ range, there may be a near-
complete absence of reproduction and zero or near-zero recruitment for several years at the trough of 
the hare cycle.  So, is the contraction and/or winking off or small, relatively isolated, peripheral pops 
evidence of reduced or inadequate resilience on the part of the lynx pop., or just what you would expect 
at the crappy edge of the species’ range?  I don’t know and I’m not sure it is relevant. The 
contraction/loss of the 6-8 lynx that the Garnets might support does not seem significant to the 
persistence of the other 200-250 lynx that the author believes persist in the core of unit 3, nor does it 
have meaningful implications for the adequacy of redundancy in the DPS as a whole.  The author fails to 
identify why or in what capacity he thinks these small and likely naturally ephemeral populations 
contribute at all, let alone meaningfully, to the conservation of the DPS.  That is not being dismissive; it 
is trying to most parsimoniously assess the available information and draw plausible conclusions based 
upon it. 



3.  Questions our assessment of historical lynx occupancy in Wyoming/GYA; cites Reeve et al. 1986 
(which, unfortunately, includes predominantly anecdotal [unverified] records) to “…refute the notion, as 
reported in the SSA document, that lynx were ‘intermittent’ in the region.” 

Response – We do not say we are certain the GYA only held resident lynx intermittently; rather, we 
acknowledge that based on the historical record, it is a possibility, and that metapopulation dynamics 
theory would suggest that ephemeral populations would be expected at the periphery of the range, 
especially in a cyclic “ebb and flow” dispersal system like that of lynx. But more importantly, Squires’ 
reliance on unverified occurrence data is troubling and scientifically indefensible.  His colleagues 
McKelvey et al. in publications in 2000 and again in 2008 present a compelling case for the importance 
of relying on only verified data for assessing historical distribution of rare species, especially those that 
are easy to confuse with a more common and similar sympatric species (like lynx v. bobcat).  When you 
dig into Reeve et al. 1986, you see that only 22 of the 262 lynx records that Squires cites were verified, 
and that these do not suggest a continual presence of resident lynx in the GYA over time.  In fact, in the 
66 years after 1920 covered by Reeve et al., there are only 8 verified records; one in each of the 
following years: 1940, 1949, 1952, 1954, 1957, 1963, 1969, and 1983.  Even if we were willing to 
consider “probable” (but still unverified) records (which we are not, for the reasons presented by 
McKelvey et al. 2008), they would suggest a low-level of occurrence for much of the last century (mean 
= 1.3 anecdotal observations per year, range 0-5, from 1918-1969), followed by big increases beginning 
in 1970 and continuing through 1985 (mean = 7.8 anecdotal observations per year, range 3-19, from 
1970-1986) – likely a reflection of the big irruptions of lynx out of Canada in the early 1970s and early 
1980s (McKelvey et al. 2000, Fig. 8.6; also Fig. 8.3).  In that publication, the authors considered all of the 
records reported in Reeve et al. 1986 and, along with newer records from 1987-1999, found a total of 
only 30 verified records of lynx in Wyoming over 144 years (1856-1999).  These verified data simply do 
not “refute the notion” that the GYA, with its largely marginal habitats/hare densities, was perhaps only 
capable of supporting small numbers of resident lynx intermittently during that time. It is also possible, 
and we acknowledge so in the report, that it may have supported a small but persistent resident 
population, although the record does not strongly support that conclusion.  Either way, the very few 
resident lynx indicated by the record, whether persistent or ephemeral, do not constitute a significant 
contribution to the DPS or to its conservation. 

4.  Feels we did not stress importance of Wyoming Range to lynx in Wyoming; that we “downplayed the 
historical importance of the Wyoming population throughout the document; suggests the team 
review/edit the wording to “provide a better balance.”  Best habitat in the state; has been “highly 
impacted by natural and anthropogenic disturbance (fire, timber manipulation, proposed energy 
development, conflicting wildlife management priorities).” 

Response: We acknowledged relatively higher hare densities and lynx occurrence data in this area.  The 
author provides no rationale/evidence suggesting how this area is or was historically important to the 
DPS; he also provides no evidence or citations to evidence of the high level of impacts he indicated.  Fire 
is a natural and necessary component of hare and lynx habitat.  It is unclear how proposed development 
may have “highly impacted” lynx habitat in this area, nor exactly how “conflicting wildlife management 
priorities” has resulted in impacts to lynx or hare habitats.  We are aware of no information that 
quantifies impacts in this area or that otherwise supports the author’s contention that this area has 
been “highly impacted” or that such impacts have resulted in declines in hares or lynx.   

5.  Puzzled by our grouping of states in Section 2.3.2.2. 



Response - We clearly state up front that we present information from our early listing decision 
documents and then present our current understanding of those areas, but we can add clarification. 

Peer Reviewer 5 – Mike Schwartz (Jim) 

 

 

II. Substantive State Agency Reviews 

Colorado Parks and Wildlife (Kurt) 

 

Idaho Fish and Game (Bryon) 

 

Idaho Office of Species Conservation (Jim) 

1.  The State of Idaho disagrees with the Service’s determination that the Canada lynx qualifies as a DPS. 
Based on the species distribution at the time of listing and the robust populations in Canada and Alaska, 
the species does not qualify as a discrete and significant population as contemplated by the Service’s 
DPS Policy. In fact, within the Lynx SSA, the Service recognizes that lynx distribution in the contiguous 
United States is difficult to define and is at the very southern periphery of the species range. Based on 
the best available information within the Lynx SSA, the State encourages the Service to revisit its prior 
DPS determination. 
 
Furthermore, as pointed out by IDFG, Idaho lacks a persistent lynx population. This is supported by 
historical and current survey records. Dispersing lynx in Idaho are part of a larger population that occurs 
in Montana and British Columbia – lending further credence that this is not a distinct population. Future 
ESA considerations must take into account Idaho’s historic and current lack of a persistent lynx 
population. 
 
Response – The DPS designation is a policy decision/application, and policy decisions are beyond the 
scope of the SSA.  Although a persistent resident lynx population has not been identified in Idaho, the 
relatively large number of verified historical records and recent evidence of occupancy and some 
indication of reproduction suggest that parts of northern Idaho likely support small numbers of resident 
lynx, at least ephemerally. 

Maine Department of Inland Fisheries and Wildlife (including Maine Forest Products Council) (Mark) 

 

Minnesota Department of Natural Resources (Tam) 

Most of MNDNR’s substantial comments focused on the many uncertainties that come with predicting 
future conditions, particularly with climate change, into the long-term future.   



MN DNR are concerned unclear evidence of causal relationships, for example, they are not aware of any 
study that has attempted to quantify hare/lynx response to the changes in Federal land management 
plans.  

MN DNR does agree that lynx have adaptations for deep snow, but disagree that they need snow. Lynx 
need hare and hare need boreal forest, but lynx do not need snow because they survive 7 months out of 
the year without snow. MN DNR does not believe one can say much beyond that lynx require hares, and 
thus hare habitat/populations should be a main focus in the SSA.   

 

Montana Fish, Wildlife & Parks (Jim) 

 

Washington Department of Fish and Wildlife (Bryon) 

 

Wyoming Game and Fish Department (Jim)   

 

 

Note:  Non-substantive comments, letters of support, or submission of minor corrections/new data 
were received from Michigan, New Hampshire, New Mexico, and Wisconsin,  

No comments were received from New York, Oregon, Utah, or Vermont  
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Summary of major or consistent issues, comments, concerns, and themes from Peer reviews and State 
agency reviews of the Draft Lynx SSA Report 

I. Peer Reviews 

Peer Reviewer 1 – Ron Moen (Tam) 

 1.  Questions the length of the forecasting window – “Can we really project conditions to 2100, 
especially given the uncertainty with respect to climate change?” We can be reasonably confident in 
predictions through 2030 or 2040 perhaps (10 or 20 years) but we would then need to qualify 
predictions beyond that by saying there is much more uncertainty further into the future. 

Response – 

2.  Concerned about how we presented/summarized process and results of expert elicitation and 
associated uncertainty; cautions against using “confidence intervals” with regard to expert uncertainty 
and implying a “false [level of] precision.” 

Response – 

3.  Thinks for most segments of the DPS at the present time that a connection with Canada and cross-
border movement (both emigration and immigration) is more important to the persistence of lynx in the 
units than implied. 

Response – 

Peer Reviewer 2 – Dennis Murray (Bryon) 

1.  The thesis of his comments is that he does not disagree with our conclusions regarding the overall 
effects of climate change and the potential impacts to the probability of lynx persistence in each of the 
geographic regions and DPS as a whole.  Rather, his comments are more technical in nature and 
primarily challenge our analysis underlying the mechanisms of climate change impacts upon lynx 
persistence.  For example, he states the SSA places too much emphasis on loss of snow and changes in 
snow conditions leading to increased competition with lynx from bobcats for snowshoe hares, etc. as 
the primary driver of effects to lynx, and not enough emphasis upon the more likely explanation that 
loss of snow is likely to reduce snowshoe hare abundance and distribution that is likely to lead to 
decreased lynx abundance and perhaps distribution. 

Response - Perhaps this might be a valid point, and we may need to make a stronger point in the SSA 
that loss of snow is really about the effects of climate change related to loss of snow that affects 
geographic areas’ ability to support adequate snowshoe hare densities and distribution that may have 
detrimental effects upon lynx populations, and perhaps persistence.   Even when we talk about the 
effects of increased wildfire fire severity and frequency, it’s really about the loss of snowshoe hare 
habitat, and thus, the ability of an area to support adequate densities and distributions of snowshoe 
hare that would support successfully reproducing lynx populations. 

2.  He also challenges our statements pertaining to the 0.5 hares/ha threshold level landscape density of 
snowshoe hares thought necessary to support lynx reproduction, as he contends there is no empirically 
based science supporting this threshold. 

 



Response - However, he does not offer a different threshold.  Regardless, of what the exact threshold is I 
believe we can point to sufficient science supporting our presumption that landscape level snowshoe 
hare densities in the contiguous U.S. exist at the extreme lower threshold necessary to support lynx 
populations and that any decline in snowshoe hare abundance and/or distribution, which is very likely 
under the projected climate scenarios, is very likely to have significant adverse consequences on the 
ability of each of the geographic areas to support the existing distribution and density of lynx.  Thus, as 
we conclude in the SSA, climate change is likely to result in a loss of lynx resiliency and perhaps 
redundancy of lynx at some point in the future. 

3.  Murray also suggests that lynx may be able to rely more heavily on alternate prey in areas with lower 
snowshoe hare densities. 

Response - I have not seen any science to support that lynx can consistently and persistently successfully 
reproduce on diets that do not contain a majority of snowshoe hare.  Lynx have been documented to 
persist for short periods of time where alternate prey (principally red squirrels) comprise a majority of 
their diets, but it has not been demonstrated that lynx can successfully reproduce on these types of 
diets.  Thus it is questionable, and highly speculative to suggest that lynx populations can be sustained in 
areas where snowshoe hares densities are inadequate to comprise a majority of their diets.  Indeed, as 
Murray points out, lynx do not exist where snowshoe hares are not present.  On the other hand, 
snowshoe hare range historically and currently is much broader than that of lynx, even though I am 
confident there are other alternate prey (e.g., red squirrels) in these other areas/habitats for lynx to 
take advantage of.  Thus, there is probably something lacking with respect to the distribution and/or 
abundance of snowshoe hares in these other areas that does not support lynx reproduction. 

Peer Reviewer 3 – Dan Harrison (Mark) 

1. P. 1 The Draft SSA overlooks the possibility that lynx populations may be less variable and have 
exhibited long-term sustainability, coupled with less dramatic temporal fluctuations in density, 
survival and recruitment within Maine, and perhaps Minnesota, compared to populations within 
the core range.   The SSA should reevaluate the possibility that a lack of 10-year cycles in lynx at 
the southern limit of their distribution means that the populations are not sustainable without 
inputs from Canada.  This is a tenuous assumption and ignores the point that average longterm 
finite growth rate could be positive in places with non-cyclic or dampened fluctuations with 
increased periodicity.  

Response:  The SSA process and advisors led the core team toward developing a lynx “model” that fit 
the DPS as a whole.  Although there are some generalities concerning lynx and hare ecology that hold 
true across the DPS, there are many differences concerning lynx and hares in each of the units.  These 
differences could influence our perspective on all 3Rs.  From these and other peer review comments it 
seems that we should revisit how we describe the DPS, particularly the inherent (and significant) 
differences between the units.  As indicated in the next few comments, Dr. Harrison (and other peer 
reviewers) challenged us on the validity of key assumptions that form the biological basis of the SSA.  
Although some assumptions may still hold true for some units, they may not for others.  Perhaps we 
need to aggregate similar units that have similar ecological characteristics and state specific 
assumptions for each.  We need to be more explicit in what assumptions apply to what units.  In other 
words, peer reviewers are asking us to describe a more complex than simplistic status of lynx across the 
DPS. 

Dr. Harrison is makes a valid point concerning noncyclic-or weakly cyclic hare densities providing more 
stable population conditions for ME and MN (and maybe MT) .  He also makes a valid point that 

Commented [ZJ1]: What he seems to be saying to me is that 
perhaps some (ME and MN) DPS populations are more independent 
of Canadian populations than Is generally thought/accepted, and 
they may therefore be less vulnerable to some of the impacts we 
hypothesize based on the potential for reduced 
immigration/connectivity that may occur in a warming future.  He is 
suggesting that some DPS populations may be secure without 
immigration and that they may actually benefit from acyclic or less-
cyclic population trends (hares and lynx).  I.e., they are potentially 
less threatened than if they were more dependent on 
Canadian/Core populations. 



landscape hare densities in eastern units are much greater than western units resulting in smaller home 
ranges in the east than west (and perhaps other different demographic patterns throughout the DPS.  
We should reevaluate and restate our basic assumptions for each unit or groups of similar units.  At 
one point (meeting in Denver) we started a table that would compare hare densities, lynx 
demographics, etc. for each of the units.  We didn’t have data for all the units, but perhaps this would 
be a good starting point for developing assumptions.  For example, if ME and MN have similar landscape 
hare densities, lynx home ranges and demographics, connected broadly to populations in Canada, 
similar forest ecotypes, etc.  perhaps we could make unique assumptions related to these units that 
would be different from MT and WA. 

 

2. This suggests high resiliency of this population and argues that Maine is not an island in the 
meta-population sense and is part of a persistent population across the mixed transitional 
forests of Maine, southern Quebec, and New Brunswick and spanning nearly 30 million acres of 
habitat that is contiguous and demographically isolated from other lynx populations. This clearly 
violates the general assumption (page 7, final bullet at bottom) of the Draft SSA which states 
that: “We assume that lynx exhibit a “mainland-island” metapopulation structure in which the 
DPS populations function as “islands” that receive periodic input from “mainland” Canada 
populations.” This “mainland-island” metapopulation structure is critical to the biological 
assessments throughout the Draft SSA and does not appear relevant to the contiguous 
populations in Maine, and also does not likely apply in Minnesota. The application of the 
metapopulation concept may or may not apply in Montana (depending on subpopulation), and 
seems most relevant to the populations in Washington, the GYE, and western Colorado. 
Applying this concept across the entire DPS does not seem appropriate. P. 12 The peripheral 
island population concept is not relevant to populations in N. Montana, Minnesota, and Maine, 
all of which occur over large landscapes and are fully contiguous (and part of) populations in 
Canada. P. 12 Not all southern populations are isolated and necessarily dependent on 
immigration – again this is an overgeneralization across populations within the DPS. This 
concept is probably most relevant to populations in Colorado, GYE, and N.C. Washington. Also 
see related comments on p. 13., p. 16 that argue that Maine (and MN?) populations do not 
operate on mainland-island premise. See additional comment on P. 21. 

Response:  Although we acknowledge lynx occur across the border, we did little to quantify or describe 
the populations of lynx that occur nearby.  Dr. Harrison is correct that the ME lynx population is part of a 
large metapopulation south of the St. Lawrence River.  However, this larger metapopulation is probably 
geographically isolated from central Canada (Quebec populations).  I think Dr. Harrison’s hypothesis that 
lynx swim the 5 to 15 distance across the St. Lawrence River is unlikely.  Koen et al. believe what 
interchange occurs in the winter when the River freezes (they show there is more connectivity that 
expected with ice-breaking operations).  We should expand on what we know about lynx status for 
Canadian lynx populations adjacent to ME, MN, MT, and WA.  Dennis Murray advised us to look at 
trapping regulations and harvests of these border/s. Canada populations and believed that trapping has 
or could be affecting immigration rates.   

We should expound on why we believe immigration is important to maintaining the DPS populations, 
drop this assumption, or retain it for the populations (West) where we believe it important.  This is a 
holdover from the early days of lynx listing and as Dr. Harrison indicates probably influences some 
western units more than eastern units.  There has not been major cycles for several decades, yet lynx 
persist in the DPS.  Dr. Harrison’s hypothesis probably is valid – hare populations never cycle as low as 



they do in Canada and seem to be sufficient to support stable populations (or increasing in ME since 
listing because of the unprecedented forestry situation. 

3. Tendency of the Draft SSA to broadly generalize across the 6 populations in the DPS despite that 
some populations are geographically, ecologically, demographically, and genetically more similar 
to contiguous core populations in Canada, and which may have much less commonality with 
other geographically isolated populations within the DPS that are separated by hundreds and 
thousands of miles.  P. 11. all lynx populations in the DPS should not be grouped together as the 
landscape compositions and configurations, distribution of HQHH, and demographics are very 
different. See numerous comments above about the inappropriateness of the broad 
generalization and assumption that lynx demographics across the DPS are characteristic of 
northern populations during hare lows. If so, then all populations in the DPS should be in rapid 
decline phase most of the time and would not persist. Data for most southern populations is in 
direct contrast with this assumption, and the data are particularly contradictory for northern 
Montana, Minnesota, and Maine. 

 
Response:  See comment above.  The SSA paints the DPS with a broad brush, when the science suggests 
there are distinct differences between units that affect the 3Rs.  We should revisit, revise, or possibly 
eliminate our assumption that hare densities resemble those at the low-point of the hare cycle in 
Canada.  Perhaps landscape hare densities in the West do resemble low Canada hare densities.  If so, 
the assumption may only apply to western Units.  However, Dr. Harrison makes a valid point – if hare 
densities in the DPS resemble those at the low-point of the hare cycle, why are not all of our DPS 
populations declining as they would in Canada? 

 
4. “We assume that , in general, habitat quality, hare densities, and lynx numbers are naturally 

lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, including 
the DPS, than in the core of the species range in Canada and Alaska. “  

 
Response:  If we had the table referred to in the previous response, we could compare and contrast 
how lynx and hare populations behave in the DPS compared to what we know about central Canada (did 
the LCAS do this?).  For example some DPS hare-lynx populations may resemble the low-point of the 
hare cycle, whereas others may be somewhere in the middle.  Hare and lynx populations in ME have 
never reached similar numbers to the peak in the Canadian cycle, but they have never approached the 
low-point either.  This stability of hare numbers (especially never crashing to extra-low densities) seems 
important to lynx recovery in the DPS.  

 
5. The assumption that lynx numbers are lower in the DPS is also tenuous. The other general 

assumption that population processes in the DPS are more similar to northerly populations at 
the low in hare numbers is universally inaccurate across the population within the DPS.  Also see 
related comments on p. 10., p. 11., p. 12 

 
Response:  See previous comment.  Maybe lynx numbers are as low as they get in central Canada, 
maybe not.  Again, a table comparing the units would seem useful.  Lynx densities are much lower in the 
West (MT?, CO?, WA?) than in ME and MN.  The SSA paints with a broad brush and probably does not 
do a good job of pointing out differences. 
 
If a peer reviewer indicates we are inaccurate or our assumptions lack support, we need to address. 



 
6. The final general assumption that is bulleted on page 8 seems unsupported and could greatly 

affect the future status of lynx. The assumption that current levels of conservation for lynx 
would continue without protections under the ESA is completely unrealistic. There has not been 
a credible assessment to date of the efficacy of recent efforts to prioritize lynx conservation on 
federal lands within the DPS. P. 27. 202/2/entire: The assumption that management for lynx 
would continue on federal lands absent ESA protections is unsupported. This management did 
not exist prior to lynx being listed as a U.S. Threatened Species and as I understand it, there 
would be no requirement for USFS or BLM to prioritize lynx conservation 5 years after the 
species were de-listed. Further there have been no credible evaluations of whether existing 
management has benefited lynx, particularly given that forest management effects occur across 
decades. 

 
Certification is linked to efforts to conserve threatened and endangered species, thus delisting could 
eliminate the growing potential for lynx conservation on private forestlands, particularly in Maine 
and Minnesota. Future opportunities to modify policies to benefit lynx conservation on private lands 
would be severely compromised if lynx were to be de-listed.  See p. 23 for related comments.  

 
Response:  We should address Dr. Harrison’s comment in the SSA.  Is it true that there are no 
assessments of the effectiveness of the LCAS/USFS plans?  Are there any data that indicate that the 
management is retaining or attracting lynx on the landscape?  We are probably on thin ice to say that 
the USFS would continue lynx management if the lynx were not listed.  Are there any USFS policies that 
would indicate they would continue management?  Would the USFS develop a research/monitoring 
effort to document lynx occupancy of LAUs?  Would they do so if the lynx were not listed?  This point is 
best addressed by Jim or someone representing the western units. 
 
We addressed Forest Certification concerning the Maine unit, but it may pertain to lynx habitat on 
private lands other units as well.  We should broaden the discussion in the SSA to include information 
on SFI of FSC certification on all units (where would there be a quick way to obtain this information?).  
I agree with Dr. Harrison that forest certification has much potential for lynx recovery in Maine and 
probably other units.  It is underutilized and thus far, I am not aware that any certified landowners in 
Maine are actively managing for lynx.  This could be, in part, because of mixed messages concerning 
what is needed for lynx management from UMaine, USFWS, and MDIFW.  I agree that without listing, 
certified private landowners in Maine would have little or now incentive to manage parts of their lands 
specifically for lynx, or if they did, they may indicate that current management (partial harvesting) will 
support lynx. 
 

 
7. P. 14. the issue of potential effects of incidental and illegal mortality have not been adequately 

considered or evaluated in the Draft SSA.  The frequent incidental take of lynx is documented in 
numerous places within the Draft SSA, yet there has been no modeling or simulations presented 
to address the potential effect of incidental harvests on small and marginal lynx populations 
within the DPS. The numbers reported in the Draft SSA also assume complete reporting of 
illegally, accidentally, and bycatches of lynx, which is unlikely. P. 13. Tier II risks could be more 
important than assumed here (e.g., effects of roads and particularly, incidental and illegal 
harvests have not been modeled or simulated). These factors could be particularly important for 
isolated populations and sub-populations with small effective population sizes, but also for the 



larger population in Maine where unimproved road densities exceed 1.5 km/km2 and nearly all 
individual lynx in the population are potentially exposed to risks via incidental take and illegal 
shooting. Illegal and incidental harvests are reported later in the document but are neither 
rigorously evaluated, modeled, nor simulated to evaluate their potential as limiting factors in 
regards to lynx resiliency. P. 13. Yes, state prohibitions on take may limit the potential for 
targeted harvests of lynx. However, lynx are susceptible to capture in a wide variety of set types, 
including in neck snares set to remove nuisance coyotes and wolves. In some states, required 
trap check intervals could also compromise health and survival of incidentally captured lynx. The 
question is not whether existing regulations may benefit lynx, but are current measures 
adequate and enforced to minimize threats to population resiliency. In my view, this topic has 
not been adequately evaluated in the Draft SSA. See related comments on p. 13, p. 14 
concerning trapping reporting rates.  See related comments on p. 23. 162/2/13-15: Yes, this is 
correct and the currently underutilized opportunity for enhancing habitat management on 
private lands would be further diminished if lynx were to be de-listed. Other possible threats 
mentioned previously are increased incidental harvests associated with changing fur markets 
and demands for fisher, marten, bobcat, and coyotes, as well as competing demands by local 
residents (e.g., coyote and/or wolf control to protect livestock or game species).  See related 
comments p. 26., p. 28.  

 
Response:  Potential red flag!!!!!   The SSA does not explore and consider the cumulative and 
synergistic effects of stressors on individual SSA units individually or as a whole.  Peer reviewer Dennis 
Murray provided similar comments concerning the potential adverse effects of trapping in southern 
Canada on lynx in the DPS.  Dr. Harrison makes valid points.  In the biological opinon for our trapping 
HCP with MDIFW, we rationalized that lynx and bobcat populations typically could support 15% harvest 
rates (but not during the decline phase of the hare cycle).  Even if there was considerable non-reporting 
of lynx incidentally trapped or subsequent mortality of lynx released from traps, we could not envision 
that harvest rates would approach 15%.  However, we cautioned that if populations dropped, then 
trapping mortality or injury could be additive and drive populations to lower levels.  It seems that we 
should address the issues raised in Dr. Harrison’s and Dr. Murray’s comments.  
 
In these comments or elsewhere, Dr. Harrision indicated that we tended to evaluate threats/stressors 
individually and did not contemplate the additive, cumulative effects of multiple stressors affecting lynx 
populations in the DPS at the same time.  (The LCAS did not look at cumulative effects.)  We typically do 
a cumulative effects analysis for NEPA.  Should we do a similar analysis in the SSA?  The Carlos Carroll 
paper is the only one I am aware of that looks at the simultaneous effects of forest management, 
climate change, and trapping (in adjacent Canada) on the Maine populations and concludes these three 
factors working together would cause a declining Maine population. 
 
We probably do not have the capacity or time to do a population analysis/PVA concerning the effects of 
trapping on any of the lynx populations for the SSA.  MDIFW did one for their trapping HCP, but take 
numbers were low (they did not consider non-reporting at the scale in Dr. Harrison’s comments).  They 
arrived at the conclusion that incidental trapping mortality did not have population level effects on the 
Maine population.   
 
The combined effects of anthropogenic mortality (incidental trapping, illegal shooting, road mortality) 
could have population-level effects on smaller populations in the DPS.  Many populations (WA, GYA, MT, 
MN, CO) have populations <200-300 animals (and the ME population may be at this level a decade or 
two from now).  How would the loss of 5, 10, 15, 20 animals annually affect viability?  Is there anything 



we can learn from the recent PVA done for WA?  What can be gleaned from PVAs done for incidental 
take of European lynx?  Perhaps we could use Vortex to do a stochastic model of a “generic” population 
of 50, 100, and 250 lynx to illustrate the effects of anthropogenic mortality on the viability of smaller 
populations (over a 50-year and 100-year horizon).  See similar comments concerning the viability of CO 
in point #10.    
 
The FIT team determined not to include population modeling as a basis for evaluating current and future 
status.  I can’t recall why this decision was made, but believe it was because we did not have lynx 
demographic data for all populations.  We rarely have complete data to inform models, but conservative 
assumptions can be made and they can provide valuable insights into how lynx populations work.  For 
example,  Steury and Murray published a valuable, published PVA for lynx without complete 
information.   We actually have quite a bit of demographic data for ME, MN, MT, WA, and CO.  – 
probably more than we have for many species.  Perhaps we could look at the demographic data 
(especially if a table were developed to summarize these data ; see responses to comments #4 and #5 
above).  Maybe the demographic data could be assembled for a generic “eastern” and “western” 
population for modeling using Vortex, RAMAS or other program to help us gain insights on some of the 
key questions we and the peer reviewers have asked: 

• Are small lynx populations in the DPS self-supporting or do they need demographic input from 
populations in Canada?  If so, how many animals/generation from Canada are needed to 
support populations? 

• Are lynx populations in the East (high landscape hare densities) more robust than the West 
(low landscape hare densities)?  What happens if eastern populations (esp. Maine) drops to 
smaller population size? 

• What are the cumulative effects of anthropogenic mortality on different-sized lynx 
populations? 

• How sensitive are small lynx populations to lower hare numbers predicted by climate change 
and trends in forest management  (e.g., we have some data from ME to show lower pregnancy 
rate, smaller litter sizes, and slightly lower survival in a low hare v. high hare environment)? 

 
The SSA could include a table of stochastic PVA-modeled outcomes representative of small western and 
eastern populations.  Perhaps, this would help augment and interpret the information from the 
probability of persistence exercise with the expert elicitation.  This could help answer the points Dr. 
Harrison raises below about CO and GYA. 
 
Initial population size Eastern lynx demographics 

Probability of persistence 
Western lynx demographics 
Probability of persistence 

 50 years 100 yrs 50 years 100 years 
Recent lynx demographics 
50 lynx Lamda + 95% CI    
100 lynx     
250 lynx     
Reduced lynx demographics  from anthropogenic mortality (trapping, illegal shooting, roads) 
50 lynx     
100 lynx     
250 lynx     
Reduced lynx demographics from increased competition for hares in a low-snow environment + 
anthropogenic sources 



50 lynx     
100 lynx     
250 lynx     
 

 
8. the assumption that conservation for lynx would continue absent protection under the ESA does 

not consider that millions of acres of conservation easements purchased since lynx listing, and 
which restrict development and ensure a continued focus on working forests (with forest 
succession that promotes hare densities). Such easements have been leveraged and publically 
funded based on perceived conservation benefits and using lynx and other listed species of 
concern as flagships for conservation. Those benefits are largely dismissed by this assumption 
and all of the above listed considerations are inadequately addressed in the Summary section of 
the Draft SSA. P. 9 if delisting is a potential future, then the potential effects on lynx 
conservation need to be much more rigorously considered and evaluated throughout the 
document. The consideration of this potential outcome is very uneven across the 6 populations 
discussed under Chapter 5: Future Conditions. P. 14. More research and quantification of the 
acreage of land under forest certification within lynx critical habitat is needed. I think the 
percentage would be very surprising. Thus, there is much underutilized opportunity to 
strengthen landscape considerations and to provide incentives for lynx and hare management 
via forest certification, which is directly linked to endangered species conservation. The loss of 
this tool to affect land management in the largest population of lynx in the DPS would likely 
occur if the “nexus” resulting from ESA listing for lynx were to be removed. P. 14. The incentives 
for lynx conservation and mitigation on state-managed lands would also be greatly diminished 
via de-listing. P. 26. 182/1/1-2: ESA listing of lynx has promoted the species as a flagship for 
conservation and has been a stimulus and funding source for purchases of large pieces of land 
that have been subsequently managed for lynx (one parcel >180,000 acres), and has been used 
as a flagship when promoting and funding new conservation easements, which prevent many 
types of development in working forests. These conservation tools would also be greatly 
diminished if lynx were to be de-listed. 

 
Response:  To address Dr. Harrison’s comments we should develop a more rigorous and consistent 
description of the future of lynx conservation without listing in all DPS populations.  This was one of 
the last-minute additions that we added to the SSA in response to Marty’s comments.  The projections 
should be as realistic as possible.  What evidence is there that the USFWS for maintain management in 
forest plans?  Do the plans have an expiration date?  What about commitments, or lack thereof, on 
private lands in each of the units?  The Maine projections need to be reassessed to address Dr. 
Harrison’s comments.  We are purchasing GIS coverage that may help us to document the amount of 
the Maine DPS in conservation easements.  We will have to explore what is available concerning Forest 
Certification (in ME and other units).  I agree with Dan that there will be little motivation for private 
landowners to intentionally manage for lynx in Maine without listing. 

 
9. The sections on current and future status of lynx in Maine incorrectly imply that lynx would be 

absent and populations would be non-sustainable without the extensive clearcutting that 
occurred in the late 1970’s through 1990. This seems to ignore that more than 400 lynx were 
harvested and sold in a single year in Maine (annual numbers seemed to fluctuate widely), prior 
to clearcutting and mechanized harvesting. Further, lynx distribution in Maine has been largely 
unchanged from the 1850’s to present (Hoving et al. 1983). 



Response:  We need to revisit and revise this section to address Dr. Harrison’s comment.  We are 
fortunate to have a several documents that assemble a long historic record for lynx in Maine.  There is 
ample evidence that there has been a continuous presence of lynx in Maine and they were certainly 
here prior to the clearcutting of the 1970s and 1980s.  I agree with Dr. Harrison’s comments. 

 
10. P. 6 The report seems to over-estimate the current and future population status of lynx in 

western Colorado and does not adequately address why lynx were extirpated or absent for 
Colorado in the past? Recent information suggests landscape hare densities are below 
thresholds required to support lynx over the long-term (i.e. more dry-conifer forests due to 
lower latitude), and that recent observations on reproductive rates suggest that those rates are 
insufficient to support positive population growth. Further the population is the most southerly 
and isolated of all lynx populations in the DPS. Thus I am questioning how mid-century 
persistence of 50-85% and end of century persistence of up to 70% (median 50%) can be 
realistic. See related comments on P. 21. P. 27. 205/1/entire: I am confused about how near-
term persistence can be as estimated high as 70% for a population that seems absent based on 
recent surveys? P. 29. 2019/1/1-4: I am not convinced that the issue of potential extinction risk 
has been adequately evaluated and modeled for GYE, W. Colorado, or, particularly, for the small 
and isolated population in N.C. Washington. As such, this seems to be a conclusion without 
sound basis? 

Response:  Dr. Harrison has identified similar issues we have struggled with concerning the past and 
future potential for lynx in CO.  We are not sure why experts gave such an optimistic probability of 
persistence to the GYA and CO.  There was discussion about the likelihood of lynx having snow refugia at 
these higher elevations.  However, if landscape hare densities are low in these regions (conditions 
dryer), then we may want to revisit statements we make about the long-term probability of persistence 
of lynx in these areas. 

11. P. 7 Throughout the document, interference competition via aggressive interactions and/or 
predation by mountain lions and particularly by bobcats is mentioned as a major factor affecting 
current and future habitat suitability. Deep, fluffy, persistent snow is stated to provide a 
refugium for lynx resulting from their lower foot-loading. I agree with this, but in my assessment 
the Lynx SSA Team has overlooked the importance of limb length (see Krohn et al. 2004) and 
exploitation competition from other predators of hares. Fisher was mentioned as a potential 
predator of lynx, but not as competitors for food. Further, the fisher has similar foot loading, but 
much shorter limb lengths than lynx and must resort to an energetically costly bounding pattern 
in deep snow. Further, Krohn et al. (1995, 2004) provided strong evidence that the geographic 
range and density of fisher is limited by deep snow . P. 9 A potentially significant interaction 
seems to be missing from this figure. With declining snow, forest management or natural 
disturbances that increase habitat quality for hares could actually lead to numerical and 
functional responses of fisher, bobcat, coyote, and red fox, as well as avian predators that 
consume a diet with high representation of hares near the current interface with lynx critical 
habitat. Increased hare habitat combined with less snow could lead to increased competition for 
a limited food resource. P. 11 does not address the historical effect of wolf extirpation and 
coyote colonization or expansion in Maine and Colorado. Coyotes were historically absent but 
now occur ubiquitously across critical lynx habitat in Maine. Wolves were present prior to 1900, 
but have been absent since (coyote release?). Those coyotes use hares extensively (Major and 
Sherburne 1987, Litvaitis, J. A. and D.J. Harrison. 1989), and coyotes may also mediate 
competition between lynx and bobcats (Litvaitis, J. A. and D.J. Harrison. 1989), particularly given 



reported exploitation competition between coyotes and bobcats, which both rely more on deer 
during winter than do lynx (Olsen 2014). P. 12 38/2/entire: Consider expanding this paragraph 
to include other potential competitors and influence of limb length interactions (see comment 
#6 above).  See related comments on page 15. 

Response:  Both Dr. Murray and Dr. Harrison indicate that we have not fully explored and documented  
lynx competition with a full suite of predators and the relationship with snow.  Our analysis was based 
almost exclusively on the bobcat-lynx-snow relationship.  We need to broaden our discussion to include 
competitive interactions with the full suite of carnivores and raptors that could be competing with lynx 
for snowshoe hares.  In fact, Murray indicates that in a lower-snow environment there is increased 
competition for hares by a complex predator community within the DPS that will (or already has) 
reduced hare population.  He believes this will be the primary way that climate change affects lynx 
populations in the DPS. 

We should expand our discussion of foot loading, limb length, and full suite of competitors in the DPS.  
We should document use of snowshoe hares by competitors, effects of lower snow on hare predation 
by these species,  and discuss the mediating effects of wolves on coyote populations in some parts of 
the DPS (paper recently published????).  

I do not recall this concept being discussed extensively at the expert workshop (the experts we invited 
seemed focused on bobcats as the primary competitor with lynx).  Had Murray and Harrison been 
present would the discussion and outcomes of the expert workshop have been different? 

12. Address arbitrary statements.  What is the benchmark for determining when resiliency is 
“adequate”? This seems vague and warrants justification. 9/3/10-12: What is a large geographic 
area –this seems arbitrary. Lynx have been lost from Garnett Mountains, Kettle Mountains, GYE, 
and Colorado (perhaps?) in the past 100 years. It is debatable whether this is a “significant” 
reduction in redundancy? 10/1/entire: IBID previous comment. Are these losses of 
subpopulations a “significant” loss of representation? This seems a bit arbitrary? It is uncertain 
how much “winking off” is natural from a meta-population sense, but in at least one case (Kettle 
Mountains) it appears that human induced mortality may have played a role. 

Response: Marty Miller provided similar comments.  We should address . 

 
13. P. 8 The assumption that populations will be extirpated from 3 of 5 units represents excessive 

speculation and ignores the high uncertainty and many assumptions associated with that 
expectation. I agree that the climate change projections, despite uncertainty, suggest increasing 
challenges for lynx conservation in all geographic units. the conclusion that extirpation is 
inevitable in 3 of 5 units implies a level of certainty that is unwarranted given the many 
interacting uncertainties. 

Response:  We received similar comments from states and other peer reviewers concerning the 
probability of persistence exercise.  At minimum, we need to more explicitly state the assumptions used 
and pay close attention to how we state uncertainty (especially given the difficulty decision-makers had 
with interpreting uncertainty).  We discussed depicting the graphs in a different way to show 
uncertainty is really between the median high and low bounds. 

The SSA may be over-reliant on the probability of persistence graphs.  Many reviewers have indicated 
that this exercise had too many inherent biases and uncertainty to make it useful to project far into the 
future.  Some indicated we assigned too much “statistical validity” to these results when, in fact, they 
are a compilation of “guesses” from 10 lynx-hare experts concerning lynx.  Some of the experts said they 



were not qualified to “guess” about the outcome of lynx in units for which they were not as familiar.  At 
the decision-making meeting we discussed other sources of bias (e.g. group think) and different 
interpretations by individual experts on how to bracket uncertainty that may have influenced the results 
of this exercise at the workshop.   

Perhaps re-evaluating the expert exercise with a PVA analysis, discussed above, would help clarify the 
future for lynx across the DPS.   Would the lynx experts have come to different conclusions if they had 
the benefit of PVA information?  The topic came up at the expert workshop, but only Dr. Squires had 
information from a demographic model (a slightly negative lamda).  The modeled lamda for Maine in the 
SSA is also a demographic model (negative lamda for low hare years, which Dr. Harrison comments on 
below).  There are no confidence limits around a demographic model because there is only a single 
estimate of lamda given the inputs.  However, stochastic models do provide confidence limits around a 
mean lamda given multiple “stochastic” events and variability around the mean natality and mortality 
values that are input.  Would uncertainty associated with a stochastic PVA for probability of small lynx 
populations be similar to the uncertainty expressed by the lynx experts in their exercise? 

 
14. P. 9 I agree with the conclusions about genetic representation, the genetic structuring, 

particularly in western mountain ranges and south of the St. Lawrence River suggest that 
demographic isolation could be a concern and could affect future resiliency and redundancy. 
Fewer population exchanges are needed to maintain genetic representation than are needed to 
maintain population viability in declining populations dependent on demographic exchange with 
neighboring populations. 

Response:  We still don’t know what degree of immigration is needed to support lynx populations in the 
DPS.  A PVA could help provide answers.  If, for example, a western population of 250 lynx needs 5 lynx 
per year from Canada to maintain a lamda of +1.0, do we think lynx populations in adjacent Canada are 
likely to provide an excess of this many animals?  As Dr. Murray asks, could some southern Canada lynx 
populations be demographically similar to the DPS (lamda < 1.0) and could trapping harvest affect 
immigration rates?  We make a general statement in the SSA concerning how lynx are managed for 
sustainable harvest in adjacent Canada, but do we really know…does anyone really know including the 
Canadian biologists…are there any data from harvested southern Canada lynx populations to know the 
effects of trapping?   Most Canadian provinces have robust lynx population in the north.  Are they 
concerned about the harvest in the southern parts of their province or do they assume a similar boom-
bust harvest associated with the hare cycle.  Quebec manages trapping harvest of lynx in fur districts 
south of St. Lawrence more conservatively than fur districts to the north.  Do other provinces?  When 
hares dropped in ~2006, Quebec reduced lynx harvest quotas south of the St. Lawrence.  Does this 
affect immigration rates into Maine?  Carlos Carroll’s lynx model seems to indicate this is a significant 
factor influencing the future population of lynx in Maine (with climate change and forestry).     

 
15. P. 9 References to support the underlying principles behind the “3 R’s” concept are needed to 

strengthen justification for this approach (which I strongly support). 
Response:  We should cite references to 3Rs and address Dr. Schwartz’s suggestion concerning 5Rs.  
After the decision meeting, it became unclear whether all three Rs are equally important.  Are they?  If 
so, we should explain in the SSA.  We seemed focused on resiliency, but it seems that decision-makers 
did not believe that loss of redundancy or representation were very important. 



If we acknowledge that the different units of the DPS have different attributes and unique stressors (as 
opposed to a broad-brush analysis of the DPS), perhaps focus would come back to the importance of 
unique attributes of each DPS population that may contribute to the ability of the species to adapt.   

Furthermore, all experts and authors of the SSA seem to agree that climate change is the single 
catastrophic event that, if unabated, will result in endangerment or extirpation of lynx in the DPS.  The 
timing and exact mechanism by which climate change will affect lynx populations are what is uncertain.  
Is there a reason why we do not include climate change as a single catastrophic event in the SSA?  How 
have we addressed climate change in other SSAs? 

16. P. 10 various spatial scales are easily confused as presented in the Draft SSA. 
Response:  Dr. Harrison indicates that we have confused landscape, stand-level, and within-stand scales 
throughout the SSA.  We should address because they arrive at slightly different conclusions.  For 
example, at the landscape scale, lynx in Maine select landscapes and having high hare densities, at the 
stand-scale they select stands where they achieve high hunting success (perhaps adjacent to stands with 
high hare densities).  Not sure if interpretations of spatial scales are included in published papers from 
other DPS units.  We need to address. 

 
17. P. 10 Landscape hare density of 0.5 inferred across the DPS – it likely varies. This seems to lack 

the 2 most recent references on threholds of hares for lynx occurrence – see Simons-Legaard et 
al. 2013 (reports threshold of >0.7 hares/ha) and (Simons-Legaard et. al. 2016), which depicts 
distribution of hare habitat meeting landscape thresholds for hares across 4.1 million acres of 
lynx critical habitat circa 2010 and 2022. 

Response:  Dr. Harrison and Dr. Murray both caution against taking a broad-brush approach to 
landscape hare densities needed to support lynx across the DPS.  As they indicate, there were no data to 
support the O.5 hares/ha.  yet it is widely cited.  There are analyses from Maine that indicates that lynx 
need at least 0.74 hares/ha (Simons-Legaard et al. 2016).  Furthermore, researchers often report the 
maximum hare densities found in some DPS units, not the landscape hare density.  For example, hare 
densities reaching 1.0 hares/ha in small, widely scattered patches in Montana is expressed in relatively 
low landscape hare densities compared to hare landscape densities reaching >1.0 hares/ha in 
contiguous habitat across wide landscapes having spruce-fir in Maine (when hares were high and habitat 
from regenerating clearcuts peaked).  This explains why lynx home ranges are smaller in Maine than 
Montana.  There are hare density data from Montana (Steury and Murray) that suggests that hare 
densities need to be greater than 1.0 hares/ha there.  Not sure if there are analyses for other DPS units.  
We need to address.  This could influence our thoughts on resiliency. 

 
18. Inadequacy of state lynx habitat management guidelines. P. 14 How widely used and applied are 

the state agency’s voluntary management guidelines for conserving lynx habitat? For over 25 
years I have been a Cooperating Scientist working with landowners who manage ~8.5 million 
acres of forestland in lynx critical habitat in Maine, including serving as an advisor regarding 
habitat management for lynx. I have never heard a landowner mention the state agency’s 
habitat management recommendations. I suspect that the impact of these recommendations 
has been insignificant. 

Response:  I agree with Dr. Harrison that there are no state lynx management guidelines.  The Service 
developed lynx habitat management guidelines for lynx in Maine in 2006, but this needs updated with 
much new information.  We need to address. 



 
19. P. 15. Private land management for lynx in Minnesota seems to be an underutilized opportunity. 

Perhaps this could become an increasing priority for FWS and for federal incentives and/or 
management incentives if lynx were to remain a listed species? 

Response:  See comments above about the underutilized and discussed role of privately-owned 
forestlands in the SSA.  Can we obtain information from ME, MN, and MT on the acreage of privately 
owned lands in forest certification? 

 
20. P. 15. Hares in Maine have high tick infestations during spring and summer, particularly in areas 

of high hare density. Have parasite and disease interactions with climate been considered? 
Response:  The SSA addresses lynx diseases and parasites, but not hares.  We need to address. 

 
21. P. 16. The landscape-scale effect of the shifting composition away from conifers and towards 

hardwoods in Maine is documented in Legaard et al. 2015. In my view this rapid shift towards 
hardwoods from forest harvesting is much more important to lynx in the short run than is the 
longer term forest shift associated with climate change. P. 18. 80/1/entire: Selectively removing 
overstory trees, as practiced in the northeastern forests is also a threat as it transitions stands to 
a greater hardwood composition (Fuller et al. 2004), which results in lower densities of hares 
(Legaard et al. 2015, Fuller and Harrison 2005, Robinson 2006 and lower conifer stem densities 
in partially harvested stands (Fuller et al. 2004, Robinson 2006). Further, the residual overstory 
trees have a higher conifer composition and provide less winter canopy cover for hares after 
selection harvests (Fuller et al. 2004) and after other forms of partial harvests (Robinson 2006). 
This has led to landscape-scale declines in boreal forest (Legaard et al. 2015). 

Response:  Red flag!!!! Although we knew that northern hardwoods were increasing and spruce-fir 
declining we were not aware of publications documenting the extent of this decline.  We should review 
and cite Legaard et al. 2015 that documents a 20% decline in spruce-fir since the last budworm 
outbreak.  I agree this degree of loss of habitat, coupled with expected further decline (see Simons-
Legaard et al. 2015, Andrews 2015 – significant citations we also missed) represents a major stressor 
that we did not adequately address in the SSA.  We have since learned that we lost >1 million acres of 
spruce-fir in the Maine unit (B. Seymour, silviculture, UMaine). We need to do additional research into 
this phenomenon and address in the SSA. 

 
22. P. 16. 75/3/bullet #5: I disagree. This statement applies to northern boreal forests and to some 

landscapes in the west; however, in Maine the cumulative effect of forest change from 
mechanized harvesting over the past 40 years dwarfs the size and frequency of any previous 
natural disturbances.  See extensive comments on P. 19 related to this topic. 

Response:  We need to address in the SSA.  The SSA does not adequately show how forest 
management is a greater driver of future trends in lynx habitat in the East than perhaps in the West.  
Even in the western units we should describe the relative importance of forest management v. natural 
disturbance events.  Although lynx habitat is logged in most areas in the West, it seems that some is 
out of reach of forestry (?) and other natural disturbances (e.g., large fires in WA, bark beetles in CO) 
have a greater influence on lynx habitat in the West than the East.  In contrast, in the East natural 
disturbances (budworm) may have both positive (spur additional cutting) and negative (loss of spruce-
fir habitat.) 



 
23. P. 16. 76/2/entire: This paragraph accurately summarizes events on western National Forests, 

but does not accurate depict the situation in the forests supporting the largest population in the 
DPS. In Maine, the annual footprint of forest harvesting in terms of acres/year has more than 
doubled since the enactment of the Maine forest practices Act in 1991 (passes in 1989). The 
cumulative effect of those increased annual harvest equate with monumental landscape 
changes. In the past 3 years there have been slight decreases in forest volumes resulting from 
recently closed paper mills, but the acreages harvested are still well above historical averages. P. 
16. 78/2/9-10: Conversion of conifer-dominated forests to hardwood dominated forests via 
forest practices and regulations is a threat to lynx. See Legaard et al. 2015.  See additional, 
useful comments related to this topic on P. 19.  P. 23. 169/2/entire: It should be recognized that 
ESA listing could promote changes to the Maine Forest Practices Act and forest certification 
requirements and those changes would likely be enhanced by continued listing of lynx under 
ESA. 

Response:  See response to previous comment.  ESA listing has not led to changes in the Maine Forest 
Practice Act to date, but Dr. Harrison is correct that it could in the future.  There is an underutilized 
provision in the FPA that relaxes clearcutting requirements IF a forest management plan is in place for a 
unique resource.  We have not had the capacity to fully explore the possibilities with landowners in 
Maine, but have discussed with both landowners and the Maine Forest Service.  We should revise SSA 
to reflect this. 

 
24. P. 16. 77/2/entirety: It should not be ignored that the federal protection of lynx under ESA has 

heightened the utility of lynx as a flagship species for conservation, and has been a major force 
behind land acquisitions by conservation organizations and subsequent management of these 
lands for lynx and hares. This could change if lynx were to be de-listed. 

Response:   We should cite Dr. Harrison’s work at UMaine to use the lynx as a flagship species for early 
successional species at large landscape scales.  We should discuss and cite two unpublished reports by 
Dr. Harrison (analysis of managing for lynx and benefits to other early successional species – 
Heppenstal, and UMaine report to TNC for managing lynx on their ownership).  I agree that without 
listing that forest landowners are not likely to manage areas for lynx. 

 
25. P. 17. Roads are typically considered in terms of human-induced mortality, but the habitat 

effects of roads are incredibly significant for the Maine population. Fuller et al. (2007) 
documented that gravel roads and associated road edges represented 11% of the total land and 
water surface area of a northern Maine study area. Road and road edges were avoided by lynx 
and had the lowest conifer stem densities and indices of hare abundance of any of the available 
habitat types during that study. Thus, roads affect availability of high quality habitat by lynx and 
affect lynx movements given that lynx alter movement paths to avoid transition out of HQHH 
when foraging (Fuller and Harrison 2010). P. 20. 92/4/entire: The effect of habitat conversion to 
areas with low hare densities and which are avoided by lynx within 60m corridors associated 
with forest roads can result in >10% habitat loss in landscapes with intensive private forestry 
(Fuller and Harrison 2007) and these linear bands of low quality hare habitat alter the foraging 
paths of lynx, who avoid transitions from high- to low-quality foraging habitat (Fuller and 



Harrison 2010). P. 20. 95/3-4/entire: Utility corridors, access roads to wind sites, and gravel 
forest roads (particularly if they receive snowmobile traffic) may enhance access of generalist 
and edge associated predators and competitors (e.g., coyotes and red foxes) into areas where 
lynx occur and forage on hares. 

Response:  Red flag!!!!!  We missed this aspect of Angela Fuller’s analysis.  We need to revise the SSA 
accordingly.  If roads and lynx avoidance area represent 11% of the lynx habitat area in Maine, this 
could be significant.  How to reconcile with frequent observations of lynx using unplowed logging roads 
in winter to travel.  Need to discuss further with Dr. Harrison. 

 
26. P. 17. This is implying that PCT is a threat. From an eastern perspective, clearcut+herbicide+PCT 

creates much better conditions than partial harvests or stands without harvesting in terms of 
hare and lynx habitat.  See related comments about PCT on p. 17. 

Response:  We should clarify the effects of PCT in the West v. East lynx units in the SSA.  Although PCT 
reduces hare densities in Maine by ~50%, these densities are still high enough (at least under high hare 
conditions) to support lynx.  Under low hare conditions, hare density in PCT stands may be too low to 
support lynx by themselves, but they contribute to overall landscape hare density.  Thus, if PCT is 
dispersed in a landscape having a large proportion of HQHH, lynx will likely still occupy the area.  A small 
percentage of spruce-fir stands in Maine are usually treated with PCT (but that could be increasing with 
recent research emphasis at the Maine Coop Forestry Research Unit).    

 
27. P. 17. 81/4/entire: I disagree with this entire paragraph. To the contrary, the vast percentage of 

high quality hare habitat in Maine and New Brunswick is the result of past clearcutting followed 
by herbicide application (e.g., Glyphosate) to suppress competing hardwoods. The result is high 
conifer stem densities that develop into optimal hare habitat which is determined by the 
presence of cover and NOT by deciduous stems for food. Many studies (and cited in the Draft 
SSA) have shown positive relationships between conifer stem densities (>1 m) and hare 
densities. Robinson (2006) modeled vegetation variable as predictors of hare density and found 
that conifer stems were much more influential than deciduous stems, due to greater cover 
provided by conifers (Litvaitis et al. 1985). Fuller and Harrison (2013) reconfirmed those 
relationships via modeling at the microsite scale. 

Response:  We need to review and revise this paragraph in the SSA. 

 
28. P. 19. 82/2/11-14. This statement is incorrect. The trends presented are accurate but the cause 

is NOT from partial harvesting. Clearcuts during the 1980’ and 1990’s that occurred in the 
southern parts of lynx critical habitat are coming on line from 2010-2022 and will buffer losses 
as older clearcuts in the north advance to pole stands. Because of topography, lack of large 
spruce-fir flats, patterns of site quality (i.e., better drained soils on ridges) and given that 
budworm had disappeared by the time these stands were harvested, the cuts were more 
scattered and smaller in average size. Many of these cuts occurred after the 1991 MFPA and 
there were new economic disincentives for cuts >30 acres. This is why the patches are getting 
more fragmented and smaller as HQHH is shifting to the south. This is not a direct result of 
partial harvesting. 

Response:  We misinterpreted the information in Simons-Legaard et al.  We need to revise this 
paragraph given the information above.  Dr. Harrison is correct that the very last budworm clearcuts 



1985-1990 will be aging out of HQHH conditions in the mid_2020s and thereafter there will little new 
habitat coming on line. 

 
29. P. 19. 87/2/1: I strongly disagree with this statement. See many of my previous comments, 

particularly general comments.#1 and #2. As stated previously, nearly all forest habitats (Maine 
is >90% forest) contain snowshoe hares. Thus there is continuous, unfragmented habitat. High 
quality foraging habitats are aggregated due to topography, site quality, road access, and 
harvesting efficiencies. Maine does not have the natural fragmentation of western forests, nor 
expanses of unsuitable habitat that are absent of hares. The background matrix and landscape 
context in Maine and Minnesota may be very different from western populations in the DPS 
where topography and water cause a patchy distribution of mesic conifer forests. The problems 
in Maine result from habitat loss caused by harvesting practices and historical management that 
are shifting species composition towards hardwoods (Legaard et al. 2015). 

Response:  We have to be careful about painting the DPS with a broad brush in the SSA.  This is one 
example, but there are many others pointed out by Dr. Harrison and others.  We need to revise. 

 
30. P. 20. 96/2/8-12: I disagree with this statement. The effective population size in N.C. 

Washington is quite small, so it seems conceivable that disease and or random stochasticity 
could result in a small but significant possibility of functional extirpation in the short run (as 
happened in the adjacent Kettle Mountains?). Has this been considered and modeled? 

Response:  This is another situation where modeling the viability of different-sized lynx populations 
could be instructive.  See responses above about the merits of adding population viability analysis to 
the PVA. 

 
31. P. 21 97/3/20-21: Isn’t it quite feasible that ephemeral lynx populations in GYE would be an 

essential stepping stone for genetic and demographic exchange with the most southerly and 
isolated lynx population in western Colorado? 

Response:  We may not have documented the importance of the GYA as a stepping stone in the SSA.  
Experts at the workshop may not have either.  Need to consider and revise SSA as necessary. 

 
32. P. 21 99/3/1-3: Isn’t the NH population really just part of the Maine population that extends 

across a political boundary. I am unsure why political lines are being used to define geographic 
range boundaries? Isn’t northern NH, Maine, NB, southern Quebec really a single population? 
VT is a bit isolated and should be considered separately. Related to bullet #2 above. 

Response:  I don’t think we need to revise to address this comment.  However, this section is where we 
could provide further information about the larger Maine/eastern Maritime Province of Canada 
metapopulation. 

 
33. P. 21 100/1/7: It is an overstatement that “the next spruce budworm outbreak is imminent.” 

Actually, larval densities of spruce budworm in Maine declined in summer of 1996, and larval 
numbers and distribution are not much above baseline levels at the present time. The outbreak 
in Quebec, Canada is primarily in areas without clearcut harvesting following the last outbreak, 
so Maine forests are very different and the timing and probability of an outbreak in Maine is 



highly uncertain. If an outbreak occurs, the outcome in terms of recycling pole and mature 
stands into sapling conifer habitat for hares is a potential outcome that could be beneficial for 
lynx.  See related comments on p. 25, p. 26. 

Response:  We may have misinterpreted the information concerning the likelihood of another 
budworm outbreak.  Clarify comment with Dr. Harrison – does he mean 2016 instead of 1996?  We 
need to confer with experts at the Cooperative Forestry Research Unit at UMaine (Dr. Brian Roth).  If 
we lost 1 million acres of spruce-fir after the last outbreak, why would we not lose further spruce-fir IF 
there is a new budworm outbreak in Maine?  Need to confer with Dr. Harrison or Dr. Roth. 

 
34. P. 22. 105/2/entire: It should be noted that mixed conifer-deciduous stands dominate on sites 

with intermediate soil drainage and deciduous forests on well-drained hillsides. Both do not 
support HQHH (Fuller and Harrison 2005, Harrison et al. 2016). Thus lynx in N. Maine are not 
advantaged by elevation. In mountainous regions where conifers are on mountaintops, the 
conifer patches are fragmented and tend to be mature conifer (which supports low hare 
densities per Fuller and Harrison (2005) and Harrison et al. (2016). Siren (unpublished report) 
has found that high elevation spruce-fir forests in NH also do not typically provide HQHH. 

Response:  The SSA should be revised to include the information above.  We may have addressed the 
mountaintop conifer situation elsewhere in the SSA.  We may have been over-generous in describing 
mixed-hardwood/softwood stands as having potential for lynx habitat.  Check and revise as necessary 
as I agree with Dr. Harrison.  The wet aspect of spruce-fir flats in Maine is not adequately described in 
the SSA and has a bearing on silvicultural choices.  Shelterwood or patch cuts, which could support 
higher hare than mixed wood or mature stands, are not used frequently in spruce-fir flats because of 
shallow rooting and wind-throw.  Revise SSA accordingly in this paragraph and throughout. 

 
35. P. 22. 109/2/7: This is an error in fact. Actually about 260,000 total acres were harvested in 

Maine during 1988, compared to a peak of about 540,000 acres/year from 2001-2003. I think 
the mistake arose from the fact that there was about 100,000 acres of clearcut harvesting in 
Maine in 1988. 

Response:  Revise the SSA with the information above.  Get the most recent reports from Maine 
Forest Service to make sure this and other similar citations are up to date. 

 
36. P. 23 115/3/3-4: I think this is an error. A 50-200-year fire interval is incredibly frequent and I 

have seen no references to support that. A 200-800 year interval is what I recall. This needs to 
be re-checked. 

Response:  Review the citations.  I believe Dr. Harrison is correct. 

 
37. P. 23 117/3/18-20: I am unclear how “diminished ice conditions on the St. Lawrence River could 

be an increasing risk given that ice-breakers clear the river channel daily during winter? See 
111/4/4-5. 

Response:  Koen et al. reviews the frequency of ice-breaking  information on the St. Lawrence.  There is 
also information (not cited in the SSA) concerning the increasing number of ice-free days on the St. 
Lawrence because of climate change.  I think that Koen et al. says that ice breaking does not occur daily.  
Review citations, add new ones, and revise SSA. 



 
38. P. 23. 138/2/5: This wording suggests lynx are generalists in the summer, which is contradictory 

to Olson (2015) within the DPS. Yes lynx consume a wider range of available foods in summer, 
but > 90 of their caloric intake is likely from hares. 

Response:  Review and revise the SSA.  The Maine literature indicates lynx are reliant on hares year-
round.  This may be another example where we are generalizing and lynx ecology is different across DPS 
units. 

 
39. P. 23. 139/3/1-2: This is an incorrect statement as it applies to the Maine lynx population. Forest 

management has shifted boreal forest towards mixed and hardwood composition in this region 
(see Legaard et al. 2015). 

Response:  Another example of where we generalize and do not reflect differences in factors driving 
hare and lynx populations throughout the DPS.  Revise. 

 
40. P. 23. 159/2/3-4: This text implies that forest management is and will be detrimental for lynx, 

which is contrary to the current situation in the largest population in the DPS and ignores the 
future opportunities to use forest management to enhance hare and lynx habitat on federal and 
private lands managed for wood fiber production. 

Response:  Another example of where we generalize and do not reflect differences in factors driving 
hare and lynx populations throughout the DPS.  Revise.  Forestry can be beneficial or detrimental 
depending on outcomes related to habitat and hares.  For example, widespread clearcutting in Maine 
had beneficial short-term effects (extensive regen spruce-fir) and detrimental long-term effects (loss of 
a million acres of spruce-fir).  Current partial harvesting is not expected to provide sufficient landscape 
hare densities needed to support high lynx populations and best habitat in future decades will shift 
southward where there will be increased competition with other species and possibly lower hare 
densities. 

 
41. P. 23-24. 160/2/9-13: This conclusion seems overly speculative given climate uncertainty (e.g., 

more precipitation could result in more snow despite warmer temps if still below freezing, as is 
currently observed in Lake effect areas east of the Great lakes where bobcats are uncommon). 
Additionally, this Page 24 of 29 ignores natural disturbance events that may rejuvenate conifer 
sapling habitat in Maine and Minnesota, as well as potential changes in wood fiber markets and 
regulations that could be used to promote conifer habitats. I agree that data suggest lynx 
conservation will become more challenging, particularly given climate change, but extirpation in 
3 of 5 units seems overly precise and overly speculative given uncertainty. See general 
comments 3, 4, and 5. 

Response:  If Dr. Harrison is correct, then even if climate change results in an increased snow 
environment (lake effect snow example), then bobcats will benefit because the snow can support them 
(and other competitors).  Do we have data on bobcats from lake effect areas in MI, WI, NY that would 
support this hypothesis.  Since it is raised, we should address in the SSA. 

 
42. P. 24. 164/2/entire: As mentioned previously, effects of disease (e.g., rabies, plague, lungworm, 

distemper) and other stochastic events, coupled with fires and accidental and illegal mortalities 
could affect shortterm resiliency in this population will small effective population size. With the 



exception of wildfire, the additive effects of these stressors seem to have been under-
emphasized. 

Response:  We did not evaluate cumulative effects of stressors in the SSA.  It seems that we should.  
Could we do a NEPA-type analysis to evaluate effects of stressors in each unit (and avoid a broad-
brush approach).  The stressors vary widely in nature and intensity throughout the DPS.  It would 
seem this would be very important to have in the SSA if a 5-factor analysis will eventually be done to 
evaluate listing status. 

 
43. P. 24. 169/3/6-8: The early portion of this paragraph is supported by landowner surveys but it is 

without basis to assume that the lack of spraying to prevent budworm mortality and the 
widespread clearcutting and herbicide application, as conducted during the past outbreak, will 
lead to a lack of budworm-inflicted mortality of trees. Natural recycling or commercial 
harvesting of infected stands that will be naturally transitioning out of hare and lynx habitat by 
2022 could have a benefit to lynx. Again it is a poor assumption that lynx require broad-scale 
clearcutting to be viable in the northeast. See general comment #4. 

Response:  According Dr. Harrison’s previous comments, we do not know if a budworm outbreak will 
occur.  If it does, we do not know landowner response (it could vary widely according to landowner).  
We do not know the degree of spruce-fir mortality that could occur.  We could make worse-case or best-
case scenarios in the SSA? 

 
44. P. 24.  169/5/13: The conclusion that reproductive rates are non-sustainable during the hare low 

is highly uncertain given the extremely low sample sizes of radioed adult females and seems 
contrary to many reported observations of adults traveling with kittens and high apparent 
occupancy of habitats given 8 consecutive years of relatively lower hare populations. See 
169/5/10. 

Response:  Agreed the sample sizes are low, but it is the only information we have.  MDIFW intentionally 
distinguished lynx demographics during a high hare and low hare period.  Alternately, it would seem 
inaccurate to use “average” demographics weighted toward high hare years (the majority of the MDIFW 
study) knowing that hare populations have declined and seem to have stabilized at these lower 
densities.  The response by lynx to declining hares in Maine (although small sample size) is not 
surprising, given that similar responses occur in Canada during the declining phase of the hare cycle.  
Not sure if Dr. Harrison believes hares will ever return to high landscape densities in Maine again?  This 
range in demographic responses by lynx (e.g. at high and low years) could be captured in confidence 
limits around demographic data put into a PVA.  This may be the best way to explore the viability of 
small lynx populations in the DPS. 

 
45. P. 25. 171/1/7-8: This trend data is 14 years-old and should be updated. Maine Forest Service 

has publically made these trends available electronically through 2016. 
Response:  See response above.  Need to secure latest Maine Forest Service reports including those 
that includes graphs in MDIFW response. 

 
46. P. 26. 175/4/2-3: Actually the most recent re-measurements of HQHH stands in Maine suggest 

that most of these overstocked stands on poor quality sites will remain HQHH to at least 40 



years due to slow maturation due to poor site quality and high competition among overstocked 
stems (Scott 2009, Harrison et al. in prep.). 

Response:  Revise given Dr. Harrison’s suggestion.  Spruce-fir on wet sites (poor site quality) are likely 
to stay in HQHH than spruce-fir on better drained soils. 

 
47. P. 27. 183/1/2-3: In the longer-term, climate change may be the primary driver of boreal forest 

change in Maine, but much more rapid and recent changes have resulted from forest harvesting 
practices (Legaard et al. 2015). 

Response:  Agree and revise as necessary.  However, Dr. Harrison did not cite CFRU-funded research 
Simons-Legaard et al. 2015 and Andrews 2015 that shows that climate change is likely already having an 
effect on spruce-fir in Maine (actually forest management and climate change are probably have a 
synergistic effect).  This research indicates spruce-fir could be greatly diminished in Maine by 2060.  We 
need to incorporate this latter research, for which we were not aware, and Dr. Harrison’s comment in 
the SSA. 

 
48. P. 28. 205/1/entire: I am confused about how near-term persistence can be as estimated high as 

70% for a population than seems absent based on recent surveys? 
Response:  How to address?  It seems Dr. Harrison is looking at the most optimistic point on the graph, 
not the median.   

 
49. P. 28. 2019/3/4-8: Interacting effects of temperature with snow depth (Litvaitis et al. 1986), 

along with availability of alternate prey could contribute to apparent differences between 
Maine and Minnesota in snow and competitive interactions. Further, the presence of wolves in 
Minnesota, but not in Maine, may affect relative densities of coyotes, and may influence 
interactions among coyotes, bobcats, and lynx (Litvaitis and Harrison 1989). 

Response:  We did not review the literature concerning competitive interactions of bobcat-coyote-
lynx-wolves in the SSA and should.  Our tendency was to focus on the bobcat-lynx interaction. The 
Litvaitis et al. 1986 citation seems germaine to climate change analyses in the SSA and may shed light on 
how snow depth and quality mediates relationships between the carnivore community that occurs in 
the DPS.  We should do a literature search to determine if other literature concerning the carnivore 
community (and snow) exists within other units of the DPS.  This could be important in projecting 
future outcomes for lynx in the DPS. 

 
50. P. 28. 221/General Summary: The summary does not address how current ESA listing affects 

current status of lynx or how protections and status would be expected to change if the DPS 
were to be removed from ESA protections. This seems inconsistent with the frequent mention 
and consideration of those topics throughout the Draft SSA and considering that this document 
is intended to guide future decisionmaking. 

Response:  Red flag!!!!!   Dr. Harrison is correct that the Synthesis does not include any mention of 
future scenarios without listing.  It should if it is a synthesis of the SSA.  Similarly, the Executive 
Summary makes only one mention of future delisting (assumption page 8).  We say delisting was 
considered but provide no summary of our analysis or conclusions about a future scenario without 
listing.  We don’t know how much of the SSA was read by decision-makers, but if they focused on the 
Executive Summary and Synthesis, these sections provide little information about the consequences of 



no listing.  This relates to Marty Miller’s comments that the SSA needs to be improved concerning future 
scenario with no listing. 

 

Peer Reviewer 4 – John Squires (Jim) 

1.  What is “adequate” resiliency and redundancy for southern (DPS) lynx populations?  How do we 
know the DPS demonstrates “adequate resiliency?” 

Response – We said that the persistence of resident pops in most places that have supported them 
historically (i.e., no compelling evidence of major declines in resident populations or of significant 
contraction of breeding range [noting metapopulation structure and likely natural “winking on and off” 
of ephemeral peripheral populations]) is evidence of historical and recent resiliency. We also indicated 
that continued climate warming is likely to result in smaller and more fragmented populations, which 
we expect would be less resilient than the historical or recent condition, leading at some point to loss of 
functional populations in some geographic units.  Likewise, we noted that the DPS units/populations are 
large and spread over a very large geographical range and therefore that the DPS is not vulnerable to 
catastrophe-induced extirpation – there is no single event capable of wiping out the entire DPS.  In fact, 
most individual units are so large as to preclude such extirpation (but perhaps not WA, where a very 
large fire might be capable of extirpating what currently remains of the population, and also GYA where, 
if a resident pop was to become established, it would likely be very small and geographically restricted, 
and therefore more vulnerable to catastrophic extirpation than other units [even more so than WA]).  
Therefore, redundancy is not currently an issue.  We noted that eventual future loss of some resident 
populations would be a reduction in redundancy, though it is unlikely that redundancy would be 
diminished to the point that catastrophic extirpation of the DPS would be likely/possible. 

2.  Contraction of small, localized populations could be expression of loss of resiliency and redundancy 
among southern lynx populations; such contraction is a “major conservation concern.”  Author also feels 
we treat these populations “dismissively.” 

Response – Smaller and relatively more isolated peripheral (to the taxon range) pops would be expected 
to be less resilient than larger, more contiguous pops at the core of the range, and while their 
contraction and/or ephemeral “winking on and off” could be an indication of that expected lower level 
of resilience, it also may just be a reflection of the inability of the marginal habitats at the edge of the 
range to support persistent lynx pops.  That is, even the most resilient lynx population cannot persist in 
a landscape where hare densities are not consistently adequate most of the time to support lynx 
survival, reproduction, and recruitment – even in the core of the species’ range, there may be a near-
complete absence of reproduction and zero or near-zero recruitment for several years at the trough of 
the hare cycle.  So, is the contraction and/or winking off or small, relatively isolated, peripheral pops 
evidence of reduced or inadequate resilience on the part of the lynx pop., or just what you would expect 
at the naturally marginal edge of the species’ range?  I don’t know and I’m not sure it is relevant. The 
contraction/loss of the 6-8 lynx that the Garnets might support does not seem significant to the 
persistence of the other 200-250 lynx that the author believes persist in the rest of Unit 3, nor does it 
have meaningful implications for the adequacy of redundancy in the DPS as a whole.  The author fails to 
identify why or in what capacity he thinks these small and likely naturally ephemeral populations 
contribute at all, let alone meaningfully, to the conservation of the DPS.  That is not being dismissive; it 
is trying to most parsimoniously assess the available information and draw plausible conclusions based 
upon it. 



3.  Questions our assessment of historical lynx occupancy in Wyoming/GYA; cites Reeve et al. 1986 to (1) 
show that “early records suggest that lynx were present in Wyoming for a long time based on 
photographs from Yellowstone extending back to the 1920s and museum records,” (2) conclude that 
lynx “may have inhabited the Wyoming Range since 1940,” and (3) “…refute the notion, as reported in 
the SSA document, that lynx were ‘intermittent’ in the region.” 

Response – We do not say we are certain the GYA only held resident lynx intermittently; rather, we 
acknowledge that based on the historical record, it is a possibility, and that metapopulation dynamics 
theory would suggest that ephemeral populations would be expected at the periphery of the range, 
especially in a cyclic “ebb and flow” dispersal system like that of lynx. But more importantly, the 
author’s reliance on unverified occurrence data is troubling and scientifically indefensible.  His 
colleagues McKelvey et al. in publications in 2000 and again in 2008 present a compelling case for the 
importance of relying on only verified data for assessing historical distribution of rare species, especially 
those that are easy to confuse with a more common and similar sympatric species (like lynx v. bobcat).  
When you dig into Reeve et al. 1986, you see that only 22 of the 262 lynx records that Squires cites were 
verified, and that these do not suggest a continual presence of resident lynx in the GYA over time.  In 
fact, in the 66 years after 1920 covered by Reeve et al., there are only 8 verified records; one in each of 
the following years: 1940, 1949, 1952, 1954, 1957, 1963, 1969, and 1983.  Even if we were willing to 
consider “probable” (but still unverified) records (which we are not, for the reasons presented by 
McKelvey et al. 2008), they would suggest a low-level of occurrence for much of the last century (mean 
= 1.3 anecdotal observations per year, range 0-5, from 1918-1969), followed by big increases beginning 
in 1970 and continuing through 1985 (mean = 7.8 anecdotal observations per year, range 3-19, from 
1970-1986) – likely a reflection of the big irruptions of lynx out of Canada in the early 1970s and early 
1980s (McKelvey et al. 2000, Fig. 8.6; also Fig. 8.3).  In that publication, the authors considered all of the 
records reported in Reeve et al. 1986 and, along with newer records from 1987-1999, found a total of 
only 30 verified records of lynx in Wyoming over 144 years (1856-1999).  These verified data simply do 
not “refute the notion” that the GYA, with its largely marginal habitats/hare densities and lack of direct 
connectivity with larger northern lynx populations, was perhaps only capable of supporting small 
numbers of resident lynx intermittently during that time.  It is also possible, and we acknowledge so in 
the report, that it may have supported a small but persistent resident population, although the record 
does not strongly support that conclusion.  Either way, the very few resident lynx indicated by the 
record, whether persistent or ephemeral, do not constitute a significant contribution to the DPS or to its 
conservation. 

4.  Feels we did not stress importance of Wyoming Range to lynx in Wyoming; that we “downplayed the 
historical importance of the Wyoming population throughout the document; suggests the team 
review/edit the wording to “provide a better balance.”  Best habitat in the state; has been “highly 
impacted by natural and anthropogenic disturbance (fire, timber manipulation, proposed energy 
development, conflicting wildlife management priorities).” 

Response - We acknowledged relatively higher hare densities and lynx occurrence data in this area.  The 
author provides no rationale/evidence suggesting how this area is or was historically important to the 
DPS; he also provides no evidence or citations to evidence of the high level of impacts he indicated.  Fire 
is a natural and necessary component of hare and lynx habitat.  It is unclear how proposed development 
may have “highly impacted” lynx habitat in this area, nor exactly how “conflicting wildlife management 
priorities” has resulted in impacts to lynx or hare habitats.  We are aware of no information that 
quantifies impacts in this area or that otherwise supports the author’s contention that this area has 
been “highly impacted” or that such impacts have resulted in declines in hares or lynx.  We have asked 



Wyoming biologists (S. Patla and N. Bjornlie) and former USFS lynx specialist for the BTNF (G. Hanvey) 
for information concerning historical and recent impacts to lynx hare habitats in the Wyoming Range. 

Peer Reviewer 5 – Mike Schwartz (Jim) 

1.  I don’t believe that the resiliency/redundancy/representation framework is comprehensive.  The 
framework misses important ideas of historical range representation and connectivity.  Contemporary 
versus historical distribution needs to be elevated to one of the main “conservation biology principles” 
evaluated.  The document contains detailed distribution information (section 2.3) but this is used as a 
factor in the 3R section, not as a goal in and of itself.  In other words, conservation priorities should be 
that populations are resilient, redundant, adaptable/representative, and have recovered to some 
historical extent.  There are several species that have multiple, small but independently growing 
populations, but are only at a small historical extent of their former range.  Thus the persistence of the 
species may be assured in the short run, but its recovery and return as an ecologically functional 
element is incomplete. 
 
Response – There may be shortcomings of the 3 Rs approach/framework, but this is the framework that 
USFWS leadership has determined to be the most appropriate for compiling, evaluating, and presenting 
the scientific information it will use to inform the determinations the agency is required to make in 
accordance with the ESA. Persistent resident lynx populations in the contiguous U.S. do not fit the 
description of having been reduced to only a small extent/portion of their historical range, as described 
in detail in the draft SSA report.  The lack of evidence of major range contraction or population decline 
among DPS populations is considered evidence that populations in the DPS have historically and recently 
been resilient.  That resident populations remain well distributed in the large, discrete geographic areas 
that appear to have supported them historically also suggest little loss of representation or redundancy.  
Where resident populations may have been lost, they were most likely small populations peripheral to 
the large geographic areas that historically and currently support(ed) larger populations, and many of 
the peripheral areas may historically and recently have been naturally capable of supporting resident 
lynx only ephemerally (“winked on” and “winked off” intermittently), as would be expected at the 
margin of the range in a metapopulation structure.  Finally, the authors definition of recovery as a 
“return as as ecologically functional element” is at odds with the narrower definition of recovery in the 
ESA, which considers a species recovered when it is neither “in danger of extinction throughout all or a 
significant portion of its range” (ESA sec 3(6)) nor likely to become so “within the foreseeable future” 
(ESA sec. 3(20)). Recovery requires both that a species be sufficiently abundant and that the threats it 
faces are eliminated or managed such that removing the ESA's protection does not trigger a recurrence 
of the species' decline (although the lynx DPS was not listed because of a documented decline, but 
rather because Federal [USFS and BLM] land management plans were deemed inadequate to ensure 
conservation of the species and its habitats – so, in the case, the bar should be that removing the Act’s 
protections would not trigger a recurrence of the regulatory inadequacy for which the DPS was listed).  
The Service also defines recovery as “(t)he process by which the decline of an endangered or threatened 
species is stopped or reversed, or threats to its survival neutralized so that its long-term survival in the 
wild can be ensured, and it can be removed from the list of threatened and endangered species.” 
(https://www.fws.gov/endangered/about/glossary.html).  Again, because there has not been a 
documented substantial decline of lynx numbers or range (given caveats and uncertainty regarding 
historical distribution and numbers), stopping or reversing a decline is not a meaningful metric for the 
DPS.  However, it can be argued that the threat to its survival identified at the time of listing (the 
inadequacy of regulatory mechanisms on Federal lands) has been addressed, if not neutralized, such 
that the DPS is more likely to persist in the wild for the foreseeable future.  

https://www.fws.gov/endangered/about/glossary.html


 
2.  The population estimates of several populations are optimistic (but he focuses only on the Minnesota 
geographic unit).  “…there were several locations throughout the document where estimates were 
based on converting suitable habitat to number of individuals (presumably by assuming a home range 
size and some overlap among the sexes).  This approach assumes that the fundamental niche (habitat 
suitability) equals the realized niche (habitat suitability limited by competition, species interactions, etc).  
This is almost never the case.  One example of this likely overestimation is in Minnesota where the SSA 
suggests that there are between 190-250 individual lynx in the area (pg. 120).  Despite the next sentence 
claiming that the actual number of lynx is unknown, this high estimate is carried throughout the 
document.  DNA based surveys on the Superior National Forest, conducted in conjunction with the USFS 
National Genomics Center for Wildlife and Fish Conservation have never produced numbers nearly this 
high.  I suggest the USFWS revisit the population estimate of lynx in MN and for planning purposes 
consider using a much lower number.” 
 
Response – We were careful to note that these are not true population estimates; rather, they are 
expert opinion regarding how many resident lynx might occur in each geographic unit.  Ron Moen, 
expert for Minnesota, guessed 50-200 resident lynx may occur in that unit.  We will check for 
consistency in the final report, ask tam to clarify the source of the 190-250 estimate. 
 
3. “The opposite (to 2, above) may be true in Wyoming.  Here there is a consistent signal of lynx from at 
least the 1970s onwards (p 41, 147 SSA) with strong signals at the beginning of the 21st century.  The 
SSA then notes that lynx have been absent from Wyoming since 2010, suggestive of range decline.  
While this may be true, I suggest interpreting this result with caution as effort to detect lynx appears to 
have dramatically declined since 2010.  Lynx from Colorado are no longer radio-tracked (and older 
radios have suffered battery failure by now).  Furthermore, I believe that track and hair snare survey 
effort was diminished between 2010 and 2016.” 
 
Response – See response to (3) above under Squires  
 
4.  Resiliency/redundancy is optimistic because of the inherent assumption that the six units are 
functioning independently.  If each of the populations at the border with Canada (WA, MT, MN, ME) 
suffer reduced connectivity, due to climate change or because there have been no large amplitude 
cycles in the past decades, they are again not completely independent and less redundant than the 
document and the experts suggest. 
 
Response – Our conclusions regarding DPS redundancy and the resiliency of populations in each 
geographic unit are not based on/influenced by assumptions of independence among each unit 
(although we believe they are largely independent of one another except the potential movement 
between Units 3, 5 and 6) or independence from Canadian habitats and lynx.  In fact, in the report we 
note that loss or reduction in connectivity with Canadian populations would likely reduce resiliency of 
DPS populations; however, we note uncertainty regarding historical and recent levels of connectivity 
(rates of emigration and immigration), as well as uncertainty regarding how much exchange is needed to 
maintain demographic and genetic health of DPS populations.  
 
5.  The importance of connectivity is undervalued; it “…is another ‘conservation biology principle’ that 
needs to be elevated.  Connectivity plays a role in both resiliency and redundancy while influencing 
representation, yet it needs to be an overarching goal for recovery.  The literature strongly supports the 
idea that for long run persistence small populations must be strongly connected to one another or to a 



larger source population.  When we conducted our genetic studies across the geographic range 
(Schwartz et al. 2002, 2003) there was estimated connectivity to the peripheral populations.  However, 
conditions may have changed in the last 15 years.  At the time we viewed the lynx dynamics in the 
southern portion of the range to be analogous to a tide pool (southern populations filling up 
occasionally when the large booms occurred in Canada).  However, if the tide is less frequent or the 
distance between the tide and the pools becomes greater pools dry up.  If this model is correct for lynx 
population dynamics, then connectivity is essential for persistence.   
 
Response – We acknowledge throughout the report that although the extent to which connectivity and 
immigration/dispersal influence DPS populations remains uncertain, it is generally agreed that it is 
important, and that maintaining connectivity and exchange with larger Canadian populations may be 
essential to the persistence of populations in the DPS.  Although the SSA is not a recovery plan (and 
therefore an inappropriate venue for developing recovery goals as suggested by the author), the Service 
has long-recognized the importance of maintaining connectivity (see 2005 recovery outline, pp. 2, 10, 
12-13), and we believe we continue to acknowledge this importance, including in the draft SSA report 
(where we mentions connectivity 71 times throughout the document).  We also do not state or imply 
that DPS populations are completely (or even partially) independent from Canadian populations; indeed, 
we state that the 4 border populations (ME, MN, MT/ID, and WA) are southern extensions of the larger 
Canadian populations, not independent populations.  We also discuss the potential consequences of lost 
or reduced connectivity for the DPS as a whole and for all or most of the individual units. 
 
6.  The importance of genetic drift is underappreciated.  “Several times throughout the document (pg 
11, 219, etc.) there are comments like “there seems to be little risk of significant genetic drift” (page 11). 
If each of the populations are isolated from the Canadian boreal populations this statement is false. 
Genetic drift occurs at a rate that is inversely proportional to two times the effective population size per 
generation. The effective population size is likely equivalent to approximately 10% of the census size of a 
population. If Minnesota and Washington each have 50 lynx (pg 216) this could equal an effective 
population size of ~5, which would equate to a rate of drift of approximately 10% per generation. Loss of 
genetic variability, which equates to loss of adaptive potential, would be extremely high. It has been 
shown that populations with small effective population sizes, and high rates of genetic drift, can have 
lower survival and reproduction rates. These reduced vital rates exacerbate an extinction vortex that 
may have produced low population numbers in the first place. Genetic drift may be a very serious 
problem for Canada lynx in the contiguous United States. Gene flow/connectivity can alleviate drift. 
 
Response – Our assessment of low risk is built upon author’s early work and recent presentation at the 
expert elicitation workshop, which showed very high gene flow and very low Fst values for lynx across 
the species’ entire range, from Alaska to the Lower 48 – indicating high rates of dispersal and little 
likelihood of genetic drift or bottlenecks (so long as connectivity and dispersal capabilities remain 
intact).  We agree that if DPS populations all were to become isolated from Canadian source 
populations, that potential for drift would increase greatly and could be a significant problem for lynx in 
the DPS.  However, despite recent dampening of lynx/hare cycles in southern Canada, we are aware of 
no information to suggest that DPS populations, particularly along the border, have received inadequate 
immigration to support genetic and demographic health.  We also suggest that the naturally lower 
connectivity of units 5 and 6 to Canadian populations (because of distance and intervening non-lynx 
habitats) may contribute to the likelihood that these units historically and recently may have only 
intermittently/ephemerally supported resident lynx, most likely after large pulses of dispersing lynx 
associated with irruptions. 
 



7.  Is concerned that our conclusions in the draft SSA report “…may be too optimistic for the future of 
lynx in the contiguous United States. There are symptoms of serious problems throughout much of the 
range. Even the most robust populations (MT and ME) show either some sign of decline (MT with a 
negative population growth rate in Seeley Lake and a loss of a peripheral population in the Garnet 
range) or have projections of major habitat change due to both climate and socio-economic change in 
the region. Unless we see a large dispersal event from the Canadian boreal forest in the near future I 
would expect to see each population chiseled away slowly over the next few decades. On the other 
hand, I agree with the experts that over the very short time frame there appears to be little risk of 
extirpation of lynx in the contiguous United States.” 
 
Response – The negative growth rate (λ=0.92) generated by Squires for the Seeley Lake population 
(1999-2007) assumed no (zero) immigration.  We find this unlikely, and Schwartz himself point out that 
“…a simple population viability analysis can be built to show that immigration of less than1 female a 
year on average (could) provide population stability and even growth.  Thus is seems likely that Seeley 
Lake and other populations are being sustained by low levels of connectivity.”  As we pointed out in the 
document, it is possible that the Garnets may be naturally only capable of supporting resident lynx 
intermittently/ ephemerally, which is a natural/expected condition at the periphery of the range in a 
metapopulation structure like the one thought to govern lynx population dynamics in the DPS (McKelvey 
et al. 2000).  If that is the case, the recent loss of the small number (5-10) of resident lynx from the 
Garnets should be viewed as a natural and likely temporary absence, and should not be interpreted as a 
contraction of the range of persistent resident lynx populations (see van Zyll de Jong 1971). Even if it 
were the loss of a persistent resident population, it would represent 2-5% of the lynx thought to be 
present in this unit and an equally small proportion of the geographic size of the unit.  This potential loss 
is small in the context of this unit and almost imperceptible in the context of the DPS as a whole.  We 
considered projected habitat loss from climate change and from forest management practices, 
particularly for Maine, as did the expert panelists, and neither they nor we concluded that such losses 
were likely to presage extirpation of any of the occupied units by mid-century and only possibly for a 
few units by 2100.  We note that no large pulses of lynx into the U.S. from Canada have been 
documented since the early 1980s, and that the amplitude of both lynx and hare cycles appear to have 
dampened since then. However, we also note that trapping of lynx in many parts of the U.S. ceased by 
that time, trapping in southern Canada also became much more restrictive in the mid-1980s, and lynx 
surveys/research on either side of the border in the time since then have been spotty and unlikely to 
detect low levels of cross-border dispersal, which we think continues (because we have no reason to 
assume it has stopped completely).  

 

II. Substantive State Agency Reviews 

Colorado Parks and Wildlife (Kurt) 

 

Idaho Fish and Game (Bryon) 

 

Idaho Office of Species Conservation (Jim) 



1.  The State of Idaho disagrees with the Service’s determination that the Canada lynx qualifies as a DPS. 
Based on the species distribution at the time of listing and the robust populations in Canada and Alaska, 
the species does not qualify as a discrete and significant population as contemplated by the Service’s 
DPS Policy. In fact, within the Lynx SSA, the Service recognizes that lynx distribution in the contiguous 
United States is difficult to define and is at the very southern periphery of the species range. Based on 
the best available information within the Lynx SSA, the State encourages the Service to revisit its prior 
DPS determination. 
 
Furthermore, as pointed out by IDFG, Idaho lacks a persistent lynx population. This is supported by 
historical and current survey records. Dispersing lynx in Idaho are part of a larger population that occurs 
in Montana and British Columbia – lending further credence that this is not a distinct population. Future 
ESA considerations must take into account Idaho’s historic and current lack of a persistent lynx 
population. 
 
Response – The DPS designation is a policy decision/application, and policy decisions are beyond the 
scope of the SSA.  Although a persistent resident lynx population has not been identified in Idaho, the 
relatively large number of verified historical records and recent evidence of occupancy and some 
indication of reproduction suggest that parts of northern Idaho likely support small numbers of resident 
lynx, at least ephemerally. 

Maine Department of Inland Fisheries and Wildlife (including Maine Forest Products Council) (Mark) 

1. Cover letter Page 1: While there are areas of agreement, we are troubled with the tone of the 
document and by what appears to be a very subjective, if not biased, selection of data to include 
in the draft SSA. 

Response: The only specific examples of example of tone in MDIFW’s comments are in the climate 
section, which is addressed below. MDIFW provided few, if any, examples of key scientific publications 
that the Service missed, so we believe we have sought out and used the best available scientific 
information.   In some instances MDIFW requests that their interpretation of status of hares, forest 
conditions, hare and lynx population status be used instead of what the Service considers the best 
available scientific information.  Much of the information that MDIFW requests used is not published or 
peer reviewed, some is conjecture or no details are provided to support their views. Many of their 
viewpoints support delisting or a reinterpretation of the DPS as indicated in the last paragraph of 
Commissioner Woodcock’s letter.  They advocate for a listing outcome in their comments, something 
that the Service specifically asked them not to do.  They also passed the SSA to the Maine Forest 
Products Council for review without consulting with the Service.  No other nong-government 
organizations or groups representing private forest companies were given an opportunity to review the 
SSA.  Therefore, we did not respond to the Maine Forest Products Council comments, but did refer to 
them on a few occasions where there were technical data provided.  Each of MDIFW’s comments and 
requests are addressed below in greater detail. 

2. Cover letter Page 1. The definitive tone of the climate change section on how Maine's forests and 
lynx populations will be affected, does not follow the guidance offered in the IPCC Climate 
Change 2014 Synthesis Report which states that an integral feature of the report is 
communicating the uncertainty of its findings. 

Response: All climate change documents stress uncertainty, and we have tried to incorporate that 
uncertainty into the text.  However, the preponderance of publications we reviewed and cited are 



unanimous in their conclusions concerning trends in snow depth, quality, and persistence and boreal 
forest in Maine – all are declining and will continue to decline.  In general, scientific documents indicate 
snow will decline more severely when modeled with high emissions scenarios and less severely with low 
emissions scenarios.  The scientific literature indicates that thus far, temperatures are tracking the 
projections for the high emissions scenarios.  We could expect to continue on this trajectory unless there 
are significant reduction in carbon emissions, which thus far is not happening.   

Some peer reviewers said we did an excellent job of stating uncertainty and assumptions and that the 
climate change section was particularly well-done.  We should review the climate change section and 
make sure that it adequately addresses uncertainty. 

3. Cover letter Page 1. We are concerned that the draft SSA still considers the lack of management 
assurances on private lands to be a risk to lynx populations. As you know, approximately 90% of 
the forests occupied by lynx in Maine are privately owned. Maine's lynx population reached what 
is believed to be historic highs on these private lands without federal or state intervention that 
stipulated the number of acres that needed to be maintained as lynx habitat. Models used in the 
SSA to predict forest habitat changes and trends in lynx populations do not take into full account, 
and in some cases misrepresent, forest management on private lands. 

Response: The Service documented the best available forestry and wildlife information in the SSA.  It 
documents the significant shift in forest management that has occurred since the Maine Forest Practices 
Act of 1989.  The information MDIFW clearly shows that that clearcutting has been replaced by various 
forms of partial harvesting.  The paradigm that created the abundance of lynx habitat, which is soon to 
age past conditions that support lynx, is clearly no longer occurring.  The scientific literature (both 
forestry and wildlife literature) document this dramatic change in forest practices and will result in 
declining lynx habitat.  The latest modeling of lynx habitat (Simons-Legaard et al. 2016, Simons-Legaard 
2016) clearly states explicit assumptions that future trends in forest management will reflect past 
management.  These analyses are based on a landowner-by-landowner analysis of recent forest 
harvesting trends.  In fact, Maine forest industry has funded and uses exactly the same forest models 
from the University of Maine Center for Research on Sustainable Forests (https://crsf.umaine.edu/ ) to 
project impacts of spruce budworm, climate change and other aspects of forest management.  The 
MDIFW offered no alternative analysis concerning the future trajectory of habitat in northern Maine for 
lynx and assumes current forest management will continue to create lynx habitat.  There is no scientific 
support that alternate forms of silviculture (e.g., shelterwood harvest) currently or in the future will 
provide sufficient habitat to support lynx populations in Maine (see more detailed response below).   

4. Page 1. The lack of focused attention on the “five-factor analyses” that guides ESA status 
changes (https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf) is perplexing, however.  
In the absence of a recovery plan with specific conservation objectives, a periodic “5-year” 
status review should provide a clear evaluation of the species with regard to ESA listing factors.  
This seems essential in the SSA if it will be the only evaluation of lynx DPS status after 17 years 
of listing under the ESA.   

Response: The Service’s lynx core team has also asked how a listing determination can be made without 
the information provided in a traditional 5-factor analysis.  The SSA indicates how the stressors affect 
resilience, redundancy, and representation, but perhaps the relationships between stressors and the 3 
Rs could be strengthened in the document.  The stressors identified in the SSA represent multiple 



listing factors; for example,  Factor A (destruction or damage of habitat) climate change, forest 
management, development, wildfire, forest habitat loss and fragmentation; Factor C (disease and 
predation) expected to increase with climate change; Factor D (inadequate regulations) uncertainty about 
effectiveness of plans on Federal lands and lack of plans on private lands, especially in Maine and 
Minnesota, shift in forest practices, uncertainty in future markets, and rapid land turnover; Factor E 
(other natural or manmade stressors) other secondary factors described in the LCAS (2013) and SSA – 
incidental trapping, backcountry roads and trails, illegal shooting, mineral and energy exploration and 
development, recreation, road and associated mortality, and grazing and livestock.   

These threats will all be evaluated in the 5-year review.  

5. Page 2. Since MDIFW began its lynx telemetry study in 1999, biologists have documented an 
expansion in Maine’s lynx range and population size.   

Response: The MDIFW provides no information to support an expansion in lynx range or population 
size.  If the number of lynx correlates with the available habitat, UMaine analyses (Simons) would 
indicate that lynx habitat has increased from the 1980s to ~2012, then will decline by 50-60% by ~2032.  
This is to be expected as clearcuts age past the conditions to support high populations of hares, the hare 
population has dropped by half and remains depressed, and the preponderance of partial harvesting post-
FPA are not creating new, high-quality habitat.  The SSA provides details about recent occurrences of 
lynx in New Hampshire and Vermont (if that is what the MDIFW is referring to).  The Service provides 
information in our 2014 critical habitat rule and the SSA about the few lynx that have occurred in NH 
and VT and explains why lynx in these areas are not expected to persist and will not contribute 
significantly to the future recovery of lynx. 

IF the Maine population has expanded (slightly) it is no different than the island-metapopulation model 
expressed in the lynx SSA.  We explained in our 2014 critical habitat rule that after two severe, deep 
snow winters in 2008 and 2009 that lynx may have expanded slightly in Unit 1 with a few breeding 
individuals occurring in northern Vermont and New Hampshire, western and eastern Maine.  We 
explained why we believed this was a temporary phenomenon created by deep snow favoring lynx and 
diminishing bobcats in these areas.  Since publishing the critical habitat rule, lynx seemed to have 
disappeared from northern Vermont and breeding has not been documented in Northern New Hampshire 
for several years.  There are probably a relatively small number of lynx in western and eastern Maine (as 
there likely have been since listing). 

We do not see significant, if any, changes in lynx distribution from the information MDIFW provided in 
the workshop (Vashon slide#25) and the map we used in 2014 for critical habitat or from maps circa 
2005 shortly after lynx were listed.  



  

 

6. Page 2. Given the success of lynx populations on private lands in Maine, MDIFW finds 
statements, such as the one on p. 76 of the SSA, “Whereas management of State and Federal 
forest lands have been relatively stable in recent decades, management and ownership of private 
forest land ownership has been extremely unstable. This has resulted in major shifts in forest 
management strategies, outcomes, and products. For example, in the last two decades in Maine, 
where nearly all the lynx critical habitat is on private land, about 23.8 million acres (80 percent) 
of industrial land ownerships in the “northern forest” (Adirondacks to northern Maine) were 
sold to many different kinds of financial groups (Hagan et al. 2005)” overstate the threat posed 
by private land management to lynx.  The period of greatest lynx population growth in Maine 
occurred during the same period (referenced above) that caused “major shifts in forest 
management strategies, outcomes, and products”.   

Response: We cite the best available information documenting the significant changes in forest land 
ownership in Maine.  The new landowners often have different management objectives, markets, and 
outcomes.  Our use of the word “unstable” should be revised to “unpredictable.”  We agree that the 
period of greatest growth to Maine’s lynx population occurred after a period of widespread clearcutting.  
But immediately after the clearcutting came significant reform in forest regulations and turnover and 
fragmentation of Maine’s forestland ownership.  The paradigm that created Maine’s lynx habitat no 
longer exists.  The uncertainty created by changing ownership and forest markets has led to the 
permanent closure of six papermills in Maine in the last two years.  These and other changes in Maine’s 
forest industry are widely acknowledged in Maine and documented in the scientific literature cited in the 
SSA.  

7. Page 2. “Working woodland” easements now encompass >10,000 km2 across northern Maine.  
These covenants do not specify specific management practices or outcomes beyond sustainable 
forestry, but they do ensure that conversions to other land uses will never occur. 

Response: On page 74 of the SSA we devote a paragraph to the role of easements in conserving lynx 
habitat in Maine and the shortfalls of these easements to require or specify habitat management for lynx 
and other wildlife species.  We could expand the SSA to provide the exact acreage easements in 



Maine and perhaps include a map of their locations.  Note: we are ordering the new conservation and 
landowner database from Sewell. 

8. Page 2. MDIFW strongly disagrees with statements in the SSA that Maine’s lynx population and 
lynx/snowshoe hare habitat have declined since 2006, i.e., “The best available science indicates 
that hare populations have declined by about half across all stand types (and in adjacent Quebec) 
since 2006 and apparently have not rebounded.”  No references are given in the SSA to 
substantiate this claim.  MDIFW asserts that there is insufficient scientific evidence to conclude 
that hares have declined at a landscape level and have remained low since 2006 in northern 
Maine.  Hare densities in stands subject to shelterwood and overstory removal harvests more 
than doubled from 2008 to 2011.  As of 2011 (the last year of monitoring in this stand type), hare 
densities in these stands were approximately double those in regenerating clearcuts (D. Harrison, 
unpublished data).   

Response: The Maine Forestry Cooperative Research Unit (forest industry) at UMaine and USFWS 
funded snowshoe hare research at the University of Maine from ~2006-2013.  Prior to that, UMaine 
conducted snowshoe hare research back to the mid-1990s.  During that time, the best available science 
shows a period of high hare density (~1995 to 2006) and lower hare density (after 2006 to 2013 when 
hare monitoring was discontinued) that is mirrored in similar hare data from the adjacent Gaspe region of 
Quebec.  Both MDIFW and the SSA reference unpublished data by Dr. Dan Harrison, wildlife faculty at 
the University of Maine and his ~11 graduate students.  MDIFW acknowledges high- and low-hare 
periods in their Canada Lynx Assessment (Vashon et al. 2012), so we are unsure why they strongly 
disagree with these facts.  Dan Harrison provided us with a citation for hare declines – Harrison et 
al. 2015.  We should site this instead on unpub. in the SSA.  Furthermore, the MDIFW provide no 
other long-term hare data or scientific information to support their claim that hares “more than doubled” 
in shelterwoodstands other than Harrison et al. 2015.  We have discussed this at length with Dr. Harrison 
(pers. comm.2.28.2017).  See comment #11 below.   

9. Page 2. MDIFW has information on the current status of lynx in Maine, which suggests the lynx 
population is both increasing in numbers and expanding its range, and questions why this 
information presented at the Expert Elicitation Workshop (EEW) was not included in the draft 
Lynx SSA.  MDIFW urges the USFWS to consider the data and arguments presented in this 
review and at the EEW to arrive at a more objective perspective on the resiliency of Maine’s 
current lynx population.   

Response: Despite numerous requests for the States to provide information that would help inform the 
SSA, the MDIFW did not share information that the Maine lynx population is both increasing in numbers 
and expanding its range.  This is despite contrasting statements made in the MDIFW’s Canada Lynx 
Assessment (Vashon et al. 2012, page 47) that “lynx habitat reached its lowest level in 1971 and peaked 
in 2003,” “that by 2006 lynx were approaching carrying capacity (p. 58),” and “We anticipate a decline 
in Maine’s lynx population when extensive areas of regenerating spruce/fir stands mature and no longer 
provide optimal cover for snowshoe hares. Although forests continue to be harvested in Maine, there 
isn’t sufficient early succesional spruce and fir to replace midsuccessional spruce/fir sapling stands 
(40%) when they transition to late-successional forest (e.g., pole/small sawlogs) (p. 59).”  MDIFW did 
not provide adequate information to explain the basis for why their interpretation of trends in lynx 
populations have changed since 2012. 



The MDIFW’s presentation at the EEW indicated that when they wrote the Lynx Assessment in 2012 
they believed the lynx population peaked in 2006.  But they now believe, “other indices since 2006, 
suggest Maine’s lynx population is continuing to grow.”  The MDIFW provided a map of the number of  
lynx sightings, increasing road mortality (with very low sample sizes), and increased incidental take 
captures to 20 lynx trapped in 2014 (but neglected to present the precipitous decline to just 4 individuals 
reported trapped in 2015) (Vashon slides  15-19).  The Service does not consider anecdotal lynx 
sightings, road mortality, or trapped lynx  as valid indices of lynx population trends.  Sightings without 
standardizing for effort and reporting rates are difficult to interpret.  Road mortalities are highly variable 
and detection rates are unknown.  Reporting rates for trapped lynx are uncertain and some likely go 
unreported.  Thus, we did not use these types of information in the SSA for Maine or any other state in 
the DPS.  This information does confirm that lynx are still present in Maine and are distributed in 
approximately the same way that we considered when designating critical habitat.   

The MDIFW also presented preliminary results of 2015 snow tracking data (slides 20–27) that showed at 
least one lynx track was found in 11 of 19 townships surveyed between 2003-2008, and lynx were 
detected in 18 of these same 19 townships surveyed in 2015.  The study design for the 2003-2008 survey 
was developed in Cooperation with the Maine Cooperative Fish and Wildlife Research Unit and included 
protocols for selecting sampling units (townships) using a random, stratified sampling design based on 
the latest lynx habitat model (Hoving et al. 2004).  A stratified sample of townships (n=62) was selected 
having low, medium, and high predicted occurrence of lynx.  Townships selected for survey were spaced 
at least six miles apart to avoid autocorrelation of results.  As a result of this sampling design, these data 
could be used in a statistically-rigorous fashion to develop a second-generation lynx habitat model 
(Simons-Legaard et al. 2016).  When MDIFW proposed resuming lynx surveys in 2015, the University of 
Maine and the Service recommended repeating a similar stratified random sampling design based on the 
second-generation Simons-Legaard et al. 2016 lynx model.  Apparently, MDIFW did not accept our 
recommendation, and it is apparent from the map that MDIFW has departed from the previous sampling 
design.  The map indicates that adjacent townships were surveyed possibly  introducing problems with 
autocorrelation.  MDIFW has not shared information concerning their survey design and methodology.  
We do not know the predicted occurrences of lynx in these 19 townships.  It is possible that this sample 
of 19 townships includes a preponderance of townships that were (Hoving et al. 2004) or are (Simons-
Legaard et al. 2016) high probability of occurrence.  Unless the 19 townships were selected in a 
stratified, random sample we don’t know what biases may exist in these preliminary results.  In other 
words, if one samples in Maine where the University of Maine lynx models predicted to occur (or where 
anecdotal information suggests they occur), then there is a high probability that one will find lynx tracks.  
These were preliminary data that have not been published in gray literature or peer-reviewed literature.  
MDIFW did not mention whether these surveys continued in 2016 or provide results for last winter.  For 
these reasons, we did not use this information in the SSA.  This information confirms that lynx are still 
present in some of the same townships they occurred in 2003-2008 and some new townships, which the 
Service has acknowledged as part of our recent designation of critical habitat.  

10. Page 3. Unfortunately, many of the conclusions and the tone of the Climate Change Section in the 
SSA do not communicate this uncertainty and are definitive in nature.  For example on p. 68, 
“Climate change will diminish the amount of lynx habitat throughout the DPS by a) reducing the 
areas where snow conditions give lynx a competitive advantage over bobcats and other species, 
and b) reducing the amount of spruce-fir habitat required by snowshoe hares”, or on p.218, 



“Although uncertainty remains regarding the timing, extent, and biological consequences…..hare 
populations will decline… This in turn will reduce lynx abundance….” (underlines added).  
MDIFW is concerned about the objectivity of the climate change sections in the SSA and urges a 
thorough review of this section -- especially given the USFWS SSA Core Team’s admission that 
they took a more pessimistic view of climate change impacts to lynx than the experts at the EEW.  
Furthermore, MDIFW asks, are 50-year projections an appropriate standard for the 
“foreseeable future” language of the ESA? 

Response: We should review how we express uncertainty in the climate change section.  Although 
the scientific literature typically conveys caveats concerning the degree of uncertainty concerning their 
predictions (depending on the range of climate models used), there is no disagreement among scientific 
papers concerning the certainty of downward trajectory concerning the duration, quality, and depth of 
snow and boreal forest. Refer to Alexej Siren’s  workshop presentation “Climate change and uncertainty: 
implications for Canada lynx conservation and management in the contiguous United States.”  He 
concludes that the bulk of uncertainty lies not with the predictions (i.e. more precipitation in winter, but 
in the form of rain), but with range of emissions scenarios considered (slide 6).  Climate change is 
ongoing, thus we have a high degree of certainty about changes in snow and boreal forest that have 
already occurred to date and the science is unanimous that these trends will continue into the future.  The 
science documenting recent climate change further reinforces the modeled rate and nature of anticipated 
changes that are expected to occur within the next 50 to 100 years.   

We should cite in the SSA new climate information found after the decision meeting.  After the 
decision meeting we documented additional research from the University of Maine Center for 
Sustainable Forest Research report below that predicts loss of spruce-fir from Maine and Great Lakes 
Forest by the end of the century (and substantial declines by 2060). See pages Maine 88-99 in the report: 
Maps generated for the years 2030, 2060, and 2090 suggest that suitable habitat for white and black 
spruce will disappear from the U.S. by 2060 and from the Acadian Region by 2090 (Figure 9). Patches of 
suitable habitat for balsam fir and red spruce are projected to remain in the U.S. ca. 2060, but dwindle 
to only a few located at high altitudes along the Appalachian Mountains by 2090. This research also 
indicates that several of our northern hardwoods, red maple and paper birch, also decline and that red 
spruce could increase slightly.  The research shows that budworm and forest management (forest 
disturbances) greatly accelerates the declines in spruce-fir caused by climate change. 

The MDIFW’s Canada Lynx Assessment (Vashon et al. 2012, p. 60) concludes, “Climate change is 
expected to have the greatest impact on wildlife species that occur at the southern edge of their range. 
Lynx are associated with areas of deep snow (Hoving et al. 2005) and an abundance of young conifer 
(spruce/fir) where lynx have a competitive advantage over other common forest predators (i.e., bobcat, 
fisher, coyotes) and their prey, snowshoe hare, are abundant. It is uncertain how climate change will 
impact future lynx populations, but if projections are accurate, we can expect lynx populations to recede 
northward and populations to decline substantially over the next 100 years.”  On page 26 the assessment 
states, “Climate change, forest disease, and forest management activities (influenced by forest ownership 
and wood markets) will likely have the greatest influence on lynx persistence in Maine.”  MDIFW’s lynx 
assessment does not discuss uncertainty concerning these outcomes concerning climate climate change. 

About April, 2016 before we started to write the SSA, the USFWS core team questioned USFWS 
management about what would be a suitable time frame to analyze future conditions, especially 



concerning climate change.  USFWS managers agreed that since most climate change projections are to 
the end of the century, that would be a suitable time period for our analysis. 

11. Page 3. Perhaps of greater significance than the tone of the climate change sections is the over 
reliance on modeling to predict the persistence of lynx in the face of contradicting field data.  For 
example, on p. 66 of the SSA it states, “Reduced snow depth and duration may reduce lynx’s 
competitive advantage over bobcats, which have similar ecology to lynx but are not as well-
adapted to hunting hares in deep fluffy snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; 
ILBT 2013, pp. 69, 71). The bobcat is the closest related species to lynx in North America, and it 
outcompetes or displaces lynx wherever the two species overlap, at both broad (Peers et al. 2016, 
entire) and local (Parker et al. 1983;Robinson 2006, pp. 120-129) geographic scales.”  However, 
field observations and surveys indicate that lynx have expanded their range in Maine, and that 
lynx are now living and reproducing in Downeast Maine (i.e., sections of Penobscot, Washington, 
and Hancock Counties).  Northern sections of Downeast Maine have long been considered one of 
the best bobcat regions in Maine, and this region has historically had lower snowfall totals than 
northern interior Maine because of the influence of maritime weather patterns.  These field 
observations call into question whether marginally lower snow levels and bobcat are a 
significant threat to lynx in Maine. 

Response: The negative relationship of bobcats, lynx, and snow is well documented and cited in the 
literature (above citations and others including Parker’s paper from Cape Breton Island).  We should cite 
in the SSA the new information found after the decision meeting - Parker 2001 status review of 
lynx in Nova Scotia.  See lynx-bobcat rationale pages 34-36.  They consider bobcats and coyotes to be 
a significant threat to lynx populations in Nova Scotia and the importance of snow in mediating 
competition between these species. 

The two species have very little range overlap continent-wide and fine and coarse scales.  Where they do 
overlap, bobcats are dominant and displace lynx (Robinson 2006, Peer et al. 2016, Parker et al. 1983 and 
others).  Peer reviewers Murray and Harrison observe that although there is not empirical data to 
evaluate the nature of the competition between the species (behavioral, competition for hare 
resources) it seems to be an important limiting factor for lynx.  Both suggest that we expand the 
discussion to include coyotes and other food competitors.  The SSA describes this relationship, and 
USFWS biologists believe, that despite lack of empirical evidence on the mechanism, the best available 
science supports our conclusions about lynx and bobcat. LCAS authors come to the same conclusion.  

Range expansion of lynx in Maine is covered in point #5 above. 

Page 3 

12. MDIFW questions the conclusions reached in the SSA regarding predictions that Maine’s forests 
will 

change in a manner that threatens lynx and snowshoe hare populations. The SSA predicts these 
changes will occur because of climate change, forest maturation, and changes in forestry practices. 
For example p. 169 of the SSA states, “Models indicate that aging of past clearcuts and changes in 
forest practices to partial harvesting will diminish the current lynx habitat by half in coming 
decades.” MDIFW presents information substantiating that these predictions are based on inaccurate 
figures on hare densities in shelterwood harvests, and the misperception that changes in forest 
species composition will occur at equal rates on managed and unmanaged forests. For example, the 



SSA states on p. 171, “Currently, partial harvesting comprises about 94 percent of acres cut annually 
in Maine (Simons 2009,p. 50)” and “Foremost, snowshoe hare densities in partially harvested forests 
are on average about 50 percent lower (but range from 20 to 90 percent lower) than in regenerating 
conifer stands created by clearcutting (Robinson 2006, pp. 5-37; Scott 2009, p. 109, Simons 2009 p. 
83), thus reducing landscape hare density and presenting a challenge for future lynx conservation 
(Simons 2009, pp. 206, 209, 217; Simons-Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, 
entire).” However, MDIFW points out that according to the Maine Forest Service, since 2006, of the 
total acreage meeting the definition of “partial harvest”, 46% were shelterwood harvests. 
Shelterwood harvests do not have the same hare densities as other forms of partial harvest. Scott 
(2009) demonstrates that as of 2009, stands subject to shelterwood/overstory removal (even age 
management) had only slightly lower winter hare densities than regenerating clearcuts, and 2.5X the 
winter hare density of stands subject to selection harvests (uneven-age management). MDIFW argues 
that the presentation of forest and hare data is misleading, and that more research is needed on hare 
densities in shelterwood stands. 
 
MDIFW points out that while climate conditions in the Northeast may make conditions less favorable 
for spruce/fir forests and more favorable for deciduous trees, the rate of change will likely differ on 
private forests that are actively managed vs. unmanaged forests. Private landowners manage their 
lands for specific outcomes (see attached letter from Maine’s Forest Products Council). Therefore, 
inferences on how lynx populations will respond to changes in forest type must take into account the 
forest management plans of private landowner, especially in a state where 90% of lynx habitat occurs 
on private lands. From 1995 to 2015, the total acrage of conifer forest has actually increased in 
Maine (2,515,732 to 2,904,462 acres) with the acreage of conifer saplings staying relatively 
consistent (1,062,863 acres in 2015; personal communication, Ken Laustsen, Maine Forest Service). 

 

Response: We discussed this issue with Dr. Dan Harrison since it concerns interpretation of his snowshoe 
hare data about hares and shelterwood cuts.  Dr. Harrison believes that MDIFW misinterpreted his data 
and suggested the Service consider additional information concerning shelterwood harvests and hares.   

Concerning information provided by the MDIFW that hare densities in shelterwood harvests doubled, 
whereas they remained low in other stand types.  The sample size of the hare data for the shelterwood 
cuts that MDIFW references is n=2 and Dr. Harrison says that these were not a random representation of 
shelterwood harvests.  Dr. Harrison suggested we consider additional information concerning 
shelterwood harvests and why they are not likely to support landscape hare densities necessary to support 
current lynx populations into the future. 

We should write a paragraph in the SSA concerning the uncertain role of shelterwood harvests 
given the new information below.  We do make a statement that shelterwood harvests could 
contribute to landscape hare densities.  We should clarify that shelterwood harvests are unlikely to 
support lynx on their own and regenerating conifer (clearcut) is needed to raise landscape hare to a 
point where they can support lynx.  

Responses: 

• Currently, various forms of partial harvesting (selection + shelterwood) comprise about 95% of 
harvests.  UMaine publications have included shelterwood harvesting as a kind of partial harvest 
because it is.  We should include a footnote or define in the SSA what we mean by partial 
harvesting. 



• We have reviewed Dr. Harrison’s data with him so we understand his unpublished data.  On page 
18 of their comments, the MDIFW indicates they do not agree with UMaine data that hare have 
declined, but they use two data points showing higher hare densities in shelterwood stands that 
support their argument that shelterwoods will provide future habitat for lynx.  There are a 
number of flaws in their argument and on some points they are incorrect. See below. 

• MDIFW is incorrect citing Scott that shelterwood stands had “only slightly lower hare densities 
than regenerating clearcuts.  From 2005-2007, UMaine data indicates that shelterwood supported 
ONLY 36-56% of the hare densities found in regenerating clearcuts.  Only in 2008 did 
shelterwood cuts have 23% more hares than regen clearcut, but UMaine indicates that the sample 
is only 3 in 2008 (and only 2 in 2009-2011) because the companies took the overstory off these 
stands after 2007, essentially destroying their value to hares and to further sampling.These are 
the data that Shonene Scott had available to her for her thesis in 2009: 

 2005 2006 2007 2008 
Regen clearcut 2.29 hares/ha 

N=15 
1.92 
N=15 

1.19 
N=15 

0.67 
N=15 

Shelterwood 0.84 hares/ha 
N=9 

0.90 
N=9 

0.67 
N=9 

0.82 
N=3 

• Interpretation of Harrison et al. 2015.  The MDIFW contends that the graph below demonstrates 
that hares have “more than doubled” in shelterwood harvested stands.  Dr. Harrison has indicated 
this is a misuse and misinterpretation of the data.data shows that unlike all other stand types in 
Maine, boxes  

 



• The UMaine hare data presented in the CFRU report shows higher hare densities in shelterwood 
stands measured in 2010 and 2011.  The sample sizes for 2008 and 2009 is only 3 stands (see 
table above) and the two points MDIFW cites in 2010 and 2011 is only is only 2 stands.  These 
two stands are not random because the initial entry was particularly heavy (not typical) and they 
had such high regeneration that they were behaving more like regenerating clearcuts.  Dr. Dan 
Harrison is reluctant for a number of reasons to speculate these two data points represent 
increasing hare densities in shelterwood stands. 

Dr. Harrison pointed out several concerns about the hypothesis that shelterwood cuts will continue to 
provide lynx habitat in Maine in the future:   

• Regarding the number of shelterwood cuts.  Out of 100 stands cut in northern Maine, about 40% 
are shelterwood cuts (leaving 40 stands).  Of these about 50% are hardwood or mixed wood and  
favor intolerant hardwood regeneration, and 10% are in softwood (potential for hare and lynx 
habitat).  Most of these softwood stands will be small, isolated from other good hare habitat, or 
have an overstory removal done just as they are becoming good for hares (see below).  Thus, it is 
unlikely that regenerating shelterwood harvests will provide sufficient landscape hare density of 
at least 0.74 hares /ha to support lynx in the future.  Using Dr. Harrison’s data, even if a 
township-sized area were completely softwood and completely shelterwood harvested (both 
unrealistic assumptions), Dr. Harrison’s data would suggest that landscape hare densities (2005-
2008 data in the table and graph above) would only be about 0.80 hares/ha which is just above 
the threshold needed in Maine to support lynx. 

• Extensive stands heavy to softwood are frequently found in low-lying, wet areas.  They have 
problems when they are cut using the shelterwood system because they are subject to wind-
throw.  Thus, this silvicultural system is most frequently used for hardwood management on 
dryer, upland sites (hardwoods are wind-firm).  Shelterwood systems are also frequently used in  
management of white pine on dry sites (not high quality lynx habitat), especially to control for 
pine weevil. 

• The few shelterwood harvests done is spruce-fir are done in poorly drained sites to promote 
spruce and remove balsam fir in the initial entry.  On wet sites, cuts are kept purposefully small 
to prevent wind-throw.  Thus, they have limited utility to lynx. 

• Although 1/3 of shelterwoods are in softwood-dominated stands, very few are in heavy spruce-fir 
that would be good for hares and lynx.  No one is using the shelterwood system to promote 
balsam fir because of poor quality for saw logs and susceptibility to budworm.  Pulp market is 
gone. 

• Shelterwood diminishes hare habitat.  Initial entry requires about 20% of the acreage in skid 
trails that typically are left in heavy slash or grow back to raspberry = non-hare habitat.  After the 
second entry (commonly called the overstory removal), about 30-40% of the acreage is in skid 
trail or crushed regenerating spruce and fir.  What is left are small, scattered patches of hare 
habitat that have lower hare densities (as opposed to large regenerating clearcuts with little skid 
trail impacts). 

• About 70% of the shelterwood reported by Maine Forest Service is in hardwood or mixed wood 
stands – not high quality hare habitat.  After initial entry, many softwood stands are coming back 
to intolerant hardwoods, this is increasing with climate change (see new Legaard and Sader 
papers) and no herbicides are being used to promote softwoods. 



• The second entry in a shelterwood stand (overstory removal) comes at just about the time that 
hare densities become attractive to lynx (8-27 years after initial entry for UMaine study plots).  
After the second entry, hare densities are lower because of crushed regen and 30-40% in skid 
trails.  Dr. Harrison did not know if the skid trail ever recovers to HQHH.  Probably rarely. 

Hardwood-Softwood in northern Maine.  MDIFW believes softwood is increasing in northern Maine.  
Many sources indicate otherwise. 

• SFI/Maine Forest Service data shows increasing softwood (2.5 million acres in 1995 – 2.9 million 
acres in 2015).  This parallels development of lynx habitat in Simons-Legaard et al. 2016 and is 
an artifact of heavy clearcutting and extensive herbicide use to favor softwoods  in the 1970s and 
1980s to promote softwood growth.  The SFI data provided by MDIFW shows a drop in regen 
conifer 0-30 years because of increasing hardwood regeneration.  Several sources show 
increasing northern hardwood in northern Maine and New England on a landscape scale – 
McKaskill et al. 2016 in the SSA.  Also see Legaard et al. 2015 Evaluating the impact of abrupt 
changes in forest policy and management practices on landscape dynamics: analysis of a 
Landscapt image time series in the Atlantic Northern Forest.  This article clearly shows that the 
extensive clearcutting and subsequent harvest under the Maine Forest Practices Act has 
accelerated conversion of spruce-fir to deciduous and mixed forest. 

• In the short-term, balsam fir may increase because of current forest practices (peer review of 2014 
critical habitat by Erin Simons-Legaard), but will decline when the budworm returns and/or as the 
climate warms (new paper Simons-Legaard et al. 2015, climate change modeling of Maine 
forest).  Repeated entry to stands is increasing hardwood composition of northern Maine forest 
forced, in part, by climate change and natural tendency for intolerant hardwoods to dominate 
regeneration in disturbed stands in well-drained sites in northern Maine.  We lost over a million 
acres of spruce-fir in northern Maine after the last budworm outbreak and will lose more with this 
outbreak (Dr. Bob Seymour, UMaine silviculture professor, pers. comm. 3.8.2017). 

 

13. Page 4 MDIFW disagrees with statements that Maine’s lynx population would face increased 
threats from trapping and hunting if they did not have not have protection under the federal 
ESA. Trapping wasevaluated at the time of listing (USFWS 2000) and was determined not to be a 
significant threat to thelynx population. Currently, the vast majority of lynx caught in foothold 
traps are released with little tono injury. MDIFW contends there is no evidence to support 
statements such as, (p. 182) “Lynx wouldbe at greater risk without ESA section 9 
prohibitions against take. In a future scenario without Federal listing, Maine’s incidental 
take plan for trapping would be rescinded, and it is likely that many protective measures 
to minimize injury, take, and mortality of lynx would cease or diminish.” MDIFW submits 
thatin the event of delisting, the Department would continue to be committed to protecting 
lynxpopulations through trapper and hunter education, regulations focused to minimize captures 
in traps,and an active law enforcement presence. Prior to the federal ESA listing of lynx, MDIFW 
implemented anumber of measures to protect the species (MDIFW 2014, p. 78-79). These 
included closing the seasonon lynx hunting and trapping in 1967, and providing information to 
trappers on how to distinguishbobcats from lynx to avoid lynx incidental captures and trapping 
mortalities. 

 
MDIFW disagrees with the Lynx SSA Team’s conclusion that lynx face an increased risk because of 



Animal Damage Control (ADC) activities if lynx were no longer protected under the ESA. The SSA 
states(p. 182), “There have been a few situations where lynx have destroyed livestock, but lethal 
actions toremove lynx were avoided because of Federal listing. Without Federal listing, justification 
for shootinglynx in these situations would likely increase.” There has never been a documented lethal 
taking of lynx related to ADC activities in Maine, and it is very rare to get a report of lynx getting 
into someone’s“livestock” (i.e., chickens). The assertion that there is an increased likelihood of a 
lynx being shot toprotect chickens is pure speculation. MDIFW strongly urges the USFWS to 
reevaluate claims thatdelisting would threaten Maine’s lynx population because of increased 
mortalities from hunting,trapping, and ADC activities. 
 
Page 5MDIFW finds the statement on p. 20 of the SSA, lines 6-7 troubling: “… we do not evaluate 
the unlikely hypothetical future in which the DPS is not listed and conservation efforts disappear.” 
An inference that lynx conservation is totally dependent upon ESA seems unfortunate. The traditional 
role of state conservation efforts is apparently discounted, and current examples of cooperative 
efforts among statesand the USFWS to prevent listings (e.g., New England cottontail) may have not 
been considered.MDIFW does not argue that ESA protections are sometimes appropriate and value-
added, but USFWS should not ignore the long-standing primary jurisdiction of states for most 
wildlife resources, critically important partnerships with states for conservation of vulnerable 
species, the second generation of State Wildlife Action Plans, etc. On p. 6, lines 13-15, MDIFW 
believes the SSA is presenting an “all or nothing” worst-case scenario for the lynx DPS: “Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts, but not the complete absence of all protections for lynx.” MDIFW concurs that 
the lynx DPS needs thoughtful conservation attention at its southernmost range limits. However, our 
Department (1) strongly disagrees that the ESA is the only effective protection, and (2) counters that 
state conservation strategies, which may be inspired by the ESA, are generally a better, more lasting 
solution. 

 

Response: The MDIFW apparently misunderstood why the Service considered a future without lynx 
listing.  Marty Miller attempted to explain why this is an important future scenario to consider in the SSA.   

Perhaps we should reword this response to indicate that we do not know how MDIFW would 
respond to delisting and trapping rules.  MDIFW has publicly told trappers that they would rescind 
some trapping restrictions if the lynx was delisted.  If the MDIFW resumed management prior to listing, 
the lynx would be a protected species.  MDIFW took no special measures concerning traps and their 
placement prior to the time of listing until they were sued.  At that time, it was not required that trapped 
lynx be reported.  There was a case of a lynx killed in defense of property in VT, and in a recent incident 
in ME the landowner wanted to shoot the lynx.  Three lynx were reported shot in fall 2016 alone.  One 
peer reviewer indicated that we should have said much more about the risk to lynx from trapping in 
southern Canada.  He believed it has or could reach a point where trapping affects lynx both emigrating 
and immigrating from Canada.   

14.  Page 5 MDIFW suggests that a broader more forthright discussion is needed on the structure of 
the DPS. In the description of the geographical units of the SSA, MDIFW suggests stating, “The 
DPS designation reflects a jurisdictional boundary, not a biological one, for Canada lynx. The 
species is widespread and relativelysecure in Canadian provinces adjacent to the DPS.” Would 
the USFWS be willing to state, in the list of assumptions (p. 8, SSA), “We assume that the 
statuses of lynx within individual SSA geographic units are mostly independent of one another”? 
This assumption is requested to critically reconsider conservation strategies and outcomes given 



“the units are relatively isolated from each other” (SSA, p. 5). In fact,Unit 1 (northern Maine) and 
Unit 2 (northeastern Minnesota) are extremely isolated from other units bydistance and 
marginal habitat. As the USFWS has experienced with recovery efforts for Canis lupus, the 
improbability of “recovery” occurring concurrently in three (or more) regionally distinct SSA units 
greatlyhandicaps any scenario for delisting. 

 
 page 6 As currently written, the draft SSA examines threats facing lynx as well as resiliency, 
redundancy, andrepresentation of the DPS. “ESA’s requirements for delisting …” are cited (pg. 
20) as a second rationalefor not considering “… the unlikely hypothetical future in which the DPS 
is not listed.” We are unaware of “requirements” other than specific objectives established in 
recovery plans and the five factors guiding ESA status decisions listed in statute. The SSA is a 
thoughtful evaluation of species vulnerability relative to ESA. We hope that discussion of the five 
factors for listing is an option in any SSA but suggest that it particularly should not be omitted in the 
first status review of the lynx DPS after 17 years as an ESA Threatened Species. 

 

Response: The SSA discussed lynx biology.  It does not discuss how to interpret DPS policy, listing, or 
recovery as it concerns lynx.  We asked the states not to comment on listing or policy, but MDIFW and 
others did. 

15. Page 11. CLIMATE CHANGE However, we believe the SSA overstates the confidence with 
which climate models can be used to inform future trends in lynx distribution and population size 
in Maine. Uncertainty regarding changes in the amount and duration of snowfall, and the 
response to these changes by hares, lynx, and potential lynx competitors such as bobcats and 
coyotes, make projecting impacts on lynx very challenging. In addition, we feel that conclusions 
about changing forest species composition in northern Maine due to climate change are 
overstated and not supported by current data (see MFPC letter and other sections of MDIFW 
response). 

Response: The MDIFW provides no alternate science to justify outcomes likely to occur because of 
climate change. 

The MDIFW believes the underlying mechanisms describing the relationship between these species and 
snow are largely unknown.   

From MDIFW’s lynx assessment: 

“Maine’s lynx population is likely most limited by availability of prey and adequate snow depth. Climate 
change, forest disease, and forest management activities (influenced by forest ownership and wood 
markets) will likely have the greatest influence on lynx persistence in Maine. “ p. 27 

On a longer time scale, global warming may result in a net loss of conifer forest in Maine, as conifers are 
replaced by more temperate southern deciduous forest. Climate models for Maine during the 21st 
Century trend towards warmer and wetter conditions during all four seasons, with the greatest increase 
occurring in northern Maine. Over the next 100 years, northern Maine could see an 8% increase in winter 
temperature and a 16% increase in winter precipitation, with more winter precipitation in the form of 
rain (Jacobson et al. 2009). These changes will not only affect future snow levels, but will likely influence 



habitat suitability for individual trees species; balsam fir could become scarce, red spruce may decline 
especially in interior sections, and red maple could become more abundant (Jagels et al. 2009). Because 
mature trees are more tolerant to environmental stress, change in forest composition can be slow in 
existing forest. Conversely, young trees (seedling and saplings) are more susceptible to stress and 
disturbance (Logan and Gottschalk 2007 as cited by Jacobson et al. 2009). Forestmanagement can play a 
critical role in Maine’s response to global warming by slowing down or speeding up changes in forest 
composition by enhancing retention of critical species or facilitating the introduction of new species 
(Jagels et al. 2009). P. 54-55 

Low snow levels and habitat loss pose the greatest risks to Maine’s lynx population. If the prediction of a 
warming climate with more winter precipitation in the form of rain occurs, lynx may be restricted to 
extreme northern sections of Maine, and spruce/fir may also decline and recede northward. 
Management of Maine’s “spruce/fir flats” that maintains northern forest conditions and connectivity 
between neighboring lynx populations in Canada may allow lynx to persist in Maine. Commercial harvest 
of Maine’s spruce and fir forest will likely continue, but new markets that favor shorter rotations and use 
sapling trees will likely reduce the quantity and quality of future lynx habitat, and changes in forest 
landownership could lead to more land development. Forest management activities that do not promote 
conditions to support lynx and hares may be offset by future tree-disease outbreaks. P. 65 

However, most models do not include other extrinsic factors (e.g. budworm outbreak, climate change, 
timber markets) that will influence future lynx numbers. Climate change is expected to have the greatest 
impact on wildlife species that occur at the southern edge of their range. Lynx are associated with areas 
of deep snow (Hoving et al. 2005) and an abundance of young conifer (spruce/fir) where lynx have a 
competitive advantage over other common forest predators (i.e., bobcat, fisher, coyotes) and their prey, 
snowshoe hare, are abundant. It is uncertain how climate change will impact future lynx populations, but 
if projections are accurate, we can expect lynx populations to recede northward and populations to 
decline substantially over the next 100 years. p. 60. 

It seems that MDIFW Lynx Assessment and the SSA arrive at similar conclusions about how climate 
change will affect snow, competition with bobcats and coyotes, and result in habitat changes.  MDIFW 
concludes “if projections are accurate [i.e., climate change in Maine publications], we can expect lynx 
populations to recede northward and populations to decline substantially over the next 100 years.” 

16. Page 12  How did the authors come to this determination? Vashon et al. 2012 (cited throughout 
the document), provides estimates of past and current lynx populations in Maine and 
how those estimates were derived. The USFWS accepted these population estimates in 
the Incidental Take Plan for Maine’s Trapping Program (2014) and issued the state an 
Incidental Take Permit based on these population estimates. 

Response: Maine, and other states, have employed various methods to “ballpark estimate” how many 
lynx may occur in their jurisdiction.  This is most frequently done by applying a lynx density to an 
estimate of overall habitat, which requires many assumptions that may or may not be correct.  These 
are not true population estimates (as MDIFW points out) and cannot provide an estimate of variation 
around a mean, etc.  The methods are not employed in a standard fashion between jurisdictions.  Some 



are more guestimate…it was very difficult for the Core Team to evaluate the validity and we did not use 
any population estimates in the SSA.  Furthermore, lynx populations are known to vary widely over 
relatively short periods of time and this does not seem to be incorporated into any of the estimates.   

MDIFW explains two ways of estimating Maine’s potential lynx population in their lynx assessment.  The 
USFWS or others (UMaine) have not been asked to review and provide comment.  If so, the Service 
would have many comments and concerns on the methods used.  Contrary to what is stated in the 
comments, we did not accept Maine’s lynx population estimate in the biological opinion.  Instead we 
based our jeopardy analysis on a conservative figure of 500 lynx. 

17. Page 12. On Page 43, the SSA states there are 750 to 1,000 lynx in Maine, but on Page 99 and 
117 the SSA states 500 to a 1,000 lynx, and then on Page 111 the SSA states several hundred to a 
1,000 in Maine 

 

Response: Given our decision not to use population estimates, we should revise these sections of the 
SSA to refer to populations only in relative terms.  This is a function of our haste to write the SSA. 

18. Page 13. Population and habitat are not decreasing 
o Page 99 – …after 2006 suggest slightly decreasing population This statement is not cited and is 

contrary to data presented at the Expert Elicitation Workshop that supports an expanding lynx 
population in Maine. At the workshop, we shared the first year of data from snowtrack surveys 
to monitor changes in lynx detections and occupancy over time. We now have another winter 
and a half of data. Between January 2015 and Febuary 2017, we have resurveyed 30 towns 
across northern Maine. During initial surveys (2003-08) lynx were detected in 14 of 30 towns 
(43%), during resurvey efforts lynx have been detected in 28 of the same 30 towns (93%). 

o Page 99 (also see page 105 3rd paragraph) – hare went under a 50% decline in 2006 and 
have remained at lower levels. This statement is not cited. There is no study at the 
scale this sentence implies. 

Response: We should reword sentence on page 99.  Habitat in ME should be declining quickly (Simons-
Legaard papers).  Hare decline is well-documented across a wide geographic area in northern Maine and 
southern Quebec (Harrison et al. 2015, Assels, Scott).  MDIFW provides no data to the contrary.  We 
have no information on the experimental design of MDIFW’s snow track survey.  Are they visiting 
townships with a high predicted probability of having lynx?  Are the townships randomly sampled?  Is 
the sampling design stratified according to the most recent lynx models?  We cannot ascertain this 
information without a report, data, ability to determine the validity of the methods, or to interpret this 
information. 

19. Page 13. Vortex Model The MDIFW questioned the results of the Vortex model produced by the 
USFWS in the SSA (see page 33 and page 113 paragraph 2, last sentence.  The MDIFW 
questioned why this was done since a model by the researchers collecting the data was already 
available. In addition, a Vortex model was part of Maine’s Incidental Take Plan submitted to the 
USFWS which was accepted on 11/4/2014. The MDIFW in 2012 calculated an intrinsic rate of 
growth of 0.05 (Lambda = 1.05) for Maine’s lynx population based on demographic data from a 



radiotelemetry study that we collected over a 12-year period (see Vashon et al. 2012 Appendix 
VI). This is contrary to the model reported in the SSA. 

 

Response: Because there are two distinct periods of snowshoe hare density in Maine since listing the 
lynx (high before 2006, low after 2006) the Service asked MDIFW in the trapping incidental take plan to 
provide two Vortex model runs (deterministic model) to determine lamda – one for lynx demographic 
data obtained when the hares were high and another for when the hares were low.  The MDIFW opted 
to use  “average” survival and reproduction rates over the entire 2000-2012 time period.  For the 
purposes of the SSA, we used the lynx demographic data in MDIFW’s lynx assessment, which they 
present during the high and low hare periods. The Vortex demographic model showed an increasing 
population (lamda) during the high hare period and a decreasing population (lamda) during the low hare 
period.  UMaine data indicates the low hare period has persisted from 2007-2015.  If this persists into 
the future (everything else being equal) lynx populations would be expected to decline.  But all things 
are not equal…habitat will diminish by 50-60% in the next 16 years, shift to the south, and become more 
fragmented.  Thus, we conclude that Maine’s lynx population will return to lower levels, perhaps to 
levels similar to prior to the spruce budworm outbreak. 

20. Page 14. o Page 114, 2nd and 3rd paragraph have surprisingly similar sentences with different 
references leads to the question if cited correctly and also if redundancy is needed. Also repeated on 

page 100 (1st paragraph). 
 2nd paragraph: Thus, average conditions in Maine are currently at or below the 
snow persistence thresholds believed to be needed to support lynx (Gonzalez et 
al. 2007) 
 3rd paragraph: Thus, average snow conditions in Maine are currently at or 
below snow depth thresholds for lynx and further declines in annual snow 
depth would be expected to reduce the probability of lynx persistence in the 
region (Hoving et al. 2005). 
 Contrary to field data from Maine collected by MDIFW: i.e., periodic winter 
snow-track surveys to detect lynx shows lynx are expanding into eastern Maine 
where snow conditions are more variable due to maritime weather on the 
coast. Also, all field data suggests and increasing population since the 1990s, 
which is contrary to the above statements. If you keep these statements, you 
need to share that these hypotheses have not yet been born true by field data. 

Response: Note change second statement from Hoving to Gonzales.   The information provided by Jen 
Vashon in the lynx workshop (slide #22) indicates that the MDIFW did not find lynx in snow-tracking 
surveys in central Washington County where lynx and kittens occurred several years ago.  They were re-
documented in northern Washington County.  “All Field data suggests increasing population…” We 
assume this is the sighting, trapping, and road mortality information provided in the MDIFW’s power 
point at the workshop.  We do not consider highway mortality to be an accurate index of the 
population.  MDIFW relied heavily on reported lynx trapped as an index of an increasing population but 
did not present at the workshop  a dramatic decline from 20 lynx reported in 2014 to 4 lynx in 2015.  Did 
the population crash?  The Service believes that reporting rates of lynx are uncertain, variable from year 
to year, and not a reliable index of population.  Similarly, lynx sightings by biologists are not a reliable 



index.  An alternate hypothesis is that lynx could be starving in Canada and dispersing – thus exposed to 
traps, killed on roads, and sighted more frequently.   

21. Page 14. Corridors Page 95 – indicates that farming in NE Maine fragments corridors between 
Maine and New Brunswick. No citation provided. We have detected lynx during recent 
monitoring efforts (track surveys) and have documented movements of tagged lynx across 
ME/NB border, which contradicts statement made here. Recast sentence. 

 

Revise, if necessary.  No doubt lynx can cross the ME-NB border in certain areas, but the best 
available science says they are reluctant to cross large openings (extensive fields), thus the corridor 
is compromised by extensive farmland in some areas (but maybe not all). 

22. Page 15To date, available research has assumed a density of 0.8 hares/ha for all partially 
harvested stands, regardless of stand composition (hardwood dominated, softwood dominated, 
or mixed wood), time since harvest, or silvicultural objectives. This hare density estimate was 
developed by sampling a group stands that represented the range in conditions likely to be 
present in stands subject to partial harvest (including hardwood dominated stands 

 

Response: If we were to revise these models today, we may consider the lower hare densities that 
prevailed 2007-2015.  Thus it would be prudent to assign a value of about 0.40 hares/ha to partially-
harvested stands.  For the various reasons described above, it is highly unlikely that shelterwood cuts 
will replace the regenerating clearcuts and make a major contribution to the future habitat for lynx.  Of 
the few softwood shelterwood cuts on the landscape, UMaine has found many shelterwood cuts to be 
compromised in their ability to support hares.  Furthermore, the majority are managed for northern 
hardwoods and the phenomenon of extensive hardwood regeneration is documented in scientific 
literature (McCaskill et al. 2016, Legaard et al. 2015). 

Given these comments, we should consider a paragraph explaining why it is unlikely that shelterwood 
stands will provide substantial future habitat for lynx (see earlier comments).  

23. Page 18. MDIFW does not agree with numerous statements in the SSA that suggest that 
sufficient scientific evidence is available to conclude that hares have declined at the landscape 
level in the northern Maine unit and have remained low since 2006. 

 

Response: This is inexplicable because the MDIFW acknowledges the validity of UMaine hare density 
information in their lynx assessment (Vashon et al. 2012) pages 14, 19 (acknowledging lynx have 
different demographics during period of hares abundant and hares less abundant), page 26, etc. 

24. Page 21Throughout the SSA, but especially in Chapters 3 and 4, statements are made without 
citations. If this is to be an objective science-based document, these statements need specific 
references to be valid. 

 



Response: Review these sections.  MDIFW provided no specific examples of statements needing 
citations.  In contrast, peer reviewers unanimously said that we did a good job of citing information that 
contributed to the logic of our conclusions. 

25. Page 21 Chapter 3 (Factors Affecting Long-term Viability of the DPS) considers only adverse 
factors. We urge USFWS to balance the discussion by giving due attention to factors that have 
been beneficial to lynx inthe DPS. Many of the risks (e.g., mining, pre-commercial thinning, 
windpower, land development, etc.) have little information, no documented impacts to lynx, or 
are not significant issues in the DPS. Speculation not supported by facts is inappropriate. We 
urge careful review of these statements before public review and decision-making. 

 

Response:  The SSA and LCAS (2013) come to identical conclusions concerning which threats pose the 
greatest threat to lynx (climate change, forest management, wildfire, loss and fragmentation of habitat) 
and which have a lesser threat (trapping, recreation, illegal hunting, etc.).  This ranking of threats was 
similar to that from the experts at the workshop.  We do not fully understand how lynx respond to 
some forms of development the effects of some development.  Make sure we explain this in Chapter 
3.  

26. Page 21. Finally, we strongly endorse major conclusions in the SSA that (1) the initial threat for 
listing the lynx DPS has been met; (2) that the DPS currently is resilient, redundant, and 
representative; and (3) although there is tremendous uncertainty with long-term projections, we 
agree with the EEW experts that in the foreseeable future (at least through the next 25 years) 
lynx status is secure in the DPS. 

 

Response.  We don’t believe the third point above reflects the opinion of the experts.  Some were 
pessimistic about the future of lynx in some units, even to 2050.  After determining the median 
response, experts believed that 5 of 6 DPS units would persist until 2050 (albeit at lower numbers and 
more fragmented habitat), at worse 3 of 6 units would have a >50% probability of persisting to 2050, 
and median that 4 of 6 units would have a >50% probability of persistence to 2050.  MDIFW did not 
comment on the Service’s Core Team opinion who took a more pessimistic view of persistence of some 
units after having the benefit of an extensive review of the literature.    

 

Minnesota Department of Natural Resources (Tam) 

 

Montana Fish, Wildlife & Parks (Jim) 

 

Washington Department of Fish and Wildlife (Bryon) 



1.  Implies that the SSA is lacking in conservation measures for lynx breeding populations that likely exist 
in between, and that potentially connect the six geographic areas we are focusing on for lynx 
conservation, especially the geographic areas in Washington, Idaho, and Montana. 

Response – We acknowledge that lynx likely have existed (reproduced) in the past, currently reside, and 
will likely do so in the future in areas outside of the six geographic areas in the contiguous U.S., at least 
ephemerally.  In our opinion, we can best serve lynx conservation by focusing efforts on maintaining 
lynx populations in those places that seem to provide the ecological conditions supporting lynx life 
history needs and that have continually supported persistent lynx breeding populations through time 
(i.e., the six geographic areas).  However, lynx analysis units (LAUs) have been delineated on all USFS and 
BLM lands containing lynx habitat both within and outside of the identified six geographic areas, at least 
in the west and mid-west.  These delineated LAUs are managed, and will continue to be managed in 
accordance with USFS Land and Resource Management Plans, BLM Land Use Plans, or the LCAS as 
appropriate and applicable.  Additionally, within Washington, the WADNR, pursuant to their 2006 Lynx 
Management Plan, has delineated LAUs within lynx habitat on their ownership, and manages these 
LAUS in accordance with their 2006 Lynx Management Plan. Thus, areas outside of the six geographic 
areas will be managed to support lynx reproduction to the extent they are capable of doing so. 

2.  Is concerned that the SSA under appreciates the short-term (10-20 years) risk to the probability of 
lynx persistence in Washington from threats, and the large uncertainties about population processes 
that will influence its probability of persistence (e.g., immigration from BC, emigration, fires, snowpack, 
disease, current demographics of the population, impact of trapping in southern BC, status of 
population in BC, habitat corridor stability between BC and WA). 

Response - The SSA concludes that the probability of lynx persistence in Washington may dramatically 
decline by as much as 20 to 30 percent within the next 10-20 years primarily due to recent impacts to 
almost 50 percent of lynx habitat resulting from large-scale wildfires, and acknowledges that this 
population could become extirpated should additional high intensity large-scale wildfires occur within 
lynx habitat in the near future. Also, see response to number 4. 

3.  States that current management plans for lynx are in need of revision to incorporate new information 
and concepts pertaining to lynx management. 

Response – We agree that new science pertaining to lynx management should be incorporated into 
management plans as it is developed.  This would be especially important if such new science represents 
paradigm shifts in our understanding of lynx habitat management.  Currently, the new science on lynx 
habitat management that has been derived is from limited studies, not been fully developed, and is 
more of a refinement complementing the existing knowledge of lynx habitat requirements to support 
successful reproduction.  However, once fully developed and vetted, the new information should be 
incorporated into existing lynx habitat management direction. 

4.  WDFW questions the SSA’s conclusion that there is a meaningful level of lynx immigration from 
Canada to Washington and cites declining lynx harvests in BC as an indicator of potential reduced lynx 
immigration to Washington. 

Response – We do not disagree with the WDFW’s concern regarding lynx trapping in BC and the 
potential implications for reduced opportunities of lynx immigration to Washington.  However, the 
WDFW does not define “meaningful”, nor did we state that there currently or likely will be future 
meaningful level of lynx movement between BC and Washington. We also appreciate WDFW’s concern 



and acknowledge the lack of data to support immigration/emigration of lynx from/to BC and 
Washington.  Nonetheless, as lynx are very capable dispersers and there does not appear to be any 
barriers preventing lynx movement between Washington and Canada as concluded by Singleton et al. 
(2002, entire), we have no reason to conclude that lynx movement between Washington and Canada 
has significantly changed from historical conditions (aside from the historic, unprecedented lynx 
irruptions in the 1960s and 1970s).  To wit, as stated in the SSA, a male lynx collared in Washington in 
2008 was trapped in BC in 2009.  Very few lynx have been collared in Washington.  Thus, it is not 
unreasonable to presume that other lynx movements between Washington and BC (both immigration 
and emigration) have occurred and will most likely continue to occur, at least in the foreseeable future.  
Further, while we conclude that lynx immigration from Canada to the U.S. has occurred historically and 
that maintaining this connectivity may be important, we are unsure regarding the role that this 
connectivity may play in supporting the genetic and/or demographic stability of lynx populations in the 
U.S.  We only indicate that should several additional wildfires result in extirpation of lynx in Washington, 
the lynx population in BC could be a source for recolonization of Washington by lynx once vegetative 
conditions conducive to supporting lynx reproduction are restored through successional regeneration. 

Wyoming Game and Fish Department (Jim)   

 

 

Note:  Non-substantive comments, letters of support, or submission of minor corrections/new data 
were received from Michigan, New Hampshire, New Mexico, and Wisconsin. 

No comments were received from New York, Oregon, Utah, or Vermont.  



Summary of major or consistent issues, comments, concerns, and themes from Peer reviews and State 
agency reviews of the Draft Lynx SSA Report 

 

I. Peer Reviews – Several peer reviewers (Harrison, Squires, Schwartz) question the utility of the 3Rs 
approach and our qualitative assessment of “adequacy” of each R.  Several (Moen, …) question the 
appropriateness of projecting to end of century, or beyond about mid-century, given CC and other 
uncertainties.  Several (Moen, Schwartz) also suggest a greater emphasis on the importance of 
connectivity with Canadian lynx populations to the persistence of DPS populations; another (Harrison) 
suggests that connectivity with /reliance on Canadian populations may be less important, at least for 
some units (Maine and Minnesota). 

Peer Reviewer 1 – Ron Moen (Tam) 

1.  Questions the length of the forecasting window – “Can we really project conditions to 2100, 
especially given the uncertainty with respect to climate change?” We can be reasonably confident in 
predictions through 2030 or 2040 perhaps (10 or 20 years) but we would then need to qualify 
predictions beyond that by saying there is much more uncertainty further into the future. 

2.  Concerned about how we presented/summarized process and results of expert elicitation and 
associated uncertainty; cautions about use of the term “probabilities” vs. quantifying opinion, and on 
use of “confidence intervals” with regard to expert uncertainty and implying a “false [level of] 
precision.” 

3.  Thinks for most segments of the DPS at the present time that a connection with Canada and cross-
border movement (both emigration and immigration) is more important to the persistence of lynx in the 
units than implied.  There are 2 issues, one is the immigration of lynx into the U.S. DPS, and then the 
second is the movement out of the DPS. 

4.  With high scenario climate change, lynx habitat in MN would disappear, according to Galatowitsch et 
al. (2009), which indicates that the boreal forest biome in MN will be gone by 2060 – 2069.  In his 
comments, Moen indicated that he thinks that the disappearance may happen sooner (~2050). 

5.  Both "upward in elevation" and "receding northward" should be included in discussions of climate 
change impacts, unless are focused only on Maine and Minnesota (186-24). There is not enough 
elevational relief in MN to have an upward movement. 

6.  Lynx movement to the north (and return) is documented, and it is likely movement occurred in the 
past, but especially in the recent years (since 1980's) periodic supplementation of lynx in MN with lynx 
from ON has occurred, and is important for maintaining population over the long-term. May be most 
relevant to MN because of lack of barriers. 

7.  There is too much emphasis on the ability of lynx to move in deep “fluffy” snow.  In the context of 
comparison to competitors of lynx (e.g., coyotes and bobcats) there is no question that foot-loading of 
lynx is less given their foot size and body mass. However, what lynx benefit most from is the presence of 
a crust in the snow. The crust enables them to walk on top of the snow. If there is a new snowfall, they 
will go through the new snow until they hit the crust.  It should be phrased in the context of relative 
ability to move. There are further implications of snow quality for both lynx and for snowshoe hare for 
lynx movement and predation success. 



8.  In the past mining has had a smaller footprint in MN, but there are now proposals to increase mining 
with a shift to extraction of non-ferrous metals. Discussed in 94-25++.  

9.  The one possible action would be to some sort of a PVA. If we were to take data collected across 
units (as well as in central area of lynx distribution), there could be some sort of a reasonable PVA 
output. I would be more confident in a PVA like this than I would be in the probabilities of persistence to 
2100.  We just published a PVA for lynx on Isle Royale (Licht et al. 2016). Technically this is outside the 
DPS, but it is very close to the MN portion of DPS. There was also the more general modeling approach 
of Steury and Murray (2004) that is already cited in the SSA. You may be possible to generalize across 
locations, but a PVA approach would probably be an improvement. 

10.  Clarify the text regarding the plan for lynx incidental take in Minnesota. The plan was in the hands of 
the FWS, the text here indicates that it is still being developed by the DNR.  

11.  Fires in Minnesota. Although fires are discussed already (189-1++), it might be good to include that  
3 recent fires have burned about 20% of northern NE MN, and a windstorm in 1999) covered significant 
percentage too. 

Peer Reviewer 2 – Dennis Murray (Bryon) 

1.  Agrees with our conclusions regarding the overall effects of climate change and the potential impacts 
to the probability of lynx persistence in each of the geographic regions and DPS as a whole, but he 
challenge our analysis underlying the mechanisms of climate change impacts upon lynx persistence. 

2.  Feels the SSA places too much emphasis on loss of snow and changes in snow conditions leading to 
increased competition with lynx from bobcats for snowshoe hares, etc. as the primary driver of effects 
to lynx, and not enough emphasis upon what he considers the more likely explanation that loss of snow 
is likely to reduce snowshoe hare abundance and distribution that is likely to lead to decreased lynx 
abundance and perhaps distribution. 

3.  Challenges our statements pertaining to the 0.5 hares/ha threshold level landscape density of 
snowshoe hares thought necessary to support lynx reproduction, as he contends there is no empirically 
based science supporting this threshold.  

4.  Suggests that lynx may be able to rely more heavily on alternate prey in areas with lower snowshoe 
hare densities. 

Peer Reviewer 3 – Dan Harrison (Mark) 

Note:  List below for this reviewer currently only includes the comments that Mark concluded were “Red 
flag!!!!!” or “Potential red flag!!!!!” 

1.  (a) “The issue of potential effects of incidental and illegal mortality have not been adequately 
considered or evaluated in the Draft SSA.”  (b) “…the currently underutilized opportunity for enhancing 
habitat management on private lands would be further diminished if lynx were to be de-listed.”  [Mark 
concludes, based on these comments:  “Potential red flag!!!!! The SSA does not explore and consider the 
cumulative and synergistic effects of stressors on individual SSA units individually or as a whole.”] 

2.  “The landscape-scale effect of the shifting composition away from conifers and towards hardwoods 
in Maine is documented in Legaard et al. 2015. In my view this rapid shift towards hardwoods from 



forest harvesting is much more important to lynx in the short run than is the longer term forest shift 
associated with climate change.” 

3.  “Roads are typically considered in terms of human-induced mortality, but the habitat effects of roads 
are incredibly significant for the Maine population – they are avoided by lynx, have low conifer stem 
density and hare densities, affect lynx movements/foraging paths, thus affecting availability of high-
quality habitat.  Utility corridors, access roads to wind sites, and gravel forest roads (particularly if they 
receive snowmobile traffic) may enhance access of generalist and edge associated predators and 
competitors (e.g., coyotes and red foxes) into areas where lynx occur and forage on hares.” 

4.  “The summary does not address how current ESA listing affects current status of lynx or how 
protections and status would be expected to change if the DPS were to be removed from ESA 
protections. This seems inconsistent with the frequent mention and consideration of those topics 
throughout the Draft SSA and considering that this document is intended to guide future 
decisionmaking.” 

Peer Reviewer 4 – John Squires (Jim) 

1.  Questions what constitutes “adequate” resiliency and redundancy for southern (DPS) lynx 
populations and our conclusion that most DPS populations have historically and recently demonstrated 
“adequate resiliency.” 

2.  Wonders if contraction of small, localized populations could be expression of loss of resiliency and 
redundancy among southern lynx populations; considers such contraction a “major conservation 
concern.”  Also feels we treat these populations “dismissively.” 

3.  Questions our assessment of historical lynx occupancy in Wyoming/GYA; cites largely anecdotal 
(unverified) occurrence data to (1) show that “early records suggest that lynx were present in Wyoming 
for a long time based on photographs from Yellowstone extending back to the 1920s and museum 
records,” (2) conclude that lynx “may have inhabited the Wyoming Range since 1940,” and (3) “…refute 
the notion, as reported in the SSA document, that lynx were ‘intermittent’ in the region.” 

4.  Feels we did not stress importance of the Wyoming Range to lynx in Wyoming; that we “downplayed 
the historical importance of the Wyoming population throughout the document; suggests the team 
review/edit the wording to “provide a better balance.”  Suggests that the Wyoming Range has the best 
lynx habitat in the state but has been “highly impacted by natural and anthropogenic disturbance (fire, 
timber manipulation, proposed energy development, conflicting wildlife management priorities).” 

Peer Reviewer 5 – Mike Schwartz (Jim) 

1.  Believes that the resiliency/redundancy/representation framework is not comprehensive and misses 
important ideas of historical range, representation, and connectivity.  Suggests that conservation 
priorities should be that populations are resilient, redundant, adaptable/representative, and have 
recovered to some historical extent; otherwise, “…the persistence of the species (DPS) may be assured 
in the short run, but its recovery and return as an ecologically functional element is incomplete.” 
 
2.  Feels the expert estimate of the size of the Minnesota population (50-200 according to Moen [in 
several places we said 190-250]) is optimistic and appears to be “…based on converting suitable habitat 
to number of individuals (presumably by assuming a home range size and some overlap among the 



sexes).  This approach assumes that the fundamental niche (habitat suitability) equals the realized niche 
(habitat suitability limited by competition, species interactions, etc).  This is almost never the case.”  
 
3.  Feels that in Wyoming “…there is a consistent signal of lynx from at least the 1970s with strong 
signals at the beginning of the 21st century.”  Suggests caution in interpreting recent (2010-2017) 
absence of verified lynx records as suggesting range decline because “…effort to detect lynx appears to 
have dramatically declined since 2010.” 
 
4.  Feels our assessment of resiliency and redundancy is optimistic because of the inherent assumption 
that the six units are functioning independently. 
 
5.  Feels the importance of connectivity is undervalued and needs to be elevated in the final SSA report; 
that it “…plays a role in both resiliency and redundancy while influencing representation…”;  and that 
the adequacy of connectivity he documented among peripheral populations in 2002-2003 may have 
changed in the last 15 years.  “If each of the populations at the border with Canada (WA, MT, MN, ME) 
suffer reduced connectivity, due to climate change or because there have been no large amplitude 
cycles in the past decades, they are again not completely independent and less redundant than the 
document and the experts suggest.” 
 
6.  Feels the importance of genetic drift is underappreciated and that our conclusion that there is little 
risk of significant genetic drift is false if DPS populations are isolated from Canadian boreal populations 
(which they do not seem to be, and which was not hypothesized by other experts). 
 
7.  Is concerned that our conclusions in the draft SSA report “…may be too optimistic for the future of 
lynx in the contiguous United States. There are symptoms of serious problems throughout much of the 
range. Even the most robust populations (MT and ME) show either some sign of decline (MT with a 
negative population growth rate in Seeley Lake and a loss of a peripheral population in the Garnet 
range) or have projections of major habitat change due to both climate and socio-economic change in 
the region. Unless we see a large dispersal event from the Canadian boreal forest in the near future I 
would expect to see each population chiseled away slowly over the next few decades. On the other 
hand, I agree with the experts that over the very short time frame there appears to be little risk of 
extirpation of lynx in the contiguous United States.” 
 

II. Substantive State Agency Reviews 

 

Colorado Parks and Wildlife (Kurt) 

 

Idaho Fish and Game (Bryon) 

 

Idaho Office of Species Conservation (Jim) 

1.  “The State of Idaho disagrees with the Service’s determination that the Canada lynx qualifies as a 
DPS. Based on the species distribution at the time of listing and the robust populations in Canada and 



Alaska, the species does not qualify as a discrete and significant population as contemplated by the 
Service’s DPS Policy. In fact, within the Lynx SSA, the Service recognizes that lynx distribution in the 
contiguous United States is difficult to define and is at the very southern periphery of the species range. 
Based on the best available information within the Lynx SSA, the State encourages the Service to revisit 
its prior DPS determination.” 
 
“Furthermore, as pointed out by IDFG, Idaho lacks a persistent lynx population. This is supported by 
historical and current survey records. Dispersing lynx in Idaho are part of a larger population that occurs 
in Montana and British Columbia – lending further credence that this is not a distinct population. Future 
ESA considerations must take into account Idaho’s historic and current lack of a persistent lynx 
population.” 
 
Maine Department of Inland Fisheries and Wildlife (including Maine Forest Products Council) (Mark) 

I have not yet boiled down the many pages of comments and responses provided by Mark on 3/17/17 
(earlier today). 

Minnesota Department of Natural Resources (Tam) 

Most of MNDNR’s substantial comments focused on the many uncertainties that come with predicting 
future conditions, particularly with climate change, into the long-term future.  They are concerned about 
unclear evidence of causal relationships; for example, they are not aware of any study that has 
attempted to quantify hare/lynx response to the changes in Federal land management plans.  They do 
agree that lynx have adaptations for deep snow, but disagree that they need snow.  Lynx need hares and 
hares need boreal forest, but lynx do not need snow because they survive 7 months out of the year 
without snow.  MNDNR does not believe one can say much beyond that lynx require hares, and thus 
hare habitat/populations should be a main focus in the SSA. 

Montana Fish, Wildlife & Parks (Jim) 

The Draft SSA incorrectly summarizes the expert elicitation panel’s discussions about likely future 
conditions and probabilities of persistence as if they are conclusions without uncertainty. This 
uncertainty must be adequately presented in the SSA for the document to be received as legitimate. 

Speculative expert opinion is being held equivalent to objective science – this is a major departure from 
the use of best available science. 

The GYA is not capable of maintaining a resident reproducing lynx population and should be removed 
from the list of lynx units. 

The SSA needs to (better) address the incongruence apparent in the ephemeral nature of (some) lynx 
populations (ref. to the Garnets Range). 

Continue to object to the designation of a single DPS and see no justification to preserve ESA protections 
in the Northwest Montana/Idaho Geographic Unit.  

Washington Department of Fish and Wildlife (Bryon) 

 



Wyoming Game and Fish Department (Jim)   

 

 

Note:  Non-substantive comments, letters of support, or submission of minor corrections/new data 
were received from Michigan, New Hampshire, New Mexico, and Wisconsin. 

No comments were received from New York, Oregon, Utah, or Vermont. 



Summary of major or consistent issues, comments, concerns, and themes from Peer reviews and State 
agency reviews of the Draft Lynx SSA Report 

 

I. Peer Reviews – Several peer reviewers (Harrison, Squires, Schwartz) question the utility of the 3Rs 
approach and our qualitative assessment of “adequacy” of each R.  Several (Moen, …) question the 
appropriateness of projecting to end of century, or beyond about mid-century, given CC and other 
uncertainties.  Several (Moen, Schwartz) also suggest a greater emphasis on the importance of 
connectivity with Canadian lynx populations to the persistence of DPS populations; another (Harrison) 
suggests that connectivity with /reliance on Canadian populations may be less important, at least for 
some units (Maine and Minnesota). 

Peer Reviewer 1 – Ron Moen (Tam) 

1.  Questions the length of the forecasting window – “Can we really project conditions to 2100, 
especially given the uncertainty with respect to climate change?” We can be reasonably confident in 
predictions through 2030 or 2040 perhaps (10 or 20 years) but we would then need to qualify 
predictions beyond that by saying there is much more uncertainty further into the future. 

2.  Concerned about how we presented/summarized process and results of expert elicitation and 
associated uncertainty; cautions about use of the term “probabilities” vs. quantifying opinion, and on 
use of “confidence intervals” with regard to expert uncertainty and implying a “false [level of] 
precision.” 

3.  Thinks for most segments of the DPS at the present time that a connection with Canada and cross-
border movement (both emigration and immigration) is more important to the persistence of lynx in the 
units than implied.  There are 2 issues, one is the immigration of lynx into the U.S. DPS, and then the 
second is the movement out of the DPS. 

4.  With high scenario climate change, lynx habitat in MN would disappear, according to Galatowitsch et 
al. (2009), which indicates that the boreal forest biome in MN will be gone by 2060 – 2069.  In his 
comments, Moen indicated that he thinks that the disappearance may happen sooner (~2050). 

5.  Both "upward in elevation" and "receding northward" should be included in discussions of climate 
change impacts, unless are focused only on Maine and Minnesota (186-24). There is not enough 
elevational relief in MN to have an upward movement. 

6.  Lynx movement to the north (and return) is documented, and it is likely movement occurred in the 
past, but especially in the recent years (since 1980's) periodic supplementation of lynx in MN with lynx 
from ON has occurred, and is important for maintaining population over the long-term. May be most 
relevant to MN because of lack of barriers. 

7.  There is too much emphasis on the ability of lynx to move in deep “fluffy” snow.  In the context of 
comparison to competitors of lynx (e.g., coyotes and bobcats) there is no question that foot-loading of 
lynx is less given their foot size and body mass. However, what lynx benefit most from is the presence of 
a crust in the snow. The crust enables them to walk on top of the snow. If there is a new snowfall, they 
will go through the new snow until they hit the crust.  It should be phrased in the context of relative 
ability to move. There are further implications of snow quality for both lynx and for snowshoe hare for 
lynx movement and predation success. 



8.  In the past mining has had a smaller footprint in MN, but there are now proposals to increase mining 
with a shift to extraction of non-ferrous metals. Discussed in 94-25++.  

9.  The one possible action would be to some sort of a PVA. If we were to take data collected across 
units (as well as in central area of lynx distribution), there could be some sort of a reasonable PVA 
output. I would be more confident in a PVA like this than I would be in the probabilities of persistence to 
2100.  We just published a PVA for lynx on Isle Royale (Licht et al. 2016). Technically this is outside the 
DPS, but it is very close to the MN portion of DPS. There was also the more general modeling approach 
of Steury and Murray (2004) that is already cited in the SSA. You may be possible to generalize across 
locations, but a PVA approach would probably be an improvement. 

10.  Clarify the text regarding the plan for lynx incidental take in Minnesota. The plan was in the hands of 
the FWS, the text here indicates that it is still being developed by the DNR.  

11.  Fires in Minnesota. Although fires are discussed already (189-1++), it might be good to include that  
3 recent fires have burned about 20% of northern NE MN, and a windstorm in 1999) covered significant 
percentage too. 

Peer Reviewer 2 – Dennis Murray (Bryon) 

1.  Agrees with our conclusions regarding the overall effects of climate change and the potential impacts 
to the probability of lynx persistence in each of the geographic regions and DPS as a whole, but he 
challenge our analysis underlying the mechanisms of climate change impacts upon lynx persistence. 

2.  Feels the SSA places too much emphasis on loss of snow and changes in snow conditions leading to 
increased competition with lynx from bobcats for snowshoe hares, etc. as the primary driver of effects 
to lynx, and not enough emphasis upon what he considers the more likely explanation that loss of snow 
is likely to reduce snowshoe hare abundance and distribution that is likely to lead to decreased lynx 
abundance and perhaps distribution. 

3.  Challenges our statements pertaining to the 0.5 hares/ha threshold level landscape density of 
snowshoe hares thought necessary to support lynx reproduction, as he contends there is no empirically 
based science supporting this threshold.  

4.  Suggests that lynx may be able to rely more heavily on alternate prey in areas with lower snowshoe 
hare densities. 

Peer Reviewer 3 – Dan Harrison (Mark) 

Note:  List below for this reviewer currently only includes the comments that Mark concluded were “Red 
flag!!!!!” or “Potential red flag!!!!!” 

1.  (a) “The issue of potential effects of incidental and illegal mortality have not been adequately 
considered or evaluated in the Draft SSA.”  (b) “…the currently underutilized opportunity for enhancing 
habitat management on private lands would be further diminished if lynx were to be de-listed.”  [Mark 
concludes, based on these comments:  “Potential red flag!!!!! The SSA does not explore and consider the 
cumulative and synergistic effects of stressors on individual SSA units individually or as a whole.”] 

2.  “The landscape-scale effect of the shifting composition away from conifers and towards hardwoods 
in Maine is documented in Legaard et al. 2015. In my view this rapid shift towards hardwoods from 



forest harvesting is much more important to lynx in the short run than is the longer term forest shift 
associated with climate change.” 

3.  “Roads are typically considered in terms of human-induced mortality, but the habitat effects of roads 
are incredibly significant for the Maine population – they are avoided by lynx, have low conifer stem 
density and hare densities, affect lynx movements/foraging paths, thus affecting availability of high-
quality habitat.  Utility corridors, access roads to wind sites, and gravel forest roads (particularly if they 
receive snowmobile traffic) may enhance access of generalist and edge associated predators and 
competitors (e.g., coyotes and red foxes) into areas where lynx occur and forage on hares.” 

4.  “The summary does not address how current ESA listing affects current status of lynx or how 
protections and status would be expected to change if the DPS were to be removed from ESA 
protections. This seems inconsistent with the frequent mention and consideration of those topics 
throughout the Draft SSA and considering that this document is intended to guide future 
decisionmaking.” 

Peer Reviewer 4 – John Squires (Jim) 

1.  Questions what constitutes “adequate” resiliency and redundancy for southern (DPS) lynx 
populations and our conclusion that most DPS populations have historically and recently demonstrated 
“adequate resiliency.” 

2.  Wonders if contraction of small, localized populations could be expression of loss of resiliency and 
redundancy among southern lynx populations; considers such contraction a “major conservation 
concern.”  Also feels we treat these populations “dismissively.” 

3.  Questions our assessment of historical lynx occupancy in Wyoming/GYA; cites largely anecdotal 
(unverified) occurrence data to (1) show that “early records suggest that lynx were present in Wyoming 
for a long time based on photographs from Yellowstone extending back to the 1920s and museum 
records,” (2) conclude that lynx “may have inhabited the Wyoming Range since 1940,” and (3) “…refute 
the notion, as reported in the SSA document, that lynx were ‘intermittent’ in the region.” 

4.  Feels we did not stress importance of the Wyoming Range to lynx in Wyoming; that we “downplayed 
the historical importance of the Wyoming population throughout the document; suggests the team 
review/edit the wording to “provide a better balance.”  Suggests that the Wyoming Range has the best 
lynx habitat in the state but has been “highly impacted by natural and anthropogenic disturbance (fire, 
timber manipulation, proposed energy development, conflicting wildlife management priorities).” 

Peer Reviewer 5 – Mike Schwartz (Jim) 

1.  Believes that the resiliency/redundancy/representation framework is not comprehensive and misses 
important ideas of historical range, representation, and connectivity.  Suggests that conservation 
priorities should be that populations are resilient, redundant, adaptable/representative, and have 
recovered to some historical extent; otherwise, “…the persistence of the species (DPS) may be assured 
in the short run, but its recovery and return as an ecologically functional element is incomplete.” 
 
2.  Feels the expert estimate of the size of the Minnesota population (50-200 according to Moen [in 
several places we said 190-250]) is optimistic and appears to be “…based on converting suitable habitat 
to number of individuals (presumably by assuming a home range size and some overlap among the 



sexes).  This approach assumes that the fundamental niche (habitat suitability) equals the realized niche 
(habitat suitability limited by competition, species interactions, etc).  This is almost never the case.”  
 
3.  Feels that in Wyoming “…there is a consistent signal of lynx from at least the 1970s with strong 
signals at the beginning of the 21st century.”  Suggests caution in interpreting recent (2010-2017) 
absence of verified lynx records as suggesting range decline because “…effort to detect lynx appears to 
have dramatically declined since 2010.” 
 
4.  Feels our assessment of resiliency and redundancy is optimistic because of the inherent assumption 
that the six units are functioning independently. 
 
5.  Feels the importance of connectivity is undervalued and needs to be elevated in the final SSA report; 
that it “…plays a role in both resiliency and redundancy while influencing representation…”;  and that 
the adequacy of connectivity he documented among peripheral populations in 2002-2003 may have 
changed in the last 15 years.  “If each of the populations at the border with Canada (WA, MT, MN, ME) 
suffer reduced connectivity, due to climate change or because there have been no large amplitude 
cycles in the past decades, they are again not completely independent and less redundant than the 
document and the experts suggest.” 
 
6.  Feels the importance of genetic drift is underappreciated and that our conclusion that there is little 
risk of significant genetic drift is false if DPS populations are isolated from Canadian boreal populations 
(which they do not seem to be, and which was not hypothesized by other experts). 
 
7.  Is concerned that our conclusions in the draft SSA report “…may be too optimistic for the future of 
lynx in the contiguous United States. There are symptoms of serious problems throughout much of the 
range. Even the most robust populations (MT and ME) show either some sign of decline (MT with a 
negative population growth rate in Seeley Lake and a loss of a peripheral population in the Garnet 
range) or have projections of major habitat change due to both climate and socio-economic change in 
the region. Unless we see a large dispersal event from the Canadian boreal forest in the near future I 
would expect to see each population chiseled away slowly over the next few decades. On the other 
hand, I agree with the experts that over the very short time frame there appears to be little risk of 
extirpation of lynx in the contiguous United States.” 
 

II. Substantive State Agency Reviews 

 

Colorado Parks and Wildlife (Kurt) 

 

Idaho Fish and Game (Bryon) 

 

Idaho Office of Species Conservation (Jim) 

1.  “The State of Idaho disagrees with the Service’s determination that the Canada lynx qualifies as a 
DPS. Based on the species distribution at the time of listing and the robust populations in Canada and 



Alaska, the species does not qualify as a discrete and significant population as contemplated by the 
Service’s DPS Policy. In fact, within the Lynx SSA, the Service recognizes that lynx distribution in the 
contiguous United States is difficult to define and is at the very southern periphery of the species range. 
Based on the best available information within the Lynx SSA, the State encourages the Service to revisit 
its prior DPS determination.” 
 
“Furthermore, as pointed out by IDFG, Idaho lacks a persistent lynx population. This is supported by 
historical and current survey records. Dispersing lynx in Idaho are part of a larger population that occurs 
in Montana and British Columbia – lending further credence that this is not a distinct population. Future 
ESA considerations must take into account Idaho’s historic and current lack of a persistent lynx 
population.” 
 
Maine Department of Inland Fisheries and Wildlife (including Maine Forest Products Council) (Mark) 

I have not yet boiled down the many pages of comments and responses provided by Mark on 3/17/17 
(earlier today). 

Minnesota Department of Natural Resources (Tam) 

Most of MNDNR’s substantial comments focused on the many uncertainties that come with predicting 
future conditions, particularly with climate change, into the long-term future.  They are concerned about 
unclear evidence of causal relationships; for example, they are not aware of any study that has 
attempted to quantify hare/lynx response to the changes in Federal land management plans.  They do 
agree that lynx have adaptations for deep snow, but disagree that they need snow.  Lynx need hares and 
hares need boreal forest, but lynx do not need snow because they survive 7 months out of the year 
without snow.  MNDNR does not believe one can say much beyond that lynx require hares, and thus 
hare habitat/populations should be a main focus in the SSA. 

Montana Fish, Wildlife & Parks (Jim) 

The Draft SSA incorrectly summarizes the expert elicitation panel’s discussions about likely future 
conditions and probabilities of persistence as if they are conclusions without uncertainty. This 
uncertainty must be adequately presented in the SSA for the document to be received as legitimate. 

Speculative expert opinion is being held equivalent to objective science – this is a major departure from 
the use of best available science. 

The GYA is not capable of maintaining a resident reproducing lynx population and should be removed 
from the list of lynx units. 

The SSA needs to (better) address the incongruence apparent in the ephemeral nature of (some) lynx 
populations (ref. to the Garnets Range). 

Continue to object to the designation of a single DPS and see no justification to preserve ESA protections 
in the Northwest Montana/Idaho Geographic Unit.  

Washington Department of Fish and Wildlife (Bryon) 

 



Wyoming Game and Fish Department (Jim)   

 

 

Note:  Non-substantive comments, letters of support, or submission of minor corrections/new data 
were received from Michigan, New Hampshire, New Mexico, and Wisconsin. 

No comments were received from New York, Oregon, Utah, or Vermont. 



From: Zelenak, Jim
To: Jodi Bush
Subject: Lynx Comment Summaries
Date: Friday, March 17, 2017 3:50:12 PM
Attachments: Summary of major or consistent issues.docx

2017 03 13 Summary of Peer and State review comments.docx

The first highlights major issues; the second includes other comments and some responses.

Both have gaps that I will work to fill on Monday.

I talked with Justin about the work we received from Mark; he may want to discuss with you and Marj at some
point.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Subject: Lynx Comment Summaries
Date: Friday, March 17, 2017 3:50:04 PM
Attachments: Summary of major or consistent issues.docx

2017 03 13 Summary of Peer and State review comments.docx

The first highlights major issues; the second includes other comments and some responses.

Both have gaps that I will work to fill on Monday.

I talked with Justin about the work we received from Mark; he may want to discuss with you and Marj at some
point.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX
Date: Monday, March 20, 2017 10:08:26 AM

I've been doing any follow up I thought necessary by directly contacting the peer reviewers - in my case, that is
Squires and Schwartz so far, sometimes also seeking the opinions of other FWS lynx experts (see message to
follow).  I hope that is OK.

If so, I don't think separate follow-up with peer reviewers through Atkins is necessary. I think we may have a few
limited questions and clarifications that would be most efficient for us (Core Team) to pursue/communicate directly
with the reviewers.

Your thoughts?

On Mon, Mar 20, 2017 at 10:03 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Jim.  See email.  What do we think?  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>
Date: Mon, Mar 20, 2017 at 9:15 AM
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX
To: "Bush, Jodi" <jodi_bush@fws.gov>
Cc: "Cusack, Matthew T" <matt.cusack@atkinsglobal.com>

Hi Jodi,

I wanted to follow up with you to see if the Service anticipates having any follow-up
questions/answers that need to be provided to the Peer Reviewers regarding their initial
assessments of the Canada Lynx Draft SSA.  Following the resolution of any outstanding questions
between the Service and Peer Reviewers Atkins will begin to develop the final report and official
record.

 

Thank you,

 

Ben Cogdell

Scientist
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ATKINS

1616 East Millbrook Road, Suite 310, Raleigh, NC 27609 | Tel: +1.919.431.5226 | Fax: +1.919.876.6848

Email:benjamin.cogdell@atkinsglobal.com| Web: www.atkinsglobal.com/northamerica  www.atkinsglobal.com

 

From: Cusack, Matthew T 
Sent: Thursday, March 02, 2017 1:02 PM
To: Bush, Jodi <jodi_bush@fws.gov>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Hi Jodi,

Attached is what I just received from Reviewer05.

 

Until I get the complete review from Reviewer03, which I don’t anticipate until after your meeting,
I believe this is all you are expecting to receive.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, March 02, 2017 12:28 PM
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To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Awesome Matt.  That helps and please forward me whatever you get from the last Peer
reviewer.  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Thu, Mar 2, 2017 at 9:56 AM, Cusack, Matthew T <matt.cusack@atkinsglobal.com>
wrote:

Hi Jodi,

 

There are three reviews that were outstanding. Below is their status. Good news is that two of
them came in overnight (at least partially).

 

1.      Reviewer03 (Harrison): Partial review is available with the comments tailored to support
your meeting. The full review will be available within the next week. Partial review is attached.
Note from reviewer “All of my important general comments are spelled out here, as well as
my specific comments that are referenced specifically to the first 50 pages of text.  Thus
my most important comments for FWS to consider are included here and hopefully can
help in the decision process.”

2.      Reviewer04 (Squires): Review and General Comments attached (2017 01 06 DRAFT Lynx SSA
Report_JRS comments.pdf and SSA_Lynx_Comments_Squires.docx)

3.      Reviewer05: I have corresponded with them this morning and believe we will still get their
review today. I will forward it when I get it.

mailto:matt.cusack@atkinsglobal.com
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Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, March 02, 2017 10:50 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt.  Any word on the last few peer reviewers?  We could really use those asap. Thanks
JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Feb 22, 2017 at 10:27 AM, Cusack, Matthew T
<matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,
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Attached are the unedited reviewers from the first two reviewers.

 

Please let me know if you have any questions or concerns.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 22, 2017 11:24 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Hey Matt.  Please get us what you have asap.  

 

Unfortunately, the Service's decision meeting is on March 3rd and if we receive the
Peer reviews that day we will be unable to use them in that meeting.  Please let your
folks know that we need their reviews asap, but NLT February 27 or 28 for us to be
able to discuss them during the agency decision meeting.  Thank you.  JB

 

Jodi L. Bush

Office Supervisor
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Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Mon, Feb 20, 2017 at 6:38 AM, Cusack, Matthew T
<matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,

 

My apologies for the delayed response. I was out unexpectedly all week with the flu, which
was very hard on me.

 

As I am going through my emails from last week, I see that I have received two peer
reviews, which I will organize and deliver later today.

 

The other three are asking for more time, and have asked for March 3 due to a variety of
travel commitments.

 

I hope this will be acceptable, as I have been doing everything I can to work with the
reviewers so that you have a diversity of opinions.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848

mailto:matt.cusack@atkinsglobal.com


Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 15, 2017 1:41 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Hi Matt.  I am checking in on the status of the Peer Review.  Any idea when we see
them?  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Fri, Jan 20, 2017 at 3:21 PM, Cusack, Matthew T
<matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,

 

Hope you are well!

 

We are still in the process of some contracting, but the reviewers have adjusted their
schedules and have reported that they will have their reviews to Atkins by Friday,
February 10. Just to make sure I have some time for late stragglers, I will have the draft,
unfiltered reviews to the USFWS on Monday February 13.
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http://www.atkinsglobal.com/northamerica
http://www.atkinsglobal.com/
mailto:jodi_bush@fws.gov
mailto:matt.cusack@atkinsglobal.com
mailto:Benjamin.Cogdell@atkinsglobal.com
mailto:jim_zelenak@fws.gov
mailto:matt.cusack@atkinsglobal.com


 

Once the USFWS has returned to me with confirmation that they see no red flags or
serious concerns that a reviewer misunderstood the materials, we will proceed with
developing the summary report that discusses the points of agreement and
disagreement between the reviewers and have that ready for your review by within two
weeks of the USFWS response to Atkins.

 

Does that schedule work for you? Should allow us to have everything finalized well in
advance of the April 30 end of the period of performance.

 

Have a great weekend!

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, January 20, 2017 11:00 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt.  Just checking up on status of the Peer Review process.  I assume all
reviewers have received document (SSA) and you are proceeding ahead but
wanted to check in.  
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Perhaps an updated version of the Schedule (p.8) from your proposal would be
warranted so we all understand the timelines.  Thanks.  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Mon, Jan 9, 2017 at 9:41 AM, Cusack, Matthew T
<matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,

 

We are in receipt of the SSA, thanks for sending.

 

I will let you know if we have any questions.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

mailto:matt.cusack@atkinsglobal.com
mailto:Matthew.Cusack@atkinsglobal.com


Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, January 06, 2017 4:30 PM
To: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; Cusack, Matthew T
<matt.cusack@atkinsglobal.com>
Cc: jim_zelenak@fws.gov; Steve Gess <steve_gess@fws.gov>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Ben and Matt.  

 

Attached please find the final DRAFT Species Status Assessment for the DPS of
the Canada Lynx.  

 

Please note the specifics of the contract as you proceed. As we indicated in that
Scope of Work (SOW), the purpose of the review is to help us ensure that we
have used the best scientific and commercial information when we make our
final decision as to the current status of the lynx.  As a result, we are looking for
independent scientific perspectives on the comprehensiveness and logic of the
document, as well as how well the technical conclusions are supported by the
data and analyses. Peer reviewers should be advised that they are not to
provide advice on policy.

 

Questions for Peer Review (from the SOW)

 

Available Data
 

1.      Please identify any oversights or omissions of data or information,
and their relevance to the assessment. Are there others sources of
information or studies that were not included that are relevant to
assessing the viability of this species? What are they are how are they
relevant?

 

2.      Provide advice on the overall strengths and limitations of the
scientific data used in the document. Have the authors been explicit about
assumptions and limitations of, and concerns regarding, the data, and are

http://www.atkinsglobal.com/northamerica
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these appropriately qualified or explained? Are there concerns that the
Service did not identify, and if so, how relevant are these concerns to the
assessment of viability of lynx in the contiguous U.S.? Are there any
inconsistencies in how the data are presented or assessed?

 
Analysis of Available Data

 

3.      Have the assumptions and methods used in the SSA report been
clearly and logically stated in light of the best available information? If
not, please identify the specific assumptions and methods that are unclear
or illogical.

 

4.      Are there demonstratable errors of fact or interpretation? Have the
authors of the SSA report provided reasonable and scientifically sound
interpretations and syntheses from the scientific information presented in
the report? Are there instances in the SSA report where a different but
equally reasonable and sound interpretation might be reached that differs
from that provided by the Service? If any instances are found where this
is the case, please provide the specifics regarding those particular
concerns.

 

5.      Provide feedback on the inclusion and portrayal of uncertainty in the
SSA report. Have the scientific uncertainties present given the data and
the analyses conducted been clearly identified and has the degree of
uncertainty been appropriately characterized? If not, please identify any
specifics concerns.

 

Please remind Peer Reviewers (as per text in SOW and required in
correspondence with Peer Reviewers) of the following:

 

The Species Status Assessment framework is a new tool the U.S. Fish and
Wildlife Service is using to improve transparency while conducting listing
determinations and other Act actions, and peer review of our analyses of the
viability of species is part of that new process.  The attached draft SSA report is
a rough draft; we are seeking comments at this stage to ensure that we have time
to incorporate any substantial comments as we finalize the report.

 

In reviewing the document, please note that this draft SSA report does not result
in or predetermine a decision by the Service on whether the Canada lynx
warrants protections of the s Act.  This document is strictly a characterization of



the viability species’ viability in the contiguous United States.

 

As a reminder, all peer reviews and comments will be public documents, and
portions may be incorporated verbatim into the Service’s final decision
Document, should there be one, with appropriate credit given to the author of
the review.  If you do not want your name to appear in a final decision
document, as published in the Federal Register, please inform us of this as soon
as possible. 

 

In general we ask that your comments on the draft SSA report focus specifically
on whether the best available information was used, the quality of the scientific
information,  and our interpretation and analyses of the data with regard to the
species’ viability in the contiguous United States.  We request that you direct
your review to the scientific issues and assumptions related to your expertise.

 

 

A list of literature cited is included in the report and we have most of these
documents available in pdfs (although not all).  We can send you a thumb drive
or cd as you wish with what we have.  Please let me know your preference and
an address to have them fed-exed too.    

 

We look forward to your responses.  If you have questions, please contact our
lead for this project: Jim Zelenak at (406) 449-5225, ext. 220 or at
Jim_Zelenak@fws.gov.  Thank you.  JB

 

 

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

mailto:Jim_Zelenak@fws.gov


(406) 449-5225, ext.205

 

 

On Thu, Jan 5, 2017 at 2:36 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Ben and Matt.  Just a heads up.  I wanted to let you know that the document
for review (Draft Lynx SSA) will be coming later today or first thing
tomorrow.  I have also asked our contracting agent to extend the contract so
you have enough time to complete the review.  Thanks. JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Sep 7, 2016 at 12:01 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Hi Ben.  We are getting pretty close but probably won't see a document
ready to review for at least a few more weeks.  I'll keep you posted.  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205
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On Wed, Sep 7, 2016 at 9:52 AM, Cogdell, Benjamin E
<Benjamin.Cogdell@atkinsglobal.com> wrote:

Jodi,

I am working with Matt Cusack on the Canada Lynx peer review
document.  Do you have an update on the Draft Species Status
Assessment (Document 1 listed below)?

 

Thank you,

 

Ben Cogdell

Scientist

ATKINS

1616 East Millbrook Road, Suite 310, Raleigh, NC 27609 | Tel: +1.919.431.5226 | Fax:
+1.919.876.6848

Email:benjamin.cogdell@atkinsglobal.com| Web: www.atkinsglobal.com/northamerica 
www.atkinsglobal.com

 

From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Thursday, July 28, 2016 2:58 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks
<kaimy_marks@fws.gov>; jim_zelenak@fws.gov
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW
LYNX

 

Matt,  Sorry for the delay in responding to your questions; I
was out of town on business and just returned today.  Your
questions were however,  forwarded to Jim Zelenak whom
works with Jodi Bush. He sent me the following responses:  I
think these should answer your concerns.

 

Document 1 - the Species Status Assessment for the lynx DPS (SSA
Report) - is the document that we (FWS) need to have peer-reviewed. 
We are working now to complete the draft SSA report, and we hope to
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have it done very soon (in the next week or so).  It will then go through
internal review and editing before it is ready to send out for peer review.
I'm not sure how long internal review will take - the DPS covers 4 FWS
regions and 10-15 states depending on how you want to slice it - but the
internal review will be on as fast a time line as possible.

 

Document 2 - The Final Report from the expert elicitation workshop is a
supporting FWS document that we want to provide to peer-reviewers,
though we are not seeking peer review on this document itself.  Most of
the potential peer reviewers likely already have the report because they
either participated in the workshop of were provided the report when it
was completed. The final report is on our Region 6 lynx web page under
the SSA tab (Appendices and Expert Presentations are also there); here is
the direct link to the report:

 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx
/SSA2016/Appendices/2016%2004%
2018%20FINAL%20Lynx%20SSA%
20EE%20Workshop%20Report%202%20jzeds.pdf

 

Document 3 - the revised LCAS - is also a supporting document that
candidate peer reviewers probably already have, though we wanted to
provide it because we rely on it in the SSA report. It can be found and
downloaded here:

 

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_re
visedAugust2013.pdf

 

Let me know if you would prefer that I send you PDFs of these.

 

We will let you know when the Draft SSA Report is undergoing internal
review when we will have a better idea of the timing of when it will be
ready for peer review.

 

 

 

https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.fs.fed.us_biology_resources_pubs_wildlife_LCAS-5FrevisedAugust2013.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=WfVHf_XQZGHn_4RLp5v09MqjZ59GaPEkBwWHG9vxkq0&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.fs.fed.us_biology_resources_pubs_wildlife_LCAS-5FrevisedAugust2013.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=WfVHf_XQZGHn_4RLp5v09MqjZ59GaPEkBwWHG9vxkq0&e=


Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

 

From: Cusack, Matthew T [mailto:matt.cusack@atkinsglobal.com] 
Sent: Tuesday, July 26, 2016 9:56 AM
To: Steve Gess
Cc: Jodi Bush; Kaimy Marks
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Thanks Steve,

 

Can you please provide the following items that were indicated as being
provided in the Scope of Work?

 

1. 1) Species Status Assessment for the contiguous United States
distinct population segment (DPS) of the Canada lynx (Lynx
Canadensis);

2. Final Report of the Canada Lynx Expert Elicitation Workshop
3. Revised (Aug. 2013) interagency Lynx Conservation Assessment

and Strategy (LCAS).

 

 

Feel free to use Atkins’ large file transfer system to provide me with the
files if they are too large for email. The site can be accessed with an email
address and a self-developed password here: http://sendit.na.atkinsglobal.com

 

Also, are these three items the entire scope of what will require peer review per
the scope of work? It is very helpful for me to see the materials that must be
reviewed in order to establish the range of magnitude for the reviews.

mailto:Steve_gess@fws.gov
mailto:matt.cusack@atkinsglobal.com
http://sendit.na.atkinsglobal.com/


Thanks!

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Monday, July 18, 2016 11:01 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks
<kaimy_marks@fws.gov>
Subject: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt, Here is a formal request for Proposal to conduct PEER
review for LYNX study.   Attached is the RFP , proposal is
due August 12, 2016. Please let me know if you have any
questions.

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov
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This email and any attached files are confidential and copyright protected. If you are not the addressee,
any dissemination of this communication is strictly prohibited. Unless otherwise expressly agreed in writing,
nothing stated in this communication shall be legally binding.

The ultimate parent company of the Atkins Group is WS Atkins plc. Registered in England No. 1885586.
Registered Office Woodcote Grove, Ashley Road, Epsom, Surrey KT18 5BW. A list of wholly owned Atkins
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

http://www.atkinsglobal.com/site-services/group-company-registration-details
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: Another question regarding your review of the lynx SSA
Date: Monday, March 20, 2017 10:12:21 AM
Attachments: image003.png
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Good of John to reply.

His 3rd paragraph, to me, basically confirms what appears to be his preference to reach
conclusions about historical distribution based on unverified, anecdotal data, despite
recognizing the uncertainty/unreliability that doing so invites. 

"...but I don’t think we should discount the importance of small persistent populations to the
species conservation."

He does not state directly what he thinks this important contribution to species conservation
might be, but he hints at it later:

"However, the GYA is the only region in the contiguous U.S that is disjunct from the
Canadian border with an historical record that is as long-term and 'persistent.'”  And later:
"Thus, historical patterns of lynx occupancy and reoccupancy in Wyoming are different than
other regions of the continental US and the region is relevant to conservation planning in my
opinion."

That may get at importance based on unique ecological niche (sorta maybe), but it still does
not explain how these potentially very few lynx, even if members of a "small but persistent
population," contribute meaningfully or importantly to the conservation of the DPS as a
whole.  I guess that is the real difference - John is not thinking about the GYA in terms of it's
contribution/role for the whole DPS, as we must; instead he thinks anecdotal data suggest a
consistent presence, and that in and of itself makes it important, and therefore maintaining that
presence is in his mind an essential component of conserving the DPS.  That's my guess. Some
CO lynx also wondered thru the Crazy Mountains and hung out there for a while - does that
make them as important as the Wyoming Range?

Later in 3rd paragraph, he again cites largely unverified data in Reeve et al. as providing
"...repeated documentation of lynx through the 1980’s as you describe below..."  I did not
describe that, and neither, in truth, did Reeve et al. - they had no verified records from 1970-
1983, then one verified record in 1983.  That's repeated documentation??  Argh.

Then he refers to "reoccupancy of the Wyoming Range" by Colorado-released lynx, but
ignores the fact that none of them reproduced and all eventually left, despite settling
temporarily into areas ("overlapping male and female home ranges" in John's assessment)
 formerly occupied by his one radioed male and one radioed female.  It is not surprising to me
that lynx fleeing the low hare densities of Colorado found the places in Wyoming with the best
hare densities, but the fact that they eventually moved on means those densities were not
adequate or that some part of the puzzle was missing - if it was great or even satisfactory, they
would have stayed.  They did not.

Hope you are having as much fun as I am.

mailto:jim_zelenak@fws.gov
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Merry Equinox! 

---------- Forwarded message ----------
From: Squires, John -FS <jsquires@fs.fed.us>
Date: Mon, Mar 20, 2017 at 9:25 AM
Subject: RE: Another question regarding your review of the lynx SSA
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Hello Jim,

 

I appreciate the difficulty in rectifying all the comments you received with the SSA.  As I
mentioned in my review,  I thought you and others at the USFWS did an excellent job on
the SSA report.  You pulled together much information in a very short period of time and
successfully captured the conclusions of the SSA expert panel.  An issue that I did take
exception to in the document was the discussion of lynx in the GYA.   I didn’t view your
comments in your last email as “dismissive”, but rather as a legitimate attempt to
interpret lynx occupancy in the GYA base on an imperfect historical record.

 

As you know better than most, establishing the long-term persistence of lynx
populations across the contiguous US is difficult and incomplete (e.g. Colorado, Idaho,
Vermont, Wyoming).  The challenge is how do we define long-term occupancy or
persistence, while acknowledging the imperfect historical records for lynx due to the
species’ irruptive movements, potential misidentification with bobcats in harvest records
and field observations, and the fact they occur at low population densities in remote
high-elevation forests.   I agree that lynx in the GYA may have historically occurred as a
small population, but I don’t think we should discount the importance of small persistent
populations to the species conservation. 

 

I made the point in my review that the consistency of occupancy for lynx in Wyoming is
very different than documentation available for New York, New Hampshire, and
Colorado.   As Murphy et al. (2005 – Yellowstone Science) stated,  “Very little is known
about the historic numbers and distribution of lynx in Yellowstone. Early writers dating
from the late 1800s noted that lynx were present, but their estimates of parkwide
numbers were highly subjective and varied widely, ranging from “about 10 individuals”

mailto:jsquires@fs.fed.us
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to “quite common.” The park archives contain several reliable photos of lynx, and the
Smithsonian Institution in Washington, D.C., contains a single skull, dated 1895. Park
files contain records of 73 direct or indirect (tracks) observations of lynx made by park
visitors or employees from 1887 to 2003. In addition, there are 34 references to lynx
(tracks or direct observations) in ranger logbooks found in the Yellowstone National Park
archives, dating 1895–1926, including references to at least six individuals trapped or
shot in the park. Collectively, Yellowstone historical records suggest a parkwide
distribution. However, sightings data are difficult to interpret—lay park visitors and
untrained park staff may misidentify look-alike species, such as bobcats, and have
difficulty correctly distinguishing lynx tracks from those of cougars.”    I interpret these
observations as convincing (although certainly imperfect) documentation that lynx were
in the GYA since the 1800’s, but the consistency of occupancy is unknown.  In addition,
Reeve et al. (1986) provided repeated documentation of lynx through the 1980’s as you
describe below, and we documented the species presence from 1997 until recently. 
Based on this imperfect historical record, we do not know if lynx occupancy was
persistent or if a small population ebbed and flowed through possible augmentation
from Canada (early 1970s).  However, the GYA is the only region in the contiguous U.S
that is disjunct from the Canadian border with an historical record that is as long-term
and “persistent.”  

 

In addition, I made the point that the parts of the GYA were recently reoccupied by
transplanted lynx from Colorado, including males and females with overlapping home
ranges (e.g. Togwotee Pass).  The attempted reoccupancy of this area is unique to
Wyoming (possibly Minnesota too).  It is not fully understood why the Wyoming Range,
Union Pass and Togwotee Pass are apparently important to native or dispersing lynx, but
it does appear to be the case.  Thus, historical patterns of lynx occupancy and
reoccupancy in Wyoming are different than other regions of the continental US and the
region is relevant to conservation planning in my opinion.     

 

Thanks for the opportunity to further clarify my SSA comments.  Regards, John

 

 

 

John Squires, PhD 



Research Wildlife Biologist
Forest Service

Rocky Mountain Research Station
p: 406-542-4164 
jsquires@fs.fed.us
800 E. Beckwith Ave 
Missoula, MT 59801
www.fs.fed.us 

Caring for the land and serving people

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, March 16, 2017 12:07 PM
To: Squires, John -FS <jsquires@fs.fed.us>
Subject: Another question regarding your review of the lynx SSA

 

Hi John,

 

I'm looking for some additional information regarding your comment on our treatment of the
historical record of lynx in Wyoming.

 

After in-depth review of the "certain" (i.e., verified) records in Reeve et al. 1986 and the
verified records in McKelvey et al. 2000, I reach a less certain conclusion regarding whether
Wyoming continuously or consistently supported a resident population.

 

Based on those documents, there are 33 or 34 (McKelvey et al's total did not include one of
Reeve et al's "certains" - a record from 1969) verified records from Wyoming from 1856-
1999.  These include 4 records from the 1800s, 3 of which were from the southeast part of the
state that seems unlikely to have supported a persistent resident population. Then there were
10 records from 1904-1920, 7 from YNP and surrounding area, 2 from the upper Wind Rivers,
and 1 from the Big Horns.  Of these 10, 8 were from the years 1917-1920, which may suggest
dispersing lynx associated with an irruption.

 

There were no verified records in WY from 1921-1939, then there were 9 records from 1940-
1957, all from the west-central border area (northern Wyoming Range).  Six of these 9 were
killed in 1952-1955, again suggestive of a pulse of dispersing lynx.
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After 1957, there were single records from 1963 and 1983 (and perhaps one in 1969), both
from southeast WY, one clearly in anomalous habitat, and then 8 records from the Wyoming
Range from 1996-2000 that included the adult male and adult female you and Laurion and
Oakleaf had collared, and her 6 kittens from 2 consecutive years (none of which appear to
have survived to independence; and the female starved about the time the second litter would
have been ready to disperse from the maternal home range).

 

Since 2000, as documented in the report, there have been only a handful of verified records
that suggest 3 lynx in the park over a couple of years and 10 Colorado lynx that passed thru
WY, with a couple temporarily hanging out in the area of the Wyoming Range previously
occupied by the late 1990s resident pair, but with no evidence of reproduction.

 

To me, the best available (verified) data simply do not refute the possibility that the GYA was
perhaps only capable of supporting small numbers of resident lynx intermittently over the past
150 years.  It is also possible, and we acknowledge so in the report, that it may have supported
a small but persistent resident population, although the verified record does not strongly
support that conclusion.

 

I know Reeve et al. had many more data that they categorized as "probable," (you cite 262
total records in your comment letter, which includes 22 verified records, 209 "probable"
records, and the rest either "questionable" or "unlikely" ) but Kevin did not consider these
verified, and he and Mike built a compelling argument in their 2008 paper about why only
verified data should be used to evaluate historical range.  I think the vagaries in historical lynx
trapping records, the strong likelihood of bobcats being misidentified as lynx, problems with
unconfirmed track or observation data, and the pulsed, ebb/flow dynamics of lynx distribution
all further strengthen the argument for only using verified data for lynx.

 

Nonetheless, I looked at the "probable" (but unverified) records reported in Reeve et al., and
they suggest a low-level of occurrence for much of the last century (mean = 1.3 anecdotal
observations per year, range 0-5, from 1918-1969), followed by big increases beginning in
1970 and continuing through 1985 (mean = 7.8 anecdotal observations per year, range 3-19,
from 1970-1986) – likely a reflection of the big irruptions of lynx out of Canada in the early
1970s and early 1980s (McKelvey et al. 2000, Fig. 8.6; also Fig. 8.3) combined with probable
increased survey efforts.

 

I also have seen the reference to the unverified 18 lynx being trapped from a relatively small
area of the Wyoming Range over a short time in 1972, but this also suggests a pulse of
dispersing lynx associated with the unprecedented irruption of the early 1970s documented in
McKelvey et al. 2000.  If all or most of these were resident lynx, why were the all suddenly



simultaneously vulnerable to trapping in one year?

 

Anyway, if there is additional evidence that I'm overlooking or if you have additional thoughts
or information that support the presence of a persistent resident population in Wyoming, I'd
appreciate knowing about it.

 

I'd also like you to consider that this is not a lack of humility or an effort to be dismissive of
the possibility that the GYA (or more realistically the Wyoming Range portion of the GYA)
may have supported a small persistent population, but rather to try to reach the most
parsimonious conclusion based on a reasonable interpretation of the best and most reliable
data/information.

 

Thanks,

 

Jim

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the intended
recipients. Any unauthorized interception of this message or the use or disclosure of the
information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender and
delete the email immediately.
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX
Date: Monday, March 20, 2017 11:09:03 AM

makes sense, JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Mar 20, 2017 at 10:08 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I've been doing any follow up I thought necessary by directly contacting the peer reviewers - in my case, that is
Squires and Schwartz so far, sometimes also seeking the opinions of other FWS lynx experts (see message to
follow).  I hope that is OK.

If so, I don't think separate follow-up with peer reviewers through Atkins is necessary. I think we may have a few
limited questions and clarifications that would be most efficient for us (Core Team) to pursue/communicate
directly with the reviewers.

Your thoughts?

On Mon, Mar 20, 2017 at 10:03 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Jim.  See email.  What do we think?  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>
Date: Mon, Mar 20, 2017 at 9:15 AM
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX
To: "Bush, Jodi" <jodi_bush@fws.gov>
Cc: "Cusack, Matthew T" <matt.cusack@atkinsglobal.com>

Hi Jodi,

I wanted to follow up with you to see if the Service anticipates having any follow-up
questions/answers that need to be provided to the Peer Reviewers regarding their initial
assessments of the Canada Lynx Draft SSA.  Following the resolution of any outstanding
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questions between the Service and Peer Reviewers Atkins will begin to develop the final report
and official record.

 

Thank you,

 

Ben Cogdell

Scientist

ATKINS

1616 East Millbrook Road, Suite 310, Raleigh, NC 27609 | Tel: +1.919.431.5226 | Fax: +1.919.876.6848

Email:benjamin.cogdell@atkinsglobal.com| Web: www.atkinsglobal.com/northamerica  www.atkinsglobal.com

 

From: Cusack, Matthew T 
Sent: Thursday, March 02, 2017 1:02 PM
To: Bush, Jodi <jodi_bush@fws.gov>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Hi Jodi,

Attached is what I just received from Reviewer05.

 

Until I get the complete review from Reviewer03, which I don’t anticipate until after your
meeting, I believe this is all you are expecting to receive.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
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Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, March 02, 2017 12:28 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Awesome Matt.  That helps and please forward me whatever you get from the last Peer
reviewer.  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Thu, Mar 2, 2017 at 9:56 AM, Cusack, Matthew T <matt.cusack@atkinsglobal.com>
wrote:

Hi Jodi,

 

There are three reviews that were outstanding. Below is their status. Good news is that two
of them came in overnight (at least partially).

 

1.      Reviewer03 (Harrison): Partial review is available with the comments tailored to support
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your meeting. The full review will be available within the next week. Partial review is attached.
Note from reviewer “All of my important general comments are spelled out here, as well
as my specific comments that are referenced specifically to the first 50 pages of text. 
Thus my most important comments for FWS to consider are included here and hopefully
can help in the decision process.”

2.      Reviewer04 (Squires): Review and General Comments attached (2017 01 06 DRAFT Lynx
SSA Report_JRS comments.pdf and SSA_Lynx_Comments_Squires.docx)

3.      Reviewer05: I have corresponded with them this morning and believe we will still get
their review today. I will forward it when I get it.

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, March 02, 2017 10:50 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt.  Any word on the last few peer reviewers?  We could really use those asap.
Thanks JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

mailto:Matthew.Cusack@atkinsglobal.com
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(406) 449-5225, ext.205

 

 

On Wed, Feb 22, 2017 at 10:27 AM, Cusack, Matthew T
<matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,

 

Attached are the unedited reviewers from the first two reviewers.

 

Please let me know if you have any questions or concerns.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 22, 2017 11:24 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Hey Matt.  Please get us what you have asap.  
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Unfortunately, the Service's decision meeting is on March 3rd and if we receive the
Peer reviews that day we will be unable to use them in that meeting.  Please let your
folks know that we need their reviews asap, but NLT February 27 or 28 for us to be
able to discuss them during the agency decision meeting.  Thank you.  JB

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Mon, Feb 20, 2017 at 6:38 AM, Cusack, Matthew T
<matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,

 

My apologies for the delayed response. I was out unexpectedly all week with the flu,
which was very hard on me.

 

As I am going through my emails from last week, I see that I have received two peer
reviews, which I will organize and deliver later today.

 

The other three are asking for more time, and have asked for March 3 due to a variety of
travel commitments.

 

I hope this will be acceptable, as I have been doing everything I can to work with the
reviewers so that you have a diversity of opinions.

mailto:matt.cusack@atkinsglobal.com


Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 15, 2017 1:41 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Hi Matt.  I am checking in on the status of the Peer Review.  Any idea when we see
them?  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Fri, Jan 20, 2017 at 3:21 PM, Cusack, Matthew T
<matt.cusack@atkinsglobal.com> wrote:
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Hi Jodi,

 

Hope you are well!

 

We are still in the process of some contracting, but the reviewers have adjusted their
schedules and have reported that they will have their reviews to Atkins by Friday,
February 10. Just to make sure I have some time for late stragglers, I will have the
draft, unfiltered reviews to the USFWS on Monday February 13.

 

Once the USFWS has returned to me with confirmation that they see no red flags or
serious concerns that a reviewer misunderstood the materials, we will proceed with
developing the summary report that discusses the points of agreement and
disagreement between the reviewers and have that ready for your review by within
two weeks of the USFWS response to Atkins.

 

Does that schedule work for you? Should allow us to have everything finalized well in
advance of the April 30 end of the period of performance.

 

Have a great weekend!

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com
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From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, January 20, 2017 11:00 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt.  Just checking up on status of the Peer Review process.  I assume all
reviewers have received document (SSA) and you are proceeding ahead but
wanted to check in.  

 

Perhaps an updated version of the Schedule (p.8) from your proposal would be
warranted so we all understand the timelines.  Thanks.  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Mon, Jan 9, 2017 at 9:41 AM, Cusack, Matthew T
<matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,

 

We are in receipt of the SSA, thanks for sending.

 

I will let you know if we have any questions.

Cheers,
Matt
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Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, January 06, 2017 4:30 PM
To: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; Cusack, Matthew T
<matt.cusack@atkinsglobal.com>
Cc: jim_zelenak@fws.gov; Steve Gess <steve_gess@fws.gov>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Ben and Matt.  

 

Attached please find the final DRAFT Species Status Assessment for the DPS
of the Canada Lynx.  

 

Please note the specifics of the contract as you proceed. As we indicated in
that Scope of Work (SOW), the purpose of the review is to help us ensure that
we have used the best scientific and commercial information when we make
our final decision as to the current status of the lynx.  As a result, we are
looking for independent scientific perspectives on the comprehensiveness and
logic of the document, as well as how well the technical conclusions are
supported by the data and analyses. Peer reviewers should be advised that
they are not to provide advice on policy.

 

Questions for Peer Review (from the SOW)

 

Available Data
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1.      Please identify any oversights or omissions of data or information,
and their relevance to the assessment. Are there others sources of
information or studies that were not included that are relevant to
assessing the viability of this species? What are they are how are they
relevant?

 

2.      Provide advice on the overall strengths and limitations of the
scientific data used in the document. Have the authors been explicit
about assumptions and limitations of, and concerns regarding, the data,
and are these appropriately qualified or explained? Are there concerns
that the Service did not identify, and if so, how relevant are these
concerns to the assessment of viability of lynx in the contiguous U.S.?
Are there any inconsistencies in how the data are presented or
assessed?

 
Analysis of Available Data

 

3.      Have the assumptions and methods used in the SSA report been
clearly and logically stated in light of the best available information? If
not, please identify the specific assumptions and methods that are
unclear or illogical.

 

4.      Are there demonstratable errors of fact or interpretation? Have the
authors of the SSA report provided reasonable and scientifically sound
interpretations and syntheses from the scientific information presented
in the report? Are there instances in the SSA report where a different
but equally reasonable and sound interpretation might be reached that
differs from that provided by the Service? If any instances are found
where this is the case, please provide the specifics regarding those
particular concerns.

 

5.      Provide feedback on the inclusion and portrayal of uncertainty in
the SSA report. Have the scientific uncertainties present given the data
and the analyses conducted been clearly identified and has the degree
of uncertainty been appropriately characterized? If not, please identify
any specifics concerns.

 

Please remind Peer Reviewers (as per text in SOW and required in
correspondence with Peer Reviewers) of the following:



 

The Species Status Assessment framework is a new tool the U.S. Fish and
Wildlife Service is using to improve transparency while conducting listing
determinations and other Act actions, and peer review of our analyses of the
viability of species is part of that new process.  The attached draft SSA report
is a rough draft; we are seeking comments at this stage to ensure that we have
time to incorporate any substantial comments as we finalize the report.

 

In reviewing the document, please note that this draft SSA report does not
result in or predetermine a decision by the Service on whether the Canada
lynx warrants protections of the s Act.  This document is strictly a
characterization of the viability species’ viability in the contiguous United
States.

 

As a reminder, all peer reviews and comments will be public documents, and
portions may be incorporated verbatim into the Service’s final decision
Document, should there be one, with appropriate credit given to the author of
the review.  If you do not want your name to appear in a final decision
document, as published in the Federal Register, please inform us of this as
soon as possible. 

 

In general we ask that your comments on the draft SSA report focus
specifically on whether the best available information was used, the quality of
the scientific information,  and our interpretation and analyses of the data
with regard to the species’ viability in the contiguous United States.  We
request that you direct your review to the scientific issues and assumptions
related to your expertise.

 

 

A list of literature cited is included in the report and we have most of these
documents available in pdfs (although not all).  We can send you a thumb
drive or cd as you wish with what we have.  Please let me know your
preference and an address to have them fed-exed too.    

 

We look forward to your responses.  If you have questions, please contact our
lead for this project: Jim Zelenak at (406) 449-5225, ext. 220 or at
Jim_Zelenak@fws.gov.  Thank you.  JB

 

mailto:Jim_Zelenak@fws.gov


 

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Thu, Jan 5, 2017 at 2:36 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Ben and Matt.  Just a heads up.  I wanted to let you know that the document
for review (Draft Lynx SSA) will be coming later today or first thing
tomorrow.  I have also asked our contracting agent to extend the contract so
you have enough time to complete the review.  Thanks. JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Sep 7, 2016 at 12:01 PM, Bush, Jodi <jodi_bush@fws.gov>
wrote:

Hi Ben.  We are getting pretty close but probably won't see a document
ready to review for at least a few more weeks.  I'll keep you posted.  JB

mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov


Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Sep 7, 2016 at 9:52 AM, Cogdell, Benjamin E
<Benjamin.Cogdell@atkinsglobal.com> wrote:

Jodi,

I am working with Matt Cusack on the Canada Lynx peer review
document.  Do you have an update on the Draft Species Status
Assessment (Document 1 listed below)?

 

Thank you,

 

Ben Cogdell

Scientist

ATKINS

1616 East Millbrook Road, Suite 310, Raleigh, NC 27609 | Tel: +1.919.431.5226 | Fax:
+1.919.876.6848

Email:benjamin.cogdell@atkinsglobal.com| Web: www.atkinsglobal.com/northamerica 
www.atkinsglobal.com

 

From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Thursday, July 28, 2016 2:58 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks
<kaimy_marks@fws.gov>; jim_zelenak@fws.gov
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW
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LYNX

 

Matt,  Sorry for the delay in responding to your questions; I
was out of town on business and just returned today.  Your
questions were however,  forwarded to Jim Zelenak whom
works with Jodi Bush. He sent me the following responses:
 I think these should answer your concerns.

 

Document 1 - the Species Status Assessment for the lynx DPS (SSA
Report) - is the document that we (FWS) need to have peer-reviewed. 
We are working now to complete the draft SSA report, and we hope to
have it done very soon (in the next week or so).  It will then go through
internal review and editing before it is ready to send out for peer
review. I'm not sure how long internal review will take - the DPS
covers 4 FWS regions and 10-15 states depending on how you want to
slice it - but the internal review will be on as fast a time line as possible.

 

Document 2 - The Final Report from the expert elicitation workshop is
a supporting FWS document that we want to provide to peer-reviewers,
though we are not seeking peer review on this document itself.  Most of
the potential peer reviewers likely already have the report because they
either participated in the workshop of were provided the report when it
was completed. The final report is on our Region 6 lynx web page
under the SSA tab (Appendices and Expert Presentations are also
there); here is the direct link to the report:

 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx
/SSA2016/Appendices/2016%2004%
2018%20FINAL%20Lynx%20SSA%20EE
%20Workshop%20Report%202%20jzeds.pdf

 

Document 3 - the revised LCAS - is also a supporting document that
candidate peer reviewers probably already have, though we wanted to
provide it because we rely on it in the SSA report. It can be found and
downloaded here:

 

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_re
visedAugust2013.pdf

https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.fs.fed.us_biology_resources_pubs_wildlife_LCAS-5FrevisedAugust2013.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=WfVHf_XQZGHn_4RLp5v09MqjZ59GaPEkBwWHG9vxkq0&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.fs.fed.us_biology_resources_pubs_wildlife_LCAS-5FrevisedAugust2013.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=WfVHf_XQZGHn_4RLp5v09MqjZ59GaPEkBwWHG9vxkq0&e=


 

Let me know if you would prefer that I send you PDFs of these.

 

We will let you know when the Draft SSA Report is undergoing
internal review when we will have a better idea of the timing of when it
will be ready for peer review.

 

 

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

 

From: Cusack, Matthew T [mailto:matt.cusack@atkinsglobal.com] 
Sent: Tuesday, July 26, 2016 9:56 AM
To: Steve Gess
Cc: Jodi Bush; Kaimy Marks
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Thanks Steve,

 

Can you please provide the following items that were indicated as being
provided in the Scope of Work?

 

1. 1) Species Status Assessment for the contiguous United States
distinct population segment (DPS) of the Canada lynx (Lynx
Canadensis);

2. Final Report of the Canada Lynx Expert Elicitation Workshop
3. Revised (Aug. 2013) interagency Lynx Conservation Assessment

mailto:Steve_gess@fws.gov
mailto:matt.cusack@atkinsglobal.com


and Strategy (LCAS).

 

 

Feel free to use Atkins’ large file transfer system to provide me with the
files if they are too large for email. The site can be accessed with an
email address and a self-developed password here:
http://sendit.na.atkinsglobal.com

 

Also, are these three items the entire scope of what will require peer review per
the scope of work? It is very helpful for me to see the materials that must be
reviewed in order to establish the range of magnitude for the reviews.

Thanks!

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Monday, July 18, 2016 11:01 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks
<kaimy_marks@fws.gov>
Subject: Request for Proposal TASK ORDER= PEER REVIEW
LYNX

 

Matt, Here is a formal request for Proposal to conduct PEER
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review for LYNX study.   Attached is the RFP , proposal is
due August 12, 2016. Please let me know if you have any
questions.

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

 

 

This email and any attached files are confidential and copyright protected. If you are not the addressee,
any dissemination of this communication is strictly prohibited. Unless otherwise expressly agreed in
writing, nothing stated in this communication shall be legally binding.

The ultimate parent company of the Atkins Group is WS Atkins plc. Registered in England No. 1885586.
Registered Office Woodcote Grove, Ashley Road, Epsom, Surrey KT18 5BW. A list of wholly owned
Atkins Group companies registered in the United Kingdom and locations around the world can be found
at http://www.atkinsglobal.com/site-services/group-company-registration-details

Consider the environment. Please don't print this e-mail unless you really need to.

 

 

 

 

 

 

 

 

-- 
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Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Holt, Bryon
To: Zelenak, Jim
Cc: Jodi Bush; Mark McCollough; Tamara Smith; Kurt Broderdorp
Subject: Re: Lynx SSA Comments
Date: Monday, March 20, 2017 12:08:27 PM

Hi Jim,

I typed this response, and then re-read your reply and noticed that I had missed where you had
indicated agreement with a potential resident population in the panhandle of Idaho.  But, I had
already typed this up and so thought I would go ahead and send my thoughts along anyway.

I agree with almost all of your conclusions, however, as you and I have discussed on several
occasions I do not agree with your conclusions that Idaho does not support a persistent
resident lynx breeding population.  This is primarily do to occupancy of the Selkirk Mountains
in northwest Idaho.  I believe the Selkirk Mountains in northwest Idaho and northeast
Washington supports a very low density, but persistent lynx breeding population.  From this
area through time we consistently, but albeit infrequently, receive opportunistically obtained
verified lynx records (video, tree cameras, etc.).  You point out that we have no evidence of
reproduction from the Selkirks.  Therefore all these verified records could be of transient lynx,
which is true.  But, historically we have not consistently made any effort to document
persistent lynx presence or reproduction for that matter in the Selkirks. This year marks the
first year of a research effort to document lynx and fisher presence in the Selkirks; several
different sets of lynx tracks have been documented.  Two different sets of these lynx tracks
consisted of multiple lynx traveling together well south of the Canadian border, and the
observers noted the tracks traveling together seemed to be different sizes.  The two groups of
tracks were well separated and on different sides of a mountain range, and thus, likely
represent two separate groups of lynx.  I think hair samples were obtained (via backtracking)
so we'll see what the DNA says.

Bryon

On Fri, Mar 17, 2017 at 9:58 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI - Mike's response to my request for clarification.  I'm not sure it really clarifies much for me, but I'm glad he
responded.  I sent a similar request to Squires and hope he replies, too.

My biggest problem is that the 83 physical remains he refers to for WY, although considered as "reliable" by
McKelvey et al. 2000, were nonetheless not all considered "verified" (only 30 records for WY were thus
considered), and Mike co-authored the 2008 McKelvey et al. paper highlighting the importance of using only
verified data to establish historical range.  Whereas in Washington, 134 of the 144 were verified and in Minnesota
76 of 179 were verified.

Also interesting that ID had 96 reliable physical remains and 74 verified records - both higher than WY - but there
is general agreement that a persistent resident population did not and does not occur there (though some folks
think maybe a small number of residents occurs in the panhandle more often than not....which I concur is likely).

Copied to Core Team to share Mike's kudos on the effort. Thanks!

---------- Forwarded message ----------
From: Schwartz, Michael K -FS <michaelkschwartz@fs.fed.us>
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Date: Fri, Mar 17, 2017 at 10:11 AM
Subject: RE: Lynx SSA Comments
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Hi Jim,

Thanks for the note.  Great job on the SSA report.  That was a really impressive piece of work
created in a very short time frame.  I hope my comments in general will help.  Like you, I wish I too
had more time to review the document. 

 

Resolution of this issue comes down the operational definition of persistence, how historical
records are viewed (i.e., does a trapped animal mean it was the only animal or representative of a
larger population), and comparisons to other records (see table 8.1, figure 8.7 in McKelvey).

 

My view is that 83 physical records distributed over time (with the acknowledgement that they
were listed as a predator until 1973, where state records would be scant) is enough to suggest
some level of consistency.  Interestingly, Washington only had 144 physical records and Minnesota
only 179. 

 

By analogy, let’s revisit the idea of lynx populations as tide pools at different sizes and distances
from the ocean.  Places like Iowa (1 physical record) clearly have either a miniscule pool and a
great distance from the current main distribution.  Places like Washington and Minnesota have
decent size pools and close proximity.  New Hampshire and Wyoming are interesting because
clearly there is some pool available but as functional distance (and in Wyoming’s case straight line
distance) is great this pool only occasionally fills and persists for periods of time.  But the fact that
the pool exists and the same part of the range is occasionally filled suggests to me persistence at
some temporal grain.  If the Service wishes to use a more restrictive definition of persistence or
views the trapping records as complete censuses, then a different conclusion is reached.

 

Hope this clarifies my view. Once again good work on an important document.

Best Regards,

Mike

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, March 16, 2017 12:00 PM

mailto:jim_zelenak@fws.gov
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To: Schwartz, Michael K -FS <michaelkschwartz@fs.fed.us>
Cc: McKelvey, Kevin -FS <kmckelvey@fs.fed.us>
Subject: Lynx SSA Comments

 

Hi Mike,

 

Thanks for peer-reviewing the draft SSA report.  I wish we'd had a little more time to edit it
thoroughly and tighten it up before it went out to you and other peer reviewers and our State,
Federal and Tribal partners, but I don't get to decide on the schedule.

 

Anyway, I have a question about one of your comments regarding the historic presence of
lynx in Wyoming.  You said:

 

"The opposite may be true in Wyoming. Here there is a consistent signal of lynx from at
least the 1970s onwards (p 41, 147 SSA) with strong signals at the beginning of the 21st
century."

 

I'm wondering what information suggests the consistent signal you describe, and whether
you interpret that to confirm the presence of a persistent resident population?  After in-depth
review of the "certain" (i.e., verified) records in Reeve et al. 1986 and the verified records in
McKelvey et al. 2000, I reach a less certain conclusion regarding whether Wyoming
continuously or consistently supported a resident population.

 

Based on those documents, there are 33 or 34 (McKelvey et al's total did not include one of
Reeve et al's "certains" - a record from 1969) verified records from Wyoming from 1856-
1999.  These include 4 records from the 1800s, 3 of which were from the southeast part of
the state that seems unlikely to have supported a persistent resident population. Then there
were 10 records from 1904-1920, 7 from YNP and surrounding area, 2 from the upper Wind
Rivers, and 1 from the Big Horns.  Of these 10, 8 were from the years 1917-1920, which
may suggest dispersing lynx associated with an irruption.

 

There were no verified records in WY from 1921-1939, then there were 9 records from
1940-1957, all from the west-central border area (northern Wyoming Range).  Six of these 9
were killed in 1952-1955, again suggestive of a pulse of dispersing lynx.

 

After 1957, there were single records from 1963 and 1983 (and perhaps one in 1969), both

mailto:michaelkschwartz@fs.fed.us
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from southeast WY, one clearly in anomalous habitat, and then 8 records from the Wyoming
Range from 1996-2000 that included one adult male, one adult female, and her 6 kittens
from 2 consecutive years (none of which appear to have survived to independence; and the
female starved about the time the second litter would have been ready to disperse from the
maternal home range).

 

Since 2000, as documented in the report, there have been only a handful of verified records
that suggest 3 lynx in the park over a couple of years and 10 Colorado lynx that passed thru
WY, with a couple temporarily hanging out in the area of the Wyoming Range previously
occupied by the late 1990s resident pair, but with no evidence of reproduction.

 

I know Reeve et al. had many more data that they categorized as "probable," but Kevin did
not consider these verified, and you and Kevin built a compelling argument in your 2008
paper about why only verified data should be used to evaluate historical range.  I think the
vagaries in historical lynx trapping records, the strong likelihood of bobcats being
misidentified as lynx, problems with unconfirmed track or observation data, and the pulsed,
ebb/flow dynamics of lynx distribution all further strengthen the argument for only using
verified data for lynx.

 

I also have seen the anecdotal reference to 18 lynx being trapped from a relatively small area
of the Wyoming Range over a short time in 1972, but this also suggests a pulse of dispersing
lynx associated with the unprecedented irruption of the early 1970s documented in
McKelvey et al. 2000.  If all or most of these were resident lynx, why were the all suddenly
simultaneously vulnerable to trapping in one year?  

 

I'm also asking this of John, who also peer reviewed the report and who also referred to
Reeve et al. 1986 as evidence of a persistent population in Wyoming.  I've also copied Kevin
on this message in case he has any insights he'd care to share.

 

Anyway, if you are relying on other data or genetic analyses to reach your conclusions, or
perhaps have thought about this more clearly than I have, I'd appreciate knowing about it
and the information you believe suggests a consistent signal of lynx for Wyoming.

 

Thanks,

 

Jim

 



--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

This electronic message contains information generated by the USDA solely for the
intended recipients. Any unauthorized interception of this message or the use or disclosure
of the information it contains may violate the law and subject the violator to civil or criminal
penalties. If you believe you have received this message in error, please notify the sender
and delete the email immediately.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Zelenak, Jim
To: Jodi Bush; Justin Shoemaker
Subject: Summary of Lynx SSA Peer and State Review
Date: Monday, March 20, 2017 4:38:03 PM
Attachments: 2017 03 20 Lynx SSA Summary of Peer and Stae Review jz.docx

Jodi and Justin,

Attached is what I was able to boil down based on my own reviews and the several I received from Mark, Tam, and
Bryon.  I spent quite a bit of time trying to further summarize what Mark sent, eventually going back to the original
comments. I also did not receive any review from Kurt, so I summarized Colorado's major comments/issues as well
as I could but quickly.

There is a much longer document that has more detailed comments and some draft responses but which I don't think
would be particularly useful for you or the recommendation team.

Anyway, there are a few recurring themes among peer reviewers and among some state agencies, and definitely
some comments that will need to be addressed and which will improve the final SSA report.  However, I have found
no major earth-shattering omissions or fatal errors that I think really change much in the way of our understanding
of DPS dynamics or SSA outcomes, or that I feel would likely alter the thoughts of the recommendation team.

I am not certain that all members of the Core Team would agree. I will send these to the Core Team by separate
message and let them know I've sent them to you both.

Please take a look at these and if you think they are ready and would be useful, please forward them to the
recommendation team.  Otherwise, if you think it would be better to brief the recommendation team by phone, I'm
happy to do that after I get back next week.

Thanks. 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Jodi Bush; Justin Shoemaker
Subject: Summary of Lynx SSA Peer and State Review
Date: Monday, March 20, 2017 4:38:07 PM
Attachments: 2017 03 20 Lynx SSA Summary of Peer and Stae Review jz.docx

Jodi and Justin,

Attached is what I was able to boil down based on my own reviews and the several I received from Mark, Tam, and
Bryon.  I spent quite a bit of time trying to further summarize what Mark sent, eventually going back to the original
comments. I also did not receive any review from Kurt, so I summarized Colorado's major comments/issues as well
as I could but quickly.

There is a much longer document that has more detailed comments and some draft responses but which I don't think
would be particularly useful for you or the recommendation team.

Anyway, there are a few recurring themes among peer reviewers and among some state agencies, and definitely
some comments that will need to be addressed and which will improve the final SSA report.  However, I have found
no major earth-shattering omissions or fatal errors that I think really change much in the way of our understanding
of DPS dynamics or SSA outcomes, or that I feel would likely alter the thoughts of the recommendation team.

I am not certain that all members of the Core Team would agree. I will send these to the Core Team by separate
message and let them know I've sent them to you both.

Please take a look at these and if you think they are ready and would be useful, please forward them to the
recommendation team.  Otherwise, if you think it would be better to brief the recommendation team by phone, I'm
happy to do that after I get back next week.

Thanks. 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX
Date: Monday, March 20, 2017 10:08:26 AM

I've been doing any follow up I thought necessary by directly contacting the peer reviewers - in my case, that is
Squires and Schwartz so far, sometimes also seeking the opinions of other FWS lynx experts (see message to
follow).  I hope that is OK.

If so, I don't think separate follow-up with peer reviewers through Atkins is necessary. I think we may have a few
limited questions and clarifications that would be most efficient for us (Core Team) to pursue/communicate directly
with the reviewers.

Your thoughts?

On Mon, Mar 20, 2017 at 10:03 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Jim.  See email.  What do we think?  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>
Date: Mon, Mar 20, 2017 at 9:15 AM
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX
To: "Bush, Jodi" <jodi_bush@fws.gov>
Cc: "Cusack, Matthew T" <matt.cusack@atkinsglobal.com>

Hi Jodi,

I wanted to follow up with you to see if the Service anticipates having any follow-up
questions/answers that need to be provided to the Peer Reviewers regarding their initial
assessments of the Canada Lynx Draft SSA.  Following the resolution of any outstanding questions
between the Service and Peer Reviewers Atkins will begin to develop the final report and official
record.

 

Thank you,

 

Ben Cogdell

Scientist
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ATKINS

1616 East Millbrook Road, Suite 310, Raleigh, NC 27609 | Tel: +1.919.431.5226 | Fax: +1.919.876.6848

Email:benjamin.cogdell@atkinsglobal.com| Web: www.atkinsglobal.com/northamerica  www.atkinsglobal.com

 

From: Cusack, Matthew T 
Sent: Thursday, March 02, 2017 1:02 PM
To: Bush, Jodi <jodi_bush@fws.gov>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Hi Jodi,

Attached is what I just received from Reviewer05.

 

Until I get the complete review from Reviewer03, which I don’t anticipate until after your meeting,
I believe this is all you are expecting to receive.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, March 02, 2017 12:28 PM
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To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Awesome Matt.  That helps and please forward me whatever you get from the last Peer
reviewer.  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Thu, Mar 2, 2017 at 9:56 AM, Cusack, Matthew T <matt.cusack@atkinsglobal.com>
wrote:

Hi Jodi,

 

There are three reviews that were outstanding. Below is their status. Good news is that two of
them came in overnight (at least partially).

 

1.      Reviewer03 (Harrison): Partial review is available with the comments tailored to support
your meeting. The full review will be available within the next week. Partial review is attached.
Note from reviewer “All of my important general comments are spelled out here, as well as
my specific comments that are referenced specifically to the first 50 pages of text.  Thus
my most important comments for FWS to consider are included here and hopefully can
help in the decision process.”

2.      Reviewer04 (Squires): Review and General Comments attached (2017 01 06 DRAFT Lynx SSA
Report_JRS comments.pdf and SSA_Lynx_Comments_Squires.docx)

3.      Reviewer05: I have corresponded with them this morning and believe we will still get their
review today. I will forward it when I get it.

mailto:matt.cusack@atkinsglobal.com
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Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, March 02, 2017 10:50 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt.  Any word on the last few peer reviewers?  We could really use those asap. Thanks
JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Feb 22, 2017 at 10:27 AM, Cusack, Matthew T
<matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,

 

mailto:Matthew.Cusack@atkinsglobal.com
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Attached are the unedited reviewers from the first two reviewers.

 

Please let me know if you have any questions or concerns.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 22, 2017 11:24 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Hey Matt.  Please get us what you have asap.  

 

Unfortunately, the Service's decision meeting is on March 3rd and if we receive the
Peer reviews that day we will be unable to use them in that meeting.  Please let your
folks know that we need their reviews asap, but NLT February 27 or 28 for us to be
able to discuss them during the agency decision meeting.  Thank you.  JB

 

Jodi L. Bush

Office Supervisor

mailto:Matthew.Cusack@atkinsglobal.com
http://www.atkinsglobal.com/northamerica
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Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Mon, Feb 20, 2017 at 6:38 AM, Cusack, Matthew T
<matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,

 

My apologies for the delayed response. I was out unexpectedly all week with the flu, which
was very hard on me.

 

As I am going through my emails from last week, I see that I have received two peer
reviews, which I will organize and deliver later today.

 

The other three are asking for more time, and have asked for March 3 due to a variety of
travel commitments.

 

I hope this will be acceptable, as I have been doing everything I can to work with the
reviewers so that you have a diversity of opinions.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848

mailto:matt.cusack@atkinsglobal.com


Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, February 15, 2017 1:41 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Hi Matt.  I am checking in on the status of the Peer Review.  Any idea when we see
them?  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Fri, Jan 20, 2017 at 3:21 PM, Cusack, Matthew T
<matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,

 

Hope you are well!

 

We are still in the process of some contracting, but the reviewers have adjusted their
schedules and have reported that they will have their reviews to Atkins by Friday,
February 10. Just to make sure I have some time for late stragglers, I will have the draft,
unfiltered reviews to the USFWS on Monday February 13.
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Once the USFWS has returned to me with confirmation that they see no red flags or
serious concerns that a reviewer misunderstood the materials, we will proceed with
developing the summary report that discusses the points of agreement and
disagreement between the reviewers and have that ready for your review by within two
weeks of the USFWS response to Atkins.

 

Does that schedule work for you? Should allow us to have everything finalized well in
advance of the April 30 end of the period of performance.

 

Have a great weekend!

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, January 20, 2017 11:00 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; jim_zelenak@fws.gov
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt.  Just checking up on status of the Peer Review process.  I assume all
reviewers have received document (SSA) and you are proceeding ahead but
wanted to check in.  

mailto:Matthew.Cusack@atkinsglobal.com
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Perhaps an updated version of the Schedule (p.8) from your proposal would be
warranted so we all understand the timelines.  Thanks.  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Mon, Jan 9, 2017 at 9:41 AM, Cusack, Matthew T
<matt.cusack@atkinsglobal.com> wrote:

Hi Jodi,

 

We are in receipt of the SSA, thanks for sending.

 

I will let you know if we have any questions.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

mailto:matt.cusack@atkinsglobal.com
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Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, January 06, 2017 4:30 PM
To: Cogdell, Benjamin E <Benjamin.Cogdell@atkinsglobal.com>; Cusack, Matthew T
<matt.cusack@atkinsglobal.com>
Cc: jim_zelenak@fws.gov; Steve Gess <steve_gess@fws.gov>
Subject: Re: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Ben and Matt.  

 

Attached please find the final DRAFT Species Status Assessment for the DPS of
the Canada Lynx.  

 

Please note the specifics of the contract as you proceed. As we indicated in that
Scope of Work (SOW), the purpose of the review is to help us ensure that we
have used the best scientific and commercial information when we make our
final decision as to the current status of the lynx.  As a result, we are looking for
independent scientific perspectives on the comprehensiveness and logic of the
document, as well as how well the technical conclusions are supported by the
data and analyses. Peer reviewers should be advised that they are not to
provide advice on policy.

 

Questions for Peer Review (from the SOW)

 

Available Data
 

1.      Please identify any oversights or omissions of data or information,
and their relevance to the assessment. Are there others sources of
information or studies that were not included that are relevant to
assessing the viability of this species? What are they are how are they
relevant?

 

2.      Provide advice on the overall strengths and limitations of the
scientific data used in the document. Have the authors been explicit about
assumptions and limitations of, and concerns regarding, the data, and are

http://www.atkinsglobal.com/northamerica
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these appropriately qualified or explained? Are there concerns that the
Service did not identify, and if so, how relevant are these concerns to the
assessment of viability of lynx in the contiguous U.S.? Are there any
inconsistencies in how the data are presented or assessed?

 
Analysis of Available Data

 

3.      Have the assumptions and methods used in the SSA report been
clearly and logically stated in light of the best available information? If
not, please identify the specific assumptions and methods that are unclear
or illogical.

 

4.      Are there demonstratable errors of fact or interpretation? Have the
authors of the SSA report provided reasonable and scientifically sound
interpretations and syntheses from the scientific information presented in
the report? Are there instances in the SSA report where a different but
equally reasonable and sound interpretation might be reached that differs
from that provided by the Service? If any instances are found where this
is the case, please provide the specifics regarding those particular
concerns.

 

5.      Provide feedback on the inclusion and portrayal of uncertainty in the
SSA report. Have the scientific uncertainties present given the data and
the analyses conducted been clearly identified and has the degree of
uncertainty been appropriately characterized? If not, please identify any
specifics concerns.

 

Please remind Peer Reviewers (as per text in SOW and required in
correspondence with Peer Reviewers) of the following:

 

The Species Status Assessment framework is a new tool the U.S. Fish and
Wildlife Service is using to improve transparency while conducting listing
determinations and other Act actions, and peer review of our analyses of the
viability of species is part of that new process.  The attached draft SSA report is
a rough draft; we are seeking comments at this stage to ensure that we have time
to incorporate any substantial comments as we finalize the report.

 

In reviewing the document, please note that this draft SSA report does not result
in or predetermine a decision by the Service on whether the Canada lynx
warrants protections of the s Act.  This document is strictly a characterization of



the viability species’ viability in the contiguous United States.

 

As a reminder, all peer reviews and comments will be public documents, and
portions may be incorporated verbatim into the Service’s final decision
Document, should there be one, with appropriate credit given to the author of
the review.  If you do not want your name to appear in a final decision
document, as published in the Federal Register, please inform us of this as soon
as possible. 

 

In general we ask that your comments on the draft SSA report focus specifically
on whether the best available information was used, the quality of the scientific
information,  and our interpretation and analyses of the data with regard to the
species’ viability in the contiguous United States.  We request that you direct
your review to the scientific issues and assumptions related to your expertise.

 

 

A list of literature cited is included in the report and we have most of these
documents available in pdfs (although not all).  We can send you a thumb drive
or cd as you wish with what we have.  Please let me know your preference and
an address to have them fed-exed too.    

 

We look forward to your responses.  If you have questions, please contact our
lead for this project: Jim Zelenak at (406) 449-5225, ext. 220 or at
Jim_Zelenak@fws.gov.  Thank you.  JB

 

 

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

mailto:Jim_Zelenak@fws.gov


(406) 449-5225, ext.205

 

 

On Thu, Jan 5, 2017 at 2:36 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Ben and Matt.  Just a heads up.  I wanted to let you know that the document
for review (Draft Lynx SSA) will be coming later today or first thing
tomorrow.  I have also asked our contracting agent to extend the contract so
you have enough time to complete the review.  Thanks. JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Wed, Sep 7, 2016 at 12:01 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Hi Ben.  We are getting pretty close but probably won't see a document
ready to review for at least a few more weeks.  I'll keep you posted.  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

mailto:jodi_bush@fws.gov
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On Wed, Sep 7, 2016 at 9:52 AM, Cogdell, Benjamin E
<Benjamin.Cogdell@atkinsglobal.com> wrote:

Jodi,

I am working with Matt Cusack on the Canada Lynx peer review
document.  Do you have an update on the Draft Species Status
Assessment (Document 1 listed below)?

 

Thank you,

 

Ben Cogdell

Scientist

ATKINS

1616 East Millbrook Road, Suite 310, Raleigh, NC 27609 | Tel: +1.919.431.5226 | Fax:
+1.919.876.6848

Email:benjamin.cogdell@atkinsglobal.com| Web: www.atkinsglobal.com/northamerica 
www.atkinsglobal.com

 

From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Thursday, July 28, 2016 2:58 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks
<kaimy_marks@fws.gov>; jim_zelenak@fws.gov
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW
LYNX

 

Matt,  Sorry for the delay in responding to your questions; I
was out of town on business and just returned today.  Your
questions were however,  forwarded to Jim Zelenak whom
works with Jodi Bush. He sent me the following responses:  I
think these should answer your concerns.

 

Document 1 - the Species Status Assessment for the lynx DPS (SSA
Report) - is the document that we (FWS) need to have peer-reviewed. 
We are working now to complete the draft SSA report, and we hope to
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have it done very soon (in the next week or so).  It will then go through
internal review and editing before it is ready to send out for peer review.
I'm not sure how long internal review will take - the DPS covers 4 FWS
regions and 10-15 states depending on how you want to slice it - but the
internal review will be on as fast a time line as possible.

 

Document 2 - The Final Report from the expert elicitation workshop is a
supporting FWS document that we want to provide to peer-reviewers,
though we are not seeking peer review on this document itself.  Most of
the potential peer reviewers likely already have the report because they
either participated in the workshop of were provided the report when it
was completed. The final report is on our Region 6 lynx web page under
the SSA tab (Appendices and Expert Presentations are also there); here is
the direct link to the report:

 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx
/SSA2016/Appendices/2016%2004%
2018%20FINAL%20Lynx%20SSA%
20EE%20Workshop%20Report%202%20jzeds.pdf

 

Document 3 - the revised LCAS - is also a supporting document that
candidate peer reviewers probably already have, though we wanted to
provide it because we rely on it in the SSA report. It can be found and
downloaded here:

 

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_re
visedAugust2013.pdf

 

Let me know if you would prefer that I send you PDFs of these.

 

We will let you know when the Draft SSA Report is undergoing internal
review when we will have a better idea of the timing of when it will be
ready for peer review.

 

 

 

https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=https-3A__www.fws.gov_mountain-2Dprairie_es_species_mammals_lynx_SSA2016_Appendices_2016-252004-252018-2520FINAL-2520Lynx-2520SSA-2520EE-2520Workshop-2520Report-25202-2520jzeds.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=6ip_O7_NJXjb9ssuhF6sRbn-wcR0Q7nJNRQV10k0XH4&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.fs.fed.us_biology_resources_pubs_wildlife_LCAS-5FrevisedAugust2013.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=WfVHf_XQZGHn_4RLp5v09MqjZ59GaPEkBwWHG9vxkq0&e=
https://urldefense.proofpoint.com/v2/url?u=http-3A__www.fs.fed.us_biology_resources_pubs_wildlife_LCAS-5FrevisedAugust2013.pdf&d=CwMFaQ&c=cUkzcZGZt-E3UgRE832-4A&r=2Uc5kyEHq-Nbhp_zoFDxryT22vKgRL2YPZLL7VQun1E&m=vP9V8CAm3KWO4bNQQJTGoq544vQZXyi5hPNI8zej8yQ&s=WfVHf_XQZGHn_4RLp5v09MqjZ59GaPEkBwWHG9vxkq0&e=


Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

 

From: Cusack, Matthew T [mailto:matt.cusack@atkinsglobal.com] 
Sent: Tuesday, July 26, 2016 9:56 AM
To: Steve Gess
Cc: Jodi Bush; Kaimy Marks
Subject: RE: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Thanks Steve,

 

Can you please provide the following items that were indicated as being
provided in the Scope of Work?

 

1. 1) Species Status Assessment for the contiguous United States
distinct population segment (DPS) of the Canada lynx (Lynx
Canadensis);

2. Final Report of the Canada Lynx Expert Elicitation Workshop
3. Revised (Aug. 2013) interagency Lynx Conservation Assessment

and Strategy (LCAS).

 

 

Feel free to use Atkins’ large file transfer system to provide me with the
files if they are too large for email. The site can be accessed with an email
address and a self-developed password here: http://sendit.na.atkinsglobal.com

 

Also, are these three items the entire scope of what will require peer review per
the scope of work? It is very helpful for me to see the materials that must be
reviewed in order to establish the range of magnitude for the reviews.

mailto:Steve_gess@fws.gov
mailto:matt.cusack@atkinsglobal.com
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Thanks!

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Monday, July 18, 2016 11:01 AM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>; Kaimy Marks
<kaimy_marks@fws.gov>
Subject: Request for Proposal TASK ORDER= PEER REVIEW LYNX

 

Matt, Here is a formal request for Proposal to conduct PEER
review for LYNX study.   Attached is the RFP , proposal is
due August 12, 2016. Please let me know if you have any
questions.

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

mailto:Matthew.Cusack@atkinsglobal.com
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This email and any attached files are confidential and copyright protected. If you are not the addressee,
any dissemination of this communication is strictly prohibited. Unless otherwise expressly agreed in writing,
nothing stated in this communication shall be legally binding.

The ultimate parent company of the Atkins Group is WS Atkins plc. Registered in England No. 1885586.
Registered Office Woodcote Grove, Ashley Road, Epsom, Surrey KT18 5BW. A list of wholly owned Atkins
Group companies registered in the United Kingdom and locations around the world can be found at
http://www.atkinsglobal.com/site-services/group-company-registration-details

Consider the environment. Please don't print this e-mail unless you really need to.

 

 

 

 

 

 

 

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Kurt Broderdorp
To: Leslie Ellwood
Subject: RE: Lynx mtg with Peter McDonald - April 5
Date: Tuesday, March 21, 2017 7:07:00 AM

I talked with Peter M. and they want to start the meeting in the

morning on the 5th, because Randy G. is having surgery and has to
check in that afternoon, or has to get somewhere that afternoon for
surgery the next day.
 
On another note, Sarah Backsen mentioned that you had a powerpoint
presentation you did for the GS tiger beetle and said you would be will
to share that with me. 
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Ellwood, Leslie [mailto:leslie_ellwood@fws.gov] 
Sent: Monday, March 20, 2017 5:04 PM
To: Kurt Broderdorp
Subject: Lynx mtg with Peter McDonald - April 5
 
Hi Kurt,
 
Looks like the meeting has been scheduled for April 5 - does that still work for you?
 
I don't know if you had discussed w/ Drue.  I'm not sure if its in morning or afternoon but will
check.
 
Hope your SSA is going well!
 
Leslie

Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747
 

mailto:kurt_broderdorp@fws.gov
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From: Kurt Broderdorp
To: Leslie Ellwood
Subject: RE: Lynx mtg with Peter McDonald - April 5
Date: Tuesday, March 21, 2017 9:53:00 AM

No agenda yet, but Peter mentioned that they wanted to start as early
as possible.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Ellwood, Leslie [mailto:leslie_ellwood@fws.gov] 
Sent: Tuesday, March 21, 2017 9:22 AM
To: Kurt Broderdorp
Subject: Re: Lynx mtg with Peter McDonald - April 5
 
Sounds good for the meeting - do you two figure out a start time?
 
I will send you the power point.  I had suggested to Sarah that you might find some of the
organization useful.  I'll send that soon.
 
Leslie

Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747
 
 
On Tue, Mar 21, 2017 at 7:07 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
I talked with Peter M. and they want to start the meeting in the

morning on the 5th, because Randy G. is having surgery and has to
check in that afternoon, or has to get somewhere that afternoon for
surgery the next day.
 
On another note, Sarah Backsen mentioned that you had a powerpoint
presentation you did for the GS tiger beetle and said you would be will
to share that with me. 
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Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Ellwood, Leslie [mailto:leslie_ellwood@fws.gov] 
Sent: Monday, March 20, 2017 5:04 PM
To: Kurt Broderdorp
Subject: Lynx mtg with Peter McDonald - April 5
 
Hi Kurt,
 
Looks like the meeting has been scheduled for April 5 - does that still work for you?
 
I don't know if you had discussed w/ Drue.  I'm not sure if its in morning or afternoon but will
check.
 
Hope your SSA is going well!
 
Leslie

Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747
 
 

mailto:leslie_ellwood@fws.gov


From: Kurt Broderdorp
To: Leslie Ellwood
Subject: RE: Lynx mtg with Peter McDonald - April 5
Date: Tuesday, March 21, 2017 11:32:00 AM

Not that I know of, but you might want to check with Peter.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Ellwood, Leslie [mailto:leslie_ellwood@fws.gov] 
Sent: Tuesday, March 21, 2017 11:12 AM
To: Broderdorp, Kurt
Subject: Re: Lynx mtg with Peter McDonald - April 5
 
No, but I will.  I'll send out an email to everyone.
 
Anyone else besides you, Drue, Peter M, Randy Ghormley?

Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747
 
 
On Tue, Mar 21, 2017 at 10:57 AM, Broderdorp, Kurt <kurt_broderdorp@fws.gov> wrote:
Did you coordinate with Peter about the meeting location?
 
On Tue, Mar 21, 2017 at 9:55 AM, Ellwood, Leslie <leslie_ellwood@fws.gov> wrote:
Sounds good - we have the room reserved for the full day, recognizing that it will probably
just be the morning.
 
 

Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747
 
 
On Tue, Mar 21, 2017 at 9:53 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
No agenda yet, but Peter mentioned that they wanted to start as early
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as possible.
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 
From: Ellwood, Leslie [mailto:leslie_ellwood@fws.gov] 
Sent: Tuesday, March 21, 2017 9:22 AM
To: Kurt Broderdorp
Subject: Re: Lynx mtg with Peter McDonald - April 5
 
Sounds good for the meeting - do you two figure out a start time?
 
I will send you the power point.  I had suggested to Sarah that you might find some of the
organization useful.  I'll send that soon.
 
Leslie

Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747
 
 
On Tue, Mar 21, 2017 at 7:07 AM, Kurt Broderdorp <Kurt_Broderdorp@fws.gov> wrote:
I talked with Peter M. and they want to start the meeting in the

morning on the 5th, because Randy G. is having surgery and has to
check in that afternoon, or has to get somewhere that afternoon for
surgery the next day.
 
On another note, Sarah Backsen mentioned that you had a powerpoint
presentation you did for the GS tiger beetle and said you would be will
to share that with me. 
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
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From: Ellwood, Leslie [mailto:leslie_ellwood@fws.gov] 
Sent: Monday, March 20, 2017 5:04 PM
To: Kurt Broderdorp
Subject: Lynx mtg with Peter McDonald - April 5
 
Hi Kurt,
 
Looks like the meeting has been scheduled for April 5 - does that still work for you?
 
I don't know if you had discussed w/ Drue.  I'm not sure if its in morning or afternoon but will
check.
 
Hope your SSA is going well!
 
Leslie

Leslie Ellwood
Fish and Wildlife Biologist
USFWS/ES/Colorado Field Office
134 Union Blvd, Suite 670, Lakewood, CO 80228
P.O. Box 25486, DFC (MS 65412), Denver, CO 80225 
Ph: (303) 236-4747
 
 
 

 
--
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period.

Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all five of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from one or more of the five geographic units 
that currently support them.

We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units and be 



From: Holt, Bryon
To: Gregory Hughes; Dennis Mackey; Karen Cathey
Subject: Lynx Decision Mtg Breifing
Date: Thursday, March 23, 2017 12:13:03 PM
Attachments: 2017 01 06 DRAFT Lynx SSA Persistence Chart.pdf

All,

Attached is a chart that is informative to today's discussion.

Bryon

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************
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From: Alexej Siren
To: "McCollough, Mark"
Subject: RE: best guesses on "00001.pic"
Date: Thursday, March 23, 2017 10:57:32 PM

Hello Mark,
 
Yes, I am picking up lynx regularly on cameras. We have good coverage now in northern New
Hampshire with new cameras that perform well. We also plan to add 40 more to areas that aren’t
well represented. Further, we just added ~40 more cameras to the Green Mountains so this will
greatly increase our latitudinal range. I believe we are over 50 lynx detections at this point on about
14 cameras, mostly all in the north. As you might imagine, the camera data processing for this
project is time consuming but I have 3 undergrads working on it which has increased efficiency. I
plan to have some summaries out this summer on the lynx data and will get that to you ASAP. I still
plan on collecting data through 2018 and will defend in mid-2019.
 
On a snowshoe hare note, we have had high survival in the WMNF (25%; 3 out of 12) compared to
the Nulhegan (57% mortality; 17 of 30). Most of the mortalities have been attributed to predation
for both study sites. I’m about to finish a density analysis using new modeling techniques that I
learned during my masters. I am using density estimates to evaluate the strength of the pellet-hare
relationship and also to determine factors driving density at the low and high elevation study areas.
 
I look forward to catching up at some point. You are always welcome to join me in the field for a day
during the summer. I know that is probably unlikely given your schedule but it has been interesting
to trap the high elevation hares.
 
Take care,
 
Alexej
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Thursday, March 23, 2017 8:52 AM
To: Alexej Siren <asiren@umass.edu>
Subject: Re: best guesses on "00001.pic"
 
Alexej:
 
My impression of photo 00001 is of a bobcat, but given the quality of the photo I ascribe a
great deal of uncertainty to my ID.  The body shape looks more compact and muscular (less
lanky than a lynx).
 
It seems that you are still picking up lynx in northern NH?
 
We are still working on the lynx SSA and recently received comments on the draft from the
states and peer reviewers.  We had a meeting two weeks ago with USFWS decision-
makers/administrators to present the information.  They are still working on their decision on
the future listing status of the lynx.  Please let us know if any new information becomes

mailto:asiren@umass.edu
mailto:mark_mccollough@fws.gov


available on snow and climate change in the Northeast (or elsewhere).  Where is your study in
the process?  Have you started writing chapters of your dissertation yet?  I think we have all of
your past reports, but please forward any new reports that summarize your work this winter.
 
Thanks,  Mark
 
On Wed, Mar 22, 2017 at 9:14 AM, Alexej Siren <asiren@umass.edu> wrote:

Hello,
 
Would you mind providing your feedback on the picture entitled “00001.pic”? To minimize
bias, please just reply to me. I’ll provide a tally of the results when I hear from everyone. I
have also attached some recent pics from some of our northern cameras. The increased
coverage and new cameras has resulted in a lot of lynx pictures over a fairly widespread
area. Exciting!
 
Thanks,
 
Alexej
 
Alexej Sirén, MSc.
PhD Fellow
DOI Northeast Climate Science Center
Department of Environmental Conservation
University of Massachusetts Amherst
asiren@umass.edu
 

 
--
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED
 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex
 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Alexej Siren
To: "McCollough, Mark"
Subject: RE: best guesses on "00001.pic"
Date: Thursday, March 23, 2017 10:57:32 PM

Hello Mark,
 
Yes, I am picking up lynx regularly on cameras. We have good coverage now in northern New
Hampshire with new cameras that perform well. We also plan to add 40 more to areas that aren’t
well represented. Further, we just added ~40 more cameras to the Green Mountains so this will
greatly increase our latitudinal range. I believe we are over 50 lynx detections at this point on about
14 cameras, mostly all in the north. As you might imagine, the camera data processing for this
project is time consuming but I have 3 undergrads working on it which has increased efficiency. I
plan to have some summaries out this summer on the lynx data and will get that to you ASAP. I still
plan on collecting data through 2018 and will defend in mid-2019.
 
On a snowshoe hare note, we have had high survival in the WMNF (25%; 3 out of 12) compared to
the Nulhegan (57% mortality; 17 of 30). Most of the mortalities have been attributed to predation
for both study sites. I’m about to finish a density analysis using new modeling techniques that I
learned during my masters. I am using density estimates to evaluate the strength of the pellet-hare
relationship and also to determine factors driving density at the low and high elevation study areas.
 
I look forward to catching up at some point. You are always welcome to join me in the field for a day
during the summer. I know that is probably unlikely given your schedule but it has been interesting
to trap the high elevation hares.
 
Take care,
 
Alexej
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Thursday, March 23, 2017 8:52 AM
To: Alexej Siren <asiren@umass.edu>
Subject: Re: best guesses on "00001.pic"
 
Alexej:
 
My impression of photo 00001 is of a bobcat, but given the quality of the photo I ascribe a
great deal of uncertainty to my ID.  The body shape looks more compact and muscular (less
lanky than a lynx).
 
It seems that you are still picking up lynx in northern NH?
 
We are still working on the lynx SSA and recently received comments on the draft from the
states and peer reviewers.  We had a meeting two weeks ago with USFWS decision-
makers/administrators to present the information.  They are still working on their decision on
the future listing status of the lynx.  Please let us know if any new information becomes
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available on snow and climate change in the Northeast (or elsewhere).  Where is your study in
the process?  Have you started writing chapters of your dissertation yet?  I think we have all of
your past reports, but please forward any new reports that summarize your work this winter.
 
Thanks,  Mark
 
On Wed, Mar 22, 2017 at 9:14 AM, Alexej Siren <asiren@umass.edu> wrote:

Hello,
 
Would you mind providing your feedback on the picture entitled “00001.pic”? To minimize
bias, please just reply to me. I’ll provide a tally of the results when I hear from everyone. I
have also attached some recent pics from some of our northern cameras. The increased
coverage and new cameras has resulted in a lot of lynx pictures over a fairly widespread
area. Exciting!
 
Thanks,
 
Alexej
 
Alexej Sirén, MSc.
PhD Fellow
DOI Northeast Climate Science Center
Department of Environmental Conservation
University of Massachusetts Amherst
asiren@umass.edu
 

 
--
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED
 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex
 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Bush, Jodi
To: Justin Shoemaker; Marjorie Nelson
Cc: Jim Zelenak
Subject: Re: DRAFT FOR REVIEW: Internal Communication and Talking Points regarding the Lynx SSA and Process
Date: Monday, March 27, 2017 11:33:14 AM

so I never heard from you all.  and so I never shared with Mike and ARDs and Noreen.  Oops. 
Do you have comments or should I just send out?   JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Mar 7, 2017 at 4:32 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Marj and Justin.  I thought before I sent them out -I'd have you look at.  JB

____________________________________________________________

At our meeting last week, Noreen asked us to identify a series of talking points around
where we are with the lynx decision process.  With help from the RO we have developed the
following.  Please review.  When agreeable, I will share with Core team and others in
attendance at the decision meeting for their use in responding to queries on the process.  

Please review the following and provide me with any clarifications or edits.  JB
________________________________________________________________

Internal Talking Points Regarding the Lynx SSA and Decision Process

We received very thorough and useful comments from our State Partners and those
folks invited to comment through our Peer Review Process. 

We intend to fully consider these comments in our final Species Status Assessment
(SSA). 

Given the short time between when we received the State and Peer Review comments,
we have not completely examined all of the reviews. We fully intend to do so.  

We have not yet made a final decision on the status of Lynx as necessary Peer Review
comments were received just prior to the meeting and have not been fully assessed. 

We anticipate getting back with the decision makers in the next month or so.  At that
time we will provide them with a thorough consideration of the remaining comments
and Peer Reviews and consider our next steps in the process. 
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The decision makers were Regional Directors from affected USFWS Regions
(Regions 1, 2, 3, 5,and 6).   

As an aside,  Thank you very much for your staff's continued focused effort on this SSA and
process.  While we are getting close, there remains much work to be done in identifying
important comments, drafting responses and finalizing our SSA.  I am hopeful that you will
continue to support your Region's staff in completion of these tasks.   Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205



From: Backsen, Sarah
To: Shoemaker, Justin
Cc: Hansen, Craig
Subject: Re: lynx decision meeting notes
Date: Monday, March 27, 2017 1:54:09 PM

I have the link to the google doc where Craig and I took notes:

https://docs.google.com/document/d/1D3pzVROz_70LxdumOZq04eBI7PndCXRiyR67my-
zKcM/edit?ts=58b83869

So do we think this is still the most up to date version?  If so, I'll send Jodi the link.

Sarah Backsen
Listing Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

On Mon, Mar 27, 2017 at 1:01 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
I can't seem to find the notes from you or Craig. I know you both sent them. ??  I don't know
if Jim has done anything with them. 

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov

On Mon, Mar 27, 2017 at 11:52 AM, Backsen, Sarah <sarah_backsen@fws.gov> wrote:
Justin, do you have the latest version of the lynx decision meeting notes?  They've been
out of my hands since the meeting, and I assume they may have been edited since then.  If
you have them, could you send them to Jodi?

Sarah Backsen
Listing Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Mar 27, 2017 at 11:34 AM
Subject: lynx decision meeting notes
To: "Fierce, Sarah" <sarah_backsen@fws.gov>

Sarah.  Jim is out on leave.  Can you send me the lynx decision meeting notes?  Thanks.
JB
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Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205



From: Backsen, Sarah
To: Shoemaker, Justin
Cc: Hansen, Craig
Subject: Re: lynx decision meeting notes
Date: Monday, March 27, 2017 2:00:46 PM

Ok, will do.

Sarah Backsen
Listing Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

On Mon, Mar 27, 2017 at 1:59 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
All I know is I haven't done anything to them yet.  I'd say send to Jodi if you don't mind.

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov

On Mon, Mar 27, 2017 at 1:54 PM, Backsen, Sarah <sarah_backsen@fws.gov> wrote:
I have the link to the google doc where Craig and I took notes:

https://docs.google.com/document/d/1D3pzVROz_70LxdumOZq04eBI
7PndCXRiyR67my-zKcM/edit?ts=58b83869

So do we think this is still the most up to date version?  If so, I'll send Jodi the link.

Sarah Backsen
Listing Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

On Mon, Mar 27, 2017 at 1:01 PM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

I can't seem to find the notes from you or Craig. I know you both sent them. ??  I don't
know if Jim has done anything with them. 

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov

On Mon, Mar 27, 2017 at 11:52 AM, Backsen, Sarah <sarah_backsen@fws.gov> wrote:

mailto:sarah_backsen@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:craig_hansen@fws.gov
mailto:sarah_backsen@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:sarah_backsen@fws.gov
https://docs.google.com/document/d/1D3pzVROz_70LxdumOZq04eBI7PndCXRiyR67my-zKcM/edit?ts=58b83869
https://docs.google.com/document/d/1D3pzVROz_70LxdumOZq04eBI7PndCXRiyR67my-zKcM/edit?ts=58b83869
mailto:sarah_backsen@fws.gov
mailto:justin_shoemaker@fws.gov
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Justin, do you have the latest version of the lynx decision meeting notes?  They've
been out of my hands since the meeting, and I assume they may have been edited
since then.  If you have them, could you send them to Jodi?

Sarah Backsen
Listing Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Mar 27, 2017 at 11:34 AM
Subject: lynx decision meeting notes
To: "Fierce, Sarah" <sarah_backsen@fws.gov>

Sarah.  Jim is out on leave.  Can you send me the lynx decision meeting notes? 
Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:sarah_backsen@fws.gov
mailto:jodi_bush@fws.gov
mailto:sarah_backsen@fws.gov


From: Backsen, Sarah
To: Bush, Jodi
Subject: Re: lynx decision meeting notes
Date: Monday, March 27, 2017 2:03:02 PM

Hi Jodi,

Here's the link to the google doc where Craig and I took notes during the meeting.  I don't
know if this version reflects any edits/corrections Jim may have made to them since then.

https://docs.google.com/document/d/1D3pzVROz_70LxdumOZq04eBI7PndCXRiyR67my-zKcM/edit?ts=58b83869

Thanks,

Sarah Backsen
Listing Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

On Mon, Mar 27, 2017 at 11:34 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Sarah.  Jim is out on leave.  Can you send me the lynx decision meeting notes?  Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:sarah_backsen@fws.gov
mailto:jodi_bush@fws.gov
https://docs.google.com/document/d/1D3pzVROz_70LxdumOZq04eBI7PndCXRiyR67my-zKcM/edit?ts=58b83869
mailto:sarah_backsen@fws.gov
mailto:jodi_bush@fws.gov
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The Draft Species Status Assessment for Canada Lynx, Version 1.0 is a commendable and 
comprehensive effort by the Lynx SSA Team to compile the relevant biological and climate-
related information relevant to  assessing the historical and current framework, status, 
conservation challenges, and current conditions for maintaining and conserving the Contiguous 
United States Distinct Population Segment (DPS) of Canada Lynx.  The SSA Team has also made 
a credible effort to assess potential future conditions for each of the 6 resident populations 
within the DPS based on their interpretations and those of other experts.  Despite my overall 
positive impressions of this extensive assessment, I have provided numerous comments 
(numbered below) that address either inconsistencies in interpretations, inappropriate 
generalizations, tenuous assumptions, and/or oversights of available information that may be 
relevant to future revisions of the Draft SSA document, and which may influence subsequent 
interpretations and decisions by USFWS based on the Final Lynx SSA.  My comments are 
concentrated on the Maine population given my familiarity with that system and my research 
experiences there.  I do; however, provide several comments that are relevant across the DPS 
or within other populations of lynx within the DPS.  I cite references that already occur in the 
report in black and new references that are not included in the Draft SSA in red.   References in 
red are provide in a Literature Cited section at the conclusion of this review.  My most 
substantial comments are summarized by number and are presented below: 

***************************************************************************** 

1)  The report is based on the broad generalization (e.g., p.6, par. 1, lines 1-2) that “lynx are naturally 
less abundant and more patchily distributed within the DPS than in the core of the species’ range in 
Canada and Alaska.”  This is clearly an issue of both spatial and temporal scale and invokes the broad 
generalization that lynx are neither viable nor sustainable within the DPS.  Lynx densities are naturally 
patchy and densities are uneven (during both highs and lows of hare abundances) across the landscapes 
of interior Canada and Alaska.   Lynx are most abundant in landscapes 10-40 years after large fires, are 
absent from large expanses of treeless high-elevation landscapes, and decline to precipitously low 
densities during the low in the hare cycle within the core of the species’ range.   Previous studies in 
Canada have focused on Canada lynx within areas that were largely contiguous and deemed suitable, 
which does not reflect this natural variation at the larger scale and may provide unrealistic benchmarks.  

 In fact, within suitable landscapes, both densities of lynx (Vashon et al. 2012) and densities of snowshoe 
hares within habitats preferred by lynx and hares appear to have remained higher in northern Maine 
during both a period of high hare density (2001-2005), during a year of transition (2007), and during a 
period of relatively lower hare densities (2008-2015) compared to what is typically observed during the 
nadir of the hare-lynx cycle in Canada (Harrison et al. 2016).   Further, lynx typically expand home 
ranges, abandon territories, and emigrate from areas of prior residency during the nadir of the hare 
cycle within the core of the range; however, no significant changes in landscape-scale resource 
selection, home range area, or evidence of territoriality was observed in lynx between period of relative 
high (though typically lower than peak in core range) hare densities in Maine, or during periods of 
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relatively lower hare densities in Maine (Mallett 2014). In fact, mean hare densities in preferred habitat 
during the lower hare density period in Maine (0.86 hares/ha from 2008-2015; Harrison et al. 2016) 
were about 8-fold higher than hare densities during the nadir in many areas of the core range in Canada.  

 Thus, the Draft SSA overlooks the possibility that populations may be less variable and have exhibited 
long-term sustainability, coupled with less dramatic temporal  fluctuations in density, survival and 
recruitment within Maine, and perhaps Minnesota, compared to populations within the core range.  
Although the finite rate of population change is lower in Maine during period of high hare density than 
observed in the core range, the rate of growth was positive and remained high for at least 6 years (and 
hares were likely high for at least 10 consecutive years based on additional unpublished information; 
and see snow track surveys for hare in Hoving 2001).  Although very limited evidence for reduced 
reproductive rates (number of litters observed was very low) weakly suggests a potential annual decline 
in lynx during periods of relative hare lows in Maine, the rate of decline is much slower than typical in 
populations in the core range where hare densities may plummet 25-fold (versus declining to levels of 
approximately 40% of peak densities during the hare low in Maine).  Thus, the possibility that a lack of 
10-year cycles in lynx at the southern limit of their distribution means that the populations are not 
sustainable without inputs from Canada is a tenuous inference and ignores the point that average long-
term finite growth rate could be positive in places with non-cyclic or dampened fluctuations with 
increased periodicity.  In fact, the geographic distribution of lynx throughout Maine has been 
remarkably  consistent from the mid 1800’s to present (Hoving et al. 2003), and harvestable populations 
have remained sustainable in the demographically isolated populations in the Gaspe’ region of Quebec 
south of the St. Lawrence River and contiguous with Maine since the matrix fracture caused by the 
formation of the St. Lawrence Seaway (daily ice breakage since  the 1950’s).  This suggests high 
resiliency of this population and argues that Maine is not an island in the meta-population sense and is 
part of a persistent population across the mixed transitional forests of Maine, southern Quebec, and 
New Brunswick and spanning nearly 30 million acres of habitat that is contiguous and demographically 
isolated from other lynx populations.  The population dynamics of this large population in Maine may 
differ from populations in north-western Canada and Alasak, but may be sustainable and may contribute 
dispersers to Canada.  This clearly violates the general assumption (page 7, final bullet at bottom) of the 
Draft SSA which states that:  “We assume that lynx exhibit a “mainland-island” metapopulation 
structure in which the DPS populations function as “islands” that receive periodic input from “mainland” 
Canada populations.”    This “mainland-island” metapopulation structure is critical to the biological 
assessments throughout the Draft SSA and does not appear relevant to the contiguous populations in 
Maine, and also does not likely apply in Minnesota.    The application of the metapopulation concept 
may or may not apply in Montana (depending on subpopulation), and seems most relevant to the 
populations in Washington, the GYE, and western Colorado.  Applying this concept across the entire DPS 
does not seem appropriate.  

2)  Closely related to comment #1, this comment focuses on the tendency of the Draft SSA to broadly 
generalize across the 6 populations in the DPS despite that some populations are geographically, 
ecologically, demographically, and genetically more similar to contiguous core populations in Canada, 
and which may have much less commonality with other geographically isolated populations within the 
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DPS that are separated by hundreds and thousands of miles.  The first bulleted assumption on page 7 is 
an example: “We assume that , in general, habitat quality, hare densities, and lynx numbers are 
naturally lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, including 
the DPS, than in the core of the species range in Canada and Alaska. “   This assumption is important 
throughout the assessment and ignores that landscape hare densities are substantially much lower in 
western Colorado, GYE, and north-central Washington, which are also demographically isolated from 
core populations, compared to across northern Maine and some areas of north-eastern Minnesota 
where landscape hare densities are higher and habitat is contiguous with core populations of lynx.    
Habitats in western populations within the DPA are also naturally more fragmented with extensive areas 
that are completely absent of hares.  This is in substantial contrast to northern Maine where landscape 
hare densities are higher and where hares occur at varying densities, but are continuously distributed 
across a variety of habitats across the larger 10 million acre landscape (with the exception of water 
bodies), which is also contiguous with another 20 million acres in maritime provinces of eastern Canada 
where no significant geographic barriers to lynx or hares exist. 

The assumption that lynx numbers are lower in the DPS is also tenuous.  In Maine, lynx and hares are 
likely more numerous during the hare low than during the nadir of the cycle in the north, and likely 
maintain a longer period of positive growth rate during the longer periods of relatively higher hare 
abundance (albeit with lower maximum rates of increase than experienced during the cyclic highs in the 
north).  Thus, the dynamics may be fundamentally different and dampened cycles with longer 
periodicity may not indicate that a large U.S. population that is contiguous and part of a larger 
contiguous population in Canada is non-sustainable without supplementation from Canada.   

I acknowledge that the erosion of hare and lynx population cycles in western Canada could contribute to 
endangerment of smaller and isolated populations of lynx that could depend on immigration pulses 
from Canada, but that is a different source-sink process that likely does not apply to the contiguous 
populations in Maine and Minnesota and would seem to be more relevant to the smaller, more isolated 
populations in Washington, GYE, and Colorado (and perhaps to smaller sub-populations in Montana?). 

 The other general assumption that population processes in the DPS are more similar to northerly 
populations at the low in hare numbers is universally inaccurate across the population within the DPS.  
We know that finite rates of population change for lynx are well below 1.0 (rapid decline phase) starting 
1-year following the decline phase of hares within the core range.  This is in complete contrast to the 
positive rate of increase in one subpopulation in Montana across several years, and the positive growth 
rate across several years of relatively high but stable hare densities in Maine. Further, the slightly 
decreasing values for Maine during the relative hare low were based on an exceptionally small sample of 
reproductive-aged females (n~5 , and surely had a confidence-level on lamda spanning 1.0). This also 
coincided with a period of range expansion by lynx in Maine, and the estimated finite range of change 
during the relative hare low in Maine was much closer to one (despite high uncertainty with that 
estimate) than has been reported for lynx during the decline phase in the core  of their range at the 
nadir of the cycle.  This is not surprising given that hare numbers during the low in Maine are ~ 8-fold 
higher than in the core range.  In summary, this general assumption is inconsistent with other 
information presented in the Draft SSA and is not universally applicable across the different populations 
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in the DPS.  Again, the assumption seems more relevant to the western populations of the DPS (e.g.,  
Washington, GYE, Colorado) where hare habitat is patchier and where landscape densities of hares are 
generally lower than in Maine and Minnesota (and perhaps in some subpopulations in Montana?). 

3) The final general assumption that is bulleted on page 8 seems unsupported and could greatly affect 
the future status of lynx.  The assumption that current levels of conservation for lynx would continue 
without protections under the ESA is completely unrealistic.  First, federal agencies (primarily USFS and 
BLM) did not prioritize lynx conservation prior to federal listing as a U.S. Threatened species, and would 
not be required to do so beginning 5 years after lynx are delisted.  Lynx habitat must be managed for 
consistently across the time span of forest succession (i.e., many decades) and involves significant 
economic and ecological tradeoffs that would likely be compromised without ESA listing.   In fact, there 
has not been a credible assessment to date of the efficacy of recent efforts to prioritize lynx 
conservation on federal lands within the DPS.  It seems inadvisable to change what USFA and BLM have 
planned to accomplish before evaluating whether the current efforts are working or require 
modification/enhancements. 

On private lands, forest (i.e., green) certification is growing and is a major force in the marketplace. 
Certification criteria are evolving and increasingly acknowledge the need for landscape-scale habitat 
conservation.  Certification is linked to efforts to conserve threatened and endangered species, thus 
delisting could eliminate the growing potential for lynx conservation on private forestlands, particularly  
in Maine and Minnesota. 

The current Maine Forest Practices Act, as well as 3 public referendums in Maine to ban clearcutting 
were results of ecological and aesthetic concerns by the public.  These factors greatly affect the future 
prognosis for lynx habitat supply and configuration for the largest U.S. population of lynx.  The policies 
are evolving and at least one large landowner (with >1 million acres in Maine and millions of acres in 
New Brunswick) has received variances to allow large-scale clearcutting to achieve outcome-based 
forestry results to promote lynx and hare habitat.   Future opportunities to modify policies to benefit 
lynx conservation on private lands would be severely compromised if lynx were to be de-listed.   

Other federal programs have enhanced lynx habitat on private lands. For example, the Healthy Forest 
Reserve Program funded through USDA resulted in > 180,000 acres of forestland acquired by a 
conservation organization being managed primarily for marten and lynx conservation within a working 
forest framework balanced by appropriately-placed ecological reserves.   Funding was motivated by the 
ESA listing for lynx.  Federal funding for planning and implementation was central to the project and 
similar efforts would likely not exist in the future absent listing of lynx under ESA. 

Additionally, the frequent incidental take of lynx is documented in numerous places within the Draft 
SSA, yet there has been no modeling or simulations presented to address the potential effect of 
incidental harvests on small and marginal lynx populations within the DPS.  The numbers reported in the 
Draft SSA also assume complete reporting of illegally, accidentally, and bycatches of lynx, which is 
unlikely.  In recent decades, as many as 8,000 martens, >2,500 fishers, >4,000 red foxes, hundreds of 
bobcats, and thousands of coyotes have been legally harvested during a single year in Maine.  Lynx are 
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vulnerable to incidental capture in a wide variety of sets and traps that are targeting other furbearers.  
Road densities throughout much of the lynx critical habitat in Maine exceeds 1.5 km/km2, thus nearly all 
individual lynx are exposed to potential trapping and illegal shooting.  Historically, up to 400 lynx pelts 
were sold during a single season in Maine.  Additionally, government endorsed programs to control 
coyotes and/or wolves occur in many western states and in Maine, and may provide risks to lynx.    Lynx 
harvested in the U.S. can be sold illegally in Canada and may be targeted by poachers.   Additionally, fur 
markets cycle widely and shifts in fashion could elevate fur prices and could increase risk by altering 
trapping effort.  Although it is unreasonable to assume that direct human-induced mortality of lynx 
affects resiliency, it is also unreasonable to assume that it does not currently affect resiliency and that it 
may not act synergistically with habitat loss, fragmentation, and climate change in the future.  Further, it 
may be more difficult for state wildlife agencies to effectively conserve lynx given competing public 
demands (e.g., demands for coyote or wolf trapping/snaring to protect game species and livestock) 
absent protections for lynx under the ESA.  These issues have not been adequately considered or 
evaluated in the Draft SSA. 

Finally, the assumption that conservation for lynx would continue absent protection under the ESA does 
not consider that millions of acres of conservation easements purchased since lynx listing, and which  
restrict development and ensure a continued focus on working forests (with forest succession that 
promotes hare densities).  Such easements have been leveraged and publically funded based on 
perceived conservation benefits and using lynx and other listed species of concern as flagships for 
conservation.  Those benefits are largely dismissed by this assumption and all of the above listed 
considerations are inadequately addressed in the Summary section of the Draft SSA.  

4)  The sections on current and future status of lynx in Maine incorrectly imply that lynx would be absent 
and populations would be non-sustainable without the extensive clearcutting that occurred in the late 
1970’s through 1990.  This seems to ignore that more than 400 lynx were harvested and sold in a single 
year in Maine (annual numbers seemed to fluctuate widely), prior to clearcutting and mechanized 
harvesting.  Further, lynx distribution in Maine has been largely unchanged from the 1850’s to present 
(Hoving et al. 1983). Thus, the regenerating forests following spruce-budworm events, as well as the 
potential for multi-layered old-growth forests to support hare has likely been overlooked in terms of its 
historical significance for promoting lynx populations in eastern transitional forests.  Although I agree 
that clearcutting has resulted in an unnaturally high density of hares within regenerating clearcut forest 
stands, this must be counter-balanced with the current absence of naturally regenerating forest 
following severe budworm mortality, as well as the current absence of old-growth forests with complex 
understories, which likely dominated the historical landscape.  Historically, both of those habitat 
conditions likely supported substantial hare densities and are functionally absent from current 
landscapes.  For all we know, landscape-scale hare densities may have been favorable for lynx for 10-45 
years following budworm events, which would have been the majority of the time assuming a 60-year 
budworm interval.   Old-growth stands with gap-phase dynamics were likely a dominant part of the 
historical landscape matrix and likely supported more snowshoe hare than in mature second- and third-
growth stands, which support about 1/3rd  to 1/7th the hare densities typical of regenerating clearcuts  
(Fuller and Harrison 2005, Harrison et al 2016). 
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5)  The report seems to over-estimate the current and future population status of lynx in western 
Colorado and does not adequately address why lynx were extirpated or absent for Colorado in the past?  
Recent information suggests landscape hare densities are below thresholds required to support lynx 
over the long-term (i.e. more dry-conifer forests due to lower latitude), and that recent observations on 
reproductive rates suggest that those rates are insufficient to support positive population growth.  
Further the population is the most southerly and isolated of all lynx populations in the DPS.  Thus I am 
questioning how mid-century persistence of 50-85% and end of century persistence of up to 70% 
(median 50%) can be realistic.  It seems that this decision is largely driven by the high elevation and 
better long-term prognosis for snow and ignores the more critical short- and long-term issue of 
inadequate prey base.  The presence of a potentially significant disease (plague) and high bobcat and 
cougar populations that may expand their winter ranges upslope also seem to have been minimized in 
this assessment?  In my professional judgement, this unnatural (likely), recently established, and 
marginally viable (at extreme southern range limit for hares) population should be deemed 
experimental and should not be a high priority for ESA protection (similar to the approach of the Draft 
SSA with the GYE).  As written, the Draft SSA would seem to place the western Colorado population at 
higher priority for future conservation than other long-established populations based solely on the 
criterion of future projected snow conditions (which lack certainty), while minimizing the historical and 
current potential to provide for a sustainable population . 

6)  Throughout the document, interference competition via aggressive interactions and/or predation by 
mountain lions and particularly by bobcats is mentioned as a major factor affecting current and future 
habitat suitability. Deep, fluffy, persistent snow is stated to provide a refugium for lynx resulting from 
their lower foot-loading.  I agree with this, but in my assessment the Lynx SSA Team has overlooked the 
importance of limb length (see Krohn et al. 2004) and exploitation competition from other predators of 
hares.  Fisher was mentioned as a potential predator of lynx, but not as competitors for food.  Further, 
the fisher has similar foot loading, but much shorter limb lengths than lynx and must resort to an 
energetically costly bounding pattern in deep snow.  Further, Krohn et al. (1995, 2004) provided strong 
evidence that the geographic range and density of fisher is limited by deep snow .   Near the northern 
extent of their geographic range, fisher prey extensively on snowshoe hare during winter, and 
particularly in areas near the northern extent of their geographic range.  Additionally, red fox have both 
higher foot load and shorter limbs than lynx (Krohn et al. 2004) and prey extensively on snowshoe hare 
during winter in boreal and transitional environments .  For example, Major and Sherburne (1987) 
documented that hares occurred in >60% of red fox scats during all seasons except summer within the 
current boundaries of lynx critical habitat in Maine.  Further, that study documented that hare remains 
occurred in >60% of coyote scats during summer and autumn (i.e., when snow was not limiting), and in 
> 60% of bobcat scats during autumn and winter.  Additional evidence that coyote and bobcats compete 
and feed extensively on hares near their interface with the geographic range with lynx in Maine is 
provided by Litvaitis and Harrison (1989). Further, Olson (2015) documented diets of lynx in Maine 
during both summer and winter and during periods of relative high and low hare density. and confirmed 
that lynx were specialists on hares in that largest population within the DPS.  Finally, O”Donoghue et al. 
(1997, 1998) documented both behavioral and functional responses of coyotes and lynx that could 
result in exploitation competition between those carnivores in Yukon, Canada.  In summary, the 
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evidence for combined competitive effects from a variety of mammalian carnivores, which are more 
snow-restricted than lynx,  is more convincing and ecologically relevant than is stated in the Draft SSA.  
Further, those effects may be more pronounced in the 2 eastern populations where elevational 
partitioning among lynx, fisher, coyote, bobcat and red fox is less likely and where potential for home 
range sympatry is greater.   This also has obvious implications given climate change and changing snow 
conditions throughout the DPS, which are extremely well summarized and presented in the Draft SSA. 

********************************************************************************** 

More Specific Comments Referenced to Particular Text: 

More specific comments are summarized below with the reference to page/paragraph on page/and 
line(s) within paragraph: 

9/2/22: What is the benchmark for determining when resiliency is “adequate”?  This seems vague and 
warrants justification. 

9/3/10-12:  What is a large geographic area –this seems arbitrary.  Lynx have been lost from Garnett 
Mountains, Kettle Mountains, GYE, and Colorado (perhaps?) in the past 100 years.  It is debatable 
whether this is a “significant” reduction in redundancy?  

10/1/entire:  IBID previous comment.  Are these losses of subpopulations a “significant” loss of 
representation?  This seems a bit arbitrary?  It is uncertain how much “winking off” is natural from a 
meta-population sense, but in at least one case (Kettle Mountains) it appears that human induced 
mortality may have played a role. 

10/2/4:  Forest management may not always be adverse and there could be incentives via subsidies, 
policy changes and certification requirements that could result in favorable forest management for lynx 
on private lands (e.g., clearcutting in a shifting mosaic, herbicide to reduce competing hardwoods after 
clearcutting).  Leveraging and funding such efforts would be more difficult if lynx were to be de-listed.  
Available information for 4.1 million acres of lynx critical habitat in Maine suggests that conifer forest is 
declining and hardwood forest is increasing as a result of past forest harvesting practices (Legaard et al. 
2015). 

11/1/entire:  The assumption that populations will be extirpated from 3 of 5 units represents excessive 
speculation and ignores the high uncertainty and many assumptions associated with that expectation.  I 
agree that the climate change projections, despite uncertainty, suggest increasing challenges for lynx 
conservation in all geographic units.  Populations without topographic relief could be at high risk. 
Additionally, if lynx retreat to higher elevations in western populations their distributions could become 
even more fragmented within naturally fragmented landscapes.  Again, the conclusion that extirpation is 
inevitable in 3 of 5 units implies a level of certainty that is unwarranted given the many interacting 
uncertainties. 
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11/3/entire:  Although I agree with the conclusions about genetic representation, the genetic 
structuring, particularly in western mountain ranges and south of the St. Lawrence River suggest that 
demographic isolation could be a concern and could affect future resiliency and redundancy.  Fewer 
population exchanges are needed to maintain genetic representation than are needed to maintain 
population viability in declining populations dependent on demographic exchange with neighboring 
populations. 

11/2/8-11:  IBID comment on 11/1/entire.  I am fine with this paragraph if the last sentence is omitted -  
“more likely than not…”  is vague, debatable, and that wording is compromised by extreme uncertainty.   

14/3/2:  How is “persistent” defined?  More clarity and justification is needed.  Why is the recently 
established population in Colorado where there seems to be a lack of sound evidence for a historic 
sustained population, and that region is dominated by hare densities below landscape thresholds 
required by lynx.  Additionally, observed reproductive success seems marginal, yet this previously 
extinct  population is still be considered as “persistent”?  The premise that populations in GYE are 
“persistent” also seems contradictory to other evidence presented in the Draft SSA. 

16/2/1-7:  References to support the underlying principles behind the “3 R’s” concept are needed to 
strengthen justification for this approach (which I strongly support). 

20/2/1-2:  This sentence could be interpreted to imply an intended outcome by FWS.  Regardless, if de-
listing is a potential future, then the potential effects on lynx conservation need to be much more 
rigorously considered and evaluated throughout the document.  The consideration of this potential 
outcome is very uneven across the 6 populations discussed under Chapter 5: Future Conditions.  In most 
cases, it is implied that things will stay status quo with de-listing.  See comment #3 (above) – this is 
closely tied into my concerns regarding the final general assumption that is bulleted on page 8, which 
seems unsupported and could greatly affect the future status of lynx.  

20/2/5-12:  Why is private land not included in this discussion?  See comment #3 (above). 

23/2/6-10:  This statement ignores the results presented in Mallett (2014), which indicate that in a 
population within the DPS with dampened cyclicity of hares, home range areas, spatial overlap, and 2nd 
and 3rd order resource selection by lynx were unchanged across periods of relatively higher and 
relatively lower hare density.  This benchmark study for a southern population suggests that local-scale 
demography may be more stable in southerly populations where hare populations may exhibit less 
temporal variability. 

24/Figure 6:  A potentially significant interaction seems to be missing from this figure.  With declining 
snow, forest management or natural disturbances that increase habitat quality for hares could actually 
lead to numerical and functional responses of fisher, bobcat, coyote, and red fox, as well as avian 
predators that consume a diet with high representation of hares near the current interface with lynx 
critical habitat.  Increased hare habitat combined with less snow could lead to increased competition for 
a limited food resource. See comment #6 (above). 
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25/3/5-9:  Also see Simons-Legaard et al. 2013. 

25/3/entire:  It may be worth mentioning that although lynx select forest landscapes with high 
aggregate amounts of HQHH when choosing home ranges (Hoving et al. 2004, Simons-Legaard et al. 
2013), and often select stands with high hare densities (numerous references are cited but add Vashon 
et al. 2008b and Squires et al. 2010) within their home range, lynx may also select for stands within their 
home range  with intermediate hare densities and where escape cover for hares is compromised (Fuller 
et al. 2007).  Additionally, when foraging in HQHH, lynx alter their movement paths to avoid transitions 
from HQHH to habitats supporting lower hare densities (Fuller and Harrison 2010).  Thus, once 
landscape thresholds for lynx occurrence are reached, interspersion of HQHH with intermediate quality 
hare habitats, as well as travel corridors may be optimal (McKelvey et al. 2000c, Hoving et al. 2004, 
Simons and Legaard et al. 2013).  This change would cast the second part of this paragraph in a much 
more precise spatial context as the various spatial scales are easily confused as presented in the Draft 
SSA. 

26/1/1-5:  Hare densities within lynx critical habitat are also presented in Fuller and Harrison (2005). 

26/1/6-12:  This seems to lack the 2 most recent references on threholds of hares for lynx occurrence –
see Simons-Legaard et al. 2013 (reports threshold of >0.7 hares/ha) and (Simons-Legaard et. al. 2016), 
which depicts distribution of hare habitat meeting landscape thresholds for hares across 4.1 million 
acres of lynx critical habitat circa 2010 and 2022.   

26/2/entire:  Also see Olsen (2015) who reported that lynx in Maine were specialists on hares across 
summer and winter seasons and across period of relatively high and low hare densities in Maine. 

28/1/18-22:  This statement is not supported for all populations within the DPS and contradicts lines 4-6 
of this same paragraph?  This general assumption that population processes in the DPS are more similar 
to northerly populations at the low in hare numbers is universally inaccurate across the populations 
within the DPS.  We know that finite rates of population change for lynx are well below 1.0 (rapid 
decline phase) starting 1-year following the decline phase of hares within the core range.  This is in 
complete contrast to the positive rate of increase in one subpopulation in Montana across several years, 
and the positive growth rate across several years of relatively high but stable hare densities in Maine. 
Further, the slightly decreasing values for Maine during the relative hare low were based on an 
exceptionally small sample of reproductive-aged females (n~5 , and surely had a confidence-level on 
lamda spanning 1.0). This also coincided with a period of range expansion in lynx in Maine, and the 
estimated finite range of change during the relative hare low in Maine was much closer to one (despite 
high uncertainty with that estimate) than has been reported for lynx during the decline phase in the 
core of the range.  This is not surprising given that hare numbers during the low in Maine are ~ 8-fold 
higher than in the core range.  In summary, this general assumption is inconsistent with other 
information presented in the Draft SSA and is not universally applicable across the different populations 
in the DPS.  This general  assumption seems more relevant to the western populations of the DPS ( i.e., 
Washington, GYE, Colorado) where hare habitat is patchier and where landscape densities of hares are 
generally lower than in Maine and Minnesota (and perhaps in some subpopulations in Montana?). 
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28/2/11-14:  This last sentence is poorly written and includes too many hedge words to be meaningful. 

29/b/2:  Why hare “meat”… is there really something special about hare protein for lynx – I would think 
not. 

28/d/entire:  This seems overtly vague.  What does a “low likelihood of encounters” really mean? 

29/1/entire:  This seems to ignore the 1-2 year time lag in lynx response to changing hare densities as 
well as a 2 year lag for birth to reproduction in individual lynx? 

29/2/4-5:  This is a direct contradiction to the positive rate of increase in one subpopulation in Montana 
across several years, and the positive growth rate across several years of relatively high but stable hare 
densities in Maine.  It also ignores the substantial lynx densities cited on 28/1/4-6 in N. Maine during a 
6-year high in hare densities. 

29/2/entire:  This entire paragraph is not supported and all lynx populations in the DPS should not be 
grouped together as the landscape compositions and configurations, distribution of HQHH, and 
demographics are very different.   See numerous comments above about the inappropriateness of the 
broad generalization and assumption that lynx demographics across the DPS are characteristic of 
northern populations during hare lows.  If so, then all populations in the DPS should be in rapid decline 
phase most of the time and would not persist.  Data for most southern populations is in direct contrast 
with this assumption, and the data are particularly contradictory for northern Montana, Minnesota, and 
Maine.  In fact, periods of positive population growth occurred over a much longer period in Maine than 
is typical in northern populations with 10-year cycles. 

30/2/1-5:  Again, the populations across the DPS are being generalized when there is much variability.  
Home ranges in Maine and N-C Washington are relatively smaller, not larger than has been documented 
in areas within core lynx range.  Within the DPS there is 3- to 4-fold variability across populations in 
terms of the mean home range areas within sexes. 

31/2/entire:  This paragraph does not address the historical effect of wolf extirpation and coyote 
colonization or expansion in Maine and Colorado.  Coyotes were historically absent but now occur 
ubiquitously across critical lynx habitat in Maine.  Wolves were present prior to 1900, but have been 
absent since (coyote release?). Those coyotes use hares extensively (Major and Sherburne 1987, 
Litvaitis, J. A. and D.J. Harrison. 1989), and coyotes may also mediate competition between lynx and 
bobcats (Litvaitis, J. A. and D.J. Harrison. 1989), particularly given reported exploitation competition 
between coyotes and bobcats, which both rely more on deer during winter than do lynx (Olsen 2014). 

31/2/10:  This argument focuses solely on foot loading and ignores the effect of limb length, which is 
very important in terms of competition by lynx with red fox and fisher.  See comment #6 (above). 

32/2/entire:  This contradicts page 29 and the general assumption that lynx in the DPS operate 
demographically like populations in the north during cyclic lows.  If so, then the factors contributing to 
positive growth and persistence (as identified in this paragraph) would not exist in the DPS.  This is 
contrary to current naturally occurring populations in 4 populations within the DPS. 
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32/3/entire:  The peripheral island population concept is not relevant to populations in N. Montana, 
Minnesota, and Maine, all of  which occur over large landscapes and are fully contiguous (and part of)  
populations in Canada.  Although the population may be large enough to be sustainable in their own 
right (particularly in Maine), in at least one case there is 10 million acres of habitat that is completely 
contiguous and fully connected with 20 million acres in Canada.  See comment #1 (above) where I 
criticize the application of the island metapopulation concept across all 6 populations in the DPS. 

33/2/entire:  The wide uncertainty around estimates of lamda for the entire population needs to be 
acknowledged, particularly given the small samples of lynx used to estimate recruitment and survival.  
Very likely, the credible confidence bounds on all of the estimated rates of increase span 1.0 (i.e., the 
benchmark for population stability).  Estimates are likely more precise during periods of hare highs 
when there was more reproduction.  Thus, I feel confident in concluding that population growth rates in 
some parts of the DPS are positive when hares are high.  For the Maine data, the very low number of 
reproductive aged females monitored during the hare low lends great uncertainty to the estimates of 
finite rate of population change during that period.  I suspect this may also be a problem for other 
populations in the DPS? 

34/2/5-10:  Not all southern populations are isolated and necessarily dependent on immigration – again 
this is an overgeneralization across populations within the DPS.  This concept is probably most relevant 
to populations in Colorado, GYE, and N.C. Washington. 

34/2/10-18:  Again, there may be lower temporal variability and longer periods of positive growth rate 
in some southern populations with dampened or absent cycles if landscape hare densities during 
extended high periods exist for long periods of time, if population lows do not result in catastrophic 
declines in population growth rate, and if the periods of positive population growth are extended.  This 
appears to be what is happening in Maine, which had the highest growth rate and maintains the largest 
population in the DPS.  Hare densities there during the low are ~8-fold higher than during the nadir in 
some northerly populations.  

35/3/9-12:  There was a “little ice age” during the 1700’s-1800’s in the northeastern U.S. when 
populations of northern mustelids (e.g., martens and fisher) shifted southward in the Appalachians as 
far south as Tennessee.   Lynx may have also expanded southward and then later retreated when 
climate warmed and may explain more southerly records of lynx (e.g., Pennsylvania).   The “little ice 
age” is discussed and referenced in the climate change sections of the Draft SSA. 

36/2/entire:  There is little evidence that mass immigrations of lynx from Canada were needed to 
restore lynx populations that are contiguous and demographically connected to Canada (e.g., Maine and 
Minnesota).  In Maine, historical distributions of lynx have been very consistent since the 1850’s (Hoving 
et al. 2003). 

36/3/1-7:  As stated previously (particularly see comment #1 and 32/3/entire), the island-
metapopulation concept does not apply universally throughout the DPS and is most relevant to 
populations in Colorado, GYE, and N.C. Washington. 
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37/4/16:  The last 7 words are not supported by data, are likely an over- generalization, and I would 
suggest deleting.  See comment #2 (above).  

38/2/entire:  Consider expanding this paragraph to include other potential competitors and influence of 
limb length interactions (see comment #6 above). 

43/1/1-2:  Why is northern New Hampshire considered separately when it is actually a small extension 
of habitat from northwestern Maine into low elevation industrial forestlands contiguous with the Maine 
population?  This seems to be a political rather than a biological boundary? 

43/1/12-16:  See Litvaitis et al. (1986) for more relevant information regarding this topic.   

44/1/1-4: Also see Simons-Legaard et al. (2016), page 1263, Table2.  

44/1/11-16:  Is 10 million acres of habitat in Maine really a peripheral population if broadly connected 
with an additional ~20 million acres in Canada.  This is a political separation and Maine lynx are really 
residents of a larger trans-border population.  As such, is it really “immigration” when animals move 
within a larger population or are we just creating this concept because of a political boundary.  The 
same may be true for Minnesota and perhaps some sub-populations in Montana? 

44/2/10-11:  IBID comment 44/1/11-16 above. 

45/3/11-13:  This sentence (and the larger document) is missing an important reference that identifies 
lynx habitat in 2010 across Maine and projects to 2022 based on forest succession (Simons-Legaard et 
al. 2016). Also see Simons (2009: pp 202-220). 

47/2/23-27:  Tier II risks could be more important than assumed here (e.g., effects of roads and 
particularly, incidental and illegal harvests have not been modeled or simulated).  These factors could be 
particularly important for isolated populations and sub-populations with small effective population 
sizes, but also for the larger population in Maine where unimproved road densities exceed 1.5 km/km2 
and nearly all individual lynx in the population are potentially exposed to risks via incidental take and 
illegal shooting.  Illegal and incidental harvests are reported later in the document but are neither 
rigorously evaluated, modeled, nor simulated to evaluate their potential as limiting factors in regards to 
lynx resiliency. 

52/2/4-5:  Yes, state prohibitions on take may limit the potential for targeted harvests of lynx.  However, 
lynx are susceptible to capture in a wide variety of set types, including in neck snares set to remove 
nuisance coyotes and wolves.  In some states, required trap check intervals could also compromise 
health and survival of incidentally captured lynx.  The question is not whether existing regulations may 
benefit lynx, but are current measures adequate and enforced to minimize threats to population 
resiliency.  In my view, this topic has not been adequately evaluated in the Draft SSA. 

52/2/16-19:  These efforts may “reduced” but have not “minimized” incidental captures of lynx (see 
incidental reports elsewhere in this document, which were are likely just an unknown percentage of 
actual incidental and illegal captures).  Additionally, I have been informed that at least one state agency 
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has verbally assured trappers that restrictions may be relaxed if lynx are de-listed.  As stated previously, 
there are not assurances that state efforts to conserve lynx will not be compromised by other public 
demands (e.g., nuisance animal control, changing fur markets, and desires by users to expand 
opportunities to harvest other furbearers and carnivores that may prey on game species or livestock) if 
lynx are removed from protections afforded under ESA.   

53/1/entire:  Lynx in Maine are particularly vulnerable to incidental mortalities given that densities of 
gravel roads accessible by 2-wheel drive vehicle exceed 1.5 km/km2 throughout much of the designated 
lynx critical habitat in Maine and the large home range areas of lynx put them in potential direct contact 
with long-line trappers in pursuit of other valuable furbearers (e.g., marten), with bear hunters, grouse 
hunters, moose hunters, armed fishermen, deer hunters, logging trucks, and recreational and non-
recreational vehicles.  As mentioned previously, the issue of potential effects of incidental and illegal 
mortality have not been adequately considered or evaluated in the Draft SSA (see Comment #3 above). 

53/1/25-29:  How widely used and applied are the state agency’s voluntary management guidelines for 
conserving lynx habitat?  For over 25 years I have been a Cooperating Scientist working with landowners 
who manage ~8.5 million acres of forestland in lynx critical habitat in Maine, including serving as an 
advisor regarding habitat management for lynx.  I have never heard a landowner mention the state 
agency’s habitat management recommendations.  I suspect that the impact of these recommendations 
has been insignificant.  

54/2/entire:  All sounds good, but how effective?  What is time to response, average trap check 
intervals, rate of compliance, level of enforcement, and what evaluations suggest that this does not 
affect resiliency in small subpopulations.  What assurances are there that protection would continue 
absent protections under ESA? 

55/2/11:  “Avoids” implies 100% success, which has not been documented here or elsewhere.  “ …might 
reduce the potential for….” would be more accurate wording. 

55/4/7:  IBID 55/2/11 

55/1/17:  Add references for Robinson (2006) and for Harrison et al. (2016), and Simons-Legaard et al. 
(2016) to strengthen and justify the broad statement ending with the word “habitat” on line 17. 

56/2/entire:  More research and quantification of the acreage of land under forest certification within 
lynx critical habitat is needed.  I think the percentage would be very surprising.  Thus, there is much 
underutilized opportunity to strengthen landscape considerations and to provide incentives for lynx and 
hare management via forest certification, which is directly linked to endangered species conservation.  
The loss of this tool to affect land management in the largest population of lynx in the DPS would likely 
occur if the “nexus” resulting from ESA listing for lynx were to be removed. See comment # 3 (above).  

57/2/4-8:  The incentives for lynx conservation and mitigation on state-managed lands would also be 
greatly diminished via de-listing. 
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57/3/entire:  Private land management for lynx in Minnesota seems to be an underutilized opportunity.  
Perhaps this could become an increasing priority for FWS and for federal incentives and/or management 
incentives if lynx were to remain a listed species? 

58/5/entire:  Yes, lynx are protected, but are there proactive measures to minimize the potential for 
incidental and illegal take and is there adequate enforcement?   

64/1/5-7:  IBID – consider limb length and a wider range of potential competitors for food (e.g., red fox, 
fisher). 

64/1/7-10:  IBID – the small, isolated, and habitat island concept in a metapopulation context does not 
apply well to Maine, Minnesota, and some subpopulations in Montana. 

64/3/4-5:  IBID- reductions in periodicity and amplitude of cycles in Canada may be important from a 
mass immigration standpoint, but only for small, isolated western populations in the DPS.  Dampened 
fluctuations of hares at intermediate densities may be beneficial to population persistence in Maine 
(and perhaps Minnesota) where long period of positive growth rates, lack of catastrophic declines, and 
stable social systems and spatial dynamics of lynx have been documented over 10-15 years. 

65/1/1:  Bobcat AND fisher distribution and densities within lynx critical habitat will increase in Maine 
and in New Brunswick, which are part of the same population of lynx.  Access by sympatric red fox and 
coyotes to hares will also increase during periods of deep snow.  

65/3/9-16:  IBID comment on 64/3/4-5. 

65/4/6:  IBID comment 65/1/1 

67/2/entire:  See comment #6 (above) 

67/4/9-11:  The premise that hare populations “…have declined and remain low in Maine” requires 
greater context and clarification.  See new reference for Harrison et al. (2016), which document that 
hare densities in HQHH have been stable (range 0.75-0.99 hares/ha) and have averaged 0.86 hares/ha 
during a “low” hare period spanning from 2008-2015.  This is approximately 8-fold higher than hare 
densities observed at the nadir in some areas of the north and may approximate the best case scenario 
for hare densities in some western populations.  This undoubtedly contributes to reduced population 
variability, as well as the reported long-term stability in spatial dynamics (Mallett 2014) of lynx in Maine. 

68/1/1-4: Might jackrabbits and mountain cottontails move upslope with less snow?  Hares in Maine 
have high tick infestations during spring and summer, particularly in areas of high hare density.  Have 
parasite and disease interactions with climate been considered? 

71/2/19:  Suggest a change to “…and gene flow in lynx populations within the western portion of the 
DPS.”  This statement does not apply to Maine. 

72/5/entire: IBID comment 68/1/1-4. 
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73/2/1-3:  Actually lynx populations in Maine, the Gaspe’ region of Quebec, and in northern and central 
New Brunswick are contiguous and without significant geographic barriers across ~30 million acres of 
habitat.  Demographically, these populations may be very sustainable and have remained so with nearly 
70 years of demographic isolation from the rest of Quebec since the formation of the St. Lawrence 
seaway and the practice of daily ice-breaking.  Some lynx likely swim the river based on genetic data but 
some genetic differences are evident south of the river, which do not seem to be a threat.  As such, the 
Maine population (and perhaps Minnesota?) does not fit well with the immigration limitations/threats 
and island metapopulation processes generalized across the DPS.   

74/1/1-3:  I am unsure how “young regenerating spruce-fir forests” differ from “young stands with 
spruce-fir saplings”?  These seem the same, yet are cited differently? 

74/2/1-4: A more recent reference for the eastern DPS is Fuller and Harrison (2013). 

74/3/7:  Harrison and Fuller (2005) is absent here, but is one of few published articles that presents a 
comparison of hare densities based on pellet counts across a range of forest management treatments. 

75/1/5-10:  The wording in this paragraph incorrectly implies that hares exit stands after the process of 
self-thinning.  In reality, hares in Maine are present in all forest stands across the landscape, but at 
varying densities (see Fuller and Harrison 2005 and Harrison et al. 2016) 

75/3/bullet #2:  In the northeast, harvesting in the 1970’s –early 1990’s (current lynx habitat) was 
focused on areas of poorer site quality and drainage (which favor shallow-rooting spruce and fir), which 
were the spruce-fir flats where budworm risk was most severe. 

75/3/bullet #3: Actually, “high grading” is a dominant practice in partially harvested stand in Maine and 
we have conducted several studies that have documented that conifer trees are selected for and 
hardwood (often low-value species) composition increases after partial harvesting.  The landscape-scale 
effect of the shifting composition away from conifers and towards hardwoods in Maine is documented 
in Legaard et al. 2015.  In my view this rapid shift towards hardwoods from forest harvesting is much 
more important to lynx in the short run than is the longer term forest shift associated with climate 
change. 

75/3/bullet #5:  I disagree.  This statement applies to northern boreal forests and to some landscapes in 
the west; however, in Maine the cumulative effect of forest change from mechanized harvesting over 
the past 40 years dwarfs the size and frequency of any previous natural disturbances. 

76/2/entire:  This paragraph accurately summarizes events on western National Forests, but does not 
accurate depict the situation in the forests supporting the largest population in the DPS.  In Maine, the 
annual footprint of forest harvesting in terms of acres/year has more than doubled since the enactment 
of the Maine forest practices Act in 1991 (passes in 1989).  The cumulative effect of those increased 
annual harvest equate with monumental landscape changes.  In the past 3 years there have been slight 
decreases in forest volumes resulting from recently closed paper mills, but the acreages harvested are 
still well above historical averages.  
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76/4/7:  Change “These” to Some.  This is needed because the 2 largest landowners in Maine are 
actually family ownerships with long-term investment horizons  -- not all ownerships are TIMO’s and 
REIT’s.  

77/1/8:  It is inaccurate to say that short-term landowners are “not interested” in long-term 
commitments.  Any commitments that promote sustainability, standing volume, or future land value can 
be part of the investment equation …. and with creativity, some of those can sometimes benefit lynx 
and hares.  Forest certification and the connection with endangered species conservation is a key tool 
here. 

77/2/entirety:  It should not be ignored that the federal protection of lynx under ESA has heightened 
the utility of lynx as a flagship species for conservation, and has been a major force behind land 
acquisitions by conservation organizations and subsequent management of these lands for lynx and 
hares.  This could change if lynx were to be de-listed. 

78/2/9-10:  Conversion of conifer-dominated forests to hardwood dominated forests via forest practices 
and regulations is a threat to lynx.  See Legaard et al. 2015.  

78/2/11-14:  Roads are typically considered in terms of human-induced mortality, but the habitat 
effects of roads are incredibly significant for the Maine population.  Fuller et al. (2007) documented that 
gravel roads and associated road edges represented 11% of the total land and water surface area of a 
northern Maine study area.  Road and road edges were avoided by lynx and had the lowest conifer stem 
densities and indices of hare abundance of any of the available habitat types during that study.  Thus, 
roads affect availability of high quality habitat by lynx and affect lynx movements given that lynx alter 
movement paths to avoid transition out of HQHH when foraging (Fuller and Harrison 2010). 

78/2/15-16:  And these stand-scale stressors cumulatively reduce the probability of landscape-scale 
habitat occupancy by lynx (Simons-Legaard et al. 2013). 

79/2/1-4:  It needs to be considered that in eastern forests, PCT occurs after a stand has been previously 
clearcut and herbicide treated to reduce hardwood competition.  This elevates confer composition and 
sapling density to levels well above those needed by hares.  Thus, even after PCT, hare densities (though 
reduced compared to unthinned clearcut and herbicide treated stands) still provide hare densities that 
are higher than most other habitats available to lynx (e.g., selection harvests, uncut second-growth, 
hardwood dominated  and mixed stands, road edges).  Contrary to what is described here, these stands 
do not need to exhibit “regrowth” to again become snowshoe hare habitat.  They are prime habitat 
before thinning and then remain above-average quality hare habitat after thinning (see Homyack et al. 
2007). 

79/3/entire:  This is implying that PCT is a threat.  From an eastern perspective, clearcut+herbicide+PCT 
creates much better conditions than partial harvests or stands without harvesting in terms of hare and 
lynx habitat. 
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80/1/entire:  Selectively removing overstory trees, as practiced in the northeastern forests is also a 
threat as it transitions stands to a greater hardwood composition (Fuller et al. 2004), which results in 
lower densities of hares (Legaard et al. 2015, Fuller and Harrison 2005, Robinson 2006 and lower conifer 
stem densities in partially harvested stands (Fuller et al. 2004, Robinson 2006).  Further, the residual 
overstory trees have a higher conifer composition and provide less winter canopy cover for hares after 
selection harvests (Fuller et al. 2004) and after other forms of partial harvests (Robinson 2006).  This has 
led to landscape-scale declines in boreal forest (Legaard et al. 2015). 

80/2/entire:  Correct term is “selection harvests” not “selective.  Heavy harvests (i.e., stand replacing) 
should be defined as any stand with >50% of basal area removed.  The 90% threshold presented here 
would legally be defined as a clearcut (<30 ft2/acre residual basal area) under Maine law, so that would 
occur with 80% removal in a typical stand with starting basal area of 150 ft2/acre.  On line 6 of the 
paragraph, the Sader et al. (2003) reference is very (14-years) old and the Maine Forest Service has 
reports for the current period as recent as 2015.  Fuller and Harrison (2005) provide additional 
information on reduced conifer stem densities in selection-harvests, which are replacing uncut and 
clearcut stands as the dominant landscape matrix.  Those selection stands support fewer hares that 
other forest harvesting options (Fuller and Harrison 2005, Harrison et al. 2016). Actually, Fuller and 
Harrison (2005) documented hare densities of 0.17 hares/ha in recent selection harvests during 1997-
98.  Robinson (2006) documented hare densities ranging for 0.3-1.7 hares/ha across a range of partial 
harvest treatment during a period of high hare density and all 21 partial harvest stands had a hare 
density lower than the mean observed in regenerating clearcuts.  Subsequently, Harrison et al. 2016 
documented hare densities in longer established partial harvests ranging from an annual average of 0.31 
to 0.59 hares/ha during an 8 year period of relatively lower hare densities when average hare densities 
in regenerating clearcuts ranged (annual average) from 0.77-0.99 hares/ha. 

80/4/entire:  The extent and trends in biomass removals should be quantified given that this is 
increasing in eastern forests for wood pellets, biomass fuel production, and other wood products (e.g. 
particle board). 

81/2/4-5:  Selection harvest is the correct silvicultural term.  Shifts away from boreal forest in selection 
harvests are described in Fuller et al. 2004 and Robinson 2006.  Landscape effects of forest harvesting 
that have shifted transitional forests towards hardwoods and have reduced representation of conifers 
are summarized in Legaard et al. 2015. 

81/4/entire:  I disagree with this entire paragraph.  To the contrary, the vast percentage of high quality 
hare habitat in Maine and New Brunswick is the result of past clearcutting followed by herbicide 
application (e.g., Glyphosate) to suppress competing hardwoods.  The result is high conifer stem 
densities that develop into optimal hare habitat which is determined by the presence of cover and NOT 
by deciduous stems for food.  Many studies (and cited in the Draft SSA) have shown positive 
relationships between conifer stem densities (>1 m) and hare densities.  Robinson (2006) modeled 
vegetation variable as predictors of hare density and found that conifer stems were much more 
influential than deciduous stems, due to greater cover provided by conifers (Litvaitis et al. 1985).  Fuller 
and Harrison (2013) reconfirmed those relationships via modeling at the microsite scale. 
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82/1/1-2:  This statement is further supported by Hoving et al. (2004). 

82/1/5-7:  This statement is further supported by Fuller et al. (2007). 

82/2/11-14.    This statement is incorrect.  The trends presented are accurate but the cause is NOT from 
partial harvesting.  Clearcuts during the 1980’ and 1990’s that occurred in the southern parts of lynx 
critical habitat are coming on line from 2010-2022 and will buffer losses as older clearcuts in the north 
advance to pole stands.  Because of topography, lack of large spruce-fir flats, patterns of site quality (i.e., 
better drained soils on ridges) and given that budworm had disappeared by the time these stands were 
harvested, the cuts were more scattered and smaller in average size.  Many of these cuts occurred after 
the 1991 MFPA and there were new economic disincentives for cuts >30 acres.  This is why the patches 
are getting more fragmented and smaller as HQHH is shifting to the south.  This is not a direct result of 
partial harvesting.  

83/1/entire:  Spruce-budworm outbreaks occurred historically at 50-80 year intervals, thus I disagree 
that natural disturbances were rare.  Yes, fire intervals were long, except in the extreme northwest 
portion of Maine where forests were more boreal-like and burned more frequently (per C. Cogbill 2005, 
which is also cited elsewhere but missing from the literature cited in the Draft SSA).  And tree mortality 
was common given that the most common tree in Maine (balsam fir) has a typical lifespan of ~80 years.    
Thus commercial patterns are shorter for less common but important species like red spruce, black 
spruce, white pine and hemlock, and stand-replacing forest harvesting has shifted composition towards 
balsam fir, which transitions into excellent hare and lynx habitat.  That said, historic spruce budworm 
outbreaks (as evidenced by fir waves on Maine’s highest mountains) were a major disturbance factor 
historically.  Also see comment # 4 (above) which discusses the potential role that old-growth forests, 
which are functionally absent from the current northeast landscape, may have played in supporting 
historical populations of hare and lynx. 

87/2/1:  I strongly disagree with this statement.  See many of my previous comments, particularly 
general comments.#1 and #2.  As stated previously, nearly all forest habitats (Maine is >90% forest) 
contain snowshoe hares.  Thus there is continuous, unfragmented habitat.  High quality foraging 
habitats are aggregated due to topography, site quality, road access, and harvesting efficiencies.  Maine 
does not have the natural fragmentation of western forests, nor expanses of unsuitable habitat that are 
absent of hares.  The background matrix and landscape context in Maine and Minnesota may be very 
different from western populations in the DPS where topography and water cause a patchy distribution 
of mesic conifer forests.  The problems in Maine result from habitat loss caused by harvesting practices 
and historical management that are shifting species composition towards hardwoods (Legaard et al. 
2015). 

88/3/5:  References to Hoving et al. 2004, and Simons-Legaard 2013 would strengthen this statement. 

88/4/6-7:  Again, it may be dangerous to assume dampened cycles are bad for lynx if the low in hare 
densities can still support lynx reproduction and survival and if periods of positive growth rate are 
extended during relative highs.  See comments 64/4/9-11 and 64/3/4-5. 
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89/1/2-3:  Suggest changing wording to “… inflicted by other more generalized predators (e.g., coyotes, 
bobcats, red fox, fisher), which are less adapted to deep snow and consume hares when they are 
accessible.”  

89/2/12:  I’m not sure what “intense predation” is and am not sure that high rates of predation on lynx 
have been documented anywhere in the DPS – perhaps because lynx stick to areas of deep snow.  This 
needs clarification and more justification. 

89/3/1-3:  Are other closely related species really more sensitive to fragmentation, or are they more 
generalized in diets and geography so that they interface more with high human densities and the 
fragmentation associated with agriculture, suburbanization, paved roads, and human sources of direct 
mortality? 

91/1/4:  Additionally, within home ranges dominated by HQHH, lynx selected for stands with 
intermediate hare densities where conifer stems densities were suboptimal for hare cover, but where 
encounter potential with hares was intermediate-high (Fuller and Harrison 2007). 

91/2/9-11:  It is also important to consider that lynx need home range-sized area with a high 
representation of HQHH to meet their landscape thresholds for occurrence (Hoving et al. 2004, Simons-
Legaard 2013), thus fragmentation of HQHH habitats can reduce landscape quality and probability of 
lynx occupancy (Simons-Legaard et al. 2016).   

92/4/entire:  The effect of habitat conversion to areas with low hare densities and which are avoided by 
lynx within 60m corridors associated with forest roads can result in >10% habitat loss in landscapes with 
intensive private forestry (Fuller and Harrison 2007) and these linear bands of low quality hare habitat 
alter the foraging paths of lynx, who avoid transitions from high- to low-quality foraging habitat (Fuller 
and Harrison 2010).  

93/2/entire:  IBID 92/4/entire.  Linear densities of gravel roads in many areas of lynx critical habitat in 
Maine exceed 1.5 km/km2. 

94/2/8:  As a minor note, I documented snow tracks of 3 lynx traveling together in December 2015 and 
a single lynx traveling in December 2016 through the Copper Mountain Ski Resort in western Colorado 
at ~10,500 foot elevation. 

95/3-4/entire:  Utility corridors, access roads to wind sites, and gravel forest roads (particularly if they 
receive snowmobile traffic) may enhance access of generalist and edge associated predators and 
competitors (e.g., coyotes and red foxes) into areas where lynx occur and forage on hares. 

96/2/8-12:  I disagree with this statement.  The effective population size in N.C. Washington is quite 
small, so it seems conceivable that disease and or random stochasticity could result in a small but 
significant possibility of functional extirpation in the short run (as happened in the adjacent Kettle 
Mountains?).  Has this been considered and modeled?  
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97/3/20-21:  Isn’t it quite feasible that ephemeral lynx populations in GYE would be an essential 
stepping stone for genetic and demographic exchange with the most southerly and isolated lynx 
population in western Colorado? 

99/3/1-3:  Isn’t the NH population really just part of the Maine population that extends across a political 
boundary.  I am unsure why political lines are being used to define geographic range boundaries?  Isn’t 
northern NH, Maine, NB, southern Quebec really a single population?  VT is a bit isolated and should be 
considered separately. 

99/3/12-14:  This statement is inaccurate in light of historical information on lynx distributions (Hoving 
et al. 2003).  See general comment #4 above, as well as 83/1/entire.  Additionally, this population may 
not be dependent on immigration from Canada (see comment 73/2/1-3). 

99/3/19-24:  Data suggest the decline in HQHH in Maine will occur from 2022 to 2032 (Simons 2009). 
The data presented by Scott (2009) and Harrison et al. (2016) provide some evidence of weak cyclicity 
across perhaps 20 years. It should be considered that even at relative hare lows in Maine, densities are 
5-8-fold higher than at the nadir in the north and may continue to promote population persistence until 
the next extended high period (which may have an extended period of positive growth relative to 
northern populations).  The conclusions of declining populations currently in Maine should be treated 
with a high level of uncertainty given the small numbers of female lynx monitored during the low period, 
as well as very limited data on reproductive performance during that period. 

100/1/entire:  Potential for predation on lynx and/or exploitation completion from fisher, coyote, 
bobcat and red fox should be considered here as well.  This is a greater risk for both the Maine and 
Minnesota populations relative to western populations in the DPS. 

100/1/7:  It is an overstatement that “the next spruce budworm outbreak is imminent.”  Actually, larval 
densities of spruce budworm in Maine declined in summer of 1996, and larval numbers and distribution 
are not much above baseline levels at the present time.  The outbreak in Quebec, Canada is primarily in 
areas without clearcut harvesting following the last outbreak, so Maine forests are very different and 
the timing and probability of an outbreak in Maine is highly uncertain.  If an outbreak occurs, the 
outcome in terms of recycling pole and mature stands into sapling conifer habitat for hares is a potential 
outcome that could be beneficial for lynx. 

102/2/entire:  See general comment #5 and 14/3/2.  I am confused about why Colorado’s population is 
assumed to have one of the highest probabilities of survival to the next century – seems based solely on 
snow futures and not history, landscape hare densities, or current demographics? 

105/2/entire:  IBID previous comments.  It is important to consider that the Maine and NH (via Maine) 
are contiguous with about 20 million acres of occupied lynx habitat in New Brunswick and S. Quebec, 
which all occurs south of the St. Lawrence River.  Thus this large population may be demographically and 
genetically viable with only a very minor need for infrequent genetic contributors from elsewhere (and 
the river is not impermeable to lynx immigration). 
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105/2/entire:  It should be noted that mixed conifer-deciduous stands dominate on sites with 
intermediate soil drainage and deciduous forests on well-drained hillsides.  Both do not support HQHH 
(Fuller and Harrison 2005, Harrison et al. 2016).  Thus lynx in N. Maine are not advantaged by elevation.  
In mountainous regions where conifers are on mountaintops, the conifer patches are fragmented and 
tend to be mature conifer (which supports low hare densities per Fuller and Harrison (2005) and  
Harrison et al. (2016).  Siren (unpublished report) has found that high elevation spruce-fir forests in NH 
also do not typically provide HQHH.   

106/2/3:  Simons et al. 2016 is a better reference. 

106/2/1-3:  This sentence would be more accurate if revised as “…experienced a 12-year high (1996-
2006), followed by a year of transition (2007), which was followed by 8 years of a stable, but lower hare 
populations until surveys were discontinued after 2015 (Fuller and Harrison 2005, Scott 2009, Harrison 
et al. 2016).”  

108/2/19-21:  It is presumptuous to assume that there would be an absence of hare habitat without 
forest harvesting and clearcutting in the 1970’s to 1990’s. Without management and pesticide spraying, 
the massive budworm outbreak of the 1970’s and 1980’s would have resulted in extensive mortality of 
fir-dominated stands, which would have resulted in stand-replacing tree die-offs and subsequent dense 
conifer regeneration.  See general comment #4. 

108/4/2:  It would be more precise to replace “near future” with “between 2022 and 2032 (Simons-
Legaard et al. 2016).” 

109/2/4-5:  Fuller and Harrison (2005) is a better reference than Fuller (1999 -thesis), as it is a refereed 
journal article.  Similarly, Homyack et al. (2007) is preferable to the thesis cited as Homyack (2003). 

109/2/7: This is an error in fact.  Actually about 260,000 total acres were harvested in Maine during 
1988, compared to a peak of about 540,000 acres/year from 2001-2003.  I think the mistake arose from 
the fact that there was about 100,000 acres of clearcut harvesting in Maine in 1988. 

110/3/entire:  Again, it may be worthwhile to mention that a high percentage of private forestlands in 
Maine are certified (major force in the marketplace), that certification requires consideration of needs 
of T&E species, that there is increasing effort to incorporate landscape-scale habitat provisions into 
certification, and that T&E listing provides an important potential avenue into enhancing management 
on private lands.  This opportunity would go away in the largest population within the DPS if lynx were 
to be de-listed. 

111/4/4-5:  Given the daily ice-breaking on the seaway during winter, cold water temps, and the width 
of the river, I would hypothesize that lynx crossings are via lynx swimming the river during the ice-free 
season. 

112/1/13:  The word “true” is unachievable and “precise and accurate” should be considered as 
alternate wording. 
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113/2/10:  What is meant by “low”?  Densities were still 5- to 8-fold higher than populations in the core 
of lynx range during the nadir of cyclic lows. 

113/3/4-5:  This statement does not accurately depict the historic data and there is no evidence that 
this population is dependent on immigration from Canada.  See general comments #1 and #4, plus 
34/2/entire, 44/1/11-16, 64/3/4-5, 72/2/1-3, 99/3/1-3, and 105/2/entire. 

115/3/3-4:  I think this is an error.  A 50-200-year fire interval is incredibly frequent and I have seen no 
references to support that.  A 200-800 year interval is what I recall.  This needs to be re-checked. 

115/3/7:  The reference to Cogbill (1985) is absent from the literature cited section. 

116/2/2:  Increases in road densities and the indirect effects of roads mentioned in previous comments 
(e.g., see 92/4/entire, 93/2/entire, 95/3-4/entire) should be addressed here.  

117/3/18-20:  I am unclear how “diminished ice conditions on the St. Lawrence River could be an 
increasing risk given that ice-breakers clear the river channel daily during winter?  See 111/4/4-5. 

138/2/5:  This wording suggests lynx are generalists in the summer, which is contradictory to Olson 
(2015) within the DPS.  Yes lynx consume a wider range of available foods in summer, but > 90 of their 
caloric intake is likely from hares. 

138/2/10-12:  IBID.  Hares are much larger than squirrels, so this data still suggests >90% of caloric 
intake from hares, which occurred in 87% of scats. 

139/3/1-2:  This is an incorrect statement as it applies to the Maine lynx population.  Forest 
management has shifted boreal forest towards mixed and hardwood composition in this region (see 
Legaard et al. 2015). 

156/4/1-7:  Again, the potential effects of incidental harvests, road mortality, and illegal take on lynx has 
not been adequately considered, evaluated or modeled and might affect population resiliency in small 
subpopulations or in populations during bottlenecks (e.g., during hare lows).  There is also the implicit 
assumption in the document that the incidental mortalities reported to FWS represent 100% of the 
mortalities that occurred, which is highly unlikely. 

159/2/3-4:  This text implies that forest management is and will be detrimental for lynx, which is 
contrary to the current situation in the largest population in the DPS and ignores the future 
opportunities to use forest management to enhance hare and lynx habitat on federal and private lands 
managed for wood fiber production. 

160/1/3-6:  This seems contrary to the historical data which shows great consistency in the lynx 
distribution in this population since the 1850’s (Hoving et al. 2003). 

160/2/9-13:  This conclusion seems overly speculative given climate uncertainty (e.g., more 
precipitation could result in more snow despite warmer temps if still below freezing, as is currently 
observed in Lake effect areas east of the Great lakes where bobcats are uncommon).  Additionally, this 
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ignores natural disturbance events that may rejuvenate conifer sapling habitat in Maine and Minnesota, 
as well as potential changes in wood fiber markets and regulations that could be used to promote 
conifer habitats.  I agree that data suggest lynx conservation will become more challenging, particularly 
given climate change, but extirpation in 3 of 5 units seems overly precise and overly speculative given 
uncertainty.  See general comments 3, 4, and 5.    

161/3/3-6:  IBID previous comment. 

162/1/entire:  Opportunities via forest certification, changing markets, and via management incentives 
to landowners should not be ignored as potential mitigating influences to declining hare habitat, as well 
as forest regeneration following likely future budworm outbreaks.  With additional public and private 
funding, easements could also be modified to strengthen desired forest management provisions to 
promote desired habitat conditions on lands where working forest futures are already ensured in 
perpetuity.  These opportunities are underrepresented in the Draft SSA and these opportunities would 
be greatly diminished if the lynx were to be removed from ESA protections. 

162/2/13-15:  Yes, this is correct and the currently underutilized opportunity for enhancing habitat 
management on private lands would be further diminished if lynx were to be de-listed.  Other possible 
threats mentioned previously are increased incidental harvests associated with changing fur markets 
and demands for fisher, marten, bobcat, and coyotes, as well as competing demands by local residents 
(e.g., coyote and/or wolf control to protect livestock or game species). 

164/1/entire:  I agree, but another potential threat is that dry conifer forests lacking structure to 
support HQHH will likely move upslope in western populations within the DPS. 

164/2/entire:  As mentioned previously, effects of disease (e.g., rabies, plague, lungworm, distemper) 
and other stochastic events, coupled with fires and accidental and illegal mortalities could affect short-
term resiliency in this population will small effective population size.  With the exception of wildfire, the 
additive effects of these stressors seem to have been under-emphasized. 

166/1/entire:  This seems to minimize the data suggesting low landscape hare densities and 
corresponding low reproduction, coupled with lack of concrete historical evidence of sustainability and 
the extreme isolation of this population (particularly given the apparent lack of a current population in 
the GYE).  See general comment #5. 

168/Unit 6:  IBID previous comment. 

168/2/6:  See general comment #6 –fisher are potential competitors for hares (not just predators on 
lynx), as well as coyotes and red foxes. 

168/2/12:  But soil drainage and site quality in much of Maine will not change, and in fact, may be worse 
with future trends of increasing rainfall.  As such, shallow-rooted conifers will still be favored on these 
sites, along with red maple. 
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169/2/entire:  It should be recognized that ESA listing could promote changes to the Maine Forest 
Practices Act and forest certification requirements and those changes would likely be enhanced by 
continued listing of lynx under ESA. 

169/3/6-8:  The early portion of this paragraph is supported by landowner surveys but it is without basis 
to assume that the lack of spraying to prevent budworm mortality and the widespread clearcutting and 
herbicide application, as conducted during the past outbreak, will lead to a lack of budworm-inflicted 
mortality of trees.  Natural recycling or commercial harvesting of infected stands that will be naturally 
transitioning out of hare and lynx habitat by 2022 could have a benefit to lynx.  Again it is a poor 
assumption that lynx require broad-scale clearcutting to be viable in the northeast.  See general 
comment #4. 

169/4/entire:  See general comments 1 & 2. 

169/5/10:  Hares declined by approximately half since 2008, and that decline followed 11 years of 
relative highs when lynx population growth rate appeared to be positive.  During the relative lows, hare 
densities in HQHH remained 5-8 times greater than at the nadir of the cycle in the north and may be 
sufficient to sustain populations until the next increase in hares (if and when that occurs is highly 
uncertain).  See general comment #1. 

169/5/13:  The conclusion that reproductive rates are non-sustainable during the hare low is highly 
uncertain given the extremely low sample sizes of radioed adult females and seems contrary to many 
reported observations of adults traveling with kittens and high apparent occupancy of habitats given 8 
consecutive years of relatively lower hare populations.  See 169/5/10. 

171/1/7-8:  This trend data is 14 years-old and should be updated.  Maine Forest Service has publically 
made these trends available electronically through 2016. 

171/2/1-4:  This trend data is 14 years-old and should be updated.  Maine Forest Service has publically 
made these trends available electronically through 2016. 

172/1/entire:  Lack of protective management may not be bad for lynx because  low-quality stands at 
pole stage will not be economically feasible to spray and may be recycled (naturally or via salvage 
harvests) to sapling stands promoting hares.  There also may be potential incentives to promote 
herbicide spraying if lynx are still a priority for conservation?  If the budworm does not reach epidemic 
for 10 years many of the vulnerable stands will already have transitioned out of hare habitat. The MFPA 
may also be altered to allow larger clearcuts if budworm reaches epidemic levels.   

172/2/4:  Actually, the low period has been from 2008-2015 and annual hare densities in HQHH have 
averaged 0.86 hares/ha (range 0.75-0.99) (Harrison et al. 2016). 

174/1/entire:  But soil drainage and site quality in much of Maine is much poorer (particularly spruce-fir 
flats).  This will not change with increasing rainfall, and in fact, with more rain it may get worse in the 
future.  As such shallow-rooted conifers will still be favored on these sites, along with red maple. 
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175/4/2-3:  Actually the most recent re-measurements of HQHH stands in Maine suggest that most of 
these overstocked stands on poor quality sites will remain HQHH to at least 40 years due to slow 
maturation due to poor site quality and high competition among overstocked stems (Scott 2009, 
Harrison et al. in prep.). 

176/3/4:  The citation for Simons-Legaard et al. (2016) is missing from the literature cited and is 
provided at the end of this review.  Although the relevant information is on page 6 of the manuscript, it 
actually appears on pages 1264-1265 of the journal article. 

176/4/6: Again this should be cited as pages 1264-1265, not pp5-6. 

176/4/8:  This should be page 1267, not page 8. 

177/1/11: This should be 16-40 years (Scott 2009, Simons-Legaard et al. 2013, D. Harrison, unpublished 
data). 

177/2/3:  This is rather overstated and does not reflect the high uncertainty.  Larval levels throughout 
Maine dropped to near baseline in summer 2016 and there is no evidence that an epidemic is imminent.  
It will like take several years at the earliest for a significant level of SBW infestation to create defoliation, 
even under worst-case scenarios.  Major moth flights into Maine from Quebec have not resulted in 
increases in larvae.  Although an outbreak may be coming, it may not occur until the current lynx-hare 
habitat is transitioning out of HQHH –and could be beneficial to lynx and hares. 

177/2/6-8:  SBW did not “kill” millions of acres of forest in N. Maine during the last outbreak because of 
widespread aerial spraying with DDT and BT, coupled with aggressive pre-salvage harvests (and coupled 
with high global demand for paper and expanded mill capacities in Maine).  The clearcutting continued 
after the budworm was gone to meet paper demand and given expanded mill capacities.  That is what 
led to the MFPA and 3 public referendums to ban clearcutting in Maine during the 1990’s. 

177/1/6-8:  The sentence starting with “Mixed forests having…” could be improved with better citations 
to read… Mixed forests having >25% hardwood overstories do not support annual mean hare densities 
>0.23 hares/ha, whereas annual hare densities <0.38 hares/ha were observed in mature conifer stands in 
Maine  (Harrison et al. 2016).  Correspondingly, lynx selected against mature stands (Fuller et al. 2007, 
Vashon et al. 2008b). 

179/3/15:  Saddleback Mountain discontinued operations in 2015 and Big Rock Ski Area in Mars Hill may 
be within lynx critical (is near eastern boundary). 

180/3/entire:  See comment 78/2/11-14. 

181/3/4-5:  But see several previous comments regarding inadequacy of incidental and illegal take 
considerations in the Draft SSA and needs to evaluate and model effects on resiliency and to consider 
conflicting public pressures on state agencies, as well as the potential for shifting fur markets, to 
increase harvesting effort expended to capture marten, fisher, bobcat, red fox, and/or coyote within 
lynx critical habitat. 
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181/3/11-12:  This underestimates the potential impacts of “green certification” and the millions of 
acres enrolled in that program on private lands in Maine.  Given the attention to T&E species, here is the 
potential federal “nexus” on private forestlands.  This management tool would be absent if lynx were to 
be de-listed.   

182/1/1-2:  ESA listing of lynx has promoted the species as a flagship for conservation and has been a 
stimulus and funding source for purchases of large pieces of land that have been subsequently managed 
for lynx  (one parcel >180,000 acres), and has been used as a flagship when promoting and funding new 
conservation easements, which prevent many types of development in working forests.  These 
conservation tools would also be greatly diminished if lynx were to be de-listed. 

182/2/7:  State regulations were enacted out of conservation and aesthetic concerns and could change 
in the future, particularly to benefit a flagship species like lynx. 

182/2/10:  Again, these “lower” levels averaging 0.86 hares/ha are above landscape thresholds for 
occurrence and likely exceed levels in western populations in the DPS.  Further they are 5 to 8-fold 
higher than hare densities at the nadir of cycles in the north. 

183/1/2-3:  In the longer-term, climate change may be the primary driver of boreal forest change in 
Maine, but much more rapid and recent changes have resulted from forest harvesting practices 
(Legaard et al. 2015).  

186/3/4-6:  incidental and illegal take have been inadequately considered and evaluated in the Draft 
SSA –see previous comments.  Absent protections under ESA, it is likely that state agencies will be 
encouraged to prioritize other species management and local public demands over lynx conservation if 
the DPS were to be de-listed. 

191/2/entire:  The potential for changing fur markets and fashions that might increase demand for 
other furbearers could also pose future risks to lynx. 

202/2/entire:  The assumption that management for lynx would continue on federal lands absent ESA 
protections is unsupported.  This management did not exist prior to lynx being listed as a U.S. 
Threatened Species and as I understand it, there would be no requirement for USFS or BLM to prioritize 
lynx conservation 5 years after the species were de-listed.  Further there have been no credible 
evaluations of whether existing management has benefited lynx, particularly given that forest 
management effects occur across decades.  See previous comments related to this topic. 

204/2/entire:  This assumption is not supported by data or rigorous modeling of potential effects of 
illegal harvests and incidental trapping, disease, and stochastic events on lynx persistence in this small, 
isolated population with a small effective population size.  This is particularly relevant given the recent 
extinction of a nearby subpopulation in the Kettle Mountains. 

205/1/entire:  I am confused about how near-term persistence can be as estimated high as 70% for a 
population than seems absent based on recent surveys? 
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208/2/entire:  In my professional opinion, effects of by-catch and illegal trapping and shooting, coupled 
with other stochastic influences,  been not been adequately considered given the tenuously small size of 
this population? 

211/3/entire:  This estimate seem unreasonably high given the historical and present data regarding 
this population (see general comment #5). 

2015/2/entire:  See comment 211/3/entire and general comment #5.  Additional to the other 
information in this paragraph citing conservation challenges and uncertainties for the W. Colorado 
population, the low landscape hare densities and fragmented nature of hare habitats due to the 
prevalence of drier conifer forests at mid-low elevations results in high habitat fragmentation.  Future 
projections of persistence appear to be based solely on projections suggesting future favorable snow 
conditions at higher altitudes in this most southerly and most isolated population and do not seem to 
adequately consider quantity and configuration of HQHH.  Thus, the second to last sentence of this 
paragraph seems to represent a significant contradiction? 

2019/1/1-4:  I am not convinced that the issue of potential extinction risk has been adequately 
evaluated and modeled for GYE, W. Colorado, or, particularly, for the small and isolated population in 
N.C. Washington.   As such, this seems to be a conclusion without sound basis? 

2019/3/4-8:  Interacting effects of temperature with snow depth (Litvaitis et al. 1986), along with 
availability of alternate prey could contribute to apparent differences between Maine and Minnesota in 
snow and competitive interactions. Further, the presence of wolves in Minnesota, but not in Maine, may 
affect relative densities of coyotes, and may influence interactions among coyotes, bobcats, and lynx 
(Litvaitis and Harrison 1989). 

220/General Summary: Potential effects of incidental harvest and illegal take, as well as effects of 
fragmentation, seem to be underrepresented in the summary section of the Draft SSA relative to their 
discussion elsewhere in the document. 

221/General Summary:  The summary does not address how current ESA listing affects current status of 
lynx or how protections and status would be expected to change if the DPS were to be removed from 
ESA protections.  This seems inconsistent with the frequent mention and consideration of those topics 
throughout the Draft SSA and considering that this document is intended to guide future decision-
making. 
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From: Bush, Jodi
To: Harris, Anna
Subject: Re: Email of assignment
Date: Monday, March 27, 2017 8:04:38 PM
Attachments: Harrison-Draft Lynx SSA Complete Review.pdf

I haven't been able to find anything explicit in the notes from the decision meeting.  And Jim
is out (its spring break here), until Thursday so I dont know if he put something in writing.  I
will check with him then. Apologies.  JB

I've also attached Dan Harrison's final comments.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Mar 27, 2017 at 11:35 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
looking

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Sun, Mar 26, 2017 at 5:32 PM, Harris, Anna <anna_harris@fws.gov> wrote:
Hi Jodi,

I was wondering if you or Jim sent out an assignment for the Core team when they were
asked to review the peer reviews/state comments? Just trying to see if I can track down the
assignment in writing.

Glad we were able to touch base last week,
Anna

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

mailto:jodi_bush@fws.gov
mailto:anna_harris@fws.gov
mailto:jodi_bush@fws.gov
mailto:anna_harris@fws.gov
https://www.fws.gov/northeast/mainecomplex/


 



From: Anna Harris
To: Bush, Jodi
Subject: Re: Email of assignment
Date: Tuesday, March 28, 2017 2:56:52 AM

Thank you for checking Jodi! Enjoy your spring break and Jim should too. We will get this
figured out, I have no doubt. You've been so helpful! 

Thank you for sending Harrison's comments.

Sent from my iPhone

On Mar 27, 2017, at 10:05 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:

I haven't been able to find anything explicit in the notes from the decision
meeting.  And Jim is out (its spring break here), until Thursday so I dont know if
he put something in writing.  I will check with him then. Apologies.  JB

I've also attached Dan Harrison's final comments.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Mar 27, 2017 at 11:35 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
looking

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Sun, Mar 26, 2017 at 5:32 PM, Harris, Anna <anna_harris@fws.gov>
wrote:

Hi Jodi,

I was wondering if you or Jim sent out an assignment for the Core team when
they were asked to review the peer reviews/state comments? Just trying to see
if I can track down the assignment in writing.

Glad we were able to touch base last week,

mailto:anna_harris@fws.gov
mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov
mailto:anna_harris@fws.gov


Anna

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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From: McCollough, Mark
To: Dan Harrison
Subject: UM Snowshoe hare contract
Date: Tuesday, March 28, 2017 12:42:41 PM

Dan:

I received notification yesterday that our 2014 3-year cooperative agreement "Studies of the
Effects of Forest Management on Snowshoe Hare and Canada Lynx"  will end on September
30, 2017.  Funds will have to be drawn down by then and a final report is due no later than
October 30, 2017.  I appreciate the update a few weeks ago on your progress.  The hare survey
information through 2015 was useful to address comments from MDIFW and use in the SSA.

Just to remind you, there were two objectives:

Conduct snowshoe hare surveys in 2014-2015 and complete a meta-analysis of the 20
years of snowshoe hare population, forestry, and vegetation data to evaluate hare
response to forest practices in the Acadian forest and to examine the hypothesis of hare
population cycles at the southern extent of their range in the Northeast.
Complete a lynx habitat model for three Landsat scenes covering northern Maine,
including the designated lynx critical habitat, and to project and model future habitat for
the next 100 years.

Erin completed the second objective last year and provided a final report, which we cited in
the SSA.

Let me know if you would like to meet to discuss where you are with objective 1.  If there is
any thought that you may need more time, we should discuss an extension, sooner vs. later.  I
was asked to contact Mike Hastings, Sponsored Programs to let him know we are about 6
months to completion of the agreement.  I see no need to do that, unless you would like me to. 
I think it is more important that you and I are communicating and working together.

Thanks again for your excellent peer review comments.  We divided them up between the lynx
core team and I was assigned to read, summarize, and respond to your comments.  You
probably provided more comments than any of the peer reviewers, just as MDIFW provided
more comments than any state.  I made lots of useful recommendations to Region 6 to address
your comments, some that would take substantive (but needed) work to address.  

We are to summarize all state and peer review comments and present them to our
administrators/decision-makers to identify substantive comments that may affect their listing
decision.  I thought that you had about a half-dozen substantive comments (especially your
first couple pages and I believe your last comment).  It remains to be seen if Region 6 agrees
these will be topics we want to address with the decision-makers.

We will be updating the SSA to address the comments received.  We have very limited time. 
You reviewed the equivalent of a grad student's first draft of the SSA.  As you know, to
prepare a scientifically-sound, well-written document a lot of work lies ahead.

Let me know if you would like to meet about the contract.  I would be glad to do so.

Mark 

mailto:mark_mccollough@fws.gov
mailto:harrison@maine.edu


-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: McCollough, Mark
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-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
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From: Bush, Jodi
To: Nordstrom, Lori
Subject: Re: lynx SSA peer review Q
Date: Wednesday, March 29, 2017 11:00:16 AM

awesome thanks.  Jim is back in office tomorrow and we will have conversation later this
week. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Mar 28, 2017 at 2:47 PM, Nordstrom, Lori <lori_nordstrom@fws.gov> wrote:
I spoke with Mark Hogeboom today and he is very interested in helping you with his editing
skills. I didn't ask but no one mentioned having to pay for his time so maybe he'd be able to
do it with out charging.  You or Jim should give him a call.

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

On Mon, Mar 27, 2017 at 3:38 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
nope.  I haven't.  just been tied up with other things...Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Mar 27, 2017 at 2:20 PM, Nordstrom, Lori <lori_nordstrom@fws.gov> wrote:
Hi Jodi -
You may have already moved on from trying to find someone to help edit the lynx
SSA.  I've traveling a lot but finally talked to Maggie O'Connell who is Mark
Hogeboom's supervisor.  She is fine with you calling Mark directly and finding out if he
has time to work on it.  She said she trusts him to know his schedule and then he'll check
in with her.

I haven't asked Mark at all about this.

Mark's number is 612-713-5466   or Mark-hogeboom@fws.gov.

mailto:jodi_bush@fws.gov
mailto:lori_nordstrom@fws.gov
mailto:lori_nordstrom@fws.gov
mailto:lori_nordstrom@fws.gov
mailto:jodi_bush@fws.gov
mailto:lori_nordstrom@fws.gov
mailto:Mark-hogeboom@fws.gov


BTW, Mark's last name is pronounced Ho-ga-boom

Lori

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

---------- Forwarded message ----------
From: Nordstrom, Lori <lori_nordstrom@fws.gov>
Date: Tue, Mar 14, 2017 at 1:55 PM
Subject: lynx SSA peer review Q
To: Jodi Bush <Jodi_Bush@fws.gov>, Alisa Shull <alisa_shull@fws.gov>

Hi Jodi

In thinking ahead for when we have to do peer review for the monarch SSA, I noticed
that it looks like the lynx SSA peer review was contracted out since the peer reviewers
sent their responses to someone at Atkins?  How did you find the contractor? Did you
have to go out for bids? Does the Service already have a contract for peer review?

On a lynx SSA editing note, the person in my RO who is an editor is Mark Hogeboom,
he works in Refuges in the RO.I was hired as an editor but give budget cuts he's been
tasked to some other things in addition to editing.  His supervisor is Maggie O'Connell, I
haven't had a chance to catch up with her to ask if he might be able to help you with
editing the lynx SSA.

Also, Alisa Shull (she's our ESA Chief) said that Paige Najvar in R2 is an excellent
editor (but her job is not as an editor, I don't think).

Lori

mailto:lori_nordstrom@fws.gov
mailto:lori_nordstrom@fws.gov
mailto:Jodi_Bush@fws.gov
mailto:alisa_shull@fws.gov
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Meso-carnivore Monitoring Workshop 
April 5-6, Red Lion Hotel, Kalispell, MT 

DRAFT AGENDA 
 
 
Workshop Objectives 

• Updates on where, how, and why meso-carnivore monitoring is occurring in Idaho, 
Montana, and the Rockies  

• Share lessons learned, innovations, and challenges around meso-carnivore monitoring  
• Discuss how meso-carnivore monitoring information is being applied to, and could better 

support, land management and planning efforts 
• Discuss ideas for moving monitoring forward in a more cohesive way across agencies 

and geographic areas 
• Create a product describing ‘state of knowledge and gaps’ in meso-carnivore monitoring 

that will guide future efforts and coordination. 
 
Day 1  
 
8:30  Continental Breakfast (provided) 
 
9:00  Welcome and Objectives (Anne Carlson) 

 Review agenda/objectives/logistics for both days, and clarify the desire to 
be inclusive  
Quick stand-up intro exercise (“Everyone from FWP stand,…) 

 
9:15  Overview of two previous workshops: 

 How the workshop has evolved (Scott Tomson) 
 Map and table of monitoring projects in Rockies (Cory Davis) 
 Follow-up on Action Items from last year (progress made?) (Cory Davis) 

 
10:00-11:00 Updates and lessons learned from ongoing and new survey and monitoring 

efforts (Facilitator: Kylie Paul) 
Focus on monitoring questions addressed, how data will be used, and lessons 
learned 

   
 Multi-state wolverine project (Bob Inman: MT Fish, Wildlife & Parks, 

Wildlife Biologist): (20 min: 10 min presentation, 10 min discussion) 
 Canadian Rockies camera trapping network (Robin Steenweg, University 

of Montana, PhD Student) (20 min: 10 min presentation, 10 min 
discussion) 

 Meso-carnivore monitoring in the Selkirk Mountains of Northern Idaho 
(Megan Kosterman, US Fish and Wildlife Service, Northern Idaho, 
Wildlife Biologist) (20 min: 10 min presentation, 10 min discussion) 
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 Citizen Science Monitoring & Methodologies on the Bitterroot National 
Forest (Kylie Paul) (20 min: 10 min presentation, 10 min discussion) 

 Monitoring Café: voluntary, 2 min updates from other projects – two 
things that worked well and two things that didn’t (30 min) 

 
11:50 Set-up post lunch discussion on developing a regional strategy for meso-

carnivore monitoring (Scott Tomson) 
 

12:00-12:45 Lunch (provided) 
 
12:45-2:00 Regional effort to create a multi-species monitoring protocol (Jessie Golding, 

USFS Rocky Mountain Research Station, Missoula)  

 What is Jessie’s role and marching orders 
 What have we learned about monitoring in the region? 
 Current project: Objectives, Species, Analysis/Models, Field methods 
 Q&A, Discussion 

 
2:00-3:45 Breakout groups: What should the future of monitoring look like across 

agencies, jurisdictions, and geographic areas in the Northern Rockies? 
(Facilitator: Lacy Robinson) (Incorporate a break time) 
 Step through following questions  

o Identify priority meso-carnivore species  
o Identify questions (including where those questions need to be asked) 

for a large-scale monitoring program  
o Identify the change that people are interested in detecting for the 

species/ questions 
o Discuss roles/responsibilities to help define how we can move 

forward with a larger effort  
o Discuss how smaller targeted efforts can fit into this larger picture as 

well  
 
3:45-4:45 Report out and summarize group discussions (Facilitator: Lacy Robinson) 

 Can we put this in a document? 

4:45-5:00 Closeout/Logistics/Plans for Day 2 (Anne Carlson) 
 

 
Day 2 

8:30-8:45 Welcome, synthesis of previous day’s discussion, and agenda for Day 2 (Kylie 
Paul) 
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8:45-10:30 Perspectives on monitoring: How is monitoring data being used? How can it be 

more useful? What are the remaining knowledge gaps for these species? Priorities 
(monitoring, research, management) going forward. (Facilitator: Ray Vinkey) 
 US Fish and Wildlife Service: (Scott and Jessie working on) (30 min) 
 US Forest Service: Lydia Allen, Regional TES Program Leader (20 min) 
 Idaho Fish & Game: Joel Sauder or Michael Lucid, Rex Sallabanks, Beth 

Waterbury (Call Lacy) (15 minutes) 
 MT Fish, Wildlife and Parks: Mike Thompson, FWP Region 2 Wildlife 

Manager or John Borrie (FWP assistant director?) (15 min)  
 NGO Café: What are NGOs roles and perspectives in monitoring for 

these species? (Facilitator: Rebecca Watters) (20 min: 3 minutes each) 
 
10:30 Break 
 
10:45 Group discussion (breakout groups again?): Take results from Day 1 and 

determine which methods are best for each monitoring question and 
geographic area (Facilitator: Carly Lewis) 

 When are single species efforts appropriate? 
 Field techniques (cameras, bait stations, track surveys, genetics): Where 

and when to use which based on monitoring questions? 
 
12:00  Lunch (provided) 
 
1:00 How can we contribute to a bigger and more useful story? (Facilitator: 

Rebecca Watters) 
 Brainstorm: How can we combine existing data across efforts? 

o Combining genetics data 
o Analyses for relatedness and connectivity?  
o Data sharing warehouse? Nathan Albrecht (Kylie will reach out) 
o What types of data (tracks, genetics, images, GIS)? 

 Outreach: What is the bigger story and who needs to hear it? 
 
2:45  Break 
 
2:45-3:45 Where do we go from here? Identify action items and who will take lead 

(Facilitator: Mark Ruby) 
 Products from discussions? 
 Working groups? 
 Future Crown-wide conference on setting priority management actions for 

meso-carnivores (Anne Carlson)  
3:45  Closeout and Thank Yous (Cory Davis) 
 
4:00  Adjourn 
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 When are single species efforts appropriate? 
 Field techniques (cameras, bait stations, track surveys, genetics): Where 

and when to use which based on monitoring questions? 
 
12:00  Lunch (provided) 
 
1:00 How can we contribute to a bigger and more useful story? (Facilitator: 

Rebecca Watters) 
 Brainstorm: How can we combine existing data across efforts? 

o Combining genetics data 
o Analyses for relatedness and connectivity?  
o Data sharing warehouse? Nathan Albrecht (Kylie will reach out) 
o What types of data (tracks, genetics, images, GIS)? 

 Outreach: What is the bigger story and who needs to hear it? 
 
2:45  Break 
 
2:45-3:45 Where do we go from here? Identify action items and who will take lead 

(Facilitator: Mark Ruby) 
 Products from discussions? 
 Working groups? 
 Future Crown-wide conference on setting priority management actions for 

meso-carnivores (Anne Carlson)  
3:45  Closeout and Thank Yous (Cory Davis) 
 
4:00  Adjourn 
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STATE OF WYOMING 

WYOMING LYNX INVENTORIES 
COMPLETION REPORT 

NONGAME MAMMALS - Species of Special Concern 
Lynx 

PERIOD COVERED: 15 April1999- 14 April2000 

PREPARED BY: Tom Laurion, Nongame Biologist 
Bob Oakleaf, Nongame Coordinator 

INTRODUCTION 

c 

c· 

Lynx (Lynx lynx) have been present in Wyoming prehistorically (Kurten and 
Anderson 1980) and historically (Reeve 1986), and the species persists. Lynx were 
protected by Wyoming State Statute in 1973. The Wyoming Game and Fish Department 
(Department) Nongame Program lists the lynx as a Species of Special Concern 2 
primarily due to the relatively unknown status of the Wyoming population and the 
perceived threat to its habitat. Lynx were a low priority for inventories because its 
protected status was mistakenly assumed to mitigate factors that might cause population ( 
declines. It is also a U.S. Forest Service (USFS) Region 2 Sensitive Species, and a 
Convention on International Trade of Endangered Species (CITES) Appendix II species. 
On 24 March 2000, the U.S. Fish and Wildlife Service (USFWS) published a final rule in 
the Federal Register to list the lynx as a threatened species in the contiguous United 
States under the Endangered Species Act. This action will take affect on 24 April 2000. 

Historical records document resident populations of lynx in 17 northern and western 
states. Presently, the species is confirmed as breeding in only Wyoming, Idaho, 
Montana, Washington, and Maine. Colorado implemented a reintroduction program in 
February of 1999. Lynx are still relatively common in portions of Alaska and Canada. ( 

Surveys for lynx in the Shoshone National Forest (SNF) were initiated during the 
winter 1995/1996, and were cooperatively funded by the SNF and Department. 
Difficulties locating lynx in the SNF and a fruitless trapping effort during that first winter 
prompted Department funded surveys, lynx capture, and radio telemetry in the Wyoming 
Range portion ofthe Bridger-Teton National forest (BTNF) in western Wyoming 
(Laurion et a!. 1997). This area was known to have had a healthy breeding population in 
the late 1960s and early 1970s (B. Neely and J. Welch, pers. comm.). Although much 
reduced from that period, reproducing lynx remained and provided an opportunity to 
monitor individuals through radio telemetry and develop survey skills for the SNF and 
BTNF. Surveys funded cooperatively between the BTNF and Department began during 
the winter 1998/1999. Surveys during the 1999/2000 reporting period were funded by 
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the SNF, BTNF, Department, and the USFS Rocky Mountain Research Station (RMRS) 
in Missoula, Montana. 

The purpose of this report is to compile recent information on lynx in Wyoming, 
and summarize survey and monitoring results. 

METHODS 

Snow Track Survevs 

Surveys for lynx tracks were conducted primarily with snowmachines on roads, and 
to a large extent adjacent to, but off of, these established routes. Department personnel 
searched for lynx in 4 general areas (Fig. 1) during the period December 1999 through 
April2000. The 4 general areas were: 

1) Dubois CSNF)- Horse, Burroughs, Long, Warm Springs, and Sheridan Creeks 
drainages. 
2) Merna CBTNF)- Pass, Horse, Spring, Lead, Dry Beaver, South Beaver, Chall, North 
Fork Middle Beaver, North and South Cottonwood Creeks drainages. 
3) Upper Green River (BTNF)- Gypsum, Moose, Wagon, Tepee, Tosi, Lime, Eagle, 
Rock, and Twin Creeks drainages. 
4) Lower Greys River (BTNF)- Lower Greys River proper, Little Greys River, BuU 
Hollow, Blind Bull Creek, and Squaw Creek drainages. 

Four additional routes were surveyed 1 time each. The Flagg Ranch road in the 
Targhee National Forest was surveyed on skis (S. Patla, pers. comrn.). Three routes, 1 on 
Salt River Pass administered by the Bureau of Land Management (BLM), 1 in the Hams 
Fork area of the Wyoming Range (BTNF), and 1 in the Mill/Jack Creek area of the Upper 
Hoback River drainage (BTNF) were surveyed on snowmachine. 

Hair Snagging Carpet Pads 

Following the protocol ofMcKelvey et al. (1999), 2 grid arrays of25 sites each 
were laid out in the SNF (Fig. 2). One grid was in the Dubois area (Fig. 3), and the other 
in the Beartooth/Sunlight Basin area (Fig. 4 ). The sites were spaced 3.2 km (2 mi) from 
each other within the grid. Each site consisted of 5 stations which were spaced 100 m 
328 ft) apart on a transect proceeding downhill from the plot's #1 station [therefore, the 
transects are 400 m (1312 ft) long]. Each station consisted of a 10 x 10 em (3.94 x 3.94 
in.) carpet pad with 12 to 15, 3 em (1.18 in.) roofing nails penetrating it (the heads of the 
nails against the back of the carpet), and nailed to a tree 45.7 em (18 in.) above ground 
level. Initially, 10 cc of lure was applied to each carpet pad. The lure was a mixture of 
beaver (Castor canadensis) castorium, 90 drops of pure catnip (Nepeta cataria) oil per 
0.23 L (0.06 gal) of the castorium, propylene glycole at 1:6, and glycerine at 1:6. Dried 
and chopped catnip leaves were put on the pads at 7 gm (0.25 oz) per pad. A 23 em (9 
in.) aluminum pie plate used as a visual attractant hung from a 40 em (15.75 in.) piece of 
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fine wire with a swivel in the middle. The wire hung from a loop bent at the terminus of ( 
a piece of baling wire attached to a tree limb above and in front of the carpet pad on the 
tree trunk. The pie plate hung at about shoulder height. Another piece of carpet, 5 x 5 
em (1.97 X 1.97 in.), without nails, was pierced through the center with the baling wire, 
and sat on the loop at the fine wire/baling wire junction, backing side down. This piece 
of carpet received the same amount of lure as the hair snagging carpet on the tree trunk. 

Animals, preferably lynx, were attracted to the station and induced to rub on the pad 
nailed to the tree. The stations were visited at 2 weeks to re-scent the pads with 5 cc of 
the lure, and collect hair samples caught on the nails. Hair was removed with care not to 
contaminate the samples with foreign material or DNA. They were visited again at 4 
weeks to collect hair samples, disassemble, and remove each station. ( 

Krebs et a!. (1986) Snowshoe Hare Pellet Transects 

Five transects of 600 m (1969 ft) each were laid out in the Horse Creek/Pass Creek 
area in the Wyoming Range, and 4 transects of750 m (2461 ft) each were laid out in the 
Horse Creek/Burroughs Creek area near Dubois during the summer of 1996. Transects of 
900 m (2953 ft), 750 m (2461 ft), 600 m (1969 ft), and 600 m (1969 ft) were laid out in 
the Muddy Creek area of the Beartooth Mountains during the summer of 1997 (Fig. 5). 
Each transect contained quadrats of5.08 x 305 em (2 x 120 in.) [0.155 m2 (0.19 yd2

)] 

spaced every 30m (98 ft). These quadrats (N=300) were cleared of hare pellets at the 
time of transect layout; pellets were then counted and cleared once each year in late June 
or early July. ( 

A comparative year-to-year index was calculated with software provided by Dr. 
Krebs, which uses a log( e) -log( e) regression: log(hares) = 0.888962 x log(pellets)-
1.203391 with correction for bias from Sprugel (1983). 

Care was taken with the assistance of the USFS to place the transects in areas that 
were safe from logging, as these data should be collected over a period of at least 10 
years. 

Lvnx Radio Telemetry 

Utilizing both aerial and ground techniques, an effort was made to get locations on 
the transmitered lynx at least once per week, and if possible twice per week. Home range 
was calculated using the 95% and 50% confidence region adaptive kemal (Worton 1989) 
component of the CALHOME (Kie eta!. 1994) home range analysis program. 
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RESULTS 

Snow Track Surveys 

In the 4 intensively surveyed areas, 2658 km (1661 mi) were surveyed (Table 1). In 
the Dubois area, 672 km (420 mi) were surveyed. In the Merna area, 1350 km (850 mi) 
were surveyed. The Upper Green River received an effort of 366 km (229 mi), and the 
Lower Greys River 259 km (162 mi). 

The 4 other areas were surveyed an additional146 km (91 mi); the breakdown 
being Flagg Ranch 26 km (16 mi), Salt River Pass 38 km (24 mi), Hams Fork areas 58 
km (36 mi), and the Mill/Jack Creek area 24 km (15 mi). 

In the Dubois area, there was a sighting reported on the Long Creek road between 
the West Fork and Middle Fork of Long Creek, on or around 18 February 2000 (F. 
Meyer, pers. comm.). Searches with and without the informant present produced no lynx 
tracks. No lynx tracks were found in the Dubois area during the 1999/2000 search 
period. 

On 3 occasions, track intersects ofnontransmitered lynx were found in the Merna 
area: a single set of tracks, possibly a male, on 10 December 1999; a female and single 
juvenile on 7 January 2000; and, what appeared to be from weathered tracks, a single 
female on 2 February 2000. A track in poor condition found on 5 April2000 in South 
Cottonwood Creek was thought to be a male lynx and could have been made by the 
transmitered male. Lynx tracks were not found in the Upper Green River. 

No tracks were found on the Flagg Ranch Road, and Mill/Jack Creek routes. On the 
Hams Fork route, the transmitered male lynx tracks were found. There was an 
unconfirmed report oflynx tracks by a BLM contractor (G. Beauvais, pers. comm.) in the 
Water Canyon drainage of the Salt River Pass area. 

The RMRS, BTNF, and Department hired 4 additional technicians to survey the 
entire Wyoming Range during the winter of 1999/2000 in an attempt to bolster the 
transmitered lynx sample size (results of this survey are reported by RMRS, Missoula, 
MT). No new lynx were collared or verifiably located. The weather conditions were 
generally not favorable, with either lack of fresh snow or frequent windy days when it did 
snow. 

Hair Snagging Carpet Pads 

No lynx were detected on either of the SNF grids. One bobcat (Lynx rufus) was 
detected on the Dubois grid. 
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Pellet Transects 

The Krebs snowshoe hare pellet transects were tallied and cleared in 1997, 1998, 
1999, and 2000 (Table 3). Densities for snowshoe hares in the Wyoming Range were 
0.66, 1.36, 1.18, and 1.33 hares/hectare (0.26, 0.55, 0.47, and 0.53 hares/acre) for 1997, 
1998, 1999, and 2000, respectively. Densities in the Dubois area were 0.77, 0.80, 0.55, 
and 0.76 hares/hectare (0.31, 0.32, 0.22, and 0.30 hares/acre) for the same years, 
respectively. Beartooth transects were established I year later, so data are not available 
from 1997. Densities for 1998, 1999, and 2000 were 0.21, 0.28, and 0.35 hares/hectare 
(0.08, 0.11, and 0.14 hares/acre), respectively. 

Lvnx Radio Telemetry 

The adult male lynx was originally captured on 6 December 1996, recaptured on 20 
December 1997 to replace the !-year-battery transmitter, and recaptured again on 13 
November 1998. The adult female originally captured on 15 March 1997 was recaptured 
on 19 November 1997 (also to replace the !-year collar), and recaptured again on 23 
November 1998. Recapture in 1998 replaced the !-year collars on both lynx with 2-year 
collars, which will be due for replacement in November of2000. 

( 

( 

A total of 206 locations for the male and 188 locations for the female have been 
collected as of this date. Home range calculations were not performed for the male 
because of the large area covered in the apparent non-home range like movements (Fig. 
6). These figures reflect movements away from the previously calculated home range for ( 
this individual (Laurion and Oakleaf 1999). It spent more than 6 months during the 
reporting period outside those home range bounds, and made multiple forays into the 
expansion/exploritory areas. The 95% and 50% confidence regions for the female were 
113.6 km2 (43.8 mi'}, and 18.49 km2(7.13 mi2

) respectively (Fig. 7). 

On 11 June 1999 the female was located at her den site with 2 kittens approximately 
14-18 days old. They were not handled so their sex was not determined. The last date 
both kittens were known to be with the female was 7 January 2000. A single kitten was 
on site when the adult female was found dead on 2 March 2000. The necropsy 
determined that she had starved. Contributing factors were undetermined. It is not c· 
known if either of the kittens survived. ·· · 

DISCUSSION 

Snow Track Surveys 

Surveys for lynx were conducted in all or most of these areas during the winters of 
1995/1996 (Laurion eta!. 1997), 1996/1997 (Laurion 1998), 1997/1998 (Laurion and 
Oakleaf 1998), and 1998/1999 (Laurion and Oakleaf 1999). 
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Snowmachine surveys carried out by Department personnel over the past 5 winters 
were 2680 km (1675 mi) for 1995/1996 (Laurion eta!. 1997), 4000 km (2500 mi) for 
199611997 (Laurion 1998), 4443 km (2777 mi) for 1997/1998, 3661 km (2288 mi) for 
199811999, and 2778 km (1736 mi) for 1999/2000. Snowshoe and ski route surveys for 
the same periods were 80 km (50 mi), 224 km (140 mi), 203 km (127 mi) (Stevenson 
1997, D. Stevenson pers. comm.), 81.6 km (51 mi), and 26 km (16 mi), respectively. The 
summation of this survey effort is 21,015 km (12,609 mi), which yielded numerous new 
lynx records early, but fewer and fewer in later years. The survey has benefited greatly 
from observations shared by non-survey personnel. Other benefits have been experience 
and familiarization with snow tracking, winter habitat use and associations with 
snowshoe hares, and incidental observations of interspecific relationships. Experience, 
coupled with the ability to rapidly survey a long route of -160 km ( -1 00 mi) in 1 day are 
valuable assets in this survey work. This would apply, of course, to non-wilderness areas 
of the National Forest system in which most of the lynx have been located. 

Hair Snagging Carpet Pads 

Along with the 2 SNF grids, there was a single grid maintained by the USFS, on the 
Merna study area of the BTNF. There were no lynx detected on that grid, although there 
were an additional5 bobcats, and a cougar (Felis concolor) detected. 

Having a slight snow cover is helpful in identifying that lynx and bobcat can be 
present on the transects, but apparently not induced to rub on the carpet pad (Laurion and 
Oakleaf 1999). This would seem not to be a favorable trait for a survey technique when 
low numbers of lynx with large home ranges are present in an area but are not being 
detected. The transmitered female reduced and localized its home range and was not 
detected by a sampling site within that home range. The RMRS is planning to continue 
these trials for 2 more years in an attempt to eliminate these problems. 

Snowshoe Hare Pellet Plots 

Tallies from these Wyoming transects reflect, albeit guardedly, densities reported in 
the Northwest Territories (Poole 1994), and in Yukon (Mowat eta!. 1996) at snowshoe 
hare population lows. We intend to view our data as an index of snowshoe hare 
population densities that can be collected over time in an efficient and economical 
manner (Forys and Humphrey 1997). Snowshoe hare home range size in the fragmented 
habitat of Wyoming may be larger than those in more homogenous study sites of British 
Columbia, Northwest Territories, and the Yukon; therefore, direct comparison of 
densities may not be valid. Currently, work is being done in Idaho and Montana to test 
the validity of the Krebs Plots in the southern Rocky Mountains. Preliminary results of 
the Idaho study say that Krebs plots overestimate hare numbers (D. Murray, pers. 
comm.), while the Montana study suggests that Krebs plots underestimate hare numbers 
(J. Squires, pers. comm.). Some mark/recapture work was done on the Merna study site 
during the summer of 1999; these data are reported and maintained by the RMRS. 
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Lvnx Capture And Telernetrv 

The Merna study area was chosen because of the numerous historic records, 
including at least 18 lynx trapped in that area and north to the Hoback Rim during a few 
months in 1972. Initially, due to very limited funding, we decided to collar 2 lynx in an 
effort to monitor the local population that may use all or parts of the home ranges of the 2 
collared animals. The large home ranges of the 2 collared lynx (reflective offew 
snowshoe hares) overlapped almost completely, so identifying noncollared individuals 
tracks during winter was generally workable. During the winter of 1997/1998, it was 
estimated there were 5 to 7 lynx in the area, which included the 2 transmitered 
individuals. That estimate has been reduced to a liberal estimate of 1 to 3 after the 
1999/2000 winter. 

Analysis of telemetry data is being conducted by the RMRS. 

CONCLUSIONS AND RECOMMENDATIONS 

C' 

c 

The prime consideration for lynx is habitat for snowshoe hares (L. Keith, pers. 
comm.). Wyoming's hare habitat situation is one of natural fragmentation, and the 
additional fragmentation caused by logging and possibly grazing. This situation can 
cause larger snowshoe hare home ranges, which leads to more movement by residents 
and dispersing juveniles through habitat with little cover, which greatly increases 
predation rates (Dolbeer and Clark 1975, Sievert and Keith 1985, Villafuerte et al. 1997). ( 
In Michigan, Conroy eta!. (1979) found that hare activity was positively correlated with 
distance from lowland coniferous-hardwood types and favorable habitat interspersion. 

The habitat variable that has consistently been shown to relate to higher hare 
densities (Bookout 1965, Buehler and Keith 1982, Wolfe 1980, Wolfe eta!. 1982, 
Carreker 1985, Murrey eta!. 1994), and protection from predation (Small and Keith 
1992) is horizontal cover. Koehler and Aubry (1994) proposed a 2:40% horizontal cover 
figure. Fuller and Heisey (1986) found that balsam fir (Abies balsamea) and white spruce 
(Picea glauca) provided low, dense cover that was occupied by hares during all phases of 
the hare population cycle. Good understory density can create refugia critical to hare 
survival during low population periods (Keith and Windberg 1978, Wolff 1980, Litvaitis 
et al. 1985, Poole 1994), in late winter at snow maximum, and during extremely cold 
periods. Yukon work suggests the best snowshoe hare habitat is dense regenerating 
coniferous, pine/spruce/fir inclusive (G. Mowat, pers. comm.). This regeneration can 
take place in existing old growth understory, burn sites, or cutblocks. In these potential 
feeding sites of regenerating conifer [lodgepole pine (Pinus contorta) in this area], the 
recommendation to increase use and survival for snowshoe hares might be to mimic a 
blow down, disease, or post-bum situation with logs and debris on the ground. If slash 
must be piled, it probably would be better to place it near the edges of the cut areas 
(Conroy eta!. 1979). The regeneration areas may also be managed with minimum 
thinning to maintain density and retard the self-pruning process or, conversely, thinning 
often to retard self-pruning but maintain density. 
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There are numerous caveats that could be applied to this management in Wyoming 
that are taken from other studies. Each study applies their recommendations to that 
geographic area, and points to the need for investigations in other locations. A snowshoe 
hare habitat research project is needed for this region of Wyoming. · 

Kitten survival on the Merna study site is, at this point, thought to be a rare 
occurrence. The transmitered female had a litter of 4 kittens in late May of 1998; none of 
these survived. It appeared from the lack of uterine scars (Mowat et a!. 1996) that the 
female capture mortality had not been pregnant the previous breeding season. Obviously 
there is a problem with recruitment. 

The direct approach would be to implant transmitters in the kittens (G. Mowat, pers. 
comm.) and determine if starvation or predation is causing lynx kitten mortality. This is 
being done in Norway and Sweden on the Eurasian lynx (Lynx lynx) (H. Andren and R. 
Andersen, pers. comm.) but has not been done on bobcat or lynx in North America. Our 
feeling is that this procedure is somewhat aggressive and invasive for our low and 
sensitive population level. Montana's more resilient (relatively speaking) population 
might be a better candidate to work out the procedure, and then apply it here. Or, apply 
the same rehearsal procedures on bobcats (Felis rufos) in the Merna area and learn if 
bobcat kittens are surviving where lynx kittens are not, and why. 

Heterospecific competition from coyotes (Canis latrans) (Murry and Boutin 1991) 
and bobcats (Parker et a!. 1983, Litvaitis et a!. 1986), along with possible agonistic 
interactions, including interference competition with bobcats, should be investigated. 
Human activities have probably increased the number of coyotes in lynx habitat; i.e. 
roads, snowmachine trails, grazing, xerification, associated deborealization through 
extensive clear cutting (Beauvais 1997), and wolf removal. Low fur prices causing a 
general lack of human related mortality accentuate these aspects of habitat alteration 
positively for coyotes. Applying GIS telemetry technology to coyote movements would 
go a long way in identifying travel patterns (snowmachine trails?) and, possibly, habitat 
use. 

Fire, logging, grazing, recreation, hunting, and trapping all affect lynx and their 
prey, both positively and negatively. How and to what degree to regulate and manage 
these activities is the challenge and goal to viably maintain lynx in Wyoming. The target 
ofthis endeavor might be to maintain a native lynx population in Wyoming, by whatever 
means, until a positive snowshoe hare and lynx response to both the conifer regeneration 
post 1988 Yellowstone National Park fires and wolf reintroduction is seen within that 
refugium. 
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I 
Table I. Snow track surveys for lynx (Lynx lyitX) conducted by Wyoming Game and 
Fish Department personnel on the Shoshone National Forest (SNF), Bridger-Teton 
National Forest (BTNF), and Targhee National Forest (TNF) in western Wyoming 
during the winter of 1999-2000. · 

Survey Area' 

Dubois-SNF 

Horse/Burroughs 
Creek 

Long Creek 

Warm Springs/ 
Sheridan Creek 

MER.~A-BTNF 

Survey 
Date 

26Jan00 
l!FebOO 

25Jan00 
16Feb00 
20Feb00 
29Feb00 
4Apr00 

29Jan00 
17Feb00 
18Feb00 
13Mar00 
3Apr00 

!0Dec99 
22Dec99 

7Jan00 
2Feb00 

22Feb00 
23Feb00 
24Feb00 

2Mar00 
3Mar00 
6Mar00 

IOMarOO 
!5Mar00 
21Mar00 
22Mar00 
23Mar00 
25Mar00 
30Mar00 
31Mar00 

5Apr00 
6Apr00 
7Apr00 

Distance 
(km) 

32.0 
67.2 

41.6 
48.0 
40.0 
54.4 
57.6 

67.2 
67.2 
68.8 
43.2 
84.8 

35.2 
83.2 
28.8 
28.8 
81.6 
65.6 
65.6 
46.4 
65.6 
35.2 
60.8 
78.4 
67.2 
76.8 
108.8 
72.0 
67.2 
97.6 
60.8 
51.2 
41.6 

Mode 

smb 
sm 

sm 
sm 
sm 
sm 
sm 

sm 
sm 
sm 
sm 
sm 

sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
sm 
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Lynx Tracks 
Found' 

N 
N 

N 
N 
N 
N 
N 

N 
N 
N 
N 
N 

y 
N 
y 
y 
y 
N 
N 
N 
N 
y 
N 
N 
N 
N 
N 
N 
N 
N 
y 
N 
N 



Table 1. Continued. ( ~, 

Survey Distance Lynx Tracks 
Survey Areaa Date (km) Mode Found' 

U1mer Green 9Mar00 81.6 sm N 
River-BTNF 14Mar00 112.0 sm N 

16Mar00 94.4 sm N 
24Mar00 78.4 sm N 

Lower Grevs ( 
River- BTNF' 6Mar00 11.2 sm N 

7Mar00 28.8 sm N 
8Mar00 14.4 sm N 
IOMarOO 17.6 sm N 
14Mar00 14.4 sm N 
15Mar00 14.4 sm N 
17Mar00 14.4 sm N 
21Mar00 14.4 sm N 
22Mar00 72.0 sm N 
23Mar00 43.2 sm N 
24Mar00 14.4 sm N 

Salt River Pass- 8Feb00 38.4 sm N ( BLM' 

Hams Fork-BTNF 9Feb00 57.6 sm N 

Mill/Jack Creek 4Feb00 24.0 sm N 
BTNF 

Flagg Ranch Road- 9Mar00 26.0 ski N 
TNF' 

' Exact location of survey routes and details of each survey are maintained by the Department's ( 
N ongarne Program in the Lander Regional Office. 

b sm=snowmachine 
' Track intersects oftransmittered lynx were not recorded. 
d BLM=Bureau of Land Management 

Surveys conducted by S. Patla (Department). 

l 
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Table 2. Dates and locations of samples taken from hair snagging stations on the Shoshone 
National Forest, Wyoming, during the period 18 August 1999 through 13 October 1999. 

Dubois Beartooth/Sunlight 

Date Site/Station Date Site/Station 
6Sep99 2/#1 20Sep99 8/#4 
9Sep99 20/#3 8/#4 
12Sep99 13/#4 9/#3 
16Sep99 11#2 10/#4 

4/#2 29Sep99 16./#5 
4/#5 24/#5 

17Sep99 2/#1 40ct99 6/#4 
3/#5 8/#3 

21Sep99 20/#5 11/#4 
20/#3 120ct99 13/#3 
24/#4 130ct99 25#4 
24/#4 

Table 3. Snowshoe hare (Lepus americanus) density index's (hares/ha) 
calculated using Kreb's pellet plots for 3 locations in northwestern 
Wyoming. 

1997 1998 1999 2000 

Merna 0.66 1.36 1.18 1.33 

Dubois 0.77 0.8 0.55 0.76 

Beartooth 0.21 0.28 0.35 
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Fig. 2. Lynx hair-snagging survey grid locations, Shoshone National Forest, 
Wyoming, August- October, 1999. 
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March 2000, Bridger-Teton National Forest, Wyoming 
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STATE OF WYOMING 

WYOMING LYNX INVENTORIES 
COMPLETION REPORT 

NONGAME MAMMALS - Species of Special Concern 
Lynx 

PERIOD COVERED: 15 April1997- 14 April1998 

PREPARED BY: Tom Laurion, Nongame Biologist 
Bob Oakleaf, Nongame Coordinator 

INTRODUCTION 

Lynx (Lynx canadensis) have been present in Wyoming prehistorically (Kurten and 
Anderson 1980), historically (Reeve et al. 1986), and the species persists (Fig. 1). Lynx 
were protected by Wyoming State Statute in 1973. The Wyoming Game and Fish 
Department (Department) Nongame Program lists the lynx as a Species of Special 
Concern 2, primarily due to the relatively unknown status of the Wyoming population and 
the perceived threat to its habitat. Lynx were a low priority for inventories because its 
protected status provided some safeguards, and it was mistakenly assumed that large 
expanses of designated wilderness areas provided secure habitat. The U.S. Forest Service 
(USFS) Region 2 lists the lynx as a Sensitive Species, and it is a Convention on 
International Trade of Endangered Species (CITES) Appendix II species. Recently, the 
U.S. Fish and Wildlife Service (USFWS) proposed listing the lynx in the contiguous 
United States under the Endangered Species Act as threatened species (Federal Register 
1998). A public hearing period of3 months will ensue, culminating with a final listing 
determination. 

Historical records document resident populations oflynx in 16 northern and western 
states; however, at present the species is confirmed as breeding in only Wyoming, 
Montana, Washington, and Maine. Lynx are still relatively common in portions of Alaska 
and Canada. Colorado and Idaho are in the planning stages for reintroduction efforts in 
the near future. 

Surveys for lynx were initiated in the Shoshone National Forest (SNF) during winter 
1995/1996. Surveys were cooperatively funded by the Department and SNF. When few 
lynx were located on the SNF, the Department funded lynx surveys in the Wyoming 
Range, Bridger-Teton National Forest (BTNF). A healthy breeding population occurred 
in this area during the early 1970s (B. Neely and J. Welch, pers. comm.). Although much 
reduced, a reproducing population remains and provided an opportunity to monitor 
individuals and develop survey skills for the SNF and other portions of the BTNF. 
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The purpose of this report is to compile recent information on lynx in Wyoming, 
summarize survey and monitoring results, and detail results of recent work. 

METHODS 

Snow Track Surveys 

Surveys for lynx tracks were conducted with snowmachines on preexisting 
snowmachine routes and, to a larger extent, areas adjacent to, but off ot; these established 
routes. Search areas were associated with historic lynx locations, snowshoe hare (Lepus 
americanus) presence, areas identified with a GIS generated habitat map (Fig. 2), or 
compatible habitats identified during previous searches in the winters of 1995/1996 and 
1996/1997 (Laurion et al. 1997, Laurion 1998). 

A wilderness area snowshoe survey route was established (D. Stevenson pers. 
comm.) on the Soda Fork near Moran. In addition, 8 "camera-trap" stations were set up 
within walking distance of roads in the Jackson Hole basin. 

Snowshoe Hare Transects 

( 

( 

Five snowshoe hare turd transects (Krebs et al. 1987) of600 m (1969 ft) each were c· 
established in the Horse Creek/Pass Creek area, Wyoming Range. Four transects of 750 
m (2461 ft) each were laid out in the Horse Creek/Burroughs Creek area near Dubois. 
Four transects of900 m (2952 ft), 750 m (2460 ft), 600 m (1969 ft), and 600 m (1969 ft) 
were laid out in the Muddy Creek area in the Beartooth Mountains (Fig. 3). Each transect 
contained quadrats of5.08 x 305 em (2x 120 in.) [(0.155m2

) (1.7 ft2
)] spaced every 30m 

(96 ft). These quadrats (N=300) are cleared of hare turds when transects are established. 
Turds are then counted and cleared once a year in late June. Hare densities are calculated 
for each of the 3 areas (Slough and Mowat 1996). Transects were located in areas where 
logging is not planned by the USFWS, as these data should be collected over a period of 
at least 10 years. 

Lynx Capture and Subsequent Radio Telemetry 

Lynx in the Horse Creek area of the Wyoming Range were located by searching for 
their tracks in snow. They were captured utilizing Walker Hounds, which pursued and 
treed lynx after being released on tracks. Treed lynx were darted with a plastic, 
pneumatically pressurized syringe/ dart shot from a C02 pressurized scoped rifle (Wildlife 
Pharmaceuticals, Ft. Collins, CO.). Telazol®(Fort Dodge Labs. IA) at 5mg/kg (Poole et 
al. 1993) was used to anesthetize the lynx. Drugged lynx were either caught with a large 
net-like piece of material held by 2 or 3 people, or a person climbed the tree and lowered 
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the lynx with a rope. Radio transmitters (Telonics, Mesa, AZ.) were fitted. Blood, hair, 
and standard measurements were collected from all processed lynx. 

Locations oftransmittered lynx were recorded from the ground at least once per 
week and, if possible, twice per week. Some locations were collected with the assistance 
of aircraft. Home range was plotted using the 95% and 50% confidence region adaptive 
kernal (Worton 1989) component of the CALHOME (Kie et al. 1994) home range 
analysis program. 

RESULTS 

Snow Track Surveys 

Approximately 2055 km (1277 mi) of maintained snowmachine routes and 2400 km 
(1500 mi) of nonmaintained trails were searched in 12 survey areas (Fig. 4) from October 
1997 to April1998 (Table 1). Lynx tracks were encountered on 6 occasions. These 
statistics do not include the Horse Creek study area. 

A 16 km (1 0 mi) snowshoe route was surveyed 10 times during the winter 
1997/1998. One set oflynx tracks was identified (D. Stevenson pers. comm.). The 
"camera-trap" sites yielded no photos oflynx (D. Stevenson pers. comm.). 

Since August of 1997, lynx presence has been documented through the observation 
of tracks by Department personnel near Dubois in the Horse Creek/Burroughs Creek area, 
Long Creek area, Warm Springs/Sheridan Creek area, DuNoir area, and Togwotee Pass 
area. Lynx tracks were also located near Lander in the Limestone Mountain area, near 
Moran on the Soda Fork, in Moran Canyon on Jackson Lake, and near Cora in the Upper 
Green River, and, of course, in the Horse Creek study area near Merna. Since August of 
1997, private individuals reported observing free-ranging lynx in the Upper Greys River, 
Middle Piney Creek near Big Piney, Fontenelle Creek near Kemmerer, and Brooks Lake 
Creek and Kitten Creek near Dubois. Tracks were observed by private individuals on the 
Hams Fork near Kemmerer, and on Horse Creek near Dubois (Fig. 5). 

Turd Transects 

The Krebs snowshoe hare turd transects were tallied and cleared in 1997 and 1998. 
Densities for snowshoe hares in the Wyoming Range were 0.84 and 1.36 hares/hectare 
(0.34 and 0.55 hares/acre) for 1997 and 1998, respectively. Densities in the Dubois area 
were 0.92 and 0.95 hares/hectare (0.37 and 0.38 hares/acre) for 1997 and 1998, 
respectively. Beartooth transects were established 1 year later. Therefore, density from 
1997 is not available. Density for 1998 was 0.55 hares/hectare (0.22 hares/acre). 
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Estimated snowshoe hare densities in the 3 study areas for 1998 differed significantly 
from each other (F=26.78, 299 df, p< 0.001). Estimated densities for the Wyoming Range 
in 1997 and 1998 differed significantly (t=4.21, 198 df, p<0.001). Estimated 1997 and 
1998 densities for the Dubois transects did not differ significantly (t=0.29, 198 df, 
p=0.7727). 

Lynx Capture and Telemetry 

One adult male was captured on 7 December 1996 and a female was captured on 15 
March 1997. The female was recaptured on 19 November 1997 to replace the collar and 
to put the 1 or 2 year recapture/collar replacement cycle in the fall. The male was 
recaptured on 20 December 1997, but during the recapture this individual was injured and 
was not released until4 February 1998. 

A total of 108locations for the male and 75 locations for the female have been 
collected as of this date. The male 95% and 50% confidence regions were 131 km2 

(49.91 mi2) and 35 km2 (13.51 mi2), respectively. The 95% and 50% confidence regions 
for the female were 137 km2 (52.89 mi2) and 12 km2 (4.6 mi2

), respectively (Fig. 6 and 
Fig. 7). 

These telemetry locations were used to identifY generalized criteria, i.e. slope of8o 
to 12°, elevation of2437 m (7798 ft) to 2937 m (9633 ft), with a spruce/fir/lodgepole 
vegetative cover type in order to produce a GIS lynx habitat map (Fig. 2). 

The transmittered female produced a litter of 4 kittens (2 males, 2 females) on 27 
May 1998 (+/- 1 day). On 14 June, they were weighed and measured, and hair and mouth 
swabs were collected for future DNA work. Transponders were inserted subcutaneously 
between the scapula for future identification. 

DISCUSSION 

( 

( 

Snowmachine surveys for lynx tracks have been conducted over the past 3 winters 
and total2680 Ian (1675 mi) for 1995/1996 (Laurion et al. 1997), 4000 Ian (2500 mi) for ( 
1996/1997 (Laurion 1998), and 4443 Ian (2777 mi) for 1997/1998. Snowshoe route 
surveys for the same periods were 80 Ian (50 mi), 224 Ian (140 mi), and 203 Ian (127 mi), 
respectively (Stevenson 1997, D. Stevenson pers. comm.). The summation of this survey 
effort is 11630 Ian (7269 mi). The survey has located lynx; given survey personnel 
valuable experience with snow track recognition; and familiarized survey personnel with 
lynx winter habitat use, association with snowshoe hares, and interspecific relationships. 
It has also allowed interaction with private individuals who have shared incidental 
observations oflynx. All of the above greatly enhance survey efficiency. I have found 
that there is no substitute for experience and familiarity with tracks, coupled with the 
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ability to rapidly survey a long route [~100 km (6.2 mi)] in 1 day. This would apply, 
however, to nonwilderness areas. 

The consistency and reliability of snow track surveys when applied as a management 
tool is still evolving (Halfpenny eta!. 1995, K. Poole pers. comm.). Although work done 
by Golden (1994, 1996) in Alaska seems to be the most current and usable, the teclmique 
continues to be developed. Snow track surveys may be a good method to initiate to 
produce distribution and possibly trend information for marten (Maries americana), long
tailed weasel (Mustelajrenata), short-tailed weasel (Mustela erminea), coyote (Canis 
/atrans), red fox (Vulpes vulpes), bobcat (Lynx rufus), and red squirrel (Tamiasscurius 
hudsonicus), which are all fairly numerous harvestable game or furbearer species. 

Snowshoe hare densities calculated from Wyoming transects are similar to densities 
reported during cyclic lows in the Northwest Territories (Poole 1994) and in Yukon 
(Mowat and Slough 1996). Tallies from these Wyoming transects can be used to calculate 
a hare density, or simply an index of hare population levels in an efficient and economical 
manner over time (Forys and Humphrey 1997). These data are hypothetically comparable 
to studies on cycling populations of snowshoe hares in the Northwest Territories, Yukon, 
and British Columbia. Recently, research projects have been initiated in Idaho and 
Montana which use the same teclmique, or a variation on the theme. 

The Horse Creek study area near Merna was chosen because of numerous historic 
records, including 18 lynx trapped in that area and north to the Hoback Rim during a few 
months in 1972. Also, observations of tracks from 1970 to 1973 indicated a healthy 
population between Hoback Rim and South Piney Creek (J. Welch, pers. comm.). Only 2 
lynx (1 male, 1 female) were collared due to limited funding. Home ranges of these 2lynx 
overlap almost completely. Monitoring collared lynx allowed for the identification of 
tracks ofnoncollared lynx in the area. Since the project's inception 1.5 years ago, the 
estimation is that 5-7 lynx are in the area, including the 2 transmittered individuals. Home 
range sizes for these 2 lynx are similar to home ranges for lynx at hare population lows in 
the Northwest Territories (K. Poole, pers. comm.). The collared female lynx was 
probably captured on its mother's home range, stayed there for another 14 months, and 
had a litter of 4 kittens. After 15 months of monitoring, that lynx is missing. The male 
was monitored on the same home range for 18 months, and is also missing. 

The Central Rocky Mountain boreal forest component is generally fragmented due 
to topography (i.e. elevation, slope, aspect) and the associated ramifications. The scale of 
the map presented in Figure 2 grossly illustrates larger habitat patches in the Wyoming 
Range, Togwotee Pass/Dubois/Upper Green River area, and Bighorn Mountains. 

The Bighorn Mountains have not been formally surveyed. Although Beauvais 
(1997) intensively monitored 2 study areas on the eastern slope, he did not detect lynx. 
There are historic records, albeit few. The Bighorns insularity and concomitant ingress 
jeopardy compound the impacts from incidental trapping mortality, logging, fire 
suppression, and interspecific competition. These impacts in the Central Rocky Mountains 
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would slow or stop ingress and, therefore, any lynx population response to these impacts 
in the Bighorn Mountains themselves. It is not known if the Bighorn Mountains have a 
depressed or extirpated population. 

Togwotee Pass/Dubois/Upper Green River and the Wyoming Range are known to 
have reproducing lynx, and there are many historic records. These areas have maintained 
resident lynx populations, but were probably periodically bolstered because of the 
geographic connection through Montana from Canada. Whether lynx continue to ingress 
from the altered eCosystems ofMontana, southern Alberta, and British Columbia is 
unknown. 

CONCLUSIONS AND RECOMMENDATIONS 

Lynx may not persist in the face of continued alteration oflynx/snowshoe hare 
habitat in Wyoming,. Ingressed or reintroduced individuals would suffer the same fate as 
resident lynx. Wilderness areas offer little or no potential lynx habitat due to steep slopes 
and elevations above boreal habitat. The Wind River Mountains demonstrate a strip of 
habitat which, under present day constraints, may only support transient individuals. 
Portions of the Wyoming Range and the Togwotee Pass/Dubois/Upper Green River area 
are seen as critical to lynx presence in Wyoming. 

( ' 

( 

The prime consideration for lynx is habitat for snowshoe hares (L. Keith, pers. ( 
comm.). Results from a Yukon study suggest the best snowshoe hare habitat is 
regenerating coniferous forest: pine/spruce/fir inclusive (G. Mowat, pers. comm.). This 
regeneration can take place in existing old growth understory, burn sites, or cutblocks. 
There are numerous caveats that could be applied to this management in Wyoming that 
are taken from other studies. Each of the studies applies their recommendations to that 
geographic area, and point to the need for investigations in other locations. The 
overriding consensus fur snowshoe hares is mimic a postburn situation, and produce 
cover, cover, cover. This is most important in late winter, at snow maximum, and during 
extremely cold periods. A snowshoe hare habitat research project is needed for this 
resident, reproducing, southern lynx population. 

Lynx kitten survival is another important consideration. Survival through their first 
summer seems to be a rare occurrence in Wyoming, as early winter track surveys have 
found only 2 cases of an adult with a juvenile. The recommendation would be to 
determine why. The best way known to determine this is implant transmitters (G. Mowat, 
pers. comm. ), and the only way to find lynx kittens is to have females transmittered. The 
results are not available at this time, but the method has been utilized on at least 70 
Eurasian lynx (Lynx lynx) kittens in Norway and Sweden (H. Andren and R Andersen, 
pers. comm.). The method has not been used on bobcat, or lynx in North America. The 
other alternative is that they are not breeding. I do not believe this is the case. 
Transmittered females, a larger aged sample from the population, or a much needed DNA 
evaluation of the population could help answer this question. ( 
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Heterospecific competition, primarily from coyotes and to a lesser extent from 
bobcats, should be investigated. Numerous aspects of human activity have probably 
increased the number of coyotes in lynx habitat, i.e. roads, snowmachine trails, grazing, 
xerification through extensive clear cutting (Beauvais 1997), or deborealization, and wolf 
removal. These are accentuated by low fur prices and the associated low human removal 
of coyotes. 

Lynx/snowshoe hare habitat is limited and fragmented, especially on the SNF. Even 
relatively small projects could have significant impacts. These impacts, such as fire, 
logging, grazing, recreation, hunting, and trapping, could be positive as well as negative. 
Proposed projects in this habitat should be carefully evaluated to assure negative impacts 
are avoided or mitigated. Opportunities to enhance habitat for lynx and snowshoe hares 
should be promoted. 
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Table 1. Snowmachine snow track surveys for lynx (Lynx caJUUlensis) in western 
Wyoming, during the winter of 1997-1998. 

Survey Area• 
Survey 
Date 

Shoshone National Forest 

Long Creek 16Dec97 
17Dec97 
28Jan98 
8Mar98 

14Mar98 

Loop Road 14Jan98 
23Mar98 

9Apr98 

Limestone Peak 130ct97 
27Jan98 
11Feb98 
17Feb98 
3Mar98 

Warm Springs/ 18Dec97 
Sheridan Creek 23Dec97 

23Jan98 
28Jan98 
10Feb98 
26Feb98 
17Mar98 

3Apr98 
7Apr98 

Togwotee Pass 17Dec97 
Area 22Dec97 

27Feb98 
18Mar98 

8Apr98 

Distance 
(km) 

16.0 
14.6 
8.0 

12.8 
28.8 

60.8 
33.6 
83.2 

12.8 
12.8. 
19.2 
17.6 
12.8 

64.0 
41.6 
68.8 
25.6 
36.8 
44.8 
57.6 
64.0 
24.0 

9.6 
11.2 
51.2 
80.0 
80.0 
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Snow 
Conditionsb 

-/+ 
+ 
+ 
-/+ 
-I+ 

+ 

+I-
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
-/+ 
+ 
-/+ 
+!-
-I+ 

-I+ 
+ 
+ 
+!-

Lynx Tracks 
Found 

y 
N 
N 
N 
y 

N 
N 
N 

N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
y 

N 
N 
N 
y 
N 
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Table 1. Continued. 

Survey Area 

Burroughs/Horse 
Creek 
Wiggins Fork 

Beartooth Mtns. 

Dead Indian/ 
Sunlight Creek 

Crow/Grinnell 
Creek 

Survey 
Date 

9Jan98 
22Jan98 
29Jan98 

5Jan98 
6Jan98 
7Jan98 

26Jan98 
18Feb98 
19Feb98 

25Mar98 

9Mar98 

2Mar98 
10Mar98 
24Mar98 

Bridger-Teton National Forest" 

Hams Fork 12Mar98 
13Mar98 
18Mar98 
19Mar98 
20Mar98 

7Apr98 
16Apr98 

La Barge Creek 12Feb98 
1Apr98 
8Apr98 

Piney Creek 5Mar98 
31Mar98 

1Apr98 
2Apr98 

Distance 
(km) 

14.4 
33.6 
38.4 

36.8 
36.8 
4.8 

41.6 
17.6 
16.0 
19.2 

38.4 

4.8 
4.8 
4.8 

43.2 
6.4 

44.8 
9.6 

11.2 
36.8 
24.0 

64.0 
41.6 . 
49.6 

36.8 
19.2 
16.0 
16.0 
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Snow 
Conditions 

+ 
+!-
-/+ 

+ 
+ 
+ 
+ 
+ 
+ 

+/-

+ 
-/+ 

-/+ 
+ 
+ 
+/-
+ 

+ 

+ 

+ 

Lynx Tracks 
Found 

N 
N 
N 

N 
N 
N 
N 
N 
N 
N 

N 

N 
N 
N 

N 
N 
N 
N 
N 
N 
N 

N 
N 
N 

N 
N 
N 
N 



Table 1. Continued. 

Survey Area 

Cottonwood Creek 

Upper Green River 

Survey 
Date 

5Mar98 
2Apr98 
9Apr98 

9Jan98 
20Jan98 
21Jan98 
29Jan98 
3Feb98 
4Feb98 
6Feb98 

Distance 
(km) 

22.4 
41.6 
43.2 

60.8 
51.2 
19.2 
43.2 
64.0 
51.2 
64.0 

Snow 
Conditions 

+ 

+ 

+ 
+/-
+/-
+ 
+ 
+ 
+ 

Lynx Tracks 
Found 

N 
N 
N 

N 
N 
y 
y 
N 
N 
N 

' Exact location of survey routes and details of each survey are maintained by the 
Department's Lander Regional Office. 

b Snow conditions are summarized: +=very good conditions to observe fresh and 
recognizable tracks, +/-=more good than poor conditions, -/+ = more poor than good 
conditions, - = generally poor conditions. 

• Surveys for lynx in the Horse Creek area are reported separately and not included in this 
table. 

180 

( 

( 

( 

( 



;,.,· 

. +-

+ 

I 
Fig.1.-Documented and probable lynx locations (triangles) reported by Reeves et. al. 

(1986) for the period 1856 to 1986, and documented and probable lynx locations (pluses) 

for the period 1987 to the present 
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0 20 40 KllomMI' ... 

Fig. 2.- Potential lynx habitat in Wyoming-A GIS generated model from 2 lynx in western 

Wyoming utilizing general home range criteria, i.e., slope=B-12%,. elevation=2356-2869 m, 

spruce/fir/lodgepole pine vegetative component 
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Fig. 3.- Kreb's snowshoe hare turd transect locations. 
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Fig. 6.-Male lynx adaptive kemal 95% (outer circle), and 50% (inner circle) confidence 

regions for the period 7 December 1996 to 2 June 1998, Wyoming Range, Bridger-Teton 

National Forest, western Wyoming. UnHs are the UTM coordinate system. 
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CANADA LYNX TRAPPING ON THE SHOSHONE AND BRIDGER-TETON 
NATIONAL FORESTS, WYOMING 

STATE OF WYOMING 

COMPLETION REPORT 

NONGAME MAMMALS - Species of Special Concern 
Canada Lynx 

PERIOD COVERED: 15 April 2005-14 April 2006 

PREPARED BY: Laurie Van Fleet, Nongame Biologist 
Matt Wells, Nongame Biologist 
Martin Grenier, Nongame Mammal Biologist 
Bob Oakleaf, Nongame Coordinator 

INTRODUCTION 

Canada lynx have been present in Wyoming prehistorically (Kurten and Anderson 
1980) and historically (Reeve et al. 1986). Wyoming State Statue protected lynx in 1973. 
The Wyoming Game and Fish Department (Department) Nongame Program lists the lynx 
as. a Species of Greatest Conservation Need (SGCN) in the Comprehensive Wildlife 
Conservation Strategy (Wyoming Game and Fish Department 2005), primarily due to the 
declining abundance of the species and its habitat (Laurion and Oakleaf2000, Squires et 
al. 2003). The U.S. Forest Service (USFS) Region 2 lists the lynx as a Sensitive Species, 
and it is a Convention on International Trade of Endangered Species Appendix II species. 
1n 2000, the U.S. Fish and Wildlife Service listed the Canada lynx as Threatened under 
the federal Endangered Species Act of 1973. 

During a five-year hiatus from lynx surveys (Laurion and Oakleaf, 2000), the 
Department received credible lynx track reports with growing frequency (Nate Berg, 
Endeavor Wildlife Research Foundation, personal communication). As such, the 
Department resumed surveys for lynx in the fall of 2005 and continued through the spring 
of2006. The objectives of the resumed surveys were to: 1) document areas currently 
occupied by lynx, and 2) attempt to capture and collar at least two lynx. 

METHODS 

Snow Track Surveys 

Department surveys were conducted by snowmachine in three areas near Togwotee 
Pass (the Flagstaff drainage, Long Creek, and Sheridan Creek) and in several drainages in 
the Wyoming Range. Lynx were previously recorded in all of these areas during 
Department surveys in 1994-2000 (Laurion and Oakleaf2000). Efforts were coordinated 
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with the USFS, Bridger-Teton and Shoshone National Forests. Studies by other research 
groups with other objectives were likely to document the presence or absence oflynx 
during 2005-2006, and added to our results. 

In addition, hair and scat samples associated with lynx tracks were submitted to the 
Wildlife Genetics Laboratory, Rocky Mountain Research Station, USFS in Missoula, MT 
for DNA analysis to verify species identification and, if possible, individual origin. 

Lynx Trapping and Subsequent Radio Telemetry 

To continue building on our knowledge of habitat use by lynx in Wyoming, the 
Department attempted to trap and radio collar lynx in the Long Creek and Flagstaff areas. 
Trap sets consisted of five traps and were set along routes where recent lynx tracks were 
observed. Box traps were used to capture lynx (Kolbe eta!. 2003). These lightweight 
traps were constructed of PVC pipe and chicken wire and were easily transported by 
snowmachine for on-site set up. Traps were placed under the canopy oflarge conifers, 
the top and sides of each trap were covered with pine boughs, and traps were baited with 
road-killed deer and beaver castor. Visual attractants such as compact discs and grouse 
wings were hung nearby with monofilament fishing line. Traps were checked every 24-
36 hours and were re-baited and/or re-set if necessary. 

Captured lynx were to be darted with a plastic, pneumatically pressurized 
syringe/dart administered with a jab stick. Te1azol®(Fort Dodge Labs, IA) at 5mglkg 
(Poole eta!. 1993) will be used to anesthetize the lynx. We were prepared to equip 
captured lynx with GPS collars and radio transmitters (Sirtrack Limited, Havelock, New 
Zealand) and collect blood, hair, and standard measurements from all processed lynx. 

RESULTS 

Snow Track Surveys 

Approximately 1,046 miles (1,683 km) ofsnowmachine trails were searched by the 
Department in the Flagstaff drainage, Long Creek, Sheridan Creek, and several drainages 
in the Wyoming Range from November 2005 to April 2006 (Figure. 1, Table I). Lynx 
tracks were observed on 14 occasions: twice on the Flagstaff Road and 12 times in the 
Long Creek area. One of the sets of tracks on the Flagstaff Road was confirmed as a 
male previously recorded by a study in Yellowstone National Park, while the other track 
was confirmed as a Wyoming lynx (Nate Berg, Endeavor Wildlife Research Foundation, 
personal communication). DNA analysis of hair collected during track surveys (Kim 
Johnson, USPS Jackson, personal communication), telemetry locations, and captures in 
the Long Creek area all confirmed Long Creek lynx were a pair oflynx from Quebec 
released in Colorado in an effort to establish a lynx population in that state. No lynx 
tracks or sightings were observed in Sheridan Creek or any of the Wyoming Range 
surveys, during winter 2005/2006. Marten tracks were seen in two areas and wolf tracks 
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were observed once at both the Long Creek and Flagstaff Road areas. Coyote tracks 
were common and observed on all routes. 

The Absaroka Beartooth Wolverine Project surveyed a total of 557 miles (896 km); 
520 miles (837 km) using snowmachines and 37miles (60 km) on snowshoes (Figure 1, 
Table 2). Transects were located in Sunlight, Muddy, Gilbert, Pilot and Republic Creeks. 
No lynx tracks or sightings were observed during these surveys (Jason Wilmot, personal 
communication). 

The Wildlife Conservation Society conducted wolverine trapping and track surveys 
in the Greater Yellowstone area including the Tetons, Togwotee Pass, Teton Wilderness, 
and the Gros Ventre and Snake River areas. A total of 1,376miles (2,214 km) were 
conducted by snowmachine, 820 miles (1,320 km) on snowshoes or skis,. and 214miles 
(334 km) by combined skiing/snowmachining (Figure 1, Table 2). One lynx track was 
observed near Togwotee Pass during a trap check (Robert Inman, personal 
communication). 

John P. Whiteman, University of Wyoming Department of Zoology and 
Physiology, conducted snowtrack surveys in the Medicine Bow National Forest and the 
southern Wind River Mountains from December 2005 through March 2006. A total of 
7.98 miles (12.85 km) were surveyed along 20 routes by skis/snowshoes in the Medicine 
Bow Forest and 1.6 miles (2.5 km) in the Southern Wind River Mountains of the 
Shoshone National Forest with surveys conducted on snowshoes during three visits, 
totaling 1.6 miles (2.5 km) searched (Figure 1, Table 2). No lynx tracks or sightings were 
observed during these surveys (John Whiteman and Steven Buskirk, personal 
communication). 

A combined effort of all four surveys between November 2005 and April 2006 
resulted in a total of3,977miles (6,400 km) surveyed; 2,942miles (4,735 km) using 
snowmachines, 858 miles (1,381 km) using skis/snowshoes, and 214 miles (344 km) 
using a snowmachine/ski combination. Only two lynx of Wyoming origin were located. 

Lynx Trapping and Subsequent Radio Telemetry 

A total of 203 trap nights were utilized between February 2006 and March 2006 
(Table 1 ). Two marten were captured at the Togwotee Pass site along with trap doors 
found closed five times with no animals present. The Colorado male lynx was captured 
six times at the Long Creek site. On 26 February 2006, the male was anesthetized, bled, 
measured, weighed, and refitted with a satellite radio collar supplied by Tanya Shenk, 
Colorado Division of Wildlife. The female lynx approached traps several times but was 
never caught. Habitat use and movements of translocated lynx were not part of our 
objectives. 

In April and May, the female was closely monitored to determine denning and 
potential reproduction, because behavior of the male and female indicated a breeding 
pair. The female did seem to localize during 9 May through 16 May 2006 and again on 
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22 May 2006. On 23 May, using techniques that successfully located three dens of radio 
collared lynx in the Wyoming Range (Laurion and Oakleaf 2000), observations indicated 
that she was not successful. Long distance dispersal of both the male and female 
followed within a few days. 

DISCUSSION 

Lynx habitat in Wyoming has historically been fragmented. Following extensive 
surveys in the mid and late 1990s, Laurion and Oakleaf (1998) concluded that the 
persistence of lynx in Wyoming was questionable given the continued alteration of 
habitat. The continued alteration of habitat, especially in the Wyoming Range, has 
significantly reduced the amount of available habitat and has complicated lynx 
conservation efforts in Wyoming. The little remaining lynx habitat in Wyoming is quite 
restrictive and disjunct with little to no potential existing in protected Wilderness Areas. 

Detection of lynx tracks during the winter of2004/2005 marked the first record of 
lynx in Wyoming since the death of the last known collared lynx in February of2002. 
Follow up surveys ofthese recent detections were planned for the winter of2005/2006. 
Consequently, efforts were made to capture and collar any native Wyoming lynx. At 
least four individuals were identified through track surveys prior to the start of the 
trapping season in February of 2006. Lab results from DNA analysis taken from hair and 
scat samples located during the backtracking of detected lynx has revealed that at least 
four individual lynx were present in northwestern Wyoming. However, only two of these 
were confirmed as native Wyoming lynx and both were detected in the Flagstaff area. 
Unfortunately, lynx in this area appeared to have dispersed out ofthe area prior to our 
trapping effort, as no lynx tracks were detected and no individuals were trapped. One of 
these lynx appears to have moved back toY ellowstone prior to the start of our trapping 
effort. 

Several conservation implications exist as a result of these immigrated Colorado 
lynx,· and the impacts to native Wyoming lynx populations are unknown but of concern. 
The Department has since learned that as many as six of these Colorado translocated lynx 
have been documented at different times and in different regions of Wyoming in the last 
year. Although these immigrants could serve to bolster native populations in the short
term by increasing the number oflynx in Wyoming, the long-term impacts are unknown 
and are of concern. The benefits ofthese immigrants could be offset if the native lynx 
population is genetically different, which could result in a diffusion of native lynx 
genetics, especially if immigration rates are higher than local recruitment. Efforts are 
underway to identifY potential genetic differences between Wyoming lynx and these 
transplanted lynx that originated from Quebec, Canada. 

Laurion and Oaldeaf (1998) also concluded that Wyoming may only support 
transient individuals in the future due to the continuing alteration of habitat. Under 
current management paradigms, it is also likely that Wyoming may now be a sink for 
lynx and that long-term persistence of the species is questionable. Empirical data from 
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this past survey effort suggest that lynx detected during the fall of 2005 are transient and 
have been difficult to locate in the same area consistently. It is possible that the lynx 
detected in the Flagstaff area are dispersing individuals from Montana. Lynx have been 
documented making very large exploratory movements in the early summer and early fall 
(Squires eta!. 2003). The timing of these exploratory movements has coincided with the 
detection of lynx in the Flagstaff area and may explain why no individuals were detected 
after January. 
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Forest Carnivore Study Areas in 2005/2006 
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Figure 1. Forest carnivore study areas in 2005/2006. 
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Table 1. Wyoming Game and Fish Department snow track surveys for Canada lynx 
and other forest carnivores in western Wyoming during the winter of2005/2006. 

Survey Survey Distance Snow Lynx Tracks Other Carnivore 
Area Dale (miles) Condilionsa Found Tracksb/Comments 

Togwotee 11/2/2005 2 + N c 
Pass 11/3/2005 8 +I- y c 

11/4/2005 9 +I- N 
2/3/2006 9 + N C,M 
2/14/2006 12 +I- N C,M,W 
2/21/2006 12 - N c 
2/22/2006 12 +I- N C,M 
2/24/2006 13 - N M 
2/25/2006 13 +I- N M 
2/26/2006 15 N c 
2/27/2006 12 - N C,M 
2/28/2006 12 - N 
3/1/2006 13 +I- N 
3/2/2006 16 + N C,M 
3/3/2006 13 +I- N c 

. 3/4/2006 13 - N Min trap #3 
3/5/2006 49 +I- N 
3/6/2006 12 - N 
3/7/2006 16 +I- N C,M 
3/8/2006 12 -/+ N 
3/9/2006 15 +I- N C,M 

Long 2/8/2006 7 - Y (2 sets) w 
Creek 2/14/2006 7 +I- N 

2/16/2006 7 +I- N c 
2/17/2006 7 + y 
2/21/2006 7 - y c 
2/22/2006 7 - y L male captured/released 
2/24/2006 8 - N 
2/25/2006 8 -!+ y . L male captured in #5, 

female tracks at #4 & #5 
2/26/2006 8 -!+ y L male processed and 

released 
2/27/2006 7 - y L tracks at #3 
2/28/2006 21 -/+ N C,M 
3/1/2006 8 +I- N M 
3/2/2006 7 + N c 
3/3/2006 7 + N 
3/4/2006 53 - y L male released from #3 
3/5/2006 8 +I- N 
3/6/2006 5 - N 
3/7/2006 7 +I- y C, L male in #4 
3/8/2006 11 - y C, L male in #4 
3/9/2006 6 -!+ N c 
3/10/2006 5 +I- y C, L male in #4 

Sheridan 
Creek 2/16/2006 10 +I- N c 

Survev Summary - 43 surveys, 509 miles surveyed, 13 lynx detected 
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Table 1. Continued. 

• Snow conditions are summarized as follows: 
+ excellent conditions to observe fresh and recognizable tracks 
+/- good conditions 
-/+ fair conditions 

poor conditions 

b Other carnivore tracks observed: 
C coyote 
M marten 
W wolf 
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Table 2. Additional studies with high potential for locating lynx. 

Snowmachine 
Distance 

Agency Survey Area (miles) 
Absaroka Sunlight Creek 249.05 
Beartooth Muddy Creek 90.7 
Wolverine Gilbert Creek 66.96 
Project Pilot Creek 

Pilot Creek to State line 113.9 
Republic Creek 

Total 519.9 

Wildlife Tetons 1,328 
Conser- Togwotee Pass 
vation Teton Wilderness 
Society Teton Wilderness Access 48 

Gros Ventre 
Snakes 

Total 1,376 

University Laramie RanQer District, Medicine Bow NF 
of Platte River Wilderness, Medicine Bow NF 
Wyoming Savage Run Wilderness, Medicine Bow NF 

Total 

' Ski/Snowshoe Combined 
Distance Ski/Snomachine 
(miles) Distance (miles) 

10.5 
6.9 
4.8 
5.6 
2.6 

6.25 
36.65 

258 30.1 
13.5 16.8 

548.5 

111.2 
55.9 

820 214 

6.65 
1 

0.31 
7.96 

Number 
of 

Repetitions 
25 
21 
15 
28 
25 
1 

Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 

Unknown 
Unknown 

Lynx 
Sign 

(tracks/visual) 
0 
0 
0 
0 
0 
0 

0 
1 T 
0 
0 
0 
0 

0 
0 
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HISTORIC AND RECENT DISTRIBUTION 
OF THE LYNX IN WYOMING 

COMPLETION REPORT 

STATE OF WYOMING NONGAME MAMMALS- Priority 
Species: 

PERIOD COVERED: 

PREPARED ElY: Archie Reeve, Frederick Llndzey, 
Steven Bus!< 11'1< 

Lynx 

Till' following is a condensed ver·sion of a 
Wyoming Cooperative Researo:l1 Unit report (Reeve, et 
a l • , 1 986) • 

SummarY 

1), Records of 262 lynx in Wyoming and contiguous 
areas In adJoining states were obtained from 
museum collections, publications, state and 
federal agency records and personnel, and 
private individuals. These records cover a 
130-year period, 1856-1986. 

2), Concentrations of lynx records were observed in 
northwestern Wyoming, the WYoming and Salt River 
ranges, the Absaroka and Wind River· ranges, and 
the Vinta Range In Utah. 

3), Lynx may be present in the Sig Horn Range and 
sporad i ca 11 y occur In eastern Wyoming, pass i bl y 
during periods of d i spersa 1 fr·om nor· thern 
popu I at ions. 

4). The distribution of recor·ds sirtce lYr•x bec.ame 
protected In 1973 is consistent with the 
distribution of records before 1973. 
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5) • Moet lynx records outside of Yellowstone 
National ParK were above 2500 m elevation in 
lodgepole pine or spruce-fir vegetation. 

6>. Present management pol I des ~oro teet I ng 1 yux may 
be adequate to maintain present populations but 
de• not prtJv I de i nforma tl c•n about popu 1 at I ou 
status. ' 

'l). 81 te-spec.l f i c. b i ol og i ca 1 i r1forma ti oro about 
population siz~, natality, mortality, and 
habl tat c:ondl tlon Is needed before pol ic:ies 
affecting lynx c:an be revised to ac:cornrn.:>date 
c.orr~erc:lal or recreational trapping. 
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28 February 2017 

 

Dear Mr. Cusack; 

 

Thank you for the opportunity to serve as a peer-reviewer for the US Fish and Wildlife Service’s 

Species Status Assessment for the Canada Lynx (Lynx canadensis) contiguous United States 

Distinct Population Segment.  Below are my comments that can be shared with the USFWS as 

they proceed with their review of the species. 

 

If you have any questions about my review please contact me my e-mail at 

mkschwartz@fs.fed.us. 

 

Sincerely, 

 

 
 

Michael K. Schwartz, Ph.D. 
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I have reviewed Version 1.0 of the US Fish and Wildlife Service’s Species Status Assessment for 

the Canada Lynx (Lynx canadensis) contiguous United States Distinct Population Segment.  This 

document was produced by the USFW Regions 1, 3, 5, and 6 and was designed to be the 

scientific basis for the USFWS 5-year status review for lynx.   

 

In my opinion this is a well-written, well-researched document that will provide important 

guidance for making decisions regarding the future of the species.  The SSA team clearly present 

peer-reviewed information and are unambiguous as to when statements are scientifically based or 

whether they are projections based in expert opinion.  The document is also very detailed, 

accurately capturing the current state of research for the Canada lynx in the contiguous United 

States. In fact, if there was a general criticism that could be levied against this document it would 

be that it is repetitive at times with the same facts reiterated multiple times throughout.  This is 

largely due to the way the chapters are structured with first presenting general information, then 

describing current conditions of each unit, and finally going through the same units again 

projecting future conditions.  A more concise format could shorten this document substantially. 

 

I have five major comments/concerns that I outline below.  These five comments are: 1) I don’t 

believe that the resiliency/redundancy/representation framework is comprehensive, 2) the 

population estimates of several populations are optimistic, 3) resiliency/redundancy is optimistic 

because of the inherent assumption that the six units are functioning independently, 4) the 

importance of connectivity is undervalued, and 5) the importance of genetic drift is 

underappreciated. 

 

The 3R Framework Misses Important Components Important Conservation Biology Ideas 

 

I value the consistency that the USFWS is trying to obtain by using a standard framework that 

emphasizes resiliency, redundance, and adaptability (representation).  However this framework 

misses important ideas of historical range representation and connectivity.   

 

I believe contemporary versus historical distribution needs to be elevated to one of the main 

“conservation biology principles” evaluated. The document contains detailed distribution 

information (section 2.3) but this is used as a factor in the 3R section, not as a goal in and of 

itself. In other words, conservation priorities should be that populations are resilient, redundant, 

adaptabile/representative and have recovered to some historical extent.  There are several species 

that have multiple, small but independently growing populations, but are only at a small 

historical extent of their former range.  Thus the persistence of the species may be assured in the 

short run, but its recovery and return as an ecologically functional element is incomplete.   

 

Similarly, connectivity is another “conservation biology principle” that needs to be elevated.  

Connectivity plays a role in both resiliency and redundancy while influencing representation, yet 

it needs to be an overarching goal for recovery.  The literature strongly supports the idea that for 

long run persistence small populations must be strongly connected to one another or to a larger 

source population. 

 

In summary, I think this framework needs to be the 5Rs: resiliency, redundancy, representation, 

range (comparison to historical extent) and relationships (connectivity).  The conservation 
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biology literature supporting the need for the last 2 Rs which prevent isolation and enhance the 

likelihood of long term viability. 

 

Even within the current 3R structure, the framework established via the conceptual models 

(Figures 2-5) is incomplete.  I found these figures to be more of a distraction to the document 

than a helpful way of organizing information.  For example, in Figure 2 there should be arrows 

between stochastic events and genetic diversity, and between the distribution of viable 

populations and genetic diversity.  There is clear evidence that stochasticity influences the 

genetic diversity of small populations several ways.  First genetic drift, a key way in which 

populations lose genetic diversity when population size is small, is a stochastic process.  Second, 

stochastic events that influence population viability, create small populations which then leads to 

reductions in genetic diversity.  Similar problems exist in figure 3 as arrows are needed between 

insect outbreaks, wildfire, drought, disease, and population influx via immigration. I don’t 

believe it is worth fixing these figures; they should be removed.   

 

 

Optimistic Population Estimates 

The SSA is honest in its uncertainties and assumptions section that empirical evidence on 

population size is lacking.  However there were several locations throughout the document where 

estimates were based on converting suitable habitat to number of individuals (presumably by 

assuming a home range size and some overlap among the sexes).  This approach assumes that the 

fundamental niche (habitat suitability) equals the realized niche (habitat suitability limited by 

competition, species interactions, etc).  This is almost never the case.  One example of this likely 

overestimation is in Minnesota where the SSA suggests that there are between 190-250 

individual lynx in the area (pg. 120).  Despite the next sentence claiming that the actual number 

of lynx is unknown, this high estimate is carried throughout the document.  DNA based surveys 

on the Superior National Forest, conducted in conjunction with the USFS National Genomics 

Center for Wildlife and Fish Conservation have never produced numbers nearly this high.  I 

suggest the USFWS revisit the population estimate of lynx in MN and for planning purposes 

consider using a much lower number. 

 

The opposite may be true in Wyoming.  Here there is a consistent signal of lynx from at least the 

1970s onwards (p 41, 147 SSA) with strong signals at the beginning of the 21st century.  The 

SSA then notes that lynx have been absent from Wyoming since 2010, suggestive of range 

decline.  While this may be true, I suggest interpreting this result with caution as effort to detect 

lynx appears to have dramatically declined since 2010.  Lynx from Colorado are no longer radio-

tracked (and older radios have suffered battery failure by now).  Furthermore, I believe that track 

and hair snare survey effort was diminished between 2010 and 2016.   

 

 

Resiliency/Redundancy is Optimistic Due to Violation of Independence Assumption 

Resiliency of the DPS of a whole depends in part on redundancy, which is created by having 

independent units within the DPS.  Redundancy ensures that one catastrophe (e.g., a large / 

catastrophic wildfire) cannot eliminate all existing lynx at once.  If one takes the product of the 

expert estimated probability of persistence through 2100 of each Geographic Unit there is only a 

very small chance (0.003) that extirpation in the contiguous United States will happen.  
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However, this assume that each unit is completely independent of the other.  Climate change, not 

defined by the SSA team as a catastrophic event, is a variable that will link the fate of the lynx 

populations/units across the entire DPS.  It is conceivable that each unit will decline due to lower 

future snowpack such that resiliency of the DPS is in jeopardy.  In other words, there is no longer 

redundancy if one factor can eliminate the independence of all the lynx populations.  I would like 

to see this lack of independence considered in the conclusions and in the executive summary. 

 

Connectivity Undervalued 

Most of the units in the DPS are adjacent to the larger population of lynx in the Canadian boreal 

forest.  Populations in the United States are likely to be dependent on the cyclic nature of lynx in 

Canada; booms in the Canadian boreal forest populations of lynx lead to dispersal which 

augments or even recolonizes U.S. populations.  When we conducted our genetic studies across 

the geographic range (Schwartz et al. 2002, 2003) there was estimated connectivity to the 

peripheral populations.  However, conditions may have changed in the last 15 years.  At the time 

we viewed the lynx dynamics in the southern portion of the range to be analogous to a tide pool 

(southern populations filling up occasionally when the large booms occurred in Canada).  

However, if the tide is less frequent or the distance between the tide and the pools becomes 

greater pools dry up.  If this model is correct for lynx population dynamics, then connectivity is 

essential for persistence  

 

The Seeley Lake population may be an example of this.  It has a population growth rate (λ) = 

0.92.  Without immigration a population of 100 individuals and λ =0.92 would be halved in 10 

years, diminished to ~20% the original size in 20 years, and extinct well before 50.  Yet, a simple 

population viability analysis can be built to show that immigration of less than1 female a year on 

average call provide population stability and even growth.  Thus is seems likely that Seeley Lake 

and other populations are being sustained by low levels of connectivity. 

 

If each of the populations at the border with Canada (WA, MT, MN, ME) suffer reduced 

connectivity, due to climate change or because there have been no large amplitude cycles in the 

past decades, they are again not completely independent and less redundant than the document 

and the experts suggest.  

 

Genetic Drift is Undervalued 

 

Several times throughout the document (pg 11, 219, etc.) there are comments like “there seems 

to be little risk of significant genetic drift” (page 11).  If each of the populations are isolated from 

the Canadian boreal populations this statement is false.  Genetic drift occurs at a rate that is 

inversely proportional to two times the effective population size per generation.  The effective 

population size is likely equivalent to approximately 10% of the census size of a population.  If 

Minnesota and Washington each have 50 lynx (pg 216) this could equal an effective population 

size of ~5, which would equate to a rate of drift of approximately 10% per generation.  Loss of 

genetic variability, which equates to loss of adaptive potential, would be extremely high.  It has 

been shown that populations with small effective population sizes, and high rates of genetic drift, 

can have lower survival and reproduction rates.  These reduced vital rates exacerbate an 

extinction vortex that may have produced low population numbers in the first place.  Genetic 
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drift may be a very serious problem for Canada lynx in the contiguous United States.  Gene flow 

/ connectivity can alleviate drift. 

 

Conclusions 

Overall, this is a very well-produced document that has been carefully thought out.  It is 

complete and comprehensive.  The conclusions are largely well supported.  My only concern is 

that it may be too optimistic for the future of lynx in the contiguous United States.  There are 

symptoms of serious problems throughout much of the range.  Even the most robust populations 

(MT and ME) show either show some sign of decline (MT with a negative population growth 

rate in Seeley Lake and a loss of a peripheral population in the Garnet range) or have projections 

of major habitat change due to both climate and socio-economic change in the region.  Unless we 

see a large dispersal event from the Canadian boreal forest in the near future I would expect to 

see each population chiseled away slowly over the next few decades.  On the other hand, I agree 

with the experts that over the very short time frame there appears to be little risk of extirpation of 

lynx in the contiguous United States. 



          01 March 2017 

Matthew Cusack and Benjamin Cogdell 
Mid-Atlantic Sciences 
ATKINS 
1616 E. Millbrook Road 
Suite 310 
Raleigh, NC 27609 
 

Dear Matt and Ben,  

Thank you for facilitating the peer-review of the Species Status Assessment for Canada lynx 
(hereafter lynx) that was authored by the Canada Lynx Species Assessment Team (SSA Team) 
of the U. S. Fish and Wildlife Service.  I received the document on 22 Feb 2017 and was asked 
to complete the review by 28 Feb 2017.  I focused my comments on the scientific basis of given 
statements, but at times my comments may relate to policy given the nature of the document.  I 
provided 71 comments directly in the attached pdf document entitled – 2017 0106 Draft Lynx 
SSA Report_JRS comments.pdf.  In addition, realizing the SSA team was meeting within a few 
days with limited time to review the attached document, I listed a sub-set of the most important 
comments below.    

Overall, I was genuinely impressed by the high quality of scientific thought expressed in this 
document regarding the status of lynx populations across the species’ southern range periphery.  
The SSA team provided a thorough review of threats facing the 6 population segments of the 
contiguous U.S. in a manner that was clear, transparent, and accurate.  The document was very 
well written and accurately captured the conclusions reached by the Lynx Species Assessment 
panel that met in Minneapolis, MN from 13-15 October 2015.    

I understand why you used the resiliency, redundancy, and representation framework when 
considering population status and threats.  However, I still struggle (as I assume did the SSA 
Team) how best to apply these concepts to lynx, especially relative to Resiliency and 
Redundancy.  You define Resiliency as the ability of the species to withstand environmental 
stochasticity and redundancy as the ability of the species to withstand catastrophic events (page 
6).  You concluded that resiliency and redundancy was generally adequate for lynx.  But, I was 
wondering what “inadequate” resiliency would look like for a wide ranging species (would be 
easier to see for geographically restricted species like those found in caves or springs).  For 
example, lynx habitat in Washington and Montana is broadly impacted by large wildlife, Maine 
is potentially impacted across the entire population segment by changing land use, and Colorado 
is impacted by large-scale beetle outbreak that extends across the best lynx habitat in the state.  
These potential threats extend across the population segments.  Thus, several populations in the 
DPS could be classified as having somewhat low resilience, but I don’t know if these situations 
meet the standard of “inadequate” resilience.  Similarly, redundancy is assumed adequate, but all 
populations could be impacted by broad-scale declines in northern population cycles as they may 
related to population connectivity/augmentation and other climate impacts.  In addition, in 
several places in the document it is mentioned the small localized populations may have “winked 
out” such as Garnet Range, Kettles, the entire Greater Yellowstone Area (GYA), and possibly in 
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areas of Colorado (not mentioned).  I thought the tone when describing these localized 
population contractions was somewhat dismissive throughout the document.  Perhaps, these 
small-scale contractions of populations is how a loss of resilience and redundancy is expressed 
for southern lynx populations and not necessarily the large catastrophic change across population 
segments that was stressed throughout the document; the contraction of small, localized 
populations within segments in a major conservation concern.  I appreciate the challenges the 
SSA Team faced when applying the 3 R’s to lynx, but I suggest the sources of uncertainty 
associated with the classification could receive increased emphasis.   
 
The only other issue that I questioned in the document was how the Wyoming population was 
considered (e.g. Page 41-42 and other places).  It is true that Wyoming historically supported 
small populations of lynx.  That said, early records suggest that lynx were present in Wyoming 
for a long time based on photographs from Yellowstone extending back to the 1920’s and 
museum records.  There were 47 lynx records in Yellowstone National Park that extend 56 years 
(Reeve et al 1986).  Fifty percent of all records recorded for lynx in Reeve et al (1986) were from 
the Teton and Gros Ventre, Absaroka, and Beartooth Ranges, Hoback Canyon, and Yellowstone 
National Park.  There may have been a continuous distribution of lynx from the Wyoming Range 
extending north to Union Pass, Upper Gros Ventre watershed, Togwotee Pass, and eastern 
Yellowstone National Park.  Reeve et al. (1986) concluded that museum specimens suggest that 
lynx may have inhabited the Wyoming Range since 1940.  In total, there were 262 lynx 
documented in Wyoming before 1986 and these records covered a 130 year time period (1856 – 
1986); these occurrences were mostly in the Wyoming, Salt River, Absaroka, and Wind River 
Ranges of northwestern Wyoming.  The distribution of lynx sightings (45% were trapped/killed) 
did not dramatically change since 1973 (Reeve et al. 1986).  Clearly, there may be issues with 
these historical data in terms of reliability due to confusion over identification with bobcats.  
Regardless, these sightings strongly suggest that lynx were present since the 1940s in the GYA 
and these observations refute the notion, as reported in the SSA document, that lynx were 
“intermittent” in the region.  In the early 1990s, the Wyoming Game and Fish initiated research 
and detection surveys and documented lynx denning in the Wyoming Range.  In addition, they 
documented frequent sightings through Union Pass, Togwotee Pass, and east toward Dubois, 
WY.  Between 2000 – 2010, I was involved with trapping and tracking a lynx in the Wyoming 
Range and other surveys throughout the region and lynx were detected. However, it appears the 
distribution of lynx in Wyoming declined sharply since 1997 for unknown reasons and the status 
of the species in the GYA is unclear at present.   
 
The Wyoming Range/Union Pass/Togwotee Pass apparently provided the best lynx habitat in 
Wyoming.  This area was repeatedly recolonized by lynx that were transplanted to Colorado 
including males and females with overlapping home ranges; the current flow of lynx from 
Colorado is unknown because most lynx in Colorado are not instrumented or carry expired 
transmitters.  Regardless, it is important to note that lynx released in southern Colorado were 
able to traverse repeatedly hundreds of miles of non-lynx habitat to locate and occupy the last 
known home ranges of native lynx in Wyoming.  The Wyoming Range is unique in terms of lynx 
habitat in Wyoming and the importance of this range was not stressed in the SSA.  The SSA 
correctly states the GYA supported a small lynx population historically and that the current 
population status is unknown.  However, it was puzzling why in the document (page 40) the 
historical populations in Colorado, New York and Wyoming were combined together to imply a 
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similar importance to lynx conservation; historical and recent records of lynx in Wyoming are 
very different from those in Colorado (pre-release) and New York.  I also question the degree 
that lynx habitat in Wyoming is in protected status as stated in the SSA.  It is true that much of 
the GYA is in national parks or refuges and that these protected areas are/were occupied by lynx.  
However, the document did not mention that the best lynx habitat in the state is actually outside 
national parks and has been highly impacted by natural and anthropogenic disturbance (fire, 
timber manipulation, proposed energy development, conflicting wildlife management priorities).  
In a more general sense, Section 2.3.2.2 - Distribution within the DPS Range could benefit from 
a more cohesive underlying framework when discussing lynx distribution in terms of their 
geographic grouping and their importance to conservation (i.e. the logic needs to be described to 
readers).  I was puzzled why northern Idaho (no resident lynx) was grouped with Montana (best 
lynx habitat in the West) when discussing this geographic area.  There were inconsistencies in 
the document in how populations were emphasized in terms of species’ conservation based on 
current and historical records that could be easily corrected.    
 

In summary, I want to reiterate that this document was well organized and rigorously researched.  
The document concludes (page 221) with the statement, “We conclude that the functional 
extirpation of resident lynx populations from one or more geographic unit would demonstrate a 
loss of resiliency, reduced redundancy, and, possibly, reduced representation within the DPS. The 
probability of losses in resiliency, redundancy, and representation puts the Canada lynx DPS at 
increasing risk of extirpation through the end of this century.”  I agree with this concluding 
statement and the sentiment behind this statement was strongly supported in this well-researched 
and well-written document.    
 

Best Regards,  

 

 
Dr. John Squires 
Research Wildlife Biologists  
Rocky Mountain Research Station 
Forestry Sciences Laboratory 
800 E. Beckwith Ave. 
Missoula, MT  59801 
jsquires@fs.fed.us 
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Most relevant specific comments – see attached - 2017 0106 Draft Lynx SSA Report_JRS 
comments.pdf for all comments 

 

Comment 1 - Page 9 - How do we know the DPS demonstrates "adequate resiliency"?  

Lynx habitat in Washington and Montana is impacted by large wildlife, Maine is impacted by 
changing land use, and Colorado is impacted by large-scale beetle outbreak across of most lynx 
habitat in the state.  What would inadequate resilience look like ?? 

 
2 - Page 12 -  “We conclude that the functional extirpation of resident lynx populations from one 
or more geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, 
possibly, reduced representation within the DPS. The probability of losses in resiliency, 
redundancy, and representation puts the Canada lynx DPS at increasing risk of extirpation 
through the end of this century.” 
 
I think this summary adequately captures the feeling expressed by the SSA panel and is 
consistent with the biological realities facing the species.   
 
3 - Page 20 – “Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest),”    
 
Given what we know about lynx current population status and treats, it is very difficult to 
imagine that additive mortality through hunting or trapping will be consistent with species' 
conservation.  Is this statement required, because it seems to be misleading?  
 
4- Page 39 – “ 2) it was uncertain whether Colorado, New York, and Wyoming historically 
supported resident populations or only occasional dispersers; (3) New Hampshire probably 
supported a small resident populations that had been extirpated; and (4) the remaining states 
(Idaho, Maine, Minnesota, Montana, and Washington) had the best historical and recent 
evidence of resident breeding populations (68 FR 40082, 40086-40095, 40097-40101).”     
 
The inclusion of Wyoming and the GYA in a list with the same uncertainty as Colorado and 
New York is inappropriate (see above).  There are photo records to lynx in Wyoming since the 
1920's and recent reproduction and recolonizations (males and females with overlapping home 
ranges),  Confusing why you would consider Wyoming to be occupied by “occasional 
dispersers” and Idaho as being listed as recent evidence of a breeding population.  
 
5 - Page 41-42  – “ We concluded that the historical record and recent evidence of lynx 
occupancy and reproduction suggested the presence of a small but persistent resident lynx 
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population in the GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 
54796-54797, 42 54825-54826); however, the consistency of occupancy over time remains 
uncertain (Lynx SSA Team 2016, pp. 11, 45, 57). Uncertainty about whether this area consistently 
or only intermittently supported resident lynx historically makes it difficult to interpret their 
recent apparent absence from the area (Lynx SSA Team 2016, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have acted 
to tip the quality of the area’s habitat from just barely capable of supporting a small resident 
population to no longer capable of doing so, resulting in extirpation. We conclude that this 
uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, and 
that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage containing the 
dense horizontal conifer structure favorable for hares and, therefore, lynx foraging habitat, 
perhaps increasing the likelihood that the GYA may support resident lynx again in the near future 
(Lynx SSA Team 2016, p. 46)..”            
 
The historical importance of the Wyoming population was downplayed throughout the document 
(see above for extended comment).  Suggest the Team reviews/edits the wording to provide a 
better balance.     
 
6 - Page 45 – “although the Kettle Mountains in the northeastern part of the state are thought 
to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523 ) “ 
 
My knowledge of the Kettle Range in Washington is limited.  However, I was under the 
impression that lynx were harvested from this range with some regularity in recent past.  If so, 
this should be mentioned.   
 
7 - Page 45 – “New information summarized above indicates that there are many more lynx in 
Maine and Minnesota than was suspected at the time of listing, and there are naturally fewer 
lynx and a more limited distribution of suitable habitats in the western U.S. than was previously 
thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23)”. 
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Provide clear documentation that supports the statement that there are “many more lynx in Maine 
and Minnesota” than when listed.  Lynx in Minnesota experienced large fluctuations in 
abundance overtime (McKelvey et al. 2000), including recently.  Only a few years ago, there was 
some question if there were any lynx left in Minnesota.  

 

8 - Page 97 “Because we lack evidence that persistent lynx populations have been lost from any 
other large geographic areas in the contiguous U.S., it also seems that redundancy in the DPS has 
not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
(e.g., northern New Hampshire, the Kettle/Wedge area of northeastern Washington, perhaps 
Isle Royale in Lake Superior) peripheral to the geographic units that currently support resident 
lynx. Any small populations that were lost were not in large, discrete geographic units that would 
have represented substantially greater redundancy in the contiguous U.S.” 
 
The loss of these small populations are significant, especially given the patch distribution of lynx 
throughout their range.  This may be what range contraction actually looks like compared to 
large geographic regions instantly winking out.   
 
9 – Page 97 “However, the implications of the potential recent loss of resident lynx in the GYA 
for the redundancy of the DPS are unclear. The historical record and recent research show that 
the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
National Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to 
support resident lynx. If so, the contribution of the GYA to redundancy within the DPS is 
questionable.” 
  
See comment 5 – As I mentioned before, we don’t know the historical status of the other 
populations and they too apparently “winked off” (e.g. Colorado (if historically occupied); 
Minnesota (winked off in 1980s).  Also as mentioned previously; the best lynx habitat in 
Wyoming is not in protected areas.     
 
10) – Page 120 –“ estimated the number of lynx that might be resident in northeastern 
Minnesota at a given time as between 190 and 250 individuals, assuming that about 25 percent 
of northeast Minnesota is suitable lynx habitat, coupled with assumptions about residence time 
and detectability. “  
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The number 190 – 250 I believe represented the upper limit estimate for lynx in Minnesota.  I do not 
know how many lynx are in Minnesota, but in 2007 when I was on a field trip near the Superior National 
Forest, a lynx researcher estimated there were only a “handful” of individuals.  I suspect the 250 number 
is very high compared to the actual population, but to what degree is unknown.   
 
11- Page 129 – “ ….Because lynx habitats in this unit, like most other areas of the DPS range, 
are naturally highly-fragmented, and most have hare densities that barely meet the 0.5 hares/ha 
threshold thought necessary to support resident lynx, relatively minor impacts, especially to hare 
and lynx foraging habitats, may strongly influence lynx persistence in some parts of this unit.  
 
Lynx Status: There are no reliable estimates of the historical or current number of resident lynx in 
this unit although, as described in section 2.3.2.2 above, it is thought to be capable of supporting 
perhaps 200-300 lynx (Squires in Lynx SSA Team 2016, p. 41). This is substantially fewer than 
previous estimates of more than 1,000 lynx, which were based on a habitat area/ density index 
and broad assumptions regarding habitat suitability and lynx distribution (65 FR 16058) that are 
not supported by current understanding of lynx habitat requirements. As described above, 
habitats capable of supporting resident lynx in this unit are naturally patchier and less-broadly 
distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx therefore 
naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson in Lynx SSA 
Team 2016, p. 12). Although the exact distribution of resident lynx remains uncertain, this unit 
has a long and continuous history of lynx occurrence and evidence of reproduction (McKelvey et 
al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; Squires et al. 2008, entire; Squires 
et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 40090; 74 FR 8643; 79 FR 54825). “ 
 
Lynx habitat in the Northern Rockies of Montana is the best lynx habitat in the western US.  However, 
readers wouldn't get that impression after reading this summary.   
 
12 – Page 134 – “ Despite this increase, we are aware of no evidence that increased fire activity 
in the unit has thus far impacted resident lynx populations or reduced this unit’s ability to support 
resident lynx.”  
 
Depends on how you define "impacted".  Lynx habitat has been reduced by fire in several areas 
on the Lolo and Flathead National Forests including across broad areas of the Bob Marshall 
Wilderness Complex. 
 
13 – Page 146 -  “ Overall, although naturally fragmented and patchily-distributed, potential 
lynx habitat in this geographic unit appears to be largely intact relative to historical conditions 
and disturbance regimes, with only a small proportion apparently impacted by past management 
(timber harvest and precommercial thinning) activities (65 FR 16072). Despite some likely 
localized impacts of past timber management and infrastructure (e.g., highway, railroad) 
development, past management activities do not appear to have diminished this unit's ability to 
support resident lynx or to have created barriers to lynx movement, or to have had other 
landscape- or population-level effects. “ 
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This statement is generally true, but you also should stress that locations of disturbance are as 
important as the amount.  The human disturbance foot-print for the GYA population is small as 
state, but the disturbance that is present is focused in the best lynx habitat in the state - Wyoming 
Range.  This issues requires a nuanced discussion of disturbance issues relative to Wyoming/Salt 
Ranges, Union Pass, and Togwotee Pass.  
 
14 - Page 160 – “ Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the five geographic 
units that currently support them and, therefore, a zero probability of catastrophic extirpation of 
the entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in one or more of the individual geographic units” 
 
A zero probability is a big statement.  For example, the functional lynx habitat in Colorado was 
actually impacted by a single catastrophic event - bark beetles.  That same scale of disturbance 
event could conceivable  sweep over the actual/functional lynx habitat in Washington, Wyoming, 
or even Montana (I realize that lynx may be able to gap this type disturbance).  Also, somewhat 
true for fire (1910 style) in these same western landscapes.   
 
15 -  Page 195 – “We anticipate that future Federal management direction will include 
continued management of national parks, designated wilderness and roadless areas, and other 
areas with nondevelopmental land-use allocations to maintain natural ecological processes, 
which should maintain natural disturbance regimes and landscape-level habitat mosaics to which 
lynx are adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). “    
 
It is important to realize that these protected and roadless areas are outside primary lynx habitat in 
Montana.  Most of these areas are high elevation and rough topography that are used little by lynx 
compared to mid-elevations.  It's interesting that lynx in Montana are really centered on lands that 
are in the FS timber base given the species resource-use patterns.   
 
16 – Page 208 -  Climate impacts in the GYA 
 
I was under the impression from McKelvey's wolverine work the GYA was an “island” that was 
high enough to ameliorate some climate impacts. I agree with much of the climate discussion as 
written for the GYA in this document, but the notion that the GYA may offer some important 
resilience to climate impacts wasn't communicated in the narrative.  The GYA could potentially 
be important to species’ conservation if the GYA could serve recovery through management 
actions (veg recovery following fire/management, reintroductions, etc) in the future.  
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17 – Page 215 – “In addition, one of the metrics for our assessment is productivity (pregnancy 
rate), which was low for this population relative to the other units (except the GYA, for which we 
had no data). “ 
 
Do we really know the pregnancy rate for lynx in Colorado is low?  We don't know pregnancy 
rates for lynx anywhere in the continental US.  My very limited experience of locating lynx dens 
in Colorado (2014-2016) suggest the rate may be similar to Montana – most dens we located in 
beetle-kill produced 2 kittens - no data concerning the pregnancy rate.  
 
18  – Page 217 – “Other stressors affect lynx in one or more geographic units. For example, in 
northern Maine, where most high-quality lynx habitat occurs on private commercial timber lands 
and is the result of past timber harvest, changes in State forestry regulations (the Maine Forest 
Practices Act of 1989) that govern private forest management may currently be causing 
decreases in habitat quantity, quality, and distribution, and in lynx numbers (also see Future 
Conditions and Threats, below). The lack of binding lynx conservation commitments on private 
lands may exacerbate this risk to current lynx habitats in Maine. However, the current amount 
and distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of nearly 50 percent 
of lynx habitat, likely reducing this unit’s current lynx population and potentially compromising 
its current ability to support a resident population until habitats recover. Increased wildfire 
activity also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. “ 
 
In this paragraph, you identify the stressors to lynx populations.  I suggest you also add to the list 
the widespread beetle out-breaks in Colorado in one or two focused sentences.  
 
19  – Page 221 – “We conclude that the functional extirpation of resident lynx populations 
from one or more geographic unit would demonstrate a loss of resiliency, reduced redundancy, 
and, possibly, reduced representation within the DPS. The probability of losses in resiliency, 
redundancy, and representation puts the Canada lynx DPS at increasing risk of extirpation 
through the end of this century.” 
 
I agree with this concluding statement.  
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Attachment A. 

 

Raw Data – Lynx Expert Elicitation Panel 

Responses Regarding the Probability of Persistence 
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IDAHO DEPARTMENT OF FISH AND GAME 
600 S Walnut / P.O. Box 25 C.L. "Butch" Otter / Governor 
Boise, Idaho  83707 Virgil Moore / Director 
 
 
February 22, 2017 
 
Idaho Department of Fish and Game comments re: Species Status Assessment for the 
Canada Lynx (Lynx canadensis) — Draft Report Version 1.0. 
 
The Idaho Department of Fish and Game (Department) offers the following comments on the 
Draft Species Status Assessment (SSA) Report for the Canada Lynx (Lynx canadensis) in the 
contiguous United States Distinct Population Segment (DPS).  
 
The draft SSA presents an inherent conflict for its scientific evaluation. Information in the draft 
SSA indicates that designation of a DPS based on the international Canada-U.S. boundary was 
based on incorrect assumptions, including those related to both discreteness and significance. 
Nevertheless, the draft SSA proceeds with evaluating viability—resiliency, redundancy, and 
representation and “factors affecting viability”—based on the apparent flaws in the geographic 
application of the DPS and 6 population units. For example, the draft SSA evaluates factors 
potentially affecting the DPS in the same units it describes as lacking historic persistence of lynx 
populations.  
 
In addition, the draft SSA presents “factors affecting viability” via a confusing litany of sources 
of lynx mortality and lynx-human interaction without clear relationship to population effect. 
Vegetation management, wildlife management, climate change, etc. cannot affect the viability of 
a lynx population where the information indicates a peripheral or transient presence at most; so it 
is confusing to include such analysis. Similarly, the draft SSA details state harvest regulations 
and incidental trapping occurrences (even where there is no demonstrated impact to individual 
lynx) without relating them to any population effect.  
 
These foundational issues with the draft SSA permeate the analysis. For example, the draft SSA 
makes its evaluation based on the 6 geographic units in the contiguous U.S. “with the strongest 
historical and/or recent evidence of an ability to support persistent resident lynx populations,” 
indicating their combined geographic area represents “approximately two percent of the species’ 
entire breeding range (98% occurs in Canada and Alaska).”  However, the draft SSA presents 
information that the Colorado population (formed from more than 200 individuals introduced 
from Canada and Alaska) and the Greater Yellowstone Area (GYA) population do not support 
persistent resident lynx populations (see, e.g., draft SSA at 41-42; 45-46, 96-97).  
 
These Greater Yellowstone and Colorado units combined comprise approximately 37% of the 
“two percent of the species entire breeding range” that make up the DPS. Information presented 
as to the Garnet Mountain population in Montana also indicates a marginal occupation during 
population peaks rather than a persistent one (see, e.g., draft SSA at 45-46). Similarly, the 
conclusion that “it is difficult to confidently predict the future condition of the DPS or the 
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likelihood that any geographic unit will support resident lynx in the future” is tied to an 
“irresolvable uncertainty about the historical distribution and lack of reliability in other 
demographic parameters” (see, e.g., draft SSA at 157-158). 
 
As the draft SSA describes, the 4 units other than the GYA and Colorado units show varying 
degrees of persistence, and are all connected to Canada populations and habitat (see, e.g., draft 
SSA at 22). The final SSA should provide some clear reference to the renewed IUCN (2015) 
assessment of Canada lynx as “least concern.” 
 
The final SSA should clarify terminology as to “resident lynx” and “resident lynx populations.”  
“Lynx” refers to both one animal and multiple animals, and one “resident lynx” or short-term 
support of multiple lynx or breeding pairs does not equate to a “resident lynx population” in a 
given area.  
 
The final SSA should clarify the level of uncertainty in evaluating probabilities of persistence 
and likely future conditions. For example, the draft SSA’s summary of the expert elicitation 
panel’s discussion in this regard failed to acknowledge the panel’s statements as to the high 
degree of uncertainty in their speculations as to long-term persistence. 
 
The following specific comments focus on 4 topic areas: (1) Geographic Unit 3 — Northwestern 
Montana / Northeastern Idaho; (2) Geographic Unit 5 — Greater Yellowstone Area; (3) State 
Wildlife Management Regulations (with specific reference to trapping-related information); and 
(4) Climate science / climate change. Please direct any questions about these comments to 
Dr. Rex Sallabanks, Wildlife Diversity Program Manager, rex.sallabanks@idfg.idaho.gov. 
 

 
Page 35: 
2.3.1 Lynx Distribution and Status in Alaska and Canada 
This section singles out one aspect of state/provincial regulation and mortality in the form of 
trapping. Alaska and several Canadian provinces regulate harvest of lynx in hunting and trapping 
seasons, adjusting harvest to avoid overexploitation in low population cycles. If some reference 
must be included, it is better to state that state/provinces manage harvest as a furbearer or game 
animal. 
 
Page 43: 
Geographic Unit 3 — Northwestern Montana / Northeastern Idaho 
2.3.2.2 Lynx Distribution within the DPS Range as it relates to Idaho:   
This section correctly reflects that Idaho historical records and recent surveys suggest that only 
dispersing lynx occur throughout most of Idaho; habitats in many parts of the state are drier 
forest types that support lower densities of hares. It would be more accurate for this section to 
state that the number of individual lynx with home ranges occurring in the northeast corner of the 
Idaho Panhandle is unknown but small, based on the amount of potential habitat, and that 
individual lynx in Idaho are part of a larger population that occurs primarily in northwestern 
Montana and southeastern British Columbia. The final SSA should reflect that, although there 
have been multiple detections of lynx in the Selkirk Mountains in Idaho during 2015-2016 and 
one detection of a lynx in the Selkirks in 2010, there is not evidence of a long-term, persistent 
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resident lynx population. During the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains in 
Idaho, but there is not other evidence of a long-term, persistent resident population. In the Purcell 
Mountains in Idaho, there have been detections of multiple lynx in or immediately adjacent to 
designated critical habitat (i.e., within 10 miles of the Canada border). Purcell detections in 
2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, but there has not 
been other evidence of a persistent breeding population.  
 
The reference to the District Court opinion as a source of “best available science” is not 
appropriate. (This comment applies to all related references in the document.)  This decision is 
currently the subject of a motion for reconsideration, which points out that the decision relied on 
unverified observations and an expansive interpretation of geography. The SSA should use 
references for scientific surveys and other verified observations (Lucid 2016). 
 
Page 48:  
References to Lynx Conservation Assessment and Strategy (LCAS) 
In referencing the LCAS revision, the SSA should recognize the comments of the states of 
Montana, Idaho, and Wyoming from 2012 and 2013, which identified weaknesses and a lack of 
federal cooperation with states in issuing the revised document.  
 
Page 52: 
State Wildlife Management Regulations 
Section 3.1.2 
This section should clarify the absence of demonstrated population effect from incidental 
trapping, and that an incidental trapping event does not necessarily involve permanent negative 
effects to the individual animal. For example, of the 4 reports of incidental trapping in Idaho 
since DPS listing in 2000, one trapped animal was illegally shot. None of the 4 incidental 
trappings, including the shot animal, indicated significant injury from the trap itself, including 
one animal that was radiocollared. Three of the 4 incidental trappings occurred in the Idaho 
Panhandle, and 2 of these might have been of the same individual given their proximity in 
location and time. The fourth incidental trapping occurred near Salmon, Idaho, and was likely a 
dispersing individual. In any case, 3 of the 4 incidental trappings appear to have had no effect on 
the individual animal or population.  
 
The Department understands there is also radiocollar information from released trapped animals 
in Maine that should be included in the final SSA if incidental trapping remains a point of 
emphasis. Without such clarifications, the section’s detailed treatment of incidental trapping 
occurrences, litigation, and state regulations may be misinterpreted in evaluating population 
threats.  
 
Page 54: 
Unit 3: Northwestern Montana/Northeastern Idaho 
This section should be updated to reflect that Idaho does not consider lynx a species of greatest 
conservation need. While the original Idaho Comprehensive Conservation Strategy (IDFG 2005) 
designated lynx as a species of greatest conservation need (SGCN) based on modeled lynx 
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habitat, the recently revised Idaho State Wildlife Action Plan (IDFG 2017) did not include lynx 
as an SGCN because of the lack of evidence of persistent presence in Idaho. 
See immediately preceding comment on Page 51.  
 
The Department furbearer season brochure encourages, but does not require trappers to call for 
officer assistance to release incidentally captured lynx.  
 
The reference to the pending court case should be deleted. As previously stated, this decision is 
the subject of a pending motion for reconsideration, which seeks to eliminate the district court’s 
requirement to submit a plan related to incidental take of lynx.  
 
Page 101: 
Unit 3 - Northwestern Montana/Northeastern Idaho 
4.1.1 Summary of Current Conditions  
This section states there is no evidence of significant immigration into this unit, which appears 
inconsistent with other statements related to current connectivity with Canada populations and 
gene flow (see e.g., draft SSA at 11, 101). 
 
Page 122-123: 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho  
References to the Purcell, Cabinet, and Selkirk ranges should be revised consistent with above 
comment for Page 43.  
 
This section is confusing as it identifies national forests and BLM areas as if they were separate 
from the mountain ranges they contain. 
 
Page 131: 
The 2015 USFS reference does not appear in the cited literature, and the Department is not 
familiar with it.  
 
As noted in the above comment on Page 51, the 2 incidental trappings in the Cabinet Mountains 
in January 2014 might have involved the same individual given the proximity in time and 
location and absence of detections of other individuals during this time period. 
 
It is more accurate to state that all detections in the Panhandle National Forest surveys between 
2010-2012 were within 40 miles of the Canada-U.S. border.  
 
The Department notes the following detections as related to this section: 
 

2006-2007 CDA Tribe Survey 
Lynx were detected in the Coeur d’Alene (1 time) and Saint Joe (1 time) Mountains 
during a 2006-2007 survey (Albrecht and Heusser 2009).  
 
2010-14 Multi-species Baseline Initiative (MBI) Survey 
The survey detected 5 individual lynx (2 males, 3 females) were detected on the Idaho 
Panhandle National Forest (IPNF). It detected one individual male in the Selkirks, 3 
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individuals (1 male, 2 females) in the Purcells, and one individual female in the West 
Cabinets. Lynx not identifiable to individual were detected in the Purcells (n = 18 
detections) and West Cabinets (n = 1 detection). Lynx were not detected in the Coeur 
d'Alene or Saint Joe (Lucid et al. 2016).  
 
2015-2016 MBI ‘follow-up’ surveys targeted locations where lynx had been detected 
from 2010-14  
Lynx – Surveys detected lynx 89 times via un-baited remote camera (n = 79 detections), 
bait station (n = 9 detections), and snow track survey (n = 1 detection) (Lucid 2016). 
Surveys detected lynx in the Selkirk (n = 7 detections), Purcell (n = 61 detections), and 
West Cabinet (n = 21 detections) mountain ranges. Surveys did not detect lynx in the 
Saint Joe Mountains. Surveys detected lynx in each of the 3 target areas where they had 
been detected during the 2010-14 MBI survey. Surveys detected a minimum of 6 
individual lynx in the Selkirk (n = 1 individual), Purcell (n = 4 individuals), and West 
Cabinet (n = 1 individual) mountain ranges. The Department did not make a specific 
effort to use pelage color and animal size to differentiate individuals in photographs, but 
the report includes animals that are easily identified as unique individuals. One image 
from the West Cabinets was definitively LF1, a female identified from its yellow ear tag 
placed after its incidental trapping in January 2014 (Lucid 2016). In the Purcells, surveys 
detected an adult lynx traveling with 2 juveniles, with a later image from the same 
camera of an adult with one juvenile. A different camera station captured images of 2 
lynx that were distinguishable based on size and markings (Lucid 2016). 

 
 

 
Geographic Unit 5 — Greater Yellowstone Area 
The Department finds the information related to Geographic Unit 5 to be technically correct and 
has no suggested edits or comments on these sections of the draft report. Based on best available 
science, the GYA has not historically supported a persistent resident lynx population. 
 

 
 
Climate Science / Climate Change 
The vulnerability of a species to climate change is based on the extent of climate change likely 
experienced by the species (exposure), the degree to which the species survival, persistence, 
fitness, etc. depends on climate variables (sensitivity), and the ability of the species to cope 
(adaptive capacity) (Dawson et al. 2011, Glick et al. 2011). Aspects of climate science, 
particularly focused on the exposure and sensitivity of lynx, are addressed throughout the report. 
Although some of the following comments apply to several areas in the document (page numbers 
noted in parentheses), most are intended to specifically address Unit 3 – Northwestern Montana / 
Northeastern Idaho.  
 
Overall, several of the general climate statements appear contrary. The basic premise of the 
report is that climate change will have adverse effects on lynx (see, e.g., draft SSA at 8). The 
authors emphasize, however, that they do not evaluate specific climate change scenarios (see, 
e.g., draft SSA at 157) and acknowledge that uncertainties and limits in the climate models and 
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in the understanding of lynx populations make it difficult to predict future habitat quality or lynx 
distribution (see, e.g., draft SSA at 157-8, 197). They further note that “…there currently is no 
evidence that climate change has had population-level effects or has reduced the ability of this 
unit [Unit 3] to support persistent resident lynx populations” (see, e.g., draft SSA at 133).  
 
Even so, some sections of the report suggest a more positive, and others a more negative, 
outlook. For example, the authors conclude that all units of the DPS are expected to continue to 
support resident populations through mid-century (see, e.g., draft SSA at 12, 158, 161) and 2 or 3 
units through the end of the century (see, e.g., draft SSA at 161), albeit reduced in number and 
distribution. Unit 3, in particular, is likely the most secure in the DPS (see, e.g., draft SSA at 
164). Yet other sections conclude lynx populations are vulnerable and climate change will reduce 
future habitat quality and quantity (see, e.g., draft SSA at 157, 197). 
 
Snow conditions, in particular, are identified as the primary measure affecting lynx persistence. 
Yet nowhere in the document is there a sufficiently detailed description of the required snow 
conditions to facilitate a comparison with the best available current or projected climate data. In 
the report, adequate snow is generally described as “deep”, “persistent”, and “fluffy” (used 24 
times). The general understanding is that deeper, “fluffier”, longer-lasting snow conditions allow 
lynx to outcompete coyotes and bobcats. But how deep, how persistent, and how “fluffy” is 
unclear. A range of required snow depths are reported in Maine (>270cm/year) and Minnesota 
(140 cm/year), but none for the other units. The draft SSA cites a white paper (Gonzalez et al. 
2007) suggesting snow is required for 4 months (Dec-Mar) (see, e.g., draft SSA at 31, 32, 114, 
187), but this value was based on a correlation analysis with probability of snow cover for the 
Northern Hemisphere at a spatial resolution of 25km, downscaled to 8km (Gonzalez et al. 2007). 
No other references are provided for a required length of snow-covered season.  
 
The “fluffiness” or hardness of the snow surface is not described in detail. Indirectly, these 
conditions represent access to snowshoe hare. Although increased hardness of the snow surface 
is thought to result in increased competition (see, e.g., draft SSA at 31, 66, 67), it is also 
correlated with an increase in kill rate of hares by lynx (Stenseth et al. 2004). Given that 
“competition from coyotes and bobcat seem to be less of a concern” for Unit 3 (see, e.g., draft 
SSA at 194), the increased access to prey may actually benefit lynx. 
 
Many of the climate references used data from ~2000–2010. While these references form a 
strong foundation of current and projected trends across large extents (the continental U.S. or 
western states), they do not always provide a complete picture of current research in specific 
lynx units. For example, the authors cite conclusions from Rangwalla and Miller (2012) (see, 
e.g., draft SSA at 62) that some mountainous regions are warming at a faster rate than global 
land averages. Yet Oyler et al. (2015) (not cited in this report) showed that, while the western 
U.S. has clearly warmed over the latter half of the 20th century, systematic errors in temperature 
measurements at some Snow Telemetry (SNOTEL) sites resulted in the artificial amplification of 
mountain climate trends. During late spring, in particular, the commonly used climate datasets 
(PRISM and Daymet) show elevation increases of 274m and 487m (respectively) in the 
minimum temperature isotherm, while data with the systematic errors corrected show a 
statistically nonsignificant change of 66m.  
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Recent work indicates that estimating trends in snowpack dynamics at upper elevations is 
challenging due to limitations in observation records (Painter et al. 2016, Silverman and Maneta 
2016, Rasouli et al. 2015, Hubbart et al. 2015). In northern Idaho, Hubbart et al. (2015) found a 
high variability in snowpack dynamics at snow course sites that was not reflected in observation 
data. Microclimate variations due to canopy cover, aspect, and elevation were important and led 
to considerable differences in melt rate – up to 3 and 4 week lags – with persisting snowpacks 
even at low elevations (possibly due to shading, wind sheltering, and or cold-air drainage). 
Considering the SNOTEL data are the best current estimates of winter precipitation, Silverman 
and Maneta (2016) examined the minimum detectable change in the complex terrain of western 
Montana and northern Idaho. While virtually all future climate models project increases in 
precipitation across this region, Silverman and Maneta (2016) found that approximately 65% of 
significant increases in precipitation was undetected at mid-elevations, and 75% was undetected 
at high elevations. In addition, they found that the undetected increases in winter precipitation at 
high elevation will likely remain as snow under various future climate change scenarios. 
 
To better understand the impacts of changing temperature and precipitation on snowpack 
variability in the future, several recent studies have estimated threshold elevations, above which 
precipitation is the main driver of snowpack and below which temperature is the primary driver. 
In northern Idaho and northwest Montana, Sospedra-Alfonso et al. (2016) estimated a threshold 
of 1560m ± 120m, suggesting snowpack at locations below this threshold is likely to be affected 
by rising temperatures. For a slightly different area of northern Idaho and northwest Montana, 
Scalzitti et al. (2016) identified a current threshold of 1,594m ± 46m and end-of-century 
threshold of 1785 ± 105m. Tennant et al. (2015) further simulated snowpack loss by watershed 
in the U.S. northern Rockies (ID, MT, WY) and found that watersheds between 1,000–2,000m 
elevation experienced the greatest losses while those >2000m were resilient to significant 
warming. Given the range of elevations associated with lynx occurrences in Unit 3 (1,250-
2,500m) (see, e.g., draft SSA at 123), and that increased persistence of snowpack and areas of 
potential climate refugia are considerable in mountainous terrain (Dobrowski 2011, Curtis et al. 
2014, Holden et al. 2015, Morelli et al. 2016), at least a portion of lynx distribution in this unit is 
likely resilient. 
 
As mentioned, the vulnerability of a species to climate change is based not only on exposure and 
sensitivity, but also on the species’ adaptive capacity (Dawson et al. 2011, Glick et al. 2011). 
The authors assume lynx to have limited adaptive capacity (see, e.g., draft SSA at 8, 157), yet 
conclude there are no current threats to the lynx adaptive capacity (see, e.g., draft SSA at 10, 98) 
and discuss potential adaptability based on different habitat use across the DPS (see, e.g., draft 
SSA at 11, 161, 219). The selection for different snow depths and mature versus young forest 
stands (see, e.g., draft SSA at 11, 161, 219) does indicate behavioral plasticity in lynx that may 
be important in future conditions.  
 
Other items noted during review include: 

 
• Pages 73–83. It would be beneficial to address current research on the effects of forest 

management on snow cover and retention (Roth and Nolin 2016, Hubbart et al. 2015), as 
well as recent work on the importance of snow versus forest cover at multiple scales 
(Holbrook et al. 2017). 
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• Pages 60, 63, 66, 69, 70, 173, 186. References to the IPCC Fourth Assessment Report 

(IPCC 2007) should be updated to the current, Fifth Assessment Report (IPCC 2014). 
 

• Throughout this document, the terms “likely”, “very likely”, “unlikely”, etc. are used 
frequently to describe potential impacts of climate change, often without regard for what 
those terms really mean. Re-evaluating these terms and following a standardized 
terminology, similar to the IPCC Likelihood Terminology 
(https://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch1s1-6.html), will increase 
transparency, eliminate confusion, and ensure readers are all “on the same page” with 
regard to the level of certainty surrounding projected climate changes and potential 
effects. This is particularly important when projected effects identified in the IPCC are 
cited directly (see, e.g., draft SSA at 60, 63, 66). 

 
• Finally, several papers referenced in the document are not in the literature cited, 

including: Harvey et al. 2016 (see, e.g., draft SSA at 133, 134, 149, 150), Peers et al. 
2016 (see, e.g., draft SSA at 65, 66), Stenseth et al. 2014 (see, e.g., draft SSA at 73), 
Westerling 2016 (see, e.g., draft SSA at 86, 133, 134, 149). Note that not all references 
were checked, only those that were not immediately recognized. 
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Summary of Peer review and State review comments, concerns, issues/themes – Draft Lynx SSA Report 

I. Peer Reviews 

Peer Reviewer 1 – Ron Moen (Tam) 

  

Peer Reviewer 2 – Dennis Murray (Bryon) 

 

Peer Reviewer 3 – Dan Harrison (Mark) 

 

Peer Reviewer 4 – John Squires (Jim) 

1.  What is “adequate” resiliency and redundancy for southern (DPS) lynx populations?  How do we 
know the DPS demonstrates “adequate resiliency?” 

Response – We said that the persistence of resident pops in most places that have supported them 
historically (i.e., no compelling evidence of major declines in resident populations or of significant 
contraction of breeding range [noting metapopulation structure and likely natural “winking on and off” 
of ephemeral peripheral populations]) is evidence of historical and recent resiliency. We also indicated 
that continued climate warming is likely to result in smaller and more fragmented populations, which 
we expect would be less resilient than the historical or recent condition, leading at some point to loss of 
functional populations in some geographic units.  Likewise, we noted that the DPS units/populations are 
large and spread over a very large geographical range and therefore that the DPS is not vulnerable to 
catastrophe-induced extirpation – there is no single event capable of wiping out the entire DPS.  In fact, 
most units are so large as to preclude such extirpation (but perhaps not WA, where a very large fire 
might be capable of extirpating what currently remains of the population, and also GYA where, if a 
resident pop was to become established, it would likely be very small and geographically restricted, and 
therefore more vulnerable to catastrophic extirpation than other units [even more so than WA]).  
Therefore, redundancy is not currently an issue.  We noted that eventual future loss of some resident 
populations would be a reduction in redundancy, though it is uncertain whether redundancy would be 
diminished to the point that catastrophic extirpation would be likely/possible. 

2.  Contraction of small, localized populations could be expression of loss of resiliency and redundancy 
among southern lynx populations; such contraction is a “major conservation concern.” Author also feels 
we treat these populations “dismissively.” 

Response – Smaller and relatively more isolated peripheral (to the taxon range) pops would be expected 
to be less resilient than larger, more contiguous pops at the core of the range, and while their 
contraction and/or ephemeral “winking on and off” could be an indication of that expected lower level 
of resilience, it also may just be a reflection of the inability of the marginal habitats at the edge of the 
range to support persistent lynx pops.  That is, even the most resilient lynx population cannot persist in 
a landscape where hare densities are not consistently adequate most of the time to support lynx 
survival, reproduction, and recruitment – even in the core of the species’ range, there may be a near-
complete absence of reproduction and zero or near-zero recruitment for several years at the trough of 
the hare cycle.  So, is the contraction and/or winking off or small, relatively isolated, peripheral pops 



evidence of reduced or inadequate resilience on the part of the lynx pop., or just what you would expect 
at the crappy edge of the species’ range?  I don’t know and I’m not sure it is relevant. The 
contraction/loss of the 6-8 lynx that the Garnets might support does not seem significant to the 
persistence of the other 200-250 lynx that the author believes persist in the core of unit 3, nor does it 
have meaningful implications for the adequacy of redundancy in the DPS as a whole.  The author fails to 
identify why or in what capacity he thinks these small and likely naturally ephemeral populations 
contribute at all, let alone meaningfully, to the conservation of the DPS.  That is not being dismissive; it 
is trying to most parsimoniously assess the available information and draw plausible conclusions based 
upon it. 

3.  Questions our assessment of historical lynx occupancy in Wyoming/GYA; cites Reeve et al. 1986 
(which, unfortunately, includes predominantly anecdotal [unverified] records) to “…refute the notion, as 
reported in the SSA document, that lynx were ‘intermittent’ in the region.” 

Response – We do not say we are certain the GYA only held resident lynx intermittently; rather, we 
acknowledge that based on the historical record, it is a possibility, and that metapopulation dynamics 
theory would suggest that ephemeral populations would be expected at the periphery of the range, 
especially in a cyclic “ebb and flow” dispersal system like that of lynx. But more importantly, Squires’ 
reliance on unverified occurrence data is troubling and scientifically indefensible.  His colleagues 
McKelvey et al. in publications in 2000 and again in 2008 present a compelling case for the importance 
of relying on only verified data for assessing historical distribution of rare species, especially those that 
are easy to confuse with a more common and similar sympatric species (like lynx v. bobcat).  When you 
dig into Reeve et al. 1986, you see that only 22 of the 262 lynx records that Squires cites were verified, 
and that these do not suggest a continual presence of resident lynx in the GYA over time.  In fact, in the 
66 years after 1920 covered by Reeve et al., there are only 8 verified records; one in each of the 
following years: 1940, 1949, 1952, 1954, 1957, 1963, 1969, and 1983.  Even if we were willing to 
consider “probable” (but still unverified) records (which we are not, for the reasons presented by 
McKelvey et al. 2008), they would suggest a low-level of occurrence for much of the last century (mean 
= 1.3 anecdotal observations per year, range 0-5, from 1918-1969), followed by big increases beginning 
in 1970 and continuing through 1985 (mean = 7.8 anecdotal observations per year, range 3-19, from 
1970-1986) – likely a reflection of the big irruptions of lynx out of Canada in the early 1970s and early 
1980s (McKelvey et al. 2000, Fig. 8.6; also Fig. 8.3).  In that publication, the authors considered all of the 
records reported in Reeve et al. 1986 and, along with newer records from 1987-1999, found a total of 
only 30 verified records of lynx in Wyoming over 144 years (1856-1999).  These verified data simply do 
not “refute the notion” that the GYA, with its largely marginal habitats/hare densities, was perhaps only 
capable of supporting small numbers of resident lynx intermittently during that time. It is also possible, 
and we acknowledge so in the report, that it may have supported a small but persistent resident 
population, although the record does not strongly support that conclusion.  Either way, the very few 
resident lynx indicated by the record, whether persistent or ephemeral, do not constitute a significant 
contribution to the DPS or to its conservation. 

4.  Feels we did not stress importance of Wyoming Range to lynx in Wyoming; that we “downplayed the 
historical importance of the Wyoming population throughout the document; suggests the team 
review/edit the wording to “provide a better balance.”  Best habitat in the state; has been “highly 
impacted by natural and anthropogenic disturbance (fire, timber manipulation, proposed energy 
development, conflicting wildlife management priorities).” 

Response: We acknowledged relatively higher hare densities and lynx occurrence data in this area.  The 
author provides no rationale/evidence suggesting how this area is or was historically important to the 



DPS; he also provides no evidence or citations to evidence of the high level of impacts he indicated.  Fire 
is a natural and necessary component of hare and lynx habitat.  It is unclear how proposed development 
may have “highly impacted” lynx habitat in this area, nor exactly how “conflicting wildlife management 
priorities” has resulted in impacts to lynx or hare habitats.  We are aware of no information that 
quantifies impacts in this area or that otherwise supports the author’s contention that this area has 
been “highly impacted” or that such impacts have resulted in declines in hares or lynx.   

5.  Puzzled by our grouping of states in Section 2.3.2.2. 

Response - We clearly state up front that we present information from our early listing decision 
documents and then present our current understanding of those areas, but we can add clarification. 

Peer Reviewer 5 – Mike Schwartz (Jim) 

 

 

II. Substantive State Agency Reviews 

Colorado Parks and Wildlife (Kurt) 

 

Idaho Fish and Game (Bryon) 

 

Idaho Office of Species Conservation (Jim) 

1.  The State of Idaho disagrees with the Service’s determination that the Canada lynx qualifies as a DPS. 
Based on the species distribution at the time of listing and the robust populations in Canada and Alaska, 
the species does not qualify as a discrete and significant population as contemplated by the Service’s 
DPS Policy. In fact, within the Lynx SSA, the Service recognizes that lynx distribution in the contiguous 
United States is difficult to define and is at the very southern periphery of the species range. Based on 
the best available information within the Lynx SSA, the State encourages the Service to revisit its prior 
DPS determination. 
 
Furthermore, as pointed out by IDFG, Idaho lacks a persistent lynx population. This is supported by 
historical and current survey records. Dispersing lynx in Idaho are part of a larger population that occurs 
in Montana and British Columbia – lending further credence that this is not a distinct population. Future 
ESA considerations must take into account Idaho’s historic and current lack of a persistent lynx 
population. 
 
Response – The DPS designation is a policy decision/application, and policy decisions are beyond the 
scope of the SSA.  Although a persistent resident lynx population has not been identified in Idaho, the 
relatively large number of verified historical records and recent evidence of occupancy and some 
indication of reproduction suggest that parts of northern Idaho likely support small numbers of resident 
lynx, at least ephemerally. 

Maine Department of Inland Fisheries and Wildlife (including Maine Forest Products Council) (Mark) 



 

Minnesota Department of Natural Resources (Tam) 

 

Montana Fish, Wildlife & Parks (Jim) 

 

Washington Department of Fish and Wildlife (Bryon) 

 

Wyoming Game and Fish Department (Jim)   

 

 

Note:  Non-substantive comments, letters of support, or submission of minor corrections/new data 
were received from Michigan, New Hampshire, New Mexico, and Wisconsin,  

No comments were received from New York, Oregon, Utah, or Vermont  



From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: Summary of Peer Review and State Comments -Lynx SSA
Date: Friday, March 31, 2017 9:28:57 AM
Attachments: 2017 03 13 Summary of Peer and State review comments.docx

Here's what I asked them, to do, with an early draft/template attached.  It is not very explicit, though I did encourage
them to minimize the level of detail in responses.  In the end, in the doc I sent you and Justin before I left, I did not
include responses, though I did leave in some clarifying notes in some of the comments.

Part of the issue is that Mark had already been working on his responses to State of Maine comments, so he included
those often very detailed responses in what he submitted to me, which I then needed to boil down into the main
issues/points in the doc I sent you and Justin.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, Mar 13, 2017 at 4:27 PM
Subject: Summary of Peer Review and State Comments -Lynx SSA
To: Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>

Hi Team,

Our first assignment was to more thoroughly review late peer reviews and get back to DMs regarding whether any
reviews might suggest major inadequacies or substantial changes in the SSA report or alter our conclusions in it.

I started a summary sheet for major peer review comments/concerns/themes but then decided it would be good to do
the same for State comments.  Please see the attached, which identifies tasks for individual team members - which
peer and state reviews to summarize.

Jodi would like us to have a bulleted list of the major issues identified by the end of this week, and this format
should help with that (or maybe just be the list?). I've addressed Squires' major points, perhaps in more detail than is
needed for this.  When you add yours, you don't need to  go into that level of detailed response (for now, though it
may be most efficient to just get it over with....?).

So, please try to add your summaries of most important peer and state review comments to the attached and plan on
having in back to me by COB Thursday if possible.

We can discuss on our call tomorrow - same time and number:

10 AM Mountain Time
866-857-8504
passcode: 7620543

Hope to talk to you all then.

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov


Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
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Summary of Peer review and State review comments, concerns, issues/themes – Draft Lynx SSA Report 

I. Peer Reviews 

Peer Reviewer 1 – Ron Moen (Tam) 

  

Peer Reviewer 2 – Dennis Murray (Bryon) 

 

Peer Reviewer 3 – Dan Harrison (Mark) 

 

Peer Reviewer 4 – John Squires (Jim) 

1.  What is “adequate” resiliency and redundancy for southern (DPS) lynx populations?  How do we 
know the DPS demonstrates “adequate resiliency?” 

Response – We said that the persistence of resident pops in most places that have supported them 
historically (i.e., no compelling evidence of major declines in resident populations or of significant 
contraction of breeding range [noting metapopulation structure and likely natural “winking on and off” 
of ephemeral peripheral populations]) is evidence of historical and recent resiliency. We also indicated 
that continued climate warming is likely to result in smaller and more fragmented populations, which 
we expect would be less resilient than the historical or recent condition, leading at some point to loss of 
functional populations in some geographic units.  Likewise, we noted that the DPS units/populations are 
large and spread over a very large geographical range and therefore that the DPS is not vulnerable to 
catastrophe-induced extirpation – there is no single event capable of wiping out the entire DPS.  In fact, 
most units are so large as to preclude such extirpation (but perhaps not WA, where a very large fire 
might be capable of extirpating what currently remains of the population, and also GYA where, if a 
resident pop was to become established, it would likely be very small and geographically restricted, and 
therefore more vulnerable to catastrophic extirpation than other units [even more so than WA]).  
Therefore, redundancy is not currently an issue.  We noted that eventual future loss of some resident 
populations would be a reduction in redundancy, though it is uncertain whether redundancy would be 
diminished to the point that catastrophic extirpation would be likely/possible. 

2.  Contraction of small, localized populations could be expression of loss of resiliency and redundancy 
among southern lynx populations; such contraction is a “major conservation concern.” Author also feels 
we treat these populations “dismissively.” 

Response – Smaller and relatively more isolated peripheral (to the taxon range) pops would be expected 
to be less resilient than larger, more contiguous pops at the core of the range, and while their 
contraction and/or ephemeral “winking on and off” could be an indication of that expected lower level 
of resilience, it also may just be a reflection of the inability of the marginal habitats at the edge of the 
range to support persistent lynx pops.  That is, even the most resilient lynx population cannot persist in 
a landscape where hare densities are not consistently adequate most of the time to support lynx 
survival, reproduction, and recruitment – even in the core of the species’ range, there may be a near-
complete absence of reproduction and zero or near-zero recruitment for several years at the trough of 
the hare cycle.  So, is the contraction and/or winking off or small, relatively isolated, peripheral pops 



evidence of reduced or inadequate resilience on the part of the lynx pop., or just what you would expect 
at the crappy edge of the species’ range?  I don’t know and I’m not sure it is relevant. The 
contraction/loss of the 6-8 lynx that the Garnets might support does not seem significant to the 
persistence of the other 200-250 lynx that the author believes persist in the core of unit 3, nor does it 
have meaningful implications for the adequacy of redundancy in the DPS as a whole.  The author fails to 
identify why or in what capacity he thinks these small and likely naturally ephemeral populations 
contribute at all, let alone meaningfully, to the conservation of the DPS.  That is not being dismissive; it 
is trying to most parsimoniously assess the available information and draw plausible conclusions based 
upon it. 

3.  Questions our assessment of historical lynx occupancy in Wyoming/GYA; cites Reeve et al. 1986 
(which, unfortunately, includes predominantly anecdotal [unverified] records) to “…refute the notion, as 
reported in the SSA document, that lynx were ‘intermittent’ in the region.” 

Response – We do not say we are certain the GYA only held resident lynx intermittently; rather, we 
acknowledge that based on the historical record, it is a possibility, and that metapopulation dynamics 
theory would suggest that ephemeral populations would be expected at the periphery of the range, 
especially in a cyclic “ebb and flow” dispersal system like that of lynx. But more importantly, Squires’ 
reliance on unverified occurrence data is troubling and scientifically indefensible.  His colleagues 
McKelvey et al. in publications in 2000 and again in 2008 present a compelling case for the importance 
of relying on only verified data for assessing historical distribution of rare species, especially those that 
are easy to confuse with a more common and similar sympatric species (like lynx v. bobcat).  When you 
dig into Reeve et al. 1986, you see that only 22 of the 262 lynx records that Squires cites were verified, 
and that these do not suggest a continual presence of resident lynx in the GYA over time.  In fact, in the 
66 years after 1920 covered by Reeve et al., there are only 8 verified records; one in each of the 
following years: 1940, 1949, 1952, 1954, 1957, 1963, 1969, and 1983.  Even if we were willing to 
consider “probable” (but still unverified) records (which we are not, for the reasons presented by 
McKelvey et al. 2008), they would suggest a low-level of occurrence for much of the last century (mean 
= 1.3 anecdotal observations per year, range 0-5, from 1918-1969), followed by big increases beginning 
in 1970 and continuing through 1985 (mean = 7.8 anecdotal observations per year, range 3-19, from 
1970-1986) – likely a reflection of the big irruptions of lynx out of Canada in the early 1970s and early 
1980s (McKelvey et al. 2000, Fig. 8.6; also Fig. 8.3).  In that publication, the authors considered all of the 
records reported in Reeve et al. 1986 and, along with newer records from 1987-1999, found a total of 
only 30 verified records of lynx in Wyoming over 144 years (1856-1999).  These verified data simply do 
not “refute the notion” that the GYA, with its largely marginal habitats/hare densities, was perhaps only 
capable of supporting small numbers of resident lynx intermittently during that time. It is also possible, 
and we acknowledge so in the report, that it may have supported a small but persistent resident 
population, although the record does not strongly support that conclusion.  Either way, the very few 
resident lynx indicated by the record, whether persistent or ephemeral, do not constitute a significant 
contribution to the DPS or to its conservation. 

4.  Feels we did not stress importance of Wyoming Range to lynx in Wyoming; that we “downplayed the 
historical importance of the Wyoming population throughout the document; suggests the team 
review/edit the wording to “provide a better balance.”  Best habitat in the state; has been “highly 
impacted by natural and anthropogenic disturbance (fire, timber manipulation, proposed energy 
development, conflicting wildlife management priorities).” 

Response: We acknowledged relatively higher hare densities and lynx occurrence data in this area.  The 
author provides no rationale/evidence suggesting how this area is or was historically important to the 



DPS; he also provides no evidence or citations to evidence of the high level of impacts he indicated.  Fire 
is a natural and necessary component of hare and lynx habitat.  It is unclear how proposed development 
may have “highly impacted” lynx habitat in this area, nor exactly how “conflicting wildlife management 
priorities” has resulted in impacts to lynx or hare habitats.  We are aware of no information that 
quantifies impacts in this area or that otherwise supports the author’s contention that this area has 
been “highly impacted” or that such impacts have resulted in declines in hares or lynx.   

5.  Puzzled by our grouping of states in Section 2.3.2.2. 

Response - We clearly state up front that we present information from our early listing decision 
documents and then present our current understanding of those areas, but we can add clarification. 

Peer Reviewer 5 – Mike Schwartz (Jim) 

 

 

II. Substantive State Agency Reviews 

Colorado Parks and Wildlife (Kurt) 

 

Idaho Fish and Game (Bryon) 

 

Idaho Office of Species Conservation (Jim) 

1.  The State of Idaho disagrees with the Service’s determination that the Canada lynx qualifies as a DPS. 
Based on the species distribution at the time of listing and the robust populations in Canada and Alaska, 
the species does not qualify as a discrete and significant population as contemplated by the Service’s 
DPS Policy. In fact, within the Lynx SSA, the Service recognizes that lynx distribution in the contiguous 
United States is difficult to define and is at the very southern periphery of the species range. Based on 
the best available information within the Lynx SSA, the State encourages the Service to revisit its prior 
DPS determination. 
 
Furthermore, as pointed out by IDFG, Idaho lacks a persistent lynx population. This is supported by 
historical and current survey records. Dispersing lynx in Idaho are part of a larger population that occurs 
in Montana and British Columbia – lending further credence that this is not a distinct population. Future 
ESA considerations must take into account Idaho’s historic and current lack of a persistent lynx 
population. 
 
Response – The DPS designation is a policy decision/application, and policy decisions are beyond the 
scope of the SSA.  Although a persistent resident lynx population has not been identified in Idaho, the 
relatively large number of verified historical records and recent evidence of occupancy and some 
indication of reproduction suggest that parts of northern Idaho likely support small numbers of resident 
lynx, at least ephemerally. 

Maine Department of Inland Fisheries and Wildlife (including Maine Forest Products Council) (Mark) 



 

Minnesota Department of Natural Resources (Tam) 

 

Montana Fish, Wildlife & Parks (Jim) 

 

Washington Department of Fish and Wildlife (Bryon) 

 

Wyoming Game and Fish Department (Jim)   

 

 

Note:  Non-substantive comments, letters of support, or submission of minor corrections/new data 
were received from Michigan, New Hampshire, New Mexico, and Wisconsin,  

No comments were received from New York, Oregon, Utah, or Vermont  



From: Bush, Jodi
To: Anna Harris
Subject: Fwd: Summary of Peer Review and State Comments -Lynx SSA
Date: Friday, March 31, 2017 9:31:34 AM
Attachments: 2017 03 13 Summary of Peer and State review comments.docx

Anna.  Here is the email Jim sent out as the assignment.  I dont know if its clear enough but it
is what we have.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, Mar 13, 2017 at 4:27 PM
Subject: Summary of Peer Review and State Comments -Lynx SSA
To: Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>

Hi Team,

Our first assignment was to more thoroughly review late peer reviews and get back to DMs regarding whether
any reviews might suggest major inadequacies or substantial changes in the SSA report or alter our
conclusions in it.

I started a summary sheet for major peer review comments/concerns/themes but then decided it would be good to do
the same for State comments.  Please see the attached, which identifies tasks for individual team members - which
peer and state reviews to summarize.

Jodi would like us to have a bulleted list of the major issues identified by the end of this week, and this format
should help with that (or maybe just be the list?). I've addressed Squires' major points, perhaps in more detail than is
needed for this.  When you add yours, you don't need to  go into that level of detailed response (for now, though it
may be most efficient to just get it over with....?).

So, please try to add your summaries of most important peer and state review comments to the attached and plan on
having in back to me by COB Thursday if possible.

We can discuss on our call tomorrow - same time and number:

10 AM Mountain Time
866-857-8504
passcode: 7620543

Hope to talk to you all then.

Jim
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mailto:kurt_broderdorp@fws.gov


-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: climate change and loss of spruce-fir forest in ME and MN
Date: Friday, March 31, 2017 9:38:53 AM
Attachments: Simons-Legaard et al. 2015 CRSF_AR_2015.pdf

You already saw this, but I wanted to remind you about another example of what Mark considers a possible
"decision changer." 

My thought is that we already have discussed the northward and upslope migration of spruce-fir predicted by
multiple climate modeling efforts, and that we should discuss these papers in the final SSA report along with the
predicted timing of changes and an assessment of the uncertainty with this (as with all) climate modeling.

I think it sis important to show that we considered the most relevant climate modeling work, but I'm not sure I see
this as a game changer.  I could be wrong....

 
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Mar 14, 2017 at 9:30 AM
Subject: Fwd: climate change and loss of spruce-fir forest in ME and MN
To: Jodi Bush <jodi_bush@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>

See Mark's message below.

Your thoughts re "game changing"?  Mine: it's still modeling, so uncertainty is inherent.  We probably need to look
at the underlying assumptions and emissions scenarios used in the model. Regardless, we should report findings
accurately and discuss uncertainty appropriately in the final SSA. 

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Tue, Mar 14, 2017 at 9:22 AM
Subject: climate change and loss of spruce-fir forest in ME and MN
To: Jim Zelenak <jim_zelenak@fws.gov>, Tamara Smith <tamara_smith@fws.gov>

Jim and Tam:

While working on responses to comments this morning I found these new research results
coming from UMaine that predicts loss of spruce-fir from Maine and Great Lakes Forest by
the end of the century (and substantial declines by 2060). See pages Maine 88-99 in the
University of Maine Center for Sustainable Research report below.

Maps generated for the years 2030, 2060, and 2090 suggest that suitable habitat for white and
black spruce will disappear from the U.S. by 2060 and from the Acadian Region by 2090
(Figure 9). Patches of suitable habitat for balsam fir and red spruce are projected to remain
in the U.S. ca. 2060, but dwindle to only a few located at high altitudes along the Appalachian
Mountains by 2090.

This research also indicates that several of our northern hardwoods, red maple and paper birch,
also decline.  Forest management greatly accelerates the declines caused by climate

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
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change. 

I was not aware of this research when I wrote the climate change section for the lynx SSA. 
Sorry, but we have been moving at such speed that I haven't had time to talk to forestry and
climate change researchers at UMaine.  I'm surprised that Erin Simons-Legaard did not
mention the thesis and final reports to me (although I knew they were working on it).  Tam,
you mentioned a similar prediction at the decision meeting, but I don't know if this was the
same source (I doubt it). I will try to get a copy of the Andrews 2015 thesis from UMaine that
has more details.
 
Is this a "decision-changer" concerning the preliminary lynx listing decision if we have two
independent sources calling for substantial declines in spruce-fir by 2060 in Maine and Great
Lakes?

Mark
-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
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About the Center  
 

The Center for Research on Sustainable Forests (CRSF) was founded in 2006 to 
build on a rich history of leading forest research and to enhance our 
understanding of Maine’s forest resources in an increasingly complex world. The 
CRSF is currently built around four major research programs: Commercial Forests, 
Family Forests, Conservation Lands, and Nature-Based Tourism. Researchers in 
these programs work together and collaboratively with diverse stakeholders to 
solve the full array of problems facing Maine’s forests, and contribute to the 
sustainability of Maine’s forest resources. 

 
Our mission is to conduct and promote leading interdisciplinary research on issues 
affecting the management and sustainability of northern forest ecosystems and 
Maine’s forest-based economy.  

 
 
 

Center for Research on Sustainable Forests University of Maine 
5755 Nutting Hall 

Orono, Maine 04469-5755 
Tel. 207.581.3794 
crsf.umaine.edu 

 
 

 
 
 

Cover photo by Pam Wells 
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Director’s Report 
The Center for Research on Sustainable Forests (CRSF) had another productive year during 2014-15. 
We are especially pleased to announce the formation of our Nature-based Tourism Research 
Program led by Dr. Sandra De Urioste-Stone, who initiated a major new study to assess the 
economic impact of tourism in Maine. 

Center programs were successful in a number of other areas. The Commercial Forests Research 
Program, headed by Drs. Bob Wagner and Brian Roth, led a dozen stakeholder-driven research 
projects for 35 member organizations through the Cooperative Forestry Research Unit (CFRU) 
representing half of Maine’s forest, led development of a statewide spruce budworm assessment, 
and provided members with updated depth-to-water-table maps for the State of Maine. Dr. Rob 
Lilieholm made two new videos about the Maine Futures Community Mapper tool for the 
Conservation Lands Research Program. In the Family Forests Research Program, Dr. Jessica Leahy 
worked closely with the Small Woodland Owner Association of Maine (SWOAM) to assist small 
family forest owners with their estate planning needs, and to better understand the 
intergenerational transfer of forestlands which will affect the future of a third of Maine’s forest in 
the coming decades.  

The CRSF worked closely with the Maine Forest Products Council and Maine Forest Service to lead 
the Maine Spruce Budworm Task Force. In addition, the Howland Research Forest continues to be a 
valued research asset of the CRSF. Two new grants from the USFS Northern Research Station will 
allow Dr. Shawn Fraver and research assistant John Lee to continue making automated greenhouse 
gas, eddy covariance (flux), and numerous other atmospheric measurements as part of the national 
Ameriflux Network.  

We welcomed Dr. Arun Bose to CRSF this year as Post-doctoral Research Fellow to coordinate 
several research projects associated with the National Science Foundation’s Center for Advanced 
Forestry Systems (CAFS) that is part of the CFRU.  

The overall success of the CRSF this year is also due in large measure to the hard work of many 
scientists, graduate students, and summer technicians that worked on CRSF research projects. Their 
hard work and accomplishments are described in the following report.  

 
 

 
  Robert G. Wagner 

CRSF Director 
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People  
LEADERSHIP & STAFF  

Robert Wagner, Director  

Brian Roth, Commercial Forests Program 
Leader & CFRU Associate Director 

Sandra de Urioste-Stone, Nature-Based 
Tourism Program Leader 

Jessica Leahy, Family Forest Program Leader  

Rob Lilieholm, Conservation Lands Program 
Leader  

John Lee, Research Associate, Howland 
Research Forest 

Arun Kantibose, CFRU Post-Doctoral 
Research Scientist 

Meg Fergusson, CRSF Administrative 
Assistant  

Cynthia Smith, CFRU Administrative 
Assistant 

COOPERATING SCIENTISTS  

Jeffrey Benjamin (CFRU)  

Daniel Harrison (CFRU, NSRC) 

Robert Seymour (NSRC)  

Aaron Weiskittel (CFRU, NSRC) 

PROJECT SCIENTISTS  

Paul Arp, University of New Brunswick 
(CFRU)  

Mohammad Bataineh, University of 
Arkansas (NSRC, CFRU) 

Eric Blomberg, University of Maine (CFRU) 

Randall Boone, Colorado State University 
(Conservation Lands) 

John Brissette, USF-NRS (NSRC) 

Mark Castonguay, University of New 
Brunswick, (CFRU) 

Sophan Chhin, Michigan State University 
(NSRC) 

Stephen Colombo, Ontario Forest Research 
Institute (NSRC) 

Anthony D’Amato, Univ. of Minnesota 
(NSRC) 

John Daigle, University of Maine (NSRC) 

Michael Day, University of Maine (NSRC) 

Mark Ducey, Univ. of New Hampshire 
(NSRC) 

Bob Evans, USDA Forest Service (Howland)) 

Inornate Ringlet Butterfly -  photo by  Pam Wells 
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 Wood Duck - photo by Pamela Wells 

Ivan Fernandez, Univ. of Maine (NSRC) 

Shawn Fraver, Univ. of Maine (NSRC, CFRU) 

Todd Gabe, Univ. of Maine (Tourism) 

Chris Hennigar, Univ. of New Brunswick 
(CFRU, NSRC)  

David Hollinger, USDA Forest Service (NSRC, 
Howland) 

Holly Hughes, Woods Hole Research Center 
(Howland) 

Michelle Johnson, U.S. Forest Service 
(Conservation Lands) 

Tora Johnson, Univ. of Maine-Machias 
(Conservation Lands) 

Jennifer Hushaw, INRS, LLC. (NSRC) 

John Kershaw, Univ. of New Brunswick 
(CFRU)  

Laura Kenefic, USFS-NRS (NSRC CFRU) 

David Kittredge, Univ. of Mass. (Family 
Forests) 

Christian Kuehne, Univ. of Maine (NSRC) 

Eric Labelle, Northern Hardwood Research 
Institute (CFRU) 

Kasey Legaard, Univ. of Maine (CFRU, NSRC) 

Cynthia Loftin, USFWS / Univ. of Maine 
(CFRU) 

Pengxin Lu, Ontario Forest Research 
Institute (NSRC) 

Spencer Meyer, Yale School of Forestry  
Environmental Studies (NSRC)  

Andrew Nelson, Univ. of Arkansas at 
Monticello (NSRC)  

Jesse Njoka, University of Nairobi, Kenya 
(Conservation Lands) 

Caroline Noblet, Univ. of Maine (Family 
Forests, Tourism) 

Jae Ogilvie, University of New Brunswick 
(CFRU) 

Joseph Ogulu, International Livestock 
Research Institute (Conservation Lands) 

Dave Owen, Maine Law School 
(Conservation Lands) 

Bill Parker, Ontario Forest Research Institute 
(NSRC) 

Gaetan Pelletier, Northern Hardwoods 
Research Institute (CFRU) 

Parinaz Rahimzadeh, Univ. of Maine (CFRU) 

Robin Reid, Colorado State University 
(Conservation Lands) 
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Mohammed Said, International Livestock 
Research Institute (Conservation Lands) 

Erin Simons-Legaard, Univ. of Maine (CFRU, 
NSRC)  

Susan Stein, USFS-NRS (NSRC) 

Crista Straub, Univ. of Maine (Family 
Forests)  

Brian Sturtevant, USFS-NRS (NSRC)  

Michael Ter-Mikaelian, Ontario Ministry of 
Natural Resources (NSRC) 

Suraj Upadhaya, Univ. of Kentucky 
(Conservation Lands) 

Jeremy Wilson, Harris Center for Forest 
Conservation (NSRC) 

Jeffrey Worden, African Conservation 
Centre, Nairobi, Kenya (Conservation 
Lands) 

Petra Wood , USGS West Virginia 
Cooperative Fish  Wildlife Research Unity 
(CFRU) 

Ronald Zalesny, U.S. Forest Service (NSRC) 

GRADUATE STUDENTS  

Caitlin Andrews (NSRC) 

Patrick Clune (CFRU) 

Jon Doty (NSRC) 

Stephen Dunham (CFRU)  

Rei Hayashi (CFRU) 

Patrick Hiesl (CFRU)  

Lydia Horne (Conservation Lands) 

Michelle Johnson (Conservation Lands, 
      NSRC)  

Cody LaChance (CFRU) 

C.J. Langley (NSRC) 

Sabrina Morano (CFRU) 

Bethany Munoz, (NSRC) 

Sheryn Olson (CFRU) 

Allison Price, (NSRC) 

Ben Rice, (NSRC, CFRU)  

Brian Rolek (CFRU)  

Matthew Scaccia (Tourism)  

Jared Stapp (Conservation Lands) 

Joel Tebbenkamp (CFRU) 

Kristen Weil (Conservation Lands) 

Emily Wilkins (Tourism) 

Nathan Weseley (CFRU) 
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Financial Report 
Income and expenses for the CRSF during 
FY2014-15 are shown in Table 1. Income 
supporting the center came from programs 
administered by or that support the general 
operations of the CRSF ($1,085,940), UMaine 
competitive sources ($111,001), as well as 
extramural grants supporting specific research 
projects ($867,600) that were received by CRSF 
scientists from outside agencies. These 
extramural grants made up 42% of funding for 
the center (Figure 1).  Total funding of the CRSF for 
FY 2014-15 was $2,064,521 million.  

The proportion of total funding allocated to 
research programs making up the CRSF is shown 
in Figure 1: Commercial Forests (58%), Family 
Forests (10%), Nature-Based Tourism (5%), 
Conservation Lands (<1%), Howland Research 
Forest (10%), and Northeastern States Research 
Cooperative (17%), research projects supported 
by the. About 81% of the funding received by 
CRSF went directly to support research projects 
described in this report (Figure 1). The remaining 
funds supported personnel salaries (9%) and 
center operating expenses (10%).  

A key source of financial support for the CRSF is 
provided by the Maine Economic Improvement 
Fund (MEIF). The $160,892 investment from 
MEIF helped leverage $925,028 from other CRSF 
sources, $111,001 from UMaine competitive 
sources, and $867,600 in extramural grants for a 
total of leverage of $1.9 million. This means that 
every dollar of MEIF fund leveraged $1,903,629 
(or $11.83 for every dollar of MEIF funding) of additional research funding. 

Figure 1 - Income sources, research program allocation, 
and expense allocation for CRSF during FY 2014-15. 
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American Toad – Photo by Pam Wells 

Table 1 – FY2014-15 Budget for Center for Research on Sustainable Forests 
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Table 1 continued 
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Stakeholders  

CRSF researchers strive to conduct not just 
cutting-edge forest science, but also real-
world, applied science about Maine’s forests, 
forest-based businesses, and the public that 
supports them. We build and foster 
relationships with a wide variety of 
organizations and their people to achieve 
common goals.  Over the past year we have 
worked with the following partners:  

 
Acadia National Park 

Ameriflux 

Androscoggin Valley Council of 

      Governments  

Appalachian Mountain Club 

Baskahegan Corporation 

Baxter State Park, Scientific Forest  

Management Area 

BBC Land, LLC 

Bear Brook Experimental Watershed 

Canopy Timberlands Maine, LLC 

Clayton Lake Woodlands Holding, LLC 

Colorado State University 

Downeast Lakes Land Trust 

Eastern Maine Development Corp. 

EMC Holdings, LLC 

Field Timberlands 

Forest Society of Maine 

Frontier Forest, LLC 

Highstead’s Regional Conservation 

        Partnership 

Hilton Timberlands, LLC 

Huber Engineered Woods, LLC 

Institute of Forestry (Pokhara, Nepa;) 

Irving Woodlands, LLC 

Katahdin Forest Management, LLC 

LandVest 

Lincoln Institute of Land Policy 

Maine Bureau of Parks and Lands 

Maine Department of Agriculture, 

Conservation, and Forestry 

Maine Department of Environmental 

        Protection 

Maine Department of Inland Fisheries  

and Wildlife 

Maine Division of Parks and Public Lands 

Maine Forest Service 

Maine Forest Products Council 

 
Red Saddlebag Dragonfly  -  Photo by Pam Wells 
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Maine Office of Tourism 

Maine STEM Alliance 

Maine Tree Foundation 

Mosquito, LLC 

National Science Foundation 

Natural Resources Conservation Service 

New Brunswick Tree Improvement Council 

New Brunswick Department of Natural 

        Resources 

New England Forestry Foundation 

North Woods Maine, LLC 

Nova Scotia Department of Natural 

       Resources 

Orono Land Trust 

PenBay Regional Land Trust 

Penobscot Experimental Forest 

Plum Creek Timber Company, Inc. 

Portland Metropolitan Planning District 

Prentiss & Carlisle Company, Inc. 

Prince Edward Island Department of Natural 

      Resources 

Quebec Ministry of Natural Resources 

ReEnergy Holdings, LLC 

Robbins Lumber Company 

SAPPI Fine Paper 

Schoodic Institute 

SeedTree Nepal 

Seven Islands Land Company 

Simorg North Forest, LLC 

Small Woodland Owners Association 

 of Maine 

Snowshoe Timberlands, LLC 

St. John Timber, LLC 

Sylvan Timberlands, LLC 

Social and Economic Sciences Research 

        Center, Washington State University 

The Forestland Group, LLC 

The Nature Conservancy 

Timbervest, LLC 

University of Maine, Upward Bound 

University of New Hampshire 

University of Vermont, Rubenstein School 

        of Environment and Natural Resources 

UPM Madison Paper 

USDA, Forest Service, Northern Research 

Station 

Wagner Forest Management 

Woods Hole Research Center 

World Wildlife Fun-Nepal 
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CRSF Research Programs 
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Nature-Based Tourism 
 
The Nature-Based Tourism Program of the CRSF was established in 2014 and has quickly gained 
momentum. Tourism plays a vital role in the culture, economy, and future economic 
development of Maine’s rural communities, as well as in the overall economy of the state. 
Tourism in Maine provides economic and non-economic values to its citizens, including nature 
conservation, cultural heritage maintenance and pride, and infrastructure and facility 
improvement. Maine’s outstanding tourism assets, along with the diversity of outdoor 
recreation opportunities, attract millions of visitors annually to and within Maine. Challenges to 
capturing growth opportunities relate to changes in visitor travel behavior, economic crises, 
constrained integrated tourism planning and development, and extreme weather 
events/natural disasters. By regularly gathering, analyzing, and communicating information 
about the economic impact and trends of tourism in Maine we expect to increase the efficiency 
of and opportunities for Maine’s tourism industry. 

In its inaugural year, the program has received $87,361 in research funding and launched five 
sustainable tourism-related research projects, mailed 3,000 surveys on recreational use and 
changing socioeconomic and environmental conditions to residents along the Penobscot River, 
conducted field surveys in various recreational areas of the state, including Acadia National 
Park and Sebago Lake; and contributed survey data to the Maine State Comprehensive Outdoor 
Recreation Plan for 2014–2019. 

 

  

 
Research assistants Lydia Horne and Ashley Cooper 

 at Acadia National Park, Mount Desert Island,  
Maine - Photo by Emily Wilkins) 
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Understanding Visitor Perceptions about the Impacts of 
Climate Change to Tourism Destinations in Maine 
Sandra DeUrioste-Stone 
University of Maine 

Final Report 

Summary: 
Climate change is one of the most pressing 
global environmental issues facing the world 
today and one that has major social, 
economic and environmental repercussions 
(Yu, Schwartz, & Walsh, 2009). Among all 
economic sectors, tourism is considered one 
of the most vulnerable industries to climate 
change due to its frequent reliance on 
natural resources as primary assets (Lépy et 
al., 2014).  In spite of this, research on the 
potential effects of climate change on tourism 
destinations remains scarce (Dawson & Scott, 2007). A comparative case study was conducted 
in two Maine tourism destinations to understand (1) visitor perceptions about the impacts of 
climate change on tourism, (2) visitor risk perceptions associated with climate change, and (3) 
potential travel substitution strategies in response to changing climatic conditions.  

Project Objectives   

• Understand the range of perceptions that visitors have about the effects of climate
change on tourism in Maine.

• Determine if differences exist among visitors regarding their perceptions of the effects
of climate change on tourism in Maine.

• Identify Maine visitor perceptions on the (1) likelihood of climate change impacts to
occur, (2) climate change risk perceptions in relation to tourism, and (3) factors that may
potentially influence future travel behavior.

• Inform management

Thunder Hole, Acadia National Park, Maine 
Photo by Matt D. Scaccia 
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Approach 

• A case study methodology (Creswell, 2013) was used to measure visitor perceptions
about the impacts of climate change on tourism in two study sites: Mount Desert Island
region (MDI) and Katahdin region, Maine, US.

• The study comprised of two data collection and analysis phases:

o Phase 1: included an intercept survey was used to collect data on visitor
perceptions about the role of weather in destination selection, potential impacts
of climate change to tourism in general, and visitor overall travel behavior. A two
stage cluster probability sampling (Scheaffer, Mendenhall III, Ott, & Gerow,
2012) was used to randomly select visitor at selection tourism attractions in both
study regions.

o Phase 2: involved the application of an on-line survey that measured visitors risk
perceptions associated with climate change, using Dillman’s Tailored Design
method (Dillman, Smyth, & Melani, 2014). The online survey inquired about
purpose of travel, climate change risk perceptions, and travel substitution
strategies.

• Quantitative data were analyzed using SPSS 22, and included independent samples
t-test, One-way ANOVA, factor analyses with varimax rotation, and logistic regression.

• Qualitative data were analyzed in NVivo 10 using content analysis and thematic coding.

Key Findings / Accomplishments 

Phase 1 

• A total of 849 visitors participated in phase 1.

• The majority of participants believe that climate change will affect tourism destinations
in Maine (62%). The results indicate the majority of visitors to are concerned with the
negative effects that unpredictable weather may have to the regions, and the reduction
in visitor numbers (Table 2).

• Statistically significant differences between age groups and gender about the effects of
climate change on tourism were identified. By understanding the perceptions of the
visitors suitable adaptive strategies and early preparedness actions may be developed to
cope with the impacts of climate change to the nature-based tourism industry in
national parks.
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• In addition, as mentioned by several visitors, lack of information about climate change,
or limited understanding of the regions’ biophysical factors seriously affected some
visitor perceptions of the influence of climate change to tourism in the region.

o This finding on visitors’ concern with the lack of information could be used as an
educational opportunity for managers, who may capitalize on this to inform
visitors about current biophysical changes to destinations as a result of climate
change, visitors’ role in reducing their carbon footprint, climate-friendly services
offered by the park, adaptation strategies in place, and potential behaviors to
encourage. As suggested by several studies (Brownlee, 2012; Brownlee, Hallo, &
Krohn, 2013; Brownlee, Powell, & Hallo, 2013; Manning, 2011), assessing visitor
perceptions about climate change is essential to develop appropriate
management and interpretation strategies, and outdoor recreation
programming.

o Furthermore, research could help inform resource management decisions and
aid in the development of targeted climate change education and interpretation
programs in protected areas (United Nations, 1992) using tools that may
enhance their ability to effectively communicate climate change information
(Evans, Hicks, Fidelman, Tobin, & Perry, 2013).

Phase 2 

• A total of 179 visitors to Acadia National Park (Mount Desert Island, Maine) completed
the online questionnaire.

• Respondents’ risk perceptions of climate change impacts as threats to visitors showed
an increased importance of other environmental impacts such as increased presence of
mosquitoes (60%) and ticks (58%); with extreme events as the key risk to visitors (68%).
However, perceptions that pose potential personal risk to visitors gained in significance
when considering their influence on travel behavior, including impacts such as disease
outbreak and water scarcity. Factor analyses with varimax rotation identified four
climate change impact factors associated with perceived vulnerability, perceptions of
risk, and influence on future travel to MDI; the four factors generated were: weather
patterns, impacts on wildlife, access and health, and physiological and safety needs.
Results from logistical regression modeling suggest perceived vulnerability, perceived
risks, factors that may influence travel behavior, sociodemographic variables (age and
income), and reasons to visit the destination explain variance of importance of weather
in the decision to travel to MDI (Table 2).
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• Visitors to Acadia National Park perceived Mount Desert Island (MDI)-Acadia National
Park to be vulnerable to climate change impacts, such as extreme weather, sea level
rise, and increased ticks and mosquitoes.

• In terms of risk perception, visitors perceived potential climate change impacts such as
increased presence of mosquitoes (60% of respondents) and increased presence of ticks
(58% of respondents) to be among the most important threats to visitors to the area.

• Respondents rated extreme weather (60%), disease outbreak (59%), hurricanes (58%)
and water scarcity (57%) as the top four threats to potentially influence visitors’ decision
to travel to MDI in the future. These results suggest that perceptions of potential threats
to one’s personal safety and well-being are important when considering potential travel.
Studies on climate change perceptions have suggested that when impacts are expected
to harm something a person values, concerns regarding the issue may increase
(Brownlee, Hallo, Moore, Powell, & Wright, 2014; Stern, Dietz, Abel, Guagnano, & Kalof,
1999). 

Sand Beach, Acadia National Park. 
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Table 2 - Mean responses of perceived likelihood, perceived risks, and influences for potential travel of potential 
climate change impacts according to responses by visitors to Mount Desert Island–Acadia National Park to the 
online survey, from September–December 

Mean 

Perceived likelihood 
(vulnerability) 

Perceived 
risks/threats 

Influence for 
potential travel 

Sea level rise 0.78 0.47 0.10 

Extreme weather 0.91 0.77 0.56 

Hurricanes 0.28 0.39 0.60 

Wildlife migrate out 0.45 0.27 0.04 

Wildlife migrate in 0.49 0.11 -0.03 

Species extinction 0.23 0.05 -0.03 

Reduced snow 0.30 0.16 -0.36 

Increased ticks 0.69 0.64 0.48 

Increased mosquitoes 0.70 0.65 0.58 

Increased ice storms 0.46 0.47 0.08 

Heat waves 0.53 0.31 0.21 

Disease outbreaks 0.05 0.28 0.71 

Damage to roads 0.62 0.40 0.29 

Power outages 0.55 0.41 0.40 

Water scarcity -0.04 0.32 0.59 

Food scarcity -0.29 0.20 0.52 

Note. Scales range from (-2) to (2) 
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Future Plans 

• Share results with tourism stakeholders.

• Conduct additional research to explore visitor perceptions across climatic regions of
Maine.
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Analyzing the Economic Impact of Tourism in Maine 

Sandra De Urioste-Stone, Caroline Noblet, and Todd Gabe 
University of Maine 

Progress Report, Year 1 of 2 

Summary:  
The travel and tourism industry plays a key role in Maine’s 
economy, and the economic development of many 
communities in the state. By most measures, tourism is 
considered one of the largest industries in the state 
(Maine Development Foundation, 2004). In 2012, the 
industry generated over 20% of the state’s jobs (Maine 
Department of Labor, 2013) and accounted for an 
estimated 17% of state tax revenue (Maine Revenue 
Services, 2013). Limited information exists on the 
economic activity generated by tourism in Maine. This 
study intends to contribute to the ongoing efforts by the 
Maine Office of Tourism to estimate the economic impact 
of the industry. The study includes two phases: (1) a pilot 
visitor survey (June 2014 - April 2015) to establish an 
effective and reliable methodology; and (2) a mixed-mode 
visitor survey (intercept and online) is being conducted in the state to understand travel 
behavior and spending. 

Project Objectives   

• Inform existing efforts by the Maine Office of Tourism to estimate the economic impact
of the travel and tourism industry in the state.

• Develop an economic impact assessment methodology responding to Maine’s needs
and context.

• Contribute to the development of instruments to estimate the economic impact of
tourism at the state level.

Graduate research student Emily Wilkins 
at the Calais Visitor Center, Calais, Maine. 

(Photo  by Lydia Horne) 
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Approach 

• Utilize an intercept survey to understand general travel behavior of visitors to Maine.

• Use of an online survey that applies Dillman’s Tailored Design method (Dillman, Smyth,
& Melani, 2014) to estimate visitors’ spending and overall travel behavior.

• Select visitors using a two-stage cluster probability sampling design (Scheaffer,
Mendenhall III, Ott, & Gerow, 2012) at tourist attractions, airports, visitor centers,
national and state parks, camping areas, and selected chambers of commerce across
Maine.

• The study comprises two data collection and analysis phases

Key Findings / Accomplishments  

Phase 1 (August 2014-April 2015): 

• A total of 229 visitors from Mount Desert Island and Katahdin tourism destinations
participated in a pilot online survey.

• The majority of respondents where non-residents of Maine (86%), mostly visiting from
New England (27%), South Atlantic (16%), and Middle Atlantic (13%) US regions.

• Over half of the respondents mentioned participating in the following activities:
Sightseeing for pleasure (70%), Food experiences (69%), Enjoying nature (66%),
Backpacking/hiking (55%), and Shopping (58%).

• In average, visitors who participated in the study spent $1,768.86 per trip in Maine (See
Table 3). The top two regions with the highest visitor spending included:

o The South Atlantic region, in average, spent more money in Maine ($3,411;
amount does not include airline ticket) than any other group of visitors (Table 3).
States with the highest visitor spending from the South Atlantic region included:
Florida, followed by Georgia.

o Mountain region was second highest spending group ($2,587; amount does not
include airline ticket). Colorado was the state with the highest spending from the
mountain region.
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Table 3 - Visitors’ Average Spending by Region of Origin. 

Region of Origin* Average spending per 
trip in Maine 

Average spending per trip in 
Maine (includes airline 
expense)  

Division 1: New England $1,420 $1,472 

Division 2: Middle Atlantic $1,308 $1,335 

Division 3: East North Central $1,076 $1,126 

Division 4: West North Central $2,100 $2,250 

Division 5: South Atlantic $3,411 $4,518 

Division 6: East South Central $1,495 $1,613 

Division 7: West South Central $2,340 $2,490 

Division 8: Mountain $2,587 $3,053 

Division 9: Pacific $1,252 $1,618 

International $1,732 $3,295 

*States where grouped into regions that correspond to the U.S. Census Bureau’s
Regions and Divisions. 

Phase 2 (2015): 

• By July 2015, a total of 1,155 visitors have participated in an intercept survey, while 347
visitors have completed an online survey.

• To-date, most participants where out-of-state visitors (89%), visiting from
Massachusetts (18%), New York, (7.5%) New Hampshire (7.2%), and Pennsylvania (7%).
Other states generating significant Maine visitor numbers included Florida, Ohio and
Texas (Table 4). International visitors accounted for 7.1% of non-resident visitors to
Maine.

• An estimated 28% of visitors where visiting Maine for the first time.

• The majority of visitors (30%) planned their trip 1-3 months in advance.
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Table 4 - Top 15 States that Generate Visitors to 
Maine, May-June 2015 • The average summer visitor to Maine

traveled in groups of two (57%), had
completed a 4-year college degree
(37%), and was 58 years old.

• Visitors spent in average two nights in
Maine.

Future Plans 

• Finalize summer, fall, and winter
visitor surveys.

• Analyze spending, travel behavior,
and climate change risk perception
data.

• Share results with stakeholders.

• Conduct economic impact analysis
using IMPLAN.

• Develop assessment methodology.

State of Origin* Percent from Total Number 
of Visitors to Maine 

1. Massachusetts 18.5% 

2. New York 7.5% 

3. New Hampshire 7.2% 

4. Pennsylvania 7% 

5. Connecticut 6.9% 

6. Florida 6.6% 

7. New Jersey 3.6% 

8. Virginia 3.4% 

9. Ohio 2.8% 

10. Texas 2.5% 

11. Maryland 2.3% 

12. Michigan 2.2% 

13. North Carolina 2.1% 

14. California 1.9% 

15. Georgia 1.8% 
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Drone Bee, Sunkhaze Meadows National Wildlife Refuge 

Photo by Pam Wells 
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Conservation Lands & Public Values 
Maine has led the nation in the development and 
application of innovative land conservation tools, 
especially when it comes to private lands and the 
protection of working forests. Maine currently has 
nearly 4 million acres of land protected from 
development. These lands provide a host of public 
and private benefits, ranging from parks and 
working forests, to wildlife habitat and biodiversity 
protection. Together, these protected areas 

provide both recreation and ecosystem services for current and future generations of Mainers, 
and have been protected through the combined efforts of federal (e.g., Forest Legacy), state 
(e.g., Land for Maine’s Future) and a host of municipal and nongovernmental groups, including 
nearly 100 land trusts. 

The landscape mosaic of developed and 
undeveloped lands in the northeastern U.S. has 
progressively changed at various spatial scales in 
response to land use and development pressures, 
socioeconomic influences, expansion of 
transportation networks, and non-uniform state 
and local regulatory frameworks. As ongoing 
processes of urbanization have transformed open 
spaces and agricultural property into developed 
land uses, there has been a remarkable counter-balancing expansion of public and private land 
conservation activities aimed at protecting biodiversity, scenic values, working forest lands, 
ecosystem services, recreational opportunities, and special natural areas in the remaining 
undeveloped land base. Because land use changes and conservation efforts in the region have 
occurred incrementally at multiple scales and in a variety of jurisdictions, it is challenging to 
assess the aggregate impacts of these cumulative land use decisions on environmental quality, 

resilience, and long-term sustainability across the 
overall landscape. 

CRSF’s research program on Conservation Lands & 
Public Values seeks to assist decision makers and 
planners as they look to the future and 
increasingly think strategically about balancing 
land conservation, working lands protection, and 
land development activities. Program activities are 
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designed to: (1) help develop a clear understanding of the current status, extent, and landscape 
patterns of conserved lands across the region; (2) determine what kinds of values and 
conditions are represented in conserved parcels; (3) account for the dominant processes and 
criteria driving conservation activities across the different states of the Northeast; and (4) 
develop tools that help a wide range of stakeholders understand land use change and explore 
alternative future development paths. 

Understanding how these lands are ultimately protected, managed, and valued by current and 
future generations will significantly affect the sustainability of Maine’s communities and related 
forest-based industries, including forest processors and the recreation and tourism sector. As 
an important step in realizing these goals, we have released the Maine Futures Community 
Mapper – an award-winning online tool for assessing land use for forestry, agriculture, 
conservation and development across two large watersheds covering 4.4 million acres in 
Maine. To learn more, visit MaineLandUseFutures.org. 
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Alternative Futures Modeling for the Lower Penobscot 
and Lower Androscoggin River Watersheds in Maine 

Robert J. Lilieholm, Spencer Meyer, Michelle Johnson, Christopher Cronan, Dave Owen, and 
Aaron Weiskittel  
University of Maine 

Progress Report, Year 1 of 3 

Summary:  
We developed stakeholder-derived land use 
suitability scores for nearly 4.5 million acres 
in two large Maine watersheds. The 
suitabilities, developed using Bayesian 
Belief Networks to integrate expert opinion 
and geospatial data, identify areas 
conducive to forestry, agriculture, 
conservation and development. A set of five 
alternative development scenarios were 
generated with stakeholder input to portray 
a range of develop options likely to occur 
over the next 30 years, identifying potential 
conflicts and compatibilities between our 
four land uses. Our research is available to 
the public through an interactive website 
(see http://www.mainelandusefutures.org), and in 2014 won the President’s Research Impact 
Award at the University of Maine. 

Project Objectives   

• The overall goal of the project is to spatially assess the suitability of four critical land
uses across these two watersheds: (1) economic development; (2) forestry; (3)
conservation; and (4) agriculture. In assessing these suitabilities, compatibilities and
potential conflicts can then be identified under a range of stakeholder-defined futures
scenarios.

• Develop alternative future development and conservation scenarios for the two study
watersheds.

• Assess the impact of future development and conservation scenarios on potential
timber supplies for selected regions within the study areas.
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Approach 

• Land use-specific focus groups of 8 to 12 individuals were used to create and
parameterize Bayesian Belief Networks of land suitability.

• Potential conflicts and compatibilities between land uses were explored.

• Stakeholder-derived future development scenarios were used to highlight where land
uses such as forestry and agriculture are likely to be displaced.

Key Findings / Accomplishments 

• Land suitabilities for forestry, development, agriculture and conservation differ
substantially both across our two watersheds and within each watershed.

• Based on Maine’s demographic and economic trends, limited development potential
exists across large areas of
our study watersheds.

• Limited development
pressure in rural areas
suggests that the limited
development that does
take place should be
encouraged to enhance
rather than detract from
the region’s natural and
cultural amenities.

• Land suitabilities and conflicts/compatibilities are available for the public to explore on
our interactive website at www.MaineLandUseFutures.org.

Future Plans 

• For selected areas within our study watersheds, we will examine the potential impact on
timber supplies of various development scenarios.

• Our work has highlighted the importance of economic diversification to the region –
especially in rural areas. Based on this, we have begun to view the Penobscot River
Corridor – i.e., the Bay-to-Baxter region – as an important asset to leverage economic
development and protect quality of life. Two pending grants seek additional funding to
quantify ecosystem services and explore community resilience in the region.
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Partners / Stakeholders / Collaborators 

Maine Department of Environmental protection, Maine Department of Inland Fisheries and 
Wildlife, Maine Forest Service, Maine Coast Heritage Trust, Schoodic Institute, Acadia National 
Park, UMaine Upward Bound, Eastern Maine Development Corp., Orono Land Trust, PenBay 
Regional Land Trust, Androscoggin Valley Council of Governments, Portland Metropolitan 
Planning District, Maine STEM Alliance, Highstead’s Regional Conservation Partnership, Harvard 
University’s NSF RCN-SEES on Forest Scenarios, Services and Society, Lincoln Institute of Land 
Policy. 

Fish going over the dam in Orland, Maine – Photo by Pam Wells 
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Maine Woods Dashboard: Documenting the Economic, 
Ecological, and Social Impacts of Maine’s Forest 

Resource
Robert J. Lilieholm 
University of Maine 

Progress Report, Year 1 of 2 

Summary:  
The Maine Forest Service (MFS) leads efforts to 
report on key measures of forest management 
throughout the state. Specifically, Maine 
statute requires MFS to periodically report on: 
(1) forest resource assessment; (2) forest 
sustainability; (3) the state of Maine’s forests; (4) 
wood processor activity, including imports and exports; and (5) silvicultural activities. In 
addition, MFS also reports on forest inventory and best management practices. These and 
other state and federal activities provide valuable information to a host of stakeholders, making 
timely and accurate reporting paramount. Unfortunately, the dispersed nature of these data – 
including its limited availability in periodic printed reports as opposed to real-time datasets and 
analyses – hinders the capacity for long-term planning and productivity enhancements. This 
project leverages developments in database and web technologies to create a website where 
detailed and customized data queries about all aspects of Maine’s forests can be generated to 
assist forest sector businesses and planning in the face of increasingly complex global markets. 

Project Objectives   

• Create a Maine Woods Data Portal (MWDP) that will house publically available data
related to Maine’s forests and forest sectors.

• Develop a Maine Woods Dashboard (MWD) that will allow users to readily access,
analyze and display data within the MWD.

Approach 

• Phase I: The Maine Woods Data Portal (MWDP) – The MWDP will provide access to all
publicly available, relevant forest resources information. It will combine all available
biophysical and socioeconomic information related to forest management (see MFS
reporting requirements above). Data will be available for download through this portal,
increasing accessibility to currently inaccessible information.

Canada Lily – Photo by Pam Wells
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• Phase II: The Maine Woods Dashboard (MWD) – The MWD will be an outreach tool
based on metrics housed in the MWDP, delivering timely, scientifically credible
information about the economic, social, and environmental conditions and impacts of
Maine’s forests. MWD will host relevant information for a wide range of audiences,
from the general public to business leaders, researchers to students. MWD will allow for
the creation and presentation of data summaries (e.g., graphs, tables, infographics, etc.)
in an easy-to-use graphical interface.

Key Findings / Accomplishments 

• Thus far, website design has been completed, and MFS forest-related databases
secured. Data on timber harvests and processing are currently being entered into the
system. This dataset will be used to develop the suite of analysis and display tools that
will ultimately be available to users on the website.

Future Plans 

• Continue with website development.

Partners / Stakeholders / Collaborators: 

Maine Forest Service 
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Linking Attitudes, Policy, and Forest Cover Change in 
Buffer Zone Communities of Chitwan National Park, 
Nepal 

Jared R. Stapp, Robert J. Lilieholm, S. Upadhaya, Jessica Leahy, Tora Johnson, Tim Waring, 
Carol Kinsey 
University of Maine 

Final Report 

Summary:  
Deforestation in Nepal threatens the 
functioning of complex social-
ecological systems, including rural 
populations that depend on forests for 
subsistence. Nepal’s forests are 
particularly important to the nation’s 
poorest inhabitants, as many depend 
upon them for daily survival. Indeed, 
two-thirds of Nepal’s population relies 
on forests for sustenance, and these 
pressures are likely to increase in the 
future. This, coupled with high 
population densities and rates of 
growth, highlights the importance of studying the relationship between human communities, 
forest cover and trends through time, and forest management institutions. Here, we explore 
how household attitudes associated with conservation-related behaviors in two rural 
communities in southern Nepal – one that has experienced significant forest loss, the other 
forest gain – compare with forest cover trends as indicated by satellite-derived forest loss and 
regeneration estimates between 1989, 2005 and 2013. We then constructed an agent-based 
model to explore the dynamics between land use, land cover, population growth and 
conservation policies. 

Project Objectives   

• Quantify changes in forest cover in and around Chitwan National Park between 1989
and 2013.

• Understand household views towards forests and forest conservation in communities
experiencing the greatest forest loss, and greatest forest gain.
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• Develop an agent-based model to explore the dynamics between land use, land cover,
population growth and conservation policies.

Approach 

• Landsat imagery was used for the years 1989, 2005, and 2013 to compute a normalized
difference vegetation index (NDVI) to analyze trends in forest cover for 36 buffer zone
village development committees
(VDCs).

• In high-forest-loss and high-forest-
gain VDCs, a household survey was 
developed to elicit information about 
resident views towards forests (e.g., 
use, dependence, conservation), and 
the willingness to adopt conservation-
oriented technologies (e.g., fuel-
efficient stoves and home biogas). 

• In total, 114 individuals were
surveyed – 60 in Bachauli VDC, and 54 
in Narayani VDC. The response rate was 
100%. 

• NetLogo was used to develop the
agent-based model using remote-
sensed forest change data and data extracted from our household surveys.

Key Findings / Accomplishments 

• We found a significant difference in attitudes in the two areas studied, perhaps
contributing to and reacting from current forest conditions and trends.

• In both study sites, participation in community forestry strengthened support for
conservation, supportive forest conservation-related attitudes aligned with forest cover
gain in recent years, and a negative relationship was found between economic status
and having supportive forest conservation-related attitudes.

• On average, respondents were not satisfied with their District Forest Officers and did
not feel that the current national political climate in Nepal supported sustainable
forestry. These findings are especially important as Nepal’s Master Plan for the Forestry
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Sector has expired and the country is in the process of structuring a new Forestry Sector 
Strategy. 

Future Plans  

• Complete publication process for two articles under review.

Bluebird – Photo by Pam Wells 
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Family Forests 
The Family Forests Program serves the 
estimated 120,000 private, individual 
forest landowners who own 5.7 million 
acres of forest land in Maine. These 
landowners, who own between 1-1,000 
acres each, have largely been 
underserved in research and outreach 
that would enhance their forest 
stewardship. Therefore, the mission of 
the Family Forests Program is conduct 
to conduct applied scientific research 
and outreach that contributes to the 
sustainable management of Maine’s 
family forests for desired products, 
services, and conditions in partnership 
with Maine’s family forest stakeholders. 
These stakeholders range from the Small Woodland Owner Association of Maine (SWOAM), 
USDA Family Forest Research Center, UMaine Cooperative Extension, American Tree Farm 
System (ATFS), Maine Forest Service (MFS), Natural Resources Conservation Service (NRCS), 
USDA State and Private Forestry, American Consulting Foresters (ACF) and other consulting 
foresters, Professional Logging Contractors of Maine and forest management firms offering 
services to family forest owners (e.g., Prentiss and Carlisle, LandVest, etc.).  

The Family Forests Program has pursued three general lines of research and outreach over the 
last year: (1) Developing and implementing social work models of landowner engagement and 
outreach; (2) Applying risk theory and other social science theories to predict woody biomass 
supply from family forest lands; and (3) Surveying the knowledge, attitudes, and behaviors of 
landowners toward invasive forest pests such as the emerald ash borer and Asian long-horned 
beetle.  

Accomplishments include $161,795 in research and outreach funding from a variety of sources 
including the Northeastern States Research Cooperative, Small Woodland Owner Association of 
Maine, the U.S. Department of Agriculture, and the National Science Foundation (SSI).  

Two Old Friends - Wells Forest – Photo by Pam Wells 
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Anticipating Emerald Ash Borer and Asian Longhorned 
Beetle in the Northern Forest: Opportunities for 
Community Leader and Landowner Cross-boundary 
Cooperation in Managing Forest Pests 
Jessica E. Leahy, Janet Gorman, John Daigle, 
Sandra De Urioste-Stone, Crista Straub, and 
Stephanie Snyder 

University of Maine 

Progress Report Year 2 of 3 

Summary: 
As nonnative invasive insects such as the 
emerald ash borer (Agrilus planipennis) and 
Asian longhorned beetle (Anoplophora 
glabripennis) permeate the Northern Forest and move closer to Maine, an exigent need arises 
to create cross-boundary management plans involving a variety of stakeholders. In order to 
create and implement effective early detection and long-term management against these 
forest pests, specific stakeholders such as community leaders and landowners must be 
recognized and understood. This study will focus on analyzing community trust and attitudes 
towards cross-boundary cooperation. In addition, trust and risk perception among an existing 
landowner dataset will be examined in order to better anticipate public reaction upon the 
arrival of one or both forest pests in Maine. 

Project Objectives   

• To determine commonalities between landowners who are willing to engage in forest
pest management behaviors versus those who are unwilling in order to better anticipate
reactions to new or continued forest pest management.

• To link community leader trust and attitudes about cross-boundary cooperation to
management behavioral intentions.

• To apply relevant social theories to stakeholder attitudes in order to anticipate public
reaction to various levels of forest pest management.

Approach 

• We will conduct qualitative interviews with community conservation leaders, who are
members of town government such as city planners, town managers, conservation
commissioners, and mayors.

Asian Longhorned Beetle – Photo courtesy of the
Nature Conservancy 
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• Areas of New Hampshire that have been impacted by emerald ash borer will be a
starting point for interviews, with three geographic study sites: infested communities,
quarantine zone communities, and non-infested/non-quarantined nearby communities.

• We will also conduct quantitative surveys with landowners, who own between 10 and
1,000 acres in Maine, Vermont and New Hampshire. These study participants will be
randomly selected from public tax records.

Key Findings / Accomplishments 

Interviews were conducted with 18 community conservation leaders and are still ongoing. The 
overall response rate to the survey was 38% with 1,389 returned surveys across all three states. 
The survey results showed that landowners in Northern New England are concerned about 
forest pests (Table 5), yet are not very knowledgeable about forest pests (Table 6).  

Landowners would like to learn more about how to identify forest pests (Table 7), where to 
report an insect, and what to do if they find a suspicious insect. They would prefer to learn 
about forest pests through websites and newsletters rather than social media. Most 
landowners have not looked for forest pests, but many plan to do so in the future, especially 
after reading outreach material about forest pests. 

Table 5 - Concern about Emerald Ash Borer (EAB) 

Not at all 
concerned 

(1) 

Slightly 
unconcerned 

(2) 

Somewhat 
concerned 

(3) 
Concerned 

(4) 

Extremely 
concerned 

(5) 

Total 
responses* Mean 

In your 
state 2% 1% 32% 28% 36% 313 3.97 

In your 
community 1% 2% 20% 30% 47% 313 4.20 

On your 
own land 1% 2% 18% 22% 57% 312 4.34 

*This question was included only in the EAB Risk perception versions of the Survey
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Table 6 - How severe of a problem would Emerald Ash Borer (EAB) be… 

Within the next five 
years, how severe of 
a problem would it 
be? 

Not at 
all 

severe 
(1) 

Slightl
y 

severe 
(2) 

Somewha
t severe 

(3) 

Sever
e 

(4) 

Extremel
y severe 

(5) 

Total 
responses

* 

Mea
n 

For the forest 
products industry in 
your state 

3% 7% 38% 26% 26% 276 3.68 

If emerald ash borer 
was discovered on 
your property 

6% 10% 35% 19% 30% 279 3.57 

For the biodiversity 
of forests in your 
state 

3% 9% 38% 29% 21% 273 3.57 

If emerald ash borer 
was discovered in 
your community 

3% 9% 43% 24% 22% 280 3.54 

For town and 
roadside trees 4% 9% 41% 24% 23% 269 3.53 

If emerald ash borer 
was discovered in 
your state 

3% 10% 46% 22% 20% 279 3.47 

For the scenic 
beauty of the state 6% 14% 33% 27% 20% 274 3.41 

For your timber 
values 13% 13% 32% 24% 18% 274 3.2 

For Native 
American basket 
makers in your state 

11% 14% 43% 19% 14% 264 3.1 

For your property 
values 14% 19% 36% 18% 14% 276 2.98 

For recreation and
tourism in your state 13% 19% 39% 16% 13% 275 2.97 

For your control 
over your land 24% 18% 31% 16% 11% 271 2.73 

To lose tree for 
which you have 
sentimental value 

22% 23% 30% 15% 11% 273 2.7 

For your privacy 23% 23% 33% 10% 10% 274 2.61 
*This question was included in all EAB version of the
Risk perception surveys 
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Table 7 - Social acceptability of actions (Emerald Ash Borer detection and management items) 

Would you be willing to...? Strongly 
disagree 

(1) 
Disagree 

(2) 

Neither 
agree nor 
disagree 

(3) 
Agree 

(4) 
Strongly 
agree (5) 

Total
Responses* Mean

Host a purple prism trap 2% 1% 20% 22% 55% 291 4.26 
Comply with emergency orders 
restricting harvested wood 
movement 

2% 5% 20% 24% 49% 295 4.15 

Allow officials to monitor 
predaceous wasps 
(biosurveillance) if a wasp 
colony is present  on my land 

6% 3% 16% 26% 49% 298 4.10 

Allow officials onto property to 
properly identify forest pests 4% 4% 18% 27% 47% 297 4.09 

Allow preventive treatment on 
my land 3% 4% 24% 26% 42% 293 3.98 

Support biological control 4% 3% 28% 25% 41% 288 3.96 

Work with my neighbors to 
prevent the spread of forest pests 2% 4% 30% 31% 33% 295 3.89 

Girdle an ash tree on my 
property to serve as a trap tree 7% 2% 25% 28% 38% 287 3.86 

Talk with my neighbors to share 
information about forest pests 2% 7% 28% 31% 32% 296 3.84 

Attend a training to learn how to 
identify forest pests 5% 4% 30% 31% 30% 296 3.78 

Attend public meetings to learn 
more about forest pests 4% 7% 29% 29% 31% 296 3.77 

Avoid planting ash trees on my 
property 6% 6% 34% 21% 33% 294 3.69 

Allow harvesters to come cut 
trees and chip to one inch in two 
dimension chips that too small 
for larvae to survive 

13% 9% 35% 20% 22% 288 3.30 

Participate in developing a 
community response plan 8% 11% 43% 21% 17% 294 3.28 

*This question was included in all EAB version of the Risk
perception surveys 
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Future Plans 

In the future, we will continue with the qualitative interviews of community conservation 
leaders. Janet Gorman intends to finish her MS degree in the next year. Peer reviewed journal 
articles will be forthcoming in the next year, as well.  

Funding 

Maine Department of Agriculture, Conservation and Forestry 

Maine Agricultural and Forest Experiment Station 

Partners / Stakeholders / Collaborators 

Maine Department of Agriculture, Conservation and Forestry 

New England Forest Pest Council 

Green Winged Teal Duck – Photo by Pam Wells 
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Understanding and Informing Family Forest Owner 
Decisions of Intergenerational Land Transfer to Ensure 
Working Forested Landscapes 

Jessica Leahy and Kathleen Bell 
University of Maine 

Progress Report, Year 1 of 3 

Summary: 
Family-owned tree farms, known simply as "family forest lands" provide tremendous amounts 
of wood products and ecosystem services in the U.S, particularly in the northeast where 52% of 
the land is held by family forest owners (FFOs). Due to an aging landowner population, in the 
coming years, almost half of the FFOs in the U.S. 
will be deciding the future of their land (i.e., 
convert to another use, parcelize, conserve). 
These decisions will be the most important 
determinants of the viability of working forests, 
because forest cover loss and parcel size 
reductions eliminate or lessen forest 
management opportunities. Stabilizing the forest 
land base by stemming the tide of conversion and 
parcelization is critical to ensuring a future of 
viable and competitive working forested 
landscapes. The project team, made up of the 
Universities of Massachusetts, Maine, Vermont 
and Cornell aim to help stabilize the forested land 
base by working to ensure that a significant 
proportion of FFO lands are passed from one 
generation of landowners to the next with 
minimal amount of forest conversion and 
parcelization. The research component of this 
project will use landowner interviews and a mail survey to better understand how FFOs make 
decisions about the future of their land. These research findings will inform regional extension 
programs that use peer network and train-the-trainers approaches to help inform FFO 
decisions. By working to stabilize the land base in this way, this project will assist in maintaining 
a viable forest industry, and, ultimately, vibrant rural communities. 

Jessica Leahy, Co-author 
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Project Objectives   

• Gain a better understanding of the timing and influences of bequest decisions in the
northeast region.

• Use research findings to develop effective conservation-based estate planning extension
resources and programs.

• Amplify the reach of extension efforts through the development and training of a
network of professionals and peer landowners.

• Inform the land bequest decisions of family owned tree farms and help them move
forward in the conservation-based estate planning process by providing them with links
to more experienced peers and knowledgeable professionals.

Approach 

This research will involve cognitive interviews to gain a more in-depth understanding of 
landowner thought processes regarding bequest and for survey development and pre-testing. 

We will use draft survey questions to hold a series of cognitive interviews with FFOs living and 
owning land in the previously-defined priority areas of the four northeastern states. The 
feedback we obtain from an initial round of testing will enable us to review and modify a 
questionnaire.  

In addition to developing a survey instrument, the cognitive interviews will involve asking semi-
structured questions that probe our understanding of landowner motivations for bequest 
(traditional and conservation bequests), barriers to bequeathing land, the estate planning 
decision process, and issues that were identified in previous extension and research.  

Having developed and tested our survey instrument, we will implement a mail survey in the 
priority landscapes of the four states with FFOs owning at least 10 acres of land. FFO survey 
recipients in Maine, Massachusetts, Vermont and New York will be randomly identified. We will 
use the Dillman’s Tailored Design Method (Dillman et al. 2009) as a method for administering 
the survey.  

The final research step involves developing and analyzing a state-of-the-art behavioral model of 
bequest motivation grounded in economic theory.  

Key Findings / Accomplishments 

A pre-screening survey was developed and administered across all four states. Initial results 
showed that there was a distribution of succession and estate planning actions taken by 
landowners. There was no detected non-response bias. Analysis is ongoing.  
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Approximately 50% of the qualitative interviews are completed with more ongoing.  

The interviews are leading to new understanding about how the transtheoretical model applies 
to succession and estate planning.  

Future Plans  

Analysis of the pre-screening survey will continue, as well qualitative interviews. An extensive 
survey will be conducted in 2016 and will serve as the basis for the econometric model.  

Hermit Thrush – Photo by Pam Wells 
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Resolving a Critical Question in Predicting Woody 
Biomass Supply to the Northern Forest Industry: 
Understanding Willingness to Harvest from Small 
Woodland Owners  

Emily Silver Huff and Jessica Leahy 
University of Maine 

Final Report 

Summary: 
Predicting and understanding timber supply is 
one central component to the viability of the 
bioenergy industry. This study seeks to 
understand the knowledge, attitudes, and 
willingness to harvest timber for bioenergy 
markets. Thirty-two semi-structured interviews 
were conducted with private woodland owners who 
had previously harvested timber, had never 
harvested timber, and had harvested timber for woody biomass markets.  Results indicate that 
private woodland owners have little knowledge of biomass harvesting, but a desire to learn 
more. Attitudes toward biomass harvesting are mixed, with negative attitudes about nutrient 
removal, poor economics, and it being a poor end-use for wood products. Positive attitudes 
towards biomass pertained to fossil fuel replacement, a use for low-quality wood, and 
strengthening Maine’s forest economy.  Some owners expressed a willingness to supply timber 
for biomass, but not all that had harvested for bioenergy markets would do so again. These 
results help provide insight to available timber supply for the bioenergy industry and provide an 
assessment of landowner awareness of timber harvesting options (Table 8).  

Project Objectives   

• Create a comprehensive literature review on woodland owner attitudes towards
multiple aspects of timber harvesting and woody biomass harvesting, in particular,

• Identify current policies and regulatory mechanisms that relate to landowner perception
of biomass harvesting,

• Examine risk perception of small woodland owners specifically related to harvesting
timber for biomass production, and

Pulp Grade Harvest – Photo by Pam Wells
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• Provide recommendations to state and local policy makers, town planners, regional
conservation groups, and the forest products industry that suggest ways to provide
outreach to small woodland owners and build collaborations between landowners,
loggers, and biomass facilities.
Table 8 - Significant Predictors in the Decision to Harvest Timber by Private Woodland Owners 

Approach 

• We conducted a literature and policy review, to explore existing survey data and
interview transcripts for relevance to our study. Following this exploration of secondary
data, we conducted semi-structured interviews with 32 landowners owning between
10-2,800 acres in Maine, Vermont, and New Hampshire. We recruited interview
participants using the networks within landowner associations, state forestry agencies,
Cooperative Extension, and others.

Key Findings / Accomplishments 

• Key accomplishments in this final year were three peer-reviewed publications and a
dissertation. The graduate student involved on this project secured full-time, permanent
employment as a Research Forester with the USDA Forest Service.

• Timber harvesting behavior literature has increased over time with the vast majority of
papers using a mail survey or an empirically-based economic model. Of the 81 articles
that focused on timber harvesting behavior, 25 used a statistical technique that
predicted intended or actual timber harvesting behavior. The variables that significantly
predicted timber harvesting were parcel size, total forested acres, living on the forested
land, and income. Researchers believe a mix of qualitative (i.e. focus groups and
interviews) and quantitative (e.g. surveys) methods are best, but few studies utilize
both. Additionally, the impact of landowner risk perception, in relation to a harvesting
decision, has not been extensively studied.  Many studies purportedly studied behavior,
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but actually measured stated preference or attitudes. Few studies validated stated 
preferences or attitudes by measuring observable harvesting behaviors. 

• Definitions of biomass harvesting and bioenergy were highly variable and typically
concern the type of harvest or the post-processing of woody materials. Knowledge of
biomass harvesting and the bioenergy industry in Maine was low while the desire for
more information is high. Attitudes toward biomass harvesting were mixed, with
negative attitudes about nutrient removal, poor economics, and it being a poor end-use
for wood products. Positive attitudes towards biomass pertained to fossil fuel
replacement, a use for low-quality wood, and strengthening Maine’s forest economy.
Willingness to harvest biomass was low, and often context dependent (e.g. if another
harvest were taking place already). Reactions to biomass harvesting scenarios (i.e.
transportation, destination, end use, byproduct use) revealed that the majority of
landowners do not care what happens after the wood leaves their property. Those that
cared were primarily concerned that the energy recovered from their wood did not
exceed the energy used to make a particular product. The landowners who had
harvested biomass for bioenergy production were not qualitatively different from those
who had not. They still expressed negative attitudes and sometimes an unwillingness to
harvest despite having harvested for bioenergy previously. Risks to the forest included
diseases and pests, and development pressure (Figure 2).

Figure 2 - Percentages of land ownership in Maine totaling roughly 7 million forested hectares  
(a) and percentages of wood use by the Maine timber industry (b) 

Funding 

University of Maine’s Sustainability Solutions Initiative, NSF Sustainable Energies Pathways, and 
Northeastern States Research Cooperative 

Partners / Stakeholders / Collaborators 

Small Woodland Owners of Maine, Maine Forest Service, American Forest Foundation, Forest 
Bioproducts Research Initiative 
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Commercial Forests (CFRU) 

Maine’s commercial forests cover the northern half of the state 
and provide the backbone of the state’s annual $8 billion forest 
products economy. These private landowners manage large tracts 
of land that involve complex decisions about a wide variety of forest resource issues over long 
periods of time. To help meet this challenge, these landowners recognized the need long ago 
for a strong applied research program to provide new information about how to best manage 
their lands. As a result, they partnered with the University of Maine in 1975 to form the 
Cooperative Forestry Research Unit (CFRU).  

The mission of the CFRU is to “conduct applied scientific research that contributes to the 
sustainable management of Maine’s forests for desired products, services, and conditions.” 
Currently composed of 35 private and public forestland management organizations, wood 
processors, conservation organizations, and other members, the CFRU guides and supports 
research on key issues facing Maine’s forest landowners and managers. These members 
represent 8.3 million acres, or half of Maine’s forestland. The CFRU is one of the oldest 
industry/university forest research cooperatives in the United States, and serves as a model for 
stakeholder-driven research at the University of Maine. 

This year, the CFRU raised $505,025 in member contributions and leveraged an additional 
$614,716 (48%) in extramural grants and in-kind support. Research from the past year focused 
on three primary areas: silviculture and productivity, growth & modeling, and wildlife habitat. 
Project highlights include 10-year results from the CTRN, an analysis of the third-wave of 
treatments for the Austin Pond study, new research to document the long-term effect of 
whole-tree harvesting on biomass production, evaluation of LiDAR coverage from a wide range 
of stand structures and species compositions, growth & yield data on the effects of 
management on future forest growth, analyses of harvesting on snowshoe hare habitat and 
Canada lynx diet, and an ongoing study of bird community responses to forest management. 

CFRU Members: 

Appalachian Mountain Club 

Baskahegan Corporation 

Baxter State Park, SFMA 

BBC Land, LLC 

Canopy Timberlands Maine, LLC 

Clayton Lake Woodlands Holding, LLC 

Downeast Lakes Land Trust  

EMC Holdings, LLC 

Field Timberlands 

Forest Society of Maine 

Frontier Forest, LLC 

Huber Engineered Woods, LLC 
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Irving Woodlands, LLC 

Katahdin Forest Management, LLC 

LandVest 

Maine Bureau of Parks & Public Lands 

Mosquito, LLC 

New England Forestry Foundation 

North Woods Maine, LLC 

Plum Creek Timber Company, Inc. 

Prentiss and Carlisle Company, Inc. 

ReEnergy Holdings, LLC 

Robbins Lumber Company 

SAPPI Fine Paper 

Seven Islands Land Company 

Simorg North Forest LLC  

Snowshoe Timberlands, LLC 

St. John Timber, LLC 

Sylvan Timberlands, LLC 

The Forestland Group, LLC 

The Nature Conservancy 

Timbervest, LLC 

UPM Madison Paper 

Wagner Forest Management

 

  

 

Pre-harvested mixed Stand – Photo Pam Wells 
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CFRU PROJECT SUMMARIES 

Silviculture & Productivity 

 

Commercial Thinning Research Network (CTRN)  

Robert Wagner, Patrick Clune, and Brian Roth  
University of Maine 

Status: Progress Report, Year 2 of 4  

Summary:  
A 10-year analysis of results from the CTRN was completed this year. Growth & yield, residual stand 
structure, wood products, and financial value were compared following various commercial thinning 
methods (low, crown, dominant), removal intensities (33% and 50%), and timing of entry (thin 
immediately, delay 5 years) using two separate experiments on 12 study sites on CFRU member 
lands across northern Maine. Results from a completed MS Thesis (Clune 2013) indicated that older 
(34–70-year-old) spruce-fir stands that never received precommercial thinning (PCT) should not be 
commercially thinned (CT) from above due to wind losses to the residual stand. If CT is desired in 
older stands, low thinning by 33% produced the most resilient stand structure with highest net 
present value.  

In younger (23–42-year-old) fir-spruce stands that received PCT, all CT treatments improved residual 
stand structure and increased growth over the unthinned control. Greatest gains in stem diameter 
resulted from 50% delayed thinning, while greatest increase in net merchantable volume periodic 
annual increment occurred with 50% early CT. Highest financial gains occurred with 33% early CT. If 
the objective was to increase mean tree size and reduce the age at which trees reach a minimum 
size, delayed CT at higher intensity removal (50%) was best. If the objective was to increase stand 
value and financial returns, early CT at medium intensity (33%) was indicated. 
 

Austin Pond Study: Third Wave of Treatments to Assess 
Rotation-length Outcomes for Silvicultural Options in 
Maine’s Northern Forest  
 
Brian Roth and Patrick Hiesl 
University of Maine 

Status: Final Report  

Summary:  
The third and final year of installing a third wave of treatments and evaluating harvesting 
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productivity at Austin Pond was completed. During the winters of 2012-13 and 2013-14, the Austin 
Pond research site was commercially thinned using cut-to-length (CTL) and whole-tree (WT) 
harvesting systems in PCT and non-PCT stands, respectively. Thinning prescriptions consisted of 
three nominal removal intensities (33%, 50%, and 66% of the standing softwood volume) in a 
randomized block design. Stand density, basal area, hardwood content, and removal intensity were 
not significant in explaining variation in harvester and feller-buncher productivity. The unit cost of 
production of wood chips using a WT system was less costly than the production of roundwood 
using a CTL system; however, profits were similar for both products harvested. 

 

Weymouth Point: Monitoring the Effects of Whole Tree 
Harvesting and Intermediate Silvicultural Treatments on 
Long-term Spruce-Fir Productivity  
 
Brian Roth, Robert Wagner, Robert Seymour, Aaron Weiskittel, Andrew Nelson,  
and Mohammad Bataineh 
University of Maine 

Status: Progress Report, Year 1 of 1  

Summary:  
Despite continued interest in the long-term effects of whole-tree harvesting (WT), there are only a 
limited number of locations in New England where these effects can be quantified. One such 
location is CFRU’s Weymouth Point paired watershed study, where aboveground biomass was 
measured 32-years following harvesting (Briggs 2000, Smith 1984). In the summer of 2014, a 
network of fifth-acre plots was re-established from across three existing experiments and an 
inventory was completed. Silvicultural treatments included precommercial thinning and fertilization. 
Aerial LiDAR data were collected, a detailed digital elevation model created, and a depth-to-water 
table map was generated. Next steps will be to use these data to estimate biomass, analyze for 
differences between treatments, and examine relationships with drainage class. 
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Assessment of Productivity and Costs for Logging 
Equipment in Maine’s Forest Industry  
 
Jeffrey Benjamin and Patrick Hiesl  
University of Maine 

Status: Final Report  

Summary:  
Cycle time and productivity models for harvesting equipment commonly used in Maine’s logging 
industry were developed for partial harvest operations. Time consumption data were collected per 
work cycle for each machine and productivity values were developed using tree volumes estimated 
with samples of dbh and tree height for individual species. Data were collected from seven whole-
tree partial harvests with initial stand densities between 411 and 1,027 trees per acre. Basal area 
ranged from 109 to 238 square feet per acre. Removal intensities ranged from 15% to 67% of the 
initial basal area. Data were collected from five cut-to-length partial harvests with initial stand 
densities between 537 and 1,948 trees per acre. Basal area ranged from 116 to 203 square feet per 
acre. Removal intensities ranged from 25% to 90% of the initial basal area. Key variables that 
influence cycle time and productivity are stem size and number of stems per accumulation (feller-
bunchers); stem size and species grouping (cut-to-length processor and stroke delimbers); skidding 
distance and load size (grapple skidders); and forwarding distance, log volume and logs per load 
(forwarders). 
 

Effects of mechanized Harvesting Operations on Residual 
Stand Conditions  
 
Jeffrey Benjamin, Eric R. Labelle, Robert Seymour, Brian Roth, and Ivan Fernandez  
University of Maine 

Status: Progress Report, Year 1 of 3  

Summary:  
Post-harvest stand condition, including residual stems and soil properties, is greatly influenced by 
mechanized operations and harvest trails in particular. Studies from other regions have considered 
the effect of trails on regeneration, crown closure and growth of nearby trees but there is a need to 
consider the influence of the trails on stand condition for this region in particular. Whole tree (WT) 
harvesting is often associated with extensive soil disturbance ranging from removal of the forest 
floor to severe compaction and rutting. A site disturbance assessment was conducted as part of the 
Weymouth Point paired watershed study to quantify the extent and magnitude of soil disturbance 
following mechanized harvesting, and an opportunity exists to re-evaluate regeneration and growth 
of crop trees three decades after harvest. Recent soil compaction studies in New Brunswick for cut-
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to length (CTL) harvest systems provide great insight into site conditions following harvest, but there 
is a need to continue this research for WT harvest sites.  

This study will determine the effects of mechanized harvest operations on residual stand condition 
and ultimately on the long-term growth of Maine’s mixed wood forests. Specifically, this project will 
investigate the impact of soil disturbance on spruce-fir productivity 32 years following WT 
harvesting at the Weymouth Point paired watershed study. We will also establish a network of 
permanent research plots at 10 new harvest sites to (1) assess the impact of trails, site disturbance 
and soil compaction on residual stem growth, and (2) quantify damage to residual stems and 
determine the effect of wound size and severity level on future growth and quality. A team of 
experts in forest soils and stand development has been assembled from the University of Maine, the 
Northern Hardwood Research Institute, the Natural Resources Conservation Service, and 
engineering consultants to evaluate site disturbance (10-point qualitative scale and detailed terrain 
models pre- and post-harvest), soil compaction (nuclear moisture and density gauge and laboratory 
determined soil properties) and stem damage (wound size and severity ratings). 

 

  

 
Penobscot River – Photo by Pam Wells 
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Growth & Modeling 
Extending the Acadian Variant of FVS to Managed Stands 
 
Aaron Weiskittel1, Chris Hennigar2, and John Kershaw2 

1University of Maine and 2University of New Brunswick 

Status: Final Report 

Summary:  
Most forest growth & yield models do not adjust their predictions for certain management activities 
such as precommercial or commercial thinning, which can lead to significant biases. This project's 
primary goal was to modify the Acadian variant of the Forest Vegetation Simulator (FVS-ACD) to 
account for the primary forest management activities in the region. To accomplish this, an extensive 
regional database of individual tree measurements from different forest management regimes was 
compiled. Component equations of FVS-ACD were then tested for performance in the managed 
stands and modified accordingly. In particular, precommercial and commercial thinning were found 
to significantly modify growth following treatment and the response was governed by a variety of 
different factors. These modifiers were incorporated into FVS-ACD and this should ensure proper 
representation of key forest management activities in the region. Continual improvement and 
modification will be completed as new data becomes available. 

Linking LiDAR and Ground-based Forest Inventory Plots for 
Improving Estimation of Key Attributes  
 
Aaron Weiskittel1 and John Kershaw2 

1University of Maine and 2University of New Brunswick 

Status: Final Report  

Summary:  
LiDAR is emerging as a prominent technology for measuring key forest attributes like standing 
volume and dominant height. Limited research has been conducted on the effectiveness of LiDAR in 
structurally-complex, mixed-species forests that dominant in Maine. This project was initiated to 
evaluate the performance of LiDAR across a range of stand structures and species compositions that 
are typical for the region. In the process, a variety of important issues with using LiDAR for 
operational forest planning were evaluated including robustness of developed prediction models, 
sample size and selection method for model calibration, and the effect of prediction tile size on 
overall accuracy. We found that LiDAR is a promising tool that deserves further exploration, but 
there are some potential issues that need to be resolved. 
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Depth-to-Water Table Mapping for Maine using Latest 
DEM Coverage  
 
Mark Castonguay, Jae Ogilvie, and Paul Arp  
University of New Brunswick 

Status: Final Report  

Summary:  
The objective of this project was to provide CFRU members with updated wet area maps (WAM) for 
their lands. The previous maps built by CFRU were developed in 2005-06, but improved digital 
elevation maps (DEM) for the state since then provided an opportunity to greatly improve the 
accuracy of these maps. The analysis was conducted using the latest available geospatial data 
sources (National Elevation Dataset – NED via USGS) at multiple resolutions (1/3 and 1/9 arc-second 
– 10 m and 3 m where available). Contiguous / continuous, updated spatial maps of base elevation 
DEM, predicted sub-surface wetness (WAM), and enhanced hydrological flow network (unmapped 
streams) were created through various algorithm / GIS data processing methods. Approximately 27 
million acres (including all of Maine and watersheds beyond the state borders that influenced water 
flow) were remapped / updated at 10m resolution (with and without the inclusion of wetlands), and 
3.5 million acres at a finer 3 m resolution (without wetlands). 

 
Incorporating Young Hardwood Stand Responses to 
Various Levels of Silviculture and Stand Composition into 
New CFRU Growth & Yield Models  
 
Andrew Nelson, Robert Wagner, and Aaron Weiskittel  
University of Maine  

Status: Final Report  

Summary:  
This report completes the third and final year of this project. We used an established experiment on 
the Penobscot Experimental Forest to: (1) examine the response of early successional stands to 
combinations of two management intensities (with and without enrichment planting and different 
levels of vegetation control) and three compositional objectives (hardwood, mixedwood and 
conifer); (2) compare the biomass production of planted white spruce and hybrid poplar plantations 
(four clones) in monoculture and in mixture of the two on a typical reforestation site in Maine; and 
(3) develop branch, crown and vertical leaf area distribution models for various hardwood species. A 
PhD dissertation was completed and three journal papers were published. 
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Wildlife Habitat 
Relationships among Forest Harvesting, Snowshoe Hares, 
and Canada Lynx in Maine  
 
Sheryn Olson and Daniel Harrison  
University of Maine  

Status: Final Report  

Summary:  
We investigated whether snowshoe hare pellet densities were different between two seasons 
across three forest stand-types: regenerating (RG) coniferous-dominated (19-39 years post-harvest), 
selection harvested (SEL) mixed coniferous-deciduous (8-18 years), and mature (42-80 years). We 
then evaluated which vegetation characteristics most strongly influenced hare densities between 
seasons across 26 forest stands. Hare densities, indexed by pellet densities, were measured semi-
annually in 41 stands from 2005–2012. Densities were significantly higher during leaf-off (winter) 
than leaf-on (summer) periods in RG stands, but not in mature or SEL stands. Pellet densities were 
greater in RG than other stand-types during both seasons, and unexpectedly, significantly higher 
during the leaf-on season. These results suggest greater winter survival or movement to RG from 
summer to winter, and relatively higher summer survival and juvenile recruitment in RG. Seasonal 
differences in pellet densities across 26 stands were most strongly influenced by conifer sapling 
density [68% relative importance weight (RIW)] and total sapling density (11% RIW). During the leaf-
off season when snow may interact with vegetation, the strongest influence on pellet densities was 
percent understory coverage of all conifer foliage (RIW 88.9%). 

During 2014 we also completed our investigations of lynx food habits which were targeted at 
evaluating whether lynx are less specialized on hares at the southeastern limit of their range. We 
documented food habits using scats genetically confirmed as lynx during a summer-lower (2007-
2012, 0.92 hares/ha, n=199 scats) and a winter-higher (2001-2006, 1.98 hares/ha, n=125) hare 
density period. Lynx had higher dietary breadth during the summer-low compared to the winter-
high hare density period (F4,322=0.0068). Frequency of occurrence of hares in lynx diets declined 
during the summer-low (75.2%, n=230 food item categories) period compared to during the winter-
high (92.1%, n=127) hare density period. Despite evidence that lynx broaden their dietary niche 
during summer, high occurrence of hares in lynx diets during both seasons and across periods of 
changing hare density indicate that lynx are obligatory specialists on snowshoe hares near the 
southeastern limit of their geographic range. These results suggest that management for high-
density snowshoe hare habitat should be a continued focus of lynx conservation in this region. 
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Patch Occupancy, Habitat Use, and Population 
Performance of Spruce Grouse in Commercially Managed 
Conifer Stands  
 
Stephen Dunham and Daniel Harrison 
University of Maine  

Status: Progress Report, Year 3 of 4  

Summary:  
This study investigates patterns of breeding season patch occupancy, brood rearing home range 
characteristics, and annual survival trends of spruce grouse among stands representing 5 forest 
management treatments in Maine. During the 2012-2014 breeding seasons (May-June) and brood 
rearing seasons (June-Aug) we conducted repeated call-back surveys in 28-41 stands annually, 
which represented mature conifer/mixed stands, regenerating conifer-dominated clearcuts, two 
ages of precommercially thinned stands, and selection harvests. Responding grouse were captured 
and marked with colored leg bands, and females were equipped with a necklace mounted VHF 
transmitter. Marked individuals were monitored regularly until brood break-up (October 1). 
Vegetation data was collected both within the surveyed stands and within the home ranges of 
marked birds. Preliminary results indicate that males have a high probability of occupancy within 
the studied stands (~76%) and that they are more likely to be found in stands with increased density 
of conifers > 3 inches dbh and in stands with presence of dead limbs near the ground. Additionally, 
females were more likely to occupy previously clearcut and precommercially thinned stands, 
especially stands with relatively less dense overstory canopy and with increased lateral cover and 
edible cover (food resources with a height <0.5 m). 

 

Bird Communities of Coniferous Forests in the Acadian 
Region: Habitat Associations and Responses to Forest 
Management  
 
Brian Rolek, Daniel Harrison, Cynthia Loftin, and Petra Wood 
University of Maine  

Status: Progress Report, Year 2 of 3  

Summary:  
We sampled birds across sites located within the Acadian Forest Region, which coincides roughly 
with Bird Conservation Region 14 in the United States. In 2013, we established survey points in the 
North Maine Woods (Clayton Lake and Telos), Baxter State Park, and four National Wildlife Refuges 
(Nulhegan Basin Division of Silvio Conte NWR, Umbagog NWR, Moosehorn NWR, and Aroostook 
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NWR). In 2013, we surveyed 110 forest stands with approximately 3 to 8 survey locations per stand 
for a total of 609 sampled points. In 2014, we added 48 points in 7 stands to increase sample size in 
shelterwood harvests, increasing total samples to 657 point locations in 117 stands. Across all study 
areas, we recorded 19,431 detections of 123 bird species in 2013 and 22,784 detections of 134 bird 
species in 2014. We adapted methods from the Forest Inventory Analysis and Breeding Bird 
Research and Monitoring Database to measure vegetation at the location of each point count. Data 
collected included an array of structural and compositional measurements. We completed 1,320 
vegetation plots and measured 15,024 trees during those surveys. 

forests and wetlands, are being harvested at accelerating rates in Maine. The goals of this project 
are to increase our understanding of the effects of commercial forest management in northern 
Maine on patterns of habitat occupancy, habitat use, and reproductive success of spruce 
grouse.   Data collection across a range of stand conditions is ongoing and consists of occupancy 
surveys, home range analysis of broods, and monitoring of survival and brood rearing success of 
adult females. 

 

  

 
Spruce Grouse, Wells Forest – Photo by Pam Wells 
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Partnerships & Initiatives 
An important dimension of the CRSF’s mission is collaboration with other programs that can help 
advance research on various aspects of forest resources. These initiatives and partnerships 
strengthen our overall mission by leveraging funds, facilities, and talent, as well as fostering 
interdisciplinary cooperation on key issues facing forest resources.  

For example, CRSF provided state leadership this year through in the Spruce Budworm Task Force to 
prepare a risk assessment and preparation plan for the coming outbreak in northern Maine. The 
CRSF also leads Theme 3 of the Northeastern States Research Cooperative (NSRC), which provides 
competitive research funding for projects that advance understanding about forest productivity. 
The CFRU is part of the National Science Foundation’s Center for Advanced Forestry Systems 
(CAFS), which provides funding with nine other industry/university forest research cooperatives 
across the country. CRSF is the home for the Howland Research Forest, which is part of the national 
Ameriflux network measuring the atmospheric flux of carbon dioxide. CRSF is also a partner in 
Forests for Maine’s Future, which provides a social media and website connection on important 
forest resource issues with the general public. In addition, CRSF partners with other UMaine 
research centers on collaborative projects, including the Sustainability Solutions Initiative (SSI) and 
Forest Bioproducts Research Institute (FBRI). 

In addition to the aforementioned stakeholders, this year CRSF participated in the following 
strategic partnership and initiatives: 
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Spruce Budworm 
Assessment & 
Preparation Plan 
 

About 40 years ago, the spruce budworm (SBW) was 
devastating spruce-fir forests across northern Maine. This 

outbreak was a regional event covering more than 130 million acres across Quebec, Northern New 
England, and the Maritime Provinces of Canada. That outbreak lasted about 15 years (1970-85) and 
shaped the forest, forestry politics, and careers of most foresters during this period. It was during 
this period that the CFRU also was formed to help forest landowners work together with the 
University of Maine to meet the challenges associated with the SBW.  

Returning on a natural 30-60 year cycle, the next outbreak is now at Maine’s doorstep. The current 
outbreak began in Quebec in around 2008 and has spread to cause severe defoliation on over 10 
million acres of spruce-fir forest. Insect traps in northern Maine and New Brunswick have captured 
steadily increasing SBW moth counts over the past several years, and defoliation of spruce-fir stands 
is within a few miles of Maine’s northern border. Therefore, Maine is likely only 2 to 3 years away 
from seeing the first defoliated trees. 

To help Maine prepare for the coming outbreak, the CFRU, 
Maine Forest Service, and Maine Forest Products Council 
formed a joint SBW Task Force in 2013. More than 65 
experts contributed to task teams this year to address:  

• Monitoring strategies, 

• Forest management strategies, 

• Protection options, 

• Policy, regulatory & funding issues, 

• Wildlife habitat issues, 

• Public communications & outreach, and 

• Research priorities. 

 

The findings of the Task Force were compiled into a draft 
report that was released for public review in 2015. The 
report includes a detailed risk assessment and nearly 70 
recommendations for how Maine’s forestry community can begin preparing for and responding to 
the coming outbreak. The final report will be released in March 2016.  
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Center for Advanced Forestry 
Systems (CAFS) 

 
Bob Wagner and Aaron Weiskittel  
This year saw the completion of the fifth year of Phase I for the UMaine site under the Center for 
Advanced Forestry Systems (CAFS). CAFS is funded by the National Science Foundation (NSF) 
Industry/University Cooperative Research Centers Program (I/UCRC) in partnership with CFRU 
members. CAFS is a partnership between CFRU members and I/UCRC to support a University of 
Maine research site for CAFS. CAFS unites ten university forest research programs with forest 
industry members across the US to collaborate on solving complex, industry-wide problems at 
multiple scales. The mission of CAFS is to optimize genetic and cultural systems to produce high 
quality raw forest materials for new and existing products by conducting collaborative research that 
transcends species, regions, and disciplinary boundaries. CAFS is a multi-university center that works 
to solve forestry problems using multi-faceted approaches and questions at multiple scales, 
including molecular, cellular, individual-tree, stand, and ecosystem levels. Collaboration among 
scientists with expertise in biological sciences (biotechnology, genomics, ecology, physiology, and 
soils) and management (silviculture, bioinformatics, modeling, remote sensing, and spatial analysis) 
is at the core of CAFS research. 

Phase 1 of CAFS contributed $70,000 per year to the center as long as CFRU members contributed a 
minimum of $300,000 per year to support the work of the site. This past year of CAFS funding jointly 
supported the advancing growth and yield models in commercially thinned stands in the Northeast. 
Using CAFS support, Patrick Clune (MS student) and Dr. Mohammad Bataineh modeled the growth 
of stands and individual trees in the CTRN.  

This year, Bob Wagner and Aaron Weiskittel submitted a successful proposal to NSF for the Maine 
CAFS site to enter Phase II of the I/UCRC. In Phase II, NSF will provide $60,000 per year for 5 years if 
CFRU members contribute a minimum of $350,000 per year. Detailed proposals for CAFS research 
will be developed by Wagner and Weiskittel in the coming year. 

CFRU staff and several Advisory Committee members represented the Maine CAFS site at the 
Seventh Annual CAFS Industrial Advisory Board (IAB) Meeting held May 20-22, 2014 in Coeur 
d'Alene, ID. The meeting was well attended by scientists, graduate students, and forest industry 
representatives who met to review and approve all CAFS projects nationwide. CFRU looks forward 
to another 5-years of collaboration with the NSF I/UCRC through CAFS. 
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The Northeastern States Research 
Cooperative (NSRC) 
The Northeastern States Research Cooperative (NSRC) is a competitive 
grant program funded by the USDA Forest Service that supports cross-

disciplinary, collaborative research in the Northern Forest — a 26-million acre working landscape 
that is home to more than one million residents and stretches from eastern Maine through New 
Hampshire and Vermont and into northern New York.  The NSRC addresses the importance of the 
Northern Forest to society and the need for research to have relevance and benefit to the people 
who live there, work with its resources, use its products, visit it, and care about it.  

The program is jointly directed through the USDA Forest Service, Northern Research Station, and a 
designated institution in each of the four Northern Forest states: The Rubenstein School of 
Environment and Natural Resources at the University of Vermont, the University of New Hampshire 
in cooperation with the Hubbard Brook Research Foundation in New Hampshire, the Center for 
Research on Sustainable Forests at the University of Maine, and the State University of New York 
College of Environmental Science and Forestry.  

Since 2001, the NSRC has awarded over 295 research grants, totaling over $22 million, to 
researchers throughout the region. Each year, the NSRC supports Northern Forest research that fits 
into four research themes: 

Theme 1 (Vermont): Sustaining Productive Forest Communities: Balancing Ecological, Social, and 
Economic Considerations 
Theme 2 (New Hampshire):  Sustaining Ecosystem Health in Northern Forests 
Theme 3 (Maine): Forest Productivity and Forest Products 
Theme 4 (New York): Biodiversity and Protected Area Management 

 
Theme 3 at CRSF 

NSRC Theme 3 is managed by the CRSF and supports research that will quantify, improve, and 
sustain productivity of the products-based economy of the Northern Forest.  Aspects of primary 
interest include underlying biological processes, management practices, and methods of prediction 
that will influence future wood supplies and forest conditions.  Dr. Bob Wagner and Meg Fergusson 
manage the NSRC within CRSF. 

During FY 2013-14, four new project proposals on the Northern Forest were approved for funding 
through Theme 3, while CRSF continues to support over a dozen ongoing NSRC projects granted in 
past years.  Summaries of the final reports from past projects and progress reports from current 
Theme 3 projects follow (full reports available on the NSRC web site at nsrcforest.org). 
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NSRC THEME 3 FINAL REPORT SUMMARIES 
Managing an Aging Resource:  Influence of Age on Leaf 
Area Index, Stemwood Growth, Growth Efficiency, and 
Carbon Sequestration of Eastern White Pine 
 
Robert S. Seymour 
University of Maine 

Progress Report, Year 4 

Summary: 
The main goal of this study was to quantify the key attributes of the production ecology of 
eastern white pine over a 200+-year chronosequence, for the purpose of formulating optimal 
rotations and regeneration strategies for the maturing pine resource of New England. Objectives 
are to: 

1. Quantify the effects of age and stand density on leaf area index (LAI), following the models of 
Long and Smith (1992) and DeRose and Seymour (2010). 

2. Quantify the stemwood and total above-ground productivity (biomass, Carbon) and growth 
efficiency over this same chronosequence. 

3. Compare the patterns documented to those predicted by the Fire and Fuels Extension of the 
Forest Vegetation Simulator (Dixon 2001). 
 

Objective 1 was fully addressed by Adam Bland’s MS thesis, as fully documented therein as well as 
in my 2013 progress report. Before he left our graduate program last year, Nathan Rutenbeck was 
working on addressing objectives 2 and 3.  Limited progress was made, owing to Rutenbeck’s 
part-time status and other responsibilities (teaching assistant, etc).  A proposal was submitted to 
the Cooperative Forestry Research Unit to fund a remeasurement of these plots, but despite a 
strong vote in favor by the CFRU Advisory Committee, was not funded owing to budget priorities 
and other program limitations.  My tenure as Cooperating Scientist for CFRU has ended, and I 
have not resubmitted this proposal. 

Since the last progress report, all plots were visited twice to collect litter samples and make 
additional tree and plot measurements.  A backlog of litter samples was partially reduced, but not 
eliminated, owing to our difficulty finding students to work in the lab. The funds remaining in last-
year’s account were largely spent for this purpose, leaving a bit over $100 remaining in the 
account. While not ideal, the extension of this project has allowed collection of three additional 
years of litterfall data which, once fully analyzed, will add strength and validation to the leaf area 
predictions made from allometric equations. We will make every effort to get these samples 
processed and analyzed by March 2016, so that a final report can be prepared. PI Seymour is still 
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looking for another graduate student to take over this study; we were unable to recruit one last 
fall. 

A manuscript documenting the white pine density management diagram developed by Adam 
Bland is nearly ready for submission to Forest Science (Applied). Another paper addressing 
Objective 2 from Bland’s thesis is also in preparation, likely for the Canadian Journal of Forest 
Research. 

Kate Baldwin has requested that I give a NSRC-sponsored webinar on this and other white-pine 
related projects, which I plan to do early in 2016. 

  

 White Pine Stand, Wells Forest – Photo by Pam Wells 
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Potential Impacts of Alternative Future Land Uses on 
Forest Management and Wood Supply across Maine 
 
Spencer R. Meyer  
Yale University 
 
Progress Report Year 3 of 4 
 
Summary: 
Maine is the most heavily forested state in 
the United States, with 95% of its forests in 
private ownership. These forests support 
rural economies across the state through 
forest-based manufacturing as well as 
outdoor recreation and tourism. Maine’s 
rural character, attractive quality-of-place, 
and relatively low land cost continues to 
encourage development, which in turn places pressure on private forest resources. The likely 
prospect of future development poses a risk to the wood supply upon which Maine’s forest 
products economy relies. In this project, we are using a mixed-methods approach that combines 
land use planning with an assessment of the wood supply that could be affected by future 
development patterns. Using Bayesian belief networks (BBN), we integrated geospatial data and 
expert opinion to development land suitability models for four land uses (development, forestry, 
conservation and agriculture) across two major watersheds. Initial projections of future 
development suggest limited impact on timber supplies. Land parcelization, however, is likely to 
be more of a concern in the short-run. 

Project Objectives:    

• Create spatial maps of future development in selected locations in Maine. 

• Summarize current development impact on forests. 

• Project future forest cover and volume. 

• Evaluate trends and spatial patterns of impacts of future development on forests. 

Approach: 

• Focus groups were used to solicit stakeholder input on landscape/parcel factors affecting 
suitability for four key land uses – development, forestry, conservation and agriculture 
(Figure 3). 

 
Log Yard – Photo by Pam Wells 
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• Bayesian belief networks (BBN) were co-developed with stakeholders from the focus 
groups. These networks combined expert knowledge with over 100 geospatial datasets to 
spatially identify areas of suitability for our four land uses. 

• All stakeholders were convened to review and comment on BBN output. At these 
workshops, we also solicited a set of alternative future development scenarios (Figure 4). 

• An agent based model was used to apply stakeholder-derived scenarios under varying 
assumptions across our two study areas (Figure 5). 

• The intersection between likely future development and productive forestland will be 
used to estimate future timber supply impacts (Figure 6). 

 

Key Findings / Accomplishments:  

Stakeholders were able to serve a critical role in developing land use specific BBNs for our two 
Maine watersheds. The all-stakeholder workshop led to a successful set of future scenarios  

Scenario generation is difficult. Most scenarios envision slight changes to the status quo. In our 
case, the Penobscot River Watershed has lost several major pulp and paper mills. The magnitude 
of the change in processing capacity far outweighed anything our stakeholders might have 
envisioned. A lesson learned is that “unrealistic” scenarios that forecast significant change have a 
role to play in futures analyses. 

The anemic rate of development in Maine following the 2008 financial crisis continues to linger. 
This suggests that, at least for the immediate future, timber demand/processing capacity is a 
more critical concern and limiting factor than the traditional focus on the amount of forestland 
and fiber supply.  



68 
 

 

Figure 3 - Complete suitability maps for both watersheds 

 
 

 
Figure 4 - Scenario matrix for future development, forestry, conservation,  

and agriculture trends, based on input by stakeholders. 
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Figure 5 - Scenario results for 2036 showing changes in land use categories. 

 
Figure 6 - First phase of spatial analysis to determine extent of impact of  

development and changing land use on forest cover. 

Future Plans 

• Further refine future development scenarios 

• Refine agent based model to better predict development in rural areas 

• Use forest BBN suitability measures and USDA Forest Service FIA data to estimate lost 
forest acreage and fiber productivity due to future development 
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Influence of Commercial Thinning on Resistance to and 
Recovery from Defoliation in Spruce-Fir Forests 
 
Michael E. Day and C. J. Langley 
University of Maine 

Progress Report, Year 2 of 3   

Summary:  
Recent decades have experienced an increasing interest in thinning treatments to enhance 
productivity in spruce-fir forest types, resulting in the establishment of a large scale study by the 
University of Maine Cooperative Forest Research Unit (CFRU). The Commercial Thinning Network 
study, supported by funding from large-scale landowners, has made substantial progress in 
understanding effects of spacing treatments in spruce-fir silviculture, but how thinned stands will 
respond to repeated defoliation in a budworm outbreak remains unclear. Studies have repeatedly 
demonstrated that stand recovery is highly correlated with spruce-fir composition. However, 
studies comparing spaced and unspaced stands have provided mixed results on survival and 
recovery of productivity 

The study attempts to quantitatively establish the influence of thinning treatments on potentially 
the two most important tree-level variables related to survival and re-establishing post-
defoliation productivity in spruce-fir: foliar resistance to larval feeding and ability to recover leaf 
area after repeated defoliation. The results will directly illuminate the physiological basis for the 
differential post-defoliation recovery of spruce and fir, provide input for process-based predictive 
modeling relating thinning to recovery from defoliation. In addition, this research will establish a 
baseline for a second-phase study on resource dynamics following artificial defoliation of 
individuals in thinned and unthinned stands. 

Project Objectives    

1. The overarching objective of this study is to establish the physiological basis for greater 
mortality and loss of productivity associated with balsam fir than red spruce following 
defoliation by spruce budworm larvae. Specific hypotheses/questions are: 
 

2. Increased carbohydrate reserves (non-structural carbohydrates, NSC) enhance recovery 
from defoliation in red spruce compared to balsam fir. 
 

3. Post-defoliation foliage in red spruce is more robust due to greater lignin (phenolics) and 
tannins stimulated by feeding on needles, providing red spruce with enhanced resistance 
in multiple years of defoliation. 
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4. The ability to establish NSC reserves for post-defoliation recovery and production of more 
robust foliage is enhanced by precommercial thinning treatments by increased resource 
availability. 

Approach 

• Compare non-structural carbohydrate reserves in red spruce and balsam fir trees at three 
thinned and non-thinned CFRU Thinning Study sites. 

• Experimentally manipulate branches in spruce and fir trees in the thinned treatments by 
(1) removing all foliage and (2) cutting existing foliage in half to simulate insect feeding. 

• Compare responses in new foliage to simulated feeding treatments by quantifying 
phenolics content. 

Key Findings / Accomplishments  

• Samples of bole wood, large roots, large branches and fine branches were processed in 
 lab for total non-structural carbohydrates (NSC: sugars + starch). 
 

• Data for NSC were analyzed for species, thinning treatment and organ effects 
. 

• Calibration curves were developed for photospectrometric analysis of non-structural 
phenolics. 
 

•  Samples of needles from treatment and control branches were collected and are currently 
 being processed for total non-structural phenolic content. 
 

•  Information on this project has been included in region-wide compendia of research 
  efforts focused on responses to spruce budworm outbreaks. 

Future Plans  

• A full-time graduate student is supported by the project to lead sample and data analysis 
and  will develop a MS thesis based on the results. We anticipate publishing results in 
peer-  reviewed journals and dissemination at regional conferences. 
 

• This field season we are (1) visiting all field sites to collect current year foliage from 
 experimental and control branches, and (2) analyzing foliar samples for phenolic content. 
 

• Results of non-structural carbohydrate analysis are being presented at a meeting of the 
Acadian Entomological Society (August, 2015, Fredericton, NB). 
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• Project results will be tentatively presented at a field meeting of the UMaine Cooperative 
Forestry Research Unit in October, 2015, at the Weeks Brook field site. 
 

• Presentations of project results are planned for the New England annual meeting of the 
Society of American Foresters in March, 2016. 

Products Delivered 

Conference Papers 

Results of non-structural carbohydrate analysis presented at a meeting of the Acadian 
Entomological Society (Fredericton, NB). 

 
 

  

 
Norway Spruce Seedling – Photo by Pam Wells 
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Analysis of Wood Resource Availability in the 
Northeastern United States 
 
Jennifer J. Hushaw 
Innovative Natural Resource Solutions, LLC 

Progress Report, Year 2 of 2   

Summary: 
At the time of this progress report, the majority of the intended spatial data layers have been 
created, representing a suite of terrain, logistic, and market access variables that affect the 
likelihood of harvest in a given area. These datasets will be useful stand-alone products for 
stakeholders interested in particular questions related to wood resource availability, but the final 
phase of the analysis will also involve an aggregation of these data layers into a single map of 
relative harvest likelihood for the entire study area. Now that the data acquisition and analysis 
phases have largely been completed, we will begin compiling the documentation, user-friendly 
downloadable products, and other enhancements that will make these data accessible and useful 
for a wide variety of stakeholders.  

Project Objectives    

• Spatially map and quantify the accessibility of wood supply in the northeast region, using 
variables related to the environmental, social, management or logistical constraints to 
harvesting.  

• Generate regression models to predict the effect of parcelization on operable forest 
property size.  

• Facilitate utilization of generated data layers by producing thorough documentation, 
making them freely available for download on-line, and by integrating them with an 
existing wood supply modeling tool. 

• Compile all data layers into a final map of the relative likelihood of harvest.  

• Identify existing data gaps.  
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Approach 

• Use ArcGIS software to create spatial datasets that represent real-world factors that affect 
harvest accessibility of standing timber, such as distance from roads, protected areas, 
stream buffers, existing harvest demand, and others.  

• Convert each data layer to a binary format that represents the presence or absence of a 
barrier to harvesting, where a ‘barrier’ is a condition that increases the environmental, 
social, or financial cost of harvest operations (e.g. areas within stream buffers are a barrier 
with a higher ‘cost’ than areas without). 

• Combine all binary data layers to produce a cost surface, where ‘high cost’ areas have 
multiple harvest barriers present (e.g. protected area within a stream buffer in steep 
terrain) and ‘low cost’ areas have few barriers to accessibility. This acts as a proxy 
representation of the relative likelihood of harvesting – the greater the cumulative ‘cost,’ 
the lower the likelihood of harvesting. 

• Use individual parcel boundary data from towns across the Northern Forest region, in 
conjunction with land cover data and data on land protection status, to identify parcel size 
distribution and the size distribution of individual parcels of forest land.  Use regression on 
data from the U.S. Census to predict the size distribution of forest parcels for towns that 
do not have publically-available parcel boundary data. 

 

Key Findings / Accomplishments  

• Completed a spatial analysis of access to low-grade wood markets. 

• Completed analysis of variable riparian buffers based on state-specific BMPs, as applied to 
waterbodies, streams, and wetlands in the region. 

• Created a Voronoi map based on point features representing road bridges that met a 
certain trucking weight limit threshold. 

• Created a data layer representing limits to road access based on typical maximum skidding 
distance.  

• Compiled an integrated dataset of protected areas and conservation easements where 
there are some harvesting limitations in place. 
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• Compiled town-level parcel data for Maine, New Hampshire, Vermont, and New York, and 
performed a pilot analysis using New Hampshire data.  Currently extending the analysis to 
the full data set with a goal of mapping forest parcelization impact for the entire Northern 
Forest over the next month.  

Future Plans  

• Creation of harvest likelihood map combining all data layers.  

• Creation of tabular datasets summarizing each data layer by town.  

• Thorough documentation of data sources and methodology used to generate each 
dataset. 

• Packaging spatial and tabular datasets for download. 

• Incorporate results into an existing wood supply modeling tool (Northern Forest Biomass 
Project Evaluator: www.nefainfo.org/BPE.html)  

 

Products Delivered 

Presentations / Workshops / Meetings / Field Tours 

Ducey, M.J. 2014. Poster: Spatial data for modeling wood resource availability in the Northeastern 
     United States. Eastern Canada-United States of America Forest Sciences Conference, 7th  
     ECANUSA, October 17, 2014, Rimouski, Quebec, Canada.  
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A Long-Term Perspective on Biomass Harvesting: 
Northern Conifer Forest Productivity 50 Years after 
Whole-Tree and Stem-Only Harvesting  
 
Laura Kenefic 
USDA Forest Service, Northern Research Station  
 
Progress Report, Year 1 of 2 

Summary:  
Beginning summer 2014, 23 permanent sample plots (PSPs) were installed in Compartment 33, 
located within the Penobscot Experimental Forest (Figure 7).  Treatments include an unharvested 
reference, whole-tree harvesting (WTH), and stem-only harvesting (SOH). For analysis, stand 
attributes such as basal area (m2/ha), total volume (m3/ha), merchantable volume (m3/ha), total 
biomass (Mg/ha), stem density (#/ha), quadratic mean diameter (cm), average height (m), and 
percent hardwood biomass for all live trees within the unharvested reference, WTH, and SOH 
units were calculated and compared. In addition, total biomass and volume were calculated for 
both standing dead trees and down woody debris as well as regeneration density by species. Soil 
and foliage samples were collected and processed through the Maine Agricultural and Forest 
Experiment Station (MAFES). Statistical analysis revealed differences in average aboveground 
species biomass, with more aspen (Populus spp.) in WTH units. Results were presented at both 
national and international conferences.  

Project Objectives  

• Quantify site productivity (soil and foliar nutrients) and stand attributes (biomass and 
composition) 50 years after treatment in a designed experiment of clearcutting with WTH 
and SOH  

• Determine the effect, if any, of incremental (SOH vs WTH) biomass removal on 
productivity  

• Synthesize our findings with those from other studies of WTH in the Northern Forest (e.g. 
Roxby 2012, Roxby and Howard 2013, Roth et al. in progress) to provide insight for future 
sustainable biomass harvesting guidelines  

Approach  

• At each PSP, height, diameter at breast height (dbh, 1.37 m), and species of living and 
standing dead trees were measured for stand structure and composition analysis  
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• For plant-available nutrient measurements, we installed ion exchange resin membranes 
(IERMs) at the bases of two red maple (Acer rubrum) and two balsam fir (Abies balsamea) 
trees demonstrating dominant characteristics within each unit (i.e., each tree had one 
cation and one anion IERM strip placed side by side, at a distance ~10x the dbh of the tree, 
azimuth of 180°)  

• Foliage samples were then obtained on the upper 1/3 canopy from each of those trees, 
targeting the current year’s growth  

• Down woody debris ≥ 10 cm in diameter was measured using modified Brown’s transects 
on all PSPs (van Wagner 1968, Brown 1971, Brown 1974)  

• Regeneration up to < 1.37 m in height was inventoried on all PSPs  

• Depth of the ‘O’ horizon within the soil was measured, as well as both parent material and 
soil drainage type confirmed in field, for use as potential explanatory variables on all PSPs  

Key Findings / Accomplishments  

• May – August 2014: 4 permanent sample plots (PSPs) were installed in the unharvested 
reference area, 7 within WTH experimental units (EUs), and 5 within SOH EUs, in 
Compartment 33.  

o Both stand structural attribute data and soil and foliar samples collected on each PSP  

• July 2014: Basal area (ft2/ac) and trees per acre summary statistics presented during New 
England Society of American Foresters (NESAF) Management and Utilization Working 
Group Tour, Penobscot Experimental Forest  

• July – August 2014: 315 IERM extracts and 62 foliage samples submitted to MAFES for 
processing  

o Plant-available nutrient results returned August 2014  

o Foliage sample results returned March 2015  

• July – December 2014: Data analysis for stand structural attributes completed  

o Key Finding: Statistical analysis of standing live, aboveground biomass revealed 
differences in average species biomass, with more aspen (Populus spp.) in WTH units, 
regardless of soil drainage type  
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• October 2014: Presentation of findings at 2014 International Union of Forest Research 
Organizations (IUFRO) World Congress, Salt Lake City, UT (Oral Presentation), AND 2014 
Society of American Foresters National Convention, Salt Lake City, UT (Oral Presentation)  

• May – June 2015: Installation of 6 PSPs within stem-only harvest with burn (SOHB) EUs 
and 1 PSP within an SOH EU, in Compartment 33 (Figure 7).  

o Only stand structural attribute data collected  

o Collected for comparison of stand structural attributes between SOH and SOHB  

 

 

 

Figure 7 - Map of Compartment 33 plot centers and extents. 
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Future Plans  

• July 2015 – June 2016: Muñoz will complete data analysis, producing three chapters in her 
dissertation dedicated to this project  

o Chapters will be submitted for publication, targeting Forest Ecology and Management 
and other natural resource journals  

Chapter 1: Comparison of WTH and SOH stand structural and compositional attributes (no 
comparison to unharvested reference)  
Chapter 2: Comparison of WTH, SOH, and Unharvested Reference soil and foliar nutrition  
Chapter 3: Comparison of SOHB and SOH stand structural and compositional attributes  
 

• December 2016: Presentation of all results at Muñoz dissertation defense  

Products Delivered  

Presentations / Workshops / Meetings / Field Tours  

Muñoz, B. 2014. A Long-Term Perspective on Biomass Harvesting: Northern Conifer Forest 
     Productivity 50 Years after Whole-Tree and Stem-Only Harvesting. New England Society 
     of American Foresters (NESAF), Management and Utilization Working Group Tour, July 
     24, 2014, Penobscot Experimental Forest, Bradley, ME. 
    
Muñoz, B., L. Kenefic, A. Weiskittel, I. Fernandez, J. Benjamin, and S. Fraver. 2014. A Long- 
    Term Perspective on Biomass Harvesting: Northern Mixedwood Forest  Productivity 50 
     Years after Whole-Tree and Stem-Only Harvesting. International Union of Forest 
     Research Organizations (IUFRO) World Congress, October 7, 2014, The Salt Palace 
     Convention Center, Salt Lake City, UT.  
 
Muñoz, B., L. Kenefic, A. Weiskittel, I. Fernandez, J. Benjamin, and S. Fraver. 2014. 
     Northern Mixedwood Forest Productivity 50 Years after Whole- Tree and Stem-Only 
     Harvesting. Society of American Foresters National Convention, October 10, 2014, The 
     Salt Palace Convention Center, Salt Lake City, UT. 
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How Does Nitrogen Deposition Affect In-stream 
Dissolved Organic Nitrogen Processing and Its Role in 
Regulating Watershed Nitrogen Export? 
Madeleine M. Mineau 
Earth Systems Research Center, University of New Hampshire  

Final Report 

Summary: 
We investigated the effect of nitrogen (N) deposition on dissolved organic nitrogen (DON) uptake 
and the coupling of dissolved organic carbon (DOC) and DON in forested headwater streams in 
the northeastern US.  In fall 2012, we found that DON uptake decreased as inorganic nitrogen 
availability increased across sites but DOC uptake was unrelated to N availability resulting in the 
decoupling of DOC and DON uptake.  However, this pattern did not occur during the following 
summer or fall.  We think that N demand was high in fall 2012 due to biofilms accruing following 
“super storm Sandy” which resulted in the high demand for DON where inorganic N was low.  N-
acquiring enzyme activity was significantly higher in the stream with the highest DOC. When we 
experimentally increased nitrate concentration in a stream while simultaneously measuring DOC 
and DON uptake, we found that DON uptake increased and DOC uptake was not affected. 

Project Objectives 

• Understand how in-stream demand and processing affects DON export from 
northeastern U.S. forested watersheds across a gradient of N deposition 

• Understand how inorganic nitrogen availability affect the coupling of dissolved organic 
carbon and dissolved organic nitrogen in forested headwater streams 

Approach 

• Reach-scale DOC and DON uptake measurements in 6 streams across gradient of ambient 
and experimentally elevated N deposition. 

• Reach-scale DOC and DON uptake measurements with experimental manipulation of 
nitrate concentration. 

• DOC and DON bioavailability assays 

• Biofilm microbial enzyme activity measurements 
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Key Findings / Accomplishments (July 2014 – June 2015) 

• Contrary to our hypothesis, experimentally increasing nitrate concentration increased 
DON uptake and did not affect DOC uptake. This does provide supporting evidence that 
DOC and DON processing can be decoupled and influenced by inorganic nitrogen 
availability however, these results are contrary to our previous findings that increased 
nitrate availability reduced DON uptake. 

 

 

 

 

 

  

Allison Price collecting water samples 
during a DOC-DON uptake 

measurement at the Catskills sites. 

Madeleine Mineau collecting  
biofilm samples for microbial  

enzyme activity assays. 
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Silvicultural Effects on Environmental Conditions and 
Resulting Aboveground Productivity and Carbon 
Sequestration of Northeastern Mixedwood Forests 
 
Andrew Nelson, Robert G. Wagner, Michael E. Day, and Ivan J. Fernandez 
University of Maine 

Final Report 

Summary: 
Early successional forests in Maine comprise nearly 12% of all forestlands in the state, yet 
their response to different intensities of silviculture is poorly understood. One way to 
understand the mechanisms driving silvicultural responses is to study quantify resource 
capture and resource-use efficiency of individual trees and stands. Therefore, the goal of this 
project was the explore resource capture and resource-use efficiency of trees and stands in 
the SIComp experiment on the Penobscot Experimental Forest in eastern Maine. SIComp 
consists of factorial treatment combinations of silvicultural intensity and species 
compositional objectives. The distinct developmental trajectories provide an ideal setting to 
explore mechanistic drivers on forest productivity in the region.  

First, we developed individual tree leaf area models for common early successional species in 
the region. We found that species differed considerably in the amount of leaf area they 
produce and how the leaf area was partitioned within their crowns. These models were then 
linked with SIComp inventory data to examine temporal changes in stand leaf area index (LAI) 
in response to the contrasting silvicultural treatments. Although LAI was reduced considerably 
in all treatments, LAI approached pre-treatment values seven years after treatment but 
shifted LAI to different species groups. LAI in both the conifer-dominated and mixedwood 
stands were shifted to conifer species and shade tolerant hardwood species, while LAI in 
hardwood-dominated treatments remained in shade intolerant hardwood species. 
Treatments also affected the vertical partitioning of LAI though the canopy, with the most 
rapid upward partitioning occurring in shade intolerant species. In contrast, conifer species 
allocated LAI laterally even after release. Last, we explored how contrasting growing 
conditions (plantations vs. natural stands) affected light capture and light-use efficiency of 
individual white spruce trees. For the average sized tree, trees in plantations absorb 
substantially more light than trees in natural stands due to lower neighborhood competition. 
In comparison, the efficiency that captured light was converted to aboveground biomass was 
greater in natural stands than plantations, likely due to the moderate shade tolerance of 
white spruce. Overall, the results from this project provide initial findings to better 
understand the coexistence of multiple species in early successional stands in Maine that may 
assist in the refining silvicultural prescriptions and modeling efforts. 
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Project Objectives 

• Light capture and light-use efficiency can be directly assessed using light-intercept 
models, providing a mechanistic understanding of how trees respond to neighborhood 
growing conditions 
 

• Examining patterns in light capture and use efficiency in response to silviculture 
provides a broader understanding of the underlying processes affecting growth and 
may assist in refining growth and yield models. 

Approach: 

Individual Tree Leaf Area Models 

• Trees were sampled from the SIComp experiment on the Penobscot Experimental 
Forest in eastern Maine in summer 2011 
 

• Trees were cut at the base and branches were subsampled to develop branch-level 
projected leaf area models 
 

• Branch models were used to predict leaf area of all branches within a tree and 
summed to obtain total leaf area estimates 
 

• Nonlinear regression was used to fit total tree leaf area models by species 

Stand Leaf Area Index 
 

• Leaf area index was estimated for trees in the SIComp experiment on the Penobscot 
Experimental Forest using the individual tree leaf area models developed for trees at 
the site. 
  

• SIComp was designed to explore the effects of factorial combinations of silvicultural 
intensity and species compositional objectives in early successional stands. 
  

• We used eight years of long-term inventory data and individual tree leaf area models 
to examine how treatments affected stand productivity 
 

• Leaf area was summed for all trees within each plot to estimate leaf area index 
 

• Leaf area index was then calculated separately for three broad species groups: shade 
intolerant hardwoods, shade tolerant hardwoods, and conifers. 
 

• Vertical distribution of canopy leaf area index was estimated using the right-truncated 
Weibull distribution models developed for individual trees. 
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• New right-truncated Weibull distribution models were then fit for each treatment plot 
and measurement year for (a) all trees combined, and (b) for the individual species 
groups. 

White Spruce Light-Use Efficiency 

• The study was conducted on the SIComp experiment on the Penobscot experimental 
forest. 
 

• Trees were selected from treatments with contrasting growing conditions: (a) white 
spruce enrichment planting in stands shifted to conifer and mixedwood dominance, 
and (b) white spruce planted in pure and mixed plantations with hybrid poplar trees. 
 

• All trees within a 6 m radius of the focal white spruce tree were identified to species, 
stem mapped, and their size was measured (stem diameter, height, crown width, 
crown length). 
 

• MAESTRA, an individual tree light capture model, was used to estimate the amount of 
light captured by each individual white spruce tree throughout the growing season by 
accounting for the shading by neighboring trees. 
 

• Analysis of covariance was used to explore the effects of distance-weighted 
competition and tree size on light capture and use efficiency across the treatments. 

Key Findings / Accomplishments:  

Our results demonstrate: 

• Early successional hardwood species differ considerably in their strategies for 
producing leaf area and partitioning leaf area within their crowns. 
 

• These different leaf area strategies among species allow for coexistence in mixed-
species stands. 
 

• When scaled to a stand-level, these different strategies help explain some of the 
underlying effects of silvicultural treatments on aboveground productivity. 
 

• White spruce trees growing on contrasting environments differ considerably in light 
capture and light-use efficiency, with trees growing in natural stands exhibiting 
greater efficiency of converting captured light into biomass than plantation trees. 
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Vertical Leaf Area Models: Vertical leaf area distributions for the five naturally regenerated 
hardwood species. Vertical distributions were fit with a right-truncated Weibull distribution from 
the tip of the tree to the base of the crown. Shown are both relative leaf area with relative depth 
into the crown and absolute leaf area with absolute depth into the crown for the averaged size 
tree across species. 

 

White Spruce Light-Use Efficiency: Figures the correlations between APAR and annual 
aboveground biomass increment and the correlation between leaf area and aboveground 
biomass increment. The different lines were estimated with ANCOVA to explore differences in the 
correlations between trees in plantations and natural stands. 
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Future Plans:  

• Expand individual tree leaf area models to more species common on Northeastern 
forests, especially shade tolerant hardwood species. This will provide a better 
understanding of species differences in light capture and coexistence. 

• Assess light-use efficiency of white spruce trees in different treatment once trees 
begin to interact aboveground after crown closure. Then, a better understanding of 
the effects of pure- versus mixed-species forests on light capture an efficiency can be 
assessed. 

• Explore the effects of belowground resource availability on light capture and light-use 
efficiency. 

Products Delivered 

Refereed Journal Publications 

Nelson, A.S., Wagner, R.G., Day, M.E., Fernandez, I.J., Weiskittel, A.R., and Saunders, M.R. In 
     Review. Effects of contrasting growing conditions on aboveground net primary 
     productivity, efficiency, and foliar δ13C composition of juvenile white spruce trees. Trees– 
     Structure and Function. 

Nelson, A.S., Wagner, R.G., Weiskittel, A.R., and Saunders, M.R. 2015. Effects of species  
    composition, management intensity, and shade tolerance on vertical distribution of leaf  
    area index in juvenile stands in Maine, U.S.A. European Journal of Forest Research 134:  
    281-291. 

Nelson, A.S., Weiskittel, A.R., and Wagner, R.G. 2014. Development of branch, crown, and  
    vertical distribution leaf area models for contrasting hardwood species in Maine, U.S.A. 
     Trees– Structure and Function 28(1): 17-30 

Research Reports: 

Nelson, A.S., and Wagner, R.G. 2011. Influence of silvicultural intensity and species 
     composition on the productivity of early successional stands in Maine. In Cooperative 
     Forestry Research  Unit 2011 Annual Report. Edited by B. Roth, Orono, ME. pp. 22-26 

Conference Papers: 

Nelson, A.S., Weiskittel, A.R., Wagner, R.G., and Saunders, M.R. 2012. Vertical  
     distribution and total tree leaf area equations of juvenile trees in eastern Maine. Presented 
     at: Southern Mensurationist 2012 Annual Meeting. Jacksonville, FL. 

Nelson, A.S., Weiskittel, A.R., and Wagner, R.G. 2011. Crown and total biomass equations of  
    young, naturally regenerated hardwood species in central Maine. Presented at: 15th Annual 
    Northeastern Mensurationists Organization Meeting. Quebec City, Quebec, Canada. 

  



88 
 

Future Distribution and Productivity of Spruce-Fir 
Forests under Climate Change: A C omparison of the 
Northeast and the Lake States 
 
Erin M. Simons-Legaard, Aaron Weiskittel, Kasey Legaard, Anthony D’Amato,  
and Brian Sturtevant 
University of Maine  

Progress Report, Year 2 of 3 

Summary: 
The ecologically- and economically-important spruce-fir forests of the Northeast and Great 
Lakes regions are expected to be highly susceptible to the negative effects of climate change, 
as this forest type is already at the latitudinal limit of its southern range within the northern 
United States. This project uses a meta-modeling approach that includes bioclimatic envelope 
models and an integrated forest projection system to explore climate change effects. Within 
this framework, long-term projections of species distributions and productivity under varying 
climate and disturbance regimes are being produced. Species modeling and simulations allow 
for sensitivity evaluation of forest response to climate and disturbance, as well as 
identification of areas of potential refugia for this important forest type. Our goal is to 
improve understanding of how climate change will impact species directly and indirectly 
through interactions with other disturbance agents, including timber harvesting and eastern 
spruce budworm. 

 

Project Objectives 

• Produce high-resolution (temporal and spatial) projections of spruce-fir forest type 
using a meta-modeling framework; 

• Estimate future changes in the distribution and productivity of the spruce-fir forest 
type due to potential changes in climate; 

• Identify physiographic settings that ameliorate the effects of climate change and 
provide refugia for spruce-fir tree species; Evaluate the sensitivity of the projected 
future forest distribution and productivity to disturbance agents like the spruce 
budworm; 

• Compare the findings for the Northeast to similar work being done in the Great Lake 
states to understand key differences between regions. 
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Approach 

• Use an extensive database of forest inventory plots compiled in Year 1, consisting of 
more than 10 million observations from the Northeast (Maine, Vermont, New 
Hampshire), the Great Lakes (Michigan, Wisconsin, Minnesota), and Canada (Ontario, 
Quebec, New Brunswick, Nova Scotia, Newfoundland, Prince Edward Island), to 
identify plots with balsam fir, black spruce, red spruce, or white spruce. 

• Develop bioclimatic envelope models that link species specific data (e.g., 
presence/absence, basal area, stem density) with climate and topographic variables 
using the nonparametric random forest algorithm with balanced sampling. 

• Use envelope models to predict and map the spatial distribution of suitable habitat 
conditions for each species under the ENSEMBLE RCP6 climate model. 

• Compare modeled outcomes with and without the inclusion of historical tree data. 

• Evaluate sensitivity of projected species distributions and future productivity to 
additional disturbance agents such as timber harvesting and eastern spruce budworm 
using the LANDIS-II forest landscape model (Scheller et al. 2007). 

• Develop methods to modify key species parameters, including maximum annual net 
primary productivity (ANPPmax) and probability of establishment (Pest) using PnET-II 
(Aber et al. 1995), in order to model the effects of an increase in annual temperature, 
as is predicted for our study area (i.e., 4-5 °F by 2050; Fernandez et al. 2015). 

Key Findings / Accomplishments 

Balsam fir, white spruce, black spruce, and red spruce were located in 15.4%, 6.6%, 9.1%, and 
4.1% of plots, respectively. 

Occurrence models yielded excellent statistical results, as measured by area under the 
operating curve (AUC), with AUC > 0.90 for all species, and maps of likelihood of occurrence 
revealed strong correspondence with patterns of basal area concentration (Figure 8). 

Abundance models performed well but not as well as presence/absence models and with 
greater differences between species. White spruce was consistently the most difficult species 
to accurately predict with the lowest R2 (65-68%), whereas black spruce models were the 
most accurate (87-88% R2). Overall, abundance models were good at detecting mid-range 
values, but overestimated low abundance and underestimated high abundance. 

Occurrence and abundance models exhibited similarity in regards to selected variables. The 
predictor variable PRMTCM (i.e., the ratio between growing season precipitation and mean 
annual precipitation multiplied by the mean temperature in the coldest month) was always 
high ranking, indicating that areas where winter precipitation matches or exceeds growing 
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season precipitation and mean temperature in the coldest month is lower than the average 
of the study area are suitable habitat for the species considered in this analysis. 

Projections from the bioclimatic models suggest a net loss of suitable habitat for all species in 
the future as result of climate change. 

Maps generated for the years 2030, 2060, and 2090 suggest that suitable habitat for white 
and black spruce will disappear from the U.S. by 2060 and from the Acadian Region by 2090 
(Figure 9).  Patches of suitable habitat for balsam fir and red spruce are projected to remain in 
the U.S. ca. 2060, but dwindle to only a few located at high altitudes along the Appalachian 
Mountains by 2090. 

In addition to persistence in some areas, projections further suggest that suitable habitat will 
expand north of the Acadian Region for balsam fir and white spruce, and north and east for 
red spruce. Black spruce is likely to occupy regions past the northern extent of the study area 
used in this analysis. 

The inclusion of historical tree data into the analysis (321, 5, 33, and 544 additional plots 
respectively for balsam fir, white spruce, black spruce, and red spruce) was influential on the 
predictions of suitable habitat for all species, suggesting persistence in areas that models 
would have otherwise indicated recession (Figure 9). 

Preliminary results from forest landscape modeling suggest that interactions between climate 
change and timber harvesting may contribute to declines in balsam fir and white spruce, but 
provide some amelioration for black and red spruce (Figure 10). 

Compared to a timber harvesting only scenario, projections of area dominance under 
harvesting and climate change suggest that the positive effect of timber harvesting on balsam 
fir regeneration in particular will be negatively offset by increasing temperature if there is no 
additional precipitation to reduce soil moisture stress. White spruce, which projections also 
suggest garners some regeneration benefit from timber harvesting, will likely experience a net 
loss of forest area with climate change. 

By comparison, differences in area dominance between scenarios are positive for red and 
black spruce. This difference appears to be a partial result of the negative effect of climate 
change on paper birch and red maple. As a consequence, rates of site turnover from red or 
black spruce to intolerant hardwoods are reduced with climate change. 
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Figure 9 - Predicted occurrence (>50% likelihood), with and without historical data, for each species in 2030, 
2060, 2090 under the ENSEMBLE RCP6 climate scenario. Additional areas of suitable habitat predicted with 
the inclusion of historical data are shown in red. Adapted from Andrews (2015). 
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Future Plans 

In Year 3 of this project we will be continuing our use of LANDIS-II to model and explore 
interactions between climate change, timber harvesting, and spruce budworm 

 

Products Delivered 

These: 

Andrews, C. 2015. Modeling and forecasting the influence of current and future climate on 
eastern North America spruce-fir (Picea-Abies) forests. Master’s Thesis, University of 
Maine, Orono, ME. 
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Figure 10 - Projected change in area dominance for the 13 most abundant tree species 
in Maine between 2010 and 2060, with (blue) and without (yellow) climate change. 
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Presentations / Workshops / Meetings / Field Tours 

Simons-Legaard, E., Legaard, K., Weiskittel, A., Andrews, C., D’Amato, A. Future  
     distribution and productivity of spruce-fir forests under climate change in Maine.  
     Maine Sustainability & Water Conference. March 31, 2015. Augusta, Maine. 
 
References 
 
Aber, J.D., Ollinger, S.V, Federer, C.A., Reich, P.B., Goulden, M.L., Kicklighter, D.W., 
   Lathrop, R.G. 1995. Predicting the effects of climate change on water yield and forest    
       production in the northeastern United States. Climate Research, 5, 207–222. 
 
Andrews, C. 2015. Modeling and forecasting the influence of current and future climate on 
      eastern North America spruce-fir (Picea-Abies) forests. Master’s Thesis, University of 
       Maine, Orono, ME. 
 
Fernandez, I.J., Schmitt, C.V., Birkel, S.D., Stancioff, E., Pershing, A.J., Kelley, J.T., Runge, 
      J.A., Jacobson, G.L., Mayewski, P.A. 2015. Maine’s Climate Future: 2015 Update. 
       Orono, ME: University of Maine. 24pp. 
 
Scheller, R.M., Domingo, J.B., Sturtevant, B.R., Williams, J.S., Rudy, A., Gustafson, E.J., 
     Mladenoff., D.J. 2007. Design, development, and application of LANDIS-II, a spatial 
      landscape simulation model with flexible temporal and spatial resolution. Ecological 
      Modelling, 201, 409‒419. 

Partners / Stakeholders / Collaborators: 

Dr. Phil Radtke, Virginia Tech 

Nick Crookston, U.S. Forest Service Dr. Shawn Fraver, U.S. Forest Service 
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Extending the Acadian Variant of the Forest Vegetation 
Simulator (FVS) to Managed Stands in the Northeast US 
 
Aaron Weiskittel, Chris Hennigar, Jeremy Wilson, and Christian Kuehne 
University of Maine 

Progress Report, Year 2 of 2 

Summary:  
This project was intended to evaluate and modify the behavior of the Acadian Variant of the 
Forest Vegetation Simulator (FVS-ACD) for managed stands. An extensive regional database on 
managed stand data was compiled and used for the analysis. The database included plots with 
precommercial and commercial thinning, varying degrees of vegetation control, and alternative 
forest harvesting methods. Model performance was tested using the database and modifiers 
developed to address the influence of management. Currently, modifiers have been developed to 
project the short-term influence of commercial thinning on balsam fir and red spruce growth and 
mortality have been developed. The modifiers indicate that red spruce has a higher relative 
response in diameter growth when compared to balsam fir, but the response is relatively short-
term (<6-8 years). These modifiers have been incorporated into the Acadian Variant and used to 
project alternative silvicultural regimes forward.  

Project Objectives    

Compile, document, and summarize a regional database of permanent plots in managed stands; 
calibrate and test the performance of the current FVS-ACD equations across a range of 
management activities; develop species- and management-specific equation modifiers to improve 
prediction performance; and provide means to forecast stand growth with these modifiers for 
various management regimes with FVS-ACD and demonstrate their use. 

Approach 

• Permanent plot data from Maine, New Brunswick, Nova Scotia, Prince Edward Island, and 
Quebec was obtained, cleaned, and compiled into a standardized relational database. 

• Evaluate component equations (tree height, height to crown base, diameter and height 
increment, mortality) using equivalence tests 

• Develop species- and management-specific equation modifiers using nonlinear regression 
when sufficient data is available and equivalence test suggest dissimilarity between 
observed and predicted values 

• Incorporate the developed modifiers into FVS-ACD and Open Stand Model (OSM) that has 
been developed and maintained by Dr. Hennigar  
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Key Findings / Accomplishments:  

A total of over 3 million trees from 20,068 plots across a range of locations and management 
regimes was obtained (Table 9). OSM has been fully documented, tested, and capability to 
conduct thinning/partial harvesting has been implemented. Modifiers for red spruce and balsam 
fir diameter growth response to commercial thinning was developed using the CFRU Commercial 
Thinning Research Network (CTRN), which was of the the following form: 

ΔDBHadj = ΔDBHunadj *[1+(b0*(%BARM*((QMDB/QMDA)^b1))*                                          
exp(b2*log(TST+1)+b3*(TST^2)))],  

where ΔDBHadj is the adjusted annual diameter increment (cm yr-1), ΔDBHunadj is the unadjusted 
annual diameter increment (cm yr-1), %BARM is the % of total basal area removed in the thinning, 
QMDB is the quadratic mean diameter before thinning (cm), QMDA is the quadratic mean 
diameter after thinning (cm),    TST is the time since treatment (yrs), and bi are species-specific 
parameters estimated from the data (Table 10).   

Results from the analysis indicated that red spruce generally showed a greater relative response 
to the commercial thinning treatments and that the diameter growth response generally peaked 
5 year since the treatment, but the response varied by the intensity and type of the removal 
applied (Figure 11) 

These modifiers have been incorporated into FVS-ACD and long-term simulations for a financial 
assessment of commercial thinning are currently be conducted on the CTRN dataset by PhD 
student Patrick Hiesl.  

 
 

Table 9 - Summary of plots, # of remeasurements, and tree-level measurements by geographic location and 
management regime. 

Management  Plots # of Plot re-
measurements 

Tree re-measurements (outliers excluded)* 

Total Mean Max Total DBH ΔDBH HT ΔHT 

Maine 

All   10,985    30,481  14   30  551,019  495,867  281,977  382,373  165,322  

None 9,369    25,993     2.8  12  478,222  427,302   241,369  326,262  136,780  

Partial Cut   1,391  3,743  2.7  3  40,755  37,360  17,171  29,438  11,968  

PCT 45  289  6.4  12  26,700  26,244  21,117  23,171  15,176  

Planted 180  456  2.5  3  5,342  4,961  2,320  3,502  1,398  

New Brunswick 



99 
 

All 4,095  5,088 13  28  1,410,834  1,021,258  633,244  634,344  379,228  

None 2,324  8,988   3.9  7  661,260  613,187  388,631  87,100  45,751  

Partial Cut 205  414  2.0  4  61,127  54,684  19,929  14,222  5,085  

PCT 508  1,611  3.2  9  383,685  204,056  130,757  246,529  150,859  

Planted 1,058  4,075  3.9  8  304,762  149,331  93,927  286,493  177,533  

Nova Scotia 

All 3,574  18,554  22  37  733,315  662,375  443,648  586,014  380,759  

None 2,413  11,250  4.7  9  427,185  395,417  256,803  378,954  241,498  

Partial Cut 807  5,690  7.1  9  215,730  186,094  125,599  182,750  121,914  

PCT 53  302  5.7  8  17,238  14,939  11,895  4,540  3,383  

Planted 301  1,312  4.4  11  73,162  65,925  49,351  19,770  13,964  

Prince Edward Island  

All 731 4,843  21   30  287,533  287,527  212,824  21,773  16,864  

None 153  1,007  6.6  11  71,470  71,467  52,923  4,643  3,607  

Partial Cut 40  293  7.3  9  14,644  14,643  10,910  1,278  1,001  

Planted 538  3,543  6.6  10  201,419  201,417  148,991  15,852  12,256  

Quebec 

All 683  2,134  6  10  82,842  70,209  31,284  12,334  4,676  

None 359  911  2.5  5  34,605  32,447  14,840  5,692  2,268  

Partial Cut 324  1,223  3.8  5  48,237  37,762  16,444  6,642  2,408  

Total 20,068  71,100  76  135  3,065,543  2,537,236  1,602,977  1,636,838  946,849  
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Table 10 - Parameter estimates and p-values for the commercial thinning modifier by species. 

 

Parameter 

Balsam fir Red spruce 

Estimate P-value Estimate P-value 

b0 0.0050 <0.0001 0.0021 <0.0001 

b1 0.5424 0.1331 0.5841 0.2235 

b2 0.6169 0.0345 1.3937 0.0007 

b3 -0.0151 <0.0001 -0.0236 <0.0001 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Future Plans  

• Modifiers for additional forest management activities such as precommercial thinning, 
planting, and partial harvesting will be developed and tested. 

• Modifiers will be incorporated into FVS-ACD and OSM, which will allow model users to 
evaluate the short- and long-term influence of alternative forest management regimes. 

 

Figure 11 - Balsam fir (BF, gray lines) and red spruce (RS, red lines) diameter growth 
relative responsiveness to different commercial thinnings over time since thinning. 
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Products Delivered 

Refereed Journal Publications: 
 
Russell, M.B., Weiskittel, A.R., and Kershaw Jr., J.A. 2014. Comparing strategies for 
     modeling individual-tree height and height-to-crown base increment in mixed-species 
     Acadian forests of  northeastern North America. European Journal of Forest Research 
     133: 1121-1135.  
 

Presentations / Workshops / Meetings / Field Tours 
 
Weiskittel, A. and Wagner, R. 2015. Extending the Acadian Variant of the Forest 
Vegetation Simulator to managed stands in the Northeast US. National Science 
Foundation Center for Advanced Forestry Systems Annual Meeting. Asheville, NC. May 19-
21. 
 

Partners / Stakeholders / Collaborators 

Plum Creek, JD Irving, Quebec Ministry of Natural Resources, New Brunswick Tree Improvement 
Council, New Brunswick Department of Natural Resources (DNR), Nova Scotia DNR, and Prince 
Edward Island DNR have provided access to managed stand data. 
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Effects of Climate Change on Growth, Productivity, and 
Wood Properties of White Pine in Northern Forest 
Ecosystems 
 
Ronald S. Zalesny Jr., John Brissette, Sophan Chhin, Steve Colombo, Les Groom, Pengxin Lu, Bill 
Parker, and Michael Ter-Mikaelian 
Northern Research Station, U.S Forest Service 
 
Progress Report, Year 4 or 5 
 
Summary:  
During the last year we spent the majority of our efforts on objectives 1, 2, and 4; however, we 
also worked on objectives 3 and 5. For objective 1, Les Groom nearly completed all xray 
densitometry analyses, and Sophan Chhin conducted requisite QA/QC on all cores and began 
developing growth response functions based on height and diameter. Similarly, Michael Ter-
Mikaelian developed growth response functions for biomass. For objective 2, Ron Zalesny 
synthesized annual diameter information from the Lake States and projected carbon 
sequestration potential (see manuscript below). In his analyses for objective 1, Michael Ter-
Mikaelian quantified the range of genetic variation in response to climate variables. Both Sophan 
Chhin and Michael Ter-Mikaelian developed universal response functions for the traits described 
in objective 1. All of these efforts contributed to projections for objective 5.  

 
Project Objectives    

• Predict the effects of climate change on growth, productivity, and wood properties of 
existing white pine forests; 

• Estimate C sequestration potential of white pine under new climate regimes; 
• Quantify range of genetic variation in climatic response and adaptive traits of white pine; 
• Develop seed transfer models from historic climate data and provenance trial data from a 

subset of test locations; 
• Use validated models from (4) and future climate projections to: a) predict radial and stem 

growth response of white pine in the northeastern U.S., and b) contribute to provisional 
seed transfer recommendations for assisted migration of white pine seed sources to help 
adapt northern forests to future climate. 

Approach 

• Height, diameter at breast height (dbh), and survival were recorded for each experimental 
tree located at each of seven sites (Wabeno, WI; Manistique, MI; Pine River, MI; Newaygo, 
MI; Turkey Point, ON; Ganaraska Forest, ON; Orono, ME). 

• Two wood cores were collected from each tree and permanently mounted and sanded to 
prepare them for radial growth trend analysis using standard dendrochronology 
procedures and x-ray densitometry (see below).  
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• Scanned images of individual cores were processed with cross-dating (COFECHA) and tree 
ring analysis (WinDENDRO, Regent Instruments, Quebec) software.  

• Mean tree ring width, mean annual basal area increment, and total tree ring basal area 
increment over the period 1980 to 2004 were estimated for each provenance.  

• Quantitative genetic and dendrochronological analyses were used to develop the 
universal response functions. 

• X-ray densitometry was used to measure intra and inter tree-ring density. 
 
Key Findings / Accomplishments  

• QA/QC of cores and scanned images were completed. 
• Over half of the x-ray densitometry analyses are completed. 
• Preliminary universal response functions were developed for biomass, height, and 

diameter. 
• A synthesis was conducted to compare biomass and carbon storage of white pine to short 

rotation woody crops in the Lake States. Key findings included (see manuscript below): 
o Comparable 10-yr hybrid poplar stand biomass and carbon sequestration for white 

pine were not achieved until 45 yrs (biomass @ 45 to 47 years; carbon @ 45 to 46 
years). 

o Specific genotype × environment interactions resulted in white pine exceeding 10-
yr-old hybrid poplar at ages younger than 45 years. 

o White pine was not comparable to 20-yr-old hybrid poplar at 48 years. 
o While the timing and magnitude of biomass/carbon differ between the genera, 

producing both provides greater ecosystems services across the landscape.   
 

 
White pine provenance trial in Manistique, Michigan.  

Photo by Ron Zalesny,US Forest Service. 
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BiomassMAI (a,b) and carbonMAI (c,d) production curves throughout plantation development for poplar at four sites 
in Minnesota, USA through age 20 years and white pine in Wisconsin, USA (one site) and Michigan, USA (three 
sites) through age 48 years. From Zalesny and Headlee (2015) (see below). 
 

Future Plans  

• Finish all x-ray densitometry analyses. 
• Continue to work on fulfilling all objectives, as outlined above. 
• Prepare and submit peer-reviewed manuscripts. 
• Prepare and submit final report. 

 
Products Delivered 
Refereed Journal Publications 

Zalesny, R.S. Jr., and Headlee, W.L. 2015. Developing woody crops for the enhancement of 
    ecosystem services under changing climates in the North Central United States. Journal  
    of Forest and Experimental Science 31:78-90  

Conference Papers 
Zalesny, R.S. Jr., and Headlee, W.L. 2014. Developing woody crops for the enhancement of 
     ecosystem services under changing climates in the North Central United States. In: 
     International Symposium on Tree Breeding Strategies to Cope with Climate Change; 
     September 15-19, 2014; Suwon, Republic of Korea.  

Presentations / Workshops / Meetings / Field Tours 
 

Zalesny, R.S. Jr., and Headlee, W.L. 2014. Comparing aboveground, stand-level carbon 
     storage potential of intensively-managed poplar with plantation-grown eastern white 
     pine in the North Central United States. In: International Poplar Symposium VI; July 20- 
     23, 2014; Vancouver, British Columbia, Canada.  
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Zalesny, R.S. Jr., Headlee, W.L., Bauer, E.O., Birr, B.A., Hall, R.B., Parker, B., and Wiese, A.H.  
    2014. Contrasting ecosystem services of hybrid poplar and white pine in the upper- 
    Midwest, USA. In: 10th Biennial Conference of the Short Rotation Woody Crops  
    Operations Working Group; July 17-19, 2014; Seattle, WA, USA.  
 
 
 
 
 

  

 

Canadian Geese Family – Photo by Pam Wells 
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Howland Research 
Forest 
 

The CRSF welcomed the Howland Research Forest 
under its umbrella in 2015. The Howland Forest is a 
continuously operating forest ecosystem research site 
established in 1986 by University of Maine researchers 
with the cooperation of International Paper.  It is 
located approximately 30 miles north of Orono, 
Maine, and situated within an expansive low elevation 
conifer/northern hardwood transitional forest.   

Initially funded to conduct biogeochemical cycling and acid rain research, Howland Forest has 
since been host to various model and sensor development efforts as well as numerous studies 
focusing on nutrient cycling, forest ecology, ecosystem modeling, acid deposition, remote 
sensing, climate change, and carbon sequestration.  Howland Forest, with its long fetch and low 
surface roughness, is an ideally situated tower research site for micrometeorological 
measurements.  With infrastructure in place and  a comprehensive data train of ecological 
monitoring from below the soil to above the tree canopy, the site continues to attract scientists 
from around the globe associated with numerous universities, independent research 
organizations, and federal agencies (such as the USDA Forest Service, NOAA, NASA, EPA, DOE, and 
DOD). 

Already a member of several research networks, Howland Forest became the first base site for 
the Ameriflux network in 1996.  The current research focus is based around our ability to measure 
the flux of carbon dioxide (i.e. the forest-atmosphere exchange).  This, along with the many 
ancillary ecological and atmospheric data measurement systems, provides valuable information 
about how the landscape breathes and grows, and is the foundation for related research to 
further our understanding of how the environment works.  Howland Forest is managed by the 
Environmental Physics group of the University of Maine, and is currently funded by the 
Department of Energy through its Ameriflux program and the USDA Forest Service through its 
Global Change Program.   
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Appendices  
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Publications and Presentations 

CRSF scientists disseminated results from their research in a wide variety of ways this year. 
They delivered 17 journal publications, 1 book chapter,  12 research reports and working 
papers,  3 conference proceedings,  5 theses,  more than 50 presentations (including posters, 
filed tours, media presentations, and workshops), and contributed to 18 media publications 
(including newspapers, periodicals, television, and web pages). 

Refereed Journal Publications (*Graduate student; +Undergraduate student) 

Greenwood, M.S., B. E. Roth, D. Maass and L. C. Irland. 2015. Near rotation-length 
performance of selected hybrid larch in Central Maine. Silvae Genetica 64(1-
2):73-80. 

Huff, E.S.*, Leahy, J.E., Weiskittel, A.W., Hiebeler, D., Noblet, C.L. 2015c. An 
agent-based model of private forest owner management behavior using social 
interactions, information flow, and peer-to-peer networks. PLoS ONE 
10(11):e0142453 

Johnson, M.L., S.R. Meyer, R.J. Lilieholm, and C.S. Cronan. 2015. Development and 
application of a patch-scale Bayesian network–cellular automata model for 
exploratory land use scenarios at a regional extent. Landscape and Urban 
Planning (in revision). 

Meyer, S.R., C.S. Cronan, R.J. Lilieholm, M.L. Johnson, and D.R. Foster. 2014. 
Land conservation in northern New England: Historic trends and alternative 
conservation futures. Biological Conservation 174(2014):152-160. 

Meyer, S.R., M.K. Beard, C.S. Cronan, and R.J. Lilieholm. 2015. An analysis of 
spatio-temporal landscape patterns for protected areas in northern New England: 
1900-2010. Landscape Ecology 30:1291-1305. 

Meyer, S.R., M.L. Johnson, R.J. Lilieholm, and C.S. Cronan. 2014. Development of a 
Stakeholder-driven spatial modeling framework for strategic landscape planning 
using Bayesian networks across two urban-rural gradients in Maine, USA. 
Ecological Modelling 291:42-57. DOI: 10.1016 

Nelson, A.S., R.G. Wagner, M.E. Day, A.R. Weiskittel, and M.R. Saunders. 2015. 
Effects of species composition, management intensity, and shade tolerance on 
vertical distribution of leaf area index in juvenile stands in Maine, USA. 
European Journal of Forest Research 134(2): 281-291. 

 

Nelson, A.S., Weiskittel, A.R., R.G. Wagner, and M.R. Saunders. 2014. Development 
and evaluation of aboveground small tree biomass models for naturally 
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regenerated and planted species in eastern Maine, U.S.A. Biomass and Bioenergy 
68: 215-227. 

Nelson, A.S., and R.G. Wagner. 2014. Spatial coexistence of American beech and 
sugar maple regeneration in post-harvest northern hardwood forests. Annals of 
Forest Science 71: 781–789. 

Nelson, A.S., A.R. Weiskittel, and R.G. Wagner. 2014. Development of branch, 
crown, and vertical distribution leaf area models for contrasting hardwood 
species in Maine, USA. Trees 28(1): 17-30. 

Rice, B., A.R. Weiskittel, and R.G. Wagner. 2014. Efficiency of alternative forest 
inventory methods in partially harvested stands. European Journal of Forest 
Research 133(2): 261-272. 

Silver, E.J., Leahy, J.E., Kittredge, D.B., Noblet, C.L., Weiskittel, A.R. 2015a. An 
evidence-based review of timber harvesting behavior among private woodland 
owners. Journal of Forestry 113(5): 490 - 499.  

Silver, E.J., Leahy, J.E., Noblet, C.L., Weiskittel, A.R. 2015b. Maine woodland 
owner perceptions of long rotation woody biomass harvesting and bioenergy. 
Biomass and Bioenergy 76: 69-78.  

Stapp, J.R., J.E. Leahy, R.J. Lilieholm and T. Waring. 2015. Using agent-based 
modeling to examine land use/land cover change in decision-making in Bachauli, 
Nepal: A summary of challenges. Ecology and Society (in review). 

Stapp, J.R., R.J. Lilieholm, J.E. Leahy, and S. Upadhaya. 2015. Linking attitudes, 
policy, and forest cover change in the buffer zone of Chitwan National Park, 
Nepal. Environmental Management (in review). 

Stapp, J.R., R.J. Lilieholm, S. Upadhaya, and T. Johnson. 2015. Evaluating the 
impacts of forest management policies and community-level institutions in the 
buffer zone of Chitwan National Park, Nepal. Journal of Sustainable Forestry 
34(5):445-464. 

Books and Book Chapters 

Lilieholm R.J., C.S. Cronan, M. Johnson, S. Meyer, and D. Owen. 2014. Alternative 
Futures modeling in Maine’s Penobscot River watershed: Forging a regional 
identity for river restoration. Pages 171-204 (Chapter 9) in J. Levitt, ed., The 
Academy as Nature’s Agent. Lincoln Institute of Land Policy, Cambridge, MA. 
350 pages. 
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Research Reports (*Graduate student) 

De Urioste-Stone, S.M., Gabe, T. & C. Noblet. (2015). Progress report on visitor 
spending and visitation in Maine. Submitted to University of Maine Office of the 
President. 

Doak, T., Leahy, J., and Merk, R. 2015. Creating a legacy: A guide to planning your 
land’s future. Outreach Publication of the Small Woodland Owners Association of 
Maine. Augusta, ME.  

*Dunham, S., and D. Harrison.   2014.  Patch occupancy, habitat use, and 
population performance of spruce grouse in commercially managed conifer 
stands. Pages 75-79 in R.G. Wagner, editor, Cooperative Forestry Research Unit: 
2014 Annual Report, University of Maine, Orono. 

Harrison, D., and S. Olson.  2015.  Relationships among forest harvesting, snowshoe 
hares, and Canada lynx in Maine.  Pages 68-74 in R.G. Wagner, editor, 
Cooperative Forestry Research Unit:  2014 Annual Report, University of Maine, 
Orono. 

Hutchinson, S., A. Weiskittel, D. MacKay, and R. Lilieholm. 2015. Estimating 
timberland parcel value in the northeast United States using acreage and 
commercial timber value. Center for Research on Sustainable Forests, University 
of Maine, NEFIS Publication 169, Orono, ME. 

*Rolek, B., D. Harrison, C. Loftin, and P. Wood. 2015. Bird communities of 
coniferous forests in the Acadian Region: Habitat associations and response of 
birds to forest management.  Pages 80-88 in R.G. Wagner, editor, Cooperative 
Forestry Research Unit: 2014 Annual Report, University of Maine, Orono. 

*Rolek, B., D. Harrison, C. Loftin, and P. Wood. 2015. Bird communities of 
coniferous forests in the Acadian Region: Habitat associations and response of 
birds to forest managemen. Annual report to Baxter State Park. 

*Rolek, B., D. Harrison, C. Loftin, and P. Wood. 2015. Bird communities of 
coniferous forests in the Acadian Region: Habitat associations and response of 
birds to forest managemen. Annual report to Fish and Wildlife Service and 
National Wildlife Refuges. 

*Rolek, B., D. Harrison, C. Loftin, and P. Wood. 2015. Bird communities of 
coniferous forests in the Acadian Region: Habitat associations and response of 
birds to forest management. Annual report to USGS Maine Cooperative Fish and 
Wildlife Research Unit. 
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*Scaccia, M. & S.M. De Urioste-Stone. (2015). Exploring visitor perceptions on 
climate change impacts to Acadia National Park-Mount Desert Island, Maine. 
Report submitted to Acadia National Park. 

*Scaccia, M. & S.M. De Urioste-Stone. (2015). Understanding the role of climate 
change on guiding tourism at the Katahdin region, Maine. Report submitted to 
Baxter State Park 

Wagner, R.G., J. Bryant, B. Burgason, M. Doty, B.E. Roth, P. Strauch, D. Struble, 
and D. Denico. 2014. Coming spruce budworm outbreak: Initial risk assessment 
and preparation & response recommendations for Maine's forestry community. 
Draft report for public review. 90 pages. 

Theses 

Hiesl, P. 2015. Forest harvesting productivity and cost in Maine: New tools and 
processes. Ph.D. Dissertation, University of Maine, Orono. 142 p. 

Johnson, S. L. 2014. Engaging the future with land use scenarios. Ph.D. 
Dissertation. The University of Maine, Orono. 

Olson, S. 2015.  Seasonal influences on habitat use by snowshoe hares: implications 
for Canada lynx in northern Maine.  M.S. Thesis, University of Maine, Orono, 
153pp. 

Silver, E. 2015. Understanding private woodland owner forest management: 
Qualitative and quantitative applications. Ph.D. Dissertation. University of 
Maine. Orono, ME.  

Stapp, J.R. 2015. Linking attitudes, policy, and forest cover change in buffer zone 
communities of Chitwan National Park, Nepal. M.S. Thesis, The University of 
Maine, Orono. 158 pages. 

Conference Papers  

Day, M. (2015). Results of non-structural carbohydrate analysis. Presented at a 
meeting of the Acadian Entomological Society (Fredericton, NB). 

De Urioste-Stone, S.M., & M. Scaccia. (2015). Understanding perceptions of nature-
based tourism stakeholders’ adaptive capacity to climate change in Maine. 
Proceedings of the Northeastern Recreation Research Symposium. 

Ducey, M. J. 2014. Poster: Spatial data for modeling wood resource availability in 
the Northeastern United States. Eastern Canada-United States of America 
Forest Sciences Conference, 7th ECANUSA, October 17, 2014, Rimouski, Quebec, 
Canada.  
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Presentations / Workshops / Meetings / Field Tours 

Conservation for People & Communities: Open space, health and wellness. 2015. 
National Science Foundation Research Collaboration Network (RCN) 3-day 
Workshop on Services, Scenarios, and Solutions. Migis Lodge on Sebago Lake, 
South Casco, Maine. (Johnson Presenting, with Lilieholm, Meyer & Cronan).  

De Urioste-Stone, S.M. 2015. Stakeholder perceptions on vulnerability and adaptive 
capacity of tourism destinations to climate change in Maine. School of Biology 
and Ecology Spring Seminar Series, Orono, Maine, March 20. 

De Urioste-Stone, S.M. 2015. Resilience of rural Maine communities to climate 
change: A pilot study of the nature-based tourism industry. ADVANCE Grant 
Awardee Luncheon, Pecha Kucha, Orono, Maine, March 22. 

Dunham, S.W., and D.J. Harrison. 2014. Spruce grouse breeding season patch 
occupancy and female home range use across forest management treatments in 
Maine. Poster presented at the Annual Conference of The Wildlife Society, 
Pittsburgh, Pennsylvania, October 27-28. 

Dunham, S.W., D.J. Harrison, and E.J. Blomberg. 2015. Spruce grouse (Falcipennis 
canadensis) patch occupancy and abundance estimates in the commercially 
managed forests of Maine. Presentation at the 13th International Grouse 
Symposium, Reykjavik, Iceland, September 8. 

Dunham, S. W., and D. J. Harrison. 2015. Spruce grouse breeding season patch 
occupancy and female home range use across forest management treatments in 
Maine. Poster presented at the Annual USGS Maine Cooperative Fish and 
Wildlife Research Unit Coordinating Committee Meeting, Orono, Maine.  

Gorman J., and Leahy, J. 2015. Invasive insects in New England: Stakeholder 
perceptions and responding with cross-boundary collaboration. Friends of Dr. 
Edith Marion Patch Annual Student Ceremony, Orono, Maine, April 2015.  

Gorman, J. 2015. Forest pests in New England: Stakeholder perceptions and the 
potential for cross-boundary collaboration. University of Maine Graduate Expo., 
Orono, Maine, April.  

Gorman, J., and Leahy, J. 2015. Anticipating emerald ash borer and Asian 
longhorned beetle in the Northeast: Stakeholder perceptions and the potential for 
cross-boundary collaboration. Northeast Forest Pest Council Meeting, Hanover, 
New Hampshire, March.  

Hennigar, C. 2015. Acadian site model: New Brunswick results. Presentation, New 
Brunswick Growth and Yield Unit, Fredericton, New Brunswick, February 11. 
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Hennigar, C. 2015. Acadian site model: Nova Scotia results. Presentation, Nova 
Scotia Department of Natural Resources, Truro, Nova Scotia, January 22.  

Hiesl, P., J.G. Benjamin, and B.E. Roth. 2015. PCT/non-PCT Study: Austin Pond – 
A case study. NERCOFE Workshop, Wells Conference Center, University of 
Maine. Orono, Maine, March 10. 

Kenefic, L.S., C. Larouche, G. Lessard, J.C. Ruel, C. Tardif, S. Tremblay, and 
Wesely, N. 2014. New northern White-Cedar research and opportunities for 
collaboration. Cedar Club Research Meeting, Rimouski, Quebec, October 16. 

Kenefic, L.S., C. Larouche, J.M Lussier, J.C. Ruel, C. Tardif, and N. Wesely. 2015. 
Northern White-Cedar management in the Acadian forest: New findings. Maine 
SAF Field Tour, Solon, Maine, September 23. 

Lilieholm, R.J. [Host]. 2014. Scenarios to solutions. National Science Foundation 
Research Collaboration Network 3-day Workshop on Services, Scenarios, and 
Solutions, Migis Lodge on Sebago Lake, South Casco, Maine, October. 

Lilieholm, R.J. 2014-15. Training workshop for the Maine Futures Community 
Mapper, Androscoggin Valley Council of Governments’ 27th Annual Planning 
Day, Auburn, Maine; Eastern Maine Development Corp and the University of 
Maine, Nutting Hall, Orono, Maine; and Portland, Maine.  

Lilieholm, R.J. 2015. Forestry research in Maine and beyond. Maine Science 
Festival, Cross Convention Center, Bangor, Maine. 

Lilieholm, R.J. 2015. Future forest scenarios. Pacific Northwest College of the Arts, 
Portland, Oregon.  

Lilieholm, R.J. 2015. A new Maine national park would stimulate the region’s 
economy. Testimony before the Economic Development Committee, Bangor City 
Council, Bangor, Maine, March. 

Lilieholm, R.J. 2015. Linking attitudes, policy, and forest cover change in buffer 
zone communities of Chitwan National Park, Nepal. Presentation at the 21st 
International Symposium on Society and Resource Management. College of 
Charleston, South Carolina.  

Lilieholm, R.J. 2015. Mapping forest dynamics in the buffer zone of Chitwan 
National Park, Nepal. Ecological Society of America Annual Meeting, 
Sacramento, CA.  

Lilieholm, R.J. 2015. Wildland fire outlook: Status, trends, and emerging issues. 9th 
Annual Wildland Fire Litigation Conference, Monterey, California, May.  
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Lilieholm, R.J., Cronan, C., Loftin, C., Greig, H., Johnson, M., Meyer, S., and Weil, 
K. 2015. A spatial analysis of biophysical watershed characteristics affecting 
stream response to land-use changes in Maine, USA. Ecological Society of 
America Annual Meeting, Sacramento, CA.  

Lilieholm, R.J., & Meyer, S. 2014-15. Alternative futures modeling: Understanding 
the past . . . Envisioning the future. Presentations at 3rd Landscape 
Sustainability Science Forum, Beijing Normal University, China; Texas A&M 
University, College Station; Lower Penobscot River Coalition, Fields Pond Nature 
Center, Holden, Maine; Orono Land Trust, Orono, Maine; Maine EPSCoR State 
Conference, University of Maine, Orono, Maine; Michigan Technological 
University, Houghton, MI; Michigan State Library, Lansing, hosted by Michigan 
Technological University, Michigan Department of Natural Resources, Michigan 
Department of Agriculture & Rural Development, Michigan Department of 
Environmental Quality, Michigan Association of Regions, and the Michigan 
Association of Conservation Districts; National Science Foundation Research 
Collaboration Network (RCN) 3-day Workshop on Services, Scenarios, and 
Solutions. Migis Lodge on Sebago Lake, South Casco, Maine; PenBay Regional 
Land Trust, Belfast, Maine. 

Lilieholm, R.J. and Meyer, S. 2015. Creating a decision support tool for strategic 
development using an expert knowledge-derived Bayesian Belief Network to 
identify streams vulnerable to urbanization across the State of Maine. 
Presentation at the 21st International Symposium on Society and Resource 
Management, College of Charleston, South Carolina.   

Lilieholm, R.J., S. Meyer, M. Johnson, C., Cronan, and D. Owen. 2014. Scenarios to 
solutions: Alternative futures modeling across two Maine watersheds. Society for 
Human Ecology Annual Meeting, Bar Harbor, October 22-25.  

Meyer, S., R.J. Lilieholm, M. Johnson, and C., Cronan. 2014. Whose Models are 
these Anyway? Stakeholder Lessons from the Maine Alternative Futures Project. 
National Science Foundation Research Collaboration Network (RCN) 3-day 
Workshop on Services, Scenarios, and Solutions. Migis Lodge on Sebago Lake, 
South Casco, Maine, October. 

Muñoz, B. 2014. A long-term perspective on biomass harvesting: Northern conifer 
forest productivity 50 years after whole-tree and stem-only harvesting. New 
England Society of American Foresters (NESAF), Management and Utilization 
Working Group Tour, Penobscot Experimental Forest, Bradley, Maine, July 24. 

 Muñoz, B., L. Kenefic, A. Weiskittel, I. Fernandez, J. Benjamin, and S. Fraver. 
2014. A long-term perspective on biomass harvesting: Northern mixedwood forest  
productivity 50 years after whole-tree and stem-only harvesting. International 
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Union of Forest Research Organizations (IUFRO) World Congress, The Salt 
Palace Convention Center, Salt Lake City, Utah, October 7-10.  

Rolek, B.W., C. Loftin, D. Harrison, and P. Wood. 2015. Softwood forest birds and 
silviculture in New England. Baxter State Park Annual Meeting, Augusta, 
Maine, Spring. 

Rolek, B.W., C. Loftin, D. Harrison, and P. Wood. 2015. Softwood forest birds and 
silviculture in New England. USGS Coordinating Committee Meeting, Orono, 
Maine, March 25.  

Rolek, B.W., C. Loftin, D. Harrison, and P. Wood. 2015. Habitat associations, 
forestry, and coniferous forest birds. Downeast Birding Festival, Machias, Maine, 
May 22.  

Roth, B.E. 2015. Herbicide, PCT and commercial thinning in the CTRN & Austin 
Pond studies. NERCOFE Workshop, Wells Conference Center, University of 
Maine, Orono, Maine, March 10. 

Roth, B.E. 2015.  Communications update at CFRU Advisory Committee meeting.  
Houlton, Maine, October 28. 

Scaccia, M., S. De Urioste-Stone, & E. Wilkins. 2015. The future of destination 
selection in a changing seasonal climate: Implications for visitation to Acadia 
National Park and Mount Desert Island, Maine. National Outdoor Recreation 
Conference: Land, Water and Conservation: Celebrating the Past and Crafting 
the Future of Outdoor Recreation, Northeastern Resource Recreation Symposium 
and Society of Outdoor Recreation Professionals, Annapolis, Maryland, April 12-
16. 

Scaccia, M., S. De Urioste-Stone, J. Foster, A. Scaccia, A., & D. Howe-Poteet. 2014. 
Visitors’ perceived effects of climate change on outdoor recreation and tourism in 
Acadia National Park and Mount Desert Island. Acadia National Park Science 
Symposium, SERC, Winter Harbor, Maine, October 1. 

Silver E.J., J.E. Leahy, D. Hiebeler, and A.R. Weiskittel. 2015. An agent-based 
model of private woodland owner timber harvesting behavior using social 
interactions, risk perception, and peer-to-peer networking. International 
Symposium on Society and Resource Management, Charleston, South Carolina, 
June. 

Silver, E.J., J.E. Leahy, D.B. Kittredge, D. Hiebeler, and A.R. Weiskittel. 2014. 
Modeling private woodland owner timber harvesting behavior using social 
interactions, risk perception, and peer-to-peer networking. International Union of 
Forest Research Organizations World Congress, Salt Lake City, Utah, October. 
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Tebbenkamp, J. M., E. Blomberg, D. Harrison, B. Allen, and K. Sullivan. 2015.  
Spruce grouse demography and population status in commercially-harvested 
forests of northern Maine. Poster Presentation, Maine Cooperative Fish and 
Wildlife Research Unit Annual Meeting.  

Wagner, R.G. 2014. Maine spruce budworm task force report. Keeping Maine’s 
Forests Meeting, Augusta, Maine, November 18. 

Wagner, R.G. 2014. Maine spruce budworm task force report. CFRU Spruce 
Budworm Workshop, Wells Conference Center, University of Maine, Orono, 
Maine, October 30. 

Wagner, R.G. 2014. Outcome-based forestry policy implementation. One-day field 
tour with Maine Legislature Agriculture, Forestry, and Conservation Committee, 
JD Irving lands, Presque Isle, Maine. 

Wagner, R.G. 2015. The spruce budworm is back: Maine’s preparation and response 
plan. National Council for Air and Stream Improvement (NCASI) Regional 
Forestry Meeting, Portland, Maine, May 13. 

Wagner, R.G., and M. Doty. 2015. Coming spruce budworm outbreak: Initial risk 
assessment and preparation & response recommendations for Maine’s forestry 
community. Professional Logging Contractor’s of Maine, Augusta, Maine, March 
26. 

Wagner, R.G. 2015. They’re back: Risk assessment & preparation plan for Maine’s 
coming spruce budworm outbreak. Forestry Noontime Seminar, University of 
Maine, Orono. 

Weiskittel, A., and Hennigar, C. 2015. Acadian site model: Maine draft results. 
Presentation, CFRU Spring meeting, University of Maine, Orono, Maine, April 
22.  

Wilkins, E., S. De Urioste-Stone, T. Gabe, & A. Weiskittel. 2015. The effects of 
changing weather on nature-based tourism: Visitation and economic impacts on 
Mount Desert Island, Maine.” 21st International Symposium on Society and 
Natural Resource Management (ISSRM): Understanding and Adapting to 
Change, Charleston, South Carolina, June 13-18.  

 

Awards 

De Urioste-Stone, S. 2015. College of Natural Sciences, Forestry and Agriculture 
Mentor Award, Graduate Student Government, University of Maine. 

Meyer, S. 2014. President’s Research Impact Award, University of Maine. 
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Scaccia, M.D. (MS student). 2015. Graduate Student Government (GSG) award to 
attend the 2015 National Outdoor Recreation Conference—Land, water, and 
conservation: Celebrating the past and crafting the future of outdoor recreation. 
Annapolis, Maryland. April, 2015. 

Wilkins, E. (MS student). 2015. Society of Outdoor Recreation Professionals (SORP) 
student conference scholarship to attend the 2015 National Outdoor Recreation 
Conference—Land, water, and conservation: Celebrating the past and crafting 
the future of outdoor recreation. Annapolis, MD. April, 2015. 

Newspapers / Periodicals / Television / Web Pages / Software 

$1 Million for Conservation Set Aside after Meeting in Nashua: Private, Public 
Organizations, Partners hope to Preserve Millions of Acres of Land. Nashua 
Patch, November 19, 2014 (By Tony Schinella). http://patch.com/new-
hampshire/nashua/1m-conservation-set-aside-after-meeting-nashua-0 

A New Maine National Park would Stimulate the Region’s Economy. Economic 
Development Committee, Bangor City Council, Bangor, Maine. 

Alternative Futures: Research Focuses on Helping Communities in Maine and 
Beyond Visualize How and Why Landscapes Evolve. 2015. (By Elyse Kahl, 
University of Maine). UMaine Today Spring/Summer 2015:50-58. 

Bay to Baxter: As the River Changes, So Must We. Bangor Daily News, July 11, 
2014. http://bangordailynews.com/2014/07/11/opinion/contributors/bay-to-baxter-
as-the-penobscot-river-changes-so-must-we/ 

Businesses Announce Support for Proposed National Park. March 26, 2015. 
http://wabi.tv/2015/03/26/businesses-announce-support-for-proposed-national-
park/ 

iForest: Apple gets into Forest Conservation in China and the US. The Guardian, 
May 14, 2015 (By Ucila Wang). http://www.theguardian.com/sustainable-
business/2015/may/14/apple-forest-conservation-china-world-wildlife-fund 

In the Katahdin Area, a National Park can Transform a Region. January 19, 2015. 
http://bangordailynews.com/2015/01/19/opinion/contributors/in-the-katahdin-
area-a-national-park-can-transform-a-region-we-take-for-granted/ 

It Takes a Village. 2015. (By Elyse Kahl, University of Maine). UMaine Today 
Spring/Summer 2015:57. 

Keeping up with Maine’s Changing Climate. Bangor Daily News, June 25th, 2014. 
(By BDN 
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Editor).http://bangordailynews.com/2014/06/25/opinion/editorials/keeping-up-
with-maines-changing-climate/ 

LAS files, 1 meter digital elevation models, 2’ contour lines, hillshade and slope 
models. Available at Maine GIS catalogue website. 

Letter to Senator Susan Collins regarding the proposed Katahdin Gateway National 
Park (with Colgan and Vail). 

Penobscot Potential Polled in Survey. April 5, 2015. 
http://news.mpbn.net/post/penobscot-potential-polled-survey. 

Site predictions for Acadian Region as a 20 X 20 m raster grid; available on CFRU 
website. 

Surveying in the Bay-to-Baxter Corridor. 2015. (By Elyse Kahl, University of 
Maine). UMaine Today Spring/Summer 2015:57. 

The Maine Futures Community Mapper. 2014. 15-minute training video. 

The Maine Futures Community Mapper. 2014. 3-minute video. 

Two Hundred Local Businesses Endorse Proposed Maine National Park. Cross 
Convention Center, Bangor, 
Maine.http://bangordailynews.com/2015/03/26/news/bangor/200-maine-
businesses-endorse-proposed-katahdin-area-national-park/ 

Two Hundred Local Businesses Endorse Proposed Maine National Park. Cross 
Convention Center, Bangor, Maine. 
http://bangordailynews.com/2015/03/26/news/bangor/200-maine-businesses-
endorse-proposed-katahdin-area-national-park/ 

 

 
 

 



From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: climate change and loss of spruce-fir forest in ME and MN
Date: Friday, March 31, 2017 9:39:08 AM
Attachments: Simons-Legaard et al. 2015 CRSF_AR_2015.pdf

You already saw this, but I wanted to remind you about another example of what Mark considers a possible
"decision changer." 

My thought is that we already have discussed the northward and upslope migration of spruce-fir predicted by
multiple climate modeling efforts, and that we should discuss these papers in the final SSA report along with the
predicted timing of changes and an assessment of the uncertainty with this (as with all) climate modeling.

I think it sis important to show that we considered the most relevant climate modeling work, but I'm not sure I see
this as a game changer.  I could be wrong....

 
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Mar 14, 2017 at 9:30 AM
Subject: Fwd: climate change and loss of spruce-fir forest in ME and MN
To: Jodi Bush <jodi_bush@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>

See Mark's message below.

Your thoughts re "game changing"?  Mine: it's still modeling, so uncertainty is inherent.  We probably need to look
at the underlying assumptions and emissions scenarios used in the model. Regardless, we should report findings
accurately and discuss uncertainty appropriately in the final SSA. 

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Tue, Mar 14, 2017 at 9:22 AM
Subject: climate change and loss of spruce-fir forest in ME and MN
To: Jim Zelenak <jim_zelenak@fws.gov>, Tamara Smith <tamara_smith@fws.gov>

Jim and Tam:

While working on responses to comments this morning I found these new research results
coming from UMaine that predicts loss of spruce-fir from Maine and Great Lakes Forest by
the end of the century (and substantial declines by 2060). See pages Maine 88-99 in the
University of Maine Center for Sustainable Research report below.

Maps generated for the years 2030, 2060, and 2090 suggest that suitable habitat for white and
black spruce will disappear from the U.S. by 2060 and from the Acadian Region by 2090
(Figure 9). Patches of suitable habitat for balsam fir and red spruce are projected to remain
in the U.S. ca. 2060, but dwindle to only a few located at high altitudes along the Appalachian
Mountains by 2090.

This research also indicates that several of our northern hardwoods, red maple and paper birch,
also decline.  Forest management greatly accelerates the declines caused by climate

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
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change. 

I was not aware of this research when I wrote the climate change section for the lynx SSA. 
Sorry, but we have been moving at such speed that I haven't had time to talk to forestry and
climate change researchers at UMaine.  I'm surprised that Erin Simons-Legaard did not
mention the thesis and final reports to me (although I knew they were working on it).  Tam,
you mentioned a similar prediction at the decision meeting, but I don't know if this was the
same source (I doubt it). I will try to get a copy of the Andrews 2015 thesis from UMaine that
has more details.
 
Is this a "decision-changer" concerning the preliminary lynx listing decision if we have two
independent sources calling for substantial declines in spruce-fir by 2060 in Maine and Great
Lakes?

Mark
-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
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From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: climate change and loss of spruce-fir forest in ME and MN
Date: Friday, March 31, 2017 9:40:24 AM

This was Justin's response to the previous.

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Tue, Mar 14, 2017 at 9:49 AM
Subject: Re: climate change and loss of spruce-fir forest in ME and MN
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Marjorie Nelson <marjorie_nelson@fws.gov>

We certainly need to present this to the decision team.  Also, after getting feedback about the
recommendation team meeting from the core team on our last call, I relayed those thoughts to
Marj.  Whatever we do next for the follow-up with decision makers, we should allow for
enough time to go over what some felt was left unsaid at the meeting.  

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov

On Tue, Mar 14, 2017 at 9:30 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
See Mark's message below.

Your thoughts re "game changing"?  Mine: it's still modeling, so uncertainty is inherent.  We probably need to
look at the underlying assumptions and emissions scenarios used in the model. Regardless, we should report
findings accurately and discuss uncertainty appropriately in the final SSA. 

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Tue, Mar 14, 2017 at 9:22 AM
Subject: climate change and loss of spruce-fir forest in ME and MN
To: Jim Zelenak <jim_zelenak@fws.gov>, Tamara Smith <tamara_smith@fws.gov>

Jim and Tam:

While working on responses to comments this morning I found these new research results
coming from UMaine that predicts loss of spruce-fir from Maine and Great Lakes Forest by
the end of the century (and substantial declines by 2060). See pages Maine 88-99 in the
University of Maine Center for Sustainable Research report below.

Maps generated for the years 2030, 2060, and 2090 suggest that suitable habitat for white
and black spruce will disappear from the U.S. by 2060 and from the Acadian Region by
2090 (Figure 9). Patches of suitable habitat for balsam fir and red spruce are projected to
remain in the U.S. ca. 2060, but dwindle to only a few located at high altitudes along the
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Appalachian Mountains by 2090.

This research also indicates that several of our northern hardwoods, red maple and paper
birch, also decline.  Forest management greatly accelerates the declines caused by
climate change. 

I was not aware of this research when I wrote the climate change section for the lynx SSA. 
Sorry, but we have been moving at such speed that I haven't had time to talk to forestry and
climate change researchers at UMaine.  I'm surprised that Erin Simons-Legaard did not
mention the thesis and final reports to me (although I knew they were working on it).  Tam,
you mentioned a similar prediction at the decision meeting, but I don't know if this was the
same source (I doubt it). I will try to get a copy of the Andrews 2015 thesis from UMaine
that has more details.
 
Is this a "decision-changer" concerning the preliminary lynx listing decision if we have two
independent sources calling for substantial declines in spruce-fir by 2060 in Maine and
Great Lakes?

Mark
-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
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Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Summary of major or consistent issues, comments, concerns, and themes from Peer reviews and State 
agency reviews of the Draft Lynx SSA Report 

I. Peer Reviews 

• Several peer reviewers (Harrison, Squires, Schwartz) question the utility of the 3Rs approach and our 
qualitative assessment of “adequacy” of each R. 

• Several (Harrison, Moen,) question the appropriateness of projecting to end of century, or beyond 
about mid-century, given CC and other uncertainties. 

• Several (Moen, Schwartz) also suggest a greater emphasis on the importance of connectivity with 
Canadian lynx populations to the persistence of DPS populations; another (Harrison) suggests that 
connectivity with / reliance on Canadian populations may be less important, at least for some units 
(Maine and Minnesota). 

• Several (Harrison, Schwartz) think our conclusions (and those of the expert panel) regarding 
likelihood of persistence at mid-century and end-of-century may be optimistic for some DPS 
populations, particularly with regard to Colorado (Harrison).  

Peer Reviewer 1 – Ron Moen (Tam) 

1.  Questions the length of the forecasting window; feels we can be reasonably confident in predictions 
through 2030 or 2040, but then need to qualify predictions beyond that by saying there is much more 
uncertainty further into the future, especially with respect to climate change.  Questions validity of 
projections (persistence probabilities) out to 2100. 

2.  Concerned about how we presented/summarized process and results of expert elicitation and 
associated uncertainty; cautions about use of the term “probabilities” vs. quantifying opinion, and on 
use of “confidence intervals” with regard to expert uncertainty and implying a “false [level of] 
precision.” 

3.  Thinks that a connection with Canada and cross-border movement (both emigration and 
immigration) is currently more important to persistence of most segments of the DPS than implied. In 
Minnesota, especially in recent years (since 1980's), periodic supplementation with lynx from southern 
Ontario has occurred and is likely important for maintaining the MN population over the long-term. 

4.  Believes that with high climate change emissions scenario, lynx habitat in MN could disappear 
completely even sooner than 2060-2069, and predicted by Galatowitsch et al. (2009), perhaps by 2050. 

5.  Both "upward in elevation" and "receding northward" should be included in discussions of climate 
change impacts, with recognition that MN lacks substantial elevational relief to provide potential 
upslope refugia. 

6.  There is too much emphasis on the ability of lynx to move in deep “fluffy” snow.  In the context of 
comparison to competitors of lynx (e.g., coyotes and bobcats) there is no question that foot-loading of 
lynx is less given their foot size and body mass. However, what lynx benefit most from is the presence of 
a crust in the snow. The crust enables them to walk on top of the snow. If there is a new snowfall, they 
will go through the new snow until they hit the crust.  It should be phrased in the context of relative 
ability to move. There are further implications of snow quality for both lynx and for snowshoe hare for 
lynx movement and predation success. 



7.  Recommends we consider developing a population viability analysis (PVA) approach for application 
across the DPS; would be more confident in results of a PVA than in the expert probabilities of 
persistence to 2100. 

Peer Reviewer 2 – Dennis Murray (Bryon) 

1.  Agrees with our conclusions regarding the overall effects of climate change and the potential impacts 
to the probability of lynx persistence in each of the geographic regions and DPS as a whole, but he 
challenge our analysis underlying the mechanisms of climate change impacts upon lynx persistence. 

2.  Feels the SSA places too much emphasis on loss of snow and changes in snow conditions leading to 
increased competition with lynx from bobcats for snowshoe hares as the primary driver of effects to 
lynx, and not enough emphasis upon what he considers the more likely explanation that loss of snow is 
likely to reduce snowshoe hare abundance and distribution that is likely to lead to decreased lynx 
abundance and perhaps distribution. 

3.  Challenges our statements pertaining to the 0.5 hares/ha threshold level landscape density of 
snowshoe hares thought necessary to support lynx reproduction, as he contends there is no empirically 
based science supporting this threshold.  

4.  Suggests that lynx may be able to rely more heavily on alternate prey in areas with lower snowshoe 
hare densities. 

Peer Reviewer 3 – Dan Harrison (Mark and Jim) 

1.  Challenges the generalization that “…lynx are naturally less abundant and more patchily-distributed 
within the DPS than in the core of the species’ range in Canada and Alaska.”  Argues that even in the 
core of the species’ range (Canada and Alaska), lynx become patchily/unevenly distributed and occur at 
very low densities at the low in the hare cycle, and that some parts of the DPS (particularly Maine) have 
relatively stable hare densities that are considerably higher than in the core of the range during the low 
phase of the cycle.  

2.  Argues that the less volatile/variable nature of hare and lynx populations in Maine and perhaps 
Minnesota (vs. Canada /Alaska) may actually enhance the long-term stability (less dramatic temporal 
fluctuations than in core of the range) of these DPS populations.  “…the possibility that a lack of 10-year 
cycles in lynx at the southern limit of their distribution means that the populations are not sustainable 
without inputs from Canada is a tenuous inference and ignores the point that average long-term finite 
growth rate could be positive in places with non-cyclic or dampened fluctuations with increased 
periodicity.” 

3.  Argues that the long-term consistent distribution and “harvestable surplus” of the demographically-
isolated lynx in Maine and the Gaspe Region of Quebec south of the Saint Lawrence River “…suggests 
high resiliency of this population and argues that Maine is not an island in the meta-population sense 
and is part of a persistent population across the mixed transitional forests of Maine, southern Quebec, 
and New Brunswick and spanning nearly 30 million acres of habitat that is contiguous and 
demographically isolated from other lynx populations. The population dynamics of this large population 
in Maine may differ from populations in north-western Canada and Alaska, but may be sustainable and 
may contribute dispersers to Canada.” 



4.  Challenges our assumption (based on McKelvey et al. 2000) that lynx populations in the DPS may be 
peripheral populations in a mainland-island metapopulation structure.   “This ‘mainland-island’ 
metapopulation structure is critical to the biological assessments throughout the Draft SSA and does not 
appear relevant to the contiguous populations in Maine, and also does not likely apply in Minnesota. 
The application of the metapopulation concept may or may not apply in Montana (depending on 
subpopulation), and seems most relevant to the populations in Washington, the GYE, and western 
Colorado.  Applying this concept across the entire DPS does not seem appropriate.” 

5.  Argues we (a) generalize too broadly across DPS populations; (b) ignore substantial differences in 
hare density among western (lower) and ME/MN (higher) populations, and differences in natural 
fragmentation (high in the west, low in ME and MN). 

6.  Concludes that the general assumption that population processes in the DPS are similar to northerly 
populations during hare lows is inaccurate, though perhaps more relevant to western populations in the 
DPS but not to ME and MN. 

7.  Feels that the assumption that that “current levels of conservation for lynx would continue without 
protections under the ESA is completely unrealistic.” (Note: this is not what we said; rather we indicated 
our belief that some conservation measure/efforts could be relaxed in a future in which lynx were not 
listed but that it was unlikely that all protections and conservation efforts would disappear).  

8.  Argues that no credible assessment has been done of the efficacy of recent efforts to prioritize lynx 
conservation on federal lands within the DPS and, therefore, “It seems inadvisable to change what USFS 
and BLM have planned to accomplish before evaluating whether the current efforts are working or 
require modification/enhancements.” 

9.  Charges that our current and future conditions sections for Maine “…incorrectly imply that lynx 
would be absent and populations would be non-sustainable without the extensive clearcutting that 
occurred in the late 1970’s through 1990.” (We do not imply this, only that said clearcutting created 
more lynx and hare habitat and thus more lynx currently than was likely under historical disturbance 
regimes). 

10.  Argues we and lynx experts overestimate current and future status of the lynx population in 
Colorado and inadequately address why lynx were extirpated or absent from CO in the past.  “In my 
professional judgment, this unnatural (likely), recently established, and marginally viable (at extreme 
southern range limit for hares) population should be deemed experimental and should not be a high 
priority for ESA protection (similar to the approach of the Draft SSA with the GYE).  As written, the Draft 
SSA would seem to place the western Colorado population at higher priority for future conservation 
than other long-established populations based solely on the criterion of future projected snow 
conditions (which lack certainty), while minimizing the historical and current potential to provide for a 
sustainable population.” 

11.  “The assumption that populations will be extirpated from 3 of 5 units represents excessive 
speculation and ignores the high uncertainty and many assumptions associated with that expectation. I 
agree that the climate change projections, despite uncertainty, suggest increasing challenges for lynx 
conservation in all geographic units. Populations without topographic relief could be at high risk. 
Additionally, if lynx retreat to higher elevations in western populations their distributions could become 
even more fragmented within naturally fragmented landscapes. Again, the conclusion that extirpation is 
inevitable in 3 of 5 units implies a level of certainty that is unwarranted given the many interacting 
uncertainties.”   



Note:  The comments listed below for this reviewer are those that Mark considered to be “Red flag!!!!!” 
or “Potential red flag!!!!!” issues. 

1.  The issue of potential effects of incidental and illegal mortality have not been adequately considered 
or evaluated in the Draft SSA. 

2.  “…the currently underutilized opportunity for enhancing habitat management on private lands would 
be further diminished if lynx were to be de-listed.” 

[Mark concludes, based on the 2 comments above:  “Potential red flag!!!!! The SSA does not explore and 
consider the cumulative and synergistic effects of stressors on individual SSA units individually or as a 
whole.” – I (JZ) don’t see anything in these comment of Dan’s that has anything to do with lack or 
inadequacy of cumulative/synergistic effects analyses, although I agree the draft report was light on 
these issues]. 

3.  The rapid landscape-scale shift in forest composition away from conifers and towards hardwoods in 
Maine from forest harvesting (projected by Legaard et al. 2015) is much more important to lynx in the 
short run than is the longer term forest shift associated with climate change. 

4.  Roads are typically considered in terms of human-induced mortality, but the habitat effects of roads 
are incredibly significant for the Maine population – they are avoided by lynx, have low conifer stem 
density and hare densities, affect lynx movements/foraging paths, thus affecting availability of high-
quality habitat.  Utility corridors, access roads to wind sites, and gravel forest roads (particularly if they 
receive snowmobile traffic) may enhance access of generalist and edge associated predators and 
competitors (e.g., coyotes and red foxes) into areas where lynx occur and forage on hares. 

5.  “The summary does not address how current ESA listing affects current status of lynx or how 
protections and status would be expected to change if the DPS were to be removed from ESA 
protections.  This seems inconsistent with the frequent mention and consideration of those topics 
throughout the Draft SSA and considering that this document is intended to guide future 
decisionmaking.” 

Peer Reviewer 4 – John Squires (Jim) 

1.  Questions what constitutes “adequate” resiliency and redundancy for southern (DPS) lynx 
populations and our conclusion that most DPS populations have historically and recently demonstrated 
“adequate resiliency.” 

2.  Wonders if contraction of small, localized populations could be expression of loss of resiliency and 
redundancy among southern lynx populations; considers such contraction a “major conservation 
concern.”  Also feels we treat these populations “dismissively.” 

3.  Questions our assessment of historical lynx occupancy in Wyoming/GYA; cites largely anecdotal 
(unverified) occurrence data to (1) show that “early records suggest that lynx were present in Wyoming 
for a long time based on photographs from Yellowstone extending back to the 1920s and museum 
records,” (2) conclude that lynx “may have inhabited the Wyoming Range since 1940,” and (3) “…refute 
the notion, as reported in the SSA document, that lynx were ‘intermittent’ in the region.” 

4.  Feels we did not stress importance of the Wyoming Range to lynx in Wyoming; that we “downplayed 
the historical importance of the Wyoming population throughout the document; suggests the team 
review/edit the wording to “provide a better balance.”  Suggests that the Wyoming Range has the best 



lynx habitat in the state but has been “highly impacted by natural and anthropogenic disturbance (fire, 
timber manipulation, proposed energy development, conflicting wildlife management priorities).” 

Peer Reviewer 5 – Mike Schwartz (Jim) 

1.  Believes that the resiliency/redundancy/representation framework is not comprehensive and misses 
important ideas of historical range, representation, and connectivity.  Suggests that conservation 
priorities should be that populations are resilient, redundant, adaptable/representative, and have 
recovered to some historical extent; otherwise, “…the persistence of the species (DPS) may be assured 
in the short run, but its recovery and return as an ecologically functional element is incomplete.” 
 
2.  Feels the expert estimate of the size of the Minnesota population (50-200 according to Moen [in 
several places we said 190-250]) is optimistic and appears to be “…based on converting suitable habitat 
to number of individuals (presumably by assuming a home range size and some overlap among the 
sexes).  This approach assumes that the fundamental niche (habitat suitability) equals the realized niche 
(habitat suitability limited by competition, species interactions, etc).  This is almost never the case.”  
 
3.  Feels that in Wyoming “…there is a consistent signal of lynx from at least the 1970s with strong 
signals at the beginning of the 21st century.”  Suggests caution in interpreting recent (2010-2017) 
absence of verified lynx records as suggesting range decline because “…effort to detect lynx appears to 
have dramatically declined since 2010.” 
 
4.  Feels our assessment of resiliency and redundancy is optimistic because of the inherent assumption 
that the six units are functioning independently. 
 
5.  Feels the importance of connectivity is undervalued and needs to be elevated in the final SSA report; 
that it “…plays a role in both resiliency and redundancy while influencing representation…”;  and that 
the adequacy of connectivity he documented among peripheral populations in 2002-2003 may have 
changed in the last 15 years.  “If each of the populations at the border with Canada (WA, MT, MN, ME) 
suffer reduced connectivity, due to climate change or because there have been no large amplitude 
cycles in the past decades, they are again not completely independent and less redundant than the 
document and the experts suggest.” 
 
6.  Feels the importance of genetic drift is underappreciated and that our conclusion that there is little 
risk of significant genetic drift is false if DPS populations are isolated from Canadian boreal populations 
(which they do not seem to be, and which was not hypothesized by other experts). 
 
7.  Is concerned that our conclusions in the draft SSA report “…may be too optimistic for the future of 
lynx in the contiguous United States. There are symptoms of serious problems throughout much of the 
range. Even the most robust populations (MT and ME) show either some sign of decline (MT with a 
negative population growth rate in Seeley Lake and a loss of a peripheral population in the Garnet 
range) or have projections of major habitat change due to both climate and socio-economic change in 
the region. Unless we see a large dispersal event from the Canadian boreal forest in the near future I 
would expect to see each population chiseled away slowly over the next few decades. On the other 
hand, I agree with the experts that over the very short time frame there appears to be little risk of 
extirpation of lynx in the contiguous United States.” 
 
 



II. Substantive State Agency Reviews 

Colorado Parks and Wildlife (Jim) 

1.  Need to remove significant redundancies. 

2.  Treating the 6 populations as a single DPS is confusing; there are many places where statements, 
paragraphs, or even series of paragraphs summarize research in a seemingly general sense, but in reality 
the results apply to only 1-2 populations and have no bearing on, or completely misrepresent, the reality 
in other populations. 

3.  Several sections of the document read as a litany of every possible factor that could negatively 
impact lynx.  Some of these factors are clearly more important than others, however no hierarchy is 
given. 

4. Several recent publications specific to lynx and climate change in Colorado were not relied upon in 
the report, but should be. 

5.  The climate change section provides much pertinent information but seems unorganized and suffers 
from language that is so strong that it undermines the credibility of the information. 

6.  The section on expert opinion needs to proceed with substantially more caution, especially regarding 
predictions in the distant future and appropriate discussion of inherent uncertainties in expert 
projections and the methods of summarizing and presenting them. 

7.  It is not clear how a DPS can be justified for the Canada lynx in the lower 48; the distinctness of this 
DPS appears to be in question. 

Idaho Fish and Game (Jim) 

1.  The draft SSA presents an inherent conflict for its scientific evaluation. Information in the draft SSA 
indicates that designation of a DPS based on the international Canada-U.S. boundary was based on 
incorrect assumptions, including those related to both discreteness and significance. 

2.  The draft SSA presents “factors affecting viability” via a confusing litany of sources of lynx mortality 
and lynx-human interaction without clear relationship to population effect.  Vegetation management, 
wildlife management, climate change, etc. cannot affect the viability of a lynx population where the 
information indicates a peripheral or transient presence at most; so it is confusing to include such 
analysis. Similarly, the draft SSA details state harvest regulations and incidental trapping occurrences 
(even where there is no demonstrated impact to individual lynx) without relating them to any 
population effect. 

3.  The final SSA should clarify the level of uncertainty in evaluating probabilities of persistence and likely 
future conditions. For example, the draft SSA’s summary of the expert elicitation panel’s discussion in 
this regard failed to acknowledge the panel’s statements as to the high degree of uncertainty in their 
speculations as to long-term persistence. 

4.  It would be more accurate to state that the number of individual lynx with home ranges occurring in 
the northeast corner of the Idaho Panhandle is unknown but small, based on the amount of potential 
habitat, and that individual lynx in Idaho are part of a larger population that occurs primarily in 
northwestern Montana and southeastern British Columbia.  The final SSA should reflect that, although 



there have been multiple detections of lynx in the Selkirk Mountains in Idaho during 2015-2016 and one 
detection of a lynx in the Selkirks in 2010, there is not evidence of a long-term, persistent resident lynx 
population. During the last several years, radio-collar data and remote camera images have documented 
a single lynx with a home range in the west Cabinet Mountains in Idaho, but there is not other evidence 
of a long-term, persistent resident population. In the Purcell Mountains in Idaho, there have been 
detections of multiple lynx in or immediately adjacent to designated critical habitat (i.e., within 10 miles 
of the Canada border). Purcell detections in 2015-2016 included a photo of an adult lynx accompanied 
by juvenile lynx, but there has not been other evidence of a persistent breeding population. 

5.  In referencing the LCAS revision, the SSA should recognize the comments of the states of Montana, 
Idaho, and Wyoming from 2012 and 2013, which identified weaknesses and a lack of federal 
cooperation with states in issuing the revised document. 

6.  Suggest several recent climate change/forest management papers should be reviewed and cited, and 
that some reach different conclusions that those reached in the draft SSA report. 

Idaho Office of Species Conservation (Jim) 

1.  Disagrees with the Service’s determination that lynx in the contiguous U.S. qualify as a DPS; claim 
they do not qualify as a discrete and significant population as contemplated by the Service’s DPS Policy; 
the State encourages the Service to revisit its prior DPS determination. 
 
2.  Idaho lacks a persistent lynx population.  Future ESA considerations must take into account Idaho’s 
historic and current lack of a persistent lynx population. 
 
Maine Department of Inland Fisheries and Wildlife (Mark) 

1.  Troubled “…with the tone of the document and by what appears to be a very subjective, if not 
biased, selection of data to include in the draft SSA.” 

2.  Feel “The definitive tone of the climate change section on how Maine's forests and lynx populations 
will be affected, does not follow the guidance offered in the IPCC Climate Change 2014 Synthesis Report 
which states that an integral feature of the report is communicating the uncertainty of its findings.” 

3.  Concerned that the draft SSA considers the lack of management assurances on private lands to be a 
risk to lynx populations because Maine's lynx population reached what is believed to be historic highs on 
these private lands without federal or state intervention.  Models used in the SSA to predict forest 
habitat changes and trends in lynx populations do not take into full account, and in some cases 
misrepresent, forest management on private lands. 

4.  “The lack of focused attention on the “five-factor analyses” that guides ESA status changes 
(https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf) is perplexing.  In the absence of a 
recovery plan with specific conservation objectives, a periodic “5-year” status review should provide a 
clear evaluation of the species with regard to ESA listing factors.  This seems essential in the SSA if it will 
be the only evaluation of lynx DPS status after 17 years of listing under the ESA.” 

5.  Given the success of lynx populations on private lands in Maine, MDIFW finds some statements in the 
SSA overstate the threat posed by private land management to lynx.  The period of greatest lynx 
population growth in Maine occurred during the same period that caused “major shifts in forest 
management strategies, outcomes, and products.” 



6.  MDIFW strongly disagrees with statements in the SSA that Maine’s lynx population and 
lynx/snowshoe hare habitat have declined since 2006, e.g., “The best available science indicates that 
hare populations have declined by about half across all stand types (and in adjacent Quebec) since 2006 
and apparently have not rebounded.”  No references are given in the SSA to substantiate this claim.  
MDIFW asserts that there is insufficient scientific evidence to conclude that hares have declined at a 
landscape level and have remained low since 2006 in northern Maine.  Hare densities in stands subject 
to shelterwood and overstory removal harvests more than doubled from 2008 to 2011.  As of 2011 (the 
last year of monitoring in this stand type), hare densities in these stands were approximately double 
those in regenerating clearcuts (D. Harrison, unpublished data). 

7.  MDIFW has information on the current status of lynx in Maine, which suggests the lynx population is 
both increasing in numbers and expanding its range, and questions why this information presented at 
the Expert Elicitation Workshop (EEW) was not included in the draft Lynx SSA.  MDIFW urges the USFWS 
to consider the data and arguments presented in this review and at the EEW to arrive at a more 
objective perspective on the resiliency of Maine’s current lynx population. 

8.  Many of the conclusions and the tone of the Climate Change Section in the SSA do not adequately 
communicate uncertainty and are definitive in nature.  MDIFW is concerned about the objectivity of the 
climate change sections in the SSA and urges a thorough review of this section -- especially given the 
USFWS SSA Core Team’s admission that they took a more pessimistic view of climate change impacts to 
lynx than the experts at the EEW.  Furthermore, MDIFW asks, are 50-year projections an appropriate 
standard for the “foreseeable future” language of the ESA? 

9.  Concerned about “…over reliance on modeling to predict the persistence of lynx in the face of 
contradicting field data.  For example, p. 66 of the SSA states, ‘Reduced snow depth and duration may 
reduce lynx’s competitive advantage over bobcats, which have similar ecology to lynx but are not as 
well-adapted to hunting hares in deep fluffy snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 
2013, pp. 69, 71). The bobcat is the closest related species to lynx in North America, and it outcompetes 
or displaces lynx wherever the two species overlap, at both broad (Peers et al. 2016, entire) and local 
(Parker et al. 1983; Robinson 2006, pp. 120-129) geographic scales.”  However, field observations and 
surveys indicate that lynx have expanded their range in Maine, and that lynx are now living and 
reproducing in Downeast Maine (i.e., sections of Penobscot, Washington, and Hancock Counties).  
Northern sections of Downeast Maine have long been considered one of the best bobcat regions in 
Maine, and this region has historically had lower snowfall totals than northern interior Maine because of 
the influence of maritime weather patterns.  These field observations call into question whether 
marginally lower snow levels and bobcat are a significant threat to lynx in Maine.” 

10.  “MDIFW questions the conclusions reached in the SSA regarding predictions that Maine’s forests 
will change in a manner that threatens lynx and snowshoe hare populations.  MDIFW argues that the 
presentation of forest and hare data is misleading, and that more research is needed on hare densities 
in shelterwood stands.” 

11.  MDIFW disagrees with statements that Maine’s lynx population would face increased threats from 
trapping and hunting if they did not have not have protection under the federal ESA. Trapping was 
evaluated at the time of listing (USFWS 2000) and was determined not to be a significant threat to the 
lynx population. Currently, the vast majority of lynx caught in foothold traps are released with little to 
no injury.  MDIFW submits that in the event of delisting, the Department would continue to be 
committed to protecting lynx populations through trapper and hunter education, regulations focused to 
minimize captures in traps, and an active law enforcement presence. 



12.  MDIFW finds the statement on p. 20 of the SSA, lines 6-7 troubling: “… we do not evaluate the 
unlikely hypothetical future in which the DPS is not listed and conservation efforts disappear.”  An 
inference that lynx conservation is totally dependent upon ESA seems unfortunate.  The traditional role 
of state conservation efforts is apparently discounted, and current examples of cooperative efforts 
among states and the USFWS to prevent listings (e.g., New England cottontail) may have not been 
considered.  MDIFW does not argue that ESA protections are sometimes appropriate and value-added, 
but USFWS should not ignore the long-standing primary jurisdiction of states for most wildlife resources, 
critically important partnerships with states for conservation of vulnerable species.  MDIFW believes the 
SSA is presenting an “all or nothing” worst-case scenario for the lynx DPS: “Our evaluation, therefore, 
considers the possibility of the future relaxing of some lynx conservation measures and efforts, but not 
the complete absence of all protections for lynx.” MDIFW concurs that the lynx DPS needs thoughtful 
conservation attention at its southernmost range limits. However, our Department (1) strongly disagrees 
that the ESA is the only effective protection, and (2) counters that state conservation strategies, which 
may be inspired by the ESA, are generally a better, more lasting solution. 

13.  MDIFW suggests that a broader more forthright discussion is needed on the structure of the DPS.  In 
the description of the geographical units of the SSA, MDIFW suggests stating, “The DPS designation 
reflects a jurisdictional boundary, not a biological one, for Canada lynx.  The species is widespread and 
relatively secure in Canadian provinces adjacent to the DPS.”  Would the USFWS be willing to state, in 
the list of assumptions (p. 8, SSA), “We assume that the statuses of lynx within individual SSA geographic 
units are mostly independent of one another”?  This assumption is requested to critically reconsider 
conservation strategies and outcomes given “the units are relatively isolated from each other” (SSA, p. 
5). In fact, Unit 1 (Northern Maine) and Unit 2 (Northeastern Minnesota) are extremely isolated from 
other units by distance and marginal habitat.  As the USFWS has experienced with recovery efforts for 
Canis lupus, the improbability of “recovery” occurring concurrently in three (or more) regionally distinct 
SSA units greatly handicaps any scenario for delisting. 

14.  MDIFW believes the SSA overstates the confidence with which climate models can be used to 
inform future trends in lynx distribution and population size in Maine. Uncertainty regarding changes in 
the amount and duration of snowfall, and the response to these changes by hares, lynx, and potential 
lynx competitors such as bobcats and coyotes, make projecting impacts on lynx very challenging.  In 
addition, we feel that conclusions about changing forest species composition in northern Maine due to 
climate change are overstated and not supported by current data. 

15.  MDIFW strongly endorses major conclusions in the SSA that (1) the initial threat for listing the lynx 
DPS has been met; (2) that the DPS currently is resilient, redundant, and representative; and (3) 
although there is tremendous uncertainty with long-term projections, we agree with the EEW experts 
that in the foreseeable future (at least through the next 25 years) lynx status is secure in the DPS. 

Minnesota Department of Natural Resources (Tam) 

1.  Most of MNDNR’s substantial comments focused on the many uncertainties that come with 
predicting future conditions, particularly with climate change, into the long-term future. 

2.  Concerned about unclear evidence of causal relationships; for example, they are not aware of any 
study that has attempted to quantify hare/lynx response to the changes in Federal land management 
plans. 



3.  They agree that lynx have adaptations for deep snow, but disagree that they need snow.  Lynx need 
hares and hares need boreal forest, but lynx do not need snow because in most of the DPS they survive 
7 months out of the year without snow. 

4.  MNDNR does not believe one can say much beyond that lynx require hares, and thus hare 
habitat/populations should be a main focus in the SSA. 

Montana Fish, Wildlife & Parks (Jim) 

1.  The Draft SSA incorrectly summarizes the expert elicitation panel’s discussions about likely future 
conditions and probabilities of persistence as if they are conclusions without uncertainty. This 
uncertainty must be adequately presented in the SSA for the document to be received as legitimate. 

2.  Speculative expert opinion is being held equivalent to objective science – this is a major departure 
from the use of best available science. 

3.  The GYA is not capable of maintaining a resident reproducing lynx population and should be removed 
from the list of lynx units. 

4.  The SSA needs to (better) address the incongruence apparent in the ephemeral nature of (some) lynx 
populations (ref. to the Garnets Range). 

5. Continue to object to the designation of a single DPS and see no justification to preserve ESA 
protections in the Northwest Montana/Idaho Geographic Unit. 

6.  Suggest 1) designating 5 discrete DPSs where lynx are known to occur, 2) eliminating the GYA as a 
Geographic Unit or DPS, and 3) considering the status of and threat to lynx within each DPS separately 
and on the merits of those local situations.  We also believe that the level of connectivity to contiguous 
populations in Canada should be a criteria used to assess the species’ U.S. status.  U.S. populations 
occupy on 2% of the Canada lynx’s North American range and habitat conditions are, and always have 
been, relatively marginal.  

7.  Believes the regulatory threat for which the DPS was listed has been adequately address and, 
“…along with other subsequent and perpetual protections, clearly obviate the justification or need for 
further ESA listing.” 

Washington Department of Fish and Wildlife (Bryon) 

1.  The SSA is lacking in conservation measures for lynx breeding populations that likely exist in between, 
and that potentially connect the six geographic areas we are focusing on for lynx conservation, 
especially the geographic areas in Washington, Idaho, and Montana. (Note: (JZ) the SSA was not 
intended to, and does not, develop or identify necessary conservation measures for any DPS 
populations, including those that may or may not occur outside of the geographic units evaluated in the 
report). 

2.  Concerned that the SSA under appreciates the short-term (10-20 years) risk to the probability of lynx 
persistence in Washington from threats, and the large uncertainties about population processes that will 
influence its probability of persistence (e.g., immigration from BC, emigration, fires, snowpack, disease, 



current demographics of the population, impact of trapping in southern BC, status of population in BC, 
habitat corridor stability between BC and WA). 

3.  States that current management plans for lynx are in need of revision to incorporate new information 
and concepts pertaining to lynx management. 

4.  Questions the SSA’s conclusion that there is a meaningful level of lynx immigration from Canada to 
Washington and cites declining lynx harvests in BC as an indicator of potential reduced lynx immigration 
to Washington (we did not conclude this; only that historical connectivity appears to have remained 
intact and that cross-border movements by lynx have been documented). 

 

Note:  Non-substantive comments, letters of support, or submission of minor corrections/new data 
were received from Michigan, New Hampshire, New Mexico, Wisconsin, and Wyoming. 

No comments were received from New York, Oregon, Utah, or Vermont. 
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Date: Friday, March 31, 2017 9:49:19 AM
Attachments: 2017 03 20 Lynx SSA Summary of Peer and State Review.docx

Here is what I sent Core Team just before leaving a week ago Monday.

Attachment is the same one I sent you and Justin.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, Mar 20, 2017 at 4:49 PM
Subject: Summary of Lynx SSA Peer and State Reviews
To: Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>

Hi Team,

Thanks for sending your reviews - I used them and my own reviews of some of the comments on the SSA to provide
the attached summary to Jodi and Justin.  I'm not sure if/how they may share this info with the recommendation
team or if they will ask us to provide something via conference call or webinar after I return from leave (tomorrow
thru next Wed.).

Some of you may feel differently, but my conclusion is that although there are some recurring themes and clearly
some work we need to do to tighten up the final report, I didn't see anything that suggests major consequential
omissions or fatal flaws with our assessment that would lead us to significantly different conclusions or that would
likely affect the inclinations of the recommendation team members.  But I guess they will let us know that
eventually.

Anyway, let me know if you think I missed any of the major issues in the summary, and we can talk about those
when I return.

Thanks all, and Merry Equinox!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
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Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: Summary of Lynx SSA Peer and State Reviews
Date: Friday, March 31, 2017 9:49:15 AM
Attachments: 2017 03 20 Lynx SSA Summary of Peer and State Review.docx

Here is what I sent Core Team just before leaving a week ago Monday.

Attachment is the same one I sent you and Justin.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, Mar 20, 2017 at 4:49 PM
Subject: Summary of Lynx SSA Peer and State Reviews
To: Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>

Hi Team,

Thanks for sending your reviews - I used them and my own reviews of some of the comments on the SSA to provide
the attached summary to Jodi and Justin.  I'm not sure if/how they may share this info with the recommendation
team or if they will ask us to provide something via conference call or webinar after I return from leave (tomorrow
thru next Wed.).

Some of you may feel differently, but my conclusion is that although there are some recurring themes and clearly
some work we need to do to tighten up the final report, I didn't see anything that suggests major consequential
omissions or fatal flaws with our assessment that would lead us to significantly different conclusions or that would
likely affect the inclinations of the recommendation team members.  But I guess they will let us know that
eventually.

Anyway, let me know if you think I missed any of the major issues in the summary, and we can talk about those
when I return.

Thanks all, and Merry Equinox!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
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Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Cc: Jodi Bush; Justin Shoemaker
Subject: Re: Lynx SSA Core Team Priorities
Date: Friday, March 31, 2017 10:49:43 AM

P.S. the comment tracking spreadsheet is on the drive at:

LYNX SSA > SSA > SSA Documentation and Report > Peer and Partner Review Jan 2017 > Comment Tracking
and Response.

Thanks! 

On Fri, Mar 31, 2017 at 10:44 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team:

After discussing with Jodi, we believe the highest priority right now is to get the substantive comments from peer
reviewers and State and Federal agencies along with draft or bulleted responses entered into the comment tracking
database/spreadsheet on the drive.  You should be able to pull many of these in from the comment summaries you
sent me the week before last.

We are requesting that for now folks stop editing/revising the working draft of the SSA report and instead focus
on moving comments/responses into the spreadsheet.  Having the comments organized in the sortable spreadsheet
will help us focus on the most important topics/themes and will help us prioritize the parts of the SSA report most
in need of (or in need of most) revision/correction/addition.

Thanks,

Jim    

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bob Oakleaf
To: Zelenak, Jim
Subject: Re: Question about impacts to lynx/hare habitats in the Wyoming Range
Date: Sunday, April 02, 2017 1:59:38 PM

Hi Jim,

Sorry to be so slow in responding.  If you still have questions on
lynx in Wyoming, please feel free to call anytime  (307) 349 - 7784

On 3/15/17, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
> Hi Bob,
>
> Susan Patla forwarded your email address and suggested you may have some
> thoughts you'd be willing to share regarding my search for information,
> below.
>
> I'm working on finalizing a species status assessment (SSA - yet another
> new acronym for USFWS...) for lynx in the Lower 48 and, based on some peer
> review comments from John Squires and comments from the State of Wyoming,
> I'm trying to compile and summarize the most appropriate information and
> present the likely history of lynx and habitat in Wyoming in the most
> parsimonious way.
>
> I'd appreciate any thoughts you are willing to share. Please feel free to
> give a call (406-449-5225, extension 220) if you'd rather talk about this
> than reply via email.
>
> Thanks,
>
> Jim
>
>
> ---------- Forwarded message ----------
> From: Zelenak, Jim <jim_zelenak@fws.gov>
> Date: Tue, Mar 14, 2017 at 3:58 PM
> Subject: Question about impacts to lynx/hare habitats in the Wyoming Range
> To: susan.patla@wyo.gov, Nichole Cudworth <nichole.bjornlie@wyo.gov>
>
>
> Hi Susan and Nichole,
>
> Several papers included with the State of Wyoming's review and comments on
> the draft lynx SSA report suggest past and perhaps continued alteration of
> or impacts to lynx and hare habitats in Wyoming.
>
> For example, Laurion and Oakleaf 1998 (p. 174) concluded that "Lynx may not
> persist in the face of continued alteration of lynx/snowshoe hare habitat
> in Wyoming."
>
> Similarly, Laurion and Oakleaf 2000 (p. 114) stated "Wyoming's hare habitat
> situation is one of natural fragmentation, and the additional fragmentation
> caused by logging and possibly grazing."
>
> And, Van Fleet et al. 2006 (p. 49) added that "The continued alteration of

mailto:boboakleaf@gmail.com
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> habitat, especially in the Wyoming Range, *has significantly reduced the
> amount of available habitat and has complicated lynx conservation efforts
> in Wyoming. The little remaining lynx habitat in Wyoming is quite
> restrictive and disjunct with little to no potential existing in protected
> Wilderness Areas."*
>
> Likewise, John Squires recently commented that "...the best lynx habitat in
> the state [in the Wyoming Range] is  actually outside national parks *and
> has been highly impacted by natural and anthropogenic disturbance (fire,
> timber manipulation, proposed energy development, conflicting wildlife
> management priorities)."*
>
> I'm not sure how *proposed* energy development may have highly impacted
> habitat, but I will try to get clarification on that from John.
>
> My question for the two of you is whether you have any reports or other
> information documenting and/or quantifying the sources and amounts or
> proportion of such impacts to what is considered higher quality lynx/hare
> habitats, particularly in the Wyoming Range.  Is there any documentation of
> the timing and amount of logging that occurred in potential lynx/hare
> habitats and whether those impacts resulted in temporary or permanent loss
> of lynx habitat?  What other anthropogenic factors may have impacted
>  or
> diminished lynx habitats in the Wyoming Range?  I'm particularly interested
> in what data/info Van Fleet et al. relied on to conclude that habitat had
> been significantly reduced; what caused so little to remain
> , and whether such impacts were permanent or temporary
> ?
>
> Also, Laurion and Oakleaf 2000 (p. 108) says that the Wyoming Range "...was
> known to have had a healthy breeding population in the late 1960s and early
> 1970s (B. Neely and J. Welch, pers. comm.)" but that it was considered in
> 2000 to  be "much reduced from that period".
>
> I'm wondering if there are any data (other than Reeve et al.'s 1986
> compilation of very few verified ["certain"] and many more "probable" [but
> unverified] lynx occurrence records) or other information to support the
> conclusion that the Wyoming Range had a "healthy" persistent resident
> breeding lynx population in the 1960s -1970s, or at any time historically.
> Laurion and Oakleaf 2000 (p. 114) point to the 18 lynx trapped from the
> Merna study area north to the Hoback Rim during a few months of 1972, but
> I'm wondering why this would be considered evidence of a breeding
> population and not possibly an indication of the many dispersing lynx that
> were documented in many parts of the lower 48 in the early 1970s as a
> result of the second of two unprecedented irruptions of lynx into the Lower
> 48 from Canada (the other in the early 1960s - both are documented in
> McKelvey et al. 2000 [Chapter 8 in *Ecology and Conservation of Lynx in the
> United States*]).
>
> Sorry for the long and involved request, and thanks in advance for any
> clarification and/or supporting information you are able to provide.
>
> Jim
>
> --
> Jim Zelenak, Biologist
> U.S. Fish and Wildlife Service



> Montana Ecological Services Office
> 585 Shepard Way, Suite 1
> Helena, MT 59601
> (406) 449-5225 ext. 220
> jim_zelenak@fws.gov
>
>
>
> --
> Jim Zelenak, Biologist
> U.S. Fish and Wildlife Service
> Montana Ecological Services Office
> 585 Shepard Way, Suite 1
> Helena, MT 59601
> (406) 449-5225 ext. 220
> jim_zelenak@fws.gov
>



From: Nelson, Marjorie
To: Zelenak, Jim
Cc: Bush, Jodi; Justin Shoemaker
Subject: Re: DRAFT FOR REVIEW: Internal Communication and Talking Points regarding the Lynx SSA and Process
Date: Monday, April 03, 2017 9:08:46 AM

Yes, the other DMs were ARDs; R2 declined to participate.  We will have to get
concurrence on the 5 year review; it will be up to the ARDs to brief their RDs as
appropriate.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258

On Thu, Mar 30, 2017 at 8:32 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
The DMs at the recommendation meeting included only one RD (ours) - the others were ES ARDs yes?  Are they
the DMs or were they there on behalf of their RDs, and will the RDs from the other regions consult/concur with
Noreen on the final decision?

Also, though invited, no DM from R2 was present; will RD or ARD from R2 still provide input to the decision?

On Mon, Mar 27, 2017 at 11:48 AM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
It looks good to me.  One comment to say decision makers are instead of were.  

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258

On Tue, Mar 7, 2017 at 4:32 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Marj and Justin.  I thought before I sent them out -I'd have you look at.  JB

____________________________________________________________

At our meeting last week, Noreen asked us to identify a series of talking points around
where we are with the lynx decision process.  With help from the RO we have
developed the following.  Please review.  When agreeable, I will share with Core team
and others in attendance at the decision meeting for their use in responding to queries on
the process.  

Please review the following and provide me with any clarifications or edits.  JB
________________________________________________________________

Internal Talking Points Regarding the Lynx SSA and Decision Process

We received very thorough and useful comments from our State Partners and
those folks invited to comment through our Peer Review Process. 

We intend to fully consider these comments in our final Species Status
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Assessment (SSA). 

Given the short time between when we received the State and Peer Review
comments, we have not completely examined all of the reviews. We fully intend
to do so.  

We have not yet made a final decision on the status of Lynx as necessary Peer
Review comments were received just prior to the meeting and have not been fully
assessed. 

We anticipate getting back with the decision makers in the next month or so.  At
that time we will provide them with a thorough consideration of the remaining
comments and Peer Reviews and consider our next steps in the process. 

The decision makers were Regional Directors from affected USFWS Regions
(Regions 1, 2, 3, 5,and 6).   

As an aside,  Thank you very much for your staff's continued focused effort on this SSA
and process.  While we are getting close, there remains much work to be done in
identifying important comments, drafting responses and finalizing our SSA.  I am
hopeful that you will continue to support your Region's staff in completion of these
tasks.   Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Order Statement of Work 
Peer Review (without attribution) of the Scientific Findings in  

U.S. Fish and Wildlife Service’s Species Status Assessment for the contiguous United States 
distinct population segment (DPS) of the Canada lynx (Lynx canadensis). 

 
Date: July 15, 2016 

 
1. Introduction/Background  
The U.S. Fish and Wildlife Service (Service) has conducted a species status assessment (SSA) as 
a first step to understand the current status of the contiguous United States distinct population 
segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened under the 
Endangered Species Act (Act).  The SSA is intended to inform and streamline the court-ordered 
recovery plan (due January15, 2018), assuming such a plan is deemed necessary. The SSA report 
will also serve as the basis for the five-year status review (initiated in 2007; 72 FR 19549) 
required under the Act and would also provide the scientific foundation to support future 
rulemaking in accordance with the Act should the five-year review indicate that a change in the 
DPS’s listing status is warranted.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under the 
Act in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management of 
those forests included “...programs, practices, and activities within the authority and jurisdiction 
of Federal land management agencies that may threaten lynx or lynx habitat.  The lack of 
protection for lynx in these Plans render them inadequate to protect the species” (65 FR 16052).  
 
Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado.  After statewide 
surveys conducted in 1978-1997 suggested the absence of viable resident lynx populations in 
Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada and Alaska into 
southwest Colorado to establish the current resident population.  Additionally, the Greater 
Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is believed 
historically (and as recently as 2003-04) to have supported a small but relatively persistent lynx 
population, but it is uncertain whether it currently supports any resident lynx.  
 
In accordance with the Service peer review policy, we are requesting peer review of this species 
status assessment (SSA). 
 
2.  Description of Review 
 
We are seeking peer review of this species status assessment (SSA). The purpose of the review is 
to help us ensure that we have used the best scientific and commercial information when we 
make our final decision as to the current status of the lynx. Thus, we are looking for independent 
scientific perspectives on the comprehensiveness and logic of the document, as well as how well 
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the technical conclusions are supported by the data and analyses. Peer reviewers should be 
advised that they are not to provide advice on policy.  
 
3.  Methods, Protocols and/or Scientific Standards 
The selection of participants in a peer review is based on expertise, with due consideration of 
independence and conflict of interest (OMB –IQ bulletin for Peer Review). The most important 
factor in selecting reviewers is expertise: ensuring that the selected reviewer has the knowledge, 
experience, and skills necessary to perform the review. The independent peer reviewers shall be 
experienced senior-level ecologists, carnivore biologists, population modelers, and/or furbearer 
managers who have previously conducted similar reviews or regularly provided reviews of 
research and conservation articles for the scientific literature. Reviewers must be well-versed in 
the demographic management of mammals, preferably lynx or other carnivores. While expertise 
is the primary consideration, reviewers should also be selected to represent a diversity of 
scientific perspectives relevant to the subject.  
 
Potential conflicts of interest include: employment or affiliation with the Service, the States, the 
Interagency Lynx Conservation Team, the Western Governors Association; peer reviewers who 
have offered a public opinion or a statement either for or against delisting; and peer reviewers 
directly or indirectly employed by or associated in any way with any organization that has either 
litigated the federal government concerning lynx or taken a position on one side or the other 
about recovery and listing of lynx. The contractor will be responsible for assigning an 
experienced, senior and well-qualified manager to lead this review and for the selection of 3-5 
well-qualified, objective, independent reviewers (a minimum of 3 individuals must provide 
review; more is preferred).  The expertise of qualified reviewers shall include at least 2 reviewers 
who meet criteria 1 and 2 and 4 below, and at least one reviewer who meets criteria 1 and 3 and 
4: and representative of the DPS range of lynx including northeastern US, the Midwest, the 
Rocky Mtns and Canada.  
 
1. A Ph.D. or an M.S. (with significant experience) in Wildlife Biology/Ecology, Ecology, or 

Wildlife Management or other related fields as long as they meet the other qualifications 
below. 

2. Demonstrated experience working with the management of carnivores, especially lynx or 
other furbearers, and wildlife population management. 

3. Expert knowledge of wildlife biology, wildlife management, demographic management of 
mammals (especially carnivores), wildlife population dynamics, and/or wildlife 
population modeling, as well as being generally versed in available literature on lynx and 
other carnivores, boreal forest systems, and changes in climate within boreal forest 
systems.   

4. Expert knowledge of boreal forest ecosystems and effects of climate change within those 
ecosystems within Canada and the US is preferred.     

5. Experience as a peer reviewer for scientific publications. 
 
In addition, the reviewers must have no financial or other conflicts of interest with the outcome 
or implications of the report (reviewers should not be currently employed by the Service, State 
agencies within the lynx DPS range, or employed by (or contracted by) any organization that has 
either litigated or taken a position on lynx listing or recovery.   
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The Service will have an opportunity to seek clarification on any review comments through the 
contractor (Task 003.1), for a period of 10 days, starting 60 days after the Service receives the 
reviews from the contractor. 
 
Peer Reviewers will provide individual, written responses. Peer Reviewers should be advised 
that their reviews, including their names and affiliations, will (1) be included in our 
administrative record, and (2) will be made available to the public.  We will summarize and 
respond to the issues raised by the peer reviewers in the record.   
 
Collectively, the review should cover, but not be limited to, the topics listed below. Individual 
reviewers should, at their own discretion, provide comments, criticisms, and ideas about any of 
the topics they feel qualified to comment on. The most valuable reviews will focus on how 
thoroughly and logically the topics have been treated, and how well the conclusions are 
supported by the data and analyses. Not all reviewers are required to address all issues noted 
below. Reviewers should comment on areas within their expertise, and may choose to abstain 
from other areas including restricting your technical comments to your area of expertise, but feel 
free to render opinions or raise questions about larger scientific issues that may be relevant.  To 
the extent possible, justify your comments with supporting evidence just as you would do when 
presenting your own scientific work.  Please do not refrain from offering relevant opinions, but 
also label them as such.  Test your comments for fairness, objectivity and tone of delivery by 
asking yourself if you would be comfortable presenting your comments, face-to-face, to the 
author and a panel of your peers. 
 
Questions for Peer Review 
 

Available Data  
 

1. Please identify any oversights or omissions of data or information, and their relevance to 
the assessment. Are there others sources of information or studies that were not included 
that are relevant to assessing the viability of this species? What are they are how are they 
relevant?  

 
2. Provide advice on the overall strengths and limitations of the scientific data used in the 

document. Have the authors been explicit about assumptions and limitations of, and 
concerns regarding, the data, and are these appropriately qualified or explained? Are 
there concerns that the Service did not identify, and if so, how relevant are these concerns 
to the assessment of viability of lynx in the contiguous U.S.? Are there any 
inconsistencies in how the data are presented or assessed?  

 
Analysis of Available Data 

 
3. Have the assumptions and methods used in the SSA report been clearly and logically 

stated in light of the best available information? If not, please identify the specific 
assumptions and methods that are unclear or illogical. 
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4. Are there demonstratable errors of fact or interpretation? Have the authors of the SSA 
report provided reasonable and scientifically sound interpretations and syntheses from the 
scientific information presented in the report? Are there instances in the SSA report 
where a different but equally reasonable and sound interpretation might be reached that 
differs from that provided by the Service? If any instances are found where this is the 
case, please provide the specifics regarding those particular concerns. 

 
5. Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have 

the scientific uncertainties present given the data and the analyses conducted been clearly 
identified and has the degree of uncertainty been appropriately characterized? If not, 
please identify any specifics concerns. 

 
Text to be added to correspondence with Peer Reviewers:  
 
The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is 
using to improve transparency while conducting listing determinations and other Act actions, 
and peer review of our analyses of the viability of species is part of that new process.  As you 
will see, the attached draft SSA report is a rough draft; we are seeking your comments at this 
stage to ensure that we have time to incorporate any substantial comments as we finalize the 
report. 
 
As you review the document, please note that this draft SSA report does not result in or 
predetermine a decision by the Service on whether the Canada lynx warrants protections of the s 
Act.  This document is strictly a characterization of the viability species’ viability in the 
contiguous United States. 
 
As a reminder, all peer reviews and comments will be public documents, and portions may be 
incorporated verbatim into the Service’s final decision Document, should there be one, with 
appropriate credit given to the author of the review.  If you do not want your name to appear in 
a final decision document, as published in the Federal Register, please inform us of this as soon 
as possible.   
 
In general we ask that your comments on the draft SSA report focus specifically on whether the 
best available information was used, the quality of the scientific information,  and our 
interpretation and analyses of the data with regard to the species’ viability in the contiguous 
United States.  We request that you direct your review to the scientific issues and assumptions 
related to your expertise. 
 
 
In accordance with the agreement terms and Performance Work Statement, the contractor(s) is 
(are) reminded of the requirements to protect information and that services shall consist of 
unbiased assessments through proper management and enforcement of scientific integrity 
standards, to avoid any conflict of interest.   
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4.  Required Service (Work) Items - Task Line Item Numbers (TLIN):  As described in the 
agreement’s Performance Work Statement, paragraph 2B, the below TLINs are required in the 
performance of this requirement.  The TLINs are different, but interrelated to the tasks listed in 
task/deliverable and payment schedule: 
TLIN 001: Selecting for peer reviews or review panels, or for task orders to provide scientific 
support.  
TLIN 002: Organizing, structuring, leading, and managing the scientific reviews and task order 
products.  
TLIN 003: Managing and producing a final product. 
TLIN 004: Responding to any follow-up questions from the Service on original review 
comments (not to exceed 10 consecutive days)  
TLIN 005: Maintaining an official record for peer reviews or task orders.  
 
5.  Deliverables 
The following deliverables are in addition to the agreement’s Performance Work Statement  
paragraph 3, which states, “The Contractor shall provide the COR with three key deliverables: 
(1) Proposed Timeline, (2) Original individual scientific reviews and a transmittal letter to the 
Service (to Regional Director, Noreen Walsh), and (3) Complete Official Record.”  
  
There are no additional deliverables.  However, the contractor will be required to respond to 
questions, inquiries, or other related requests after the contract expiration date, and final 
acceptance, as needed.  These request(s) will be by the Contracting Officer Representative (in 
coordination with the Contracting Officer).  Inquiries or requests are limited to the products 
provided, and work performed under this contract (order).  Responses include, but not limited to: 
phone calls, written responses, and/or meetings.  
 
Review comments by the Contracting Officer Representative will be provided to the Contractor 
via the Contracting Officer. 
 
6. Task Schedule.   
The period of performance shall not exceed the contract expiration date without a contract 
modification.  In accordance with the terms of the contract, the contractor shall notify the 
Contracting Officer of any delays. Delays by the Government or Contractor must be rectified by 
accelerating the next deliverable on a one to one basis (i.e., if the delay was 2 days then the next 
deliverable must be submitted 2 days early). Deliverables that fall on a holiday or weekend must 
be delivered on the first work day after the weekend or holiday.  The period of performance 
(contract expiration date) includes all possible holidays or weekend deliveries: 
 

TASK/DELIVERABLE CALENDAR 
DAYSAFTER 
AWARD 

Task 1:  Contracting Officer and COR will provide access 
to materials needed for the review  

 3 

Task 2:  The contractor(s) shall conduct a thorough, 
objective peer review of the Service’s Species Status 
Assessment for the contiguous United States distinct 

 17 (14 days) 
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population segment (DPS) of the Canada lynx (Lynx 
Canadensis)  
Task 3:  The contractor(s) will provide 3-5 expert peer 
reviews and a transmittal letter to the Service (to Regional 
Director, Noreen Walsh)  

22 ( 5 days)  

Task 4:  The project manager facilitates specific follow-up 
questions/answers between the Service and the reviewers 
(task limited to a 10-day period, 60 days after delivering 
initial review comments to the Service).  

32 (10 days )   

Task 5: The contracted project manager will provide all 
applicable official records to the Service project manager  

42 (10 days )  

  
Task 6: The project manager facilitates specific follow-up 
questions/answers between the Service and the reviewers, 
without attribution (task limited to a 10-day period, 30 
days after delivering initial review comments to the 
Service). 

60 (+15 days) 

Task 7:   Final report and official record is submitted to the 
Service  

 70 (+ 10 days) 

   
7.  Official Administrative Record 
The preparation of an official administrative record is required. 
 
8.  Information Sources 
The key information sources and links for this review will include:  (1) the Draft Species Status 
Assessment for the contiguous United States distinct population segment (DPS) of the Canada 
lynx (Lynx Canadensis, (2) the Final Report of the Canada Lynx Expert Elicitation Workshop, 
(3) the revised (Aug. 2013) interagency Lynx Conservation Assessment and Strategy (LCAS).   
 
9.  Payment Schedule:   
 
The payment schedule is as follows:  100 percent upon completion of Task 5 above.   
 
10.  Service Points of Contact:   
Contracting Officer, Mr. Steve Gess (phone: 303-236-4334, or email: steve_gess@fws.gov). 
 
Contracting Officer’s Technical Expert:  Jodi Bush (phone: 406-449-5225, ext.205 or email: 
Jodi_bush@fws.gov  Project Lead: Jim Zelenak, Mailing Address:  585 Shepard Road, Suite 1, 
Helena, MT 59601 Telephone:  406-449-5225, ext. 220 Email:  jim_zelenak@fws.gov 
 
11.  List of Enclosures/Attachments 

1. Species Status Assessment for the contiguous United States distinct population segment 
(DPS) of the Canada lynx (Lynx Canadensis);  

2. Final Report of the Canada Lynx Expert Elicitation Workshop 
3. Revised (Aug. 2013) interagency Lynx Conservation Assessment and Strategy (LCAS).  

 

mailto:steve_gess@fws.gov
mailto:Jodi_bush@fws.gov
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12.  Evaluation Criteria (This paragraph will be deleted upon award) 
This requirement will be awarded based on best value.  Best value will take into consideration 
price (to include the level of effort applied to each major task), approach (to include the labor 
categories, TLINs applied to each major task, and the reviewer’s resumes (lynx or carnivore 
ecologist/researcher/manager/modeler having performed similar reviews) (reference paragraph 
3).   
 
Price must detail cost in accordance with the agreement.  The approach must include a detailed/ 
proposed schedule (timeline), and the disciplines/skill mix of reviewers.  The approach should be 
no more than 2 pages (8 1/2” x 11”, 12 point font), excluding information on costs.  All 
contractors must propose five reviewers.  Be sure to include the discipline/skills of all reviewers 
(e.g., a resume or CV).   
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From: Bush, Jodi
To: Hosler, Barbara
Cc: Zelenak, Jim; Lori Nordstrom
Subject: Re: lynx peer review process
Date: Monday, April 03, 2017 9:09:34 AM
Attachments: Final SOW Lynx SSA_July 15 2016 (2).doc

EXECUTED ORDER BPA-C_F12PA00007_F16PB00362.pdf

Barb.  Here is the Order and SOW for the Lynx contract.  It was a little pricey and I concur
with Jim's feedback but on the other hand it was nice to not have to deal with -other than
setting up the contract.  I would make sure you have a conversation with the contractor about
timeliness and ask what the Service can do to make that happen.  Steve Gess in our region in
contracting helped us through it.  I am sure he would be happy to answer any questions you or
your contracting folks have.    JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Mar 31, 2017 at 12:49 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Barb,

We did contract the peer review, though I was largely removed from that process (aside from helping to generate
and review some of the specific questions we asked the contractor to have reviewers address and supplying a list
of potential candidates).  I suppose it worked OK, though we did experience some unexplained delays in the draft
report getting from the contractor to at least one of the 5 peer reviewers.  Also, several of the reviewers failed to
meet the deadline we agreed to with the contractor, and that led to a 3-week delay in getting some of the peer
reviews in hand, which impacted a previously-scheduled recommendation team meeting.  

Of course, it took us a lot longer than we thought it would to get a draft report tot he contractor. If I remember
correctly, we sent the draft to the contractor on Jan. 6 and asked them to get the reviews and associated admin.
record to us by Feb. 11.  I think we received the last 2 reviews on March 2-3, the same dates we were trying to
hold the recommendation/decision meeting at the RO.

My supervisor, Jodi Bush (copied), would be better able to answer the cost question and may have other thoughts
on process/outcomes.

Hope this helps a little.

Jim

On Fri, Mar 31, 2017 at 12:32 PM, Hosler, Barbara <barbara_hosler@fws.gov> wrote:
Hi Jim,

I am on the monarch SSA team and am starting to think about our peer review process. I
understand that R6 contracted out the peer review for the Canada lynx SSA. I was
wondering if I could pick your brain about how that process went--cost, length of time,
outcome, etc. We could set up a time to talk or do over email, whichever you prefer. Or if

mailto:jodi_bush@fws.gov
mailto:barbara_hosler@fws.gov
mailto:jim_zelenak@fws.gov
mailto:lori_nordstrom@fws.gov
mailto:jim_zelenak@fws.gov
mailto:barbara_hosler@fws.gov


you think there's someone else I should contact, perhaps you could point me in that
direction.

Thanks much,
Barb

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Barbara Hosler
Regional Listing Coordinator
U.S. Fish and Wildlife Service, Midwest Region
Division of Endangered Species
  Remotely located at:
2651 Coolidge Road, Ste. 101
East Lansing, MI 48823
Office: (517) 351-6326
Cell: (612) 418-0566
barbara_hosler@fws.gov
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:barbara_hosler@fws.gov
mailto:jim_zelenak@fws.gov


 
Summary of movements of Colorado lynx in Montana 

 
 

 
November 16, 2012 

 
Jake Ivan, Wildlife Researcher 
Colorado Parks and Wildlife 

317 W. Prospect 
Fort Collins, CO 80526 

970-472-4310 
 
INTRODUCTION 
 

In an effort to restore a viable population of federally threatened Canada lynx (Lynx 
canadensis) to the southern portion of their former range, 218 individuals were reintroduced into 
Colorado from 1999−2006 by the Colorado Division of Wildlife (now Colorado Parks and 
Wildlife, CPW).  Most of these animals settled into home ranges within the state as intended, but 
some made extensive movements into other states (Devineau et al. 2010).  Recently the United 
States Fish and Wildlife Service (USFWS) requested information regarding the number of 
reintroduced lynx that ventured to Montana, where these individuals went once in Montana, 
went, how long they stayed, whether they reproduced while there, and their ultimate fates.  The 
purpose of this brief report is to fulfill the USFWS request. 
 
METHODS 
 

CPW collected location data from reintroduced and Colorado-born lynx (i.e., those born 
to reintroduced individuals) from 1999–2010 using both traditional VHF telemetry and the Argos 
satellite system.  VHF locations were obtained from daytime flights using fixed-winged aircraft, 
but these aircraft rarely sampled individuals that left the state.  Dual-transmitter satellite/VHF 
collars were first deployed on reintroduced lynx in April, 2000 and each individual was outfitted 
with this system for the remainder of the reintroduction project.  Satellite collars tracked animal 
movements irrespective of political boundaries.  The data reviewed for this report are exclusively 
Argos satellite data. 

Satellite transmitters were designed to transmit for 6 hours 1 day per week, so it was 
possible to obtain several satellite locations on a given day.  In fact, the data presented here were 
often clustered with several locations relatively near each other on a given day, followed by 



another cluster 1 or more weeks later.  Note that the precision of Argos data is relatively poor 
compared to GPS technology.  Argos lists the standard deviation of the locational error 
distribution as 250m, 250–500m, 500–1500m, and >1500m for class 3, 2, 1, and 0 locations, 
respectively (CLS America 2008).  Therefore if a transmitter remains stationary while an Argos 
satellite passes over multiple times computing numerous class 3 location estimates, 68% of the 
resultant estimates can be expected to fall within 250 m of the true location of the transmitter; 
95% will fall within 2 SD (500 m) of the true location.  Similarly, 95% of class 1 locations can 
be expected to fall within 3000m (1.9 miles) of the true location.  Argos systems also produce 
location estimates of class A, B, and Z, but these locations do not have associated error 
estimates.  Note that due to the polar orbit of satellites, precision is better north-south than it is 
east-west. 
 We queried our database for lynx locations that occurred within the state of Montana, 
then used the ‘Points to Lines’ tool in ArcGIS 10.1 to connect locations for each individual.  
Note that these line segments only serve to connect sequential points – they do not reflect actual 
movement paths of individuals.  We also matched individuals that traveled to Montana with 
mortality and reproduction databases to determine the fates of these individuals and identify 
known denning attempts.  All individuals were indexed by a unique 7-character ID that identified 
their place of origin, year of release, sex, and count.  For example, “QU04M05” is an individual 
originally trapped in Quebec, released into Colorado in 2004, and was the 5th male released that 
year. 
 
RESULTS 
 

Of the 48,006 locations obtained from lynx reintroduced or born in Colorado during the 
reintroduction project, 272 (0.57%) occurred in Montana.  These 272 locations came from 8 
adult lynx (5 males, 3 females) that were released into Colorado between 2003 and 2006 and 
were located in Montana between 2004 and 2007.  CPW does not have records of Colorado-born 
lynx traveling to Montana nor do we have record that any of the lynx that traveled to Montana 
reproduced there when they arrived. 

Lynx that went to Montana were there long enough to transmit 4–77 (�̅� = 34) locations 
per individual across approximately 4–217 (�̅� = 91.6) days (Table 1; tally is approximate 
because we do not know where animals were in between weekly locations).  Most of these 
individuals entered Montana near Yellowstone National Park although 1 entered near the Big 
Horn Mountains (Figures 1–8).  Of the 8 individuals that spent time in Montana, only 1 was 
known to have died there.  Three others were known to have died elsewhere (Utah, Wyoming, or 
Colorado) and the fates of the other 4 were unknown because their collars failed before they died 
(Table 1).   

Most individuals that traveled to Montana did so about 1.5 years after release into 
Colorado (nearly all releases occurred in April or May), although YK05M03 made the trek <6 
months after release.  Note that the data and figures included here represent known movements 
of lynx into Montana.  There were likely other individuals who made the trip.  For instance, one 
individual was trapped in Alberta after spending 4 years in Colorado.  His collar had expired by 
that time, but he likely traversed Montana on his way to Alberta. 
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Table 1.  Number of locations, dates, duration, and fate of known lynx reintroduced into 
Colorado that subsequently traveled to Montana, 1999–2010. 

Lynx 
#Locations 

in MT* 
Dates in 

MT 
~Days 
in MT Fate Date Cause Location 

BC03M09 
25 8/16/04-

10/11/04 56 
Unknown NA NA NA 

3 12/6/04-
12/13/04 7 

BC06M13 
7 5/12/07-

5/26/07 14 
Died 12/11/08 Illness/cougar Capitol Reef 

NP, UT 24 7/7/07-
8/18/07 42 

QU04F02 
9 9/20/05-

10/4/05 14 
Died 3/14/07 Unknown NW of 

Dubois, WY 52 7/18/06-
10/10/06 84 

QU04M04 4 8/12/05-
8/19/05 7 Died 3/19/07 Starvation SW Colorado 

QU04M05 16 4/17/05 - 
6/19/05 63 Unknown NA NA NA 

QU05F04 
2 1/3/06-

1/3/06 1 
Unknown NA NA NA 

11 7/11/06-
8/1/06 21 

QU05F08 77 5/16/06-
12/12/06 210 Unknown NA NA NA 

YK05M03 42 8/9/05-
11/15/05 98 Died 11/8/06 Unknown Stevensville, 

MT 
*Collected from ARGOS satellite collars.  52% of locations were assigned location codes (LC) of "0" or "A" by 
ARGOS indicating no estimate of precision was attainable.  The remaining 48% were LC 3, 2, or 1 indicating that 
the SD of the error distribution was 250m, 250–500m, 500–1500m, respectively. 
 
 



 
 
Figure 1.  Known locations of lynx BC03M09 in Montana. 



 
 
Figure 2.  Known locations of lynx BC06M13 in Montana. 



 
 
Figure 3.  Known locations of lynx QU04F02 in Montana. 



 
 
Figure 4.  Known locations of lynx QU04M04 in Montana. 



 
 
Figure 5.  Known locations of lynx QU04M05 in Montana. 



 
 
Figure 6.  Known locations of lynx QU05F04 in Montana. 



 
 
Figure 7.  Known locations of lynx QU05F08 in Montana. 



 
 
Figure 8.  Known locations of lynx YK05M03 in Montana. 



From: Zelenak, Jim
To: Jake Ivan - DNR; Odell, Eric
Cc: Kurt Broderdorp
Subject: Request for info - Colorado lynx in Wyoming
Date: Monday, April 03, 2017 9:44:16 AM
Attachments: 2012 11 16 Summary of movements of Colorado lynx in Montana.pdf

Hi Jake and Eric,

A while back, you provided the attached documentation of the number of CO lynx that dispersed to MT, how much
time they spent there, and what was know about their eventual fates.

I'm working on addressing John Squires' peer review comments on the draft Lynx SSA report (along with those you
and other State agency folks submitted - thanks!), and similar information would be helpful to evaluate John's
comment that CO-released lynx "repeatedly recolonized" the Wyoming Range/Union Pass/Togwotee Pass area of
the GYA geographic area.  My understanding is that 10 CO lynx dispersed into or through Wyoming, including a
male and female that settled simultaneously but temporarily in the area that was occupied by native resident pair that
John et al. had radio-marked in the late 1990s, but the CO lynx eventually left without reproducing.

If you could provide a summary for CO lynx in Wyoming like the one you prepared for me for Montana, it would
really help me understand the pattern of lynx use/movements into and through Wyoming and respond appropriately
to John's peer review comments.

Let me know if you can do this.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
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From: Bush, Jodi
To: Justin Shoemaker; Marjorie Nelson
Cc: Jim Zelenak
Subject: Fwd: Internal Communication and Talking Points regarding the Lynx SSA and Process
Date: Monday, April 03, 2017 11:11:17 AM

So need help getting a call on Noreen's calendar. And the other ARDs.  How do you want to
proceed?  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Noreen Walsh <noreen_walsh@fws.gov>
Date: Mon, Apr 3, 2017 at 11:08 AM
Subject: RE: Internal Communication and Talking Points regarding the Lynx SSA and Process
To: Jodi Bush <jodi_bush@fws.gov>
Cc: nicole_alt@fws.gov, Michael Thabault <michael_thabault@fws.gov>

Thanks, that sounds good.  As we do that, let’s invite EA so we can ensure they are familiar
enough to be working with you on eventual outreach.

 

 

 

 

Noreen Walsh

Regional Director

Mountain-Prairie Region

U. S. Fish and Wildlife Service

303 236 7920

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Monday, April 03, 2017 11:04 AM
To: Noreen Walsh

mailto:jodi_bush@fws.gov
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mailto:jim_zelenak@fws.gov
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mailto:jodi_bush@fws.gov


Cc: Lori Nordstrom; Paul Phifer; Michael Thabault; Marjorie Nelson; Justin Shoemaker; Jim Zelenak
Subject: Re: Internal Communication and Talking Points regarding the Lynx SSA and Process

 

I think we should get back together on a phone call/webinar to go over what we learned from
our further review of the comments.  I don't think there is anything earth shattering that we
missed but it would be good wrap up so we could move forward with the final SSA and 5 year
review.  We will work with Justin?marj to get something on calendars.  JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Mon, Apr 3, 2017 at 10:57 AM, Noreen Walsh <noreen_walsh@fws.gov> wrote:

Thanks very much Jodi.

These look good.

What are our next steps to bring it to closure?

 

Noreen

 

 

 

 

Noreen Walsh

Regional Director

Mountain-Prairie Region

mailto:noreen_walsh@fws.gov


U. S. Fish and Wildlife Service

303 236 7920

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Monday, April 03, 2017 9:20 AM
To: Noreen Walsh; Lori Nordstrom; Paul Phifer; Thabault, Michael
Cc: Marjorie Nelson; Justin Shoemaker; Jim Zelenak; Bryon Holt; Mark McCollough; Tamara Smith
Subject: Internal Communication and Talking Points regarding the Lynx SSA and Process

 

Folks.  We were asked to put together these communication points right after the decision
meeting. Unfortunately, they got lost in my inbox. We will be briefing the States this
wednesday and so I wanted to share with you so you have if asked questions.  Feel free to give
me a call if you have questions.  JB

 

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Mar 7, 2017 at 4:32 PM
Subject: DRAFT FOR REVIEW: Internal Communication and Talking Points regarding the
Lynx SSA and Process
To: Justin Shoemaker <justin_shoemaker@fws.gov>, Marjorie Nelson
<Marjorie_Nelson@fws.gov>
Cc: Jim Zelenak <jim_zelenak@fws.gov>

____________________________________________________________

 

At our meeting last week, Noreen asked us to identify a series of talking points around where

mailto:jodi_bush@fws.gov
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we are with the lynx decision process.  

 

Internal Talking Points Regarding the Lynx SSA and Decision Process

 

We received very thorough and useful comments from our State Partners and those
folks invited to comment through our Peer Review Process. 

We intend to fully consider these comments in our final Species Status Assessment
(SSA). 

Given the short time between when we received the State and Peer Review comments,
we have not completely examined all of the reviews. We fully intend to do so.  

We have not yet made a final decision on the status of Lynx as necessary Peer Review
comments were received just prior to the meeting and have not been fully assessed. 

We anticipate getting back with the decision makers in the month or so.  At that time we
will provide them with a thorough consideration of the remaining comments and Peer
Reviews and consider our next steps in the process. 

The decision makers are Regional Directors or their designees from affected USFWS
Regions (Regions 1, 2, 3, 5,and 6).   

 

 

As an aside,  Thank you very much for your staff's continued focused effort on this SSA and
process.  While we are getting close, there remains much work to be done in identifying
important comments, drafting responses and finalizing our SSA.  I am hopeful that you will
continue to support your Region's staff in completion of these tasks.   Thanks. JB

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 



 

 



From: Gifford, Krishna
To: McCollough, Mark
Subject: Re: Advice on potential peer reviewer
Date: Monday, April 03, 2017 11:51:34 AM

Mark - 

Thanks, this is exactly the type of information I needed!

-Krishna

______________________________________________________________________
Krishna Gifford

ESA Listing Coordinator
U.S. Fish and Wildlife Service - Northeast Region
Endangered Species Program
300 Westgate Center Dr.
Hadley, MA 01035
413-253-8619 (v); 413-253-8482 (f)

On Mon, Apr 3, 2017 at 11:36 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Krishna:

I would highly recommend  Dr. Erin Simons-Legaard, University of Maine.  Erin is  an
Assistant Research Professor in Forest Landscape Modeling, Center for Research on
sustainable Forests, at the University of Maine.  She is an expert in both forest management
and wildlife.  Her expertise is in modeling forest management in Maine, in particular to
document how change (whether from climate, insect outbreak, forestry) affects wildlife
habitats.  She would be competent in evaluating the SSA concerning forest management and
the Bicknells thrush.  She has considerable expertise and a recent publication on climate
change impacts on Maine forests (especially spruce-fir), which may be a helpful perspective
for review of the SSA.  Erine was a peer reviewer of our last iteration of critical habitat for
lynx and provided many thoughtful and helpful comments.

We had a contract last year with Erin last year to do lynx habitat modeling and projections. 
The work products that she provided were thorough, well-researched, and importantly on
time.

You can learn more about Erin at :  https://forest.umaine.edu/faculty-and-staff/erin-simons-
legaard/

Here contact information is:
116 Nutting Hall
University of Maine
Orono, ME 04469-5755
email:  erin.simons@maine.edu

Best of luck with your peer review.
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Mark

On Fri, Mar 31, 2017 at 4:20 PM, Gifford, Krishna <krishna_gifford@fws.gov> wrote:
Hi Mark - 

One our our internal reviewers suggested that it would be helpful to have a forester be a
peer reviewer for the Bicknell's thrush species report.  I wondered if you had any
suggestions for someone at UMaine or from a professional forestry association?

Thanks,
Krishna
______________________________________________________________________
Krishna Gifford

ESA Listing Coordinator
U.S. Fish and Wildlife Service - Northeast Region
Endangered Species Program
300 Westgate Center Dr.
Hadley, MA 01035
413-253-8619 (v); 413-253-8482 (f)

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Harris, Anna
To: McCollough, Mark
Subject: Re: Internal Communication and Talking Points regarding the Lynx SSA and Process
Date: Monday, April 03, 2017 1:06:19 PM

Thanks Mark,

Please do - can we talk about the Lynx SSA at some point today? I've got a call from 1-2 but
can get off early if needed, I know you've got a lot going on this week-

On Mon, Apr 3, 2017 at 11:40 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Here are our talking points should anyone ask about the status of the lynx SSA.  I will
forward information about the call with the state agencies in case you want to participate. 

Mark
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Apr 3, 2017 at 11:20 AM
Subject: Internal Communication and Talking Points regarding the Lynx SSA and Process
To: Noreen Walsh <noreen_walsh@fws.gov>, Lori Nordstrom <lori_nordstrom@fws.gov>,
Paul Phifer <paul_phifer@fws.gov>, "Thabault, Michael" <michael_thabault@fws.gov>
Cc: Marjorie Nelson <Marjorie_Nelson@fws.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Bryon Holt
<Bryon_Holt@fws.gov>, Mark McCollough <Mark_McCollough@fws.gov>, Tamara
Smith <Tamara_Smith@fws.gov>

Folks.  We were asked to put together these communication points right after the decision
meeting. Unfortunately, they got lost in my inbox. We will be briefing the States this
wednesday and so I wanted to share with you so you have if asked questions.  Feel free to
give me a call if you have questions.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Mar 7, 2017 at 4:32 PM
Subject: DRAFT FOR REVIEW: Internal Communication and Talking Points regarding the
Lynx SSA and Process
To: Justin Shoemaker <justin_shoemaker@fws.gov>, Marjorie Nelson
<Marjorie_Nelson@fws.gov>
Cc: Jim Zelenak <jim_zelenak@fws.gov>
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____________________________________________________________

At our meeting last week, Noreen asked us to identify a series of talking points around
where we are with the lynx decision process.  

Internal Talking Points Regarding the Lynx SSA and Decision Process

We received very thorough and useful comments from our State Partners and those
folks invited to comment through our Peer Review Process. 

We intend to fully consider these comments in our final Species Status Assessment
(SSA). 

Given the short time between when we received the State and Peer Review comments,
we have not completely examined all of the reviews. We fully intend to do so.  

We have not yet made a final decision on the status of Lynx as necessary Peer Review
comments were received just prior to the meeting and have not been fully assessed. 

We anticipate getting back with the decision makers in the month or so.  At that time
we will provide them with a thorough consideration of the remaining comments and
Peer Reviews and consider our next steps in the process. 

The decision makers are Regional Directors or their designees from affected USFWS
Regions (Regions 1, 2, 3, 5,and 6).   

As an aside,  Thank you very much for your staff's continued focused effort on this SSA and
process.  While we are getting close, there remains much work to be done in identifying
important comments, drafting responses and finalizing our SSA.  I am hopeful that you will
continue to support your Region's staff in completion of these tasks.   Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist



US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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From: Harris, Anna
To: McCollough, Mark
Subject: Re: Internal Communication and Talking Points regarding the Lynx SSA and Process
Date: Monday, April 03, 2017 1:06:19 PM

Thanks Mark,

Please do - can we talk about the Lynx SSA at some point today? I've got a call from 1-2 but
can get off early if needed, I know you've got a lot going on this week-

On Mon, Apr 3, 2017 at 11:40 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Here are our talking points should anyone ask about the status of the lynx SSA.  I will
forward information about the call with the state agencies in case you want to participate. 

Mark
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Apr 3, 2017 at 11:20 AM
Subject: Internal Communication and Talking Points regarding the Lynx SSA and Process
To: Noreen Walsh <noreen_walsh@fws.gov>, Lori Nordstrom <lori_nordstrom@fws.gov>,
Paul Phifer <paul_phifer@fws.gov>, "Thabault, Michael" <michael_thabault@fws.gov>
Cc: Marjorie Nelson <Marjorie_Nelson@fws.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Bryon Holt
<Bryon_Holt@fws.gov>, Mark McCollough <Mark_McCollough@fws.gov>, Tamara
Smith <Tamara_Smith@fws.gov>

Folks.  We were asked to put together these communication points right after the decision
meeting. Unfortunately, they got lost in my inbox. We will be briefing the States this
wednesday and so I wanted to share with you so you have if asked questions.  Feel free to
give me a call if you have questions.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Mar 7, 2017 at 4:32 PM
Subject: DRAFT FOR REVIEW: Internal Communication and Talking Points regarding the
Lynx SSA and Process
To: Justin Shoemaker <justin_shoemaker@fws.gov>, Marjorie Nelson
<Marjorie_Nelson@fws.gov>
Cc: Jim Zelenak <jim_zelenak@fws.gov>
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____________________________________________________________

At our meeting last week, Noreen asked us to identify a series of talking points around
where we are with the lynx decision process.  

Internal Talking Points Regarding the Lynx SSA and Decision Process

We received very thorough and useful comments from our State Partners and those
folks invited to comment through our Peer Review Process. 

We intend to fully consider these comments in our final Species Status Assessment
(SSA). 

Given the short time between when we received the State and Peer Review comments,
we have not completely examined all of the reviews. We fully intend to do so.  

We have not yet made a final decision on the status of Lynx as necessary Peer Review
comments were received just prior to the meeting and have not been fully assessed. 

We anticipate getting back with the decision makers in the month or so.  At that time
we will provide them with a thorough consideration of the remaining comments and
Peer Reviews and consider our next steps in the process. 

The decision makers are Regional Directors or their designees from affected USFWS
Regions (Regions 1, 2, 3, 5,and 6).   

As an aside,  Thank you very much for your staff's continued focused effort on this SSA and
process.  While we are getting close, there remains much work to be done in identifying
important comments, drafting responses and finalizing our SSA.  I am hopeful that you will
continue to support your Region's staff in completion of these tasks.   Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist



US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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From: McCollough, Mark
To: Harris, Anna
Cc: Gifford, Krishna; Robyn Niver
Subject: Re: Requesting R5 FO POCs and SSA assistance for the Frosted Elfin (butterfly)
Date: Monday, April 03, 2017 1:38:11 PM

The frosted elfin is extirpated in Maine because its host plant, wild lupine, is extirpated.  You
can obtain further information about the historic records from Beth Swartz or Phillip
deMaynadier at Maine Department of Inland Fisheries and Wildlife in Bangor.
 Phillip.demaynadier@maine.gov
Beth.swartz@maine.gov

Mark

On Mon, Apr 3, 2017 at 12:08 PM, Harris, Anna <anna_harris@fws.gov> wrote:
Hi Krishna and Robyn,

I look forward to working with you on the frosted elfin. I'd like to put down my name, as
well as Mark McCollough. Does this mean Mark will be a part of the core team? I know he's
got a very full plate right now with the lynx SSA workload.

Thanks again for reaching out and apologies on the delay in responding to your original
request.

all the best,
Anna

On Mon, Apr 3, 2017 at 8:24 AM, Gifford, Krishna <krishna_gifford@fws.gov> wrote:
Hi Anna - 

Please see the email below that I sent to the Project Leaders within the frosted elfin's
current range.  Robyn has asked me to also check with MEFO since Maine is part of the
species' historical range, although currently presumed extirpated.  Would you or one of
your staff be able to be the point of contact for assisting Robyn with information gathering
tasks?

Thanks,
Krishna
______________________________________________________________________
Krishna Gifford

ESA Listing Coordinator
U.S. Fish and Wildlife Service - Northeast Region
Endangered Species Program
300 Westgate Center Dr.
Hadley, MA 01035
413-253-8619 (v); 413-253-8482 (f)

---------- Forwarded message ----------
From: Gifford, Krishna <krishna_gifford@fws.gov>
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Date: Fri, Mar 24, 2017 at 8:10 AM
Subject: Requesting R5 FO POCs and SSA assistance for the Frosted Elfin (butterfly)
To: Tom Chapman <tom_chapman@fws.gov>, David Simmons
<david_simmons@fws.gov>, Genevieve LaRouche <genevieve_larouche@fws.gov>,
Julie Thompson <julie_thompson@fws.gov>, Eric Schrading <eric_schrading@fws.gov>,
Ron Popowski <ron_popowski@fws.gov>, Lora Lattanzi <lora_lattanzi@fws.gov>,
Robert M Anderson <Robert_M_Anderson@fws.gov>, Cindy Schulz
<cindy_schulz@fws.gov>, Troy Andersen <troy_andersen@fws.gov>, John Schmidt
<john_schmidt@fws.gov>, Barbara Douglas <barbara_Douglas@fws.gov>
Cc: Robyn Niver <Robyn_Niver@fws.gov>, Martin Miller <Martin_Miller@fws.gov>,
Spencer Simon <spencer_simon@fws.gov>, Tim Sullivan <tim_r_sullivan@fws.gov>,
Anne Secord <Anne_Secord@fws.gov>, David Stilwell <david_stilwell@fws.gov>, Sarah
Nystrom <sarah_nystrom@fws.gov>

Hello NEFO, CBFO, NJFO, PAFO, VAFO, and WVFO managers, 

R5 is proactively assessing the conservation status of the frosted elfin, including whether or not the species
may warrant ESA protection.  We’ve placed the species in Bin 4 (species for which proactive conservation
efforts by states, landowners and stakeholders are underway or being developed) and scheduled the status
review for FY 2023.  As you  know, R5 has committed to drafting a conservation strategy for all of our Bin 4
species by December 31, 2017; these conservation strategies will facilitate coordination among partners and
implementation of conservation actions.

 

In support of developing the frosted elfin’s conservation strategy, we will conduct two out of three components
of a SSA (species’ needs and current condition) within the next 8 months. The SSA analysis for the frosted
elfin will provide supporting biological information to draft a conservation strategy for this species and ensure
that we are focusing on the primary drivers of its viability in the most appropriate locations.  Prior to making a
recommendation on its status in FY2023, we will revise and update the SSA to add the final component,
projecting the future status of the species.

The species' historical range includes:  

R2: OK, TX

R3: IL, IN, MI, OH, WI

R4: AL, AR, FL, GA, KY, LA, NC, SC, TN 

R5:  CT, DC, DE, MA, MD, NH, NJ, NY, PA, RI, VA, VT, WV

R6:  KS

Canada: Ontario

Robyn Niver in the New York FO has lead for the species and we are in the process of pulling together a core team and
gathering data to start the SSA.  We could use your help with identifying the appropriate points of contact (POC) within
your respective field offices, as well as who we should include as part of the SSA core team.  I've also made the same
request of the other regions.
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Please let me know as soon as possible who your field office POC should be so that we can hold a kick off call and
Robyn can continue to work with your offices to coordinate the data call request.

Thanks in advance for your assistance,

Krishna

______________________________________________________________________
Krishna Gifford

ESA Listing Coordinator
U.S. Fish and Wildlife Service - Northeast Region
Endangered Species Program
300 Westgate Center Dr.
Hadley, MA 01035
413-253-8619 (v); 413-253-8482 (f)

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Subject: Lynx SSA bullets
Date: Monday, April 03, 2017 4:06:34 PM

Here's what we talked about regarding summary comments/issues (major themes from peer and partner reviews of
the draft report that we could discuss on next internal and partners calls).

1. Uncertainty and the length of the forecasting window.  Multiple commenters questioned the validity of
predictions out to the end of this century and felt that the amount of uncertainty in modeling climate change and
other variables that far into the future limit or preclude confidence in any associated predictions regarding lynx
population persistence.

2. Document length, organization, redundancy.  Many recognized need, which we also see, to better edit and
tighten-up the final report.

3. Some questions about the comparative rigor of science supporting some components of our understanding of lynx
ecology.  E.g., most felt the relationship between lynx and hares is well documented/supported, but that the science
is less clear regarding (a) lynx snow requirements, and (b) actual or potential competition betwen lynx and other
hare predators.

4. ? still can't remember the 4th we discussed, but

5. Several commented that we should clarify how we elicited, summarized, and evaluated expert input; that we need
to be clear about associated uncertainties; that we need to differentiate between these opinions and scientific data,
and that we need to be clear about the limitations of such information.       

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Anna Harris
Subject: Fwd: Lynx SSA Core Team Priorities
Date: Monday, April 03, 2017 4:17:29 PM

Anna:  This is our most recent assignment (last Friday) for the lynx SSA.  

Mark
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Fri, Mar 31, 2017 at 12:49 PM
Subject: Re: Lynx SSA Core Team Priorities
To: Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>

P.S. the comment tracking spreadsheet is on the drive at:

LYNX SSA > SSA > SSA Documentation and Report > Peer and Partner Review Jan 2017 > Comment Tracking
and Response.

Thanks! 

On Fri, Mar 31, 2017 at 10:44 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team:

After discussing with Jodi, we believe the highest priority right now is to get the substantive comments from peer
reviewers and State and Federal agencies along with draft or bulleted responses entered into the comment tracking
database/spreadsheet on the drive.  You should be able to pull many of these in from the comment summaries you
sent me the week before last.

We are requesting that for now folks stop editing/revising the working draft of the SSA report and instead focus
on moving comments/responses into the spreadsheet.  Having the comments organized in the sortable spreadsheet
will help us focus on the most important topics/themes and will help us prioritize the parts of the SSA report most
in need of (or in need of most) revision/correction/addition.

Thanks,

Jim    

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Anna Harris
Subject: Fwd: Lynx SSA Core Team Priorities
Date: Monday, April 03, 2017 4:17:29 PM

Anna:  This is our most recent assignment (last Friday) for the lynx SSA.  

Mark
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Fri, Mar 31, 2017 at 12:49 PM
Subject: Re: Lynx SSA Core Team Priorities
To: Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>

P.S. the comment tracking spreadsheet is on the drive at:

LYNX SSA > SSA > SSA Documentation and Report > Peer and Partner Review Jan 2017 > Comment Tracking
and Response.

Thanks! 

On Fri, Mar 31, 2017 at 10:44 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team:

After discussing with Jodi, we believe the highest priority right now is to get the substantive comments from peer
reviewers and State and Federal agencies along with draft or bulleted responses entered into the comment tracking
database/spreadsheet on the drive.  You should be able to pull many of these in from the comment summaries you
sent me the week before last.

We are requesting that for now folks stop editing/revising the working draft of the SSA report and instead focus
on moving comments/responses into the spreadsheet.  Having the comments organized in the sortable spreadsheet
will help us focus on the most important topics/themes and will help us prioritize the parts of the SSA report most
in need of (or in need of most) revision/correction/addition.

Thanks,

Jim    

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Anna Harris
Subject: Fwd: Lynx SSA Coordination Call
Date: Monday, April 03, 2017 4:20:11 PM

Anna:  There is a lynx SSA call with States this Wednesday afternoon at 3:00 PM.  See
below...  Mark
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Tue, Mar 21, 2017 at 10:39 AM
Subject: Lynx SSA Coordination Call
To: bob.broscheid@state.co.us, craig.mclaughlin@state.co.us, Jake Ivan - DNR
<Jake.ivan@state.co.us>, "Odell, Eric" <eric.odell@state.co.us>, "Moore,Virgil"
<virgil.moore@idfg.idaho.gov>, "Dustin Miller (dustin.miller@osc.idaho.gov)"
<dustin.miller@osc.idaho.gov>, Joshua Uriarte <Joshua.Uriarte@osc.idaho.gov>,
"Sallabanks,Rex" <rex.sallabanks@idfg.idaho.gov>, Sam Eaton
<Sam.Eaton@osc.idaho.gov>, rita.dixon@idfg.idaho.gov, Chandler.woodcock@maine.gov,
"Connolly, James" <James.Connolly@maine.gov>, "Vashon, Jennifer"
<jennifer.vashon@maine.gov>, moritzw@michigan.gov, bumpa@michigan.gov,
kennedyd@michigan.gov, commissioner.dnr@state.mn.us, jim.leach@state.mn.us,
Paul.Telander@state.mn.us, "Baker, Richard (DNR)" <richard.baker@state.mn.us>, "Erb,
John D (DNR)" <john.erb@state.mn.us>, JTubbs@mt.gov, "McDonald, Ken"
<kmcdonald@mt.gov>, "Inman, Bob" <bobinman@mt.gov>, Jay Kolbe
<jkolbe.fwp@gmail.com>, seggeman@mt.gov, "Baty, Ross" <rbaty@mt.gov>,
glenn.normandeau@wildlife.nh.gov, Mark.Ellingwood@wildlife.nh.gov,
john.kanter@wildlife.nh.gov, William.Staats@wildlife.nh.gov, Patrick.Tate@wildlife.nh.gov,
alexandra.sandoval@state.nm.us, stewart.liley@state.nm.us, rick.winslow@state.nm.us,
"Stuart, James N., DGF" <james.stuart@state.nm.us>, sean.murphy@state.nm.us,
michael.schiavone@dec.ny.gov, doug.stang@dec.ny.gov, curt.melcher@state.or.us,
derek.j.broman@state.or.us, Gregory Sheehan <GregSheehan@utah.gov>, Kimberly Hersey
<kimberlyasmus@utah.gov>, louis.porter@state.vt.us, mark scott <mark.scott@state.vt.us>,
"Bernier, Chris" <Chris.Bernier@state.vt.us>, director@dfw.wa.gov, cpl@dnr.wa.gov,
"Lewis, Jeffrey C (DFW)" <Jeffrey.Lewis@dfw.wa.gov>, "Maletzke, Benjamin T (DFW)"
<Benjamin.Maletzke@dfw.wa.gov>, cathy.stepp@wisconsin.gov,
kurt.thiede@wisconsin.gov, Sanjay.Olson@wisconsin.gov, Tom.Hauge@wisconsin.gov,
Erin.Crain@wisconsin.gov, Owen Boyle <Owen.Boyle@wisconsin.gov>, "Roberts, Nathan
M - DNR" <NathanM.Roberts@wisconsin.gov>, "Rossler, Shawn T - DNR"
<Shawn.Rossler@wisconsin.gov>, David.MacFarland@wisconsin.gov,
John.White@wisconsin.gov, scott.talbot@wyo.gov, Bob Lanka <bob.lanka@wyo.gov>, Zack
Walker <zack.walker@wyo.gov>, Nichole Bjornlie <nichole.cudworth@wyo.gov>, Susan
Patla <susan.patla@wyo.gov>, Rick Kahn <rick_kahn@nps.gov>, "Jackson, Scott -FS"
<sjackson03@fs.fed.us>, "Hanvey, Gary -FS" <ghanvey@fs.fed.us>, "Tripp, Kim"
<ktripp@blm.gov>, Christopher Boone <ctboone@blm.gov>, "Sparks, James"
<jrsparks@blm.gov>, Jonathan Mawdsley <jmawdsley@fishwildlife.org>, "Kilborn, Jillian"
<jillian.kilborn@wildlife.nh.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>, Heather Bell <heather_bell@fws.gov>, Mary Parkin
<mary_parkin@fws.gov>, Jonathan Cummings <jwcummings@usgs.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>, Mark McCollough <mark_mccollough@fws.gov>, Tamara
Smith <tamara_smith@fws.gov>, Anna Harris <anna_harris@fws.gov>, Brady McGee
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<brady_mcgee@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Lisa Solberg Schwab
<lisa_solbergschwab@fws.gov>, Ann Timberman <ann_timberman@fws.gov>, Brad
Thompson <brad_thompson@fws.gov>, Chris Mensing <chris_mensing@fws.gov>, David
Stilwell <David_Stilwell@fws.gov>, David Simmons <david_simmons@fws.gov>, Drue
DeBerry <drue_deberry@fws.gov>, Eric Rickerson <eric_rickerson@fws.gov>, Grant
Canterbury <Grant_Canterbury@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>,
"Szymanski, Jennifer" <jennifer_szymanski@fws.gov>, Karen Cathey
<karen_cathey@fws.gov>, Karl Halupka <Karl_Halupka@fws.gov>, Kate Novak
<kate_novak@fws.gov>, Kathleen Hendricks <kathleen_hendricks@fws.gov>, Larry Crist
<Larry_Crist@fws.gov>, Laura Ragan <Laura_Ragan@fws.gov>, Leslie Ellwood
<leslie_ellwood@fws.gov>, Mark Maghini <mark_maghini@fws.gov>, Martin Miller
<Martin_Miller@fws.gov>, Megan Kosterman <megan_kosterman@fws.gov>, Michelle
Eames <michelle_eames@fws.gov>, Patricia Zenone <patricia_zenone@fws.gov>, Paul
Casey <paul_casey@fws.gov>, Paul Henson <paul_henson@fws.gov>, Peter Fasbender
<peter_fasbender@fws.gov>, Rollie White <rollie_white@fws.gov>, Sarah Hall
<sarah_hall@fws.gov>, Scott Hicks <scott_hicks@fws.gov>, Sue Livingston
<sue_livingston@fws.gov>, Tom Chapman <Tom_Chapman@fws.gov>, Tom McDowell
<tom_mcdowell@fws.gov>, Tyler Abbott <Tyler_Abbott@fws.gov>, Dennis Mackey
<Dennis_Mackey@fws.gov>, Marjorie Nelson <marjorie_nelson@fws.gov>, Lori
Nordstrom/R6/FWS/DOI <lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,
Michael Thabault <michael_thabault@fws.gov>, "Kurz, Gregg" <Gregg_Kurz@fws.gov>

Hi All:

Our next monthly State and Federal Partner coordination call/update will be moved from Wed.
March 29 to the following Wed., April 5, as usual at 1:00 PM Mountain Time, and same call-
in information, below.

866-822-7385
Passcode 5396168

I will also send out a reminder a day or two ahead.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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Summary of major or consistent issues, comments, concerns, and themes from Peer reviews and State 
agency reviews of the Draft Lynx SSA Report 

I. Peer Reviews 

• Several peer reviewers (Harrison, Squires, Schwartz) question the utility of the 3Rs approach and our 
qualitative assessment of “adequacy” of each R. 

• Several (Harrison, Moen,) question the appropriateness of projecting to end of century, or beyond 
about mid-century, given CC and other uncertainties. 

• Several (Moen, Schwartz) also suggest a greater emphasis on the importance of connectivity with 
Canadian lynx populations to the persistence of DPS populations; another (Harrison) suggests that 
connectivity with / reliance on Canadian populations may be less important, at least for some units 
(Maine and Minnesota). 

• Several (Harrison, Schwartz) think our conclusions (and those of the expert panel) regarding 
likelihood of persistence at mid-century and end-of-century may be optimistic for some DPS 
populations, particularly with regard to Colorado (Harrison).  

Peer Reviewer 1 – Ron Moen (Tam) 

1.  Questions the length of the forecasting window; feels we can be reasonably confident in predictions 
through 2030 or 2040, but then need to qualify predictions beyond that by saying there is much more 
uncertainty further into the future, especially with respect to climate change.  Questions validity of 
projections (persistence probabilities) out to 2100. 

2.  Concerned about how we presented/summarized process and results of expert elicitation and 
associated uncertainty; cautions about use of the term “probabilities” vs. quantifying opinion, and on 
use of “confidence intervals” with regard to expert uncertainty and implying a “false [level of] 
precision.” 

3.  Thinks that a connection with Canada and cross-border movement (both emigration and 
immigration) is currently more important to persistence of most segments of the DPS than implied. In 
Minnesota, especially in recent years (since 1980's), periodic supplementation with lynx from southern 
Ontario has occurred and is likely important for maintaining the MN population over the long-term. 

4.  Believes that with high climate change emissions scenario, lynx habitat in MN could disappear 
completely even sooner than 2060-2069, and predicted by Galatowitsch et al. (2009), perhaps by 2050. 

5.  Both "upward in elevation" and "receding northward" should be included in discussions of climate 
change impacts, with recognition that MN lacks substantial elevational relief to provide potential 
upslope refugia. 

6.  There is too much emphasis on the ability of lynx to move in deep “fluffy” snow.  In the context of 
comparison to competitors of lynx (e.g., coyotes and bobcats) there is no question that foot-loading of 
lynx is less given their foot size and body mass. However, what lynx benefit most from is the presence of 
a crust in the snow. The crust enables them to walk on top of the snow. If there is a new snowfall, they 
will go through the new snow until they hit the crust.  It should be phrased in the context of relative 
ability to move. There are further implications of snow quality for both lynx and for snowshoe hare for 
lynx movement and predation success. 



7.  Recommends we consider developing a population viability analysis (PVA) approach for application 
across the DPS; would be more confident in results of a PVA than in the expert probabilities of 
persistence to 2100. 

Peer Reviewer 2 – Dennis Murray (Bryon) 

1.  Agrees with our conclusions regarding the overall effects of climate change and the potential impacts 
to the probability of lynx persistence in each of the geographic regions and DPS as a whole, but he 
challenge our analysis underlying the mechanisms of climate change impacts upon lynx persistence. 

2.  Feels the SSA places too much emphasis on loss of snow and changes in snow conditions leading to 
increased competition with lynx from bobcats for snowshoe hares as the primary driver of effects to 
lynx, and not enough emphasis upon what he considers the more likely explanation that loss of snow is 
likely to reduce snowshoe hare abundance and distribution that is likely to lead to decreased lynx 
abundance and perhaps distribution. 

3.  Challenges our statements pertaining to the 0.5 hares/ha threshold level landscape density of 
snowshoe hares thought necessary to support lynx reproduction, as he contends there is no empirically 
based science supporting this threshold.  

4.  Suggests that lynx may be able to rely more heavily on alternate prey in areas with lower snowshoe 
hare densities. 

Peer Reviewer 3 – Dan Harrison (Mark and Jim) 

1.  Challenges the generalization that “…lynx are naturally less abundant and more patchily-distributed 
within the DPS than in the core of the species’ range in Canada and Alaska.”  Argues that even in the 
core of the species’ range (Canada and Alaska), lynx become patchily/unevenly distributed and occur at 
very low densities at the low in the hare cycle, and that some parts of the DPS (particularly Maine) have 
relatively stable hare densities that are considerably higher than in the core of the range during the low 
phase of the cycle.  

2.  Argues that the less volatile/variable nature of hare and lynx populations in Maine and perhaps 
Minnesota (vs. Canada /Alaska) may actually enhance the long-term stability (less dramatic temporal 
fluctuations than in core of the range) of these DPS populations.  “…the possibility that a lack of 10-year 
cycles in lynx at the southern limit of their distribution means that the populations are not sustainable 
without inputs from Canada is a tenuous inference and ignores the point that average long-term finite 
growth rate could be positive in places with non-cyclic or dampened fluctuations with increased 
periodicity.” 

3.  Argues that the long-term consistent distribution and “harvestable surplus” of the demographically-
isolated lynx in Maine and the Gaspe Region of Quebec south of the Saint Lawrence River “…suggests 
high resiliency of this population and argues that Maine is not an island in the meta-population sense 
and is part of a persistent population across the mixed transitional forests of Maine, southern Quebec, 
and New Brunswick and spanning nearly 30 million acres of habitat that is contiguous and 
demographically isolated from other lynx populations. The population dynamics of this large population 
in Maine may differ from populations in north-western Canada and Alaska, but may be sustainable and 
may contribute dispersers to Canada.” 



4.  Challenges our assumption (based on McKelvey et al. 2000) that lynx populations in the DPS may be 
peripheral populations in a mainland-island metapopulation structure.   “This ‘mainland-island’ 
metapopulation structure is critical to the biological assessments throughout the Draft SSA and does not 
appear relevant to the contiguous populations in Maine, and also does not likely apply in Minnesota. 
The application of the metapopulation concept may or may not apply in Montana (depending on 
subpopulation), and seems most relevant to the populations in Washington, the GYE, and western 
Colorado.  Applying this concept across the entire DPS does not seem appropriate.” 

5.  Argues we (a) generalize too broadly across DPS populations; (b) ignore substantial differences in 
hare density among western (lower) and ME/MN (higher) populations, and differences in natural 
fragmentation (high in the west, low in ME and MN). 

6.  Concludes that the general assumption that population processes in the DPS are similar to northerly 
populations during hare lows is inaccurate, though perhaps more relevant to western populations in the 
DPS but not to ME and MN. 

7.  Feels that the assumption that that “current levels of conservation for lynx would continue without 
protections under the ESA is completely unrealistic.” (Note: this is not what we said; rather we indicated 
our belief that some conservation measure/efforts could be relaxed in a future in which lynx were not 
listed but that it was unlikely that all protections and conservation efforts would disappear).  

8.  Argues that no credible assessment has been done of the efficacy of recent efforts to prioritize lynx 
conservation on federal lands within the DPS and, therefore, “It seems inadvisable to change what USFS 
and BLM have planned to accomplish before evaluating whether the current efforts are working or 
require modification/enhancements.” 

9.  Charges that our current and future conditions sections for Maine “…incorrectly imply that lynx 
would be absent and populations would be non-sustainable without the extensive clearcutting that 
occurred in the late 1970’s through 1990.” (We do not imply this, only that said clearcutting created 
more lynx and hare habitat and thus more lynx currently than was likely under historical disturbance 
regimes). 

10.  Argues we and lynx experts overestimate current and future status of the lynx population in 
Colorado and inadequately address why lynx were extirpated or absent from CO in the past.  “In my 
professional judgment, this unnatural (likely), recently established, and marginally viable (at extreme 
southern range limit for hares) population should be deemed experimental and should not be a high 
priority for ESA protection (similar to the approach of the Draft SSA with the GYE).  As written, the Draft 
SSA would seem to place the western Colorado population at higher priority for future conservation 
than other long-established populations based solely on the criterion of future projected snow 
conditions (which lack certainty), while minimizing the historical and current potential to provide for a 
sustainable population.” 

11.  “The assumption that populations will be extirpated from 3 of 5 units represents excessive 
speculation and ignores the high uncertainty and many assumptions associated with that expectation. I 
agree that the climate change projections, despite uncertainty, suggest increasing challenges for lynx 
conservation in all geographic units. Populations without topographic relief could be at high risk. 
Additionally, if lynx retreat to higher elevations in western populations their distributions could become 
even more fragmented within naturally fragmented landscapes. Again, the conclusion that extirpation is 
inevitable in 3 of 5 units implies a level of certainty that is unwarranted given the many interacting 
uncertainties.”   



Note:  The comments listed below for this reviewer are those that Mark considered to be “Red flag!!!!!” 
or “Potential red flag!!!!!” issues. 

1.  The issue of potential effects of incidental and illegal mortality have not been adequately considered 
or evaluated in the Draft SSA. 

2.  “…the currently underutilized opportunity for enhancing habitat management on private lands would 
be further diminished if lynx were to be de-listed.” 

[Mark concludes, based on the 2 comments above:  “Potential red flag!!!!! The SSA does not explore and 
consider the cumulative and synergistic effects of stressors on individual SSA units individually or as a 
whole.” – I (JZ) don’t see anything in these comment of Dan’s that has anything to do with lack or 
inadequacy of cumulative/synergistic effects analyses, although I agree the draft report was light on 
these issues]. 

3.  The rapid landscape-scale shift in forest composition away from conifers and towards hardwoods in 
Maine from forest harvesting (projected by Legaard et al. 2015) is much more important to lynx in the 
short run than is the longer term forest shift associated with climate change. 

4.  Roads are typically considered in terms of human-induced mortality, but the habitat effects of roads 
are incredibly significant for the Maine population – they are avoided by lynx, have low conifer stem 
density and hare densities, affect lynx movements/foraging paths, thus affecting availability of high-
quality habitat.  Utility corridors, access roads to wind sites, and gravel forest roads (particularly if they 
receive snowmobile traffic) may enhance access of generalist and edge associated predators and 
competitors (e.g., coyotes and red foxes) into areas where lynx occur and forage on hares. 

5.  “The summary does not address how current ESA listing affects current status of lynx or how 
protections and status would be expected to change if the DPS were to be removed from ESA 
protections.  This seems inconsistent with the frequent mention and consideration of those topics 
throughout the Draft SSA and considering that this document is intended to guide future 
decisionmaking.” 

Peer Reviewer 4 – John Squires (Jim) 

1.  Questions what constitutes “adequate” resiliency and redundancy for southern (DPS) lynx 
populations and our conclusion that most DPS populations have historically and recently demonstrated 
“adequate resiliency.” 

2.  Wonders if contraction of small, localized populations could be expression of loss of resiliency and 
redundancy among southern lynx populations; considers such contraction a “major conservation 
concern.”  Also feels we treat these populations “dismissively.” 

3.  Questions our assessment of historical lynx occupancy in Wyoming/GYA; cites largely anecdotal 
(unverified) occurrence data to (1) show that “early records suggest that lynx were present in Wyoming 
for a long time based on photographs from Yellowstone extending back to the 1920s and museum 
records,” (2) conclude that lynx “may have inhabited the Wyoming Range since 1940,” and (3) “…refute 
the notion, as reported in the SSA document, that lynx were ‘intermittent’ in the region.” 

4.  Feels we did not stress importance of the Wyoming Range to lynx in Wyoming; that we “downplayed 
the historical importance of the Wyoming population throughout the document; suggests the team 
review/edit the wording to “provide a better balance.”  Suggests that the Wyoming Range has the best 



lynx habitat in the state but has been “highly impacted by natural and anthropogenic disturbance (fire, 
timber manipulation, proposed energy development, conflicting wildlife management priorities).” 

Peer Reviewer 5 – Mike Schwartz (Jim) 

1.  Believes that the resiliency/redundancy/representation framework is not comprehensive and misses 
important ideas of historical range, representation, and connectivity.  Suggests that conservation 
priorities should be that populations are resilient, redundant, adaptable/representative, and have 
recovered to some historical extent; otherwise, “…the persistence of the species (DPS) may be assured 
in the short run, but its recovery and return as an ecologically functional element is incomplete.” 
 
2.  Feels the expert estimate of the size of the Minnesota population (50-200 according to Moen [in 
several places we said 190-250]) is optimistic and appears to be “…based on converting suitable habitat 
to number of individuals (presumably by assuming a home range size and some overlap among the 
sexes).  This approach assumes that the fundamental niche (habitat suitability) equals the realized niche 
(habitat suitability limited by competition, species interactions, etc).  This is almost never the case.”  
 
3.  Feels that in Wyoming “…there is a consistent signal of lynx from at least the 1970s with strong 
signals at the beginning of the 21st century.”  Suggests caution in interpreting recent (2010-2017) 
absence of verified lynx records as suggesting range decline because “…effort to detect lynx appears to 
have dramatically declined since 2010.” 
 
4.  Feels our assessment of resiliency and redundancy is optimistic because of the inherent assumption 
that the six units are functioning independently. 
 
5.  Feels the importance of connectivity is undervalued and needs to be elevated in the final SSA report; 
that it “…plays a role in both resiliency and redundancy while influencing representation…”;  and that 
the adequacy of connectivity he documented among peripheral populations in 2002-2003 may have 
changed in the last 15 years.  “If each of the populations at the border with Canada (WA, MT, MN, ME) 
suffer reduced connectivity, due to climate change or because there have been no large amplitude 
cycles in the past decades, they are again not completely independent and less redundant than the 
document and the experts suggest.” 
 
6.  Feels the importance of genetic drift is underappreciated and that our conclusion that there is little 
risk of significant genetic drift is false if DPS populations are isolated from Canadian boreal populations 
(which they do not seem to be, and which was not hypothesized by other experts). 
 
7.  Is concerned that our conclusions in the draft SSA report “…may be too optimistic for the future of 
lynx in the contiguous United States. There are symptoms of serious problems throughout much of the 
range. Even the most robust populations (MT and ME) show either some sign of decline (MT with a 
negative population growth rate in Seeley Lake and a loss of a peripheral population in the Garnet 
range) or have projections of major habitat change due to both climate and socio-economic change in 
the region. Unless we see a large dispersal event from the Canadian boreal forest in the near future I 
would expect to see each population chiseled away slowly over the next few decades. On the other 
hand, I agree with the experts that over the very short time frame there appears to be little risk of 
extirpation of lynx in the contiguous United States.” 
 
 



II. Substantive State Agency Reviews 

Colorado Parks and Wildlife (Jim) 

1.  Need to remove significant redundancies. 

2.  Treating the 6 populations as a single DPS is confusing; there are many places where statements, 
paragraphs, or even series of paragraphs summarize research in a seemingly general sense, but in reality 
the results apply to only 1-2 populations and have no bearing on, or completely misrepresent, the reality 
in other populations. 

3.  Several sections of the document read as a litany of every possible factor that could negatively 
impact lynx.  Some of these factors are clearly more important than others, however no hierarchy is 
given. 

4. Several recent publications specific to lynx and climate change in Colorado were not relied upon in 
the report, but should be. 

5.  The climate change section provides much pertinent information but seems unorganized and suffers 
from language that is so strong that it undermines the credibility of the information. 

6.  The section on expert opinion needs to proceed with substantially more caution, especially regarding 
predictions in the distant future and appropriate discussion of inherent uncertainties in expert 
projections and the methods of summarizing and presenting them. 

7.  It is not clear how a DPS can be justified for the Canada lynx in the lower 48; the distinctness of this 
DPS appears to be in question. 

Idaho Fish and Game (Jim) 

1.  The draft SSA presents an inherent conflict for its scientific evaluation. Information in the draft SSA 
indicates that designation of a DPS based on the international Canada-U.S. boundary was based on 
incorrect assumptions, including those related to both discreteness and significance. 

2.  The draft SSA presents “factors affecting viability” via a confusing litany of sources of lynx mortality 
and lynx-human interaction without clear relationship to population effect.  Vegetation management, 
wildlife management, climate change, etc. cannot affect the viability of a lynx population where the 
information indicates a peripheral or transient presence at most; so it is confusing to include such 
analysis. Similarly, the draft SSA details state harvest regulations and incidental trapping occurrences 
(even where there is no demonstrated impact to individual lynx) without relating them to any 
population effect. 

3.  The final SSA should clarify the level of uncertainty in evaluating probabilities of persistence and likely 
future conditions. For example, the draft SSA’s summary of the expert elicitation panel’s discussion in 
this regard failed to acknowledge the panel’s statements as to the high degree of uncertainty in their 
speculations as to long-term persistence. 

4.  It would be more accurate to state that the number of individual lynx with home ranges occurring in 
the northeast corner of the Idaho Panhandle is unknown but small, based on the amount of potential 
habitat, and that individual lynx in Idaho are part of a larger population that occurs primarily in 
northwestern Montana and southeastern British Columbia.  The final SSA should reflect that, although 



there have been multiple detections of lynx in the Selkirk Mountains in Idaho during 2015-2016 and one 
detection of a lynx in the Selkirks in 2010, there is not evidence of a long-term, persistent resident lynx 
population. During the last several years, radio-collar data and remote camera images have documented 
a single lynx with a home range in the west Cabinet Mountains in Idaho, but there is not other evidence 
of a long-term, persistent resident population. In the Purcell Mountains in Idaho, there have been 
detections of multiple lynx in or immediately adjacent to designated critical habitat (i.e., within 10 miles 
of the Canada border). Purcell detections in 2015-2016 included a photo of an adult lynx accompanied 
by juvenile lynx, but there has not been other evidence of a persistent breeding population. 

5.  In referencing the LCAS revision, the SSA should recognize the comments of the states of Montana, 
Idaho, and Wyoming from 2012 and 2013, which identified weaknesses and a lack of federal 
cooperation with states in issuing the revised document. 

6.  Suggest several recent climate change/forest management papers should be reviewed and cited, and 
that some reach different conclusions that those reached in the draft SSA report. 

Idaho Office of Species Conservation (Jim) 

1.  Disagrees with the Service’s determination that lynx in the contiguous U.S. qualify as a DPS; claim 
they do not qualify as a discrete and significant population as contemplated by the Service’s DPS Policy; 
the State encourages the Service to revisit its prior DPS determination. 
 
2.  Idaho lacks a persistent lynx population.  Future ESA considerations must take into account Idaho’s 
historic and current lack of a persistent lynx population. 
 
Maine Department of Inland Fisheries and Wildlife (Mark) 

1.  Troubled “…with the tone of the document and by what appears to be a very subjective, if not 
biased, selection of data to include in the draft SSA.” 

2.  Feel “The definitive tone of the climate change section on how Maine's forests and lynx populations 
will be affected, does not follow the guidance offered in the IPCC Climate Change 2014 Synthesis Report 
which states that an integral feature of the report is communicating the uncertainty of its findings.” 

3.  Concerned that the draft SSA considers the lack of management assurances on private lands to be a 
risk to lynx populations because Maine's lynx population reached what is believed to be historic highs on 
these private lands without federal or state intervention.  Models used in the SSA to predict forest 
habitat changes and trends in lynx populations do not take into full account, and in some cases 
misrepresent, forest management on private lands. 

4.  “The lack of focused attention on the “five-factor analyses” that guides ESA status changes 
(https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf) is perplexing.  In the absence of a 
recovery plan with specific conservation objectives, a periodic “5-year” status review should provide a 
clear evaluation of the species with regard to ESA listing factors.  This seems essential in the SSA if it will 
be the only evaluation of lynx DPS status after 17 years of listing under the ESA.” 

5.  Given the success of lynx populations on private lands in Maine, MDIFW finds some statements in the 
SSA overstate the threat posed by private land management to lynx.  The period of greatest lynx 
population growth in Maine occurred during the same period that caused “major shifts in forest 
management strategies, outcomes, and products.” 



6.  MDIFW strongly disagrees with statements in the SSA that Maine’s lynx population and 
lynx/snowshoe hare habitat have declined since 2006, e.g., “The best available science indicates that 
hare populations have declined by about half across all stand types (and in adjacent Quebec) since 2006 
and apparently have not rebounded.”  No references are given in the SSA to substantiate this claim.  
MDIFW asserts that there is insufficient scientific evidence to conclude that hares have declined at a 
landscape level and have remained low since 2006 in northern Maine.  Hare densities in stands subject 
to shelterwood and overstory removal harvests more than doubled from 2008 to 2011.  As of 2011 (the 
last year of monitoring in this stand type), hare densities in these stands were approximately double 
those in regenerating clearcuts (D. Harrison, unpublished data). 

7.  MDIFW has information on the current status of lynx in Maine, which suggests the lynx population is 
both increasing in numbers and expanding its range, and questions why this information presented at 
the Expert Elicitation Workshop (EEW) was not included in the draft Lynx SSA.  MDIFW urges the USFWS 
to consider the data and arguments presented in this review and at the EEW to arrive at a more 
objective perspective on the resiliency of Maine’s current lynx population. 

8.  Many of the conclusions and the tone of the Climate Change Section in the SSA do not adequately 
communicate uncertainty and are definitive in nature.  MDIFW is concerned about the objectivity of the 
climate change sections in the SSA and urges a thorough review of this section -- especially given the 
USFWS SSA Core Team’s admission that they took a more pessimistic view of climate change impacts to 
lynx than the experts at the EEW.  Furthermore, MDIFW asks, are 50-year projections an appropriate 
standard for the “foreseeable future” language of the ESA? 

9.  Concerned about “…over reliance on modeling to predict the persistence of lynx in the face of 
contradicting field data.  For example, p. 66 of the SSA states, ‘Reduced snow depth and duration may 
reduce lynx’s competitive advantage over bobcats, which have similar ecology to lynx but are not as 
well-adapted to hunting hares in deep fluffy snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 
2013, pp. 69, 71). The bobcat is the closest related species to lynx in North America, and it outcompetes 
or displaces lynx wherever the two species overlap, at both broad (Peers et al. 2016, entire) and local 
(Parker et al. 1983; Robinson 2006, pp. 120-129) geographic scales.”  However, field observations and 
surveys indicate that lynx have expanded their range in Maine, and that lynx are now living and 
reproducing in Downeast Maine (i.e., sections of Penobscot, Washington, and Hancock Counties).  
Northern sections of Downeast Maine have long been considered one of the best bobcat regions in 
Maine, and this region has historically had lower snowfall totals than northern interior Maine because of 
the influence of maritime weather patterns.  These field observations call into question whether 
marginally lower snow levels and bobcat are a significant threat to lynx in Maine.” 

10.  “MDIFW questions the conclusions reached in the SSA regarding predictions that Maine’s forests 
will change in a manner that threatens lynx and snowshoe hare populations.  MDIFW argues that the 
presentation of forest and hare data is misleading, and that more research is needed on hare densities 
in shelterwood stands.” 

11.  MDIFW disagrees with statements that Maine’s lynx population would face increased threats from 
trapping and hunting if they did not have not have protection under the federal ESA. Trapping was 
evaluated at the time of listing (USFWS 2000) and was determined not to be a significant threat to the 
lynx population. Currently, the vast majority of lynx caught in foothold traps are released with little to 
no injury.  MDIFW submits that in the event of delisting, the Department would continue to be 
committed to protecting lynx populations through trapper and hunter education, regulations focused to 
minimize captures in traps, and an active law enforcement presence. 



12.  MDIFW finds the statement on p. 20 of the SSA, lines 6-7 troubling: “… we do not evaluate the 
unlikely hypothetical future in which the DPS is not listed and conservation efforts disappear.”  An 
inference that lynx conservation is totally dependent upon ESA seems unfortunate.  The traditional role 
of state conservation efforts is apparently discounted, and current examples of cooperative efforts 
among states and the USFWS to prevent listings (e.g., New England cottontail) may have not been 
considered.  MDIFW does not argue that ESA protections are sometimes appropriate and value-added, 
but USFWS should not ignore the long-standing primary jurisdiction of states for most wildlife resources, 
critically important partnerships with states for conservation of vulnerable species.  MDIFW believes the 
SSA is presenting an “all or nothing” worst-case scenario for the lynx DPS: “Our evaluation, therefore, 
considers the possibility of the future relaxing of some lynx conservation measures and efforts, but not 
the complete absence of all protections for lynx.” MDIFW concurs that the lynx DPS needs thoughtful 
conservation attention at its southernmost range limits. However, our Department (1) strongly disagrees 
that the ESA is the only effective protection, and (2) counters that state conservation strategies, which 
may be inspired by the ESA, are generally a better, more lasting solution. 

13.  MDIFW suggests that a broader more forthright discussion is needed on the structure of the DPS.  In 
the description of the geographical units of the SSA, MDIFW suggests stating, “The DPS designation 
reflects a jurisdictional boundary, not a biological one, for Canada lynx.  The species is widespread and 
relatively secure in Canadian provinces adjacent to the DPS.”  Would the USFWS be willing to state, in 
the list of assumptions (p. 8, SSA), “We assume that the statuses of lynx within individual SSA geographic 
units are mostly independent of one another”?  This assumption is requested to critically reconsider 
conservation strategies and outcomes given “the units are relatively isolated from each other” (SSA, p. 
5). In fact, Unit 1 (Northern Maine) and Unit 2 (Northeastern Minnesota) are extremely isolated from 
other units by distance and marginal habitat.  As the USFWS has experienced with recovery efforts for 
Canis lupus, the improbability of “recovery” occurring concurrently in three (or more) regionally distinct 
SSA units greatly handicaps any scenario for delisting. 

14.  MDIFW believes the SSA overstates the confidence with which climate models can be used to 
inform future trends in lynx distribution and population size in Maine. Uncertainty regarding changes in 
the amount and duration of snowfall, and the response to these changes by hares, lynx, and potential 
lynx competitors such as bobcats and coyotes, make projecting impacts on lynx very challenging.  In 
addition, we feel that conclusions about changing forest species composition in northern Maine due to 
climate change are overstated and not supported by current data. 

15.  MDIFW strongly endorses major conclusions in the SSA that (1) the initial threat for listing the lynx 
DPS has been met; (2) that the DPS currently is resilient, redundant, and representative; and (3) 
although there is tremendous uncertainty with long-term projections, we agree with the EEW experts 
that in the foreseeable future (at least through the next 25 years) lynx status is secure in the DPS. 

Minnesota Department of Natural Resources (Tam) 

1.  Most of MNDNR’s substantial comments focused on the many uncertainties that come with 
predicting future conditions, particularly with climate change, into the long-term future. 

2.  Concerned about unclear evidence of causal relationships; for example, they are not aware of any 
study that has attempted to quantify hare/lynx response to the changes in Federal land management 
plans. 



3.  They agree that lynx have adaptations for deep snow, but disagree that they need snow.  Lynx need 
hares and hares need boreal forest, but lynx do not need snow because in most of the DPS they survive 
7 months out of the year without snow. 

4.  MNDNR does not believe one can say much beyond that lynx require hares, and thus hare 
habitat/populations should be a main focus in the SSA. 

Montana Fish, Wildlife & Parks (Jim) 

1.  The Draft SSA incorrectly summarizes the expert elicitation panel’s discussions about likely future 
conditions and probabilities of persistence as if they are conclusions without uncertainty. This 
uncertainty must be adequately presented in the SSA for the document to be received as legitimate. 

2.  Speculative expert opinion is being held equivalent to objective science – this is a major departure 
from the use of best available science. 

3.  The GYA is not capable of maintaining a resident reproducing lynx population and should be removed 
from the list of lynx units. 

4.  The SSA needs to (better) address the incongruence apparent in the ephemeral nature of (some) lynx 
populations (ref. to the Garnets Range). 

5. Continue to object to the designation of a single DPS and see no justification to preserve ESA 
protections in the Northwest Montana/Idaho Geographic Unit. 

6.  Suggest 1) designating 5 discrete DPSs where lynx are known to occur, 2) eliminating the GYA as a 
Geographic Unit or DPS, and 3) considering the status of and threat to lynx within each DPS separately 
and on the merits of those local situations.  We also believe that the level of connectivity to contiguous 
populations in Canada should be a criteria used to assess the species’ U.S. status.  U.S. populations 
occupy on 2% of the Canada lynx’s North American range and habitat conditions are, and always have 
been, relatively marginal.  

7.  Believes the regulatory threat for which the DPS was listed has been adequately address and, 
“…along with other subsequent and perpetual protections, clearly obviate the justification or need for 
further ESA listing.” 

Washington Department of Fish and Wildlife (Bryon) 

1.  The SSA is lacking in conservation measures for lynx breeding populations that likely exist in between, 
and that potentially connect the six geographic areas we are focusing on for lynx conservation, 
especially the geographic areas in Washington, Idaho, and Montana. (Note: (JZ) the SSA was not 
intended to, and does not, develop or identify necessary conservation measures for any DPS 
populations, including those that may or may not occur outside of the geographic units evaluated in the 
report). 

2.  Concerned that the SSA under appreciates the short-term (10-20 years) risk to the probability of lynx 
persistence in Washington from threats, and the large uncertainties about population processes that will 
influence its probability of persistence (e.g., immigration from BC, emigration, fires, snowpack, disease, 



current demographics of the population, impact of trapping in southern BC, status of population in BC, 
habitat corridor stability between BC and WA). 

3.  States that current management plans for lynx are in need of revision to incorporate new information 
and concepts pertaining to lynx management. 

4.  Questions the SSA’s conclusion that there is a meaningful level of lynx immigration from Canada to 
Washington and cites declining lynx harvests in BC as an indicator of potential reduced lynx immigration 
to Washington (we did not conclude this; only that historical connectivity appears to have remained 
intact and that cross-border movements by lynx have been documented). 

 

Note:  Non-substantive comments, letters of support, or submission of minor corrections/new data 
were received from Michigan, New Hampshire, New Mexico, Wisconsin, and Wyoming. 

No comments were received from New York, Oregon, Utah, or Vermont. 



From: McCollough, Mark
To: Anna Harris
Subject: Fwd: Summary of Lynx SSA Peer and State Reviews
Date: Monday, April 03, 2017 4:32:45 PM
Attachments: 2017 03 20 Lynx SSA Summary of Peer and State Review.docx

Anna:  see the attached summary that Jim assembled of the comments provided by the core
team on state and peer reviews of the lynx SSA.  Perhaps because the Maine state and peer
review comments were longer than others my summary is slightly longer than other core
group.  I missed the attachment to this email two weeks ago, thus, was not aware of other core
team comments when I talked to you and Peter this afternoon.  Sorry.

Mark

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, Mar 20, 2017 at 6:49 PM
Subject: Summary of Lynx SSA Peer and State Reviews
To: Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>

Hi Team,

Thanks for sending your reviews - I used them and my own reviews of some of the comments on the SSA to provide
the attached summary to Jodi and Justin.  I'm not sure if/how they may share this info with the recommendation
team or if they will ask us to provide something via conference call or webinar after I return from leave (tomorrow
thru next Wed.).

Some of you may feel differently, but my conclusion is that although there are some recurring themes and clearly
some work we need to do to tighten up the final report, I didn't see anything that suggests major consequential
omissions or fatal flaws with our assessment that would lead us to significantly different conclusions or that would
likely affect the inclinations of the recommendation team members.  But I guess they will let us know that
eventually.

Anyway, let me know if you think I missed any of the major issues in the summary, and we can talk about those
when I return.

Thanks all, and Merry Equinox!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Anna Harris
Subject: Fwd: Internal Communication and Talking Points regarding the Lynx SSA and Process
Date: Tuesday, April 04, 2017 7:57:42 AM

---------- Forwarded message ----------
From: Noreen Walsh <noreen_walsh@fws.gov>
Date: Mon, Apr 3, 2017 at 12:57 PM
Subject: RE: Internal Communication and Talking Points regarding the Lynx SSA and Process
To: Jodi Bush <jodi_bush@fws.gov>, Lori Nordstrom <lori_nordstrom@fws.gov>, Paul
Phifer <paul_phifer@fws.gov>, Michael Thabault <michael_thabault@fws.gov>
Cc: Marjorie Nelson <marjorie_nelson@fws.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>

Thanks very much Jodi.

These look good.

What are our next steps to bring it to closure?

 

Noreen

 

 

 

 

Noreen Walsh

Regional Director

Mountain-Prairie Region

U. S. Fish and Wildlife Service

303 236 7920

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Monday, April 03, 2017 9:20 AM
To: Noreen Walsh; Lori Nordstrom; Paul Phifer; Thabault, Michael
Cc: Marjorie Nelson; Justin Shoemaker; Jim Zelenak; Bryon Holt; Mark McCollough; Tamara Smith
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Subject: Internal Communication and Talking Points regarding the Lynx SSA and Process

 

Folks.  We were asked to put together these communication points right after the decision
meeting. Unfortunately, they got lost in my inbox. We will be briefing the States this
wednesday and so I wanted to share with you so you have if asked questions.  Feel free to give
me a call if you have questions.  JB

 

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Mar 7, 2017 at 4:32 PM
Subject: DRAFT FOR REVIEW: Internal Communication and Talking Points regarding the
Lynx SSA and Process
To: Justin Shoemaker <justin_shoemaker@fws.gov>, Marjorie Nelson
<Marjorie_Nelson@fws.gov>
Cc: Jim Zelenak <jim_zelenak@fws.gov>

____________________________________________________________

 

At our meeting last week, Noreen asked us to identify a series of talking points around where
we are with the lynx decision process.  

 

Internal Talking Points Regarding the Lynx SSA and Decision Process

 

We received very thorough and useful comments from our State Partners and those
folks invited to comment through our Peer Review Process. 
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We intend to fully consider these comments in our final Species Status Assessment
(SSA). 

Given the short time between when we received the State and Peer Review comments,
we have not completely examined all of the reviews. We fully intend to do so.  

We have not yet made a final decision on the status of Lynx as necessary Peer Review
comments were received just prior to the meeting and have not been fully assessed. 

We anticipate getting back with the decision makers in the month or so.  At that time we
will provide them with a thorough consideration of the remaining comments and Peer
Reviews and consider our next steps in the process. 

The decision makers are Regional Directors or their designees from affected USFWS
Regions (Regions 1, 2, 3, 5,and 6).   

 

 

As an aside,  Thank you very much for your staff's continued focused effort on this SSA and
process.  While we are getting close, there remains much work to be done in identifying
important comments, drafting responses and finalizing our SSA.  I am hopeful that you will
continue to support your Region's staff in completion of these tasks.   Thanks. JB

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED



Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Anna Harris
Subject: Fwd: Internal Communication and Talking Points regarding the Lynx SSA and Process
Date: Tuesday, April 04, 2017 7:57:42 AM

---------- Forwarded message ----------
From: Noreen Walsh <noreen_walsh@fws.gov>
Date: Mon, Apr 3, 2017 at 12:57 PM
Subject: RE: Internal Communication and Talking Points regarding the Lynx SSA and Process
To: Jodi Bush <jodi_bush@fws.gov>, Lori Nordstrom <lori_nordstrom@fws.gov>, Paul
Phifer <paul_phifer@fws.gov>, Michael Thabault <michael_thabault@fws.gov>
Cc: Marjorie Nelson <marjorie_nelson@fws.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>

Thanks very much Jodi.

These look good.

What are our next steps to bring it to closure?

 

Noreen

 

 

 

 

Noreen Walsh

Regional Director

Mountain-Prairie Region

U. S. Fish and Wildlife Service

303 236 7920

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Monday, April 03, 2017 9:20 AM
To: Noreen Walsh; Lori Nordstrom; Paul Phifer; Thabault, Michael
Cc: Marjorie Nelson; Justin Shoemaker; Jim Zelenak; Bryon Holt; Mark McCollough; Tamara Smith
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Subject: Internal Communication and Talking Points regarding the Lynx SSA and Process

 

Folks.  We were asked to put together these communication points right after the decision
meeting. Unfortunately, they got lost in my inbox. We will be briefing the States this
wednesday and so I wanted to share with you so you have if asked questions.  Feel free to give
me a call if you have questions.  JB

 

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Mar 7, 2017 at 4:32 PM
Subject: DRAFT FOR REVIEW: Internal Communication and Talking Points regarding the
Lynx SSA and Process
To: Justin Shoemaker <justin_shoemaker@fws.gov>, Marjorie Nelson
<Marjorie_Nelson@fws.gov>
Cc: Jim Zelenak <jim_zelenak@fws.gov>

____________________________________________________________

 

At our meeting last week, Noreen asked us to identify a series of talking points around where
we are with the lynx decision process.  

 

Internal Talking Points Regarding the Lynx SSA and Decision Process

 

We received very thorough and useful comments from our State Partners and those
folks invited to comment through our Peer Review Process. 
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We intend to fully consider these comments in our final Species Status Assessment
(SSA). 

Given the short time between when we received the State and Peer Review comments,
we have not completely examined all of the reviews. We fully intend to do so.  

We have not yet made a final decision on the status of Lynx as necessary Peer Review
comments were received just prior to the meeting and have not been fully assessed. 

We anticipate getting back with the decision makers in the month or so.  At that time we
will provide them with a thorough consideration of the remaining comments and Peer
Reviews and consider our next steps in the process. 

The decision makers are Regional Directors or their designees from affected USFWS
Regions (Regions 1, 2, 3, 5,and 6).   

 

 

As an aside,  Thank you very much for your staff's continued focused effort on this SSA and
process.  While we are getting close, there remains much work to be done in identifying
important comments, drafting responses and finalizing our SSA.  I am hopeful that you will
continue to support your Region's staff in completion of these tasks.   Thanks. JB

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED



Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov




From: McCollough, Mark
To: Anna Harris
Subject: Lynx SSA how to proceed
Date: Tuesday, April 04, 2017 8:47:05 AM
Attachments: image.png

Anna:  

After yesterday's discussion I want to be absolutely clear about how to proceed with our next
assignment for the lynx SSA.  I've forwarded you the email from Jodi Bush that we are
directed to start responding to peer and state review comments in a Google Docs spreadsheet. 
My peers on the Core Team have already started.  We are to complete this task by April 21. 
We may have a core team call later today to clarify the assignment.  It looks like the work that
we submitted a week or so ago to summarize issues and responses will facilitate this process. 

I don't believe the supervisors of my peers on the core team are involved with developing or
reviewing their responses, but I will ask in today's call.  I believe Region 6 has always had the
ultimate review authority for the SSA.  It is Jim's job to edit.  Of course we strive to make his
job as easy as possible.

How do you want to be involved?  Do you want to work with me on developing each
response?  Do you want to see the responses I draft and have a chance to edit and discuss
before I enter into Google Docs?  Do you want access ti Google Docs to edit my responses
directly in the spreadsheet?  Or something else....

Looking at my calendar, it looks like I have 5 or 6 work days (including today) available to
complete this assignment prior to the April 21 deadline.

In total, we received over 120 pages of peer review comments (probably far more comments
from states).  My assignment is to develop responses to Dan Harrison's peer review (29
pages), MDIFW state comments (23 pages), and Maine Forest Products Council (10 pages). 

 In many cases, responses will require further reading and research, review, and citation of
scientific literature.  Some responses will be relatively short.

There is no further word on timeline for the conference call with decision-makers, next steps
on SSA (except we've been told to stop editing until we get this assignment completed), or
long-term timeline.  I suggest that you talk to Jodi to get a sense of the work remaining on the
SSA.

Below is a screenshot example of the amount of detail being put into some of the first
responses entered thus far.

Mark
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PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Smith, Tamara
Cc: Bryon Holt; Kurt Broderdorp; McCollough, Mark
Subject: Re: Lynx SSA Core Team Priorities
Date: Tuesday, April 04, 2017 8:53:00 AM

Hi all - sorry about late notice and confusion.

I'm waiting to hear back from Jodi, but leaning toward moving our internal FWS monthly call from today at 10
Mountain time to Friday at same time.  We have schedule conflicts here, and we haven't had this on folks' calendars,
so probably not a big deal to move it.

Later today I will send out a reminder and call-in info for tomorrow's monthly State/partner coordination call, which
most of the FWS group call in to anyway.

Also, we will need to have a separate Core Team call soon to discuss next steps/assignments/schedule, perhaps
inviting supervisors to make sure all are on the same page.

I'll send info as soon as I can.

Thanks.

On Tue, Apr 4, 2017 at 7:57 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim - I have calls most of the day but could jump off one early to make a core team call at
11-12 MT (12-1 CT). Let me know either way! Thanks! -Tam

On Tue, Apr 4, 2017 at 7:20 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:  I am available at 1:00 eastern today (actually all day).

I need to talk to you in the conference call or one-on-one about this assignment.  My
supervisors have questions.

Mark

On Mon, Apr 3, 2017 at 6:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Mark and Team,

I started on it before I left and added a few more of Squires's comments and my
responses today.  You should be able to see comments in rows 6 thru 19, below the
yellow-highlighted made-up comments Jodi entered early on as examples.  Bryon also
entered a comment (row 13) from Idaho F&G.  Can you each please let me know if you
are able to see the comments entered thus far, and do a test entry to let me know that you
are able to work in the spreadsheet?  Thanks.

I just spoke with Jodi today and she would like us to try to get substantive peer and
agency review comments and responses (as brief as possible) entered into the
spreadsheet by COB on April 21.  I think everyone knows which comments they've been
assigned, but just in case:

Mark - you have comments from State of Maine and Dan Harrison's peer review;

Tam - you have MNDNR's comments and Ron Moen's peer review;
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Bryon - you have Idaho and Washington comments and Dennis Murray's peer review;

Kurt - you have Colorado's comments;

Jim - has Montana comments and Squires' and Schwartz's peer reviews.

Most of the other comments (e.g., NH, MI, WI, WY) were minor and can just be
addressed in the final report.

We were tentatively scheduled to have a Core Team/Internal FWS (monthly) call
tomorrow at 10 AM Mountain Time, but I noticed late this afternoon that we have a
regional all-staff mtg/call scheduled then, so some folks from R6 who normally
participate would miss it.

Please let me know if you could be available for a Core Team call tomorrow at 11-12
MST (one hour later than ususal) - depending on what I hear from you all, i will send a
notice tomorrow morning.  We may have to reschedule the larger internal call or
perhaps hold it simultaneously with the State call on Wed - I'm waiting to hear back
from Jodi on that.

Sorry for the scheduling confusion.  Thanks for hanging in there on this.

On Mon, Apr 3, 2017 at 2:43 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:

I see that no one has started this exercise yet.  I would like some additional direction
on this before I get started.  Are we having a core team call tomorrow?

I hope you enjoyed some much-needed time off.

thanks,  Mark

On Fri, Mar 31, 2017 at 12:44 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team:

After discussing with Jodi, we believe the highest priority right now is to get the substantive comments
from peer reviewers and State and Federal agencies along with draft or bulleted responses entered into
the comment tracking database/spreadsheet on the drive.  You should be able to pull many of these in
from the comment summaries you sent me the week before last.

We are requesting that for now folks stop editing/revising the working draft of the SSA report and
instead focus on moving comments/responses into the spreadsheet.  Having the comments organized in
the sortable spreadsheet will help us focus on the most important topics/themes and will help us
prioritize the parts of the SSA report most in need of (or in need of most) revision/correction/addition.

Thanks,

Jim    

-- 
Jim Zelenak, Biologist
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U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
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mark_mccollough@fws.gov
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
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306 Hatchery Road (physical address)
East Orland, Maine 04431
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Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (temp. use ext. 201)
952-646-2873 

612-600-1599 Cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Lynx call tomorrow?
Date: Tuesday, April 04, 2017 8:56:15 AM

if you want to combine them feel free.  Yes I am tied up today.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Apr 4, 2017 at 8:48 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Because I'd really like to have you on the next internal FWS lynx SSA call and that seems unlikely today, given
you calendar, I'm leaning toward postponing it until this Friday at 10-11 our time (assuming we will still have
phone service during our internet down time).

Most folks who normally join that call also join the Partner Call, which we have scheduled for tomorrow at 1:00,
and having the Service call after than might generate more discussion and questions.

I need to send an email cancelling today's call soon - though we don't have the internal call on folks' calendars for
today.

Your thoughts?

On Mon, Apr 3, 2017 at 3:55 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Given tomorrow's schedule, would it be possible to consider having a joint FWS & Partners call on Wednesday
- that is, one call for both groups?  Often the same folks who are on the internal call are also on the State call.

Otherwise we may need to just reschedule the internal call. 

On Mon, Apr 3, 2017 at 3:36 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
We have an R6 all staff tomorrow at 10 - the usual time for our monthly internal lynx SSA call. Plus it looks like you
are busy all day tomorrow.  Is there a time  next few days that would work for you?  Or should I just schedule it for
11-12 instead of 10-11 tomorrow?

Also sent this as a chat a while ago, but it shows me you are offline now....

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Smith, Tamara
Cc: Bryon Holt; Kurt Broderdorp; McCollough, Mark
Subject: Re: Lynx SSA Core Team Priorities
Date: Tuesday, April 04, 2017 10:53:03 AM

Hi all - sorry about late notice and confusion.

I'm waiting to hear back from Jodi, but leaning toward moving our internal FWS monthly call from today at 10
Mountain time to Friday at same time.  We have schedule conflicts here, and we haven't had this on folks' calendars,
so probably not a big deal to move it.

Later today I will send out a reminder and call-in info for tomorrow's monthly State/partner coordination call, which
most of the FWS group call in to anyway.

Also, we will need to have a separate Core Team call soon to discuss next steps/assignments/schedule, perhaps
inviting supervisors to make sure all are on the same page.

I'll send info as soon as I can.

Thanks.

On Tue, Apr 4, 2017 at 7:57 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim - I have calls most of the day but could jump off one early to make a core team call at
11-12 MT (12-1 CT). Let me know either way! Thanks! -Tam

On Tue, Apr 4, 2017 at 7:20 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:  I am available at 1:00 eastern today (actually all day).

I need to talk to you in the conference call or one-on-one about this assignment.  My
supervisors have questions.

Mark

On Mon, Apr 3, 2017 at 6:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Mark and Team,

I started on it before I left and added a few more of Squires's comments and my
responses today.  You should be able to see comments in rows 6 thru 19, below the
yellow-highlighted made-up comments Jodi entered early on as examples.  Bryon also
entered a comment (row 13) from Idaho F&G.  Can you each please let me know if you
are able to see the comments entered thus far, and do a test entry to let me know that you
are able to work in the spreadsheet?  Thanks.

I just spoke with Jodi today and she would like us to try to get substantive peer and
agency review comments and responses (as brief as possible) entered into the
spreadsheet by COB on April 21.  I think everyone knows which comments they've been
assigned, but just in case:

Mark - you have comments from State of Maine and Dan Harrison's peer review;

Tam - you have MNDNR's comments and Ron Moen's peer review;
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Bryon - you have Idaho and Washington comments and Dennis Murray's peer review;

Kurt - you have Colorado's comments;

Jim - has Montana comments and Squires' and Schwartz's peer reviews.

Most of the other comments (e.g., NH, MI, WI, WY) were minor and can just be
addressed in the final report.

We were tentatively scheduled to have a Core Team/Internal FWS (monthly) call
tomorrow at 10 AM Mountain Time, but I noticed late this afternoon that we have a
regional all-staff mtg/call scheduled then, so some folks from R6 who normally
participate would miss it.

Please let me know if you could be available for a Core Team call tomorrow at 11-12
MST (one hour later than ususal) - depending on what I hear from you all, i will send a
notice tomorrow morning.  We may have to reschedule the larger internal call or
perhaps hold it simultaneously with the State call on Wed - I'm waiting to hear back
from Jodi on that.

Sorry for the scheduling confusion.  Thanks for hanging in there on this.

On Mon, Apr 3, 2017 at 2:43 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:

I see that no one has started this exercise yet.  I would like some additional direction
on this before I get started.  Are we having a core team call tomorrow?

I hope you enjoyed some much-needed time off.

thanks,  Mark

On Fri, Mar 31, 2017 at 12:44 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team:

After discussing with Jodi, we believe the highest priority right now is to get the substantive comments
from peer reviewers and State and Federal agencies along with draft or bulleted responses entered into
the comment tracking database/spreadsheet on the drive.  You should be able to pull many of these in
from the comment summaries you sent me the week before last.

We are requesting that for now folks stop editing/revising the working draft of the SSA report and
instead focus on moving comments/responses into the spreadsheet.  Having the comments organized in
the sortable spreadsheet will help us focus on the most important topics/themes and will help us
prioritize the parts of the SSA report most in need of (or in need of most) revision/correction/addition.

Thanks,

Jim    

-- 
Jim Zelenak, Biologist
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Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (temp. use ext. 201)
952-646-2873 

612-600-1599 Cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Smith, Tamara
Cc: Bryon Holt; Kurt Broderdorp; McCollough, Mark
Subject: Re: Lynx SSA Core Team Priorities
Date: Tuesday, April 04, 2017 10:53:03 AM

Hi all - sorry about late notice and confusion.

I'm waiting to hear back from Jodi, but leaning toward moving our internal FWS monthly call from today at 10
Mountain time to Friday at same time.  We have schedule conflicts here, and we haven't had this on folks' calendars,
so probably not a big deal to move it.

Later today I will send out a reminder and call-in info for tomorrow's monthly State/partner coordination call, which
most of the FWS group call in to anyway.

Also, we will need to have a separate Core Team call soon to discuss next steps/assignments/schedule, perhaps
inviting supervisors to make sure all are on the same page.

I'll send info as soon as I can.

Thanks.

On Tue, Apr 4, 2017 at 7:57 AM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim - I have calls most of the day but could jump off one early to make a core team call at
11-12 MT (12-1 CT). Let me know either way! Thanks! -Tam

On Tue, Apr 4, 2017 at 7:20 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:  I am available at 1:00 eastern today (actually all day).

I need to talk to you in the conference call or one-on-one about this assignment.  My
supervisors have questions.

Mark

On Mon, Apr 3, 2017 at 6:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Mark and Team,

I started on it before I left and added a few more of Squires's comments and my
responses today.  You should be able to see comments in rows 6 thru 19, below the
yellow-highlighted made-up comments Jodi entered early on as examples.  Bryon also
entered a comment (row 13) from Idaho F&G.  Can you each please let me know if you
are able to see the comments entered thus far, and do a test entry to let me know that you
are able to work in the spreadsheet?  Thanks.

I just spoke with Jodi today and she would like us to try to get substantive peer and
agency review comments and responses (as brief as possible) entered into the
spreadsheet by COB on April 21.  I think everyone knows which comments they've been
assigned, but just in case:

Mark - you have comments from State of Maine and Dan Harrison's peer review;

Tam - you have MNDNR's comments and Ron Moen's peer review;
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Bryon - you have Idaho and Washington comments and Dennis Murray's peer review;

Kurt - you have Colorado's comments;

Jim - has Montana comments and Squires' and Schwartz's peer reviews.

Most of the other comments (e.g., NH, MI, WI, WY) were minor and can just be
addressed in the final report.

We were tentatively scheduled to have a Core Team/Internal FWS (monthly) call
tomorrow at 10 AM Mountain Time, but I noticed late this afternoon that we have a
regional all-staff mtg/call scheduled then, so some folks from R6 who normally
participate would miss it.

Please let me know if you could be available for a Core Team call tomorrow at 11-12
MST (one hour later than ususal) - depending on what I hear from you all, i will send a
notice tomorrow morning.  We may have to reschedule the larger internal call or
perhaps hold it simultaneously with the State call on Wed - I'm waiting to hear back
from Jodi on that.

Sorry for the scheduling confusion.  Thanks for hanging in there on this.

On Mon, Apr 3, 2017 at 2:43 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:

I see that no one has started this exercise yet.  I would like some additional direction
on this before I get started.  Are we having a core team call tomorrow?

I hope you enjoyed some much-needed time off.

thanks,  Mark

On Fri, Mar 31, 2017 at 12:44 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team:

After discussing with Jodi, we believe the highest priority right now is to get the substantive comments
from peer reviewers and State and Federal agencies along with draft or bulleted responses entered into
the comment tracking database/spreadsheet on the drive.  You should be able to pull many of these in
from the comment summaries you sent me the week before last.

We are requesting that for now folks stop editing/revising the working draft of the SSA report and
instead focus on moving comments/responses into the spreadsheet.  Having the comments organized in
the sortable spreadsheet will help us focus on the most important topics/themes and will help us
prioritize the parts of the SSA report most in need of (or in need of most) revision/correction/addition.

Thanks,

Jim    

-- 
Jim Zelenak, Biologist
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U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
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Endangered Species Specialist
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Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219  (temp. use ext. 201)
952-646-2873 

612-600-1599 Cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark

McCollough; Tamara Smith; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann Timberman; Brad Thompson;
Chris Mensing; David Stilwell; Drue DeBerry; Eric Rickerson; Grant Canterbury; Jeff Krupka; Karl Halupka; Kate
Novak; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames;
Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman;
Tyler Abbott; Wally Murphy; Dennis Mackey; Patricia Zenone; Gary Miller; Karen Cathey; Tom McDowell; Anna
Harris; Szymanski, Jennifer; David Simmons; Kurz, Gregg

Subject: Re: Cancelled - Internal Lynx SSA Coordination Call
Date: Tuesday, April 04, 2017 11:10:33 AM

Hi All:

Because of scheduling conflicts here, we are cancelling the monthly internal Service coordination call on the lynx
SSA that was scheduled for today at 10:00 Mountain Time. Instead, we will hold a joint call with State and Federal
partners tomorrow, Wed., April 5 at 1:00 PM Mountain Time.

I will forward a reminder and call-in information for that call shortly.

Thanks, and sorry for the late notice.

On Mon, Mar 6, 2017 at 4:16 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

We're cancelling this month's lynx SSA update/coordination call; there's little to report.

We did meet with Service decision makers last week in Denver to present/summarize the results of the Draft SSA
Report and discuss the peer review and partner comments we received on the draft.  However, because comments
from 3 of 5 peer reviewers were still outstanding and the late arrival of several State reviews prevented us from
fully digesting them, we have some additional work to do with the reviews and the decision team before a final
recommendation can be made.

Our next call is scheduled for Tues., April 4th, 10:00 AM Mountain Time.  I'll send out a reminder a day or two
ahead.

As always, if you have questions or need additional information, please email or call.

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenCancelled - Internal Lynx SSA Coordination Callak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
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mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin

Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton; rita.dixon@idfg.idaho.gov;
Chandler.woodcock@maine.gov; Connolly, James; Vashon, Jennifer; moritzw@michigan.gov;
bumpa@michigan.gov; kennedyd@michigan.gov; commissioner.dnr@state.mn.us; jim.leach@state.mn.us;
Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John D (DNR); JTubbs@mt.gov; McDonald, Ken; Inman,
Bob; Jay Kolbe; seggeman@mt.gov; Baty, Ross; glenn.normandeau@wildlife.nh.gov;
Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov; William.Staats@wildlife.nh.gov;
Patrick.Tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us;
rick.winslow@state.nm.us; Stuart, James N., DGF; sean.murphy@state.nm.us; michael.schiavone@dec.ny.gov;
doug.stang@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us; Gregory Sheehan; Kimberly
Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis,
Jeffrey C (DFW); Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov;
Sanjay.Olson@wisconsin.gov; Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts,
Nathan M - DNR; Rossler, Shawn T - DNR; David.MacFarland@wisconsin.gov; John.White@wisconsin.gov;
scott.talbot@wyo.gov; Bob Lanka; Zack Walker; Nichole Bjornlie; Susan Patla; Rick Kahn; Jackson, Scott -FS;
Hanvey, Gary -FS; Tripp, Kim; Christopher Boone; Sparks, James; Jonathan Mawdsley; Kilborn, Jillian

Cc: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark
McCollough; Tamara Smith; Anna Harris; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann Timberman;
Brad Thompson; Chris Mensing; David Stilwell; David Simmons; Drue DeBerry; Eric Rickerson; Grant Canterbury;
Jeff Krupka; Szymanski, Jennifer; Karen Cathey; Karl Halupka; Kate Novak; Kathleen Hendricks; Larry Crist;
Laura Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Patricia Zenone;
Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman;
Tom McDowell; Tyler Abbott; Dennis Mackey; Marjorie Nelson; Lori Nordstrom/R6/FWS/DOI; Paul Phifer; Michael
Thabault; Kurz, Gregg

Subject: Re: Lynx SSA Coordination Call
Date: Tuesday, April 04, 2017 11:13:45 AM

On Tue, Mar 21, 2017 at 8:39 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

Our next monthly State and Federal Partner coordination call/update will be moved from
Wed. March 29 to the following Wed., April 5, as usual at 1:00 PM Mountain Time, and
same call-in information, below.

866-822-7385
Passcode 5396168

I will also send out a reminder a day or two ahead.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
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Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Anna Harris
Subject: Re: Lynx SSA how to proceed
Date: Tuesday, April 04, 2017 12:09:57 PM

Anna:  

We are not having a Core Team call today, so Jim and I talked to make absolutely sure that I
understood the assignment .  Jim said that the level of identifying issues that I provided him
two weeks ago is what they are looking for.  We need to show that we have read, considered,
and addressed (in one way or another) all peer and State reviews comments.  We do not need
to enumerate minor comments (wrong citations, punctuation, etc.) in the spreadsheet, but we
should be able to show that we have considered all comments.  Jim believed that much of the
information that I sent two weeks ago could be cut and pasted into the spreadsheet and edited. 
Jim said when possible we should try to make our responses brief.

Jim could not provide further details on timeline, level of work needed, etc. and agreed that
Jodi should perhaps talk to project leaders and/or the core team about what work lies ahead
and possible timelines.  The conference call with decision-makers will take place in about a
month.  We do not need to have the SSA revised by then - only a summary of major peer and
State comments and be prepared to discuss them.

The spreadsheet exercise will be part of our record.  R6 did something similar with the grizzly
bear listing decision.  The spreadsheet will also provide Jim and Jodi a useful tool to identify
which topics we need to address in the SSA.  Jim believed that once we have that list of
revisions to the SSA that they will make assignments.  For example, I wrote the current and
future sections for Maine, climate change, and vegetation management sections of the SSA.  I
may be called upon to make revisions to those sections of the SSA working with Jim.  We
may need to work together on some sections.  Jim agreed that we need a conference call with
the Core Team soon to address the 450 pages or so of comments received.

After the listing decision is made, we will write a 5-year review to document the decision.  Jim
thought he would be writing most of 5-year review, but  he may need help from the Core
Team.

After completing the 5-year review, we will revise the SSA, but Jim does not know how
substantive those revisions will be or how much time that will take.

I will ask Jim to share the google drive with you.

Mark

On Tue, Apr 4, 2017 at 11:33 AM, Anna Harris <anna_harris@fws.gov> wrote:
Hey Mark,
I'm at the Framework meeting today and answering on my cell, so apologies for the brevity
in my response.
I don't want to stop or impede your work on completing this assignment. I'd like to see the
comments and your responses, and check in with you as you're going through them. We can
do this with setting up time for me to look over your shoulder at the google drive (maybe
Monday afternoon), giving me access to the drive and setting up a shared screen if you're
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teleworking (maybe this Thursday if you've made significant progress in the last two days).
 I'll plan to participate on Wednesdays call with the States as it might have an update on
timelines there.
Thanks for checking in on this,
Anna

Sent from my iPhone

On Apr 4, 2017, at 8:47 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:

Anna:  

After yesterday's discussion I want to be absolutely clear about how to proceed
with our next assignment for the lynx SSA.  I've forwarded you the email from
Jodi Bush that we are directed to start responding to peer and state review
comments in a Google Docs spreadsheet.  My peers on the Core Team have
already started.  We are to complete this task by April 21.  We may have a core
team call later today to clarify the assignment.  It looks like the work that we
submitted a week or so ago to summarize issues and responses will facilitate
this process. 

I don't believe the supervisors of my peers on the core team are involved with
developing or reviewing their responses, but I will ask in today's call.  I believe
Region 6 has always had the ultimate review authority for the SSA.  It is Jim's
job to edit.  Of course we strive to make his job as easy as possible.

How do you want to be involved?  Do you want to work with me on developing
each response?  Do you want to see the responses I draft and have a chance to
edit and discuss before I enter into Google Docs?  Do you want access ti Google
Docs to edit my responses directly in the spreadsheet?  Or something else....

Looking at my calendar, it looks like I have 5 or 6 work days (including today)
available to complete this assignment prior to the April 21 deadline.

In total, we received over 120 pages of peer review comments (probably far
more comments from states).  My assignment is to develop responses to Dan
Harrison's peer review (29 pages), MDIFW state comments (23 pages), and
Maine Forest Products Council (10 pages). 

 In many cases, responses will require further reading and research, review, and
citation of scientific literature.  Some responses will be relatively short.

There is no further word on timeline for the conference call with decision-
makers, next steps on SSA (except we've been told to stop editing until we get
this assignment completed), or long-term timeline.  I suggest that you talk to
Jodi to get a sense of the work remaining on the SSA.

Below is a screenshot example of the amount of detail being put into some of
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the first responses entered thus far.

Mark
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From: McCollough, Mark
To: Anna Harris
Subject: Re: Lynx SSA how to proceed
Date: Tuesday, April 04, 2017 12:09:57 PM

Anna:  

We are not having a Core Team call today, so Jim and I talked to make absolutely sure that I
understood the assignment .  Jim said that the level of identifying issues that I provided him
two weeks ago is what they are looking for.  We need to show that we have read, considered,
and addressed (in one way or another) all peer and State reviews comments.  We do not need
to enumerate minor comments (wrong citations, punctuation, etc.) in the spreadsheet, but we
should be able to show that we have considered all comments.  Jim believed that much of the
information that I sent two weeks ago could be cut and pasted into the spreadsheet and edited. 
Jim said when possible we should try to make our responses brief.

Jim could not provide further details on timeline, level of work needed, etc. and agreed that
Jodi should perhaps talk to project leaders and/or the core team about what work lies ahead
and possible timelines.  The conference call with decision-makers will take place in about a
month.  We do not need to have the SSA revised by then - only a summary of major peer and
State comments and be prepared to discuss them.

The spreadsheet exercise will be part of our record.  R6 did something similar with the grizzly
bear listing decision.  The spreadsheet will also provide Jim and Jodi a useful tool to identify
which topics we need to address in the SSA.  Jim believed that once we have that list of
revisions to the SSA that they will make assignments.  For example, I wrote the current and
future sections for Maine, climate change, and vegetation management sections of the SSA.  I
may be called upon to make revisions to those sections of the SSA working with Jim.  We
may need to work together on some sections.  Jim agreed that we need a conference call with
the Core Team soon to address the 450 pages or so of comments received.

After the listing decision is made, we will write a 5-year review to document the decision.  Jim
thought he would be writing most of 5-year review, but  he may need help from the Core
Team.

After completing the 5-year review, we will revise the SSA, but Jim does not know how
substantive those revisions will be or how much time that will take.

I will ask Jim to share the google drive with you.

Mark

On Tue, Apr 4, 2017 at 11:33 AM, Anna Harris <anna_harris@fws.gov> wrote:
Hey Mark,
I'm at the Framework meeting today and answering on my cell, so apologies for the brevity
in my response.
I don't want to stop or impede your work on completing this assignment. I'd like to see the
comments and your responses, and check in with you as you're going through them. We can
do this with setting up time for me to look over your shoulder at the google drive (maybe
Monday afternoon), giving me access to the drive and setting up a shared screen if you're
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teleworking (maybe this Thursday if you've made significant progress in the last two days).
 I'll plan to participate on Wednesdays call with the States as it might have an update on
timelines there.
Thanks for checking in on this,
Anna

Sent from my iPhone

On Apr 4, 2017, at 8:47 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:

Anna:  

After yesterday's discussion I want to be absolutely clear about how to proceed
with our next assignment for the lynx SSA.  I've forwarded you the email from
Jodi Bush that we are directed to start responding to peer and state review
comments in a Google Docs spreadsheet.  My peers on the Core Team have
already started.  We are to complete this task by April 21.  We may have a core
team call later today to clarify the assignment.  It looks like the work that we
submitted a week or so ago to summarize issues and responses will facilitate
this process. 

I don't believe the supervisors of my peers on the core team are involved with
developing or reviewing their responses, but I will ask in today's call.  I believe
Region 6 has always had the ultimate review authority for the SSA.  It is Jim's
job to edit.  Of course we strive to make his job as easy as possible.

How do you want to be involved?  Do you want to work with me on developing
each response?  Do you want to see the responses I draft and have a chance to
edit and discuss before I enter into Google Docs?  Do you want access ti Google
Docs to edit my responses directly in the spreadsheet?  Or something else....

Looking at my calendar, it looks like I have 5 or 6 work days (including today)
available to complete this assignment prior to the April 21 deadline.

In total, we received over 120 pages of peer review comments (probably far
more comments from states).  My assignment is to develop responses to Dan
Harrison's peer review (29 pages), MDIFW state comments (23 pages), and
Maine Forest Products Council (10 pages). 

 In many cases, responses will require further reading and research, review, and
citation of scientific literature.  Some responses will be relatively short.

There is no further word on timeline for the conference call with decision-
makers, next steps on SSA (except we've been told to stop editing until we get
this assignment completed), or long-term timeline.  I suggest that you talk to
Jodi to get a sense of the work remaining on the SSA.

Below is a screenshot example of the amount of detail being put into some of
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the first responses entered thus far.

Mark

<image.png>
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CHANGED
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US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
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Maine Field Office
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East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Anna Harris
To: Zelenak, Jim
Cc: McCollough, Mark
Subject: Re: Share Lynx SSA google drive with Anna Harris
Date: Tuesday, April 04, 2017 12:11:13 PM

Thanks Jim!
I don't have my computer with me today but I did receive a google invite to the folder, so I
should 
be all set.
Thanks for sharing so quickly,
Anna

Sent from my iPhone

On Apr 4, 2017, at 12:35 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Yes. I just tried to share the Lynx SSA folder on the drive with Anna, and it looks like that was
successful (it told me I shared hundreds of items - I hope no all individually.....).

Anna - please let me know if you now can access the the Lynx SSA folder and sub-folders on the
drive.

On Tue, Apr 4, 2017 at 10:15 AM, McCollough, Mark
<mark_mccollough@fws.gov> wrote:

Jim:

Anna Harris has requested access to the Lynx SSA google drive.  Can you
please share the drive with her or do whatever is needed to give her access?

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: comment database issue
Date: Tuesday, April 04, 2017 2:10:26 PM

Hi all - please be careful entering data into the spreadsheet on drive - twice this afternoon I've had large blocks of
text in my response to comments disappear while I've been editing.  the back button does not retrieve them.  Not
sure what is going on, and it is probably operator error, but just wanted to give you all a heads-up so you don't have
the same problem.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov


From: Anna Harris
To: Zelenak, Jim
Cc: McCollough, Mark
Subject: Re: Share Lynx SSA google drive with Anna Harris
Date: Tuesday, April 04, 2017 2:11:13 PM

Thanks Jim!
I don't have my computer with me today but I did receive a google invite to the folder, so I
should 
be all set.
Thanks for sharing so quickly,
Anna

Sent from my iPhone

On Apr 4, 2017, at 12:35 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Yes. I just tried to share the Lynx SSA folder on the drive with Anna, and it looks like that was
successful (it told me I shared hundreds of items - I hope no all individually.....).

Anna - please let me know if you now can access the the Lynx SSA folder and sub-folders on the
drive.

On Tue, Apr 4, 2017 at 10:15 AM, McCollough, Mark
<mark_mccollough@fws.gov> wrote:

Jim:

Anna Harris has requested access to the Lynx SSA google drive.  Can you
please share the drive with her or do whatever is needed to give her access?

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Anna Harris
To: Zelenak, Jim
Cc: McCollough, Mark
Subject: Re: Share Lynx SSA google drive with Anna Harris
Date: Tuesday, April 04, 2017 2:11:13 PM

Thanks Jim!
I don't have my computer with me today but I did receive a google invite to the folder, so I
should 
be all set.
Thanks for sharing so quickly,
Anna

Sent from my iPhone

On Apr 4, 2017, at 12:35 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Yes. I just tried to share the Lynx SSA folder on the drive with Anna, and it looks like that was
successful (it told me I shared hundreds of items - I hope no all individually.....).

Anna - please let me know if you now can access the the Lynx SSA folder and sub-folders on the
drive.

On Tue, Apr 4, 2017 at 10:15 AM, McCollough, Mark
<mark_mccollough@fws.gov> wrote:

Jim:

Anna Harris has requested access to the Lynx SSA google drive.  Can you
please share the drive with her or do whatever is needed to give her access?

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Susan Patla
Subject: Re: Question
Date: Wednesday, April 05, 2017 2:52:36 PM
Attachments: USFWS 2005 Recovery Outline.pdf

Ooops - here's the attachment.

On Wed, Apr 5, 2017 at 2:47 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Susan,

I left a message on your cell.  Some of this might be easier over the phone, but I'm not sure what you mean by the
existing conservation strategy.  Are you referring to our 2005 recovery outline (attached) or to the revised (2013)
interagency Lynx Conservation Assessment and Strategy (LCAS; https://www.fs.fed.us/biology/resources/pubs/
wildlife/LCAS_revisedAugust2013.pdf)?

Bob replied via email that he's open to me calling him to discuss the questions I sent you and Nichole
earlier regarding habitat impacts in the Wyoming Range, but I haven't been able to reach out to him yet - I hope to
do so soon.

Hope all is well.

jim

On Wed, Apr 5, 2017 at 1:29 PM, Susan Patla <susan.patla@wyo.gov> wrote:
Hi,

If the FWS does end up doing a recovery plan, do you think it will be based on the
existing conservation strategy?

Also, did Bob Oakleaf ever talk to you?  He is back now from Arizona I know.

Best,  Susan

Susan Patla
Nongame Biologist
Wyoming Game and Fish Department
PO Box 67
Jackson, WY 83001
307-733-2383  ext. 229   office
307 413-1222   cell
Susan.Patla@wyo.gov

         

 
E-Mail to and from me, in connection with the transaction of public business,  is subject to the Wyoming Public Records Act and 
may be disclosed to third parties.

E-Mail to and from me, in connection with the transaction 
of public business, is subject to the Wyoming Public Records 
Act and may be disclosed to third parties.
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Backsen, Sarah
To: Shoemaker, Justin
Cc: Craig Hansen
Subject: Re: Lynx agenda and materials
Date: Thursday, April 06, 2017 8:57:58 AM

Looks like the ES conference room is available - how about we meet there?

Sarah Backsen
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov

On Thu, Apr 6, 2017 at 8:54 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
The attached excel sheet may be of some use to us for our disucssion this morning. 

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov

---------- Forwarded message ----------
From: Szymanski, Jennifer <jennifer_szymanski@fws.gov>
Date: Tue, Feb 28, 2017 at 8:34 AM
Subject: Lynx agenda and materials
To: Justin Shoemaker <justin_shoemaker@fws.gov>

Attached is the file with the agenda and exercises.  Also, I have attached the summary slides
showing status.  For the classification exercises, I will display slide 1 and ask given this risk
profile, would lynx be "in danger of extinction"?  If they say, no, then we display slide 2 and ask
the same question.  If they say no, then slide 3.  If they say yes to any of the slides, we apply the
time-frame for which they defined E and T and that's the conclusion.  For example, if they
define "present" as within 8 years and foreseeable future as 9 to 50 years,  yes to slide 1 means
E, yes to slide 2 means T, all others NW.  

Jennifer
P.S. if you want to chat tomorrow, here is my cell 60-799-3899
-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
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***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 



From: Douglas Keinath
To: Jim Zelenak
Subject: RE: Hopefully Quick Question
Date: Friday, April 07, 2017 10:24:36 AM

Thanks a bunch!
 
~~~
Douglas Keinath, PhD
Recovery Coordinator
U.S. Fish and Wildlife Service
Wyoming Ecological Services Field Office
5353 Yellowstone Road, Suite 308A
Cheyenne, WY  82009
Cell: (307) 631-5920 (preferred phone)
Office: (307) 772-2374 x 236
douglas_keinath@fws.gov
~~~
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, April 07, 2017 10:10 AM
To: Douglas Keinath
Cc: Shoemaker, Justin; Sarah Backsen; Jodi Bush
Subject: Re: Hopefully Quick Question
 
Doug,
 
Good talking with you on the phone; hope you have a clearer understanding and that I was
able to answer at least some of your questions regarding lynx and the SSA process.
 
Here's the R6 lynx web page that I mentioned and which has the expert elicitation workshop
report and supporting materials as well as the critical habitat history we talked a little about:
 
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
 
Let me know if there's anything else you need and don't hesitate to call or email if you have
other questions.
 
Jim
 
On Fri, Apr 7, 2017 at 9:30 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Jim,
 
Can you provide Doug w/ the latest messaging bullets? See his request below. Thanks.

Justin Shoemaker
Acting Branch Chief for Classification and Recovery
U.S. Fish and Wildlife Service, Region 6
Phone: 303-236-4217
Email: justin_shoemaker@fws.gov
 
On Fri, Apr 7, 2017 at 9:27 AM, Douglas Keinath <douglas_keinath@fws.gov> wrote:
Thanks Sarah.   
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Justin: I basically need a few short bullets on why the SSA was initiated, what status it’s in, and when
we anticipate completion and decision.  Much of that info (other than perhaps details of current
status) is probably in the project plan. 
 
Many thanks!
Doug
 
 
 
 
~~~
Douglas Keinath, PhD
Recovery Coordinator
U.S. Fish and Wildlife Service
Wyoming Ecological Services Field Office
5353 Yellowstone Road, Suite 308A
Cheyenne, WY  82009
Cell: (307) 631-5920 (preferred phone)
Office: (307) 772-2374 x 236
douglas_keinath@fws.gov
~~~
 
From: Backsen, Sarah [mailto:sarah_backsen@fws.gov] 
Sent: Thursday, April 06, 2017 4:30 PM
To: Keinath, Douglas
Cc: Shoemaker, Justin
Subject: Re: Hopefully Quick Question
 
Hi Doug,
 
Justin is the RO lead for that one.  Justin, can you answer?

Sarah Backsen
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
303-236-4388
sarah_backsen@fws.gov
 
On Thu, Apr 6, 2017 at 4:26 PM, Keinath, Douglas <douglas_keinath@fws.gov> wrote:
Sarah,
 
Are you the regional contact for the Lynx SSA?  I am trying to get a quick update on the status
of that effort (lead office, current phase, expected review and completion dates) that I can
relate to a meeting of state collaborators next week.  
 
This could be as simple as pointing me toward the project plan, if it is up to date.
 
Thanks,
Doug
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~~~
Douglas Keinath, PhD
Recovery Coordinator
U.S. Fish and Wildlife Service
Wyoming Ecological Services Field Office
5353 Yellowstone Road, Suite 308A
Cheyenne, WY  82009
Office: (307) 772-2374 x 236
Cell: (307) 631-5920
douglas_keinath@fws.gov
~~~
 
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Bryon Holt; Tamara Smith; Kurt Broderdorp
Subject: Lynx Climate Vulnerability Assessments
Date: Monday, April 10, 2017 4:05:11 PM
Attachments: NRAPFinalDraft_2016.07.25.pdf

Attn Mark and Bryon (though others may be interested).

I wasn't previously aware of either of these.

1. See pgs. 236-248 of this one for lynx on the Nez Perce National Forest in north-central Idaho:

http://ecoadapt.org/data/documents/EcoAdapt_NPCWNF_VulnerabilityAssessment_v3_4Dec2014_smallres.pdf

2. McKelvey and Buotte, in press, Climate Change and Wildlife in the Northern Rocky Mountains. Ch. 9 in
Halofsky et al., in press, Climate Change Vulnerability and Adaptation in the Northern Rocky Mountains.

- sorry about the large file for the latter, but I've attached the PDF of the whole thing in case other chapters are
of interest. Ch. 9 is pp. 383 - 434 and lynx is specifically addressed on pp. 394 - 396.

Cheers!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Cc: Bryon Holt; Tamara Smith; Kurt Broderdorp
Subject: Re: Lynx Climate Vulnerability Assessments
Date: Tuesday, April 11, 2017 5:49:51 AM

Thanks Jim:

I will add these to a small list of other climate-related articles that we need to incorporate into
the SSA.  I will put a placeholder in the table for this as a reminder.

It will be all I can do to update the table of responses to public comments by April 21.  I
cannot do any editing of the SSA until after that date.  I believe Jodi told the states the SSA
will be done by the end of May.  I have some time the first two weeks of May available to
work on the SSA then mandatory training at NCTC and some A/L at the end of May.

Mark

On Mon, Apr 10, 2017 at 6:05 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Attn Mark and Bryon (though others may be interested).

I wasn't previously aware of either of these.

1. See pgs. 236-248 of this one for lynx on the Nez Perce National Forest in north-central Idaho:

http://ecoadapt.org/data/documents/EcoAdapt_NPCWNF_VulnerabilityAssessment_v3_
4Dec2014_smallres.pdf

2. McKelvey and Buotte, in press, Climate Change and Wildlife in the Northern Rocky
Mountains. Ch. 9 in Halofsky et al., in press, Climate Change Vulnerability and Adaptation
in the Northern Rocky Mountains.

- sorry about the large file for the latter, but I've attached the PDF of the whole thing in case
other chapters are of interest. Ch. 9 is pp. 383 - 434 and lynx is specifically addressed on pp.
394 - 396.

Cheers!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Cc: Bryon Holt; Tamara Smith; Kurt Broderdorp
Subject: Re: Lynx Climate Vulnerability Assessments
Date: Tuesday, April 11, 2017 7:49:49 AM

Thanks Jim:

I will add these to a small list of other climate-related articles that we need to incorporate into
the SSA.  I will put a placeholder in the table for this as a reminder.

It will be all I can do to update the table of responses to public comments by April 21.  I
cannot do any editing of the SSA until after that date.  I believe Jodi told the states the SSA
will be done by the end of May.  I have some time the first two weeks of May available to
work on the SSA then mandatory training at NCTC and some A/L at the end of May.

Mark

On Mon, Apr 10, 2017 at 6:05 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Attn Mark and Bryon (though others may be interested).

I wasn't previously aware of either of these.

1. See pgs. 236-248 of this one for lynx on the Nez Perce National Forest in north-central Idaho:

http://ecoadapt.org/data/documents/EcoAdapt_NPCWNF_VulnerabilityAssessment_v3_
4Dec2014_smallres.pdf

2. McKelvey and Buotte, in press, Climate Change and Wildlife in the Northern Rocky
Mountains. Ch. 9 in Halofsky et al., in press, Climate Change Vulnerability and Adaptation
in the Northern Rocky Mountains.

- sorry about the large file for the latter, but I've attached the PDF of the whole thing in case
other chapters are of interest. Ch. 9 is pp. 383 - 434 and lynx is specifically addressed on pp.
394 - 396.

Cheers!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Cc: Bryon Holt; Tamara Smith; Kurt Broderdorp
Subject: Re: Lynx Climate Vulnerability Assessments
Date: Tuesday, April 11, 2017 7:49:49 AM

Thanks Jim:

I will add these to a small list of other climate-related articles that we need to incorporate into
the SSA.  I will put a placeholder in the table for this as a reminder.

It will be all I can do to update the table of responses to public comments by April 21.  I
cannot do any editing of the SSA until after that date.  I believe Jodi told the states the SSA
will be done by the end of May.  I have some time the first two weeks of May available to
work on the SSA then mandatory training at NCTC and some A/L at the end of May.

Mark

On Mon, Apr 10, 2017 at 6:05 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Attn Mark and Bryon (though others may be interested).

I wasn't previously aware of either of these.

1. See pgs. 236-248 of this one for lynx on the Nez Perce National Forest in north-central Idaho:

http://ecoadapt.org/data/documents/EcoAdapt_NPCWNF_VulnerabilityAssessment_v3_
4Dec2014_smallres.pdf

2. McKelvey and Buotte, in press, Climate Change and Wildlife in the Northern Rocky
Mountains. Ch. 9 in Halofsky et al., in press, Climate Change Vulnerability and Adaptation
in the Northern Rocky Mountains.

- sorry about the large file for the latter, but I've attached the PDF of the whole thing in case
other chapters are of interest. Ch. 9 is pp. 383 - 434 and lynx is specifically addressed on pp.
394 - 396.

Cheers!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:bryon_holt@fws.gov
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Zelenak, Jim
To: McCollough, Mark
Cc: Bryon Holt; Tamara Smith; Kurt Broderdorp
Subject: Re: Lynx Climate Vulnerability Assessments
Date: Tuesday, April 11, 2017 8:42:44 AM

After looking over the first one, I'm less certain it is of value - seems to repeat a bunch of hypotheses from about the
time of listing without reference to the recent work that's been done on some of those topics - e.g. talk of dispersal
barriers/lack of connectivity, when that doesn't really seem to be an issue for most of the DPS; also that lynx are
sensitive to fire suppression, grazing, recreation, and loss of connective habitat.  These all seem pretty sweeping and
do not include the nuance revealed by recent research - e.g., that lynx can and do tolerate some types and levels of
recreation and roads, and that livestock grazing does not seem to be a major impact.

I also do not agree that there is good empirical support for this statement (p. 242): 

"Altered wildfire regimes as a result of fire suppression practices have reduced the amount of
 available habitat for lynx and may have contributed to population declines (Koehler 1990)."

FWS found no evidence that that was the case when were evaluating listing in 2000/2003. 
The only place this may be relevant as far as I can tell is in Voyageurs NP in Minn.

They seem to rely too much on the 2000 LCAS and not at all on the revised 2013 LCAS.

This is also questionable with regard to both significant reductions due to fragmentation, and
to the level of isolation (p. 243):

"Although they are wide ranging and can be found throughout much of northern North
America, populations of both species in the U.S. have been significantly reduced due to
habitat fragmentation and urbanization. Northern Idaho and Montana feature isolated
populations of both species with low population densities."  Later they tallk about activites
that may prevent lynx dispersal, and I think this, too, is highly speculative.

Anyway, there still may be some useful information in it.

I think the McKelvey and Buotte paper will be much more useful.

On Tue, Apr 11, 2017 at 5:49 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Thanks Jim:

I will add these to a small list of other climate-related articles that we need to incorporate
into the SSA.  I will put a placeholder in the table for this as a reminder.

It will be all I can do to update the table of responses to public comments by April 21.  I
cannot do any editing of the SSA until after that date.  I believe Jodi told the states the SSA
will be done by the end of May.  I have some time the first two weeks of May available to
work on the SSA then mandatory training at NCTC and some A/L at the end of May.

Mark

On Mon, Apr 10, 2017 at 6:05 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Attn Mark and Bryon (though others may be interested).

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:bryon_holt@fws.gov
mailto:tamara_smith@fws.gov
mailto:kurt_broderdorp@fws.gov
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I wasn't previously aware of either of these.

1. See pgs. 236-248 of this one for lynx on the Nez Perce National Forest in north-central Idaho:

http://ecoadapt.org/data/documents/EcoAdapt_NPCWNF_Vulnerabi
lityAssessment_v3_4Dec2014_smallres.pdf

2. McKelvey and Buotte, in press, Climate Change and Wildlife in the Northern Rocky
Mountains. Ch. 9 in Halofsky et al., in press, Climate Change Vulnerability and
Adaptation in the Northern Rocky Mountains.

- sorry about the large file for the latter, but I've attached the PDF of the whole thing in
case other chapters are of interest. Ch. 9 is pp. 383 - 434 and lynx is specifically addressed
on pp. 394 - 396.

Cheers!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1

http://ecoadapt.org/data/documents/EcoAdapt_NPCWNF_VulnerabilityAssessment_v3_4Dec2014_smallres.pdf
http://ecoadapt.org/data/documents/EcoAdapt_NPCWNF_VulnerabilityAssessment_v3_4Dec2014_smallres.pdf
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Published on Climate Change Sensitivity Database (http://climatechangesensitivity.org)

Lynx canadensis
This species is complete.
September 5, 2009  by Josh Lawler
Author(s) Expertise: 
Print species as a PDF [1]

Sensitivity Factor

Sensitivity 
1 - 7 (one being least 
sensitive, seven being 
most sensitive)

Confidence 
1 - 5 (one being least 
sensitive, five being most 
sensitive)

Generalist/Specialist 6 High 4 Good

Physiology 3 Medium 1 Very Poor

Life History 5 High 3 Fair

Habitat 7 Extremely High 4 Good

Dispersal Ability 1 Low 3 Fair

Disturbance Regimes 6 High 3 Fair

Ecology 6 High 4 Good

Non-Climatic 5 High 3 Fair

Other (weight) 3 Medium 4 Good

Sensitivity Score : 67 High

Sensitivity Score

100 * [(0.5 *(Dispersal Distance + Dispersal Barriers) + Disturbance Regimes + (0.5 * 
Generalist/Specialist) + Physiology + (0.5 * Life History) + Sensitive Habitats + Ecology + Non-
Climatic Stressors + (Other * Weight) / 49 + (7 * Weight)]

Note: if Sensitive Habitats are identified, this factor automatically gets a value of seven, 
otherwise it remains zero.

Confidence Score : 3 Fair

Confidence Score

The Confidence Score is an average of the Confidence column above.

http://climatechangesensitivity.org
http://climatechangesensitivity.org/printpdf/67


Overall User Ranking: 5 High

Common Name: 
Canada Lynx

Is this Species completed: 
Yes

Taxonomy
This is a description of the whole group

Scientific Name: 
Lynx canadensis

Geography: 
Idaho

Realm: 
Terrestrial

Kingdom: 
Animal

Phylum: 
Craniata

Class: 
Mammalia

Order: 
Carnivora

Family: 
Felidae

Genus: 
Lynx

Global Rank: 
G5 (2000)

Rounded Global Rank: 
G5 - Secure

IUCN: 
Least Concern ver 3.1 - 2008

US Endangered Species Act Code: 
Threatened

Taxonomy



TGTID: 
102126000

Species Element Code: 
AMAJH03010

Species Global ID: 
102126

Generalist/Specialist
Broadly, where does this species fall on the spectrum of generalist to specialist? : 
6

Confidence in your assessment of the degree to which the species is a generalist or 
specialist: 
4 Good

Please specify which factors, if any, make the species more of a specialist: 
predator/prey relationship
other dependencies

Please further describe the relationships that make the species more of a specialist: 
Michael see notes from IDFG workshop. Lynx usually considered hare specialists (Mowat 
et al. 2000). Other prey species include red squirrel (Tamiasciurus hudsonicus), grouse 
(Bonasa umbellus, Dendragopus spp., Lagopus spp.), flying squirrel (Glaucomys 
sabrinus), ground squirrel (Spermophilus parryii, S. richardsonii), porcupine (Erethrizon 
dorsatum), beaver (Castor canadensis), mice (Peromyscus spp.), voles (Microtus spp.), 
shrews (Sorex spp.), fish, and ungulates as carrion or occasionally as prey (Saunders 
1963a, van Zyll de Jong 1966, Nellis et al. 1972, Brand et al. 1976, Brand and Keith 1979, 
Koehler 1990, Staples 1995, O'Donoghue et al. 1998). Southern populations of lynx may 
prey on a wider diversity of species than northern populations because of lower average 
hare densities and differences in small mammal communities. In areas characterized by 
patchy distribution of lynx habitat, lynx may prey opportunistically on other species that 
occur in adjacent habitats, potentially including white-tailed jackrabbit (Lepus townsendii), 
black-tailed jackrabbit (Lepus californicus), sage grouse (Centrocercus urophasianus), and 
Columbian sharp-tailed grouse (Tympanichus phasianellus) (Quinn and Parker 1987, 
Lewis and Wenger 1998) [See Ruediger et al. 2000 for these citations].

Citations: 
U.S. Forest Service (USFS), et al. 1993. Draft supplemental environmental impact 
statement on management of habitat for late-successional and old-growth forest related 
species within the range of the northern spotted owl. Published separately is Appendix A: 
Forrest Ecosystem Management Assessment Team. 1993. Forest ecosystem 
management: an ecological, economic, and social assessment (FEMAT Report). Mowat, 
G., K. G. Poole, and M. O?Donoghue. 2000. In Ecology and Conservation of Lynx in the 
United States (eds Ruggiero, L. F. et al.) 265-306 (Univ. Press of Colorado, Denver, 2000). 
[Note: the online version of this is 1999]. Ruediger , Bill, et al. 2000. Canada lynx 
conservation assessment and strategy.

Generalist/Specialist

PhysiologyPhysiology



Species' physiological sensitivity: 
3

Confidence in how physiologically sensitive the species is to climate change: 
1 Very Poor

Please specify whether or not this species is physiologically sensitive to one or 
more of the following: 
temperature

Please describe any specific physiological sensitivities: 
Most mortality during low hare abundance occurred during mid-December to mid-February, 
and most natural mortality (primarily starvation) appeared to coincide with <-35 °C 
temperatures, when metabolic requirements would be greatest (Poole 1994; O?Donoghue 
et al. 1995). [see Mowat et al. Ch. 9 in Ruggiero et al. 1999 for citations].

Citations: 
Mowat, G., K. G. Poole, and M. O?Donoghue. 1999. Chapter 9. Ecology of lynx in northern 
Canada and Alaska. p 265-306. In Ruggiero, Leonard F.; Aubry, Keith B.; Buskirk, Steven 
W.; Koehler, Gary M.; Krebs, Charles J.; McKelvey, Kevin S.; Squires, John R. Ecology 
and conservation of lynx in the United States. General Technical Report RMRS-GTR-
30WWW. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky 
Mountain Research Station. Available at: http://www.fs.fed.us/rm/pubs/rmrs_gtr030.html

Life History
Species' reproductive strategy: 
5

Confidence in your assessment of the species' reprodcutive strategy: 
3 Fair

Is the species polycyclic, iteroparous, or semelparous?: 
Iteroparous (reproduces in successive cycles--characteristic of K-strategists)

Average length of time to reproductive maturity: 
~2 year but tied to prey conditions

How many surviving young can an individual produce during a single reproductive 
event under optimal conditions?: 
see citation below

How many reproductive events can an individual undergo in a single year under 
optimal conditions?: 
1

Comments: 
see workshop notes and Rob's citation

Citations: 
Ruggiero LF, Aubry, K.B., Buskirk, S.F., Krebs, C.J., McKelvey, K.S., Squires, J.R. (ed). 

Life History



2000. The Ecology and Conservation of Lynx. University of Colorado Press, Denver, CO.

Sensitive Habitats
Depends on the following sensitive habitat types: 
Alpine/Subalpine
Other (please specify in comments)

Confidence in whether the species depends on the listed sensitive habitat types: 
4 Good

Level of philopatry: 
none

Comments: 
Subalpine and montane habitats. More specifically, in the western US: lodgepole pine, 
subalpine fir, Engelmann spruce, and aspen cover types on subalpine fir habitat types. 
Cool, moist Douglas-fir, grand fir, or western larch forests, where they are interspersed 
with subalpine forests, also provide habitat for lynx. In extreme northern Idaho, 
northeastern Washington, and northwestern Montana, cedar-hemlock habitat types may 
also provide lynx habitat (Ruediger et al. 2000).

Citations: 
Ruediger, Bill, et al. 2000. Canada lynx conservation assessment and strategy.

Sensitive Habitats

Dispersal Ability
Maximum annual dispersal distance: 
>100 km

Confidence in maximum annual dispersal distance: 
2 Poor

Within the context of dispersal distance above, do barriers to dispersal exist?: 
1 None

Confidence in barriers to dispersal exists: 
4 Good

Specific dispersal distance (if known), and dispersal type (juvenile, adult, etc.): 
Lynx regularly travel distances greater than 100 km, and can travel distances up to 1000 
km (Slough and Mowat 1996, Mowat et al. 2000).

Please select the types of barriers relevant to dispersal: 
Industrial or Urban Development

Comments: 

Dispersal Ability



Studies have shown that roads can be barrier to dispersal. For example, four lane 
highways, such as the Interstate Highway System, commonly have fences on both sides, 
service roads, paralleling railroads and impediments like "Jersey Barriers" that make 
successful crossing more difficult, or impossible (Ruediger et al. 2000).

Citations: 
Mowat, G., K. G. Poole, and M. O?Donoghue. 2000. In Ecology and Conservation of Lynx 
in the United States (eds Ruggiero, L. F. et al.) 265-306 (Univ. Press of Colorado, Denver, 
2000). Ruediger, Bill, et al. 2000. Canada lynx conservation assessment and strategy. 
Schwartz, M. K., L. S. Mills, K. S. McKelvey, L. F. Ruggiero, and F. W. Allendorf. 2002. 
DNA reveals high dispersal synchronizing the population dynamics of Canada lynx. Nature 
415:520-522. Slough, B. G., and G. Mowat. 1996. Lynx population dynamics in an 
untrapped refugium. J. Wild. Mgmt 60:946-961 Poole, Kim G. 1997. Dispersal Patterns of 
Lynx in the Northwest Territories. Journal of Wildlife Management 61(2):497-505.

Disturbance Regimes
How sensitive is this species to one or more disturbance regimes: 
6 definitely sensitive

Confidence in how sensitive is this species on one or more disturbance regimes: 
3 Fair

Please check all disturbance regimes upon which the species is sensitive: 
Fire
Wind
Disease
Pests
Other (please specify in comments section)

Please describe the disturbance regimes upon which the species is sensitive 
(frequency, timing, severity, duration): 
Fire severity, insects, disease, wind, and human ownership and use, such as logging, 
mining, agriculture, and fire suppression (Agee 1999).

Comments: 
Timber harvests - variable - range of activities creating a range of habitats. For example, 
both timber harvest and natural disturbance processes can provide foraging habitat for lynx 
when resulting understory stem densities and structure meet the forage and cover needs 
of snowshoe hare (Keith and Surrendi 1971, Fox 1978, Conroy et al. 1979, Wolff 1980, 
Parker et al. 1983, Livaitis et al. 1985, Monthey 1986, Bailey et al. 1986, Koehler 1990 and 
1991). [See Ruediger et al. 2000 for citations]. In addition, disturbance processes that 
create early successional stages exploited by snowshoe hares include fire, insect 
infestations, catastrophic wind events, and disease outbreaks (Kilgore and Heinselman 
1990, Veblen et al. 1998, Agee 1999).

Citations: 
Agee, J. K. 1999. Chapter 3. Disturbance ecology of North American boreal forests and 
associated northern mixed/subalpine forests. p. 39 In Ruggiero, Leonard F.; Aubry, Keith 
B.; Buskirk, Steven W.; Koehler, Gary M.; Krebs, Charles J.; McKelvey, Kevin S.; Squires, 

Disturbance Regimes



John R. Ecology and conservation of lynx in the United States. General Technical Report 
RMRS-GTR-30WWW. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, 
Rocky Mountain Research Station. Available at: 
http://www.fs.fed.us/rm/pubs/rmrs_gtr030.html Ruediger, Bill, et al. 2000. Canada lynx 
conservation assessment and strategy.

Ecological Relationships
Please specify which of the following (if any) are sensitive to climate change for this 
species: 
predator/prey relationship
habitat
competition

Confidence in how sensitive the species is to other effects of climate change on its 
ecology: 
4 Good

Which types of climate and climate-driven changes in the environment affect these 
aspects of the species' ecology?: 
temperature
precipitation
Other

How sensitive is this species? ecological relationships to the effects of climate 
change?: 
6

Comments: 
The close relationship between population fluctuations of lynx and snowshoe hares is well 
documented. Lynx respond both numerically, through changes in their rates of survival, 
recruitment, and movements, and functionally, through changes in their kill rates, to the 
hare cycle (Mowat et al. 1999). Habitat fragmentation and interspecific competition are two 
important forces that potentially affect lynx populations (Buskirk et al. 1999a). For example, 
competition takes two forms: exploitation (resource) competition (Litvaitis 1992) occurs 
when other species, such as the northern goshawk, bobcat, or coyote, use resources that 
limit the fitness of a lynx. Thus, if northern goshawks exploit snowshoe hares in an area so 
thoroughly that lynx die sooner (from starvation or while dispersing to a new place), breed 
less (from females failing to mate or give birth), or produce smaller litters of kittens than 
they would otherwise, we say that northern goshawks competed (exploitatively) with lynx. 
Interference competition (Case and Gilpin 1974) occurs when one species acts 
aggressively toward another, denying it access to a resource. For example, if a cougar 
were to chase a lynx away from a hare carcass, or kill one of its kittens, or scent mark an 
area so that lynx were deterred from foraging there, this would constitute interference 
competition (Buskirk et al. 1999a). Temperature and moisture regimes appear to limit the 
distribution of lynx at coarse and fine scales via differential effects on snowfall and habitat 
structure (Buskirk et al. 1999b). The dynamics of Canadian lynx abundance are 
geographically structured according to the influence of large-scale climatic regimes. This 
structuring matches zones of differential snow conditions, in particular surface hardness, 
as determined by the frequency of winter warm spells. Various features of the snow may 

Ecological Relationships



influence lynx interaction with its main prey species, the snowshoe hare. This study 
highlights the importance of snow, and exemplifies how large-scale climatic fluctuations 
can mechanistically influence population biological patterns (Stenseth et al. 2004). 
changing snowpack conditions may affect ability of competitors but other studies may 
counter this.

Citations: 
Buskirk, S. W., L. F. Ruggiero, and C. J. Krebs. 1999a. Chapter 4. Habitat fragmentation 
and interspecific competition: implications for lynx conservation. p. 83-100. In Ruggiero, 
Leonard F.; Aubry, Keith B.; Buskirk, Steven W.; Koehler, Gary M.; Krebs, Charles J.; 
McKelvey, Kevin S.; Squires, John R. Ecology and conservation of lynx in the United 
States. General Technical Report RMRS-GTR-30WWW. Fort Collins, CO: U.S. 
Department of Agriculture, Forest Service, Rocky Mountain Research Station. Available at: 
http://www.fs.fed.us/rm/pubs/rmrs_gtr030.html Buskirk, S. W., L. F. Ruggiero, K. B. Aubry, 
D. E. Pearson, J. R. Squires, K. S. McKelvey. 1999b. Chapter 14. Comparative ecology of 
lynx in North America. p. 397-418. In Ruggiero, Leonard F.; Aubry, Keith B.; Buskirk, 
Steven W.; Koehler, Gary M.; Krebs, Charles J.; McKelvey, Kevin S.; Squires, John R. 
Ecology and conservation of lynx in the United States. General Technical Report RMRS-
GTR-30WWW. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky 
Mountain Research Station. Available at: http://www.fs.fed.us/rm/pubs/rmrs_gtr030.html 
Mowat, G., K. G. Poole, and M. O?Donoghue. 1999. Chapter 9. Ecology of lynx in northern 
Canada and Alaska. p 265-306. In Ruggiero, Leonard F.; Aubry, Keith B.; Buskirk, Steven 
W.; Koehler, Gary M.; Krebs, Charles J.; McKelvey, Kevin S.; Squires, John R. Ecology 
and conservation of lynx in the United States. General Technical Report RMRS-GTR-
30WWW. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky 
Mountain Research Station. Available at: http://www.fs.fed.us/rm/pubs/rmrs_gtr030.html 
Nils Chr. Stenseth, Amir Shabbar, Kung-Sik Chan, Stan Boutin, Eli Knispel Rueness, 
Dorothee Ehrich, James W. Hurrell, Ole Chr. Lingjærde , Kjetill S. Jakobsen, and Simon A. 
Levin. 2004. Snow conditions may create an invisible barrier for lynx. Proceedings of the 
National Academy of Sciences of the United States of America,Vol. 101, No. 29 (Jul. 20, 
2004), pp. 10632-10634.

Interacting non-climatic stressors
To what degree do other, non-climate-related threats, to the species make it more 
sensitive to climate change?: 
5

Confidence in the degree to which non-climate-related threats affect the species' 
sensitivity to climate change: 
3 Fair

Please check all of the stressors that make the species more sensitive to climate 
change: 
habitat loss or degradation
other interspecific interactions
direct human conflict (including harvesting)

Comments: 

Interacting non-climatic stressors



Print species as a PDF [1]

Source URL (retrieved on 2017-04-11 08:04): http://climatechangesensitivity.org/node/67

Links:
[1] http://climatechangesensitivity.org/printpdf/67

incidental trapping

Other Sensitivities
Are there other critical factors that have not been addressed, which may make this 
species more sensitive to climate change?: 
Relatively low population in Idaho

Confidence in other critical factors: 
5 Very Good

Collectively, to what degree do these factors make the species sensitive to climate 
change?: 
3

Confidence in the degree to which these factors make this species sensitive to 
climate change: 
4 Good

What weight should these factors have on the overall sensitivity of this species to 
climate change: 
0.5

Comments: 
Disease - e.g., see first report of Sarcocystis encephalitis in the Canada lynx (Forest et al. 
2000).

Citations: 
Thomas W. Forest, Noha Abou-Madi, Brian A. Summers, Susan J. Tornquist, and Barry J. 
Cooper. 2000. Sarcocystis neurona-like encephalitis in a Canada lynx (Felis lynx 
canadensis). Journal of Zoo and Wildlife Medicine, 31(3):383-387.

Other Sensitivities

Overall User Ranking
In your opinion, how would you rank the overall sensitivity of this species to climate 
change?: 
5

Confidence in your overall assessment of the sensitivity of this species to climate 
change: 
4 Good

Overall User Ranking

http://climatechangesensitivity.org/printpdf/67
http://climatechangesensitivity.org/node/67


From: Zelenak, Jim
To: Mark McCollough
Subject: Lynx Climate Sensitivity Links
Date: Tuesday, April 11, 2017 9:12:14 AM
Attachments: Lawler 2009 climate_change_sensitivity_database-lynx_canadensis-2012-02-13.pdf

http://climatechangesensitivity.org/

http://climatechangesensitivity.org/node/67

Also attached the report for lynx (Lawler, 2009) as a PDF.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
http://climatechangesensitivity.org/
http://climatechangesensitivity.org/node/67
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From: Zelenak, Jim
To: McCollough, Mark
Cc: Bryon Holt; Tamara Smith; Kurt Broderdorp
Subject: Re: Lynx Climate Vulnerability Assessments
Date: Tuesday, April 11, 2017 10:42:47 AM

After looking over the first one, I'm less certain it is of value - seems to repeat a bunch of hypotheses from about the
time of listing without reference to the recent work that's been done on some of those topics - e.g. talk of dispersal
barriers/lack of connectivity, when that doesn't really seem to be an issue for most of the DPS; also that lynx are
sensitive to fire suppression, grazing, recreation, and loss of connective habitat.  These all seem pretty sweeping and
do not include the nuance revealed by recent research - e.g., that lynx can and do tolerate some types and levels of
recreation and roads, and that livestock grazing does not seem to be a major impact.

I also do not agree that there is good empirical support for this statement (p. 242): 

"Altered wildfire regimes as a result of fire suppression practices have reduced the amount of
 available habitat for lynx and may have contributed to population declines (Koehler 1990)."

FWS found no evidence that that was the case when were evaluating listing in 2000/2003. 
The only place this may be relevant as far as I can tell is in Voyageurs NP in Minn.

They seem to rely too much on the 2000 LCAS and not at all on the revised 2013 LCAS.

This is also questionable with regard to both significant reductions due to fragmentation, and
to the level of isolation (p. 243):

"Although they are wide ranging and can be found throughout much of northern North
America, populations of both species in the U.S. have been significantly reduced due to
habitat fragmentation and urbanization. Northern Idaho and Montana feature isolated
populations of both species with low population densities."  Later they tallk about activites
that may prevent lynx dispersal, and I think this, too, is highly speculative.

Anyway, there still may be some useful information in it.

I think the McKelvey and Buotte paper will be much more useful.

On Tue, Apr 11, 2017 at 5:49 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Thanks Jim:

I will add these to a small list of other climate-related articles that we need to incorporate
into the SSA.  I will put a placeholder in the table for this as a reminder.

It will be all I can do to update the table of responses to public comments by April 21.  I
cannot do any editing of the SSA until after that date.  I believe Jodi told the states the SSA
will be done by the end of May.  I have some time the first two weeks of May available to
work on the SSA then mandatory training at NCTC and some A/L at the end of May.

Mark

On Mon, Apr 10, 2017 at 6:05 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Attn Mark and Bryon (though others may be interested).
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I wasn't previously aware of either of these.

1. See pgs. 236-248 of this one for lynx on the Nez Perce National Forest in north-central Idaho:

http://ecoadapt.org/data/documents/EcoAdapt_NPCWNF_Vulnerabi
lityAssessment_v3_4Dec2014_smallres.pdf

2. McKelvey and Buotte, in press, Climate Change and Wildlife in the Northern Rocky
Mountains. Ch. 9 in Halofsky et al., in press, Climate Change Vulnerability and
Adaptation in the Northern Rocky Mountains.

- sorry about the large file for the latter, but I've attached the PDF of the whole thing in
case other chapters are of interest. Ch. 9 is pp. 383 - 434 and lynx is specifically addressed
on pp. 394 - 396.

Cheers!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
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Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: McCollough, Mark
Cc: Bryon Holt; Tamara Smith; Kurt Broderdorp
Subject: Re: Lynx Climate Vulnerability Assessments
Date: Tuesday, April 11, 2017 10:42:47 AM

After looking over the first one, I'm less certain it is of value - seems to repeat a bunch of hypotheses from about the
time of listing without reference to the recent work that's been done on some of those topics - e.g. talk of dispersal
barriers/lack of connectivity, when that doesn't really seem to be an issue for most of the DPS; also that lynx are
sensitive to fire suppression, grazing, recreation, and loss of connective habitat.  These all seem pretty sweeping and
do not include the nuance revealed by recent research - e.g., that lynx can and do tolerate some types and levels of
recreation and roads, and that livestock grazing does not seem to be a major impact.

I also do not agree that there is good empirical support for this statement (p. 242): 

"Altered wildfire regimes as a result of fire suppression practices have reduced the amount of
 available habitat for lynx and may have contributed to population declines (Koehler 1990)."

FWS found no evidence that that was the case when were evaluating listing in 2000/2003. 
The only place this may be relevant as far as I can tell is in Voyageurs NP in Minn.

They seem to rely too much on the 2000 LCAS and not at all on the revised 2013 LCAS.

This is also questionable with regard to both significant reductions due to fragmentation, and
to the level of isolation (p. 243):

"Although they are wide ranging and can be found throughout much of northern North
America, populations of both species in the U.S. have been significantly reduced due to
habitat fragmentation and urbanization. Northern Idaho and Montana feature isolated
populations of both species with low population densities."  Later they tallk about activites
that may prevent lynx dispersal, and I think this, too, is highly speculative.

Anyway, there still may be some useful information in it.

I think the McKelvey and Buotte paper will be much more useful.

On Tue, Apr 11, 2017 at 5:49 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Thanks Jim:

I will add these to a small list of other climate-related articles that we need to incorporate
into the SSA.  I will put a placeholder in the table for this as a reminder.

It will be all I can do to update the table of responses to public comments by April 21.  I
cannot do any editing of the SSA until after that date.  I believe Jodi told the states the SSA
will be done by the end of May.  I have some time the first two weeks of May available to
work on the SSA then mandatory training at NCTC and some A/L at the end of May.

Mark

On Mon, Apr 10, 2017 at 6:05 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Attn Mark and Bryon (though others may be interested).
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I wasn't previously aware of either of these.

1. See pgs. 236-248 of this one for lynx on the Nez Perce National Forest in north-central Idaho:

http://ecoadapt.org/data/documents/EcoAdapt_NPCWNF_Vulnerabi
lityAssessment_v3_4Dec2014_smallres.pdf

2. McKelvey and Buotte, in press, Climate Change and Wildlife in the Northern Rocky
Mountains. Ch. 9 in Halofsky et al., in press, Climate Change Vulnerability and
Adaptation in the Northern Rocky Mountains.

- sorry about the large file for the latter, but I've attached the PDF of the whole thing in
case other chapters are of interest. Ch. 9 is pp. 383 - 434 and lynx is specifically addressed
on pp. 394 - 396.

Cheers!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
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Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Nelson, Marjorie
To: Zelenak, Jim
Cc: Jodi Bush
Subject: Re: May 12 call
Date: Tuesday, April 11, 2017 2:21:09 PM

Thanks Jim,
Send me webinar link so it can be included in the invite.
thanks!
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258

On Tue, Apr 11, 2017 at 2:13 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Marj.

I have access to a MyMeetings account that we've used a bunch for other lynx webinars that we can use if a
presentation and/or screen sharing are needed.

We have vidyo capability in our conference room here, but we've had limited success with it so far (or so it seems
to me - frozen screens, audio issuses and such).

It would be good for the 3 of us, maybe Justin also, to discuss whether a presentation is needed and what
materials would be presented.  Not sure how much of a review of listing history, etc., may be needed - maybe
reminders of the scoring sessions and outputs from Denver?

And yes, please let me know if DMs want/need pre-meeting materials and what they suggest would be most
useful.

Thanks,

Jim

On Tue, Apr 11, 2017 at 1:59 PM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
All decision makers are available, so I told Stephanie that we were good.  Mike
confirmed that core team should be included.

Do you have a webinar link?  do you want vidyo?

I'll get some clarity if there's expectations for pre-meeting materials.  
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Lynx SSA Comments
Date: Tuesday, April 11, 2017 3:53:08 PM

I left message for Ann Timberland.  Asked her to send me email or call back. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Apr 11, 2017 at 11:09 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
All:

I just wanted to make sure folks were clear on assignments discussed on the call earlier.  Part of it is deciding
which of the comments you've been assigned are substantive and require responses in the table on the drive, and
making sure your responses are as concise as possible. 

I recognize some of the comments will require more detailed responses, and that we will still need to make sure
we make other necessary edits/changes to the document for the minor comments not needing responses.

Anyway, if you have any questions about assignments or concerns about time lines, please let me know.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Lynx SSA Comments
Date: Tuesday, April 11, 2017 3:53:08 PM

I left message for Ann Timberland.  Asked her to send me email or call back. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Apr 11, 2017 at 11:09 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
All:

I just wanted to make sure folks were clear on assignments discussed on the call earlier.  Part of it is deciding
which of the comments you've been assigned are substantive and require responses in the table on the drive, and
making sure your responses are as concise as possible. 

I recognize some of the comments will require more detailed responses, and that we will still need to make sure
we make other necessary edits/changes to the document for the minor comments not needing responses.

Anyway, if you have any questions about assignments or concerns about time lines, please let me know.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Lynx SSA Recommendation Team follow-up call and webinar
Date: Tuesday, April 11, 2017 3:57:26 PM

Jim.  We only have an hour so you will be representing the teams work.  They will be there to
answer direct, specific questions.  I see an overview of the writeup you did on the
comments...maybe with just a tiny bit of history. to remind where we are...I will help with this.
JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Apr 11, 2017 at 3:19 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team,

R6 confirmed that all DMs are available for a call/webinar on May 12.  It is currently scheduled for 1-2 PM
Mountain Time and Core Team participation is requested, so please block off that date and time and look for a
calendar invitation soon.  If date or time change, I'll let you know ASAP.

We may also receive request to put together some pre-call materials - I'll let you know as soon as I hear anything. 
I will also be talking with Jodi about what materials (e.g., review info, scoring outcomes from the meeting in
Denver, etc.) we may present in the webinar.  Also welcome thoughts from the team on that.

In general, you all should be prepared to discuss the major issues and the most consequential peer and partner
review comments we received for your geographic area.

Let me know if you have questions.

Thanks,

Jim  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Lynx SSA Recommendation Team follow-up call and webinar
Date: Tuesday, April 11, 2017 3:57:26 PM

Jim.  We only have an hour so you will be representing the teams work.  They will be there to
answer direct, specific questions.  I see an overview of the writeup you did on the
comments...maybe with just a tiny bit of history. to remind where we are...I will help with this.
JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Apr 11, 2017 at 3:19 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Team,

R6 confirmed that all DMs are available for a call/webinar on May 12.  It is currently scheduled for 1-2 PM
Mountain Time and Core Team participation is requested, so please block off that date and time and look for a
calendar invitation soon.  If date or time change, I'll let you know ASAP.

We may also receive request to put together some pre-call materials - I'll let you know as soon as I hear anything. 
I will also be talking with Jodi about what materials (e.g., review info, scoring outcomes from the meeting in
Denver, etc.) we may present in the webinar.  Also welcome thoughts from the team on that.

In general, you all should be prepared to discuss the major issues and the most consequential peer and partner
review comments we received for your geographic area.

Let me know if you have questions.

Thanks,

Jim  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Smith, Tamara
To: Peter Fasbender
Subject: Fwd: Lynx SSA Comments
Date: Wednesday, April 12, 2017 2:53:29 PM

fyi - Jim is fine with the plan that I laid out and is suggesting others do the same. :)

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Apr 12, 2017 at 2:42 PM
Subject: Re: Lynx SSA Comments
To: "Smith, Tamara" <tamara_smith@fws.gov>
Cc: Mark McCollough <mark_mccollough@fws.gov>, Bryon Holt <bryon_holt@fws.gov>,
Kurt Broderdorp <kurt_broderdorp@fws.gov>

Sounds good, Tam - and thanks for developing a plan.  I'm copying the rest of team here because I think it would be
good for others to use the same approach.

Therefore, Team, please focus on getting comments entered into the spreadsheet and bins assigned, but then focus
on answering those from your geographic unit or that deal specifically with other sections of the document you
wrote.  For other comments - e.g., policy comments, comments from Colorado that address issues in Maine (or vice-
versa, or similar), or comments from your state agency that deal with broad topics like fire mgmt. or climate change
- please enter them and make a note in the far right column that they are policy, big picture, or topic- or other-unit-
specific and therefore need to be addressed by someone else.

Also look for comments that are likely of a common theme or are like repeated elsewhere, and perhaps jot brief
notes about those, too.  Hopefully this will help avoid or minimize duplication of effort, although it may mean we
may need to discuss some as a group.

Anyway - thanks for your continued efforts on this.   

On Wed, Apr 12, 2017 at 12:08 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim -  

I am out next week, but will do what I can this week. Here is my plan - let me know if this
sounds reasonable. I plan to add all of Moen's and MNDNR comments onto the spreadsheet,
categorize them, etc. then focus on responding to the MN specific comments first. I'll upload
what I have by the end of the day Friday (4/14).  When I get back on the 25th I'll continue
providing responses, if needed. 

I imagine there is a lot of overlap/commonalities between multiple reviewers on some topics
(e.g., some similar climate change comments) that you may find once you sort by category,
etc. Hopefully we can avoid duplication of effort in our responses to similar comments.

Does that sound okay?

Thanks!
Tam
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On Tue, Apr 11, 2017 at 12:09 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
All:

I just wanted to make sure folks were clear on assignments discussed on the call earlier.  Part of it is deciding
which of the comments you've been assigned are substantive and require responses in the table on the drive,
and making sure your responses are as concise as possible. 

I recognize some of the comments will require more detailed responses, and that we will still need to make sure
we make other necessary edits/changes to the document for the minor comments not needing responses.

Anyway, if you have any questions about assignments or concerns about time lines, please let me know.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 201 
952-646-2873 

612-600-1599 Cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 201 
952-646-2873 

612-600-1599 Cell
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Conversation Contents
Fwd: Media request from Jamie Kiffel-Alcheh of National Geographic Kids
magazine

"McCollough, Mark" <mark_mccollough@fws.gov>

From: "McCollough, Mark" <mark_mccollough@fws.gov>
Sent: Thu Apr 13 2017 06:07:09 GMT-0600 (MDT)

To: "Racey, Meagan" <meagan_racey@fws.gov>, Anna Harris
<anna_harris@fws.gov>, Josh Royte <jroyte@tnc.org>

Subject: Fwd: Media request from Jamie Kiffel-Alcheh of National
Geographic Kids magazine

Meagan:  I wanted to let you know that I received the following request from a writer for National
Geographic Kids magazine and responded that I would be interested in working with her. 
Please let me know if you have any concerns.

thanks,  Mark
---------- Forwarded message ----------
From: Jamie Kiffel-Alcheh <editorpublishing@gmail.com>
Date: Tue, Apr 11, 2017 at 1:46 PM
Subject: Media request from Jamie Kiffel-Alcheh of National Geographic Kids magazine
To: Mark_McCollough@fws.gov

Dear Mark,

I am a writer for National Geographic Kids magazine, and I am working on a cover story about
the Canada lynx--and how conservationists are working to save this species. The focus of the
story will largely be about the snowshoe hare population and how it is being bolstered to save
the lynx.

I'd love to schedule a phone interview with you. Some of the things I'm looking to find out are…

-what makes the Canada lynx such an important animal to save? How threatened is the
population now?
-what is being done to help save the hares, and by connection, the lynx? (We're looking for
great anecdotes that will help kids feel as if they are there.)
-we'd love to know a little bit about why lynxes are such great hunters.
-how are the lynxes being monitored? Is there some interesting technology being used?

Thank you so much, and I would be happy to explain more about the story over the phone.

All the best,
Jamie Kiffel-Alcheh
Editorpublishing@gmail.com
323-360-3941 (c, Los Angeles)

mailto:editorpublishing@gmail.com
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-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

Joshua Royte <jroyte@tnc.org>

From: Joshua Royte <jroyte@tnc.org>
Sent: Thu Apr 13 2017 06:18:16 GMT-0600 (MDT)

To:
"McCollough, Mark" <mark_mccollough@fws.gov>, "Racey,
Meagan" <meagan_racey@fws.gov>, Anna Harris
<anna_harris@fws.gov>

CC: William Patterson <wpatterson@tnc.org>, Nancy Sferra
<nsferra@tnc.org>, Timothy Paul <timothy.paul@tnc.org>

Subject: RE: Media request from Jamie Kiffel-Alcheh of National
Geographic Kids magazine

This is great news, getting some media around this amazing animal, Mark.
Let us know if you think getting some press on how land managers take planning for lynx into
consideration or other commentary on rarity and the importance of saving all the pieces.
 
Cheers
Josh
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Thursday, April 13, 2017 8:07 AM
To: Racey, Meagan <meagan_racey@fws.gov>; Anna Harris <anna_harris@fws.gov>; Joshua Royte
<jroyte@TNC.ORG>
Subject: Fwd: Media request from Jamie Kiffel-Alcheh of National Geographic Kids magazine
 
Meagan:  I wanted to let you know that I received the following request from a writer for National
Geographic Kids magazine and responded that I would be interested in working with her.  Please let me
know if you have any concerns.
 
thanks,  Mark
---------- Forwarded message ----------
From: Jamie Kiffel-Alcheh <editorpublishing@gmail.com>
Date: Tue, Apr 11, 2017 at 1:46 PM
Subject: Media request from Jamie Kiffel-Alcheh of National Geographic Kids magazine
To: Mark_McCollough@fws.gov

Dear Mark,
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I am a writer for National Geographic Kids magazine, and I am working on a cover story about the
Canada lynx--and how conservationists are working to save this species. The focus of the story will
largely be about the snowshoe hare population and how it is being bolstered to save the lynx.

I'd love to schedule a phone interview with you. Some of the things I'm looking to find out are…

-what makes the Canada lynx such an important animal to save? How threatened is the population now?
-what is being done to help save the hares, and by connection, the lynx? (We're looking for great
anecdotes that will help kids feel as if they are there.)
-we'd love to know a little bit about why lynxes are such great hunters.
-how are the lynxes being monitored? Is there some interesting technology being used?

Thank you so much, and I would be happy to explain more about the story over the phone.

All the best,
Jamie Kiffel-Alcheh
Editorpublishing@gmail.com
323-360-3941 (c, Los Angeles)

 
--
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED
 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex
 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Thu Apr 13 2017 06:40:40 GMT-0600 (MDT)
To: "McCollough, Mark" <mark_mccollough@fws.gov>
CC: Anna Harris <anna_harris@fws.gov>

Subject: Re: Media request from Jamie Kiffel-Alcheh of National
Geographic Kids magazine

Thanks Mark! This is a great opportunity -- any sense of how soon she wants to talk? My initial
thought is that I'm not up to speed on the SSA and so am getting a little bit of a red flag
regarding her question on "how threatened" the species is. We might need to be careful there.
I'm going to see if I can get back on track with the SSA.

mailto:Editorpublishing@gmail.com
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On Thu, Apr 13, 2017 at 8:07 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Meagan:  I wanted to let you know that I received the following request from a writer for
National Geographic Kids magazine and responded that I would be interested in working with
her.  Please let me know if you have any concerns.

thanks,  Mark
---------- Forwarded message ----------
From: Jamie Kiffel-Alcheh <editorpublishing@gmail.com>
Date: Tue, Apr 11, 2017 at 1:46 PM
Subject: Media request from Jamie Kiffel-Alcheh of National Geographic Kids magazine
To: Mark_McCollough@fws.gov

Dear Mark,

I am a writer for National Geographic Kids magazine, and I am working on a cover story about
the Canada lynx--and how conservationists are working to save this species. The focus of the
story will largely be about the snowshoe hare population and how it is being bolstered to save
the lynx.

I'd love to schedule a phone interview with you. Some of the things I'm looking to find out
are…

-what makes the Canada lynx such an important animal to save? How threatened is the
population now?
-what is being done to help save the hares, and by connection, the lynx? (We're looking for
great anecdotes that will help kids feel as if they are there.)
-we'd love to know a little bit about why lynxes are such great hunters.
-how are the lynxes being monitored? Is there some interesting technology being used?

Thank you so much, and I would be happy to explain more about the story over the phone.

All the best,
Jamie Kiffel-Alcheh
Editorpublishing@gmail.com
323-360-3941 (c, Los Angeles)

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
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mailto:Mark_McCollough@fws.gov
mailto:Editorpublishing@gmail.com
mailto:mark_mccollough@fws.gov


-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Thu Apr 13 2017 14:07:45 GMT-0600 (MDT)
To: "McCollough, Mark" <mark_mccollough@fws.gov>
CC: Anna Harris <anna_harris@fws.gov>

Subject: Re: Media request from Jamie Kiffel-Alcheh of National
Geographic Kids magazine

Just following up because I'm out tomorrow - can you hold on doing an interview until we can
regroup? I just want to be careful of what we say when, given the process. NatGeo Kids is not
WashPost by any means but given that they work in advance on issues that publish down the
road, just want to be thoughtful. They are also national, so want to be thoughtful about R6.

On Thu, Apr 13, 2017 at 8:40 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thanks Mark! This is a great opportunity -- any sense of how soon she wants to talk? My
initial thought is that I'm not up to speed on the SSA and so am getting a little bit of a red flag
regarding her question on "how threatened" the species is. We might need to be careful there.
I'm going to see if I can get back on track with the SSA.

On Thu, Apr 13, 2017 at 8:07 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Meagan:  I wanted to let you know that I received the following request from a writer for
National Geographic Kids magazine and responded that I would be interested in working
with her.  Please let me know if you have any concerns.

thanks,  Mark
---------- Forwarded message ----------
From: Jamie Kiffel-Alcheh <editorpublishing@gmail.com>
Date: Tue, Apr 11, 2017 at 1:46 PM
Subject: Media request from Jamie Kiffel-Alcheh of National Geographic Kids magazine
To: Mark_McCollough@fws.gov

Dear Mark,

I am a writer for National Geographic Kids magazine, and I am working on a cover story
about the Canada lynx--and how conservationists are working to save this species. The
focus of the story will largely be about the snowshoe hare population and how it is being
bolstered to save the lynx.

I'd love to schedule a phone interview with you. Some of the things I'm looking to find out
are…
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-what makes the Canada lynx such an important animal to save? How threatened is the
population now?
-what is being done to help save the hares, and by connection, the lynx? (We're looking for
great anecdotes that will help kids feel as if they are there.)
-we'd love to know a little bit about why lynxes are such great hunters.
-how are the lynxes being monitored? Is there some interesting technology being used?

Thank you so much, and I would be happy to explain more about the story over the phone.

All the best,
Jamie Kiffel-Alcheh
Editorpublishing@gmail.com
323-360-3941 (c, Los Angeles)

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast
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"Harris, Anna" <anna_harris@fws.gov>

From: "Harris, Anna" <anna_harris@fws.gov>
Sent: Wed Apr 19 2017 17:42:37 GMT-0600 (MDT)
To: "Racey, Meagan" <meagan_racey@fws.gov>
CC: "McCollough, Mark" <mark_mccollough@fws.gov>

Subject: Re: Media request from Jamie Kiffel-Alcheh of National
Geographic Kids magazine

Hi Meagan,

I'd like to suggest Mark talk with this reporter soon. I'm supportive of this interview moving
forward, as long as we stay away from the How threatened is the population now? questions since we are in
the SSA process. 

Let me know if you have an issue with Mark contacting the reporter and discussing the other topics she's interested in -

Thanks for your help on this request,
Anna

On Thu, Apr 13, 2017 at 4:07 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Just following up because I'm out tomorrow - can you hold on doing an interview until we can
regroup? I just want to be careful of what we say when, given the process. NatGeo Kids is not
WashPost by any means but given that they work in advance on issues that publish down the
road, just want to be thoughtful. They are also national, so want to be thoughtful about R6.

On Thu, Apr 13, 2017 at 8:40 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thanks Mark! This is a great opportunity -- any sense of how soon she wants to talk? My
initial thought is that I'm not up to speed on the SSA and so am getting a little bit of a red
flag regarding her question on "how threatened" the species is. We might need to be careful
there. I'm going to see if I can get back on track with the SSA.

On Thu, Apr 13, 2017 at 8:07 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Meagan:  I wanted to let you know that I received the following request from a writer for
National Geographic Kids magazine and responded that I would be interested in working
with her.  Please let me know if you have any concerns.

thanks,  Mark
---------- Forwarded message ----------
From: Jamie Kiffel-Alcheh <editorpublishing@gmail.com>
Date: Tue, Apr 11, 2017 at 1:46 PM
Subject: Media request from Jamie Kiffel-Alcheh of National Geographic Kids magazine
To: Mark_McCollough@fws.gov

Dear Mark,

I am a writer for National Geographic Kids magazine, and I am working on a cover story
about the Canada lynx--and how conservationists are working to save this species. The
focus of the story will largely be about the snowshoe hare population and how it is being
bolstered to save the lynx.

I'd love to schedule a phone interview with you. Some of the things I'm looking to find out
are…

-what makes the Canada lynx such an important animal to save? How threatened is the
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population now?
-what is being done to help save the hares, and by connection, the lynx? (We're looking
for great anecdotes that will help kids feel as if they are there.)
-we'd love to know a little bit about why lynxes are such great hunters.
-how are the lynxes being monitored? Is there some interesting technology being used?

Thank you so much, and I would be happy to explain more about the story over the
phone.

All the best,
Jamie Kiffel-Alcheh
Editorpublishing@gmail.com
323-360-3941 (c, Los Angeles)

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast
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-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

Meagan Racey <meagan_racey@fws.gov>

From: Meagan Racey <meagan_racey@fws.gov>
Sent: Thu Apr 20 2017 07:30:32 GMT-0600 (MDT)
To: "Harris, Anna" <anna_harris@fws.gov>
CC: "McCollough, Mark" <mark_mccollough@fws.gov>

Subject: Re: Media request from Jamie Kiffel-Alcheh of National
Geographic Kids magazine

Hi Anna, that sounds good to me -- steering clear from status questions. If you feel like you
need to explain, you can let her know we are in the middle of a review.
Thanks!
Sent from my iPhone

On Apr 19, 2017, at 7:42 PM, Harris, Anna <anna_harris@fws.gov> wrote:

Hi Meagan,

I'd like to suggest Mark talk with this reporter soon. I'm supportive of this interview
moving forward, as long as we stay away from the How threatened is the population now?
questions since we are in the SSA process. 

Let me know if you have an issue with Mark contacting the reporter and discussing the other topics she's
interested in -

Thanks for your help on this request,
Anna

On Thu, Apr 13, 2017 at 4:07 PM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Just following up because I'm out tomorrow - can you hold on doing an interview
until we can regroup? I just want to be careful of what we say when, given the
process. NatGeo Kids is not WashPost by any means but given that they work in
advance on issues that publish down the road, just want to be thoughtful. They are
also national, so want to be thoughtful about R6.

On Thu, Apr 13, 2017 at 8:40 AM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Thanks Mark! This is a great opportunity -- any sense of how soon she wants to
talk? My initial thought is that I'm not up to speed on the SSA and so am getting
a little bit of a red flag regarding her question on "how threatened" the species
is. We might need to be careful there. I'm going to see if I can get back on track
with the SSA.
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On Thu, Apr 13, 2017 at 8:07 AM, McCollough, Mark
<mark_mccollough@fws.gov> wrote:

Meagan:  I wanted to let you know that I received the following request from a
writer for National Geographic Kids magazine and responded that I would be
interested in working with her.  Please let me know if you have any concerns.

thanks,  Mark
---------- Forwarded message ----------
From: Jamie Kiffel-Alcheh <editorpublishing@gmail.com>
Date: Tue, Apr 11, 2017 at 1:46 PM
Subject: Media request from Jamie Kiffel-Alcheh of National Geographic Kids
magazine
To: Mark_McCollough@fws.gov

Dear Mark,

I am a writer for National Geographic Kids magazine, and I am working on a
cover story about the Canada lynx--and how conservationists are working to
save this species. The focus of the story will largely be about the snowshoe
hare population and how it is being bolstered to save the lynx.

I'd love to schedule a phone interview with you. Some of the things I'm looking
to find out are…

-what makes the Canada lynx such an important animal to save? How
threatened is the population now?
-what is being done to help save the hares, and by connection, the lynx?
(We're looking for great anecdotes that will help kids feel as if they are there.)
-we'd love to know a little bit about why lynxes are such great hunters.
-how are the lynxes being monitored? Is there some interesting technology
being used?

Thank you so much, and I would be happy to explain more about the story
over the phone.

All the best,
Jamie Kiffel-Alcheh
Editorpublishing@gmail.com
323-360-3941 (c, Los Angeles)

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
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Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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Conversation Contents
what do you think? Fwd: Media request from Jamie Kiffel-Alcheh of National
Geographic Kids magazine

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Thu Apr 13 2017 06:40:44 GMT-0600 (MDT)

To:
Martin Miller <Martin_Miller@fws.gov>, Mary Parkin
<Mary_parkin@fws.gov>, Krishna Gifford
<krishna_gifford@fws.gov>

Subject: what do you think? Fwd: Media request from Jamie Kiffel-Alcheh
of National Geographic Kids magazine

I'm not up to speed on the lynx SSA and don't see NatGeo Kids as being a widely read
publication for our state colleagues, but am a little worried about our tone and response to her
questions regarding "how threatened" the species is. Could you advise? Perhaps a check in
would be helpful? 

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Thu, Apr 13, 2017 at 8:07 AM
Subject: Fwd: Media request from Jamie Kiffel-Alcheh of National Geographic Kids magazine
To: "Racey, Meagan" <meagan_racey@fws.gov>, Anna Harris <anna_harris@fws.gov>, Josh
Royte <jroyte@tnc.org>

Meagan:  I wanted to let you know that I received the following request from a writer for National
Geographic Kids magazine and responded that I would be interested in working with her. 
Please let me know if you have any concerns.

thanks,  Mark
---------- Forwarded message ----------
From: Jamie Kiffel-Alcheh <editorpublishing@gmail.com>
Date: Tue, Apr 11, 2017 at 1:46 PM
Subject: Media request from Jamie Kiffel-Alcheh of National Geographic Kids magazine
To: Mark_McCollough@fws.gov

Dear Mark,

I am a writer for National Geographic Kids magazine, and I am working on a cover story about
the Canada lynx--and how conservationists are working to save this species. The focus of the
story will largely be about the snowshoe hare population and how it is being bolstered to save
the lynx.

I'd love to schedule a phone interview with you. Some of the things I'm looking to find out are…

-what makes the Canada lynx such an important animal to save? How threatened is the
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population now?
-what is being done to help save the hares, and by connection, the lynx? (We're looking for
great anecdotes that will help kids feel as if they are there.)
-we'd love to know a little bit about why lynxes are such great hunters.
-how are the lynxes being monitored? Is there some interesting technology being used?

Thank you so much, and I would be happy to explain more about the story over the phone.

All the best,
Jamie Kiffel-Alcheh
Editorpublishing@gmail.com
323-360-3941 (c, Los Angeles)

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Miller, Martin" <martin_miller@fws.gov>

From: "Miller, Martin" <martin_miller@fws.gov>
Sent: Thu Apr 13 2017 15:16:36 GMT-0600 (MDT)
To: "Racey, Meagan" <meagan_racey@fws.gov>

CC: Mary Parkin <Mary_parkin@fws.gov>, Krishna Gifford
<krishna_gifford@fws.gov>

Subject: Re: what do you think? Fwd: Media request from Jamie Kiffel-
Alcheh of National Geographic Kids magazine

I will ask Anna what she thinks and get back to you.

mailto:Editorpublishing@gmail.com
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On Thu, Apr 13, 2017 at 8:40 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
I'm not up to speed on the lynx SSA and don't see NatGeo Kids as being a widely read
publication for our state colleagues, but am a little worried about our tone and response to her
questions regarding "how threatened" the species is. Could you advise? Perhaps a check in
would be helpful? 

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Thu, Apr 13, 2017 at 8:07 AM
Subject: Fwd: Media request from Jamie Kiffel-Alcheh of National Geographic Kids magazine
To: "Racey, Meagan" <meagan_racey@fws.gov>, Anna Harris <anna_harris@fws.gov>, Josh
Royte <jroyte@tnc.org>

Meagan:  I wanted to let you know that I received the following request from a writer for
National Geographic Kids magazine and responded that I would be interested in working with
her.  Please let me know if you have any concerns.

thanks,  Mark
---------- Forwarded message ----------
From: Jamie Kiffel-Alcheh <editorpublishing@gmail.com>
Date: Tue, Apr 11, 2017 at 1:46 PM
Subject: Media request from Jamie Kiffel-Alcheh of National Geographic Kids magazine
To: Mark_McCollough@fws.gov

Dear Mark,

I am a writer for National Geographic Kids magazine, and I am working on a cover story about
the Canada lynx--and how conservationists are working to save this species. The focus of the
story will largely be about the snowshoe hare population and how it is being bolstered to save
the lynx.

I'd love to schedule a phone interview with you. Some of the things I'm looking to find out
are…

-what makes the Canada lynx such an important animal to save? How threatened is the
population now?
-what is being done to help save the hares, and by connection, the lynx? (We're looking for
great anecdotes that will help kids feel as if they are there.)
-we'd love to know a little bit about why lynxes are such great hunters.
-how are the lynxes being monitored? Is there some interesting technology being used?

Thank you so much, and I would be happy to explain more about the story over the phone.

All the best,
Jamie Kiffel-Alcheh
Editorpublishing@gmail.com
323-360-3941 (c, Los Angeles)

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
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Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

Meagan Racey <meagan_racey@fws.gov>

From: Meagan Racey <meagan_racey@fws.gov>
Sent: Thu Apr 13 2017 16:56:34 GMT-0600 (MDT)
To: "Miller, Martin" <martin_miller@fws.gov>

CC: Mary Parkin <Mary_parkin@fws.gov>, Krishna Gifford
<krishna_gifford@fws.gov>

Subject: Re: what do you think? Fwd: Media request from Jamie Kiffel-
Alcheh of National Geographic Kids magazine

Thx!

Sent from my iPhone

On Apr 13, 2017, at 5:16 PM, Miller, Martin <martin_miller@fws.gov> wrote:

I will ask Anna what she thinks and get back to you.

On Thu, Apr 13, 2017 at 8:40 AM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

I'm not up to speed on the lynx SSA and don't see NatGeo Kids as being a widely
read publication for our state colleagues, but am a little worried about our tone and
response to her questions regarding "how threatened" the species is. Could you
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advise? Perhaps a check in would be helpful? 

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Thu, Apr 13, 2017 at 8:07 AM
Subject: Fwd: Media request from Jamie Kiffel-Alcheh of National Geographic Kids
magazine
To: "Racey, Meagan" <meagan_racey@fws.gov>, Anna Harris
<anna_harris@fws.gov>, Josh Royte <jroyte@tnc.org>

Meagan:  I wanted to let you know that I received the following request from a
writer for National Geographic Kids magazine and responded that I would be
interested in working with her.  Please let me know if you have any concerns.

thanks,  Mark
---------- Forwarded message ----------
From: Jamie Kiffel-Alcheh <editorpublishing@gmail.com>
Date: Tue, Apr 11, 2017 at 1:46 PM
Subject: Media request from Jamie Kiffel-Alcheh of National Geographic Kids
magazine
To: Mark_McCollough@fws.gov

Dear Mark,

I am a writer for National Geographic Kids magazine, and I am working on a cover
story about the Canada lynx--and how conservationists are working to save this
species. The focus of the story will largely be about the snowshoe hare population
and how it is being bolstered to save the lynx.

I'd love to schedule a phone interview with you. Some of the things I'm looking to
find out are…

-what makes the Canada lynx such an important animal to save? How threatened
is the population now?
-what is being done to help save the hares, and by connection, the lynx? (We're
looking for great anecdotes that will help kids feel as if they are there.)
-we'd love to know a little bit about why lynxes are such great hunters.
-how are the lynxes being monitored? Is there some interesting technology being
used?

Thank you so much, and I would be happy to explain more about the story over
the phone.

All the best,
Jamie Kiffel-Alcheh
Editorpublishing@gmail.com
323-360-3941 (c, Los Angeles)

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
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US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish
and Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

"Miller, Martin" <martin_miller@fws.gov>

From: "Miller, Martin" <martin_miller@fws.gov>
Sent: Mon Apr 17 2017 06:06:48 GMT-0600 (MDT)
To: "Racey, Meagan" <meagan_racey@fws.gov>

CC: Mary Parkin <Mary_parkin@fws.gov>, Krishna Gifford
<krishna_gifford@fws.gov>

Subject: Re: what do you think? Fwd: Media request from Jamie Kiffel-
Alcheh of National Geographic Kids magazine

Anna said she's fine with Mark talking with the reporter.  She has talked to Mark about it and the
sensitivity of the status question.

On Thu, Apr 13, 2017 at 8:40 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
I'm not up to speed on the lynx SSA and don't see NatGeo Kids as being a widely read
publication for our state colleagues, but am a little worried about our tone and response to her
questions regarding "how threatened" the species is. Could you advise? Perhaps a check in
would be helpful? 

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Thu, Apr 13, 2017 at 8:07 AM
Subject: Fwd: Media request from Jamie Kiffel-Alcheh of National Geographic Kids magazine
To: "Racey, Meagan" <meagan_racey@fws.gov>, Anna Harris <anna_harris@fws.gov>, Josh
Royte <jroyte@tnc.org>
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Meagan:  I wanted to let you know that I received the following request from a writer for
National Geographic Kids magazine and responded that I would be interested in working with
her.  Please let me know if you have any concerns.

thanks,  Mark
---------- Forwarded message ----------
From: Jamie Kiffel-Alcheh <editorpublishing@gmail.com>
Date: Tue, Apr 11, 2017 at 1:46 PM
Subject: Media request from Jamie Kiffel-Alcheh of National Geographic Kids magazine
To: Mark_McCollough@fws.gov

Dear Mark,

I am a writer for National Geographic Kids magazine, and I am working on a cover story about
the Canada lynx--and how conservationists are working to save this species. The focus of the
story will largely be about the snowshoe hare population and how it is being bolstered to save
the lynx.

I'd love to schedule a phone interview with you. Some of the things I'm looking to find out
are…

-what makes the Canada lynx such an important animal to save? How threatened is the
population now?
-what is being done to help save the hares, and by connection, the lynx? (We're looking for
great anecdotes that will help kids feel as if they are there.)
-we'd love to know a little bit about why lynxes are such great hunters.
-how are the lynxes being monitored? Is there some interesting technology being used?

Thank you so much, and I would be happy to explain more about the story over the phone.

All the best,
Jamie Kiffel-Alcheh
Editorpublishing@gmail.com
323-360-3941 (c, Los Angeles)

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Mon Apr 17 2017 07:33:45 GMT-0600 (MDT)
To: "Miller, Martin" <martin_miller@fws.gov>

CC: Mary Parkin <Mary_parkin@fws.gov>, Krishna Gifford
<krishna_gifford@fws.gov>

Subject: Re: what do you think? Fwd: Media request from Jamie Kiffel-
Alcheh of National Geographic Kids magazine

OK - thanks Marty!

On Mon, Apr 17, 2017 at 8:06 AM, Miller, Martin <martin_miller@fws.gov> wrote:
Anna said she's fine with Mark talking with the reporter.  She has talked to Mark about it and
the sensitivity of the status question.

On Thu, Apr 13, 2017 at 8:40 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
I'm not up to speed on the lynx SSA and don't see NatGeo Kids as being a widely read
publication for our state colleagues, but am a little worried about our tone and response to
her questions regarding "how threatened" the species is. Could you advise? Perhaps a
check in would be helpful? 

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Thu, Apr 13, 2017 at 8:07 AM
Subject: Fwd: Media request from Jamie Kiffel-Alcheh of National Geographic Kids
magazine
To: "Racey, Meagan" <meagan_racey@fws.gov>, Anna Harris <anna_harris@fws.gov>,
Josh Royte <jroyte@tnc.org>

Meagan:  I wanted to let you know that I received the following request from a writer for
National Geographic Kids magazine and responded that I would be interested in working
with her.  Please let me know if you have any concerns.

thanks,  Mark
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---------- Forwarded message ----------
From: Jamie Kiffel-Alcheh <editorpublishing@gmail.com>
Date: Tue, Apr 11, 2017 at 1:46 PM
Subject: Media request from Jamie Kiffel-Alcheh of National Geographic Kids magazine
To: Mark_McCollough@fws.gov

Dear Mark,

I am a writer for National Geographic Kids magazine, and I am working on a cover story
about the Canada lynx--and how conservationists are working to save this species. The
focus of the story will largely be about the snowshoe hare population and how it is being
bolstered to save the lynx.

I'd love to schedule a phone interview with you. Some of the things I'm looking to find out
are…

-what makes the Canada lynx such an important animal to save? How threatened is the
population now?
-what is being done to help save the hares, and by connection, the lynx? (We're looking for
great anecdotes that will help kids feel as if they are there.)
-we'd love to know a little bit about why lynxes are such great hunters.
-how are the lynxes being monitored? Is there some interesting technology being used?

Thank you so much, and I would be happy to explain more about the story over the phone.

All the best,
Jamie Kiffel-Alcheh
Editorpublishing@gmail.com
323-360-3941 (c, Los Angeles)

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386
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Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast
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From: Bush, Jodi
To: Zelenak, Jim; Mark McCollough; Bryon Holt; Kurt Broderdorp; Tamara Smith
Subject: Re: Lynx SSA Comments
Date: Friday, April 14, 2017 11:42:41 AM

Hey folks.  I've looked at some of your responses to comments on the google drive and chatted
with Jim about them.  I'm seeing some stuff that is going to be problematic for Jim and Justin
to deal with as they use your responses to finalize the SSA.  I have attached some additional
direction on your comment responses below.  

1. Do not have place more than one issue per row (box).  I'm seeing multiple issues identified
in one box throughout the table.  

2. Once you have identified an issue that we need to address from a reviewer, DO NOT
REPEAT IT. Move on.  We all only have so much time and regardless of how many times the
reviewer mentioned it -its still only ONE issue/comment.  

3.  Make sure you are clear and responsive to the issue/comment.  

Some things to think about as you prepare your response:

Did we , in fact, say what they said we said?  Our response focuses on what we said -not
what they think we said. 
Do not over answer or over analyze
Be brief and concise as much as possible.  You can refer to the SSA document or other
literature in your response. 
We will NOT be looking for more information or conducting additional analyses
moving forward.  Our agencies decision will be based on the information we have at this
time. Please do not conjecture about what we don't know or maybe could know if we
only had more time. 

Thanks for your help in this.  Getting the responses to comments right will help Justin and Jim
get the final SSA right.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Apr 14, 2017 at 11:01 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Apr 12, 2017 at 1:42 PM
Subject: Re: Lynx SSA Comments
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To: "Smith, Tamara" <tamara_smith@fws.gov>
Cc: Mark McCollough <mark_mccollough@fws.gov>, Bryon Holt <bryon_holt@fws.gov>,
Kurt Broderdorp <kurt_broderdorp@fws.gov>

Sounds good, Tam - and thanks for developing a plan.  I'm copying the rest of team here because I think it would
be good for others to use the same approach.

Therefore, Team, please focus on getting comments entered into the spreadsheet and bins assigned, but then focus
on answering those from your geographic unit or that deal specifically with other sections of the document you
wrote.  For other comments - e.g., policy comments, comments from Colorado that address issues in Maine (or
vice-versa, or similar), or comments from your state agency that deal with broad topics like fire mgmt. or climate
change - please enter them and make a note in the far right column that they are policy, big picture, or topic- or
other-unit-specific and therefore need to be addressed by someone else.

Also look for comments that are likely of a common theme or are like repeated elsewhere, and perhaps jot brief
notes about those, too.  Hopefully this will help avoid or minimize duplication of effort, although it may mean we
may need to discuss some as a group.

Anyway - thanks for your continued efforts on this.   

On Wed, Apr 12, 2017 at 12:08 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim -  

I am out next week, but will do what I can this week. Here is my plan - let me know if this
sounds reasonable. I plan to add all of Moen's and MNDNR comments onto the
spreadsheet, categorize them, etc. then focus on responding to the MN specific comments
first. I'll upload what I have by the end of the day Friday (4/14).  When I get back on the
25th I'll continue providing responses, if needed. 

I imagine there is a lot of overlap/commonalities between multiple reviewers on some
topics (e.g., some similar climate change comments) that you may find once you sort by
category, etc. Hopefully we can avoid duplication of effort in our responses to similar
comments.

Does that sound okay?

Thanks!
Tam

On Tue, Apr 11, 2017 at 12:09 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
All:

I just wanted to make sure folks were clear on assignments discussed on the call earlier.  Part of it is deciding
which of the comments you've been assigned are substantive and require responses in the table on the drive,
and making sure your responses are as concise as possible. 

I recognize some of the comments will require more detailed responses, and that we will still need to make
sure we make other necessary edits/changes to the document for the minor comments not needing responses.
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Anyway, if you have any questions about assignments or concerns about time lines, please let me know.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 201 
952-646-2873 

612-600-1599 Cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Harris, Anna
To: Bush, Jodi
Subject: Re: Lynx SSA Comments
Date: Monday, April 17, 2017 1:39:50 PM

Thank you Jodi,

I plan to review with my staff on Wednesday before the comments are due.

Appreciate your time and effort on this,
Anna

On Mon, Apr 17, 2017 at 3:30 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
meant to sent this to you.  Jim will handle comments in the table your office has provided to
this point. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Fri, Apr 14, 2017 at 11:42 AM
Subject: Re: Lynx SSA Comments
To: "Zelenak, Jim" <jim_zelenak@fws.gov>, Mark McCollough
<Mark_McCollough@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>

Hey folks.  I've looked at some of your responses to comments on the google drive and
chatted with Jim about them.  I'm seeing some stuff that is going to be problematic for Jim
and Justin to deal with as they use your responses to finalize the SSA.  I have attached some
additional direction on your comment responses below.  

1. Do not have place more than one issue per row (box).  I'm seeing multiple issues
identified in one box throughout the table.  

2. Once you have identified an issue that we need to address from a reviewer, DO NOT
REPEAT IT. Move on.  We all only have so much time and regardless of how many times
the reviewer mentioned it -its still only ONE issue/comment.  

3.  Make sure you are clear and responsive to the issue/comment.  

Some things to think about as you prepare your response:

Did we , in fact, say what they said we said?  Our response focuses on what we said -
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not what they think we said. 
Do not over answer or over analyze
Be brief and concise as much as possible.  You can refer to the SSA document or
other literature in your response. 
We will NOT be looking for more information or conducting additional analyses
moving forward.  Our agencies decision will be based on the information we have at
this time. Please do not conjecture about what we don't know or maybe could know if
we only had more time. 

Thanks for your help in this.  Getting the responses to comments right will help Justin and
Jim get the final SSA right.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Apr 14, 2017 at 11:01 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Apr 12, 2017 at 1:42 PM
Subject: Re: Lynx SSA Comments
To: "Smith, Tamara" <tamara_smith@fws.gov>
Cc: Mark McCollough <mark_mccollough@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>

Sounds good, Tam - and thanks for developing a plan.  I'm copying the rest of team here because I think it
would be good for others to use the same approach.

Therefore, Team, please focus on getting comments entered into the spreadsheet and bins assigned, but then
focus on answering those from your geographic unit or that deal specifically with other sections of the
document you wrote.  For other comments - e.g., policy comments, comments from Colorado that address
issues in Maine (or vice-versa, or similar), or comments from your state agency that deal with broad topics like
fire mgmt. or climate change - please enter them and make a note in the far right column that they are policy,
big picture, or topic- or other-unit-specific and therefore need to be addressed by someone else.

Also look for comments that are likely of a common theme or are like repeated elsewhere, and perhaps jot brief
notes about those, too.  Hopefully this will help avoid or minimize duplication of effort, although it may mean
we may need to discuss some as a group.

Anyway - thanks for your continued efforts on this.   

On Wed, Apr 12, 2017 at 12:08 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim -  
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I am out next week, but will do what I can this week. Here is my plan - let me know if
this sounds reasonable. I plan to add all of Moen's and MNDNR comments onto the
spreadsheet, categorize them, etc. then focus on responding to the MN specific
comments first. I'll upload what I have by the end of the day Friday (4/14).  When I get
back on the 25th I'll continue providing responses, if needed. 

I imagine there is a lot of overlap/commonalities between multiple reviewers on some
topics (e.g., some similar climate change comments) that you may find once you sort by
category, etc. Hopefully we can avoid duplication of effort in our responses to similar
comments.

Does that sound okay?

Thanks!
Tam

On Tue, Apr 11, 2017 at 12:09 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
All:

I just wanted to make sure folks were clear on assignments discussed on the call earlier.  Part of it is
deciding which of the comments you've been assigned are substantive and require responses in the table
on the drive, and making sure your responses are as concise as possible. 

I recognize some of the comments will require more detailed responses, and that we will still need to make
sure we make other necessary edits/changes to the document for the minor comments not needing
responses.

Anyway, if you have any questions about assignments or concerns about time lines, please let me know.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 201 
952-646-2873 

612-600-1599 Cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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From: Harris, Anna
To: Bush, Jodi
Subject: Re: Lynx SSA Comments
Date: Monday, April 17, 2017 1:39:50 PM

Thank you Jodi,

I plan to review with my staff on Wednesday before the comments are due.

Appreciate your time and effort on this,
Anna

On Mon, Apr 17, 2017 at 3:30 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
meant to sent this to you.  Jim will handle comments in the table your office has provided to
this point. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Fri, Apr 14, 2017 at 11:42 AM
Subject: Re: Lynx SSA Comments
To: "Zelenak, Jim" <jim_zelenak@fws.gov>, Mark McCollough
<Mark_McCollough@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>

Hey folks.  I've looked at some of your responses to comments on the google drive and
chatted with Jim about them.  I'm seeing some stuff that is going to be problematic for Jim
and Justin to deal with as they use your responses to finalize the SSA.  I have attached some
additional direction on your comment responses below.  

1. Do not have place more than one issue per row (box).  I'm seeing multiple issues
identified in one box throughout the table.  

2. Once you have identified an issue that we need to address from a reviewer, DO NOT
REPEAT IT. Move on.  We all only have so much time and regardless of how many times
the reviewer mentioned it -its still only ONE issue/comment.  

3.  Make sure you are clear and responsive to the issue/comment.  

Some things to think about as you prepare your response:

Did we , in fact, say what they said we said?  Our response focuses on what we said -
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not what they think we said. 
Do not over answer or over analyze
Be brief and concise as much as possible.  You can refer to the SSA document or
other literature in your response. 
We will NOT be looking for more information or conducting additional analyses
moving forward.  Our agencies decision will be based on the information we have at
this time. Please do not conjecture about what we don't know or maybe could know if
we only had more time. 

Thanks for your help in this.  Getting the responses to comments right will help Justin and
Jim get the final SSA right.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Apr 14, 2017 at 11:01 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Apr 12, 2017 at 1:42 PM
Subject: Re: Lynx SSA Comments
To: "Smith, Tamara" <tamara_smith@fws.gov>
Cc: Mark McCollough <mark_mccollough@fws.gov>, Bryon Holt
<bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>

Sounds good, Tam - and thanks for developing a plan.  I'm copying the rest of team here because I think it
would be good for others to use the same approach.

Therefore, Team, please focus on getting comments entered into the spreadsheet and bins assigned, but then
focus on answering those from your geographic unit or that deal specifically with other sections of the
document you wrote.  For other comments - e.g., policy comments, comments from Colorado that address
issues in Maine (or vice-versa, or similar), or comments from your state agency that deal with broad topics like
fire mgmt. or climate change - please enter them and make a note in the far right column that they are policy,
big picture, or topic- or other-unit-specific and therefore need to be addressed by someone else.

Also look for comments that are likely of a common theme or are like repeated elsewhere, and perhaps jot brief
notes about those, too.  Hopefully this will help avoid or minimize duplication of effort, although it may mean
we may need to discuss some as a group.

Anyway - thanks for your continued efforts on this.   

On Wed, Apr 12, 2017 at 12:08 PM, Smith, Tamara <tamara_smith@fws.gov> wrote:
Hi Jim -  
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I am out next week, but will do what I can this week. Here is my plan - let me know if
this sounds reasonable. I plan to add all of Moen's and MNDNR comments onto the
spreadsheet, categorize them, etc. then focus on responding to the MN specific
comments first. I'll upload what I have by the end of the day Friday (4/14).  When I get
back on the 25th I'll continue providing responses, if needed. 

I imagine there is a lot of overlap/commonalities between multiple reviewers on some
topics (e.g., some similar climate change comments) that you may find once you sort by
category, etc. Hopefully we can avoid duplication of effort in our responses to similar
comments.

Does that sound okay?

Thanks!
Tam

On Tue, Apr 11, 2017 at 12:09 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
All:

I just wanted to make sure folks were clear on assignments discussed on the call earlier.  Part of it is
deciding which of the comments you've been assigned are substantive and require responses in the table
on the drive, and making sure your responses are as concise as possible. 

I recognize some of the comments will require more detailed responses, and that we will still need to make
sure we make other necessary edits/changes to the document for the minor comments not needing
responses.

Anyway, if you have any questions about assignments or concerns about time lines, please let me know.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
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4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 201 
952-646-2873 

612-600-1599 Cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: How to address all of Harrison comments
Date: Monday, April 17, 2017 2:25:04 PM

Let me know when you have time to discuss this.  Thanks.

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Mon, Apr 17, 2017 at 2:19 PM
Subject: How to address all of Harrison comments
To: Jim Zelenak <jim_zelenak@fws.gov>

Jim:

Dan Harrison provides comments on about 220 separate areas in the SSA text.  These are
more than minor comments and include suggestions for other citations, revisions,
misinterpretations, etc.   I think some of the other peer reviewers (Moen, Squires) made many
comments in the text of the SSA as well. 

Do you want all of these comments enumerated in the table or do you want me to just hit the
high points?  Do you plan to go through all of this "miscellaneous" comments when you edit
or do they need to be in the table for your editing?

thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
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From: McCollough, Mark
To: Jim Zelenak
Subject: How to address all of Harrison comments
Date: Monday, April 17, 2017 4:19:57 PM

Jim:

Dan Harrison provides comments on about 220 separate areas in the SSA text.  These are
more than minor comments and include suggestions for other citations, revisions,
misinterpretations, etc.   I think some of the other peer reviewers (Moen, Squires) made many
comments in the text of the SSA as well. 

Do you want all of these comments enumerated in the table or do you want me to just hit the
high points?  Do you plan to go through all of this "miscellaneous" comments when you edit
or do they need to be in the table for your editing?

thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Jim Zelenak
Subject: How to address all of Harrison comments
Date: Monday, April 17, 2017 4:19:57 PM

Jim:

Dan Harrison provides comments on about 220 separate areas in the SSA text.  These are
more than minor comments and include suggestions for other citations, revisions,
misinterpretations, etc.   I think some of the other peer reviewers (Moen, Squires) made many
comments in the text of the SSA as well. 

Do you want all of these comments enumerated in the table or do you want me to just hit the
high points?  Do you plan to go through all of this "miscellaneous" comments when you edit
or do they need to be in the table for your editing?

thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Ivan - DNR, Jake
Cc: Odell - DNR, Eric; Kurt Broderdorp
Subject: Re: Request for info - Colorado lynx in Wyoming
Date: Tuesday, April 18, 2017 12:27:51 PM

Thanks very much Jake - this is very helpful and will help improve the GYA section of the SSA report.  I really
appreciate you finding the time for this and for the quick turn-around.

Jim

On Tue, Apr 18, 2017 at 11:49 AM, Ivan - DNR, Jake <jake.ivan@state.co.us> wrote:
Hi Jim,

The Wyoming report is attached.  I think it contains all of the information you
requested.  Let me know if you have questions.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Mon, Apr 10, 2017 at 7:57 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Same format would be fine.  Thanks very much Jake and Eric.

On Fri, Apr 7, 2017 at 5:06 PM, Ivan - DNR, Jake <jake.ivan@state.co.us> wrote:
I think I can get this done in the next few weeks.  I assume the format of the
Montana report is OK?  I have notes on how I did all of that so that's what I'll
shoot for unless I hear something different.

Jake

Jake Ivan
Wildlife Researcher
Mammals Research Section

P 970.472.4310  |  F 970.472.4457  |  C 970.556.8048
317 W. Prospect Rd., Fort Collins, CO 80526
jake.ivan@state.co.us  |  cpw.state.co.us

On Mon, Apr 3, 2017 at 10:06 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
As always, sooner is better, but whenever you can squeeze it in; in the next couple of weeks would be
most helpful.  I really appreciate it.

On Mon, Apr 3, 2017 at 10:01 AM, Odell - DNR, Eric <eric.odell@state.co.us>
wrote:

Hi Jim-
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I talked with Jake and this is likely something that can be produced. What
is the timeframe?

On Mon, Apr 3, 2017 at 9:44 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Jake and Eric,

A while back, you provided the attached documentation of the number of CO lynx that dispersed to
MT, how much time they spent there, and what was know about their eventual fates.

I'm working on addressing John Squires' peer review comments on the draft Lynx SSA report (along
with those you and other State agency folks submitted - thanks!), and similar information would be
helpful to evaluate John's comment that CO-released lynx "repeatedly recolonized" the Wyoming
Range/Union Pass/Togwotee Pass area of the GYA geographic area.  My understanding is that 10 CO
lynx dispersed into or through Wyoming, including a male and female that settled simultaneously but
temporarily in the area that was occupied by native resident pair that John et al. had radio-marked in
the late 1990s, but the CO lynx eventually left without reproducing.

If you could provide a summary for CO lynx in Wyoming like the one you prepared for me for
Montana, it would really help me understand the pattern of lynx use/movements into and through
Wyoming and respond appropriately to John's peer review comments.

Let me know if you can do this.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric Odell
Species Conservation Program Manager
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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Helena, MT 59601
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jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Summary of movements of Colorado lynx in Wyoming 

 
 

 
April 18, 2017 

 
Jake Ivan, Wildlife Researcher 
Colorado Parks and Wildlife 

317 W. Prospect 
Fort Collins, CO 80526 

970-472-4310 
 
INTRODUCTION 
 

In an effort to restore a viable population of federally threatened Canada lynx (Lynx 
canadensis) to the southern portion of their former range, 218 individuals were reintroduced into 
Colorado from 19992006 by the Colorado Division of Wildlife (now Colorado Parks and 
Wildlife, CPW).  Most of these animals settled into home ranges within the state as intended, but 
some made extensive movements into other states (Devineau et al. 2010).  Recently the United 
States Fish and Wildlife Service (USFWS) requested information regarding the number of 
reintroduced lynx that ventured to Wyoming, where these individuals went once in Wyoming, 
how long they stayed, whether they reproduced while there, and their ultimate fates.  The 
purpose of this brief report is to fulfill the USFWS request.  The information, analysis, and 
presentation follow the same format as a similar request made in 2013 regarding lynx that 
travelled from Colorado to Montana. 
 
METHODS 
 

CPW collected location data from reintroduced and Colorado-born lynx (i.e., those born 
to reintroduced individuals) from 1999–2011 using both traditional VHF telemetry and the Argos 
satellite system.  VHF locations were obtained from daytime flights using fixed-winged aircraft, 
but these aircraft rarely sampled individuals that left the state.  Dual-transmitter satellite/VHF 
collars were first deployed on reintroduced lynx in April, 2000 and each individual was outfitted 
with this system for the remainder of the reintroduction project.  Satellite collars tracked animal 
movements irrespective of political boundaries.  The data reviewed for this report are almost 
exclusively (99%) Argos satellite data. 



Satellite transmitters were designed to transmit for 12 hours 1 day per week, so it was 
possible to obtain several satellite locations on a given day.  In fact, the data presented here were 
often clustered with several locations relatively near each other on a given day, followed by 
another cluster 1 or more weeks later.  Note that the precision of Argos data is relatively poor 
compared to GPS technology.  Argos lists the standard deviation of the locational error 
distribution as 250m, 250–500m, 500–1500m, and >1500m for class 3, 2, 1, and 0 locations, 
respectively (CLS America 2008).  Therefore if a transmitter remains stationary while an Argos 
satellite passes over multiple times computing numerous class 3 location estimates, 68% of the 
resultant estimates can be expected to fall within 250 m of the true location of the transmitter; 
95% will fall within 2 SD (500 m) of the true location.  Similarly, 95% of class 1 locations can 
be expected to fall within 3000m (1.9 miles) of the true location.  Argos systems also produce 
location estimates of class A, B, and Z, but these locations do not have associated error 
estimates.   
 We queried our database for lynx locations that occurred within the state of Wyoming, 
then used the ‘Points to Lines’ tool in ArcGIS 10.1 to connect locations for each individual.  
Note that these line segments only serve to connect sequential points – they do not reflect actual 
movement paths of individuals.  We also matched individuals that traveled to Wyoming with 
mortality and reproduction databases to determine the fates of these individuals and identify 
known denning attempts.  All individuals were indexed by a unique 7-character ID that identified 
their place of origin, year of release, sex, and count.  For example, “QU04M05” is an individual 
originally trapped in Quebec, released into Colorado in 2004, and was the 5th male released that 
year. 

To be complete and to be consistent with data reported previously, to allow the reader to 
interpret all data themselves, and because any given Argos location of low precision class may 
actually be relatively accurate, I included all classes of telemetry data in this exercise.  Thus, 
large, abrupt deviances in lynx “paths” may reflect large, abrupt movements or simply poor 
precision.  Also, due to the manner in which Argos locations are computed, data submitted by 
Argos to CPW came with 2 estimated locations (usually quite far apart) for each fix.  Algorithms 
were developed to select and store the most likely position, and selections could be overridden 
manually.  However, when lynx made unusual movements, such as to another state, the 
algorithm, or override, could have selected and stored the wrong location.  Any instances (at 
least 3 in this case) where this might have occurred were noted in Table 1, but these locations 
were retained on maps for the sake of consistency with previous exercises. 
 
RESULTS 
 

Of the 48,006 locations obtained from lynx reintroduced or born in Colorado during the 
reintroduction project, 2,094 (4.4%) occurred in Wyoming.  These 2,094 locations were 
collected from 31 adult lynx (16 males, 15 females) that were released into Colorado between 
1999 and 2006 and were located in Wyoming between 1999 and 2010.  On average, individuals 
that traveled to Wyoming first did so about 1.5 years (range 0.25 – 5.5) after release.  CPW does 
not have records of Colorado-born lynx traveling to Wyoming.    

Lynx that went to Wyoming were there long enough to transmit 4–286 ( ̅  68) locations 
per individual across approximately 7–634 ( ̅  162) days (Table 1; tally is approximate because 
we do not know where animals were in between weekly locations).  Most of these individuals 
entered and exited Wyoming via the Medicine Bow Mountains or the Park Range and traveled 



no farther into the state than the northern extent of these ranges (Figures 1−31).  At least 8 lynx 
made it to the Greater Yellowstone Area and beyond.  A few lynx entered/exited via the Uinta 
Mountains in Utah (Figures 1–31).  Of the 31 individuals that spent time in Wyoming, only 3 
were known to have died there.  Twelve others were known to have died elsewhere (Colorado, 
Nebraska, Utah, Montana, Alberta) and the fates of the other 16 were unknown because their 
collars failed before they died (Table 1).   

CPW and Wyoming Game & Fish personnel located the den (3 kittens) of BC00F14 on 
6/7/04 on the west side of the Medicine Bow Mountains.  No other dens or reproductive activity 
are known for reintroduced lynx that traveled to Wyoming.  However, a male (QU04M04) and 
female (QU04F02) occupied the same area near Pinnacle Buttes along Highway 287 during the 
breeding season in 2006.  Similarly, a male (QU04M05) and female (QU04F01) occurred 
together along the east side of the Wyoming Range during the winter of 2004-05.  It is not 
known whether any of these latter individuals bred, denned, and/or produced kittens in these 
areas.   

Note that the data and figures included here represent known movements of lynx from 
Colorado into Wyoming.  There were likely other individuals who made the trip.  For instance, 
one individual was trapped in Alberta in 2008 after having previously travelled to Wyoming then 
back to Colorado in 2004 (where he spent the next 4 years).  His collar had expired by the time 
he was trapped in Alberta, but he likely traversed Wyoming on his way.  Also, CPW stopped 
monitored collared lynx in April, 2011.  Movements into Wyoming may or may not have 
continued since then, but we have no documentation.  
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Table 1.  Number of locations, dates, duration, and fate of known lynx reintroduced into 
Colorado that subsequently traveled to Montana, 1999–2010. 

Lynx No. Locations in 
WY* 

Approx. Dates in 
WY 

Approx. Days in 
WY Fate Date Cause Location 

AK99M06 4 10/8/99 - 10/20/99 12 Died 11/16/1999 Shot NE 

BC00F14 63 8/10/03 - 7/8/04 332 Died 7/28/2004 
Probable 
Predation 

West of 
Centennial, WY 

BC00M13 4 
3/21/01,             

7/8/04 - 10/26/04 
111 Unk N/A N/A N/A 

BC03F03 26 8/10/04 - 11/2/04 84 Died 5/19/2005 
Hit by 

Vehicle 

I-70 east of 
Eisenhower 
Tunnel, CO 

BC03M02 5 6/4/04 - 6/11/04 7 Died 1/28/2010 Trapped 
Nordegg, 
Alberta 

BC03M06 10 8/27/04 - 9/17/04 21 Died 6/6/2008 Unk Clear Creek, CO 

BC03M09 172 8/4/03 - 8/9/04 371 Unk N/A N/A N/A 

BC04F02 21 8/19/05 - 9/23/05 35 Unk N/A N/A N/A 

BC04F03 27 9/1/09 - 9/22/09 21 Unk N/A N/A N/A 

BC04M01 277 
6/25/04,             

7/18/09 - 8/15/09, 
9/12/09 - 3/20/10 

218 Unk N/A N/A N/A 

BC04M08 15 

8/24/04 - 10/5/04, 
5/31/05 - 6/21/05, 
9/6/05 - 10/25/06, 

9/19/06 

113 Died 1/4/2008 Shot Basalt, CO 

BC04M13 44 7/29/05 - 11/4/05 98 Unk N/A N/A N/A 

BC05M03 25 
8/16/05 - 9/27/05, 

7/18/06 
43 Died 6/28/2013 

Hit by 
Vehicle 

Hwy13 N of 
Rifle, CO 

BC05M08 6 7/19/05 - 8/9/05 21 Died 10/11/2005 Plague 
Terryall Creek, 
CO 

BC06M13 164 
7/15/06 - 5/5/07,      
6/2/07 - 6/23/07 

315 Died 12/11/2008 Illness 
Capitol  Reef 
NP, UT 

MB05F01 65 
7/18/06 - 9/12/06, 
10/3/06 - 11/21/06 

105 Unk N/A N/A N/A 

MB05F02 17 
8/15/06 - 9/12/06, 

1/9/07** 
29 Died 2/14/2007 Shot Eastern NE 

MB05F03 44 7/18/06 - 10/24/06 98 Unk N/A N/A N/A 

QU03M01 9 3/30/04 - 4/20/04 21 Unk N/A N/A N/A 

QU04F01 138 
6/6/04 - 3/27/05, 

4/17/05 - 5/15/05, 
7/17/05 - 4/16/06 

595 Unk N/A N/A N/A 



QU04F02 286 

9/12/04 - 3/6/05, 
4/3/05**,            

6/28/05 - 9/13/05, 
10/11/05 - 7/11/06, 
10/24/06 - 2/9/07 

634 Died 3/14/2007 Unk 
NW of Dubois, 
Wy 

QU04F07 20 8/1/04 - 9/19/04 49 Died 9/21/2004 Illness 
Gray Rocks 
Reservoir, WY 

QU04M04 150 
4/27/05 - 8/5/05, 
8/26/05 - 6/25/06 

403 Died 3/21/2007 Starvation Cimarron, CO 

QU04M05 85 
9/26/04 - 4/10/05, 
7/3/05 - 8/14/05, 
9/11/05 - 1/15/06 

364 Unk N/A N/A N/A 

QU05F04 217 
9/6/05 - 7/4/06,       

8/15/06 - 1/30/07 
469 Unk N/A N/A N/A 

QU05F05 34 
7/5/05 - 8/30/05, 

11/22/05,            
3/28/06, 4/25/06 

59 Unk N/A N/A N/A 

QU05F08 71 

7/12/05 - 8/16/05, 
9/20/05,             

11/22/05**,          
3/7/06 - 5/9/06, 

12/26/06  - 2/13/07 

147 Unk N/A N/A N/A 

QU05M08 49 
9/13/05 - 11/22/05, 

7/8/06 - 8/5/06,     
9/9/06 

99 Died 10/13/2006 Unk Lyman, NE 

YK00F11 32 
8/2/06 - 9/20/06, 

10/4/06 - 11/15/06 
91 Unk N/A N/A N/A 

YK05M03 10 6/21/05 - 8/2/05 42 Died 11/16/2005 Unk Stevensille, MT 

YK06M02 4 6/4/07 - 6/18/07 14 Unk N/A N/A N/A 

 
*Collected mostly (99%) from ARGOS satellite collars.  51% of locations were assigned location codes of ‘0’, ‘A’, 
‘B’, or ‘Z’ by ARGOS indicating no estimate of precision was attainable.  The remaining 49% were LC 3, 2, or 1 
indicating that the SD of the error distribution was 250m, 250–500m, 500–1500m, respectively. 
 
**Of the 2 locations submitted to CPW by Argos for this day, CPW likely stored the wrong location. 
 
 



 
 
Figure 1.  Known locations of lynx AK99M06 in Wyoming. 



 
 
Figure 2.  Known locations of lynx BC00F14 in Wyoming. 



 
 
Figure 3.  Known locations of lynx BC00M13 in Wyoming. 



 
 
Figure 4.  Known locations of lynx BC03F03 in Wyoming. 



 
 
Figure 5.  Known locations of lynx BC03M02 in Wyoming. 



 
 
Figure 6.  Known locations of lynx BC03M06 in Wyoming. 



 
 
Figure 7.  Known locations of lynx BC03M09 in Wyoming. 



 
 
Figure 8.  Known locations of lynx BC04F02 in Wyoming. 



 
 
Figure 9.  Known locations of lynx BC04F03 in Wyoming. 



 
 

Figure 10.  Known locations of lynx BC04M01 in Wyoming. 



 
 
Figure 11.  Known locations of lynx BC04M08 in Wyoming. 



 
 
Figure 12.  Known locations of lynx BC04M13 in Wyoming. 



 
 
Figure 13.  Known locations of lynx BC05M03 in Wyoming. 



 
 

Figure 14.  Known locations of lynx BC05M08 in Wyoming. 



 
 

Figure 15.  Known locations of lynx BC06M13 in Wyoming. 



 
 

Figure 16.  Known locations of lynx MB05F01 in Wyoming. 



 
 

Figure 17.  Known locations of lynx MB05F02 in Wyoming. 



 
 

Figure 18.  Known locations of lynx MB05F03 in Wyoming. 



 
 

Figure 19.  Known locations of lynx QU03M01 in Wyoming. 



 
 

Figure 20.  Known locations of lynx QU04F01 in Wyoming. 



 
 

Figure 21.  Known locations of lynx QU04F02 in Wyoming. 



 
 

Figure 22.  Known locations of lynx QU04F07 in Wyoming. 



 
 

Figure 23.  Known locations of lynx QU04M04 in Wyoming. 



 
 

Figure 24.  Known locations of lynx QU04M05 in Wyoming. 



 
 

Figure 25.  Known locations of lynx QU05F04 in Wyoming. 



 
 

Figure 26.  Known locations of lynx QU05F05 in Wyoming. 



 
 

Figure 27.  Known locations of lynx QU05F08 in Wyoming. 



 
 

Figure 28.  Known locations of lynx QU05M08 in Wyoming. 



 
 

Figure 29.  Known locations of lynx YK00F11 in Wyoming. 



 
 

Figure 30.  Known locations of lynx YK05M03 in Wyoming. 



 
 

Figure 31.  Known locations of lynx YK06M02 in Wyoming. 



From: Zelenak, Jim
To: Odell - DNR, Eric
Cc: Jake Ivan - DNR; Kurt Broderdorp
Subject: Re: Bark Beetles
Date: Wednesday, April 19, 2017 11:40:25 AM

Thanks Eric and Jake.

Again, I really appreciate you making the time to thoughtfully consider and respond to this request.  This will help
us improve our current and future conditions sections in the final SSA for Unit 6.

I've copied Kurt because I think he will also find this helpful.

Cheers!

On Wed, Apr 19, 2017 at 11:22 AM, Odell - DNR, Eric <eric.odell@state.co.us> wrote:
Hi Jim-
Jake and I have discussed, and have the following to share... 

We think it might be characterized as the functional lynx habitat in Colorado (multi-layer spruce/fir forest)
has been impacted greatly by the spruce beetle outbreak, both in extent and severity of impacts to those
forests (hard to argue that the extent is not significant, or the impact on the ground when in many places,
over 80% overstory mortality).  However, there is still lynx habitat in the state that has yet to be hit yet,
although that appears to be only a matter of time (another 5-10 years).  All of that said, while the impact has
been severe in certain respects, it's impact to lynx does not appear to be overly severe, at least at present as
far as we can tell. There has been a resultant increase in ground cover component of habitat in the affected
areas, and this may, over time, enhance hare and therefore lynx habitat in the area. The timeframe for this
recovery is not yet entirely clear, but it doesn't appear to be an extirpation level event, at least with the
information currently available. 

Whether or not it was a single epidemic or an event that occurred over a couple of years seems a semantic
argument. Not sure that it really matters what it is called. If pressed, it could be called it a single, slow-
moving, long-lasting event.  Mostly, we feel it should be called a large-scale impact that has largely served to
reset succession in much of the older spruce/fir habitat in the state.

We would be hesitant to call it a catastrophic event, as we have demonstrated that lynx continue to occupy
areas where beetle kill has occurred. Whether that's catastrophic is a matter of perspective...  We don't think
it's been catastrophic to lynx, at least as far as we can tell with the information at hand. If you make your
living taking pretty pictures of pristine montane landscapes, it's probably catastrophic!

From the literature, it's both an outbreak (any sort of increase in beetle activity) and epidemic (far beyond
the normal "background" level of activity). The general consensus is thought to be that it is unprecedented in
human history (and a little beyond - they have pieced together beetle outbreaks from growth rings as well
that go back 500-600 years) in scope, extent, duration, and simultaneous outbreaks occurring among several
species (mountain pine beetle, doug-fir beetle, pinyon ips, etc.) .  No one knows for sure whether it's
unprecedented ever.  It's a big event for sure.

 

Most importantly, and to your point, we do not have reason to believe that this would cause the extirpation
of lynx from western Colorado. The only thing that presents some potential concern is that it appears that
there may be a negative impact on squirrels.  So, in the perfect storm of events in which hare numbers are
low, lynx may not be able to turn to squirrels like they normally would, and if we were get another large fire
in the precisely wrong spot (i.e., all of our best stuff from Silverton to Rio Grande Reservoir and over to
Telluride goes up in flames), that could be bad enough to start the ball rolling toward extirpation. Lots of bad
things would need to happen simultaneously, though, and bark beetles are just one piece of that.  Even with
this, extirpation may be too strong a word. That all seems theoretically possible, but very low probability.

mailto:jim_zelenak@fws.gov
mailto:eric.odell@state.co.us
mailto:Jake.ivan@state.co.us
mailto:kurt_broderdorp@fws.gov
mailto:eric.odell@state.co.us


Hope that this helps, and please let me know if you have any other questions!

Eric

On Tue, Apr 18, 2017 at 8:23 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Do you guys agree with this statement:

"the functional lynx habitat in Colorado was actually impacted by a single catastrophic event - bark beetles."

Was all the functional lynx habitat in CO simultaneously impacted by a single beetle epidemic? Or if not
simultaneously, was it still a single event (outbreak), say in the San Juans, that spread across the lynx habitat
over a couple of years?

The attached doc, Fig 2, seems to indicate a 17-year progression in large areas (but perhaps not ALL) of lynx
habitat.  Do you consider this a single catastrophic event?

Or do experts consider it multiple events over multiple years?

Hard to decipher from the attached, though there it is referred to as an epidemic, not as an outbreak - does that
mean it is historically unprecedented in scope, extent, duration?

Regardless of whether it is considered a single catastrophe or multiple events over time, do you think it has the
potential to result in extirpation of lynx throughout western Colorado? 

Appreciate any thoughts you are willing to share.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Eric Odell
Species Conservation Program Manager
Terrestrial Section

P 970.472.4340  |  F 970.472.4458  |  C 970.217.3915
317 West Prospect Road, Fort Collins, CO 80526
eric.odell@state.co.us  |  cpw.state.co.us

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office

mailto:jim_zelenak@fws.gov
tel:(406)%20449-5225
mailto:jim_zelenak@fws.gov
mailto:eric.odell@state.co.us
http://www.cpw.state.co.us/


585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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March 14, 2017  John Squires 

A Current Science Synthesis and an Advancement of Disturbance Ecology for Canada Lynx  
 

Background: In 2013 we initiated an integrated research program to address the most pressing issues 
facing Region 1 concerning Canada lynx.  We developed the analytical technology to map forest 
structures and canopy compositions necessary to delineate lynx and snowshoe hare habitat at a 
landscape scale across the region.  We developed spatial layers to map horizontal cover because it is the 
environmental feature that is most predictive of snowshoe hare and lynx resource-use.  We provided a 
revised map of lynx habitat across the Northern Rocky Mountains (hereafter Northern Rockies) and 
provided the first spatial map for snowshoe hares.  We then developed models that evaluated how lynx 
respond to changes in forest structure classes, the first time this was accomplished for the species and 
providing unprecedented understandings in Region 1. We are currently constructing models that 
evaluate if forest silviculture can be used as a tool to speed the recovery of lynx habitat following 
disturbance and how lynx respond to habitat mosaics in terms of their demography.  Finally, Canada lynx 
habitat was broadly mapped at the time of federal listing in 2000. Thus, management prescriptions are 
currently the same in secondary-defined habitat that has less chance of lynx occupancy as they are in 
core habitat that is central to the species’ conservation and management.  We received funding from 
RIM in 2016 to develop statistical models that provide a more refined definition of lynx habitat within an 
analytical framework that is both scientifically defensible and informs lynx conservation.  These past 
research accomplishments have greatly improved our ability to manage lynx habitat in the Northern 
Rockies, but it is imperative these insights are readily understandable and available to forest managers. 

We spent over a decade developing science related to lynx management in the Northern Rockies since 
the species was federally listed in 2000.  Recent research accomplishments that stemmed from RIM 
funding have greatly added to new knowledge concerning the scientific basis for lynx conservation and 
management in Region 1.  These scientific advancements have created a pressing need to synthesize 
knowledge of lynx management in Region 1 through an effective technology transfer to National Forest 
System across spatial and temporal scales, and through metrics most useful to applied forestry and 
species conservation.  This synthesis may inform the need for changes in management direction 
provided in the Northern Rockies Lynx Management Direction to ensure that best management 
practices are implemented in ways consistent with new science. 

Previous RIM funding allowed us to map annual changes in structure classes across the distribution of 
lynx in Region 1 between 1973 and 2015. We are currently using these data to evaluate lynx response to 
forest silviculture and temporal changes of forest structure in landscape mosaics relative to forest 
management.  However, these data also will allow us to evaluate how forest structure has changed in 
Region 1 and especially how fire and post-fire treatment is increasingly an issue for lynx management.  
There is a need to evaluate forest structure changes relative to lynx resource-use and these data allow 
us to extend these understandings.  Related is the need to use our existing lynx habitat map (earlier RIM 
funds) to estimate potential population densities within the Northern Rockies.  These density estimates 
not only are needed for species recovery planning by the US Fish and Wildlife Service, but also help the 
Forest Service spatially prioritize and evaluate the species’ vulnerability to natural and anthropogenic 
change across Region 1.  

Proposed Scope & Components: 

1) National Forest System voiced the need for us to author a General Technical Report (GTR) that 
reviews and synthesizes all science understandings of lynx ecology as related to land-

Comment [ZJ1]: Where do these products 
reside?  I need copies. 
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this mapping reside and how can I get it? 
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useful but are not necessarily USFWS’s highest 
priority information need. For example, a 
rigorous PVA that evaluates several rates of 
immigration may be more useful. 



March 14, 2017  John Squires 

management challenges in Region 1.  We best serve National Forest System when our research 
is of the quality to publish in peer-reviewed journals that reach and inform broad national 
audiences.  However, we recognize that published science venues are limited by stringent space 
guidelines and levels of detail.  Therefore, a GTR would allow us to provide a context to current 
scientific advancements within a framework most accessible to applied forest management.  
Potential topics would include: 1 ) define the stand-level forest metrics that are quantified 
relative to lynx denning and foraging habitat in metrics most consistent with current forest 
silviculture; 2) illustrate how recent advances in lynx habitat mapping and resource-use 
probability surfaces can inform project and landscape-level forest planning; 3) discuss how new 
understandings of lynx response to landscape mosaics from Kosterman’s work and our current 
evaluation of forest mosaics (previous RIM funding) relate to lynx management directions as 
currently defined, and present how lynx respond to forest silviculture within a context of 
creating or maintaining landscape mosaics that are consistent with lynx conservation; and 4) 
define landscape level forest metrics to enable monitoring of forest structure that supports lynx 
using FIA data to fold into the R1 Broad-Scale Monitoring Strategy. 

2) Land managers will increasingly deal with challenges when developing management decisions if 
they do not consider the influence of changing climate and wildfire.  For instance, within the 
distribution of Canada lynx in the Northern Rockies, the footprint of wildfire has increased 130% 
in recent years.  This change in wildfire has substantially altered forest structure, which is a 
critical component of lynx habitat.  Further, snow extent and depth are projected to decline 
within the Northern Rockies, which could have serious implications on the distribution of both 
snowshoe hares and Canada lynx.  Thus, land managers need to know how climate and wildfire 
are projected to influence lynx habitat, and what management tools they have to help conserve 
lynx.  We will use the 42 structure maps (covering 1973-2015) that we created as part of 
previous RIM funding to determine how the configuration and distribution of lynx habitat has 
changed over time in association with increasing wildfire and other disturbances. 

3) Building on our FY2016 deliverable from RIM (i.e., region-wide habitat map), we will combine 
our region-wide habitat map with our field estimates of lynx territories to estimate potential 
population densities in the Northern Rockies.  This will allow us to spatially characterize 
potential lynx density across large scales, which would provide a means for prioritization at 
multiple levels (e.g., LAU, Ranger District, and National Forest).  This analytical approach was 
recently applied to grizzly bears in Canada and mountain lions in Montana.   

4) Finally, we will evaluate what landscape-level management actions (e.g., timber harvests) 
sustain lynx populations yet reduce the potential impact of wildfires.  This analysis will build on 
FY2015 deliverables from RIM (i.e., assessing how lynx reproduction is related to mosaics of 
forest structure).  We will work with RMRS fire scientists to characterize burn metrics (e.g., 
ignition probabilities, spread, and severity) associated with the mosaic of forest structure 
important for female lynx.  We will then simulate how the size, arrangement, and timing of 
forest management actions could reduce fire metrics while also facilitating successful 
reproduction by female lynx.    

 Deliverables:  FY 2018: 1) $75k: General Technical Report on habitat relationships and management of 
Canada lynx in the Northern Rockies, FY 2019: 2) $35k - assessment of how lynx habitat has changed as 
a result of fire, 3) $35k - a region-wide map characterizing potential lynx densities, and 4) $25k - 
recommendations on how to reduce risk of wildfire while conserving Canada lynx. 
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Order Statement of Work 
Peer Review (without attribution) of the Scientific Findings in  

U.S. Fish and Wildlife Service’s Species Status Assessment for the contiguous United States 
distinct population segment (DPS) of the Canada lynx (Lynx canadensis). 

 
Date: July 15, 2016 

 
1. Introduction/Background  
The U.S. Fish and Wildlife Service (Service) has conducted a species status assessment (SSA) as 
a first step to understand the current status of the contiguous United States distinct population 
segment (DPS) of the Canada lynx (Lynx canadensis), currently listed as threatened under the 
Endangered Species Act (Act).  The SSA is intended to inform and streamline the court-ordered 
recovery plan (due January15, 2018), assuming such a plan is deemed necessary. The SSA report 
will also serve as the basis for the five-year status review (initiated in 2007; 72 FR 19549) 
required under the Act and would also provide the scientific foundation to support future 
rulemaking in accordance with the Act should the five-year review indicate that a change in the 
DPS’s listing status is warranted.  
 
The Service designated lynx in the contiguous U.S. as a DPS and listed it as threatened under the 
Act in 2000 because of the inadequacy, at that time, of existing regulatory mechanisms.  
Specifically, at that time the Service believed that most lynx and lynx habitats occurred on 
national forests, and that the Land and Resource Management Plans that guided management of 
those forests included “...programs, practices, and activities within the authority and jurisdiction 
of Federal land management agencies that may threaten lynx or lynx habitat.  The lack of 
protection for lynx in these Plans render them inadequate to protect the species” (65 FR 16052).  
 
Currently, there are five geographic areas known to support resident lynx populations in the 
DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana 
and northeastern Idaho; north-central Washington; and western Colorado.  After statewide 
surveys conducted in 1978-1997 suggested the absence of viable resident lynx populations in 
Colorado, the State, from 1999 to 2006, released 218 lynx captured in Canada and Alaska into 
southwest Colorado to establish the current resident population.  Additionally, the Greater 
Yellowstone Area (GYA) of southwestern Montana and northwestern Wyoming is believed 
historically (and as recently as 2003-04) to have supported a small but relatively persistent lynx 
population, but it is uncertain whether it currently supports any resident lynx.  
 
In accordance with the Service peer review policy, we are requesting peer review of this species 
status assessment (SSA). 
 
2.  Description of Review 
 
We are seeking peer review of this species status assessment (SSA). The purpose of the review is 
to help us ensure that we have used the best scientific and commercial information when we 
make our final decision as to the current status of the lynx. Thus, we are looking for independent 
scientific perspectives on the comprehensiveness and logic of the document, as well as how well 
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the technical conclusions are supported by the data and analyses. Peer reviewers should be 
advised that they are not to provide advice on policy.  
 
3.  Methods, Protocols and/or Scientific Standards 
The selection of participants in a peer review is based on expertise, with due consideration of 
independence and conflict of interest (OMB –IQ bulletin for Peer Review). The most important 
factor in selecting reviewers is expertise: ensuring that the selected reviewer has the knowledge, 
experience, and skills necessary to perform the review. The independent peer reviewers shall be 
experienced senior-level ecologists, carnivore biologists, population modelers, and/or furbearer 
managers who have previously conducted similar reviews or regularly provided reviews of 
research and conservation articles for the scientific literature. Reviewers must be well-versed in 
the demographic management of mammals, preferably lynx or other carnivores. While expertise 
is the primary consideration, reviewers should also be selected to represent a diversity of 
scientific perspectives relevant to the subject.  
 
Potential conflicts of interest include: employment or affiliation with the Service, the States, the 
Interagency Lynx Conservation Team, the Western Governors Association; peer reviewers who 
have offered a public opinion or a statement either for or against delisting; and peer reviewers 
directly or indirectly employed by or associated in any way with any organization that has either 
litigated the federal government concerning lynx or taken a position on one side or the other 
about recovery and listing of lynx. The contractor will be responsible for assigning an 
experienced, senior and well-qualified manager to lead this review and for the selection of 3-5 
well-qualified, objective, independent reviewers (a minimum of 3 individuals must provide 
review; more is preferred).  The expertise of qualified reviewers shall include at least 2 reviewers 
who meet criteria 1 and 2 and 4 below, and at least one reviewer who meets criteria 1 and 3 and 
4: and representative of the DPS range of lynx including northeastern US, the Midwest, the 
Rocky Mtns and Canada.  
 
1. A Ph.D. or an M.S. (with significant experience) in Wildlife Biology/Ecology, Ecology, or 

Wildlife Management or other related fields as long as they meet the other qualifications 
below. 

2. Demonstrated experience working with the management of carnivores, especially lynx or 
other furbearers, and wildlife population management. 

3. Expert knowledge of wildlife biology, wildlife management, demographic management of 
mammals (especially carnivores), wildlife population dynamics, and/or wildlife 
population modeling, as well as being generally versed in available literature on lynx and 
other carnivores, boreal forest systems, and changes in climate within boreal forest 
systems.   

4. Expert knowledge of boreal forest ecosystems and effects of climate change within those 
ecosystems within Canada and the US is preferred.     

5. Experience as a peer reviewer for scientific publications. 
 
In addition, the reviewers must have no financial or other conflicts of interest with the outcome 
or implications of the report (reviewers should not be currently employed by the Service, State 
agencies within the lynx DPS range, or employed by (or contracted by) any organization that has 
either litigated or taken a position on lynx listing or recovery.   



  

Page 3 of 7 
 

  
The Service will have an opportunity to seek clarification on any review comments through the 
contractor (Task 003.1), for a period of 10 days, starting 60 days after the Service receives the 
reviews from the contractor. 
 
Peer Reviewers will provide individual, written responses. Peer Reviewers should be advised 
that their reviews, including their names and affiliations, will (1) be included in our 
administrative record, and (2) will be made available to the public.  We will summarize and 
respond to the issues raised by the peer reviewers in the record.   
 
Collectively, the review should cover, but not be limited to, the topics listed below. Individual 
reviewers should, at their own discretion, provide comments, criticisms, and ideas about any of 
the topics they feel qualified to comment on. The most valuable reviews will focus on how 
thoroughly and logically the topics have been treated, and how well the conclusions are 
supported by the data and analyses. Not all reviewers are required to address all issues noted 
below. Reviewers should comment on areas within their expertise, and may choose to abstain 
from other areas including restricting your technical comments to your area of expertise, but feel 
free to render opinions or raise questions about larger scientific issues that may be relevant.  To 
the extent possible, justify your comments with supporting evidence just as you would do when 
presenting your own scientific work.  Please do not refrain from offering relevant opinions, but 
also label them as such.  Test your comments for fairness, objectivity and tone of delivery by 
asking yourself if you would be comfortable presenting your comments, face-to-face, to the 
author and a panel of your peers. 
 
Questions for Peer Review 
 

Available Data  
 

1. Please identify any oversights or omissions of data or information, and their relevance to 
the assessment. Are there others sources of information or studies that were not included 
that are relevant to assessing the viability of this species? What are they are how are they 
relevant?  

 
2. Provide advice on the overall strengths and limitations of the scientific data used in the 

document. Have the authors been explicit about assumptions and limitations of, and 
concerns regarding, the data, and are these appropriately qualified or explained? Are 
there concerns that the Service did not identify, and if so, how relevant are these concerns 
to the assessment of viability of lynx in the contiguous U.S.? Are there any 
inconsistencies in how the data are presented or assessed?  

 
Analysis of Available Data 

 
3. Have the assumptions and methods used in the SSA report been clearly and logically 

stated in light of the best available information? If not, please identify the specific 
assumptions and methods that are unclear or illogical. 
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4. Are there demonstratable errors of fact or interpretation? Have the authors of the SSA 
report provided reasonable and scientifically sound interpretations and syntheses from the 
scientific information presented in the report? Are there instances in the SSA report 
where a different but equally reasonable and sound interpretation might be reached that 
differs from that provided by the Service? If any instances are found where this is the 
case, please provide the specifics regarding those particular concerns. 

 
5. Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have 

the scientific uncertainties present given the data and the analyses conducted been clearly 
identified and has the degree of uncertainty been appropriately characterized? If not, 
please identify any specifics concerns. 

 
Text to be added to correspondence with Peer Reviewers:  
 
The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is 
using to improve transparency while conducting listing determinations and other Act actions, 
and peer review of our analyses of the viability of species is part of that new process.  As you 
will see, the attached draft SSA report is a rough draft; we are seeking your comments at this 
stage to ensure that we have time to incorporate any substantial comments as we finalize the 
report. 
 
As you review the document, please note that this draft SSA report does not result in or 
predetermine a decision by the Service on whether the Canada lynx warrants protections of the s 
Act.  This document is strictly a characterization of the viability species’ viability in the 
contiguous United States. 
 
As a reminder, all peer reviews and comments will be public documents, and portions may be 
incorporated verbatim into the Service’s final decision Document, should there be one, with 
appropriate credit given to the author of the review.  If you do not want your name to appear in 
a final decision document, as published in the Federal Register, please inform us of this as soon 
as possible.   
 
In general we ask that your comments on the draft SSA report focus specifically on whether the 
best available information was used, the quality of the scientific information,  and our 
interpretation and analyses of the data with regard to the species’ viability in the contiguous 
United States.  We request that you direct your review to the scientific issues and assumptions 
related to your expertise. 
 
 
In accordance with the agreement terms and Performance Work Statement, the contractor(s) is 
(are) reminded of the requirements to protect information and that services shall consist of 
unbiased assessments through proper management and enforcement of scientific integrity 
standards, to avoid any conflict of interest.   
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4.  Required Service (Work) Items - Task Line Item Numbers (TLIN):  As described in the 
agreement’s Performance Work Statement, paragraph 2B, the below TLINs are required in the 
performance of this requirement.  The TLINs are different, but interrelated to the tasks listed in 
task/deliverable and payment schedule: 
TLIN 001: Selecting for peer reviews or review panels, or for task orders to provide scientific 
support.  
TLIN 002: Organizing, structuring, leading, and managing the scientific reviews and task order 
products.  
TLIN 003: Managing and producing a final product. 
TLIN 004: Responding to any follow-up questions from the Service on original review 
comments (not to exceed 10 consecutive days)  
TLIN 005: Maintaining an official record for peer reviews or task orders.  
 
5.  Deliverables 
The following deliverables are in addition to the agreement’s Performance Work Statement  
paragraph 3, which states, “The Contractor shall provide the COR with three key deliverables: 
(1) Proposed Timeline, (2) Original individual scientific reviews and a transmittal letter to the 
Service (to Regional Director, Noreen Walsh), and (3) Complete Official Record.”  
  
There are no additional deliverables.  However, the contractor will be required to respond to 
questions, inquiries, or other related requests after the contract expiration date, and final 
acceptance, as needed.  These request(s) will be by the Contracting Officer Representative (in 
coordination with the Contracting Officer).  Inquiries or requests are limited to the products 
provided, and work performed under this contract (order).  Responses include, but not limited to: 
phone calls, written responses, and/or meetings.  
 
Review comments by the Contracting Officer Representative will be provided to the Contractor 
via the Contracting Officer. 
 
6. Task Schedule.   
The period of performance shall not exceed the contract expiration date without a contract 
modification.  In accordance with the terms of the contract, the contractor shall notify the 
Contracting Officer of any delays. Delays by the Government or Contractor must be rectified by 
accelerating the next deliverable on a one to one basis (i.e., if the delay was 2 days then the next 
deliverable must be submitted 2 days early). Deliverables that fall on a holiday or weekend must 
be delivered on the first work day after the weekend or holiday.  The period of performance 
(contract expiration date) includes all possible holidays or weekend deliveries: 
 

TASK/DELIVERABLE CALENDAR 
DAYSAFTER 
AWARD 

Task 1:  Contracting Officer and COR will provide access 
to materials needed for the review  

 3 

Task 2:  The contractor(s) shall conduct a thorough, 
objective peer review of the Service’s Species Status 
Assessment for the contiguous United States distinct 

 17 (14 days) 
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population segment (DPS) of the Canada lynx (Lynx 
Canadensis)  
Task 3:  The contractor(s) will provide 3-5 expert peer 
reviews and a transmittal letter to the Service (to Regional 
Director, Noreen Walsh)  

22 ( 5 days)  

Task 4:  The project manager facilitates specific follow-up 
questions/answers between the Service and the reviewers 
(task limited to a 10-day period, 60 days after delivering 
initial review comments to the Service).  

32 (10 days )   

Task 5: The contracted project manager will provide all 
applicable official records to the Service project manager  

42 (10 days )  

  
Task 6: The project manager facilitates specific follow-up 
questions/answers between the Service and the reviewers, 
without attribution (task limited to a 10-day period, 30 
days after delivering initial review comments to the 
Service). 

60 (+15 days) 

Task 7:   Final report and official record is submitted to the 
Service  

 70 (+ 10 days) 

   
7.  Official Administrative Record 
The preparation of an official administrative record is required. 
 
8.  Information Sources 
The key information sources and links for this review will include:  (1) the Draft Species Status 
Assessment for the contiguous United States distinct population segment (DPS) of the Canada 
lynx (Lynx Canadensis, (2) the Final Report of the Canada Lynx Expert Elicitation Workshop, 
(3) the revised (Aug. 2013) interagency Lynx Conservation Assessment and Strategy (LCAS).   
 
9.  Payment Schedule:   
 
The payment schedule is as follows:  100 percent upon completion of Task 5 above.   
 
10.  Service Points of Contact:   
Contracting Officer, Mr. Steve Gess (phone: 303-236-4334, or email: steve_gess@fws.gov). 
 
Contracting Officer’s Technical Expert:  Jodi Bush (phone: 406-449-5225, ext.205 or email: 
Jodi_bush@fws.gov  Project Lead: Jim Zelenak, Mailing Address:  585 Shepard Road, Suite 1, 
Helena, MT 59601 Telephone:  406-449-5225, ext. 220 Email:  jim_zelenak@fws.gov 
 
11.  List of Enclosures/Attachments 

1. Species Status Assessment for the contiguous United States distinct population segment 
(DPS) of the Canada lynx (Lynx Canadensis);  

2. Final Report of the Canada Lynx Expert Elicitation Workshop 
3. Revised (Aug. 2013) interagency Lynx Conservation Assessment and Strategy (LCAS).  

 

mailto:steve_gess@fws.gov
mailto:Jodi_bush@fws.gov
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12.  Evaluation Criteria (This paragraph will be deleted upon award) 
This requirement will be awarded based on best value.  Best value will take into consideration 
price (to include the level of effort applied to each major task), approach (to include the labor 
categories, TLINs applied to each major task, and the reviewer’s resumes (lynx or carnivore 
ecologist/researcher/manager/modeler having performed similar reviews) (reference paragraph 
3).   
 
Price must detail cost in accordance with the agreement.  The approach must include a detailed/ 
proposed schedule (timeline), and the disciplines/skill mix of reviewers.  The approach should be 
no more than 2 pages (8 1/2” x 11”, 12 point font), excluding information on costs.  All 
contractors must propose five reviewers.  Be sure to include the discipline/skills of all reviewers 
(e.g., a resume or CV).   
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Order Statement of Work 
Peer Review (without attribution) of the Scientific Findings in  

U.S. Fish and Wildlife Service’s Species Status Assessment for the distinct population segment 
(DPS) of the northern rocky mountain (NRM) fisher (Pekania pennanti). 

 
Date: July 15, 2016 

 
1. Introduction/Background  
The U.S. Fish and Wildlife Service (Service) has conducted a species status assessment (SSA) as 
a first step to understand the current status of the distinct population segment (DPS) of the 
northern rocky mountain (NRM) fisher (Pekania pennanti), currently petitioned for listing under 
the Endangered Species Act (Act).  The SSA is intended to inform and streamline a 12-month 
finding for fisher with a court-ordered deadline of September 31, 2017.  The SSA report will also 
serve as the scientific foundation to support future rulemakings in accordance with the Act 
should the 12-month finding indicate that the DPS’s listing status is warranted.  
 
In 2011, the Service determined that the DPS of NRM fisher was not warranted for listing under 
the Act.  In 2013, the Service was repetitioned to list the DPS of NRM fisher, citing new 
evidence of potential threats to fisher from trapping and poisoning.  In 2016, the Service 
published a 90-day finding indicating that the 2013 petition presented substantial information on 
the potential effects of trapping and poisoning on fisher in the NRM.  The pending 12-month 
finding will incorporate any new information on the status of fisher and their habitat since 2011, 
including the trapping and poisoning information provided in the 2013 petition.  
 
Currently, there is one population of fisher widely distributed across approximately 30,000 km2 
of modeled suitable habitat in northeastern Washington, north central Idaho and western 
Montana.  Abundance estimates are not available for fisher in the NRM.  However, available 
information indicates fisher occupy large home ranges and thus occur at relatively low densities 
in the NRM. 
 
In accordance with the Service peer review policy, we are requesting peer review of this species 
status assessment (SSA). 
 
2.  Description of Review 
 
We are seeking peer review of this species status assessment (SSA). The purpose of the review is 
to help us ensure that we have used the best scientific and commercial information when we 
make our final decision as to the current status of the fisher. Thus, we are looking for 
independent scientific perspectives on the comprehensiveness and logic of the document, as well 
as how well the technical conclusions are supported by the data and analyses. Peer reviewers 
should be advised that they are not to provide advice on policy.  
 
3.  Methods, Protocols and/or Scientific Standards 
The selection of participants in a peer review is based on expertise, with due consideration of 
independence and conflict of interest (OMB –IQ bulletin for Peer Review). The most important 
factor in selecting reviewers is expertise: ensuring that the selected reviewer has the knowledge, 
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experience, and skills necessary to perform the review. The independent peer reviewers shall be 
experienced senior-level ecologists, carnivore biologists, population modelers, and/or furbearer 
managers or scientists who have previously conducted similar reviews or regularly provided 
reviews of research and conservation articles for the scientific literature. Reviewers must be 
well-versed in the demographic management of mammals, preferably fisher or other low density 
forest carnivores. While expertise is the primary consideration, reviewers should also be selected 
to represent a diversity of scientific perspectives relevant to the subject.  
 
Potential conflicts of interest include: employment or affiliation with the Service, the States, the 
Western Governors Association; peer reviewers who have offered a public opinion or a 
statement either for or against listing; and peer reviewers directly or indirectly employed by or 
associated in any way with any organization that has either litigated the federal government 
concerning fisher or taken a position on one side or the other about listing of fisher. The 
contractor will be responsible for assigning an experienced, senior and well-qualified manager to 
lead this review and for the selection of 3-5 well-qualified, objective, independent reviewers (a 
minimum of 3 individuals must provide review; more is preferred).  The expertise of qualified 
reviewers shall include at least 2 reviewers who meet criteria 1 and 2 and 4 below, and at least 
one reviewer who meets criteria 1 and 3 and 4: and representative of the DPS range of fisher 
including Washington, Idaho, and Montana.  
 
1. A Ph.D. or an M.S. (with significant experience) in Wildlife Biology/Ecology, Ecology, or 

Wildlife Management or other related fields as long as they meet the other qualifications 
below. 

2. Demonstrated experience working with the management of carnivores, especially fisher or 
other furbearers, and wildlife population management. 

3. Expert knowledge of wildlife biology, wildlife management, demographic management of 
mammals (especially low density forest carnivores), wildlife population dynamics, and/or 
wildlife population modeling, as well as being generally versed in available literature on 
fisher and other low density forest carnivores, boreal forest systems, and changes in 
climate within boreal forest systems.   

4. Expert knowledge of boreal forest ecosystems and effects of climate change within those 
ecosystems within Canada and the US is preferred.     

5. Experience as a peer reviewer for scientific publications. 
 
In addition, the reviewers must have no financial or other conflicts of interest with the outcome 
or implications of the report (reviewers should not be currently employed by the Service, State 
agencies within the fisher DPS range, or employed by (or contracted by) any organization that 
has either litigated or taken a position on fisher listing.   
  
The Service will have an opportunity to seek clarification on any review comments through the 
contractor (Task 003.1), for a period of 10 days, starting 60 days after the Service receives the 
reviews from the contractor. 
 
Peer Reviewers will provide individual, written responses. Peer Reviewers should be advised 
that their reviews, including their names and affiliations, will (1) be included in our 
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administrative record, and (2) will be made available to the public.  We will summarize and 
respond to the issues raised by the peer reviewers in the record.   
Collectively, the review should cover, but not be limited to, the topics listed below. Individual 
reviewers should, at their own discretion, provide comments, criticisms, and ideas about any of 
the topics they feel qualified to comment on. The most valuable reviews will focus on how 
thoroughly and logically the topics have been treated, and how well the conclusions are 
supported by the data and analyses. Not all reviewers are required to address all issues noted 
below. Reviewers should comment on areas within their expertise, and may choose to abstain 
from other areas including restricting your technical comments to your area of expertise, but feel 
free to render opinions or raise questions about larger scientific issues that may be relevant.  To 
the extent possible, justify your comments with supporting evidence just as you would do when 
presenting your own scientific work.  Please do not refrain from offering relevant opinions, but 
also label them as such.  Test your comments for fairness, objectivity and tone of delivery by 
asking yourself if you would be comfortable presenting your comments, face-to-face, to the 
author and a panel of your peers. 
 
Questions for Peer Review 
 

Available Data  
 

1. Please identify any oversights or omissions of data or information, and their relevance to 
the assessment. Are there others sources of information or studies that were not included 
that are relevant to assessing the viability of this species? What are they are how are they 
relevant?  

 
2. Provide advice on the overall strengths and limitations of the scientific data used in the 

document. Have the authors been explicit about assumptions and limitations of, and 
concerns regarding, the data, and are these appropriately qualified or explained? Are 
there concerns that the Service did not identify, and if so, how relevant are these concerns 
to the assessment of viability of fisher in the DPS? Are there any inconsistencies in how 
the data are presented or assessed?  

 
Analysis of Available Data 

 
3. Have the assumptions and methods used in the SSA report been clearly and logically 

stated in light of the best available information? If not, please identify the specific 
assumptions and methods that are unclear or illogical. 

 
4. Are there demonstrable errors of fact or interpretation? Have the authors of the SSA 

report provided reasonable and scientifically sound interpretations and syntheses from the 
scientific information presented in the report? Are there instances in the SSA report 
where a different but equally reasonable and sound interpretation might be reached that 
differs from that provided by the Service? If any instances are found where this is the 
case, please provide the specifics regarding those particular concerns. 
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5. Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have 
the scientific uncertainties present given the data and the analyses conducted been clearly 
identified and has the degree of uncertainty been appropriately characterized? If not, 
please identify any specifics concerns. 

 
Text to be added to correspondence with Peer Reviewers:  
 
The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is 
using to improve transparency while conducting listing determinations and other Act actions, 
and peer review of our analyses of the viability of species is part of that new process.  As you 
will see, the attached draft SSA report is a rough draft; we are seeking your comments at this 
stage to ensure that we have time to incorporate any substantial comments as we finalize the 
report. 
 
As you review the document, please note that this draft SSA report does not result in or 
predetermine a decision by the Service on whether the NRM fisher warrants protections of the 
Act.  This document is strictly a characterization of the species’ viability in the DPS. 
 
As a reminder, all peer reviews and comments will be public documents, and portions may be 
incorporated verbatim into the Service’s final decision Document, should there be one, with 
appropriate credit given to the author of the review.  If you do not want your name to appear in 
a final decision document, as published in the Federal Register, please inform us of this as soon 
as possible.   
 
In general we ask that your comments on the draft SSA report focus specifically on whether the 
best available information was used, the quality of the scientific information, and our 
interpretation and analyses of the data with regard to the species’ viability in the DPS.  We 
request that you direct your review to the scientific issues and assumptions related to your 
expertise. 
 
In accordance with the agreement terms and Performance Work Statement, the contractor(s) is 
(are) reminded of the requirements to protect information and that services shall consist of 
unbiased assessments through proper management and enforcement of scientific integrity 
standards, to avoid any conflict of interest.   
 
 
4.  Required Service (Work) Items - Task Line Item Numbers (TLIN):  As described in the 
agreement’s Performance Work Statement, paragraph 2B, the below TLINs are required in the 
performance of this requirement.  The TLINs are different, but interrelated to the tasks listed in 
task/deliverable and payment schedule: 
TLIN 001: Selecting for peer reviews or review panels, or for task orders to provide scientific 
support.  
TLIN 002: Organizing, structuring, leading, and managing the scientific reviews and task order 
products.  
TLIN 003: Managing and producing a final product. 
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TLIN 004: Responding to any follow-up questions from the Service on original review 
comments (not to exceed 10 consecutive days)  
TLIN 005: Maintaining an official record for peer reviews or task orders.  
5.  Deliverables 
The following deliverables are in addition to the agreement’s Performance Work Statement  
paragraph 3, which states, “The Contractor shall provide the COR with three key deliverables: 
(1) Proposed Timeline, (2) Original individual scientific reviews and a transmittal letter to the 
Service (to Regional Director, Noreen Walsh), and (3) Complete Official Record.”  
  
There are no additional deliverables.  However, the contractor will be required to respond to 
questions, inquiries, or other related requests after the contract expiration date, and final 
acceptance, as needed.  These request(s) will be by the Contracting Officer Representative (in 
coordination with the Contracting Officer).  Inquiries or requests are limited to the products 
provided, and work performed under this contract (order).  Responses include, but not limited to: 
phone calls, written responses, and/or meetings.  
 
Review comments by the Contracting Officer Representative will be provided to the Contractor 
via the Contracting Officer. 
 
6. Task Schedule.   
The period of performance shall not exceed the contract expiration date without a contract 
modification.  In accordance with the terms of the contract, the contractor shall notify the 
Contracting Officer of any delays. Delays by the Government or Contractor must be rectified by 
accelerating the next deliverable on a one to one basis (i.e., if the delay was 2 days then the next 
deliverable must be submitted 2 days early). Deliverables that fall on a holiday or weekend must 
be delivered on the first work day after the weekend or holiday.  The period of performance 
(contract expiration date) includes all possible holidays or weekend deliveries: 
 

TASK/DELIVERABLE CALENDAR 
DAYS AFTER 
AWARD 

Task 1:  Contracting Officer and COR will provide access 
to materials needed for the review  

 3 

Task 2:  The contractor(s) shall conduct a thorough, 
objective peer review of the Service’s Species Status 
Assessment for distinct population segment (DPS) of 
northern rocky mountain (NRM) fisher (Pekania pennanti)  

 24 (21 days) 

Task 3:  The contractor(s) will provide 3-5 expert peer 
reviews and a transmittal letter to the Service (to Regional 
Director, Noreen Walsh, cc: James Boyd)  

29 ( 5 days)  

Task 4:  The project manager facilitates specific follow-up 
questions/answers between the Service and the reviewers 
(task limited to a 10-day period, 60 days after delivering 
initial review comments to the Service).  

39 (10 days )   

Task 5: The contracted project manager will provide all 
applicable official records to the Service project manager  

49 (10 days )  
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Task 6: The project manager facilitates specific follow-up 
questions/answers between the Service and the reviewers, 
without attribution (task limited to a 10-day period, 30 
days after delivering initial review comments to the 
Service). 

66 (+15 days) 

Task 7:   Final report and official record is submitted to the 
Service  

 76 (+ 10 days) 

   
7.  Official Administrative Record 
The preparation of an official administrative record is required. 
 
8.  Information Sources 
The key information source and link for this review will include:  (1) the Draft Species Status 
Assessment for the distinct population segment (DPS) of the northern rocky mountain (NRM) 
fisher (Pekania pennant), (2) the fisher stakeholder meeting reports, and (3) the 2016 northern 
rocky mountain (NRM) fisher Petition.   
 
9.  Payment Schedule:   
 
The payment schedule is as follows:  100 percent upon completion of Task 5 above.   
 
10.  Service Points of Contact:   
Contracting Officer, Mr. Steve Gess (phone: 303-236-4334, or email: steve_gess@fws.gov). 
 
Contracting Officer’s Technical Expert:  Jodi Bush (phone: 406-449-5225, ext.205 or email: 
Jodi_bush@fws.gov  Project Lead: Jim Boyd, Mailing Address:  204 W. Folsom Street, White 
Sulphur Springs, MT 59645 Telephone:  406-547-6008 Email:  james_boyd@fws.gov 
 
11.  List of Enclosures/Attachments 

1. Species Status Assessment for the distinct population segment (DPS) of the northern 
rocky mountain (NRM) fisher (Pekania pennanti);  

2. Fisher stakeholder meeting reports, 
3. 2016 northern rocky mountain (NRM) fisher Petition   

 
 
12.  Evaluation Criteria (This paragraph will be deleted upon award) 
This requirement will be awarded based on best value.  Best value will take into consideration 
price (to include the level of effort applied to each major task), approach (to include the labor 
categories, TLINs applied to each major task, and the reviewer’s resumes (fisher or carnivore 
ecologist/researcher/manager/modeler having performed similar reviews) (reference paragraph 
3).   
 
Price must detail cost in accordance with the agreement.  The approach must include a detailed/ 
proposed schedule (timeline), and the disciplines/skill mix of reviewers.  The approach should be 
no more than 2 pages (8 1/2” x 11”, 12 point font), excluding information on costs.  All 

mailto:steve_gess@fws.gov
mailto:Jodi_bush@fws.gov
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contractors must propose five reviewers.  Be sure to include the discipline/skills of all reviewers 
(e.g., a resume or CV).   



From: Bush, Jodi
To: Dennis Mackey; Kathleen Hendricks
Subject: Statement of Work for 2 Peer Reviews
Date: Thursday, April 20, 2017 1:52:25 PM
Attachments: 20170406 SOW Peer Review Fisher SSA.doc

Final SOW Lynx SSA_July 15 2016 (2).doc

As we discussed.  A little pricey.  Our Regional Contractor on this is Steve Gess if you want to
reach out to him on it.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:dennis_mackey@fws.gov
mailto:kathleen_hendricks@fws.gov


From: Cummings, Jonathan
To: Zelenak, Jim
Subject: Re: Time for a quick call?
Date: Friday, April 21, 2017 12:14:58 PM

Hi Jim,

Sorry for the delayed response, we're in the final push to put the lesser prairie chicken report
together.  Would Monday work?  I'm open until 3pm eastern time.

On Mon, Apr 17, 2017 at 12:29 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Jonathan,

I'm working on responses to peer review comments on the lynx SSA and wanted to touch base with regarding
interpretation of you bar graphs and probabilities of persistence and extirpation.

Also wanted to see if you might have time to edit the expert graphs as we discussed when we all called you from
the Denver decision meeting - to adjust the gray area to reflect "median uncertainty" (area between the red and
blue lines) rather than capturing all the individual probabilities.

Let me know if you have a few minutes to talk and if so when would be a good time to call.

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jonathan W. Cummings, PhD
Research Ecologist
USGS - Patuxent Wildlife Research Center (remotely located)
12100 Beech Forest Road
Laurel, MD 20708 USA
jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings

Remote Contact Info:
Ph: 802-999-8684
243 Locust St
Dover, NH 03820

mailto:jwcummings@usgs.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jwcummings@usgs.gov
https://profile.usgs.gov/jwcummings


From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp; Jodi Bush; Justin Shoemaker
Bcc: Lori Nordstrom/R6/FWS/DOI; Shawn Sartorius; Ted Swem; Fahey, Bridget; Brian Millsap; Anne Vandehey; Brent

Esmoil; Doug Powell
Subject: What"s wrong with this?
Date: Tuesday, April 25, 2017 1:46:44 PM

Ya know, it is annoying but understandable (even occasionally amusing) when other organizations make this kind of
mistake, but when it's us - the agency that prides itself on it's scientific credibility - it's pretty bad (also infuriating
and, to my mind, unacceptable).  Why can't these pieces be run by biologists before they are posted for the world to
see?

I have not seen this series of stories before:

https://www.fws.gov/home/climatechange/stories505050.html

But apparently this one - with the bobcat photo identified as a lynx - has been posted there
since June of 2011:

https://www.fws.gov/news/blog/index.cfm/2011/6/28/Colorado-Partners-Work-to-Offset-
Effects-of-Shrinking-Snowpack

We shouldn't just grab a photo off flicker and assume it correctly identifies the species.

I'm sure our friends and colleagues at Colorado Parks and Wildlife would be happy to provide
us with a picture of an actual Colorado lynx to use to replace the one that is obviously a
bobcat.

On the other hand, if that is what passes for a lynx in Colorado, it would help explain some of
the differences of opinion I've had with some folks there... 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:lori_nordstrom@fws.gov
mailto:shawn_sartorius@fws.gov
mailto:ted_swem@fws.gov
mailto:bridget_fahey@fws.gov
mailto:brian_a_millsap@fws.gov
mailto:cooks@3riversdbs.net
mailto:brent_esmoil@fws.gov
mailto:brent_esmoil@fws.gov
mailto:doug_powell@fws.gov
https://www.fws.gov/home/climatechange/stories505050.html
https://www.fws.gov/news/blog/index.cfm/2011/6/28/Colorado-Partners-Work-to-Offset-Effects-of-Shrinking-Snowpack
https://www.fws.gov/news/blog/index.cfm/2011/6/28/Colorado-Partners-Work-to-Offset-Effects-of-Shrinking-Snowpack
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: Cancelled: Lynx SSA State/Federal Partner Coordination Call
Date: Wednesday, April 26, 2017 8:08:16 AM

Thanks - I know the date but didn't want to put it out there in case it changes.

On Wed, Apr 26, 2017 at 8:04 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
its may 12 but your answer is good. 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Apr 26, 2017 at 7:48 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Not yet Jim.  We are working to schedule that with the Regional Directors and Assistant RDs, hopefully in the
next few weeks.

On Wed, Apr 26, 2017 at 7:44 AM, Connolly, James <James.Connolly@maine.gov>
wrote:

Did the second meeting of the directorate occur to review the SSA and the additional
peer review reports and confirm what their recommendation was going to be?  

James Connolly 
Director, Bur. Resource Management
Maine Dept Inland Fisheries & Wildlife
41 State House Station
Augusta ME 04333-0041
(207) 287-5259

From: Zelenak, Jim <jim_zelenak@fws.gov>
Sent: Wednesday, April 26, 2017 9:41:47 AM
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric;
Moore,Virgil; Dustin Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam
Eaton; rita.dixon@idfg.idaho.gov; Woodcock, Chandler; Connolly, James; Vashon, Jennifer;
moritzw@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov;
commissioner.dnr@state.mn.us; jim.leach@state.mn.us; Paul.Telander@state.mn.us; Baker,
Richard (DNR); Erb, John D (DNR); JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe;
seggeman@mt.gov; Baty, Ross; glenn.normandeau@wildlife.nh.gov;
Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov;
William.Staats@wildlife.nh.gov; Patrick.Tate@wildlife.nh.gov;
alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us; rick.winslow@state.nm.us;
Stuart, James N., DGF; sean.murphy@state.nm.us; michael.schiavone@dec.ny.gov;
doug.stang@dec.ny.gov; curt.melcher@state.or.us; derek.j.broman@state.or.us; Gregory
Sheehan; Kimberly Hersey; louis.porter@state.vt.us; mark scott; Bernier, Chris;
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mailto:JTubbs@mt.gov
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mailto:louis.porter@state.vt.us


director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke, Benjamin T (DFW);
cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov; Sanjay.Olson@wisconsin.gov;
Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M -
DNR; Rossler, Shawn T - DNR; David.MacFarland@wisconsin.gov; John.White@wisconsin.gov;
scott.talbot@wyo.gov; Bob Lanka; Zack Walker; Nichole Bjornlie; Susan Patla; Rick Kahn;
Jackson, Scott -FS; Hanvey, Gary -FS; Tripp, Kim; Christopher Boone; Sparks, James; Jonathan
Mawdsley; Kilborn, Jillian
Cc: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt;
Kurt Broderdorp; Mark McCollough; Tamara Smith; Anna Harris; Brady McGee; Jeffrey Dillon;
Lisa Solberg Schwab; Ann Timberman; Brad Thompson; Chris Mensing; David Stilwell; David
Simmons; Drue DeBerry; Eric Rickerson; Grant Canterbury; Jeff Krupka; Szymanski, Jennifer;
Karen Cathey; Karl Halupka; Kate Novak; Kathleen Hendricks; Larry Crist; Laura Ragan; Leslie
Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Patricia Zenone;
Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue
Livingston; Tom Chapman; Tom McDowell; Tyler Abbott; Dennis Mackey; Marjorie Nelson;
Lori Nordstrom/R6/FWS/DOI; Paul Phifer; Michael Thabault; Kurz, Gregg
Subject: Cancelled: Lynx SSA State/Federal Partner Coordination Call
 
Hi All:

We are cancelling today's scheduled coordination call.  Not much to report other than that we continue to
work to address peer and partner review comments and draft the final SSA.

Our next regularly scheduled call would be Wed., May 31.  I will send a reminder ahead of that one.

As always, feel free to email or call me if you have questions .

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Connolly, James
Cc: Jodi Bush
Subject: Re: Cancelled: Lynx SSA State/Federal Partner Coordination Call
Date: Wednesday, April 26, 2017 8:26:22 AM

That is mostly correct, Jim, except that the final SSA report will continue to be just about the science - it will not be
written or used to "support" or "justify" the recommendation.  It will provide the scientific information that decision
makers will consider when making the recommendation, but it will remain strictly about the science, not about
policy or policy determinations, and it will not take a position on those things.

My understanding is that the 5-year status review, which also will rely heavily on the final SSA, will be the
Service's formal announcement of it's recommendation regarding the ESA status of the DPS.

You are correct that any recommended change in ESA status would require subsequent rule making - publication of
a proposed rule followed by peer review and public comment, then publication of a final rule, 30 days after which
any change would become effective.

I've copied Jodi, who has much more experience with these things than I do, in case anything I've said here requires
clarification.

Hope this helps.

Jim  

On Wed, Apr 26, 2017 at 8:10 AM, Connolly, James <James.Connolly@maine.gov> wrote:
It was my understanding that after this second meeting the Service will have decided what
the recommendation will be for lynx listing.  The finalized SSA and the five year review
will support and elaborate on the information and analyses that justify that recommendation.
  I understand any actual listing decision other than staying the course at threatened must go
through a separate rule making process before it changes anything.   Is that correct?  Jim

James Connolly 
Director, Bur. Resource Management
Maine Dept Inland Fisheries & Wildlife
41 State House Station
Augusta ME 04333-0041
(207) 287-5259

From: Zelenak, Jim <jim_zelenak@fws.gov>
Sent: Wednesday, April 26, 2017 9:48:52 AM
To: Connolly, James
Cc: Jodi Bush
Subject: Re: Cancelled: Lynx SSA State/Federal Partner Coordination Call
 
Not yet Jim.  We are working to schedule that with the Regional Directors and Assistant RDs, hopefully in the
next few weeks.

On Wed, Apr 26, 2017 at 7:44 AM, Connolly, James <James.Connolly@maine.gov> wrote:
Did the second meeting of the directorate occur to review the SSA and the additional peer
review reports and confirm what their recommendation was going to be?  

mailto:jim_zelenak@fws.gov
mailto:James.Connolly@maine.gov
mailto:jodi_bush@fws.gov
mailto:James.Connolly@maine.gov
mailto:jim_zelenak@fws.gov
mailto:James.Connolly@maine.gov


James Connolly 
Director, Bur. Resource Management
Maine Dept Inland Fisheries & Wildlife
41 State House Station
Augusta ME 04333-0041
(207) 287-5259

From: Zelenak, Jim <jim_zelenak@fws.gov>
Sent: Wednesday, April 26, 2017 9:41:47 AM
To: bob.broscheid@state.co.us; craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric;
Moore,Virgil; Dustin Miller (dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam
Eaton; rita.dixon@idfg.idaho.gov; Woodcock, Chandler; Connolly, James; Vashon, Jennifer;
moritzw@michigan.gov; bumpa@michigan.gov; kennedyd@michigan.gov;
commissioner.dnr@state.mn.us; jim.leach@state.mn.us; Paul.Telander@state.mn.us; Baker,
Richard (DNR); Erb, John D (DNR); JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe;
seggeman@mt.gov; Baty, Ross; glenn.normandeau@wildlife.nh.gov;
Mark.Ellingwood@wildlife.nh.gov; john.kanter@wildlife.nh.gov; William.Staats@wildlife.nh.gov;
Patrick.Tate@wildlife.nh.gov; alexandra.sandoval@state.nm.us; stewart.liley@state.nm.us;
rick.winslow@state.nm.us; Stuart, James N., DGF; sean.murphy@state.nm.us;
michael.schiavone@dec.ny.gov; doug.stang@dec.ny.gov; curt.melcher@state.or.us;
derek.j.broman@state.or.us; Gregory Sheehan; Kimberly Hersey; louis.porter@state.vt.us; mark
scott; Bernier, Chris; director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis, Jeffrey C (DFW); Maletzke,
Benjamin T (DFW); cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov;
Sanjay.Olson@wisconsin.gov; Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen
Boyle; Roberts, Nathan M - DNR; Rossler, Shawn T - DNR; David.MacFarland@wisconsin.gov;
John.White@wisconsin.gov; scott.talbot@wyo.gov; Bob Lanka; Zack Walker; Nichole Bjornlie;
Susan Patla; Rick Kahn; Jackson, Scott -FS; Hanvey, Gary -FS; Tripp, Kim; Christopher Boone;
Sparks, James; Jonathan Mawdsley; Kilborn, Jillian
Cc: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt;
Kurt Broderdorp; Mark McCollough; Tamara Smith; Anna Harris; Brady McGee; Jeffrey Dillon;
Lisa Solberg Schwab; Ann Timberman; Brad Thompson; Chris Mensing; David Stilwell; David
Simmons; Drue DeBerry; Eric Rickerson; Grant Canterbury; Jeff Krupka; Szymanski, Jennifer;
Karen Cathey; Karl Halupka; Kate Novak; Kathleen Hendricks; Larry Crist; Laura Ragan; Leslie
Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Patricia Zenone; Paul
Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom
Chapman; Tom McDowell; Tyler Abbott; Dennis Mackey; Marjorie Nelson; Lori
Nordstrom/R6/FWS/DOI; Paul Phifer; Michael Thabault; Kurz, Gregg
Subject: Cancelled: Lynx SSA State/Federal Partner Coordination Call
 
Hi All:

We are cancelling today's scheduled coordination call.  Not much to report other than that we continue to work
to address peer and partner review comments and draft the final SSA.

Our next regularly scheduled call would be Wed., May 31.  I will send a reminder ahead of that one.

As always, feel free to email or call me if you have questions .
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Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Connolly, James
To: Zelenak, Jim
Cc: Jodi L. Bush
Subject: Re: Cancelled: Lynx SSA State/Federal Partner Coordination Call
Date: Wednesday, April 26, 2017 8:52:59 AM

Yes I understood that distinction with the SSA being the science and not policy.  The five year review is more the analysis of that
information in relation to the listing process isn't it?

James Connolly 
Director, Bur. Resource Management
Maine Dept Inland Fisheries & Wildlife
41 State House Station
Augusta ME 04333-0041
(207) 287-5259
_____________________________
From: Zelenak, Jim <jim_zelenak@fws.gov>
Sent: Wednesday, April 26, 2017 10:26 AM
Subject: Re: Cancelled: Lynx SSA State/Federal Partner Coordination Call
To: Connolly, James <james.connolly@maine.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>

That is mostly correct, Jim, except that the final SSA report will continue to be just about the science - it will not be written or used to "support" or "justify" the
recommendation.  It will provide the scientific information that decision makers will consider when making the recommendation, but it will remain strictly about the
science, not about policy or policy determinations, and it will not take a position on those things.

My understanding is that the 5-year status review, which also will rely heavily on the final SSA, will be the Service's formal announcement of it's recommendation
regarding the ESA status of the DPS.

You are correct that any recommended change in ESA status would require subsequent rule making - publication of a proposed rule followed by peer review and public
comment, then publication of a final rule, 30 days after which any change would become effective.

I've copied Jodi, who has much more experience with these things than I do, in case anything I've said here requires clarification.

Hope this helps.

Jim  

On Wed, Apr 26, 2017 at 8:10 AM, Connolly, James <James.Connolly@maine.gov> wrote:
It was my understanding that after this second meeting the Service will have decided what the recommendation will be for lynx listing. 
The finalized SSA and the five year review will support and elaborate on the information and analyses that justify that recommendation.
  I understand any actual listing decision other than staying the course at threatened must go through a separate rule making process
before it changes anything.   Is that correct?  Jim

James Connolly 
Director, Bur. Resource Management
Maine Dept Inland Fisheries & Wildlife
41 State House Station
Augusta ME 04333-0041
(207) 287-5259

From: Zelenak, Jim <jim_zelenak@fws.gov>
Sent: Wednesday, April 26, 2017 9:48:52 AM
To: Connolly, James
Cc: Jodi Bush
Subject: Re: Cancelled: Lynx SSA State/Federal Partner Coordination Call
 
Not yet Jim.  We are working to schedule that with the Regional Directors and Assistant RDs, hopefully in the next few weeks.

On Wed, Apr 26, 2017 at 7:44 AM, Connolly, James <James.Connolly@maine.gov> wrote:
Did the second meeting of the directorate occur to review the SSA and the additional peer review reports and confirm what their
recommendation was going to be?  

James Connolly
Director, Bur. Resource Management
Maine Dept Inland Fisheries & Wildlife
41 State House Station
Augusta ME 04333-0041
(207) 287-5259

From: Zelenak, Jim <jim_zelenak@fws.gov>
Sent: Wednesday, April 26, 2017 9:41:47 AM
To: bob.broscheid@state.co.us;craig.mclaughlin@state.co.us; Jake Ivan - DNR; Odell, Eric; Moore,Virgil; Dustin Miller
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(dustin.miller@osc.idaho.gov); Joshua Uriarte; Sallabanks,Rex; Sam Eaton; rita.dixon@idfg.idaho.gov; Woodcock, Chandler; Connolly, James;
Vashon, Jennifer;moritzw@michigan.gov; bumpa@michigan.gov;
kennedyd@michigan.gov;commissioner.dnr@state.mn.us;jim.leach@state.mn.us;Paul.Telander@state.mn.us; Baker, Richard (DNR); Erb, John
D (DNR);JTubbs@mt.gov; McDonald, Ken; Inman, Bob; Jay Kolbe;seggeman@mt.gov; Baty, Ross;glenn.normandeau@wildlife.nh.g
ov;Mark.Ellingwood@wildlife.nh.gov;john.kanter@wildlife.nh.gov;William.Staats@wildlife.nh.gov
;Patrick.Tate@wildlife.nh.gov;alexandra.sandoval@state.nm.us;stewart.liley@state.nm.us;rick.winslow@state.nm.us; Stuart, James N.,
DGF;sean.murphy@state.nm.us;michael.schiavone@dec.ny.gov;doug.stang@dec.ny.gov;curt.melcher@state.or.us;derek.j.broman@state.or.us;
Gregory Sheehan; Kimberly Hersey;louis.porter@state.vt.us; mark scott; Bernier, Chris;director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis, Jeffrey C
(DFW); Maletzke, Benjamin T (DFW); cathy.stepp@wisconsin.gov; kurt.thiede@wisconsin.gov; Sanjay.Olson@wisconsin.gov;
Tom.Hauge@wisconsin.gov; Erin.Crain@wisconsin.gov; Owen Boyle; Roberts, Nathan M - DNR; Rossler, Shawn T -
DNR;David.MacFarland@wisconsin.gov;John.White@wisconsin.gov;scott.talbot@wyo.gov; Bob Lanka; Zack Walker; Nichole Bjornlie; Susan
Patla; Rick Kahn; Jackson, Scott -FS; Hanvey, Gary -FS; Tripp, Kim; Christopher Boone; Sparks, James; Jonathan Mawdsley; Kilborn, Jillian
Cc: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark McCollough; Tamara
Smith; Anna Harris; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann Timberman; Brad Thompson; Chris Mensing; David Stilwell; David
Simmons; Drue DeBerry; Eric Rickerson; Grant Canterbury; Jeff Krupka; Szymanski, Jennifer; Karen Cathey; Karl Halupka; Kate Novak; Kathleen
Hendricks; Larry Crist; Laura Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Patricia Zenone; Paul
Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman; Tom McDowell; Tyler Abbott; Dennis
Mackey; Marjorie Nelson; Lori Nordstrom/R6/FWS/DOI; Paul Phifer; Michael Thabault; Kurz, Gregg
Subject: Cancelled: Lynx SSA State/Federal Partner Coordination Call
 
Hi All:

We are cancelling today's scheduled coordination call.  Not much to report other than that we continue to work to address peer and partner review comments and
draft the final SSA.

Our next regularly scheduled call would be Wed., May 31.  I will send a reminder ahead of that one.

As always, feel free to email or call me if you have questions .

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Tamara Smith
Cc: Mark McCollough; Bryon Holt; Kurt Broderdorp
Subject: Signed copy of the 2005 lynx recovery outline
Date: Thursday, April 27, 2017 11:12:19 AM
Attachments: 2005 09 14 DOC Lynx Recovery Outline Final.pdf

Hi All:

Tam was looking for a signed copy.  I wasn't sure I'd ever seen one, but found it in one of our administrative records
here.  If the copy you have is unsigned, you might want to replace it with this or at least add this signed version to
your files/library.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Smith, Tamara
To: Zelenak, Jim
Cc: Mark McCollough; Bryon Holt; Kurt Broderdorp
Subject: Re: Signed copy of the 2005 lynx recovery outline
Date: Thursday, April 27, 2017 11:34:22 AM

Thanks, Jim! 

On Thu, Apr 27, 2017 at 12:12 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

Tam was looking for a signed copy.  I wasn't sure I'd ever seen one, but found it in one of our administrative
records here.  If the copy you have is unsigned, you might want to replace it with this or at least add this signed
version to your files/library.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 

612-600-1599 Cell
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From: Zelenak, Jim
To: Fisher, John
Subject: Lit request
Date: Friday, April 28, 2017 9:18:14 AM

Hi John,

I've got another request related to lynx; appreciate your help in locating it.

Brocke, R.H., Gustafson, K.A., Fox, L.B., 1992. Restoration of large
predators: potentials and problems. In: Decker, D.J., Krasny, M.E.,
Goff, G.R., Smith, C.R., Gross, D.W. (Eds.), Challenges in the
Conservation of Biological Resources, a Practitioner’s Guide.
Westview Press, Boulder, Colorado, pp. 303–315.

Cheers!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Northern Region Fire Risk Assessment Data Compilation for HVRA 
Updated April 27, 2017 

 

USFS Internal Data Location: ~\\Project\zz_FireRisk_Wilmore_2016\Data\NoRRA_HVRA_13feb2017.gdb 

NOTE: some of the layer metadata files are incomplete.  

Electric Power Transmission Lines 
Layer Name: TransmissionLines_AA 
Data Description: Region 1 electrical transmission line locations; see TransmissionLines.htm 

metadata file. 
Data Source: Homeland Security Information Network; Homeland Infrastructure Foundation 

Level Database (https://gii.dhs.gov/HIFLD/data/open) 
Data Post-Processes: Re-projected to R1 Albers and clipped to NoRRA Analysis Area boundary 
Data Extent: Entire NoRRA Analysis Area 
Data Steward: Jim Barber, jbarber@fs.fed.us, (406) 329-3093 
Note: This layer identifies high voltage transmission lines, not low voltage distribution lines. The 

Region does have a data sharing MOU with Northwestern Energy so distribution line 
data may also be available for this analysis.   

 

Cellular Towers  
Layer Name: CellularTowers_AA 
Data Description: Region 1 Cellular tower locations as recorded by the Federal Communications 

Commission, extracted from the FCC Universal Licensing System Database. See 
CellTowers.htm metadata file. 

Data Source: Homeland Security Information Network; Homeland Infrastructure Foundation 
Level Database (https://gii.dhs.gov/HIFLD/data/open) 

Data Post-Processes: Re-projected to R1 Albers and clipped to NoRRA Analysis Area boundary 
Data Extent: Entire NoRRA Analysis Area 
Data Steward: Jim Barber, jbarber@fs.fed.us, (406) 329-3093 

 

FS Radio Repeater Sites 
Layer Name: AllRepeaterSites_FSR1 
Data Description: R1 Repeater site locations from CIO Telecommunications; no metadata with 

source feature class 
Data Source: 

T:\FS\BusOps\CIO\Program\Telecommunications\ComLos\Radio\R01\Region1\Region1
Sites.gdb\R01_AllRepeaterSites 

Data Post-Processes: Re-projected to R1 Albers and clipped to NoRRA Analysis Area boundary 
Data Extent: Region 1 FS lands within Analysis Area 
Data Steward: Rosa Nygaard, rnygaard@fs.fed.us, (406) 329-3461 
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Wooden Bridges 
Layer Name: WoodenBridges_FSR1 
Data Description: R1 bridges that contain wooden material 
Data Source: Used the “R1 - Bridges and Culverts from Lat-Long” visualization from the NRM 

Geospatial Interface which generates a point feature class for road and trail bridges and 
culverts.  

Data Post-Processes: extracted bridges with SQL: STR_MATERIAL, DECK_TYPE, or 
SUBSTR_MATERIAL LIKE '%Timber%, re-projected 

Data Extent: Region 1 FS lands within Analysis Area 
Data Steward: Pam Hergett, phergett@fs.fed.us, (406) 273-7088 

Ski Areas  
Layer Name: SkiAreas_FSR1 
Data Description: R1 downhill (lift service) ski areas 
Data Source: Compiled from SDE and Forest Unit datasets 
Data Post-Processes: Manually Schweitzer Ski Area added through on-screen digitizing  
Data Extent: Region 1 FS lands within Analysis Area 
Data Steward: Jeff Ward, jpward02@fs.fed.us, (406) 329-3587 

FS Recreation Residences   
Layer Name: RecreationResidences_FSR1 
Data Description: Northern Region's Recreation Residences using latitude and longitude 

information from the SUDs data base, corrected data from Forest and District staff, and 
new GPS information where no other lat/long information was available. 

Data Source: T:\FS\Reference\GIS\r01\LayerFile\Recreation\R1 DevelopedRecreation\R1 
Recreation Residences.lyr 

Data Post-Processes: none 
Data Extent: Region 1 FS lands within Analysis Area 
Data Steward: Jeff Ward, jpward02@fs.fed.us, (406) 329-3587 

FS Developed Recreation Sites 
 Layer Name: DevelopedRecSites345_FS 

Data Description: Developed recreation sites with Development Scale 3, 4, or 5. These sites have 
significant investments. 

Data Source: EDW\\ S_USA.Recreation\S_USA.RecreationSite  
Data Post-Processes: Reproject to R1 Albers and clipped to NoRRA Analysis Area boundary. 

Select only DEVELOPMENT_SCALE in (‘3’,’4’,’5’) 
Data Extent: All FS lands within the Analysis Area 
Data Steward: Jeff Ward, jpward02@fs.fed.us, (406) 329-3587 

 
Layer Name: DevelopedRecSites2_FSR1 
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Data Description: Developed recreation sites with Development Scale 2 
Data Source: Ran a report from INFRA. Removed Development Scale 2 sites that were trailheads 

or dispersed. Attributed the remainder with a NORRA_CLASS of ‘snowpark/winter play 
site’, ‘cabin/lookout to include’, or ‘Need to verify’. The last category is sites that need 
to be verified what facilities actually exist. Created a point feature class from the 
Lat/Long. 

Data Post-Processes: none 
Data Extent: Region 1 FS lands within Analysis Area 
Data Steward: Jeff Ward, jpward02@fs.fed.us, (406) 329-3587 

Municipal Watersheds 
GeoDatabase Name: NoRRA_R1_MunicipalWatersheds.gdb 
Data Description: This layer represents the areas that drain into public water systems per the 

Safe Drinking Water Act that use surface water intakes and the number of population 
served by these systems in Montana and Idaho.  Estimates of populations served by 
each area only represent local populations within Idaho and Montana. 

Data Source: A USFS-R1 derived product; see metadata description for development summary. 
This dataset should be considered DRAFT and is not for distribution at this point. We are 
currently active in making this a comprehensive data asset for general distribution.  

Data Post-Processes: none 
Data Extent: Not clipped 
Data Steward: Amy Jensen, amyajensen@fs.fed.us, (406) 329-3447 
Note from Amy: Please pass the whole GDB along to the contractor, as we may end up using 

some of the original points/polys for the Fire Risk Analysis. 
Population Aggregate: 

NoRRA_MunicipalWatersheds_SurfaceWatershedOnly_PopulationAggregate_v7 
Original polygons: NoRRA_Intake_Source_Delineation_Polygons_2_1_2017 

 

Erosion Potential 
Layer Name: ErosionModel_AA 
Data Description: This layer came with no metadata. 
Data Source: Derek Olson at GTAC 
Data Post-Processes: Re-classed continuous floating point raster to 10 classes per email from 

Vince Archer by multiplying raster by 10 and converting to integer. 

 
Data Extent: Entire NoRRA Analysis Area 
Data Steward: Vince Archer, varcher@fs.fed.us , (406) 329-3412 
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Sage Grouse  
Layer Name: SageGrouseBSU_AA  
Data Description: Sage grouse biologically significant units within greater sage-grouse habitat 

that contain relevant and important habitats from the national sage grouse EIS. 
Data Source: 

T:\FS\NFS\R04\Collaboration\GreaterSagegrousePlanningStrategy\GIS\Data\BLMupload
s\BSU_HMA_ARMP_ARMPA\BSU_HMA_ARMP_ARMPA.gdb\BLM_WesternUS_GRSG_B
SUs 

Data Post-Processes: Clip and re-project to NoRRA Analysis Boundary 
Data Steward: Mary Manning, mmanning@fs.fed.us, (406) 329-3304 
Data Extent: Entire NoRRA Analysis Area 
Note: The MTNHP also has a suitability model, observation points and occurrences (buffers 

around observations) but only for Montana (not Dakotas). 
 

Private Inholdings within FS Admin Boundary 
Layer Name: PvtInholdings_FS 
Data Description: Private Ownership within FS Administrative Boundaries 
Data Source: T:\FS\Reference\GIS\r01\LayerFile\ALP(US)\Basic Ownership.lyr 
Data Post-Processes: Select by Attribues using the SQL OWNERCLASSIFICATION = 'NON-FS', Re-

project to R1 Albers and clip to NoRRA Analysis Area boundary 
Data Extent: All FS lands within the Analysis Area 
Data Steward: Jim Barber, jbarber@fs.fed.us , (406) 329-3093 

 

FS Suitable Timer Base 
Layer Name: SuitableTimberBase_FSR1 
Data Description: Timber Suitability polygons for Region 1 represent suitable timber lands on 

Region 1 forests based on Forest Plan or Forest Plan Revision analysis. This polygon layer 
was assembled from forest suitable timber polygon areas provided by Region 1 forests. 

Data Source: T:\FS\Reference\GIS\r01\LayerFile\Timber\R1_Suitability.lyr 
Data Post-Processes: None 
Data Extent: Region 1 FS lands within Analysis Area 
Data Steward: Barry Bollenbacher, bbollenbacher@fs.fed.us, (406) 329-3297 

Non-Agency Timber Resources 
Layer Name: NonAgencyTimberResource_IDMT 
Data Description: R1 State and Private Timberlands including Idaho Department of Lands, 

Montana DNR, State Trust, and MT University lands. Also includes a best estimate of 
Private timberlands. 

Data Source: This layer was put together from a variety of sources. State lands were derived 
from comprehensive State layers and should be considered reliable. The private 
timberlands were derived from an ownership layer compiled for cartographic Forest 
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Visitor maps; it is of unknown source, is likely not comprehensive, and should be 
considered less reliable. 

Data Post-Processes: none 
Data Extent: ID & MT lands within Analysis Area 
Data Steward: Jim Barber, jbarber@fs.fed.us, (406) 329-3093 
  

Important Seed Source 
Layer Name: SeedSource_FSR1 
Data Description: Potential high value seed source locations 
Data Source: Jones PVT and R1 VMap;  
Data Post-Processes: Jones PVT was cross-walked into the R1 Broad PVT Groups and was 

combined with R1-VMap Tree Size Class and Dominance Group 40.  
Data Extent: Region 1 FS lands within Analysis Area 
Data Steward: Barry Bollenbacher, bbollenbacher@fs.fed.us, (406) 329-3297 
 

Experimental Forests 
Layer Name: ExperimentalForests_FSR1 
Data Description: Experimental Forests 
Data Source: T:\FS\Reference\GIS\r01\LayerFile\ALP(US)\Special Interest Management Area.lyr  
Data Post-Processes:  Select for AREATYPE = 'EXPERIMENTAL FOREST' AND REGION = '01' 
Data Extent: Region 1 FS lands within Analysis Area 
Data Steward: Jim Barber, jbarber@fs.fed.us, (406) 329-3093 

 

Young Forests 
Layer Name: Dist_1976_2016_FSR1 
Data Description: An estimate of the extent of young forests based on disturbance information, 

classified into two time periods: 0-20 years (1996-2016) and 21-40 years (1976-2015) 
since time of disturbance. YEAR_CLASS is the attribute of interest. 

Data Source: FACTS, MTBS, Fire History  
Data Post-Processes:  Regeneration Harvests from FACTS, Moderate & High Severity fires from 

MTBS, Fire History polygons for instances where MTBS does not exist (small fires, pre-
1984, 2015-2016). All features were combined and ‘flattened’ to account for overlap. 
The most recent disturbance takes precedent over past disturbances. 

Data Extent: Region 1 FS lands within Analysis Area 
Data Steward: Jim Barber, jbarber@fs.fed.us, (406) 329-3093 
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Young Forests in Lynx Habitat 
Layer Name: Lynx_PotHab2017_withdist_FSR1 
Data Description: The Young Forests layer (described above) was associated to the 2017 

potential lynx habitat layer. Attribute table contains DIST CLASS (0-20, 21-40, 
Undisturbed), STATUS (occupied, Unoccupied), LAU (with Forest-ID). 

Data Source: 2017 potential lynx habitat and R1 LAU layers not yet in corporate library. 
Data Post-Processes: Ran clip and identity of potential habitat with Young Forests layer and LAU 

layer. Assigned an Undisturbed class to potential habitat not disturbed within the last 40 
years. 

Data Extent: Region 1 FS lands within Analysis Area 
Data Steward: Gary Hanvey, ghanvey@fs.fed.us , (406) 329-3018 
 

Lynx LAUs with Young Forests 
Layer Name: LAU_2017withdist_FSR1 
Data Description: Young Forests in Lynx Habitat (described above) was associated to R1 Lynx 

Analysis Units (LAU’s) for both Occupied and Unoccupied Forests. Attribute table 
contains acres fields for potential Habitat (PHAB_ACRES), and disturbance classes 
(DCLASS_020_AC, DCLASS_2140_AC, UNDISTISTURBED_ACRES). Likely attributes of 
interest however, are the percent fields that identify how much of the potential habitat 
is in the different disturbance classes: 
PER_DCLASS_020 – percent of the potential habitat with disturbance 0-20 years old 
PER_DCLASS_2140 – percent of the potential habitat with disturbance 21-40 years old 
PER_DCLASS_020_2140 – percent of the potential habitat with disturbance 0-40 years 
PER_UNDISTURBED – percent of the potential habitat undisturbed 

Data Source: 2017 potential lynx habitat and R1 LAU layers not yet in corporate library. 
Data Post-Processes:  Joined Lynx_PotHab2017_withdist_FSR1 to LAU feature class, calculated 

acres and percent’s. 
Data Extent: Region 1 FS lands within Analysis Area 
Data Steward: Gary Hanvey, ghanvey@fs.fed.us , (406) 329-3018 
 

WhiteBark Pine 
Layer Name: COLDpvt_Jones_FSR1 
Data Description: An estimate of the extent of environments that are capable of supporting 

White Bark Pine. 
Data Source: Jones’ PVT - T:\FS\Reference\GIS\r01\LayerFile\Vegetation\ R1 PVT 90M 2004.lyr 
Data Post-Processes:  Re-classed to Region 1 Existing and Potential Vegetation Groupings used 

for Broad-level Analysis and Monitoring 
(http://fsweb.r1.fs.fed.us/forest/inv/r1_tools/R1_allVeg_Groups.pdf). Selected COLD 
pvt type. 

Data Extent: Region 1 FS lands within Analysis Area 
Data Steward: Jim Barber, jbarber@fs.fed.us, (406) 329-3093 
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New Hampshire – There were 19 87 confirmed lynx records indicating 28 individual lynx in northern New 
Hampshire from 2006 to 20132016, with evidence of reproduction in 2010 and 2011 (79 FE 54820).  
Formal track transects conducted during the winters from 2012 through 2015 resulted in the majority of 
the track intercepts included in the confirmed records.  An In additional 30 lynx detections were 
documented in 2014in 2014, 2015, and 2016 using 14 different remote cameras dispersed throughout 
the northernmost section of the state (Siren 2016, per. comm.)(Siren 2014, p.7), 24 lynx track intercepts 
were recorded during snow-tracking surveys during the winter of 2014-2015 (Siren 2016, p.1), and 
surveys in 2016 also detected lynx (Siren 2016, pers. Comm.).  Most records since 2006 are in the vicinity 
of Pittsburg in the northernmost reaches of the state, though lynx detections in 2015 and 2016 suggest a 
southern expansion from the area where they had been documented in 2006 through 2014in 2006-2014 
detections (Siren 2016, p. 1; Siren 2016, pers. cComm.).  Despite recent evidence of lynx residency and 
reproduction, the Service concluded in the 2014 revised critical habitat designation that, based on 
modelling of the amount of potentially suitable habitat and favorable snow conditions (Hoving et al. 
2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-928, it is unlikely that northern New Hampshire will 
support a resident breeding population over the long term (79 FR 54820-54821).  Siren (2014, p. 10) 
suspected that the relatively few lynx detections documented in 2012-2014 may be related to the 
presence and abundance of bobcat, coyote and fisher populations in much of northern New Hampshire.  
We conclude that northern and central New Hampshire likely supported a small resident lynx population 
historically that was extirpated during the latter half of the 20th century.  We are uncertain whether lynx 
detections in northern most New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary phenomenon 
related to an expanding source population in neighboring northern Maine (79 FR 54821).  Although 
bobcat populations have increased and expanded their range in this region in recent decades (Lavoie et 
al. 2009, pp. 873-874), severe winters and deep snow can substantially limit their populations (Reed 
2009, pp. 29-33; McCord, 1974, pp. 433-434).  Maine’s bobcat harvest declined substantially after two 
deep snow winters in 2008 and 2009 (Maine Department of Inland Fisheries and Wildlife 2015, p. 37).  It 
is possible that these anomalous deep snow winters provided a temporary competitive advantage to 
lynx in northern New Hampshire.   

 

 

 

 

 

Commented [j1]: Recent research documenting biases in snow 
distribution and abundance modelling may change this.  Snow 
depths were under represented in Pittsburg where lynx have 
become more persistent on the landscape.   

Commented [j2]: Especially due to unusually open winter 
conditions 
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New Hampshire – Habitat in northern New Hampshire is not within the designated critical habitat.  
Potential habitat is limited (Hoving 2001, p. 59), and the few habitat patches that support lynx in New 
Hampshire are much smaller than those in northern Maine (Litvaitis and Tash 2005, Gig. 2 and p. A-298; 
Robinson 2006, Fig. 2.2., p.99).  Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat 
having a greater than 50 percent probability of being occupied by lynx 968 FR 40086).  Litvaitis and Tash 
(2005, p. A-29) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada 
lynx habitat.  Historical distribution in New Hampshire included Coos and northern Carrol and Grafton 
counties (i.e., White Mountain National forest; Siegler 1971, Silver 1974, Hoving et al. 2003).  Habitats 
with the highest probability of occurrence are in Pittsburg in northern New Hampshire and the White 
Mountain National forest in the central area of the State (Siren 2014), p. 34).  The majority of the habitat 
in northern New Hampshire is located on the 101-km2 (39-mi2 Connecticut Lakes Natural Area (CLNA), 
which is owned and managed by New Hampshire Fish and Game.  Surrounding habitat is owned and 
managed by the Connecticut Lakes Timber Company under a conservation easement held by the State.  
Occurrence records from the past 10 years have been centered on these two ownerships (Kilborn 2015, 
App.  A, pp. 42-43).  The CLNA, under a conservation easement, includes a 61 km2 (23 mi2) area that will 
be allowed to mature to a climax forest type which is contained within what is considered core lynx 
habitat.   with a conservation easement under which it will be allowed to mature to a climax forest type; 
This area will potentially provideing good denning habitat but will likely restricting the amount of 
snowshoe hare habitat in the foreseeable future.  Current conditions are in a transition state, and 
portions of the core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43).  Regional scale modelling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire are unlikely to 
support viable lynx populations over time (Hoving et al. 2005 pp. 739, 749). 

 

 



From: McCollough, Mark
To: David Simmons
Subject: Fwd: NH Comments
Date: Monday, May 01, 2017 11:41:53 AM
Attachments: SSA_doc_comments_NH.DOCX

David:  Nice talking with you this morning.  Here are the comments we received on the lynx
SSA from NH.  I do not see a cover letter (there may not have been one).  I don't believe we
received comments from VT.

Mark
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Feb 8, 2017 at 1:35 PM
Subject: Fwd: NH Comments
To: Mark McCollough <mark_mccollough@fws.gov>

I saved this as a PDF and placed on the drive, but thought I'd forward to you the word version we received from
NHF&GD.

 
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, Feb 8, 2017 at 11:21 AM
Subject: Fwd: NH Comments
To: Jim Zelenak <jim_zelenak@fws.gov>

more comments. This time from NH.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Kanter, John <John.Kanter@wildlife.nh.gov>
Date: Wed, Feb 8, 2017 at 11:18 AM
Subject: NH Comments
To: "Jodi_bush@fws.gov" <Jodi_bush@fws.gov>
Cc: "Kilborn, Jillian" <jillian.kilborn@wildlife.nh.gov>, "jmawdsley@fishwildlife.org"
<jmawdsley@fishwildlife.org>
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Hi Jodi:

Attached are revisions/updates for the draft Canada Lynx SSA. Jill Kilborn, our Lynx project
leader, can provide additional information if needed (copied on this email).

Thanks,

John

 

John Kanter

Nongame and Endangered Wildlife Supervisor

NH Fish and Game Department

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Jodi Bush; Heather Bell; Mary Parkin; Jonathan Cummings; Justin Shoemaker; Bryon Holt; Kurt Broderdorp; Mark

McCollough; Tamara Smith; Anna Harris; Brady McGee; Jeffrey Dillon; Lisa Solberg Schwab; Ann Timberman;
Brad Thompson; Chris Mensing; David Stilwell; David Simmons; Drue DeBerry; Eric Rickerson; Grant Canterbury;
Jeff Krupka; Szymanski, Jennifer; Karen Cathey; Karl Halupka; Kate Novak; Kathleen Hendricks; Larry Crist;
Laura Ragan; Leslie Ellwood; Mark Maghini; Martin Miller; Megan Kosterman; Michelle Eames; Patricia Zenone;
Paul Casey; Paul Henson; Peter Fasbender; Rollie White; Sarah Hall; Scott Hicks; Sue Livingston; Tom Chapman;
Tom McDowell; Tyler Abbott; Dennis Mackey; Marjorie Nelson; Lori Nordstrom/R6/FWS/DOI; Paul Phifer; Michael
Thabault; Kurz, Gregg

Subject: Cancelled: Lynx SSA Internal FWS Coordination Call
Date: Monday, May 01, 2017 5:25:57 PM

Hi All:

As we did last week with the State/Fed partners call, we are cancelling tomorrow's scheduled
internal FWS lynx SSA coordination call.  Not much to report other than that we continue to
work to address peer and partner review comments and draft the final SSA.

Our next regularly scheduled call would be Tues., June 6.  I will send a reminder ahead of that
one.

As always, feel free to email or call me if you have questions .

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Delivery delayed:Fwd: Delivery delayed:Fwd: Cancelled: Lynx SSA State/Federal Partner Coordination Call
Date: Tuesday, May 02, 2017 8:36:01 AM

OK, I am available to join a Core Team call today.

On Mon, May 1, 2017 at 5:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark - could you try to contact Chris by phone and let him know about this - maybe ask him to email you
and you try to respond to see if that might work.  I'd like to make sure we can reach them by the end of this month
for the next partners call for the SSA.

On the SSA - could you please continue working on responses to the peer and partner comments you entered into
the table? Jodi said something about wanting to see if we can sort by issue/bin to make sure folks aren't
redundantly answering the same question/issue multiple times (and perhaps multiple ways), but I haven't tried
that, and she's asked me to begin working on edits to the draft SSA, which she wants me to have done by end of
this month.

The other thing you'll need to do is make sure you have the page numbers for your citations in the doc - you could
do that in the "working draft" on the drive, then I could pull them into the draft as I re-work it.

You and I also still need to add PDFs to the drive folder and add citations to the Lit Cited list - so you could keep
working on that as you have time. Eventually we need all citations to have page numbers and we need all cited
docs on the list and saved as PDFs.

I will send out an email next cancelling the FWS internal SSA call for tomorrow - as we did with the state/fed call
last week, but I will also ask Core Team to call in at regular time/number tomorrow so we can discuss a few of
these things.

Thanks,

Jim

On Mon, May 1, 2017 at 2:06 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Yes...I am getting similar message concerning email to VT.  I've never had this problem
before.  I wonder if their email system is experiencing difficulty?

What is happening with the SSA?  I did not work on the SSA last week.  There is more I
could add to the table of responses for Maine.  Do you want me to continue working on
that or is it "pencils down?"

Mark
---------- Forwarded message ----------
From: Microsoft Outlook <postmaster@doi.gov>
Date: Mon, May 1, 2017 at 3:05 PM
Subject: Delivery delayed:Fwd: Delivery delayed:Fwd: Cancelled: Lynx SSA
State/Federal Partner Coordination Call
To: mark_mccollough@fws.gov

Delivery is delayed to these recipients or groups:
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Bernier, Chris (Chris.Bernier@state.vt.us)

Subject: Fwd: Delivery delayed:Fwd: Cancelled: Lynx SSA State/Federal Partner Coordination Call

This message hasn't been delivered yet. Delivery will continue to be attempted.

The server will keep trying to deliver this message for the next 1 days, 19 hours and 55 minutes.
You'll be notified if the message can't be delivered by that time.

Final-Recipient: rfc822;Chris.Bernier@state.vt.us
Action: delayed
Status: 4.4.7
Diagnostic-Code: smtp;400 4.4.7 Message delayed
Will-Retry-Until: Wed, 3 May 2017 11:01:35 -0400
X-Display-Name: Bernier, Chris

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

mailto:Chris.Bernier@state.vt.us
mailto:rfc822%3BChris.Bernier@state.vt.us
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov


Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
































From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp; Justin Shoemaker
Subject: Fwd: Substantive Comments
Date: Tuesday, May 02, 2017 9:42:08 AM
Attachments: Substantive_comment_guid_blm.pdf

Hi All:

We'll be talking a little about the attached on the call today.

Jim
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, May 2, 2017 at 9:39 AM
Subject: Substantive Comments
To: Jim Zelenak <jim_zelenak@fws.gov>

Here is the document.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:tamara_smith@fws.gov
mailto:bryon_holt@fws.gov
mailto:kurt_broderdorp@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Delivery delayed:Fwd: Delivery delayed:Fwd: Cancelled: Lynx SSA State/Federal Partner Coordination Call
Date: Tuesday, May 02, 2017 10:35:57 AM

OK, I am available to join a Core Team call today.

On Mon, May 1, 2017 at 5:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark - could you try to contact Chris by phone and let him know about this - maybe ask him to email you
and you try to respond to see if that might work.  I'd like to make sure we can reach them by the end of this month
for the next partners call for the SSA.

On the SSA - could you please continue working on responses to the peer and partner comments you entered into
the table? Jodi said something about wanting to see if we can sort by issue/bin to make sure folks aren't
redundantly answering the same question/issue multiple times (and perhaps multiple ways), but I haven't tried
that, and she's asked me to begin working on edits to the draft SSA, which she wants me to have done by end of
this month.

The other thing you'll need to do is make sure you have the page numbers for your citations in the doc - you could
do that in the "working draft" on the drive, then I could pull them into the draft as I re-work it.

You and I also still need to add PDFs to the drive folder and add citations to the Lit Cited list - so you could keep
working on that as you have time. Eventually we need all citations to have page numbers and we need all cited
docs on the list and saved as PDFs.

I will send out an email next cancelling the FWS internal SSA call for tomorrow - as we did with the state/fed call
last week, but I will also ask Core Team to call in at regular time/number tomorrow so we can discuss a few of
these things.

Thanks,

Jim

On Mon, May 1, 2017 at 2:06 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Yes...I am getting similar message concerning email to VT.  I've never had this problem
before.  I wonder if their email system is experiencing difficulty?

What is happening with the SSA?  I did not work on the SSA last week.  There is more I
could add to the table of responses for Maine.  Do you want me to continue working on
that or is it "pencils down?"

Mark
---------- Forwarded message ----------
From: Microsoft Outlook <postmaster@doi.gov>
Date: Mon, May 1, 2017 at 3:05 PM
Subject: Delivery delayed:Fwd: Delivery delayed:Fwd: Cancelled: Lynx SSA
State/Federal Partner Coordination Call
To: mark_mccollough@fws.gov

Delivery is delayed to these recipients or groups:

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:postmaster@doi.gov
mailto:mark_mccollough@fws.gov


Bernier, Chris (Chris.Bernier@state.vt.us)

Subject: Fwd: Delivery delayed:Fwd: Cancelled: Lynx SSA State/Federal Partner Coordination Call

This message hasn't been delivered yet. Delivery will continue to be attempted.

The server will keep trying to deliver this message for the next 1 days, 19 hours and 55 minutes.
You'll be notified if the message can't be delivered by that time.

Final-Recipient: rfc822;Chris.Bernier@state.vt.us
Action: delayed
Status: 4.4.7
Diagnostic-Code: smtp;400 4.4.7 Message delayed
Will-Retry-Until: Wed, 3 May 2017 11:01:35 -0400
X-Display-Name: Bernier, Chris

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

mailto:Chris.Bernier@state.vt.us
mailto:rfc822%3BChris.Bernier@state.vt.us
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov


Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Delivery delayed:Fwd: Delivery delayed:Fwd: Cancelled: Lynx SSA State/Federal Partner Coordination Call
Date: Tuesday, May 02, 2017 10:35:57 AM

OK, I am available to join a Core Team call today.

On Mon, May 1, 2017 at 5:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark - could you try to contact Chris by phone and let him know about this - maybe ask him to email you
and you try to respond to see if that might work.  I'd like to make sure we can reach them by the end of this month
for the next partners call for the SSA.

On the SSA - could you please continue working on responses to the peer and partner comments you entered into
the table? Jodi said something about wanting to see if we can sort by issue/bin to make sure folks aren't
redundantly answering the same question/issue multiple times (and perhaps multiple ways), but I haven't tried
that, and she's asked me to begin working on edits to the draft SSA, which she wants me to have done by end of
this month.

The other thing you'll need to do is make sure you have the page numbers for your citations in the doc - you could
do that in the "working draft" on the drive, then I could pull them into the draft as I re-work it.

You and I also still need to add PDFs to the drive folder and add citations to the Lit Cited list - so you could keep
working on that as you have time. Eventually we need all citations to have page numbers and we need all cited
docs on the list and saved as PDFs.

I will send out an email next cancelling the FWS internal SSA call for tomorrow - as we did with the state/fed call
last week, but I will also ask Core Team to call in at regular time/number tomorrow so we can discuss a few of
these things.

Thanks,

Jim

On Mon, May 1, 2017 at 2:06 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Yes...I am getting similar message concerning email to VT.  I've never had this problem
before.  I wonder if their email system is experiencing difficulty?

What is happening with the SSA?  I did not work on the SSA last week.  There is more I
could add to the table of responses for Maine.  Do you want me to continue working on
that or is it "pencils down?"

Mark
---------- Forwarded message ----------
From: Microsoft Outlook <postmaster@doi.gov>
Date: Mon, May 1, 2017 at 3:05 PM
Subject: Delivery delayed:Fwd: Delivery delayed:Fwd: Cancelled: Lynx SSA
State/Federal Partner Coordination Call
To: mark_mccollough@fws.gov

Delivery is delayed to these recipients or groups:

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:postmaster@doi.gov
mailto:mark_mccollough@fws.gov


Bernier, Chris (Chris.Bernier@state.vt.us)

Subject: Fwd: Delivery delayed:Fwd: Cancelled: Lynx SSA State/Federal Partner Coordination Call

This message hasn't been delivered yet. Delivery will continue to be attempted.

The server will keep trying to deliver this message for the next 1 days, 19 hours and 55 minutes.
You'll be notified if the message can't be delivered by that time.

Final-Recipient: rfc822;Chris.Bernier@state.vt.us
Action: delayed
Status: 4.4.7
Diagnostic-Code: smtp;400 4.4.7 Message delayed
Will-Retry-Until: Wed, 3 May 2017 11:01:35 -0400
X-Display-Name: Bernier, Chris

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

mailto:Chris.Bernier@state.vt.us
mailto:rfc822%3BChris.Bernier@state.vt.us
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov


Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Anna Harris
Subject: Lynx SSA update
Date: Tuesday, May 02, 2017 12:58:01 PM

Anna:  

We had a Core Team call today with Jim, Jody Bush, and Justin Shoemaker from R6.  We
have more work to do that I want to make you aware of.  The foreseeable work (month of
May):

1) We completed logging in and categorizing state and peer review comments on April 21. 
There are ~550 individual comments.  The next step is for each of us to a) revisit comments to
be sure they are substantive (use BLM guidance), b) make sure they are not duplicative (ID
recurring issues), and 3) develop responses for each.  This last step will take some time and
thought given the number of comments we received from Maine.

2) Jim and Justin will be revising the SSA and call on Core Team members, as needed, to help
make revisions.  I will likely need to revise a few paragraphs and draft a few paragraphs to
address comments specific to ME and the sections of the SSA I wrote (climate change, forest
management, and habitat loss and fragmentation) based on comments received.

3) We still need to complete literature citations, page numbers for some citations, and
download some pdfs.  I have some of this to do for my sections.

4) We need to review and work with Jim on a powerpoint presentation for the Decision
makers on May 12.

5) We hope to finish the SSA by the end of May, then Jim and R6 staff will begin writing a 5-
year review that will result in a listing recommendation (based on decision-makers decision). 
Not sure what Core Team involvement will be.  Minimal?

No decisions will be announced until the 5-year review is completed and made public.

Let me know if you have questions.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570

mailto:mark_mccollough@fws.gov
mailto:anna_harris@fws.gov


Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Anna Harris
Subject: Lynx SSA update
Date: Tuesday, May 02, 2017 12:58:01 PM

Anna:  

We had a Core Team call today with Jim, Jody Bush, and Justin Shoemaker from R6.  We
have more work to do that I want to make you aware of.  The foreseeable work (month of
May):

1) We completed logging in and categorizing state and peer review comments on April 21. 
There are ~550 individual comments.  The next step is for each of us to a) revisit comments to
be sure they are substantive (use BLM guidance), b) make sure they are not duplicative (ID
recurring issues), and 3) develop responses for each.  This last step will take some time and
thought given the number of comments we received from Maine.

2) Jim and Justin will be revising the SSA and call on Core Team members, as needed, to help
make revisions.  I will likely need to revise a few paragraphs and draft a few paragraphs to
address comments specific to ME and the sections of the SSA I wrote (climate change, forest
management, and habitat loss and fragmentation) based on comments received.

3) We still need to complete literature citations, page numbers for some citations, and
download some pdfs.  I have some of this to do for my sections.

4) We need to review and work with Jim on a powerpoint presentation for the Decision
makers on May 12.

5) We hope to finish the SSA by the end of May, then Jim and R6 staff will begin writing a 5-
year review that will result in a listing recommendation (based on decision-makers decision). 
Not sure what Core Team involvement will be.  Minimal?

No decisions will be announced until the 5-year review is completed and made public.

Let me know if you have questions.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570

mailto:mark_mccollough@fws.gov
mailto:anna_harris@fws.gov


Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Zelenak, Jim
To: Nordstrom, Lori
Subject: Re: What"s wrong with this?
Date: Tuesday, May 02, 2017 12:58:22 PM

Well, I think I probably pissed some folks off, and I'm betting it gets (or got) shared with our State agency folks in
CO (CPW) and, if so, they will also be POed by my little joke at the end.

I know we need to be more aggressive on social media to reach out to Millennials, etc., yada, yada, yada, - but I've
noticed a bunch of troubling stuff over the last few years because these tech-savvy youngsters are good at the social
media stuff but not necessarily in biology/ecology.  Recently I read about Sprague's pipits "nesting in the ground"
(burrowing pipits?), wolverines, whose "toes are armed with claws" (seriously!), and more than one misidentified
animal, inlcuding an immature bald eagle labeled a golden eagle the week we were rolling out the eagle take rules. 
Brian Millsap was also displeased about that one. 

Anyway, Roya's been helpful on this one, but the wolf story is pretty bad.

On Tue, May 2, 2017 at 12:04 PM, Nordstrom, Lori <lori_nordstrom@fws.gov> wrote:
I'm glad you made these comments.  Coincidentally, about 5 years ago Roya Mogadam (is
she now Deputy EA ARD???) who was in EA ( I believe) in HQ (she came through SCEP,
fairly recently I think) visited some place that was like a zoo that had wolves.  She was
photographed snuggling up to a caged wolf like it was a dog, her face side by side with the
wolf, I think she was kissing it, and HQ EA posted it somewhere.  I blew a gasket -this is
not the message the USFWS should be sending about wolves, that they are snuggly dogs!   I
informed our regional EA ARD and HQ and they took down the photo.

Lori H. Nordstrom
Assistant Regional Director - Ecological Services
U.S. Fish and Wildlife Service, Midwest Region
5600 American Blvd. West, Suite 990
Bloomington, MN  55437
612/713-5345
Cell: 612/772-3549
lori_nordstrom@fws.gov

On Mon, May 1, 2017 at 11:42 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, May 1, 2017 at 10:41 AM
Subject: Re: What's wrong with this?
To: Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>

Roya Mogadam, R6 Deputy ARD for External Affairs, worked with folks at HQ to replace the bobcat pic with
one of a lynx.

https://www.fws.gov/news/blog/index.cfm/2011/6/28/Colorado-Partners-Work-to-Offset-
Effects-of-Shrinking-Snowpack

mailto:jim_zelenak@fws.gov
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mailto:justin_shoemaker@fws.gov
https://www.fws.gov/news/blog/index.cfm/2011/6/28/Colorado-Partners-Work-to-Offset-Effects-of-Shrinking-Snowpack
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On Tue, Apr 25, 2017 at 1:46 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Ya know, it is annoying but understandable (even occasionally amusing) when other organizations make this
kind of mistake, but when it's us - the agency that prides itself on it's scientific credibility - it's pretty bad
(also infuriating and, to my mind, unacceptable).  Why can't these pieces be run by biologists before they are
posted for the world to see?

I have not seen this series of stories before:

https://www.fws.gov/home/climatechange/stories505050.html

But apparently this one - with the bobcat photo identified as a lynx - has been posted
there since June of 2011:

https://www.fws.gov/news/blog/index.cfm/2011/6/28/Colorado-Partners-Work-to-
Offset-Effects-of-Shrinking-Snowpack

We shouldn't just grab a photo off flicker and assume it correctly identifies the species.

I'm sure our friends and colleagues at Colorado Parks and Wildlife would be happy to
provide us with a picture of an actual Colorado lynx to use to replace the one that is
obviously a bobcat.

On the other hand, if that is what passes for a lynx in Colorado, it would help explain
some of the differences of opinion I've had with some folks there... 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service

mailto:jim_zelenak@fws.gov
https://www.fws.gov/home/climatechange/stories505050.html
https://www.fws.gov/news/blog/index.cfm/2011/6/28/Colorado-Partners-Work-to-Offset-Effects-of-Shrinking-Snowpack
https://www.fws.gov/news/blog/index.cfm/2011/6/28/Colorado-Partners-Work-to-Offset-Effects-of-Shrinking-Snowpack
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mailto:jim_zelenak@fws.gov


Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: What"s wrong with this?
Date: Tuesday, May 02, 2017 2:52:57 PM

I had no role in writing or reviewing the Maine article.  The two authors are not familiar. 
They may have been DFP/interns for our regional office.  I was surprised to see it when it was
released.   M.

On Mon, May 1, 2017 at 12:58 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Now if we could correct the Maine entry to recognize that the lynx pop in Minnesota is also east of the
Mississippi and to adjust some of the "greatly diminished range" narrative..... At least in Maine, it doesn't seem
like the range has diminished greatly. Also, where lynx have "occurred" in the rest of the Lower 48 versus where
they actually persisted as resident breeding populations are two very different things, and that nuance is not
addressed in this piece.  Oh well.

https://www.fws.gov/news/blog/index.cfm/2011/5/16/Maine-Rising-Temperatures-and-
Declining-Snowfall-Spell-Trouble-for-Canada-Lynx

https://en.wikipedia.org/wiki/Mississippi_River_System#/media/File:Mississippi_
watershed_map_1.jpg

The comments on the Maine story are a bit amusing, too.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, May 1, 2017 at 10:41 AM
Subject: Re: What's wrong with this?
To: Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>

Roya Mogadam, R6 Deputy ARD for External Affairs, worked with folks at HQ to replace the bobcat pic with
one of a lynx.

https://www.fws.gov/news/blog/index.cfm/2011/6/28/Colorado-Partners-Work-to-Offset-
Effects-of-Shrinking-Snowpack

On Tue, Apr 25, 2017 at 1:46 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Ya know, it is annoying but understandable (even occasionally amusing) when other organizations make this
kind of mistake, but when it's us - the agency that prides itself on it's scientific credibility - it's pretty bad (also
infuriating and, to my mind, unacceptable).  Why can't these pieces be run by biologists before they are posted
for the world to see?

I have not seen this series of stories before:

https://www.fws.gov/home/climatechange/stories505050.html
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But apparently this one - with the bobcat photo identified as a lynx - has been posted there
since June of 2011:

https://www.fws.gov/news/blog/index.cfm/2011/6/28/Colorado-Partners-Work-to-Offset-
Effects-of-Shrinking-Snowpack

We shouldn't just grab a photo off flicker and assume it correctly identifies the species.

I'm sure our friends and colleagues at Colorado Parks and Wildlife would be happy to
provide us with a picture of an actual Colorado lynx to use to replace the one that is
obviously a bobcat.

On the other hand, if that is what passes for a lynx in Colorado, it would help explain
some of the differences of opinion I've had with some folks there... 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: David Simmons
To: Mark McCollough
Subject: RE: NH Comments
Date: Tuesday, May 02, 2017 3:17:13 PM

Thank you, Mark.  Nice talking with you too.
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Monday, May 01, 2017 11:42 AM
To: David Simmons
Subject: Fwd: NH Comments
 
David:  Nice talking with you this morning.  Here are the comments we received on the lynx
SSA from NH.  I do not see a cover letter (there may not have been one).  I don't believe we
received comments from VT.
 
Mark
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Feb 8, 2017 at 1:35 PM
Subject: Fwd: NH Comments
To: Mark McCollough <mark_mccollough@fws.gov>

I saved this as a PDF and placed on the drive, but thought I'd forward to you the word version
we received from NHF&GD.
 
 
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, Feb 8, 2017 at 11:21 AM
Subject: Fwd: NH Comments
To: Jim Zelenak <jim_zelenak@fws.gov>

more comments. This time from NH.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
---------- Forwarded message ----------
From: Kanter, John <John.Kanter@wildlife.nh.gov>
Date: Wed, Feb 8, 2017 at 11:18 AM
Subject: NH Comments
To: "Jodi_bush@fws.gov" <Jodi_bush@fws.gov>
Cc: "Kilborn, Jillian" <jillian.kilborn@wildlife.nh.gov>, "jmawdsley@fishwildlife.org"
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<jmawdsley@fishwildlife.org>

 
Hi Jodi:
Attached are revisions/updates for the draft Canada Lynx SSA. Jill Kilborn, our Lynx project
leader, can provide additional information if needed (copied on this email).
Thanks,
John
 
John Kanter
Nongame and Endangered Wildlife Supervisor
NH Fish and Game Department
 
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED
 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex
 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: David Simmons
To: Mark McCollough
Subject: RE: NH Comments
Date: Tuesday, May 02, 2017 3:17:13 PM

Thank you, Mark.  Nice talking with you too.
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Monday, May 01, 2017 11:42 AM
To: David Simmons
Subject: Fwd: NH Comments
 
David:  Nice talking with you this morning.  Here are the comments we received on the lynx
SSA from NH.  I do not see a cover letter (there may not have been one).  I don't believe we
received comments from VT.
 
Mark
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Feb 8, 2017 at 1:35 PM
Subject: Fwd: NH Comments
To: Mark McCollough <mark_mccollough@fws.gov>

I saved this as a PDF and placed on the drive, but thought I'd forward to you the word version
we received from NHF&GD.
 
 
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, Feb 8, 2017 at 11:21 AM
Subject: Fwd: NH Comments
To: Jim Zelenak <jim_zelenak@fws.gov>

more comments. This time from NH.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
---------- Forwarded message ----------
From: Kanter, John <John.Kanter@wildlife.nh.gov>
Date: Wed, Feb 8, 2017 at 11:18 AM
Subject: NH Comments
To: "Jodi_bush@fws.gov" <Jodi_bush@fws.gov>
Cc: "Kilborn, Jillian" <jillian.kilborn@wildlife.nh.gov>, "jmawdsley@fishwildlife.org"
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<jmawdsley@fishwildlife.org>

 
Hi Jodi:
Attached are revisions/updates for the draft Canada Lynx SSA. Jill Kilborn, our Lynx project
leader, can provide additional information if needed (copied on this email).
Thanks,
John
 
John Kanter
Nongame and Endangered Wildlife Supervisor
NH Fish and Game Department
 
 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED
 
Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex
 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: What"s wrong with this?
Date: Tuesday, May 02, 2017 3:40:44 PM

I wasn't suggesting you had, Mark; in fact, I was pretty certain you had not.  Really the opposite - that we (FWS) do
all this EA/outreach stuff (which I believe is generally good and necessary) but we end up posting things that have
not been critically reviewed by the Service staff most knowledgeable about them.  So we make errors that
undermine our own scientific credibility.

This piece does, however, quote John Organ and Chris Hoving, but it also contains a lot of sweeping speculation and
implied certainty of outcome like MNDNR and some other SSA reviewers accuse us of ("But as temperatures rise
and snowfall drops,bobcats, fishers and other predators may adapt better to the climate changes and availability of
other prey, out-competing the Canada lynx in northern Maine").  It also has some oddly worded and questionable
statements ("The Canada lynx is so effective at hunting the widely available snowshoe hare that it has little need to
hunt anything else" - well, it sure does when hare numbers are low! - and few places in the DPS range have hares
that most folks would describe as "widely available").

Anyway, my point is that these should be reviewed by the appropriate biological staff before they are posted.

Hope you are hanging in there.

On Tue, May 2, 2017 at 2:52 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
I had no role in writing or reviewing the Maine article.  The two authors are not familiar. 
They may have been DFP/interns for our regional office.  I was surprised to see it when it
was released.   M.

On Mon, May 1, 2017 at 12:58 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Now if we could correct the Maine entry to recognize that the lynx pop in Minnesota is also east of the
Mississippi and to adjust some of the "greatly diminished range" narrative..... At least in Maine, it doesn't seem
like the range has diminished greatly. Also, where lynx have "occurred" in the rest of the Lower 48 versus
where they actually persisted as resident breeding populations are two very different things, and that nuance is
not addressed in this piece.  Oh well.

https://www.fws.gov/news/blog/index.cfm/2011/5/16/Maine-Rising-Temperatures-and-
Declining-Snowfall-Spell-Trouble-for-Canada-Lynx

https://en.wikipedia.org/wiki/Mississippi_River_System#/medi
a/File:Mississippi_watershed_map_1.jpg

The comments on the Maine story are a bit amusing, too.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, May 1, 2017 at 10:41 AM
Subject: Re: What's wrong with this?
To: Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>
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Roya Mogadam, R6 Deputy ARD for External Affairs, worked with folks at HQ to replace the bobcat pic with
one of a lynx.

https://www.fws.gov/news/blog/index.cfm/2011/6/28/Colorado-Partners-Work-to-Offset-
Effects-of-Shrinking-Snowpack

On Tue, Apr 25, 2017 at 1:46 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Ya know, it is annoying but understandable (even occasionally amusing) when other organizations make this
kind of mistake, but when it's us - the agency that prides itself on it's scientific credibility - it's pretty bad
(also infuriating and, to my mind, unacceptable).  Why can't these pieces be run by biologists before they are
posted for the world to see?

I have not seen this series of stories before:

https://www.fws.gov/home/climatechange/stories505050.html

But apparently this one - with the bobcat photo identified as a lynx - has been posted
there since June of 2011:

https://www.fws.gov/news/blog/index.cfm/2011/6/28/Colorado-Partners-Work-to-
Offset-Effects-of-Shrinking-Snowpack

We shouldn't just grab a photo off flicker and assume it correctly identifies the species.

I'm sure our friends and colleagues at Colorado Parks and Wildlife would be happy to
provide us with a picture of an actual Colorado lynx to use to replace the one that is
obviously a bobcat.

On the other hand, if that is what passes for a lynx in Colorado, it would help explain
some of the differences of opinion I've had with some folks there... 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220

https://www.fws.gov/news/blog/index.cfm/2011/6/28/Colorado-Partners-Work-to-Offset-Effects-of-Shrinking-Snowpack
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jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: What"s wrong with this?
Date: Tuesday, May 02, 2017 5:40:47 PM

I wasn't suggesting you had, Mark; in fact, I was pretty certain you had not.  Really the opposite - that we (FWS) do
all this EA/outreach stuff (which I believe is generally good and necessary) but we end up posting things that have
not been critically reviewed by the Service staff most knowledgeable about them.  So we make errors that
undermine our own scientific credibility.

This piece does, however, quote John Organ and Chris Hoving, but it also contains a lot of sweeping speculation and
implied certainty of outcome like MNDNR and some other SSA reviewers accuse us of ("But as temperatures rise
and snowfall drops,bobcats, fishers and other predators may adapt better to the climate changes and availability of
other prey, out-competing the Canada lynx in northern Maine").  It also has some oddly worded and questionable
statements ("The Canada lynx is so effective at hunting the widely available snowshoe hare that it has little need to
hunt anything else" - well, it sure does when hare numbers are low! - and few places in the DPS range have hares
that most folks would describe as "widely available").

Anyway, my point is that these should be reviewed by the appropriate biological staff before they are posted.

Hope you are hanging in there.

On Tue, May 2, 2017 at 2:52 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
I had no role in writing or reviewing the Maine article.  The two authors are not familiar. 
They may have been DFP/interns for our regional office.  I was surprised to see it when it
was released.   M.

On Mon, May 1, 2017 at 12:58 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Now if we could correct the Maine entry to recognize that the lynx pop in Minnesota is also east of the
Mississippi and to adjust some of the "greatly diminished range" narrative..... At least in Maine, it doesn't seem
like the range has diminished greatly. Also, where lynx have "occurred" in the rest of the Lower 48 versus
where they actually persisted as resident breeding populations are two very different things, and that nuance is
not addressed in this piece.  Oh well.

https://www.fws.gov/news/blog/index.cfm/2011/5/16/Maine-Rising-Temperatures-and-
Declining-Snowfall-Spell-Trouble-for-Canada-Lynx

https://en.wikipedia.org/wiki/Mississippi_River_System#/medi
a/File:Mississippi_watershed_map_1.jpg

The comments on the Maine story are a bit amusing, too.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, May 1, 2017 at 10:41 AM
Subject: Re: What's wrong with this?
To: Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>
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Roya Mogadam, R6 Deputy ARD for External Affairs, worked with folks at HQ to replace the bobcat pic with
one of a lynx.

https://www.fws.gov/news/blog/index.cfm/2011/6/28/Colorado-Partners-Work-to-Offset-
Effects-of-Shrinking-Snowpack

On Tue, Apr 25, 2017 at 1:46 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Ya know, it is annoying but understandable (even occasionally amusing) when other organizations make this
kind of mistake, but when it's us - the agency that prides itself on it's scientific credibility - it's pretty bad
(also infuriating and, to my mind, unacceptable).  Why can't these pieces be run by biologists before they are
posted for the world to see?

I have not seen this series of stories before:

https://www.fws.gov/home/climatechange/stories505050.html

But apparently this one - with the bobcat photo identified as a lynx - has been posted
there since June of 2011:

https://www.fws.gov/news/blog/index.cfm/2011/6/28/Colorado-Partners-Work-to-
Offset-Effects-of-Shrinking-Snowpack

We shouldn't just grab a photo off flicker and assume it correctly identifies the species.

I'm sure our friends and colleagues at Colorado Parks and Wildlife would be happy to
provide us with a picture of an actual Colorado lynx to use to replace the one that is
obviously a bobcat.

On the other hand, if that is what passes for a lynx in Colorado, it would help explain
some of the differences of opinion I've had with some folks there... 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
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jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: What"s wrong with this?
Date: Tuesday, May 02, 2017 5:40:47 PM

I wasn't suggesting you had, Mark; in fact, I was pretty certain you had not.  Really the opposite - that we (FWS) do
all this EA/outreach stuff (which I believe is generally good and necessary) but we end up posting things that have
not been critically reviewed by the Service staff most knowledgeable about them.  So we make errors that
undermine our own scientific credibility.

This piece does, however, quote John Organ and Chris Hoving, but it also contains a lot of sweeping speculation and
implied certainty of outcome like MNDNR and some other SSA reviewers accuse us of ("But as temperatures rise
and snowfall drops,bobcats, fishers and other predators may adapt better to the climate changes and availability of
other prey, out-competing the Canada lynx in northern Maine").  It also has some oddly worded and questionable
statements ("The Canada lynx is so effective at hunting the widely available snowshoe hare that it has little need to
hunt anything else" - well, it sure does when hare numbers are low! - and few places in the DPS range have hares
that most folks would describe as "widely available").

Anyway, my point is that these should be reviewed by the appropriate biological staff before they are posted.

Hope you are hanging in there.

On Tue, May 2, 2017 at 2:52 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
I had no role in writing or reviewing the Maine article.  The two authors are not familiar. 
They may have been DFP/interns for our regional office.  I was surprised to see it when it
was released.   M.

On Mon, May 1, 2017 at 12:58 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Now if we could correct the Maine entry to recognize that the lynx pop in Minnesota is also east of the
Mississippi and to adjust some of the "greatly diminished range" narrative..... At least in Maine, it doesn't seem
like the range has diminished greatly. Also, where lynx have "occurred" in the rest of the Lower 48 versus
where they actually persisted as resident breeding populations are two very different things, and that nuance is
not addressed in this piece.  Oh well.

https://www.fws.gov/news/blog/index.cfm/2011/5/16/Maine-Rising-Temperatures-and-
Declining-Snowfall-Spell-Trouble-for-Canada-Lynx

https://en.wikipedia.org/wiki/Mississippi_River_System#/medi
a/File:Mississippi_watershed_map_1.jpg

The comments on the Maine story are a bit amusing, too.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, May 1, 2017 at 10:41 AM
Subject: Re: What's wrong with this?
To: Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>
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Roya Mogadam, R6 Deputy ARD for External Affairs, worked with folks at HQ to replace the bobcat pic with
one of a lynx.

https://www.fws.gov/news/blog/index.cfm/2011/6/28/Colorado-Partners-Work-to-Offset-
Effects-of-Shrinking-Snowpack

On Tue, Apr 25, 2017 at 1:46 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Ya know, it is annoying but understandable (even occasionally amusing) when other organizations make this
kind of mistake, but when it's us - the agency that prides itself on it's scientific credibility - it's pretty bad
(also infuriating and, to my mind, unacceptable).  Why can't these pieces be run by biologists before they are
posted for the world to see?

I have not seen this series of stories before:

https://www.fws.gov/home/climatechange/stories505050.html

But apparently this one - with the bobcat photo identified as a lynx - has been posted
there since June of 2011:

https://www.fws.gov/news/blog/index.cfm/2011/6/28/Colorado-Partners-Work-to-
Offset-Effects-of-Shrinking-Snowpack

We shouldn't just grab a photo off flicker and assume it correctly identifies the species.

I'm sure our friends and colleagues at Colorado Parks and Wildlife would be happy to
provide us with a picture of an actual Colorado lynx to use to replace the one that is
obviously a bobcat.

On the other hand, if that is what passes for a lynx in Colorado, it would help explain
some of the differences of opinion I've had with some folks there... 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220

https://www.fws.gov/news/blog/index.cfm/2011/6/28/Colorado-Partners-Work-to-Offset-Effects-of-Shrinking-Snowpack
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jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Anna Harris
To: McCollough, Mark
Subject: Re: Lynx SSA update
Date: Wednesday, May 03, 2017 6:19:14 AM

Hi Mark,

Thanks for this update. I hope that Jodi also reaches out to
supervisors to ask for more core team time? I can check in with her on
expectations.

This sentence in your update caught my eye:
3) develop responses for each.  This last step will take some time and
thought given the number of comments we received from Maine.
How much time are you thinking?

Now that's we've got the annual report from the state, that's top
priority and I'd like to schedule a meeting with IFW in mid to late
May to discuss. We also have the field season coming up with bee
surveys, so I don't see that there is much time to devote to this.

Let me know your thoughts -

Thanks,
Anna

Sent from my iPhone

> On May 2, 2017, at 12:58 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
>
> 3) develop responses for each.  This last step will take some time and thought given the number of comments we
received from Maine.
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From: Anna Harris
To: McCollough, Mark
Subject: Re: Lynx SSA update
Date: Wednesday, May 03, 2017 6:19:14 AM

Hi Mark,

Thanks for this update. I hope that Jodi also reaches out to
supervisors to ask for more core team time? I can check in with her on
expectations.

This sentence in your update caught my eye:
3) develop responses for each.  This last step will take some time and
thought given the number of comments we received from Maine.
How much time are you thinking?

Now that's we've got the annual report from the state, that's top
priority and I'd like to schedule a meeting with IFW in mid to late
May to discuss. We also have the field season coming up with bee
surveys, so I don't see that there is much time to devote to this.

Let me know your thoughts -

Thanks,
Anna

Sent from my iPhone

> On May 2, 2017, at 12:58 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
>
> 3) develop responses for each.  This last step will take some time and thought given the number of comments we
received from Maine.
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From: McCollough, Mark
To: Jim Zelenak
Subject: Heads up
Date: Wednesday, May 03, 2017 8:54:34 AM

I briefed my supervisor on the lynx SSA call yesterday to make sure she knows of my work in
the next few weeks.  I just wanted to let you know she is concerned about the workload and
may be calling Jodi.  She indicated that I have alternate high priorities.  I will work on the
Google drive table for a few hours this afternoon.  There are many responses that I have
prepared and just need cut, paste, and do some editing - but there still will be many issues that
I need to develop responses for.  

Let's talk if you have concerns.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Jim Zelenak
Subject: VT Fish and Wildlife
Date: Wednesday, May 03, 2017 9:14:19 AM

Jim:  I'm not sure what is happening with VT Fish and Wildlife.  Chris Bernier's email link on
their web page does not work (does he still work there????).  Unlike all of the staff, I can find
no description for Chris on the website.I left a message for Scott Darling, the Wildlife
Division head about our email problems.

Like you, I continue to get non-delivery messages each day concerning my email.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
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From: Zelenak, Jim
To: McCollough, Mark
Cc: Jodi Bush
Subject: Re: Update VT contact list with new email format
Date: Wednesday, May 03, 2017 9:24:57 AM

Thanks for keeping after that Mark.  I'll make changes to my list of contacts.

We have not provided anything since the Draft SSA Report went out to State/FEd partners, so they only missed
discussions on the last call or two.  I have not been compiling notes from those calls; only taking attendance.  

On Wed, May 3, 2017 at 9:20 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Just heard from Scott Darling.  Email format changed about a year and a half ago, but the
grace period just ended on old email addresses.  Thus the problem.

He asked that we add to our distribution list:

Scott.Darling@vermont.gov
Kim.Royar@vermont.gov
Chris.Bernier@vermont.gov
Mark.Scott@vermont.gov

Scott also asked that you send the most recent info we have provided to states so they are
brought up to date.

Thanks,  Mark
-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
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jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: McCollough, Mark
To: Anna Harris
Subject: Re: Lynx SSA update
Date: Wednesday, May 03, 2017 10:13:54 AM

I estimate that it will take 4 to 7 days of time.  Whenever we have been called to work on the
SSA we've been told it is our highest priority.  

We've been told that the SSA has to be revised and completed (including literature cited) by
the end of May.  

You should talk to Jodi and Jim if you do not want me to work on the SSA.  Whatever I do not
do, Region 6 will have to somehow do (but it would be difficult for them to write the Maine
sections without my input).

One of our Core Team members has been pulled off work on the lynx SSA to write another
SSA single-handed.  So that leaves our lynx team short handed.

This has been pretty much the story of my career in ES.  Somehow we get through...

Mark

On Wed, May 3, 2017 at 6:19 AM, Anna Harris <anna_harris@fws.gov> wrote:
Hi Mark,

Thanks for this update. I hope that Jodi also reaches out to
supervisors to ask for more core team time? I can check in with her on
expectations.

This sentence in your update caught my eye:
3) develop responses for each.  This last step will take some time and
thought given the number of comments we received from Maine.
How much time are you thinking?

Now that's we've got the annual report from the state, that's top
priority and I'd like to schedule a meeting with IFW in mid to late
May to discuss. We also have the field season coming up with bee
surveys, so I don't see that there is much time to devote to this.

Let me know your thoughts -

Thanks,
Anna

Sent from my iPhone

> On May 2, 2017, at 12:58 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:

mailto:mark_mccollough@fws.gov
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>
> 3) develop responses for each.  This last step will take some time and thought given the
number of comments we received from Maine.

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Anna Harris
Subject: Re: Lynx SSA update
Date: Wednesday, May 03, 2017 10:13:54 AM

I estimate that it will take 4 to 7 days of time.  Whenever we have been called to work on the
SSA we've been told it is our highest priority.  

We've been told that the SSA has to be revised and completed (including literature cited) by
the end of May.  

You should talk to Jodi and Jim if you do not want me to work on the SSA.  Whatever I do not
do, Region 6 will have to somehow do (but it would be difficult for them to write the Maine
sections without my input).

One of our Core Team members has been pulled off work on the lynx SSA to write another
SSA single-handed.  So that leaves our lynx team short handed.

This has been pretty much the story of my career in ES.  Somehow we get through...

Mark

On Wed, May 3, 2017 at 6:19 AM, Anna Harris <anna_harris@fws.gov> wrote:
Hi Mark,

Thanks for this update. I hope that Jodi also reaches out to
supervisors to ask for more core team time? I can check in with her on
expectations.

This sentence in your update caught my eye:
3) develop responses for each.  This last step will take some time and
thought given the number of comments we received from Maine.
How much time are you thinking?

Now that's we've got the annual report from the state, that's top
priority and I'd like to schedule a meeting with IFW in mid to late
May to discuss. We also have the field season coming up with bee
surveys, so I don't see that there is much time to devote to this.

Let me know your thoughts -

Thanks,
Anna

Sent from my iPhone

> On May 2, 2017, at 12:58 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
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>
> 3) develop responses for each.  This last step will take some time and thought given the
number of comments we received from Maine.

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Jim Zelenak
Subject: Heads up
Date: Wednesday, May 03, 2017 10:54:31 AM

I briefed my supervisor on the lynx SSA call yesterday to make sure she knows of my work in
the next few weeks.  I just wanted to let you know she is concerned about the workload and
may be calling Jodi.  She indicated that I have alternate high priorities.  I will work on the
Google drive table for a few hours this afternoon.  There are many responses that I have
prepared and just need cut, paste, and do some editing - but there still will be many issues that
I need to develop responses for.  

Let's talk if you have concerns.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Jim Zelenak
Subject: Heads up
Date: Wednesday, May 03, 2017 10:54:31 AM

I briefed my supervisor on the lynx SSA call yesterday to make sure she knows of my work in
the next few weeks.  I just wanted to let you know she is concerned about the workload and
may be calling Jodi.  She indicated that I have alternate high priorities.  I will work on the
Google drive table for a few hours this afternoon.  There are many responses that I have
prepared and just need cut, paste, and do some editing - but there still will be many issues that
I need to develop responses for.  

Let's talk if you have concerns.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Jim Zelenak
Subject: VT Fish and Wildlife
Date: Wednesday, May 03, 2017 11:14:16 AM

Jim:  I'm not sure what is happening with VT Fish and Wildlife.  Chris Bernier's email link on
their web page does not work (does he still work there????).  Unlike all of the staff, I can find
no description for Chris on the website.I left a message for Scott Darling, the Wildlife
Division head about our email problems.

Like you, I continue to get non-delivery messages each day concerning my email.

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Jim Zelenak
Subject: Update VT contact list with new email format
Date: Wednesday, May 03, 2017 11:20:44 AM

Just heard from Scott Darling.  Email format changed about a year and a half ago, but the
grace period just ended on old email addresses.  Thus the problem.

He asked that we add to our distribution list:

Scott.Darling@vermont.gov
Kim.Royar@vermont.gov
Chris.Bernier@vermont.gov
Mark.Scott@vermont.gov

Scott also asked that you send the most recent info we have provided to states so they are
brought up to date.

Thanks,  Mark
-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Jim Zelenak
Subject: Update VT contact list with new email format
Date: Wednesday, May 03, 2017 11:20:44 AM

Just heard from Scott Darling.  Email format changed about a year and a half ago, but the
grace period just ended on old email addresses.  Thus the problem.

He asked that we add to our distribution list:

Scott.Darling@vermont.gov
Kim.Royar@vermont.gov
Chris.Bernier@vermont.gov
Mark.Scott@vermont.gov

Scott also asked that you send the most recent info we have provided to states so they are
brought up to date.

Thanks,  Mark
-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: Lynx SSA Comments
Date: Wednesday, May 03, 2017 11:54:31 AM
Attachments: Substantive_comment_guid_blm.pdf

see below.  Missing anything?  JB

__________________________________

Just so we are all on same page from yesterdays call.  You have a couple of jobs.  

First: go back and look at the comments you provided and determine:

A.  Is the comment a duplicate? Determine if your comment is duplicative with another
comment you have identified.  DO NOT REPEAT IT.  If it is a duplicate -so Note in the
Comment box.  

B.  Is the comment substantive?  See attached guidance and below.  

Substantive comments do one or more of the following:

question, with reasonable basis, the accuracy of information in the document.
question, with reasonable basis, the adequacy of, methodology for, or assumptions used
for the l analysis.
present new information relevant to the analysis.
present reasonable alternatives other than those analyzed in the EIS or EA.
cause changes or revisions in one or more of the alternativ

C.  Draft a response. Unless the comment is one of the larger topics that Jim has said he will
address (uncertainty both for climate and the expert modeling exercise, competitors, foot
loading/foot length, island issue, and others), make sure you are clear and responsive to the
issue/comment.  If the comment is one of the larger issues that Jim will address so note and
move on.   All of the comments you ID need some sort of response in the column.  

Some things to think about as you prepare your response:

Did we , in fact, say what they said we said?  Our response focuses on what we said -not
what they think we said. 
Do not over answer or over analyze
Be brief and concise as much as possible.  You can refer to the SSA document or other
literature in your response. 
We will NOT be looking for more information or conducting additional analyses
moving forward.  Our agencies decision will be based on the information we have at this
time. Please do not conjecture about what we don't know or maybe could know if we
only had more time. 

Second.  Missing citations and references need to be dealt with. 

A.  Please upload any missing citations that you referenced in SSA as a pdf to lit cited folders.

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov


B.  Provide any missing page numbers from your citations in the draft SSA  

Thanks for your help in this.  Getting the responses to comments right will help Justin and Jim
get the final SSA right.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205



From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: Lynx SSA Comments
Date: Wednesday, May 03, 2017 11:54:55 AM
Attachments: Substantive_comment_guid_blm.pdf

see below.  Missing anything?  JB

__________________________________

Just so we are all on same page from yesterdays call.  You have a couple of jobs.  

First: go back and look at the comments you provided and determine:

A.  Is the comment a duplicate? Determine if your comment is duplicative with another
comment you have identified.  DO NOT REPEAT IT.  If it is a duplicate -so Note in the
Comment box.  

B.  Is the comment substantive?  See attached guidance and below.  

Substantive comments do one or more of the following:

question, with reasonable basis, the accuracy of information in the document.
question, with reasonable basis, the adequacy of, methodology for, or assumptions used
for the l analysis.
present new information relevant to the analysis.
present reasonable alternatives other than those analyzed in the EIS or EA.
cause changes or revisions in one or more of the alternativ

C.  Draft a response. Unless the comment is one of the larger topics that Jim has said he will
address (uncertainty both for climate and the expert modeling exercise, competitors, foot
loading/foot length, island issue, and others), make sure you are clear and responsive to the
issue/comment.  If the comment is one of the larger issues that Jim will address so note and
move on.   All of the comments you ID need some sort of response in the column.  

Some things to think about as you prepare your response:

Did we , in fact, say what they said we said?  Our response focuses on what we said -not
what they think we said. 
Do not over answer or over analyze
Be brief and concise as much as possible.  You can refer to the SSA document or other
literature in your response. 
We will NOT be looking for more information or conducting additional analyses
moving forward.  Our agencies decision will be based on the information we have at this
time. Please do not conjecture about what we don't know or maybe could know if we
only had more time. 

Second.  Missing citations and references need to be dealt with. 

A.  Please upload any missing citations that you referenced in SSA as a pdf to lit cited folders.
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B.  Provide any missing page numbers from your citations in the draft SSA  

Thanks for your help in this.  Getting the responses to comments right will help Justin and Jim
get the final SSA right.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205



From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: Lynx SSA Comments
Date: Wednesday, May 03, 2017 12:42:10 PM

Looks good, thanks. I fixed a typo and added a few things directly into your message below. 

On Wed, May 3, 2017 at 11:54 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
see below.  Missing anything?  JB

__________________________________

Just so we are all on same page from yesterday 's call.  You have a couple of jobs.  

First : go back and look at the comments you provided and determine:

A.  Is the comment a duplicate? Determine if your comment is duplicative with another
comment you have identified.  DO NOT REPEAT IT.  If it is a duplicate -so Note in the
Comment box.  

B.  Is the comment substantive?  See attached guidance and below.  

Substantive comments do one or more of the following:

question, with reasonable basis, the accuracy of information in the document.
question, with reasonable basis, the adequacy of, methodology for, or assumptions
used for the l analysis.
present new information relevant to the analysis.
present reasonable alternatives other than those analyzed in the EIS or EA.
cause changes or revisions in one or more of the alternativ

C.  Draft a response. Unless the comment is one of the larger topics that Jim has said he
will address (uncertainty both for climate and the expert modeling exercise, competitors,
foot loading/ limb length, mainland-island metapopulation issue, and others), make sure you are
clear and responsive to the issue/comment.  If the comment is one of the larger issues that
Jim will address so note and move on.   All of the comments you ID need some sort of
response in the column.  

Some things to think about as you prepare your response:

Did we, in fact, say what they said we said?  Our response focuses on what we said -
not what they think we said. 
Do not over answer or over analyze .
Be brief and concise as much as possible.  You can refer to the SSA document or
other literature in your response. 
We will NOT be looking for more information or conducting additional analyses
moving forward.  Our agency's decision will be based on the information we have at
this time. Please do not conjecture about what we don't know or maybe could know if
we only had more time. 
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Second : Missing citations and references need to be dealt with. 

A.  Please upload any missing citations that you referenced in SSA as a pdf to lit cited folder
 on the drive.
B.  Provide any missing page numbers from your citations in the draft SSA . 

Thanks for your help in this.  Getting the responses to comments right will help Justin and
Jim get the final SSA right.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: Lynx SSA Comments
Date: Wednesday, May 03, 2017 12:42:10 PM

Looks good, thanks. I fixed a typo and added a few things directly into your message below. 

On Wed, May 3, 2017 at 11:54 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
see below.  Missing anything?  JB

__________________________________

Just so we are all on same page from yesterday 's call.  You have a couple of jobs.  

First : go back and look at the comments you provided and determine:

A.  Is the comment a duplicate? Determine if your comment is duplicative with another
comment you have identified.  DO NOT REPEAT IT.  If it is a duplicate -so Note in the
Comment box.  

B.  Is the comment substantive?  See attached guidance and below.  

Substantive comments do one or more of the following:

question, with reasonable basis, the accuracy of information in the document.
question, with reasonable basis, the adequacy of, methodology for, or assumptions
used for the l analysis.
present new information relevant to the analysis.
present reasonable alternatives other than those analyzed in the EIS or EA.
cause changes or revisions in one or more of the alternativ

C.  Draft a response. Unless the comment is one of the larger topics that Jim has said he
will address (uncertainty both for climate and the expert modeling exercise, competitors,
foot loading/ limb length, mainland-island metapopulation issue, and others), make sure you are
clear and responsive to the issue/comment.  If the comment is one of the larger issues that
Jim will address so note and move on.   All of the comments you ID need some sort of
response in the column.  

Some things to think about as you prepare your response:

Did we, in fact, say what they said we said?  Our response focuses on what we said -
not what they think we said. 
Do not over answer or over analyze .
Be brief and concise as much as possible.  You can refer to the SSA document or
other literature in your response. 
We will NOT be looking for more information or conducting additional analyses
moving forward.  Our agency's decision will be based on the information we have at
this time. Please do not conjecture about what we don't know or maybe could know if
we only had more time. 
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Second : Missing citations and references need to be dealt with. 

A.  Please upload any missing citations that you referenced in SSA as a pdf to lit cited folder
 on the drive.
B.  Provide any missing page numbers from your citations in the draft SSA . 

Thanks for your help in this.  Getting the responses to comments right will help Justin and
Jim get the final SSA right.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Bcc: Shawn Sartorius
Subject: comment/response issues
Date: Wednesday, May 03, 2017 1:10:48 PM

As we discussed.

Harrison's comment:

(re: SSA p26/para 1/6-12) "This seems to lack the 2 most recent references on thresholds of hares for lynx
occurrence – see Simons-Legaard et al. 2013 (reports threshold of >0.7 hares/ha) and (Simons-Legaard et. al. 2016),
which depicts distribution of hare habitat meeting landscape thresholds for hares across 4.1 million acres of lynx
critical habitat circa 2010 and 2022."

Mark's responses:

1. "Dr. Harrison and Dr. Murray both caution against taking a broad-brush approach to landscape hare densities
needed to support lynx that applies across the DPS.  As they indicate, there were no data to support the O.5 hares/ha.
 yet it is widely cited.  There are analyses from Maine that indicates that lynx need at least 0.74 hares/ha (Simons-
Legaard et al. 2016).  Furthermore, researchers often report the maximum hare densities found in some DPS units,
not the landscape hare density.  For example, hare densities reaching 1.0 hares/ha in small, widely scattered patches
in Montana is expressed in relatively low landscape hare densities compared to hare landscape densities reaching
>1.0 hares/ha in contiguous habitat across wide landscapes having spruce-fir in Maine (when hares were high and
habitat from regenerating clearcuts peaked).  This explains why lynx home ranges are smaller in Maine than
Montana.  There are hare density data from Montana (Steury and Murray) that suggests that hare densities need to
be greater than 1.0 hares/ha there.  There may be other  analyses for other DPS units."

2. "We need to address. This could influence our thoughts on resiliency."

See my reply below.  The biggest things are that (1) Dan's comment is that we overlooked a couple citations (which
we have used in multiple other places in the draft), and (2) that Dan is incorrect in stating that Simons-Legaard et al.
2013 suggested a threshold of 0.7 hares/ha.  The correct conclusion is that the average hare density in occupied
home ranges was 0.74 (i.e., some were considerably higher and some were a little lower) and no areas with
densities below 0.5/ha were occupied.

Beyond that, Mark's reply seems to twist Dan's comment into suggesting a major oversight or irrational conclusion
on our part that we must address (somehow by noting that lynx in the unnatural northern Maine landscape have
smaller home ranges than lynx in other [western] parts of the DPS) and that if we did so, it would alter our
conclusions about the resiliency of individual SSA units and/or the DPS as a whole.  To put it mildly, I think that is
a stretch, and I'm confused as to (1) why Mark feels his response is actually responsive to the comment, and (2)
what he is trying to get at with his response/non-response.

My reply to Mark's comment, which I've entered into the adjacent column in the spreadsheet (it's lengthy, but
necessary, I think):

(JZ) I disagree. Mark - there is nothing in Simons-Legaard et al 2016 that "indicates that lynx
need at least 0.74 hares/ha." They DO say this: "...the minimum landscape- scale hare density
associated with lynx occurrence in our study area (i.e. 0.5 hares/ha; Simons-Legaard et al.
2013)." And: "During the same period (1988-2010), percentage of forestland area with an
average hare density equal to or >0.5 hares/ha, which appears to be a habitat threshold
for lynx (Simons-Legaard et al. 2013), increased from <1 to 64.1%. (This is what we should
be talking about when discussing likely historical habitat capability in Maine - that prior to
clearcutting 60-65% of the forest in northern ME, including about 40% of the conifer-
dominated forest, less than 1 % was likely capable of supporting resident lynx, compared to

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:shawn_sartorius@fws.gov


almost two-thirds that was capable of doing so by 2010).  They also say: "A hare density of
0.5 hares/ha has been previously suggested as the minimum required for supporting a lynx
population (Ruggiero et al. 2000) and in our study area lynx did not occupy areas where
average density was <0.5 hares/ha at the scale of a lynx home range during surveys from
2003–2006 (Simons-Legaard et al. 2013). Maine’s lynx population is thought to have
increased starting in the mid- to late-1990s (Hoving et al. 2004), and our results suggest that
the percentage of forestland with an average density >0.5 hares/ha increased c. 400%."
Further, Simons-Legaard et al. 2013 did not suggest a minimum of 0.74 - rather that was the
average density in occupied lynx home ranges and that no areas with less than 0.5/ha were
occupied.  They "...suggest that landscape-scale hare densities should exceed 0.5 hares/ha, but
do not need to be as high as 1.5 hares/ha (as per Steury and Murray 2004) to support a
southern lynx population." Also, neither the word "Montana" nor any Montana hare data
appear anywhere in Steury and Murray 2004, which reported modeling that suggested that
hare densities of 1.1-1.8/ha might be needed for reintroduced lynx in the southern periphery
of the range. In a follow-up paper (Murry et al. 2008, p. 1468), the same authors noted that
"...threshold hare densities and lynx demographic responses described by Steury and Murray
(2004) may be overly conservative." In support of that notion is the fact that nowhere in
Colorado do landscape-level hare densities come anywhere close to 1/ha, yet resident lynx
have persisted there for the past 10 years since the releases of lynx concluded. Finally, all
Dan's comment suggests is that we missed two papers in this part of the document (which we
did cite elsewhere); he said nothing about the need to highlight differences in hare densities in
each SSA unit or to explain why lynx home ranges may be smaller in one versus another.  The
fact is that Erin's work in Maine, Moen's in Minnesota, and Squires' in Montana all lend
support to the idea that 0.5 hares/ha is a reasonable lower bound for persistent lynx
presence/home range maintenance/ some reproduction in the DPS, and that is what we
reported in the draft SSA.
-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Jodi Bush
Subject: comment/response issues
Date: Wednesday, May 03, 2017 1:10:55 PM

As we discussed.

Harrison's comment:

(re: SSA p26/para 1/6-12) "This seems to lack the 2 most recent references on thresholds of hares for lynx
occurrence – see Simons-Legaard et al. 2013 (reports threshold of >0.7 hares/ha) and (Simons-Legaard et. al. 2016),
which depicts distribution of hare habitat meeting landscape thresholds for hares across 4.1 million acres of lynx
critical habitat circa 2010 and 2022."

Mark's responses:

1. "Dr. Harrison and Dr. Murray both caution against taking a broad-brush approach to landscape hare densities
needed to support lynx that applies across the DPS.  As they indicate, there were no data to support the O.5 hares/ha.
 yet it is widely cited.  There are analyses from Maine that indicates that lynx need at least 0.74 hares/ha (Simons-
Legaard et al. 2016).  Furthermore, researchers often report the maximum hare densities found in some DPS units,
not the landscape hare density.  For example, hare densities reaching 1.0 hares/ha in small, widely scattered patches
in Montana is expressed in relatively low landscape hare densities compared to hare landscape densities reaching
>1.0 hares/ha in contiguous habitat across wide landscapes having spruce-fir in Maine (when hares were high and
habitat from regenerating clearcuts peaked).  This explains why lynx home ranges are smaller in Maine than
Montana.  There are hare density data from Montana (Steury and Murray) that suggests that hare densities need to
be greater than 1.0 hares/ha there.  There may be other  analyses for other DPS units."

2. "We need to address. This could influence our thoughts on resiliency."

See my reply below.  The biggest things are that (1) Dan's comment is that we overlooked a couple citations (which
we have used in multiple other places in the draft), and (2) that Dan is incorrect in stating that Simons-Legaard et al.
2013 suggested a threshold of 0.7 hares/ha.  The correct conclusion is that the average hare density in occupied
home ranges was 0.74 (i.e., some were considerably higher and some were a little lower) and no areas with
densities below 0.5/ha were occupied.

Beyond that, Mark's reply seems to twist Dan's comment into suggesting a major oversight or irrational conclusion
on our part that we must address (somehow by noting that lynx in the unnatural northern Maine landscape have
smaller home ranges than lynx in other [western] parts of the DPS) and that if we did so, it would alter our
conclusions about the resiliency of individual SSA units and/or the DPS as a whole.  To put it mildly, I think that is
a stretch, and I'm confused as to (1) why Mark feels his response is actually responsive to the comment, and (2)
what he is trying to get at with his response/non-response.

My reply to Mark's comment, which I've entered into the adjacent column in the spreadsheet (it's lengthy, but
necessary, I think):

(JZ) I disagree. Mark - there is nothing in Simons-Legaard et al 2016 that "indicates that lynx
need at least 0.74 hares/ha." They DO say this: "...the minimum landscape- scale hare density
associated with lynx occurrence in our study area (i.e. 0.5 hares/ha; Simons-Legaard et al.
2013)." And: "During the same period (1988-2010), percentage of forestland area with an
average hare density equal to or >0.5 hares/ha, which appears to be a habitat threshold
for lynx (Simons-Legaard et al. 2013), increased from <1 to 64.1%. (This is what we should
be talking about when discussing likely historical habitat capability in Maine - that prior to
clearcutting 60-65% of the forest in northern ME, including about 40% of the conifer-
dominated forest, less than 1 % was likely capable of supporting resident lynx, compared to
almost two-thirds that was capable of doing so by 2010).  They also say: "A hare density of
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0.5 hares/ha has been previously suggested as the minimum required for supporting a lynx
population (Ruggiero et al. 2000) and in our study area lynx did not occupy areas where
average density was <0.5 hares/ha at the scale of a lynx home range during surveys from
2003–2006 (Simons-Legaard et al. 2013). Maine’s lynx population is thought to have
increased starting in the mid- to late-1990s (Hoving et al. 2004), and our results suggest that
the percentage of forestland with an average density >0.5 hares/ha increased c. 400%."
Further, Simons-Legaard et al. 2013 did not suggest a minimum of 0.74 - rather that was the
average density in occupied lynx home ranges and that no areas with less than 0.5/ha were
occupied.  They "...suggest that landscape-scale hare densities should exceed 0.5 hares/ha, but
do not need to be as high as 1.5 hares/ha (as per Steury and Murray 2004) to support a
southern lynx population." Also, neither the word "Montana" nor any Montana hare data
appear anywhere in Steury and Murray 2004, which reported modeling that suggested that
hare densities of 1.1-1.8/ha might be needed for reintroduced lynx in the southern periphery
of the range. In a follow-up paper (Murry et al. 2008, p. 1468), the same authors noted that
"...threshold hare densities and lynx demographic responses described by Steury and Murray
(2004) may be overly conservative." In support of that notion is the fact that nowhere in
Colorado do landscape-level hare densities come anywhere close to 1/ha, yet resident lynx
have persisted there for the past 10 years since the releases of lynx concluded. Finally, all
Dan's comment suggests is that we missed two papers in this part of the document (which we
did cite elsewhere); he said nothing about the need to highlight differences in hare densities in
each SSA unit or to explain why lynx home ranges may be smaller in one versus another.  The
fact is that Erin's work in Maine, Moen's in Minnesota, and Squires' in Montana all lend
support to the idea that 0.5 hares/ha is a reasonable lower bound for persistent lynx
presence/home range maintenance/ some reproduction in the DPS, and that is what we
reported in the draft SSA.
-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Subject: comment/response issues
Date: Wednesday, May 03, 2017 1:10:55 PM

As we discussed.

Harrison's comment:

(re: SSA p26/para 1/6-12) "This seems to lack the 2 most recent references on thresholds of hares for lynx
occurrence – see Simons-Legaard et al. 2013 (reports threshold of >0.7 hares/ha) and (Simons-Legaard et. al. 2016),
which depicts distribution of hare habitat meeting landscape thresholds for hares across 4.1 million acres of lynx
critical habitat circa 2010 and 2022."

Mark's responses:

1. "Dr. Harrison and Dr. Murray both caution against taking a broad-brush approach to landscape hare densities
needed to support lynx that applies across the DPS.  As they indicate, there were no data to support the O.5 hares/ha.
 yet it is widely cited.  There are analyses from Maine that indicates that lynx need at least 0.74 hares/ha (Simons-
Legaard et al. 2016).  Furthermore, researchers often report the maximum hare densities found in some DPS units,
not the landscape hare density.  For example, hare densities reaching 1.0 hares/ha in small, widely scattered patches
in Montana is expressed in relatively low landscape hare densities compared to hare landscape densities reaching
>1.0 hares/ha in contiguous habitat across wide landscapes having spruce-fir in Maine (when hares were high and
habitat from regenerating clearcuts peaked).  This explains why lynx home ranges are smaller in Maine than
Montana.  There are hare density data from Montana (Steury and Murray) that suggests that hare densities need to
be greater than 1.0 hares/ha there.  There may be other  analyses for other DPS units."

2. "We need to address. This could influence our thoughts on resiliency."

See my reply below.  The biggest things are that (1) Dan's comment is that we overlooked a couple citations (which
we have used in multiple other places in the draft), and (2) that Dan is incorrect in stating that Simons-Legaard et al.
2013 suggested a threshold of 0.7 hares/ha.  The correct conclusion is that the average hare density in occupied
home ranges was 0.74 (i.e., some were considerably higher and some were a little lower) and no areas with
densities below 0.5/ha were occupied.

Beyond that, Mark's reply seems to twist Dan's comment into suggesting a major oversight or irrational conclusion
on our part that we must address (somehow by noting that lynx in the unnatural northern Maine landscape have
smaller home ranges than lynx in other [western] parts of the DPS) and that if we did so, it would alter our
conclusions about the resiliency of individual SSA units and/or the DPS as a whole.  To put it mildly, I think that is
a stretch, and I'm confused as to (1) why Mark feels his response is actually responsive to the comment, and (2)
what he is trying to get at with his response/non-response.

My reply to Mark's comment, which I've entered into the adjacent column in the spreadsheet (it's lengthy, but
necessary, I think):

(JZ) I disagree. Mark - there is nothing in Simons-Legaard et al 2016 that "indicates that lynx
need at least 0.74 hares/ha." They DO say this: "...the minimum landscape- scale hare density
associated with lynx occurrence in our study area (i.e. 0.5 hares/ha; Simons-Legaard et al.
2013)." And: "During the same period (1988-2010), percentage of forestland area with an
average hare density equal to or >0.5 hares/ha, which appears to be a habitat threshold
for lynx (Simons-Legaard et al. 2013), increased from <1 to 64.1%. (This is what we should
be talking about when discussing likely historical habitat capability in Maine - that prior to
clearcutting 60-65% of the forest in northern ME, including about 40% of the conifer-
dominated forest, less than 1 % was likely capable of supporting resident lynx, compared to
almost two-thirds that was capable of doing so by 2010).  They also say: "A hare density of
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0.5 hares/ha has been previously suggested as the minimum required for supporting a lynx
population (Ruggiero et al. 2000) and in our study area lynx did not occupy areas where
average density was <0.5 hares/ha at the scale of a lynx home range during surveys from
2003–2006 (Simons-Legaard et al. 2013). Maine’s lynx population is thought to have
increased starting in the mid- to late-1990s (Hoving et al. 2004), and our results suggest that
the percentage of forestland with an average density >0.5 hares/ha increased c. 400%."
Further, Simons-Legaard et al. 2013 did not suggest a minimum of 0.74 - rather that was the
average density in occupied lynx home ranges and that no areas with less than 0.5/ha were
occupied.  They "...suggest that landscape-scale hare densities should exceed 0.5 hares/ha, but
do not need to be as high as 1.5 hares/ha (as per Steury and Murray 2004) to support a
southern lynx population." Also, neither the word "Montana" nor any Montana hare data
appear anywhere in Steury and Murray 2004, which reported modeling that suggested that
hare densities of 1.1-1.8/ha might be needed for reintroduced lynx in the southern periphery
of the range. In a follow-up paper (Murry et al. 2008, p. 1468), the same authors noted that
"...threshold hare densities and lynx demographic responses described by Steury and Murray
(2004) may be overly conservative." In support of that notion is the fact that nowhere in
Colorado do landscape-level hare densities come anywhere close to 1/ha, yet resident lynx
have persisted there for the past 10 years since the releases of lynx concluded. Finally, all
Dan's comment suggests is that we missed two papers in this part of the document (which we
did cite elsewhere); he said nothing about the need to highlight differences in hare densities in
each SSA unit or to explain why lynx home ranges may be smaller in one versus another.  The
fact is that Erin's work in Maine, Moen's in Minnesota, and Squires' in Montana all lend
support to the idea that 0.5 hares/ha is a reasonable lower bound for persistent lynx
presence/home range maintenance/ some reproduction in the DPS, and that is what we
reported in the draft SSA.
-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Bush, Jodi
To: Tamara Smith; Mark McCollough; Bryon Holt
Cc: Jim Zelenak; Justin Shoemaker
Subject: Fwd: Lynx SSA Comments
Date: Wednesday, May 03, 2017 1:14:11 PM

Hey folks.  Just so we are all on same page from yesterday 's call.  You have a couple of
jobs: 

First : go back and look at the comments you provided and determine:

A.  Is the comment a duplicate? Determine if your comment is duplicative with another
comment you have identified.  We should not be repeating these.  If it is a duplicate -so Note
in the Comment box.  

B.  Is the comment substantive?  See attached guidance and below.  

Substantive comments do one or more of the following:

question, with reasonable basis, the accuracy of information in the document.
question, with reasonable basis, the adequacy of, methodology for, or assumptions
used for the  analysis.
present new information relevant to the analysis.
present reasonable alternatives other than those analyzed in the document.
cause changes or revisions in one or more of the alternativ

C.  Draft a response. Unless the comment is one of the larger topics that Jim has said he
will address (uncertainty both for climate and the expert modeling exercise, competitors,
foot loading/ limb length, mainland-island metapopulation issue, and others), make sure you are
clear and responsive to the issue/comment.  If the comment is one of the larger issues that
Jim will address so note and move on.   All of the comments you ID need some sort of
response in the column.  

Some things to think about as you prepare your response:

Did we, in fact, say what they said we said?  Our response focuses on what we said -
not what they think we said. 
Do not over answer or over analyze .
Be brief and concise as much as possible.  You can refer to the SSA document or
other literature in your response. 
We will NOT be looking for more information or conducting additional analyses
moving forward.  Our agency's decision will be based on the information we have at
this time. Please do not conjecture about what we don't know or maybe could know if
we only had more time. 

Second : Missing citations and references need to be dealt with. 

A.  Please upload any missing citations that you referenced in SSA as a pdf to lit cited folder
 on the drive.
B.  Provide any missing page numbers from your citations in the draft SSA . 
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Thanks for your help in this.  Getting the responses to comments right will help Justin and
Jim get the final SSA right.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Anna Harris
Subject: Fwd: Lynx SSA Comments
Date: Wednesday, May 03, 2017 1:38:51 PM

Anna.  I've got a mid year at 2 but if you have a minute give me a call.  It would be good if
you could open up the comment table so we could discuss it while we are on the phone. 
Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, May 3, 2017 at 1:13 PM
Subject: Fwd: Lynx SSA Comments
To: Tamara Smith <Tamara_Smith@fws.gov>, Mark McCollough
<Mark_McCollough@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>
Cc: Jim Zelenak <jim_zelenak@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>

Hey folks.  Just so we are all on same page from yesterday 's call.  You have a couple of
jobs: 

First : go back and look at the comments you provided and determine:

A.  Is the comment a duplicate? Determine if your comment is duplicative with another
comment you have identified.  We should not be repeating these.  If it is a duplicate -so Note
in the Comment box.  

B.  Is the comment substantive?  See attached guidance and below.  

Substantive comments do one or more of the following:

question, with reasonable basis, the accuracy of information in the document.
question, with reasonable basis, the adequacy of, methodology for, or assumptions
used for the  analysis.
present new information relevant to the analysis.
present reasonable alternatives other than those analyzed in the document.
cause changes or revisions in one or more of the alternativ

C.  Draft a response. Unless the comment is one of the larger topics that Jim has said he
will address (uncertainty both for climate and the expert modeling exercise, competitors,
foot loading/ limb length, mainland-island metapopulation issue, and others), make sure you are
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clear and responsive to the issue/comment.  If the comment is one of the larger issues that
Jim will address so note and move on.   All of the comments you ID need some sort of
response in the column.  

Some things to think about as you prepare your response:

Did we, in fact, say what they said we said?  Our response focuses on what we said -
not what they think we said. 
Do not over answer or over analyze .
Be brief and concise as much as possible.  You can refer to the SSA document or
other literature in your response. 
We will NOT be looking for more information or conducting additional analyses
moving forward.  Our agency's decision will be based on the information we have at
this time. Please do not conjecture about what we don't know or maybe could know if
we only had more time. 

Second : Missing citations and references need to be dealt with. 

A.  Please upload any missing citations that you referenced in SSA as a pdf to lit cited folder
 on the drive.
B.  Provide any missing page numbers from your citations in the draft SSA . 

Thanks for your help in this.  Getting the responses to comments right will help Justin and
Jim get the final SSA right.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Anna Harris
Subject: Fwd: Lynx SSA Comments
Date: Wednesday, May 03, 2017 1:38:51 PM

Anna.  I've got a mid year at 2 but if you have a minute give me a call.  It would be good if
you could open up the comment table so we could discuss it while we are on the phone. 
Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, May 3, 2017 at 1:13 PM
Subject: Fwd: Lynx SSA Comments
To: Tamara Smith <Tamara_Smith@fws.gov>, Mark McCollough
<Mark_McCollough@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>
Cc: Jim Zelenak <jim_zelenak@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>

Hey folks.  Just so we are all on same page from yesterday 's call.  You have a couple of
jobs: 

First : go back and look at the comments you provided and determine:

A.  Is the comment a duplicate? Determine if your comment is duplicative with another
comment you have identified.  We should not be repeating these.  If it is a duplicate -so Note
in the Comment box.  

B.  Is the comment substantive?  See attached guidance and below.  

Substantive comments do one or more of the following:

question, with reasonable basis, the accuracy of information in the document.
question, with reasonable basis, the adequacy of, methodology for, or assumptions
used for the  analysis.
present new information relevant to the analysis.
present reasonable alternatives other than those analyzed in the document.
cause changes or revisions in one or more of the alternativ

C.  Draft a response. Unless the comment is one of the larger topics that Jim has said he
will address (uncertainty both for climate and the expert modeling exercise, competitors,
foot loading/ limb length, mainland-island metapopulation issue, and others), make sure you are

mailto:jodi_bush@fws.gov
mailto:anna_harris@fws.gov
mailto:jodi_bush@fws.gov
mailto:Tamara_Smith@fws.gov
mailto:Mark_McCollough@fws.gov
mailto:Bryon_Holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov


clear and responsive to the issue/comment.  If the comment is one of the larger issues that
Jim will address so note and move on.   All of the comments you ID need some sort of
response in the column.  

Some things to think about as you prepare your response:

Did we, in fact, say what they said we said?  Our response focuses on what we said -
not what they think we said. 
Do not over answer or over analyze .
Be brief and concise as much as possible.  You can refer to the SSA document or
other literature in your response. 
We will NOT be looking for more information or conducting additional analyses
moving forward.  Our agency's decision will be based on the information we have at
this time. Please do not conjecture about what we don't know or maybe could know if
we only had more time. 

Second : Missing citations and references need to be dealt with. 

A.  Please upload any missing citations that you referenced in SSA as a pdf to lit cited folder
 on the drive.
B.  Provide any missing page numbers from your citations in the draft SSA . 

Thanks for your help in this.  Getting the responses to comments right will help Justin and
Jim get the final SSA right.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: McCollough, Mark
To: Anna Harris
Subject: Fwd: Lynx SSA Comments
Date: Wednesday, May 03, 2017 3:15:28 PM

I wanted to share Jodi's email with you.  I believe it echoes the list I provided you yesterday.

thanks,  Mark
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, May 3, 2017 at 3:13 PM
Subject: Fwd: Lynx SSA Comments
To: Tamara Smith <Tamara_Smith@fws.gov>, Mark McCollough
<Mark_McCollough@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>
Cc: Jim Zelenak <jim_zelenak@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>

Hey folks.  Just so we are all on same page from yesterday 's call.  You have a couple of
jobs: 

First : go back and look at the comments you provided and determine:

A.  Is the comment a duplicate? Determine if your comment is duplicative with another
comment you have identified.  We should not be repeating these.  If it is a duplicate -so Note
in the Comment box.  

B.  Is the comment substantive?  See attached guidance and below.  

Substantive comments do one or more of the following:

question, with reasonable basis, the accuracy of information in the document.
question, with reasonable basis, the adequacy of, methodology for, or assumptions
used for the  analysis.
present new information relevant to the analysis.
present reasonable alternatives other than those analyzed in the document.
cause changes or revisions in one or more of the alternativ

C.  Draft a response. Unless the comment is one of the larger topics that Jim has said he
will address (uncertainty both for climate and the expert modeling exercise, competitors,
foot loading/ limb length, mainland-island metapopulation issue, and others), make sure you are
clear and responsive to the issue/comment.  If the comment is one of the larger issues that
Jim will address so note and move on.   All of the comments you ID need some sort of
response in the column.  

Some things to think about as you prepare your response:

Did we, in fact, say what they said we said?  Our response focuses on what we said -
not what they think we said. 
Do not over answer or over analyze .
Be brief and concise as much as possible.  You can refer to the SSA document or
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other literature in your response. 
We will NOT be looking for more information or conducting additional analyses
moving forward.  Our agency's decision will be based on the information we have at
this time. Please do not conjecture about what we don't know or maybe could know if
we only had more time. 

Second : Missing citations and references need to be dealt with. 

A.  Please upload any missing citations that you referenced in SSA as a pdf to lit cited folder
 on the drive.
B.  Provide any missing page numbers from your citations in the draft SSA . 

Thanks for your help in this.  Getting the responses to comments right will help Justin and
Jim get the final SSA right.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431

mailto:jim_zelenak@fws.gov


Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Anna Harris
Subject: Fwd: Lynx SSA Comments
Date: Wednesday, May 03, 2017 3:15:28 PM

I wanted to share Jodi's email with you.  I believe it echoes the list I provided you yesterday.

thanks,  Mark
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Wed, May 3, 2017 at 3:13 PM
Subject: Fwd: Lynx SSA Comments
To: Tamara Smith <Tamara_Smith@fws.gov>, Mark McCollough
<Mark_McCollough@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>
Cc: Jim Zelenak <jim_zelenak@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>

Hey folks.  Just so we are all on same page from yesterday 's call.  You have a couple of
jobs: 

First : go back and look at the comments you provided and determine:

A.  Is the comment a duplicate? Determine if your comment is duplicative with another
comment you have identified.  We should not be repeating these.  If it is a duplicate -so Note
in the Comment box.  

B.  Is the comment substantive?  See attached guidance and below.  

Substantive comments do one or more of the following:

question, with reasonable basis, the accuracy of information in the document.
question, with reasonable basis, the adequacy of, methodology for, or assumptions
used for the  analysis.
present new information relevant to the analysis.
present reasonable alternatives other than those analyzed in the document.
cause changes or revisions in one or more of the alternativ

C.  Draft a response. Unless the comment is one of the larger topics that Jim has said he
will address (uncertainty both for climate and the expert modeling exercise, competitors,
foot loading/ limb length, mainland-island metapopulation issue, and others), make sure you are
clear and responsive to the issue/comment.  If the comment is one of the larger issues that
Jim will address so note and move on.   All of the comments you ID need some sort of
response in the column.  

Some things to think about as you prepare your response:

Did we, in fact, say what they said we said?  Our response focuses on what we said -
not what they think we said. 
Do not over answer or over analyze .
Be brief and concise as much as possible.  You can refer to the SSA document or

mailto:mark_mccollough@fws.gov
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other literature in your response. 
We will NOT be looking for more information or conducting additional analyses
moving forward.  Our agency's decision will be based on the information we have at
this time. Please do not conjecture about what we don't know or maybe could know if
we only had more time. 

Second : Missing citations and references need to be dealt with. 

A.  Please upload any missing citations that you referenced in SSA as a pdf to lit cited folder
 on the drive.
B.  Provide any missing page numbers from your citations in the draft SSA . 

Thanks for your help in this.  Getting the responses to comments right will help Justin and
Jim get the final SSA right.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431

mailto:jim_zelenak@fws.gov


Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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OUTLINE FOR PPT/WEBINAR FOR ARD BRIEFING ON MARCH 11, 2016 

What are we doing?   

We are implementing the SSA process, in order to meet a court ordered timeline to develop a Recovery 
Plan for Canada Lynx (if determined to still warrant listing) by January 2018.  Prior to moving forward 
with recovery planning – the SSA will provide the additional analysis to re-evaluate the status of the 
species and document that through a five year review. 

Why?  

In 2000 (remanded 2003), the Canada lynx was listed in the contiguous U.S. DPS as a threatened species 
under the Act because of the inadequacy, at that time, of existing regulatory mechanisms.   In 2005, we 
completed a Recovery Outline which focused on XYZ.  In 2006, critical habitat was designated and 
revised in 2009 and 2014 due to XYZ.  We are currently in litigation on our latest critical habitat 
designation from 2014.  Currently, there are five geographic areas known to support resident lynx 
populations in the DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana and 
northeastern Idaho; north-central Washington; and western Colorado (Figure 1).   

Key Points.  

• We announced the initiation of a Five-year status review on December 8, 2014.  Shortly 
thereafter, we embarked on the Species Status Assessment (SSA).  This information in the SSA will be 
used by Service decision makers to inform classification decisions, recovery planning direction, and 
other determinations required by the Endangered Species Act.  (ADD POTENTIAL FINDINGS SLIDE TO 
REMIND ARDS OF CHOICES WE COULD MAKE)  

• Through the SSA process we intend to assess the current status, threats and future viability of 
the Canada lynx DPS and compile and summarize the best available scientific and commercial data, 
including empirical data, published literature, and expert input.  

• In the SSA process, we will prioritize information and modeling to best evaluate potential future 
conditions and viability. 

• We will continue to engage State, Tribal and other Federal, Canadian and other stakeholders, 
partners, and managers.   We specifically asked State partners for names for panel.   

• In the fall of 2015, we convened a workshop for scientific experts to address the current and 
likely future status of the Canada lynx DPS.  The team included state agencies, other federal agencies, 
and academic researchers to elicit expert input. The resultant workshop report is one piece of 
information that will be used in developing the SSA.  

• The Service Core Team for the Lynx SSA developed expert selection criteria based on 
professional credentials, positions, areas of expertise, and pertinent experience to develop a list of 
candidate lynx experts and other subject matter experts.   

• Selection criteria helped ensure that invitations to participate were made only to scientists 
with expertise highly relevant to workshop topics and, further, that the selections were 



transparent, unbiased, and adequately captured the diversity of expertise and professional 
judgments related to the topics.    ADD MORE FROM REPORT 

 

Out comes from Workshop: 

Representation 

o Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or adaptive 
capacity of lynx in the DPS.   

o Adaptability and evolutionary capacity of the DPS over time does not appear to have been 
diminished and is unlikely to become so, independent of threats that may impact the redundancy and 
persistence of lynx populations. 

Redundance 

o DPS as a whole does not appear vulnerable to extirpation from a single catastrophic event.  No 
catastrophic event that could result in the functional extirpation of the entire DPS and, further, no or a 
very low likelihood of functional extirpation of any of the individual geographic units due to a single 
catastrophic event. 

Resiliency 

o Responses indicate that all five of the geographic units known to currently support resident lynx 
populations have a greater than 70% expectation of continuing to support lynx populations by mid-
century but a declining likelihood and greater uncertainty of continuing to support lynx populations by 
the end of the century.   

o Responses also suggest that the overarching threat to the long-term persistence of lynx 
populations in the DPS is climate change, which is anticipated to result in loss of boreal forest habitats 
and snow conditions favorable for lynx, although the timing and magnitude of such losses are uncertain. 

Climate timeline.  PULL FROM REPORT 

 

Overall Message from Panel Report 

What happens next with the panel Report? 

• Complete RO review (DO other ARDs want to review before it is posted? )  
• Post on internet and send out to State partners 

Other efforts.  We asked Steve Torbit, ARD for Scientific Applications for his assistance to develop a 
range of reasonably certain future climate change scenarios related to lynx and some measure of the 
uncertainty associated with several time periods.  These included low, moderate and high emissions 
scenarios at mid (2050) and end of century (2100), but we are open to other suggestions.  Our questions 
particularly related to: 



• How snowfall patterns, amounts/depths, duration, and consistency (powder versus 
packed/crusted)may change (as well as precipitation rates),  

• What the projected rates of northward and upslope boreal forest migration might be - and the 
lag between climatic and vegetative changes, and if possible 

• How climate change will affect fire size, frequency and intensity and forest insect outbreaks.  

 

• What he was able to find out.  
• What this means for our timeline and the science. (6 weeks per area, Core team doubts info 

would be more enlightening than what already presented by Alexi) 

Core Team SSA Meeting (Denver) 
  Purpose 
 How it went 
 Where are we now? 
 

Decision Points   

• Climate scenario years from panel report…Are ARDs OK with timespan? 
• Do we need better information to address likely impacts to lynx from CC? If the answer is yes, 

are we willing to request the settlement date be changed to allow the time for this information.  
It would likely be 6 months.   

• When we do Peer review of SSA, do our State counterparts get it at the same time? If so, how 
do we treat their comments?  

• Do managers want any recommendation from team in the SSA? If the SSA document is 
supposed to be science only, we suggest that the Five-year review would be the 
recommendation from the team and that all units would need to concur before it was finalized.   

•  

REVISED TIMELINES 
• Workshop Report      FINAL -MARCH 18, 2016 
• Species Status Report        DRAFT, APRIL 15, 2016 

o  Internal Review Complete     APRIL 29. 2016 
o  Peer Review (and State?) Complete    MAY 15, 2016 
o  Final Report Complete       MAY 30, 2016 

• Five-year Review  
o  Draft         DRAFT, MAY 5, 2016 
o  Final         FINAL, MAY 30, 2016 

• Draft Recovery Plan (if necessary)              DRAFT, JANUARY 2017?? 
• Final Recovery Plan DUE (If necessary)      FINAL, JANUARY 2018 
 

 At the time of completion of the SSA, we will be 6 months behind schedule.   



From: Bush, Jodi
To: Jim Zelenak
Subject: Outline from previous lynx briefing
Date: Thursday, May 04, 2017 12:45:27 PM
Attachments: 20160311_Lynx briefing PPT outline. docx.docx

Do we want to do anything with this?  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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OUTLINE FOR PPT/WEBINAR FOR ARD BRIEFING ON MARCH 11, 2016 

What are we doing?   

We are implementing the SSA process, in order to meet a court ordered timeline to develop a Recovery 
Plan for Canada Lynx (if determined to still warrant listing) by January 2018.  Prior to moving forward 
with recovery planning – the SSA will provide the additional analysis to re-evaluate the status of the 
species and document that through a five year review. 

Why?  

In 2000 (remanded 2003), the Canada lynx was listed in the contiguous U.S. DPS as a threatened species 
under the Act because of the inadequacy, at that time, of existing regulatory mechanisms.   In 2005, we 
completed a Recovery Outline which focused on XYZ.  In 2006, critical habitat was designated and 
revised in 2009 and 2014 due to XYZ.  We are currently in litigation on our latest critical habitat 
designation from 2014.  Currently, there are five geographic areas known to support resident lynx 
populations in the DPS:  northern Maine (with occasional/sporadic breeding by small numbers of lynx in 
northernmost New Hampshire and Vermont); northeastern Minnesota; northwestern Montana and 
northeastern Idaho; north-central Washington; and western Colorado (Figure 1).   

Key Points.  

• We announced the initiation of a Five-year status review on December 8, 2014.  Shortly 
thereafter, we embarked on the Species Status Assessment (SSA).  This information in the SSA will be 
used by Service decision makers to inform classification decisions, recovery planning direction, and 
other determinations required by the Endangered Species Act.  (ADD POTENTIAL FINDINGS SLIDE TO 
REMIND ARDS OF CHOICES WE COULD MAKE)  

• Through the SSA process we intend to assess the current status, threats and future viability of 
the Canada lynx DPS and compile and summarize the best available scientific and commercial data, 
including empirical data, published literature, and expert input.  

• In the SSA process, we will prioritize information and modeling to best evaluate potential future 
conditions and viability. 

• We will continue to engage State, Tribal and other Federal, Canadian and other stakeholders, 
partners, and managers.   We specifically asked State partners for names for panel.   

• In the fall of 2015, we convened a workshop for scientific experts to address the current and 
likely future status of the Canada lynx DPS.  The team included state agencies, other federal agencies, 
and academic researchers to elicit expert input. The resultant workshop report is one piece of 
information that will be used in developing the SSA.  

• The Service Core Team for the Lynx SSA developed expert selection criteria based on 
professional credentials, positions, areas of expertise, and pertinent experience to develop a list of 
candidate lynx experts and other subject matter experts.   

• Selection criteria helped ensure that invitations to participate were made only to scientists 
with expertise highly relevant to workshop topics and, further, that the selections were 



transparent, unbiased, and adequately captured the diversity of expertise and professional 
judgments related to the topics.    ADD MORE FROM REPORT 

 

Out comes from Workshop: 

Representation 

o Expert presentations on lynx genetics in the DPS and in Canada and expert responses and 
discussion with regard to representation questions suggest few threats to the genetic fitness or adaptive 
capacity of lynx in the DPS.   

o Adaptability and evolutionary capacity of the DPS over time does not appear to have been 
diminished and is unlikely to become so, independent of threats that may impact the redundancy and 
persistence of lynx populations. 

Redundance 

o DPS as a whole does not appear vulnerable to extirpation from a single catastrophic event.  No 
catastrophic event that could result in the functional extirpation of the entire DPS and, further, no or a 
very low likelihood of functional extirpation of any of the individual geographic units due to a single 
catastrophic event. 

Resiliency 

o Responses indicate that all five of the geographic units known to currently support resident lynx 
populations have a greater than 70% expectation of continuing to support lynx populations by mid-
century but a declining likelihood and greater uncertainty of continuing to support lynx populations by 
the end of the century.   

o Responses also suggest that the overarching threat to the long-term persistence of lynx 
populations in the DPS is climate change, which is anticipated to result in loss of boreal forest habitats 
and snow conditions favorable for lynx, although the timing and magnitude of such losses are uncertain. 

Climate timeline.  PULL FROM REPORT 

 

Overall Message from Panel Report 

What happens next with the panel Report? 

• Complete RO review (DO other ARDs want to review before it is posted? )  
• Post on internet and send out to State partners 

Other efforts.  We asked Steve Torbit, ARD for Scientific Applications for his assistance to develop a 
range of reasonably certain future climate change scenarios related to lynx and some measure of the 
uncertainty associated with several time periods.  These included low, moderate and high emissions 
scenarios at mid (2050) and end of century (2100), but we are open to other suggestions.  Our questions 
particularly related to: 



• How snowfall patterns, amounts/depths, duration, and consistency (powder versus 
packed/crusted)may change (as well as precipitation rates),  

• What the projected rates of northward and upslope boreal forest migration might be - and the 
lag between climatic and vegetative changes, and if possible 

• How climate change will affect fire size, frequency and intensity and forest insect outbreaks.  

 

• What he was able to find out.  
• What this means for our timeline and the science. (6 weeks per area, Core team doubts info 

would be more enlightening than what already presented by Alexi) 

Core Team SSA Meeting (Denver) 
  Purpose 
 How it went 
 Where are we now? 
 

Decision Points   

• Climate scenario years from panel report…Are ARDs OK with timespan? 
• Do we need better information to address likely impacts to lynx from CC? If the answer is yes, 

are we willing to request the settlement date be changed to allow the time for this information.  
It would likely be 6 months.   

• When we do Peer review of SSA, do our State counterparts get it at the same time? If so, how 
do we treat their comments?  

• Do managers want any recommendation from team in the SSA? If the SSA document is 
supposed to be science only, we suggest that the Five-year review would be the 
recommendation from the team and that all units would need to concur before it was finalized.   

•  

REVISED TIMELINES 
• Workshop Report      FINAL -MARCH 18, 2016 
• Species Status Report        DRAFT, APRIL 15, 2016 

o  Internal Review Complete     APRIL 29. 2016 
o  Peer Review (and State?) Complete    MAY 15, 2016 
o  Final Report Complete       MAY 30, 2016 

• Five-year Review  
o  Draft         DRAFT, MAY 5, 2016 
o  Final         FINAL, MAY 30, 2016 

• Draft Recovery Plan (if necessary)              DRAFT, JANUARY 2017?? 
• Final Recovery Plan DUE (If necessary)      FINAL, JANUARY 2018 
 

 At the time of completion of the SSA, we will be 6 months behind schedule.   



From: Bush, Jodi
To: Jim Zelenak
Subject: Outline from previous lynx briefing
Date: Thursday, May 04, 2017 12:45:50 PM
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Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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mailto:jim_zelenak@fws.gov


Definitions – 3 Rs (as presented at Expert Elicitation Workshop) 

Representation contributes to the adaptability and evolutionary capacity of a species over time, to 
accommodate long term issues like climate change. The breadth of genetic ecological, demographic, and 
behavioral diversity across a species’ range may contribute to its capacity to adapt over time. Measures 
of genetic and life history variability among populations, distribution of populations across a range of 
ecologically diverse locations or niches, etc., are useful proxies to measure. Consider needs for 
establishing or reestablishing populations in unoccupied habitat that may be necessary or suitable for 
species adjustment to climate change or other stressors, including the need to replace former 
populations in no longer represented ecosystems. 

Redundancy contributes to the ability of population types to withstand catastrophic events (hurricanes, 
wildfires, etc.). The number and distribution of populations of each representative type contribute to 
the retention of various representative types despite catastrophic events by ensuring that the loss of a 
population doesn’t lead to the loss of representation. 

Resiliency speaks to an individual population’s ability to tolerate environmental and demographic 
stochasticity, such as fluctuations in temperature or genetic drift. It is often measured in terms of 
population size and growth rate, but in fact is dependent on a number of traits, both demographic and 
environmental. These include, among others: age or stage class distribution, genetic heterogeneity, 
birth rates, annual survivorship, sex ratios, etc., and the quality and extent of habitat, the degree of 
disease, competition, etc. Metapopulation dynamics and distribution can also contribute to population 
resiliency in some species. 

 

Draft SSA Uncertainties and Assumptions 

Several primary sources of uncertainty had to be accounted for in our analysis, including the dearth of 
empirical data on lynx population sizes, trends, and other important demographic parameters in the 
DPS; the influence of immigration of lynx from Canada on the persistence of DPS populations; the 
effectiveness of habitat management efforts; and the effects of competition on lynx populations. We 
lack similar demographic information for snowshoe hares throughout much of the DPS. Additionally, 
consistent methods to monitor hare and lynx habitats have not been implemented throughout most of 
the DPS. And importantly, given the emerging role of climate change as a stressor, uncertainties about 
the rate and extent of projected future declines in snow quality, depth, and persistence, and in the 
northward and upslope retraction of boreal, subalpine, and montane forests constrain our ability to 
precisely predict effects on lynx and snowshoe hare populations and habitats, including to what degree 
these changes may affect interactions between lynx and their competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions based 
on the literature and input provided by the lynx experts we consulted. We treated the following 
assumptions as constants in the analysis. 
 

• We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 
lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, including 
the DPS, than in the core of the species’ range in Canada and Alaska. 

 



• We assume that as a consequence of generally lower habitat quality and hare densities, only 
some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet other 
areas are naturally incapable of supporting resident lynx despite boreal-forest-like vegetation 
and the presence of some hares. 

 
• We assume that lynx populations in the DPS occur as the southern extensions of larger, cross-

border populations or as relatively isolated subpopulations of the larger Canadian populations. 
 

• We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 

 
• We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 

 
• We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and persistent) 

to express a competitive advantage over bobcats and other terrestrial hare predators, and that 
in the absence or loss of these conditions, lynx will be displaced by other hare predators. 

 
• We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 

a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable to 
the projected impacts of continued climate warming. 

 
• We assume that lynx conservation measures and habitat management guidance adopted by the 

U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally amended or 
revised management plans have had a positive influence on DPS lynx populations that occur on 
Federal lands and will continue to do so as long as those measures and guidance are 
implemented. 

 
• We assume that the DPS could be delisted in the future and that some of the current 

protections afforded by the ESA could be lost and/or relaxed. However, we assume conditions 
for delisting would include requirements and incentives to continue to conserve lynx and its 
habitats and to try to assure persistence of resident lynx populations in those places that can 
support them in the DPS range. 

 
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through year 2100. 
Beyond that time frame, uncertainty regarding the potential impacts of climate change and other 
potential stressors to lynx populations in the DPS becomes so great as to preclude meaningful analysis 
or projections of viability. 
 

 



Expert Probability of Persistence Graphs for each Geographic Unit 

 

Notes: 



 

Notes: 



 

Notes: 



 

Notes: 



 

Notes: 



 

Notes: 



Definitions – 3 Rs (as presented at Expert Elicitation Workshop) 
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behavioral diversity across a species’ range may contribute to its capacity to adapt over time. Measures 
of genetic and life history variability among populations, distribution of populations across a range of 
ecologically diverse locations or niches, etc., are useful proxies to measure. Consider needs for 
establishing or reestablishing populations in unoccupied habitat that may be necessary or suitable for 
species adjustment to climate change or other stressors, including the need to replace former 
populations in no longer represented ecosystems. 

Redundancy contributes to the ability of population types to withstand catastrophic events (hurricanes, 
wildfires, etc.). The number and distribution of populations of each representative type contribute to 
the retention of various representative types despite catastrophic events by ensuring that the loss of a 
population doesn’t lead to the loss of representation. 

Resiliency speaks to an individual population’s ability to tolerate environmental and demographic 
stochasticity, such as fluctuations in temperature or genetic drift. It is often measured in terms of 
population size and growth rate, but in fact is dependent on a number of traits, both demographic and 
environmental. These include, among others: age or stage class distribution, genetic heterogeneity, 
birth rates, annual survivorship, sex ratios, etc., and the quality and extent of habitat, the degree of 
disease, competition, etc. Metapopulation dynamics and distribution can also contribute to population 
resiliency in some species. 

 

Draft SSA Uncertainties and Assumptions 

Several primary sources of uncertainty had to be accounted for in our analysis, including the dearth of 
empirical data on lynx population sizes, trends, and other important demographic parameters in the 
DPS; the influence of immigration of lynx from Canada on the persistence of DPS populations; the 
effectiveness of habitat management efforts; and the effects of competition on lynx populations. We 
lack similar demographic information for snowshoe hares throughout much of the DPS. Additionally, 
consistent methods to monitor hare and lynx habitats have not been implemented throughout most of 
the DPS. And importantly, given the emerging role of climate change as a stressor, uncertainties about 
the rate and extent of projected future declines in snow quality, depth, and persistence, and in the 
northward and upslope retraction of boreal, subalpine, and montane forests constrain our ability to 
precisely predict effects on lynx and snowshoe hare populations and habitats, including to what degree 
these changes may affect interactions between lynx and their competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions based 
on the literature and input provided by the lynx experts we consulted. We treated the following 
assumptions as constants in the analysis. 
 

• We assume that, in general, habitat quality, hare densities, and lynx numbers are naturally 
lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, including 
the DPS, than in the core of the species’ range in Canada and Alaska. 

 



• We assume that as a consequence of generally lower habitat quality and hare densities, only 
some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet other 
areas are naturally incapable of supporting resident lynx despite boreal-forest-like vegetation 
and the presence of some hares. 

 
• We assume that lynx populations in the DPS occur as the southern extensions of larger, cross-

border populations or as relatively isolated subpopulations of the larger Canadian populations. 
 

• We assume that lynx exhibit a “mainland-island” metapopulation structure in which DPS 
populations function as “islands” that receive periodic input from “mainland” Canada 
populations. 

 
• We assume that connectivity with larger lynx populations in Canada is important, and that 

periodic immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 

 
• We assume that lynx in the DPS require specific snow conditions (deep, “fluffy,” and persistent) 

to express a competitive advantage over bobcats and other terrestrial hare predators, and that 
in the absence or loss of these conditions, lynx will be displaced by other hare predators. 

 
• We assume that the lynx, as a boreal forest- and snow-reliant predator that relies heavily on 

a single, similarly-specialized prey species, and whose habitats are influenced by climate-
mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable to 
the projected impacts of continued climate warming. 

 
• We assume that lynx conservation measures and habitat management guidance adopted by the 

U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally amended or 
revised management plans have had a positive influence on DPS lynx populations that occur on 
Federal lands and will continue to do so as long as those measures and guidance are 
implemented. 

 
• We assume that the DPS could be delisted in the future and that some of the current 

protections afforded by the ESA could be lost and/or relaxed. However, we assume conditions 
for delisting would include requirements and incentives to continue to conserve lynx and its 
habitats and to try to assure persistence of resident lynx populations in those places that can 
support them in the DPS range. 

 
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through year 2100. 
Beyond that time frame, uncertainty regarding the potential impacts of climate change and other 
potential stressors to lynx populations in the DPS becomes so great as to preclude meaningful analysis 
or projections of viability. 
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From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: Outline from previous lynx briefing
Date: Thursday, May 04, 2017 1:02:53 PM
Attachments: DM Cheat Sheets jz.docx

I'll take a look.  "Cheat Sheet" attached.

On Thu, May 4, 2017 at 12:45 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Do we want to do anything with this?  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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INFORMATION/ BRIEFING MEMORANDUM  
FOR THE REGIONAL DIRECTOR 

 
 
DATE:   May 4, 2017  
 
FROM: Jodi Bush, Supervisor, Montana Ecological Services Office, (406) 449-5225. 
 
SUBJECT: Wrapping up the Decision Process of the Lynx SSA  
 
We have completed a DRAFT Species Status Assessment (SSA) report for the contiguous U.S. 
distinct population segment (DPS) of the Canada lynx (Figure 1).  The SSA was undertaken as 
part of the new recovery planning process.  Additionally it is intended to inform our response to 
a court order to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
such a plan will not promote the conservation of the [lynx]”).  The SSA assembles the best 
available information on the current status and likely future viability of the DPS.  It is intended to 
inform multiple Service needs including a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the Endangered Species Act (Act) and (2) a 
recovery plan is needed to guide conservation and recovery of the DPS.  A status 
recommendation will be documented in a five-year status review based on the final SSA report. 
 
BACKGROUND 
 
The Service designated the lynx DPS as threatened in 2000 because of the inadequacy, at that 
time, of existing regulatory mechanisms on federal lands.  In 2003, in response to a court ruling, 
we reaffirmed the DPS’s status as threatened.  We completed a recovery outline in 2005, 
designated critical habitat for the DPS in 2006, and, in 2007, again in response to a court order, 
clarified our determinations of “significant portion of the range” and that all lynx in the 
contiguous U.S. constitute a single DPS.  We revised the critical habitat designation in 2009 and 
again in 2014 in response to a court order.  We reinitiated the 5-year status review in January, 
2015 and commenced the SSA in April, 2015.  In September 2016, the court remanded the 2014 
critical habitat rule for further evaluation of Colorado and five national forests in Idaho and 
Montana.  
 
In March of 2017, the SSA Core team provided an overview of the draft SSA to the Decision 
Team (R6 RD and ARDs from R3, R5, R6 and R1).  We also discussed the Peer, State and 
Partner comments received up to that point and our initial responses.  Using that information and 
their review of the draft SSA, the Decision Makers came to a draft decision regarding the Lynx 
determination as stated above.  The Decision Team asked the Core team to re-convene when they 
had completed their review and full assessment of the comments.  This is the purpose of this 
briefing.  At the conclusion, we anticipate a final decision/recommendation from Decision 
Makers on the status of the Lynx DPS.   A five-year review will then document that decision.  
 
KEY POINTS 
 
• We announced the re-initiation of a five-year status review on January 13, 2015.  Shortly 

thereafter, we embarked on the SSA framework.  Information in the SSA will be used by 
Service decision makers to inform classification decisions, recovery planning direction, and 
other determinations required by the Act. 



• Through the SSA framework we have assessed the species’ needs, current and future 
condition including viability of the DPS using a compilation of the best available scientific 
and commercial data, including empirical data, published literature, and expert input. Our 
assessment included a workshop for scientific experts to address the current and likely future 
status of the DPS that occurred in the fall of 2015. 

• Information solicited from the 10 member lynx expert panel addressed the viability of the 
DPS based on the 3Rs (Representation, Redundancy, Resiliency) and what is known about 
climate science related to lynx.  The resultant workshop report is one component of the SSA. 

• We completed the DRAFT SSA report in January 2017 and made it available for Peer and 
Partner review and comment.  This review and comment was completed in March 2017.  
Approximately 400 individual comments were considered as we received reviews from all 5 
Peer Reviewers, 3 Federal agencies and 11 states out of the 14 or so states within the Lynx 
range.    

• At our Decision Meeting in March, we provided an overview of the Draft SSA and a 
summary of major or consistent issues, comments, concerns, and themes from Peer, State and 
Federal partner reviews of the Draft Lynx SSA Report.   

• Upon additional review of the comments, the Core team’s conclusion is that although there 
are recurring themes and some additional work needed to finalize the report, nothing in these 
reviews suggests major consequential omissions or fatal flaws with our assessment that 
would lead us to significantly different conclusions.   

  



 
 
 
 
 
 

 
 

Figure 1.  Six geographic units within the range of  the contiguous U.S. distinct population segment of  
Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) resident lynx 
populations.  



From: Bush, Jodi
To: Marjorie Nelson; Justin Shoemaker
Cc: Jim Zelenak
Subject: briefing for Lynx DM next week
Date: Thursday, May 04, 2017 2:17:26 PM
Attachments: 20170504_RD Briefing Lynx SSA 2nd Status Decision Mtg.docx

So we didn't do a briefing for the March meeting and so am struggling a little with what to put
in this one.  See attached.  Wondering if we need to have something after key points.  Maybe a
timeline?   Thanks for your input. I think we were trying to get this to RO by COB tomorrow. 
JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Marjorie Nelson; Justin Shoemaker
Cc: Jim Zelenak
Subject: briefing for Lynx DM next week
Date: Thursday, May 04, 2017 2:17:50 PM
Attachments: 20170504_RD Briefing Lynx SSA 2nd Status Decision Mtg.docx

So we didn't do a briefing for the March meeting and so am struggling a little with what to put
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timeline?   Thanks for your input. I think we were trying to get this to RO by COB tomorrow. 
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Office Supervisor
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From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Outline from previous lynx briefing
Date: Thursday, May 04, 2017 2:33:09 PM

maybe I should put some of these assumptions in the briefing...I'll think on it. 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Outline from previous lynx briefing
Date: Thursday, May 04, 2017 2:33:09 PM

maybe I should put some of these assumptions in the briefing...I'll think on it. 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, May 4, 2017 at 1:02 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I'll take a look.  "Cheat Sheet" attached.

On Thu, May 4, 2017 at 12:45 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Do we want to do anything with this?  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Bush, Jodi
Cc: Marjorie Nelson; Justin Shoemaker
Subject: Re: briefing for Lynx DM next week
Date: Thursday, May 04, 2017 3:27:50 PM
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Couple edits/comments in Track Changes.

Let me know if questions.

On Thu, May 4, 2017 at 2:17 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
So we didn't do a briefing for the March meeting and so am struggling a little with what to
put in this one.  See attached.  Wondering if we need to have something after key points. 
Maybe a timeline?   Thanks for your input. I think we were trying to get this to RO by COB
tomorrow.  JB
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mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov


INFORMATION/ BRIEFING MEMORANDUM  
FOR THE REGIONAL DIRECTOR 

 
 
DATE:   May 4, 2017  
 
FROM: Jodi Bush, Supervisor, Montana Ecological Services Office, (406) 449-5225. 
 
SUBJECT: Wrapping up the Decision Process of the Lynx SSA  
 
We have completed a DRAFT Species Status Assessment (SSA) report for the contiguous U.S. 
distinct population segment (DPS) of the Canada lynx (Figure 1).  The SSA was undertaken as 
part of the new recovery planning process.  Additionally it is intended to inform our response to 
a court order to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
such a plan will not promote the conservation of the [lynx]”).  The SSA assembles the best 
available information on the current status and likely future viability of the DPS.  It is intended to 
inform multiple Service needs including a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the Endangered Species Act (Act) and (2) a 
recovery plan is needed to guide conservation and recovery of the DPS.  A status 
recommendation will be documented in a five-year status review based on the final SSA report. 
 
BACKGROUND 
 
The Service designated the lynx DPS as threatened in 2000 because of the inadequacy, at that 
time, of existing regulatory mechanisms on federal lands.  In 2003, in response to a court ruling, 
we reaffirmed the DPS’s status as threatened.  We completed a recovery outline in 2005, 
designated critical habitat for the DPS in 2006, and, in 2007, again in response to a court order, 
clarified our determinations of “significant portion of the range” and that all lynx in the 
contiguous U.S. constitute a single DPS.  We revised the critical habitat designation in 2009 and 
again in 2014 in response to a court order.  We reinitiated the 5-year status review in January, 
2015 and commenced the SSA in April, 2015.  In September 2016, the court remanded the 2014 
critical habitat rule for further evaluation of Colorado and five national forests in Idaho and 
Montana.  
 
In March of 2017, the SSA Core Tteam provided an overview of the draft SSA to the Decision 
Team (R6 RD and ARDs from R3, R5, R6 and R1).  We also discussed the comments received 
up to that point from pPeer reviewers and, State and Federal Partner agencies comments received 
up to that point and our initial responsesassessment of those reviews.  Using that information and 
their review of the draft SSA to complete facilitated structured decision making exercises, the 
Decision Makers Team came to an draft decisioninterim recommendation regarding the Lynx 
determination as stated abovestatus of the DPS.  The Decision Team postponed a final 
recommendation pending receipt and evaluation by the Core Team of outstanding peer and 
partner reviews and .  The Decision Team asked the Core team to re-convene when they had 
completed their review and full assessment of the commentsthat evaluation was completed.  This 
is the purpose of this briefingThe Core Team has completed reviewing all peer and partner 
agency reviews, and a follow-up conference call and webinar have been scheduled for May 12.  
At the conclusion, we anticipate a final decision/recommendation from Decision Makers Team 
on the status of the lLynx DPS.   A five-year review will then document that decision.  
 
KEY POINTS 



 
• We announced the re-initiation of a five-year status review on January 13, 2015.  Shortly 

thereafter, we embarked on the SSA framework.  Information in the SSA will be used by 
Service decision makers to inform classification decisions, recovery planning direction, and 
other determinations required by the Act. 

• Through the SSA framework we have assessed the species’ needs, current and future 
condition including viability of the DPS using a compilation of the best available scientific 
and commercial data, including empirical data, published literature, and expert input. Our 
assessment included a workshop for scientific experts to address the current and likely future 
status of the DPS that occurred in the fall of 2015. 

• Information solicited from the 10 member lynx expert panel addressed the viability of the 
DPS based on the 3Rs (Representation, Redundancy, Resiliency) and what is known about 
climate science related to lynx.  The resultant workshop report is one component of the SSA. 

• We completed the DRAFT SSA report in January 2017 and made it available for Peer and 
Partner review and comment.  This review and comment was completed in March 2017.  
Approximately 400 individual comments were considered as we received reviews from all 5 
Peer Reviewers, 3 Federal agencies and 11 of 15 states out of the 14 or so states within the 
Lynx DPS range.    

• At our Decision Meeting in March, we provided an overview of the Draft SSA and a 
summary of major or consistent issues, comments, concerns, and themes from Peer, State and 
Federal partner reviews of the Draft Lynx SSA Report.   

• Upon additional review of the comments, the Core team’s conclusion is that although there 
are recurring themes and some additional work needed to finalize the report, nothing in these 
reviews suggests major consequential omissions or fatal flaws with our assessment that 
would lead us to significantly different conclusions.   

  



 
 
 
 
 
 

 
 

Figure 1.  Six geographic units within the range of  the contiguous U.S. distinct population segment of  
Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) resident lynx 
populations.  
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INFORMATION/ BRIEFING MEMORANDUM  
FOR THE REGIONAL DIRECTOR 

 
 
DATE:   May 4, 2017  
 
FROM: Jodi Bush, Supervisor, Montana Ecological Services Office, (406) 449-5225. 
 
SUBJECT: Wrapping up the Decision Process of the Lynx SSA  
 
This briefing memo for the Regional Director (RD) is to provide an update and context for the 
upcoming Canada lynx five-year review Recommendation Meeting follow-up discussion.   
 
BACKGROUND 
 
We have completed a DRAFT Species Status Assessment (SSA) report for the contiguous U.S. 
distinct population segment (DPS) of the Canada lynx (Figure 1).  The SSA was undertaken as 
part of the new recovery planning process.  Additionally it is intended to inform our response to 
a court order to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
such a plan will not promote the conservation of the [lynx]”).  The SSA assembles the best 
available information on the current status and likely future viability of the DPS.  It is intended to 
inform multiple Service needs including a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the Endangered Species Act (Act) and (2) a 
recovery plan is needed to guide conservation and recovery of the DPS.  A status 
recommendation will be documented in a five-year status review based on the final SSA report. 
 
DISCUSSION 
BACKGROUND 
 
The Service designated the lynx DPS as threatened in 2000 because of the inadequacy, at that 
time, of existing regulatory mechanisms on Ffederal lands.  In 2003, in response to a court 
ruling, we reaffirmed the DPS’s status as threatened.  We completed a recovery outline in 2005, 
designated critical habitat for the DPS in 2006, and, in 2007, again in response to a court order, 
clarified our determinations of “significant portion of the range” and that all lynx in the 
contiguous U.S. constitute a single DPS.  We revised the critical habitat designation in 2009 and 
again in 2014 in response to a court order.  We reinitiated the 5-year status review in January, 
2015 and commenced the SSA in April, 2015.  In September 2016, the court remanded the 2014 
critical habitat rule for further evaluation of Colorado and five Nnational Fforests in Idaho and 
Montana.  
 
At the Recommendation Meeting iIn March of 2017, the SSA Core Tteam provided an overview 
of the draft SSA to the Decision Team (R6 RD and ARDs from R3, R5, R6 and R1).  We also 
discussed the comments received up to that point from pPeer reviewers and, State and Federal 
Partner agencies comments received up to that point and our initial responsesassessment of those 
reviews.  Using that information and their review of the draft SSA to complete facilitated 
structured decision making exercises, the Decision Makers Team came to an draft 
decisioninterim recommendation regarding the Lynx determination as stated abovestatus of the 
DPS.  The Decision Team postponed a final recommendation pending receipt and evaluation by 
the Core Team of outstanding peer and partner reviews and .  The Decision Team asked the Core 
team to re-convene when they had completed their review and full assessment of the 
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commentsthat evaluation was completed.  This is the purpose of this briefingThe Core Team has 
completed reviewing all peer and partner agency reviews, and a follow-up conference call and 
webinar have been scheduled for May 12.  At the conclusion, we anticipate a final 
decision/recommendation from the Decision Makers Team on the status of the lLynx DPS.   A 
five-year review will then document that decision.  
 
KEY POINTSKey Points: 
 
• We announced the re-initiation of a five-year status review on January 13, 2015.  Shortly 

thereafter, we embarked on the SSA framework.  Information in the SSA report will be used 
by Service decision makers to inform classification decisions, recovery planning direction, 
and other determinations required by the Act. 

• Through the SSA framework we have assessed the species’ needs, current and future 
condition including viability of the DPS using a compilation of the best available scientific 
and commercial data, including empirical data, published literature, and expert input. Our 
assessment included a workshop for scientific experts to address the current and likely future 
status of the DPS that occurred in the fall of 2015. 

• Information solicited from the 10 member lynx expert panel addressed the viability of the 
DPS based on the 3Rs (Representation, Redundancy, and Resiliency) and what is known 
about climate science related to lynx.  The resultant workshop report is one component of the 
SSA. 

• We completed the DRAFT SSA report in January 2017 and made it available for Peer and 
Partner review and comment.  This review and comment was completed in March 2017.  
Approximately 400 individual comments were considered as we received reviews from all 5 
Peer Reviewers, 3 Federal agencies and 11 of 15 states out of the 14 or so states within the 
Lynx DPS range.    

• At our Decision Recommendation Meeting in March, we provided an overview of the Draft 
SSA and a summary of major or consistent issues, comments, concerns, and themes from 
Peer, State and Federal partner reviews of the Draft Lynx SSA Report.   

• Upon additional review of the comments, the Core team’s conclusion is that although there 
are recurring themes and some additional work needed to finalize the SSA report, nothing in 
these reviews suggests major consequential omissions or fatal flaws with our assessment that 
would lead us to significantly different conclusions.   

 

NEXT STEPS 

• Finalize the SSA report (or if it is finished, state that here).  The report will be made 
available to the public on our website concurrently with the announcement of the five-year 
review.  

• Finalize a status recommendation with the Decision Team during the follow-up meeting on 
May 12, 2017.  The decision will be documented in the five-year review for Canada lynx, 
anticipated to be completed when??? 
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Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.  
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From: Shoemaker, Justin
To: Zelenak, Jim
Cc: Bush, Jodi; Marjorie Nelson
Subject: Re: briefing for Lynx DM next week
Date: Friday, May 05, 2017 9:06:24 AM
Attachments: 20170504_RD Briefing Lynx SSA 2nd Status Decision Mtg_jzeds_JS.docx

My review attached. 

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Fri, May 5, 2017 at 9:21 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
I'm looking it over now. Will get my edits to you soon. 

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Thu, May 4, 2017 at 4:27 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Couple edits/comments in Track Changes.

Let me know if questions.

On Thu, May 4, 2017 at 2:17 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
So we didn't do a briefing for the March meeting and so am struggling a little with what
to put in this one.  See attached.  Wondering if we need to have something after key
points.  Maybe a timeline?   Thanks for your input. I think we were trying to get this to
RO by COB tomorrow.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov


jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


INFORMATION/ BRIEFING MEMORANDUM  
FOR THE REGIONAL DIRECTOR 

 
 
DATE:   May 4, 2017  
 
FROM: Jodi Bush, Supervisor, Montana Ecological Services Office, (406) 449-5225. 
 
SUBJECT: Wrapping up the Decision Process of the Lynx SSA  
 
This briefing memo for the Regional Director (RD) is to provide an update and context for the 
upcoming Canada lynx five-year review Recommendation Meeting follow-up discussion.   
 
BACKGROUND 
 
We have completed a DRAFT Species Status Assessment (SSA) report for the contiguous U.S. 
distinct population segment (DPS) of the Canada lynx (Figure 1).  The SSA was undertaken as 
part of the new recovery planning process.  Additionally it is intended to inform our response to 
a court order to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
such a plan will not promote the conservation of the [lynx]”).  The SSA assembles the best 
available information on the current status and likely future viability of the DPS.  It is intended to 
inform multiple Service needs including a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the Endangered Species Act (Act) and (2) a 
recovery plan is needed to guide conservation and recovery of the DPS.  A status 
recommendation will be documented in a five-year status review based on the final SSA report. 
 
DISCUSSION 
BACKGROUND 
 
The Service designated the lynx DPS as threatened in 2000 because of the inadequacy, at that 
time, of existing regulatory mechanisms on Ffederal lands.  In 2003, in response to a court 
ruling, we reaffirmed the DPS’s status as threatened.  We completed a recovery outline in 2005, 
designated critical habitat for the DPS in 2006, and, in 2007, again in response to a court order, 
clarified our determinations of “significant portion of the range” and that all lynx in the 
contiguous U.S. constitute a single DPS.  We revised the critical habitat designation in 2009 and 
again in 2014 in response to a court order.  We reinitiated the 5-year status review in January, 
2015 and commenced the SSA in April, 2015.  In September 2016, the court remanded the 2014 
critical habitat rule for further evaluation of Colorado and five Nnational Fforests in Idaho and 
Montana.  
 
At the Recommendation Meeting iIn March of 2017, the SSA Core Tteam provided an overview 
of the draft SSA to the Decision Team (R6 RD and ARDs from R3, R5, R6 and R1).  We also 
discussed the comments received up to that point from pPeer reviewers and, State and Federal 
Partner agencies comments received up to that point and our initial responsesassessment of those 
reviews.  Using that information and their review of the draft SSA to complete facilitated 
structured decision making exercises, the Decision Makers Team came to an draft 
decisioninterim recommendation regarding the Lynx determination as stated abovestatus of the 
DPS.  The Decision Team postponed a final recommendation pending receipt and evaluation by 
the Core Team of outstanding peer and partner reviews and .  The Decision Team asked the Core 
team to re-convene when they had completed their review and full assessment of the 
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commentsthat evaluation was completed.  This is the purpose of this briefingThe Core Team has 
completed reviewing all peer and partner agency reviews, and a follow-up conference call and 
webinar have been scheduled for May 12.  At the conclusion, we anticipate a final 
decision/recommendation from the Decision Makers Team on the status of the lLynx DPS.   A 
five-year review will then document that decision.  
 
KEY POINTSKey Points: 
 
• We announced the re-initiation of a five-year status review on January 13, 2015.  Shortly 

thereafter, we embarked on the SSA framework.  Information in the SSA report will be used 
by Service decision makers to inform classification decisions, recovery planning direction, 
and other determinations required by the Act. 

• Through the SSA framework we have assessed the species’ needs, current and future 
condition including viability of the DPS using a compilation of the best available scientific 
and commercial data, including empirical data, published literature, and expert input. Our 
assessment included a workshop for scientific experts to address the current and likely future 
status of the DPS that occurred in the fall of 2015. 

• Information solicited from the 10 member lynx expert panel addressed the viability of the 
DPS based on the 3Rs (Representation, Redundancy, and Resiliency) and what is known 
about climate science related to lynx.  The resultant workshop report is one component of the 
SSA. 

• We completed the DRAFT SSA report in January 2017 and made it available for Peer and 
Partner review and comment.  This review and comment was completed in March 2017.  
Approximately 400 individual comments were considered as we received reviews from all 5 
Peer Reviewers, 3 Federal agencies and 11 of 15 states out of the 14 or so states within the 
Lynx DPS range.    

• At our Decision Recommendation Meeting in March, we provided an overview of the Draft 
SSA and a summary of major or consistent issues, comments, concerns, and themes from 
Peer, State and Federal partner reviews of the Draft Lynx SSA Report.   

• Upon additional review of the comments, the Core team’s conclusion is that although there 
are recurring themes and some additional work needed to finalize the SSA report, nothing in 
these reviews suggests major consequential omissions or fatal flaws with our assessment that 
would lead us to significantly different conclusions.   

 

NEXT STEPS 

• Finalize the SSA report (or if it is finished, state that here).  The report will be made 
available to the public on our website concurrently with the announcement of the five-year 
review.  

• Finalize a status recommendation with the Decision Team during the follow-up meeting on 
May 12, 2017.  The decision will be documented in the five-year review for Canada lynx, 
anticipated to be completed when??? 
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Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.  
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From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: briefing for Lynx DM next week
Date: Friday, May 05, 2017 9:43:10 AM
Attachments: 20170504_RD Briefing Lynx SSA 2nd Status Decision Mtg_jzeds_JS.docx

I would flip the order of Justin's last two bullets and add May 30 as target for completing the final SSA.

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Fri, May 5, 2017 at 9:05 AM
Subject: Re: briefing for Lynx DM next week
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: "Bush, Jodi" <jodi_bush@fws.gov>, Marjorie Nelson <Marjorie_Nelson@fws.gov>

My review attached. 

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Fri, May 5, 2017 at 9:21 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
I'm looking it over now. Will get my edits to you soon. 

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Thu, May 4, 2017 at 4:27 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Couple edits/comments in Track Changes.

Let me know if questions.

On Thu, May 4, 2017 at 2:17 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
So we didn't do a briefing for the March meeting and so am struggling a little with what
to put in this one.  See attached.  Wondering if we need to have something after key
points.  Maybe a timeline?   Thanks for your input. I think we were trying to get this to
RO by COB tomorrow.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: briefing for Lynx DM next week
Date: Friday, May 05, 2017 9:43:06 AM
Attachments: 20170504_RD Briefing Lynx SSA 2nd Status Decision Mtg_jzeds_JS.docx

I would flip the order of Justin's last two bullets and add May 30 as target for completing the final SSA.

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Fri, May 5, 2017 at 9:05 AM
Subject: Re: briefing for Lynx DM next week
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: "Bush, Jodi" <jodi_bush@fws.gov>, Marjorie Nelson <Marjorie_Nelson@fws.gov>

My review attached. 

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Fri, May 5, 2017 at 9:21 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
I'm looking it over now. Will get my edits to you soon. 

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Thu, May 4, 2017 at 4:27 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Couple edits/comments in Track Changes.

Let me know if questions.

On Thu, May 4, 2017 at 2:17 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
So we didn't do a briefing for the March meeting and so am struggling a little with what
to put in this one.  See attached.  Wondering if we need to have something after key
points.  Maybe a timeline?   Thanks for your input. I think we were trying to get this to
RO by COB tomorrow.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: briefing for Lynx DM next week
Date: Friday, May 05, 2017 10:30:40 AM

I have been worried about that date (May 30), too.  And yes - I heard it first (and only) from you.  I think I can have
a DRAFT Final by about that time, but I want Core Team review for sure and their careful check that no substantive
issues/comments remain unresolved or un-responded to. I also would like it if Justin could review thoroughly.  Not
sure whether Heather, Mary, Jonathan Cummings want to review it or if we want/need them to.

In addition to the actual writing/editing, there will remain some lit. cited list and citation clean-up that needs to be
done.  Mark and I both have many citations to add to the list, and Mark also had a lot of citations with missing page
numbers last go round. I hope he will be working on those after comment responses, but I will need to be working
on lit cited list for my citations while the technical editor, Justin, and Core Team (and you, probably) are reviewing
the document. I'm guessing the Core Team and technical editor reviews would probably need a couple weeks? 
Maybe we could say (for this briefing) we anticipate a final doc by mid- late June?     

On Fri, May 5, 2017 at 10:11 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Thanks for your review.  It looks better.  Just a question.  This is what the end of the briefing
paper says right now...I'm a little worried about saying the final SSA will be done by May
30 (although I am probably the one that came up with that timeline).  We will have to have
internal review and we have a writer editor who is going to help us go over it (R5) that won't
be available until after June 5.  Do we anticipate pushback if we say June 30? 

NEXT STEPS

·         Finalize a status recommendation with the Decision Team during the follow-up
meeting on May 12, 2017.  The decision will be documented in the five-year review for
Canada lynx, anticipated to be completed before the end of the current FY.

·         Finalize the SSA report by May 30.  The report will be made available to the public
on our website concurrently with the announcement of the five-year review. 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, May 5, 2017 at 9:43 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I would flip the order of Justin's last two bullets and add May 30 as target for completing the final SSA.

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
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Date: Fri, May 5, 2017 at 9:05 AM
Subject: Re: briefing for Lynx DM next week
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: "Bush, Jodi" <jodi_bush@fws.gov>, Marjorie Nelson <Marjorie_Nelson@fws.gov>

My review attached. 

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Fri, May 5, 2017 at 9:21 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
I'm looking it over now. Will get my edits to you soon. 

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Thu, May 4, 2017 at 4:27 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Couple edits/comments in Track Changes.

Let me know if questions.

On Thu, May 4, 2017 at 2:17 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
So we didn't do a briefing for the March meeting and so am struggling a little with
what to put in this one.  See attached.  Wondering if we need to have something
after key points.  Maybe a timeline?   Thanks for your input. I think we were trying
to get this to RO by COB tomorrow.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: briefing for Lynx DM next week
Date: Friday, May 05, 2017 10:30:40 AM

I have been worried about that date (May 30), too.  And yes - I heard it first (and only) from you.  I think I can have
a DRAFT Final by about that time, but I want Core Team review for sure and their careful check that no substantive
issues/comments remain unresolved or un-responded to. I also would like it if Justin could review thoroughly.  Not
sure whether Heather, Mary, Jonathan Cummings want to review it or if we want/need them to.

In addition to the actual writing/editing, there will remain some lit. cited list and citation clean-up that needs to be
done.  Mark and I both have many citations to add to the list, and Mark also had a lot of citations with missing page
numbers last go round. I hope he will be working on those after comment responses, but I will need to be working
on lit cited list for my citations while the technical editor, Justin, and Core Team (and you, probably) are reviewing
the document. I'm guessing the Core Team and technical editor reviews would probably need a couple weeks? 
Maybe we could say (for this briefing) we anticipate a final doc by mid- late June?     

On Fri, May 5, 2017 at 10:11 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:

Thanks for your review.  It looks better.  Just a question.  This is what the end of the briefing
paper says right now...I'm a little worried about saying the final SSA will be done by May
30 (although I am probably the one that came up with that timeline).  We will have to have
internal review and we have a writer editor who is going to help us go over it (R5) that won't
be available until after June 5.  Do we anticipate pushback if we say June 30? 

NEXT STEPS

·         Finalize a status recommendation with the Decision Team during the follow-up
meeting on May 12, 2017.  The decision will be documented in the five-year review for
Canada lynx, anticipated to be completed before the end of the current FY.

·         Finalize the SSA report by May 30.  The report will be made available to the public
on our website concurrently with the announcement of the five-year review. 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, May 5, 2017 at 9:43 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I would flip the order of Justin's last two bullets and add May 30 as target for completing the final SSA.

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
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Subject: Re: briefing for Lynx DM next week
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Cc: "Bush, Jodi" <jodi_bush@fws.gov>, Marjorie Nelson <Marjorie_Nelson@fws.gov>
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Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:Marjorie_Nelson@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov


jim_zelenak@fws.gov

-- 
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jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
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jim_zelenak@fws.gov
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INFORMATION/ BRIEFING MEMORANDUM  
FOR THE REGIONAL DIRECTOR 

 
 
DATE:   May 5, 2017  
 
FROM: Jodi Bush, Supervisor, Montana Ecological Services Office, (406) 449-5225. 
 
SUBJECT: Wrapping up the Decision Process of the Lynx SSA  
 
This briefing memo for the Regional Director (RD) is to provide an update and context for the 
upcoming Canada lynx five-year review Recommendation Meeting follow-up discussion.   
 
BACKGROUND 
 
We have completed a DRAFT Species Status Assessment (SSA) report for the contiguous U.S. 
distinct population segment (DPS) of the Canada lynx (Figure 1).  The SSA was undertaken as 
part of the new recovery planning process.  Additionally it is intended to inform our response to 
a court order to complete a recovery plan by January 15, 2018 “…unless the Service finds that 
such a plan will not promote the conservation of the [lynx]”.  The SSA assembles the best 
available information on the current status and likely future viability of the DPS.  It is intended to 
inform multiple Service needs including a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the Endangered Species Act (Act) and (2) a 
recovery plan is needed to guide conservation and recovery of the DPS.  A status 
recommendation will be documented in a five-year status review based on the final SSA report. 
 
DISCUSSION 
 
The Service designated the lynx DPS as threatened in 2000 because of the inadequacy, at that 
time, of existing regulatory mechanisms on Federal lands.  In 2003, in response to a court ruling, 
we reaffirmed the DPS’s status as threatened.  We completed a recovery outline in 2005, 
designated critical habitat for the DPS in 2006, and, in 2007, again in response to a court order, 
clarified our determinations of “significant portion of the range” and that all lynx in the 
contiguous U.S. constitute a single DPS.  We revised the critical habitat designation in 2009 and 
again in 2014 in response to a court order.  We reinitiated the 5-year status review in January, 
2015 and commenced the SSA in April, 2015.  In September 2016, the court remanded the 2014 
critical habitat rule for further evaluation of Colorado and five National Forests in Idaho and 
Montana.  
 
At the Recommendation Meeting in March of 2017, the SSA Core Team provided an overview 
of the draft SSA to the Decision Team (R6 RD and ARDs from R3, R5, R6 and R1).  We also 
discussed the comments received up to that point from peer reviewers and State and Federal 
Partner agencies and our initial assessment of those reviews.  Using that information and their 
review of the draft SSA to complete facilitated structured decision making exercises, the 
Decision Team came to an interim recommendation regarding the status of the DPS.  The 
Decision Team postponed a final recommendation pending receipt and evaluation by the Core 
Team of outstanding peer and partner reviews and asked to re-convene when that evaluation was 
completed.  The Core Team has completed reviewing all peer and partner agency reviews, and a 
follow-up conference call and webinar have been scheduled for May 12.  At the conclusion, we 



anticipate a final decision/recommendation from the Decision Team on the status of the lynx 
DPS.  A five-year review will then document that decision.  
 
Key Points: 
 
• We announced the re-initiation of a five-year status review on January 13, 2015.  Shortly 

thereafter, we embarked on the SSA framework.  Information in the SSA report will be used 
by Service decision makers to inform classification decisions, recovery planning direction, 
and other determinations required by the Act. 

• Through the SSA framework we have assessed the species’ needs, current and future 
condition including viability of the DPS using a compilation of the best available scientific 
and commercial data, including empirical data, published literature, and expert input. Our 
assessment included a workshop for scientific experts to address the current and likely future 
status of the DPS that occurred in the fall of 2015. 

• Information solicited from the 10 member lynx expert panel addressed the viability of the 
DPS based on the 3Rs (Representation, Redundancy, and Resiliency) and what is known 
about climate science related to lynx.  The resultant workshop report is one component of the 
SSA. 

• We completed the DRAFT SSA report in January 2017 and made it available for Peer and 
Partner review and comment.  This review and comment was completed in March 2017.  
Approximately 400 individual comments were considered as we received reviews from all 5 
Peer Reviewers, 3 Federal agencies and 11 of 15 states within the DPS range.    

• At our Recommendation Meeting in March, we provided an overview of the Draft SSA and a 
summary of major or consistent issues, comments, concerns, and themes from Peer, State and 
Federal partner reviews of the Draft Lynx SSA Report.   

• Upon additional review of the comments, the Core team’s conclusion is that although there 
are recurring themes and some additional work needed to finalize the SSA report, nothing in 
these reviews suggests major consequential omissions or fatal flaws with our assessment that 
would lead us to significantly different conclusions.   

 

NEXT STEPS 

• Finalize a status recommendation with the Decision Team during the follow-up meeting on 
May 12, 2017.  The decision will be documented in the five-year review for Canada lynx, 
anticipated to be completed before the end of the current FY. 

• Finalize the SSA report by June 30.  The report will be made available to the public on our 
website concurrently with the announcement of the five-year review.  
 

  



 
 
 
 
 

 
 

Figure 1.  Six geographic units within the range of the contiguous U.S. distinct population 
segment of Canada lynx (Lynx canadensis) that currently support or recently supported (GYA) 
resident lynx populations.  



From: Bush, Jodi
To: Marjorie Nelson
Cc: Justin Shoemaker; Jim Zelenak
Subject: Lynx Briefing for May 12
Date: Friday, May 05, 2017 1:39:57 PM
Attachments: 20170505_RD Briefing Lynx SSA 2nd Status Decision Mtg.docx

Marj.  As we discussed -here is the briefing for RDs for next Fridays webinar/call.  Once you
pass it on to those folks, please let me know and I will get it out to other ARDs and Core
team.  Thanks JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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From: Bush, Jodi
To: Marjorie Nelson
Cc: Justin Shoemaker; Jim Zelenak
Subject: Lynx Briefing for May 12
Date: Friday, May 05, 2017 1:40:21 PM
Attachments: 20170505_RD Briefing Lynx SSA 2nd Status Decision Mtg.docx

Marj.  As we discussed -here is the briefing for RDs for next Fridays webinar/call.  Once you
pass it on to those folks, please let me know and I will get it out to other ARDs and Core
team.  Thanks JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: Lynx SSA
Date: Monday, May 08, 2017 9:59:22 AM

FYI

---------- Forwarded message ----------
From: Kurt Broderdorp <Kurt_Broderdorp@fws.gov>
Date: Mon, May 8, 2017 at 9:14 AM
Subject: Lynx SSA
To: Jim Zelenak <jim_zelenak@fws.gov>

Jim,  Sorry I didn’t get back to you sooner, but I was on annual leave. 
Your assumption is correct, I will not be able to spend time working on
lynx SSA issues for a while.  I have a meeting coming up today, but
maybe we can talk a little later today.

 

Kurt Broderdorp

US Fish and Wildlife Service

(970) 628-7186

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
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Assessing Snowshoe Hare (Lepus americanus) Populations through Incidental Capture: A 
Spatio-Temporal Analysis 

By: Brock Sandrock 

M.W.C. Project Advisor: Daniel J. Harrison, Ph.D. 

 

ABSTRACT: 

Snowshoe hares (Lepus americanus) serve as a keystone species within boreal 

forest ecosystems, and are an inseparable link in the ecology of a diverse array of 

predators that depend upon snowshoe hare presence for food, most notably, the U. S. 

federally threatened Canada lynx (Lynx canadensis). Many studies exist addressing hare 

ecology, with pellet count surveys, snow track intercepts, and capture-mark-recapture 

methods as common approaches to assessing habitat use and spatio-temporal 

dynamics. However, the comparability and reliability of other approaches, such as 

incidental captures, are yet uncertain. As such, my primary objective was to evaluate 

patterns of snowshoe hare habitat selection through incidental captures in live traps 

targeting American marten (Martes americana). To accomplish this, I sought to 

document and compare trap-scale occupancy, colonization, and extinction rates across 

five forest stand types (early successional, regenerating clear-cut, mature mixed, mature 

hardwood, and mature softwood). I then evaluated the consistency of my results with 

habitat studies of snowshoe hares based on pellet surveys and snow track intercepts in 

the same region of Northern Maine. My secondary objective was to provide an 

inference into temporal trends in snowshoe hare populations from 1994 to 1997 with a 
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goal of contributing to a long-term data set evaluating spatio-temporal dynamics of 

hares based on pellet counts conducted from 2001 to 2015. Data for my analyses were 

based on 947 incidental captures of snowshoe hares during 9307 trap nights in a study 

of American marten in T4 R11 and T5 R11 WELS, Maine from 1994 to 1997. Based on 

the ratio of captures per hundred trap nights and occupancy rates from multi-season 

modeling, snowshoe hares exhibited a preference for immature forest types over 

mature, uncut forests. These results were similar to those based on pellet counts in the 

same township and from track intercepts on snow transects conducted approximately 

eighty kilometers north. In addition to having the highest initial occupancy rate, 

immature stands also had greater trap-scale rates of colonization across years and lower 

trap-scale shifts from occupancy to non-occupancy relative to each of the other habitat 

types. Such results suggest that immature stands not only support higher hare densities, 

but have relatively higher overall occupancy, as well as greater annual shifts from non-

occupancy to occupancy and lower shifts from occupancy to non-occupancy relative to 

trap sites in the other four habitat types. From 1994-1997, immature stand types also 

showed a consistent yearly increase in capture per hundred trap nights, which was 

consistent with increasing trends in other forest stand types and suggests that hare 

populations across the study area increased from 1994-1997. Further, the results of my 

analyses imply that, relative to the other stand types considered, mature mixed forest 

stands had less consistent annual trends of population increase from 1994-1997 and 

that traps in mature hardwood stands had higher rates of transition from periods of 

occupancy to non-occupancy relative to other stand types. Additionally, the data 
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indicate that incidental captures yield conclusions regarding snowshoe hare habitat 

selection and relative density ranks comparable with those of pellet counts and snow 

track intercepts. Incidental capture data have the additional benefits of providing 

valuable information regarding differences in relative occupancy across habitats and 

provides insight into patterns of colonization and disappearance relevant to the scale of 

surveys. 

INTRODUCTION: 

In Maine, snowshoe hares are common prey for a variety of mammalian (Major 

& Sherburne, 1987; Litvaitis & Harrison, 1989) and avian predators (Hik, 1995), and are 

dominant herbivores (Hodges, et al., 2001). Elsewhere, reports show snowshoe hares 

exert ecosystem-level effects in both montane and boreal forests (Griffin & Mills, 2009). 

In northeastern Acadian forests, where commercial forest management plays the 

dominant role in stand-scale dynamics (Legaard, et al., 2015), hares exhibit densities 

that differ widely across various stand types. For example, pre-commercially thinned 

stands only support about half the density of snowshoe hares as unthinned, 

regenerating stands (Homyack, et al., 2007). Additionally, Maine supports the largest 

population of the U.S. federally threatened Canada lynx (Lynx canadensis) in the 

contiguous United States, a species which specializes on snowshoe hares (Olson, 2016) 

and exhibit strong stand- (Fuller, et al., 2007) and landscape-scale selection (Simons-

Legaard, et al., 2016) for areas with intermediate to highest hare density. Given the 

ecological importance of hares, their population cycling, which typically covers an eight 

to eleven year period (Hodges, et al., 2001), and their profound responses to vegetation 
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structure (Homyack, et al., 2007), many studies have quantified spatio-temporal 

dynamics of snowshoe hares. Up to this point, capture-mark-recapture studies, pellet 

count surveys, and snow track intercepts have been the preferred methods in 

conjunction with documented hare density versus pellet density regressions (Mills, et 

al., 2005). 

While pellet count surveys are a preferred method for assessing hare densities, it 

has inherent methodological flaws, given that counts may over-predict low densities 

and under-predict high densities (Mills, et al., 2005). Additionally, pellet loss and 

decomposition can prove problematic and require consideration (Fuller & Harrison, 

2013). Further, hares may alter their habitat use over time (Griffin & Mills, 2009), which 

is difficult to study given the need to clear pellets, allow sufficient time for 

accumulation, then recount to estimate relative densities across habitats. 

As a generalist herbivore (Griffin & Mills, 2009) and a common prey species, 

snowshoe hares prefer areas with dense understory for both cover and food (Homyack, 

et al., 2007; Fuller & Harrison, 2013). The interplay of these two factors, feeding and 

survival, form the basis of a three-trophic level survival interaction and is fundamental 

to the process of habitat selection (Krebs, et al., 1995) and is the mechanism for 

avoiding predation while simultaneously providing for reproduction. During winter, 

dense vegetation can also provide relief from the need for raised metabolic activity by 

trapping heat and granting shelter from wind (Litvaitis, et al., 1985). This leads to a 

dynamic process that results in increased use of dense stands during winter months 

with a release from such a restriction during the summer when population levels begin 
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to rise and food availability outweighs protection from predation and thermoregulatory 

considerations as deciding factors in habitat selection (Litvaitis, et al., 1985). Previous 

studies demonstrate that during summer within the core of the snowshoe hare’s range, 

reliance upon stem density and canopy closure decrease and there is a weaker 

association between population density and forest cover (Homyack, et al., 2007). 

However, Olson (2015), reported similar selection for immature stands across seasons 

near the southern range limit of snowshoe hare. As my analyses consisted of data 

collected during spring and early summer months, this seasonal differences in habitat 

selection should be a considered when comparing to prior research conducted during 

winter. 

To infer relative differences in habitat quality across stand types based on 

differences in selection and density requires consideration of potential source-sink 

dynamics (Van Horne, 1983). For a source habitat, a population must be able to sustain 

growth over time and allow for dispersal, while a sink population cannot retain stable 

population levels (Gunersen, et al., 2001). Estimating habitat-specific population 

densities and fluctuations in habitats with multiple forest types can prove difficult, as 

movement on both an individual and population scale can alter results or lead to false 

determinations (Griffin & Mills, 2009).  Thus, source-sink dynamics have the potential to 

influence population distributions, as snowshoe hares utilize sink habitats to maintain 

stable populations (Griffin & Mills, 2009) and could contribute to seemingly false results. 

While my study was not designed to test for differences in fitness across habitats, I 

quantified relative rates of colonization and extinction at the scale of individual traps 
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across habitats to help inform the interpretations of observed differences in apparent 

density and stand-scale rates of trap occupancy across habitats by comparing catch per 

unit effort across habitats and by using multi-season analyses to compare relative rates 

of occupancy, shifts from non-occupancy to occupancy, and shifts from occupancy to 

non-occupancy across trap sites within 5 different forest stand types. 

 In the boreal forests of Canada and Alaska, snowshoe hares exhibit population 

cycles of ten years, where densities can vary by five- to twenty-fold (Hodges, et al., 

2001). In southern populations, the presence of snowshoe hare population cycles is a 

long-standing topic of debate, but the general consensus is that such cycles are either 

absent or dampened (Hodges, 2000; Murray, et al., 2008). Given the strong connection 

between snowshoe hare populations and Canada lynx populations, which have a cycle 

that lags about one to three years behind hare cycling (Hodges, et al., 2001), and other 

ecosystem processes, there is an ongoing effort in Maine to document the spatio-

temporal dynamics of snowshoe hares. The research, which began in 2001, utilizes 

estimation of over-winter hare populations across various stand conditions through 

time (Scott, 2009; Harrison, et al., 2015), but that time series lacks information for the 

period prior to 2001. 

Snowshoe hare population analyses retain a high level of value in ecological 

studies, yet to ensure that results and conclusions are of the greatest utility, there is a 

need for more information regarding the comparability of various methods utilized in 

snowshoe hare surveys.  Additionally, there is a need for further insight into the 

dynamics of snowshoe hares in young, regenerating stands, where previous research 
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documented hares maintaining highest relative densities (Litvaitis, et al., 1985; Fuller & 

Harrison, 2005; Olson, 2005; Homyack, et al., 2007; Fuller, et al., 2007; Harrison, et al., 

2015). Current studies maintain spatio-temporal databases and analyses for the early 

2000’s to present, but there is still a need for data on population trends in the 1990’s, a 

period characterized by expanding regenerating, high density snowshoe hare and lynx 

habitat (Simons-Legaard, et al., 2016). Through the analyses presented here, I attempt 

to evaluate the functionality of capture rate as a viable method for population analysis 

over time and across habitat types. I used a series of capture rate analyses, as well as 

single and multi-season modeling to evaluate the trap-scale effects of different forest 

stand types on the occupancy and the positive and negative occupancy changes of 

snowshoe hares. A secondary objective is to provide insight into the temporal trends in 

hare populations during the period from 1994 to 1997, and across dominant forest 

stand types on commercially managed forests in northern Maine. 

METHODS AND STUDY AREA: 

Data collection occurred during a series of graduate research projects, from 1994 

to 1997 near Baxter State Park, Maine, in the townships of T4 R11 and T5 R11 WELS. The 

study area, located on property commercially owned and managed for wood products, 

composed of a mix of mature and immature stands of varying types, and underwent a 

series of harvests in the decades preceding research, including harvest and treatment 

for a spruce budworm outbreak. 
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Researchers placed Tomahawk traps systematically at a range of 0.25-0.65 km 

intervals to target American marten (Martes americana), and baited them with sardines 

and extract of anise.  Prior research effort recorded dominant forest stand type at each 

trap site during the trap’s first year of use. I then grouped these stand types into five 

categories based on stand age and composition: Early Successional (≤ 15 years since 

stand-replacing harvest), Immature (regenerating stands; 15-40 years following stand 

replacing harvest), Mature Mixed, Mature Hardwood, and Mature Softwood (no stand 

replacing harvest for at least 40 years in mature stands). I calculated the number of 

nights each trap was open and active in the field (TN), as well as the total number of 

days from a trap’s first TN to its final removal from the site during the season (DAYS). To 

account for variation in time of year when each trap was active, I also calculated the 

median Julian date for each trap (JD). Based on the greatest number of trap nights 

within in each year, I reformatted the data for each year to remove extraneous periods 

of no trapping or traps that were otherwise inaccessible. I coded available traps as 

occupied (denoted as 1) or not occupied (denoted as 0) by a snowshoe hare across the 

range of active trap nights. Analyses followed a three stage process: 1) I began with a 

spatio-temporal study of capture per hundred trap nights, which indicated a need for 

more dynamic models; 2) I used single season occupancy models to evaluate 

methodological variables that may have influenced detectability, such as JD, TN, and 

DAYS, to separate methodological variables potentially influencing the detection 

process from the effects of trap-scale habitat variables on occupancy. While utilizing 

multi-season models from the outset would likely have accomplished the same effect 
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without violating closure assumptions, I decided to evaluate the data set in a single 

season approach first to verify the utility of the data set; 3) I used multi-season 

occupancy models that incorporated the methodological variables that most strongly 

influenced detection based on single season models. Because single season modeling 

violated closure assumptions between years, a multi-season approach was necessary to 

evaluate the influences of yearly variation and forest stand types on occupancy, and to 

allow evaluation of the influences of forest stand types on the processes of colonization 

(shift from non-occupied to occupied), and extinction (shift from occupied to non-

occupied) at the scale of a single trap site. Additionally, the use of multi-season 

occupancy models allowed for the avoidance of assumptions of year-to-year closure in 

populations. 

Capture per Hundred Trap Nights: Trap distribution was not equal across the five 

considered forest stand conditions, and a number of factors confounded comparisons of 

captures among habitats and years. Such factors included bears disturbing traps, 

capture of species other than hares (e.g., American marten, red squirrels (Tamisciurus 

hudsonicus)), number of trap nights not standardizing to an annual goal of ten, and traps 

not being present in the field for equal intervals of time. To provide a more standardized 

metric to quantify snowshoe hare capture rates within a habitat type and year, I 

calculated the number of captures in each habitat type for each 100 nights a trap was 

active within each habitat (TN), a technique corroborated by Griffin and Mills (2009), 

who reported that the per-capita influence of habitat types on population could provide 

insight into the value of individual habitats. I calculated hare captures per hundred TN 
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for each habitat type in each of the four years, as well as yearly capture rates. Although 

capture rates were useful for interpreting temporal trends in the hares, captures within 

a site were not independent (i.e. a trap could repeatedly capture a single hare) and 

detection probabilities at individual traps were relatively low and influenced by median 

Julian date (JD), as well as TN. Thus, I used occupancy analyses (Donovan & Hines, 2007) 

to infer the effects of stand types on population processes for snowshoe hares. 

Single Season Detection and Occupancy Modeling: I used program Presence (Hines, 

http://www.mbr-pwrc.usgs.gov/software/presence.html.) to model variables affecting 

occupancy and detection while pooling the data across years (1994-1997), then treated 

year as a group, along with habitat. The purpose of this process was to: 1) evaluate the 

role of methodological covariates (TN, DAYS, and JD) on trap-scale occupancy rates by 

snowshoe hares, and 2) evaluate the role of annual changes in detection and occupancy 

on conclusions regarding differences in occupancy across forest stand types. I tested 

models with each covariate as a parameter of detection with individual nuisance 

variables (JD, TN, and DAYS), with combinations of each nuisance variable (JD+DAYS, 

JD+TN, TN+DAYS), and by comparing a global model (JD+TN+DAYS) against a null model. 

I ranked the resultant model performance across models using Akaike’s information 

criterion (AIC) (Symonds & Moussalli, 2010). Variables were influential if they occurred 

in a top competing model (ΔAIC within 2 of the top model) or in a top plausible model 

(ΔAIC within 6 of the top model). The choice of models followed Arnold’s (2010) 

recommendations for procedures to determine the strongest evidence from AIC models. 

In formatting the data, I coded each forest stand type such that tests compared 
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probabilities of one stand type influencing results against the remaining four by 

designating a trap as either placed within a stand type (1) or not (0). I did this for each 

forest stand type such that there were five individual variables to consider. This 

approach thus evaluated occupancy and annual shifts in occupancy of traps within a 

stand type relative to the other four stand types considered. 

During each year, the combination of JD and DAYS (JD+DAYS) had the strongest 

influence on detection probability. However, because variation in population levels 

existed between years, it was also important to account for year as a covariate 

influencing occupancy. To test yearly effects, I conducted a series of pooled single 

season models accounting for habitat type, sampling covariates, and year. While these 

analyses violated closure assumptions of single season modeling, they showed that 

while year also had a large effect on occupancy, JD and DAYS were still consistently 

important factors influencing detection each year. Thus, I retained JD+DAYS  as 

methodological variables influencing detection in multi-season models (Donovan & 

Hines, 2007) to assess the relative influences of stand type on trap-scale rates of 

occupancy, colonization, and extinction by snowshoe hares, while avoiding the 

assumption of population closure. 

Multi-Season Modeling: I used multi-season occupancy models to evaluate and test the 

influences of forest type on snowshoe hare habitat occupancy. I considered 122 models 

of varying combinations to assess the relative influences of the five forest stand types as 

covariates influencing rates of occupancy, colonization, and extinction at the scale of an 

individual trap within a specific stand type. Based on the results from my earlier 
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modeling steps, I included both JD+DAYS as covariates affecting detection, and also 

considered a null detection model for the sake of verification. I again ranked all models 

based on AIC, and estimated model weights of evidence (wi) (Symonds and Moussalli, 

2010): 

𝑤𝑖 =
exp (−1

2∆𝑖)

∑ exp (−1
2∆𝑟)𝑅

𝑟=1

 

When there were multiple competing (ΔAIC ≤ 2) and plausible (ΔAIV ≤ 6) models, I 

assessed the relative influence of covariates using multi-model inference based on 

cumulative wi for all models with an ΔAIC ≤ 6 that included a habitat covariate affecting 

occupancy, colonization, or extinction (Symonds and Moussalli, 2010). Using wi in 

combination with the AIC value, and beta values for occupancy, colonization, and 

detection, I was able to determine which stand types had the greatest effect on trap-

scale rates of habitat occupancy, colonization, and extinction by snowshoe hares. 

RESULTS: 

Temporal Changes in Capture Rates Across Stand Types:  My study analyzed the 

number of nights a trap was open and available to snowshoe hares (TN) each year, and 

accounted for differences in trapping effort across five habitat stand types by calculating 

the number of captures recorded for every 100 trap nights, which differed strongly 

across stand types and years (Fig. 1). Snowshoe hare capture rates were higher in 

immature forests relative to all other stand types during all four years of study. 

Additionally, capture rates in immature stands were higher than the average yearly 
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capture rate, which also rose each season (5.91 in 94; 10.10 in 95; 10.85 in 96; 14.52 in 

97). This upward trend in capture rate occurred in the other habitat types as well, with 

early successional habitats, immature, mature hardwood, and mature softwood all 

showing increases in annual capture rates from 1994-1997 (Table 1). Among the five 

forest stand types, mature mixed forests emerged as an exception to the consistent 

annual increase in capture rate observed across the other 4 stand types.  Capture rate in 

mature mixed stands increased from 1994 to the highest observed level in 1995, then 

decreased in 1996. This was followed by another subsequent increase in capture rate in 

mature mixed stands in 1997. Because the capture effort and number of sites surveyed 

were relatively consistent across years (Table 1), those results suggest an increasing 

trend in the snowshoe hare population across my study area from 1994-1997. 

Single Season Modeling to Assess Influences of Methodological Variation in 

Occupancy:  Based on my two-step process, I used single season models to evaluate the 

effects of sampling covariates on detection probability and year. This approach 

indicated that, within each year, JD and DAYS were consistently among the top ranked 

models, having a ΔAIC within 6 in all years except 1996. Assuming that methodological 

influences would have similar effects across years, JD+DAYS emerged as influential 

covariates and I included their combined effects in subsequent analyses. Using the 

determined sampling covariates (TN, JD, and DAYS) in a pooled single season model to 

test the effect of year on occupancy, the model psi(IM+YEAR), p(JD+DAYS), was the top 

model, with the next model having a ΔAIC of 15.88 (Table 4). 
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Single season modeling also provided both relative occupancy and detection 

probabilities for traps within each forest stand type (Tables 2 & 3). Using the resultant 

probabilities, I was able to determine the beginning occupancy of each stand type, as 

occupancy probabilities were based on the first year of trapping, and verified the use of 

occupancy modeling over other methods of analysis. Detection probabilities were low 

and variable enough to indicate that logistic regression would likely not yield reliable 

results and, along with closure assumptions, indicated that multi-season occupancy 

models would be most appropriate for subsequent analyses. 

Multi-Season Modeling: 

Five models emerged as candidates (ΔAIC ≤ 6) for best explaining relationships 

between stand type, occupancy, colonization, and extinction of snowshoe hares (Table 

5). Three models competed closely with the top model, having ΔAIC ≤ 2, including 

models containing the influence of immature habitats on occupancy, the global model 

with all stand types affecting occupancy, and a reduced model with immature stand 

types influencing occupancy, colonization, and extinction (Table 5). Following the top 

five models, the next highest ΔAIC value was 20.62, which removed models 6-122 from 

further consideration. Of the five top-ranked models, immature forest stands were 

present in each, suggesting that the immature stand type had the predominant positive 

effects on rates of trap-scale occupancy and colonization, and that immature stands had 

a negative effect on rates of trap-scale shifts from occupancy to non-occupancy by 

snowshoe hares. 
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 Within the top ranked models, the weight of each habitat variable, measured as 

wi, quantified the proportional influence of each of the five stand types on trap-scale 

rates of occupancy, colonization, and extinction. The values for each of the five models 

for wi were 0.315, 0.293, 0.257, 0.120, and 0.015 respectively, showing the relative 

weights of evidence for those models relative to the cumulative weight of evidence 

across the remaining 177 models. On a cumulative basis, immature forests were the 

driver of rate of trap occupancy, as well as the driver of positive shifts from non-

occupancy to occupancy.  Further immature stands had a strong negative effect on rates 

of shift from trap occupancy to non-occupancy relative to the first year. Based on the 

cumulative wi for each of the top five models that included a particular habitat 

covariate, the relative weight of evidence for predominant variables was 0.331 for 

immature forest types positively influencing trap-scale occupancy, 1.000 for immature 

forests positively influencing colonization of new traps, and 0.880 for the negative effect 

of immature forests on extinction rate at the scale of a trap. Accounting solely for the 

effect of immature forest types, and leaving out FULL models, which included all five 

habitats, the cumulative weight of evidence for immature forests was 0.315 for 

occupancy, 0.572 for colonization, and 0.572 for extinction. Immature forests 

contributed to 66.25% of the overall model weights. Each of these assessments 

indicated that immature forest habitats have a larger effect on snowshoe hare 

population levels across time, when accounting for detection variables, than the other 

four habitat types considered. 
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The effects of each forest stand type on occupancy in the first year of trapping 

and subsequent shifts from non-occupancy to occupancy (colonization) and shifts from 

occupancy to non-occupancy (extinction) at traps (Figures 2-4) indicate the preference 

of immature habitats over early successional, mature mixed, mature hardwood, and 

mature softwood forest stand types. For occupancy and colonization, immature stand 

types maintained the only positive beta values with standard errors which did not 

include zero. Early successional, mature mixed, mature hardwood, and mature 

softwood habitat types each had negative beta values for occupancy, while early 

successional, mature mixed, and mature softwood colonization rates were near zero. 

Traps in mature hardwood forest stands had higher rates of colonization, but standard 

error ranges included zero. Rates of shifts from occupied traps to unoccupied traps were 

lower in immature habitat types, while effects of early-successional, mature mixed, and 

mature softwood forest stand types on trap-scale rates of extinction were insignificant. 

Mature hardwood, however, had a higher beta value for extinction at a trap and had 

standard errors which did not include zero. These results imply a strong connection 

between trap-scale occupancy and colonization within immature forest stands and a 

weaker relationship between trap-scale extinction and mature hardwood forest stands. 

DISCUSSION: 

Inferences regarding relative densities of hares across stand types based on 

annual capture per hundred trap nights (TN) rates were consistent with previous studies 

based on pellet counts and snow track intercepts in the same region of northern Maine 

(Fuller & Harrison, 2005; Olson, 2005; Fuller, et al., 2007).  All methods indicated the 
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highest relative preference for regenerating immature forest stands over early 

successional, mature mixed, mature hardwood, and mature softwood stands. Trap sites 

within the immature forest stand types had the greatest capture rate, highest initial 

occupancy, lower ratio of shifts from occupancy to non-occupancy, and higher rates of 

change from non-occupancy to occupancy relative to the other 4 stand types. Because 

of low and variable trap-scale detection rates, analyses involving occupancy modeling 

proved superior to logistic regressions. 

Additionally, mature mixed stand types had a capture rate that was highest in 

1995 and declined while other habitats increased in 1996 and 1997, which potentially 

indicates more variable population dynamics in mature mixed stands relative to other 

stand types. Further, mature hardwood stand types had the highest extinction rates at 

traps based on multi-season analysis, indicating a negative change in occupancy. Prior 

studies have demonstrated similar results (Litvaitis, et al., 1985; Griffin & Mills, 2009; 

Harrison, et al., 2015) outside of my study region, lending further credibility to the value 

of incidental captures as a viable research method for studies of snowshoe hare spatio-

temporal dynamics. 

Across of the four years, 1994-1997, immature forest stand types had 

consistently greater capture rates than other stand types, as well as greater yearly 

increases in capture rates indicating both within- and across-year preferences for 

immature forest stand types over early successional and mature habitat types and a 

growing population within immature stands. Immature forest stands also had a 

probability of occupancy during the first year that was more than twice the rate 
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observed in the other stand types. There were no significant differences in occupancy 

rates among the other four stand types during 1994. Given the highest relative 

occupancy within the immature stand type in 1994, followed by consistently greater 

increases in capture rate in the immature type during 1995-1997, there is evidence for 

greater use of immature forest stand types at the scale of individual traps. Additionally, 

the fluctuations in annual capture rates in mature mixed habitat types were less 

consistent than the increasing trends observed from 1994-1997 in other habitats, which 

may warrant additional study into the possibility that those stands may be inferior in 

habitat quality (Gunersen, et al., 2001; Griffin & Mills, 2009). With immature habitat 

types demonstrating increasing population trends, and the lowest relative extinction 

rates at the trap level, my results are consistent with conclusions of Griffin and Mills 

(2009), who concluded that immature stands serve as source habitats. Furthermore, the 

relatively highest trap-scale extinction rate observed at traps in mature hardwood 

forests suggests that survival or emigration rates of hares might be lower in that stand 

type relative to immature stands. These results corroborate those of Griffin and Mills 

(2009), who found young, dense forest stand types as likely population sources, and 

open young and open mature forest stand types as population sinks, though further 

research on relative survival and recruitment across stand types is recommended. 

To further verify the merit of incidental catch effort data, it is important to 

examine the colonization and extinction rates at a multi-season level to account for the 

influence of yearly variation on changes in occupancy. A comparison of beta values 

across stand types indicated that the immature stands had the only significantly positive 
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slope for both occupancy and trap-scale colonization, and a significant negative slope 

for extinction. Those results further imply that immature forest stands are the most 

prominent driver of differences in occupancy relative to the other four stand types 

considered. 

Given that previous studies have demonstrated the prevalence of immature 

forest stand types as preferred by snowshoe hares, land management practices that 

consider maintenance of immature habitats could benefit both hares and Canada lynx. 

However, individuals and populations frequently move between nearby habitat types, 

making inferences concerning individual forest stand type use difficult to determine 

with certainty (Griffin & Mills, 2009). By considering rates of trap-scale occupancy, 

colonization, and extinction across stand types, inferences regarding spatio-temporal 

dynamics and habitat preferences of snowshoe hares can be enhanced. My analyses, 

indicate that immature stand types most strongly influenced trap-scale occupancy and 

colonization and that trap-scale extinction rates were lowest in immature stands. 

When looking further into the results of each step of my analyses, the sampling 

covariates Julian date (JD) and total days (DAYS) also warrant consideration. In the single 

season analyses, these factors emerged as having enough weight to influence detection 

rates. When considering their range of values, it became apparent that hares could 

react differently to traps that were available at different times of the season and over 

longer periods of time. The possibilities of growing familiarity and comfort with a trap 

that has remained in the field longer, trap-happy or trap-shy individuals, and the fact 

that the data recorded on incidental captures did not include the age or sex of 
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snowshoe hares caught in traps may confound studies based on incidental capture data. 

However, research and planning in the early stages of analysis should strive to maintain 

standard levels of effort, and should include marking of individuals, as well as accurate 

accounting for gender and age. Further, I observed similar results for patterns of habitat 

selection and relative density across stand types based on capture per hundred trap 

nights compared to prior studies using pellet counts (Fuller & Harrison, 2005) and snow 

track intercepts (Fuller, et al., 2007). 

Finally, ongoing studies have monitored snowshoe hare population densities in 

northern Maine from 2001-2015, but data from the 1990’s is absent. However, the data 

presented here from 1994-1997 suggest that hare densities within immature forest 

stands increased during the 1990’s prior to reaching their highest levels from 2001-

2006, followed by a decline in 2007 and stable, but lower populations from 2008-2015 

(Harrison, et al., 2015). In combination, these results suggest the absence of a typical 

ten year population cycle in the snowshoe hare population near their southeastern 

range limit. This inference is consistent with reports by Hodges (2000), Malloy (2000), 

and Murray (2000), who concluded that while cycling may exist in southern population 

ranges, it is a dampened effect with less drastic fluctuations in density. However, the 

results presented here, in combination with those of Harrison, et al. (2015), could also 

indicate an extended, dampened cycle as opposed to the typical ten year cycle. Further 

analysis would be required to verify the extent of latitudinal differences in population 

cycling as regional effects on hare cyclicity remain uncertain. 
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CONCLUSION: 

Most previous studies of snowshoe hare populations have focused on pellet 

counts, snow track intercept surveys, and capture-mark-recapture methods. I present 

results on habitat-specific population trends, habitat preferences, and compare trap-

scale rates of colonization and extinction using incidental captures.  Additionally, I 

compared my results to previous studies using pellet counts and snow track intercepts. 

My capture per hundred trap night analyses indicated that incidental capture is a viable 

research technique, but also that immature forest stand types had the greatest levels of 

occupancy both in single-year analyses and across-years. Additionally, multi-season 

modeling indicated that immature forest stands had the highest rates of trap-scale 

occupancy and colonization, leading to the inference that snowshoe hares preferred 

habitats regenerating from 15-40 years after a stand-replacing disturbance. 

Furthermore, mature hardwood forest stand types had higher rates of trap-scale 

extinction than immature stands. Finally, the data and analyses presented here also 

serve the larger purpose of filling a gap in long-term snowshoe hare population studies 

and indicated an increasing trend in hare populations from 1994 to 1997 which, in 

corroboration with studies from 2001-2015, suggest that southern snowshoe hare 

populations may not follow the traditional ten year population cycle seen in the 

northern extent of the species’ range. 
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TABLES: 

Table 1. Trap nights and incidental captures of snowshoe hares in Tomahawk cage traps (n=151-269) set annually for approximately 10 trap 
nights from May 14 to July 4 within a 200 km2 study area on commercial forest lands in T4 R11 and T5 R11 WELS, Maine during 1994-1997. 
Summarized capture and effort are across five predominant forest stand types in the study area (Early Successional: 0-15 years since harvest, 
varying composition; Immature: 15-40 years, varying composition; Mature Mixed, Mature Hardwood and Mature Softwood: >40 years since last 
stand-replacing disturbance). 

 1994 1995 1996 1997 Total 
 TN Captures TN Captures TN Captures TN Captures TN Captures 

Early 
Successional 

99 2 91 4 65 4 79 12 334 22 

Immature 757 72 720 116 655 107 723 196 2,855 491 

Mature 
Mixed 

569 25 570 63 570 48 594 57 2,303 193 

Mature 
Hardwood 

221 7 217 8 192 11 247 15 877 41 

Mature 
Softwood 

840 41 787 50 564 52 747 67 2,938 210 

Total 2,486 147 2,385 241 2,046 222 2,390 347 9,307 957 
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Table 2. Trap-scale detection probability estimates for snowshoe hares among the five predominant forest stand types in T4 R11 and T5 T11 
WELS, Maine (1994-1997) using program Presence. Variable detection probabilities were ≤0.39 for all stand types, which verified the need for 
occupancy modeling over logistic regression. 

 Probability Standard Error 
Early Successional 0.271 0.058 
Immature 0.390 0.014 
Mature Mixed 0.355 0.098 
Mature Hardwood 0.157 0.029 
Mature Softwood 0.340 0.021 
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Table 3. Trap-scale occupancy probabilities for snowshoe hares among the five predominant forest stand types in T4 R11 and T5 R11 WELS, 
Maine during the initial year of survey in 1994 using program Presence. Occupancy estimates were the results of the first year of trapping; multi-
season analyses from 1994-1997 account for variations between years based on colonization and extinctions from 1995-1997. 

 Probability Standard Error 
Early Successional 0.247 0.072 
Immature 0.545 0.031 
Mature Mixed 0.244 0.027 
Mature Hardwood 0.218 0.040 
Mature Softwood 0.223 0.024 
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Table 4. I evaluated thirty-four models, using an analysis pooling across years, to address the effects of habitat variables and sampling covariates 
on snowshoe hares using program Presence. I tested the effects of five habitat types (Early Successional, Immature, Mature Mixed, Mature 
Hardwood, & Mature Softwood), Julian date (JD) and total days (DAYS) in the field (JD+DAYS), as well as the effect of yearly variation (YEAR). The 
top five models, shown here, use the notation: psi=occupancy and p=detection. Beta values depicted are for occupancy of habitat type only. The 
top model was the only plausible option, and I retained the variables, JD+DAYS, that most strongly influenced detection (p) in subsequent 
models (Table 5). 

 AIC ΔAIC Intercept β ES β IM β mix β HW β SW 
psi(IM+YEAR), p(JD+DAYS) 4603.1 0 -1.913 - 1.422 - - - 
psi(FULL+YEAR), 
p(JD+DAYS) 

4610.47 7.37 -25.372 23.538 24.883 23.529 23.355 23.431 

psi(IM), p(JD+DAYS) 4618.98 15.88 -1.154 - 1.386 - - - 
psi(FULL), p(JD+DAYS) 4626.22 23.12 -22.479 21.395 22.710 21.402 21.237 21.281 
psi(IM+YEAR), p(.) 4642.37 39.27 -1.995 - 1.422 - - - 
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Table 5. Multi-season analysis of snowshoe hare occupancy, colonization, and extinction, using program Presence, yielded five of 122 considered 
models that fell within a plausible ΔAIC range of 6. Plausible models are included here, showing the effects of five tested habitat types: Early 
Successional (ES), Immature (IM), Mature Mixed (mix), Mature Hardwood (MH), and Mature Softwood (MS) in FULL models, and Immature 
habitat types alone (IM). In these models, psi=occupancy, gamma= colonization, and eps=extinction. Beta values depicted are for habitat type 
only. The variables JD+DAYS, which were influential in detection (Table 4), were present in each of the most plausible models as covariates 
influencing detection (p). 

Model AIC ΔAIC wi Intercept β psi ES β psi IM β psi mix β psi HW β psi SW 
psi(IM), gamma(IM), eps(IM) 4466.23 0 0.31531 -1.413 - 0.513 - - - 
psi, gamma(FULL), eps(FULL) 4466.38 0.15 0.29253 -1.236 - - - - - 
psi, gamma(IM), eps(IM) 4466.64 0.41 0.25687 -1.240 - - - - - 
psi, gamma(FULL), eps() 4468.16 1.93 0.12013 -1.233 - - - - - 
psi(FULL), gamma(FULL), 
eps(FULL) 

4472.3 6.07 0.01516 -21.207 19.069 20.309 20.008 19.406 19.825 

Model AIC ΔAIC wi Intercept β gamma ES β gamma IM β gamma mix β gamma HW β gamma SW 
psi(IM), gamma(IM), eps(IM) 4466.23 0 0.31531 -1.469 - 1.791 - - - 
psi, gamma(FULL), eps(FULL) 4466.38 0.15 0.29253 -0.982 -0.102 1.309 -0.823 0.297 -0.666 
psi, gamma(IM), eps(IM) 4466.64 0.41 0.25687 -1.474 - 1.798 - -  
psi, gamma(FULL), eps() 4468.16 1.93 0.12013 -0.987 -0.126 1.338 -0.781 0.249 -0.675 
psi(FULL), gamma(FULL), 
eps(FULL) 

4472.3 6.07 0.01516 -5.104 4.011 5.429 3.296 4.420 3.3459 

Model AIC ΔAIC wi Intercept β gamma ES β gamma IM β gamma mix β gamma HW β gamma SW 
psi(IM), gamma(IM), eps(IM) 4466.23 0 0.31531 -0.344 - -0.562 - - - 
psi, gamma(FULL), eps(FULL) 4466.38 0.15 0.29253 -0.296 -0.110 -0.612 -0.559 1.497 -0.175 
psi, gamma(IM), eps(IM) 4466.64 0.41 0.25687 -0.345 - -0.560 - - - 
psi, gamma(FULL), eps() 4468.16 1.93 0.12013 -0.624 - - - - - 
psi(FULL), gamma(FULL), 
eps(FULL) 

4472.3 6.07 0.01516 -13.651 13.189 12.742 12.794 14.869 13.179 
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FIGURES: 

 

Figure 1. Capture rates of snowshoe hares across five forest stand types and four years (1994-1997) within a 200km2 study area on commercial 
forest lands in T4 R11 and T5 R11 WELS, Maine. The bar depicting “overall” is the combined capture rate across all stand types. 
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Figure 2. Beta values +/-1 SD depicting the direction, strength, and precision in mean estimates of the effects of habitat forest stand type on 
estimated rate of trap-scale occupancy in 1994 by snowshoe hares on commercial forest lands in Northern Maine based on multi-season 
occupancy models using program Presence. 
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Figure 3. Beta values +/-1 SD depicting the direction, strength, and precision in mean estimates of the effects of habitat on forest stand type on 
estimates of snowshoe hare colonization rates on commercial forest lands in Northern Maine from 1994-1997 based on multi-season occupancy 
models using program Presence. Early successional, mature mixed, and mature softwood stands had beta values near zero, but models did not 
converge sufficiently to allow estimation of the precision of the estimates for those habitats. Trap-scale rates of colonization are relative to the 
first year of survey in 1994. 
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Figure 4. Beta values +/- 1 S depicting the direction, strength, and precision in mean estimates of the effects of habitat forest stand type on 
estimates of snowshoe hare extinction rates at trap sites  on commercial forest lands in northern Maine from 1994-1997 based on multi-season 
occupancy models using program Presence. Mature mixed stands had a beta value near zero, but the model did not converge sufficiently to 
allow estimation of precision of the estimates for that habitat type.  The trap-scale shifts from occupancy to non-occupancy depicted here are 
relative to occupancy in the first year of survey (1994). 
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From: lynxdan@gmail.com
To: Mark McCollough
Subject: Brock Sandrock"s final report
Date: Monday, May 08, 2017 12:45:00 PM
Attachments: Sandrock Final Project Manuscript 5-8-2017.pdf

Hi Mark,

Attached is a copy of Brock Sandrock's final report that incorporates the comments from his
committee (including Alessio).  Not quite as polished as what I would require from an M.S.
student, but certainly meets the standards for an MWC.

In the end, there were not serious concerns about Brock's analyses, only the wording of his
interpretations and conclusions, which should be fixed in this version.  The data are unchanged
from what was presented last week.

I hope you agree that it was worth the investment of of one credit tuition by FWS and a plane
ticket purchased from McIntire-Stennis to get a picture of what hare populations were doing in
the 1990's.  It appears that not only was the amount of high quality hare habitat increasing in
the 1990's, but hare densities within high quality hare habitat and other less preferred stand
types were increasing as well.  These trends crossed many, many stands within a 200 km2
area, so were likely more than a local event.

Enjoy!

Dan

**********************************************************************

Daniel J. Harrison
Professor of Wildlife Ecology - Department of Wildlife, Fisheries, and Conservation Biology
Cooperating Professor of Sustainable Forestry
The University of Maine
5755 Nutting Hall, Room 210
Orono, ME 04469-5755
(207) 581-2867
harrison@maine.edu

mailto:harrison@maine.edu
mailto:mark_mccollough@fws.gov
mailto:harrison@maine.edu


From: Shoemaker, Justin
To: Zelenak, Jim; Jodi Bush
Subject: Fwd: Lynx follow-up meeting
Date: Tuesday, May 09, 2017 1:55:22 PM

Jim,

Looks like Jennifer could help w/ the meeting.  I'm out at a meeting all week.  Maybe contact
her if you feel like you need help explaining the results from the rec meeting.

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

---------- Forwarded message ----------
From: Szymanski, Jennifer <jennifer_szymanski@fws.gov>
Date: Mon, May 8, 2017 at 6:53 AM
Subject: Fwd: Lynx follow-up meeting
To: Justin Shoemaker <justin_shoemaker@fws.gov>

I could make it work if need be....but let's chat.
Jennifer
---------- Forwarded message ----------
From: Jennifer Szymanski <jennifer_szymanski@fws.gov>
Date: Wed, May 3, 2017 at 7:32 AM
Subject: Re: Lynx follow-up meeting
To: "Shoemaker, Justin" <justin_shoemaker@fws.gov>

Hello,

I am scheduled to be off on  May 12th.  Could you and I chat to see what some options might
be?

Sent from my iPhone

On May 2, 2017, at 11:47 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:

Jennifer,

We're planning our follow-up w/ the lynx recommendation team to inform them
of any changes and substantive comments as a result of peer and partner review. 
We're wondering if you would be available to join us on 5/12 at 2:00 Central to
help us briefly review the scoring that occurred at the lynx meeting, to remind
decision makers of where they landed before for the interim recommendation. The
goal of this meeting will be to finalize a 5 yr review recommendation.  

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jennifer_szymanski@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jennifer_szymanski@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov


Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

mailto:justin_shoemaker@fws.gov
mailto:jennifer_szymanski@fws.gov


From: Zelenak, Jim
To: Shoemaker, Justin
Cc: Jodi Bush
Subject: Re: Lynx follow-up meeting
Date: Tuesday, May 09, 2017 2:11:07 PM

Thanks Justin,

Although Jennifer would be best to lead Decision Team through the questions/scoring review, I think (1) we could
do it without her, (2) I hate to ask her to do it on a day off, and (3) the meeting was recent enough that the Team will
recall the important stuff.

I would like to send her (and you both) a couple slides to look at tomorrow that I plan to have in the presentation to
summarize that part of the last meeting.

Open to other suggestions.

On Tue, May 9, 2017 at 1:54 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Jim,

Looks like Jennifer could help w/ the meeting.  I'm out at a meeting all week.  Maybe
contact her if you feel like you need help explaining the results from the rec meeting.

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

---------- Forwarded message ----------
From: Szymanski, Jennifer <jennifer_szymanski@fws.gov>
Date: Mon, May 8, 2017 at 6:53 AM
Subject: Fwd: Lynx follow-up meeting
To: Justin Shoemaker <justin_shoemaker@fws.gov>

I could make it work if need be....but let's chat.
Jennifer
---------- Forwarded message ----------
From: Jennifer Szymanski <jennifer_szymanski@fws.gov>
Date: Wed, May 3, 2017 at 7:32 AM
Subject: Re: Lynx follow-up meeting
To: "Shoemaker, Justin" <justin_shoemaker@fws.gov>

Hello,

I am scheduled to be off on  May 12th.  Could you and I chat to see what some options
might be?

Sent from my iPhone

mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
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mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
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On May 2, 2017, at 11:47 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:

Jennifer,

We're planning our follow-up w/ the lynx recommendation team to inform them
of any changes and substantive comments as a result of peer and partner
review.  We're wondering if you would be available to join us on 5/12 at 2:00
Central to help us briefly review the scoring that occurred at the lynx meeting,
to remind decision makers of where they landed before for the interim
recommendation. The goal of this meeting will be to finalize a 5 yr review
recommendation.  

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Shoemaker, Justin
Cc: Jodi Bush
Subject: Re: Lynx follow-up meeting
Date: Tuesday, May 09, 2017 2:11:07 PM

Thanks Justin,

Although Jennifer would be best to lead Decision Team through the questions/scoring review, I think (1) we could
do it without her, (2) I hate to ask her to do it on a day off, and (3) the meeting was recent enough that the Team will
recall the important stuff.

I would like to send her (and you both) a couple slides to look at tomorrow that I plan to have in the presentation to
summarize that part of the last meeting.

Open to other suggestions.

On Tue, May 9, 2017 at 1:54 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Jim,

Looks like Jennifer could help w/ the meeting.  I'm out at a meeting all week.  Maybe
contact her if you feel like you need help explaining the results from the rec meeting.

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

---------- Forwarded message ----------
From: Szymanski, Jennifer <jennifer_szymanski@fws.gov>
Date: Mon, May 8, 2017 at 6:53 AM
Subject: Fwd: Lynx follow-up meeting
To: Justin Shoemaker <justin_shoemaker@fws.gov>

I could make it work if need be....but let's chat.
Jennifer
---------- Forwarded message ----------
From: Jennifer Szymanski <jennifer_szymanski@fws.gov>
Date: Wed, May 3, 2017 at 7:32 AM
Subject: Re: Lynx follow-up meeting
To: "Shoemaker, Justin" <justin_shoemaker@fws.gov>

Hello,

I am scheduled to be off on  May 12th.  Could you and I chat to see what some options
might be?

Sent from my iPhone
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On May 2, 2017, at 11:47 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:

Jennifer,

We're planning our follow-up w/ the lynx recommendation team to inform them
of any changes and substantive comments as a result of peer and partner
review.  We're wondering if you would be available to join us on 5/12 at 2:00
Central to help us briefly review the scoring that occurred at the lynx meeting,
to remind decision makers of where they landed before for the interim
recommendation. The goal of this meeting will be to finalize a 5 yr review
recommendation.  

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jennifer Szymanski
U.S. Fish and Wildlife Service
Division of Endangered Species
   Remotely located at:
U.S. Fish and Wildlife Service Resource Center
555 Lester Avenue
Onalaska, WI 54650
Tel: 608-783-8455; Fax: 608-783-8450
Cell: 608-799-3899
jennifer_szymanski@fws.gov
***My work schedule is:  M, W, Th 6:30 -4:30pm; 
T&F: 8:00-1:00pm (telework: 608-799-3899) 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Define Endangered 

Based on the biology of Canada lynx and the factors that are 
affecting its status in the U.S., what timeframe is most scientifically 
& legally defensible for defining "endangered"? 
 

Round Today 1-8 Years 1-30 years 

1 30 50 5 

2 65 35 0 



Define Threatened 

Based on the biology of Canada lynx, the factors that are affecting 
its status in the U.S., and the degree of uncertainty of future 
predictions, what timeframe is most scientifically & legally 
defensible for defining “threatened, i.e., foreseeable"? 
 

Round 2025 2050 2100 

1 17.5 80 0 

2 12.5 85 0 

Round 8 years 33 years 83 years 

3 0 97.5 0 



Status 

Which determination is most scientifically and legally defensible? 
 
 
 
 
Based on 2050 scenario, which determination is most scientifically 
and legally defensible? 
 
 

Determination 2015 2025 2050 2100 

DPS in danger of  extinction 0 5 10 30 

DPS not in danger of  extinction 100 100 95 70 

Determination 2050 

DPS is Recovered 92.5 

DPS is not recovered 7.5 



From: Zelenak, Jim
To: Jennifer Szymanski
Subject: Re: Quick Call?
Date: Wednesday, May 10, 2017 9:53:28 AM
Attachments: Scoring Slides draft.pptx

Some slides to consider when we talk in a bit.

On Tue, May 9, 2017 at 3:18 PM, Jennifer Szymanski <jennifer_szymanski@fws.gov> wrote:
Sure...look at my calendar and find a time that works for you.  Send me an invite, so it is
reserved.  

Sent from my iPhone

On May 9, 2017, at 3:46 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Hi Jennifer,

Let me know if you have time for a quick call tomorrow (5/10) and, if so, what time works best for
you.

Some folks wanted to see if you were available to help with a lynx SSA follow-up call/webinar. I
think we could do it without you (not as well, but we could probably muddle thru), and I don't
want you to have to rearrange your schedule to do it or mess up your scheduled day off.

However, I may have some questions about how to best present or import questions/scoring from
your spreadsheet into a PPT.

Thanks.  

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jennifer_szymanski@fws.gov
mailto:jennifer_szymanski@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
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Canada Lynx 
Species Status Assessment

Decision Meeting Follow-up

May 12, 2017



 What are we doing?
 Summarizing peer/partner reviews of the Draft SSA Report
 Reviewing scoring and interim decision from 3/2/17 meeting
 Finalizing a DPS status recommendation based on SSA

 Why?
 Late peer and partner reviews prevented full consideration prior 

to March 2017 Decision Team meeting
 We left that meeting with an “interim recommendation”; need to 

finalize for 5-year review
 Court order to complete RP by Jan. 15, 2018, unless we 

determine the DPS no longer warrants listing

Overview



 Brief recap of March recommendation meeting
 Summarize/synthesize peer, partner, internal reviews of 

the Draft SSA Report
 Revisit questions/scores/rationales, if necessary
 Finalize/document DT status recommendation for DPS

Objectives



 DPS designation, listing history, threats (at listing vs. 
now)
 Historical vs. current distribution; uncertainties
 SSA units; EE results; current/future conditions (3 Rs)
 Questions and scores from first meeting

Recap March DT Meeting



 1997-2007 - Lynx in contiguous U.S. are a DPS
 Discrete - international boundary and mgmt. differences
 Significant - southern extent of range; climatic, vegetation, and 

lynx/hare population dynamics differences; significant gap
 One DPS – each geographic area is discrete, but none individually 

is significant to the taxon

 2000 Final Rule/2003 Remand
 DPS listed T – inadequacy of regulatory mechanisms (Factor D); 

lack of conservation measures in U.S. Forest Service and BLM 
land mgmt. plans

DPS and Listing History



Lynx Records/Distribution



Range Contraction? (Poole 2003)



Lynx Habitat in 6 Geographic Units



 Redundancy
 DPS as a whole is not vulnerable to extirpation 

from a single catastrophic event
No catastrophic event that could result in the 

functional extirpation of the entire DPS

 No or a very low likelihood of functional 
extirpation of any of the individual geographic 
units due to a single catastrophic event

Expert Elicitation Workshop



 Representation
 Few threats to the genetic fitness or adaptive 

capacity of lynx in the DPS
High gene flow; no major barriers to dispersal

 Adaptability and evolutionary capacity of the 
DPS does not appear to have been diminished 
and is unlikely to become so, independent of 
threats that may impact the redundancy and 
persistence of lynx populations

Expert Elicitation Workshop



 Resiliency – probability of persistence of resident lynx populations 
in each geographic unit 

Expert Elicitation Workshop



 Overall message of the expert workshop report
Expert Elicitation Workshop



 Responses:  Resiliency
 All 5 occupied units have >70% expectation of 

supporting resident lynx populations by year 2050 
(median, most likely)

 Declining likelihood and greater uncertainty by 2100 
– only one unit has >50% probability of persistence

 Responses suggest overarching threat to long-term 
persistence of DPS is climate change
 Loss of snow conditions favorable for hares and lynx
 Subsequent (lagged) loss of boreal forest habitats
 Timing and magnitude of such losses are uncertain

Expert Elicitation Workshop



Draft SSA Report 

 Lynx SSA Team largely in agreement with experts 
regarding the 3 Rs and persistence of resident populations 
in the DPS
 Maine and Minnesota – Some team members more pessimistic
 Colorado – Some team members more optimistic

 Projected continued warming appears to be largest threat
 Lynx habitat likely to shift northward and upslope
 Lynx habitats and populations in the DPS will become smaller, 

more fragmented/isolated (reduced resiliency)
 Functional extirpation of some DPS populations likely in the 

future (reduced representation and redundancy)
 Much uncertainty regarding timing and magnitude 



March Meeting Scoring Exercises

Define Timeframe: Endangered

Based on the biology of Canada lynx and the factors that are 
affecting its status in the U.S., what timeframe is most scientifically 
& legally defensible for defining "endangered"?

Round Today 1-8 Years 1-30 Years

1 30 50 5

2 65 35 0



March Meeting Scoring Exercises

Define Timeline: Threatened

Based on the biology of Canada lynx, the factors that are affecting 
its status in the U.S., and the degree of uncertainty of future 
predictions, what timeframe is most scientifically & legally 
defensible for defining “threatened, i.e., foreseeable"?

Round 2025 2050 2100

1 17.5 80 0

2 12.5 85 0

Round 8 years 33 years 83 years

3 0 97.5 0



March Meeting Scoring Exercises
DPS Status

Which determination is most scientifically and legally defensible?

Based on 2050 scenario, which determination is most scientifically 
and legally defensible?

*Recovered = no longer in danger of extinction within the foreseeable future

Determination 2015 2025 2050 2100

DPS in danger of  extinction 0 0 5 30

DPS not in danger of  extinction 100 100 95 70

Determination 2050

DPS is recovered* 92.5

DPS is not recovered 7.5



 5 peer reviewers – lynx expertise from across DPR
 Maine (Harrison), Minnesota (Moen), Montana/Wyoming/Colorado 

(Squires), Canada (Murray)
 Genetics expertise from National Genomics Lab (Schwartz)

 15 State agencies invited to review/comment; AFWA assistance
 Substantive comments – CO, ID, ME, MN, MT, WA
 Minor/non-substantive comments – MI, NH, NM, WI, WY
 No comments – NY, OR, UT, VT

 3 Federal agency partners
 Minor comments - USFS
 No comments - BLM and NPS 

Synthesize Peer, Partner & Internal Reviews



 Utility of 3 Rs approach – what is “adequate”?
 Forecasting time frame - EE persistence and climate uncertainties
 EE results - limitations/uncertainties; “quantified opinion” vs. science

 Roles of connectivity, snow, competition (esp. bobcat)
 Applicability of “mainland-island” metapopulation structure
 Small effective population size (MN, WA) – potential for drift
 Additional recent climate modeling – fate of boreal forest in DPS

Synthesize Peer, Partner & Internal Reviews



 Cons but not pros of acyclic hare populations in the south
 Overemphasis on 0.5 hares/ha “threshold”
 Future without listing
 Optimistic projections of persistence for some units
 “Litany” of all things that might possibly impact lynx
 Broad brush approach to DPS
 Redundancy; need to tightly edit final SSA
 Policy recommendations

Core Team – other thoughts/issues specific to your geographic 
area?

Synthesize Peer, Partner & Internal Reviews



 Decision Team – questions/clarification?
 Management/FIT Team – other thoughts?
 Decision Team – need to revisit questions/scores/ 

rationales?
 Final recommendation?

Finalize & Document Decision Team Status 
Recommendation for DPS



Potential Recommendations

DPS remains T

DPS warrants 
Delisting

Final Recovery Plan
due 1/15/2018

Future Uplisting/ 
Delisting Rule

Formal Memo 
Exempting DPS 
from Recovery 

Planning

DPS warrants E



Wrap Up
Canada Lynx / © Ted Swem



From: Zelenak, Jim
To: Jodi Bush; Justin Shoemaker
Subject: Draft PPT for lynx follow-up call/webinar
Date: Wednesday, May 10, 2017 3:01:38 PM
Attachments: 2017 05 12 Lynx Status Follow-up - DRAFT.pptx

Attached.

I talked with Jennifer today about presenting scoring results and sent her my draft slides.  She is fine with those
slides (15-17) and doesn't feel she needs to be on the call/webinar, but she said she would arrange to be if anyone
feels strongly differently.

I plan to have handy the slides from the March presentation in case any are needed for questions/ discussion.

Let me know if you have questions/concerns about any slides and whether we should talk prior to the call
(scheduled for Friday at 1 PM Mountain Time).

Thanks

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov


Canada Lynx  
Species Status Assessment 

 
 

Decision Meeting Follow-up 
 
 May 12, 2017 



 What are we doing? 
 Summarizing peer/partner reviews of the Draft SSA Report 
 Reviewing scoring and interim decision from 3/2/17 meeting 
 Finalizing a DPS status recommendation based on SSA 
 

  Why? 
 Late peer and partner reviews prevented full consideration prior 

to March 2017 Decision Team meeting  
 We left that meeting with an “interim recommendation”; need to 

finalize for 5-year review 
 Court order to complete RP by Jan. 15, 2018, unless we 

determine the DPS no longer warrants listing 

Overview 



 Brief recap of March recommendation meeting 
 Summarize/synthesize peer, partner, internal reviews of 

the Draft SSA Report 
 Revisit questions/scores/rationales, if necessary 
 Finalize/document DT status recommendation for DPS 
 

 

 
 

Objectives 



 DPS designation, listing history, threats (at listing vs. 
now) 
 Historical vs. current distribution; uncertainties 
 SSA units; EE results; current/future conditions (3 Rs) 
 Questions and scores from first meeting 
 

 
 

Recap March DT Meeting 



 1997-2007 - Lynx in contiguous U.S. are a DPS 
 Discrete - international boundary and mgmt. differences 
 Significant - southern extent of range; climatic, vegetation, and 

lynx/hare population dynamics differences; significant gap 
 One DPS – each geographic area is discrete, but none individually 

is significant to the taxon 
 

 2000 Final Rule/2003 Remand 
 DPS listed T – inadequacy of regulatory mechanisms (Factor D); 

lack of conservation measures in U.S. Forest Service and BLM 
land mgmt. plans 

DPS and Listing History 



Lynx Records/Distribution 



Range Contraction? (Poole 2003) 



Lynx Habitat in 6 Geographic Units 



 Redundancy 
 DPS as a whole is not vulnerable to extirpation 

from a single catastrophic event 
No catastrophic event that could result in the 

functional extirpation of the entire DPS 
 
 

 No or a very low likelihood of functional 
extirpation of any of the individual geographic 
units due to a single catastrophic event 
 

Expert Elicitation Workshop 



 Representation 
 Few threats to the genetic fitness or adaptive 

capacity of lynx in the DPS 
High gene flow; no major barriers to dispersal 
 

 Adaptability and evolutionary capacity of the 
DPS does not appear to have been diminished 
and is unlikely to become so, independent of 
threats that may impact the redundancy and 
persistence of lynx populations 
 

Expert Elicitation Workshop 



 Resiliency – probability of persistence of resident lynx populations 
in each geographic unit  

 

Expert Elicitation Workshop 



 Overall message of the expert workshop report 
 

Expert Elicitation Workshop 



 Responses:  Resiliency 
 All 5 occupied units have >70% expectation of 

supporting resident lynx populations by year 2050 
(median, most likely) 

 

 Declining likelihood and greater uncertainty by 2100 
– only one unit has >50% probability of persistence 

 

 Responses suggest overarching threat to long-term 
persistence of DPS is climate change 
 Loss of snow conditions favorable for hares and lynx 
 Subsequent (lagged) loss of boreal forest habitats 
 Timing and magnitude of such losses are uncertain 

 

Expert Elicitation Workshop 



Draft SSA Report  

 Lynx SSA Team largely in agreement with experts 
regarding the 3 Rs and persistence of resident populations 
in the DPS 
 Maine and Minnesota – Some team members more pessimistic 
 Colorado – Some team members more optimistic 

 

 Projected continued warming appears to be largest threat 
 Lynx habitat likely to shift northward and upslope 
 Lynx habitats and populations in the DPS will become smaller, 

more fragmented/isolated (reduced resiliency) 
 Functional extirpation of some DPS populations likely in the 

future (reduced representation and redundancy) 
 Much uncertainty regarding timing and magnitude  



March Meeting Scoring Exercises 

Define Timeframe: Endangered 
 

Based on the biology of Canada lynx and the factors that are 
affecting its status in the U.S., what timeframe is most scientifically 
& legally defensible for defining "endangered"? 
 

Round Today 1-8 Years 1-30 Years 

1 30 50 5 

2 65 35 0 



March Meeting Scoring Exercises 

Define Timeline: Threatened 
 

Based on the biology of Canada lynx, the factors that are affecting 
its status in the U.S., and the degree of uncertainty of future 
predictions, what timeframe is most scientifically & legally 
defensible for defining “threatened, i.e., foreseeable"? 
 

Round 2025 2050 2100 

1 17.5 80 0 

2 12.5 85 0 

Round 8 years 33 years 83 years 

3 0 97.5 0 



March Meeting Scoring Exercises 
DPS Status 
 

Which determination is most scientifically and legally defensible? 
 
 
 
 

Based on 2050 scenario, which determination is most scientifically 
and legally defensible? 
 

 
 
 
*Recovered = no longer in danger of extinction within the foreseeable future 

Determination 2015 2025 2050 2100 

DPS in danger of  extinction 0 0 5 30 

DPS not in danger of  extinction 100 100 95 70 

Determination 2050 

DPS is recovered* 92.5 

DPS is not recovered 7.5 



 5 peer reviewers – lynx expertise from across DPR 
 Maine (Harrison), Minnesota (Moen), Montana/Wyoming/Colorado 

(Squires), Canada (Murray) 
 Genetics expertise from National Genomics Lab (Schwartz) 

 

 15 State agencies invited to review/comment; AFWA assistance 
 Substantive comments – CO, ID, ME, MN, MT, WA 
 Minor/non-substantive comments – MI, NH, NM, WI, WY 
 No comments – NY, OR, UT, VT 

 

 3 Federal agency partners 
 Minor comments - USFS 
 No comments - BLM and NPS  

Synthesize Peer, Partner & Internal Reviews 



 Utility of 3 Rs approach – what is “adequate”? 
 Forecasting time frame - EE persistence and climate uncertainties 
 EE results - limitations/uncertainties; “quantified opinion” vs. science 

 Roles of connectivity, snow, competition (esp. bobcat) 
 Applicability of “mainland-island” metapopulation structure 
 Small effective population size (MN, WA) – potential for drift 
 Additional recent climate modeling – fate of boreal forest in DPS 

 

Synthesize Peer, Partner & Internal Reviews 



 Cons but not pros of acyclic hare populations in the south 
 Overemphasis on 0.5 hares/ha “threshold” 
 Future without listing 
 Optimistic projections of persistence for some units 
 “Litany” of all things that might possibly impact lynx 
 Broad brush approach to DPS 
 Redundancy; need to tightly edit final SSA 
 Policy recommendations 
 
Core Team – other thoughts/issues specific to your geographic 
area? 

Synthesize Peer, Partner & Internal Reviews 



 Decision Team – questions/clarification? 
 Management/FIT Team – other thoughts? 
 Decision Team – need to revisit questions/scores/ 

rationales? 
 Final recommendation? 

Finalize & Document Decision Team Status 
Recommendation for DPS 



Potential Recommendations 

DPS remains T 

DPS warrants 
Delisting 

Final Recovery Plan 
due 1/15/2018 

Future Uplisting/ 
Delisting Rule 

Formal Memo 
Exempting DPS 
from Recovery 

Planning 

 

DPS warrants E 



Wrap Up 
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From: Zelenak, Jim
To: Jodi Bush; Justin Shoemaker
Subject: Draft PPT for lynx follow-up call/webinar
Date: Wednesday, May 10, 2017 3:01:29 PM
Attachments: 2017 05 12 Lynx Status Follow-up - DRAFT.pptx

Attached.

I talked with Jennifer today about presenting scoring results and sent her my draft slides.  She is fine with those
slides (15-17) and doesn't feel she needs to be on the call/webinar, but she said she would arrange to be if anyone
feels strongly differently.

I plan to have handy the slides from the March presentation in case any are needed for questions/ discussion.

Let me know if you have questions/concerns about any slides and whether we should talk prior to the call
(scheduled for Friday at 1 PM Mountain Time).

Thanks

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Marks, Kaimy
Cc: Jim Zelenak
Subject: Re: Lynx Peer review invoice
Date: Thursday, May 11, 2017 10:29:08 AM

yes

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, May 10, 2017 at 10:01 AM, Marks, Kaimy <kaimy_marks@fws.gov> wrote:
Greetings,

Is this good to pay?

Kaimy Marks
Administrative Officer
MT Ecological Services Office
585 Shephard Way, Ste 1
Helena, MT
406-449-5225  X207

mailto:jodi_bush@fws.gov
mailto:kaimy_marks@fws.gov
mailto:jim_zelenak@fws.gov
mailto:kaimy_marks@fws.gov


From: Marjorie Nelson
To: Bush, Jodi
Subject: Re: Lynx Briefing for May 12
Date: Thursday, May 11, 2017 12:00:43 PM

I'll investigate.  I moved it prior to the hailstorm. 

Sent from my iPhone

On May 11, 2017, at 11:54 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:

did this get to Noreen? I need to send it to other ARDs. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Fri, May 5, 2017 at 1:39 PM
Subject: Lynx Briefing for May 12
To: Marjorie Nelson <Marjorie_Nelson@fws.gov>
Cc: Justin Shoemaker <justin_shoemaker@fws.gov>, Jim Zelenak
<jim_zelenak@fws.gov>

Marj.  As we discussed -here is the briefing for RDs for next Fridays
webinar/call.  Once you pass it on to those folks, please let me know and I will get
it out to other ARDs and Core team.  Thanks JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

<20170505_RD Briefing Lynx SSA 2nd Status Decision Mtg.docx>

mailto:marjorie_nelson@fws.gov
mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov
mailto:Marjorie_Nelson@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov


Future distribution and productivity of spruce-fir forests 

under climate change 

• Climate envelope models that do not consider local variations in environmental conditions may overstress the 

effects of climate change on spruce-fir forest in the Northeast over the next century.  

• Timber harvesting had a larger effect on our projections of future forest composition than climate change in 

northern Maine, where even with interactions between harvesting and climate change ecosystem resilience 

will likely ensure the distribution of spruce-fir forest remain largely unchanged over at least the next 50 years. 

Funding support for this project was provided by the Northeastern States Research Cooperative (NSRC), a partnership 

of Northern Forest states (New Hampshire, Vermont, Maine, and New York), in coordination with the USDA Forest 

Service. http://www.nsrcforest.org  

Erin Simons-Legaard, School of Forest Resources, 5755 Nutting Hall, University of Maine, Orono, ME 
04469-5755, erin.simons@maine.edu 

Principal Investigator: 

Co-Principal Investigators: 
Anthony D’Amato, Rubenstein School of Environment and Natural Resources, University of Vermont,  
    anothony.damato@uvm.edu  
Kasey Legaard, School of Forest Resources, University of Maine, kasey.legaard@maine.edu 
Brian Sturtevant, U.S. Forest Service, Northern Research Station, bsturtevant@fs.fed.us 
Aaron Weiskittel, School of Forest Resources, University of Maine, aaron.weiskittel@maine.edu 
 Collaborators: 
Phil Radtke, Virginia Tech 
Nick Crookston, U.S. Forest Service 
Shawn Fraver, University of Maine 
 Completion Date: June 30, 2016 



Project Summary 

 Rationale: Already at its southern range limit, the ecologically- and economically-important eastern 

spruce-fir forests are expected to be highly susceptible to the negative effects of climate change. 

Predictions based on coarse-scale climate envelope models suggest that suitable climate conditions for 

balsam fir and spruce sp. will be eliminated throughout much of their current range in the U.S. Such 

predictions, however, necessarily overlook the influence of fine-scale variation in environmental 

conditions that may allow for local persistence and important interactions with other disturbance agents 

(e.g., land use).  

Methods: We used bioclimatic envelope models and a forest landscape model to improve understanding 

of how climate change will impact spruce-fir forest directly and indirectly. Within this framework, 

moderate resolution (30 meter) projections of species distributions and productivity under varying climate 

and simulations of future forest dynamics responding to different disturbance regimes (including climate 

change, timber harvesting, and spruce budworm) allowed for an evaluation of system sensitivity to 

disturbance, as well as identification of areas of potential climate refugia.  

Major findings: Selection of important variables in the bioclimatic models was similar for all species, 

indicating that areas which are snowier and colder in winter than average characterize suitable habitat 

for balsam fir and spruce sp. (black, red, and white). Maps based on projected climate change suggest 

that although suitable climate conditions will decline as a result of less snow and warmer winter 

temperatures, patches of suitability will remain in the Northeast ca. 2090 for all but white spruce. Forest 

landscape projections further suggest that without a significant increase in the “natural mortality” of 

mature fir and spruce trees due to climate change (e.g., via thermal stress), ecosystem resilience will 

likely ensure the distribution of spruce-fir forest in Maine remain largely unchanged over at least the next 

50 years.  

Implications for the Northern Forest region: Coarse-scale climate envelope models may overstress 

the effects of climate change on spruce-fir forest in the Northeast over the next century. In our study, 

timber harvesting had a larger effect on future forest composition than climate change in Maine.  



Background and Justification 

Fig 1. Distribution of the spruce-fir forest type 

group. Photo credit: US Forest Service, 

Northern Global Change Research Program 

(https://www.fs.fed.us/ne/global/index.html)  

Fig. 2. Canada lynx. Photo credit: 

USFWS digital library 

• Eastern spruce-fir forests currently cover approximately 5.3 

million hectares in the continental U.S., extending across large 

portions of the Northeast, Upper Midwest and Great Lakes, and 

Appalachian regions (Fig. 1).  

 

 

 

 

 

 

• The majority of these forests occur on privately-owned 

timberland, areas that represent high commercial  

     and ecological importance. 

• In Maine, for example, the spruce-fir forest type  

    contains 25% of the net merchantable value  

    (McCaskill and McWilliams 2012), and supports  

    a number of wildlife species of regional or global  

    conservation concern (e.g., Canada lynx; Fig. 2).  

https://www.fs.fed.us/ne/global/index.html


Background and Justification 

Red Spruce. Credit: USDA Forest 

Service Southern Research Station 

Archive, Bugwood.org. 

• Broad-scale climate-envelope models (e.g., Iverson et al. 2007) 

suggest that increasing temperatures and changing patterns of 

precipitation will reduce the habitat suitability for the primary trees 

species of the spruce-fir forest type in the U.S. 

• Remnant trees will also likely experience increased drought and 

thermal stress. 

• As suitable growing conditions for fir and spruce 

trees are reduced or eliminated, growth and 

regeneration of hardwoods (e.g., maple sp.) or 

more southerly conifers are expected to be 

favored. 

• Red spruce is currently listed as one of the top 

10 of species expected to be impacted most by 

climate change in eastern North American, and 

balsam fir is expected to lose a significant 

portion of its current range (~15%; Potter et al. 

2012). 



• Of particular importance to 

predicting the future of spruce-fir 

forests is eastern spruce budworm, 

which periodically (approximately 

every 30-60 years) causes 

widespread defoliation and 

mortality of fir and spruce trees 

(Fig. 3).  

Background and Justification 

Fig 3. Forest damaged by eastern spruce budworm (inset). Photo 

Credits: Natural Resources Canada  

• Despite the importance of spruce-fir forests, projections of future 

forest distribution or productivity have largely been limited to coarse 

climate envelope models that overlook the effects of variations in 

physiographic conditions (e.g., slope and aspect), which may allow for 

local persistence of suitable habitat in a changing climate.  

• Further, interactions between climate change and other natural (e.g., 

forest insects) or anthropogenic (e.g., land use) disturbances have 

been ignored.  



Methods - Tree species distributions 

• To better model suitable habitat conditions for balsam fir and spruce 

sp., we assembled an extensive database of forest inventory plots, 

consisting of more than 10 million observations (Fig. 4).  

 

• Plot data were used to develop downscaled bioclimatic envelope 

models linking species data (e.g., presence/absence, basal area, 

stem density) with climate and topographic variables based on the 

Random Forest algorithm.  

• Envelope models were used to map the current distribution of suitable 

habitat conditions for each species and to produce moderate 

resolution projections (30m2) of future (2030, 2060 & 2090) 

distributions under the ENSEMBLE RC6 climate model.  

 

 

 

Fig 4. Locations of forest inventory plots compiled from the 

Northeast (Maine, Vermont, New Hampshire), the Great 

Lakes (Michigan, Wisconsin, Minnesota), and Canada 

(Ontario, Quebec, New Brunswick, Nova Scotia, Prince 

Edward Island) used to model suitable habitat conditions for 

balsam fir, black spruce, red spruce, or white spruce. Data 

were collected from multiple private, federal, state, and 

Canadian provincial agencies in order to ensure model 

captured the full range of environmental conditions 

associated with each species.  



• We used the LANDIS-II forest landscape model (Scheller et al. 2007) 

to evaluate the sensitivity of projected species distributions to 

interactions between climate change and landscape disturbances 

(i.e., timber harvesting and spruce budworm) across northern Maine 

(Fig 5). 

 

 

 

 

 

• Unlike the bioclimatic envelope approach, which focuses on the 

suitability of climate conditions, LANDIS-II simulates local disturbance 

and succession dynamics using a cell-based system (Fig 6). 

Fig 5. Study area encompassed  

approximately10 million acres of 

commercial forestlands in Maine.  

 

Methods - Tree species sensitivity  

Fig 6. Example of the cell-based system used by 

the forest landscape model LANDIS-II to simulate 

local forest dynamics. Cells are typically 30 m2 

and a forest stand is composed of many cells. 

 



• Cells were populated with the 1-3 most abundant tree species based 

on maps of percent aboveground live biomass for 13 of Maine’s 

economically and ecologically important species developed in a 

companion study (Sader et al. 2013 NSRC Report1). 

• We used the Biomass Succession extension (Scheller & Mladenoff 

2004) to model succession, the Biomass Harvest extension 

(Gustafson et al. 2000) to model timber harvesting, and the spruce 

budworm variant of the Biological Disturbance Agent extension 

(Sturtevant et al. 2008) to model the effects of a spruce budworm 

outbreak. 

• We used PnET-II (Aber et al. 1995) to estimate 

     changes in annual net primary productivity  

     based on downscaled projections of maximum  

     temperature, minimum temperature and  

     precipitation under a low-emission scenario (RCP 2.6)  

     using the Hadley global environment model v-2 earth  

     system (HADGE) global circulation model. 

Methods - Tree species sensitivity 

1 http://nsrcforest.org/project/using-satellite-imagery-map-forest-vulnerability-spruce-budworm-outbreaks 

http://nsrcforest.org/project/using-satellite-imagery-map-forest-vulnerability-spruce-budworm-outbreaks
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Results - Tree species distributions 

• Balsam fir, white spruce, black spruce, and red spruce were located in 

15.4%, 6.6%, 9.1%, and 4.1% of plots, respectively. 

• Species occurrence models yielded  

     excellent statistical results, as measured  

     by area under the operating curve (AUC), 

     with AUC > 0.90 for all species. 

• Likelihood of occurrence maps revealed  

     strong correspondence with patterns of  

     basal area concentration (Fig 7). 

• Abundance models performed well, but 

     not as well as occurrence models, with 

     white spruce being the most difficult to  

     predict (R2 65-68%) and black spruce 

     models being consistently the most  

     accurate (R2 87-88%).  

Figure 7. Actual and predicted likelihood for (a) balsam fir, (b) white 

spruce, (c) black spruce, and (d) red spruce. The actual likelihood 

represents observed plot-level basal area displayed for plots in the 

85th percentile (green) and the 50th to 85th (yellow). Predicted 

likelihood represents a likelihood of >85% (green) or 50-85% 

(yellow). Adapted from Andrews (2015).  



Results - Tree species distributions 

• Selection of important predictor variables was similar in the 

occurrence and abundance models, and indicated that areas where  

1) winter precipitation is equal to or  

     exceeds growing season precipitation  

     and 2) mean temperature in the coldest  

     month is lower than the region-wide  

     average characterize suitable habitat for  

     balsam fir and spruce sp. (black, red,  

     and white). 

• Maps based on projected climate change  

    (Fig 8) suggest that suitable habitat  

    conditions for white and black spruce will  

    disappear from the U.S. by 2060 and from  

    the Acadian Forest Region by 2090, but  

    patches of suitability will remain for fir and 

    red spruce in areas of higher altitude. 

• Suitable conditions for fir and white and  

     red spruce will likely expand north.  

Fig 8. Predicted occurrence (>50% likelihood), with and 

without historical data, for (a) balsam fir, (b) white spruce, 

(c) black spruce, and (d) red spruce in 2030, 2060, 2090 

under the ENSEMBLE RCP6 climate scenario. Additional 

suitable areas predicted with the inclusion of historical 

data are shown in red. Adapted from Andrews (2015). 

 



Results - Tree species sensitivity 

• Forest landscape projections using LANDIS-II indicated that although 

regional climate suitability is likely to decline, without a significant 

increase in the “natural” mortality of mature trees due to, for example, 

thermal stress or spruce budworm defoliation, spruce-fir forest will 

continue to be present in northern Maine ca. 2060 (Fig 9).  

 

 

 

 

 

 

 

 

• Differences in model outcomes (e.g., Fig 8 vs. 9) reflect the different 

modeling strategies (i.e., climate envelope vs. forest landscape 

model), and highlight the importance of the lag in the forest system 

response to climate change generated by the persistence of the many 

trees that are currently present and still likely to be alive in 40+ years. 

Fig 9. (a) Map of spruce-fir forest 

distribution (green) ca. 2060 and (b) 

example of the local spatial dynamics 

underlying the distribution. Green cells are 

areas that are projected to remain spruce-fir 

forest between 2010 and 2060, yellow are 

cells that convert to spruce-fir between 2010 

and 2060, and red are cells that convert 

from spruce-fir to a different forest type 

between 2010 and 2060.  

 



Results - Tree species sensitivity 

• Although present, landscape projections suggest that the dominance 

of spruce-fir forest will decline in northern Maine as a result of post-

harvest regeneration dynamics and climate change both favoring 

hardwood regeneration.  

• In the absence of timber harvesting,  

     climate change would have little  

     cumulative effect on spruce-fir  

     forest in the study area by 2060  

     (i.e., Succession vs. Succession X  

     CC scenario; Fig 10).  

• Interactions between climate  

     change and harvesting (Harvest X  

     CC), however, result in the  

     projected reduction of percent  

     spruce-fir forest from 27% to 18%  

     of the forestland.  

• Forest conversion is predominantly from spruce-fir to mixed forest as 

a result of hardwood encroachment into spruce-fir forest.  

Fig 10. Change in percent of forestland classified as spruce-fir 

(based on live aboveground biomass) under succession-only and 

timber harvest scenarios (with and without climate change 

[HADGE RCP2.6]). Each line represents 5 runs per scenario; 

variability in percent spruce-fir forestland was very limited 

between runs (i.e., Coefficient of Variation <0.01).  

 



Results - Tree species sensitivity 

• Preliminary results suggest that with each additional landscape 

disturbance agent, there are new opportunities for site-level species 

turnover that tend to favor growth of hardwoods in areas currently 

dominated by balsam fir and spruce sp. (Fig 11). 

 

 

 

 

 

 

 

 

 

 

• In addition to harvesting and climate change, the next outbreak of 

spruce budworm (assumed to begin in the next 1-5 years and last ~10 

years) is likely to have an additive effect on the conversion of spruce-

fir forest to hardwood-dominated forest by 2060 (Fig 11). 

Fig 11. Percent of the landscape 

classified by forest type in the initial 

landscape (gray bar) and ca. 2060 

under 3 harvest scenarios: harvest only 

(blue bar); harvest and climate change 

[HADGE RCP2.6] (red bar); and 

harvest, climate change and spruce 

budworm (green bar). Each bar 

represents 5 runs per scenario; 

variability in percent landscape by forest 

type was very limited between runs (i.e., 

Coefficient of Variation <0.02).  



Outreach 

• Invited presentation of project results and discussion regarding 

implications for terrestrial wildlife at the Climate Change Impacts on 

Maine’s Wabanaki People Workshop (December 13, 2016). 

  

• Invited presentation of project results and discussion of future 

research directions at the Visionary Workshop for Understanding and 

Forecasting the Impact of Climate Change on Maine’s Forest 

(October 31-November 3, 2016). 

 

 

 

 

 

 



Implications for the Northern Forest region 

• Results from this study indicate that predictions based on 

coarse-scale climate envelope models may overstress the 

effects of climate change on spruce-fir forest in the 

Northeast over the next 100 years. 

• Once finer-scale variation in environmental conditions or 

legacy effects are taken into account a different picture 

emerges, suggesting that ecosystem resilience will slow 

the loss of spruce-fir forest in the Northeast.  

• Further, timber harvesting had a larger effect on future 

forest composition than climate change (assuming 

HADGE RCP 2.6) - generally shifting competitive 

advantage towards hardwoods in disturbed areas.  

• Climate change gave additional advantage to hardwoods 

in landscape projections via higher rates of establishment 

and annual productivity.  



Future directions 

• Given the importance of timber harvesting as a factor 

driving changing forest composition in this project, the 

next step in our research is to evaluate how a shift in 

harvesting towards salvage in response to the next 

outbreak of spruce budworm is likely to influence spruce-

fir forest, carbon sequestration, and ecosystem stability. 

• In collaboration with the Maine Forest Service, we have 

developed a network of budworm monitoring stations in 

Maine to track the emergence of the next budworm 

outbreak. We will be expanding site-level monitoring with 

additional sensors to measure ecosystem response (e.g., 

predator abundance) to the outbreak. 

• We are currently developing a web-based mapping 

system to support and improve forest management 

planning for the next budworm outbreak. 



Products 

Publications 

• Simons-Legaard, E., K. Legaard, A. Weiskittel. 2015. Predicting aboveground biomass with the LANDIS-II forest 

landscape model: A global and temporal analysis of parameter sensitivity. Ecological Modelling 313: 325-332.  

• Andrews, Caitlin. 2015. Modeling and Forecasting the influence of current and future climate on eastern North 

American spruce-fir (Picea-Abies) forests. M.S. Thesis, University of Maine, Orono, Maine. 

 

Presentations 

• Simons-Legaard, E., K. Legaard & A. Weiskittel. Predicting forest aboveground biomass in diverse landscapes: A 

global sensitivity analysis of the LANDIS-II model. 9th International Association of Landscape Ecology World 

Congress, Portland, Oregon. July 8, 2015.  

• Simons-Legaard, E., K. Legaard, A. Weiskittel, C. Andrews & T. D’Amato. Future distributions and productivity of 

spruce-fir under climate change in Maine. Maine Sustainability & Water Conference, Augusta, Maine. March 31, 

2015.  

• Simons-Legaard, E. & K. Legaard. Spruce budworm risk and Maine’s changing landscape. Cooperative Forestry 

Research Unit’s 2014 Spruce budworm workshop, Orono, Maine. October 30, 2014. 

 

Grants resulting in part from the success of this project: 

• Agricultural Research Station, 2016-2017: The Maine Forest Ecosystem Status and Trends (ForEST) App: An 

interactive mapping application to support planning for spruce budworm impact to wood supply ($96.147). PI E. 

Simons-Legaard. 

• University of Maine Research Reinvestment Fund, 2016-2017: The Maine Forest Ecosystem Status and Trends 

(ForEST) App: Informing management of dynamic landscapes ($75,748). PI E. Simons-Legaard. 

• University of Maine Cooperative Forestry Research Unit, 2015-2017: Identifying relationships between spruce 

budworm larval density, moth abundance, and forest conditions at the onset of an outbreak ($71,735). PI E. Simons-

Legaard. 

• US Department of Interior Northeast Climate Science Center, 2013-2015. Modeling effects of climate change on 

spruce-fir forest ecosystems and associated bird populations ($208,000). PI A.W. D’Amato. 
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Abstract
Sustainable forest management is based on functional relationships between management

actions, landscape conditions, and forest values. Changes in management practices make

it fundamentally more difficult to study these relationships because the impacts of current

practices are difficult to disentangle from the persistent influences of past practices. Within

the Atlantic Northern Forest of Maine, U.S.A., forest policy and management practices

changed abruptly in the early 1990s. During the 1970s-1980s, a severe insect outbreak

stimulated salvage clearcutting of large contiguous tracts of spruce-fir forest. Following

clearcut regulation in 1991, management practices shifted abruptly to near complete depen-

dence on partial harvesting. Using a time series of Landsat satellite imagery (1973-2010)

we assessed cumulative landscape change caused by these very different management

regimes. We modeled predominant temporal patterns of harvesting and segmented a large

study area into groups of landscape units with similar harvest histories. Time series of land-

scape composition and configuration metrics averaged within groups revealed differences

in landscape dynamics caused by differences in management history. In some groups

(24% of landscape units), salvage caused rapid loss and subdivision of intact mature forest.

Persistent landscape change was created by large salvage clearcuts (often averaging >

100 ha) and conversion of spruce-fir to deciduous and mixed forest. In groups that were little

affected by salvage (56% of landscape units), contemporary partial harvesting caused loss

and subdivision of intact mature forest at even greater rates. Patch shape complexity and

edge density reached high levels even where cumulative harvest area was relatively low.

Contemporary practices introduced more numerous and much smaller patches of stand-

replacing disturbance (typically averaging <15 ha) and a correspondingly large amount of

edge. Management regimes impacted different areas to different degrees, producing differ-

ent trajectories of landscape change that should be recognized when studying the impact of

policy and management practices on forest ecology.
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Introduction
Forest policy and management practices within the U.S. have changed substantially following
widespread dissatisfaction with management overly focused on the production of wood fiber
and game species habitat. Over the past several decades, managers of public and private lands
have to varying degrees incorporated a much wider set of objectives including the protection or
provision of amenities, biodiversity, and ecosystem services [1,2]. Much of this change followed
from recognition that management practices had undermined the landscape conditions needed
to support certain forest values. Advances in scientific knowledge, stakeholder engagement,
and government oversight of public interests have led to changes in public policy and private
forest practices intended to improve the function of managed forest landscapes [1–3]. There
are many, varied mechanisms of change. Management has evolved in response to public per-
ception and market incentives. More abrupt changes have resulted from legislation and imple-
mentation of forest policy by government at all levels, from municipal to federal. State
governments have been particularly active in legislating and enforcing regulatory programs
[3,4]. Due to the complexity of ecological, economic, and social issues intertwined in the prob-
lem of forest management, regulatory programs are put into place with incomplete knowledge
of future effects.

The sustainable management of forest landscapes and development of effective forest policy
requires an understanding of the functional relationships between management practices,
changes in landscape conditions, and ecological response. Abrupt changes in forest policy or
other drivers of landscape dynamics make it fundamentally more difficult to evaluate these
relationships. Because ecological processes operate over a wide range of temporal scales,
responses to landscape change are time-dependent. Changes in species presence or abundance
are frequently delayed following periods of rapid landscape change, and ecological communi-
ties take time to equilibrate to new landscape dynamics imposed by new management practices
[5–8]. Delayed responses may effectively decouple ecological processes from recent patterns of
landscape change [7]. The degree to which this occurs will vary depending on species life histo-
ries and the spatiotemporal dynamics of forest disturbance and recovery [7,8], but in general
the ecological effects of forest policy change may emerge over long timeframes. This may be
particularly true where past management practices imposed landscape conditions that persist
for long periods. Legacies of past management practices (e.g., forest composition, spatial con-
figuration of stand types) persist because they limit management options or alter patterns of
natural disturbance or succession [9,10]. Unrecognized legacies and lagged responses may con-
found the attribution of observed ecological impacts to specific management practices.

Empirical studies of forest loss or fragmentation effects commonly rely on a space-for-time
substitution [11], where replicate landscapes or patches are selected based on the current
amount or configuration of forest (e.g., [12,13]). Although the intent is to study a fundamen-
tally dynamic process, replication occurs in space rather than time, and landscape disturbance
history is treated as an extraneous variable that is not controlled by experimental design. Infer-
ences require the assumption that disturbance history acts as a random error term [14] when
in fact it may be confounded with the experimental variables of current forest amount or con-
figuration [8]. Studies that are intended to reveal impacts of landscape change should integrate
disturbance history or temporal variability of landscape condition into study design (e.g., [15]).
Similarly, where different management practices have been imposed at different times, knowl-
edge of management history is needed to differentiate the consequences of contemporary prac-
tices from persistent impacts of past practices. Empirical evidence will otherwise be difficult to
establish following abrupt changes in management regimes, when empirical study is perhaps
most needed.

The Effects of Abrupt Policy Change on Forest Landscape Dynamics
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Satellite images provide the synoptic views needed to characterize forest conditions and
landscape change. The ~40-year depth of the Landsat image archive in particular facilitates
studies of forest landscape dynamics. However, there are relatively few retrospective analyses
of landscape dynamics following abrupt changes in forest management practices. In the Pacific
Northwest region of the U.S., Landsat image time series have been used to address the conse-
quences of federal forest policy change (e.g., [16,17]). Landsat-derived forest cover maps and
disturbance time series have been used to evaluate changes in forest conditions following the
collapse of socialism in Eastern Europe and the former Soviet Union (e.g., [18,19]). In these
cases, disturbance rates or measures of landscape change were summarized over time periods
of interest (i.e., periods before and after policy change or sociopolitical reform) and over study
areas defined by political boundaries, ecoregions, or image extents. Results provide summaries
of change in useable forms, but the spatiotemporal dynamics of landscape change are resolved
only in so far as they are partitioned by predetermined time periods or study areas. Empirical
study of ecological processes affected by management requires knowledge of how management
practices have influenced landscape dynamics across a range of ecologically relevant scales, but
the spatial and temporal heterogeneity of management effects are difficult to synthesize over
large areas and long time periods.

The Atlantic Northern Forest of the northeastern U.S. encompasses roughly 11 million hect-
ares within a transition zone between the northern boreal forest and the southern temperate
deciduous-dominant forest. A substantial portion of this area lies within northern Maine, the
largest contiguous block of undeveloped forestland in the nation (~4 Mha). Despite a long his-
tory of logging and commercial management for fiber production, major changes in manage-
ment practices within recent decades have led to contemporary landscape conditions with little
historical precedent. The spruce-fir forests of the region are subject to periodic infestations of
the eastern spruce budworm (Choristoneura fumiferana (Clem.)), a native pest that causes
widespread defoliation and mortality of balsam fir (Abies balsamea) and spruce (Picea spp.)
trees [20,21]. Maine's last outbreak occurred ca. 1972–1988 and stimulated broad-scale salvage
harvesting by clearcut [20]. Public concern over the size of salvage clearcuts led to the passage
of the Maine Forest Practices Act (FPA) [22] in 1989 and its implementation in 1991. The FPA
fundamentally changed management practices by placing restrictions and disincentives on
clearcutting. As a proportion of annual harvest area, clearcuts fell from 44% in 1989 to 10% in
1994 [23] and less than 5% by 2000 [24].

Management practices in Maine have elicited concerns regarding the sustainable provision
of forest values. During the budworm outbreak, salvage logging rates were well above recog-
nized long-term allowable levels [20]. Regeneration failures within salvage clearcuts resulted in
the conversion of large areas of spruce-fir forest to deciduous and mixed types [21]. Following
implementation of the FPA, state records indicate that annual harvest area roughly doubled
during the 1990s [23,24] as landowners maintained similar extraction rates via partial harvest
practices that require a larger footprint to achieve the same volume removal. The spatial
dynamics associated with implementation of the FPA have been partially assessed. Analysis of
a Landsat-derived disturbance time series (1988–1999) found that implementation of the FPA
coincided with a change toward fewer and smaller clearcut patches, and fewer but larger partial
harvest patches [25]. A subsequent analysis of Landsat-derived forest cover and disturbance
data found that harvest patches of the 1980s were larger and more compact than patches of the
1990s, but this study did not differentiate clearcuts from partial harvests [26]. Management
practices and harvest rates differ between private forestland owners [27,28], suggesting impor-
tant differences in post-FPA landscape change. However, rates and patterns of landscape
change attributable to pre- and post-FPA management regimes have not been sufficiently
resolved to support a more complete assessment of policy impact on landscape dynamics.

The Effects of Abrupt Policy Change on Forest Landscape Dynamics
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The objective of our research was to characterize predominant patterns of cumulative land-
scape change in the Atlantic Forest of northern Maine, and to evaluate how pre- and post-FPA
management regimes have influenced landscape conditions across space and time. We used
Landsat imagery and forest inventory data to develop and validate forest composition maps
and a time series of forest harvest maps (1973–2010). We modeled predominant temporal pat-
terns of harvesting and segmented a large study area into groups of landscape units with similar
harvest histories. We then linked harvest history with changes in landscape composition and
configuration in order to characterize the evolution of landscape conditions in response to for-
est management practices before and after abrupt change induced by the FPA. Our approach
provided an objective synthesis of predominant patterns of change associated with specific
landscape units, with the spatial and temporal resolution needed to attribute change to differ-
ent management regimes.

Methods

Study Area
Our northern Maine, U.S.A. study region (Fig 1) was defined by the overlap of Landsat images
and includes ~1.5 Mha of forestland. Rural development and agriculture are concentrated in a
few small areas. Topography is generally flat or rolling with occasional low mountains and an
extensive network of rivers, lakes, and wetlands. Forest types are typical of the Atlantic North-
ern Forest and generally occur in predictable patterns associated with climatic gradients and
soil conditions determined by glacial deposition [29]. Northern hardwood species (Acer
rubrum, Acer saccharum, Betula alleghaniensis, Betula papyrifera, Fagus grandifolia) predomi-
nate across lower hilltops and at mid-slope. Spruce-fir species (Abies balsamea, Picea glauca,
Picea mariana, Picea rubens) predominate where soil or microclimatic conditions exclude the
more demanding hardwoods. Mixedwood stands commonly occur along ecotones or as a result
of successional dynamics following disturbance. Shade-intolerant hardwood species (e.g.,
Populus tremuloides, Betula papyrifera) are commonly found following intense disturbance.
Periodic defoliation by spruce budworm is the most prominent form of natural disturbance.
Windthrow is common but generally results in small canopy gaps [30]. Virtually all forestland
is considered commercially productive [29] and roughly 90% is private. Public lands are inter-
spersed and primarily state-owned.

Data production
Forest harvest and composition maps were assembled from a time series of Landsat Multispec-
tral Scanner (MSS), Thematic Mapper (TM), and Enhanced Thematic Mapper Plus (ETM+)
images acquired during summer leaf-on conditions (Table 1). Consecutive images were spaced
1–4 years apart, as determined by the availability of high quality, predominantly cloud-free
imagery. Mapping procedures were applied to forested pixels as identified by the 1993 Maine
Gap Analysis Program (GAP) land cover map. The GAP map represents conditions near the
midpoint of our time series, and discriminated forest from non-forest with an estimated 100%
accuracy within our study area [31]. Not all forestland within our study area is operable or
available for harvesting. To normalize harvest rates and metrics of landscape change according
to the amount of available forestland in different landscape units, we masked forest pixels
over 823 m (2700 ft) in elevation or>40% slope, as determined from the 1 arc-second National
Elevation Dataset. Harvesting under these conditions has historically been allowed by special
permit only, and we consider these areas inoperable or otherwise unavailable for harvest. For-
ested islands were masked as well, with the exception of one large island with a history of har-
vesting. Less than 3% of forestland was masked as unavailable. Refer to S1 Appendix for a
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detailed description of image processing performed prior to forest harvest and composition
mapping.

Forest harvest mapping, 1973–2010. Forest harvest maps were produced using a change
detection procedure based on vegetation index values calculated from sequential Landsat
images. As initially described by Sader andWinne [32], forest canopy disturbance and recovery
can be visualized using a three-band color composite image incorporating values of the nor-
malized difference vegetation index (NDVI = [near-infrared - red] / [near-infrared + red])
acquired on three separate dates. Classification of the three-date NDVI data produces a the-
matic map depicting forest canopy changes [25]. Other vegetation indices may be substituted
for the NDVI and the normalized difference moisture index (NDMI = [near-infrared - mid-
infrared] / [near-infrared + mid-infrared]) has been found particularly effective in discriminat-
ing partial canopy disturbance using TM/ETM+ data [33,34]. Whereas the NDVI represents a
normalized contrast between near-infrared and red reflectance, the NDMI contrasts near-
infrared and mid-infrared reflectance.

Fig 1. Study area.Northern Maine, U.S.A. study area with 5 km square sample landscape units superimposed. Harvesting trends and patterns of landscape
change were calculated for forestland assumed available for harvest. Mapped forest composition classes demonstrate the spatial distribution of general
forest types at the onset of our study period (1975). State and provincial boundaries displayed in the inset map were obtained from the National Atlas of the
U.S. (Political Boundaries) and the Atlas of Canada (National Frameworks Data, Census Subdivisions and Population Ecumene).

doi:10.1371/journal.pone.0130428.g001
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The improved sensitivity of the NDMI to partial canopy disturbance is generally attributable
to the heightened sensitivity of mid-infrared wavelengths to differences in forest canopy struc-
ture, leaf area, and biomass [34,35].

We classified three-date NDMI and NDVI composites to produce forest change maps from
TM/ETM+ and MSS image sequences, respectively. MSS imagery lacks a mid-infrared band
required for calculation of the NDMI. This difference, coupled with reduced spatial and radio-
metric resolution, limits the efficacy of MSS imagery for detection of partial canopy distur-
bance. Disturbances mapped using MSS imagery (1973–1988) represent stand-replacing
events, predominantly spruce budworm salvage clearcuts. Disturbances mapped using TM/
ETM+ imagery (1988–2010) represent a wide range of intensities, and we differentiated two
intensity classes interpreted as stand-replacing and partial canopy disturbance. The stand-
replacing class was intended to represent harvests in which a new cohort was established fol-
lowing removal of a large proportion of the canopy, whether by clearcut as defined by the FPA
[36,37] or by other harvest types. Mapped disturbance events were almost exclusively the result
of harvest operations and we therefore refer to our data as a time series of forest harvest maps.

Harvest maps were produced by unsupervised classification of overlapping three-date
NDVI or NDMI image sequences (e.g., 1973-1975-1978, 1975-1978-1982, . . .). Classification
of a three-date sequence mitigates the impact of cloud cover in the second image provided the
first and third give clear views. An ISODATA algorithm applied to each three-date composite
produced 50 statistical classes that were interpreted into forest disturbance, regrowth, and no-
change information classes. Stand-replacing and partial harvest classes derived from TM/ETM
+ imagery were differentiated based on the relative magnitude of NDMI change, guided by

Table 1. Landsat images used to map forest harvesting (1973–2010) and forest composition (1975 and 2004).

Acquisition date Landsat sensor Landsat satellite % forestland under cloud/shadow

2010, August 30 TM 5 <0.1

2007, June 17a TM 5 0.8

2004, June 10 TM 5 0.8

2001, May 25 ETM+ 7 < 0.1

2000, August 26 ETM+ 7 1.6

1999, June 13 TM 5 < 0.1

1997, June 23 TM 5 16.0

1995, July 4 TM 5 5.0

1993, September 16b TM 5 15.9

1991, June 7b TM 5 < 0.1

1988, September 2 TM 5 0.9

1988, September 2 MSS 5 0.9

1985, June 22c MSS 5 4.3

1982, July 30 MSS 3 0.9

1978, August 11 MSS 2 < 0.1

1975, August 9 MSS 2 0

1973, July 23c MSS 1 0.1

Images were acquired over Landsat Woldwide Reference System (WRS)-2 path 12, row 28 (1985–2010) and WRS-1 path 13, row 28 (1973–1982).

Unless otherwise indicated, images were obtained from the U.S. Geological Survey Earth Resources Observation and Science Center.
aAreas of cloud cover filled with TM image data acquired on 22 August 2007.
bAvailable through the Maine GAP Analysis Project.
cAvailable through the North American Landscape Characterization project.

doi:10.1371/journal.pone.0130428.t001
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visual interpretation of Landsat imagery and available aerial photography. Confusion between
light partial harvests and changes induced by factors such as atmospheric effects or interannual
variability in forest phenology were resolved through on-screen editing [38]. Individual harvest
maps were compiled for each time interval (e.g. 1973–1975, 1975–1978, . . .) by combining
equivalent harvest classes from overlapping three-date change maps. Harvest patches less than
0.81 ha in size were removed, and a 3x3 pixel majority filter was applied to consolidate patch
boundaries and simplify the patch structure of maps produced from TM/ETM+ imagery to
more closely match maps produced from the lower resolution MSS imagery.

We produced a time series of maps depicting cumulative harvest impact (1975–2010) by
overlaying successive harvest maps. For each time series date, a pixel was labeled as regenerat-
ing forest if preceding intervals included a harvest 1973–1988 or a stand-replacing harvest
1988–2010. A pixel was labeled as partially harvested if preceding intervals included only a sin-
gle partial harvest. When preceding intervals included multiple partial harvests, pixels were
labeled as regenerating forest, reflecting the anticipated ecological and silvicultural effects of
multiple entries within the ~20-year period over which partial harvests were mapped (1988–
2010). For each date of our time series, the result depicts the cumulative footprint of harvest
operations since 1973.

Forest type mapping, 1975 and 2004. We mapped forest composition using equivalent
unsupervised classification methods applied to each of the 1975 MSS and 2004 TM images.
Dates were selected on the basis of cloud cover and image quality. For the purpose of forest
type mapping, small areas of cloud cover in the 2004 image were replaced with data from the
2001 ETM+ image. Statistical classes produced from an ISODATA algorithm were aggregated
to coniferous-dominant (>75% coniferous), deciduous-dominant (>75% deciduous), and
mixed type classes through visual interpretation of Landsat imagery, with reference to available
aerial photography and existing land cover maps. In some previously disturbed areas, exposed
soils, woody debris, or herbaceous vegetation precluded the assignment of forest type and pix-
els were instead assigned to an indeterminate class. Patches less than 0.81 ha in size were
removed and a 3x3 majority filter was applied to each map to consolidate patch boundaries
and simplify the 2004 patch structure to more closely match the 1975 data.

Assignment of ISODATA classes to forest types was subjective and sometimes difficult. A
mistaken assignment could lead to bias in the representation of forest type extent. If for exam-
ple pixels representing forest with a deciduous component of 70–75% were mistakenly com-
mitted to the deciduous-dominant class rather than the mixed class, the extent of the
deciduous class would be overestimated according to the class definition of>75% deciduous.
We used validation data obtained from field plots (described below and in S2 Appendix) to
iteratively refine the aggregation and labeling of ISODATA classes to ensure that the 1975 and
2004 maps provide unbiased representations of forest type classes at the same thresholds of for-
est composition. For each map, we identified coniferous- and deciduous-dominant class
thresholds for which omission and commission errors were balanced. To do so, we varied
coniferous and deciduous threshold values from 50–95% in increments of 5%, assigned refer-
ence class labels based on threshold values, and calculated omission and commission error
rates. We iteratively refined the maps and reevaluated error rates until a reasonable balance
was achieved at the same threshold for both maps, facilitating meaningful comparisons of class
extent between maps.

Data validation
The U.S. Forest Service Forest Inventory and Analysis (FIA) Program provides quality-assured
measurements of forest attributes from a national network of field plots adhering to a
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systematic sampling design [39]. We made extensive use of FIA data as a statistically rigorous
basis for map validation. However, use of field plot data for map validation is subject to uncer-
tainty arising primarily from mismatches in location and scale between field plots and map pix-
els. Validation using FIA data should be considered an assessment of agreement with an
accepted and widely utilized source of information on forest conditions, rather than an assess-
ment of accuracy against ground truth. Here we provide an overview of our validation proce-
dures; details are provided in S2 Appendix.

Harvest time series validation. FIA estimates of forest age have been used to validate
Landsat-derived disturbance time series under the assumption that trees sampled for age esti-
mation germinated at the time of disturbance [40]. However, age is an imprecise estimate of
the timing of past disturbance due to estimation uncertainty and variation in the timing of ger-
mination with respect to canopy removal. A new cohort may have been established from a seed
source several years following disturbance or as advance regeneration prior to disturbance.
Alternatively, visual interpretation of Landsat imagery is a credible means of dating distur-
bance events [25,38,41]. Unfortunately, visual discrimination of harvest intensity at the pixel
scale is highly subjective. We developed a validation procedure based on visual interpretation
of Landsat imagery over FIA plot locations. Image interpretation was used to date harvest
events; FIA plot data were used to discriminate stand-replacing and partial harvests.

In Maine, the contemporary FIA inventory design was established in 1999, with 20% of
plots surveyed annually during sequential 5-year cycles. Although data are available from plots
measured during earlier inventories, coordinate locations are known for only a fraction of
those plots. We therefore used data collected during contemporary inventory cycles to discrim-
inate past harvest intensity. A harvest event identified by image interpretation was labeled
stand-replacing provided FIA age dated stand origin to 1970 or later (allowing for advance
regeneration prior to 1973) and field crews labeled the stand as either sapling or poletimber.
However, for plots harvested after 1999, recorded stand age was an unreliable indicator of
stand-replacing disturbance because age estimates frequently corresponded to a few residual
stems rather than a newly established cohort. In these cases, intensity classes were discrimi-
nated using plot measurements made during consecutive 5-year inventory cycles; a harvest was
labeled stand-replacing if plot basal area (cross-sectional area of stems measured at 1.37 m)
was reduced by>70%.

Our validation sample of 509 plots was insufficient to produce reasonably precise accuracy
estimates for individual time series intervals. We therefore aggregated intervals into six valida-
tion classes: 1973–1988 stand-replacing harvest, 1988–1999 stand-replacing harvest, 1988–
1999 partial harvest, 1999–2010 stand-replacing harvest, 1999–2010 partial harvest, and intact
mature forest (no history of harvest, 1973–2010). Map and reference validation class labels
were assigned in a manner consistent with the construction of cumulative harvest maps.
Where multiple entries occurred, labels were assigned based on the date of first stand-replacing
disturbance. Where multiple partial harvests occurred, labels of either 1988–1999 or 1999–
2010 stand-replacing were assigned based on the date of second entry. Map and reference labels
were compiled into an error matrix. Overall accuracy, user accuracy (the complement of class
commission error), producer accuracy (the complement of class omission error), and corre-
sponding standard error estimates were calculated by poststratification [42,43]. Additionally,
we evaluated the accuracy of our 2010 cumulative harvest map by further aggregating valida-
tion classes into regenerating, partially harvested, and intact mature forest.

Forest type validation. The 1975 and 2004 forest type maps were validated using FIA plot
measurements of coniferous and deciduous live tree basal area collected during 1980–1982 and
1999–2003 inventories, respectively. Differences in dates between maps and field inventories
were resolved by excluding samples where intervening harvests occurred. For 2004 map
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validation, we excluded plots mapped as harvested from 1999–2004; for 1975, we excluded
plots mapped as harvested from 1975–1982. A sample of 445 plots remained for validation of
the 2004 map; only 70 plots were available for validation of the 1975 map. As previously
described, we identified coniferous-dominant and deciduous-dominant class thresholds for
which errors were best balanced and mapped class extents least biased. Following refinements
made to improve consistency between maps, an error matrix was compiled for each map based
on selected threshold values. Estimates of overall, user, and producer accuracy were calculated
by poststratification [42,43].

Data analysis
To quantify harvest rates through time, identify trends, and associate trends with changes in
landscape conditions, we tessellated our study area into landscape units using a 5 km square
grid (Fig 1). A 5 km grid cell size was a somewhat arbitrary compromise: small enough to
resolve spatial variations in harvest history and consequent landscape change, but large enough
to calculate meaningful trends in harvest rates and landscape pattern metrics. We excluded
grid cells with<50% available forest or<5% of available forest harvested from 1975–2010 (17
cells). A sample of 608 grid cells remained.

Empirical orthogonal function (EOF) analysis of cumulative harvest time series. An
EOF analysis identifies a sequence of uncorrelated patterns or modes of variability that charac-
terize variation within a two-dimensional data set [44]. EOF analysis is commonly employed in
meteorology and oceanography, where conventional applications decompose time series of
geospatial data into characteristic spatial patterns whose contributions to observed variation
change through time. EOF outcomes can just as readily be interpreted as characteristic tempo-
ral patterns whose contributions to observed variation differ between locations (e.g., [45]). We
performed an EOF analysis to identify characteristic temporal patterns of variation in cumula-
tive harvest area sampled across our 5 km grid. Cumulative harvest time series were arranged
as rows within a matrix X (M = 608 rows; N = 15 columns). EOF analysis decomposed X into
matrices A and B such that X = A�B (A is MxN; B is NxN). The rows of B represented a
sequence of mutually uncorrelated patterns of temporal variability referred to as empirical
orthogonal functions (EOFs). The columns of A represented a complementary set of spatial
patterns referred to as amplitude functions. The observed cumulative harvest time series were
thereby represented as linear combinations of temporal EOFs, whose contributions were given
by the spatial amplitude functions. EOF analysis is mathematically equivalent to principal com-
ponent analysis (PCA). The temporal EOFs are computed as the eigenvectors of the dispersion
matrix XTX and are equivalent to the loading vectors or principal components of a PCA. The
spatial amplitudes correspond to the PCA scores obtained by projecting the time series of X
onto the subspace spanned by the EOFs.

A traditional EOF analysis or PCA is sensitive to extreme observations and outliers, which
can distort the outcome such that dominant modes of variability represent contrasts between
anomalous and regular observations rather than patterns of variability within regular observa-
tions [46]. We performed our EOF analysis using a variant of the robust algorithm ROBPCA
that is also suitable for skewed distributions [47,48]. Cumulative harvest area distributions
were significantly skewed for 9 of the 15 time series dates (medcouple, p< 0.05; [49]). The
ROBPCA algorithm is based on robust estimation of the covariance matrix from a specified
proportion of samples with minimal outlyingness. The proportion of samples used may range
from 0.5 to 1, and the value selected represents a compromise between the robustness and effi-
ciency of the estimate. We used a sample proportion of 0.9 following exploratory analysis
which suggested that relatively few outliers were present. Outcomes were not sensitive to the
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exact value used. Prior to analysis, we centered and scaled the cumulative harvest time series by
removing the median and dividing by the median absolute deviation (computed across all cells,
for each observation date). Scaling improved the fit of the EOF model for intervals near the
beginning and end of the study period.

Paired EOFs and amplitude functions comprise orthogonal modes of variability, ordered by
the amount of total variance explained. We modeled cumulative harvest time series as linear
combinations of dominant EOFs, selected based on the proportion of overall variance
explained by successive modes. By including only dominant modes, modeled time series repre-
sent statistically coherent variability in harvesting patterns that occurred over large portions of
the study area. The ROBPCA algorithm provides a measure of orthogonal distance between
samples and the subspace defined by dominant EOF modes. Unusually large orthogonal dis-
tances indicate outlying samples that do not conform to characteristic patterns defined by
dominant modes. We identified 12 orthogonal outliers using the ROBPCA nominal cutoff
value [47] and excluded them from subsequent analyses.

Predominant patterns of harvesting and landscape change. To classify predominant
temporal patterns of harvesting from the EOF analysis and to associate those patterns with
groups of grid cells, we performed an agglomerative hierarchical clustering [50] of modeled
time series. Using Ward's minimum variance method [51], we produced a dendrogram and
identified clusters of grid cells with similar harvest history. The mean of the modeled time
series from each cluster demonstrated a predominant pattern of harvesting through time, rep-
resentative of a group of landscape units.

Landscape composition metrics were calculated for grid cells and averaged within groups to
evaluate changes associated with predominant harvesting trends. Within our time series of
cumulative harvest maps, available forestland was classified as either regenerating, partially
harvested, or intact mature forest (no harvesting, 1973–2010). The EOF and cluster analyses
produced time series of cumulative harvest area, the reciprocal of intact mature forest area.
We also produced time series of cumulative partial harvest and regenerating forest area to
evaluate changes in harvest intensity associated with predominant harvesting trends. Available
forestland was summarized by 1975 forest type to associate harvest history and landscape
change with initial landscape composition. To evaluate composition change as a legacy of har-
vest practices, we quantified forest type change between 1975 and 2004 for areas harvested
before 2004. Composition change in unharvested forestland was not evaluated as part of this
research.

Early successional and intact late successional forest patches are landscape elements of par-
ticular interest, given the expansion of partial harvest practices in the 1990s. Cumulative
changes in the patch configuration of regenerating and intact mature forest were evaluated by
calculating time series of landscape metrics. We selected a small number of metrics of general
relevance to forest ecology that quantify primary aspects of class configuration thought to have
been affected by changes in management practices. Metrics were calculated using Fragstats ver-
sion 4.2 [52]. Area-weighted mean patch size (Area_AM; ha) and area-weighted mean fractal
dimension (Frac_AM; unitless) were calculated as measures of average patch area and shape
complexity. Patch density (PD; patches/100 ha) was calculated as a simple measure of patch
subdivision. The prevalence of edge conditions was quantified by edge density (ED; m/ha). An
eight-neighbor rule was used for patch delineation. Non-forest and unavailable forest classes
were treated as external to the landscape in order to normalize metric values across grid cells
containing different amounts of managed forestland. Grid cell borders and non-forest edges
were not included in the calculation of ED. Unavailable forest edges were included in the calcu-
lation of regeneration ED but not intact mature ED (i.e., unavailable forest was treated as intact
mature forest for the purpose of calculating ED).
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Results

Data validation
Harvest validation classes were mapped with an overall accuracy of 88% (Table 2). User and
producer accuracies for the intact mature class were high (>95%) and well balanced, indicating
an accurate depiction of overall harvest footprint. Stand-replacing harvests of 1973–1988 were
mapped with high accuracy (89–91%) compared to subsequent periods in which confusion
between stand-replacing and partial harvests reduced accuracies for both classes (75–91%).
Individual class accuracies were reasonably well balanced save for 1988–1999 stand-replacing
harvests, which may have been systematically under-represented. However, the criteria used to
establish reference class labels differed between periods, and differences in class accuracy esti-
mates may partly reflect inconsistency in discriminating harvest intensity from available vali-
dation data. The 2010 cumulative harvest map depicted regenerating and partially harvested
forest with>86% and>75% accuracy, respectively (Table 3). Overall accuracy associated with
regenerating, partially harvested, and intact mature forest classes approached 90%.

Table 2. Error matrix and accuracy estimates for validation classes aggregated from the 1973–2010 forest harvest time series.

Reference validation class

Mapped validation class 1973–1988
stand-replacing

1988–1999
stand-replacing

1988–1999
partial harvest

1999–2010
stand-replacing

1999–2010
partial harvest

Intact
maturea

Total User
accuracy

1973–1988 stand-replacing 73 1 2 0 0 4 80 91.3% (3.2%)

1988–1999 stand-replacing 1 49 3 1 0 0 54 90.7% (4.0%)

1988–1999 partial harvest 3 7 36 0 0 2 48 75.0% (6.3%)

1999–2010 stand-replacing 1 1 1 30 7 0 40 75.0% (6.9%)

1999–2010 partial harvest 1 0 0 7 33 3 44 75.0% (6.6%)

Intact maturea 4 2 2 0 3 232 243 95.5% (1.3%)

Total 83 60 44 38 43 241 509

Producer Accuracyb 88.6% (2.7%) 77.2% (4.4%) 83.9% (5.0%) 81.6% (5.0%) 76.4% (5.1%) 95.3% (1.5%)

Overall Accuracyb 87.9% (1.4%)

Standard error estimates are provided in parentheses.
aNo harvesting, 1973–2010.
bEstimated by poststratification using known pixel counts.

doi:10.1371/journal.pone.0130428.t002

Table 3. Error matrix and accuracy estimates for the 2010 cumulative harvest map.

Reference forest class

Mapped forest class Regenerating Partially harvested Intact maturea Total User accuracy

Regenerating 157 13 4 174 90.2% (2.3%)

Partially harvested 18 69 5 92 75.0% (4.5%)

Intact maturea 6 5 232 243 95.5% (1.3%)

Total 181 87 241 509

Producer accuracyb 86.6% (2.0%) 81.3% (3.6%) 95.4% (1.5%)

Overall accuracyb 89.3% (1.3%)

Standard error estimates are provided in parentheses.
aNo harvesting, 1973–2010.
bEstimated by poststratification using known pixel counts.

doi:10.1371/journal.pone.0130428.t003
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Forest type classes for 1975 and 2004 were mapped with overall accuracies of 76% and 68%,
respectively (Tables 4 and 5). Individual class accuracy estimates were similarly lower for 2004
than for 1975, presumably due to more heterogeneous landscape conditions. Off-diagonal
entries in error matrices indicated confusion between the mixed class and both coniferous- and
deciduous-dominant classes. There was little confusion between coniferous and deciduous
classes. Error matrices and accuracy estimates were derived using class definitions for which
omission and commission errors were best balanced and class accuracies acceptably high for
both maps. Using coniferous-dominant and deciduous-dominant class thresholds of>80%
and>70% basal area, respectively, errors were very well balanced for 2004 forest type classes
(Table 5). User and producer accuracies for the 1975 map (Table 4) suggested under-
representation of coniferous forest area and over-representation of mixed forest under these
same class definitions, but the relatively small validation sample and correspondingly large
standard error estimates made this inconclusive. Available validation data suggested that user
and producer accuracies were best balanced under these class definitions.

Table 4. Error matrix and accuracy estimates for the 1975 forest type map.

Reference forest type

1975 mapped forest type Coniferousa Mixed Deciduousb Total User accuracy

Coniferousa 15 3 0 18 83.3% (9.0%)

Mixed 6 22 4 32 68.8% (8.3%)

Deciduousb 1 3 16 20 80.0% (9.2%)

Total 22 28 20 70

Producer accuracyc 74.0% (6.6%) 76.5% (6.4%) 78.9% (8.5%)

Overall accuracyc 76.2% (5.0%)

Standard error estimates are provided in parentheses.
a>80% coniferous basal area.
b>70% deciduous basal area.
cEstimated by poststratification using known pixel counts.

doi:10.1371/journal.pone.0130428.t004

Table 5. Error matrix and accuracy estimates for the 2004 forest type map.

Reference forest type

2004 mapped forest type Coniferousa Mixed Deciduousb Total User accuracy

Coniferousa 107 45 1 153 69.9% (3.7%)

Mixed 43 122 36 201 60.7% (3.5%)

Deciduousb 6 31 118 155 76.1% (3.4%)

Total 156 198 155 509

Producer accuracyc 70.7% (2.9%) 59.9% (2.7%) 76.5% (2.9%)

Overall accuracyc 68.3% (2.0%)

Standard error estimates are provided in parentheses.
a>80% coniferous basal area.
b>70% deciduous basal area.
cEstimated by poststratification using known pixel counts for mapped forest type classes.

doi:10.1371/journal.pone.0130428.t005

The Effects of Abrupt Policy Change on Forest Landscape Dynamics

PLOS ONE | DOI:10.1371/journal.pone.0130428 June 24, 2015 12 / 24



EOF analysis of cumulative harvest time series
By 2010, 61% of available forestland was mapped as harvested, and 40% regenerated by stand-
replacing or multiple partial harvests. Averaged across all grid cells, harvest rates increased ca.
1985 and then remained quite constant at about 2% per year (median cumulative harvest time
series; Fig 2). The EOF analysis decomposed cumulative harvest time series into characteristic
patterns of deviation from the median series. We retained 3 dominant EOF modes, which col-
lectively explained 92% of total variance of the centered and standardized time series (62%,
23%, and 7% of total variance). This 3-mode EOF model provided an adequate representation
of temporal trends for the great majority of individual time series (>90% of variance captured
at 78% of grid cells;<70% of variance captured at 2% of cells).

Fig 2. Forest harvest trends and landscape change for two sample grid cells.Mapped and modeled cumulative harvest time series for two arbitrary
sample grid cells, expressed as a proportion of available forestland. The median cumulative harvest time series (n = 608) is shown for reference. Images of
landscape conditions include cumulative harvest impact superimposed over the 1975 forest type map for a subset of time series dates, and the 2004 forest
type map. Comparison of the 1975 and 2004 forest type data indicates areas where intervening harvests induced changes in forest type.

doi:10.1371/journal.pone.0130428.g002
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Time series of mapped and modeled cumulative harvest area at two sample locations (Fig 2)
illustrate the suitability of the EOF model for representing trends and smoothing the irregulari-
ties resulting from more erratic year-to-year changes in harvest rates. For the first of these sam-
ple landscapes (Landscape A; Fig 2), harvest area increased rapidly through the first half of the
study period (compared to the median time series), and then changed very little during the sec-
ond half. The extensive harvesting of the 1970s and 1980s was predominantly stand-replacing
and directed at coniferous forest. By 1985, more than half of available forestland was regener-
ated. As indicated by the 2004 forest type map, much of that area was converted from conifer-
ous-dominant to mixed. Within the second sample landscape (Landscape B; Fig 2), harvesting
consisted of both stand-replacing and partial canopy removals primarily during the second
half of the study period within deciduous and mixed forest. Little harvesting occurred prior to
1985. Harvest rates were relatively modest between 1985 and 2004 and were somewhat elevated
thereafter.

Harvesting trends
From hierarchical clustering of modeled cumulative harvest time series, we identified six well-
defined groups (Fig 3a) ranging in size from 10% to 22% of grid cells. The mean time series
from each group represented a predominant pattern of harvesting through time (Fig 3b). For
groups 1–2 (24% of grid cells), harvest rates exceeded median rates during the first half of the
study period, particularly for group 1, and then dropped during the second half. The group 3
time series closely resembled the median time series. Groups 4–6 (56% of grid cells) shared the
characteristics of relatively little harvesting early on followed by elevated rates during later
years. Group 5 was notable in that harvest rates were exceptionally low through the 1980s but
very high through the 1990s and 2000s.

Time series of cumulative regenerating and partially harvested forest area (Fig 4) differ sub-
stantially between groups. Note that partial harvests were not mapped prior to 1988. Groups
1–2 were notable for rapid, heavy harvesting during the first half of the study period, followed
by moderated rates of both stand-replacing and partial harvesting through the second half.
Groups 4 and 5 were most strongly differentiated from other groups by high rates of partial
harvesting, although high harvest rates during the 1990s and 2000s were sustained by both
stand-replacing and partial harvests. Group 6 stand-replacing and partial harvest rates were
low or moderate throughout the study period.

Patterns of landscape change
Time series of landscape metrics quantified the cumulative effects of harvesting on forest con-
figuration. Time series of average patch size for intact mature forest (Fig 5a) reflected trends in
cumulative harvest area (Fig 3b); periods of rapid patch size reduction coincided with periods
of rapid harvesting. Patch density (Fig 5b) increased through time, most rapidly in groups 4
and 5 during the 1990s and 2000s. For groups 1–5, the amount of edge between intact mature
forest and harvested forest (Fig 5c) increased and then peaked as harvest area approached and
then surpassed 50% of available forestland. The increase in edge density was most rapid in
groups 4 and 5 during the 1990s. Trajectories of average patch shape complexity (Fig 5d) were
similar in general character to those of edge density, but with peak values occurring somewhat
earlier and with little change in groups 1–2 over the course of our study period.

Large differences between groups in time series of regenerating forest area (Fig 4a) were
only partly reflected in configuration metrics. Changes in average regenerating forest patch size
(Fig 6a) were greatest for group 1, increasing from less than 200 ha in 1975 to more than 800
ha by 1988. In contrast, average patch size remained low for groups 3–6. Group 5 values
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remained well below 200 ha despite relatively rapid increases in regenerating forest area during
the 2000s (Fig 4a). Regenerating patch density (Fig 6b) generally increased throughout the
study period, but this trend was less pronounced for group 2 and not apparent for group 1. The
largest values of patch density were attained by group 5 following rapid increase during the
1990s and 2000s. Despite low rates of stand-replacing disturbance in group 6 (Fig 4a), patch
density increased steadily and was quite high by 2010. The amount of regenerating forest edge
(Fig 6c) was greatest for groups 1–2 until the 2000s when group 4 attained comparable levels
following rapid gains beginning in the late 1980s. Group 5 edge density increased rapidly dur-
ing the 2000s. Average patch shape complexity of regenerating forest (Fig 6d) increased during
the first half of the study period, generally leveled somewhat during the 1990s, and then

Fig 3. Predominant patterns of harvesting. (a) Dendrogram produced by agglomerative hierarchical clustering of modeled cumulative harvest time series.
Six groups of landscape units were identified for subsequent analysis (sample sizes provided in parentheses). (b) Mean cumulative harvest area time series
for each of the groups identified in (a), expressed as a proportion of available forestland. Vertical bars represent the interquartile range. Bars are provided at a
subset of dates and are offset horizontally to improve visual clarity. (c) Spatial distribution of groups identified in (a). Hatching indicates outlying samples
excluded from further analysis.

doi:10.1371/journal.pone.0130428.g003
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increased once more during the 2000s, most markedly for groups 4 and 5. Throughout the
study period, regenerating patch shape complexity was greatest for groups 1–2.

The average initial composition of sample landscapes differed between groups, although
there was a large amount of variability between landscapes in any single group (Fig 7a). In
1975, groups 1–2 contained more coniferous-dominant forest and less deciduous-dominant
and mixed forest than other groups. Forest type classes were least balanced for group 1, with
coniferous forest comprising 51% and deciduous forest 12% of available forestland. Conversely,
group 5 contained more deciduous (33%) and less coniferous forest (25%) than other groups.
The composition of groups 4 and 6 were very similar. The amount of forest of indeterminate
type in 1975 was greatest for groups 1–2, a result of harvesting during the early 1970s.

Between 1975 and 2004, harvesting and subsequent forest recovery resulted in substantial
changes in landscape composition (Fig 7b). On average all groups lost coniferous-dominant
forestland. For groups 1–4, the coniferous forest lost amounted to about 20% of harvested for-
estland. For groups 1–3, much of this area transitioned to mixed or deciduous forest types, and
the amount of forest classified as indeterminate remained little changed (recovery from early
disturbance was balanced by disturbance in later years). Groups 4 and 5 lost both coniferous
and mixed forest. This was partially balanced by an increase in deciduous forest for group 4,
but a substantial proportion of total harvest area (~20%) was mapped as indeterminate due to
high harvest rates during the 1990s and early 2000s.

Discussion
During the spruce budworm outbreak of ca. 1972–1988, there were no legislative definitions or
standards in place to regulate the practice of clearcutting. As the outbreak progressed, land-
owners engaged in extensive pre-salvage and salvage logging operations that typically took the
form of large commercial clearcuts, much larger than would have been planned in the absence
of the outbreak [20]. The FPA was designed to regulate the execution of clearcuts larger than
14 ha [53] (revised to 8 ha in 1999 [54]), and its implementation in 1991 marked a fundamental
and abrupt change in forest policy and management.

Fig 4. Time series of regenerating and partially harvested forest area.Cumulative time series of (a) regenerating forest area and (b) partially harvested
forest area, expressed as a proportion of available forestland and averaged within groups identified by cluster analysis of modeled cumulative harvest time
series. Vertical bars represent the interquartile range. Bars are provided at a subset of dates and are offset horizontally to improve visual clarity.

doi:10.1371/journal.pone.0130428.g004
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Averaged across all grid cells, cumulative harvest area increased more or less linearly (Fig
2). From the cluster analysis, group 3 reflected this trend but contained only 20% of grid cells
(Fig 3). The cumulative harvest time series of the other five groups differed substantially from
the area-wide average. These groups of grid cells comprised segments of the study area with
different management histories. Groups 1–2 (24% of grid cells) were differentiated from other
groups by elevated rates of stand-replacing harvests during the budworm outbreak (Fig 4).
Harvesting continued at moderated rates throughout the post-FPA period, then set against
landscape conditions created by salvage logging. In contrast, harvesting within groups 4–6
(56% of grid cells) predominantly occurred during the post-FPA period. A large increase in
group 5 harvest rates coincided with the end of the budworm outbreak and enactment of the
FPA (Fig 3b). Group 4 harvest rates increased during the late 1980s, but most harvest area
accrued post-FPA with particularly high partial harvest rates during the 1990s. Similarly,
although group 6 harvest rates remained low to moderate post-FPA, most harvest area accrued
during that time.

Fig 5. Time series of intact mature forest configurationmetrics. Time series of cumulative change in (a) area-weighted mean patch size, (b) patch
density, (c) edge density, and (d) area-weighted mean fractal dimension for intact mature forest, averaged within groups identified by cluster analysis of
modeled cumulative harvest time series. Vertical bars represent the interquartile range. Bars are provided at a subset of dates and are offset horizontally to
improve visual clarity.

doi:10.1371/journal.pone.0130428.g005
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Implementation of the FPA had the intended effect of reducing the size of clearcuts [25],
and more generally the size of stand-replacing patches. Although our stand-replacing harvest
class did not adhere to the FPA clearcut definition [36,37], average stand-replacing patch size
calculated from individual harvest maps (rather than cumulative harvest maps) dropped dra-
matically between 1988 and 1991 for groups of grid cells affected by pre-FPA logging (Fig 8a).
Average patch size of stand-replacing harvests varied dramatically between cells prior to 1991,
often exceeding 100 ha for groups 1 and 2. By comparison, post-FPA stand-replacing patch
sizes were uniformly low for all grid cells, with group averages below 15 ha. In contrast, overall
harvest patch sizes (stand-replacing and partial harvest classes combined) remained relatively
high post-FPA, with group 5 averages approaching the pre-FPA values of groups 1–2 (Fig 8b).
The FPA placed a strong disincentive on clearcutting. State records indicate that clearcutting
fell from 44% of annual harvest area in 1989 to<5% by 2000, and annual harvest area roughly
doubled during that time [23,24]. Within typical post-FPA partial harvest blocks, timber is
removed within and adjacent to machine trails, leaving a matrix of unharvested or lightly

Fig 6. Time series of regenerating forest configuration metrics. Time series of cumulative change in (a) area-weighted mean patch size, (b) patch
density, (c) edge density, and (d) area-weighted mean fractal dimension for regenerating forest, averaged within groups identified by cluster analysis of
modeled cumulative harvest time series. Vertical bars represent the interquartile range. Bars are provided at a subset of dates and are offset horizontally to
improve visual clarity.

doi:10.1371/journal.pone.0130428.g006
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harvested area between trails. Partial harvests are composed of typically small areas of complete
or nearly complete canopy removal intermixed with areas of light or negligible canopy
disturbance.

Predominant patterns of cumulative landscape change created by pre- and post-FPA man-
agement regimes were revealed by time series of intact mature and regenerating forest metrics.

Fig 7. Initial landscape composition and changes in composition, 1975–2004. (a) Proportion of available forestland classified by 1975 forest type. (b)
Change in forest type between 1975 and 2004, expressed as a proportion of forestland harvested prior to 2004 (negative values indicate loss; positive values
indicate gain). Values were calculated for individual sample grid cells and then averaged within groups identified by cluster analysis of modeled cumulative
harvest time series. Error bars represent the interquartile range.

doi:10.1371/journal.pone.0130428.g007

Fig 8. Changes in average harvest patch size through time. Area-weighted mean patch size for (a) the stand-replacing harvest class and (b) the
combined stand-replacing and partial harvest class, calculated at each time series interval. Values were averaged within groups identified by cluster analysis
of modeled cumulative harvest time series. Vertical bars represent the interquartile range. Bars are provided at a subset of dates and are offset horizontally to
improve visual clarity.

doi:10.1371/journal.pone.0130428.g008
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Groups 1–2 most clearly represented salvage logging impact. During the 1970s and 1980s, sal-
vage caused a rapid decrease in the average patch size of intact mature forest (Fig 5a) and a
rapid increase in the average patch size of regenerating forest (particularly for group 1; Fig 6a).
Intact mature forest patch density increased during this period (Fig 5b), but regenerating patch
density changed relatively little (Fig 6b). Edge density between intact mature forest and regen-
erating forest increased (Figs 5c and 6c), but the average patch shape complexity of intact
mature forest changed little, and the patch shape complexity of regenerating forest was compa-
rable (Figs 5d and 6d). These trends were consistent with the subdivision of mature forest by
salvage clearcut of large contiguous tracts of spruce-fir (e.g., Landsape A, Fig 2). Subsequent
harvesting during the post-FPA period resulted in continued subdivision of intact mature for-
est at rates similar to the salvage period (Fig 5b). Otherwise, changes in configuration metrics
of both intact mature forest and regenerating forest were considerably reduced. The primary
effect of the post-FPA regime in grid cells with a prominent salvage logging legacy appears to
have been the production of more small patches of intact mature forest, with little influence on
other metrics.

Groups 4–6 represented segments of our study area that were little affected by salvage log-
ging but heavily impacted by post-FPA harvesting. Similar to salvage in groups 1–2, over time
there was substantial loss and subdivision of intact mature forest. In groups 4 and 5, average
patch size decreased and patch density increased at rates that actually exceeded those of groups
1 and 2 pre-FPA (Fig 5a and 5b). Edge density and patch shape complexity increased sharply
during the 1990s as well (Fig 5c and 5d). In group 6, cumulative harvest area was lower (Fig 3b)
and the loss and subdivision of intact mature forest correspondingly reduced (Fig 5a and 5b),
yet edge density and patch shape complexity increased to levels approaching or exceeding all
other groups (Fig 5c and 5d). Post-FPA partial harvest practices resulted in complex patches of
intact mature forest and high edge densities presumably due to residual inclusions of mature
forest within harvest blocks. In sharp contrast to salvage logging in groups 1–2, average regen-
erating forest patch sizes in groups 5 and 6 remained very low (Fig 6a). Group 5 regenerating
patch density increased rapidly in the 1990s and 2000s, surpassing all other groups by 2004
(Fig 6b). Group 5 edge density increased rapidly during the 2000s, ultimately exceeding the val-
ues of groups 1–2 at the end of the salvage period (Fig 6c) despite considerably less regenerat-
ing forest area (Fig 4a). Group 6 regenerating forest patch size, edge density, and shape
complexity remained relatively low, but patch density steadily increased throughout the study
period (Fig 6). Patterns within these groups indicate that post-FPA stand-replacing harvest
patches were more numerous, much smaller, and simpler in shape compared to the pre-FPA
salvage logging period (e.g., Landscape B, Fig 2).

Not surprisingly, groups that were most heavily impacted by budworm salvage logging were
also those with the greatest amount of coniferous-dominant forestland in 1975 (groups 1–2,
Fig 7a). Groups 4–6 contained less coniferous forestland and we attribute the contrast in man-
agement history and landscape change between groups 1–2 and groups 4–6 in large part to dif-
ferences in initial landscape composition and vulnerability to the budworm outbreak. Initial
composition set different segments of the study area on fundamentally different trajectories of
landscape change. However, groups 4 and 6 differed very little in the relative abundance of
1975 forest types (Fig 7a), and comparisons between them suggest the influence of some other
factor that affected post-FPA harvest patterns. Private ownership diversified greatly during the
1990s as industrial forest products companies restructured and sold their lands to investment
entities, nonprofit conservation groups, high net-worth individuals, and other owner types
[27,28]. We hypothesize that post-FPA differences in harvest rates, intensities, and trajectories
of landscape change may have been influenced by differences in management incentives
between different landowners (e.g., fiber production vs. resource conservation). Previous
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research documented differences in harvest rates between categories of ownership and owner-
ship change [27], but the influence of owner-to-owner variability on patterns of landscape
change remains unclear.

The relative importance of individual landowner behavior, public forest policy, and man-
agement or disturbance legacies on contemporary trajectories of landscape change is an impor-
tant question with implications extending to regional forest planning, management, and
conservation. Because multiple forest values are often maintained only when actions are inte-
grated over large areas with diverse forest conditions, it is important to understand the relative
influence of factors that act to either enhance or reduce landscape-scale heterogeneity. Within
northern Maine, salvage logging introduced persistent heterogeneity at the scale of 5 km land-
scape units due to large clearcut operations. However, another important aspect of salvage leg-
acy is loss of coniferous-dominant forest area (Fig 7b) and consequent homogenization of
forest composition due to clearcut operations that failed to adequately regenerate spruce and
fir [21]. Management under the FPA further homogenized landscape structure by effectively
eliminating large clearcuts and incentivizing the expansion of partial harvesting. Under the
post-FPA management regime, differences between landowners in management incentives,
objectives, or strategies may provide an important source of landscape heterogeneity. Given
the small amount of publicly owned forestland within the state of Maine (approximately 7%
[55]), the sustainable management of Maine's forest resources will require a clearer under-
standing of landscape dynamics and management outcomes under various forms of private
ownership, as well as closer consideration of the ways in which public policy may constrain
outcomes.

The changes in landscape composition and configuration we have quantified imply poten-
tially important impacts on forest ecology and wildlife. Salvage clearcuts created large blocks of
early successional forest habitat, benefitting the federally threatened Canada lynx (Lynx cana-
densis) [56]. In Maine, the primary prey of lynx, snowshoe hare (Lepus americanus), are found
at highest density within coniferous and mixed regenerating forest ~15–35 years post-harvest
[57–59]. The current amount and configuration of this high-quality lynx foraging habitat is
largely a product of pre-FPA salvage logging. Post-FPA harvest practices produce smaller and
more numerous regenerating forest patches, promoting the subdivision of high-quality lynx
foraging habitat [56]. Additionally, the large annual footprint of post-FPA partial harvesting
and accelerated loss and subdivision of intact mature forest suggest rapid loss of suitable habi-
tat or reduction of habitat quality for species that require features associated with mid- and
late-successional forest, such as the American marten (Martes americana) [57]. For species
that are either dependent upon landscape legacies or potentially impacted by rapid habitat
modification, responses to contemporary management may be difficult to establish without
knowledge of landscape history and disturbance trends. Our analysis demonstrated one
approach by which landscape disturbance history can be defined and evaluated using a time
series of Landsat-derived forest disturbance maps.

Supporting Information
S1 Appendix. Landsat image processing. Description of image processing steps performed
prior to forest harvest and composition mapping.
(DOCX)

S2 Appendix. Map validation. Description of the procedures used to validate cumulative for-
est harvest (1973–2010) and forest type maps (1975 and 2004), and a brief interpretation of val-
idation outcomes.
(DOCX)
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Hi Jim:

I hope things are going well developing the presentation to decision-makers tomorrow.  Paul
Phifer requested to talk with Anna and I yesterday.  He was curious about an agenda and what
issues we may discuss.  We briefed Paul on a few items pertaining to Maine, but do not know
exactly which issues will be presented tomorrow.  Here is what we discussed with Paul:

Items that we heard in the state and peer review from Maine:

1) Harrison's (and others) suggestion that we consider competition for snowshoe hares from
multiple carnivore and raptor species and snow at the southern edge of the range and not be as
focused on bobcats.  Murray believed that with diminished snow quality, increased
competition for hares from multiple species may be the most important way that climate
change will affect lynx in the DPS.

2) Harrison's suggestion that we revisit the assumptions and address differences in lynx and
snowshoe hare ecology in the different DPS units.  For example, Harrison comments that
Maine and Minnesota may not have the island metapopulation structure as populations in the
West and instead, function as extensions of larger populations in adjacent Canada. Landscape
hare habitat and densities are greater and more contiguous in the East than West, etc. 

3) The role of shelterwood harvests in Maine in supporting future lynx populations (especially
in context of extensive partial harvesting).  We went over the points in the Google Drive table
issue #314:  We do not believe there is sufficient science to support the hypothesis that shelterwood 
harvests (otherwise referred to as overstory removal) can provide the same high quality hare habitat 
as regenerating clearcuts-herbicide silviculture of the 1970s and 1980s. We do not believe the best 
available science supports that shelterwood harvests will replace clearcut-herbicide to support lynx 
populations in the future. These harvests can, and do, contributed to landscape hare density that 
support lynx, but Harrison confirmed that hare densities have dropped in these stands as they have in 
all other stand types in Maine. The MDIFW's comment that "hare densities in stands subject to 
shelterwood and overstory removal harvests more than doubled from 2008 to 2001" is not supported 
by the researcher who collected these data. This assertion refers to the data in Harrison 2015. We 
discussed this with Dr. Harrison who indicates this is a misintepretation of his data. Sample sizes for 
the 2009-2011 are only 2 or 3 stands, and these stands were an anomoly because the overstory was 
not removed, thus much of the degradation of habitat that occurs in other shelterwood harvests with 
overstory removal did not occur. Dr. Harrison indicates that hares have declined across all stand 
types starting in 2006 and have remained low. He does not agree that hare numbers have uniquely 
increased in shelterwood stands. There are several reasons why Dr. Harrison and other Maine 
silviculture experts and foresters we talked to believe that shelterwood harvests do not provide the 
high hare densities observed in regenerating clearcuts. First, most shelterwood harvest (i.e., the 
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Maine Forest Service data referred to in MDIFW's letter) are in hardwood or mixed wood stands. 
Recent research by graduate students at the University of Maine Cooperative Fish and Wildlife 
Research Unit characterized a sample of shelterwood harvested stands. Their average composition is 
50% hardwood and 50% softwood, which is not optimal hare habitat. This is in contrast to clearcut 
only stands (average 60% softwood, 40% hardwood) and clearcut-herbicide stands (average 80% 
softwood, 20% hardwood). Second, most shelterwood stands that are in predominantly softwood 
stands are small, because softwoods are predominantly in wet soils (spruce-fir flats in Maine) and 
opening large areas in the initial shelterwood harvest frequently results in windthrow of the residual 
overstory. Third, there is significant damage done to the dense, regenerating spruce -fir during the 
initial harvest and subsequent 1 or 2 overstory removals. It is not unusual for 30-40% of the area in a 
shelterwood to be comprised of skid trails. Therefore, a substantial abount of the dense spruce-fir 
understory is lost in a shelterwood cycle by logging equipment and skidding, which reduces the 
habitat substantially for snowshoe hares. 

New information that was identified by peer reviewers and Core Team after Denver meeting:

1) Dr. Dan Harrison expressed concern for the loss of spruce-fir that has occurred since the last 
budworm outbreak and suggested we incorporate the information in Legaard et al. 2016 Evaluating 
the impact of abrupt changes in forest policy and management practices on landscape dynamics: 
analysis of Landsat image time series in the Atlantic Northern Forest. PLOSone. Harrison believed this 
to be a substantial stressor to hares and lynx that should be included in the SSA. We were not aware 
of some of this information when we wrote the draft SSA. To summarize, "Regeneration failures 
within salvage clearcuts resulted in the conversion of large areas of spruce-fir forest to deciduous 
and mixed types." (p. 3) Specifically, harvesting between 1975 and 2004 resulted in substantial 
changes in landscape composition, most notably the loss of spruce-fir stands. Of the clearcut (1975-
1990) and partially-harvested stands (mostly post Forest Practices Act 1989), about 20% of spruce-fir 
dominated stands were converted to mixed or deciduous (p. 16, Fig. 7). We discussed this with 
UMaine professor of silviculture, Dr. Robert Seymour, who confirmed that "we have lost about a 
million acres of spruce-fir since the budworm outbreak." We need to confirm the million acre figure. 
This paper also confirms the conclusions in Simons-Legaard et al. 2016 in J. Appl. Ecol. that patch size 
of spruce-fir stands has diminished contributing to habitat fragmentation since the last budworm 
outbreak and continued through the last 27 years of extensive partial harvesting. 

2) After the Denver meeting we became aware of the following research from the Center for 
Research on Sustainable Forests at the University of Maine concerning modeling the effects of 
climate change on eastern spruce-fir forest:

Andrews, C. 2016. Modeling and forecasting the influence of current and future climate on eastern 
North American spruce-fir (Picea-Abies) forests. M.S. Thesis, University of Maine, Orono. Caitlin 
developed bioclimatic envelope models for spruce and firs species and a forest landscape
model  and evaluated spruce-fir resources to 2090 using the RCP6 (moderate climate change)
scenario.  She concluded that the "model shows shifts north and east in [spruce-fir] habitat,
with the eventual loss of almost all habitat for these species in the U. S. by 2090.  In 2030,
[spruce-fir] habitat in the U. S. was projected to already be limited to northern Maine, New
Hampshire, and Vermont as well as the Adirondacks.  White and black spruce habitat was
projected to disappear from the U. S. by 2060, though habitat remains in the Acadian Region



in northern New Brunswick, the Gaspe Peninsula, and Cape Breton Island, Nova Scotia. 
Balsam fir and red spruce habitat remains in patches in Maine, New Hampshire, and the
Adirondacks.  Suitable habitat for balsam fir and red spruce dwindles to only a few high
altitude locations along the Appalachian Mountains in the U. S. by 2090."

Andrews' work was part of a multi-year research project by the Center for Research on
Sustainable Forests funded by  Northeastern States Research Cooperative (NSRC) and the
USDA Forest Service. As an extension of this research, Simons-Legaard et al. 2016  coupled
Andrews' model with their LANDIS II forest landscape model (same model used to document
past, present, and future hare and lynx habitat) to improve understanding of how forest
management, spruce budworm outbreaks, and climate change will interact.  They concluded
that although suitable climate conditions will decline as a result of less snow and warmer
winter temperatures, patches of suitability for spruce-fir will remain in the Northeast ca. 2090
for all but white spruce.   Interactions between climate change and harvesting result in the
projected reduction of percent spruce-fir forest from 27% to 18% of the forestland in northern
Maine.  Forest conversion is predominantly from spruce-fir to mixed forest as a result of
hardwood encroachment into spruce-fir forest.  This will add to losses of spruce-fir resources
observed since 1975 (see Legaard et al. 2016 above and Figure below.  The tan bar is the
Figure represents the loss in spruce-fir in Maine because of the combined effects of forest
management + climate change + spruce budworm. Spruce budworm (assumed to begin in the
next 1-5 years and last ~10 years) is likely to have an additive effect on the conversion of
spruce-fir forest to hardwood-dominated forest by 2060 (Figure).  Climate change gave
additional advantage to hardwoods in landscape projections via higher rates of establishment
and annual productivity.

As we discussed at the lynx expert workshop,  we would expect a lag in the conversion of
spruce-fir to northern hardwood types because of the longevity of the existing trees.  Simons-
Legaard et al. 2016 modeled this, but caution that loss of spruce-fir could be hastened if there
were factors that caused the mortality of adult spruce and fir trees in a warmer climate  (e.g.,
heat stress in summer, insect outbreaks, or intensified forest management).

I attached the new citations.  Please let me know if you need additional information.

Thanks,  Mark
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From: Marjorie Nelson
To: Bush, Jodi
Subject: Re: Lynx Briefing for May 12
Date: Thursday, May 11, 2017 12:51:00 PM

Noreen didn't know if she got it or not.  I'd send it.  

Sent from my iPhone

On May 11, 2017, at 11:54 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:

did this get to Noreen? I need to send it to other ARDs. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Fri, May 5, 2017 at 1:39 PM
Subject: Lynx Briefing for May 12
To: Marjorie Nelson <Marjorie_Nelson@fws.gov>
Cc: Justin Shoemaker <justin_shoemaker@fws.gov>, Jim Zelenak
<jim_zelenak@fws.gov>

Marj.  As we discussed -here is the briefing for RDs for next Fridays
webinar/call.  Once you pass it on to those folks, please let me know and I will get
it out to other ARDs and Core team.  Thanks JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

<20170505_RD Briefing Lynx SSA 2nd Status Decision Mtg.docx>
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Canada Lynx  
Species Status Assessment 

 
 

Decision Meeting Follow-up 
 
 May 12, 2017 



 Brief recap of March recommendation meeting 
 Summarize/synthesize peer, partner, internal reviews of 

the Draft SSA Report 
 Revisit questions/scores/rationales, if necessary 
 Finalize/document Decision Team status recommendation 

for DPS 
 

 

 
 

Objectives 



 What are we doing? 
 Reviewing scoring and interim decision from March 2-3 meeting 
 Summarizing peer/partner reviews of the Draft SSA Report 
 Finalizing a DPS status recommendation based on SSA 
 

  Why? 
 Late peer and partner reviews prevented full consideration during 

March 2017 Decision Team meeting  
 We left that meeting with an “interim recommendation”; need to 

finalize for 5-year review 
 Court order to complete Recovery Plan by Jan. 15, 2018, unless 

we determine the DPS no longer warrants listing 

Overview 



 DPS designation, listing history, threats (at listing vs. 
now) 
 Historical vs. current distribution; uncertainties 
 SSA units; Expert Elicitation (EE) results; current/future 

conditions (3 Rs) 
 Questions and scores from first meeting 
 

 
 

Recap March DT Meeting 



 1997-2007 - Lynx in contiguous U.S. are a DPS 
 Discrete - international boundary and mgmt. differences 
 Significant - southern extent of range; climatic, vegetation, and 

lynx/hare population dynamics differences; significant gap 
 One DPS – each geographic area is discrete, but none individually 

is significant to the taxon 
 

 2000 Final Rule/2003 Remand 
 DPS listed T – inadequacy of regulatory mechanisms (Factor D); 

lack of conservation measures in U.S. Forest Service and BLM 
land mgmt. plans 

DPS and Listing History 



Lynx Records/Distribution 



Range Contraction? (Poole 2003) 



Lynx Habitat in 6 Geographic Units 



 Redundancy 
 DPS as a whole is not vulnerable to extirpation 

from a single catastrophic event 
No catastrophic event that could result in the 

functional extirpation of the entire DPS 
 
 

 No or a very low likelihood of functional 
extirpation of any of the individual geographic 
units due to a single catastrophic event 
 

Expert Elicitation Workshop 



 Representation 
 Few threats to the genetic fitness or adaptive 

capacity of lynx in the DPS 
High gene flow; no major barriers to dispersal 
 

 Adaptability and evolutionary capacity of the 
DPS does not appear to have been diminished 
and is unlikely to become so, independent of 
threats that may impact the redundancy and 
persistence of lynx populations 
 

Expert Elicitation Workshop 



Resiliency – probability of persistence of resident lynx populations in 
each geographic unit  

 

Expert Elicitation Workshop 



Overall message of the expert workshop report 
 

Expert Elicitation Workshop 



 Responses:  Resiliency 
 All 5 occupied units have >70% expectation of 

supporting resident lynx populations by year 2050 
(median, most likely) 

 

 Declining likelihood and greater uncertainty by 2100 
– only one unit has >50% probability of persistence 

 

 Responses suggest overarching threat to long-term 
persistence of DPS is climate change 
 Loss of snow conditions favorable for hares and lynx 
 Subsequent (lagged) loss of boreal forest habitats 
 Timing and magnitude of such losses are uncertain 

 

Expert Elicitation Workshop 



Draft SSA Report  

 Lynx SSA Team largely in agreement with experts 
regarding the 3 Rs and persistence of resident populations 
in the DPS 
 Maine and Minnesota – Some team members more pessimistic 
 Colorado – Some team members more optimistic; some less 

 

 Projected continued warming appears to be largest threat 
 Lynx habitat likely to shift northward and upslope 
 Lynx habitats and populations in the DPS will become smaller, 

more fragmented/isolated (reduced resiliency) 
 Functional extirpation of some DPS populations likely in the 

future (reduced representation and redundancy) 
 Much uncertainty regarding timing and magnitude  



March Meeting Scoring Exercises 

Define Timeframe: Endangered 
 

Based on the biology of Canada lynx and the factors that are 
affecting its status in the U.S., what timeframe is most scientifically 
& legally defensible for defining "endangered"? 
 

Round Today 1-8 Years 1-30 Years 

1 30 50 5 

2 65 35 0 



March Meeting Scoring Exercises 

Define Timeline: Threatened 
 

Based on the biology of Canada lynx, the factors that are affecting 
its status in the U.S., and the degree of uncertainty of future 
predictions, what timeframe is most scientifically & legally 
defensible for defining “threatened, i.e., foreseeable"? 
 

Round 2025 2050 2100 

1 17.5 80 0 

2 12.5 85 0 

Round 8 years 33 years 83 years 

3 0 97.5 0 



March Meeting Scoring Exercises 
DPS Status 
 

Which determination is most scientifically and legally defensible? 
 
 
 
 

Based on 2050 scenario, which determination is most scientifically 
and legally defensible? 
 

 
 
 
*Recovered = no longer in danger of extinction within the foreseeable future 

Determination 2015 2025 2050 2100 

DPS in danger of  extinction 0 0 5 30 

DPS not in danger of  extinction 100 100 95 70 

Determination 2050 

DPS is recovered* 92.5 

DPS is not recovered 7.5 



 5 peer reviewers – lynx expertise from across DPS 
 Maine (Harrison), Minnesota (Moen), Montana/Wyoming/Colorado 

(Squires), Canada (Murray) 
 Genetics expertise from National Genomics Lab (Schwartz) 

 

 15 State agencies invited to review/comment; AFWA assistance 
 Substantive comments – CO, ID, ME, MN, MT, WA 
 Minor/non-substantive comments – MI, NH, NM, WI, WY 
 No comments – NY, OR, UT, VT 
 

 3 Federal agency partners 
 Minor comments - USFS 
 No comments - BLM and NPS 
 

 Tribes - Native American Liaisons at HQ and Regions 1,2,3,5 and 6 
coordinated invitations to review and comment; none received 

Synthesize Peer, Partner & Internal Reviews 



 Major Comment Issues/Themes 
 

 Utility of 3 Rs approach – what is “adequate”? 
 Forecasting time frame - EE persistence probabilities and climate 

modeling uncertainties 
 EE results - limitations/uncertainties; “quantified opinion” vs. 

science 
 Roles of connectivity, snow, competition (esp. bobcat) 
 Applicability of “mainland-island” metapopulation structure 
 Small effective population size (MN, WA) – potential for drift 
 Additional recent climate modeling – fate of boreal forest in DPS 
 Effectiveness of current regulatory mechanisms 

 

Synthesize Peer, Partner & Internal Reviews 



 Major Comment Issues/Themes 
 

 Optimistic projections of persistence for some units 
 Cons but not pros of acyclic hare populations in the south 
 Overemphasis on 0.5 hares/ha “threshold” 
 “Litany” of all things that might possibly impact lynx 
 Broad brush approach to DPS 
 Future without listing – expectations of continued efforts 
 Redundancy; need to tightly edit final SSA 
 Policy recommendations 

 

Core Team – other thoughts/issues specific to your geographic 
area? 

Synthesize Peer, Partner & Internal Reviews 



 Decision Team – questions/clarification? 
 Management/FIT Team – other thoughts? 
 Decision Team – need to revisit questions/scores/ 

rationales? 
 Final recommendation? 

Finalize & Document Decision Team Status 
Recommendation for DPS 



Potential Recommendations 

DPS remains T 

DPS warrants 
Delisting 

Final Recovery Plan 
due 1/15/2018 

Future Uplisting/ 
Delisting Rule 

Formal Memo 
Exempting DPS 
from Recovery 

Planning 

 

DPS warrants E 



Wrap Up 
Canada Lynx / © Ted Swem 



From: Zelenak, Jim
To: Jodi Bush; Justin Shoemaker; Mark McCollough; Tamara Smith; Bryon Holt; Kurt Broderdorp
Subject: Lynx SSA Follow-up Call/Webinar
Date: Thursday, May 11, 2017 12:58:09 PM
Attachments: 2017 05 12 Lynx Status Follow-up.pptx

Hi All:

Attached is the PPT we will use for tomorrow's webinar with the Decision Team (DT).

Jodi - I understand you will forward this to the DT and others as necessary.

Jodi and Justin - I have not included FIT Team (Heather, Mary, Jonathan Cummings) as they were not included on
the invitation, and only Heather attended (as an observer) the Denver meeting.

Core Team - If you see any glaring errors/omissions please let me know by tomorrow morning so I can correct.
Also, please be prepared to discuss any of the comment issues/themes that may be particularly relevant to your
geographic unit, or to bring up others that I may not have included on the list (slides 19 and 20).

I will have the rest of the slides we used in Denver handy in case there are questions on those.  If you have others
that need to be shared, we should be able to share the webinar screen. 

You all should have received an invitation with the conference number and the webinar link/instructions.  If not,
please let me know so I can get them to you.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: possible items for presentation tomorrow
Date: Thursday, May 11, 2017 1:11:41 PM
Attachments: image.png

FYI

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Thu, May 11, 2017 at 1:01 PM
Subject: Re: possible items for presentation tomorrow
To: "McCollough, Mark" <mark_mccollough@fws.gov>
Cc: Anna Harris <anna_harris@fws.gov>

Thanks Mark,

You should have just received the PPT for tomorrow, which I had just finished revising in response to a few
comments/edits Jodi had.  I'll take a look at what you provided below.  This is perhaps the kind of thing we will
have time for during the discussion part of tomorrow's call.

Talk to you then (or sooner if you feel there are things we need to discuss - don't hesitate to call).

On Thu, May 11, 2017 at 12:41 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Hi Jim:

I hope things are going well developing the presentation to decision-makers tomorrow.  Paul
Phifer requested to talk with Anna and I yesterday.  He was curious about an agenda and
what issues we may discuss.  We briefed Paul on a few items pertaining to Maine, but do not
know exactly which issues will be presented tomorrow.  Here is what we discussed with
Paul:

Items that we heard in the state and peer review from Maine:

1) Harrison's (and others) suggestion that we consider competition for snowshoe hares from
multiple carnivore and raptor species and snow at the southern edge of the range and not be
as focused on bobcats.  Murray believed that with diminished snow quality, increased
competition for hares from multiple species may be the most important way that climate
change will affect lynx in the DPS.

2) Harrison's suggestion that we revisit the assumptions and address differences in lynx and
snowshoe hare ecology in the different DPS units.  For example, Harrison comments that
Maine and Minnesota may not have the island metapopulation structure as populations in the
West and instead, function as extensions of larger populations in adjacent Canada.
Landscape hare habitat and densities are greater and more contiguous in the East than West,
etc. 

3) The role of shelterwood harvests in Maine in supporting future lynx populations
(especially in context of extensive partial harvesting).  We went over the points in the
Google Drive table issue #314:  We do not believe there is sufficient science to support the 
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hypothesis that shelterwood harvests (otherwise referred to as overstory removal) can provide the 
same high quality hare habitat as regenerating clearcuts-herbicide silviculture of the 1970s and 
1980s. We do not believe the best available science supports that shelterwood harvests will replace 
clearcut-herbicide to support lynx populations in the future. These harvests can, and do, 
contributed to landscape hare density that support lynx, but Harrison confirmed that hare densities 
have dropped in these stands as they have in all other stand types in Maine. The MDIFW's 
comment that "hare densities in stands subject to shelterwood and overstory removal harvests 
more than doubled from 2008 to 2001" is not supported by the researcher who collected these 
data. This assertion refers to the data in Harrison 2015. We discussed this with Dr. Harrison who 
indicates this is a misintepretation of his data. Sample sizes for the 2009-2011 are only 2 or 3 
stands, and these stands were an anomoly because the overstory was not removed, thus much of 
the degradation of habitat that occurs in other shelterwood harvests with overstory removal did 
not occur. Dr. Harrison indicates that hares have declined across all stand types starting in 2006 
and have remained low. He does not agree that hare numbers have uniquely increased in 
shelterwood stands. There are several reasons why Dr. Harrison and other Maine silviculture 
experts and foresters we talked to believe that shelterwood harvests do not provide the high hare 
densities observed in regenerating clearcuts. First, most shelterwood harvest (i.e., the Maine Forest 
Service data referred to in MDIFW's letter) are in hardwood or mixed wood stands. Recent research 
by graduate students at the University of Maine Cooperative Fish and Wildlife Research Unit 
characterized a sample of shelterwood harvested stands. Their average composition is 50% 
hardwood and 50% softwood, which is not optimal hare habitat. This is in contrast to clearcut only 
stands (average 60% softwood, 40% hardwood) and clearcut-herbicide stands (average 80% 
softwood, 20% hardwood). Second, most shelterwood stands that are in predominantly softwood 
stands are small, because softwoods are predominantly in wet soils (spruce-fir flats in Maine) and 
opening large areas in the initial shelterwood harvest frequently results in windthrow of the 
residual overstory. Third, there is significant damage done to the dense, regenerating spruce -fir 
during the initial harvest and subsequent 1 or 2 overstory removals. It is not unusual for 30-40% of 
the area in a shelterwood to be comprised of skid trails. Therefore, a substantial abount of the 
dense spruce-fir understory is lost in a shelterwood cycle by logging equipment and skidding, which 
reduces the habitat substantially for snowshoe hares. 

New information that was identified by peer reviewers and Core Team after Denver
meeting:

1) Dr. Dan Harrison expressed concern for the loss of spruce-fir that has occurred since the last 
budworm outbreak and suggested we incorporate the information in Legaard et al. 2016 
Evaluating the impact of abrupt changes in forest policy and management practices on landscape 
dynamics: analysis of Landsat image time series in the Atlantic Northern Forest. PLOSone. Harrison 
believed this to be a substantial stressor to hares and lynx that should be included in the SSA. We 
were not aware of some of this information when we wrote the draft SSA. To summarize, 
"Regeneration failures within salvage clearcuts resulted in the conversion of large areas of spruce-
fir forest to deciduous and mixed types." (p. 3) Specifically, harvesting between 1975 and 2004 
resulted in substantial changes in landscape composition, most notably the loss of spruce-fir 
stands. Of the clearcut (1975-1990) and partially-harvested stands (mostly post Forest Practices 
Act 1989), about 20% of spruce-fir dominated stands were converted to mixed or deciduous (p. 
16, Fig. 7). We discussed this with UMaine professor of silviculture, Dr. Robert Seymour, who 



confirmed that "we have lost about a million acres of spruce-fir since the budworm outbreak." We 
need to confirm the million acre figure. This paper also confirms the conclusions in Simons-
Legaard et al. 2016 in J. Appl. Ecol. that patch size of spruce-fir stands has diminished contributing 
to habitat fragmentation since the last budworm outbreak and continued through the last 27 
years of extensive partial harvesting. 

2) After the Denver meeting we became aware of the following research from the Center for 
Research on Sustainable Forests at the University of Maine concerning modeling the effects of 
climate change on eastern spruce-fir forest:

Andrews, C. 2016. Modeling and forecasting the influence of current and future climate on eastern 
North American spruce-fir (Picea-Abies) forests. M.S. Thesis, University of Maine, Orono. Caitlin 
developed bioclimatic envelope models for spruce and firs species and a forest landscape
model  and evaluated spruce-fir resources to 2090 using the RCP6 (moderate climate
change) scenario.  She concluded that the "model shows shifts north and east in [spruce-fir]
habitat, with the eventual loss of almost all habitat for these species in the U. S. by 2090.  In
2030, [spruce-fir] habitat in the U. S. was projected to already be limited to northern Maine,
New Hampshire, and Vermont as well as the Adirondacks.  White and black spruce habitat
was projected to disappear from the U. S. by 2060, though habitat remains in the Acadian
Region in northern New Brunswick, the Gaspe Peninsula, and Cape Breton Island, Nova
Scotia.  Balsam fir and red spruce habitat remains in patches in Maine, New Hampshire, and
the Adirondacks.  Suitable habitat for balsam fir and red spruce dwindles to only a few high
altitude locations along the Appalachian Mountains in the U. S. by 2090."

Andrews' work was part of a multi-year research project by the Center for Research on
Sustainable Forests funded by  Northeastern States Research Cooperative (NSRC) and the
USDA Forest Service. As an extension of this research, Simons-Legaard et al. 2016  coupled
Andrews' model with their LANDIS II forest landscape model (same model used to
document past, present, and future hare and lynx habitat) to improve understanding of how
forest management, spruce budworm outbreaks, and climate change will interact.  They
concluded that although suitable climate conditions will decline as a result of less snow and
warmer winter temperatures, patches of suitability for spruce-fir will remain in the Northeast
ca. 2090 for all but white spruce.   Interactions between climate change and harvesting result
in the projected reduction of percent spruce-fir forest from 27% to 18% of the forestland in
northern Maine.  Forest conversion is predominantly from spruce-fir to mixed forest as a
result of hardwood encroachment into spruce-fir forest.  This will add to losses of spruce-fir
resources observed since 1975 (see Legaard et al. 2016 above and Figure below.  The tan
bar is the Figure represents the loss in spruce-fir in Maine because of the combined effects
of forest management + climate change + spruce budworm. Spruce budworm (assumed to
begin in the next 1-5 years and last ~10 years) is likely to have an additive effect on the
conversion of spruce-fir forest to hardwood-dominated forest by 2060 (Figure).  Climate
change gave additional advantage to hardwoods in landscape projections via higher rates of
establishment and annual productivity.



As we discussed at the lynx expert workshop,  we would expect a lag in the conversion of
spruce-fir to northern hardwood types because of the longevity of the existing trees. 
Simons-Legaard et al. 2016 modeled this, but caution that loss of spruce-fir could be
hastened if there were factors that caused the mortality of adult spruce and fir trees in a
warmer climate  (e.g., heat stress in summer, insect outbreaks, or intensified forest
management).

I attached the new citations.  Please let me know if you need additional information.

Thanks,  Mark

 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office

mailto:mark_mccollough@fws.gov


585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Lynx SSA Follow-up Call/Webinar
Date: Thursday, May 11, 2017 1:56:27 PM

Jim:  I took a quick look at the power point.  I think it looks good.  Good job.  It covers the
couple issues we discussed with Paul Phifer (and I sent you earlier today).  

Harrison commented on the uneven discussion of a non-listed future for lynx among the DPS
units.  I can't recall whether we heard that from other peer or state reviews.  This parallels
some of Marty Miller's comments. Given the discussion tomorrow, I don't know whether you
want to add to your list or not.  In particular Harrison talked about how the listing status and
critical habitat could facilitate the potential of management on private lands where we don't
have agreements, especially lands under green certification and conservation easements.
Harrison said there were opportunities to provide other forms of incentives to achieve some
level of assured management.  (there may be, but the Service needs more resources to do this
kind of outreach/extension work.  It has been difficult to do in ME with just a fraction of an
FTE devoted to lynx).

I don't know if you want to include the MDIFW's shelterwood comment.  Paul was interested
in discussing that yesterday.  I provided him with the same info that I provided you today.  It
may be getting into the weeds for the larger decision team in that its an issue that applies only
to Maine.  Likewise with the MDIFW's comments that lynx are increasing and expanding their
range in Maine.  Not sure it is warranted to discuss that with the larger group.  I don't imagine
we'll rehash similar debates about history of lynx in the GYU and CO....

The MDIFW commented on the lack of a 5-factor analysis.  We thoroughly covered
threats/stressors in the SSA, and I believe the 5-factor analysis will be covered in the 5-year
review.  I'm not sure if this is a major comment that needs to be discussed tomorrow.

Otherwise, I reviewed Harrison and MDIFW overarching comments and I think your power
point has covered them all.

Talk to you tomorrow.  

Mark

On Thu, May 11, 2017 at 2:58 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

Attached is the PPT we will use for tomorrow's webinar with the Decision Team (DT).

Jodi - I understand you will forward this to the DT and others as necessary.

Jodi and Justin - I have not included FIT Team (Heather, Mary, Jonathan Cummings) as they were not included
on the invitation, and only Heather attended (as an observer) the Denver meeting.

Core Team - If you see any glaring errors/omissions please let me know by tomorrow morning so I can correct.
Also, please be prepared to discuss any of the comment issues/themes that may be particularly relevant to your
geographic unit, or to bring up others that I may not have included on the list (slides 19 and 20).

I will have the rest of the slides we used in Denver handy in case there are questions on those.  If you have others
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that need to be shared, we should be able to share the webinar screen. 

You all should have received an invitation with the conference number and the webinar link/instructions.  If not,
please let me know so I can get them to you.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Gess, Steve
To: Marks, Kaimy
Cc: Bush, Jodi
Subject: Re: LYNX PEER review Extension
Date: Thursday, May 11, 2017 2:33:44 PM

Were we still doing final review in April? I can modify it through April 30th or we can have
Atkins change their invoice to March31, 

Steven C. Gess, CPPO
Contracting Officer
US Fish & Wildlife- Region 6
303-236-4334

On Thu, May 11, 2017 at 2:27 PM, Marks, Kaimy <kaimy_marks@fws.gov> wrote:
Jodi-

This was extended to 3/31/2017 but the latest invoice submitted to Atkins shows
the invoice period from 2/27/2017 to 4/30/2017 so IBC won't pay it.  Please advise.

Kaimy Marks
Administrative Officer
MT Ecological Services Office
585 Shephard Way, Ste 1
Helena, MT
406-449-5225  X207

On Fri, Jan 20, 2017 at 9:01 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Steve -Did you get this signed by Atkins and if so could I get a final copy?  Thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Jan 9, 2017 at 8:15 AM, Steve Gess <Steve_Gess@fws.gov> wrote:

Matt, I was asked to extend the period of performance again to allow for
final review and comments.  Please sign the attached mod and return to
me thanks!

 

Steven C. Gess, CPPO

Contracting Officer
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US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, January 05, 2017 2:06 PM
To: Steve Gess
Cc: Marks, Kaimy
Subject: Fwd: LYNX PEER review Extension

 

Steve.  Can you extend this contract one more time?  I think this is the final request for
an extension.  We are about to send the document to Matt but they will need some time
to do the review -which is likely to go past Jan 31.  Can you extend through March 31
just to make sure?  That should do it (really!).  Thanks for your help.  JB

 

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

---------- Forwarded message ----------
From: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Date: Tue, Nov 1, 2016 at 1:03 PM
Subject: RE: LYNX PEER review Extension
To: Steve Gess <Steve_Gess@fws.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>

Hi Steve,
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Please find attached.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Monday, October 24, 2016 2:45 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>
Subject: LYNX PEER review Extension

 

Matt, Please see attached mod for your signature, extending the due date
for the LYNX PEER review through January 31, 2017.  Please execute
and return to me. Thanks

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

mailto:Matthew.Cusack@atkinsglobal.com
http://www.atkinsglobal.com/northamerica
http://www.atkinsglobal.com/
mailto:Steve_Gess@fws.gov
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This email and any attached files are confidential and copyright protected. If you are not the addressee, any dissemination of this
communication is strictly prohibited. Unless otherwise expressly agreed in writing, nothing stated in this communication shall be
legally binding.

The ultimate parent company of the Atkins Group is WS Atkins plc. Registered in England No. 1885586. Registered Office
Woodcote Grove, Ashley Road, Epsom, Surrey KT18 5BW. A list of wholly owned Atkins Group companies registered in the
United Kingdom and locations around the world can be found at http://www.atkinsglobal.com/site-services/group-company-regi
stration-details

Consider the environment. Please don't print this e-mail unless you really need to.
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Lynx SSA Follow-up Call/Webinar
Date: Thursday, May 11, 2017 3:56:23 PM

Jim:  I took a quick look at the power point.  I think it looks good.  Good job.  It covers the
couple issues we discussed with Paul Phifer (and I sent you earlier today).  

Harrison commented on the uneven discussion of a non-listed future for lynx among the DPS
units.  I can't recall whether we heard that from other peer or state reviews.  This parallels
some of Marty Miller's comments. Given the discussion tomorrow, I don't know whether you
want to add to your list or not.  In particular Harrison talked about how the listing status and
critical habitat could facilitate the potential of management on private lands where we don't
have agreements, especially lands under green certification and conservation easements.
Harrison said there were opportunities to provide other forms of incentives to achieve some
level of assured management.  (there may be, but the Service needs more resources to do this
kind of outreach/extension work.  It has been difficult to do in ME with just a fraction of an
FTE devoted to lynx).

I don't know if you want to include the MDIFW's shelterwood comment.  Paul was interested
in discussing that yesterday.  I provided him with the same info that I provided you today.  It
may be getting into the weeds for the larger decision team in that its an issue that applies only
to Maine.  Likewise with the MDIFW's comments that lynx are increasing and expanding their
range in Maine.  Not sure it is warranted to discuss that with the larger group.  I don't imagine
we'll rehash similar debates about history of lynx in the GYU and CO....

The MDIFW commented on the lack of a 5-factor analysis.  We thoroughly covered
threats/stressors in the SSA, and I believe the 5-factor analysis will be covered in the 5-year
review.  I'm not sure if this is a major comment that needs to be discussed tomorrow.

Otherwise, I reviewed Harrison and MDIFW overarching comments and I think your power
point has covered them all.

Talk to you tomorrow.  

Mark

On Thu, May 11, 2017 at 2:58 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi All:

Attached is the PPT we will use for tomorrow's webinar with the Decision Team (DT).

Jodi - I understand you will forward this to the DT and others as necessary.

Jodi and Justin - I have not included FIT Team (Heather, Mary, Jonathan Cummings) as they were not included
on the invitation, and only Heather attended (as an observer) the Denver meeting.

Core Team - If you see any glaring errors/omissions please let me know by tomorrow morning so I can correct.
Also, please be prepared to discuss any of the comment issues/themes that may be particularly relevant to your
geographic unit, or to bring up others that I may not have included on the list (slides 19 and 20).

I will have the rest of the slides we used in Denver handy in case there are questions on those.  If you have others

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


that need to be shared, we should be able to share the webinar screen. 

You all should have received an invitation with the conference number and the webinar link/instructions.  If not,
please let me know so I can get them to you.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


From: Kurt Broderdorp
To: Jim Zelenak
Cc: Ann Timberman
Subject: Lynx SSA
Date: Friday, May 12, 2017 7:17:00 AM

Jim,  I apologize for taking so long to respond to you about my
involvement in the Lynx SSA.  I have been attempting to finalize my
report for the other SSA, and moving on to the decision document,
followed by development of a 12-month finding.  Unfortunately, I will
not likely have the time to help finalizing the Lynx SSA Report.  I may
attempt to listen in to the follow-up call, but I probably can’t be of
much assistance or answer question since I have not been working with
the document for some time.
 
I hope all is well with you, and I appreciate your persistence in
completing the Report, and having to deal with a much broader
landscape.  Have a good weekend.
 
 
Kurt Broderdorp
US Fish and Wildlife Service
(970) 628-7186
 

mailto:kurt_broderdorp@fws.gov
mailto:jim_zelenak@fws.gov
mailto:ann_timberman@fws.gov


From: Zelenak, Jim
To: Hansen, Craig
Cc: Justin Shoemaker
Subject: Re: Lynx SSA Follow-up Call/Webinar
Date: Friday, May 12, 2017 7:21:41 AM

Thanks.  Will do.

On Thu, May 11, 2017 at 4:09 PM, Hansen, Craig <craig_hansen@fws.gov> wrote:
Hi Jim:

Thanks for your excellent work on this.  

See below for Marj's suggestion.  It seems like brevity on the review is already your goal per your outline slide,
but we recommend keeping the review as short as possible and focus on what's new, and the decision at hand. 

Unfortunately, Justin and I will be unable to attend tomorrow, but please let us know.  Marj will be attending.  

Craig. 
2017-04-10_Email_Signature_3.jpg

---------- Forwarded message ----------
From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Thu, May 11, 2017 at 3:39 PM
Subject: Re: Lynx SSA Follow-up Call/Webinar
To: "Hansen, Craig" <craig_hansen@fws.gov>
Cc: "Shoemaker, Justin" <justin_shoemaker@fws.gov>

I'd recommend shortening or very quickly going through slides leading to the
recommendation team meeting as they've seen it before.  Jim should focus on
what's new or not new.
thank you both!

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
DIFFERENT NUMBER UNTIL 6TH FLOOR FIXED
720-582-3524

On Thu, May 11, 2017 at 3:30 PM, Hansen, Craig <craig_hansen@fws.gov> wrote:
Marj:

I reviewed Jim's slides and do not have any comments.  

Do you need anything from Justin or me before tomorrow's meeting?  Apologies that we will be in the air and
unable to assist you.  

mailto:jim_zelenak@fws.gov
mailto:craig_hansen@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:craig_hansen@fws.gov
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Craig. 

2017-04-10_Email_Signature_3.jpg

On Thu, May 11, 2017 at 12:59 PM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

FYI

Justin Shoemaker
Classification Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Thu, May 11, 2017 at 1:58 PM
Subject: Lynx SSA Follow-up Call/Webinar
To: Jodi Bush <jodi_bush@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>,
Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>

Hi All:

Attached is the PPT we will use for tomorrow's webinar with the Decision Team (DT).

Jodi - I understand you will forward this to the DT and others as necessary.

Jodi and Justin - I have not included FIT Team (Heather, Mary, Jonathan Cummings) as they were not
included on the invitation, and only Heather attended (as an observer) the Denver meeting.

Core Team - If you see any glaring errors/omissions please let me know by tomorrow morning so I can
correct. Also, please be prepared to discuss any of the comment issues/themes that may be particularly
relevant to your geographic unit, or to bring up others that I may not have included on the list (slides 19 and
20).

I will have the rest of the slides we used in Denver handy in case there are questions on those.  If you have
others that need to be shared, we should be able to share the webinar screen. 

You all should have received an invitation with the conference number and the webinar link/instructions.  If
not, please let me know so I can get them to you.

Thanks,

mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
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Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Marks, Kaimy
To: Gess, Steve
Cc: Bush, Jodi; Jim Zelenak
Subject: Re: LYNX PEER review Extension
Date: Friday, May 12, 2017 12:09:09 PM

Perfect, thank you!  Payment has been submitted.

Kaimy Marks
Administrative Officer
MT Ecological Services Office
585 Shephard Way, Ste 1
Helena, MT
406-449-5225  X207

On Fri, May 12, 2017 at 9:06 AM, Gess, Steve <steve_gess@fws.gov> wrote:
Kaimy, I modified the order to expire on May 30 th so the payment should be able to be
processed now...

Steven C. Gess, CPPO
Contracting Officer
US Fish & Wildlife- Region 6
303-236-4334

On Fri, May 12, 2017 at 8:37 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
I don't care either way IF this is their final invoice.  I just don't know if it is.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, May 11, 2017 at 2:33 PM, Gess, Steve <steve_gess@fws.gov> wrote:
Were we still doing final review in April? I can modify it through April 30th or we can
have Atkins change their invoice to March31, 

Steven C. Gess, CPPO
Contracting Officer
US Fish & Wildlife- Region 6
303-236-4334

On Thu, May 11, 2017 at 2:27 PM, Marks, Kaimy <kaimy_marks@fws.gov> wrote:
Jodi-

This was extended to 3/31/2017 but the latest invoice submitted to Atkins
shows the invoice period from 2/27/2017 to 4/30/2017 so IBC won't pay it. 
Please advise.
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Kaimy Marks
Administrative Officer
MT Ecological Services Office
585 Shephard Way, Ste 1
Helena, MT
406-449-5225  X207

On Fri, Jan 20, 2017 at 9:01 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Steve -Did you get this signed by Atkins and if so could I get a final copy?  Thanks.
JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Jan 9, 2017 at 8:15 AM, Steve Gess <Steve_Gess@fws.gov> wrote:

Matt, I was asked to extend the period of performance again to allow
for final review and comments.  Please sign the attached mod and
return to me thanks!

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, January 05, 2017 2:06 PM
To: Steve Gess
Cc: Marks, Kaimy
Subject: Fwd: LYNX PEER review Extension

 

Steve.  Can you extend this contract one more time?  I think this is the final

mailto:jodi_bush@fws.gov
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request for an extension.  We are about to send the document to Matt but they will
need some time to do the review -which is likely to go past Jan 31.  Can you
extend through March 31 just to make sure?  That should do it (really!).  Thanks
for your help.  JB

 

 

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

---------- Forwarded message ----------
From: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Date: Tue, Nov 1, 2016 at 1:03 PM
Subject: RE: LYNX PEER review Extension
To: Steve Gess <Steve_Gess@fws.gov>
Cc: Jodi Bush <jodi_bush@fws.gov>

Hi Steve,

 

Please find attached.

Cheers,
Matt

 

Matthew Cusack, PWS
Group Manager
Mid-Atlantic Sciences
ATKINS
1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609
Tel: +1 (919) 431 5255

mailto:matt.cusack@atkinsglobal.com
mailto:Steve_Gess@fws.gov
mailto:jodi_bush@fws.gov


Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Monday, October 24, 2016 2:45 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>
Cc: Jodi Bush <jodi_bush@fws.gov>
Subject: LYNX PEER review Extension

 

Matt, Please see attached mod for your signature, extending the due
date for the LYNX PEER review through January 31, 2017.  Please
execute and return to me. Thanks

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

 

 

This email and any attached files are confidential and copyright protected. If you are not the addressee, any
dissemination of this communication is strictly prohibited. Unless otherwise expressly agreed in writing, nothing stated
in this communication shall be legally binding.

The ultimate parent company of the Atkins Group is WS Atkins plc. Registered in England No. 1885586. Registered
Office Woodcote Grove, Ashley Road, Epsom, Surrey KT18 5BW. A list of wholly owned Atkins Group companies
registered in the United Kingdom and locations around the world can be found at http://www.atkinsglobal.com/site-
services/group-company-registration-details

Consider the environment. Please don't print this e-mail unless you really need to.
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From: Zelenak, Jim
To: Fisher, John
Subject: Re: Literature request
Date: Thursday, May 18, 2017 1:33:33 PM

Thanks very much John!

On Thu, May 18, 2017 at 1:32 PM, Fisher, John <john_fisher@fws.gov> wrote:
Jim:

I have requested it for you

John Fisher
USFWS/NCTC
Publications Coordinator, Service Interlibrary Loans
Branch of Creative Libraries
698 Conservation Way
Shepherdstown, WV 25443
304-876-7659
304-876-7689 (fax)

The FWS National Conservation Library:
your portal to library resources worldwide

library.fws.gov  - one stop shop for literature, images, & FWS publications

On Thu, May 18, 2017 at 3:25 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Another.

Canadian Journal of Zoology, 1983, Vol. 61, No. 10 : pp. 2313-2318

Winter pelage colour in snowshoe hares (Lepus americanus) from the Pacific Northwest
David W. Nagorsen

Thanks for your help, John.

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
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jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Maletzke, Benjamin T (DFW)
To: Zelenak, Jim
Subject: RE: Lynx Home Range Estimator
Date: Friday, May 19, 2017 11:46:36 AM
Attachments: FINAL_LynxPopulationModel_Report_WDFW_Dec2016_v2.pdf

Hi Jim,
 
Yes, I did use the 100% MCP to make it more comparable to Koehler’s estimates.  It wasn’t perfect
comparing VHF to GPS data but I felt it was better than switching to another home range estimator. 
  Also, I am not sure if you have seen this but we worked with the Washington Conservation Science
Institute and USFS to better assess Lynx carrying capacity for WA and the attached document was
the final report from that work.  
 
Cheers,
Ben
 
 
Benjamin T Maletzke
Wildlife Biologist 2
Washington Department of Fish and Wildlife
PO Box 238
South Cle Elum, WA  98943
(509) 592-7324
“Wildlife 932”
 
 
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 19, 2017 8:55 AM
To: Maletzke, Benjamin T (DFW) <Benjamin.Maletzke@dfw.wa.gov>
Subject: Lynx Home Range Estimator
 
Hi Ben,
 
When you presented lynx home range changes in WA at the lynx workshop, you compared
recent estimates to Koehler's earlier estimates.  He used 100% MCP as the estimator - were the
numbers you presented derived using same?
 
Lewis 2016 (pp. 4-5) cites your data as unpublished and does not indicate which estimator was
used.
 
Thanks!
 
Hope all is well there.
 
Jim
 

mailto:Benjamin.Maletzke@dfw.wa.gov
mailto:jim_zelenak@fws.gov


--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Maletzke, Benjamin T (DFW)
Subject: Re: Lynx Home Range Estimator
Date: Friday, May 19, 2017 12:43:27 PM

Thanks Ben.

WA DFW sent the Lyons et al report along with its review of the draft SSA (but thanks for re-sending).

Jim

On Fri, May 19, 2017 at 11:44 AM, Maletzke, Benjamin T (DFW)
<Benjamin.Maletzke@dfw.wa.gov> wrote:

Hi Jim,

 

Yes, I did use the 100% MCP to make it more comparable to Koehler’s estimates.  It wasn’t perfect
comparing VHF to GPS data but I felt it was better than switching to another home range
estimator.    Also, I am not sure if you have seen this but we worked with the Washington
Conservation Science Institute and USFS to better assess Lynx carrying capacity for WA and the
attached document was the final report from that work.  

 

Cheers,

Ben

 

 

Benjamin T Maletzke

Wildlife Biologist 2

Washington Department of Fish and Wildlife

PO Box 238

South Cle Elum, WA  98943

(509) 592-7324

“Wildlife 932”
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From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, May 19, 2017 8:55 AM
To: Maletzke, Benjamin T (DFW) <Benjamin.Maletzke@dfw.wa.gov>
Subject: Lynx Home Range Estimator

 

Hi Ben,

 

When you presented lynx home range changes in WA at the lynx workshop, you compared
recent estimates to Koehler's earlier estimates.  He used 100% MCP as the estimator - were
the numbers you presented derived using same?

 

Lewis 2016 (pp. 4-5) cites your data as unpublished and does not indicate which estimator
was used.

 

Thanks!

 

Hope all is well there.

 

Jim

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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ABSTRACT: Canada lynx (Lynx canadensis) were extirpated from Isle Royale in the 1930s. We conducted 
a population viability analysis (PVA) of a potential lynx reintroduction to better understand viability, 
uncertainty, and management options. We estimated that the 544-km2 island can support 30 lynx. The 
probability of 100-year population persistence was 0.36 for a model that simulated a decadal lynx–hare 
population cycle. A noncyclic model predicted a 0.73 probability of 100-year persistence. Inbreeding 
depression had a substantial negative effect on modeled persistence. Historically, periodic immigration 
of mainland lynx via an ice bridge probably reduced or prevented inbreeding depression on the island. 
The introduction of one male and one female lynx every 10 years increased the probability of 100-year 
persistence to 0.98 in the cyclic model. Occasional anthropogenic transfers of lynx to the island might 
be necessary because the frequency of ice bridge formation has decreased. However, our baseline models 
might underestimate viability because they used demographic rates from mainland studies where lynx 
were exposed to anthropogenic mortality. When we removed assumed anthropogenic mortality—which 
should be negligible on Isle Royale—the probability of 100-year persistence was 0.99 for the cyclic 
model, even without supplementation. Reintroducing lynx to Isle Royale appears feasible, assuming 
appropriate monitoring and management. Reintroducing lynx would restore a missing native species to 
Isle Royale and would increase our understanding of lynx ecology.

Index terms: Canada lynx, Isle Royale, Lynx canadensis, population viability analysis, reintroduction

INTRODUCTION

Canada lynx (Lynx canadensis Kerr) were 
present on the 535-km2 Isle Royale in west-
ern Lake Superior when the first European 
descendants explored the island in the 
1850s (Spry 1968). The historical record 
suggests there was a resident population 
until about the 1930s (Mech 1966; Martin 
1988) when it was extirpated, probably as 
a result of overharvest (Licht et al. 2015). 
Isle Royale was designated as a national 
park in 1940 and harvest is no longer al-
lowed. Although there have been sporadic 
reports of lynx on Isle Royale since the 
1930s, there is no evidence of a resident 
population at this time.

Lynx have recently declined across the 
southern edge of their distribution, to 
the extent that the species was listed as 
threatened within the 48 contiguous states 
under the federal Endangered Species Act 
in 2000 (ESA; Ruggiero and McKelvey 
2000; US Fish and Wildlife Service 2000; 
Interagency Lynx Biology Team 2013). 
The ESA requires federal agencies to use 
their authorities to conserve listed species. 
National Park Service policies call for 
managers to assess the feasibility of rein-
troducing extirpated native species, and to 
reintroduce extirpated native species when 
feasible and when other conditions are met 
(National Park Service 2006).

Explicit conceptual and quantitative models 
can be used to assess reintroduction feasi-
bility, identify uncertainty and information 

gaps, and evaluate management options 
necessary for species restorations (Arm-
strong and Reynolds 2012). We conducted 
a population viability analysis (PVA) of a 
potential lynx reintroduction to the island. 
This analysis could be used as the basis 
for a decision to reintroduce lynx to Isle 
Royale by the National Park Service.

Study Area

Isle Royale National Park is in western 
Lake Superior. Although located only 22 
km from the Minnesota and Ontario shore-
lines, it is part of Michigan. The 544-km2 
island is surrounded by about 400 islets 
which, along with the surrounding waters, 
comprise Isle Royale National Park. The 
island experiences short cool summers 
(average high 21 ºC) and long cold winters 
(average high −3 ºC). Mid-winter snow 
depths average 44 cm (Vucetich and Peter-
son 2011). Ice bridges occasionally form 
between the mainland and Isle Royale. The 
frequency of ice bridge formation declined 
from a probability of 0.8 in the winter of 
1965 to 0.2 in 2013 (Licht et al. 2015).

Currently, about 37% of the island is 
composed of a balsam fir (Abies balsamea 
L.)/white spruce (Picea glauca Moench) 
alliance, 25% a quaking aspen (Populus 
tremuloides Michx) alliance, and 18% a 
white cedar (Thuja occidentalis L.)/black 
spruce (Picea mariana Mill)/tamarack 
(Larix laricina Du Roi)/black ash (Frax-
inus nigra Marsh) alliance, among other 
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vegetation types (The Nature Conservancy 
1999). Mammal richness is only about half 
of what occurs on the mainland (Johnsson 
et al. 1982). Competitors of lynx, such as 
coyote (Canis latrans Say) and bobcats 
(Lynx rufus Schreber) are absent. Wolves 
(C. lupus L.) and red fox (Vulpes vulpes 
L.) are present. Moose (Alces alces L.) 
are currently the only ungulates. Wood-
land caribou (Rangifer tarandus caribou 
Gmelin) were the only ungulates at the time 
of European settlement (Cochrane 1996). 
Lynx prey species presently include snow-
shoe hare (Lepus americanus Erxleben) 
and red squirrel (Tamiasciurus hudsonicus 
Erxleben) (Johnson 1970; Johnsson et al. 
1982; Vucetich and Peterson 2011).

About 99% of Isle Royale is now des-
ignated wilderness. Motorized vehicles 
are not allowed. Hunting and trapping 
are prohibited. Only about 16,000 people 
visit the park each year, with 95% of the 
visits occurring from June to September 
(National Park Service 2014). There is a 
rich history of scientific research on the 
island and the site is widely known for pro-
viding a unique laboratory for ecological 
studies, the most famous of which is the 
long-term wolf–moose predator–prey study 

(Mech 1966; Peterson 1995; Wolf–Moose 
Project 2013).

METHODS

We conducted a PVA of a hypothetical 
Canada lynx reintroduction to Isle Royale 
using VORTEX 10.5.1.0 (Lacy and Pollak 
2014). VORTEX is an individual-based 
stochastic simulation model developed to 
analyze population viability. We reviewed 
the published literature (e.g., Ruggiero et al. 
2000; Anderson and Lovallo 2003; Steury 
and Murray 2004; Moen et al. 2008) and 
unpublished data from Minnesota studies 
(R. Moen) for purposes of parameterizing 
the model. The reproductive and survival 
rates used in our baseline model (Table 1) 
came from our synthesis of the sources. 
We used VORTEX default values unless 
otherwise noted below. We ran all simu-
lations for 100 years with 1000 iterations.

Isle Royale can support about 30 lynx, 
based on unpublished snowshoe hare pellet 
surveys conducted on the island (Moen and 
Jordan in prep.), assumed relationships 
between hare and lynx densities (Linden 
et al. 2011), and lynx densities and home 

range sizes in nearby Minnesota (Moen 
et al. 2012). Canada lynx and snowshoe 
hare populations in northern Canada and 
Alaska go through pronounced 8–11 year 
population cycles (Elton and Nicholson 
1942; Hodges 2000a; Krebs et al. 2001). 
Lynx populations in the southern portion 
of the species’ range tend to have attenu-
ated cycles, and might not cycle at all in 
some cases (Murray et al. 2008). The lynx 
population in nearby Minnesota appears to 
cycle every 10 years, although the change 
in abundance might be mostly due to an 
influx of animals from Canada (Mech 
1973; Henderson 1978). The snowshoe 
hare population on Isle Royale exhibits a 
decadal cycle in abundance (Vucetich and 
Peterson 2011; Moen and Jordan in prep.), 
suggesting that a reintroduced lynx popu-
lation might cycle. Therefore, our baseline 
model assumed a cyclical lynx population 
on Isle Royale oscillating around a mean 
of 30 lynx. We used sinusoidal functions 
to vary lynx mortality rates, the percent-
age of females breeding, litter size, and 
carrying capacity over a 10-year cycle 
(Table 1). Our baseline model showed a 
three-fold increase from nadir to peak, 
which is modest compared to what has been 
reported for lynx populations in northern 

Table 1. Parameters used in baseline PVA and sensitivity tests. Stochasticity was implemented using a standard deviation of the baseline value. Baseline 
values varied over time when the 10-year lynx–hare cycle was simulated. Sensitivity analyses tested baseline values across a range of plausible values and 
also varied the value over time to simulate the 10-year cycle.

Parameter
Baseline value and 

stochasticity
Carrying capacity 30 ± 5
Percent of females breeding 

Yearling 25 ± 5
Adult 95 ± 5

Percent of males in breeding pool 75
Young per litter 

Yearling 1.8 ± 1
Adult 3.3 ± 1

Annual mortality rate 
Kitten (age 0–1) 60 ± 5
Yearling (1–2) 25 ± 5
Adult 10 ± 5

Inbreeding Depression Lethal 
Equivalents 6.29

± 100% 1–20

no change 0–12.58

± 33% 2.3–4.3

± 50% 40–80
± 80% 10–40

± 5% 90–100
no change not tested

± 95% 0.8–2.8

Maximum change from 
baseline over 10-year cycle

Range of values tested for 
sensitivity analysis

± 50% 15–45

± 100% 10–40
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regions (Poole 1994; Slough and Mowat 
1996; Hodges 2000a). However, ampli-
tudes are believed to be less in southern 
ranges (Hodges 2000b; Murray et al. 2008). 
Due to uncertainty about whether a lynx 
population might cycle on Isle Royale, we 
also conducted a noncyclical simulation 
using the baseline demographic rates in 
the cyclical model (Table 1).

First reproduction for females in the model 
was at two years of age (i.e., after being 
bred at 1 year and 10 months); we refer to 
these animals as yearlings. There is some 
indication that lynx can breed at 10 months 
(Quinn and Thompson 1987); however, 
it appears to be infrequent. Furthermore, 
there is no evidence of kittens breeding in 
nearby Minnesota (Moen et al. 2008). For 
males the age of first reproduction was also 
two years old. In the model we assumed 
that females produced one litter per year, 
maximum litter size was six, and the maxi-
mum age of reproduction for both sexes was 
10 years. The sex ratio of kittens was 1:1. 
An Allee effect reduced the percentage of 
yearling and adult females breeding at low 
density (Figure 1; Allee 1931) under the 
assumption that they would be less likely to 
find mates. We imposed density-dependent 
effects on several demographic rates when 
carrying capacity was exceeded (Figure 
1). As a result, we did not need nor did 
we enable the carrying capacity truncation 
event in VORTEX.

The demographic rates reported for lynx 
vary widely, probably due in part to differ-
ent methods, study sites, and timing of the 
studies relative to the lynx 10-year cycle. 
Therefore, we conducted a single-factor 
sensitivity analysis to identify influential 
parameters and to better assess parameter 
uncertainty (Lacy et al. 2014; Lacy and 
Pollak 2014). Parameters tested in the 
sensitivity analysis included carrying ca-
pacity, lethal equivalents, kitten mortality 
rate, yearling mortality rate, adult mortality 
rate, yearling litter size, adult litter size, 
yearling breeding rate, and adult breeding 
rate. For each parameter we ran simulations 
of 20 evenly spaced increments between the 
minimum and the maximum value (Table 
1). We also ran the VORTEX Latin hyper-
cube sensitivity test to better understand 
model uncertainty and the effectiveness 

of management options when multiple 
parameters were varied simultaneously.

We modeled other scenarios to better un-
derstand the necessity and effectiveness of 
management options. Post-reintroduction 
augmentation was used for the reintroduced 
Colorado population (Devineau et al. 2010) 
and periodic natural immigration probably 
happened historically on Isle Royale (Licht 
et al. 2015). Therefore, we modeled the 
immigration of two, four, and 10 lynx ev-
ery 10, 20, and 40 years, at the ascending 
phase of the cycle. To better understand the 
timing of supplementations within the 10-
year cycle we ran simulations adding two 
lynx every 10 years at the peak, descending, 
nadir, and ascending phase of the cycle. 
Our baseline models assumed a starting 
population of 30 unrelated lynx comprised 
within each gender of five 2-year-olds, 
four 3-year-olds, three 4-year-olds, two 
5-year-olds, and one 6-year-old. We also 
tested starting populations of four, 10, 20, 
40, and 50 lynx using similar age and sex 
structures.

Mortality rates in our baseline model were 
derived from studies of lynx populations 
exposed to anthropogenic sources of mor-

tality. However, harvest, mortality due to 
vehicles, and other anthropogenic sources 
of mortalities are unlikely at Isle Royale. 
In the Colorado reintroduction, 32% of 
known lynx mortalities were attributed 
to shootings and vehicles and 7% were 
attributed to plague (Devineau et al. 2010), 
a disease not known to be present at Isle 
Royale. Another 36% were categorized 
as unknown; it is reasonable to conclude 
that a substantial portion of those were 
also anthropogenic. Therefore, we also 
ran simulations with mortalities only half 
of our baseline rates (Table 1) to account 
for the absence of potential anthropogenic 
mortality factors at Isle Royale.

RESULTS

The baseline cyclical model projected a 
100-year probability of lynx persistence of 
0.36 (Table 2). The noncyclical model pro-
jected a 100-year probability of persistence 
of 0.73. Sensitivity analysis identified adult 
mortality, lethal equivalents, and carrying 
capacity as influential parameters (Figure 
2). For example, a carrying capacity of 
15 lynx resulted in 0.00 probability of 
100-year persistence in the cyclical model, 
whereas a carrying capacity of 45 lynx had 

Figure 1. Modeled Canada lynx vital rates as a function of population size. Rates also vary over the 
10-year cycle in the cyclical simulations (See Table 1).
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a probability of persistence of 0.85. Our 
maximum value of 12.58 lethal equivalents 
resulted in a 0.00 probability of 100-year 
persistence whereas our minimum value 
of zero lethal equivalents resulted in a 
0.96 probability of persistence. Disabling 
inbreeding depression (i.e., using zero 
lethal equivalents) in the noncyclical 
model resulted in a 100-year probability 
of persistence of 1.00 (Figure 3).

Frequent supplementation was more 
important in maintaining persistence 
than was the number of animals in the 
supplementation (Figure 4). For example, 
adding two lynx every 10 years resulted 

in a 100-year probability of persistence 
of 0.98, whereas adding 10 lynx every 40 
years only increased the probability of per-
sistence to 0.82. Introducing new lynx into 
the population was most beneficial during 
the ascending phase of the cycle. When we 
supplemented two lynx every 10 years at 
the population peak, the descending phase, 
the nadir, and the ascending phase the 
100-year probability of persistence was 
0.89, 0.84, 0.96, and 0.98, respectively. 
Post-reintroduction supplementation can 
compensate for uncertainty in demographic 
rates. For example, when two lynx were 
introduced every 10 years during the as-
cending phase of the cycle the probability 

of persistence was >0.50 for 95% of the 
sensitivity test simulations throughout the 
multidimensional parameter space.

Initial releases of 20 or more lynx had 
higher probabilities of 100-year persistence 
than did smaller initial populations. Initial 
populations of four and 10 lynx had proba-
bilities of 100-year persistence of 0.07 and 
0.25, respectively, whereas release sizes of 
20, 30, 40, and 50 lynx had probabilities 
of persistence ranging from 0.31 to 0.36 
in the cyclical model, indicating that an 
initial reintroduction of 20 lynx might be 
most efficient.

Persistence of simulated lynx populations 
increased substantially if modeled mortal-
ity rates were reduced to account for the 
absence of anthropogenic mortality factors 
on Isle Royale. Reducing mortality rates 
for all age and sex classes by 50% resulted 
in a 100-year probability of persistence of 
0.99 for the cyclical model, even without 
supplementation.

DISCUSSION

A reintroduction of Canada lynx to Isle 
Royale appears feasible based on our 
PVA. However, due to uncertainties and 
the unique environment of Isle Royale, 
monitoring and management should ac-
company the reintroduction.

If lynx were reintroduced to Isle Royale, 
periodic introduction of new lynx into the 
population might be needed to maintain 
viability. Historically, natural immigration 
would have occurred via animals crossing 
an ice bridge between the mainland and 

Table 2. One hundred-year population viability for lynx at Isle Royale under differing scenarios.

Scenario
Probability of 

persistence
Mean years to 

extinction and SD
Final expected 
heterozygosity

Final number 
of alleles

Cyclical (baseline model) 0.36 71 ± 19 0.4 2.3
Noncyclical 0.73 77 ± 17 0.45 2.7
Cyclical: without inbreeding depression 0.96 52 ± 28 0.47 2.9
Cyclical: supplement 2 lynx every 10 years a 0.98 61 ± 26 0.85 11.5
Cyclical: excluding anthropogenic mortality 0.99 63 ± 27 0.57 3.8
a Supplementation occurs only if population is extant.

Figure 2. Sensitivity analysis on the probability of Canada lynx population persistence under a range 
of demographic rates while holding other parameters at their midpoints. Parameter minimum and 
maximum values are in Table 1.
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the island; however, the rate of ice bridge 
formation appears to be declining (Licht et 
al. 2015). Therefore, anthropogenic translo-

cation might be needed to compensate for 
the reduced rate of natural dispersal to the 
island. Our PVA suggested that frequent 

introductions of new lynx would be more 
effective in maintaining the population than 
were less frequent releases, even when the 
less frequent augmentations included more 
individuals. Introduction of new lynx every 
10 years makes intuitive biological sense 
because it would match the frequency of the 
lynx–hare cycle. Introducing new lynx was 
most effective during the ascending phase 
of the cycle; however, source lynx might 
be more available during population peaks. 
Managers will have to weigh this potential 
trade-off associated with availability of 
lynx from the mainland.

However, rather than commit to a fixed 
supplementation schedule, we recommend 
a condition-based approach whereby the 
introduction of new animals occurs when 
monitoring detects undesirable levels of 
genetic diversity or other thresholds are 
reached. Natural lynx immigration from 
Minnesota or Ontario into a reintroduced 
Isle Royale lynx population is still possible 
as ice bridges do form in some years. For 
example, two wolves crossed an ice bridge 
to Isle Royale in 2015, but subsequently 
returned to the mainland (Vucetich and 
Peterson 2015). The lynx that were occa-
sionally reported on Isle Royale from the 
1940s to the present were likely immigrants 
that were unable to start a new population, 
but could have augmented an existing one.

Another reason for recommending a con-
dition-based approach is that our model 
could overestimate the rate of inbreeding 
depression and hence, the need for sup-
plementations. For our baseline analysis 
we assumed 6.29 lethal equivalents to 
model inbreeding depression, a value that 
greatly reduced persistence, whereas lower 
values resulted in much higher viability. 
The appropriate rate of lethal equivalents 
for animals is very speculative (Lacy et 
al. 2014). Whether our modeled level of 
6.29 lethal equivalents is accurate for lynx 
is not known.

Lastly, our baseline simulations might over-
estimate lynx mortality on the island and 
hence, the need for supplementations. Our 
baseline models were parameterized with 
demographic rates derived from mainland 
sites, many of which are affected by anthro-
pogenic impacts such as legal and illegal 

Figure 3. Probability of 100-year persistence of Canada lynx using the baseline cyclical model, a non-
cyclical model, a cyclical model inbreeding depression disabled, and a cyclical model with inbreeding 
depression enabled and with supplementation of two males and two females every 10th year during 
ascending phase of cycle.

Figure 4. Probability of 100-year persistence of Canada lynx using the baseline cyclical model and 
varying supplementation rates. Supplementation occurred during the ascending phase of the cycle, i.e., 
two years after the nadir.
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harvests, vehicle-caused mortalities, and 
mortalities and competition from expand-
ing coyote and bobcat populations (Buskirk 
2000; Devineau et al. 2010; Interagency 
Lynx Biology Team 2013). None of these 
factors should occur at Isle Royale. In our 
simulation that excluded anthropogenic 
impacts, the probability of 100-year lynx 
persistence at Isle Royale was 0.99. The 
absence of anthropogenic impacts and 
interspecific competitors, along with the 
restraints to emigration imposed by Lake 
Superior, appear to be advantages of a 
potential Isle Royale reintroduction over 
the successful Colorado reintroduction 
(Devineau et al. 2010).

We conducted a PVA to assess lynx via-
bility at Isle Royale, an appropriate tool 
considering the unique environment at 
Isle Royale. Others have assessed lynx 
viability using hare densities. Steury and 
Murray (2004) suggested that 1.1–1.8 
hares/ha were needed for persistence of a 
reintroduced lynx population. Ruggiero and 
McKelvey (2000) suggested that 0.5–1.0 
hares/ha were needed for persistence. 
Simons-Legaard et al. (2013) found that 
hare density in lynx-occupied areas in 
Maine averaged 0.74 hares/ha, and they 
recommended that landscapes be managed 
to promote >0.5 hares/ha. Murray et al. 
(2008) suggested that lynx populations 
were not sustainable at <1.5 hares/ha. 
The most recent estimate of snowshoe 
hare densities on Isle Royale is 1.1 hares/
ha, with estimates ranging from 0.5 to 0.9 
hares/ha from the 1980s to the early 2000s 
(Moen and Jordan unpub. data). Isle Royale 
meets some, but not all, of the published 
thresholds for lynx viability based on hare 
densities. However, the absence of anthro-
pogenic mortality factors and competitors 
of lynx might make Isle Royale more 
suitable than an evaluation based on hare 
density alone suggests.

Competition from other species is a poten-
tial impact to lynx populations (Buskirk 
2000; Interagency Lynx Biology Team 
2013). The only mesopredators on Isle 
Royale are American marten (Martes amer-
icana Turton) and red fox. Marten are rare 
(Romanski and Belant 2008) and would be 
unlikely to affect a lynx population. Red 
fox are more common, although indices 

of the red fox population on Isle Royale 
suggest a long-term decline (Vucetich and 
Peterson 2015). Red fox on Isle Royale are 
primarily dietary generalists with snowshoe 
hare comprising 14 percent of their diet, 
based on frequency of occurrence in scat 
(Johnson 1970). Wolves are present on Isle 
Royale, although they are currently at a 
population low and their status is precarious 
(Vucetich and Peterson 2015). Wolves and 
lynx coexist throughout much of northern 
North America and interspecific predation 
should be negligible. Wolves could benefit 
lynx on Isle Royale by discouraging the 
arrival of coyotes or bobcats to the island 
(Buskirk 2000; Ripple et al. 2011).

Our analyses show a high potential for 
a successful lynx reintroduction to Isle 
Royale, assuming appropriate monitoring 
and management. However, habitat at Isle 
Royale could change dramatically within 
the next 100 years due to climate change. 
Isle Royale is at the interface between 
boreal and southern deciduous forests 
(Sanders and Grochowski 2013) and lynx 
at the southern end of their range may be 
especially sensitive to changing climate 
(Carroll 2007). However, the cold waters 
of Lake Superior could maintain the pres-
ence of boreal forest on Isle Royale for a 
longer time than occurs at mainland sites. 
The potential impacts of long-term climate 
change, a factor beyond the scope of our 
analysis, should be considered during the 
planning of a potential lynx reintroduction.

A successful Canada lynx reintroduction 
to Isle Royale appears feasible assuming 
appropriate monitoring and management. 
Such a reintroduction would restore an 
extirpated species as directed by National 
Park Service policies (National Park Ser-
vice 2006) and the Endangered Species Act. 
Furthermore, Isle Royale could continue 
its long and storied tradition as a site that 
leads to a better understanding of wildlife 
ecology and conservation. The island 
provides a unique opportunity to study 
Canada lynx in an environment devoid 
of most of the anthropogenic stressors 
and changing mammalian communities 
affecting mainland lynx populations. A 
reintroduction of lynx to Isle Royale could 
help guide conservation efforts for other 
lynx populations.

CONCLUSION

Our analyses suggest that Isle Royale has 
the potential to support a reintroduced Can-
ada lynx population of about 30 animals, 
assuming appropriate management. Due to 
the small size of the island and declining 
rates of ice-bridge formation, periodic 
anthropogenic introduction of new lynx 
might be necessary to reduce inbreeding 
depression and increase long-term viability. 
However, lynx persistence at Isle Royale 
might be better than projected by our base-
line models due to the potential for natural 
immigration, the lack of anthropogenic 
threats and mammalian competitors of 
lynx, and the unique wilderness character 
of the island. Post-release monitoring and 
management is recommended.
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From: Ron Moen
To: Zelenak, Jim
Subject: Re: Copy of your paper?
Date: Friday, May 19, 2017 2:38:10 PM
Attachments: Attachment information..txt

Licht_2017_Modeling_viability_lynx_Isle_Royale.pdf

Hi Jim,

   Attached.

Ron

From:   "Zelenak, Jim" <jim_zelenak@fws.gov>
Date sent:                  Fri, 19 May 2017 14:29:26 -0600
Subject:                     Copy of your paper?
To:                            Ron Moen <rmoen@d.umn.edu>

> Hi Ron,
>
> In your peer review fo the lynx SSA, you referenced the doc. below.
> Any chance you can send me a PDF? I can't find it online anywhere.
>
> Licht, D.S., R. Moen, and M. Romanski. Modeling Viability of a
> Potential Canada Lynx Reintroduction to Isle Royale National Park.
> Natural Areas Journal. In press.
>
>
> Thanks!
>
> --
> Jim Zelenak, Biologist
> U.S. Fish and Wildlife Service
> Montana Ecological Services Office
> 585 Shepard Way, Suite 1
> Helena, MT 59601
> (406) 449-5225 ext. 220
> jim_zelenak@fws.gov
>

--
Ron Moen   218-788-2610 or 218-726-7774                                                             
Natural Resources Research Institute
Biology Department, Swenson College of Science and Engineering
University of Minnesota Duluth

www.d.umn.edu/~rmoen,   www.nrri.umn.edu/lynx,   www.nrri.umn.edu/moose

mailto:rmoen@d.umn.edu
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Ron Moen
Subject: Re: Copy of your paper?
Date: Friday, May 19, 2017 2:41:51 PM

Excellent!  Thanks very much for the quick reply Ron. Hope you are getting out to enjoy the spring there (and that
you are actually getting some spring like weather....).

On Fri, May 19, 2017 at 2:35 PM, Ron Moen <rmoen@d.umn.edu> wrote:
Hi Jim,

   Attached.

Ron

From:   "Zelenak, Jim" <jim_zelenak@fws.gov>
Date sent:                  Fri, 19 May 2017 14:29:26 -0600
Subject:                     Copy of your paper?
To:                            Ron Moen <rmoen@d.umn.edu>

> Hi Ron,
>
> In your peer review fo the lynx SSA, you referenced the doc. below.
> Any chance you can send me a PDF? I can't find it online anywhere.
>
> Licht, D.S., R. Moen, and M. Romanski. Modeling Viability of a
> Potential Canada Lynx Reintroduction to Isle Royale National Park.
> Natural Areas Journal. In press.
>
>
> Thanks!
>
> --
> Jim Zelenak, Biologist
> U.S. Fish and Wildlife Service
> Montana Ecological Services Office
> 585 Shepard Way, Suite 1
> Helena, MT 59601
> (406) 449-5225 ext. 220
> jim_zelenak@fws.gov
>

--
Ron Moen   218-788-2610 or 218-726-7774                                                             
Natural Resources Research Institute
Biology Department, Swenson College of Science and Engineering
University of Minnesota Duluth

www.d.umn.edu/~rmoen,   www.nrri.umn.edu/lynx,   www.nrri.umn.edu/moose

The following section of this message contains a file attachment
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   ---- File information -----------
     File:  Licht_2017_Modeling_viability_lynx_Isle_Royale.pdf
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Ron Moen
Subject: Re: Copy of your paper?
Date: Friday, May 19, 2017 3:26:53 PM
Attachments: Kramer-Schadt et al 2005 BioConservation lynx reintro Germany.pdf

Rodriguez & Delibes 2003 BioConservation p321-331 Iberian lynx.pdf

Stuff happens.  Those are minor compared to all the errors in the Draft SSA we sent you to review.  I was
disappointed that we had to hurry to get it out before it had been thoroughly reviewed/edited by me or anyone else. 
Hope the final will be much tighter.

I've attached a couple of papers that I found while digging around on the PVA topic for the SSA and that may be
supportive of the Isle Royale reintroduction - confirmation that small numbers of lynx (Eurasian and Iberian) can
establish resident pops with pretty good trajectories, even in relatively small areas if habitat is decent. Thought these
my be of interest or use for your work there. Share with Dan if you think he could use them.

On Fri, May 19, 2017 at 3:17 PM, Ron Moen <rmoen@d.umn.edu> wrote:
Hi Jim --

   Yes, it is too late but I suppose I should have caught that--I've heard it several times and I should be
able to say that in a paper.

Ron

From:   "Zelenak, Jim" <jim_zelenak@fws.gov>
Date sent:                  Fri, 19 May 2017 15:01:57 -0600
Subject:                     Re: Copy of your paper?
To:                            Ron Moen <rmoen@d.umn.edu>

> Hey Ron - I noticed that a couple of errors I pointed out to Dan
> (probably too late even then) persist in the proof you sent me.
>
> Minor:  Abstract and 1st paragraph of "Study Area" cite 544 km2 as
> island size, whereas 1st paragraph of "Introduction" says 535.
>
> Of more concern - 2nd paragraph of intro:
>
> "Lynx have recently declined across the
> southern edge of their distribution, to
> the extent that the species was listed as
> threatened within the 48 contiguous states
> under the federal Endangered Species Act
> in 2000"
>
> We did not list lynx because of a decline (and I think the evidence
> for a substantial decline in either range or numbers, based on
> verified records, is pretty iffy) - the singular threat for which the
> DPS was listed was Factor D as defined in the ESA - the inadequacy of
> existing regulatory mechanisms, specifically those in USFS and BLM
> land mgmt. plans, at the time of listing.
>
> I understand it may be too late to do anything about these at this
> point, but wanted to let you know.
>
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> I think it would be great if a reintroduction could move forward on
> Isle Royale - much could be learned.
>
> Thanks again for sending that.
>
> On Fri, May 19, 2017 at 2:35 PM, Ron Moen <rmoen@d.umn.edu> wrote:
>
> > Hi Jim,
> >
> >    Attached.
> >
> > Ron
> >
> > From:   "Zelenak, Jim" <jim_zelenak@fws.gov>
> > Date sent:                  Fri, 19 May 2017 14:29:26 -0600
> > Subject:                     Copy of your paper?
> > To:                            Ron Moen <rmoen@d.umn.edu>
> >
> > > Hi Ron,
> > >
> > > In your peer review fo the lynx SSA, you referenced the doc.
> > > below. Any chance you can send me a PDF? I can't find it online
> > > anywhere.
> > >
> > > Licht, D.S., R. Moen, and M. Romanski. Modeling Viability of a
> > > Potential Canada Lynx Reintroduction to Isle Royale National Park.
> > > Natural Areas Journal. In press.
> > >
> > >
> > > Thanks!
> > >
> > > --
> > > Jim Zelenak, Biologist
> > > U.S. Fish and Wildlife Service
> > > Montana Ecological Services Office
> > > 585 Shepard Way, Suite 1
> > > Helena, MT 59601
> > > (406) 449-5225 ext. 220
> > > jim_zelenak@fws.gov
> > >
> >
> >
> > --
> > Ron Moen   218-788-2610 or 218-726-7774
> >
> > Natural Resources Research Institute
> > Biology Department, Swenson College of Science and Engineering
> > University of Minnesota Duluth
> >
> > www.d.umn.edu/~rmoen,   www.nrri.umn.edu/lynx, 
> > www.nrri.umn.edu/moose
> >
> >
> >
> > The following section of this message contains a file attachment
> > prepared for transmission using the Internet MIME message format. If
> > you are using Pegasus Mail, or any other MIME-compliant system, you
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> > should be able to save it or view it from within your mailer. If you
> > cannot, please ask your system administrator for assistance.
> >
> >    ---- File information -----------
> >      File:  Licht_2017_Modeling_viability_lynx_Isle_Royale.pdf
> >      Date:  1 Feb 2017, 10:18
> >      Size:  579137 bytes.
> >      Type:  Unknown
> >
> >
>
>
> --
> Jim Zelenak, Biologist
> U.S. Fish and Wildlife Service
> Montana Ecological Services Office
> 585 Shepard Way, Suite 1
> Helena, MT 59601
> (406) 449-5225 ext. 220
> jim_zelenak@fws.gov
>

--
Ron Moen   218-788-2610 or 218-726-7774                                                             
Natural Resources Research Institute
Biology Department, Swenson College of Science and Engineering
University of Minnesota Duluth

www.d.umn.edu/~rmoen,   www.nrri.umn.edu/lynx,   www.nrri.umn.edu/moose

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt
Subject: Lynx Stuff
Date: Tuesday, May 23, 2017 8:35:38 AM

Hi Team,

I'm not planning a Core Team Call today unless any of you feel strongly that we need one.  Instead, I would ask that
folks continue to work on drafting responses to the comments they entered into the tracking spreadsheet on the drive
as needed/appropriate, and on adding citations to the lit cited list and uploading PDFs to the lit folder on the drive. 
If doing so, please recall that there is a separate folder for PDFs added after Jan. 9, and for new citations added to
the list, highlight author(s) through date in light blue.

I'm making some progress with edits to the draft but it's going slower than I would like.  Need to keep after that and
hope to have it ready for your review in a couple weeks.  Jodi would like the final SSA finished by end of June, so it
will again be a bit of a scramble.

Anyway - I appreciate you each continuing to make time to wrap up some of these details.

Call or email if you have questions or need to talk about any of this.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough; Tamara Smith; Bryon Holt
Subject: Lynx Stuff
Date: Tuesday, May 23, 2017 10:35:41 AM

Hi Team,

I'm not planning a Core Team Call today unless any of you feel strongly that we need one.  Instead, I would ask that
folks continue to work on drafting responses to the comments they entered into the tracking spreadsheet on the drive
as needed/appropriate, and on adding citations to the lit cited list and uploading PDFs to the lit folder on the drive. 
If doing so, please recall that there is a separate folder for PDFs added after Jan. 9, and for new citations added to
the list, highlight author(s) through date in light blue.

I'm making some progress with edits to the draft but it's going slower than I would like.  Need to keep after that and
hope to have it ready for your review in a couple weeks.  Jodi would like the final SSA finished by end of June, so it
will again be a bit of a scramble.

Anyway - I appreciate you each continuing to make time to wrap up some of these details.

Call or email if you have questions or need to talk about any of this.

Thanks,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Hogeboom, Mark
To: Bush, Jodi
Cc: Jim Zelenak
Subject: Re: Editoror/Reviewer for Lynx SSA
Date: Tuesday, May 23, 2017 12:59:25 PM
Attachments: USFWS_documentation_resources_11-03-2015 (no template info).docx

Hi Jodi,

Some time ago, we determined that your document will not be ready for my review until after
I return from AL (June 6).

Since we last spoke, my status has changed. I have accepted a knowledge management
position with another federal agency, and I am leaving the Service effective June 9.

I apologize for not being able to assist you. I'm not sure if this will help, but I attached a copy
of the writing style guide I developed primarily for our Conservation Planning branch.  Its
focus is on basic style choices based primarily on the Government Printing Office Style
Manual and The Chicago Manual of Style. It is not intended to supersede style guides used by
other government writers and editors...but it's a good resource, especially if your office does
not have any writing standards or guidelines.

Good luck with your project.

Regards,

Mark

On Tue, Apr 11, 2017 at 8:22 PM, Hogeboom, Mark <mark_hogeboom@fws.gov> wrote:
Hi Jodi and Jim,

Sorry for the late reply. I've been out of the office (and will return Friday). 

I got your voicemail message, Jodi. I'd be happy to help in any way I can. You should know,
however, that I will be unavailable the last week of May (and the first week of June). You
mentioned that you might need my services the last two weeks of May. Maybe we can work
something out.

If you'd like to discuss thist, maybe we can hook up on Friday, or leave a message (612-713-
5466), before then, and I will make every attempt to get to you the same day.

Mark

On Tue, Apr 11, 2017 at 12:01 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Jim I left a message with Mark on this topic and am passing on his information to you and
yours to him since I will be out of office for most of the week.  JB

Mark's number is 612-713-5466   or Mark-hogeboom@fws.gov.

Jim's number is 406.449.5225, ext. 220.  
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Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

-- 
Mark Hogeboom
Writer/Editor
U.S. Fish and Wildlife Service
5600 American Blvd. West, Suite 990
Bloomington, MN 55437-1458
612-713-5466
mark_hogeboom@fws.gov

-- 
Mark Hogeboom
Writer/Editor
U.S. Fish and Wildlife Service
5600 American Blvd. West, Suite 990
Bloomington, MN 55437-1458
612-713-5466
mark_hogeboom@fws.gov
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From: Smith, Tamara
To: Zelenak, Jim
Subject: Re: MN Wildfires
Date: Tuesday, May 23, 2017 2:56:49 PM
Attachments: 2012 IE 0008 SNF Pagami Creek Fire concurrence letter.pdf

Hi Jim - I'm not aware of any recent wildfires that rose to that acreage level (20%) that Ron
describes.  The big one he was probably referring to was the 93K acre Pagami Creek Fire -
I've attached our IE consultation for that....

Other recent fires - Foss Lake and Skibo, both in 2016.  You should be able to find more info
on the Superior NF website.

Let me know if you would like more info!
-Tam

On Tue, May 23, 2017 at 3:11 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Tam,

I did a little looking online but couldn't find any info on recent fires to which Moen referred in his comments. 
Can you check into this either with MNDNR or with Moen? It would be good to have the years and acres/KM2
for any recent major fires.

He Said:

"Fires in Minnesota. Although fires are discussed already (189-1++), it might be good to include additional
information. Overall, 3 recent fires have burned about 20% of northern NE MN, and a windstorm in 1999)
covered significant percentage too."

I  see some fires here: https://isd709.maps.arcgis.com/apps/MapJournal/index.html?appid=
6bbab3fb06ef43659ef113b2408a1418 

Hoyt Lake Fire - 2016 - 1,015 acres (ajust over 4 km2; very small proportion of unit);

Pagami Creek Fire - 2011, 93,000 acres (376 km2; 1.8% of the unit size).

Unless there are one or more really big one missing, these are a long way from being 20% of NE MN.

I did find this info on the 1999 windstorm (Derecho) - see bolded text - from

https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho:

"Minnesota[edit]

Damage to trees in the BWCAW
The derecho moved into Minnesota and caused massive damage in Cass, Itasca, and Aitkin
Counties. Damage came out to be around $3 million. A semi-trailer truck was blown over on
U.S. Route 53 near Canyon.
One person was killed and 60 were injured as the derecho passed through the Boundary
Waters Canoe Area Wilderness (BWCAW) and Superior National Forest. People were there
to enjoy canoeing and other recreation for the Independence Day weekend. Straight line
winds in excess of 90 mph (145 km/h) uprooted and snapped off trees in over 370,000 acres
(1,500 km²) of the 1 million acre (4,000 km²) wilderness area. In total, more than 477,000
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acres (1,930 km²) of forest was affected in the Superior National Forest in a swath 30
miles (48.3 km) long and 4 to 12 miles (6.4 to 19.3 km) wide.[2] It's estimated that 25
million trees were blown down in the BWCAW.[3][4]"

Looks like the derecho may have affected an area of just over 9% of the unit size. With that
area now 18 years post-disturbance, would be interesting to know what hare and lynx
use/numbers are - it should be pretty decent habitat by now, yeah?

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Tamara Smith
U.S. Fish and Wildlife Service
Minnesota-Wisconsin Field Office
4101 American Boulevard East
Bloomington, MN 55425
952-252-0092, Ext. 219
952-646-2873 

612-600-1599 Cell
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Conversation Contents
Talk Canada lynx?

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Fri Jun 02 2017 07:10:56 GMT-0600 (MDT)
To: Jennifer Strickland <jennifer_strickland@fws.gov>
Subject: Talk Canada lynx?

Hey Jen! Hope Denver is treating you AWESOMELY. I heard the 5-year review for lynx might
come out later this summer. I'm getting a little anxious about being prepared for communications
about that, but not sure who to work with out your way. Do you know who the EA lead is? 

Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Strickland, Jennifer" <jennifer_strickland@fws.gov>

From: "Strickland, Jennifer" <jennifer_strickland@fws.gov>
Sent: Fri Jun 02 2017 10:37:19 GMT-0600 (MDT)

To: "Racey, Meagan" <meagan_racey@fws.gov>, Roya Mogadam
<roya_mogadam@fws.gov>

Subject: Re: Talk Canada lynx?

Hey Meagan!!

Looping in Roya on this. We're divvying out ES work on a case-by-case basis so I'm not sure
who our lead is.

And Denver has been awesome, the weather here is FAR superior to the weather in Atlanta ;)
Can't wait for you to come out!

On Fri, Jun 2, 2017 at 7:10 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hey Jen! Hope Denver is treating you AWESOMELY. I heard the 5-year review for lynx might
come out later this summer. I'm getting a little anxious about being prepared for
communications about that, but not sure who to work with out your way. Do you know who the
EA lead is? 

http://usfwsnortheast.wordpress.com/
mailto:meagan_racey@fws.gov


Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Jennifer Strickland
Sagebrush Communications
U.S. Fish and Wildlife Service, Mountain-Prairie Region
(o) 303-236-4574
(c) 720-595-4815
https://www.linkedin.com/in/jenmstrick/

"Mogadam, Roya" <roya_mogadam@fws.gov>

From: "Mogadam, Roya" <roya_mogadam@fws.gov>
Sent: Wed Jun 07 2017 14:26:23 GMT-0600 (MDT)
To: "Strickland, Jennifer" <jennifer_strickland@fws.gov>

CC: "Racey, Meagan" <meagan_racey@fws.gov>, Anna Munoz
<anna_munoz@fws.gov>

Subject: Re: Talk Canada lynx?

+Adding Anna in case she has heard more about timing.

There was a meeting back in May but I didn't attend so I don't have the most up to date timing.

On Fri, Jun 2, 2017 at 10:37 AM, Strickland, Jennifer <jennifer_strickland@fws.gov> wrote:
Hey Meagan!!

Looping in Roya on this. We're divvying out ES work on a case-by-case basis so I'm not sure
who our lead is.

And Denver has been awesome, the weather here is FAR superior to the weather in Atlanta ;)
Can't wait for you to come out!

On Fri, Jun 2, 2017 at 7:10 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hey Jen! Hope Denver is treating you AWESOMELY. I heard the 5-year review for lynx
might come out later this summer. I'm getting a little anxious about being prepared for
communications about that, but not sure who to work with out your way. Do you know who
the EA lead is? 

Thanks!
-- 
Meagan Racey
Public affairs specialist

http://usfwsnortheast.wordpress.com/
https://www.linkedin.com/in/jenmstrick/
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U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Jennifer Strickland
Sagebrush Communications
U.S. Fish and Wildlife Service, Mountain-Prairie Region
(o) 303-236-4574
(c) 720-595-4815
https://www.linkedin.com/in/jenmstrick/

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

"Munoz, Anna" <anna_munoz@fws.gov>

From: "Munoz, Anna" <anna_munoz@fws.gov>
Sent: Wed Jun 07 2017 14:31:19 GMT-0600 (MDT)
To: "Mogadam, Roya" <roya_mogadam@fws.gov>

CC: "Strickland, Jennifer" <jennifer_strickland@fws.gov>, "Racey,
Meagan" <meagan_racey@fws.gov>

Subject: Re: Talk Canada lynx?

I was on the call in May.  They didn't provide any definitive timing and given that we don't have
an ES PAO at the moment, we aren't currently working on anything for this announcement. 
When we have a better indication of the timing, we will have to figure out who we assign it to
based on current workload.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Jun 7, 2017 at 2:26 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
+Adding Anna in case she has heard more about timing.
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There was a meeting back in May but I didn't attend so I don't have the most up to date
timing.

On Fri, Jun 2, 2017 at 10:37 AM, Strickland, Jennifer <jennifer_strickland@fws.gov> wrote:
Hey Meagan!!

Looping in Roya on this. We're divvying out ES work on a case-by-case basis so I'm not
sure who our lead is.

And Denver has been awesome, the weather here is FAR superior to the weather in Atlanta
;) Can't wait for you to come out!

On Fri, Jun 2, 2017 at 7:10 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hey Jen! Hope Denver is treating you AWESOMELY. I heard the 5-year review for lynx
might come out later this summer. I'm getting a little anxious about being prepared for
communications about that, but not sure who to work with out your way. Do you know
who the EA lead is? 

Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Jennifer Strickland
Sagebrush Communications
U.S. Fish and Wildlife Service, Mountain-Prairie Region
(o) 303-236-4574
(c) 720-595-4815
https://www.linkedin.com/in/jenmstrick/

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

Meagan Racey <meagan_racey@fws.gov>
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From: Meagan Racey <meagan_racey@fws.gov>
Sent: Wed Jun 07 2017 19:25:43 GMT-0600 (MDT)
To: paul_phifer@fws.gov
Subject: Fwd: Talk Canada lynx?

Hi Paul - do you have any sense of timing for lynx? I heard August and just recently heard
outreach has to be in HQ way in advance so want to get to work if that's the case. Thanks! 

Sent from my iPhone

Begin forwarded message:

From: "Munoz, Anna" <anna_munoz@fws.gov>
Date: June 7, 2017 at 4:31:19 PM EDT
To: "Mogadam, Roya" <roya_mogadam@fws.gov>
Cc: "Strickland, Jennifer" <jennifer_strickland@fws.gov>, "Racey, Meagan"
<meagan_racey@fws.gov>
Subject: Re: Talk Canada lynx?

I was on the call in May.  They didn't provide any definitive timing and given that we
don't have an ES PAO at the moment, we aren't currently working on anything for
this announcement.  When we have a better indication of the timing, we will have to
figure out who we assign it to based on current workload.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Jun 7, 2017 at 2:26 PM, Mogadam, Roya <roya_mogadam@fws.gov>
wrote:

+Adding Anna in case she has heard more about timing.

There was a meeting back in May but I didn't attend so I don't have the most up to
date timing.

On Fri, Jun 2, 2017 at 10:37 AM, Strickland, Jennifer
<jennifer_strickland@fws.gov> wrote:

Hey Meagan!!

Looping in Roya on this. We're divvying out ES work on a case-by-case basis so
I'm not sure who our lead is.

And Denver has been awesome, the weather here is FAR superior to the
weather in Atlanta ;) Can't wait for you to come out!

On Fri, Jun 2, 2017 at 7:10 AM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Hey Jen! Hope Denver is treating you AWESOMELY. I heard the 5-year
review for lynx might come out later this summer. I'm getting a little anxious
about being prepared for communications about that, but not sure who to
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work with out your way. Do you know who the EA lead is? 

Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Jennifer Strickland
Sagebrush Communications
U.S. Fish and Wildlife Service, Mountain-Prairie Region
(o) 303-236-4574
(c) 720-595-4815
https://www.linkedin.com/in/jenmstrick/

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

Meagan Racey <meagan_racey@fws.gov>

From: Meagan Racey <meagan_racey@fws.gov>
Sent: Wed Jun 07 2017 19:26:26 GMT-0600 (MDT)
To: "Munoz, Anna" <anna_munoz@fws.gov>

CC: "Mogadam, Roya" <roya_mogadam@fws.gov>, "Strickland,
Jennifer" <jennifer_strickland@fws.gov>

Subject: Re: Talk Canada lynx?

OK, thanks I'll check with ES to see what they know here. 

Sent from my iPhone

On Jun 7, 2017, at 4:32 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:

I was on the call in May.  They didn't provide any definitive timing and given that we

http://usfwsnortheast.wordpress.com/
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don't have an ES PAO at the moment, we aren't currently working on anything for
this announcement.  When we have a better indication of the timing, we will have to
figure out who we assign it to based on current workload.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Jun 7, 2017 at 2:26 PM, Mogadam, Roya <roya_mogadam@fws.gov>
wrote:

+Adding Anna in case she has heard more about timing.

There was a meeting back in May but I didn't attend so I don't have the most up to
date timing.

On Fri, Jun 2, 2017 at 10:37 AM, Strickland, Jennifer
<jennifer_strickland@fws.gov> wrote:

Hey Meagan!!

Looping in Roya on this. We're divvying out ES work on a case-by-case basis so
I'm not sure who our lead is.

And Denver has been awesome, the weather here is FAR superior to the
weather in Atlanta ;) Can't wait for you to come out!

On Fri, Jun 2, 2017 at 7:10 AM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Hey Jen! Hope Denver is treating you AWESOMELY. I heard the 5-year
review for lynx might come out later this summer. I'm getting a little anxious
about being prepared for communications about that, but not sure who to
work with out your way. Do you know who the EA lead is? 

Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Jennifer Strickland
Sagebrush Communications
U.S. Fish and Wildlife Service, Mountain-Prairie Region
(o) 303-236-4574
(c) 720-595-4815
https://www.linkedin.com/in/jenmstrick/
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-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

Paul Phifer <paul_phifer@fws.gov>

From: Paul Phifer <paul_phifer@fws.gov>
Sent: Thu Jun 08 2017 20:21:01 GMT-0600 (MDT)
To: Meagan Racey <meagan_racey@fws.gov>
Subject: Re: Talk Canada lynx?

Hi Meagan - Mike T said late summer.  The will be finishing the SSA soon, then they have to
complete the 5-yr review.  The FYR is what will be made public and will convey our decision.  

Sent from my iPad

On Jun 7, 2017, at 5:26 PM, Meagan Racey <meagan_racey@fws.gov> wrote:

Hi Paul - do you have any sense of timing for lynx? I heard August and just recently
heard outreach has to be in HQ way in advance so want to get to work if that's the
case. Thanks! 

Sent from my iPhone

Begin forwarded message:

From: "Munoz, Anna" <anna_munoz@fws.gov>
Date: June 7, 2017 at 4:31:19 PM EDT
To: "Mogadam, Roya" <roya_mogadam@fws.gov>
Cc: "Strickland, Jennifer" <jennifer_strickland@fws.gov>, "Racey,
Meagan" <meagan_racey@fws.gov>
Subject: Re: Talk Canada lynx?

I was on the call in May.  They didn't provide any definitive timing and
given that we don't have an ES PAO at the moment, we aren't currently
working on anything for this announcement.  When we have a better
indication of the timing, we will have to figure out who we assign it to
based on current workload.

Anna
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Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Jun 7, 2017 at 2:26 PM, Mogadam, Roya
<roya_mogadam@fws.gov> wrote:

+Adding Anna in case she has heard more about timing.

There was a meeting back in May but I didn't attend so I don't have the
most up to date timing.

On Fri, Jun 2, 2017 at 10:37 AM, Strickland, Jennifer
<jennifer_strickland@fws.gov> wrote:

Hey Meagan!!

Looping in Roya on this. We're divvying out ES work on a case-by-
case basis so I'm not sure who our lead is.

And Denver has been awesome, the weather here is FAR superior to
the weather in Atlanta ;) Can't wait for you to come out!

On Fri, Jun 2, 2017 at 7:10 AM, Racey, Meagan
<meagan_racey@fws.gov> wrote:

Hey Jen! Hope Denver is treating you AWESOMELY. I heard the
5-year review for lynx might come out later this summer. I'm
getting a little anxious about being prepared for communications
about that, but not sure who to work with out your way. Do you
know who the EA lead is? 

Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Jennifer Strickland
Sagebrush Communications
U.S. Fish and Wildlife Service, Mountain-Prairie Region
(o) 303-236-4574
(c) 720-595-4815
https://www.linkedin.com/in/jenmstrick/

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
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134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

Meagan Racey <meagan_racey@fws.gov>

From: Meagan Racey <meagan_racey@fws.gov>
Sent: Thu Jun 08 2017 20:35:25 GMT-0600 (MDT)
To: Paul Phifer <paul_phifer@fws.gov>
Subject: Re: Talk Canada lynx?

Thx!

Sent from my iPhone

On Jun 8, 2017, at 10:21 PM, Paul Phifer <paul_phifer@fws.gov> wrote:

Hi Meagan - Mike T said late summer.  The will be finishing the SSA soon, then they
have to complete the 5-yr review.  The FYR is what will be made public and will
convey our decision.  

Sent from my iPad

On Jun 7, 2017, at 5:26 PM, Meagan Racey <meagan_racey@fws.gov> wrote:

Hi Paul - do you have any sense of timing for lynx? I heard August and
just recently heard outreach has to be in HQ way in advance so want to
get to work if that's the case. Thanks! 

Sent from my iPhone

Begin forwarded message:

From: "Munoz, Anna" <anna_munoz@fws.gov>
Date: June 7, 2017 at 4:31:19 PM EDT
To: "Mogadam, Roya" <roya_mogadam@fws.gov>
Cc: "Strickland, Jennifer" <jennifer_strickland@fws.gov>,
"Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: Talk Canada lynx?

I was on the call in May.  They didn't provide any definitive
timing and given that we don't have an ES PAO at the
moment, we aren't currently working on anything for this
announcement.  When we have a better indication of the
timing, we will have to figure out who we assign it to based on
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current workload.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Jun 7, 2017 at 2:26 PM, Mogadam, Roya
<roya_mogadam@fws.gov> wrote:

+Adding Anna in case she has heard more about timing.

There was a meeting back in May but I didn't attend so I
don't have the most up to date timing.

On Fri, Jun 2, 2017 at 10:37 AM, Strickland, Jennifer
<jennifer_strickland@fws.gov> wrote:

Hey Meagan!!

Looping in Roya on this. We're divvying out ES work on a
case-by-case basis so I'm not sure who our lead is.

And Denver has been awesome, the weather here is FAR
superior to the weather in Atlanta ;) Can't wait for you to
come out!

On Fri, Jun 2, 2017 at 7:10 AM, Racey, Meagan
<meagan_racey@fws.gov> wrote:

Hey Jen! Hope Denver is treating you AWESOMELY. I
heard the 5-year review for lynx might come out later
this summer. I'm getting a little anxious about being
prepared for communications about that, but not sure
who to work with out your way. Do you know who the
EA lead is? 

Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the
Northeast

-- 
Jennifer Strickland
Sagebrush Communications
U.S. Fish and Wildlife Service, Mountain-Prairie Region
(o) 303-236-4574
(c) 720-595-4815
https://www.linkedin.com/in/jenmstrick/
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-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Mon Jul 10 2017 13:02:55 GMT-0600 (MDT)
To: Paul Phifer <paul_phifer@fws.gov>
Subject: Re: Talk Canada lynx?

Hi Paul - Just checking in on this. Do you know if there will be a briefing for the RD once the
SSA is finished? Or perhaps it's a decision meeting for the 5 year review recommendation? I
just wanted to stay on top of timing. Marty mentioned he could check in with R6, too, if I needed
it. Thanks!

On Thu, Jun 8, 2017 at 10:35 PM, Meagan Racey <meagan_racey@fws.gov> wrote:
Thx!

Sent from my iPhone

On Jun 8, 2017, at 10:21 PM, Paul Phifer <paul_phifer@fws.gov> wrote:

Hi Meagan - Mike T said late summer.  The will be finishing the SSA soon, then
they have to complete the 5-yr review.  The FYR is what will be made public and
will convey our decision.  

Sent from my iPad

On Jun 7, 2017, at 5:26 PM, Meagan Racey <meagan_racey@fws.gov> wrote:

Hi Paul - do you have any sense of timing for lynx? I heard August and
just recently heard outreach has to be in HQ way in advance so want
to get to work if that's the case. Thanks! 

Sent from my iPhone

Begin forwarded message:
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From: "Munoz, Anna" <anna_munoz@fws.gov>
Date: June 7, 2017 at 4:31:19 PM EDT
To: "Mogadam, Roya" <roya_mogadam@fws.gov>
Cc: "Strickland, Jennifer" <jennifer_strickland@fws.gov>,
"Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: Talk Canada lynx?

I was on the call in May.  They didn't provide any definitive
timing and given that we don't have an ES PAO at the
moment, we aren't currently working on anything for this
announcement.  When we have a better indication of the
timing, we will have to figure out who we assign it to based
on current workload.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Jun 7, 2017 at 2:26 PM, Mogadam, Roya
<roya_mogadam@fws.gov> wrote:

+Adding Anna in case she has heard more about timing.

There was a meeting back in May but I didn't attend so I
don't have the most up to date timing.

On Fri, Jun 2, 2017 at 10:37 AM, Strickland, Jennifer
<jennifer_strickland@fws.gov> wrote:

Hey Meagan!!

Looping in Roya on this. We're divvying out ES work on
a case-by-case basis so I'm not sure who our lead is.

And Denver has been awesome, the weather here is
FAR superior to the weather in Atlanta ;) Can't wait for
you to come out!

On Fri, Jun 2, 2017 at 7:10 AM, Racey, Meagan
<meagan_racey@fws.gov> wrote:

Hey Jen! Hope Denver is treating you
AWESOMELY. I heard the 5-year review for lynx
might come out later this summer. I'm getting a little
anxious about being prepared for communications
about that, but not sure who to work with out your
way. Do you know who the EA lead is? 

Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
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(c) 413-658-4386

Check out our blog, Conserving the nature of the
Northeast

-- 
Jennifer Strickland
Sagebrush Communications
U.S. Fish and Wildlife Service, Mountain-Prairie Region
(o) 303-236-4574
(c) 720-595-4815
https://www.linkedin.com/in/jenmstrick/

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Phifer, Paul" <paul_phifer@fws.gov>

From: "Phifer, Paul" <paul_phifer@fws.gov>
Sent: Mon Jul 10 2017 14:04:52 GMT-0600 (MDT)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: Talk Canada lynx?

I don't think there will be an additional RD call.  I think it is all complete.  As to timing, we have to
ask R6.  Last I heard was August.  Marty says he will call Jim Zelenak and let us know.  Thanks

______________
Paul Phifer, PhD

http://usfwsnortheast.wordpress.com/
https://www.linkedin.com/in/jenmstrick/
mailto:Roya_Mogadam@fws.gov
http://usfwsnortheast.wordpress.com/


Assistant Regional Director - Ecological Services
Northeast Region
Dept of the Interior
US Fish and Wildlife Service
413.253.8698 work
413.687.4764 cell

On Mon, Jul 10, 2017 at 3:02 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Paul - Just checking in on this. Do you know if there will be a briefing for the RD once the
SSA is finished? Or perhaps it's a decision meeting for the 5 year review recommendation? I
just wanted to stay on top of timing. Marty mentioned he could check in with R6, too, if I
needed it. Thanks!

On Thu, Jun 8, 2017 at 10:35 PM, Meagan Racey <meagan_racey@fws.gov> wrote:
Thx!

Sent from my iPhone

On Jun 8, 2017, at 10:21 PM, Paul Phifer <paul_phifer@fws.gov> wrote:

Hi Meagan - Mike T said late summer.  The will be finishing the SSA soon, then
they have to complete the 5-yr review.  The FYR is what will be made public and
will convey our decision.  

Sent from my iPad

On Jun 7, 2017, at 5:26 PM, Meagan Racey <meagan_racey@fws.gov> wrote:

Hi Paul - do you have any sense of timing for lynx? I heard August
and just recently heard outreach has to be in HQ way in advance so
want to get to work if that's the case. Thanks! 

Sent from my iPhone

Begin forwarded message:

From: "Munoz, Anna" <anna_munoz@fws.gov>
Date: June 7, 2017 at 4:31:19 PM EDT
To: "Mogadam, Roya" <roya_mogadam@fws.gov>
Cc: "Strickland, Jennifer" <jennifer_strickland@fws.gov>,
"Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: Talk Canada lynx?

I was on the call in May.  They didn't provide any
definitive timing and given that we don't have an ES PAO
at the moment, we aren't currently working on anything
for this announcement.  When we have a better indication
of the timing, we will have to figure out who we assign it
to based on current workload.

Anna

Anna Muñoz

mailto:meagan_racey@fws.gov
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Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Jun 7, 2017 at 2:26 PM, Mogadam, Roya
<roya_mogadam@fws.gov> wrote:

+Adding Anna in case she has heard more about
timing.

There was a meeting back in May but I didn't attend so
I don't have the most up to date timing.

On Fri, Jun 2, 2017 at 10:37 AM, Strickland, Jennifer
<jennifer_strickland@fws.gov> wrote:

Hey Meagan!!

Looping in Roya on this. We're divvying out ES work
on a case-by-case basis so I'm not sure who our
lead is.

And Denver has been awesome, the weather here is
FAR superior to the weather in Atlanta ;) Can't wait
for you to come out!

On Fri, Jun 2, 2017 at 7:10 AM, Racey, Meagan
<meagan_racey@fws.gov> wrote:

Hey Jen! Hope Denver is treating you
AWESOMELY. I heard the 5-year review for lynx
might come out later this summer. I'm getting a
little anxious about being prepared for
communications about that, but not sure who to
work with out your way. Do you know who the EA
lead is? 

Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the
Northeast

-- 
Jennifer Strickland
Sagebrush Communications
U.S. Fish and Wildlife Service, Mountain-Prairie Region
(o) 303-236-4574
(c) 720-595-4815
https://www.linkedin.com/in/jenmstrick/

mailto:roya_mogadam@fws.gov
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-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Mon Jul 10 2017 14:09:05 GMT-0600 (MDT)
To: "Phifer, Paul" <paul_phifer@fws.gov>
Subject: Re: Talk Canada lynx?

ok thanks!

On Mon, Jul 10, 2017 at 4:04 PM, Phifer, Paul <paul_phifer@fws.gov> wrote:
I don't think there will be an additional RD call.  I think it is all complete.  As to timing, we have
to ask R6.  Last I heard was August.  Marty says he will call Jim Zelenak and let us know. 
Thanks

______________
Paul Phifer, PhD
Assistant Regional Director - Ecological Services
Northeast Region
Dept of the Interior
US Fish and Wildlife Service
413.253.8698 work
413.687.4764 cell

On Mon, Jul 10, 2017 at 3:02 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Paul - Just checking in on this. Do you know if there will be a briefing for the RD once the
SSA is finished? Or perhaps it's a decision meeting for the 5 year review recommendation?
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I just wanted to stay on top of timing. Marty mentioned he could check in with R6, too, if I
needed it. Thanks!

On Thu, Jun 8, 2017 at 10:35 PM, Meagan Racey <meagan_racey@fws.gov> wrote:
Thx!

Sent from my iPhone

On Jun 8, 2017, at 10:21 PM, Paul Phifer <paul_phifer@fws.gov> wrote:

Hi Meagan - Mike T said late summer.  The will be finishing the SSA soon,
then they have to complete the 5-yr review.  The FYR is what will be made
public and will convey our decision.  

Sent from my iPad

On Jun 7, 2017, at 5:26 PM, Meagan Racey <meagan_racey@fws.gov>
wrote:

Hi Paul - do you have any sense of timing for lynx? I heard August
and just recently heard outreach has to be in HQ way in advance
so want to get to work if that's the case. Thanks! 

Sent from my iPhone

Begin forwarded message:

From: "Munoz, Anna" <anna_munoz@fws.gov>
Date: June 7, 2017 at 4:31:19 PM EDT
To: "Mogadam, Roya" <roya_mogadam@fws.gov>
Cc: "Strickland, Jennifer"
<jennifer_strickland@fws.gov>, "Racey, Meagan"
<meagan_racey@fws.gov>
Subject: Re: Talk Canada lynx?

I was on the call in May.  They didn't provide any
definitive timing and given that we don't have an ES
PAO at the moment, we aren't currently working on
anything for this announcement.  When we have a
better indication of the timing, we will have to figure out
who we assign it to based on current workload.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Jun 7, 2017 at 2:26 PM, Mogadam, Roya
<roya_mogadam@fws.gov> wrote:

+Adding Anna in case she has heard more about
timing.
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There was a meeting back in May but I didn't attend
so I don't have the most up to date timing.

On Fri, Jun 2, 2017 at 10:37 AM, Strickland, Jennifer
<jennifer_strickland@fws.gov> wrote:

Hey Meagan!!

Looping in Roya on this. We're divvying out ES
work on a case-by-case basis so I'm not sure who
our lead is.

And Denver has been awesome, the weather here
is FAR superior to the weather in Atlanta ;) Can't
wait for you to come out!

On Fri, Jun 2, 2017 at 7:10 AM, Racey, Meagan
<meagan_racey@fws.gov> wrote:

Hey Jen! Hope Denver is treating you
AWESOMELY. I heard the 5-year review for lynx
might come out later this summer. I'm getting a
little anxious about being prepared for
communications about that, but not sure who to
work with out your way. Do you know who the
EA lead is? 

Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the
Northeast

-- 
Jennifer Strickland
Sagebrush Communications
U.S. Fish and Wildlife Service, Mountain-Prairie Region
(o) 303-236-4574
(c) 720-595-4815
https://www.linkedin.com/in/jenmstrick/

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
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(303) 236-4572

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

http://usfwsnortheast.wordpress.com/
http://usfwsnortheast.wordpress.com/


From: Zelenak, Jim
To: Jodi Bush
Subject: Re: Lynx Peer Review
Date: Tuesday, June 20, 2017 4:03:32 PM

They were going to compile an administrative record, I think.  If so, I have not seen that or other record of their
oversight of the peer review process (essentially, I have only seen the emails conveying the various reviews at
various times).

Of course, my memory is not what it used to be....

On Tue, Jun 20, 2017 at 3:33 PM, Jodi Bush <jodi_bush@fws.gov> wrote:
Anything else we need from the Peer reviewer contractor? We need to close out agreement.
JB 

Sent from my iPhone

Begin forwarded message:

From: Steve Gess <steve_gess@fws.gov>
Date: June 19, 2017 at 12:53:47 PM MDT
To: Kaimy Marks <kaimy_marks@fws.gov>, Jodi Bush <jodi_bush@fws.gov>
Cc: matt.cusack@atkinsglobal.com
Subject: RE: Lynx Peer Review

Jodi, Is the LYNX PEER review completed yet?  I am showing a
balance of  $36,052.98  left un-invoiced by Atkins.   If it is
complete then Matt can you please request your accounts payable
to send in the final invoice..?

 

From: Kaimy Marks [mailto:kaimy_marks@fws.gov] 
Sent: Thursday, July 14, 2016 11:22 AM
To: Steve Gess
Subject: RE: Lynx Peer Review PR

 

Ok!  I’ve input the attached PR just now but Jodi hasn’t sent me the SOW yet.  I
think she’s in the RO today so hoping she’ll forward so I can attach/upload. 

 

Thank you!
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From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Wednesday, July 13, 2016 6:52 AM
To: Kaimy Marks
Subject: RE: Lynx Peer Review PR

 

Hey Kaimy, No it should be a new PR – I will be using an IDIQ to
award a NEW task  order – so this is not a modification.. Thanks

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

 

From: Kaimy Marks [mailto:kaimy_marks@fws.gov] 
Sent: Tuesday, July 12, 2016 3:04 PM
To: Steve Gess
Subject: Lynx Peer Review PR

 

Hi Steve-

 

Jodi Bush requested that I input a PR for Lynx Peer Reviews – she said there
may be an existing contract?  If so, should I put this in as a Post-Award PR?  Is
there an Award Document #?  Or would I input as a Funded Purchase Request
with no existing award number?

 

Kaimy Marks

Administrative Officer

U.S. Fish & Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1, Helena, MT 59601

mailto:Steve_Gess@fws.gov
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406-449-5225  X207

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Jodi Bush
To: steve_gess@fws.gov
Cc: Kaimy Marks; Jim Zelenak
Subject: Fwd: Lynx Peer Review
Date: Tuesday, June 20, 2017 10:18:01 PM

Steve. We haven't seen an admin record yet which would include their process to select peer
reviewers. We'll need that before close.  JB 

Sent from my iPhone

Begin forwarded message:

From: "Zelenak, Jim" <jim_zelenak@fws.gov>
Date: June 20, 2017 at 4:03:29 PM MDT
To: Jodi Bush <jodi_bush@fws.gov>
Subject: Re: Lynx Peer Review

They were going to compile an administrative record, I think.  If so, I have not seen that or other
record of their oversight of the peer review process (essentially, I have only seen the emails
conveying the various reviews at various times).

Of course, my memory is not what it used to be....

On Tue, Jun 20, 2017 at 3:33 PM, Jodi Bush <jodi_bush@fws.gov> wrote:
Anything else we need from the Peer reviewer contractor? We need to close out
agreement. JB 

Sent from my iPhone

Begin forwarded message:

From: Steve Gess <steve_gess@fws.gov>
Date: June 19, 2017 at 12:53:47 PM MDT
To: Kaimy Marks <kaimy_marks@fws.gov>, Jodi Bush
<jodi_bush@fws.gov>
Cc: matt.cusack@atkinsglobal.com
Subject: RE: Lynx Peer Review

Jodi, Is the LYNX PEER review completed yet?  I am
showing a balance of  $36,052.98  left un-invoiced by
Atkins.   If it is complete then Matt can you please
request your accounts payable to send in the final
invoice..?
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From: Kaimy Marks [mailto:kaimy_marks@fws.gov] 
Sent: Thursday, July 14, 2016 11:22 AM
To: Steve Gess
Subject: RE: Lynx Peer Review PR

 

Ok!  I’ve input the attached PR just now but Jodi hasn’t sent me the
SOW yet.  I think she’s in the RO today so hoping she’ll forward
so I can attach/upload. 

 

Thank you!

 

From: Steve Gess [mailto:Steve_Gess@fws.gov] 
Sent: Wednesday, July 13, 2016 6:52 AM
To: Kaimy Marks
Subject: RE: Lynx Peer Review PR

 

Hey Kaimy, No it should be a new PR – I will be using
an IDIQ to award a NEW task  order – so this is not a
modification.. Thanks

 

Steven C. Gess, CPPO

Contracting Officer

US Fish & Wildlife Service

Region 6 Lakewood CO.

303-236-4334

Steve_gess@fws.gov

 

From: Kaimy Marks [mailto:kaimy_marks@fws.gov] 
Sent: Tuesday, July 12, 2016 3:04 PM
To: Steve Gess
Subject: Lynx Peer Review PR
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Hi Steve-

 

Jodi Bush requested that I input a PR for Lynx Peer Reviews – she
said there may be an existing contract?  If so, should I put this in as
a Post-Award PR?  Is there an Award Document #?  Or would I
input as a Funded Purchase Request with no existing award
number?

 

Kaimy Marks

Administrative Officer

U.S. Fish & Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1, Helena, MT 59601

406-449-5225  X207

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Jodi Bush
Subject: Re: Lynx SSA
Date: Wednesday, June 21, 2017 7:12:59 AM

I did not.  I need to finish some edits/boiling down/redundancy removal from Mark's climate change and habitat
loss/fragmentation sections of Ch. 3; ensure consistency in how each member presented/discussed expert elicitation
results in Ch. 5; and clarify our conclusions on Colorado.

I hope to get that done today and then re-attach the most current Lit. cited list, and send to you, Justin, and Core
Team no later than COB tomorrow.  

On Tue, Jun 20, 2017 at 10:21 PM, Jodi Bush <jodi_bush@fws.gov> wrote:
Did you send this to core team and Justin?  If not when was that going
to happen? Sorry can't recall. JB

Sent from my iPhone

> On Jun 20, 2017, at 7:29 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
>
> Thought I sent this yesterday before running into outside, but here it is
> still waiting to be sent this AM.....
>
>
>
> Here is latest. Still some work to do on Ch. 3.2 - Mark's climate change
> stuff, and a few other changes as we discussed today - check for
> consistency in expert results presentation for each unit; re-do Kurt's
> conclusion about persistence in Colorado.
>
> Once changes are done in Ch. 3, I will also do a qucik scan and delete any
> redundancies in unit-specific stuff in Chs. 4 and 5.
>
> Ready for your review up to and including Ch. 3.1, then also Ch. 6.
>
> --
> Jim Zelenak, Biologist
> U.S. Fish and Wildlife Service
> Montana Ecological Services Office
> 585 Shepard Way, Suite 1
> Helena, MT 59601
> (406) 449-5225 ext. 220
> jim_zelenak@fws.gov
> <2017 06 19 Revised Working DRAFT - FINAL Lynx SSA Report CLEAN.docx>

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Marks, Kaimy
To: Bush, Jodi
Subject: Re: Lit Cited for Lynx SSA
Date: Monday, June 26, 2017 10:08:51 AM

Yes.
Marigaye is out today - has a rash on her arms that she is trying to get seen for.  I'll
talk with Barb and have her show Marigaye how to do this tomorrow.

Kaimy Marks
Administrative Officer
MT Ecological Services Office
585 Shephard Way, Ste 1
Helena, MT
406-449-5225  X207

On Mon, Jun 26, 2017 at 10:05 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Kaimy, Could Barb or Marygaye help with this?  It entails checking the lit cited in the
document to make sure its in the list at the end (and noting what is not).  Barb has done
before and its not difficult.  We would need by the end of the week if possible.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, Jun 26, 2017 at 10:02 AM
Subject: Lit Cited for Lynx SSA
To: Jodi Bush <jodi_bush@fws.gov>

Jodi,

The attached draft of the Final SSA Report may still change some, but it may be at a point where some
administrative help on cross-checking citations within the document again the Lit Cited list at the end would be
helpful.

I will be cross-checking the sections I wrote, and I and the other authors have all or most of the PDFs of the cited
documents on the drive and other files, but it seemed that Barb was able to quickly cross-check the earlier draft,
and that would be helpful again if her and/or Marigaye's schedules would allow.

Thanks.
-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: DRAFT FINAL SSA
Date: Wednesday, June 28, 2017 3:53:04 PM

FYI

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Wed, Jun 28, 2017 at 6:11 AM
Subject: Re: DRAFT FINAL SSA
To: "Zelenak, Jim" <jim_zelenak@fws.gov>
Cc: Anna Harris <anna_harris@fws.gov>

Jim:

You have been busy.  Thanks for all the hard work you have done to address comments.  I've
been wondering what you have been up to for the last month.  Now I know!

I have to report that I cannot begin to review and complete page numbers for citations by the
end of the this week.  I have a lot of work on my plate.  This week I am acting project leader
and have several conference calls and meetings.  There is a slight chance I could put a few
hours in on Friday, but I also need to meet with the State on some matters.  I am on annual
leave the first two weeks of July and back July 17.  I have three full days scheduled as soon as
I get back, so realistically, I cannot get back to the lynx SSA until ~July 20.  I apologize for
this, but there is little we can do about our workload and summer plans.

I'd be glad to talk with you on Friday if you want to discuss things that need done.

thanks, Mark

On Thu, Jun 22, 2017 at 6:54 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I've tried to address most of the peer review and many of the State/Fed comments in the attached.  I've tried to
highlight places where changes are responsive.  I've also highlighted some (maybe not all) of the citations that
still need pg numbers.  I've also tried to edit for consistency among EE results presentations in each unit. I've also
left comments regarding questions or issues on which I still need input or resolution from Core Team members.
And I've made changes to conclusions with which I disagree.

This is a clean version (except comments).  I had to abandon the Track Changes version several days ago when it
got too cluttered.  I will forward the most recent of that after I've had a chance to look through it and remove stuff
that's since been addressed.

Core Team - please review your sections and let me know if you see any major omissions or failure to adequately
address substantive comments. Also review what you submitted to see if it can be boiled down further based on
changes to text in preceding chapters.  Also please add pg numbers to citations and add citations to the list at the
end.  Do these in track changes and send them back to me by June 30.

This is still not as tight as I would like it, and I think it could be trimmed more, but I think it goes a long ways to
addressing the reviews we received. Let me know if you disagree and if so, where specifically in the document.

Justin - you've been volunteered for technical editor - we can discuss anything you may have questions about.
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One day this thing may actually be finished.....

With all the optimism I can muster,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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INFORMATION MEMORANDUM FOR THE DEPUTY ASSISTANT 
SECRETARY 

 

DATE: July 5, 2017 
 
FROM: Noreen Walsh, Regional Director, Mountain-Prairie Region, 303-236-7920 
 
SUBJECT: Status Review for the Canada Lynx Distinct Population Segment 
 
 
I. STATEMENT OF PURPOSE 
 
This memorandum provides an update on the status of the contiguous United States distinct 
population segment (DPS) of the Canada lynx. 
 
II. BACKGROUND 

 
The Service identified Canada lynx in the contiguous U.S. as a DPS and listed it as threatened 
under the Endangered Species Act (Act) in 2000 due to the inadequacy, at that time, of 
regulatory mechanisms on Federal (Forest Service and BLM) lands.  In 2014, the Montana 
District Court ordered the Service to complete a final recovery plan for the DPS by January, 
2018, unless we determine that the DPS no longer warrants listing under the Act. 
 
III. DISCUSSION 
 
Since listing, all relevant USFS and BLM units have formally amended management plans or 
implemented conservation agreements to conserve lynx habitats.  Climate warming is projected 
to reduce the future amount and distribution of lynx habitat in the contiguous U.S. and has been 
identified as the stressor most likely to influence the long-term persistence of DPS populations. 
 
IV. NEXT STEPS 
 

• The Service has coordinated closely with the wildlife and natural resources agencies of 
the 15 states within the DPS range and with Federal and Tribal partners and recognized 
lynx experts to complete a Species Status Assessment (SSA) for the lynx DPS. 

• We are finalizing the SSA based on peer review and State/Federal agency comments. 
• The final SSA will provide the scientific basis for a statutorily-required 5-year status 

review to determine whether the DPS continues to warrant protection under the Act. 
• If so, the Service will use the SSA to develop a recovery plan for the DPS. 
• If not, we will use the SSA to support a recommendation and subsequent rulemaking to 

delist the DPS. 
• We will complete the 5-year review and announce our recommendation this summer. 

 
V. ATTACHMENTS – N/A 



From: Zelenak, Jim
To: Shoemaker, Justin
Cc: Brent Esmoil; Jodi Bush
Subject: Re: FW: FW: Briefing paper request by EOD July 3: Tour of the West for the FWP Deputy Assistant Secretary
Date: Thursday, June 29, 2017 10:13:44 AM
Attachments: 2017 06 29 DRAFT LYNX INFO MEMO FOR THE DEPUTY ASSISTANT SECRETARY_20170227 V@.docx

Agree. On attached (V2), I replaced threat with stressor and change end-of-July with this Summer (as Dana/DOJ did
recently for our progress report to the court).

On Thu, Jun 29, 2017 at 10:03 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
I would replace threat w/ stressor in the Discussion section. 

Putting July 31 in her for the 5 yr makes me nervous. Maybe summer 2017?

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Thu, Jun 29, 2017 at 10:54 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Draft attached, using template provided. I added "DEPUTY ASSISTANT" to the top and dated it July 5. 

Let me know if there are any issues that need my attention before 4:30 today.

Justin - please take a look if you have time today and let me know if you see any red flags or other cause for
concern.  Thanks.

On Thu, Jun 29, 2017 at 8:53 AM, Brent Esmoil <brent_esmoil@fws.gov> wrote:

Thanks Jim!

 

Brent Esmoil

Deputy Field Supervisor

U.S. Fish and Wildlife Service

Montana ES Field Office

585 Shephard Way, Suite 1

Helena, Montana 59601

406-449-5225, ext. 215

www.fws.gov/montanafieldoffice

 

mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:brent_esmoil@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:brent_esmoil@fws.gov
http://www.fws.gov/montanafieldoffice


From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Thursday, June 29, 2017 8:50 AM
To: Brent Esmoil
Subject: Re: FW: FW: Briefing paper request by EOD July 3: Tour of the West for the FWP
Deputy Assistant Secretary

 

Sorry - I re-read entire and see that you will send to Jill and cc Mike, Nicole and Marj.

 

Will have it to you ASAP.

 

On Thu, Jun 29, 2017 at 8:46 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

Will have a draft to you by COB today.  With Jodi out, who else should it go to?  I
would send it to Justin in case he has time to review, but otherwise, should I send the
draft to Marj?  Mike? Nicole?  Or will you review and send up?

 

On Thu, Jun 29, 2017 at 8:31 AM, Brent Esmoil <brent_esmoil@fws.gov> wrote:

Jim:  See below regarding the quick turnaround briefing paper request for lynx.  Sorry for the
diversion for today but they’re wanting to have them by the weekend.

 

Hilary:  I’m assuming you’ll take care of the GYE grizzly briefing (?). 

 

Thanks folks!

 

Brent Esmoil

Deputy Field Supervisor

U.S. Fish and Wildlife Service

Montana ES Field Office

585 Shephard Way, Suite 1

Helena, Montana 59601

406-449-5225, ext. 215

www.fws.gov/montanafieldoffice
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From: Annette Naylon [mailto:annette_naylon@fws.gov] 
Sent: Thursday, June 29, 2017 8:24 AM
To: Thabault, Michael; Drue DeBerry; Ann Timberman; Jodi Bush; Brent Esmoil; Tom Chart;
Angela Kantola; Larry Crist; Laura Romin; Nicole Alt; Angela Burgess; Tyler Abbott; Pete Gober;
Julie Lyke; Hilary Cooley
Cc: Marjorie Nelson; Sarah Fierce; Craig Hansen
Subject: RE: FW: Briefing paper request by EOD July 3: Tour of the West for the FWP Deputy
Assistant Secretary

 

For your convenience the Info memo for the Secretary is attached. 

Jill

 

From: Thabault, Michael [mailto:michael_thabault@fws.gov] 
Sent: Thursday, June 29, 2017 8:16 AM
To: Drue DeBerry; Ann Timberman; Jodi Bush; Brent Esmoil; Tom Chart; Angela Kantola; Larry
Crist; Laura Romin; Nicole Alt; Angela Burgess; Tyler Abbott; Pete Gober; Julie Lyke; Hilary Cooley
Cc: Marjorie Nelson; Sarah Fierce; Craig Hansen; Annette Naylon
Subject: Fwd: FW: Briefing paper request by EOD July 3: Tour of the West for the FWP Deputy
Assistant Secretary

 

Folks, short turn around.  Hopefully we have a base document to work from.  You all
should have the Secretarial Info Memo format by now.  Rest of instruction self
explanatory, one page a or a little longer, to Deputy Assistant Secretary.  Try and get
done ASAP so we can avoid holiday crunch.  Please send to Jill to compile with a cc to
me, Nicole and Marj.  Thanks

 

 

Michael Thabault

Assistant Regional Director

Ecological Services

U.S. Fish and Wildlife Service

Mountain Prairie Region

303-236-4210
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---------- Forwarded message ----------
From: Matt Hogan <Matt_Hogan@fws.gov>
Date: Wed, Jun 28, 2017 at 4:09 PM
Subject: FW: Briefing paper request by EOD July 3: Tour of the West for the FWP
Deputy Assistant Secretary
To: Michael Thabault <Michael_Thabault@fws.gov>, Gregory Gerlich
<gregory_gerlich@fws.gov>, Will Meeks <Will_Meeks@fws.gov>, Maureen Gallagher
<maureen_gallagher@fws.gov>, Stephen Torbit <Stephen_Torbit@fws.gov>
Cc: Anna Munoz <anna_munoz@fws.gov>

The following was just put in DTS to your programs.  Director’s office gave us a deadline of July
3 COB.  I have pushed back and you can see due date is July 5 in here.  However, if you can get
them in earlier, that would be great.  The agenda is attached for some context but ask that
you keep it close hold and not share beyond those on the list.  Please let me know if you have
any questions and we can discuss.  Thanks.

 

Assign to ES, FAC, Refuges, Science Applications and EA.

 

We need to provide briefing papers for a visit by DAS Aurelia Skipwith using the
Secretarial briefing template but labeled for the Deputy Assistant Secretary.  We should
try to keep them to 1 page but can run a little longer if need be.

 

Briefing memos should be a general overview of the issue.  We can recycle existing
briefing memos we have done for the Secretary as long as they have been updated since
last submitted.

 

Briefing papers are due to the EA (Anna and Roya) office by COB July 5.  They cannot
be late as the Director’s office asked for them on July 3 and we pushed back. 

 

ES

Gunnison Sage Grouse

Lynx

Colorado River fish
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Utah Prairie Dog

Greater sage grouse

NRM Wolves

Black Footed Ferrets (including 10j in WY)

GYE Grizzly Bear

Wolverine

 

FAC

Mitigation Colorado River Cutthroat, Round Tail chub, Blue Head Sucker, Flannel
mouth sucker (where we have a nexus)

Jackson NFH

Aquatic Invasives

 

Refuges

National Elk Refuge

 

Science Applications

Bison management

 

 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1



Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: DRAFT FINAL SSA
Date: Thursday, June 29, 2017 2:18:59 PM

Thanks Jim.  I will try to get to the SSA as soon as possible.  Mark

On Wed, Jun 28, 2017 at 9:43 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark.

As soon as you are able.

There's a lot that I still haven't gotten to, and some peer and partner review comments that I think still could be
better addressed.  I'll be working on that and trying to further tighten some sections; maybe try to add some actual
"Service evaluation" to Ch. 5 for Unit 6..... 

When I have Core Team responses, I will incorporate them before this goes to Justin for technical review -
actually, he got the same version you did, but he prefers to wait for Core Team to finish
review/comments/additions.

That said, Jodi was hoping (and my immediate supervisor more than hoping....) for a final SSA by the end of this
month.  Even though we will likely not make that, the intent is still to have the short-form 5-year review done by
end of July.  Justin and the ULT (Unified Listing Team) will help with that document, as I understand it.

After review of the draft FINAL, Core Team will also have to make sure that substantive comments from
reviewers are all in the comment response table and that they have been addressed in the table, too.

So, still plenty to do.

Hope all is well.

On Wed, Jun 28, 2017 at 6:11 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:

You have been busy.  Thanks for all the hard work you have done to address comments. 
I've been wondering what you have been up to for the last month.  Now I know!

I have to report that I cannot begin to review and complete page numbers for citations by
the end of the this week.  I have a lot of work on my plate.  This week I am acting project
leader and have several conference calls and meetings.  There is a slight chance I could
put a few hours in on Friday, but I also need to meet with the State on some matters.  I am
on annual leave the first two weeks of July and back July 17.  I have three full days
scheduled as soon as I get back, so realistically, I cannot get back to the lynx SSA until
~July 20.  I apologize for this, but there is little we can do about our workload and summer
plans.

I'd be glad to talk with you on Friday if you want to discuss things that need done.

thanks, Mark

On Thu, Jun 22, 2017 at 6:54 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I've tried to address most of the peer review and many of the State/Fed comments in the attached.  I've tried
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to highlight places where changes are responsive.  I've also highlighted some (maybe not all) of the citations
that still need pg numbers.  I've also tried to edit for consistency among EE results presentations in each unit.
I've also left comments regarding questions or issues on which I still need input or resolution from Core
Team members. And I've made changes to conclusions with which I disagree.

This is a clean version (except comments).  I had to abandon the Track Changes version several days ago
when it got too cluttered.  I will forward the most recent of that after I've had a chance to look through it and
remove stuff that's since been addressed.

Core Team - please review your sections and let me know if you see any major omissions or failure to
adequately address substantive comments. Also review what you submitted to see if it can be boiled down
further based on changes to text in preceding chapters.  Also please add pg numbers to citations and add
citations to the list at the end.  Do these in track changes and send them back to me by June 30.

This is still not as tight as I would like it, and I think it could be trimmed more, but I think it goes a long
ways to addressing the reviews we received. Let me know if you disagree and if so, where specifically in the
document.

Justin - you've been volunteered for technical editor - we can discuss anything you may have questions
about.

One day this thing may actually be finished.....

With all the optimism I can muster,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
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mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Thabault, Michael
To: Zelenak, Jim
Cc: Jodi Bush; Marjorie Nelson; Justin Shoemaker
Subject: Re: Lynx
Date: Wednesday, July 05, 2017 7:57:01 AM

Thanks, This is actually for WAFWA.  Norreen won't commit to dates but she wanted a better
sense.

Michael Thabault
Assistant Regional Director
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region
303-236-4210
michael_thabault@fws.gov

On Wed, Jul 5, 2017 at 7:54 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I am trying to wrap up finalizing the SSA report so Justin and the ULT can use it to complete the short-form 5-
year review, which has been targeted for completion by the end of July.

I sent a DRAFT final SSA report to Core Team (and Jodi and Justin) on June 22 that I believe largely addresses
the substantive peer and partner comments we received on the draft.  I've asked the Core Team to review and
respond where necessary to remaining issues and to finish outstanding work on citations, comment responses
specific to their areas or sections of the report, etc., and to get their reviews back to me ASAP (by June 30) so I
can finalize the report and get it to Justin for technical review and use by the ULT. 

Several Core Team members were/are on leave or in acting positions (Mark), or have largely moved on to other
SSA priorities (Kurt) with limited time or intention to provide additional input to the lynx SSA, so I am working
on addressing comments and tightening up the parts they contributed to the draft. I hope to see reviews from other
Core Team members this week and to have the report finished next week.

I'm not sure what the turn-around is from final SSA to completed 5-year review - Justin may have a better idea,
though I get the impression that much of this is a new process, which is why we gave general time lines and not
hard dates in the recent 1-page briefing for Deputy Assistant Secretary.

Hope this helps.  Let me know if you need anything else. 

On Mon, Jul 3, 2017 at 11:57 AM, Thabault, Michael <michael_thabault@fws.gov> wrote:
Hey Jim/Jodi, do we have a timeline for all things lynx?  SSA completion, 5-yr review
completion etc?  Thanks

Michael Thabault
Assistant Regional Director
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region
303-236-4210
michael_thabault@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Roberts, Nathan M - DNR
Bcc: jodi_bush@fws.gov
Subject: Re: DPS boundaries
Date: Friday, July 14, 2017 2:59:33 PM

When the Service listed the DPS in 2000, we designated its range as the forested portions of 14 states, including
WI.  When we revised the critical habitat designation in 2014, we rescinded the state boundary-based definition of
the DPS range and extended ESA protections to lynx "where found in the contiguous U.S." This was partially to
address a petition to include New Mexico (which had never historically had a verified lynx record) in the DPS range
because a bunch (61 as of 2009) of Colorado-released lynx hopped across the border into northern NM (many died
there and many others turned back around pretty quickly, though a few hung around for a bit of time), technically
losing their ESA protections when they did so because NM was not among the 14 states previously designated as the
DPS range.  It was also part of a larger FWS trend in recent years to veer away from political boundaries and try to
protect listed species regardless of where they occur.

Although the state boundary-based definition of the DPS no longer applies, we do continue, on our ECOS web site
(see links below), to display a "current range" map and list states where lynx are "known to or believed to occur" -
the map currently shows about the northern 1/4 of WI as in that range.

https://ecos.fws.gov/ecp0/profile/speciesProfile?sId=3652

In Wisconsin, we list 13 counties where lynx are known to or believed to occur:

https://ecos.fws.gov/ecp0/profile/countiesByState?entityId=24&state=Wisconsin

Regardless, because we have verified records of lynx in WI (29 records at the time the DPS was listed) and we
expect that dispersers still probably get there from time to time, we still consider at least northern WI to be part of
the DPS range, even though we think it did not historically or recently support a resident breeding population. 
Certainly the ESA section 9 take prohibitions apply to any lynx that may occur in WI, and the low "may be present"
bar that triggers the need to consider section 7 consultation for federally-funded or permitted projects is probably
met in forested northern WI.  

Hope that helps. If you have any questions or need more info, feel free to give me a call.

Cheers!

On Fri, Jul 14, 2017 at 1:20 PM, Roberts, Nathan M - DNR
<NathanM.Roberts@wisconsin.gov> wrote:

Hi Jim,

Do you have  a map of the current boundaries for the lynx DPS? Do you know if any part of
WI could be considered to be within the boundaries of the DPS?

Thanks,

Nathan

 

 

Nathan M. Roberts, PhD
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Bear, Wolf, and Furbearer Research Scientist

Wisconsin Department of Natural Resources

107 Sutliff Ave.

Rhinelander, WI 54501

 

NathanM.Roberts@wisconsin.gov

715.490.9345

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Jim Zelenak; Dan Harrison; Jen Vashon
Subject: New bobcat-lynx research at Trent Univ.
Date: Monday, July 17, 2017 10:38:49 AM

I saw this in the recent TWS notes.  Should be interesting and important information when it is
published.  Must be one of Dennis Murray's students.

Samantha Morin, Trent University (MSc Candidate), is studying the interaction between lynx and
bobcats at the southern edge of their range. In recent decades, the distribution of the Canada lynx
has been contracting, while the distribution of the bobcat has been expanding northward, but the
interaction between the two species is not well-understood. Samantha is using snow tracking as
well as GPS transmitting collars in an area along the north shore of Lake Huron to investigate and
compare how lynx and bobcat differ or overlap in terms of habitat use. This assessment will
contribute to a better understanding of the ecology and the interaction of these two species and
provide recommendations for lynx conservation.

Mark
-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Jim Zelenak; Dan Harrison; Jen Vashon
Subject: New bobcat-lynx research at Trent Univ.
Date: Monday, July 17, 2017 10:38:49 AM

I saw this in the recent TWS notes.  Should be interesting and important information when it is
published.  Must be one of Dennis Murray's students.

Samantha Morin, Trent University (MSc Candidate), is studying the interaction between lynx and
bobcats at the southern edge of their range. In recent decades, the distribution of the Canada lynx
has been contracting, while the distribution of the bobcat has been expanding northward, but the
interaction between the two species is not well-understood. Samantha is using snow tracking as
well as GPS transmitting collars in an area along the north shore of Lake Huron to investigate and
compare how lynx and bobcat differ or overlap in terms of habitat use. This assessment will
contribute to a better understanding of the ecology and the interaction of these two species and
provide recommendations for lynx conservation.

Mark
-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:harrison@maine.edu
mailto:jennifer.vashon@maine.gov
mailto:mark_mccollough@fws.gov


From: Cusack, Matthew T
To: steve_gess@fws.gov; kaimy_marks@fws.gov; jodi_bush@fws.gov
Subject: Lynx Peer Review
Date: Wednesday, July 19, 2017 4:52:33 PM

Please find available at the link below the administrative record for the peer review of the
SSA for the Canada lynx.

This admin record supports the development of the summary report that was provided
under separate cover.

We appreciate the opportunity to support the Service on this review.

Respectfully submitted,

Matthew
Cusack, PWS

Group Manager

Mid-Atlantic Sciences

ATKINS

1616 E. Millbrook Road

Suite 310

Raleigh, NC 27609

Tel: +1 (919) 431 5255

Fax: +1 (919) 876 6848

Cell: +1 (919) 800 1234

Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com
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FORWARD 
 
Atkins North America (Atkins), was retained by the U.S. Fish and Wildlife Service (Service) to 
facilitate an independent scientific review of the Draft Species Status Assessment (SSA) for the 
Canada Lynx (Lynx canadensis) December 2016 (Version 1.0). Atkins believes the peer reviewers 
have successfully met the Service’s charge for their reviews, which offer substantive suggestions 
for improving the quality and strengthening the scientific foundation of the draft SSA report. 
Reviewer comments are focused on five questions related to the SSA’s objectives: oversights or 
omissions, use of best available science, clearly stated assumptions and methods, strength of its 
scientific foundations, as well as identification and characterization of uncertainties and their 
implications. In addition, reviewers adhered to instructions to avoid discussion of policy-related 
issues. Overall, the peer reviewers determined that the SSA should be useful to the Service as they 
perform the required 5-year review for this listed species in accordance with the Endangered 
Species Act (ESA). The peer reviewers conclude this assessment contains a strong scientific 
foundation, and they identify several opportunities to further strengthen the report’s conclusions.   
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1.0 INTRODUCTION 
 
1.1 Background 
 
In accordance with a June 2014 court order, the Service will complete a recovery plan for the DPS 
by January 2018 or make a formal determination that a recovery plan is not necessary. As part of 
this process, the Service prepared a Draft SSA Report for the Canada lynx. The draft report 
synthesizes the existing data regarding the current and future status of the Canada lynx in six 
geographic areas within the DPS in terms of representation, redundancy and resiliency. Given the 
long-term conservation implications of this report and its influential information, the Service 
requested a formal, external, and independent scientific peer review before distribution. If the SSA 
report did not provide the best science-based information and analyses, any decisions or 
conservation actions based on the report may have been less effective in the long-term conservation 
of species such as the Canada lynx. 
 
1.2 Purpose and Scope of Peer Review 
 
The purpose of this review is to provide a formal and independent summary of the external 
scientific peer reviews that were prepared based upon the information in the Draft Species Status 
Assessment for the Canada Lynx. The SSA synthesized the best scientific and commercial 
information available for assessing the current and future status of the Canada lynx. Peer reviewers 
were charged with reviewing and assessing the sufficiency of the report’s conclusions regarding 
the biological principles of representation, redundancy, and resiliency of the Canada lynx. 
 
The Service asked Atkins to ensure that the reviewers addressed the scientific merit of the SSA, 
which provides the basis for the Service’s decision regarding whether the Canada lynx warrants 
listing under the ESA. The reviewers were instructed to confirm that any scientific uncertainties 
discussed in the SSA were clearly identified and characterized, and the potential implications of 
those uncertainties to any technical conclusions drawn were clear. Peer reviewers were advised 
not to provide advice on policy-related issues, but rather to focus their review on identifying and 
characterizing scientific uncertainties.  
 
Specifically, the Service requested that the peer reviewers consider and respond to the questions 
listed below, at a minimum, in their reviews.  
 

1. Please identify any oversights or omissions of data or information, and their relevance to 
the assessment. Are there others sources of information or studies that were not included 
that are relevant to assessing the viability of this species? What are they and how are they 
relevant? 

2. Provide advice on the overall strengths and limitations of the scientific data used in the 
document. Have the authors been explicit about assumptions and limitations of, and 
concerns regarding, the data, and are these appropriately qualified or explained? Are 
there concerns that the Service did not identify, and if so, how relevant are these concerns 
to the assessment of viability of lynx in the contiguous U.S.? Are there any 
inconsistencies in how the data are presented or assessed? 
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3. Have the assumptions and methods used in the SSA report been clearly and logically 
stated in light of the best available information? If not, please identify the specific 
assumptions and methods that are unclear or illogical. 

4. Are there demonstrable errors of fact or interpretation? Have the authors of the SSA 
report provided reasonable and scientifically sound interpretations and syntheses from the 
scientific information presented in the report? Are there instances in the SSA report 
where a different but equally reasonable and sound interpretation might be reached that 
differs from that provided by the Service? If any instances are found where this is the 
case, please provide the specifics regarding those particular concerns. 

5. Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have 
the scientific uncertainties present given the data and the analyses conducted been clearly 
identified and has the degree of uncertainty been appropriately characterized? If not, 
please identify any specifics concerns. 
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2.0 PEER REVIEW PROCESS 
 
Atkins was retained by the USFWS to facilitate the peer review process. The terms of the contract 
include the following:  
 

 select for peer reviews or review panels; 
 organize, structure, lead and manage the scientific review;  
 summarize the individual peer reviews and prepare a summary report for the Service; 
 facilitate specific follow-up questions/answers between the Service and the reviewers, 

without attribution; 
 prepare and submit an official record to the Service; 

 
Atkins project manager Matt Cusack with the assistance of Atkins senior scientists Ben Cogdell 
and Rainor Gresham facilitated this review (i.e., Atkins Team).  
 
2.1 Selection of Reviewers  
 
Atkins was instructed to determine the necessary experience and qualifications of the reviewers 
based on the content of the report to be reviewed. Suggested areas of expertise included: 
 

 A Ph.D. or an M.S. (with significant experience) in Wildlife Biology/Ecology, Ecology, or 
Wildlife Management or other related fields; 

 Demonstrated experience working with the management of carnivores, especially lynx or 
other furbearers, and wildlife population management; 

 Expert knowledge of wildlife biology, wildlife management, demographic management of 
mammals (especially carnivores), wildlife population dynamics, and/or wildlife population 
modeling, as well as being generally versed in available literature on lynx and other 
carnivores, boreal forest systems, and changes in climate within boreal forest systems; 

 Expert knowledge of boreal forest ecosystems and effects of climate change within those 
ecosystems within Canada and the US; 

 Experience as a peer reviewer for scientific publications; 
 
The Atkins Team screened each candidate for potential conflicts of interest and made sure the final 
composition was balanced in terms of field specialization, affiliation, and scientific perspective. 
The Service awarded the contract for five reviewers, and the Atkins Team identified five 
individuals who met the selection criteria that were willing and available to participate in the 
review. The reviewers and their areas of expertise are listed below in alphabetical order; their 
resumes/CVs are included in Appendix A: 
 

 Dr. Daniel J. Harrison, wildlife management 
 Dr. Ronald A. Moen, wildlife conservation 
 Dr. Dennis L. Murray, wildlife ecology 
 Dr. Michael K. Schwartz, wildlife biology 
 Dr. John R. Squires, zoology 
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2.2 Document Review and Report Development 
 
Upon award of the contract, the Atkins Team coordinated with Service technical representative 
Jodi Bush to discuss the scope of the review and address any questions. Ms. Bush distributed the 
SSA to Atkins for performance of the peer review, and reviewed the draft scope of services for the 
peer reviewers prior to its distribution. 
 
The Atkins Team coordinated individually with the reviewers to describe the scope of services, 
including the charge to the reviewers and peer review schedule. The Atkins Team coordinated with 
the reviewers prior to distributing the SSA report to answer any questions. Following that 
coordination, the SSA draft report was distributed to all the reviewers and the independent desk 
reviews commenced. 
 
Reviewers submitted their individual review comments to the Atkins Team by the end of February 
or early March2017. Atkins submitted the unmodified reviews to the Service on February 22, 2017 
(Reviewers 01 and 02) and March 2, 2017 (Reviewers 03-05) as they were received. All attribution 
was removed and replaced with a number based on the order in which their reviews were received 
(i.e., Reviewer 1, Reviewer 2, etc.). The compiled individual reviews are included in this document 
as Appendix B. In the Results section, the Atkins Team summarizes the responses to the five 
questions posed to the reviewers.  
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3.0 RESULTS 
 
Detailed comments were provided by the five reviewers that addressed the questions they were 
asked, as well as other issues facing the lynx. Overall, the reviewers agreed that the SSA document 
was comprehensive, scientifically sound, and that the SSA team made a credible effort to assess 
the future of each of the six resident populations within the DPS. There were common issues 
among many of the reviewers, such as the use of the three R’s as a method for assessing future 
population viability, statements of resiliency in the Colorado population, and the effects of 
competition with other carnivores. 
 
Below are brief summaries of the individual reviewers’ responses to the five questions posed by 
the USFWS. This section is not intended to be a comprehensive summary, but rather attempts to 
capture some of the primary comments in each reviewer’s response to the individual questions, as 
well as any themes that emerged or comments that were raised by more than one reviewer 
independently. For the reviewers’ full comments, see Appendix B. 
 
Question 1: Please identify any oversights or omissions of data or information, and their 
relevance to the assessment. Are there others sources of information or studies that were not 
included that are relevant to assessing the viability of this species? What are they and how are 
they relevant?  
 
All five reviewers were pleased with the level of effort put forth by the SSA team and believed 
they used the best available sources of data in most cases. Each of the reviewers provided 
additional source data they believed would strengthen the overall assessment. These additional 
citations are too numerous to list here, and were recommended by the reviewers although they 
noted that these sources would not impact the conclusions of the final SSA. 
 
Reviewer 1 suggests more recent literature regarding snowshoe hare population cycles to the north 
of the DPS from Krebs (2013 and 2014). 
 
Reviewer 2 notes on page 29 of their review that there may be a more vigorous qualitative (Keith 
1990) or quantitative (Murray 2000) analysis of spatial variability in hare densities than those cited 
in the assessment. In some cases, reviewers noted sources of data that contradict the sources used 
in the SSA. 
 
Reviewer 3 believes the SSA Team overlooked the importance of limb length and instead focused 
solely on foot-loading in discussion regarding lynx competition with other carnivores. Reviewer 3 
suggests Krohn et al. (1995, 2004) would provide insight into this assessment. This reviewer also 
recommends the use of newer trend data of acres of harvested forests in Maine from the Maine 
Forest Service than the 14-year-old data provided on page 171. 
 
Question 2: Provide advice on the overall strengths and limitations of the scientific data used in 
the document. Have the authors been explicit about assumptions and limitations of, and 
concerns regarding, the data, and are these appropriately qualified or explained? Are there 
concerns that the Service did not identify, and if so, how relevant are these concerns to the 
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assessment of viability of lynx in the contiguous U.S.? Are there any inconsistencies in how the 
data are presented or assessed?  
 
A consistent issue that all reviewers raised was the inclusion of statements lacking empirical data. 
Reviewer 1 believes the document relies too heavily on population estimates for Minnesota that 
lack empirical data and are too ambiguous to use in decision-making. Similarly, Reviewer 2 notes 
the statement on SSA page 6 regarding the Maine DPS containing the largest population of lynx 
relies on coarse source data that does not reflect the current conditions of this population. Reviewer 
4 recommends including more evidence of increasing populations in Maine and Minnesota on SSA 
page 45 and of statements regarding pregnancy rates of lynx on SSA page 215. 
 
Reviewers 2 and 3 noted that a comparison of southern lynx populations to northern lynx 
populations in times of hare declines on SSA page 29 is not based on empirical data and should be 
clarified or removed.   
 
Reviewer 2 notes several times throughout the document that 0.5 hares/ha is referenced as the 
threshold for lynx habitat when that value was an estimate not based on an actual study. Reviewer 
recommends clarifying the source of that threshold value or representing a threshold as an 
estimated range. 
 
Reviewer 3 notes on SSA page 37 that the statement “overall habitat quality is typically lower” 
was not supported by data and should be removed. 
 
Reviewers also noted instances of inconsistencies throughout the document. Reviewer 2 notes on 
SSA page 41 that “the long-term persistence of the introduced population remains uncertain” 
which contradicts earlier statements throughout the document that the Colorado population is 
viable.  
 
Reviewer 2 is concerned with the contradictions in the descriptions of the “pending” spruce-
budworm outbreak. SSA page 177 clearly lays out the reasons for considering the outbreak 
“pending” while earlier references on SSA pages 100, 162, 169, 171 and 175 describe the outbreak 
with more certainty and less description. Reviewer 3 similarly noted the description of the outbreak 
as “imminent” is an overstatement. 
 
Reviewer 3 recommends more discussion on pages 47 and 53 regarding tier II risks including 
incidental and illegal harvesting and road risks. Reviewer 3 also notes a contradiction in the 
descriptions of young spruce-fir forests on page 74. 
 
Reviewer 4 was concerned about the omission of beetle outbreaks in Colorado as a potential 
stressor as discussed on page 217.  
 
Question 3: Have the assumptions and methods used in the SSA report been clearly and logically 
stated in light of the best available information? If not, please identify the specific assumptions 
and methods that are unclear or illogical. 
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Reviewers 3, 4 and 5 believed more background information and citations should be given to the 
3-Rs framework for assessing the species. SSA pages 6 and 7 gives the reasoning for the 3-Rs, but 
the reviewers note that it does not do enough to explain how the 3-Rs relate to lynx specifically, 
nor why this framework was applicable to this species assessment. Reviewer 5 suggests adding 
range and relationship to the 3-Rs to make the 5-Rs which would be a more thorough method for 
lynx assessment. Reviewers 1 and 2 found no specific issues related to this question that was not 
already discussed in responses to other questions. 
 
Question 4: Are there demonstrable errors of fact or interpretation? Have the authors of the 
SSA report provided reasonable and scientifically sound interpretations and syntheses from the 
scientific information presented in the report? Are there instances in the SSA report where a 
different but equally reasonable and sound interpretation might be reached that differs from 
that provided by the Service? If any instances are found where this is the case, please provide 
the specifics regarding those particular concerns. 
 
Reviewers identified alternative ways to present information presented in the SSA report.  
Reviewer 3 believes results presented in Mallett (2014) were ignored and that local-scale 
demography may be more stable in southerly populations than are represented on SSA page 23.  
Reviewer 4 disagrees with the report stating historic populations in Wyoming and Colorado are 
uncertain on SSA pages 39, 41, 42 and 97 and gives sources of strong historic Wyoming 
populations. Reviewers 2 and 3 note that lynx do not depend on an ice bridge for dispersal across 
the St. Lawrence River as stated on SSA page 73.  
 
Reviewer 3 notes that it would be incorrect to imply snowshoe hares exit forest stands after self-
thinning as the report does on SSA page 75 and offers that hares exist in various forest densities.  
 
Reviewer 4 disagrees with a zero probability of catastrophic extirpation on SSA page 160, citing 
the effects of the bark beetle in Colorado and the likelihood of that spreading to other lynx habitats.  
 
Reviewer 2 disagrees with the assertion of high levels of gene flow between the DPS and Canada 
on SSA page 161 and sees increased trapping in Canada as a restricting factor.   
 
Reviewers 1, 3 and 5 had issues with populations of lynx being considered separate populations 
throughout the report. On SSA pages 43, 44, 99, 105 and 113 reviewer 2 noted instances where 
the lynx populations of northern New Hampshire and northwestern Maine, Canada and Maine, and 
Minnesota and Montana should not be considered separate. Reviewer 5, as a general comment, 
believed there to be a strong relationship between the Canadian and northern DPS populations of 
lynx and that the report should not treat them separately. Reviewer 1 noted on SSA pages 199 and 
218 that more discussion is needed regarding the movement of lynx between the DPS and Canada.  
 
The SSA report on SSA pages 81, 108 and 159 describes the effects of herbicides on hares which 
reviewer 3 believes does not represent the full impact on the forest. The reviewer notes that 
clearcutting and herbicide treatments have led to dominant conifer growth which has produced 
ideal hare habitat. 
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Question 5: Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. 
Have the scientific uncertainties present given the data and the analyses conducted been clearly 
identified and has the degree of uncertainty been appropriately characterized? If not, please 
identify any specifics concerns. 
 
Each reviewer presented examples of uncertainty in the report, and also identified those instances 
where uncertainty was not discussed as much as they felt it could be. Reviewer 1 would like a 
clearer discussion on SSA page 31 between marten and lynx regarding the predatory and 
competitive relationships between those species. This reviewer notes on SSA pages 8 and 159 that 
there is too much uncertainty to forecast conditions into the year 2100 and suggests limiting 
forecasts to 30-40 years in the future. On SSA page 91, the reviewer suggests clarifying that the 
lynx is a “Species of Special Concern” in Minnesota and is not traditionally state-listed (threatened 
or endangered) nor is it offered additional restrictions.  
 
Reviewer 2 disagrees with the assertion on SSA page 6 that Maine supports the largest population 
of lynx in the DPS, noting that this statement lacks data and seems to contradict SSA page 99 
statements that current and historic population estimates are unreliable. On SSA page 9, reviewer 
notes that the resiliency of Colorado population is unknown as not enough time has passed since 
re-introduction and that population was influenced with the large transplant effort. This reviewer 
noted dozens of occasions in the report of discussions regarding the effects of increased 
competition between lynx and other carnivores that is presented as referenced studies, but is merely 
contentions without empirical data. The reviewer believes the relationship between snowshoe hare 
populations and lynx populations is of greater impact and should be discussed in more detail. 
 
Reviewers 2 and 3 believe hare meat should not be distinguished from other sources of protein, as 
there is nothing special about the hare meat and there is some data showing lynx occasionally 
subsist on non-hare meat. Reviewer 2 notes that squirrels and other prey in the southern range 
should be included in the report when discussing lynx diet.  
 
Reviewers 3 and 4 believes the statement on SSA page 9, “We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have declined 
recently in several geographic units”, requires justification and is not clear on what constitutes 
“adequate resiliency”.  
 
On SSA page 102, reviewer 3 disagrees with the contention that the Colorado population has the 
highest probability of survival and should be qualified as a statement with a high degree of 
uncertainty. This reviewer believes additional discussion is required on SSA page 31 into the 
relationship between historic wolf populations that have experienced extirpation and the increasing 
coyote population that may seasonally compete with lynx for prey while also controlling 
competing carnivores. Reviewer 3 also suggests including more discussion of competitors for food 
as the main competition facing lynx, not just the predators to lynx as mentioned on SSA pages 64 
and 168. 
 
Reviewer 3 disagrees that lynx will be unaffected by delisted status in all units of the DPS and the 
possible effects of delisting should be discussed further. Included in this discussion should be the 
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topics of private landowner decisions based on delisting, changes in trapping regulations and the 
effects on forest certification and conservation and mitigation programs if the lynx were delisted. 
 
Reviewers 4 and 5 believes the report uses the high end of an estimate of Minnesota population of 
lynx on SSA page 120, and this estimation should be properly qualified as having a reasonable 
amount of uncertainty, and perhaps the report should use a lower number. Similarly, reviewer 5 
noted that declines in Wyoming presented in the report could be the cause of reduced population 
surveys and cautions the use of these data. 
 
Reviewer 5 notes on SSA page 146 that while the quantity of disturbances in some areas, notably 
the Wyoming Range, is small in area it is located in the highest quality lynx habitat, and having a 
disproportionately high effect on the species. 
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northwestern North America, 1970–2012." Canadian Journal of Zoology 91.8 (2013): 562-
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development and evaluation of two hypotheses. The Forestry Chronicle 71:97-105. 
 
Krohn, W., C. Hoving, D. Harrison, D. Phillips, and H Frost. 2004. Martes foot-loading and 

snowfall patterns in eastern North America. Pages 115-131 in Harrison, D. J., A. K. 
Fuller, and G. Proulx (editors). Martens and Fishers (Martes) in Human-Altered 
Environments: An international perspective. Springer, U.S.A. 

 
Mallet, D. G. 2014. Spatial and habitat responses of Canada lynx in Maine to a decline in 

snowshoe hare density. M.S. Thesis, University of Maine, Orono, Maine. 170pp.  
 
Murray, D (2000) A geographic analysis of snowshoe hare population demography. Can. J. Zool.  

78:1207-1217. To my knowledge, this is the only quantitative analysis comparing northern  
and southern snowshoe hare population dynamics and demography. 
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Associate Professor Senior Research Associate  
Biology Department Center for Water and the Environment  
Swenson College of Science and Engineering Natural Resources Research Institute  
University of  Minnesota Duluth University of Minnesota Duluth 
1035 Kirby Drive 5013 Miller Trunk Highway 
Duluth, MN  55812 Duluth, MN 55811 
Voice:  (218) 726-7774 Voice:  (218) 788-4372   Fax:  (218) 788-2624 
  
E-mail:  rmoen@d.umn.edu  
Website:  www.d.umn.edu/~rmoen 

Education 
Ph.D., 1995. University of Minnesota, Wildlife Conservation.  
M.S., 1988.  University of Minnesota, Wildlife.   Plant Physiology Minor. 
B.S., 1984.  Cornell University, Division of Biological Sciences. 

Current Positions 
Associate Professor, Biology Department, University of Minnesota Duluth. 2014 to present. 
Senior Research Associate, Center for Water and the Environment, Natural Resources Research 

Institute, University of Minnesota, 2013 to present.   
Graduate Faculty, Conservation Biology, Univ. of Minnesota-Twin Cities.  Fall 2005 to present. 
Graduate Faculty, Integrated BioSciences, Univ. of Minnesota Duluth.  Fall 2004 to present.   

Graduate Courses Taught  
 Integrated BioSciences 8993, Graduate Seminar. Spring 2014. 

Integrated BioSciences 8020, Colloquia.  Fall 2010, Spring 2010. 
 Integrated BioSciences 8201, Ecological Processes.  Spring 2007. 

Biology 5868, Conservation Biology. 2013, 2015, 2016. 

Undergraduate Courses Taught 
 Biology 3987, Senior Seminar. 2013, 2014. 
 Biology 3993, Laboratory Teaching Experience. 2006, 2012. 

Biology 3994, Undergraduate Research. 2013, 2014. 
Biology 3996, Internship in Biology. 2013, 2014. 
Biology 4764, Mammalogy.  2003-2015, every Fall semester. 
Biology 4802, Evolution.  Fall 2008, Spring 2009, Fall 2011. 

 Biology 4891, Animal Behavior. Spring 2006. 
 Biology 4892, Animal Behavior Laboratory.  Spring Semester, 2000. 

Professional Experience 
Adjunct Assistant Professor, Biology Department, University of Minnesota Duluth. 2011 to 2014. 
Assistant Professor (non-tenure track), Biology Department, University of Minnesota Duluth, 2004 to 

2011. 
Research Associate, Center for Water and the Environment, Natural Resources Research Institute, 

University of Minnesota, 1998 to 2013.   
“Star Performer” outstanding researcher award; awarded to acknowledge exemplary work in research at 

the University of Minnesota in 2006. 
Visiting Assistant Professor, Dept. of Biology. University of North Dakota, Grand Forks. 2001-2002.   

Introductory Biology 150, Ecology 332, Biometry 470.   
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Research Associate, Department of Fisheries and Wildlife, University of Minnesota, 1995 to 1998.   
Visiting Scientist, Macaulay Land Use Research Institute, Aberdeen, Scotland, March 1998.   
Research Assistant and/or Teaching Assistant, Department of Fisheries and Wildlife, University of 

Minnesota, June 1986 to March 1995. 

Proposals and Contracts (since 2003) 
In brief:  Total grants awarded to me since 2003:  $4,100,000  
  Active grants as of 11/1/2015:  $2,160,000 
  Remaining to be spent on active grants: $1,500,000   

Current Funding -- Active Grants 

2015. Defining Endangered Bat Habitat for Summer Forest Management. Subcontract with MN DNR; 
main sponsor LCCMR. ~$1,260,000 project, to UM: $1,016,054.  

2015. Determining Population Size of Carnivores with Genetics and Cameras. LCCMR. ~$200,000. 

2015. American marten research with MN DNR. MN DNR. ~$48,000.  

2015. White-tailed deer research with MN Zoo. MN Zoo. ~$19,250.  

2015. Climate Change Adaptation in Quetico Provincial Park. With L. Frelich, UM Twin Cities, Forest 
Resources Department. Quetico Foundation. ~$11,634. 

2015. Northeast Minnesota Bat Research. National Council on Air and Stream Improvement. $28,500. 

2015. Northeast Minnesota Bat Research. MN DNR / Blandin Foundation. $7,500. 

2015. Moose, wolf, and deer research with MN Zoo. MN Zoo. ~$88,850.   

2014. Active learning: Radiotracking raccoons and skunks at UMD. Chancellor's Small Grant. $4,000. 

2014. Climate Change Adaptation on Tribal Lands. With L. Frelich, UM Twin Cities, Forest Resources. 
Bureau of Indian Affairs. ~$15,000. 

2014. Turtle Telemetry. MN DNR. ~$90,000.  

2013. Moose Habitat Restoration Phase II. NE MN Moose Habitat Collaborative. $2,000,000 to 
MDHA. ~$120,000 to UMD. Funded; not yet active.  

2013. White-tailed deer research with MN DNR. MN DNR. ~$43,000.  

2013. Wolves in Voyageurs National Park, phase II. Voyaguers National Park. ~$12,000. 

2013. White-tailed deer and wolf research with MN Zoo. MN Zoo. ~$69,000.  

2013. Moose and wolves in Voyageurs National Park. Voyageurs National Park.  $12,000.  

2013. NPS Climate Change Initiative. S. Windels, R.A. Moen and Lee Frelich. Effects of Climate 
Change in Upper Midwest National Parks. ~$350,000.  

2013. Moose Habitat Restoration Techniques in Northeastern Minnesota. LCCMR. $200,000.  

2012. Moose Habitat Restoration Phase I. NE MN Moose Habitat Collaborative. $960,000 to MDHA. 
~$50,000 to UMD.  
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Finished Grants  

2014. American marten research with MN DNR. MN DNR. ~$10,000.  

2013. American marten research with MN DNR. MN DNR. ~$10,000. 

2013. Canada Lynx Survey, United Taconite Fairlane Plant. United Taconite. $22,400.  

2010. Legislative Citizen Committee on Minnesota Resources. Identifying Critical Habitats for Moose 
in Northeastern Minnesota. R. Moen, M. Lenarz, M. Schrage, A. Edwards, and M. Johnson. 
$510,000.  

2010. Tribal Wildlife Grants Program. Mooz (Moose) Habitat Use in a Changing Climate. S. Moore, A. 
Edwards, and R. Moen. $199,999. 

2010. Environmental Protection Agency Great Lakes Restoration Initiative. Restoring moose foraging 
habitat in Lake Superior Uplands. $198,000.  

2009. USGS-NPS Research Program. S. Windels, R.A. Moen and M.E. Nelson. Investigate Effects of 
Climate Change and Other Factors on Population Viability of Moose in Voyageurs National Park, 
MN. $307,551.  

2009. Lake Superior Coastal Zone Program. Bats and wind along the North Shore of Lake Superior. 
$20,000. 

2009. Great Lakes Indian Fish and Wildlife Commission. Lake Superior Carnivore Monitoring. $5,000. 

2008. Grand Portage National Monument. Beaver Populations in Grand Portage National Monument 
and the Grand Portage Indian Reservation. R. Moen and S. Moore. $18,985. 

2003-2009. Superior National Forest, US Forest Service. Partnership agreements for Canada lynx 
project on Superior National Forest.  $237,000. 

2006. Tribal Landowners Incentive Program, USFWS.  R.A. Moen, G. Host, G.J. Niemi, and B. 
Whiting (Grand Portage Indian Reservation). Identification of suitable habitat for Canada lynx -- 
Bizhiw -- in the Grand Portage area and northeastern Minnesota within 1854 Ceded Territories.  
$141,000. 

2003-2009. National Council on Air and Stream Improvement. R.A. Moen and G.J. Niemi. Canada 
lynx and snowshoe hare habitat use interactions. $70,000. 

2008. MN Department of Natural Resources. Marten studies in northeastern Minnesota. $20,000. 

2006. UMD Northland Advanced Transportation Systems Research Laboratories FY 2006 Summer 
Project Initiatives.  R.A. Moen and G.J. Niemi. Animal-Vehicle Collisions and Road-Crossings—
Detecting Responses.  $10,000. 

2005.  U.S. Fish and Wildlife Service.  R.A. Moen and J. Mayasich. Terrestrial snail status assessment. 
$20,000. 

2005. Minnesota Dept. of Natural Resources. R.A. Moen and G.J. Niemi. Canada lynx ecology in 
Minnesota (CLEM).  $180,000.  2005-2007.  

2005.  UMD Chancellor’s Faculty Small Grants Program.  R.A. Moen and L.A. Shannon.  Minnesota 
Mammals Website Project.  $1,410.  2005-2006.   

2005. National Park Service, DOI.  R.A. Moen and G.J. Niemi.  Improve Limited Knowledge of 
Ecology and Population Status of Threatened Canada Lynx in Voyageurs National Park.  $100,000.    

2003. US Geological Service. Canada lynx project on Superior National Forest in Northeastern 
Minnesota.  ~$250,000. 2003-2005. 
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Refereed Publications (48 total; names of student co-authors are underlined) 
1. Moen, R.A. and Y. Cohen. 1989. Growth and competition between Potamogeton pectinatus L. and 

Myriophyllum exalbescens Fern. in experimental ecosystems.  Aquatic Botany 33:257-270.  

2. Moen, R.A., J. Pastor, and Y. Cohen. 1990. Effects of beaver and moose on the vegetation of Isle 
Royale National Park.  Alces 26:51-63. 

3. Cohen, Y., P. Radomski, R. Moen. 1993. Assessing the interdependence of assemblages from Rainy 
Lake Fisheries data. Canadian Journal of Fisheries and Aquatic Sciences 50(2):402-409.  

4. Yeakley, A., R.A. Moen, D.D. Breshears, and M.K. Nungasser.  1994.  Response of North American 
ecosystem models to multi-annual periodicities in temperature and precipitation.  Landscape 
Ecology 9:249-260.   

5. Jordan, P.A., R.A. Moen, E.G. DeGayner, and W.C. Pitt.  1995.  Trap-and-shoot and sharpshooting 
methods for control of urban deer: the case history of North Oaks, Minnesota. Pages 97-104 in 
J.B. McAninch, ed.  Urban Deer - a manageable resource?  Proceedings of the 1993 symposium 
of the North Central Section, The Wildlife Society.  175 pp.   

6. Moen, R.A., J. Pastor, and Y. Cohen.  1996.  Interpreting behavior from activity counters in GPS 
collars on moose.  Alces 32:101-108.   

7. Moen R.A., J. Pastor, Y. Cohen, and C.C. Schwartz.  1996.  Effects of moose movement and habitat 
use on GPS collar performance.   Journal of Wildlife Management 60:659-668.  

8. Rodgers, A.R., R.S. Rempel, R.A. Moen, J. Paczkowski, C.C. Schwartz, E.J. Lawson, and M.J. 
Gluck.  1997.  GPS collars for telemetry studies: a workshop.  Alces 33:203-210.   

9. Pastor, J., Moen, R.A., and Cohen, Y.  1997.  Spatial heterogeneities, carrying capacity, and 
feedbacks in animal-landscape interactions.  Journal of Mammalogy 78:1040-1052. 

10. Moen, R.A., J. Pastor, and Y. Cohen.  1997.  Accuracy of GPS telemetry collar locations with 
differential correction.  Journal of Wildlife Management 61:530-539.   

11. Moen, R.A., J. Pastor, and Y. Cohen.  1997.  A spatially explicit model of moose foraging and 
energetics.  Ecology 78:505-521. 

12. Moen, R.A. and G.D. DelGiudice.  1997.  Simulating nitrogen metabolism and urinary urea nitrogen: 
creatinine ratios in ruminants.  Journal of Wildlife Management 61:881-894.  

13. Moen, R.A., B.A. Crooker, and W.J. Weber.  1997.  Use of a simulation model to detect effects of 
bST on body composition of lactating Holstein cows.  Journal of Animal Science 75(Suppl. 1):56.  

14. Moen, R.A., Y. Cohen, and J. Pastor.  1998.  Linking moose population and plant growth models 
with a moose energetics model.  Ecosystems 1:52-63.  

15. Moen, R.A., J. Pastor, and Y. Cohen.  1998.  Corrigendum: Accuracy of GPS telemetry collar 
locations with differential correction.  Journal of Wildlife Management 62:808-810.    

16. Moen, R.A. and J. Pastor.  1998.  Simulating antler growth and energy, nitrogen, calcium, and 
phosphorus metabolism in caribou.  Rangifer Special Issue Number 10:85-97. 

17. Pastor, J., B. Dewey, R.A. Moen, Y. Cohen, D.J. Mladenoff, and M. White.  1998.  Spatial patterns 
in the moose-forest-soil ecosystem on Isle Royale, Michigan, USA.  Ecological Applications 
8(2):411-424.  

18. Moen, A.N. and R.A. Moen.  1998.  Metabolic ratios for estimating energy metabolism in moose.  
Alces 34:181-187. 

19. Moen, R.A. and J. Pastor.  1998.  A model to predict nutritional requirements for antler growth in 
moose.  Alces 34:59-74.  

20. Cohen, Y., J. Pastor, and R.A. Moen. 1999. Bite, Chew, and Swallow. Ecological Modelling 116:1-
14.   

21. Pastor, J., K. Standke, K. Farnsworth, R.A. Moen and Y. Cohen.  1999. Further development of the 
Spalinger-Hobbs mechanistic foraging model for free-ranging moose.  Canadian Journal of 
Zoology 77:1505-1512.   
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22. Pastor, J., Y. Cohen, and R.A. Moen.  1999. Generation of spatial patterns in boreal forest 
landscapes. Ecosystems 2:439-450.  

23. Moen, R.A., J. Pastor, and Y. Cohen.  1999. Antler growth and extinction of Irish elk.  Evolutionary 
Ecology Research 1:235-249. 

24. Moen, R.A., DelGiudice, G.D., Garrott, R.A., and R.O. Peterson.  2000. Urinary metabolites for 
enhancing ecological interpretations: a workshop.  Alces 36:269-272. 

25. Moen, R.A., J. Pastor, and Y. Cohen. 2001. Effects of animal activity on GPS telemetry location 
attempts. Alces 37:207-216.    

26. DelGiudice, G.D., R.A. Moen, F.J. Singer, and M.R. Riggs.  2001. Winter nutritional restriction and 
simulated body condition of Yellowstone elk and bison before and after the fires of 1988. Wildlife 
Monographs: 147:1-60.   

27. Pastor J. and R.A. Moen. 2004. Palaeontology - Ecology of ice-age extinctions. Nature. 431:639-
640. 

28. Burdett, C.L., R.A. Moen, G.J. Niemi, and L.D. Mech. 2007.  Defining space use and movements of 
Canada lynx with global positioning system telemetry.  Journal of Mammalogy 88(2):457-467.  

29. McCann, N.P., R.A. Moen, and G.J. Niemi. 2008. Using pellet counts to estimate snowshoe hare 
numbers in Minnesota. Journal of Wildlife Management 72:955-958. 

30. Moen, R.A., C.L. Burdett, and G.J. Niemi. 2008. Movement and Habitat use of Canada Lynx during 
denning in Minnesota. Journal of Wildlife Management 72:1507-1513. 

31. Moen, R., J.M. Rasmussen, C.L. Burdett, and K.M. Pelican. 2010. Hematology, serum chemistry, 
and body mass of free-ranging and captive Canada lynx in Minnesota. Journal of Wildlife 
Diseases 46:13-22. 

32. McGraw, A.M., R. Moen, et al. 2010. An advisory committee process to plan for moose in 
Minnesota. Alces 46:189-200. 

33. McCann, N. and R.A. Moen. 2011. Mapping potential core areas for lynx (Lynx canadensis) using 
snowshoe hare (Lepus americanus) pellet counts and satellite imagery. Canadian Journal of 
Zoology 89:509-516. 

34. McGraw, A.M., R.A. Moen, and M. Schrage. 2011. Characteristics of Post-Parturition Areas of 
Moose in Northeast Minnesota. Alces 47:113-124.  

35. Moen, R.A., M.E. Nelson, and A. Edwards. 2011. Using cover type composition of home ranges and 
VHF telemetry locations of moose to interpret aerial survey results in Minnesota. Alces 47:101-
112.  

36. Moen, R.A., S.K. Windels, and B. Hansen. 2012. Lynx habitat in and near Voyageurs National Park. 
Natural Areas Journal 32:348-355. 

37. McGraw, A.M., R.A. Moen, and L. Overland. 2012. Effective Temperature Differences among 
Cover Types in Northeast Minnesota. Alces 48:45-52.  

38. McCann, N., R. Moen, and T. Harris. 2013. Warm-season heat stress in moose (Alces alces). 
Canadian Journal of Zoology 91(12):893-898. 

39. McGraw, A.M., J. Terry, and R. Moen. 2014. Pre-Parturition Movement Patterns and Birth Site 
Characteristics of Moose in Northeast Minnesota. Alces 50:93-103. 

40. Cyr, T., S.K. Windels, R. Moen, and J. Warmbold. 2014. Diversity and abundance of terrestrial 
gastropods in Voyageurs National Park: Implications for risk of individual moose to 
Parelaphostrongylus tenuis infection. Alces 50:121-132.  

41. Robinson, S., D. Neitzel, R. Moen, J. Umber, K. Hamilton, D. Mulla, U. Munderloh, P. Redig, L. 
Johnson, K. Smith, C. Turner, M. Craft, K. Pelican. 2014. Disease risk in a dynamic environment:  
the spread of tick-borne diseases in Minnesota, USA. Ecohealth 12:152-163. 

42. Olson, B., S.K. Windels, M. Fulton, R. Moen. 2014. Fine-Scale Temperature Patterns in the Southern 
Boreal Forest: Implications for the Cold-Adapted Moose. Alces 50:105-120. 
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43. VanderWaal, K.L., S.K. Windels, B.T. Olson, T. Vannatta, and R. Moen. 2015. Landscape influence 
on spatial patterns of meningeal worm and liver fluke infection in white-tailed deer. Parasitology 
142:706-718. 

44. Licht, D.S., R. Moen, P. Brown, M. Romanski, and R. Gitzen. 2015. The Canada Lynx of Isle 
Royale: overharvest and climate change in the extirpation of an island population. Canadian Field 
Naturalist 129:139-151. 

45. Brown, D.J., M. Schrage, D. Ryan, R.A. Moen, M.D. Nelson, and R.R. Buech. 2015. Glyptemys 
insculpta (Wood Turtle): Longevity in the Wild. Herpetological Review 46(2):243-244. 

46. Portinga, R.L. and R. Moen. 2015. Measuring actual and effective browse availability for moose 
using a new method in northeastern Minnesota. Alces, in press. 

47. Cochrane, M.M., R. Moen, and D.J. Brown. 2015. Glyptemys insculpta (Wood Turtle) nest 
predation. Herpetological Review 46:618. 

48. Street, G.M., J. Fieberg, A.R. Rodgers, M. Carstensen, R. Moen, S.A. Moore, S.K. Windels, and J.D. 
Forester. Habitat functional response mitigates reduced foraging opportunity across bioclimatic 
gradients: implications for animal fitness and space use. Landscape Ecology, in press. 

49. McCann, N.P., R.A. Moen, and S.K. Windels. Influence of temperature on summer bed site selection 
by moose  (Alces alces). Wildlife Biology, in press. 

 

Manuscripts accepted or in press 
1. Licht, D.S., R. Moen, and M. Romanski. Modeling Viability of a Potential Canada Lynx 

Reintroduction to Isle Royale National Park. Natural Areas Journal. 

2. Olson, B.T., S.K. Windels, R.A. Moen, and N.P. McCann. Moose modify bed sites in response to 
high temperatures. Alces, accepted with minor revisions. 

 

Manuscripts in review  

3. Cyr, T. and R. Moen. Parelaphostrongylus tenuis infection in gastropods climbing on vegetation in 
Northeastern MN, testing for parasite manipulation of the host’s behavior. Journal of Wildlife 
Diseases, in review. 

4. Abel, R.L. and R.A. Moen. Bat activity and habitat use in Northeastern Minnesota. Journal of 
Mammalogy, in review. 

5. Terry, J. and R. Moen. The Effects of Habitat and Host Activity on Larval Winter Tick 
(Dermacentor albipictus) Densities. Journal of Wildlife Diseases, in review. 

6. Cyr, T. and R. Moen. Prevalence of Parelaphostrongylus tenuis in gastropod populations in 
terrestrial habitats with implications for the moose population. Canadian Journal of Zoology. 

7. Terry, J. and R. Moen. The Extent of Overlap between Spring and Fall Moose (Alces alces) Paths. 
Alces, in review.  

8. Terry, J. and R. Moen. Comparison of Flagging and Walking Surveys on Winter Tick (Dermacentor 
albipictus) Sampling Density. Journal of Wildlife Diseases, in review.  

9. Unger, T., R. Moen, and J.L. Strasburg. A methodological comparison among DNA source types for 
moose genotyping. Alces, in review. 

10. Rick, J., R. Moen, J. Erb, and J.L. Strasburg. Population structure and gene flow in a newly 
harvested gray wolf (Canis lupus) population. Conservation Genetics, in review 

11. Ness, T.E. and R. Moen. Accuracy testing of a prototype accelerometer on a captive moose (Alces 
alces). Alces, in review.  

12. Unger, T.L., R. Moen, and J.L. Strasburg. Prevalence of genetic polymorphisms in Minnesota moose 
associated with prion disease in other cervid populations. Journal of Wildlife Diseases, in review. 
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13. Vannatta, J.T. and R. Moen. Giant Liver Fluke in North American Cervids: Just a Fluke? Alces, in 
review.  

14. Thornton, D., A. Wirsing, C. Lopez-Gonzalez, J. Squires, S. Fisher, K. Larsen, A. Peat, M. Scrafford, 
R. Moen, A. Scully, T. King, and D. Murray. Asymmetric cross-border protection of peripheral 
transboundary species. Nature Communications, in review. 

15. Brown, D.J., M.M. Cochrane, and R. Moen. Survey and Analysis Design for Wood Turtle 
Abundance Monitoring Programs. Journal of Wildlife Management, in review. 

 

Manuscripts in revision or nearing submission 
16. Joyce, M. J. Erb, and R. Moen. Characteristics of rest sites and reproductive den sites used by 

American marten in Minnesota. To be submitted to Journal of Wildlife Management. 

17. Alston, J.M., C.J. Reno, and R. Moen. Aquatic habitat use by moose (Alces alces) at their southern 
range boundary. To be submitted to Alces. 

18. Vannatta, J.T. and R. Moen. Lymnaeid snail distribution and parasitism in northeastern Minnesota 
with special reference to Lymnaea megasoma and L. stagnalis. Journal to be decided.  

19. Vannatta, J.T. and R. Moen. Fascioloides magna and Taenia hydatigena from Hunter Harvested 
White-tailed Deer: Prevalence, Coinfection, Liver Habitat, and Landscape Patterns. To be 
submitted to Journal of Wildlife Diseases. 

20. Moen, R., K. Hennig, Steve Windels, and Lee Frelich. Species range maps to create distribution 
records for species range projections with climate change. To be submitted to Global Change 
Biology.  

21. Ibrahim, Y. and R. Moen. Seasonal Diet Composition of Gray Wolves (Canis lupus) in Northeastern 
Minnesota Determined by Scat Analysis. To be submitted Journal of Wildlife Management.  

22. Moen, R.A., S.K. Windels, G.D. DelGiudice, and ... Science paper on deer/wolves/moose. Close to 
being done.   

23. Moen, R.A., M.E. Nelson, and C.L. Burdett. Extra-territorial movements in a southern population of 
Canada lynx.  In revision. 

24. Moen, R.A., L. Terwilliger, A.R. Dohmen, and S.C. Catton. In revision. Use of transportation 
corridors by Canada lynx. To be submitted to Conservation Biology. 

25. Burdett, C.L., R.A. Moen, and G.J. Niemi.  Evaluating fine-scale habitat selection of Canada lynx 
with a distance-based use metric.  In revision.  

26. Gaete, S., E. Schuttler, R.C. Bustamente, and R. Moen. Diet and activity patterns of Leopardus 
guigna in relation to prey availability in forest fragments of the Chilean temperate rainforest.  

27. Terwilliger, L.A. and R. Moen. Interpolating missed GPS location attempts from successful GPS 
location attempts in Canada lynx (Lynx canadensis).   

Manuscripts in draft form  
28. Moen, R.A.  Effect of cover type and collar movement on GPS collars.  To be submitted to Journal 

of Wildlife Management. 

29. Moen, R.A. et al. Effects of net-gunning and darting on behavior and blood chemistry of moose. To 
be submitted to Journal of Wildlife Diseases.- 

30. Moen, R.A., P.A. Jordan, M. Romanski, D. L. Licht, and P. Brown. Snowshoe hare density on Isle 
Royale National Park. To be submitted to Natural Areas Journal.  

31. Joyce, M., R. Moen, and S.K. Windels. Home range size and space use of moose in Voyageurs 
National Park. Alces, in revision. 

32. Terwilliger, L.A., R.A. Moen. Canada Lynx (Lynx canadensis) in Minnesota: Road use and 
movements within the home range. In revision. 
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Technical Reports (www.nrri.umn.edu/lynx, www.d.umn.edu/~rmoen or d-commons.d.umn.edu) 

1. Moen, R., G. J. Niemi, C. Burdett, and L. D. Mech.  2004.  Canada lynx in the Great Lakes region.  
2004 Annual report.  NRRI Technical Report No. NRRI/TR-2004-33.  

2. Moen, R., G. J. Niemi, C. Burdett, and L. D. Mech.  2004.  Canada lynx in the Great Lakes region.  
2003 Annual report.  NRRI Technical Report No. NRRI/TR-2004-01.  

3. Moen, R.A., A. Peterson, and J. Mayasich.  2006.  Terrestrial snail status assessment.  NRRI 
Technical Report No. NRRI/TR-2005/34. 

4. Moen, R., G.J. Niemi, C. Burdett, and L. D. Mech.  2006.  Canada lynx in the Great Lakes region.  
2005 Annual report. NRRI Technical Report No. NRRI/TR-2006-16.  

5. Moen, R., G.J. Niemi, J. Palakovich, and C. Burdett.  2006.  Snowtrack surveys for Canada lynx 
presence in Minnesota west of Highway 53. NRRI Technical Report No. NRRI/TR-2006-17. 

6. Burdett, C.L., E.L. Lindquist, and R. Moen.  2006.  National Interagency Canada Lynx Detection 
Survey in Minnesota, Wisconsin, and Michigan. NRRI Technical Report No. NRRI/TR-2006-29. 

7. Moen, R. and E.L. Lindquist.  2006.  Testing a remote camera protocol to detect animals in the 
Superior National Forest. NRRI Technical Report No. NRRI/TR-2006-28. 

8. Hanson, K. and R. Moen. 2008. Diet of Canada lynx in Minnesota. NRRI Technical Report No. 
NRRI/TR-2008/13. 

9. Moen, R., G.J. Niemi, and C. Burdett. 2008. Canada lynx in the Great Lakes. Final Report NRRI 
Technical Report No. NRRI/TR-2008/14 

10. Moen, R. and R.J. Baker. 2008. Canada lynx on the border. NRRI Technical Report No. NRRI/TR-
2008/16. 

11. Moen, R. 2008. Evaluating Impacts of Reservoir Refill on Nesting Waterfowl and Waterfowl Habitat 
in Minnesota Power Water storage Reservoirs in Southern St. Louis County, Minnesota. NRRI 
Technical Report No. NRRI/TR-2008/33. 

12. Moen, R. 2009. Canada lynx in the Great Lakes region. 2008 Annual Report. NRRI Technical Report 
No. NRRI/TR-2009/06. 

13. Moen, R. 2009. Den sites of radiocollared Canada Lynx in Minnesota 2004-2007. NRRI Technical 
Report No. NRRI/TR-2009/07. 

14. Moen, R. 2009. Techniques to Monitor Road Crossings and Animal-Vehicle collisions. NRRI 
Technical Report No. NRRI/TR-2009/11. 

15. Moen, R. and S.K. Windels. 2009. Lynx habitat suitability in and near Voyaguers National Park. 
NRRI Technical Report No. NRRI/TR-2009/19. 

16. Peterson, R., R. Moen, R. Baker, D. Becker, L. Cornicelli, A.J. Edwards, L. Frelich, G. Huschle, M. 
Johnson, A. Jones, M.S. Lenarz, J. Lightfoot, T. Martinson, G. Mehmel, S. Perich, D. Ryan, M.W. 
Schrage, and D. Thompson. 2009. Report to the Minnesota Department of Natural Resources 
(DNR) by the Moose Advisory Committee. 

17. Moen, R. 2009. Canada lynx in the Great Lakes region. 2009 Annual Report. NRRI Technical Report 
No. NRRI/TR-2009-43. 

18. Moen, R., L. Terwilliger, A.R. Dohmen, and S.C. Catton. 2010. Habitat and road use by lynx on long-
distance movements. NRRI Technical Report No. NRRI/TR-2010-02. 

19. Stever, R. and R. Moen. 2011. Evaluating habitat use by moose with aerial photographs. NRRI 
Technical Report No. NRRI/TR-2011-13. 

20. Abel, R. and R. Moen. 2011. North Shore bat activity and habitat use. NRRI Technical Report No. 
NRRI/TR-2011-11. 

21. Terwilliger, L. and R. Moen. 2012. Canada lynx (Lynx canadensis) in Minnesota: Road use and 
Movements within the Home Range. NRRI Technical Report No. NRRI/TR-2012/31. 

22. Moen, R., K Potts, and J. Gilbert. 2011. Status of Mammalian Carnivores and Evaluation of 
Monitoring Techniques in the Lake Superior Basin. NRRI Technical Report No. NRRI/TR-2014-
37. 

23. Moen, R. and S.A. Moore. 2011. Beaver in the Grand Portage National Monument. NRRI Technical 
Report No. NRRI/TR-2011-20. 
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24. Moen, R., R.O. Peterson, S.K. Windels, L. Frelich, and M. Johnson. 2011. Minnesota Moose Status: 
Progress on Moose Advisory Committee Recommendations. NRRI Technical Report No. 
NRRI/TR-2011-41. 

25. Moen, R., Tjepkes, T., and J. Bednar. 2013. Canada Lynx Survey On United Taconite Property In 
Forbes, MN. NRRI Technical Report No. NRRI/TR-2013-18. 

26. Joyce, M. and R. Moen. 2014. Mapping forest harvest in northeastern Minnesota using aerial 
photographs and high resolution satellite imagery. NRRI Technical Report No. NRRI/TR-2014-
17. 

27. Jordan, P.A. Edited by R. Moen. 2013. A Sampling Protocol to Estimate Impacts of Moose and 
Snowshoe Hare on the Woody Vegetation of Isle Royale National Park. NRRI Technical Report 
No. NRRI/TR-2013-44. 

28. Elfelt, M. and R. Moen. 2014. Accuracy and location success of an Ultralite GPS unit. NRRI 
Technical Report No. NRRI/TR-2014/32.  

29. Ward, R.L. and R. Moen. 2014. Effects of stand age on species composition and browse density in 
northeastern Minnesota. NRRI Technical Report No.  NRRI/TR-2014/36. 

30. Ward, R. Edited by R. Moen. 2014. Identifying woody species browsed by moose in northeastern 
Minnesota. NRRI Technical Report No. NRRI/TR-2014/34. 

31. Ibrahim, Y.C. and R. Moen. 2014. Manual for Prey Species Identification in Gray Wolf Scats. NRRI 
Technical Report No. NRRI/TR-2014/45. 

32. Moen, R. 2014. Restoring moose foraging habitat in Lake Superior Uplands. NRRI Technical Report 
No. NRRI/TR-2014/47. 

33. Bednar, J., E. Zlonis, H. Panci, R. Moen, and G. Niemi. 2015. Development of Habitat Models and 
Habitat Maps for Breeding Bird Species in the Agassiz Lowlands Subsection, Minnesota, USA. 
State Wildlife Grant T-39-R-1/F12AF00328. NRRI Technical Report No. NRRI/TR-2015/32. 

34. Swingen, M., R. Baker, T. Catton, K. Kirschbaum, G. Nordquist, B. Dirks, and R. Moen. 2015. 
Preliminary Summary of 2015 Northern Long-eared Bat Research in Minnesota. NRRI Technical 
Report No. NRRI/TR-2015/44. 

Books, Computer Programs, and Other Publications 
Moen, A.N. and R.A. Moen. 1985. Computer Programs for Natural Resource Analysis and 

Management. Volume 1. CornerBrook Press. Lansing, New York. 

Moen, A.N. and R.A. Moen. 1985. Deer Management at the Bernheim Foundation Properties, 
Clermont, Kentucky. CornerBrook Press. Lansing, New York. 

Moen, A.N., C.W. Severinghaus, and R.A. Moen. 1986. Deer CAMP Computer-Assisted Management 
Program (diskette, operating manual, and tutorial). CornerBrook Press. Lansing, New York. 

Gordon, B.L., R.A. Moen. 2009. Bat activity in northeastern Minnesota. Bat Research News 50:108-
109. 

Joyce, M., A. Zalewski, J. Erb, and R. Moen. In press. Biogeographical variation in rest site selection 
by members of the Martes species complex: impact of thermal stress and predation risk. Chapter in 
a book arising from 6th International Martes Symposium. 

Professional Service (Partial list) 
49th North American Moose Conference and Workshop in 2015, Granby, CO. 2 graduate students, 1 

undergraduate student, and myself presented 3 papers and 2 posters.  

MN-WI Joint State Chapter TWS meeting, Duluth, MN, February 4-6, 2015. Graduate students and 
post-docs gave 5 presentations and 2 posters. 

48th North American Moose Conference and Workshop in 2014, Girdwood, AK. 3 graduate students, 2 
post-docs, and myself presented papers.  

MN TWS meeting, Bemidji, MN, February 4-6, 2014. Graduate students and post-docs gave 5 
presentations and 2 posters. 
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The Wildlife Society (TWS) 20th Annual Conference in Milwaukee, Wisconsin, October 5-9, 
2013.  “Research and Management of Declining Moose Populations in the Upper Midwest.” 
Symposia co-organizer and presenter. 

47th North American Moose Conference and Workshop in 2013, Whitefield, NH. 4 graduate students 
will be presenting papers or posters.  

MN TWS meeting in 2013, Moose in Minnesota symposium during 2013 meeting in Walker, 
Minnesota. Co-organizer, presenter. 5 graduate students also presented papers at this meeting.  

Invited participant, Isle Royale Climate Change Adaptation planning meeting at Fort Collins, Colorado. 
January 2013. 

Organizer (with Dr. Glenn DelGiudice, MN DNR) of Moose Research Meetings held at NRRI in 
December 2011, December 2012, and December 2013. These meetings provide local resource 
management personnel (DNR, Tribal, County, Federal) with an update on current moose research. 

Presenter and Attendee, VII International Moose Symposium in 2012 in Bialowieza National Park, 
Poland. 

Presenter and Attendee, 46th North American Moose Conference and Workshop in 2011, Jackson 
Hole, WY. William Chen presented a poster at this conference.  

DNR Mammal Species Technical Advisory Team. Member, 2012 – present.  

Invited Participant, Isle Royale Canada lynx restoration planning meeting in Ashland, WI. March, 
2012. 

Co-chair (with S. Windels), 45th North American Moose Conference and Workshop, International 
Falls, MN, June 2010.   

Co-chair (with Chair Rolf Peterson), Moose Advisory Committee to Minnesota DNR. 2008-2009. 

Lynx on the Border Workshop, Chair, Organizing Committee, Grand Portage, MN, October 24-27, 
2007.   

Organizing Committee and Program Committee Chair, 35th North American Moose Conference and 
Workshop, Grand Portage, MN, May 1999.   

Editorial Board for Oecologia, 2001-2003.  Handled 25 manuscripts.  

Associate Editor, Alces: 1997-2004, 2013 – present. Handled 12 manuscripts.  

Manuscript Reviews (ongoing,  6 per year since 2000)  
Alces ● American Naturalist ● Physiological and Biochemical Zoology ● Canadian Journal of Zoology 
● Conservation Ecology ● Ecology ● Ecological Monographs ● Ecological Modelling ● Ecosystems ● 
Great Basin Naturalist ● Journal of Applied Ecology ● Journal of Wildlife Management ● Journal of 
Wildlife Diseases ● Landscape Ecology ● Oecologia ● Photogrammetic Engineering and Remote 
Sensing ● Rangifer ● Wildlife Society Bulletin 

Proposal Reviews 
National Science Foundation ● USDA National Research Initiative Competitive Grants Program ● 
other Agencies/Organizations.   

Seminars and Presentations (Partial list)  
I give presentations at professional conferences, public lectures, guest lectures, and departmental 
seminars every year. Examples of some recent presentations by my research group include:   

Olson, B., S.K. Windels, R. Moen, and M. Fulton. Characteristics of the Thermal Landscape for 
Moose at Voyageurs National Park. Poster presentation at VII International Moose Symposium 
in 2012 in Bialowieza National Park, Poland. 

Morris, D.M., S.K. Windels, B.E. McLaren, R. Moen, and W.J. Severud. Thermal and Vegetative 
Attributes of Aquatic Patches Available to Moose in Northern Minnesota. Poster presentation at 
VII International Moose Symposium in 2012 in Bialowieza National Park, Poland. 
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Joyce, M.J., Erb, J.D., and R. Moen. Space use and microhabitat structure selection by American 
marten in Minnesota. American Society of Mammalogists 2012 annual meeting, Reno, Nevada. 

Moen, R., S.K. Windels, S. Moore, A. Edwards, and L. Solomon. Identifying cow movements and 
parturition sites using GPS collars with short location intervals. Paper presentated at VII 
International Moose Symposium in 2012 in Bialowieza National Park, Poland. 

Moen, R. Capturing animals from mice to moose. Invited presentation at 63nd AALAS National 
Meeting, November 4–8, 2012, Minneapolis, MN. 

Moen, R. Canada Lynx in Minnesota. Dept. of Fisheries, Wildlife, and Conservation Biology 
Departmental Seminar, 9/27/2012, University of Minnesota, St. Paul. 

Licht, D., P. Brown, R. Moen. Canada Lynx Restoration at Isle Royale National Park: A Feasibility 
Study. Poster presented at 2012 The Wildlife Society meetings in Portland, Oregon 

Licht, D., P. Brown, R. Moen. Canada Lynx Restoration at Isle Royale National Park. 2012 Western 
Great Lakes Resource Management Conference, Ashland, WI.  

Moen, R. Moose in Minnesota. 9th Annual Forestry, Wildlife and Natural Resources Research 
Review, 1/11/2012, Cloquet, MN.  

Moen, R. Minnesota - Land of 10,000 Lynx Locations. 9th Annual Forestry, Wildlife and Natural 
Resources Research Review, 1/11/2012, Cloquet, MN.  

McGraw, A.M., R. Moen, and M. Schrage. Effective temperature of cover types found in moose 
home ranges in Northeast Minnesota. Paper presented at the 46th North American Moose 
Conference and Workshop, 5/26/2011, Jackson, WY 

Olson, B., S.K. Windels, R. Moen, and M. Fulton. Measurement and modeling of thermal landscape 
for moose at Voyageurs National Park. Poster presented at the 46th North American Moose 
Conference and Workshop, 5/26/2011, Jackson, WY. 

Chen, W.C. and R. Moen. The home range and space use of moose in Voyageurs National Park 
Poster presented at the 46th North American Moose Conference and Workshop, 5/26/2011, 
Jackson, WY.  

Moen, R. Moose and Canada lynx -- Current Research, Involving the Public, and Photography. 
Science. Invited presentation to Bell Museum Social, Bell Museum of Natural History, 
Minneapolis, MN 4/13/2012. 

Moen, R. Moose in Minnesota: What's Next. Grand Rapids Jaycees 2011 Home Show. Grand 
Rapids, MN, 3/20/2011 

Moen, R. 2011. Update to 2011 DNR Moose Managers Meeting. Tower, MN.  

Moen, R. 2010. Minnesota - Land of 10,000 Lynx Locations. Invited seminar, Lakehead University. 
Thunder Bay, Ontario, 10/19/2010. 

McGraw, A., R. Moen, and M. Schrage. Post-parturition areas within moose home range in northeast 
Minnesota. Poster presented at Midwest Fish and Wildlife Conference , Minneapolis, MN , 
December, 2010.  

Moen, R. Long-term monitoring of hare and lynx populations in Minnesota. Invited presentation at 
the Midwest Fish and Wildlife Conference, Minneapolis, MN , December, 2010.  

Moen, R. Trapping and radiocollaring wild animals for research. School Forest Days at Pike Lake 
Elementary School, Pike Lake, MN, 5/14/2010. 

Moen, R. Moose in Northeastern Minnesota. Invited seminar to Lake Superior Binational Forum, 
Duluth, MN, 1/29/2010. 

Professional Service (University committees and programs) 

Student Awards Committee, Biology Dept., Swenson College of Science and Engineering, University 
of Minnesota Duluth. 2015-2016 academic year. 

Outreach Committee, Biology Dept. Representative, Swenson College of Science and Engineering, 
University of Minnesota Duluth. 2014-2015 academic year. 
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Executive Committee, Biology Dept. Representative, Swenson College of Science and Engineering, 
University of Minnesota Duluth. 2014 to present.  

Merit Committee, Biology Dept., Swenson College of Science and Engineering, University of 
Minnesota Duluth. 2014-2015 academic year. 

Graduate Student Orientation, Integrated Biosciences Graduate Program. 2008 – 2012. Committee chair 
and responsible for planning new graduate student orientation.  

Curriculum Committee, Integrated Biosciences Graduate Program, University of Minnesota. 2009– 
present. Committee Chair 2010 – Present. 

Special Projects Assistant to Director of Center for Water and the Environment, Natural Resources 
Research Institute. 2012 – 2013. Occasional projects at request of Dr. Lucinda Johnson. 

GIS Laboratory Management Committee, Center for Water and Environment, Natural Resources 
Research Institute, University of Minnesota, Duluth.  1996-present (rarely meets).   

Graduate Students completed 
1. Nicholas McCann. M.S. 2006. Using pellet counts to predict snowshoe hare density, snowshoe 

hare habitat use, and Canada lynx habitat use in Minnesota. University of Minnesota Duluth. (Co-
advised with J. Niemi, currently Post-Doc with Dr. Tara Harris (Minnesota Zoo) and I after 
completing a Ph.D. at Purdue University). 

2. Julie Palakovich. M.S. 2007. Using GPS collars to monitor the activity and habitat use of Canada 
lynx in Minnesota. University of Minnesota Duluth. (Co-advised with J. Niemi, currently Public 
Policy Associate with the American Institute of Biological Sciences). 

3. Christopher Burdett. Ph.D. 2007. Hierarchical structure of Canada lynx space use and habitat 
selection in northeastern Minnesota. Ph.D. Dissertation, University of Minnesota, Twin Cities. (J. 
Niemi and L.D. Mech, my role was effectively advisor, currently post-doc at Colorado State 
University). 

4. Brice Hansen. M.S. 2009. Factors affecting passive infrared cameras and their use in determining 
carnivore habitat selectivity based on presence and visitation rates. Integrated BioSciences 
program, University of Minnesota, Twin Cities. (Defended August 2009). 

5. Tom Ness. M.S. 2010. Using activity counters to estimate behavior of free-ranging moose. 
University of Minnesota, Twin Cities. Plan B Professional Program. 

6. Amanda McGraw. M.S. 2010. Characteristics of Post-Parturition Areas of Moose and Effective 
Temperature of Cover Types in Moose Home Ranges in Northeast Minnesota. Integrated 
BioSciences program, University of Minnesota, Twin Cities. 

7. Becky Gordon. M.S. 2011. Bat habitat use and insect availability in northeast Minnesota. 
Integrated BioSciences program, University of Minnesota, Twin Cities. 

8. Michael Joyce. M.S. 2013. American marten home range and habitat use, with focus on rest sites 
and reproductive den sites. Integrated BioSciences program, University of Minnesota, Twin 
Cities. 

9. Rachel Ward. M.S. 2013. Moose browse measurement techniques. Integrated BioSciences 
program, University of Minnesota, Twin Cities.  

10. Stephania Galupo-Gaete. M.S. 2014. Prey species consumed by the Guina (Leopardus guigna) in 
Chile. Conservation Biology program, University of Minnesota, Twin Cities.  

11. Tim Cyr. M.S. 2015. Gastropod habitat use in relation to moose habitat use and disease 
transmission. Integrated BioSciences program, University of Minnesota, Twin Cities.  

12. Juliann Terry. M.S. 2015. Fire and its relationship to winter tick distribution in Minnesota. 
Integrated BioSciences program, University of Minnesota, Twin Cities.  

13. Yvette Ibrahim. M.S. 2015. Wolf scat analysis for diet composition. Integrated BioSciences 
program, University of Minnesota, Twin Cities. 
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14. Tessa Tjepkes. M.S. 2015. Genetic Analysis of Moose Populations from Minnesota and 
Yellowstone National Park. Integrated BioSciences program, University of Minnesota, Twin 
Cities. Co-Advised with Dr. Jared Stasburg (UMD Biology). 

15. Jessica Rick. M.S. 2015. Genetic diversity, structure, and hybridization in a harvested gray wolf 
(Canis lupus) population in Minnesota. Integrated BioSciences program, University of Minnesota, 
Twin Cities. Co-Advised with Dr. Jared Stasburg (UMD Biology). 

16. J. Trevor Vanatta. M.S. 2016. Liver flukes and aquatic snails. Integrated BioSciences program, 
University of Minnesota, Twin Cities.  

Graduate Students in progress 

1.  Amanda McGraw. Ph.D. in progress. Moose browse regeneration techniques and economic impact. 
Integrated BioSciences program, University of Minnesota, Twin Cities. 

2. Michael Joyce. Ph.D. in progress. American marten habitat. Integrated BioSciences program, 
University of Minnesota, Twin Cities.  

3. Lauren Terwilleger. Ph.D. in progress. Lynx movements and habitat use within the home range. 
Conservation Biology program, University of Minnesota, Twin Cities. 

4. Rodrigo Villalobos Aguirre. Ph.D. in progress. Mountain lions and humans in Chile. Conservation 
Biology program, University of Minnesota, Twin Cities. 

5.  Madaline Cochrane. M.S. in progress. Wood turtle habitat use. Integrated BioSciences program, 
University of Minnesota, Twin Cities.  

6.  Anne Patterson. M.S. in progress. Habitat use of northern long-eared bats. Integrated BioSciences 
program, University of Minnesota, Twin Cities.  

7.  Rachel Voorhorst. M.S. in progress. Climate change effects on mammal distributions. Integrated 
BioSciences program, University of Minnesota, Twin Cities.  

8.  Miranda Galey. M.S. in progress. Bat project, topic to be decided. Integrated BioSciences program, 
University of Minnesota, Twin Cities.  

 

Post-Doctoral advisees 

1. Dr. Nicholas McCann. Moose habitat use and thermal characteristics of activity centers. Post-doctoral 
position in collaboration with the Minnesota Zoo. 2011 – 2013. 

2. Dr. Kimberly VanderWaal. A collaborative project to investigate and model parasite transmission 
dynamics between white-tailed deer, moose, and other vectors in northeastern Minnesota. 2013-
2014. 

3. Dr. Brian Kot. A collaborative project to investigate wolf-moose interactions, including habitat use 
overlap and the impacts of wolf predation on moose in northeastern Minnesota. 2013 – present. 

4.  Dr. Mark Ditmer. A collaborative project on wolves and moose. Working with the MN Zoo. 2015 – 
present.  

Undergraduate Students 

I have mentored between 5 to 15 undergraduate students each year since 2003. Mentoring includes 
hiring, internships, formal classes (BIOL 3993, 3994, 3996), and the Undergraduate Research 
Opportunities Program (UROP).  
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                   CURRICULUM VITAE 
 
 Dennis L. Murray 
 Department of Biology 
 Trent University 
 Peterborough, ON  
 K9J 7B8  
 CANADA 
 Tel: (705) 748-1011 (x 7078) 
 FAX: (705) 748-1003 
 email: dennismurray@trentu.ca 
 webpage: www.dennismurray.ca 
 
 
1.  GENERAL INFORMATION 
 
PRESENT POSITION                                              
Canada Research Chair (Tier I) and Professor   
 
LANGUAGES SPOKEN AND WRITTEN  
English, French 
 
POST-SECONDARY EDUCATION 
PhD (Wildlife Ecology): University of Wisconsin, Madison, WI (1995) 
MSc (Zoology): University of Alberta, Edmonton, AB (1991) 
BSc (Agr.) (Biological Sciences): McGill University, Montréal, QC (1987) 
DEC (Diplôme d’Études Collégiales) (Pure and Applied Sciences):  Champlain Regional College, 

Québec, QC (1984) 
 
THESES 
PhD Interactive effects of sublethal parasitism, nutritional status, and predation in snowshoe hares. 

(1995) 
MSc Aspects of winter foraging by lynx and coyotes from southwestern Yukon during an increase in 

snowshoe hare abundance. (1991)    
BSc (Agr.) Food and density effects in northern populations of larval wood frogs. (1987)     
 
PROFESSIONAL INTERESTS 
Conservation biology; Population dynamics; Behavioural ecology; Landscape ecology; Wildlife 

management  
Predator-prey interactions; Host-parasite interactions; Plant-herbivore interactions  
Population modeling; Population viability analysis; Survival analysis; Density dependence assessment; 

Timeseries analysis  
Integrating individual attributes (i.e., diet, condition, behaviour, genetics) and population processes (i.e., 

habitat occupancy, extinction/colonization) 
Direct, indirect, interactive and nonlinear effects 
 
PROFESSIONAL MEMBERSHIPS 
Canadian Society for Ecology and Evolution 
The Wildlife Society 
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PROFESSIONAL EXPERIENCE 
Canada Research Chair (Tier I) and Professor, Trent University. Appointment: 65% research, 15% 

teaching, 20% service/ administration (2014-2021) 
Adjunct Professor, Department of Biological Sciences, University of Manitoba. (2012-present) 
Professor, Trent University. Appointment: 40% teaching, 40% research, 20% service (2012-present)  
Canada Research Chair (Tier II) and Associate Professor, Trent University. Appointment: 60% 

research, 20% teaching, 20% service/ administration (2002-2012; renewed in 2007)  
Associate Professor, University of Idaho. Appointment: 45% teaching, 45% research, 10% service 

(2001-2002) 
Acting Department Head, University of Idaho. (May-June 2001) 
Assistant Professor, University of Idaho. Appointment: 45% teaching, 45% research, 10% service 

(1996-2002) 
Lecturer and Post-doctoral Fellow, University of Massachusetts. Appointment: 70% teaching, 20% 

research, 10% service (1995-1996) 
Teaching Assistant, University of Wisconsin (1994-1995) 
Teaching Assistant, University of Alberta (1987-1991) 
Research Assistant, McGill University (1986-1987) 
 
AWARDS 
Canada Research Chair (Tier I) – Integrative Wildlife Conservation (2014-21) 
Merit award, Trent University (2009) 
Discovery Accelerator Supplement, NSERC (2008) 
Outstanding Wildlife Monograph, The Wildlife Society (2007) (I am senior author) 
Merit award, Trent University (2006) 
Merit award, Trent University (2004) 
Canada Research Chair (Tier II) - Terrestrial Ecology (2002, renewed 2007) 
Alumni Award for Excellence in Mentoring, University of Idaho (2001) 
Outstanding Academic Advisor, College of Natural Resources, University of Idaho (2001) 
Outstanding Researcher, College of Forestry, Wildlife, and Range Sciences, University of Idaho (1999) 
Outstanding Undergraduate Thesis, Department of Biological Sciences, McGill University (1987) 
 
 
2.  PUBLICATIONS AND INVITED SPEAKING ENGAGEMENTS 
 
REFEREED PUBLICATIONS 
Bolded names for Highly Qualified Personnel under my direct supervision when the work was conducted.  
aI supervised or co-supervised the student and was involved in all aspects of the work; bI was primarily 
involved with all aspects of the work; cI supported all aspects of the work; dI supported select aspects of 
the work; eI was primarily responsible for select portions, usually data analysis and study concept and 
design 
 
2016 or in press  
 
134. Murray, D.L., Peers, M.J.L.MSc, Majchrzak, Y.N.Other, Wehtje, M.PhD, Ferreira, C.PDF, Pickles, 

R.S.A.PDF, Row, J.R.PDF, and Thornton, D.H.PDF Continental divide: Climate-mediated 
fragmentation of species distributions in the boreal forest. PLoS (One).  
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133. Feldman, R.E.PDF, Anderson, M.G., Howeter, D.W., and Murray, D.L. 2016. Temporal variation 
in the way that local habitat affects population growth. Population Ecology. 

132. Row, J.R.PDF, Donaldson, M.E., Longhi, J.MSc, Saville, B.J., and Murray, D.L. 2016.  Tissue-
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movements in central Idaho. Journal of Wildlife Management 67: 299-306.a 

29.   Husseman, J.S.MSc, Murray, D.L., Power, G., Mack, C. 2003. Correlation patterns of marrow fat 
in Rocky Mountain elk bones. Journal of Wildlife Management 67: 742-746.a 

 
2002 
28.   Murray, D.L. 2002. Differential body condition and vulnerability to predation in snowshoe hares.  

Journal of Animal Ecology 71: 614-625.b 
27.   Wirsing, A.J.MSc, Steury, T.D.MSc, and Murray, D.L. 2002. Non-invasive estimation of body 

composition in small mammals: A comparison of conductive and morphometric methods.  
Physiological and Biochemical Zoology 75: 489-497.a   

26.   Murray, D.L., Roth, J.D.PDF, Ellsworth, E.PhD, Wirsing, A.J.MSc, and Steury, T.D.MSc 2002. 
Estimating low density snowshoe hare populations using fecal pellet counts. Canadian 
Journal of Zoology 80: 771-781.b 

25.   Wirsing, A.J.MSc, Steury, T.D.MSc, and Murray, D.L. 2002. Relationship between body condition 
and vulnerability to predation in snowshoe hares and red squirrels. Journal of Mammalogy 
83: 707-715.a  

24.   Wirsing, A.J.MSc, and Murray, D.L. 2002. Patterns in consumption of woody plants by snowshoe 
hares in the northwestern United States. Ecoscience 9: 440-449.a 
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23.   Wirsing, A.J.MSc, Steury, T.D.MSc, and Murray, D.L. 2002. A demographic analysis of a 
southern snowshoe hare population in a fragmented habitat: evaluating the refugium model. 
Canadian Journal of Zoology 80: 169-177.a 

22.   Steury, T.D.MSc, Wirsing, A.J.MSc, and Murray, D.L. 2002. Using multiple treatment levels as a 
means of improving inference in wildlife research. Journal of Wildlife Management 66: 292-
299.a 

21.   Murray, D.L. and Larivière, S. 2002. The relationship between foot size of wild canids and 
regional snow conditions: Evidence for selection against a high foot-load? Journal of 
Zoology (London) 256: 289-299.b 

 
2001 
20.   Cook, R.C.MSc, Cook, J.G., Murray, D.L., Zager, P., Johnson, B.K., and Gratson, M.W. 2001. 

Development of predictive models of nutritional condition for Rocky Mountain elk. Journal 
of Wildlife Management 65: 973-987.a 

19.   Cook, R.C.MSc, Cook, J.G., Murray, D.L., Zager, P., Johnson, B.K., and Gratson, M.W. 2001. 
Nutritional condition models for elk: Which are the most sensitive, accurate, and precise? 
Journal of Wildlife Management 65: 988-997.a 

18.   Monello, R.J.Other, Murray, D.L., and Cassirer, E.F. 2001. Ecological correlates of pneumonia 
epizootics in bighorn sheep herds. Canadian Journal of Zoology 79: 1423-1432.a   

17.   Cook, R.C.MSc, Murray, D.L., Cook, J.G., Zager, P. 2001. Nutritional influences on breeding 
dynamics in elk. Canadian Journal of Zoology 79: 845-853.a 

 
2000 
16.   Murray, D.L. 2000. A geographic analysis of snowshoe hare population demography. Canadian 

Journal of Zoology 78: 1207-1217.b 
 
Prior to 2000 
15.   Murray, D.L., Kapke, C.A., Evermann, J.F., and Fuller, T.K. 1999. Infectious disease and the 

conservation of free-ranging large carnivores. Animal Conservation 2: 241-254.b  
14.   Murray, D.L. 1999. An assessment of overwinter food limitation in a snowshoe hare population 

at a cyclic low. Oecologia 120:50-58.b 
13.   Murray, D.L., and Jenkins, C.L.Other 1999. Perceived predation risk as a function of predator 

dietary cues in terrestrial salamanders. Animal Behaviour 57: 33-39.b 
12.   Fuller, T.K., and Murray, D.L. 1998. Biological and logistical explanations of variation in wolf 

population density. Animal Conservation 1: 153-157.e  
11.   Murray, D.L., Keith, L.B., and Cary, J.R. 1998. Do parasitism and nutritional status interact to 

affect production in snowshoe hares? Ecology 79: 1193-1208.b 
10.   O’Donoghue, M., Boutin, S., Krebs, C.J., Zuleta, G., Murray, D.L., and Hofer, E.J. 1998. 

Functional responses of coyotes and lynx to the snowshoe hare cycle. Ecology 79: 1209-
1222.e 

9.    O’Donoghue, M., Boutin, S., Krebs, C.J., Murray, D.L., and Hofer, E.J. 1998. Behavioural 
responses of coyotes and lynx to the snowshoe hare cycle. Oikos 82: 169-183.e 

8.     Murray, D.L., Cary, J.R., and Keith, L.B. 1997. Interactive effects of sublethal nematodes and  
 nutritional status on snowshoe hare vulnerability to predation. Journal of Animal Ecology 66: 

250-264.b 
7.    Ives, A.R. and Murray, D.L. 1997. Can sublethal parasitism destabilize predator-prey population    
 dynamics?  A model of snowshoe hares, predators and parasites. Journal of Animal Ecology 66: 

265-278.c  
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6.     Murray, D.L., Keith, L.B., and Cary, J.R. 1996. The efficacy of anthelmintic treatment on the 
parasite abundance of free-ranging snowshoe hares. Canadian Journal of Zoology 74: 1604-
1611.b   

5.     Murray, D.L., Boutin, S., O'Donoghue, M., and Nams, V.O. 1995. Hunting behaviour of a 
sympatric felid and canid in relation to vegetative cover. Animal Behaviour 50: 1203-1210.b 

4.     Boutin, S., Krebs, C.J., Boonstra, R., Dale, M.R.T., Hannon, S.J., Martin, K., Sinclair, A.R.E., 
Smith,    J.N.M., Turkington, R., Blower, M., Byrom, A., Doyle, F.I., Doyle, C., Hik, D., Hofer, 
L., Hubbs, A., Karels, T., Murray, D.L., Nams, V., O’Donoghue, M., Rohner, C., and 
Schweiger, S. 1995. Population changes of the vertebrate community during a snowshoe hare 
cycle in Canada's boreal forest. Oikos 74: 69-80.e      

3.      Murray, D.L., Boutin, S., and O’Donoghue, M. 1994. Winter habitat selection by lynx and coyotes 
in relation to snowshoe hare abundance. Canadian Journal of Zoology 72: 1444-1451.b   

2.      Murray, D.L., and Boutin, S. 1991. The influence of snow on lynx and coyote movements: Does       
morphology affect behavior? Oecologia 88: 463-469.b  

1.     Murray, D.L. 1990. The effects of food and density on growth and metamorphosis in larval wood 
frogs (Rana sylvatica) from central Labrador. Canadian Journal of Zoology 68: 1221-1226.b 

 
Authored by High Quality Personnel while in my lab  
Students may undertake work that is outside the direct scope of their thesis.  My policy is to decline co-
authorship unless I have contributed significantly to each of the following: concept, design/analysis, 
funding, and writeup.  I have provided only normal guidance, editing and funding to the following papers 
emanating from my lab, and thus I declined co-authorship when it was offered: 
12.   Trudeau V.L., Schueler F.W., Navarro-Martin L., Hamilton C.K., Bulaeva, E., Bennett A.PhD, 

Fletcher W., Taylor L. 2013. Efficient induction of spawning of Northern leopard frogs 
(Lithobates pipiens) during and outside the natural breeding season. Reproductive Biology and 
Endocrinology 11:14.d 

11.   Wheeldon, T.J.MSc, Patterson, B.R., and White, B.N. 2010.  Sympatric wolf and coyote populations 
of the western Great Lakes region are reproductively isolated. Molecular Ecology 19: 4428-
4440.b 

10.   Lowe, S.J. MSc, Patterson, B.R., and Schaefer, J. 2010. Lack of behavioral responses of moose 
(Alces alces) to high ambient temperatures near the southern periphery of their range. 
Canadian Journal of Zoology 88: 1032-1041.b    

9.     Maxie, A.J., Hussey, K.F. MSc, Lowe, S.J. MSc, Middel, K.R., Pond, B.A, Obbard, M.E., and 
Patterson, B.R. 2010.  A comparison of forest resource inventory, provincial land cover maps 
and field surveys for wildlife habitat analysis in the Great Lakes-St. Lawrence Forest. 
Forestry Chronicle 86: 77-86.a 

8.     Ryckman, M.J.MSc, Rosatte, R.C., McIntosh, T.PhD, Hamr, J., and Jenkins, D. 2009.  Postrelease 
dispersal of reintroduced elk (Cervus elaphus) in Ontario, Canada. Restoration Ecology 
18:173-180.c 

7.     Rutledge, L.Y., Holloway, J. J. MSc, Patterson, B.R., White, B.N. 2009. An improved field 
method to obtain DNA for individual identification from wolf scat. Journal of Wildlife 
Management 73: 1430-1435.d 

6.     Wheeldon, T.J.MSc, and White, B.N. 2009. Genetic analysis of historic western Great Lakes 
region wolf samples reveals early Canis lupus/lycaon hybridization. Biology Letters 23: 101-
104.d 

5.     Argue, A., Mills, K.J.MSc and Patterson, B.R. 2008. Behavioural response of eastern wolves 
(Canis lycaon) to disturbance at homesites and its effects on pup survival. Canadian Journal 
of Zoology 86: 400-406.d 

4.     McIntosh, T.PhD, Rosatte, R., Campbell, D., Welch, K., Fournier, D., Spinato, M., and Ogunremi, 
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O. 2007.  Evidence of Parelaphostrongylus tenuis infections in free-ranging elk (Cervus 
elaphus) in southern Ontario. Canadian Veterinary Journal 48: 1146-1154.d  

3.     Crawshaw, G.J., Mills, K.J.MSc, Mosley, C., and Patterson, B.R. 2007. Field implantation of 
intraperitoneal radiotransmitters in eastern wolf (Canis lycaon) pups using inhalation 
anesthesia with sevoflurane. Journal of Wildlife Diseases 43: 711-718.d  

2.     Custer, T.W., Cox, E. PhD, Gray, B. 2004. Trace elements in moose (Alces alces) found dead in 
northwestern Minnesota. Science of the Total Environment 330: 81-87.d  

1.      Wirsing, A.J.MSc 2003. Predation-mediated selection on prey morphology: a test using snowshoe 
hares. Evolutionary Ecology Research 5: 315-327.a  

 
PEER-REVIEWED BOOK CHAPTERS 
6. Murray, D.L., and Bastille-Rousseau, G.PhD Chapter 10. Estimating cause-specific mortality and 

hazard using time-to-event information. Population Ecology in Practice (Murray, D.L. & 
Chapron, G., eds). Wiley-Blackwell, London. (in review)b 

5. Murray, D.L., Bastille-Rousseau, G.PhD, Hornseth, M.PhD, Row, J.PDF , and Thornton, D.H.PDF 
Chapter 3. From research hypothesis to model selection: A strategy toward robust inference in 
population ecology. Population Ecology in Practice (Murray, D.L. & Chapron, G., eds). Wiley-
Blackwell, London. (in review)b 

4.     Murray, D.L. 2003. Snowshoe hare and other hares.  Wild Mammals of North America. Vol II.  
(G.A. Feldhamer and B. Thompson, eds.)  Johns Hopkins University Press.  pp. 147-175.b 

3.     O’Donoghue, M., Boutin, S., Murray, D.L., Krebs, C.J., Hofer, E.J., Breitenmoser, U., 
Breitenmoser-Würsten, C., Zutela, G., Doyle, C., and Nams, V.O. 2001. Coyotes and lynx. 
Ecosystem Dynamics in the Boreal Forest- The Kluane Project.  Oxford University Press (C.J. 
Krebs, S. Boutin, and R. Boonstra, eds.) pp. 275-323.e   

2.     Murray, D.L., and Fuller, M.R. 2000. A critical review of the effects of marking on the biology 
of vertebrates. Research Techniques in Animal Ecology: Controversies and Consequences. 
(L. Boitani and T.K. Fuller, eds.) Columbia University Press.  pp. 15-64.b 

1.     Cluff, H.D., and Murray, D.L. 1995. Review of wolf control methods in North America.  Wolves     
 in a Changing World.  Proceedings to the Second International Wolf Symposium, Edmonton, 

AB. (L.N. Carbyn, S.H. Fritts, and D.R. Seip, eds.)  pp. 491-504.e  
 
PEER-EDITED PUBLICATIONS 
10. Peek, J., Dale, B., Hristienko, H., Kantar, L., Lloyd, K. A., Mahoney, S., Miller, C., Murray, D., 

Olver, L., Soulliere, C. 2012. Management of large mammalian carnivores in North America. 
Technical Review 12-01. The Wildlife Society. 76pp.e  

9. Murray, D., and Smith, A.T. 2008. Lepus americanus. In: IUCN 2011. IUCN Red List of 
Threatened Species. Version 2011.2. www.iucnredlist.org.b  

8. Murray, D., and Smith, A.T. 2008. Lepus othus. In: IUCN 2011. IUCN Red List of Threatened 
Species. Version 2011.2. www.iucnredlist.org.b  

7. Murray, D., and Smith, A.T. 2008. Lepus arcticus. In: IUCN 2011. IUCN Red List of Threatened 
Species. Version 2011.2. www.iucnredlist.org.b  

6.      Murray, D.L. 2001. Review of Carnivores in Ecosystems: The Yellowstone Experience. Global 
Ecology and Biogeography 10: 220-221.b 

5.      Murray, D.L. 1999. Eric Wynn Cox (1969-1999). Wildlife Society Bulletin 27: 1126-1127.b 
4.      Scott, J.M., Murray, D.L., and Griffith B. 1999. Lynx reintroduction. Science 286: 49-50.e   
3.      Murray, D.L. 1999. Ermine. The Smithsonian Book of North American Mammals (D.E. Wilson and 

S. Ruff, eds.) Smithsonian Institution Press.  pp. 168-169.b 
2.      Murray, D.L. 1999. Snowshoe hare. The Smithsonian Book of North American Mammals (D.E. 

Wilson and S. Ruff, eds.) Smithsonian Institution Press.  pp. 695-697.b 
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1.      Murray, D.L. 1998. All about moose:  Review of Ecology and Management of the North American 
Moose. Bioscience 48: 847-848.b  

 
BOOKS IN PREPARATION 
2.  Murray, D.L., and Wirsing, A.J. Predator-Prey Interactions: Perspectives on Conflict and 

Coexistence.  Wiley-Blackwell, London.  (co-authored book, projected publication date: 
December 2015) 

1.    Murray, D.L., and Chapron, G. (Editors) Population Ecology in Practice. Wiley-Blackwell, 
London. (co-edited book with 2 chapters for which I am senior-author, projected publication 
date: February 2014) 

 
INVITED SEMINARS (since 2000) 
2015. The Wildlife Society, Winnipeg, MB; Ecology and Behaviour Conference, Toulouse, France; 
Alliance of Canadian Comprehensive Research Universities (ACCRU), Ottawa, ON; 2014. Ecological 
Society of America, Sacramento, CA; 2013. University of Toronto, Scarborough, ON; 2012. University 
of Maine, Orono, ME; York University, Toronto, ON; University of Toronto, Scarborough, ON; 2011. 
University of Washington, Seattle, WA; Paul Smiths College, Saranac Lake, NY; Northern Furbearer 
Conference, Whitehorse, YT (keynote); Laurentian University, Sudbury, ON; 2010. University of 
Toronto, Toronto, ON; 2009. Grimsö Research Station, Lindesberg, Sweden; 2008. Yellowstone 
National Park, Mammoth, WY; University of Manitoba, Winnipeg, MB; 2007. University of Guelph, 
Guelph, ON; Kansas State University, Manhattan, KS; 2006. University of Alberta, Edmonton, AB; 
Ducks Unlimited, Winnipeg, MB; The Wildlife Society annual meeting, Anchorage, AK; 2004. The 
Wildlife Society annual meeting, Calgary, AB; University of Toronto, Scarborough, ON; Carleton 
University, Ottawa, ON; 2002. Idaho Fish and Game Commission meeting, McCall, ID; Annual Western 
Forest Carnivore Meeting.  Spokane, ID; Utah State University, Logan, UT; U.S. Forest Service Forest 
Management, Missoula, MT; Trent University, Peterborough, ON; Carnivore Management Workshop, 
Banff, AB; 2000. University of Nevada, Reno, NV 
 
 
3.  TRAINING OF HIGHLY-QUALIFIED PERSONNEL 
 
POST-DOCTORAL FELLOWS 
 
Current  
Amanda Bennett. Amphibian disease risk mapping. (2015) 
Thomas Hossie. Amphibian population ecology. (2014) 
Catarina Ferreira. Carnivore population dynamics and source-sink dynamics (2013) 
Elizabeth Kierepka. Landscape genetics in canids and felids (2017) 
Lori Neumann-Lee. Genome-level responses to contaminants in tadpoles (2017)  
 
Completed 
Robert Pickles1. Projecting moose responses to climate change; tiger conservation in Sumatra (2011-15) 
Richard Feldman. Spatially-explicit traveling waves in duck populations. (2011-13)  
Dan Thornton. Extinction and colonization in snowshoe hares; jaguar movement corridors. (2011-13) 
Jeff Row. Evolutionary divergence between lynx and bobcat. (co-supervised with P. Wilson) (2011-13) 
Alban Guillaumet. Competition and cyclic attenuation in mesocarnivores. (co-supervised with J. 

Bowman) (2011-12) Current position: Contract Researcher, Trent University, Montpellier, FR 
Céline Gomez. Landscape genetics of lynx. (co-supervised with P. Wilson) (2010)   
 Current position: Researcher, Institut de Recherche pour le Développement UMR, Lyon, FR 
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Amanda Sparkman. Life history analysis of red wolves. (2009-11) 
 Current position: Assistant Professor, Westmont College, Santa Barbara, CA 
Laura Finnegan. Landscape genetics of moose. (co-supervised with P. Wilson) (2009) 
 Current position: Lecturer, Trent University, Peterborough, ON 
Erin Rees. Moose population harvest modeling. (2007) 
 Current position: Post-doctoral fellow, University of Prince Edward Island, Charlottetown, PE 
Todd Steury. Population viability analysis for recolonizing red wolves. (2005-08) 
 Current position: Assistant Professor, Auburn University, Auburn, AB 

                                                                                              James Roth. Lynx dietary reconstruction using stable isotope analysis. (2000-01) 
 Current position: Associate Professor, University of Manitoba, Winnipeg, MB 
 
GRADUATE STUDENTS – TRENT UNIVERSITY (2002 - present) 
 
Current 
Kevin Chan. Spatio-temporal variation in lynx-prey interactions. (PhD, 2016) 
Lindsey Bargelt. Optimizing landscape connectivity and conservation criteria. (MSc, 2016) 
Meg Congram. Amphibian tadpole responses to chytrid fungus (MSc, 2016) 
Peter Mills2. Niche differentiation of salamanders in the Ambystoma unisexual polyploid complex (MSc, 

2016) 
Justin Johnson. Hybridization and niche dynamics along the wolf-coyote gradient. (MSc, 2016) 
Jasper Leavitt. Poliploidy levels in salamanders affects fitness. (MSc, 2016) 
Patrick Heney. Adaptive responses to perceived predation risk in tadpoles (MSc, 2016) 
Alex Myette. The role of size and posture on amphibian predation risk. (MSc, 2015)  
Alex Bell. Food and predation risk on nutrient uptake in daphnia (MSc, co-supervised with P. Frost), 

2015) 
Crystal Kelly. Population viability analysis of sandhill cranes in Ontario (MSc, 2015) 
Brie-Anne Breton. Quantitative analysis of amphibian abundance using Environmental DNA (MSc, 

2015) 
Madison Winston. Environmental DNA as a robust method for amphibian population assessment (MSc, 

2015) 
Jacob Seguin2. Maternal effects of perceived predation risk in juvenile snowshoe hares (MSc, co-

supervised with R. Boonstra, 2015) 
Shawn MacFarlane. Limb regeneration in salamander larvae exposed to predation risk (MSc, co-

supervised with L. Kerr, 2014) 
Amy Clement. Perceived predation risk in tadpoles under variable stress scenarios. (MSc, 2014) 
Spencer Walker. Direct and indirect effects of climate on moose range recession (MSc, 2014) 
Melanie Boudreau3. Snowshoe hare responses to perceived predation risk. (PhD, 2014) 
Christa Szumski. Lynx dietary fluctuations from stable isotope analysis. (MSc, co-supervised with J. 

Roth) (2011) 
Morgan Wehtje. Lynx occupancy models and range limitation. (PhD, co-supervised with J. Bowman) 

(2011) 
 
Completed 
Jessica Longhi. Amphibian stress responses and predation risk (MSc, co-supervised with L. Kerr, 2013-

16)  
Kevin Chan. Detecting and modeling animal population cycles. (MSc, 2012-16) 
Edward Ellington. Coyote population ecology in Newfoundland. PhD (2010-15) 
Jason Rae. Tradeoffs between predation and disease risk in tadpoles. (MSc, 2012-16) 
Cayla Austin. Chemical cue communication in predator-prey systems. (MSc, 2012-16) 
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Josée-Anne Otis3. Canid species distribution models in eastern North America (MSc, 2013-15)  
Michael Peers3. Predicting Canada lynx range shift consequent to climate change. (MSc, 2012-14) 
Christine Terwissen. Stress responses in cyclic lynx populations. (MSc, co-supervised with G. 

Mastromonaco) (2011-2014) 
Megan Hornseth4. Latitudinal dispersal corridors for lynx. PhD (2007-2014) 
Guillaume Bastille-Rousseau3. Caribou spatial predation risk. (PhD, co-supervised with J. Schaefer) 

(2010-2014) 
Adrian Borlestean. Theta-logistic growth in algal populations. MSc (2010-2014) 
Amanda Bennett3. Chemical signaling in predator-prey interactions. PhD (2010-2014) 
Stacy Gan. Patterns of nest predation in Canada geese. (MSc, co-supervised with K. Abraham) (2009-

2012) Current position: Contract Biologist, Environment Canada, Ottawa, ON 
Terese McIntosh. Population ecology of transplanted elk. PhD (PhD, co-supervised with R. Rosatte) 

(2003-11) Current position: Biologist, Ontario Ministry of Natural Resources, Peterborough, ON 
Allan Brand. Spatial autocorrelates in moose populations. (MSc, co-supervised with M.-J. Fortin) (2007-

10) Current position: Spatial analyst, Montreal, QC 
Jean Arseneau5. Resource competition among eastern wolves. (MSc, co-supervised with B. Patterson) 

(2007-10) Current position: PhD candidate, University of Zurich, Zurich, SZ 
Tom Hossie. Predator functional response and structural cover. (MSc, 2007-09) 
 Current position: PhD candidate, Carleton University, Ottawa, ON 
Josh Holloway. Population ecology of grey wolves. (MSc, co-supervised with B. Patterson) (2005-09). 
 Current position: Biologist, Alaska Department of Fish and Game, Anchorage, AK 
Karen Hussey. Resource selection functions for moose. (MSc, co-supervised with B. Patterson) (2006-

09) Current position: Biologist, Klamath Conservation Organization, Klamath, OR 
Stacey Lowe. Thermal cover use by moose. (MSc, co-supervised with B. Patterson) (2007-09) 
 Current position: Biologist, U.S. Fish and Wildlife Service, Anchorage, AK 
Tyler Wheeldon3. Landscape genetics of eastern wolves. (MSc, co-supervised with B. Patterson) (2007-

09) Current position: PhD candidate, Trent University, Peterborough, ON 
Nic Robar3. Meta-analysis of costs of parasitism. (MSc, co-supervised with G. Burness) (2006-09) 
 Current position: Law School, University of Toronto, Toronto, ON 
Bastien Ferland-Raymond. Phenotypic plasticity in amphibian tadpoles. MSc (2005-07) 
 Current position: Statistician, Environment Canada, Quebec, QC 
Julia Phillips. Raccoon predation on turtle nests. MSc (2004-08) 
 Current position: Coordinator, Toronto Zoo, Toronto, ON 
Ken Mills. Wolf pup survival and dispersal. (MSc, co-supervised with B. Patterson) (2003-06) 
 Current position: Biologist, Wyoming Department of Fish and Game, Laramie, WY 
Mark Ryckman. Habitat selection patterns in transplanted elk. (MSc, co-supervised with R. Rosatte) 

(2003-05) Current position: Biologist, Ontario Federation of Anglers and Hunters, Peterborough, ON 
 
1Commonwealth PDF 
2 Ontario Trillium Scholarship PGS 
3 NSERC PGS 
4 Industrial NSERC PGS 
5 NSERC Paillette PGS 
 
GRADUATE STUDENTS – UNIVERSITY OF IDAHO (1996 - 2009) 
Ethan Ellsworth. Snowshoe hare food limitation.  PhD (1999-2009; due to my exired standing  
     at University of Idaho, I resigned as Supervisor 6 months prior to degree completion)  
 Current position: Biologist, Bureau of Land Management, Ft. Collins, CO 
Fernando Azevedo. Jaguar predation on livestock and native prey in Brazil. PhD (2000-06) 
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 Current position: Professor, Universidade Federal de Sao Joao, Sao Joao, BR 
Andrea Kortello. Wolf and cougar spatial relationships in Banff National Park. MSc (2001-05) 
 Current position: Biologist, Environment Canada, Banff, AB 
Susan Able. Impacts of pre-commercial thinning on snowshoe hare populations. MSc (2000-04) 
 Current position: Biologist, The Nature Conservancy, Reno, NV 
John Oakleaf. Wolf-livestock interactions and habitat selection patterns. MSc (1999-2002) 
 Current position: Coordinator, U.S. Fish and Wildlife Service, Albuquerque, NM 
Jason Husseman. Prey selection patterns by wolves and cougars in central Idaho. MSc (1999-2002) 
 Current position: Biologist, Idaho Department of Fish and Game, Boise, ID 
Todd Steury. Territoriality and survival relationships in red squirrels. MSc (1999-2002) 
 Current position: Assistant Professor, Auburn University, Auburn, AL 
Aaron Wirsing. Demographic analysis of a southern snowshoe hare population. MSc (1999-2001) 
 Current position: Associate Professor, University of Washington, Seattle, WA 
Rachel Cook. Body condition and reproductive physiology in Rocky Mountain elk. MSc (1997-2000) 
 Current position: Biologist, National Council for Air and Stream Improvement, LaGrande, OR 
 
UNDERGRADUATE HONOURS STUDENTS - TRENT UNIVERSITY 
Patrick Heney. Fluctuating asymmetry in salamander spotting patterns (2015-16) 
Jacob Seguin. Snail responses to predation risk. (2014-15) 
Adrian Forsythe. Algal population cycles. (2013-14) 
Danielle Porplycia. Predator infochemicals as drivers of phenotypic plasticity in algae. (2012-13)  
Kyle Yurkiew. Habitat suitability in expanding coyote populations. (2011-12) 
Michael Peers. Responses of Canada lynx to bobcat landscape occupancy. (2011-12) 
Nicholas Hughes. Predator density and functional response. (2010-11) 
Brian Atkins. Functional response of predators to toxic prey. (2009-10) 
Thomas Hossie. Stress responses of tadpoles under predation risk. (2006-07) 
Christine Terwissen. Behavioural ecology of domestic horses. (2006-07) 
 
OTHER PERSONNEL (Since 1996 I have hired >60 undergraduate students and technicians to 
work either for me, for research teams I directed, or for my graduate students; the list below includes 
only paid trainees (since 2000) who were employed for >3 months and who fell under my direct 
supervision; many of these individuals later joined my lab as graduate students) 
 
Michael Peers (2012); Cayla Austin (2012); Danielle Porplycia (2012); Stephanie Barre (2011-12); 
Teresa Isherwood (2011); Ermina Kusari (2011); Nicholas Hughes (2010); Adrian Borlestean (2010); 
Brian Atkins (2009); Kristen Landolt (2009); David Pereira (2008); Jennifer Wilcox (2008); Kevin 
Downing (2008-09); Christine Terwissen (2008); Tom Hossie (2008); Bastien Ferland-Raymond 
(2007); Dave Ireland (2006-07); Kaitlin Byrick (2006); Aaron Wirsing (2001); Ryan Monello (2000) 
 
 
4.  GRANTSMANSHIP  
 
GRANTS AND CONTRACTS (held since 2000) 
Competitive grants 
Ontario Species at Risk Stewardship Fund. Development of risk maps for Ontario’s amphibians. 

$54,520 (PI with 2 others) (2015-2017) 
Ontario Ministry of Education. Online delivery and development of Principles of Environmental 

Monitoring. $44,800 (2016) 

A-30 



 17 

Ontario Ministry of Education. Online delivery and development of Quantitative Methods in 
Environmental Monitoring. $44,800 (2016) 

Ontario Species at Risk Stewardship Fund. Conservation of smallmouth salamanders in Ontario. 
$176,975 (PI with 2 others) (2015-2017) 

NSERC Research and Technological Instruments (RTI) Snowshoe hare GPS radio-telemetry system. 
$147,544 (PI with 4 others) (2015) 

NSERC CREATE A world-class training program in Advanced Environmental Technologies 
$1,650,000 (PI with 10 others) (2015-2021) 

NSERC (Strategic) Developing eDNA technologies for monitoring amphibians and their pathogens. 
$596,250 (PI, with 6 others) (2014-2017)  

Canada Research Chair in integrative wildlife conservation, bioinformatics, and ecological modeling. 
$1,400,000 (2014-2021) 

Canadian Foundation for Innovation. Infrastructure to support the CRC $165,000 (2014) 
NSERC (Discovery) The role of predation in attenuating population cycles. $300,000 (2013-2018) 
NSERC (Partnership Workshops Program) Workshop to establish a Furbearer Data Repository. 

$25,000 (PI, with 3 others) (2011-12) (declined) 
NSERC (Strategic) Models predicting lynx population connectivity. $560,250 (PI, with 3 others) 

(2010-2012)  
NSERC – RTI Gamma counter (R. Boonstra et al.) $34,000 (2010) 
Wildlife Conservation Society. Lynx spatial dynamics $15,500 (with M. Hornseth) (2010) 
Ontario Ministry of Research Innovation.  PDF salary – Lynx population genetics. $50,000 (with P. 

Wilson) (2009-2010)   
World Wildlife Fund.  Wolf and coyote hybrid zone dynamics. $40,000 (2010) 
World Wildlife Fund.  Wolf and coyote hybrid zone dynamics. $40,000 (2009) 
NSERC (Discovery Accelerator Supplement) $120,000 (2008-2010) 
NSERC (Discovery).  Lynx and eastern wolf range determinants. $175,000 (2008-2012) 
NSERC (Strategic Supplement). Lynx landscape genetics in Ontario. $190,000 (P. Wilson et al.) 

(2008-09) 
Canada Research Chair in Terrestrial Ecology (renewal) $500,000 (2007-2011) 
Wildlife Conservation Society. Lynx habitat connectivity $16,000 (with M. Hornseth) (2007) 
NSERC (Strategic) Modeling moose population dynamics. $559,000 (PI, with 3 others) (2006-2009) 
NSERC (internal)  Phenotypic plasticity in amphibians.  $2,000 (2006) 
NSERC (internal)  Phenotypic plasticity in amphibians.  $2,600 (2005) 
Canadian Foundation for Innovation.  New Research labs, incl. Wildlife Disease Research Centre.   
 $7,200,000 (B. White et al.) (2004-2006) 
NSERC (Discovery).  Snowshoe hare responses to parasitism and predation risk. $150,000 (2003-

2007) 
Canada Research Chair in Terrestrial Ecology $500,000 (2002-2007) 
Canadian Foundation for Innovation.  Funds to support Canada Research Chair.  $150,000 (2002-

2005) 
Charles DeVlieg Foundation, University of Idaho.  Graduate student fellowship $45,000 (declined) 

(2001) 
Wilburforce Foundation.  Evaluation of dispersal corridors for northwestern wolf populations. $17,000 

(with J. Oakleaf) (2001) 
Idaho Commodity Commissions.  Predicting vole population irruptions using environmental 

correlates. $27,000 (2001-2002) 
University of Idaho.  Demographic analysis of a declining moose population. $10,000 (2000) 
McIntire-Stennis and U.S. Forest Service.  Food limitation and energetic expenditure in a snowshoe 

hare population. (with J. Marshall) $208,000 (1999-2002) 
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Non-competitive awards  
Environment Canada. Landscape genetic of sandhill cranes. $38,000 (2015-17) 
Environment Canada. Population viability assessment for sandhill cranes. $5,000 (2015) 
Panthera Conservation.  PDF salary – Sumatran tiger conservation. $167,100 (with R. Pickles) (2012-

2015) 
Panthera Conservation.  PDF salary – Assessing jaguar dispersal corridors. $55,700 (with D. 

Thornton) (2012-2013) 
Ducks Unlimited Canada, U.S. Fish and Wildlife Service.  PDF salary – Traveling waves in duck 

populations. $92,000 (2011-2012)  
Govt. of Newfoundland. PhD stipend - Coyote population ecology. $90,000 (2009-2012)    
Govt. of Newfoundland. PhD stipend - Caribou spatial dynamics. $90,000 (with J. Schaefer) (2009-

2012) 
Ontario Ministry of Natural Resources. Lynx research in Ontario. $90,000 (2008-2010) 
Parks Canada.  Elk condition assessment. $30,000 (2008) 
Govt. of Newfoundland and Labrador.  Density dependence assessment in caribou herds. $12,600. 

(2008) 
U.S. Fish and Wildlife Service.  PVA funding. $20,000 (2008-2009) 
Ontario Federation of Anglers and Hunters.  Support for Ontario moose study. $32,000 (2006-2007) 
U.S. Forest Service & Idaho Dept. Fish and Game.  Snowshoe hare population analysis.  $12,500 

(2005-2007) 
U.S. Fish and Wildlife Service.  PDF support – Wolf population assessment. $140,000 (2004-2007) 
U.S. Fish and Wildlife Service.  Red wolf survival database update. $4,500 (2004-2005) 
Parks Canada.  Raccoon predation on turtle nests. $138,000 (with R. Rosatte) (2004-2006) 
Parks Canada.  Diet analysis of elk in Riding Mountain National Park. $20,000 (2003-2004) 
U.S. Fish and Wildlife Service.  Survival analysis for red wolves and hybrids. $20,100 (2003-2006) 
Ducks Unlimited, Inc.  Time series analysis of North American carnivore populations. $30,000 (with 

S. Larivière) (2002-2003) 
Delta Waterfowl.  Analysis of carnivore diet breadth and overlap. $9,000 (2001) 
Ducks Unlimited, Inc.  Analysis of carnivore helminths. $10,000 (with S. Larivière) (2001) 
U.S. Forest Service.  Assessment of snowshoe hare responses to pre-commercial thinning. $85,500 

(with S. Johnson) (2001-2003) 
Ducks Unlimited, Inc. Meta-analysis of infectious diseases in carnivores. $4,500 (2000-2001) 
Idaho Department of Fish and Game.  Dietary reconstruction of lynx. $4,000 (with J. Roth) (2000) 
University of Idaho Agricultural Experiment Station.  Vole population ecology. $20,000 (2000-2003) 
U.S. Forest Service & Idaho Department of Fish and Game.  Snowshoe hare populations.  $123,500 

(1999-2002) 
U.S. Fish and Wildlife Service, U.S. Forest Service, and Idaho Department of Fish and Game.  Wolf-

ungulate relationships in Idaho. $200,000 (with 4 others) (1999-2001) 
U.S. Fish and Wildlife Service, U.S. Forest Service, & Defenders of Wildlife. Livestock responses to 

potential wolf predation. $144,000 (with C. Mack) (1999-2001) 
Idaho Fish and Game & U.S. Forest Service.  Snowshoe hare and red squirrel population ecology. 

$166,000 (1997-2000) 
 
 
5.  TEACHING 
 
TEACHING - TRENT UNIVERSITY (2002-present) 
Graduate-level 
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MSc Degree Core Course (2014-16, enrolment: 18-26) 
Predator-Prey Interactions (2010, 2012, enrolment: 5-9) 
Population Viability Analysis (2006, 2007, 2009, enrolment: 5-6) 
Analysis and Interpretation of Ecological Timeseries (2005, enrolment: 2)  
Population and Statistical Modeling (2003, enrolment: 8) 
 
Upper division 
Behavioural Ecology (2004-06, 2009-12, enrolment: 50-95) 
 
Other 
Current Topics in Biology (3 guest lectures 2011, enrolment: ~400) 
Honours Thesis (7 students) 
Undergraduate and Graduate Reading Course (19 students)  
 
TEACHING - WORKSHOP 
Applied Survival Analysis (this was a week-long workshop I was invited to teach through the Swedish 
Agricultural University, Grimsö, Sweden; 2009, enrolment=10 graduate students and senior researchers) 
 
TEACHING - UNIVERSITY OF IDAHO (1996-2002) 
Graduate-level  
Predator-Prey Relationships (1998, 2000, enrolment: 15-20) 
Fish and Wildlife Seminar (2000-02, enrolment: 20-35) 
Patterns of Prey Selection (2001, enrolment: 9) 
  
Upper division 
Behavioural Ecology (1997, enrolment: 25)  
Multispecies Interactions (2000, enrolment: 8) 
Wildlife Ecology II (2000-02, enrolment: 21-35) 
Principles of Population Ecology (2001; enrolment: 6) 
 
Lower-division and/or College core curriculum  
Principles of Wildlife Biology (1996, 1997, enrolment: 50-80) 
General Ecology (2001, co-taught, enrolment: 95) 
 
Non-major 
Fish and Wildlife Ecology and Conservation (1998, 1999, co-taught, enrolment: 30-40)  
Honors Colloquium (1998, co-taught, enrolment: 12)  
 
Other 
Undergraduate and Graduate Reading Course (2003-10, 18 students)  
      
TEACHING - UNIVERSITY OF MASSACHUSETTS (1995-96) 
Graduate-level 
Advanced Population Dynamics (1995, enrolment: 8) 
 
Lower division 
Wildlife Conservation (1996, enrolment: 210) 
Wildlife Conservation and Management Techniques (1996, enrolment: 55)  
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Non-major 
Wildlife and their Environments (1996, co-taught, enrolment: 375)  
Honors Colloquium (1996, co-taught, enrolment: 16)  
 
Other 
Special Topics (1996; one undergraduate was taught)  
 
 
6.  SERVICE 
 
EXTRAMURAL COMMITTES  
Kawartha Heritage Conservancy (Board of Directors, 2012-2015); Killam Research Fellowship 
(reviewer, 2012); Kawarthas Naturally Connected (Steering Committee member, 2012-present); 
Canadian Institute of Ecology and Evolution (Scientific Advisory Committee, member, 2012-present); 
Canadian Foundation for Innovation – LEF and NOI - radio-telemetry (Adjudication committee, 
member, 2012); NSERC Industrial Research Chair - site visit (Chair, 2011); NSERC GSC-18 / 1503 
(Ecology and Evolution) (member, 2009-2011); The Wildlife Society, Predator management review 
panel (member, 2008-2009); Govt. of Newfoundland and Labrador, Scientific advisory team for 
caribou population recovery. (member, 2008-present); Committee on the Status of Endangered 
Wildlife in Canada (COSEWIC) - Terrestrial Mammal subcommittee (member, 2005-2012); World 
Lagomorph Society (Vice-Secretary, 2006-2012); International Union for the Conservation of Nature 
(member, IUCN),  Lagomorph Specialist Group (member, 2004-present); U.S. Fish and Wildlife 
Service,  Red Wolf Recovery Implementation Team (member, 2000-present); U.S. Fish and Wildlife 
Service,  Mexican Wolf Recovery Plan Technical Sub-Committee (member, 2003-2005); Advisory 
Team.  Carnivore 2000 Conference. (member, 1999-2000)   

  
UNIVERSITY COMMITTEES 

 Trent University 
Small NSERC grants (2014-2016); Research (Biology Research and Graduate Studies (Chair, 2013); 
Biology Research and Graduate Studies (Chair, 2009-12); Biology Department Chair search (Chair, 
2012); NSERC Internal Research Grants and USRA’s (Chair, 2011-2012); Research Policy (member, 
2011-2012); EnLS Graduate Program Director search (Chair, 2011); Dean of Graduate Studies search 
(member, 2010); Schindler Research Chair search (member, 2010); Research Policy (member, 2009); 
Institutional Post-Graduate NSERC committee (member, 2009); President’s Committee on Strategic 
Planning (member, 2009); Research Ethics Board (member, 2008-2009); Biology promotion (member, 
2008); Biology web page (member, 2002-2005); WEGP Director search (Chair, 2005); WGEP Executive 
Committee (member, 2003-2006); University Senate (member, 2007); University Senate Executive 
(member, 2007); Nature Areas (member, 2006); Graduate student committees (currently serve as 
member on 11 committees other than my own students; served previously on an additional 19 
committees; served as external/internal examiner on 13 defences or qualifying exams); Thesis defence or 
qualifying exam chairperson (11 exams). 

  
 University of Idaho  
 College of Natural Resources Core curriculum (member, 2000); College of Natural Resources Strategic 

Planning (member, 1999); Natural Resource Ecology and Conservation Biology Program Petitions 
(member, 1999); Search committee member - Conservation Biologist; Search committee member  -
Ungulate Ecologist (1999); 3rd year and 5-year review committee (member, 1996-2000); Graduate 
Applications Committee (member, 1999-2000); Graduate student committees (>15 students).  
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WORKSHOPS / SYMPOSIA ORGANIZED 
Survival rate estimation and analysis, The Wildlife Society annual meeting, Calgary, AB (2004); 
Improving the quality of future carnivore research.  Carnivore 2000 Conference, Denver, CO (2000); 
Recent developments in predator-prey ecology, Seventh International Theriological Congress, Acapulco, 
Mexico (2000) 
 
EDITORSHIPS 
Associate Editor – Frontiers in Population Dynamics (2014-present) 
Associate Editor – MDPI Biology (2011-present) 
Associate Editor - Wildlife Research (2009-present) 
Associate Editor - Ecoscience (2006-15)  
Associate Editor - Wildlife Society Bulletin (2003-05) 
 
PEER-REVIEW 

 I review 8-12 manuscripts/proposals per year for the following: 
 
Journals 

 Acta Theriologica; Alces; American Naturalist; Amphibia-Reptilia; Arctic; Biological Conservation; 
Canadian Field-Naturalist; Canadian Journal of Zoology; Conservation Biology; Ecography; Ecology; 
Ecoscience; Forest Ecology and Management; Functional Ecology; Geographical Ecology and 
Biogeography; International Journal of Parasitology; Island Press; Journal of Animal Ecology; Journal of 
Applied Ecology; Journal of Mammalogy; Journal of Parasitology; Journal of Wildlife Diseases; Journal 
of Wildlife Management; Journal of Zoology; Northwest Science; Oecologia; Oikos; PLoS (One); 
Proceedings of the Royal Society of London (Series B); Proceedings of the Southeastern Association of 
Fish and Wildlife Agencies; Pronghorn Antelope Workshop Proceedings; The Prairie Naturalist; Wildlife 
Monographs 
  
Organizations/Institutions 

 Alberta Conservation Association; Cambridge University Press; Columbia University Press; Canada 
Research Chairs; Lincoln Park Zoo; National Science Foundation; NSERC; NSERC (Collaborative); 
Seattle City Light; Prentice Hall Publishers; Sustainable Ecosystems Institute; U.S. Fish and Wildlife 
Service; U.S. Forest Service; University of Chicago Press; University of Massachusetts (Faculty 
Fellowship); University College of the Cariboo (Tenure and Promotion) 

 
 External examiner or committee member 

Laval University (PhD defence examiner, 2016) 
University of Saskatchewan (PhD defense examiner, 2015) 
Laval University (Biology Department external examiner 2014) 
University of Alberta (PhD Defence examiner, 2014) 
University of Idaho (PhD graduate committee member, 2010-2014) 
Universidad de Castilla-la-Mancha, Ciudad Real, Spain (PhD defence examiner, 2011) 
University of Alberta (PhD exam committee external member, 2006) 
 
OTHER EXAMPLES OF SERVICE (since 2000) 
U.S. Fish and Wildlife Service (Alexander Archipelago wolf listing proposal reviewer, 2015); Alberta 
Conservation Association Research Chair (reviewer, 2011); Galway-Cavendish and Harvey Aggregate 
Resources (Steering Committee member, 2004); I have moderated 8-10 oral paper sessions at 
professional meetings (e.g., American Society of Mammalogists, Society for Conservation Biology); 
Advised USFWS on population-level requirements for delisting gray wolves (2000, 2007).  
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PROFESSIONAL DEVELOPMENT COURSES TAKEN 
Population Cycle Analysis Workshop (2013); Media communications training (2008); Statistical 
programming using STATA (2003); Time Series Analysis (2002); Experimental Design (2000); 
Computer-based Teaching and Learning (1999); Distance Education (1998); Teaching Creative 
Thinking Skills (1997)  
 
EXAMPLES OF PUBLIC OUTREACH (since 2000) 
Each year I conduct approx. 20 print, radio, or television interviews on aspects of my research or its 
policy implications. A few examples include: Globe & Mail and Times Higher Education regarding my 
paper on research funding bias (2016); Interviewed on CBC Metro Morning (2012); Post-doctoral fellow 
(Amanda Sparkman) interviewed for CBC Quirks and Quarks (2010); Lecture for Centre of Knowledge 
in the Environment Fundraiser, Peterborough, ON (2009); Lecture for Mountain Gorilla Fundraiser, 
Peterborough, ON (2009); Lecture for Algonquin Provincial Park stakeholders, Whitney, ON (2006); 
Lecture for South Simcoe Federation of Ontario Naturalists, Georgina, ON, Canada (2002); Interviewed 
for commentary articles in Science, Canadian Geographic, Toronto Star, Natural History, and many local 
newspapers and radio stations. 
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DANIEL J. HARRISON 
  
Department of Wildlife Ecology 
University of Maine, 5755 Nutting Hall 
Orono, ME 04469-5755 
(207) 581-2867 (Work) 
(207) 852-1871 (Cell) 
harrison@maine.edu 
 

PROFESSIONAL EXPERIENCES 
 
9/2013-8/2016: Chair and Undergraduate Coordinator, Department of Wildlife, Fisheries, and 

Conservation Biology, University of Maine; 70% administration, 20% research, 10% instruction.  
Administer an academic department including 7 university faculty, a federal USGS research unit (2-3 
scientists), 2 support personnel, post-doctoral scientists, research associates, approximately 25 graduate 
research and teaching assistants, and 125 undergraduate wildlife majors.  Teach co-capstone senior-level 
undergraduate course, administer and supervise research grants, and oversee a lab comprised of graduate 
students, technicians and a post-doctoral scientist. 

 
9/2000-8/2013 & 9/2016-present:  Professor of Wildlife Ecology, Dept. of Wildlife Ecology, 

University of Maine; Cooperating Professor, Center for Research on Sustainable Forests (2007-present); 
Cooperating Scientist , Maine Cooperative Forestry Research Unit (1999-present);  Cooperating Professor, 
Department of Forest Ecosystem Science (1999-2005) and Center for Research on Sustainable Forests 
(2008-present); and Faculty Associate, Maine Cooperative Fish and Wildlife Research Unit, Univ. of Maine 
(1988-present).  Tenured, academic year appointment with shared research (50%) and teaching (50%) 
responsibilities; appointment changed to 75% research, 25% teaching, effective 9/1/2005.  Course 
instruction: Wildlife-Habitat Relationships (WLE 450, Cr. 4), Introduction to Wildlife Resources (WLE 
100, Cr. 1), Graduate Course in Habitat Ecology (WLM 650, Cr. 4; team-taught), Graduate Course in 
Carnivore Ecology and Management (WLE 565, Cr. 3).  Serve as academic advisor to undergraduate 
students and as thesis advisor for graduate students (Responsible for: base-funded research program in 
wildlife-forestry relationships supported through the Maine Agricultural and Forest Experiment Station; 
extramurally funded research program in habitat relationships of forest wildlife and ecology of meso-
carnivores and their prey; public service; technology transfer.  Provide research advisement and technology 
transfer to large private forest landowners, state and federal resource management agencies, and NGO’s. 

 
7/2001-6/2002: Interim Chair, Department of Wildlife Ecology, University of Maine. 
 
 9/93-8/00:  Associate Professor of Wildlife Ecology, Dept. of Wildlife Ecology, University of 

Maine; duties listed above plus served as administrator and instructor for mandatory 3-week summer field 
camp, Wildlife Field Survey (WLE 250, Cr. 3, 1994-97).     
 

1/88-8/93:  Assistant Professor of Wildlife, Dept. of Wildlife, University Maine. 
50%-50%, shared research-teaching appointment (9-month).  Additional responsibilities included serving as 
advisor to the Student Chapter of The Wildlife Society, and administration and instruction of the summer 
field camp, Wildlife Field Survey (WLE 250, Cr. 3, 1988-93).  Twice served as instructor twice in senior-
capstone course in wildlife policy and administration (Cr. 3).  Developed and taught undergraduate habitat 
course (Cr. 4), and graduate course in predator ecology (Cr. 3).   
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2/86-12/87:  Wildlife Research Supervisor (Staff Associate-Wildlife), Wildlife Bureau, Connecticut 

Department of Environmental Protection.  Responsible for overall supervision, administration, budgeting, 
and coordination of statewide research and management programs for Nongame and Endangered Species, 
Upland Wildlife (small game), and Mammals (except deer)..  Supervised a staff of 6 professional and 2 
clerical staff. 
 

6/85-2/86:  Mammal Program Leader (Wildlife Biologist I and II), Wildlife Bureau, Connecticut 
Department of Environmental Protection.  Administered statewide research and management programs for 
14 species of harvested and non-harvested mammals.   
 
EDUCATION 

1982-1985:  University of Maine, Ph. D. in Wildlife, August 1986; Dissertation:  Coyote Dispersal, 
Mortality, and Spatial Interactions with Red Foxes in Maine. 

 
1980-1982:  University of Maine, M.S. in Wildlife Management, May 1983; Thesis: Denning 
Ecology, Movements, and Dispersal of Coyotes in Eastern Maine. 

 
1976-1980:  University of Wyoming, B.S. in Wildlife Management, May 1980.    

 
PROFESSIONAL SERVICES 
Affiliations  

Society for Conservation Biology 
American Society of Mammalogists 
The Wildlife Society (national, section, chapter) 
Martes Working Group 

 
Committees/Professional Service 
 Undergraduate Program Coordinator, Dept. Wildlife, Fisheries, and Conserv. Biol. (2013-2015)  
 Search Committee, Assistant Professor of Wildlife Habitat Ecology, University of Maine (2015) 

Institutional Animal Care and Use Committee, University of Maine (2012-2014) 
Chair of Search Committee, Assistant Professor of Wildlife Population Ecology (2013) 
Peer Committee Chair, Department of Wildlife Ecology, University of Maine (2012-2013) 
Faculty Senator, University of Maine (2010-2012) 
Financial and Institutional Planning Committee, Faculty Senate (2010-2012) 
Board of Directors, The Forest Society of Maine (2008-2011) 
Land Conservation Committee, Forest Society of Maine (2009-present) 
Scientific Advisor, Carnivores 2006 Conference, St. Petersburg, Florida (2005-06) 
External Program Review Team, Dept. Natural Resources, Univ. New Hampshire (2006) 
Search Committee for Asst. Professor Fisheries, Dept. Wildlife Ecology, Univ. Maine (2006) 
Invited Peer Reviewer, U.S. Fish &Wildlife Service, Critical Habitat Proposal for Lynx (2006) 
Research Council, Maine Agricultural and Forest Experiment Station (2005-2008) 
Peer Review Team, Endangered Wolf Delisting Proposal, U.S. Fish Wildlife Service, (2004) 
Scientific Advisor, Carnivores 2004 Conference, Santa Fe, New Mexico (2003-04) 
Cooperating Scientist, Maine Cooperative Forestry Research Unit, (1999-present) 
Scientific Advisor to Newfoundland Model Forest, marten research, (1997-2010)  
Invited Member, Recovery Team for Endangered Newfoundland Marten, (1998-2010) 
University Representative on Northern Maine Landscape Planning Comm. (2002-2008) 
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Committee of Whole for Curriculum and Graduate Issues, Dept. of Wildlife Ecology (1988-present) 
Awards Committee, Maine Chapter of The Wildlife Society, (1992-present)  
Peer Review Committee, Dept. Wildlife Ecology, University Maine (1988-present) 
Hosted 4 landscape planning workshops for agencies and environmental groups (2002-2010) 
Coauthored position on coyote snaring bill, Maine Chapter, The Wildlife Society (2003)  
Member of Search Committee, Assistant Coop. Unit Leader for Fisheries (2003) 
Invited External Review Participant for Maine Dept. Inland Fisheries and Wildlife (2003) 
Nongame/Endangered Species Advisory Council, MDIFW (1999-2002) 
Chair, Search Committee for Instructor in Wildlife Ecology  (2001-02) 
Search Committees for Faculty Sabbatical Replacements (2) (2001-2002) 
Co-author on Forestry-Wildlife Alumni Newsletter, Univ. Maine (2002) 
U.S.D.A. Forest Service Expert Review Panel for Species at Risk WMNF, GMNF (2002) 
Forest Biodiversity Benchmarks Working Group, Maine Forest Service (2001-02) 
Advisor to Huber Corp. on forest wildlife habitat supply planning (2001-2002) 
Expert Panelist, Eastern Wolf Conference (2002) 
Scientific Advisor, Carnivores 2002 Conference, Monteray, California (2001-02) 
Program Chair/Co-Convenor, 3rd Int. Martes Symp., Newfoundland, (2000) 
Consulting Scientist to industry on biocontaminants issues with aquatic mammals, (2000) 
Search Committee for Finance/Communications Coordinator, Maine Coop. Forest Res.Unit, (1999)  
Search Comm. for Asst. Leader/Wildlife, Maine Coop. Fish and Wildlife Research Unit, (1999) 
College Committee for Development of Green Endowment policies (1999)  
Research and Public Service Committee, Faculty Senate, (1994-95, 1998-1999) 
Forest Research Center Steering Committee, College of NFA (1998-2000) 
Restructuring Committee for Maine Cooperative Forestry Research Unit (1998-1999) 
Usniversity of Maine Faculty Senate (elected), (1993-1999) 
Lynx Research Working Group, MDIFW & USFWS (2000-present) 
Timber Wolf Advisory Committee, Maine Dept. Inland Fisheries & Wildlife (1997-2000) 
Search Committee for Silvicultural Program Leader, CFRU, (1997-98) 
Search Committee for Instructor, Dept. Wildlife Ecology, (1997) 
Academic Affairs Committee, Faculty Senate, (1997-98) 
Constitution and Bylaws Committee, Faculty Senate, (1996-97) 
Search Committee for Program Scientist, CFRU (1996) 
Search Committee for Assistant Professor of Wildlife Ecology (1995) 
Admissions Committee, Graduate Program in Ecology and Environmental. Sciences, (1994-96) 
Forest Ecosystem Research Committee, University Maine, (1993-95) 
Auditing Committee, NE Section, The Wildlife Society, (1989-94) 
Scholarship Committee, College Forest Resources, (1989-94) 
Scholarship Committee, Department of Wildlife Ecology, (1988-96) 
University Forest Advisory Committee, College of Forest Resources, (1989-94)  
Predator Management Committee, Baxter State Park, (1993) 
Presidential Public Service Awards Committee, University Maine, (1993-94) 
Faculty Research Funds Committee, University Maine, (1988-91), Chair, (1990-91) 
Evaluation Committee for Dean of Graduate School, (1991) 
Executive Committee of the Graduate School, (elected), (1989-90)  
Graduate Board, (elected), University Maine, (1988-91) 
Northeast Fur Resource Technical Committee, (1985-1991) 
Facilities and Safety Committee, College of Forest Resources, (1988-89) 
Cooperative Extension-College of Forest Resources Working Group, (1988-89) 
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Advisor, Student Chapter of the Wildlife Society, University Maine, (1988-92) 
Executive Board (elected), Maine Chapter of The Wildlife Society (1989) 
 

Editorships  
 
-Associate Editor for Wildlife Biology, September 2009 – 2012 
-Senior Editor for a Contributed book: Ecology and management of Martes in human altered landscapes: 

An International Perspective.  Reviewed, edited, and revised 22 contributed chapters, wrote Preface, and 
coordinated publication (published by Springer, New York in 2004). 

-Guest editor for Northeastern Naturalist  (2005-06) 
-Consulting Editor for Wildlife Monograph (2000) 
  
Manuscript Reviews (in order of number of manuscripts reviewed: range 1-496)  
  

Journal of Wildlife Management  
Wildlife Biology 
Journal of Mammalogy  
Wildlife Society Bulletin 
Forest Ecology and Management  
Landscape Ecology  
Conservation Biology  
Canadian Journal of Zoology  
Northeastern Naturalist  
Wildlife Monographs  
Bioscience 
Behavioral Ecology 
Ecology  
Ecological Applications  
Ecography 
Environmental Monitoring and Assessment  
Southeast Proceedings  
Southwest Naturalist  
Northeast Wildlife  
American Midland Naturalist  
Wildlife Biology 
Wildlife Research    
Proceedings of 5th International Martes Symposium 
Proceedings of 2nd International Martes Symposium  
Proceedings of 1st International Martes Symposium  
Maine Agricultural and Forest Experiment Station Miscellaneous Reports  
 

Other Professional Contributions 
Granted > 130 media interviews; contributed to 3 film documentaries, presented legal and public 
testimony on numerous occasions, have provided technical advice to natural resource agencies and non-
governmental organizations in Maine, Alaska, Rocky Mountain states, Ontario, New Brunswick, Nova 
Scotia and Newfoundland Canada, and Tanzania; hosted numerous field trips for visiting scientists, 
organizations, and businesses; provided technology transfer (newsletters, phone calls, presentations, field 
visits) for forest products businesses in Maine, handled hundreds of requests for information from public; 
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presented >100 public talks; frequently review scientific proposals for business, federal agencies, and 
other universities. 

 
Honors and Awards 
 
2009:  Distinguished Alumnus Award, Department of Wildlife Ecology, University of Maine 
2008-2009: University Research Sabbatical, University of Maine (competitive system-wide award) 
2008:  Award of Professional Excellence, Department of Wildlife Ecology, The University of 

Maine (awarded to alumni)  
2007:  Maine Chapter of the Wildlife Society’s Meritorious Service Award  
2007:  Appointed Cooperating Professor, Center for Research on Sustainable Forests  
2006:  G. Peirce and Florence Pitts-Webber Award to the Outstanding Researcher in 
  Forest Resources, University of Maine 
2000:  G. Peirce and Florence Pitts-Webber Award to the Outstanding Researcher in 
  Forest Resources, University of Maine 
1998:  Appointed Cooperating Scientist, Maine Cooperative Forestry Research Unit 
1992:    Distinguished College of Forest Resources Professor of the Year, University of 
  Maine 
1985:  Dow-Griffee Award to Outstanding Graduate Students in Agriculture, Forestry and 

Wildlife at the University of Maine 
1984:  New England Outdoor Writer’s Scholarship to Outstanding Wildlife Student in New 

England (selected from regional competition among state-level awardees). 
1984: New England Outdoor Writer’s Scholarship to Outstanding Wildlife Student in Maine 
1979:  Phi Kappa Phi, University of Wyoming 
 
GRADUATE ADVISING: 

-Served as major advisor for 19 M.S. and 7 Ph.D. students; 22 theses completed to date. 
-Served on 42 graduate committees where I did not serve as major advisor. 
-Mentored 4 post-doctoral Research Scientists and several post-M.S. Research Associates. 

 
TEACHING EXPERIENCE: 
 

Taught 37 sections of 6 undergraduate semester courses (median instructor rating 1.42; 
1=excellent, 5=poor ); managed and taught the required 3-week, summer field session for wildlife 
students annually for 10 years (median instructor rating 1.50); advised 8-33 undergraduate wildlife 
students annually, taught 12 semesters of graduate courses in Predator Ecology and Habitat 
Analysis (median instructor rating 1.50), and instructed graduate thesis (52 semesters). 

 
PUBLICATIONS  (* = refereed): 
 
Books, Journal Articles, Book Chapters, and Published Conference Proceedings 
 
*xxxx -   Fuller, A. K., D. J. Harrison, J. A. Hepinstall-Cymerman, and B.J. Hearn.  A quantitative method 

for detecting ecological thresholds: nonlinear responses to habitat loss by American martens.      
   Ecological Applications: (in revision). 

 
*xxxx -  Fuller, A. K., and D. J. Harrison.  Competition and resource partitioning between island red foxes 

  and recently colonized coyotes.  Journal of Mammalogy: (in revision).  
 

A-41 



                6 
*xxxx - Loman, Z. G., E. J. Blomberg, W. V. Deluca, D. J. Harrison, C. S. Loftin, and P. B. Wood. In  

review. Validating landscape capability as a predictor of upland game bird abundance and 
occurrence. Journal of Wildlife Management (submitted). 

 
*2016 – Simons-Legaard, E.M., D.J. Harrison and K.R. Legaard.  Habitat monitoring and projections for 

Canada lynx: linking the Landsat archive with carnivore occurrence and prey density.  Journal of 
Applied Ecology  DOI:10.1111/1365-2664.12611. 
  

*2013 -  Fuller, A. K,. and D. J. Harrison.  Modeling the influence of forest structure on microsite habitat  
use by snowshoe hares.  International Journal of Forestry Research: Volume 2013, Article ID  

  892327, 7 pages, http://dx/doi.org/10.1155/2013/892327. 
 
*2013 - Fuller, A. K., S. M. Spohr, D. J. Harrison, and F. A. Servello.  Nest survival of wild turkeys in a 

mixed-use landscape: influences at nest-site and patch scales.  Wildlife Biology 19:138-146.  
 
*2013 - Simons-Legaard, E. M., D. J. Harrison, W. B. Krohn, and J. H. Vashon.  Canada lynx occurrence 

and forest management in the Acadian forest.  Journal of Wildlife Management 77:567-578. 
 
*2012 -  I. D. Thompson, J. Fryxell, and D. J. Harrison. Improved insights into use of habitat by American 

martens, since the 2nd International Martes Symposium in 1991.  Pages 209 – 229 in  K.B. 
Aubry, W.J. Zielinski, M.G. Raphael, G. Proulx, and S.W. Buskirk, editors, Biology and 
conservation of martens, sables, and fishers: a new synthesis.  Cornell University Press, Ithaca, 
New York, USA.  

 
*2010-   Fuller, A. K., and D. J. Harrison.  Movement paths reveal scale-dependent habitat decisions by 

Canada lynx.  Journal of Mammalogy 91:1269-1279.  
 
*2010-  Hearn, B. J., D. J. Harrison, A. K. Fuller, C. G. Lundrigan, and W. J. Curran.  Paradigm shifts in 

habitat ecology of threatened Newfoundland martens.  Journal of Wildlife Management 74:719-
728. 

 
*2007 - Fuller, A. K., D. J. Harrison, and J. H. Vashon. Winter habitat selection by Canada lynx in Maine: 

prey abundance or accessibility?  Journal of Wildlife Management 71:1980-1986. 
 
2007 -   Harrison, D. J., W. B. Krohn, L. Robinson, A. K. Fuller, and C. L. Hoving.  Multi-scalar habitat 

preferences of snowshoe hares: how does a prey specialist coexist with a specialist predator?  Page 
175 in K. Sjoberg and T. Rooke, editors, International Union of Game Biologists Conference 
Proceedings, Department of Wildlife, Fish, and Environmental Studies, Swedish University of 
Agricultural Sciences (SLU), Umea, Sweden. 

 
*2007- Homyack, J. A., D. J. Harrison, and W. B. Krohn.  Effects of precommercial thinning on 

snowshoes hares in Maine.  Journal of Wildlife Management 71: 4-13. 
 
*2006 - Homyack, J.A., D. J. Harrison, J.A. Litvaitis, and W.B. Krohn.  Quantifying densities of snowshoe 

hares in Maine using pellet plots.  Wildlife Society Bulletin 34: 74-80. 
 
*2005 - Fuller, A. K. and D. J. Harrison.  Influence of partial timber harvesting on American martens in 

north-central Maine.  Journal of Wildlife Management 69:710-722. 
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*2005- Homyack, J. A., D. J. Harrison, and W. B. Krohn.  Long-term effects of precommercial thinning 

on small mammals in northern Maine.  Forest Ecology and Management: 205:43-57. 
  
*2005 - Hoving, C. L. D. J. Harrison, W. B. Krohn, R. A. Joseph, and M. O’Brien.  Broad-scale predictors 

of Canada lynx occurrence in eastern North America.  Journal of Wildlife Management 69:739-
751. 

 
*2004 - Fuller, A. K., D. J. Harrison, and H. J. Lachowski.  Stand-scale effects of partial harvesting and 

clearcutting on small mammals and forest structure.  Forest Ecology and Management 191:373-
386. 

 
*2004 - Harrison, D. J., A. K. Fuller, and G. Proulx.  Martens and Fishers (Martes) in Human Altered 

Environments: An International Perspective.  Springer,  New York, New York (edited, peer-
reviewed book). 

 
*2004 - Homyack, J. A., D. J. Harrison and W. B. Krohn.  Structural differences between precommercially 

thinned and unthinned conifer stands.  Forest Ecology and Management 194:131-143. 
 
*2004 - Hoving, C. L., D. J. Harrison, W. B. Krohn, W. J. Jakubas, and M. A. McCollough. Canada lynx 

habitat and forest succession in northern Maine, United States.  Wildlife Biology 10(4):285-294. 
 
*2004 - Krohn, W. K., C. L. Hoving, D. J. Harrison, D. Phillips, and H. Frost. Martes foot-loading and 

snowfall patterns in eastern North America: Implications to broad-scale distributions and 
interactions of mesocarnivores. Pages 115-131 in D. J. Harrison, A. K. Fuller, and G. Proulx, 
editors, Martens and Fishers (Martes) in Human Altered Environments: An International 
Perspective.  Springer, New York, New York. 
 

*2004 - Payer, D. C. and D. J. Harrison.  Relationships between forest structure and habitat use by 
American martens in Maine, USA.  Pages 173-186 in D. J. Harrison, A. K. Fuller, and G. Proulx, 
editors, Martens and Fishers (Martes) in Human Altered Environments: An International 
Perspective. Springer, New York, New York. 

 
*2004 -Payer, D. C., D. J. Harrison, and D. M. Phillips.  Territoriality and Home-Range Fidelity of 

American Martens in Relation to Timber Harvesting and Trapping.  Pages 99-114 in D. J. 
Harrison, A. K. Fuller, and G. Proulx, editors, Martens and Fishers (Martes) in Human Altered 
Environments: An International Perspective. Springer, New York, New York. 

 
*2004 - Spohr, S. M., F. A. Servello, D. J. Harrison, and D. W. May.  Survival and reproduction of wild 

turkey hens in a suburban environment. Northeast Naturalist 11: 363-374. 
 
2003 - Fuller, A. K. and D. J. Harrison. Occurrence, distribution, and survey methods for native terrestrial 

mammals in Acadia National Park, Mount Desert Island, Maine.  Maine Agricultural and Forest 
Experiment Station Miscellaneous Publication 752, Orono, Maine, 28 pp.  

 
*2003 -- Payer, D. C., and D. J. Harrison.  Influence of forest structure on habitat use by American marten 

in an industrial forest.  Forest Ecology and Management 179:145-156. 
 
*2000 - Payer, D. C., and D. J. Harrison.  Structural differences between forests regenerating following 

spruce budworm infestation and clearcut harvesting: implications for American marten.  
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Canadian Journal of Forest Research 30:1965-1972. 

 
1999 - Harrison, D. J.  Response of wildlife to thinning in forests of the northeastern U.S.  Pp. 35-40 in 

Proceedings of Conference on Thinning in the Maine Forest, Cooperative Forestry Research 
Unit and Office of Professional Development, University of Maine, Orono. 

 
*1998 - Harrison, D. J., and T. G. Chapin.  Extent and connectivity of habitat for wolves in eastern North 

America.  Wildlife Society Bulletin 26:767-775.  
 
*1998 - Chapin, T. G., D. J. Harrison, and D. D. Katnik.  Influence of landscape pattern on habitat use by 

American marten in an industrial forest.  Conservation Biology 12:1327-1337. 
 
*1998 - Long, R. A., A. F. O’Connell, Jr., and D. J. Harrison.  Mortality and survival of white-tailed deer 

Odocoileus virginianus fawns on a north Atlantic coastal island.  Wildlife Biology 4:237-247. 
 

*1998 - Phillips, D. M., D. J. Harrison, and D. C. Payer.  Seasonal changes in home-range area and fidelity 
of martens.  Journal of Mammalogy 79:180-190. 

 
 1997 - Bissonette, J. A., D. J. Harrison, C. D. Hargis, and T. G. Chapin.  The influence of spatial scale and 

scale-sensitive properties on habitat selection by American marten.  Pages 368-385 in J.A. 
Bissonette (editor). Wildlife and Landscape Ecology: effects of pattern and scale.  Springer-
Verlag, New York. 
 

 *1997 - Chapin. T. G., D. J. Harrison, and D. M. Phillips.  Seasonal habitat selection by marten in an 
untrapped forest preserve.  Journal of Wildlife Management 61:707-717. 

 
  *1997 - Chapin, T. G., D. M. Phillips, D. J. Harrison, and E. C. York.  Seasonal selection of habitats by 

resting marten in Maine.  Pages 166-181 in G. Proulx, H.N. Bryant, and P.M. Woodard (editors). 
Martes: taxonomy, ecology, techniques and management.  Provincial Museum of Alberta, 
Edmonton, Alberta, Canada.  474pp. 

 
*1997 - Hodgman, T. P., D. J. Harrison, D. M. Phillips, and K. D. Elowe.  Survival of American marten in 

an untrapped forest preserve in Maine.  Pages 86-99 in G. Proulx, H.N. Bryant, and P.M. Woodard 
(editors). Martes: taxonomy, ecology, techniques and management.  Provincial Museum of 
Alberta, Edmonton, Alberta, Canada.  474pp. 

 
*1996 - Chilelli, M., B. Griffith, and D. J. Harrison.  Interstate comparisons of river otter 

 harvest data.  Wildlife Society Bulletin 24(2):238-246. 
 

1995 - Harrison, D. J.  Foreword.  Pp. 1-4 in G. Parker.  Eastern coyote: the story of its success. Chelsea 
Green Publishing Company, White River Junction, Vermont. 

 
*1994 - Hodgman, T. P., D. J. Harrison, D. D. Katnik, and K. D. Elowe.  Survival in an intensively trapped 

marten population in Maine.  Journal of Wildlife Management.  58:593-600. 
 

*1994 - Katnik, D. D., D. J. Harrison, and T. P. Hodgman.  Spatial relations in a harvested population of 
marten in Maine.  Journal of Wildlife Management 58:600-607. 

 
*1992 - Harrison, D. J.  Dispersal characteristics of coyotes in Maine.  Journal of Wildlife Management 
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56:128-138. 
 

*1992 - Harrison, D. J.  Social ecology of coyotes in northeastern North America: relationships to dispersal, 
food resources, and human exploitation.  Pages 53-72 in A. Boer (editor) Ecology and 
Management of the Eastern Coyote.  Wildlife Research Unit, University of New Brunswick, 
Frederickton. 

 
1992 - Harrison, D. J., and N. E. Famous.  Effects of peat harvesting on a large mammalian carnivore: a 

case study with coyotes (Canis latrans).  Pages 77-96 in D. Grubich (editor) Peat and Peatlands: 
the Resource and Its Utilization.  Proceedings International Peat Symposium, Duluth, Minnesota. 

 
*1992 – O’Connell, A. F., Jr., D. J. Harrison, B. Connery, and K.B. Anderson.  Food use by an insular 

population of coyotes.  Northeast Wildlife 49:36-42. 
 

*1991 - Harrison, D. J., J. A. Harrison, and M. O'Donoghue.  Pre-dispersal movements of coyote (Canis 
latrans) pups in eastern Maine.  Journal of Mammalogy 72:756-763. 

 
*1989 - Harrison, D. J., J. A. Bissonette, and J. A. Sherburne.  Spatial relationships among coyotes and red 

foxes in eastern Maine.  Journal of Wildlife Management 52:181-185. 
 

*1989 - Litvaitis, J. A., and D. J. Harrison.  Bobcat-coyote niche relationships during a period of coyote 
population increase.  Canadian Journal of Zoology 67:1180-1188. 

 
      1986 - Harrison, D. J., and W. B. Krohn.  Population characteristics of Maine coyotes.  U.S. Fish and Wildlife 
        Service Research Information Bulletin No. 86:112. 
 
     *1986 - Harrison, D. J.  Coyotes in the northeast: their history, origin, and ecology. Appalachia 46:30-39. 
 
       1986 - Major, J. T., J. A. Sherburne, J. A. Litvaitis, and D. J. Harrison.  Resource use by and interspecific  

relations between bobcats and other large mammalian predators in Maine.  Pages 291 in S.D. Miller   
        and D.D. Everett, (editors) Cats of the World: Biology, Conservation and Management.  Natl.  

Wildlife Federation, Washington, D.C. 
 

     *1985 - Harrison, D. J., and J. R. Gilbert.  Denning ecology and movements of coyotes in Maine during pup  
      rearing.  Journal of Mammalogy 66:712-719. 

 
*1984 - Harrison, D. J., and J. A. Harrison.  Foods of adult Maine coyotes and their known-aged pups.  

Journal of Wildlife Management 48:922-926. 
 

  1984 - Harrison, D. J.  Use of white-tailed deer by coyotes during pup rearing in Maine.  Transactions of the 
Northeast Deer Technical Committee 20:34-35. 

 
 

Technical Reports and Miscellaneous Publications: 
 
2015 – Harrison, D., and S. Olson.  Relationships among forest harvesting, snowshoe hares, and Canada lynx in 

Maine.  Pages 68-74 in B.E. Roth, editor, Cooperative Forestry Research Unit: 2014 Annual Report, 
University of Maine, Orono. 
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2015 – Dunham, S., and D. Harrison.  Patch occupancy, habitat use, and population performance of spruce grouse 

in commercially managed conifer stands. Pages 75-79 in B.E. Roth, editor, Cooperative Forestry Research 
Unit: 2014 Annual Report, University of Maine, Orono. 

 
2015 - Rolek, B., D. Harrison, C. Loftin, and P. Wood. Bird communities of coniferous forests in the Acadian 

Region: Habitat associations and response of birds to forest management. Pages 80-88 in B.E. Roth, editor, 
Cooperative Forestry Research Unit: 2014 Annual Report, University of Maine, Orono. 
 

2014 – Harrison, D., S. Olson, D. Mallett, A. Fuller, and J. Vashon.  Relationships among forest harvesting, 
snowshoe hares, and Canada lynx in Maine.  Pages 57-62 in B.E. Roth, editor, Cooperative Forestry 
Research Unit: 2013 Annual Report, University of Maine, Orono. 
 

2014 – Dunham, S., and D. Harrison.   Patch occupancy, habitat use, and population performance of spruce grouse 
in commercially managed conifer stands. Pages 63-66 in B.E. Roth, editor, Cooperative Forestry Research 

 Unit: 2013 Annual Report, University of Maine, Orono. 
 

2014 – Rolek, B., D. Harrison, and C. Loftin.  Bird communities of coniferous forests in the Acadian Region: 
habitat associations and response of birds to forest management. Pages 67-73 in B.E. Roth, editor, 
Cooperative Forestry Research Unit: 2013 Annual Report, University of Maine, Orono. 

 
 2013 – Harrison, D., E. Simons-Legaard, K. Legaard, and S. Sader.  Effectiveness of zoning to protect 

deer wintering habitats in Maine: Did the designation of LURC-zoned deeryards achieve desired      
objectives during the period 1975-2007?  Final Report to Northeastern States Research Cooperative and 
USDA Forest Service. http://www.nsrc.org.        

 
 2013 – Harrison, D., S. Olsen, D. Mallett, A. Fuller, and J. Vashon.  Relationships among commercial 
                   forest harvesting, snowshoe hares and Canada lynx in Maine.  Pages 79-84 in B.E. Roth, editor, 
                   Cooperative Forestry Research Unit: 2012 Annual Report, University of Maine, Orono. 
 
 2013 – Dunham, S., and D. Harrison.  Patch occupancy, habitat use, and population performance of spruce 
               grouse in commercially managed conifer stands. Pages 85-89 in B.E. Roth, editor, Cooperative 
               Forestry Research Unit: 2012 Annual Report, University of Maine, Orono. 
 
2012 -  Harrison, D., S. Olson, D. Mallet, J. Vashon, and A. Fuller.  Relationships among commercial forest           
     harvesting, snowshoe hares, and Canada lynx in Maine.  Pages 95-98 in B.E. Roth, editor, Cooperative      
          Forestry Research Unit: 2011 Annual Report, University of Maine, Orono.  

 
2012 -  Harrison, D., and S. Dunham.  Relative densities, patch occupancy, and population performance of spruce 

grouse in managed and unmanaged forests in northern Maine.  Pages 99-104 in B.E. Roth, editor, 
Cooperative Forestry Research Unit: 2011 Annual Report, University of Maine, Orono.  

 
2011 – Fuller, A. K. and D. J. Harrison.  A landscape planning initiative for northern Maine using area-sensitive 

umbrella species: Evaluating baseline conditions and effects of alternative management scenarios and 
silvicultural portfolios on future timber harvest volumes, standing forest inventory, and marten and lynx 
habitat supply on The Nature Conservancy’s St. John lands in northern Maine.  Final Report to the Maine 
Chapter of The Nature Conservancy. 133 pp. 

 
2011 – Harrison, D., W. Krohn, S. Olson and D. Mallett.  Snowshoe hares spatio-temporal dynamics and 

implications for Canada lynx in managed landscapes. Pages 43 - 48 in Mercier, W. J. and A. S. Nelson 

A-46 



      
 

11 

(eds.) Cooperative Forestry Research Unit: 2010 Annual Report, The University of Maine, Orono. 
 
2011 – Simons, E. M., D. J. Harrison, K. R. Legaard, and S. A. Sader.  The effectiveness of state regulation to 

protect deer wintering areas in Maine: Did the designation of LURC-zoned deer yards achieve desired 
objectives during the period 1975-2007?  Pages 38-42 in Mercier, W. J. and A. S. Nelson (eds.) 
Cooperative Forestry Research Unit: 2010 Annual Report, The University of Maine, Orono. 

 
2011 – Vashon, J., D. Harrison, A. Fuller, D. Mallet, W. Jakubas, and J. Organ.  Documenting the response of 

Canada lynx to declining snowshoe hare populations in an intensively managed private forest landscape in 
northern Maine.  Pages 49-51 in Mercier, W. J. and A. S. Nelson (eds.) Cooperative Forestry Research 
Unit: 2010 Annual Report, The University of Maine, Orono.   

 
2010 – Simons, E., D. Harrison, A. Whitman, and J. Wilson.  Quantifying biodiversity values across managed 

landscapes in northern and western Maine.  Final Report to the Maine Cooperative Forestry Research 
Unit, University of Maine, Orono. 29 pp. 

 
2010 - Harrison, D. J., W. B. Krohn, and S. Scott.  Effects of changing hare densities on probability of lynx 

occurrence throughout the commercially managed landscape of northwestern Maine.  Pages 61-64 in 
Meyer, S. R. (Ed.): Cooperative Forestry Research Unit: 2009 Annual Report.  University of Maine, 
Orono. 

 
2010 - Simons, E., D. Harrison, K. Legaard, and S. Sader.   The effectiveness of zoning to protect deer 

wintering areas during the period 1975-2007: Does compromising forest productivity to protect deer 
habitat achieve desired ecological objectives?  Pages 51-56 in Meyer, S. R. (Ed.): Cooperative Forestry 
Research Unit: 2009 Annual Report.  University of Maine, Orono. 

 
2010 - Simons, E., D. Harrison, A. Whitman, and J. Wilson.  Quantifying biodiversity values across managed 

landscapes in northern and western Maine - Year # 3 Progress Report. Pages 66-75 in Meyer, S. R. (Ed.): 
Cooperative Forestry Research Unit: 2009 Annual Report.  University of Maine, Orono.  

 
2010 – Vashon, J., D. Harrison, A. Fuller, D. Mallett, S. McLellan, W. Jakubas, and J. Organ.  Documenting 

the response of Canada lynx to declining snowshoe hare populations in an intensively managed private 
forest landscape in northern Maine. Pages 57-60 in Meyer, S. R. (Ed.): Cooperative Forestry Research 
Unit: 2009 Annual Report.  University of Maine, Orono.  

 
2009 - Fuller, A.K, and D. J. Harrison.  Home range, habitat use, edge relationships, mortality sources, age 

structure,, and survival of white-tailed deer on Mount Desert Island, Maine, 1992-1994.  Final contract 
report to Natural Resource Stewardship Science Office, Northeast Region, U.S. Department of Interior, 
National Park Service.  69 pp. 

 
2008 –  Simons, E., D. Harrison, A. Whitman, J. Hagan and E. Wilkerson.  Quantifying biodiversity values 

across managed landscapes in northern and western Maine.  Pages 52-54 in Maine Cooperative Forestry 
Research Unit Annual Report, Maine Agricultural and Forest Experiment Station Miscellaneous Report 
444, Orono, Maine.  

 
2008 –  Simons, E. K. Legaard, D. Harrison, S. Sader, J. Wilson, and W. Krohn.  Predicting responses of forest 

landscape change on wildlife umbrella species.  Pages 55-59 in Maine Cooperative Forestry Research Unit 
Annual Report, Maine Agricultural and Forest Experiment Station Miscellaneous Report 444, Orono, 
Maine.  
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2007 –  Fuller, A.K, D. J. Harrison, B. J. Hearn.  Application and testing of models to predict probability of 
occupancy and density of endangered Newfoundland martens.  Final Contract Report to Natural 
Resources Canada, Newfoundland-Labrador Wildlife Division, and Western Newfoundland Model 
Forest, Corner Brook, Newfoundland. 75 pp.  

  
2007 -  Harrison, D., W. Krohn, L. Robinson, and J. Homyack. Temporal and spatial relationships among hares, 

lynx and forestry.  Pages 53-57 in CFRU Annual Report 2005-2006, Maine Agricultural and Forest 
Experiment Station Miscellaneous Report 440, University of Maine, Orono. 

     2007 -  Robinson, L., W. Krohn, and D. Harrison. Responses of snowshoe hare and Canada lynx to forest 
harvesting in northern Maine.  Pages 58-64 in CFRU Annual Report 2005-2006, Maine Agricultural and 
Forest Experiment Station Miscellaneous Report 440, University of Maine, Orono. 

     2007 -  Simons, E., K. Legaard, D. Harrison, S. Sader, J. Wilson, W. Krohn, and L. Robinson. Predicting 
responses of forest landscape changes on wildlife umbrella species. Pages 48-52 in CFRU Annual Report 
2005-2006, Maine Agricultural and Forest Experiment Station Miscellaneous Report 440, University of 
Maine, Orono. 

  
2006 -  Fuller, A. K. and D. J. Harrison. Ecology of red foxes and niche relationships with coyotes on Mount 

Desert Island, Maine.  Final contract report to U. S. National Park Service, Boston, Massachusetts. 41 
pp.  

 

2006 -  Fuller, A.K., D.J. Harrison, and J. Vashon. Influence of forest practices on winter habitat selection 
and movement paths by Canada lynx in Maine.  Published abstract of paper presented at Carnivores 
2006 Conference, St. Petersburg, FL. 

 
2006 –  Fuller, A.K, D. J. Harrison, B. J. Hearn, and J. A. Hepinstall.  Landscape thresholds, occupancy 

models, and responses to habitat loss and fragmentation by martens in Newfoundland and Maine.  Final 
Contract Report to Canadian Forest Service and the Western Newfoundland Model Forest.  92 pp. 

 
2006 –  Harrison, D., S. Sader, J. Wilson, and W. Krohn.  Predicting responses of forest landscape change on 

wildlife umbrella species. Pages 53-59 in Maine Cooperative Forestry Research Unit Annual Report, 
Maine Agricultural and Forest Experiment Station Miscellaneous Report 438, Orono, Maine.  

 
2006 –  Kittredge, D. B., D. J. Harrison, R. Smardon, and L. Blum.  Final Program Evaluation of the 

External Review Team: Department of Natural Resources, University of New Hampshire. 31 pp. 

2006 -   Robinson, L., D. J. Harrison, W.B. Krohn, J. Vashon, and M.A. McCollough. Ecological factors 
associated with the distribution of Canada lynx occurrence in northern Maine.  Published abstract of 
paper presented  at Carnivores 2006 Conference, St. Petersburg, FL. 

 
2006 –  Robinson, L., D. Harrison, W. Krohn, and A. Fuller.  Responses of snowshoe hares and lynx to 

alternative forest harvesting practices.  Pages 60-68 in Maine Cooperative Forestry Research Unit Annual 
Report, Maine Agricultural and Forest Experiment Station Miscellaneous Report 438, Orono, Maine. 

 
2005 -  Fuller, A. K. and D. J. Harrison.  Influence of forest practices on stand-scale habitat selection by lynx 

in northern Maine: preliminary results.  In L. S. Kenefic, M. J. Twery, eds. Changing Forests – 
Challenging times: Proceedings of the New England Society of American Foresters 85th Winter Meeting 
Gen. Tech. Rep. NE-325, Newton Square, PA: U. S. Department of Agriculture, Forest Service, 
Northeastern Research Station: 13. 
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2005 -  Fuller, A. K. and D. J. Harrison.  Influence of forest practices on stand and sub-stand scale selection 
and movements of Canada lynx.  Pages 56-60 in Maine Cooperative Forestry Research Unit Annual 
Report, Maine Agricultural and Forest Experiment Station Miscellaneous Report 435, Orono, Maine.   

 
2005 -  Harrison, D. J. and J. A. Hepinstall.  Evaluating the umbrella species approach for biodiversity 

conservation on commercial forestlands in Maine.  Pages 64-67 in Maine Cooperative Forestry Research 
Unit Annual Report, Maine Agricultural and Forest Experiment Station Miscellaneous Report 435, 
Orono, Maine. 

 
2005 -  Hearn, B. J., D. J. Harrison, C. Lundrigan, W. J. Curran, and A. K. Fuller.  Stand-scale habitat 

selection by Newfoundland marten.  Final contract report to Western Newfoundland Model Forest, 
Newfoundland-Labrador Wildlife Division, Canadian Forest Service, Corner Brook Pulp and Paper 
and Abitibi Consolidated. 65 pp.  

 
2005 -  Homyack, J. D. Harrison, and W. Krohn.  Temporal changes in abundance of snowshoe hares in 

Maine: 1995-2002.  Pages 61-63 in  Maine Cooperative Forestry Research Unit Annual Report, Maine 
Agricultural and Forest Experiment Station Miscellaneous Report 435, Orono, Maine. 

 
2005 -  Krohn, W. B. and D. J. Harrison.  Canada lynx in the North Maine Woods.  Pages 8-9 in North 

Maine Woods 2005 (annual publication of North Maine Woods, Ashland, Maine). 
 

2004 -  Hepinstall, J.A. and D.J. Harrison. Development of a statewide habitat modeling tool and an 
assessment of habitat supply for marten in 1993 and 2000.  Final Report submitted to Maine Outdoor 
Heritage Fund, Maine Department of Inland Fisheries and Wildlife, Maine Cooperative Forestry 
Research Unit, Orono, Maine, 121pp. 

 
2003 -  Fuller, A. K. and D. J. Harrison. Sub-stand scale habitat selection by lynx in northern Maine: 

implications for forest management.   Pages 53-56 in Maine Cooperative Forestry Research Unit 2003 
Annual Report, Maine Agricultural and Forest Experiment Station Miscellaneous Report 2684, 
University of Maine, Orono. 
 

2003 -  Homyack, J., D. J. Harrison, and W. B. Krohn. Final results from studies on the effects of 
precommercial thinning on snowshoe hares and small mammals in northern Maine.  Pages 47-52 in Maine 
Cooperative Forestry Research Unit 2003 Annual Report, Maine Agricultural and Forest Experiment 
Station Miscellaneous Report 2684, University of Maine, Orono. 

 
2002 -  Hepinstall, J. A. and D. J. Harrison. Marten as a tool for landscape-scale habitat planning in northern 

Maine.  Pages 53-56 In Maine Cooperative Forestry Research Unit 2002 Annual Report.  Maine 
Agricultural and Forest Experiment Station Miscellanious Report 431, Orono, ME. 

 
2002 -  Homyack, J. A., D. J. Harrison, and W. B. Krohn.  Effects of pre-commercial thinning on select 

wildlife species in northern Maine, with special emphasis on snowshoe hares.  Pages 42-48 In Maine 
Cooperative Forestry Research Unit 2002 Annual Report.  Maine Agricultural and Forest Experiment 
Station Miscellaneous Report 431, Orono, ME. 

 
2002 -  Fuller, A. K. and D. J. Harrison.  Influence of forest practices on sub-stand scale habitat selection and 

movements of Canada lynx.  Pages 49-52 In Maine Cooperative Forestry Research Unit 2002 Annual 
Report.  Maine Agricultural and Forest Experiment Station Miscellanious Report 431, Orono, ME. 
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2001 -  Hepinstall, J. A. and D. J. Harrison.  Marten as a tool for landscape-scale habitat planning in northern 
Maine.  Pages 45-48 in Maine Cooperative Forestry Research Unit 2001 Annual Report, Maine 
Agricultural and Forest Experiment Station Miscellaneous Report 428, University of Maine, Orono, 
ME. 

 
2001 -  Homyack, J. A., D. J. Harrison, and W. B. Krohn. Effect of precommercial thinning on snowshoe 

hares and small mammals in northern Maine. Pages 49-53 in Maine Cooperative Forestry Research Unit 
Annual Report, Maine Agricultural and Forest Experiment Station Miscellaneous Report 428, 
University of Maine, Orono, ME. 

 
2000 -  Fuller, A.K. and D.J. Harrison.  Influence of partial timber harvesting on American marten and their 

primary prey in northcentral Maine.  Final Contract Report to Maine Cooperative Forestry Research 
Unit and Maine Department of Inland Fisheries and Wildlife.  46pp. 

 
2000 -  Fuller, A.K. and D.J. Harrison.  Partial harvesting guidelines for maintenance of marten and their 

primary prey.  CFRU Research Notes/CFRU RN 00-02, Maine Cooperative Forestry Research Unit, 
Univ. Maine, Orono, 2pp. 

 
2000 -  Payer, D.C., and D.J. Harrison.  Managing harvested areas to maintain habitat for marten. CFRU 
Research Notes/CFRU RN 00-01, Maine Cooperative Forestry Research Unit, Univ. Maine, Orono, 2pp. 

 
 2000 -  Hepinstall, J.A., and D.J. Harrison. Marten as a tool for landscape-scale habitat planning in 

northern Maine.  Pp. 39-40 in Cooperative Forestry Research Unit Annual Report,  Maine Agricultural 
and Forest Experiment Station Miscellaneous Report 424, University of Maine, Orono. 

 
 2000 -  Homyack, J., D.J. Harrison, and W.B. Krohn.  Effect of precommercial thinning on selected 

wildlife species with special emphasis on snowshoe hare. Pp. 41-43 in Cooperative Forestry Research Unit 
Annual Report,  Maine Agricultural and Forest Experiment Station Miscellaneous Report 424, 
University of Maine, Orono.  

 
1999 -  Payer, D.C., and D.J. Harrison.  Influences of timber harvesting and trapping on habitat selection 
and demographic characteristics of marten.  Final Contract Report to Maine Department of Inland 
Fisheries and Wildlife , Maine Cooperative Forestry Research Unit, and Maine Forest Service.  67pp. 

  
1999 -  Payer, D.C., and D.J. Harrison.  Effects of forest structure on spatial distribution of American 
marten.  NCASI Technical Bulletin No. 787, National Council of the Paper Industry for Air and Stream 
Improvement, Research Triangle Park, North Carolina, 37pp. 

 
1999 -  Harrison, D. J. and D.C. Payer.  Effects of timber harvesting and trapping on population 
characteristics, habitat selection, and area occupancy by American martens. Pp. 28-32 in 1998 Annual 
Report and Research Summary of the Cooperative Forestry Research Unit, CFRU Information Report 
#43 and Maine Agricultural and Forest Experiment Station Miscellaneous Report #411, Orono, Maine.   

 
1999 - Harrison, D. J. and A. K. Fuller.  Influence of partial harvesting on American marten and their 
primary prey.  Pp. 27 in 1998 Annual Report and Research Summary of the Cooperative Forestry 
Research Unit, CFRU Information Report #43 and Maine Agricultural and Forest Experiment 
Station Miscellaneous Report #411, Orono, Maine. 

 
1998 - Harrison, D.J.  Effects of timber harvesting and trapping on population characteristics, habitat 
selection, and area occupancy by American marten in northern Maine: the Baxter park study site.  Pp. 
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35-39 in 1997 Annual Report and Research Summary of the Cooperative Forestry Research Unit.  
CFRU Information Report 41, and Miscellaneous Report 406, Maine Agricultural and Forest 
Experiment Station. 

 
1997 - Harrison, D.J., and T.G. Chapin.  An assessment of potential habitat for eastern timber wolves in 
the northeastern United States and connectivity with occupied habitat in southeastern Canada.  Wildlife 
Conservation Society Working Paper No. 7, Bronx, New York.  12pp. 

 
1997 - Long, R.A., D.J. Harrison, and A.F. O=Connell, Jr.  Annual survival and cause-specific 
mortality of white-tailed deer fawns on Mount Desert Island, Maine.  U.S. National Park Service 
Technical Report NPS/NESO-RNR/NRTR /97-04.  56pp. 

 
1996 - Chapin, T.G., D.J. Harrison, D.D. Katnik, D.M. Phillips, and E.C. York.  Influence of landscape 
pattern, forest type, and forest structure on use of habitat by marten in Maine.  NCASI Technical 
Bulletin No. 728, Research Triangle Park, North Carolina.  78pp. 

 
1996 - Harrison, D.J.  Effects of timber harvesting and trapping on population characteristics, habitat 
selection, and area occupancy by American martens in northern Maine: the Baxter park study.  Pages 
37-41 in W. Ostrofsky (editor). 1996 Annual Report and Research Summary of the Cooperative 
Forestry Research Unit., Miscellaneous Report 401, Maine Agricultural and Forest Experiment 
Station, University of Maine, Orono. 

 
1995 - Harrison, D.J. Effects of timber harvesting and trapping on American martens in northern 
Maine.  Pages 27-32 in 1995 Annual Report and Research Summary of the Cooperative Forestry 
Research Unit.  Miscellaneous Report No. 397, Maine Agricultural and Forest Experiment Station.  
University of Maine, Orono. 

 
1994 - Harrison, D.J. Effects of timber harvesting and trapping on population characteristics, habitat 
selection, and area occupancy by American martens in northern Maine.  Pages 34-35 in 1995 Annual 
Report and Research Summary of the Cooperative Forestry Research Unit.  Miscellaneous Report No. 
389, Maine Agricultural and Forest Experiment Station.  University of Maine, Orono. 

 
1993 - Harrison, D.J.  A landscape approach to habitat quality assessment: a case study with American 
martens.  Pages 10-12 in SJ.G. Lusk, ed., Methodology for deriving quantitative definitions of forest 
wildlife habitat, New Brunswick Department Natural Resources and Energy, Frederickton. 

 
1991 - Chilelli, M., B. Griffith, and D.J. Harrison.  Analysis of river otter harvest and reproductive 
data in the northeastern U.S., 1970-89.  Final Contract Report, Northeast Region, U.S. Fish and 
Wildlife Service.  48pp. 

 
1990 - Harrison, D.J., and D. Wood.  An educational and resource management strategy for Lake 
Manyara National Park, Tanzania: alternative approaches for meeting park management goals.  
Report submitted to Tanzania National Parks and Protected Areas.  31pp. 

 
1989 - Harrison, D.J.  Coyote habitat use versus availability and ecotonal associations adjacent to the 
Denbo and Rock Dam peatlands, eastern Maine.  Final Contract Report to Downeast Peat L.P., 
Bangor, ME.  16pp. 
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1981 - Caturano, S.L., and D.J. Harrison.  The coyote: a look at his lifestyle. Maine Fish and Wildlife 
23(4):19-23. 

 
Scientific Publications In Prep: 

   Hepinstall, J. A., and D. J. Harrison.  A method for simulating home ranges and determining habitat 
currencies.  Journal of Wildlife Management (in revision). 

 
Fuller, A. K., and D. J. Harrison.   Effects of habitat loss versus fragmentation on habitat occupancy by 

endangered Newfoundland martens.  Conservation Biology (manuscript complete). 
 
Harrison, D.J.   Influence of dispersal on social ecology of coyotes: do social pressures or prey size 

promote pack formation?  Animal Behaviour (in preparation).  
 
Hepinstall, J. A., and D. J. Harrison.  Prediction and validation of occupancy models for American 

martens.  Journal of Wildlife Management (draft manuscript complete). 
 
Hearn, B. J. and D. J. Harrison.  Home range and body scaling in American martens in Maine and 

Newfoundland: why are home ranges in Newfoundland so large?  Oikos (draft manuscript 
complete). 

 
Hearn, B. J. and D. J. Harrison.  When the sink becomes the source: survival of martens in relation to 

timber harvesting in Newfoundland.  Oikos ( manuscript in preparation) 
 
Hepinstall, J.A. and D. J. Harrison.  The relative effects of habitat loss versus fragmentation in determining 

habitat occupancy by American marten.  Conservation Biology (manuscript complete and 
undergoing pre-submission review). 

 
D. J. Harrison, W. B. Krohn, S. Scott, and L. D. Robinson. Effects of partial forest harvesting on habitat 

and densities of snowshoe hares.  Forest Ecology and Management (manuscript in prep). 
 
Payer, D.C., and D.J. Harrison.  Influences of timber harvesting and trapping on habitat selection and 

home range characteristics of marten.  Journal of Wildlife Management (anayses ongoing). 
 
GRANTS AND PROPOSALS: 
 
External (total funded >4.3 million, direct funding to University of Maine =$3,858,897 and is presented 
in bold): 
 

Linking habitat associations with demographics to inform conservation of spruce grouse 
throughout the Northern Forest.  Northeastern States Research Cooperative, Theme Four, not 
funded, 63,633 requested, Co-investigator with Erik Blomberg.  
 
Studies of snowshoe hare population cycles.  U.S. Fish and Wildlife Service, funded $21,290 
1/15/2015-9/30/2017. 
 
Demography and populations status of spruce grouse in northern Maine forests, Co-investigator 
with Erik Blomberg, Maine Outdoor Heritage Fund, funded $17,835, 2014-2015. 
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Population dynamics of spruce grouse in the managed forest landscapes of northern Maine.  Co-
investigator with Erik Blomberg, Maine Cooperative Forestry Research Unit , funded, $89,238 
2015-2017. 
 
Evaluation of representative bird species Landscape Capability models. Co-investigator with 
Cynthia Loftin, USGS Science Support Program, funded, $276,731, 2015-2017  

 
Effects of forest management practices in the Acadian northern hardwood/conifer forests of Maine 
on forest bird communities.  Co-investigator with Cynthia Loftin.  U.S. Fish and Wildlife Service 
and USGS Science Support Partnership Program, funded, $380,884, 2012-2016.   

 
Effects of forest management practices in the Acadian conifer forests of Maine on forest bird 
communities, with emphasis on species of federal conservation priority.  .  Co-investigator with 
Cynthia Loftin, $87,000, Maine Cooperative Forestry Research Unit, funded 2013-2015. 
 
Studies of snowshoe hare densities and forest succession following forest harvesting. U.S. Fish 
and Wildlife Service.  Cooperative Agreement 2011-2015.  $15,000, funded. 
 
Long-term studies of snowshoe hares, Canada lynx and forest structure associated with forest 
succession following clearcutting and various forms of partial harvests.  $157,110, Maine 
Cooperative Forestry Research Unit, funded 2012-2015. 
 
Cost-shared funding and base support for a Cooperating Scientist in wildlife-forestry relationships. 
 Proposal to Maine Cooperative Forestry Research Unit, The Nature Conservancy,and other forest 
stakeholders.  $510,000 funded, 2010-2015 – but project cancelled due to candidate taking faculty 
position at another university. 
 
Relative densities, patch occupancy, and population performance of spruce grouse in clearcut, 
precommercially thinned, mid-late successional conifer forests, and in coniferous forested 
wetlands in northern Maine.  $118,007, funded, Maine Cooperative Forestry Research Unit, 
funded 2010 –2013.    
 
Genetic-based analyses of lynx diets from scats collected with aid of detection dogs.  Funded 
$6,812, 2013. Funded by Maine Department of Inland Fisheries and Wildlife and paid directly to 
genetics subcontractor.  
 
Effectiveness of zoning to protect deer wintering areas.  $17,500 funded by Northeastern States 
Research Cooperative, USDA Forest Service for 2008-2010. 

 
Trends in habitat supply for wildlife species whose habitat requirements are not addressed using 
coarse-filter umbrella species approaches, with a focus on deer wintering areas.  $77,000 funded 
by Maine Cooperative Forestry Research Unit for 2009-2011. 
 
An evaluation of course filter umbrella species for landscape planning: trends in habitat supply for 
wildlife species whose habitat requirements are not addressed using umbrella species approaches.  
Pre-proposal submitted to Northeastern States Research Cooperative, Theme 4, USDA Forest 
Service for 2008-2010, $45,629, not funded. 
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Long-term monitoring of snowshoe hare populations to inform stand and landscape-scale forest 
management and the recovery planning for Canada lynx in Maine, and collaboration with Maine 
Department of Inland Fisheries and Wildlife to address changes in lynx demography and spatial 
ecology associated with declining hare populations.  $97,083 funded by Maine Cooperative 
Forestry Research Unit for 2008-2011and $14,637 funded by U.S. Fish and Wildlife Service. 
 
An evaluation of coarse-filter umbrella species for landscape planning.  $59,311 requested from 
Northeast Regional Conservation Needs Grants Program, not funded. 
 
Long-term habitat management planning for lynx and marten across the managed landscapes of 
northern Maine.  $265,000 funded by U.S. Natural Resource Conservation Service, Healthy Forest 
Reserve Program (The Nature Conservancy and Natural Resource Conservation cooperating) for 
2007-2010. 
 
Developing a black bear model system of skeletal mechanotransduction.  $2,105,885 requested 
from U.S. Department of Human Services (with R. Seger as lead P.I. and others), not funded. 
 
Forecasting and assessing the future of Maine’s forests using LiDAR.  $2,098,924 requested from 
Maine Technology Institute (with B. Wiersma as lead P.I. and others), not funded. 
 
Documenting relationships among forest management and the occurrence patterns of Northern 
Goshawks in Maine.  Proposal to Maine Cooperative Forestry Research Unit, $64,000 for 2008-
2009 (not funded).  
 
Application and testing of models to predict probability of occupancy and density of endangered 
Newfoundland marten.  $26,329 funded by Canadian Forest Service and Newfoundland-Labrador 
Wildlife Division 2006-2007. 
 
Integrating landscape-scale biodiversity conservation with diverse forest management goals on 
large ownerships in Maine.  $115,427 funded by Maine Cooperative Forestry Research Unit for 
2006-2009 (with Manomet Center for Conservation Sciences). 

 
Responses of snowshoe hares and lynx to forest harvesting across multiple spatial scales. $96,000 
funded by Maine Cooperative Forestry Research Unit, $20,000 funded by U.S. Fish and Wildlife 
Service, $15,000 by National Council for Air and Stream Improvement; 2005 - 2009 (with W. 
Krohn). 

 
Trends in deer-vegetation relationships in Acadia National Park from 1980-2007: relationships of 
an unhunted insular deer population to forage carrying capacity.  $99,830 requested from U.S. 
National Park Service (not funded). 
 
Completion of deer studies in Acadia National Park.  $8,900 funded by U.S. National Park 
Service, 2006. 
 
Support for lynx-hare research at The University of Maine, 2005-2007.  $20,000 in grants funded 
by International Paper Company through the Department of Industrial Cooperation, University of 
Maine (with W. Krohn). 
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Gift from The Nature Conservancy to support lynx-hare research projects, May 2006, $5,000. 
 
Predicting responses of forest landscape change on wildlife umbrella species: Modeling future 
effects of alternative forest harvesting scenarios on vertebrate diversity across multiple spatial 
scales on commercial forestlands in Maine.  $124,000 funded by USDA Forest Service, Agenda 
20/20 Program 2005-2007, and $17,000 funded by Maine Cooperative Forestry Research Unit. 
This project is in collaboration with Drs. Steve Sader, Jeremy Wilson, and William Krohn and 
supports 2 graduate students. 
 
Predicting responses of snowshoe hares and lynx to alternative forest harvesting scenarios across 
spatial multiple scales in northern Maine.  Science Support Program, USGS/FWS, $89,810 funded 
for 2004-2007 (with W.B. Krohn, MCFWRU, M. McCollough, FWS).  

 
Predicting responses of snowshoe hares and lynx to alternative forest harvesting scenarios across 
multiple spatial scales.  $50,000 funded by CFRU for 2005-2006, $10,500 funded by U. S. Fish 
and Wildlife Service (with W. B. Krohn). 

 
Predicting responses of snowshoe hares and lynx to alternative forest harvesting scenarios across 
spatial multiple scales.  $30,000 funded by National Council for Air and Stream Improvement and 
Plum Creek Corporation for 2004-2006 (with W. B.  Krohn). 
 
Evaluating the umbrella species approach for biodiversity conservation on commercial forestlands 
in Maine.  $28,850 funded by CFRU for 2004.  This project supported a collaboration with post-
doctoral scientist Jeff Hepinstall at the University of Washington, Seattle. 

 
Development of a stand-scale model for predicting snowshoe hare densities for forest 
measurements.  $22,000 funded by CFRU for 2004 (with W. B. Krohn).  This project supported a 
research collaboration with Jessica Homyack, Research Associate, U.S. Fish and Wildlife Service, 
Cheyenne, Wyoming. 
 
Gift from The Nature Conservancy to support lynx-hare research projects, August 2004, $5,000. 

 
Support for publication of edited book titled: Martens and Fishers (Martes) in Human-Altered 
environments: An International Perspective.  Gift of $8,000 from Canadian Forest Service (2002) 
and $3,000 from Newfoundland-Labrador Wildlife Division. 
 
Influence of forest practices on stand- and sub-stand scale habitat selection of lynx in northern 
Maine.  Maine Cooperative Forestry Research Unit, $63,046,  (funded, 2001-2003), Fraser Paper 
Company $3,000. 

 
Influence of forest practices on stand- and sub-stand scale habitat selection of lynx in northern 
Maine.  U.S. Fish and Wildlife Service and Maine Department of Inland Fisheries and Wildlife, 
$12,000 (funded 2001-2003). 
 
Landscape thresholds and response to fragmentation by endangered Newfoundland marten.  
Canadian Wildlife Service, Canadian Forest Service, Western Newfoundland Model Forest, Parks 
Canada, Newfoundland Wildlife Division, $180,600(US$) (funded, 2002-2007). 
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National Commission on Science for Sustainable Forestry – authored preproposal in collaboration 
with Manomet scientists requesting $160,000 to support landscape planning for biodiversity in 
northern Maine.  The preproposal was selected as one of 3 finalists (2 to be funded) nationally and 
we were invited to develop a full proposal.  Preproposal was withdrawn because of administrative 
responsibilities associated with Interim Chair position. 

 
Lynx research projects in northern Maine. The Nature Conservancy, $7,000 (gift) in 2003. 

 
Influence of pre-commercial thinning on wildlife habitat in northern Maine, with special emphasis 
on snowshoe hares.  Maine Cooperative Forestry Research Unit, U.S. Fish and Wildlife Service, 
National Council of the Paper Industry for Air and Stream Improvement, $177,176 (funded, 2000-
2003). 

 
A habitat supply assessment for marten: linking population management alternatives to habitat 
extent and distribution across northern Maine.  Maine Cooperative Forestry Research Unit, 
$45,000 (funded 2000-2002). 
 
A habitat supply assessment for marten: linking population management alternatives to habitat 
extent and distribution across northern Maine.  National Council of the Paper Industry for Air and 
Stream Improvement, $30,000 (not funded).  

 
Marten as a tool for landscape-scale habitat planning in northern Maine.  Maine Outdoor Heritage 
Fund and Maine Dept. Inland Fisheries and Wildlife, $71,498, (funded, 1999-2002). 

 
Marten as a tool for landscape-scale habitat planning in northern Maine.  Maine Chapter of The 
Nature Conservancy $15,000 requested, $7,500 funded, 2000-2002). 

 
A GIS-based evaluation of lynx habitat at multiple spatial scales.  National Council of the Paper 
Industry for Air and Stream Improvement (NCASI), U.S. Fish and Wildlife Service, Maine Dept. 
Inland Fisheries and Wildlife $59,503 requested, ($52,003, funded, 1998-2001), co-investigator: 
W. Krohn. 

 
Population demography of marten in Newfoundland, Canada.  Natural Resources Canada, 
$20,000, (funded 1998-99). 
 
Influence of partial harvesting on habitat selection by marten and primary prey species in northern 
Maine. Maine Cooperative Forestry Research Unit, $37,151 (funded, 1997-99). 

 
Effects of timber harvesting and trapping on marten populations in northern Maine: the industrial 
forest site.  Maine Department of Inland Fisheries and Wildlife, $169,259 direct funding, $60,800 
in-kind (funded, 1993-99). 

 
Effects of timber harvesting and trapping on marten populations in northern Maine: the forest 
preserve site.  Maine Cooperative Forestry Research Unit, $90,889 (funded, 1993-98), Maine 
Forest Service, $71,689 (funded, 1994-98), Maine Department of Inland Fisheries and Wildlife, 
$25,500 in-kind (funded 1994-98).  Influence of microhabitat characteristics on intensity of forest 
use and productivity of martens in Maine: implications for forest practices.  National Council of 
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the Paper Industry for Air and Stream Improvement, $38,214 (funded, 1995-98). 
 

Factors influencing nesting success of wild turkeys in Connecticut.  National Wild Turkey 
Federation and Wildlife Division, Connecticut Dept. of Environmental Protection  $25,000 + in-
kind support (funded 1996-98), co-investigator F. Servello.   
 
Potential habitat for wolves in the northeastern U.S. and connectivity with habitat occupied by 
extant wolf populations in southeastern Canada.  Wildlife Conservation Society, $4,559, (funded, 
1996). 

 
Opportunities for management of habitat of American marten on Crown lands leased and managed 
by Fraser, Inc., in New Brunswick.  Fraser Paper, Inc., New Brunswick, $69,334, (not funded, 
1996). 

 
Effects of timber harvesting and residual stand characteristics on habitat selection by martens in 
northern Maine.  National Council for the Paper Industry for Air and Stream Improvement. 
$28,232, (funded 1993-95). 
 
White-tailed deer mortality, population dynamics, movements, and spatial interactions with 
coyotes in Acadia National Park, Maine.  U.S. National Park Service.  $208,547, (funded 1991-
95, 1999-2000), co-investigator A. O'Connell, Jr. 

 
Predation on white-tailed deer fawns by coyotes on Mount Desert Island, Maine.  U.S. National 
Park Service.  $69,103, (funded 1992-94), co-investigator A. O'Connell. 
 
Influence of trapping and timber harvesting on pine martens in northern Maine.  New Brunswick 
Executive Forest Research Committee, Inc.  $248,000, (not funded). 
 
Occurrence, distribution, and interactions among mammalian carnivores in Acadia National Park. 
U.S. National Park Service, $59,000, (funded 1988-90).   

 
Effects of browsing by white-tailed deer and snowshoe hare on vegetation at Acadia National 
Park.  U.S. National Park Service, $39,000, (funded 1988-90).   

 
Fecal nitrogen as an index to white-tailed deer nutritional condition in Acadia National Park. U.S. 
National Park Service , $1,300, (funded 1990). 

 
Interactions among trapping, timber harvesting, and pine marten populations.  Submitted to Maine 
Department of Inland Fisheries and Wildlife; $73,000 contractual requested, $58,000 of in kind 
were provided (1988-92). 

 
A review of methodologies and harvest data used to manage river otter populations in northeastern 
North America.  N.E. Region, U.S. Fish & Wildlife Service,  $52,000, (funded 1989-90), Co-
investigator with B. Griffith.  

 
Internal 
 

A very high resolution aircraft mounted digital imaging system for remotely sensing forest 
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vegetation.  University of Maine Competitive Research Funds, Co-Investigator with Stephen Slaer 
and Robert Wagner, $14,972, funded, 4/2012. 
 
Received a competitive University Sabbatical ($15,000) that funded Linda Ilse as an Adjunct 
Professor and provided additional funds to DWE during my sabbatical in spring 2008. 
 
 
Multi-scalar effects of forestry on an early-and a late-successional forest obligate across 
commercially managed lands in northern Maine: How are densities of snowshoe hares and 
occurrence patterns of spruce grouse differentially affected by broad-scale forest harvesting.  
Maine Agricultrual and Forest Experiment Station, McIntire-Stennis Project funded October 2010 
– September 2015.  Funding includes 25-50% of P.I. salary, 1 graduate research assistantship (12 
months), and ca. $3,000 in annual support for research expenses. 
 
Secured funding for 50% ($25,000 per year, plus fringe benefits for 2 years) of an Assistant 
Scientist salary (Erin Simons) from the Center for Research on Sustainable Forest’s ForCAST 
initiative 2008-2009. 
 
Landscape-Scale Effects of Forestry on Forest Carnivores and Other Vertebrates.  This project 
forms the basis for my McIntire-Stennis (MAFES) associated research program and is approved 
for the period 10/2004-9/2009.  Funding includes 50% of P.I. salary, 1 graduate research 
assistantship (12 months), and ca. $6,000 in annual support for research expenses. 
 
Influence of partial harvesting on American marten and primary prey species.  McIntire-Stennis 
proposal, base funded 1998-2004. 
  
A habitat supply assessment for marten: linking population management alternatives to habitat 
extent and distribution across northern Maine. $22,500 requested from research and development 
funding, College of Natural Sciences Forestry and Agriculture, University of Maine (not funded, 
2002). 
 
A research scientist to complete analyses and report writing for long-term studies in Acadia 
National Park.  Department of Wildlife Ecology, Office of the Dean of College of Natural 
Sciences, Forestry and Agriculture, and Office of the Vice Provost for Research and Graduate 
Studies, Univ. Maine, $15,000, funded, 1999-2000. 

 
A GIS-based evaluation of potential habitat for lynx in eastern North America at geographic and 
landscape scales. $7,500, funded, 11/98. Competitive funding for research and development, 
College of Natural Sciences, Forestry and Agriculture, University of Maine. 

 
Synthesis and application of data from long-term studies of mammalian carnivores and prey. 
$31,980, not funded, 11/98. Competitive funding for research and development, College of 
Natural Sciences, Forestry and Agriculture, University of Maine. 

 
A real-time, differentially corrected, global positioning system for studying animal movements. 
$6,500, funded, 12/97. Faculty Research Funds - Equipment Grant Competition, Univ. Maine. 

 
Influence of partial harvesting on American marten and primary prey species.  McIntire-Stennis 
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proposal, base funded 1998-2003, included $7,900 in annual research funding, plus a graduate 
assistantship. 
 
Effects of timber harvesting on population performance and habitat selection by American martens 
in northern Maine.  McIntire-Stennis proposal, base funded, 1993-1998. 

 
Interaction of forest management practices and pine marten populations.  McIntire-Stennis 
proposal, base funded 1989-1993. 

 
Submitted proposals requesting supplemental McIntire-Stennis funding in 1988, 1989, 1990, 
1991, 1992: $44,190 requested, $40,310 funded.  

 
Effects of trapping on pine marten populations in northern Maine. $5,000, funded, 1991. Faculty 
Research Funds - Summer Research Grant Competition, Univ. Maine. 
 

SCIENTIFIC PRESENTATIONS (abridged to include January 1988 – June 2015: presenter is 
listed first):   
 
2016 - Harrison, D. and S. Dunham. Final project report: Relative densities, patch occupancy, and 
            population performance of spruce grouse in managed and unmanaged forests in northern Maine. 
            Presentation at Maine Cooperative Forestry Research Unit Spring 2016 Advisory Committee  
           Meeting, Bangor, Maine, April 20, 2016. 
 
2016 – Loman, Z. G., D. J. Harrison, C. S. Loftin, and P. B. Wood.  Validating predictions of upland game 

bird space use in multiple management contexts.  Paper presented at Northeast Association of 
Fish and Wildlife Agencies Annual Conference, Annapolis, MD, April 4. 

 
2015 - Dunham, S. W., D. J. Harrison, and E. J. Blomberg. 2015. Spruce grouse (Falcipennis 

canadensis) patch occupancy and abundance estimates in the commercially managed forests of 
Maine. Presentation at the 13th  International Grouse Symposium, Reykjavik, Iceland, September 
8. 

 
2015 - Harrison, D. J. Updates on wildlife projects funded by the Maine Cooperative Forestry Research 

Unit (CFRU). Presentation at CFRU Advisory Committee Meeting, Houlton, Maine, October 28,  
2015. 
 

2015 - Olson, S. J., D. J. Harrison, A. K. Fuller, J. H. Vashon.  Canada lynx food habits responses to 
seasons, and to low vs. high hare density periods:  Always a specialist?  Poster presentation at  
The Wildlife Society Annual Conference, Winnipeg, Manitoba, Canada, October 21-22. 
 

2015 - Rolek, B.W., C. Loftin, D. Harrison, and P. Wood. Methods, data, analysis, and future directions 
of the northern New England forest birds project. Presentation to USFWS Migratory Bird 
Division. Hadley, Massachusetts, October 8. 
 

2015 - Rolek, B.W., C. Loftin, D. Harrison, and P. Wood. Effects of forest management on avian  
abundance in spruce-fir forests of New England. Joint Meeting of the Canadian Ornithological 
Society, Association of Field Ornithologists, and Wilson Ornithological Society. Wolfville, NS, 
Canada, July 17. 
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2015 - Rolek, B.W., C. Loftin, D. Harrison, and P. Wood. Softwood forest birds and silviculture in New  

England. Annual Meeting of the Research Committee for Baxter State Park, Augusta, Maine, 
March 27. 
 

2014 - Dunham, S. W., and D. J. Harrison. 2014. Spruce grouse breeding season patch occupancy and 
female home range use across forest management treatments in Maine. Poster presented at the 
Annual Conference of The Wildlife Society, Pittsburgh, Pennsylvania, October 27-28. 

 
2014 – Harrison, D.   Origin, spatial and social ecology, and predator-prey relationships of eastern coyotes: 

a review.  Invited lead presentation in Symposium on Ecology and Management of Coyotes in 
Eastern North America: Synthesizing Information from Contemporary Studies, The Wildlife 
Society 21st Annual Conference, Pittsburg, Pennsylvania, October 27.  

 
2014 – Dunham, S. and D. Harrison.   Spruce grouse breeding season patch occupancy and home range 

comparisons across forest management treatments in Maine. Presentation at 70th Northeast Fish and 
Wildlife Conference, Portland, Maine, April 14.  

 
2014 - Dunham, S. and D. Harrison.  Habitat selection of female spruce grouse during brood rearing in 

commercially managed forests.  Presentation at Annual Meeting of the American Ornithologists 
Union, Estes Park, Colorado.  September 27. 

 
2014 – Harrison D. and E. Blomberg.  Population dynamics of spruce grouse on commercially managed 

forestlands in Maine: a proposal.  Presentation at winter meeting of CFRU Advisory Committee, 
Orono, Maine, January 22.  
  

2014 – Harrison, D., S. Olson, S. Dunham, B. Rolek, and C. Loftin.  Updates of research findings from studies 
of snowshoe hares, Canada lynx, spruce grouse and forest songbirds funded by the Maine Cooperative 
Forestry Research Unit (CFRU).  Presentation at winter meeting of CFRU Advisory Committee, 
Orono, Maine, January 22.  
 

2014 – Olson, S. and D. Harrison.  Seasonal influences of vegetation on snowshoe hare pellet densities across 
forest management types in Maine.  Presentation at 70th Northeast Fish and Wildlife Conference, 
Portland, Maine, April 14.  

 
2014 – Olson, S. and D. Harrison.  Snowshoe hare response to seasonal changes in Acadian managed 

forests of northern Maine.  Presentation at American Society of Mammalogists Annual Conference, 
Oklahoma City, Oklahoma, June 10. 
 

2014 – Parkhill, N. S., D. Harrison, and S. Dunham.  Effects of forest vegetation on spruce grouse nest-site  
selection across 2 spatial scales.  Poster at 70th Northeast Fish and Wildlife Conference, Portland, 
Maine, April 14. 

 
2014 – Rolek, B., C. Loftin, D. Harrison, and P. Bohall Wood.  The influence of silviculture on New England  

bird communities in northern coniferous forests.  Presentation at 70th Northeast Fish and Wildlife 
Conference, Portland, Maine, April 15.  

 
2014 - Simons-Legaard, E. and D. Harrison.  Trends in habitat conditions in LURC-zoned deer wintering 
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Areas: implications for management of deer on commercially-owned forestlands.  Invited    
presentation and panel discussion at Maine Industrial Forest Forum, Bangor, Maine, February 
16.   

 
2013 – Fuller, A. K. and D. J. Harrison.  Trade-offs among forest management objectives, focal wildlife 

species, and ecological reserves: implications for future forest biodiversity and timber harvests.  
Invited Seminar to Department of Wildlife Ecology, University of Maine, Orono, Maine, October 
28. 

 
2013 – Harrison, D., D. Mallett, A. K. Fuller, and J. H. Vashon.  Snowshoe hares, forests, and Canada 

lynx: a dynamic interaction between populations, forestry and habitat. Presentation at Meeting of 
Maine Cooperative Forestry Research Unit, Orono, Maine, April 24. 
 

2013 – Harrison, D.J.  Conserving sustainable landscapes: using Canada lynx and American martens as 
umbrella species to enhance landscape planning.  Invited presentation at 2013 Kennebec Land  
Trust Lyceum, Wayne, Maine, March 21.  
 

2013 - Rolek, B., C.S. Loftin, D. Harrison, and P. B. Wood.  Softwood forest birds and forest management 
in New England, USGS-Maine Cooperative Fish and Wildlife Research Unit Annual 
Coordinating Committee Meeting, Wells Conference Center, Orono, Maine, March 21. 

 
2012 – Harrison, D., C. Loftin, and P. Wood.  Forestry and forest birds: trends in FWS priority bird 

species in managed forest landscapes.  Presentation to U.S. Fish and Wildlife Service Refuge  
Biologists, Portland, Maine, December 18.  
 

2012 - Harrison, D., and E. Simons-Legaard.  2012.  Trends in biodiversity in Maine's northern 
forest.  Presentation at Annual Program and Executive Board Meeting of The Maine Chapter of 
The Wildlife Society, Brewer, Maine, May 10. 
 

2012 - Harrison, D.   Effects of forest management on Maine's forest bird communities. Presentation at  
 Advisory Meeting of the Maine Cooperative Forestry Research Unit, Orono, Maine, January 25. 
 
2012 - Simons-Legaard, E. and D. Harrison.  Trends in habitat conditions in LURC-zoned deer wintering 

areas.  Presentation at Annual Program and Executive Board Meeting of The Maine Chapter of The 
Wildlife Society, Brewer, Maine, May 10. 
 

2012 - Simons-Legaard, E. and D. Harrison.  Habitat trends in Maine’s LURC-zoned deer wintering areas.  
 Seminar, Department of Wildlife Ecology, The University of Maine, October 15.  
 
2011 - Fuller, A., D. Harrison, and W. Krohn.  2011.  The role of ecological reserves to maintain 

American marten and Canada lynx in a working forest landscape. Poster presented at The Wildlife 
Society, 18th Annual Conference, Waikoloa, Hawaii,  November 9. 

 
2011 - Fuller, A. and D. Harrison  Trade-offs among forest management objectives, focal wildlife species, 

and ecological reserves: implications for future biodiversity and timber harvests. Poster presented 
at the Society of Annual Foresters Annual Conference, Honolulu, Hawaii, November 4 

 
2011 – Harrison, D., E. Simons, A. Fuller, and W. Krohn.  Trends in habitat for forest wildlife in Maine’s 
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great north woods: the need for landscape planning.  Invited presentation at U.S. Fish and Wildlife 
Service Northeast Region Biologists Conference, Baltimore, Maryland, February 14. 

 
2011-  Harrison, D., E. Simons, A. Fuller, and W. Krohn.  Habitat planning and assessment for forest 

vertebrates in northern Maine. Invited Presentation at Annual Coordinating Committee Meeting of 
the U. S. Geological Survey, Maine Cooperative Fish and Wildlife Research Unit, University of 
Maine, Orono, Maine, April 12. 

 
2011 – Harrison, D. J.  Effects of wind power development on American martens and Canada lynx: an 

issue of scale.  Invited Presentation at Wind Energy and Wildlife Forum, The Maine Chapter of 
The Wildlife Society, Orono, Maine, May 5. 

 
2011 – Simons-Legaard, E. M., D. J. Harrison, K. Legaard, and S. Sader.   The effectiveness of zoning to 

protect deer wintering areas during the period 1975-2007: Does compromising forest productivity 
to protect deer habitat achieve desired ecological objectives?  Invited Presentation at Advisory 
Committee Meeting, Maine Cooperative Forestry Research Unit, University of Maine, Orono, 
January 26. 

 
2010 - Fuller, A. K., D. J. Harrison, and W. B. Krohn. Applications of habitat modeling for wildlife 

umbrella species to landscape planning on commercial forestlands.  Presentation at meeting of 
Maine Cooperative Forestry Research Unit, Orono, Maine, April 14.   

 
2010 - Fuller, A. K., D. J. Harrison, and W. B. Krohn.  A wildlife-based modeling approach to forest 

landscape planning.  Presentation at The Wildlife Society Annual Conference, Snowbird, Utah, 
October 6. 

 
2010 - Fuller, A. K., D. J. Harrison, and W. B. Krohn.  Required steps to develop a habitat classification 

and structured decision-making framework for use in planning for multiple biodiversity and forest 
objectives on TNC’s St. John Lands. Presentation at Workshop on Managing Working Forest 
Landscapes for Multiple Biodiversity and Fiber Objectives Using American Martens and Canada 
Lynx as Focal Species, University of Maine, Orono, November 10.   

 
2010 - Fuller, A. K., D. J. Harrison, and W. B. Krohn.  Results from a structured process for deciding 

among alternative management scenarios on TNC’s St. John lands: trends in habitat supply for 
martens and lynx and resulting inventory and forest-related metrics.  Presentation at Workshop on 
Managing Working Forest Landscapes for Multiple Biodiversity and Fiber Objectives Using 
American Martens and Canada Lynx as Focal Species, University of Maine, Orono, November 
10.   

 
2010 – Harrison, D., W. Krohn, and S. Scott.  Spatio-temporal relationships of snowshoe hare populations 

to forest harvesting, succession, and natural population cycles: implications for forest managers.  
Final project report presentation to Maine Cooperative Forestry Research Unit, Orono, Maine, 
January 27.  

 
2010 - Harrison, D., W. Krohn, and S. Scott. Snowshoe hares, forestry and Canada lynx: A dynamic 

interaction. Invited Paper presented at Lessons From the Past- Research for the Future: A 
Workshop for CFRU members, Orono, Maine, May 20. 
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2010 - Harrison, D. J. and W.B. Krohn.  Ongoing research efforts to link landscape conservation with 
wildlife habitat planning on commercial forestlands in northern Maine. Invited Presentation to 
Directors of Resource Conservation, Wildlife, and Planning, Maine Department of Inland 
Fisheries and Wildlife, Augusta, Maine, June 15. 

  
2010 – Harrison, D. J., E. Simons, A. Whitman, J. Wilson.  Present and future status of biodiversity on 

managed forest landscapes in Maine, U.S.A.  Presentation at the Annual Meeting of the Society 
for Conservation Biology, Edmonton, Alberta, July 7. 

 
2010 – Harrison, D. J.  Incorporating landscape planning into the conservation of sensitive forest wildlife 

species in the northeastern U.S.  Invited presentation at Landscape Workshop for U.S. Fish and 
Wildlife Service Refuge Biologists and Refuge Managers, Moosehorn National Wildlife Refuge, 
Calais, Maine, August 18. 

 
2010 – Harrison, D. J.  Stand- and landscape-scale responses of forest mammals to the various forms of 

siliviculture applied in the Acadian forests of Maine.  Invited presentation and field tour for U.S. 
Forest Service biologists, foresters and managers.  U.S. Forest Service Northern Forest Research 
Station, Bradley, Maine, September 9.  

 
2010 – Harrison, D. J.  The need for landscape planning on commercially managed landscapes in Maine:  

Presentation at Workshop on Managing Working Forest Landscapes for Multiple Biodiversity 
and Fiber Objectives Using American Martens and Canada Lynx as Focal Species, University of 
Maine, Orono, November 10.  

 
2010 -  Mallet, D. G., D. J. Harrison, and A. K. Fuller.  Variable fix success of GPS collars across habitats 

used by Canada lynx: influences of habitat structure, topography, and satellite configuration.  
Paper presented at 66th Annual Northeast Fish and Wildlife Conference, Newton, Massachusetts, 
April 27.  

2010 -  Simons, E., D. Harrison, A. Whitman, and J. Wilson. 2010. Quantifying biodiversity: seeing the 
big picture. Invited Paper presented at Lessons From the Past- Research for the Future: A 
Workshop for CFRU members, Orono, Maine, May 20. 

2010 – Simons, E., D. Harrison, A. Whitman, and J. Wilson.  Present and future status of biodiversity in 
Maine’s commercial forests as indicated by a suite of condition indicators.  Seminar presented at 
Department of Wildlife Ecology Spring Seminar Series, University of Maine, Orono, March 29. 

 
2010 - Simons, E. M., W. B. Krohn, and D. J. Harrison.  Influences of past and future forest management 

on the spatiotemporal dynamics of habitat supply for Canada lynx and American marten. Invited 
Presentation at the Cooperators’ Meeting, Maine Cooperative Fish and Wildlife Research Unit, 
University of Maine, Orono.  May 11. 

2010 - Simons, E., W. Krohn, and D. Harrison. Predicting responses of forest landscape changes on 
wildlife umbrella species:  future projections results for Canada lynx and American marten. Poster 
presented at the Cooperators’ Meeting, Maine Cooperative Fish and Wildlife Research Unit, 
University of Maine, Orono.  May 11.  

2010 - Scott, S. A., W. B. Krohn, and D. J. Harrison. Influence of declining snowshoe hare densities on 
Canada Lynx occurrence in northern Maine. Poster presented at the Cooperators’ Meeting, Maine 
Cooperative Fish and Wildlife Research Unit, University of Maine, Orono.  May 11.   
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2009 -  Fuller, A. K., D. J. Harrison, and W. B. Krohn.  Landscape planning on The Nature Conservancy 

lands in northern Maine. Invited presentation to executive director and staff of The Nature 
Conservancy, Brunswick, Maine. February 24. 

 
2009 -  Fuller, A. K. D. J. Harrison, B. J. Hearn, and J. A. Hepinstall.  Spatial responses to habitat loss in 

two populations of forest martens.  Paper presented at 5th International Martes Symposium – 
Biology and Conservation of Martens: a New Synthesis, Seattle, Washington. September 10. 

 
2009 –  Harrison, D. J.  Forests, forest mustelids, and forest fragmentation: what happens when mammals 

don’t read? Invited presentation at Symposium on Behavioral Ecology of Mammals, W. M. Keck 
Center for Behavioral Ecology, North Carolina State University, September 4.   

 
2009 – Harrison, D. J. and B. J. Hearn.  Ecological comparisons of home-range characteristics of 

American martens in Newfoundland and Maine: why are home ranges of threatened 
Newfoundland martens so large?  Paper presented at 5th International Martes Symposium – 
Biology and Conservation of Martens: a New Synthesis, Seattle, Washington. September 10. 

 
2009 – Harrison, D. J. and A. K. Fuller. Ecology of white-tailed deer in Acadia National Park: Results 

from Research Conducted at The University of Maine. Presentation to Resource Management 
Staff, Acadia National Park, Bar Harbor, Maine, November 6. 

 
 
2009 – Harrison, D .J., E. Simons, A. Whitman, and J. Wilson.  Quantifying biodiversity values across 

managed landscapes in northern and western Maine. Presentation to the Maine Cooperative 
Forestry Research Unit, Mars Hill, Maine, October 28.  

 
2009 – Harrison, D. J.  The growing need to fund additional scientists working on forest-wildlife    

interactions in Maine: a proposal.  Presentation to Maine Cooperative Forestry Research Unit, 
Orono, Maine. February 26. 

 
2009 –  Harrison, D. J.  Forestry and Forest Wildlife, Chaired session at New England Society of 

American Foresters 89th Winter Meeting. Bio: Mass, Fuel, Products, Diversity - Resource 
Management in a Changing World. Portland, Maine. March 19. 

 
2009 – Harrison, D. J., and A. K. Fuller.  Relative Densities, Patch Occupancy, and Population 

Performance of Spruce Grouse in Regenerating Conifer, Precommercially Thinned, Mature 
Conifer, and Conifer Wetlands Stands: a proposal.  Presentation to Maine Cooperative Forestry 
Research Unit, Orono, Maine. April 15. 

 
2009 –  Harrison, D. J., E. M. Simons, and W. B. Krohn.  Habitat changes for wildlife umbrella species: 

implications for landscape conservation strategies in northern Maine.  Invited presentation to 
northern Appalachians landscape conservation committee, The Nature Conservancy, Brunswick, 
Maine. May 21. 

 
2009 –  Harrison, D. J., W. B. Krohn, and E. M. Simons.  Past and future trends in habitat supply for 

forest carnivores in northern Maine: implications for forest policy.  Invited presentation to 
leadership of Maine Forest Service, Maine Department of Inalnd Fisheries and Wildlife and 
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Maine Natural Areas Program, Augusta, Maine.  June 30. 
 
2009 -  Patterson W. and A. K. Fuller.  Silvicultural prescriptions for maintaining marten and lynx habitat 

requirements.  Field tour of the Nature Conservancy St. John ownership for staff of The Nature 
Conservancy, U.S. Fish and Wildlife Service, and Huber Resources Group.  May 4-6. 

 
2009 -  Scott, S. A,  D.J. Harrison, and W. B. Krohn. The relative effects of forest practices and natural 

population processes on the temporal dynamics of hare populations in northern Maine.  Invited 
Paper at New England Society of American Foresters 89th Winter Meeting, Portland, Maine.  
March 19. 

 
2009 -  Scott, S.A., D.J. Harrison, and W.B. Krohn. Spatio-temporal dynamics of snowshoe hares in 

northern Maine. Presentation to Maine Cooperative Forestry Research Unit, Orono, Maine. April 
15. 

2009 – Scott, S. A., D. J. Harrison, and W. B. Krohn.  Spatio-temporal dynamics of snowshoe hares in 
northern Maine.  Paper presented at Northeast Fish and Wildlife Conference, Lancaster, 
Pennsylvania. April 27. 

 
2009 - Simons, E. M., D. J. Harrison, W. B. Krohn, K. R. Legaard, J. S. Wilson, and S. A. Sader.  Past 

and future trends in habitat supply for martens and lynx across the landscapes of northern Maine, 
1973-2032. .  Invited Paper at New England Society of American Foresters 89th Winter Meeting, 
Portland, Maine. March 19. 

 
2009 - Simons, E. M., D. J. Harrison, W. B. Krohn, K. R. Legaard, J. S. Wilson, and S. A. Sader.  Past 

and future trends in habitat supply for martens and lynx across the landscapes of northern Maine, 
1973-2032. .  Invited presentation to executive director and staff of The Nature Conservancy, 
Brunswick, Maine. February 24. 

 
2009 – Simons, E. M.  Influences of past and future forest management on the spatiotemporal dynamics of 

habitat supply for Canada lynx and American martens in northern Maine.  Ph.D. defense seminar, 
The University of Maine, Orono. March 25. 

 
2009 - Simons, E. M., J. S. Wilson,  D. J. Harrison, W. B. Krohn,.  Future trends in habitat supply for 

martens and lynx across the landscapes of northern Maine under alternative forest management 
scenarios, 2007-2032. .  Presentation to Maine Cooperative Forestry Research Unit, Orono, 
Maine.  April 15. 

 
2008 - Fuller, A. K., D. J. Harrison, and B. J. Hearn.  2008.  Application and testing of models to predict  

probability of occupancy and density of endangered Newfoundland martens.  Presentation to 
Newfoundland Marten Recovery Team, Corner Brook, Newfoundland. January 4. 
 

2008 - Fuller, A. K., D. J. Harrison, and B. J. Hearn.  2008.  Spatial responses to habitat loss in two 
isolated  populations of forest martens.  Invited talk in the Ecology, Evolution, and Behavior 
seminar series.  Virginia Tech. University, Blacksburg. February 1. 

2008 - Fuller, A. K., D. J. Harrison, and W. B. Krohn.  Landscape planning initiative for northern Maine 
using area sensitive umbrella species.  Invited presentation at USDA Natural Resources 
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Conservation Service and U.S. Fish and Wildlife Service workshop on the Healthy Forest Reserve 
Program in Maine, Bangor, Maine.  July 1. 

2008 – Fuller, A. K., D. J. Harrison, B. K. Hearn, and J. A. Hepinstall.  Spatial responses to habitat loss in 
2 populations of forest martens. Paper presented at The Wildlife Society 15th Annual Conference, 
Miami, Florida. November 11. 

 
2008 - Fuller, A. K., D. J. Harrison, and W. B. Krohn.  Applications of lynx and marten models to 

operational forest management.  Invited presentation at Lynx on the landscape: workshop and fall 
field tour, Cooperative Forestry Research Unit, Greenville, Maine.  October 28. 

2008 – Harrison, D. J., W. B. Krohn, and A. K. Fuller.  Long-term monitoring of snowshoe hare 
populations to inform stand- and landscape-scale forest management and recovery planning for 
Canada lynx in Maine.  Presentation to Advisory Committee, Maine Cooperative Forestry 
Research Unit, Orono. April 9.   

2008 – Harrison, D. J., A. K. Fuller, and E. Simons.  Trends in habitat supply for wildlife species whose 
habitat requirements are not addressed using coarse-filter umbrella species approaches, with a 
focus on deer wintering areas.  Presentation to Advisory Committee, Maine Cooperative Forestry 
Research Unit, Orono. April 9.   

2008 – Harrison, D. J., W. B. Krohn, S. Scott, A. K. Fuller, and L. Robinson.  Stand-scale management to 
increase hare and lynx populations.  Invited presentation at Bridging Science and Stewardship 
Workshop, Maine Cooperative Forestry Research Unit, Brewer, Maine. May 14. 

2008 – Harrison, D. J., A. K. Fuller, J. A. Hepinstall, and E. Simons.  Forests, forest carnivores, and 
fragmentation: Wildlife-habitat relationships in the Acadian forests of Maine, USA.  Invited 
seminar, Department of Ecology and Natural Resource Management, Norwegian University of 
Life Sciences, As, Norway.  September 16.  

2008 – Harrison, D. J., A. K. Fuller, J. A. Hepinstall, and E. Simons.  Forests carnivores as a tool for 
landscape conservation: Case studies focusing on American martens and Canada lynx.  Seminar 
presented at Grimso Wildlife Research Station, Lindesberg, Sweden. September 19.  

2008 – Harrison, D. J., A. K. Fuller, J. A. Hepinstall, E. Simons, B. J. Hearn, and D. Payer.  Forests, 
forestry, and forest martens: a landscape perspective.  Invited presentation at conference titled: 
Pour une sylviculture adaptee a al feret irreguliere et sa faune, Faculty of Forestry, University of 
Laval, Baie Comeau, Quebec.  October 8. 

2008 - Krohn W. B., D. J. Harrison, S. A Scott, L. L. Robinson, C. L. Hoving, A. K. Fuller, and E. M. 
Simons. Variation in snowshoe hare densities as related to Canada lynx and forest management in 
eastern North America. Presentation at Eastern CANUSA Forest Science Conference, Orono, 
Maine. October 17.  

 
2008 -   Scott, S., D.J. Harrison, and W. B. Krohn. Partial harvests: contributing to foraging habitat?.  

Presentation at Lynx on the Landscape Workshop, Maine Cooperative Forestry Research Unit , 
Workshop.  Greenville, ME.  October 28. 

 
2008 - Simons, E. M., D. J. Harrison, W. B. Krohn, K. R. Legaard, and S. Sader.  Trends in American 

marten habitat on the commercial forestlands of northern Maine. Presented at Impact of Wildlife 
on the Forest Industry Workshop, New England Regional Council on Forest Engineering, 
University of Maine, Orono. March 10. 
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2008 - Simons, E. M., D. J. Harrison, W. B. Krohn, K. R. Legaard, and S. Sader. Predicting responses of 

forest landscape change on wildlife umbrella species. Presentation to the Maine Cooperative 
Forestry Research Unit Advisory Committee, Orono. April 7. 

 
2008 - Simons, E. M., D. J. Harrison, W. B. Krohn, K. R. Legaard, S. Sader, and J. S. Wilson. Landscape 

indicators of forest biodiversity: application of American marten, Canada lynx, and snowshoe 
hares. Presentation at Bridging Science and Stewardship Workshop, Maine Cooperative Forestry 
Research Unit, Brewer. May 14.  

2008 - Simons, E. M., D. J. Harrison, W. B. Krohn, K. R. Legaard and S. A. Sader. Ecological factors 
associated with landscape-scale occurrences of Canada lynx in northern Maine. Invited 
Presentation at Lynx on the Landscape: What You Need to Know Workshop and Field Tour, 
Maine Cooperative Forestry Research Unit, Greenville, Maine. October 29.  

2008 - Simons, E. M., D. J. Harrison, W. B. Krohn, K. R. Legaard, and S. A. Sader. Retrospective changes 
in habitat supply for Canada lynx and snowshoe hares resulting from timber harvesting: 
Implications for lynx recovery? Paper presented at The Wildlife Society 15th Annual Conference, 
Miami, Florida. November 9.  

2008 - Simons, E. M., K. R. Legaard (Co-Presenters), D. J. Harrison, W. B. Krohn, and S. Sader. 
Evaluating broad-scale changes in timber harvesting patterns, forest landscape structure, and 
wildlife habitat supply for umbrella species in northern Maine. Invited presentation at Friends of 
ForCAST, Center for Research on Sustainable Forests, Orono. November 20. 

2007 - Fuller, A. K., and D. J. Harrison.  “The relative roles of fine- and coarse-grained habitat choices by 
Canada lynx during winter.”  Paper presented at The Wildlife Society 14th Annual Conference, 
Tucson, Arizona.  September 23. 

2007 - Fuller, A. K., D. J. Harrison, and W. B. Krohn.  2007.  Landscape planning initiative for northern 
Maine using area sensitive umbrella species: an overview.  Presented to Beginning with Habitat 
Steering Committee, Orono, Maine. October 17. 

2007 - Fuller, A. K., and D. J. Harrison.  Foraging paths reveal scale-dependent habitat decisions by 
Canada lynx.  Paper presented at Canada Lynx on the Border, Biological and Political Realities 
for Conservation Planning: An International Workshop, Grand Portage, Minnesota. October 26. 

2007 - Harrison, D.J.  Forest carnivores, forestry, and fragmentation: modeling landscape sustainability 
using marten and lynx.  Seminar presented to Division of Biological Sciences and School of 
Forest Resources, University of Montana, Missoula.  April 30. 

2007 - Harrison, D. J.  The role of predation on population dynamics of white-tailed deer.  Presentation to 
Commissioner's Task Force to Assess the Northern and Eastern Maine Deer Population.  June 12. 

2007 - Harrison, D. J., E. Simons, and K. Legaard.  Forest carnivores, forestry and fragmentation:  Using 
American marten as the canary in the coal mine.  Department of Biological Sciences Seminar 
Series, University of Maine.  May 4. 

2007 - Harrison, D. J. and J. McCloskey.  Documenting occurrence patterns of northern goshowks in 
Maine.  Proposal presentation to Advisory Committee, Maine Cooperative Forestry Research 
Unit, Orono, Maine.  April 25. 

2007 - Harrison, D. J., W. B. Krohn, L. Robinson, A. K. Fuller, and C. L. Hoving.  2007.  Multi-scalar 
habitat preferences of snowshoe hares: how does a prey specialist coexist with a specialist 
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predator?  Paper presented at International Union of Game Biologists XXVIII Congress, Uppsala, 
Sweden.  August 17. 

2007 – Harrison, D. J. Effects of forest practices on habitat for wintering deer.  Workshop and Field Tour 
for Maine Cooperative Forestry Research Unit Advisory Committee.  October 10. 

2007 - Harrison, D. J., W. B. Krohn, L. Robinson, S. Scott, A. K. Fuller, and C. L. Hoving.  Temporal and 
spatial variation in snowshoe hare densities in eastern North America: relationships to lynx and 
forest management.  Invited paper presented at Canada Lynx on the Border, Biological and 
Political Realities for Conservation Planning: An International Workshop, Grand Portage, 
Minnesota. October 26. 

2007 – Harrison, D. J.  The influence of predators on overwinter deer survival: interactions with habitat.  
Invited presentation at Deer Wintering Area Workshop, Orono, Maine. December 10. 

2007 - Hearn, B. J., D. J. Harrison, C. Lundrigan, W. J. Curran, and A. K. Fuller.  Multi-scale habitat 
selection by the endangered Newfoundland marten.  Paper presented at The Wildlife Society 14th 
Annual Conference, Tucson, Arizona.  September 23.  

2007 - Simons, E. M., L. Robinson, D. J. Harrison, W. B. Krohn, and K. R. Legaard.  Ecological factors 
associated with landscape-scale occurrences of Canada lynx in northern Maine.  Paper presented 
at Canada Lynx on the Border, Biological and Political Realities for Conservation Planning: An 
International Workshop, Grand Portage, Minnesota. October 24. 

 
2006 – Fuller, A. K., and D. J. Harrison.  Stand-scale habitat relationships of lynx in northern Maine.  

Presentation at Maine Lynx Workshop, Bangor, Maine, December 3. 
 
2006 – Fuller, A. K., and D. J. Harrison.  Stand-scale habitat relationships of lynx in northern Maine.  

Paper presented at 2006 Carnivores Conference, St. Petersburg, Florida, November 14. 
 
2006 – Fuller, A. K., and D. J. Harrison.  Stand-scale habitat relationships of lynx in northern Maine. 

Invited presentation at Forestry Noontime Seminar Series, University of Maine, Orono, March 3. 
 
2006 – Fuller, A. K., and D. J. Harrison.  Stand-scale habitat relationships of lynx in northern Maine.  

Final contract report presentation to Maine Cooperative Forestry Research Unit, Orono, Maine, 
January 25. 

 
2006 – Harrison, D. J.  Interactions among forestry and forest wildlife in the Acadian forest: the need for 

landscape planning.  Invited lecture in FES 508: Industrial Spruce-Fir Ecosystems, University of 
Maine, Orono, December 15. 

 
2006 –  Harrison, D. J., W. B. Krohn, J. A. Homyack, L. Robinson, and A. K. Fuller.  Temporal and 

spatial variation in hare populations in relation to forest harvesting in Maine.  Presentation at 
Maine Lynx Workshop, Bangor, Maine, December 1. 

2006 - Harrison, D. J., W. B. Krohn, A. K. Fuller, and L. Robinson.  Hare population dynamics and lynx 
and hare habitat selection in Maine.  Presentation at National Interagency Lynx Biology Team 
Meeting, Duluth, MN.  October 20. 

 
2006 - Harrison, D. J. and W. K. Krohn.  Long-term results from research on snowshoe hares and lynx in 

relation to forest management activities in Maine.  Presentation to Advisory Committee, Maine 
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Cooperative Forestry Research Unit, University of Maine.  October 4. 
 
2006 – Harrison, D. J., W. K. Krohn, L. Robinson, J. A. Homyack, and A. K. Fuller.   Temporal and 

spatial variation in hare densities within the geographic range of lynx in Maine.  Invited paper 
presented at Symposium on Lynx Conservation in the lower 48 states, The Wildlife Society Annual 
Conference, Anchorage, Alaska, September 27. 

 
2006 – Harrison, D. J.  Managing forest stands and landscapes to maintain wildlife biodiversity.  Invited 

presentation at Research, Results and the Resource Workshop, sponsored by Maine Cooperative 
Forestry Research Unit, Orono, Maine, May 25. 

 
2006 – Harrison, D. J.  Research results and applications for management: stand and landscape 

management for marten and lynx on commercial forestlands in Maine.  Invited presentations and 
field tour, Annual meeting of Foresters, Wagner Land Management Corp., Bethel, Maine, May 3. 

  
2006 – Harrison, D. J.  Quantifying biodiversity values across managed landscapes in northern and 

western Maine.  Presentation to Maine Cooperative Forestry Research Unit, Orono, Maine, April 
26. 

 
2006 – Harrison, D. J.  Wildlife, forest succession, vegetation management, and biodiversity.  Invited 

lecture in FES 435/535: Managing Forest Succession, University of Maine, Orono, April 13. 
 
2006 – Krohn, W. B., D. J. Harrison, C. Hoving and L. Robinson.  Factors influencing patterns of lynx 

occurrence across multiple spatial scales in eastern North America.  Presentation at Maine Lynx 
Workshop, Bangor, Maine, December 1. 

2006 - Krohn, W. B., D. J. Harrison L. Robinson, and C. Hoving.  Results for species occurrence 
modeling with lynx across 3 spatial scales in Maine.  Presentation at National Interagency Lynx 
Biology Team Meeting, Duluth, MN.  October 20. 

 
2006 – Robinson, L., D. J. Harrison, W. B. Krohn, J. Vashon, and M. McCollough.  Modeling habitat 

occupancy of lynx in northern Maine.  Paper presented at Carnivores 2006 Conference, St. 
Petersburg, Florida, November 14. 

   
2006 – Robinson, L., D. J. Harrison, W. B. Krohn.  Ecological relationships between partial harvesting, 

snowshoe hares, and lynx in Maine.  Presentation and Wiscussion for Forestry and Wildlife 
Professionals in Maine, University of Maine, Orono, August 24. 

 
2006 – Simons, E., K. Legaard, D. J. Harrison, S. Sader, and W. B. Krohn.  Forest harvesting trends 

affecting lynx and marten habitat in Maine as revealed by change detection of multiple 
LANDSAT TM images, 1988-2004.  Presentation at Maine Lynx Workshop, Bangor, Maine, 
December 1. 

 
2006 – Simons, E., K. Legaard, D. J. Harrison, S. Sader, and W. B. Krohn.  Trends in forest harvesting in 

Maine as revealed by change detection of multiple LANDSAT TM images.  Poster presented at 
2006 CANUSA Conference, Quebec City, Canada, October. 

 
2005 - Fuller, A. K., D. J. Harrison, and B. J. Hearn.  Modeling habitat occupancy of marten in western 

Newfoundland: management and planning applications.  Invited presentation to the Newfoundland 
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Marten Recovery Team, Corner Brook,  Newfoundland, November 2. 
 
2005 – Fuller, A. K., D. J. Harrison, and B. J. Hearn.  Modeling habitat occupancy of marten in western 

Newfoundland: management and planning applications.  Final contract report presentation to 
Canadian Forest Service, Western Newfoundland Model Forest, and other project cooperators, 
Corner Brook,  Newfoundland, November 1. 

 
2005 - Fuller, A. K., D. J. Harrison, and J. Vashon.  Stand-scale habitat selection by lynx on commercial 

forestlands in northern Maine.  New England Chapter of Society of American Foresters 
Conference, Portland, ME.  March 17. 

 
2005 - Fuller, A. K., D. J. Harrison, and J. H. Vashon.  Effects of forest practices on habitat selection by 

Canada lynx  during winter.  Lynx Research Working Group Meeting, Orono, ME.  April 14. 
 
2005 - Harrison, D. J.  An overview of the research program in the Department of Wildlife Ecology.   

Presentation to the Office of the Vice President for Research, University of Maine, Orono, ME.  
February 1. 

 
2005 - Harrison, D. J.  Predators, prey, and forestry in northern and eastern Maine: a historical perspective. 

 University of Maine at Machias Science Club and Downeast Salmon Federation, Machias, ME.  
March 2, 2005. 

 
2005 - Harrison, D. J.  Overview of research conducted by The University of Maine during 1980-1994 

regarding the population status and relationships of deer and vegetation in Acadia National Park.  
Acadia National Park Resource Management Staff, Bar Harbor, ME.  July 26. 

 
2005 - Harrison, D. J. and J. A. Hepinstall.  Evaluating the utility of forest carnivores as umbrella species 

to promote biodiversity conservation. Final contract report presentation, Maine Cooperative 
Forestry Research Unit, University of Maine, Orono, ME.  January 26. 

 
2005 - Harrison, D. J., and W. B. Krohn.  Relationships among partial harvesting, snowshoe hares, Canada 

lynx and forest harvesting: a survey of research activities at the University of Maine and Maine 
Cooperative Fish and Wildlife Research Unit.  National Lynx Biology Team Meeting, 
Minneapolis, MN.  August 17. 

 
2005 – Harrison, D. J., W. B. Krohn, and J. A. Hepinstall.  A landscape planning framework for northern 

Maine: an overview of recent research results for marten, lynx and other forest vertebrates.  Maine 
Department of Inland Fisheries and Wildlife, Augusta, December 21. 

 
2005 - Harrison, D. J. and W. B. Krohn.  A summary of preliminary research findings from studies of 

snowshoe hares and lynx conducted by the University of Maine and the Maine Cooperative Fish 
and Wildlife Research Unit.  Eastern Science Team, National Council for Air and Stream 
Improvement, Sugarloaf, U.S.A.  August 24. 

 
2005 - Hearn, B. J., D. J. Harrison, and A.K. Fuller.  Landscape-scale habitat selection by Newfoundland 

marten & an update on efforts to model habitat for Newfoundland marten.  Newfoundland Marten 
Recovery Team, Corner Brook, NL.  May 17, 2005. 
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2005 - Homyack, J. A., D. J. Harrison, and W. B. Krohn.  Effects of precommercial thinning on snowshoe 
hares, small mammals, and forest structure in northern Maine.  Department of Fisheries and 
Wildlife Sciences, Virginia Polytechnic Institute and State University, Frostburg, VA.  April 26. 

 
2004 - Fuller, A. K. and D. J. Harrison.  Preliminary results of studies of substand-scale habitat selection 

by lynx in northern Maine.  Invited presentation at Wildlife Management Institute’s Eastern Lynx 
Workshop, North Conway, New Hampshire, January 6. 

 
2004 - Fuller, A. K. and D. J. Harrison.  Preliminary results of studies of substand-scale habitat selection 

by lynx in northern Maine.  Presentation to Maine Cooperative Forestry Research Unit, Orono, 
Maine, January 21. 

 
2004 – Fuller A. K.  and D. J. Harrison.  Influence of forest practices on stand-scale habitat selection of 

lynx in northern Maine.  Paper presented at Eastern CANUSA Forest Science Conference, 
Frederickton, New Brunswick, October 15. 

 
2004 - Fuller, A. K. and D. J. Harrison.  Stand-scale habitat selection by lynx in northern Maine: 

preliminary results. Invited presentation at Fourth Northeastern Mesocarnivore Workshop: Lynx 
and marten in the northern Appalachians, Portland, Maine, December 9. 

 
2004 - Harrison, D. J., J. A. Homyack, A. K. Fuller, and W. B. Krohn.  Effects of precommercial thinning 

and partial harvesting on snowshoe hares in Maine.  Invited presentation at Wildlife Management 
Institute’s Eastern Lynx Workshop, North Conway, New Hampshire, January 6. 

 
2004 - Harrison, D. J., J. A. Homyack, J. A. Litvaitis, and W. B. Krohn.  Quantifying densities of 

snowshoe hare in Maine using pellet plots.  Invited presentation at Wildlife Management 
Institute’s Eastern Lynx Workshop, North Conway, New Hampshire, January 6. 

 
2004 - Harrison, D. J., C. L. Hoving, and W. B. Krohn.  Distribution and extent of lynx habitat in eastern 

North America and Maine from GIS modeling.  Presentation at Wildlife Management Institute’s 
Eastern Lynx Workshop, North Conway, New Hampshire, January 7. 

 
2004 - Harrison, D. J. Status of lynx litigation, critical habitat designations, and recovery planning in the 

U.S.  Presentation to Maine Cooperative Forestry Research Unit, Orono, Maine, January 21.  
 
2004 - Harrison, D. J.  Effects of clearcutting, precommercial thinning, and partial harvesting on forest 

dependent wildlife species.  Invited presentation at workshop on Managing for Fiber Production, 
Wildlife Habitat, and Biodiversity: Latest Results from CFRU Research, Ashland Maine, May 12. 

 
2004 – Harrison, D. J. and J. A. Hepinstall.  Predicting marten and lynx occurrences across the landscape: 

Evaluating the utility of forest carnivores as umbrella species to promote biodiversity conservation. 
 Wildlife Ecology Seminar Series, University of Maine, Orono, 6 December.  

 
2004 – Harrison, D. J., W. B. Krohn, L. Robinson, and A. K. Fuller.  Lynx and hare research sponsored by 

the Maine Cooperative Forestry Research Unit.  Field tour at sites in northern Maine for forest 
industry representatives. October 28. 

 
2004 – Harrison, D. J. and J. A. Hepinstall.  Broad-scale viability habitat modeling, habitat supply trends, 
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and umbrella species applications for marten and lynx in Maine.  Invited presentation at Fourth 
Northeastern Mesocarnivore Workshop: Lynx and marten in the northern Appalacians, Wildlife 
Conservation Society, Portland, Maine, December 9. 

 
2004 – Harrison, D. J., A. K. Fuller, and B. Hearn.  Updates of results on habitat selection and 

fragmentation studies on Newfoundland marten.  Presentation to Newfoundland marten recovery 
team, Corner Brook, Newfoundland, December 15. 

 
2004 – Hepinstall, J. A. and D. J. Harrison.  Utility of forest carnivores (American marten and Canada 

lynx) as umbrella species for biodiversity conservation.  Carnivores 2004 Conference, Sante Fe, 
New Mexico, November 15. 

 
2004 – Homyack, J. A., D. J. Harrison, W. B. Krohn, A. K. Fuller, and C. L. Hoving. Comparing 

conservation issues affecting Canada lynx within the northeastern U.S. and the Rocky mountains. 
 Presentation to Wyoming Chapter of The Wildlife Society, Laramie, November 11. 

 
2004 - Krohn, W. B., D. J. Harrison, and M. A.,McCollough.  An overview of the lynx-hare landscape 

modeling project in northern Maine.  Invited presentation at Wildlife Management Institute’s 
Eastern Lynx Workshop, North Conway, New Hampshire, January 6. 

 
2003 - Harrison, D.J., and J.A. Hepinstall. Marten as a tool for landscape-scale habitat planning in 

northern Maine.  Final contract report presentation to Maine Cooperative Forestry Research 
Unit, Orono, Maine. January 29. 

 
2003 - Harrison, D.J. Ecological aspects of coyote predation and the potential for effective control of 

predation via snaring.  Invited presentation and panel discussion at winter meeting of Maine 
Chapter of The Wildlife Society, Augusta, Maine.  January 30. 

 
2003 - Harrison, D.J. and J.A. Hepinstall.  Using marten as a landscape-scale conservation tool for 

maintaining diversity of forest-dependent vertebrates.  Presentation and workshop conducted for 
Maine Department of Inland Fisheries and Wildlife Habitat Planning Committee, Bangor, Maine. 
 March 10. 

 
2003 - Harrison, D.J., and J.A. Hepinstall. Marten as a tool for landscape-scale habitat planning and 

biodiversity conservation.  Presentation to Recovery Team for the Endangered Newfoundland 
Marten, Deer Lake, Newfoundland.  April 1.  

 
2003 - Harrison, D.J. Predicting responses of snowshoe hares and lynx to alternative forest harvesting 

scenarios.  Presentation to Maine Cooperative Forestry Research Unit, Orono, Maine.  April 17. 
 
2003 - Harrison, D.J. Relative densities, habitat selection, and population performance of spruce grouse in 

clearcut, intensively managed, and “classic” habitat in northern Maine.  Presentation to Maine 
Cooperative Forestry Research Unit, Orono, Maine.  April 17. 

 
2003 - Harrison, D.J. Evaluating the umbrella species approach for biodiversity conservation on 

commercial forestlands in Maine.  Presentation to Maine Cooperative Forestry Research Unit, 
Orono, Maine.  April 17. 
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2003 - Harrison, D. J.  Effects of coyotes on Maine’s deer herd: Is there a need for a snaring program.  
Talk presented to Student Chapter of The Wildlife Society, University of Maine, Orono, December 
6. 

 
2003 - Harrison, D. J.  A. K. Fuller, J. A. Homyack, and W. B. Krohn.  How do clearcutting, pre-

commercial thinning, and partial harvesting influence wildlife habitat?  Invited presentation at 
workshop on Managing for Fiber Production, Wildlife Habitat, and Biodiversity: Latest Results 
from CFRU Research.  Plum Creek Timber Company, Fairfield, Maine, December 16. 

 
2003 - Harrison, D. J. and J. A. Hepinstall.  Landscape planning for wildlife.  Invited presentation at 

workshop on Managing for Fiber Production, Wildlife Habitat, and Biodiversity: Latest Results 
from CFRU Research.  Plum Creek Timber Company, Fairfield, Maine, December 16. 

 
2003 - Harrison, D. J., D. C. Payer, and A. K. Fuller.  Maintaining structural requirements of wildlife 

within forest stands.  Invited presentation at workshop on Managing for Fiber Production, 
Wildlife Habitat, and Biodiversity: Latest Results from CFRU Research.  Plum Creek Timber 
Company, Fairfield, Maine, December 16. 

 
2003 - Hepinstall, J.A., and D. J. Harrison.  Predicting habitat supply for American marten using measures 

of landscape composition and configuration.  Paper presented at Resource Selection Conference, 
Laramie, Wyoming. January 5-8. 

 
2003 - Hepinstall, J.A., and D.J. Harrison.  Does the umbrella leak?: Biodiversity conservation based on 

marten habitat.  Paper presented at the 10th Annual Conference of The Wildlife Society, 
Burlington, VT.  September 9. 

 
2003 - Homyack, J.A. Effects of precommercial thinning on snowshoe hares, small mammals, and forest 

structure in northern Maine.  Seminar presented to Department of Wildlfe Ecology, University of 
Maine. February 27. 

 
2003 - Homyack, J.A., D.J. Harrison, and W.B. Krohn.   Effects of precommercial thinning on snowshoe 

hares, small mammals, and forest structure in northern Maine. Final contract report presentation 
to Maine Cooperative Forestry Research Unit, Orono, Maine. April 17. 

 
2003 - Krohn, W.B., J.A. Homyack,and D.J. Harrison. “Changes in the Acadian Forest: Implications for 

Wildlife.”  Invited paper presented in Special Wildlife Session on Early Successional Habitats: A 
Critical Problem, 59th Northeast Fish and Wildlife Conference, Newport, Rhode Island.  April 15. 

 
2002 - Fuller, A. K. and D. J. Harrison.  “Resource partitioning and interspecific competition between 

coyotes and red foxes on an island during recent colonization by coyotes.”  Paper presented at the 
Northeast Fish and Wildlife Conference, Portland, ME.  April 23. 

 
2002 - Fuller, A. K., and D.J. Harrison.  Resource partitioning and interspecific competition between 

coyotes and red foxes on an island during recent colonization by coyotes.   Paper presented at 
Carnivores 2002 Conference, Monteray, California. November 18.  

  
2002 - Harrison, D.J., and J. A. Hepinstall. “A workshop on approaches to evaluate habitat requirements 

and to inventory habitat supply for endangered marten in Newfoundland.”  Workshop presented to 
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Canadian Forest Service Scientists, Newfoundland Government Scientists, and Western 
Newfoundland Model Forest Scientists, Cornerbrook, Newfoundland, January 9. 

 
2002 - Harrison, D.J.  “Forestry and forest carnivores: conflict or opportunity.”  Talk presented to Student 

Chapter of The Wildlife Society, Orono, Maine, February 7. 
 
2002 - Harrison, D.J.  “Forestry and forest carnivores: conflict or opportunity.”  Department of Biology 

Seminar Series, Colby College, Waterville, Maine, March 8.  
 
2002 - Harrison, D.J., C. L. Hoving, A. K. Fuller, and W.B. Krohn.  “A summary of research needs for 

lynx in eastern North America: what do we know, what are we researching, and what is left?”  
Presentation at Northern Appalachians Lynx Science Workshop, Portland, Maine, April 24.  

 
2002 - Harrison, D.J.  “Landscape considerations for conserving habitat for wolves, American marten, and 

lynx in the White and Green Mountain National Forests.”  Presentation at Species Viability 
Workshop, U.S. Forest Service, Manchester, New Hampshire, May 22. 

   
2002 - Harrison, D. J. and A.K. Fuller.  Effects of partial harvesting on forest mammals.  Presentation and 

field tour for Cooperative Forestry Research Unit, Northern Maine. October 9. 
 
2002 - Harrison, D.J., and J.A. Hepinstall.  Landscape management for fragmentation-sensitive species.  

Presentation and field tour for Cooperative Forestry Research Unit, Northern Maine. October 9.  
 
2002 - Harrison, D.J. and A.K. Fuller.  Substand-scale responses of Canada lynx to habitat and prey: an 

ongoing study.  .  Invited presentation at Interagency Lynx Biology Team Meeting, Orono, Maine. 
October 22. 

 
2002 - Harrison, D.J., W.B.  Krohn, and C. Hoving, Broad-scale habitat ecology of Canada lynx in eastern 

North America.  Invited presentation at Interagency Lynx Biology Team Meeting, Orono, Maine. 
October 22. 

 
2002 - Harrison, D.J., and J.A. Hepinstall.  Modeling habitat supply as a tool for marten conservation.  

Invited presentation at Newfoundland Marten Habitat Supply Workshop, Grand Falls, 
Newfoundland. December 3. 

 
2002 - Harrison, D.J., and J.A. Hepinstall.  Predictive modeling and trends in marten occurrence across the 

landscape of Northern Maine: marten as a tool for conserving forest biodiversity.  Invited 
presentation at Wildlife Division Meeting, Maine Department of Inland Fisheries and Wildlife, 
Bangor, Maine.  December 17. 

 
2002 - Hearn, B., and D.J. Harrison. Home range characteristics of Newfoundland marten. Invited 

presentation at Newfoundland Marten Habitat Supply Workshop, Grand Falls, Newfoundland. 
December 3. 

  
2002 - Hepinstall, J. A. and D. J. Harrison, and W. B. Krohn. “Spatially explicit wildlife habitat modeling; 

case studies from Maine.”  Seminar presented at the Department of Wildlife Ecology Seminar 
Series, Orono, ME.  April 8. 
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2002 - Hepinstall, J. A., D. J. Harrison, D. C. Payer and A. K. Fuller.  “Habitat supply modeling for 
American marten in the managed forests of northern Maine.”  Poster presented at the Northeast 
Fish and Wildlife Conference, Portland, ME.  April 21- 24. 

 
2002 - Hepinstall, J. A., D. J. Harrison, D.C. Payer, and A. K. Fuller. “Can marten serve as an umbrella 

species for forest management in northern Maine?”  Paper presented at the 17th annual 
symposium of the International Association for Landscape Ecology – United States Regional 
Association (US-IALE), Lincoln, NE.  April 23-27. 

 
2002 - Hepinstall, J. A. and D. J. Harrison.  “Applications of Field Research to Forest Landscape 

Planning: A Case Study Using American Marten in Maine.”  Paper presented at Beyond the Data: 
Integrating Research Findings into Forest Management Planning and Operations, Moncton, New 
Brunswick, Canada.  May 3-4. 

 
2002 - Hepinstall, J.A., D.J. Harrison, D.C. Payer, and A.K. Fuller.  Predicting habitat supply for 

American marten using measures of landscape composition and configuration.  Poster presented 
at Eastern Canada-USA (CANUSA) Forest Science Conference, Orono, Maine.  October 20.   

 
2002 - Hepinstall, J.A., D.J. Harrison, D.C. Payer, and A.K. Fuller.  Predicting habitat supply for 

American marten using measures of landscape composition and configuration.  Paper presented at 
Carnivores 2002 Conference, Monteray, California. November 19. 

 
2002 - Homyack, J. A., D. J. Harrison, and W. B. Krohn. “Effects of intensive forest management on small 

mammals and snowshoe hare in northern Maine.”  Presentation at the Spring 2002 Evening 
Seminar Series of the University of Maine Student Chapter of the Wildlife Society, Orono, ME.  
April 14. 

 
2002 - Homyack, J. A., D. J. Harrison, and W. B. Krohn.  “Effects of precommercial thinning on small 

mammals in northern Maine.”  Paper presented at the Northeast Fish and Wildlife Conference, 
Portland, ME. April 23.    

 
2002 - Homyack, J. A., D. J. Harrison, and W. B. Krohn. “Preliminary results of the effects of 

precommercial thinning on snowshoe hare.”  Poster presented at the Northeast Fish and Wildlife 
Conference, Portland, ME.  April 21- 24. 

 
2002 - Homyack, J. A., D. J. Harrison, and W. B. Krohn. “Effects of precommercial thinning on snowshoe 

hare in northern Maine.”  Paper presented at The Annual Meeting of The Wildlife Society, 
Bismarck, ND.  September 27. 

 
2002 - Homyack, J. A., D. J. Harrison, and W. B. Krohn.  Precommercial thinning effects on hare habitat.  

Presentation and field tour for Cooperative Forestry Research Unit, Northern Maine. October 9. 
 
2002 - Homyack, J.A., D.J. Harrison, and W.B. Krohn.  Effects of precommercial thinning on abundance 

of snowshoe hare in northern Maine. Paper presented at Eastern Canada-USA (CANUSA) Forest 
Science Conference, Orono, Maine.  October 20. 

 
2002 - Homyack, J.A., D.J. Harrison, and W.B. Krohn.  Effects of precommercial thinning on small 

mammals in northern Maine. Paper presented at Eastern Canada-USA (CANUSA) Forest Science 
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Conference, Orono, Maine.  October 20. 
 
2002- Homyack, J.A., D.J. Harrison, and W.B. Krohn.  Effects of precommercial thinning on snowshoe 

hares in northern Maine: implications for Canada lynx. Invited presentation at Interagency Lynx 
Biology Team Meeting, Orono, Maine. October 22. 

 
2002- Homyack, J.A., D.J. Harrison, and W.B. Krohn.  Effects of precommercial thinning on snowshoe 

hare: implications for Canada lynx. Paper presented at Carnivores 2002 Conference, Monteray, 
California. November 19. 

 
2002 - Hoving, C. L., D. J. Harrison, W. B. Krohn, and W. J. Jakubas.  “Canada lynx habitat, forest 

harvest strategies and regeneration in northern Maine.”  Paper presented at the Northeast Fish 
and Wildlife Conference, Portland, ME.  April 24. 

 
2002 – Hoving, C., D.J. Harrison, W.B. Krohn, and W. Jakubas.  Canada lynx habitat, forest harvest 

strategies and regeneration in northern Maine. Paper presented at Carnivores 2002 Conference, 
Monteray, California. November 19. 

 
2002 – Hoving, C., D.J. Harrison, W.B. Krohn, R.A. Joseph, and M. O’Brien.  Climate change and lynx: 

spatial occurrence models for eastern North America.  Poster presented at Carnivores 2002 
Conference, Monteray, California. November 17-20. 

 
2002 - Spohr, S., D.J. Harrison,  and F.A. Servello.  “Effects of landscape and cover characteristics on nest 

success of eastern wild turkeys in southeastern Connecticut.”  Paper presented at the Northeast 
Fish and Wildlife Conference, Portland, Maine, April 23. 

 
2001 - Fuller, A.K., and D.J. Harrison.  “Partial harvest guidelines for maintenance of marten in Maine.”  

Invited lecture presented at the “Newfoundland Marten Endangered Species Recovery Team 
Meeting”, St. John’s, Newfoundland, January 12. 

 
2001 - Harrison, D.J.  Landscape scale habitat requirements and fragmentation thresholds of marten.  

Lecture at workshop attended by Canada Parks scientists and invited advisors to address habitat 
needs of endangered marten in western Newfoundland. Gros Morne National Park Newfoundland, 
January 9. 

 
2001 – Harrison, D.J., and D.C. Payer  “Influences of trapping mortality on current distribution and 

population dynamics of marten: a biogeographical and empirical perspective.”  Invited paper 
presented at “Newfoundland Marten Accidental Trapping and Snaring Workshop”, St. John’s, 
Newfoundland, January 12. 

 
2001 - Harrison, D.J.  An update of lynx and marten issues related to forest management.  Presentation to 

Advisory Committee, Maine Cooperative Forestry Research Unit, Orono, January 25.  
 
2001 – Harrison, D. J.  “Marten and Forestry: Conflict or Opportunity.”  Invited paper presented at J. D. 

Irving, Limited’s 2001 Science Forum, Frederickton, NB, April 3, 2001. 
 
2001 - Harrison, D.J.  “Forestry and Forest Carnivores: Conflict or Opportunity.”  Presented at the 

University of Maine, Forestry Noontime Seminar Series, April 6. 
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2001 - Harrison, D.J.  Potential forest management issues and research opportunities with federally 

threatened lynx in Maine.  Presentation to to Advisory Committee, Maine Cooperative Forestry 
Research Unit, Orono, Maine, May 3.  

 
2001 – Harrison, D.J.  “Extent and distribution of wolf habitat in eastern North America and niche 

characteristics of wolves versus eastern coyotes.”  Served as invited panelist and presenter at Wolf 
Symposium for invited government agencies, university personnel and non-governmental 
organizations, Burlington, VT, May 16. 

 
2001 - Harrison, D. J., D.C. Payer, J. A. Hepinstall, A. K. Fuller and D. J. Katnik.  “Landscape thresholds 

and nonlinear responses to fragmentation by American marten.”  Paper presented at 15th Annual 
Meeting of the Society for Conservation Biology, Hilo, Hawaii, July 31.  

  
2001 - Harrison, D. J., and J. A. Hepinstall.  “Habitat supply planning for American marten in Maine and 

Newfoundland.”  Seminar presented to Canadian Forest Service and Newfoundland Provincial 
Scientists, Cornerbrook, Newfoundland, August 26. 

 
2001 - Harrison, D. J.  “Marten habitat supply assessment.”  Presentation at meeting of Maine 

Cooperative Forestry Research Unit Advisory Committee, Millinocket, Maine, October 17. 
 
2001 - Harrison, D.J.  “Habitat potential for wolves and niche overlap with eastern coyotes in eastern 

North America.”  Paper presented at Eastern Wolf Workshop, Dixville Notch, New Hampshire, 
October 19. 

 
2001 – Hepinstall, J. A., D. J. Harrison, D. C. Payer, A. K. Fuller, and D. D. Katnik.  “Using marten as an 

umbrella species for forest management.”  Invited paper presented at the 37th Annual North 
American Moose Conference and Workshop, Sugarloaf, ME, May 14, 2001. 

 
2001 - Hepinstall, J.A., D.J. Harrison, D.C. Payer, and A.K. Fuller. Predicting the occurrences of 

American marten in harvested landscapes. Paper presented at the 8th Annual Conference of The 
Wildlife Society, Reno, Nevada, September 25-29. 

 
2001 - Homyack, J. A., D. J. Harrison, and W. B. Krohn.  “Update on the effects of precommercial 

thinning on snowshoe hare and small mammals in northern Maine.”  Field tour and presention to 
Advisory Committee, Maine Cooperative Forestry Research Unit, Millinocket, Maine, October 
17. 

 
2001 - Hoving, C. L.  “Historical occurrence and habitat ecology of Canada lynx in eastern North 

America.”  Talk presented at the Maine Audubon’s Wildlife Conference, Maine Audubon Society, 
Falmouth, ME, April 7. 

 
2001 - Hoving, C.L, D. J. Harrison, and W.B. Krohn.  Historical occurrence and habitat ecology of Canada 

lynx in eastern North America.  Final contract seminar to Maine Department of Inland Fisheries 
and Wildlife, Bangor, ME, March 22. 

 
2001 - Hoving, C.L.  Historical occurrence and habitat ecology of Canada lynx in eastern North America.  

Final thesis seminar presented to Department of Wildlife Ecology, University of Maine, April, 12. 
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2001 – Hoving, C. L.,  R. A. Joseph, and W. B. Krohn.  “Historical and current distributions of lynx in 

Maine, 1833-1999.”  Paper presented at the 57th Northeast Fish and Wildlife Conference, 
Saratoga Springs, NY, April 22-26. 

 
2001 – Hoving, C. L.,  D. J. Harrison, W. K. Krohn, W. J. Jakubas, R. A. Joseph, R. Lafond, and M. 

O’Brien.  “A probability model of Canada lynx occurrence in eastern North America.”  Poster 
presented at the 57th Northeast Fish and Wildlife Conference, Saratoga Springs, NY, April 22-26. 

 
2001 - Hoving, C.L., D. J. Harrison and W. B. Krohn.  “ Habitat ecology of Canada lynx in eastern North 

America.”  Poster presented at the U. S. Fish and Wildlife Service regional office, Hadley, MA, 
April 26. 

 
2001 - Hoving, C. L., D. J. Harrison, and W. K. Krohn.  “ Multi-scale habitat relations of Canada lynx in 

eastern North America.”  Paper presented at the 2001 Meeting of the Northeast Fur Technical 
Committee, Providence, Rhode Island, September 13. 

 
2001 - Hoving, C. L., D. J. Harrison, W. K. Krohn, W. J. Jakubas, R. A. Joseph, R. Lafond, and M. 

O’Brien.  “Canada lynx habitat associations in eastern North America.” Paper presented at The 
Wildlife Society 8th Annual Conference, Reno, Nevada, September 27. 

 
2001 - Hoving, C. L., D. J. Harrison, and W. B. Krohn.   “Canada lynx habitat in eastern North America.” 

 Presented at the Alice Steward Lecture Series, Maine Center for the Arts, Orono, ME.  October 
31.  

 
2000 - Fuller, A.K., H. J. Lachowski, and D. J. Harrison. Responses of mammals at two trophic levels to 

partial harvesting.  Paper presented at 80th Annual Meeting of the American Society of 
Mammalogists, University of New Hampshire, Durham, June 19. 

 
2000 - Fuller, A.K.  and D.J. Harrison.  Influence of partial harvesting on habitat selection by American 

marten in an industrially forest landscape. .  Paper presented at 3rd International Martes 
Symposium, Corner Brook, Newfoundland, August 14. 

 
2000 - Fuller, A., H.J. Lachowski, and D. Harrison.  2000.  Stand-level responses of American marten and 

prey to forest management: do marten respond to distribution of prey?  Paper presented at 3rd 
International Martes Symposium, Corner Brook, Newfoundland, August 15. 

 
2000 - Fuller, A.K., and D.J. Harrison. Fuller, A.K. and D.J. Harrison.  Influence of partial harvests on 

American marten habitat selection in Maine.  Final contract seminar presented to Advisory 
Committee, Maine Cooperative Forestry Research Unit, Sugarloaf Mountain, Maine, October 3. 

 
2000 - Harrison, D.J.  Presented a seminar of final results of 10 year study on effects of forest harvesting 

and trapping on American martens to Advisory Committee, Cooperative Forestry Research Unit, 
University of Maine, Orono, February 2. 

 
2000 - Harrison, D.J.  Extent and distribution of potential wolf habitat in eastern North America; an 

international issue.  Presentation at “Northeast Wolf Forum: a discussion of issues and 
concerns”, Rumford, Maine, July 12. 
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2000 - Harrison, D.J.  Served as Program Chair and provided opening comments for 3rd International 

Martes Symposium, Corner Brook, Newfoundland, August 14. 
 
2000 - Harrison, D., D. Payer, A. Fuller, J.Hepinstall, D. Katnik. Landscape thresholds and response to 

fragmentation by American marten.  Paper presented at 3rd International Martes Symposium, 
Corner Brook, Newfoundland, August 14. 

 
2000 - Harrison, D.  Served as chairperson for session titled: Planning and Managing Landscapes for 

Martes, 3rd International Martes Symposium, Corner Brook, Newfoundland, August 14.  
 
2000 - Harrison, D.  Served as an invited panelist for discussion of : What is suitable habitat for North 

American Martes? 3rd International Martes Symposium, Corner Brook, Newfoundland, August 
15. 

 
2000 - Harrison, D. Chaired plenary session titled: Status of Martes and their habitats from a global 

perspective. 3rd International Martes Symposium, Corner Brook, Newfoundland, August 15. 
 
2000 - Harrison, D.J.  Fragmentation thresholds for American marten: preliminary results.  Presentation to 

Advisory Committee, Maine Cooperative Forestry Research Unit, Sugarloaf Mountain, Maine, 
October 3. 

 
2000 - Harrison, D.J., J.Homyack, and A.K. Fuller.  Led a field trip and presented preliminary data on 

effects of forest harvesting on snowshoe hares and small mammals at field tour for Maine forest 
industry representatives, Maine Cooperative Forestry Research Unit Fall Field Tour, October 4. 

 
2000 - Harrison, D. J.  Presentation on wolf ecology , habitat potential in Maine, and behavior of wolf-

hybrids.  7th grade science and literature classes at the Reeds Brook Middle School, Hampden, 
November 8. 

 
2000 – Harrison, D.J.  T.G. Chapin, and C.L. Hoving.  Distribution, extent, and connectivity of potential 

habitat for wolves in Maine and eastern Canada.  Poster presented at Carnivores 2000 
Conference, Denver, Colorado, November 13-15. 

 
2000 - Harrison, D.J.  Influence of dispersal on social ecology of coyotes: do social pressures or prey size 

promote pack formation?  Invited paper at Carnivores 2000 Conference, Denver, Colorado, 
November 14.   

 
2000 - Krohn, W.B., C.L. Hoving, D.J. Harrison, D.M. Phillips, and H.C. Frost.  Martes foot-loading and 

snowfall distribution in eastern North America: implications to broad-scale distributions and 
mesocarnivore interactions.  Paper presented at 3rd International Martes Symposium, Corner 
Brook, Newfoundland, August 14. 

 
2000 - Payer, D.C., and D.J. Harrison. Influence of forest structure on habitat use by American marten.  

Paper presented at 10th Northern Furbearer Conference, Fairbanks, Alaska, April 17. 
 
2000 - Payer, D.C., and D.J. Harrison.  2000.  Effects of timber harvesting and trapping on demographic 

characteristics of marten. 10th Northern Furbearer Conference, Fairbanks, Alaska, April 18. 
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2000 - Payer, D.C., and D.J. Harrison.  Demographic characteristics of American marten in relation to 

clearcutting and trapping. .  Paper presented at 3rd International Martes Symposium, Corner 
Brook, Newfoundland, August 14. 

 
2000 - Payer, D.C., and D.J. Harrison.  Effects of timber harvesting and trapping on habitat selection by 

American marten.  Paper presented at 3rd International Martes Symposium, Corner Brook, 
Newfoundland, August 15. 

 
2000 - Payer, D.C., and D.J. Harrison. Territoriality and home-range fidelity of American marten in 

relation to timber harvesting and trapping.  Paper presented at 3rd International Martes 
Symposium, Corner Brook, Newfoundland, August 16. 

 
1999 - Harrison, D.J.  Response of wildlife to thinning in forests of the northeastern U.S.  Invited 

presentation at Conference on Thinning in the Maine Forest, Augusta, Maine.  November 15.  
 
1999 - Harrison, D. J.  Influence of dispersal on social ecology of coyotes: Comparison of a mainland and 

island population.  The Wildlife Society 6th Annual Conference, Austin, Texas.  September 11. 
 
1999 - Harrison, D. J.  Responses of wide ranging carnivores to forest characteristics at multiple spatial 

scales.  North American Forest Ecology Workshop, University of Maine, Orono.  June 28.   
  
1999 - Harrison, D. J.   Session summary: stand- and landscape-scale responses of wildlife to forest 

practices.  North American Forest Ecology Workshop, University of  Maine, Orono.  June 30. 
 
1999 - Harrison, D. J.  Habitat associations of marten in Maine: responses to forestry and trapping.  Invited 

presentation at Pine Marten Symposium, Corner Brook, Newfoundland.  January 27. 
 
1999 - Fuller, A.K. and D.J. Harrison.  Influence of partial harvests on American marten habitat selection 

in Maine.  The Wildlife Society 6th Annual Conference, Austin, Texas.  September 11.  
  
1999 - Fuller, A.K., H. J. Lachowski, and D. J. Harrison.  Responses of mammals at two trophic levels to 

stand-scale forest harvesting in Maine.  North American Forest Ecology Workshop, University of 
Maine, Orono.  June 28. 

 
1998 - Harrison, D. J.  Using carnivores as a model for landscape-scale forest planning.  Invited paper at 

Maine Forest Biodiversity Conference, Orono, Maine.  November 19. 
 
1998 - Harrison, D. J.  Wolves, science, and the future of Maine=s forests.  Lecture to Forum for 

Undergraduate Science Majors, University of Maine.  December 10. 
 
1998 - Harrison, D. J.  A summary from 10 years of marten research with a look to the future.  Invited 

seminar presented to Resource Assessment Staff, Maine Department of Inland Fisheries and 
Wildlife.  November 19. 

 
1998 - Fuller, A.K., and D.J. Harrison.  Use of partially harvested stands by American marten: a 

preliminary analysis. Poster presented at Euro-American Mammal Congress, Santiago de 
Compostela, Spain.  July 23. 
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1998 - Harrison, D.J.  Habitat ecology of American marten: specialist or generalist?  Invited Paper 

presented in symposium: Mustelids in a Modern World, Euro-American Mammal Congress, 
Santiago de Compostela, Spain. July 23. 

 
1998 - Harrison, D.J.  A summary of results from ongoing studies of American marten in Maine.  Invited 

presentation at Newfoundland Marten Recovery Team Meeting, Grand Falls-Windsor, 
Newfoundland. May 13. 

 
1998 - Harrison, D.J. Potential habitat for eastern timber wolves in Maine. Invited presentation at Eastern 

Wolf Recovery Meeting, Pinkham Notch, NH. September 29. 
 
1998 - Harrison, D.J. and D.C. Payer. Substand-level habitat use by American marten: recommendations 

for foresters. Presentation to Advisory Committee,  Maine Cooperative Forestry Research Unit, 
Orono, Maine.  April 29. 

 
1997 - Harrison, D.J.  An assessment of potential habitat for eastern timber wolves in the northeastern 

United States. Invited presentation at meeting of eastern wolf experts, Sherbrook, Quebec.  
October 23.  

 
  1997 - Harrison. D.J. Habitat selection by American marten at multiple spatial scales. Invited seminar 

presented to Wildlife Division, Department of Natural Resources, St. Johns, Newfoundland, 
Canada, March 3. 

 
1997 - Harrison, D.J.  "Results from coyote-deer studies in Acadia National Park: insights into predator 

social ecology and prey demography."  Seminar presented to Dept. of Wildlife Ecology, Univ. 
Maine, Orono, April 7. 

 
1997 - Harrison, D.J. Influence of forest harvesting and trapping on populations of American marten. 

Invited seminar presented to forest industry personnel, Corner Brook, Newfoundland, Canada, 
March 4. 

 
1997 - Harrison, D.J.  Influence of forest harvesting and fur trapping on populations of American marten. 

Invited paper presented at Marten Biology and Habitat Guidelines Workshop, Sault Ste. Marie, 
Ontario, Canada, May 28. 

 
1997 - Harrison  D.J.  Influence of landscape composition and configuration on habitat occupance by 

American marten.  Invited paper presented at Marten Biology and Habitat Guidelines Workshop, 
Sault Ste. Marie, Ontario, Canada, May 28. 

 
1997 - Harrison, D.J. Integrating marten and forest management: the Maine experience.  Invited paper 

presented at Marten Biology and Habitat Guidelines Workshop, Sault Ste. Marie, Ontario, Canada, 
May 28. 

 
1997 - Harrison, D.J. Microhabitat-, stand-, and landscape-scale habitat selection by marten in Maine. 

Invited paper presented at Workshop on Lynx and Marten Management in Eastern Boreal Forests, 
White Mountain National Forest, Gilead, ME, August 26.  
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1997 - Harrison, D.J.  Results from ongoing studies of American marten on industrial forestland in Maine. 
Seminar presented to Advisory Committee, Maine Cooperative Forestry Research Unit, Orono, ME, 
January 21. 

 
1997 - Harrison, D.J. Ecology and habitat relationships of American martens in Maine.  Penobscot Valley 

Chapter, Maine Audubon Society, February 7. 
 

1997 - Harrison, D.J.  "The influence of partial harvesting on American marten: a proposal."  Presentation to 
Advisory Committee, Cooperative Forestry Research Unit, Univ. Maine, Orono, April 29, 1997. 

 
1997 - Harrison, D.J., and W.B. Krohn.  What do, and don=t, we know about lynx and marten in Maine? 

Invited paper presented at Workshop on Lynx and Marten Management in Eastern Boreal Forests, 
White Mountain National Forest, Gilead, ME, August 25. 

 
1997 - Payer, D.C., and D.J. Harrison. Influence of site-level habitat characteristics on spatial patterns of 

habitat use by American marten in an industrial forest and a forest preserve in Maine.  The Wildlife 
Society National Conference, Snowmass, Colorado, September 25. 

 
1997 - Payer, D.C. and D.J. Harrison. Influence of microsite characteristics on patterns of habitat occupancy 

by American marten. Presentation at seminar series sponsored by the Department of Wildlife 
Ecology, University of Maine.  November 3. 

 
1997 -  Payer, D.C., and D.J. Harrison. Structural differences between forests regenerating 

            following spruce-budworm infestations and clearcutting, with implications for merican marten. 
Presentation at seminar series sponsored by the Department of Wildlife Ecology, University of 
Maine.  November 3.  

  
1996 - Chapin, T. G. and D. J. Harrison.  Seasonal Selection of Habitats by Resting Marten in Maine. Paper 

presented at 52nd Northeast Fish and Wildlife Conference, Farmington, CT. April 2. 
 

1996 - Chapin, T. G. and D. J. Harrison. Seasonal habitat selection by marten in an untrapped forest 
preserve.  Paper presented at Ecological Society of America and Society for Conservation Biology 
Meeting, Providence, RI.  August 14. 

 
1996 - Harrison, D. J. Habitat requirements of American marten in northeastern forests. Seminar presented 

to Fraser Paper, Inc. and J. D. Irving Corporation's foresters.  Edmundston, New Brunswick. 
February 27. 

 
1996 - Harrison, D. J. Marten, forests, and biodiversity: a model for conservation.  Invited presentation at 

Maine Forest Biodiversity Conference, Ellsworth, Maine. March 12. 
 

1996 - Harrison, D. J. Funding, infrastructure, and partnerships for wildlife conservation in the U.S. Invited 
seminar presented to Department of Ecosystem Planning, Tokyo Noko University, Japan.  March 20. 

 
1996 - Harrison, D. J. Habitat relationships of American marten: specialist or generalist.  Seminar presented 

to U. S. Forest Service Redwood Sciences Laboratory and College of Natural Resources, Humboldt 
University, Arcata, CA.  March 28. 

 

A-82 



 
 

47 

1996 - Harrison, D. J. Influence of spatial and body scaling on habitat selection by mammalian carnivores. 
Seminar presented to Utah Cooperative Fish and Wildlife Research Unit and Dept. of Fisheries and 
Wildlife, Utah State University, Logan.  April 5. 

 
1996 - Harrison, D. J. Influence of spatial and body scaling on habitat selection by mammalian carnivores. 

Seminar presented to Dept. of Zoology and Physiology, University of Wyoming, Laramie.  April 11. 
 

1996  - Harrison, D. J. Marten as a barometer of forest health in Maine. Seminar presented at Annual 
Meeting, Maine Chapter of The Wildlife Society, Brewer, ME. April 25.  

 
1996 - Harrison, D.J. A conservation model for habitat of American martens in Maine. Seminar presented to 

Executive Council, Maine Audubon Society, Ellsworth, ME, November 11. 
 
1996  - Harrison, D. J., D. Payer, and H. J. Lachowski.  Influence of forest harvesting and forest structure on 

habitat selection by American marten  Presentation and field tour to National Council of the Paper 
Industry (NCASI) scientists and other forest industry representatives, Millinocket, ME.  August 22. 

 
1996  - Harrison, D. J., and S. L. Glass. Comparative social ecology of coyotes: does large prey cause pack 

formation?  Paper presented at Ecological Society of America and Society for Conservation Biology 
Meeting, Providence, RI.  August 13. 

 
1996 - Long, R .A., D. J. Harrison, and A. F. O'Connell, Jr.  Survival and cause-specific mortality of white-

tailed deer fawns on Mount Desert Island, Maine. Paper presented at Ecological Society of America 
and Society for Conservation Biology Meeting, Providence, RI.  August 14. 

 
1995 - Chapin, T.G., and D.J. Harrison. Marten use of residual stands in an industrial forest landscape in 

Maine. Presented at the 51st Annual Northeast Fish and Wildlife Conference, Ocean City, MD. April 
8-12. 

 
1995 - Chapin, T.G., and D.J. Harrison. Marten use of residual stands in an industrial forest landscape in 

Maine. Paper presented at the Second International Martes Symposium, Edmonton, Alberta. August 
12-16. 

 
 
1995 - Chapin, T.G and D.J. Harrison. Influence of landscape pattern and forest type on use of habitat by 

marten in Maine. Seminar presented to Department of Wildlife Ecology, University of Maine, 
Orono. June 15. 

 
1995 - Chapin, T. G. and D. J. Harrison.  Influence of landscape pattern on spatial us of habitat by marten in 

an industrial forest. Paper presented at National Conference of the Society of American Foresters, 
Portland, ME, November 1. 

 
1995 - Harrison, D. J.  Influence of Forest Harvesting on Marten Populations in Northern Maine. Invited 

paper presented at Society of American Foresters National Convention, Portland, ME.  October 28-
29. 

 
1995 - Harrison, D. J.  Ecology and life history of the northeastern coyote. Invited seminar presented to 

Illinois Natural History Museum, University of Illinois, Urbana. November 14. 
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1995 - Harrison, D. J.  Social ecology and prey relationships of the eastern coyote: the influence of prey size 

on pack formation. Invited seminar presented to Dept. of Ecology, Ethology, and Evolution, 
University of Illinois, Urbana. November 15. 

 
1995 - Harrison, D. J.  Habitat Requirements of American Marten: Reassessing Paradigms. Seminar 

presented to Department of Wildlife Ecology, Univ. Maine,  November 28. 
 
1995 -  Harrison, D.J.  Relative influences of timber harvesting and trapping on marten populations in 

Maine. Presentation at the Spring Meeting of Forest Resources Research Advisory Committee, 
University of Maine, Orono. April 11. 

 
1995 - Harrison, D.J.  Incorporating marten habitat requirements into forest management activities. 

Presentation and field tour, Cooperative Forestry Research Unit Annual Conference, Millinocket, 
ME. September 20-21. 

 
1995  - Harrison, D.J., D.M. Phillips, T.G. Chapin, D.P. Katnik, and T.P. Hodgman.. Population 

performance and habitat selection by American marten: a need to reassess accepted paradigms and 
conservation practices. Invited paper presented at the Second International Martes Symposium, 
Edmonton, Alberta. August 12-16. 

 
1995 - Hodgman, T.P., and D. J. Harrison. 1995. Survival in a heavily harvested marten population: a 

preliminary assessment. Poster presented at Annual Conference of the Maine Cooperative Forestry 
Research Unit, Millinocket, ME. September 20. 

 
1995 - Hodgman, T.P., D.J. Harrison, D.M. Phillips, and K.D. Elowe. Survival of marten in an untrapped 

forest preserve in Maine. Paper presented at the Second International Martes Symposium, 
Edmonton, Alberta. August 12-16. 

 
1995 - Long, R.A., S.L. Glass, D.J. Harrison, and A.F. O'Connell. Cause-specific mortality of white-tailed 

deer fawns on Mount Desert Island, Maine. Presented at the 51st Annual Conference of the 
Northeast Fish and Wildlife Conference, Ocean City, MD. April 9-12. 

 
1995 - Long, R.A., D.J. Harrison, S.L. Glass, and A.F. O'Connell. Annual survival and cause-specific 

mortality of white-tailed deer fawns on Mount Desert Island, Maine.  Paper presented at the 21st 
Maine Biological and Medical Sciences Symposium, Bar Harbor, ME. June 8-9. 

 
1995 - Long, R.A., D.J. Harrison, and A.F. O’Connell, Jr. Annual survival and cause-specific mortality of 

white-tailed deer fawns, and relative abundance of snowshoe hare on Mount Desert Island, Maine.  
Seminar presented to Department of Wildlife Ecology, University of Maine, Orono. June 16. 

 
1995 - Long, R, D.J. Harrison, S. L. Glass, and A. F. O'Connell. Mortality of white-tailed deer fawns in 

Acadia National Park.  Seminar presented to research and management staff, Acadia National 
Park, Bar Harbor, ME. August 30. 

 
1995 - Phillips, D.M., and D.J. Harrison.  Seasonal changes in density, range area, and range fidelity of 

American marten in a forest preserve. Paper presented at Second International Martes Symposium, 
Edmonton, Alberta. August 12-16. 
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1994 - Chilelli, M., B. Griffith, and D.J. Harrison.  Utility of regional furbearer data: the river otter 

example."  Paper presented at First Annual Conference of The Wildlife Society, Albuquerque, New 
Mexico, September 21. 

 
1994 - Harrison, D.J.  "A proposal to study the relationships among trapping, forest harvesting, and marten 

populations in northern Maine."  Presentation to Maine Cooperative Forestry Research Unit 
Advisory Committee, University of Maine, January 25. 

 
1994 - Harrison, D.J.  "Preliminary results from ongoing research to assess influences of forest harvesting 

and trapping on marten populations in northern Maine."  Invited presentation at Wildlife Division 
Meeting, Maine Department of Inland Fisheries and Wildlife, Rockland, ME, April 14. 

 
1994 - Harrison, D.J. The effects of scale on habitat selection. Guest presentation in graduate course in 

Evaluation of Wildlife Habitats, University of Maine, Orono. October 7. 
 
1994 - Harrison, D.J. Evidence for external regulation in an unmanaged deer population. Paper presented at 

the Conference on Science of Overabundance, Front Royal, VA. November 10-11.  
 
1994 - Harrison, D.J., and T.D. Chapin.  "Effects of forest fragmentation on martens in northern Maine: 

preliminary results from ongoing studies."  Presentation to National Council of the Paper Industry 
for Air and Stream Improvement, Albuquerque, NM, September 23. 

 
1994 - Phillips, D.M., and D.J. Harrison.  "Density, home-range, and spatial overlap of marten in an 

industrial forest and forest preserve."  Paper presented at Northeast Fish and Wildlife Conference, 
Burlington, VT, May 3. 

 
1993 - Harrison, D.J.  "Potential forest management issues associated with habitat requirements of the 

marten."  Presentation to Maine Chapter, Association of Consulting Foresters, Bangor, ME, 
October 12. 

 
1993 - Harrison, D.J.  "Objectives and preliminary results of a study to assess the influence of trapping and 

forest harvesting on marten populations in northern Maine."  Presentation to foresters of Scott 
Paper, Inc., Rockwood, Maine, December 14. 

 
1993 - Harrison, D.J.  "Habitat associations of the marten: does the species deserve spotted owl status?"  

Invited paper presented at Conserving Species Dependent on Older Forests: a Population Viability 
Workshop.  Fundy National Park, Alma, New Brunswick, October 27. 

 
1993 - Harrison, D.J.  The role and effectiveness of predator control to enhance game populations.  

Presentation to Maine Chapter of The Wildlife Society, April 5. 
 
1993 - Harrison, D.J.  Feasibility and issues associated with restoring wolves to Maine.  Presentation to 

Maine Chapter of The Wildlife Society, April 5. 
 
1992 - Saeki, M., and D.J. Harrison.  Influence of food availability and fire history on dietary quality of 

white-tailed deer (Odocoileus virginianus).  Paper presented at Seventy-second annual meeting of 
American Society of Mammalogists, Salt Lake City, Utah. 
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1992 - Harrison, D.J.  Significance of pine martens to future forest practices in Maine.  Presentation to 

Woodlands staff, Great Northern Corp., Millinocket, Maine. 
 
1992 - Harrison, D.J.  Pine marten habitat requirements: will the Forest Practices Act safeguard marten 

habitat?  Presentation to Maine Chapter of The Wildlife Society, Orono, Maine. 
 
1991 - Harrison, D. J.  Chaired session and provided summative comments for session titled: "Habitat 

management of martens and fishers," International Symposium on the Biology and Management of 
Martens and Fishers, Laramie, Wyoming. 

 
1991 - Harrison, D. J.  Coyote social organization and relationships to dispersal and food resources: 

predictions with an unpredictable animal. Invited paper presented at Eastern Coyote Symposium, 
Fredericton, New Brunswick. 

 
1991 - Harrison, D.J., A.F. O'Connell, and J.A. Subijanto.  Seasonal food habits of a recently established 

insular population of coyotes.  Poster presented at Northeast Fish and Wildlife Conference, 
Portland, Maine. 

 
1991 - Harrison, D.J., A.F. O'Connell, Jr., and J. A. Subijanto.  Seasonal food habits of a recently 

established insular coyote population.  Invited paper presented at Second National Park Service 
Conference on Science and Natural Resource Management in the North Atlantic Region, Newport, 
RI. 

 
1991 - Harrison, D.J., and N.E. Famous.  Effects of peat harvesting on a large mammalian carnivore: a case 

study with coyotes (Canis latrans).  Paper presented at International Peat Symposium, Duluth, 
Minnesota. 

 
1991 - Harrison, D.J., T.P. Hodgman, and D.D. Katnik.  Survival in a heavily harvested marten population, 

a preliminary assessment.  Paper presented at International Symposium on the Biology and 
Management of Martens and Fishers, University of Wyoming, Laramie. 

 
1991 - Giuliano, W., and D.J. Harrison.  A preliminary assessment of spatial-temporal relationships in an 

unexploited pine marten population.  Poster presented at International Symposium on the Biology 
and Management of Martens and Fishers, University of Wyoming, Laramie. 

 
1991 - Saeki, M. and D. J. Harrison.  Trends in browse use and preference in an unhunted deer and hare 

population.  Paper presented at Second National Park Service Conference on Science and Natural 
Resource Management in the North Atlantic Region, Newport, Rhode Island. 

 
1990 - Harrison, D.J.  Status of ongoing mammal research.  Seminar presented to regional management 

staff, Maine Department of Inland Fisheries and Wildlife, Bar Harbor. 
 
1990 - Harrison, D.J.  Status, ecology, and inter-specific relationships of mammalian predators in Acadia 

National Park.  Seminar presented to North Atlantic Region, science staff, U.S. National Park 
Service, Bar Harbor, Maine. 

 
1990 - Harrison, D.J.  An abstract of results from ongoing research involving coyote-fox spatial 
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interactions, deer-hare browsing relationships, and marten population characteristics in Maine.  
Seminar presented at annual Wildlife Division meeting, Maine Department of Inland Fisheries and 
Wildlife, Rockland, Maine. 

 
1990 - Harrison, D.J.  Ecology and interspecific relationships among Maine's predators.  Seminar presented 

to faculty and staff, Suffolk University, Edmunds, ME. 
 
1990 - Harrison, D.J.  Pre-dispersal movements of coyote pups in eastern Maine. Paper presented at 70th 

annual meeting of the American Society of Mammalogists, Frostburg, Maryland. 
 
1989 - Harrison, D.J.  Dispersal characteristics of juvenile coyotes: implications for social organization.  

Paper presented at 69th Annual Meeting of the American Society of Mammalogists, Fairbanks, 
Alaska. 

 
1989 - Harrison, D.J.  Distribution, productivity, and food habits of a recently established coyote population 

in Connecticut.  Paper presented at Northeast Fish and Wildlife Conference, Ellenville, NY. 
 
1989 - Harrison, D.J.  Spatial dynamics and inter-specific relationships among Maine predators.  Seminar 

presented at Unity College, Unity, Maine. 
 
1989 - Harrison, D.J.  Ecology and management of coyotes in Maine.  Seminar presented to Department of 

Animal Science, University of Maine. 
 
1988 - Harrison, D.J.  A proposal to assess the utility and interstate comparability of river otter sex, age, and 

reproductive data.  Invited presentation at Northeast Furbearer Resources Technical Committee 
Meeting, Quebec City. 

 
1988 - Harrison, D.J.  Interaction of forest management practices and pine marten populations.  Invited 

presentation at Northeast Furbearer Resources Technical Committee Meeting, Quebec City. 
 
1988 - Harrison, D.J.  A proposal to reintroduce fishers to northwest Connecticut.  Paper presented at 

Second Natural Diversity Conference, Rocky Hill, Connecticut. 
 
1988 - May, D,W., D.J. Harrison, and P. Rego.  Characteristics and diet of colonizing coyote populations in 

Connecticut.  Paper presented at Second Natural Diversity Conference, Rocky Hill, Connecticut.  
 
Public Talks and Workshops (abridged to include since 2007 only): 
 
2015 - Rolek, B.W., C. Loftin, D. Harrison, and P. Wood. Habitat associations, forestry, and coniferous 

forest birds. Downeast Birding Festival. Machias, Maine, May 2015.  
 
2015- Harrison, D. Eastern coyotes and wolves: their history, origin, and ecology in the northeastern U.S.  

Invited presentation at the Maine State Museum, Augusta, April 8. 
 
2013 – Dunham, S., and D. Harrison.  Habitat ecology of the spruce grouse in Maine’s northern forests.  

Presentation sponsored by the Bangor Nature Club, Bangor, Maine. May 15.  
 
2013 – Olson, S., and D. Harrison.  Seasons of the snowshoe hare.  Presentation at Sunkhaze Café, hosted 

A-87 



 
 

52 

by Friends of Sunkhaze National Wildlife Refuge, Old Town, Maine. April 20. 
 

2011 - Harrison, D. J.  Lynx, forests, and forestry in northern Maine.  Presentation at SummerMeeting of 
The Forest Society of Maine, Greenville, ME.  August 15. 

2008 – Harrison, D. J.  “Wildlife in Winter”.  Presentation at Maine Audubon’s Fields Pond Nature 
Center.  January 8.  

2007 - Harrison, D. J. “Applying umbrella species as tools for land conservation: case examples using 
martens and lynx in Maine.”  Presentation to the Board of Directors, Forest Society of Maine, 
Falmouth, Maine.  September 11. 

2007 - Harrison, D. J.  “What is a predator ecologist and what does it do?”  Presentation to first year 
students in WLE 100. October 12.   

2007 - Harrison, D. J.  Co-led a field tour for professional foresters highlighting the management of deer 
wintering habitat in northern Maine.  October 10. 

2007 - Harrison, D. J.  Presented invited guest lecture in WLE 100.  October 12. 

2007 – Harrison, D. J., W. B. Krohn, E. Simons and A. K. Fuller. Co-led a northern Maine landscape 
planning workshop for NGO’s and state agency personnel.  October 17. 

2007-  Harrison, D. J., W. B. Krohn, and M. McCollough.  Contributed to an article titled “Cats in a 
Quandry” that highlighted finding from our lynx research and appeared in National Wildlife 
Magazine December-January 2008 issue. 
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JOHN R. SQUIRES 

Education 

1991, Ph. D., University of Wyoming, Laramie, WY; Department of Zoology 

1986, M. S., University of Wyoming, Laramie, WY; Department of Zoology 

1979, B.S., Colorado State University, Fort Collins, CO; School of Forestry - Wildlife 
Biology 

Professional experience 

October 2000 – present. Research Wildlife Biologist. Wildlife and Terrestrial Ecosystems 

Program, USDA Forest Service, Rocky Mountain Research Station, Missoula MT  

October 1997 – September 2000. Post-Doctoral Scholar Wildlife Biology. University of 

Montana, Missoula, Montana. 

May 1995 – September 1997. Post-Doctoral Research Wildlife Biologist. Wildlife Program, 

USDA Forest Service, Rocky Mountain Research Station, Laramie, Wyoming.  

May 1992 – May 1995. Post-Doctoral Research Wildlife Biologist. Wildlife Program, 

USDA Forest Service, Rocky Mountain Research Station, Laramie, Wyoming.  

1987-1991. Doctoral Candidate and Research Associate. University of Wyoming and USDI, 

U. S. Fish and Wildlife Service, Wyoming Cooperative Fish and Wildlife Research 

Unit, Laramie, WY.  

1985-1987. Research Associate. USDI, U.S. Fish and Wildlife Service, Wyoming 

Cooperative Fish and Wildlife Research Unit, Laramie, Wyoming. 

1983-1985. Graduate student and Teaching Assistant. University of Wyoming and USDI, 

U.S. Fish and Wildlife Service, Wyoming Cooperative Fish and Wildlife Research 

Unit, Laramie, WY. 

1982. Seasonal Wildlife Technician. Wyoming Game and Fish Department, Lander, WY 

1980-1981. Seasonal Wildlife Technician. USDI, U.S. Fish and Wildlife Service, Sheridan, 

Wyoming and Denver, CO. 

1980. Seasonal Wildlife Technician. USDI, Bureau of Land Management, Rawlins, 

Wyoming. 

1979-1980. Seasonal Field Biologist. Arizona State University, Tempe, Arizona. 

1979. Seasonal Wildlife Technician. USDI, Bureau of Land Management, Rawlins, 

Wyoming. 

1978. Seasonal Wildlife Technician. Wyoming Game and Fish Department, Lander, 

Wyoming. 

1977. Seasonal Biological Aide. USDA, U.S. Forest Service, Cody, WY.  

1976. Seasonal Biological Aide. USDA, U.S. Forest Service, Cody, WY. 
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Honors and awards 

1991. Outstanding Dissertation Award, University of Wyoming  

2000. Certificate of Appreciation, United States Department of Agriculture. Dale Bosworth, 

Chief - U. S. Forest Service  

2001. Extra Effort Award, Rocky Mountain Research Station  

2001. Certificate of Recognition, University of Montana  

2001. Best Scientific Publication Award 

2005. Letter of Appreciation, Black Hills National Forest 

2007. Certificate of Merit, Rocky Mountain Research Station  

2007. Certificate of Merit, Rocky Mountain Research Station 

2009. Certificate of Merit, Rocky Mountain Research Station  

2012. Certificate of Merit, Rocky Mountain Research Station  

2012. Best Scientific Publication Award, Rocky Mountain Research Station   

2013. Best Scientific Publication Award, Rocky Mountain Research Station  

2014. Certificate of Merit  

Society and professional activities 

1988 – present. Society for Conservation Biology 

1989 – present. The Wildlife Society 

2008 – present. Wild Felid Society 

Service in professional societies 

2011 – present. Associate editor for the Journal of Wildlife Management 

Appointments 

From 2001 – present, I was a Faculty Affiliate in the College of Forestry and Conservation at 

University of Montana. In addition, I was Faculty Affiliate at Utah State University (2007 – 

2010), Colorado State University (2013-2015), and Oregon State University (2011-2015). These 

affiliations allowed me to serve on graduate committees and co-advise students regarding their 

research activities.  

Graduate students 

 I served on the following graduate committees: 

 Jay Kolbe, University of Montana, M.S. Thesis Title: The effect of snowmobile trails 

on coyote movements within lynx home ranges, (2004-2005).  

 Todd Ulizio, University of Montana, M.S. Thesis Title: A Survey Method For 

Detecting , (2004-2005).  
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 Nate Berg, Utah State University, M.S. Thesis Title: Snowshoe hare and forest 

structure relationships in western Wyoming, (2007-2010).  

 Jennifer Burghardt Dowd, Utah State University, M.S. Thesis Title: Coyote diet and 

movements in relation to winter recreation in northwestern Wyoming: implications 

for lynx conservation (2007-2010).  

 Megan Kosterman, University of Montana, M.S. Thesis Title: Correlates of Canada 

lynx reproductive success in northwestern Montana (2011 – 2015) 

 Zachary Wallace, Oregon State University, currently ongoing, M. S. Thesis: Effects 

of Oil and Natural Gas Development on Territory Occupancy of Ferruginous Hawks and 

Golden Eagles in Wyoming, USA (2011 – 2014) 

 Aubrey Miller, Colorado State University M. S. Thesis: Recreation conflict and 

management options in the Vail Pass Winter Recreation Area, Colorado, USA 

(2013-2015) 

 

Publications 

(1) Squires, J. R., S. H. Anderson, and R. Oakleaf. 1989. Food habits of nesting prairie falcons in 

Campbell County. Journal of Raptor Research 23:157-161.    

(2) Squires, J. R, S.H. Anderson, and R. Oakleaf. 1991. Prairie falcons quit nesting in response to 

spring snowstorm. Journal of Field Ornithology 62:191-194.    

(3) Squires, J. R. 1991. Trumpeter swan food habits, forage processing, activities, and habitat 

use. Ph. D. Dissertation, University of Wyoming, Laramie, WY. 

(4) Squires, J. R. and S. H. Anderson. 1992. Habitat selection of nesting and wintering trumpeter 

swans. Pages 665-675 In D. R. McCullough and R. H. Barrett (editors). Wildlife 2001: 

Populations. Elsevier Applied Science, London and New York. 1163pp.    

(5) Squires, J. R., S.H. Anderson, and R. Oakleaf. 1993. Home range size and habitat-use pattern 

of nesting prairie falcons near oil developments in northeastern Wyoming. Journal of 

Field Ornithology 64(1):1-10.     

(6) Ruggiero L. F., G. D. Hayward, and J. R. Squires. 1994. Viability analysis in biological 

evaluations: concepts of population viability analysis, biological population, and 

ecological scale. Conservation Biology 8:364-372.     

(7) Squires, J. R. 1995. Carrion use by northern goshawks. Journal of Raptor Research 29:283.     

(8) Squires, J. R. and L. F. Ruggiero. 1995. Winter movements of adult northern goshawks that 

nested in southcentral Wyoming. Journal of Raptor Research 29:5-9.     

(9) Squires, J. R. and S. H. Anderson. 1995. Trumpeter swan food habitats in the greater 

Yellowstone ecosystem. American Midland Naturalist 133:274-282.     

(10) Squires, J. R. and L. F. Ruggiero. 1996. Nest-site preference of northern goshawks in 

southcentral Wyoming. Journal of Wildlife Management 60:170-177.     

(11) Squires, J. R. and R. T. Reynolds. 1997. Northern goshawk (Accipiter gentilis). In The 

Birds of North America, No. 298. A. Poole and F. Gill (editors). The Academy of Natural 

Sciences Philadelphia, PA, and The American Ornithologists’ Union. Washington, D. C.     
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(12) Squires, J. R. and S. H. Anderson. 1997. Changes in trumpeter swan (Cygnus buccinator) 

activities from winter to spring in the greater Yellowstone area. American Midland 

Naturalist 138 208-214.   .  

(13) Anderson, S. H. and J. R. Squires. 1997. The Prairie falcon. Texas University Press, Austin. 

The Corrie Herring Books series, No. 33.  

(14) Squires, J. R., G. D. Hayward, and J. Gore. 1997. The role of sensitive species in avian 

conservation. Pages 157-176 In J. Marzluff and R. Sallabanks, (eds.). Research needs for 

avian conservation biology. Island Press.    

(15) Squires, J. R. 1998. Attempted kleptoparasitism of osprey by great blue herons. Wilson 

Bulletin 110:560.    

(16) Ruggiero, Leonard F.; Aubry, Keith B.; Buskirk, Steven W.; Koehler, Gary M.; Krebs, 

Charles J.; McKelvey, Kevin S.; Squires, John R. 1999. Ecology and conservation of 

lynx in the United States. General Technical Report RMRS-GTR-30WWW. Fort Collins, 

CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station.  

(17) McDaniel, G. W., K. S. McKelvey, J. R. Squires, and L. F. Ruggiero. 2000. Efficacy of 

lures and hair snares to detect lynx. Wildlife Society Bulletin 28:119-123.    

(18) Squires, J. R. 2000. Goshawk food habits in south central Wyoming. Wilson Bulletin 

112:536-539.    

(19) Squires, J. R. and T. Laurion. 2000. Lynx home range and movements in Montana and 

Wyoming: preliminary results. Pages 337 – 349 In Ruggiero et al. (editors), Ecology and 

conservation of lynx in the United States. University Press of Colorado, Boulder, 

Colorado.     

(20) Aubry, K. B., G. M. Koehler, J. R. Squires. 2000. Ecology of Canada lynx in southern 

boreal forests. Pages 373 – 396 In Ruggiero et al. (editors), Ecology and conservation of 

lynx in the United States. University Press of Colorado, Boulder, Colorado.     

(21) Buskirk, S. W., L. F. Ruggiero, K. B. Aubry, D. E. Pearson, J. R. Squires, and K. S. 

McKelvey. 2000. Comparative ecology of lynx in North America. Pages 397 – 417 In 

Ruggiero et al. (editors), Ecology and conservation of lynx in the United States. 

University Press of Colorado, Boulder, Colorado.     

(22) Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, K. S. McKelvey, and J. R. 

Squires. 2000. The scientific basis for lynx conservation: qualified insights. Pages 397 – 

417 In Ruggiero et al. (editors), Ecology and conservation of lynx in the United States. 

University Press of Colorado, Boulder, Colorado.     

(23) Aubry, K. B., L. F. Ruggiero, J. R. Squires, K. S. McKelvey, G. M. Koehler, S. W. Buskirk, 

and C. J. Krebs. 2000. Conservation of lynx in the United States: a systematic approach 

to closing critical knowledge gaps. Pages 455 – 470 In Ruggiero et al. (editors), Ecology 

and conservation of lynx in the United States. University Press of Colorado, Boulder, 

Colorado.     

(24) Ruggiero, L. F., K. B. Aubry, S. W. Buskirk, G. M. Koehler, C. J. Krebs, K. S. McKelvey, 

and J. R. Squires. 2000. Epilogue the scientific basis for lynx conservation: can we get 
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there for here? Pages 471– 473 In Ruggiero et al. (editors), Ecology and conservation of 

lynx in the United States. University Press of Colorado, Boulder, Colorado.     

(25) Good, R. E., S. H. Anderson; J. R. Squires, and and G. McDaniel. 2001. Observations of 

northern goshawk prey delivery behavior in southcentral Wyoming. Intermountain 

Journal of Sciences 7(1):34-40.    

(26) Biek, R., R. Znrnke, C. Gillin, M. Wild, J. R. Squires, and M. Poss. 2002. Serologic survey 

for viral and bacterial infections in western populations of Canada Lynx (Lynx 

canadensis). Journal of Wildlife Diseases 38(4):840-845.    

(27) Squires, J. R. and L. F. Ruggiero. 2002. Lynx ecology in northwestern Montana: an ongoing 

field study at Seeley Lake. Intermountain Journal of Sciences 8:265. 

(28) Kolbe, J. A., J.R. Squires, and T. W. Parker. 2003. An effective box trap for capturing lynx. 

Wildlife Society Bulletin 31:980-985.    

(29) Squires, J. R., K. S. McKelvey, L. F. Ruggiero. 2004. A snow-tracking protocol used to 

delineate local lynx, Lynx canadensis, distributions. Canadian Field-Naturalist 118:583-

589.    

(30) Kolbe, J. A., and J.R. Squires. 2004. Long distance movement by a coyote within the Rocky 

Mountains. Northwest Science 78(4):344-345.    

(31) DeCesare, N. J., J. R. Squires, and J. A. Kolbe. 2005. Effect of forest canopy on GPS-based 

movement data. Wildlife Society Bulletin 33:935-941.    

(32) Squires, J. R. and R. Oakleaf. 2005. Movements of a male Canada lynx crossing the Greater 

Yellowstone Area, including highways. Northwest Science 79:196-201.     

(33) McKelvey, K. S., J. Von Kienast, K. B. Aubry, G. M. Koehler, B. T. Maletzke, J. R. 

Squires, E. L. Lindquist, S. Loch, M. K. Schwartz. 2006. DNA analysis of hair and scat 

collected along snow tracks to document the presence of Canada lynx (Lynx canadensis). 

Wildlife Society Bulletin 34:451-455.    

(34) Squires, J. R. 2005. Conservation Challenges of managing lynx. Yellowstone Science 

13:10-11.  

(35 ) Boyce, D. A., P. L. Kennedy, P. Beier, M. F. Ingraldi, S. R. MacVean, M. S. Siders, J. R. 

Squires, and B. Woodbridge. 2005. When are goshawks not there? Is a single visit 

enough to infer absence at occupied nest areas? Journal of Raptor Research 39:285-291.     

(36) Squires, J. R. and P. Kennedy. 2006. Northern goshawk ecology: an assessment of current 

knowledge and information needs for conservation and management. Studies in Avian 

Biology 31:8-62.    

(37) Squires, J. R. and L. F. Ruggiero. 2007. Winter prey selection of Canada lynx in 

northwestern Montana. Journal of Wildlife Management 71:310-315.    

(38) Ulizio, T. J. Squires, D. Pletscher, M. Schwartz, J. Claar, and L. F. Ruggiero. 2006. The 

efficacy of obtaining genetic-based identifications from putative wolverine snow tracks. 

Wildlife Society Bulletin 34:1326-1332.    

(39) Kolbe, J. A., and J. R. Squires. 2006. A longevity record for Canada lynx, Lynx canadensis, 

in western Montana. Western North American Naturalist 66:535-536.    
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(40) Kolbe, J. A., J. R. Squires, D. H. Pletscher, and R. F. Ruggiero. 2007. The effect of 

snowmobile trails on coyote movements within lynx home ranges. Journal of Wildlife 

Management 71:1409-1418.     

(41) Squires, J. R., J. P. Copeland, T. J. Ulizio, M. K. Schwartz, and L. F. Ruggiero. 2007. 

Sources and patterns of wolverine mortality in western Montana. Journal of Wildlife 

Management 71:2213-2220.     

(42) Kolbe, J. A. and J. R. Squires. 2007. Circadian activity patterns of Canada lynx in western 

Montana. Journal of Wildlife Management 71:1607-1611.    

(43) Squires, J. R, N. J. DeCesare, J. A. Kolbe, and L. F. Ruggiero. 2008. Hierarchical den 

selection of Canada lynx in western Montana. Journal of Wildlife Management 72:1497-

1506.   .  

(44) Schwartz, M. K., K. B. Aubry, K. S. McKelvey, K. L. Pilgrim, J. P. Copeland, J. R. Squires, 

R. M. Inman, S. M. Wisely, L. F. Ruggiero. 2007. Inferring geographic isolation of 

wolverines in California using historical DNA. Journal of Wildlife Management 71:2170-

2179.    

(45) Squires, J. R. 2008. The goshawk – review of a book by Robert Kenward. Condor 

110(1):191-193.  

(46) Squires, J. R. 2008. Predicting the effects of forest management on lynx populations. Wild 

Felid Monitor: Winter 2007-08:1(1):14.  

(47) Schwartz, M. K., J. P. Copeland, N. J. Andreson, J. R. Squires, R. M. Inman, K. S. 

McKelvey, K. L. Pilgrim, L. P. Waits, and S. A. Cushman. 2009. Wolverine gene flow 

across a narrow climatic niche. Ecology 90:3222-3232.    

(48) Copeland, J. P., K. S. McKelvey, K. B. Aubry, A. Landa, J. Persson, R. M. Inman, J. Krebs, 

E. Lofroth, H. Golden, J. R. Squires, A. Magoun, M. K. Schwartz, J. Wilmot, C. L. 

Copeland, R. E. Yates, I. Kojola, and R. May. 2010. The bioclimatic envelope of the 

wolverine (Gulo gulo): do climate constraints limit its geographic distribution? Canadian 

Journal of Zoology 88:233-246    

(49) Squires, J. R., N. J. DeCesare, J. A. Kolbe, and L. F. Ruggiero. 2010. Seasonal Resource 

Selection of Canada Lynx in Managed Forests of the Northern Rocky Mountains. Journal 

of Wildlife Management 74:1648-1660.    

(50) Fanson, Kerry V., Nadja C. Wielebnowski, Tanya M. Shenk, Jennifer H. Vashon, John R. 

Squires, Jeffrey R. Lucas. 2010. Patterns of ovarian and luteal activity in captive and wild 

Canada lynx (Lynx canadensis). General and Comparative Endocrinology 169:217–224.    

(51) Fanson, Kerry, V., Nadja C. Wielebnowski, Tanya M. Shenk, Walter J. Jakubas, John R. 

Squires, Jeffrey R. Lucas. 2010. Patterns of testicular activity in captive and wild Canada 

lynx (Lynx canadensis). General and Comparative Endocrinology 169:210–216.    

(52) Olson, L. E., J. R. Squires, N. J. DeCesare, J. A. Kolbe. 2011. Den use and activity patterns 

in female Canada lynx (Lynx canadensis) in the Northern Rocky Mountains. Northwest 

Science 85(3):455-462.   . 

(53) McKelvey, K. S., J. P. Copeland, M. K. Schwartz, J. S. Littell, K. B. Aubry, J. R. Squires, S. 

A. Parks, M. McGuire Elsner, and G. S. Mauger. 2011. Climate change predicted to shift 
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wolverine distributions, connectivity, and proposed corridors. Ecological Applications 

21(8):2882-2897.    

(54) Murphy, Kerry, Jason Wilmot, Jeff Copeland, Dan Tyers, and John R. Squires. 2011. 

Wolverine in Greater Yellowstone. Yellowstone Science 19 (3) 17–24.  

(55) Squires, J. R., L. E. Olson, D. L. Turner, N. J. DeCesare, and J. A. Kolbe. 2012. Estimating 

detection probability for Canada lynx using snow-track surveys in the Northern Rocky 

Mountains. Wildlife Biology 18:215-224.    

(56) Berg, N. D., E. M. Gese, J. R. Squires, and L. M. Aubry. 2012. Influence of forest structure 

on the abundance of snowshoe hares in western Wyoming. Journal of Wildlife 

Management 76:1480–1488.    

(57) Squires, J. R., N. J. DeCesare, M. Hebblewhite, and J. Berger. 2012. Missing lynx and 

trophic cascades in food webs: a reply to Ripple et al. Wildlife Society Bulletin 

36(3):567–571.      

(58) Squires, J. R., Nicholas J. DeCesare, Lucretia E. Olson, Jay A. Kolbe, Mark Hebblewhite, 

and Sean A. Parks. 2013. Combining resource selection and movement behavior to 

predict corridors of Canada lynx at their southern range periphery. Biological 

Conservation 157:187–195.    

(59) McKelvey, Kevin S., Keith B Aubry, Neil J. Anderson, Anthony P. Clevenger, Jeffrey P. 

Copeland, Kimberley S. Heinemeyer, Robert M. Inman, John R. Squires, John S. Waller, 

Kristine L. Pilgrim, and Michael K. Schwartz. 2014. Recovery of wolverines in the 

western United States: recent extirpation and recolonization or range retraction and 

expansion? Journal of Wildlife Management.    

(60) Olson, Lucretia E., Robert J. Oakleaf, John R. Squires, Zachary P. Wallace, and Patricia L. 

Kennedy. 2015. Nesting pair density and abundance of Ferruginous Hawks (Buteo 

regalis) and Golden Eagles (Aquila chrysaetos) from aerial surveys in Wyoming. Journal 

of Raptor Research 49:400-412.    

(61) Holden Zachary A, Alan Swanson, Anna Klene, John Abatzoglou, Solomon Dobrowski, 

Samual Cushman, John Squires, Gretchen Moisen, W. M. Jolly and Jared Oyler. 2015. 

Development of high-resolution historical daily gridded air temperature data with 

distributed sensor network for the US Northern Rocky Mountains. International Journal 

of Climatology. doi:10.1002/joc.4580    

(62) Savage, Shannon L., Rick L. Lawrence, and John R. Squires. 2015. Predicting relative 

species composition within mixed conifer forest pixels using zero-inflated models and 

Landsat imagery. Remote Sensing and the Environment 171:326-336.    

(63) Wallace, Zachary P., Patricia. L. Kennedy, John R. Squires, Robert J. Oakleaf, and Lucretia 

E. Olson. 2016. Human-made structures, vegetation, and weather influence ferruginous 

hawk breeding performance. Journal of Wildlife Management 80:78-90.    

(64) Wallace, Zachary P., Patricia. L. Kennedy, John R. Squires, Robert J. Oakleaf, Lucretia E. 

Olson, and Katie M. Dugger. 2016. Re-occupancy of ferruginous hawks in Wyoming: 

relationships to environmental and anthropogenic factors. PLOS ONE 

DOI:10.1371/journal.pone.0152977.    
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(65) Baigas, Phillip E., John R. Squires, Lucretia E. Olson, Jacob S. Ivan and Elizabeth. K. 

Roberts. 2017 (this is the correct year date from the journal). Using environmental 

features to model highway crossing behavior of Canada lynx in the Southern Rocky 

Mountains. Landscape and Urban Planning 157:200-213.    
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MICHAEL K.  SCHWARTZ, PH. D. 
 

 

Rocky Mountain Research Station 

U.S.D.A. / U.S. Forest Service 

800 E. Beckwith Ave. 

Missoula, MT 59801 

Office Phone: 406.542.4161 

Office Fax:     406.543.2663 

Home Phone: 406.543.1607 

E-mail: mkschwartz@fs.fed.us 

 

 

EDUCATION 

 

2001  Ph.D., Wildlife Biology, University of Montana, Missoula, MT 

  (Landscape genetics of carnivores) 

1996  M.S., Biology (Ecology and Evolution), American University, Washington, D.C. 

  (Behavioral ecology of Humboldt penguins in Peru) 

1992-1994 Post-B.A., Coursework, University of Washington, Seattle, WA  

1991   B.A., Psychology (Animal Behavior/Neurology), Colby College, Waterville, ME 

 

RESEARCH INTERESTS 

 

Threatened and Endangered Species Management, Protected Areas (Wilderness) Science and 

Management, Conservation Genetics, Genetic Monitoring, Landscape Genetics, Population 

Genetics, Molecular Ecology, Wildlife Biology, Marine Mammal Biology, Population 

Estimation with Non-Invasive Genetic Samples, Field Ecology, Trophic Relationships and 

General Ecology, Distribution Modeling and Climate Change 

 

PROFESSIONAL EXPERIENCE 

  

Nov. 2014 – 

Present 

 

Director, National Genomics Center for Wildlife and Fish Conservation USDA Forest 

Service Missoula, MT. 

Sept 2015 – 

Present 

Adjunct Research Professor University of Montana – Department of Ecosystem and 

Conservation Sciences / Wildlife Biology Program Missoula, MT. 

  

Sept. 2012 –  

Sept. 2015 

Adjunct Research Associate Professor University of Montana – Department of Ecosystem 

and Conservation Sciences / Wildlife Biology Program Missoula, MT.  

 

June 2001 –  

Nov. 2014 

Wildlife Ecologist / Conservation Genetics Team Leader USFS Rocky Mountain Research 

Station Missoula, MT.  

 

July 2011 –  

Jan. 2012 

 

Acting Director Aldo Leopold Wilderness Research Institute, Missoula, MT. 

Sept. 2007 – 

Sept. 2012 

Adjunct Research Assistant Professor University of Montana – Department of Ecosystem 

and Conservation Sciences / Wildlife Biology Program Missoula, MT. 

 

Sept. 2001 –  

Dec. 2007 

Faculty Affiliate University of Montana – Wildlife Biology Program Missoula, MT. 

 

 

Jan. 2000 –  Biological Technician USFS Rocky Mountain Research Station Missoula, MT. 
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Oct. 2001   
 

Aug. 1996 – 

May 2001 

 

Graduate Research Assistant / Teaching Assistant University of Montana – Wildlife 

Biology Program Missoula, MT.  

 

Aug. 1994 –  

Aug. 1996 

Molecular Ecology / Field Biology Research Assistant Smithsonian Institution – 

Department of Conservation Biology National Zoological Park, Washington D.C.  

 

Feb. 1992 – 

July 1994 

Marine Mammal and Seabird Technician National Marine Mammal Laboratory 

Alaska Fishery Science Center Seattle, WA.  Worked in Arctic and Antarctic on marine 

predators (fur seals, leopard seals, and chinstrap penguins) 

 

Nov. 1991 – 

Jan. 1992 

Biodiversity Education Outreach Smithsonian Institution – Department of Animal Health 

National Zoological Park, Washington D.C.  

 

July 1991 –  

Nov. 1991 

Technician Smithsonian Institution – Department of Conservation Biology National 

Zoological Park, Washington D.C.  

 

Jan. 1990 Behavioral Ecology Technician (Volunteer) New England Aquarium – Marine Mammal 

Department Boston, MA. 

 

July 1989 –  

Aug. 1989 

School for Field Studies San Juan Islands Washington State. 

 

 

MAJOR GRANTS AWARDED 

(Not including over 50 project grants under $30,000) 

 

  

2016 - Present USDA Forest Service RIM Funding for developing region wide carnivore monitoring – 

(Schwartz and McKelvey; $197,000) 

2015 – Present GNLCC - A rapid range-wide assessment of bull trout distributions: a crowd-sourced, 

eDNA-based approach with application to many aquatic species (Young, Isaak, 

McKelvey, Carim, and Schwartz PI; $150,000) 

2015 - Present  Washington Office USFS / USFS R&D: Developing multi-species, metagenomics eDNA 

based approaches to detect aquatic invasive species (Schwartz PI; $80,000) 

2014 – Present USDA Forest Service Regional Funding for eDNA surveys of Bull Trout and Salmon in 

the Columbia River Basin (Young, McKelvey, and Schwartz PIs; $150,000) 

2014 – Present  Funding of a National Genomics Center for Wildlife and Fish Conservation (Schwartz PI; 

$297,000) 

2012 – 2014 US Fish and Wildlife Service: Genomics and range-wide connectivity of greater sage-

grouse populations-the northern tier. (Schwartz PI; $243,690) 

2012 – 2015 GNLCC – Sage grouse genomic tool development (Schwartz, Cross and Naugle Co-PI; 

$90,000) 

2011 – 2012 USFS R&D Washington Office: Synthesis of connectivity modeling algorithms 

approaches and implementation. (McKelvey Co-PI; $50,000) 

2010 – 2013 USFS R&D: Integration of ecological and social data to optimize economic decisions on 

wildlife corridors. (Block, Calkin, McKelvey, and Thompson Co-PI; $150,000) 
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2009 – 2012 RMRS Climate Change RFP: Providing decision support for assisted migration to 

mitigate climate change – preventing expensive failures through species distribution 

modeling. (McKelvey Co-PI; $247,000) 

2007 – 2009 Joint NCEAS / NESCent: Genetic monitoring (Allendorf  Co-PI; $114,000) 

2007 USFS Diversity Strategy Award: Coordinating carnivore surveys with the Coeur d’Alene 

Tribes (Schwartz PI; $30,000) 

2007 USFS Cross-Program Proposals: Combining multi-resource monitoring with vegetation 

and wildlife habitat modeling to infer the effects of climatic change on forest ecosystems 

and wildlife in the Northern Rockies (Cushman, McKelvey, and Little Co-PI; $89,000)  

2006 USFS Region 1 Two Grants for non-invasive surveys of fisher in the Rocky Mountains 

(Schwartz PI; $103,000) 

2004 Internal USFS RMRS Equipment Grant (Schwartz PI; $75,000) 

2002 Montana Department of Transportation: Understanding wolverine movement in relation 

to highways (Squires, Copeland, McKelvey, and Ruggiero; Co-PI; $200,000)  

2001       USFS / Northern Region: Using genetics for population viability analyses (McKelvey         

      Co-PI; $80,000) 

  

  

SCHOLARSHIPS AND AWARDS 

 

2016 

2015 

2013 

2013 

2011 

2009 

Thomson Reuters Highly Cited Researcher 2015 

RMRS Distinguished Scientist Award 

RMRS Best Science Award (co-author) 

Research Fellow – Ben Gurion University, Israel 

RMRS Visionary Science Award 

National Wilderness Award – Excellence in Wilderness Stewardship Research                                                                  

2009 RMRS Performance Award – Step Increase 

2007 RMRS Early Career Scientist Publication Award (co-author) 

2007 Merit Award: Scientific Productivity 

2007 Merit Award: Excellence in Technology Transfer 

2006 RMRS Best Scientific Publication Award (co-recipient) 

2005 Presidential Early Career Award for Science and Engineering 

2003 USFS Chiefs Award for Early Career Scientist 

2002 RMRS Early Career Scientist Publication Award 

2000 Best Student Paper – Wildlife Society (MT Chapter)  

1999-2000 Bertha Morton Scholarship – University of Montana 

1998-1999 Clancy Gordon Environmental Scholarship – University of Montana 

1997-1998 Les Pengelly Conservation Scholarship – University of Montana 

1996-1998 Research Assistantship – University of Montana 

1994-1995 Teaching Fellowship – American University 

1995 Smithsonian Graduate Fellowship  

1994 Antarctic Service Medal 
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MEMBERSHIP IN WORKING GROUPS AND SCIENCE TEAMS 

 

 

State of Science for Non-native Invasive Species Leading experts on pathogens, pests, and 

climate change participated in a USFS led workshop to highlight science on invasive species and 

identify knowledge gaps in a diverse array of topics. The objective of the workshop was to solicit 

input from invasive species experts on a National Invasive Species Assessment. The product of 

this working group was a National Invasive Species Assessment. 2015-2016. 

National Center for Ecological Synthesis and Analysis (NCEAS): Red Flags – Development 

of Criteria for Assessing Extinction Risk Working Group The group uses an empirically-

based approach to developing risk criteria guidelines that takes advantage of large amounts of data 

for natural populations that have been compiled over the last 1-2 decades. 2010 – 2013. 

 

National Center for Ecological Synthesis and Analysis (NCEAS) / National Evolutionary 

Synthesis Center (NESCent): Genetic Monitoring Working Group A team of 18 national and 

international scientists and managers co-lead by Dr. Schwartz and Dr. Allendorf to develop and 

facilitate implementation of genetic monitoring tools. The goal of this working group is to open 

significant new avenues for research in the field of genetic monitoring. 2008 – 2011.  

 

Fisher Science Team A team of 4 scientists whose mission is to synthesize and develop new 

knowledge for fisher (Pekania pennanti) in the west coast states and the Rocky Mountains. The 

west coast fisher had been proposed for ESA listing, and in 2004 was given a “warranted but 

precluded by other higher priority actions” status by the USFWS. Given that this status 

recognizes that perils to persistence exist for this species, a Fisher Steering Committee, Biology 

Team, and Science Team were organized in 2005. 2004 – 2010. 

 

National Vertebrate Monitoring Team The Forest Service Regional Directors of Wildlife 

requested a team to provide recommendations for monitoring terrestrial animals and species on 

National Forests and Grasslands. The scientist must be a team member along with 4 other scientists 

and 8 NFS employees to develop strategies for monitoring animals and habitats. 2003 – 2005.  

 

UPPER LEVEL TEACHING EXPERIENCE (See Also Class Talks) 

  

2014 

2013 

2013 

Conservation Genetics – University of Montana 

Conservation Genetics and Monitoring – Ben Gurion University, Israel 

Landscape Genomics – University of Montana  

2012 Evaluating Landscape Connectivity of Plants and Animals – University of Montana   

2009 Wildlife Conservation and Management– Northern Arizona University, Online 

1999 Rocky Mountain Flora – Teaching Assistant, University of Montana 

1997-1998 Readings in Conservation Biology (upper level course) – University of Montana 

1995-1996 General Biology II (laboratory and occasional lectures) – American University 

1995-1996 Evolution for Non-majors (lectures and discussions) – American University 

1995-1996 General Biology for Non-majors (laboratory) – American University 

1995 Genetics – Teaching Assistant,  American University  

 

ACADEMIC COMMITTEES: GRADUATE STUDENTS 
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(* Notes students I advise or co-advise) 

 

Katie Zarn, University of Montana, M.S. Wildlife Biology  

Multi-scale population structure of Alexander Archipelago wolves in Southeast Alaska. Fall 

2016- Present 

 

Sam Panonni, University of Montana, Ph.D. Wildlife Biology 

Using microbial biomarkers to assess movement of wildlife.  Spring 2015 – Present. 

 

Sarah Bassing, University of Montana, M.S. Wildlife Biology  

Occupancy estimates of wolves in Alberta. Fall 2014 – Present. 

 

*Taylor Wilcox, University of Montana, Ph.D. Wildlife Biology 

Using eDNA to monitor endangered and invasive char. Spring 2013 – Present. 

 

Patrick Cross, University of Montana, M.S. Systems Ecology 

Determining the origin, distinction, and significance of a high elevation population of red fox in 

the Greater Yellowstone Ecosystem. Spring 2013 – Spring 2016. 

 

*Todd Cross, University of Montana, Ph.D. Wildlife Biology 

 Delineating greater sage grouse conservation units to preserve genetic variation across a 

changing landscape. Fall 2011 – Present. 

 

*Julie Betsch, University of Montana, Ph.D. Ecology of Infectious Diseases Program – Division 

of Biology CDV spread in African lions by domestic dogs. Spring 2010 – Present. 

 

*Gretchen Roffler, University of Montana, Ph.D. Wildlife Biology 

Effects of climate change on connectivity of a sensitive mountain ungulate: Predicting long term 

persistence of wild sheep. Fall 2010 – May 2015. 

 

*Keith Slauson, University of Montana, Ph.D. Wildlife Biology 

Linking landscape scale change to population process in carnivorous mammals. Fall 2010 – 

Present. 

 

Brett Addis, University of Montana, M.S. Division of Biological Sciences 

 Gene flow in western toads. Fall 2010 – Spring 2013. University of Montana, Ph.D. Division of 

Biological Sciences The evolutionary basis of dispersal in the stream salamander Gyrinophilus 

porphyriticus.  Spring 2013-Present. 

 

Ryan Bracewell, University of Montana, Ph.D. Department of Ecosystem and Conservation 

Sciences – College of Forestry and Conservation Coevolution and co-speciation between 

dendroctonus bark beetles and their symbiotic fungi. Fall 2009 – Fall 2015. 

 

Kellie Carim, University of Montana, Ph.D. Ecology of Infectious Diseases Program – Division 

of Biology Human impacts on the environment mediating susceptibility to disease. Spring 2009 –

Fall 2013. 
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Darin Newton, University of Montana, M.S. Wildlife Biology 

Estimating actual and potential northern river otter population size in the Upper Clark Fork 

River. Fall 2009 – Fall 2012. 

 

Adam Sepulveda, University of Montana, Ph.D. Division of Biological Sciences  

Local and landscape scale processes that structure Idaho giant salamander distribution and 

coexistence patterns. Fall 2007 – Spring 2010. 

 

Lindy Mullen, University of Montana, M.S. Division of Biological Sciences 

Spatial structure and dispersal in the Idaho giant salamander. Fall 2007 – Spring 2009. 

 

*Jody Tucker, University of Montana, Ph.D. Wildlife Biology 

Developing a genetic based monitoring program for California fisher (Martes pennanti). Fall 

2006 – Spring 2013. 

 

Ben Jimenez, University of Montana, M.S. Wildlife Biology 

Movement black bear habitat selection in relation to road density in the Idaho Panhandle 

National Forests. Fall 2006 – Spring 2011. 

 

Barb McCall, University of Montana, M.S. Wildlife Biology 

Monitoring black bears in northern Idaho using non-invasive DNA sampling. Fall 2006 – Spring 

2009. 

 

Tzeidle Wasserman, Western Washington University, M.S. Environmental Sciences 

Landscape genetics of American marten in north Idaho. Fall 2005 – Spring 2008. 

 

Megan Corrigan, University of Montana, M.S. Environmental Studies 

When are ecologically marginal populations valuable for conservation? Fall 2005 – Fall 2007. 

 

Ellen Cheng, University of Montana, Ph.D. Wildlife Biology 

Snowshoe hair landscape genetics. Fall 2004 – Fall 2011. 

 

Francesca Marucco, University of Montana, Ph.D. Wildlife Biology 

Effects of habitat fragmentation on Italian Wolves. Fall 2003 – Spring 2009. 

 

 

*Jennifer Woolf, University of Montana, Ph.D. Wildlife Biology 

Demographic and genetic examination of black-backed woodpeckers. Fall 2003 – Fall 2009. 

 

Megan Parker, University of Montana, Ph.D. Wildlife Biology 

Behavioral ecology of wild dogs in Botswana, Africa. 2001 – 2010. 

 

Melanie Hoffman, American University, M.S. Biology 

Fluctuating asymmetry affects survival in South American sea lions. 1998 – 2000. 

 

EXTERNAL EXAMINER: INTERNATIONAL PH.D. STUDENTS 
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Rachel van Heughten, University of Canterbury, Christchurch, New Zealand, School of 

Biological Sciences Weta affairs: an investigation into the population structure and possible 

hybridization of two tree weta species (Hemideina) in Canterbury.  Examiner on Ph.D. thesis 

September 2015. 

 

Josh Miller, University of Alberta, Edmonton, Canada, Department of Biological Sciences 

Genomics of wild sheep.  Examiner on Ph.D. thesis June 2015. 

 

Shannon Renan, Ben Gurion University, Sede Boker, Israel Department of Desert Ecology 

From behavioral patterns to genetic structure: the reintroduced Asiatic wild ass (Equus 

hemionus) in the Negev Desert. Examiner on Ph.D. thesis – December 2014. 

 

Erin Koen, Trent University, Peterborough, Canada, Environmental and Life Sciences Graduate 

Program Evaluating the effects of landscape structure on genetic differentiation and diversity. 

Examiner on Ph.D. thesis – September 2013.  

 

Nicolas Dussex, University of Otago, New Zealand, Department of Zoology 

Conservation genetics of the alpine parrot, the kea Nestor notabilis. Examiner on Ph.D. thesis – 

August 2013. 

 

Aritz Ruiz-González, Universidad del Pais Vasco, Spain, Departamento Zoologia y Biologia 

Celular Animal Phylogeography and non-invasive landscape genetics of the Euorpean pine 

marten (Martes martes L. 1758): Insights into ancient and contemporary processes shaping 

genetic variation. External Examiner on Ph.D. thesis – 2011. 

 

David Pavlacky, University of Queensland, School of Integrative Biology 

Avian patch occupancy and landscape genetics of logrunners (Orthoonyx temminckii) in 

fragmented subtropical rainforests of South East Queensland. Examiner on Ph.D. thesis – May 

2008. 

 

Anna-Karin Sundqvist, Uppsala University, Department of Evolutionary Biology 

Conservation genetics of wolves and their relationship to dogs. Opponent on Ph.D. examination 

– February 2008. 

 

ACADEMIC COMMITTEES: UNDERGRADUATE STUDENTS 

 

Grace Malato, University of Montana, Senior Thesis Wildlife Biology 

 Hybrids lost: fading introgression in two freshwater sculpin populations. Fall 2012 – Spring 

2013. 

 

Naomi Akaime, University of Montana, Undergraduate Honors Committee – Biology 

Using viruses and DNA to determine relatedness of Yellowstone mountain lions. Fall 2001 – 

Spring 2004. 

 

PEER-REVIEWED PUBLICATIONS 
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133. Stetz, J.B., Sawaya, M.A., Ramsey, A.B., Amish, S.J., Schwartz, M.K. and Luikart, G., 

2016. Discovery of 20,000 RAD–SNPs and development of a 52-SNP array for 

monitoring river otters. Conservation Genetics Resources, 8(3), pp.299-302. 

 

132. Young, M.K., D. Isaak, K.S. McKelvey, T.M. Wilcox, D. Bingham, K.L. Pilgrim, K.J. 

Carim, M. Campbell, M. Corsi, D. Horan, D. Nagel, and M.K. Schwartz. Accepted. 

Climate, Demography, and Zoogeography Predict Introgression Thresholds in Salmonid 

Hybrid Zones in Rocky Mountain Streams. PLoS One. 

 

131. Roffler, G.H. S.J. Amish, S. Smith, T. Cosart, M. Kardos, M.K. Schwartz, and G. Luikart. 

2016. SNP discovery in candidate adaptive genes using exon capture in a free-ranging 

alpine ungulate. Molecular Ecology Resources 16: 1147-1164. 

 

130. Dysthe, J.C.S., M.K. Young, K.S. McKelvey, K. Carim, and M.K. Schwartz. Accepted. 

Quantitative PCR assays for detecting loach minnow (Rhinichthys cobitis) and spikedace 

(Meda flugida) in the southwestern United States.  PLoS One 

 

129. Carim, K. J., J. C. S. Dysthe, M. K. Young, K. S. McKelvey, and M. K. Schwartz. 2016. An 

environmental DNA marker for detecting Arctic grayling in the upper Missouri River 

basin, North America. Conservation Genetics Resources 3:197–199. doi: 

10.1007/s12686-016-0531-1 

 

128. Cross. T.B., D. Naugle, J.C. Carlson. M.K. Schwartz. 2016. Hierarchical population 

structure in greater sage-grouse provides insight into management boundary delineation. 

Conservation Genetics. DOI 10.1007/s10592-016-0872-z 

 

127. Carim, K. K. Christianson, K.S. McKelvey, W.M. Pate, B. Johnson, M.K. Young, and M.K. 

Schwartz. Accepted. Environmental DNA marker development with sparse biological 

information: a case study on opossum shrimp (Mysis diluviana). PLoS One. 

 

126. Dilkina, B., Houtman, R. C.P. Gomes, C.A. Montgomery, K.S. McKelvey, K. Kendall, T. 

Graves, R. Bernstein, and M.K. Schwartz.  2016. Trade-offs and efficiencies in optimal 

budget-constrained multispecies corridor networks. Conservation Biology 

 

125. Hawley JE, Rego PW, Wydeven AP, Schwartz MK, Viner TC, Kays R, Pilgrim KL, Jenks 

JA. 2016. Long-distance dispersal of a subadult male cougar from South Dakota to 

Connecticut documented with DNA evidence. Journal of Mammalogy. 

 

124. Benestan, L. A.-L. Ferchaud, P. Hohenlohe, B.A. Garner, G.J.P. Naylor, I. Baums, M.K. 

Schwartz, J.L. Kelley, and G. Luikart. Conservation genomics of natural and managed 

populations: building a conceptual and practical framework.  Molecular Ecology DOI: 

10.1111/mec.13647. 

 

123. Carim, K.J., T.M. Wilcox. M. Anderson, D. Lawrence, M.K. Young. K.S. McKelvey, and 

M.K. Schwartz. 2016.  An environmental DNA marker for detecting nonnative brown 

trout (Salmo trutta).  Conservation Genetic Resources.  DOI 10.1007/s12686-016-0548-5. 
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122. Hanks, E.M., M.B. Hooten, S.T. Knick, S.J. Oyler-McCance, J.A. Fike, T.B. Cross, and 

M.K. Schwartz. 2016. Latent spatial models and sampling design for landscape genetics. 

Annals of Applied Statistics.  

 

121. Shafer et al. 2016. Reply to: Genomics in Conservation – case studies and bridging the gap 

between data and application.  Trends in Ecology and Evolution 31: 83-84. 

 

120. Roffler, G.H. M.K. Schwartz, K.L. Pilgrim, S. Talbot, G.K. Sage, L. Adams, and G. 

Luikart. 2016. Identification of Landscape Features Influencing Gene Flow: How Useful 

Are Habitat Selection Models? Evolutionary Applications. doi:10.1111/eva.12389. 

 

119. Juarez, R.L., Schwartz, M.K., Pilgrim, K.L., Thompson, D.J., Tucker, S.A., Smith, J.B. and 

Jenks, J.A. 2016. Assessing temporal genetic variation in a cougar population: influence 

of harvest and neighboring populations. Conservation Genetics, pp.1-10. 

 

118. Kretser, H., Glennon, M., Whitelaw, A., Hurt, A., Pilgrim, K. and Schwartz, M., 2016. Scat-

detection dogs survey low density moose in New York. Alces 52:.55-66. 

 

117. Schwartz, M.K., B. Hahn, and B.R. Hossack. 2016.  Where the wild things are: a research 

agenda for studying the wildlife-wilderness relationship. Journal of Forestry. 

 

116. Schwartz, M.K. 2016. Recipient of the 2015 Molecular Ecology Prize: Fred Allendorf. 

Molecular Ecology 25: 450-453. 

 

115. Wilcox, T. M, K. S. McKelvey, M. K. Young, A. J. Sepulveda, B. B. Shepard, S. F. Jane, 

A. R. Whiteley, W. H. Lowe, and M. K. Schwartz. 2016. Understanding environmental 

DNA detection probabilities: a case study using a stream-dwelling char (Salvelinus 

fontinalis).  Biological Conservation 194: 209-216  

 

114. McKelvey, K. S., Young, M. K., Knotek, W. L., Carim, K. J., Wilcox, T. M., Padgett‐
Stewart, T. M., and Schwartz, M. K. 2016. Sampling large geographic areas for rare 

species using environmental DNA: a study of bull trout Salvelinus confluentus occupancy 

in western Montana. Journal of fish biology. 

 

113. Proffitt, K.M., J.F. Goldberg, M. Hebblewhite, R. Russell, B.S. Jimenez, H.S. Robinson, K. 

Pilgrim, and M.K. Schwartz. 2015 Integrating resource selection function into spatial 

capture-recapture models for large carnivores. Ecosphere 6: 

 

112. Padgett-Stewart, TM, TM Wilcox, KJ Carim, KS McKelvey, MK Young, and MK. 

Schwartz. 2015. Designing an eDNA Assay for River Otter Detection: A tool for 

discerning the efficacy of eDNA surveying on semi-aquatic mammals. Conservation 

Genetics Resources 

 

111. Wilcox, T. M., K. S. McKelvey, M. K. Young, W. H. Lowe, and M. K. Schwartz.  2015. 

Environmental DNA particle size distribution from Brook Trout (Salvelinus fontinalis). 

Conservation Genetics Resources. DOI: 10.1007/s12686-015-0465-z. 
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110. Wilcox, T. M., K. J. Carim, K. S. McKelvey, M. K. Young, and M. K. Schwartz.  2015. The 

Dual Challenges of Generality and Specificity When Developing Environmental DNA 

Markers for Species and Subspecies of Oncorhynchus. PloS one, 10(11), p.e0142008. 

 

 

109. McKelvey, K. S., M. K. Young; T. M. Wilcox, D. Bingham, K. L.  Pilgrim, and M. 

K.  Schwartz.  2015. Patterns of hybridization among cutthroat and rainbow trout in 

northern Rocky Mountain streams.  Ecology and Evolution.     

 

108. Keith, D., H.R. Akcakaya, S.H.M. Butchart, B. Collen, N.K. Dulvy, E.E. Holmes, J.A. 

Hutchings, D. Keinath, M.K. Schwartz, A.O. Shelton, R.S. Waples. 2015. Temporal 

correlation in population trends: conservation implications from time-series analysis of 

diverse animal taxa. Biological Conservation. 

 

107. Ellis, M.M., J.S. Ivan, J. Tucker, and M.K. Schwartz. 2016. rSPACE: Spatially-based power 

analysis for conservation and ecology. Methods in Ecology and Evolution. 

 

106. Schoenecker, K., M.K. Watry, L. Ellison, G. Luikart, and M.K. Schwartz. 2015. Estimating 

bighorn sheep (Ovis Canadensis) abundance using noninvasive sampling at a mineral lick 

within a National Park Wilderness Area.  Western North American Naturalist. 

 

105. Dobrowski, S.Z., A.K. Swanson, J.T. Abatzoglou, Z.A. Holden, H.D. Safford, M.K. 

Schwartz, and D.G. Gavin. 2015. Forest structure and species traits mediate projected 

recruitment declines in western US tree species. Global Ecology and Biogeography. 

DOI 10.1111/geb.12302. 

 

104. Shafer, A.B. et al. 2015. Genomics and the challenging translation into conservation 

practice. Trends in Ecology and Evolution. 30: 78-87. 

 

103. Jane, S.F., T.M. Wilcox, K.S. McKelvey, M.K. Young, M.K. Schwartz, W.H. Lowe, B.H. 

Letcher, and A.R. Whiteley. 2014. Distance, flow and PCR inhibition: eDNA dynamics 

in two headwater streams. Molecular Ecology Resources. 15: 216-227. 

 

102. Roffler, G.H., S.L. Talbot, G.H. Luikart, G.K. Sage, K.L. Pilgrim, L.G. Adams, and M.K. 

Schwartz. 2014. Lack of sex-biased dispersal promotes fine-scale genetic structure in 

alpine ungulates. Conservation Genetics. 15: 837-851. 

 

101. Whiteley, A.R., K. McGarigal, and M.K. Schwartz. 2014. Pronounced differences in 

genetic structure despite overall ecological similarity for two Ambystoma salamanders in 

the same landscape. Conservation Genetics. DOI 10.1007/s10592-014-0562-7. 

 

100. Landguth, E.L. and M.K. Schwartz. 2014. Evaluating sample allocation and effort in 

detecting population differentiation for discrete and continuously distributed individuals. 

Conservation Genetics. DOI 10.1007/s10592-014-0593-0. 

 

99. Hand, B.K., S. Chen, N.J. Anderson, A. Beja-Pereira, P.C. Cross, M. Ebinger, H. Edwards, 

R.A. Garrott, M.D. Kardos, M. Kauffman, E.L. Landguth, A. Middleton, B. Scurlock, 
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P.J. White, P. Zager, M.K. Schwartz, and G.H. Luikart. 2014. Sex-biased gene flow 

among elk in the Greater Yellowstone Ecosystem. Journal of Fish and Wildlife 

Management. 5: 124-132. 

 

98. Lemoine, M., M.K. Young, K.S McKelvey, L. Eby, K.L. Pilgrim, and M.K. Schwartz. 2014.  

Cottus schitsuumsh, a new species of sculpin (Scorpaeniformes: Cottidae) in the 

Columbia River basin, Idaho-Montana, USA.  Zootaxa. 3755: 241-258. 

 

97. McKelvey, K.S., K.B. Aubry, N.J. Anderson, A.P. Clevenger, J.P. Copeland, K.S. 

Heinemeyer, R.M. Inman, J.R. Squires, J.S. Waller, K.L. Pilgrim, and M.K. Schwartz. 

2014. Recovery of wolverines in the Western United States: Recent extirpation and 

recolonization or range retraction and expansion? Journal of Wildlife Management. 

78: 325–334. 

 

96. Wilcox, T.M., M.K. Schwartz, K.S. McKelvey, M.K. Young, and W.H. Lowe. 2014. A 

blocking primer increases specificity in environmental DNA detection of bull trout 

(Salvelinus confluentus). Conservation Genetics Resources. 6: 1-2. 

 

95. Olson, L.E., J.D. Sauder, N.M. Albrecht, R.S. Vinkey, S.A. Cushman, and M.K. Schwartz.  

2014. Modeling the effects of dispersal and patch size on predicted fisher (Pekania 

[Martes] pennanti) distribution in the U.S. Rocky Mountains. Biological Conservation. 

169: 89-98. 

 

94. Tucker, J., M.K. Schwartz, R.L. Truex, K.L. Pilgrim, and F.W. Allendorf. 2014. Historical 

and contemporary DNA indicate fisher decline and isolation occurred prior to the 

European settlement of California. Conservation Genetics. 15: 583-595. 

 

93. Dilkina, B., K. Lai, R. Le Bras, Y. Xue, C.P. Gomes, A. Sabharwal, J. Suter, K.S. McKelvey, 

M.K. Schwartz, and C. Montgomery. 2014. Large landscape conservation-synthetic and 

real-world datasets. Twenty-Seventh AAAI Conference on Artificial Intelligence. 27: 

1369-1372. 

 

92. Le Bras, R., B. Dilkina, Y. Xue, C. Gomes, K. McKelvey, M.K. Schwartz, and C. 

Montgomery. 2014. Robust network design for multispecies conservation. Twenty-

Seventh AAAI Conference on Artificial Intelligence. 27: 1305-1312. 

 

91. Aubry, K.B., C.M. Raley, S.W. Buskirk, W.J. Zielinski, M.K. Schwartz, R.T. Golightly, K.L. 

Purcell, R.D. Weir, and J.S. Yaeger. 2013. Meta-analyses of habitat selection by fishers 

at resting sties in the Pacific Coastal Region.  Journal of Wildlife Management. 77: 965-

974. 

 

90. Pierson, J.C., F.W. Allendorf, P. Drapeau, and M.K. Schwartz. 2013. Breed locally, disperse 

globally: fine scale genetic structure despite landscape-scale panmixia in a fire-specialist. 

PLoS One. 8: e67248. 

 

89. Ellis, M.M., J.S. Ivan, and M.K. Schwartz. 2014. Spatially explicit power analysis for 

occupancy-based monitoring of wolverine populations in the U.S. Rocky Mountains. 
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Conservation Biology. 28: 52-62. 

 

88. McCall, B., M.S. Mitchell, M.K. Schwartz, J. Hayden, S.A. Cushman, P. Zager, and W.F. 

Kasworm. 2014. Combined use of mark-recapture and genetic analyses reveals response 

of a black bear population to changes in food productivity. Journal of Wildlife 

Management. 77: 1572-1582. 

 

87. Neel, M.C., K.S. McKelvey, N. Ryman, M.W. Lloyd, R. Short Bull, F.W. Allendorf, M.K. 

Schwartz, and R.S. Waples. 2013. Estimation of effective population size in continuously 

distributed populations: There goes the neighborhood. Heredity. DOI 

10.1038/hdy.2013.37. 

 

86. Schwartz, M.K., N.J. DeCesare, B.S. Jimenez, J.P. Copeland, and W. Melquist. 2013.  Stand- 

and landscape-scale selection of large trees by fishers in the Rocky Mountains of 

Montana and Idaho. Forest Ecology and Management. 305:103-111. 

 

85. Wilcox T.M., K.S. McKelvey, M.K. Young, S.F. Jane, W.H. Lowe, A.R. Whiteley, and M.K. 

Schwartz. 2013. Robust detection of rare species using environmental DNA: the 

importance of primer specificity. PLoS ONE. 8: e59520. DOI 

10.1371/journal.pone.0059520. 

 

84. McKelvey, K.S., J. Ramirez, K.L. Pilgrim, S.A. Cushman, and M.K. Schwartz. 2013. 

Genetic sampling of Palmer’s chipmunks in the Spring Mountains, Nevada. The Western 

North American Naturalist. 73: 198-210. 

 

83. Young, M.K., K.S. McKelvey, K.L. Pilgrim and M.K. Schwartz. 2013. DNA barcoding at 

riverscape scales: Assessing biodiversity among fishes of the genus Cottus (Teleostei) in 

northern Rocky Mountain streams. Molecular Ecology Resources. DOI 10.1111/1755-

0998.12091. 

 

82. Swanson, A.K., S.Z. Dobrowski, A.O. Finley, J.H. Thorne, and M.K. Schwartz. 2013. Spatial 

regression methods capture prediction uncertainty in species distribution model 

projections through time. Global Ecology and Biogeography. 22: 242-251. 

 

81. Zielinski, W.J., F.V. Schlexer, T.L. George, K.L. Pilgrim, and M.K. Schwartz. 2013. 

Estimating abundance and survival in the endangered Point Arena mountain beaver using 

noninvasive genetic methods. Northwest Science. 87:126-139.  

 

80. Tucker, J.M., M.K. Schwartz, R.L. Truex, K.L. Pilgrim, and F.W. Allendorf. 2012. Historical 

and contemporary DNA indicate fisher decline and isolation occurred prior to the 

European settlement of California. PLOS One. DOI 10.1371/journal.pone.0052803 

 

79. Dobrowski, S.Z., J.T. Abatzoglou, A. Swanson, A. Mynsberge, J. Greenberg, Z. Holden, and 

M.K. Schwartz. 2012. The climate velocity of the contiguous United States during the 20th 

century. Global Change Biology. 19:241-251.  

 

78. Zielinski, W.J., F.V. Schlexer, S.A. Parks, K.L. Pilgrim, and M.K. Schwartz. 2012. Small 
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geographic range but not panmictic: How forests structure the endangered Point Arena 

mountain beaver (Aplodontia rufa nigra). Conservation Genetics. 14: 369-383. 

 

77. Parks, S., K.S. McKelvey, and M.K. Schwartz. 2012. Effects of weighting schemes on the 

identification of wildlife corridors generated with least-cost methods. Conservation 

Biology. 27: 145-154. 

 

76. Hutchings, J., S.H. Butchart, B. Collen, M.K. Schwartz, and R.S. Waples. 2012. Red Flags: 

Correlates of impaired species recovery. Trends in Ecology and Evolution. 27: 542-546. 

 

75. Tallmon, D.A., R.S. Waples, D. Gregovich, and M.K. Schwartz. 2012. Detecting population 

recovery using gametic disequilibrium-based effective population size estimates. 

Conservation Genetics Resources. 4: 987-989. 

 

74. Campbell, N.R., S.J. Amish, V.L. Pritchard, K.M. McKelvey, M.K. Young, M.K. Schwartz, 

J.C. Garza, G.H. Luikart, and S.R. Narum. 2012. Development and evaluation of 200 

novel SNP assays for population genetic studies of westslope cutthroat trout and genetic 

identification of related taxa. Molecular Ecology Resources. 12: 942-949. 

 

73. Pilgrim, K.L., W.J. Zielinski, F.V. Schlexer, and M.K. Schwartz. 2012. Development of a 
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winter ski recreation activities affect movement, habitat use, and density of the Pacific 

Marten (Martes caurina).  Conservation Biology. 

 

 

OTHER PUBLICATIONS 

 

Inman et al. 2013.  Restoration of wolverines: Considerations for translocation and post-release 

monitoring.  April 2013.  http://www.wcsnorthamerica.org/Wildlife/Wolverine.aspx. 

 

“Contributor” to  Manley et al. 2006. Multiple species inventory and monitoring technical guide. 

General Technical Report WO-73. 

 

McKelvey, K.S., S.A. Cushman, M.K. Schwartz, and L.F. Ruggiero. 2007. Wildlife monitoring 

across multiple spatial scales using grid-based sampling. Proceedings of the Eighth 

Annual Inventory and Assessment Symposium. 

 

Schwartz, M.K., K. Ralls, D. Williams, K.L. Pilgrim, and P. Kelly. 1999. Estimates of gene  

flow and genetic variation in San Joaquin kit fox show metapopulation structure.  

California Water Board Administrative Report. 

 

 

Schwartz, M.K., J.L. Bengtson, B.G. Walker, P.L. Boveng, and R. Holt. 1994. Abundance and 

 distribution of Antarctic fur seals in the northern South Shetland Islands. In Antarctic 

 Marine Living Resources 1993/94 Field Season Report. Rosenberg, J. (ed). 

Administrative Report LJ-94-13. 

 

Schwartz, M.K. and J.L. Bengtson. 1994. Breeding success and morphological variability of 

 cape petrels on Seal Island, Antarctica.  CCAMLR, WC-CEMP-46.  

 

Walker, B.G., L.M. Hiruki, M.K. Schwartz, P.L. Boveng, and J.L. Bengtson. 1994. Pinniped 

 research at Seal Island during 1993/94. In Antarctic Marine Living Resources 1993/94 

 Field Season Report. Rosenberg, J. (ed). Administrative Report LJ-94-13. 

 

Jansen, J.K., W.R. Meyer, M.K. Schwartz, and J.L. Bengtson. 1994. Seabird research at Seal  

 Island Antarctica in 1993/94. In Antarctic Marine Living Resources 1993/94 Field  

Season Report. Rosenberg, J. (ed). Administrative Report LJ-94-13. 

 

Reiche, G.A., M.K. Schwartz, and J.L. Quan. 1994. Seabird and marine mammal observations 

 around the Elephant Island area. In Antarctic Marine Living Resources 1992/93 Field 

 Season Report. Rosenberg, J. (ed). Administrative Report LJ-94-13. 

 

Walker, B.G., M.K. Schwartz, J.B. Bengtson, and M.E. Goebel. 1993. Pinniped research at  

Seal Island during 1992/93. In Antarctic Marine Living Resources 1992/93 Field Season 

 Report. Rosenberg, J. (ed). Administrative Report LJ-93-08. 
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SYMPOSIA / PANELS ORGANIZED 

 

Status of Fishers in the U.S. Rocky Mountains. Idaho Chapter of the Wildlife Society, Coeur 

D’Alene, Idaho. March 13, 2013. 

 

Wildlife genomics: Keeping up with next generation technologies. Co-organized symposium 

with K. Mock. The Wildlife Society 19th Annual Conference, Portland, OR. October 15, 2012. 

 

Delineating wildlife corridors using landscape genetics. Carnivores 2009, Denver, CO. 

November 17, 2009.  

 

Co-organized Western Forest Carnivore Conference. Lead a Wildlife Genetics Section and a 

Marten and Fisher Conservation Section. Western Forest Carnivore Committee, Missoula, MT. 

October 20-22, 2009. 

 

Can noninvasive and nonintrusive methods for wildlife improve our understanding and 

management of wilderness? Co-organized with P. Landres. Rethinking Protected Areas in a 

Changing World –  George Wright Society Biennial Conference on Parks, Protected Areas, and 

Cultural Sites. Portland, OR. March 2-5, 2009. 

 

Genetic Monitoring Symposium. Co-organized with G. Spong. International Union of Game 

Biologists XXVIII Congress, Uppsala, Sweden. August 13-18, 2007. 

 

Carnivore Genetics Symposium. Co-organized with L.F. Ruggiero. Defenders of Wildlife: 

Carnivore 2004, Santa Fe, NM. November 2004. 

 

Hybridization of threatened and endangered species. Co-organized with S. Haig. Society of 

Conservation Biology 2004, Columbia University, NY. August 2004. 

 

WORKSHOPS LEAD 

 

Validation of Corridor Models Co-lead a workshop in association with the Western Governors 

Association and Connectivity Working Group focusing on how to use empirical data to 

validate GIS based corridor models. Missoula, MT. January 23-24, 2012. 

 

Rocky Mountain Fisher Working Group 1 day workshop for agency, tribal, industry, 

academic, and environmental biologists concerned about the geographic distribution of 

fisher in the Rockies. Forum for coordinating fisher research in the Rocky Mountains. 

Missoula, MT and Plummer, ID. September 2005, December 2006, May 2009, December 

2011.  

 

Landscape Genetics Workshop in a Landscape Ecology course for USFS and USFWS 

personnel. Flagstaff, AZ. January 15, 2008-2010. 

 

Fisher Detection Workshop I was invited to present approximately 1 – 1 ½ days of workshop 

material on the detection of fisher using non-invasive methods and the genetic tools used 

to assess species and individual identification. I delivered 3 talks titled: Mesocarnivore 

A-119 



C.V.: Michael K. Schwartz, Ph.D. 

 

 
 24 

Genetics, DNA analysis, and Sampling Devices and Schemes. Arcata, CA. May 2007.  

 

A Sample of Wildlife Sampling including Genetic Sampling Half day workshop for USFS 

Region 4 Biologists co-lead with K.S. McKelvey. Logan, UT. December 2004.   

 

Sampling and Sample Design for Wildlife Biologists 1 day symposium for USFS-Northern 

Region Biologists co-lead with K.S. McKelvey and S.A. Cushman. Missoula, MT. 

December 2003.  

 

INVITED SEMINARS (NATIONAL AND INTERNATIONAL) 

 

Can we predict genetic responses to climate change.  The Wildlife Society Annual Meeting,  

(Symposium on adaptation to climate change.) Winnipeg, Manitoba, CA.  October 18, 

2015 

 

Genetic considerations for the recovery of lynx: substructure and hybridization.  USFWS Lynx 

Species Status Assessment. Minneapolis, MN October 13-14 2015. 

 

Is Genomics living up to its promise for Conservation Biology and Wildlife Management?  

Conservation Genomics Course.  Flathead Lake Biological Station.  September 2015. 

 

Western white pine, mixed mesic forests, fisher, and climate change. Wildlife and Silviculture 

Annual Meeting, Missoula, MT. April 2015.   

 

A synthesis of genetic monitoring.  Society for Conservation Biology North American Meeting. 

Missoula, MT. July 2014. 

 

Ecological causes and genetic consequences of introgression. LIFE Sponsored Hybridization in 

Wolves Workshop, Grosetto, Italy. November 2-4, 2014. 

 

 

Wilderness and wildlife: A framework. Co-lead with B. Hahn and B. Hossack. Wilderness Act 

50th Anniversary Conference, Albuquerque, NM. September 2014. 

 

Genomics and real world applications. European Science Foundation ConGenomics Workshop, 

Wiks Slott, Sweden. March 19, 2014. 

 

Will genomics help us manage wildlife populations: is more always better? Co-lead with G.H. 

Luikart and F.W. Allendorf. Idaho Wildlife Society Plenary Symposium. Boise, ID. 

March 5, 2014. 

 

The conservation of connectivity for wolverine based on landscape genetic results. Colorado 

Wildlife Society, Ft. Collins, CO. February 5, 2014. 

 

Landscape genetics, climate change, and the conservation of connectivity in the U.S. Rocky 

Mountains. Hawaii Institute of Marine Biology, Coconut Island, HI. February 29, 2014. 
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Wolverines and climate change in the high divide and northern Rocky Mountains. Co-lead with 

K.S. McKelvey. Carnivores, connectivity, and climate in the high divide: Science to 

move conservation forward in Northern Rocky Mountain Ecosystems, Three Forks, MT. 

January 9, 2014. 

 

Connectivity science for wolverines in the high divide and northern U.S. Rockies. Co-lead with 

K.S. McKelvey and J.P. Copeland. Carnivores, connectivity, and climate in the high 

divide: Science to move conservation forward in northern Rocky Mountain ecosystems, 

Three Forks, MT. January 8, 2014. 

 

Landscape genetics in the management and conservation of sage grouse. Co-lead with T.B. 

Cross. Montana Governor’s Council and Wildlife, Helena, MT. September 3, 2013.  

 

Fishers in white pine ecosystems. Co-lead with multiple scientists. Region 1 Joint Silviculture 

and Wildlife Meetings, Clearwater-Nez Pierce Forest, Powell Ranger Station, ID. July 9, 

2013. 

 

New research findings on fishers (Pekania pennanti) in the northern Rocky Mountains and west 

coast DPS. Defenders of Wildlife, Washington D.C. June 3, 2013. 

 

Plenary address: Range margins in a rapidly changing world. Co-lead with F.W. Allendorf. 

Canadian Society for Ecology and Evolution, Kelowna, B.C., Canada. May 15, 2013.  

 

Landscape genetics of fishers. Co-lead with multiple scientists. Idaho Wildlife Society, Boise, ID. 

March 13, 2013. 

 

The use of new genomic techniques to manage species of conservation interest. Co-lead with 

multiple scientists. The Wildlife Society Meetings Transformative Research Symposium. 

Portland, OR. October 17, 2012. 

 

Recovery of carnivores in the western United States: The role of molecular genetics and 

genomics. Cornell University, Ithaca, NY. September 25, 2012. 

 

Cougars expand east from a contemporary eastern refugia: Implications for connectivity model 

validation. Webinar: USFS R&D, Washington D.C. May 22, 2012. 

 

Cougars expand east from a contemporary eastern refugia. Marlboro College, Marlboro, 

Vermont. April 10, 2012. 

 

Genomic information reveals threatened species isolated before European settlement: 

Implications for reintroduction efforts. Co-lead with B. Knaus, A. Liston, K.L. Pilgrim, 

and R. Cronn. Conservation Genomic Symposium Society for Conservation Biology 25th 

International Congress for Conservation Biology, Auckland, New Zealand. December 9, 

2011. 

 

Genomics provides new insights for managing endangered species: Fisher in the Rocky 

Mountains and lynx in Switzerland. Co-lead with J. Tucker. International Exploratory 
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Workshop on the Genetic Status and Conservation Management of Reintroduced and 

Small Autochthonous Eurasian Lynx Populations in Europe, Saanen, Switzerland. 

October 24-27 2011. 

 

Genetic monitoring of terrestrial and marine vertebrates: Successes and failures of the molecular 

genetic approach to cost-effective monitoring. Keynote Speaker. 19th Biennial 

Conference on the Biology of Marine Mammals, Tampa Bay, FL. November 27, 2011. 

 

Coordinated efforts needed to detect trend in occupancy in wolverine across the western United 

States. Co-lead with M.M. Ellis and J. Ivan. Video Teleconference for Wolverine Steering 

Committee. September 1, 2011. 

 

Multiple scales and objectives of landscape connectivity. Co-lead with K.S. McKelvey and F.W. 

Allendorf. Great Northern Landscape Conservation Cooperative Steering Committee 

Meeting, Whitefish, MT. September 22, 2011. 

 

Habitat connectivity: Everybody’s doing it, but everybody’s doing it differently: The who, what, 

where, why and how of wildlife connectivity. Co-lead with K.S. McKelvey and F.W. 

Allendorf. Federal Land Managers Workshop, Missoula, MT. September 8, 2011. 

 

The beguiling reality of genotypic errors and toilsome process of their detection: How genotype 

reliability affects substructure, relatedness, and abundance estimates. Smithsonian 

Institution, Front Royal, VA. May 25, 2011, 2013. All Day Talk. 

 

Conservation genetics I: Introduction to molecular markers and sampling for monitoring natural 

populations. Workshop on applications of genetic data to ecological and evolutionary 

biology. University of San Francisco, Quito, Ecuador. February 8-9, 2011. 

 

Conservation genetics II: Population connectivity. Workshop on applications of genetic data to 

ecological and evolutionary biology. University of San Francisco, Quito, Ecuador. 

February 8-9, 2011. 

 

Fisher in the Rocky Mountains: A research and monitoring update. USFS Region 1 Wildlife 

Council, Missoula, MT. December 9, 2010. 

 

Wolverine monitoring: Putting power estimates behind the methods. Co-lead with J. Ivan and 

M.M. Ellis. Region 1 Wildlife Council, Missoula, MT. December 9, 2010. 

 

Assisted migration and corridors: Two adaptation strategies for wildlife in an era of climate 

change. Co-lead with K.S. McKelvey. Lewis and Clark National Forest and Helena 

National Forest, MT. December 7, 2010. 

 

Evaluating the climate change adaptation strategies of connectivity and assisted migration. Co-

lead with multiple scientists. NFS and USFS Research WO, Washington D.C. August 24-

25, 2010.  

 

Genetic monitoring of a recovering wolf population in the Alps. Co-lead with F. Marucco, K.L. 
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Pilgrim, and L. Boitani. Wolves, people, and territories: European wolf management, 

conservation, monitoring, damage prevention, and conflict mitigation, Turin, Italy. May 

24-26, 2010. 

 

Assisted migration of plant and animals: We account for uncertainty to predict species 

distributions? Co-lead with K.S. McKelvey and S.Z. Dobrowski. Climate Change 

Science Talks, Lewis and Clark National Forest and Helena National Forest, Helena 

Forest Supervisor’s Office. January 20, 2010. 

 

Martes conservation genetics: Using molecular genetics to assess within species movements, 

barriers, and corridors. Co-lead with A. Ruiz-Gonzalez, R. Masuda, and C. Pertoldi. 5th 

International Martes Meeting, Seattle, WA. September 2009. Invited Talk. 

 

Lolo Pass carnivores studies: What have we learned about animal movement relative to 

transportation corridors? Co-lead with multiple scientists. Idaho Transportation 

Department Project Development Conference, Boise, ID. April 8, 2009. 

 

How well do effective population size estimators reflect changes in abundance?: Results from 

Wright-Fisher and spatially structured populations. Co-lead with NCEAS Working 

Group. International Marine Conservation Congress Effective Population Size 

Symposium, Washington D.C. May 21 2009. 

 

Using landscape genetics to understand carnivore connectivity in the northern U.S. Rocky 

Mountains. Biology Seminar Series, Northern Arizona University, Flagstaff, AZ. 

December 4, 2008. 

 

Detecting genotyping and scoring errors for population estimation. Conservation Genetic Data 

Analysis Course, Vairo, Portugal. September 12, 2008. 

 

La metodologia di laboratorio per le analisi genetiche non-invasive (Laboratory methods for 

analyzing non-invasive genetics). Piedmont Region Natural Science Museum, Turin, 

Italy. June 25, 2008. This talk was fully funded and discussed ongoing collaborative 

research with the European Union wolf recovery programs. 

 

Detecting (and correcting) genetic errors for the management of natural populations. Piedmont 

Region Natural Science Museum, Turin, Italy. June 25, 2008. This talk was fully funded 

and discussed ongoing collaborative research with the European Union wolf recovery 

programs. 

 

Climate change and mammals in Montana. Co-lead with multiple scientists. Climate Change 

Workshop, Missoula, MT. February 2008. Invitation to Schwartz, but talk delivered by 

K.S. McKelvey. 

 

Wolverine movement in Montana defined by a narrow habitat niche. Montana Wildlife Society 

Meetings, Missoula, MT. February 2008. 

 

Landscape genetics and endangered species. Evolutionary Biology Seminar Series, Uppsala 
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University, Sweden. February 7, 2008. 

 

Genetic monitoring of carnivores. Grimso Biological Field Station, Sweden. February 4, 2008. 

 

Testing early naturalist’s observations using ancient DNA. Ecology Seminar Series, University 

of Montana, Missoula, MT. November 7, 2007. 

 

Applying landscape genetic approaches to aide in the conservation and management of species. 

Department of Ecology, Evolution, and Organismal Biology, Iowa State University, 

Ames, Iowa. October 18-19, 2007. 

 

Detecting errors. Conservation Genetics Data Analysis Course, Flathead Lake Biological 

Station, Yellow Bay, MT. September 11-16, 2007. 

 

Genetic monitoring: A cost-effective approach to determining trends in species abundance and 

demography. Co-lead with G.H. Luikart. International Union of Game Biologists XXVIII 

Congress, Uppsala, Sweden. August 13-18, 2007. 

 

Fisher conservation in the northern U.S. Rockies: Combining genetics and field biology to assess 

distribution, connectivity, and demography. Center for Research on Invasive Species and 

Small Populations, University of Idaho, Moscow, ID. May 4 2007. 

 

Wildlife genetics: Estimating the distribution, population size, and connectivity of carnivore 

populations. USFS Skills for Tree Improvement Workshop, Coeur D’Alene, ID. March 

14, 2007. 

 

Monitoring abundance using molecular markers and non-invasive genetic sampling. 

Conservation Genetics Data Analysis Course: Recent Approaches, Porto, Portugal. 

August 30-September 2, 2006. 

 

Landscape genetics reveals wildlife corridors. Co-lead with S.A. Cushman and K.S. McKelvey. 

The Wildlife Society. Anchorage, AK. September 25, 2006.   

 

 

Use of landscape genetics to evaluate barriers to movement in black bears in North Idaho. Co-

lead with S.A. Cushman and K.S. McKelvey. Ecological Society of America, Nashville, 

TN. August 9, 2006.  

 

Hybridization between lynx and bobcats: Management implications and scientific findings. Co-

lead with McKelvey. New York Chapter of The Wildlife Society, Brookhaven, NY. March 

28, 2006.  

 

Conservation genetics of marten and fisher: What we know and what we have to learn. Co-lead 

with K.S. McKelvey and L.F. Ruggiero. Symposium Preceding Western Section of The 

Wildlife Society, Sacramento, CA. February 7, 2006.  

 

Guidelines on the use of molecular genetics for reintroductions. European Union LIFE Nature 
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Symposium on Reintroductions, Caramanico, Italy. March 21, 2005. 

 

An overview of wildlife genetics. US Forest Service’s National Genetics Meeting, Placerville 

CA. April 27, 2004. 

 

How molecular genetic technology can assist forest service management. USDA Seminar Series, 

Washington D.C. June 22, 2004. 

  

Combining field and genetics data for managing western forest carnivores. Co-lead with multiple 

scientists. Biology Seminar Series, Colby College, Waterville, ME. April 2003. 

 

Estimating gene flow and effective population size for ecology and wildlife biology. Co-lead 

with multiple scientists. NW Section Wildlife Society, Hood River, OR. April 16, 2002. 

  

Gaining new insights into Canada lynx management using DNA.  Co-lead with multiple 

scientists. Montana Wildlife Society Meetings, Great Falls, MT. February 28-March 2, 

2001. 

 

Using DNA-based census and effective population size estimators with wild populations. Co-

lead with multiple scientists. Swiss Wildlife Society Monitoring Conference, Zurich, 

Switzerland. February 3, 2000. 

 

Using non-invasive genetic sampling to estimate geographic range and population size of Canada 

lynx. Co-lead with multiple scientists. Swiss Wildlife Society Monitoring Conference, 

Zurich, Switzerland. February 3, 2000. 

 

OFFERED PRESENTATIONS 

 

Spatially explicit power analyses to assess the power to detect trend for the southern Sierra 

Nevada fisher population.  The Wildlife Society.  Winnipeg, Manitoba, Canada. October 

20, 2015.   

 

Evaluating carnivore connectivity and corridors for conservation planning in the northern U.S. 

Rocky Mountains: A landscape genetics perspective. Western Section of the Wildlife 

Society, Sacramento, CA. January 23, 2009. 

 

Should an “umbrella corridor” concept be used for landscape planning?: Empirical results from 

Rocky Mountain carnivores. Montana Chapter of the Society for Conservation Biology: 

Applying Conservation Science to Action Conference. Missoula, MT. October 10, 2008. 

 

Monitoring genetic change in natural populations. Ecological Society of Australia, Perth, 

Western Australia, Australia. November 25-30, 2007. Presentation by F.W. Allendorf. 

 

Assessing fisher distribution and connectivity in the U.S. Rocky Mountains using non-invasive 

genetic sampling. Montana Chapter of the Wildlife Society, Bozeman, MT. February 6-9, 

2007. 
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Hybridization in carnivores: What we know and what we have to learn. Carnivores 2004, Santa 

Fe, NM. November 14-17, 2004. 

 

Hybridization in threatened and endangered species: An overview. Society for Conservation 

Biology, Columbia University, NY. August 1-3, 2004. 

 

Carnivores and highways: An overview of the Lolo Pass projects. Western Forest Carnivore 

Meetings, Spokane, WA. May 1-2, 2002.  

 

Combining genetic and demographic data to understand lynx population dynamics. NW Section 

of The Wildlife Society, Spokane, WA. April 17-19, 2002.  

 

Wolverine research in the U.S. Rocky Mountains. Society for Northwestern Vertebrate Biology, 

Hood River, OR. April 3-5, 2002.  

 

Genetic variation and the conservation of Canada lynx. Society for Conservation Biology Annual 

Meeting, Hilo, HI. July 29-Aug 2, 2001.  

 

Gene flow, genetic variation, and ESUs for Canada lynx. Defenders of Wildlife Carnivore  

Symposium, Denver, CO. November 17, 2000.  

 

Genetic variation in and gene flow between San Joaquin kit fox populations. Ecological Society 

of America Annual Meeting, Snowbird,UT. August 5-10, 2000.  

 

Genetic variation in core and peripheral populations of Canada lynx (Lynx canadensis). Society  

for Conservation Biology Annual Meeting, Missoula, MT. June 9-12, 2000. 

 

Estimating population size and genetic variation in Canada lynx (Lynx canadensis) populations  

using microsatellite DNA. Western Forest Carnivore Meetings, Whitefish, MT. May 2, 

2000. 
 

DNA-based estimates of genetic variation, gene flow and population size of San Joaquin kit fox. 

San Joaquin Valley Wildlife Society Meetings, Bakersfield, CA. March 24, 2000. 

 

Estimating census and effective population size: What's new, what works, and what doesn't.   

Montana Wildlife Society Meetings, Great Falls, MT. February 22-24, 2000. 

 

Sustainable versus unsustainable conservation efforts along the Peruvian Coast.  

Montana Wildlife Society Meetings, Missoula, MT. March 1997. 

 

Humboldt penguin extra-pair mating: A selective advantage or a random occurrence.  

 Department of Zoological Research, Smithsonian Institution, National Zoological Park,  

Washington D.C. August 16 1996. 
 

Evidence of mixed mating strategies in the Humboldt penguin. Graduate Student Conference.  

College of Arts and Sciences, American University, Washington D.C. February 1996.
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TALKS FOR GENERAL PUBLIC 

 

Wolverines: Myths and truths. UM Chapter of SCB / Defenders of Wildlife event at the Roxy 

Theater, Missoula, MT. April 9, 2013. 

 

Wildlife connectivity in the era of climate change. Montana Natural History Center, Missoula, 

MT. December 8, 2010. Missoula, MT. 

 

The state of wolverine genetics: What we know and where do we go from here. The Wolverine 

Foundation, Puyallup, WA. June 27, 2010. 

 

Wildlife CSI. Montana Natural History Center, Missoula, MT. November 5, 2008.  

 

Wild fisher: A forgotten species. Montana Natural History Center, Missoula, MT. April 30, 

2008.  

 

Conservation genetics of fisher and other forest species. Bitterroot Audubon, Hamilton, MT. 

February 2007. 

 

Conservation genetics of birds and other wildlife. Five Valley Audubon Society, Missoula, MT. 

August 2005. 

 

Panel for the reintroduction of the grizzly bear into the Bitterroot Ecosystem. Sponsored by the 

International Wildlife Film Festival, Teller Wildlife Refuge, Stevensville, MT. 1997.  

 

Understanding population viability analysis with regard to reintroduction of the grizzly bear into 

the Bitterroot Ecosystem. Sponsored by the Alliance for the Wild Rockies. September 

1997. 

 

INVITED CLASS TALKS 

 

 Agency research leads to effective conservation. Senior capstone in Wildlife Biology, College of 

Forestry and Conservation, University of Montana, Missoula, MT. April 2015. 

 

 Landscape ecology and genetics in practice. Landscape Ecology, Lead field trip to Clearwater 

Lake/Flathead Lake Biological Station, Yellow Bay, MT. June 2013, 2014. 

 

Landscape ecology meets genetics. Foundations of Landscape Ecology, College of Forestry and 

Conservation, University of Montana, Missoula, MT. May 7, 2013. 

 

Common sampling mistakes in conservation genetics. Research Design, Wildlife Biology 

Program, University of Montana, Missoula, MT. November 2, 2012. 

 

Use of molecular genetics to inform management decisions under the National Forest 

Management Act and the Endangered Species Act. Conservation of Wildlife Populations 

/ Population Dynamics, Wildlife Biology Program, University of Montana, Missoula, 

MT. September 7, 2012. 
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Ran a field sampling lab on non-invasive genetic sampling, followed by an afternoon in the 

laboratory. Foundations of Wildlife Biology, Wildlife Biology Program, University of 

Montana, Missoula, MT. February 21-23, 2012. 

 

The role of agencies in providing scientific information for land management decisions. 

Conservation Biology, Flathead Lake Biological Station, Yellow Bay, MT. July 29, 2010, 

July 22, 2011. 

 

Genetics and Wildlife Management. USFS Carnivore Class, Yellowstone National Park, WY. 

May 2003, 2005, June 2006-2013. 

 

Spatial Genetics. Ecology, Division of Biological Sciences, University of Montana, Missoula, 

MT. October 2009.  

 

Effects of sampling on population genetic results. Research Design, Wildlife Biology Program, 

University of Montana, Missoula, MT. April 20, 2009. 

 

Graph theory and networks: New tools for landscape genetics. Advanced Population Genetics, 

Division of Biological Sciences, University of Montana, Missoula, MT. April 14, 2009. 

 

Discussion on landscape genetics and sampling issues. Beier Lab Group Meeting, School of 

Forestry, Northern Arizona University, Flagstaff, AZ. December 4, 2008 

 

Gene flow in ecological genetics: The good, the bad, and the ugly? Ecology, Division of 

Biological Sciences, University of Montana, MT. October 2008. 

 

Wildlife genetics. Introductory Biology, Division of Biological Sciences, University of Montana, 

Missoula, MT. April 21, 2008. 

 

Spatial genetics. Landscape Ecology, Lolo National Forest, Missoula, MT. August 2007, 

January/July 2008, January 2009. 

 

Do we need to worry about sampling when evaluating gene flow? Evolution and Organismal 

Wildlife Lunch Seminar, Department of Ecology, Iowa State University, Iowa City, IA. 

October 19, 2008. 

 

Forest management, sensitive species, and DNA. School of Forestry, University of Montana, 

Missoula, MT. March 2007. 

 

Fisher detectability, presence, and absence. USFS Regional Training Academy, Missoula, MT. 

March 29, 2007. 

 

How sampling influences genetic substructure results: an evaluation of program STRUCTURE. 

Division of Biological Sciences, University of Montana, Missoula, MT. February 2007. 

 

Genetic monitoring of wildlife. USFS Regional Training Academy, Missoula, MT. March 30, 
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2006, March 29, 2007. 

 

History of research in the USFS. Conservation Ecology, Flathead Lake Summer Course, Big 

Fork Ranger Station, Hungry Horse, MT. August 2006. 

 

Use of landscape genetics for evaluating management options. Division of Biological Sciences, 

University of Montana, MT. February 2006. 

 

What is valid data for estimating species distributions? Ecology, Yellow Bay Biological Station, 

Yellow Bay, MT. July 2005. 

 

Estimating gene flow and effective population size for ecology and wildlife biology. Wildlife 

Biology , University of Montana, Missoula, MT. March 2005. 

 

Detecting movement in carnivores using new technology. Environmental Studies, University of 

Montana, Missoula, MT. September 2004.  

 

Conducting science for land management. Conservation Ecology, Yellow Bay Biological 

Station, Yellow Bay, MT. August 2004.  

 

Does hunting effect the genetics and ecology of bighorn sheep? Graduate Wildlife Science, 

University of Montana, Missoula, MT. January 2004.  

 

Combining conservation and conservation biology: A case study of the Lynx. Conservation 

Genetics, University of Montana, Missoula, MT. December 2003.  

 

Detecting carnivores. Conservation Ecology, Flathead Lake Biological Station, Yellow Bay, MT. 

July 2003. 

 

The use of genetics in population viability analysis. Conservation Genetics, University of 

Montana, Missoula, MT. November 2001 – 2011. 

 

Bottlenecks I: Causes and effects. Advanced Population Genetics, University of Montana, 

Missoula, MT. March 2003. 

 

 

Bottlenecks II: New detection techniques. Advanced Population Genetics, University of 

Montana, Missoula, MT. March 2003. 

 

A case study: El Nino and marine life along the coast of Peru – an example of environmental 

stochasticity. Evolution (Biology), American University, Washington D.C. April 1996. 

 

 

SIGNIFICANT CONSULTATIONS / PRESENTATIONS (See Also Workshops) 

 

USFWS Lynx Species Status Assessment.  Served as an expert presenter for the USFWS at a 

multi-state / multi-agency species status assessment.  My role was to advise on lynx 

A-129 



C.V.: Michael K. Schwartz, Ph.D. 

 

 
 34 

genetics and genomics. October 13-14, 2015. 

 

USFWS West Coast DPS Fisher Peer Reviewer  Served as a peer reviewer for the UFSWS 

decision to list one or multiple DPS units on the West Coast for fishers.  January 2015.  

 

USFWS Sage Grouse DPS and Management Unit Assessment.  Attended a multiday meeting 

to assess if Distinct Population Segments exist for Sage Grouse, and what activities could 

be used to maintain connectivity with a DPS.  September 2014. 

 

USFS Multi-Carnivore Monitoring Strategy   I have lead a group to devise a comprehensive 

Region 1 carnivore monitoring strategy.   This group is R1 Wildlife leadership members, 

RMRS scientists, and USFWS listing coordinators and is focused on lynx, wolverines, 

and fishers.  2014-2015 

 

Montana Fish Wildlife and Parks  I was requested to participate in a small 4 person working 

group to find ways to improve relationships and reduce conflict between the US Forest 

Service and the State of Montana’s Fish Wildlife and Parks.  June 2014-May 2015.  

  

Rocky Mountain Research Station Leadership  Assigned to a restructuring team to evaluate 

ways to improve station efficiency.  June – Sept 2014 

 

USFWS Lynx Substructure.  Consulted with USFWS on latest information on lynx 

substructure on both the East Coast and the Rocky Mountains.  April 2014. 

 

USFS Region 1 Fisher Assessment  Provided scientific guidance towards Region 1 of the 

USFS’ species assessment and conservation plan for the fisher.  2013-2014. 

 

USFS Region 1 Fisher NEPA Studies Served as a scientific advisor to Region 1 of the USFS 

on several administrative studies to understand how fishers use dry forests and rare forest 

types. I consulted on how to design a study and how to interpret results from ongoing 

fisher research at RMRS. Meeting biweekly. 2012 – 2013.  

 

Congressman Daines Staffer  Consulted and provided tour for staffer at Congressman Daines 

office on opportunities to develop a genomics facility and its benefits to conservation and 

management. June 25, 2013. 

 

USFWS Wolverine Monitoring Consulted with USFWS on monitoring issues associated with 

designing a large-scale genetic monitoring program for wolverines. April 25, 2013. 

 

Idaho Wolverine Substructure Consulted with Idaho Fish and Game on genetic issues 

associated with substructure of Idaho wolverines. April 25, 2013.  

 

Managed Relocation Consulted with the USFS National Program Leader in Genetics and 

Global Change Research on best management practices for managed reloction. March 13-

2013 – Present. 

 

California Black-backed Woodpecker Listing Decision I worked with scientists from the 
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California Department of Fish and Wildlife and The Institute for Bird Populations to 

understand if the California black-backed woodpeckers are contiguous with the Oregon 

populations as this species has recently been proposed for listing under the US 

Endangered Species Act. December – June 2013. 

 

Peer Reviewer for Wolverine Listing Decisions Was formally asked by USFWS to review 

their listing decision to list the northern Rocky Mountain population of wolverines and 

their decision to initiate a reintroduction of the species into Colorado. April – May 2013. 

 

Clearwater / Nez Pierce National Forest Carnivore Monitoring Worked with forest biologists 

to design a joint monitoring program for fishers, lynx, and wolverine. December 19,2012, 

January 18/April 2013. 

 

Humboldt Marten Conservation Group I presented genomic data on the subspecies status of 

the Humboldt marten and other subspecies of marten to help determine the validity of 

ESA listing status. October 30, 2012. 

 

Wolverine and Lynx Biology Team I presented research findings and consulted with team 

members to demonstrate the power and efficacy of various monitoring efforts to detect 

trends in carnivore population decline and recovery. October 25, 2012. 

 

Olympic National Park Fisher Reintroduction We are helping USGS and NPS design a 

monitoring study to examine the success of fishers in Olympic National Park. Multiple 

meetings. 2011 – 2013. 

 

Wolverine Biology Team I presented our first round of statistical power modeling results to the 

Wolverine Biology Team. These data show the effort required across agencies and NGOs 

to actually detect trend in wolverine populations over time. September 1, 2011. 

 

Fisher Genomic Data I met with biologists, managers, and policy makers in the Sierra Nevada 

to discuss the implications of our recent findings on ESA listing decisions. See Knaus et 

al. 2011. June 27, 2011. 

 

Fisher Habitat Use Multiple consultations with rangers and forest personnel concerning 

management of forest units and how these landscape altering actions may influence 

threatened fisher populations. Bitterroot National Forest – April 29, 2011, Flathead 

National Forest – January 31, 2011. 

 

Large Scale Landscape Connectivity Multiple consultations with agencies such as Montana 

Fish Wildlife and Parks, USFWS (LCCs), and Northwest Landscape Integrity Group 

(multi-agency group) on interpretation of largescale landscape mapping efforts. August 4, 

2011, September 8/21, 2011, respectively. 

 

National Park Service, Biological Resource Management Division Reviewed a Bison 

Conservation Genetic Workshop Report and Recommendations, which provides options 

for the management of the Department of Interiors bison herds. Additional conference 

calls with the chief of the Biological Resource Management Division and the Endangered 
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Species Program Manager. June – July 2010. 

 

Potlatch Timber Company Consultation with company biologists regarding new fisher genetic 

information and how it may impact future forestry practices. Idaho. June 21, 2010. 

 

USFS Washington Office of Planning (NFS). Consultation regarding the use of genetics in the 

new planning rule. May 10, 2010. 

 

Penobscot Indian Nation and USFWS. Consultation on the species of canids (grey wolf, 

eastern wolf, coyote) found in Maine. December 11, 2009. 

 

National Wildlife Federation, Northern Rockies Regional Center Consultation with sage 

steppe coordinator at NWF office regarding sharp tailed grouse genetics data and the 

delineation of subspecies boundaries. Missoula, MT. December 1, 2009. 

 

Chief of the USFS Review, Northern Region. Presentation and panel: Challenges and 

opportunities in sustaining forest and grassland health. Whitefish, MT. November 2, 

2009. 

 

Aldo Leopold Wilderness Research Institute Participated in a wilderness workshop to help 

determine the direction of the Institute and the future of wilderness research. Missoula, 

MT. April 28-30, 2009. 

 

American Wildlands Provided staff at American Wildlands information on connectivity of 

wolverine and bears and discussed appropriate use of information and how to avoid GIS 

abuses. May 1, 2009. 

 

USFWS, Ecological Services. Reviewed synthesis of wolf taxonomy in the United States, 

including red wolves, eastern wolves, Mexican wolves, great lakes wolves, and grey 

wolves. Consulted with USFWS senior scientists regarding their status and synthesized 

information. May 2009. 

 

Wolverine Biology Team Delivered a presentation on the genetics of wolverine. Missoula, MT. 

October 2. 2007.  

 

USFWS, Listing Branch Gave a presentation on the genetics, ESUs, and effective population 

size of wolverine in the contiguous United States. Consultation continued until 

September 2010. Missoula, MT. September 19, 2007.  

 

Department of Justice Expert witness presenting DNA statistical data for a federal court case 

involving poaching of lynx in Duluth, MN. August 21, 2007. 

 

USFWS, Division of Scientific Authority for CITES Consultation on how hybridization of 

lynx and bobcats and the similarity of appearance between these species should impact 

the US position on delisting bobcats from CITES. May 10, 2007. 

 

USFS, Washington Office Reviewing the proposed removal of bobcats from CITES. January – 
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March 2007. 

 

Coeur D’Alene Tribes Coordinating fisher surveys in the Rocky Mountains. December 8, 2006.  

 

Department of Interior Genetics and taxonomy of endangered species workshop. May 23-24, 

2005. 

 

USFS National Wildlife Strategic Monitoring Steering Committee January – September  

2004. 

 

USFS Region 10 Joint USFS and Fish and Game Seminar. Genetic technology and capabilities 

for estimating abundance of sitka black-tail deer. April 2004. 

 

USFWS  What can DNA provide for management. Juneau, AK. April 2004. 

 

USFS Region 1 Workshop on forest carnivore biology. Carnivore genetics: Implications for 

management and conservation. May 2003. 

 

Watershed, Wildlife, Fisheries, and Rare Plants, USFS, Northern Region Wildlife genetics: 

Providing new information to old problems. June 2003. 

 

Rocky Mountain Research Station Leadership Team Wildlife Genetics in RWU 4201. July 

2003. 

IDT, USFWS, and USFS Lolo Pass partner’s meeting. Overview and Updates on Lolo Pass 

Research Projects. July 2003. 

 

USFS Regional wildlife leaders meeting. The use of genetics for Forest Service Research. July 

2003. 

 

USGS Meeting on procedures for estimating population size of grizzly bears in the Northern 

Continental Divide Ecosystem. Recommendations for laboratory processes. September 

2002. 

 

USFS, Northern Region RIM board. Genetic approaches to monitoring and population 

viability. December 2002. 

 

USFS, Northern Region RIM board. New approaches to predator viability in the Rocky 

Mountain west. December 2001. 

 

CONFERENCE POSTERS 

 

Leopard seal hunting behavior. Co-lead with L.M. Hiruki and P.L. Boveng. Eleventh 

 Biennial Conference on the Biology of Marine Mammals, Orlando, FL. 1995.  

 

Male harbor seal visual and acoustic underwater displays. Co-lead with D.J. Boness and B.  

Buhleier. Eleventh Biennial Conference on the Biology of Marine Mammals, Orlando,  

FL. 1995. 
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The effect of leopard seal predation upon Antarctic fur seals at Seal Island, Antarctica. Co-lead  

with L.M. Hiruki, P.L. Boveng, and J.L. Bengston. Scientific Committee of 

 Antarctic Research Symposium on Biology, Venice, Italy. 1994.  

 

Breeding success and morphological variability of cape petrels on Seal Island, Antarctica. Co- 

lead with J.L. Bengston. Scientific Committee of Antarctic Research Symposium  

on Biology, Venice, Italy. 1994.  

 

RESEARCH FEATURED IN POPULAR PRESS 

 This Week's eWildlifer & TWS Talks. Talk:“Can we predict genetic adaptation to climate 

change” October 13, 2016 

 Science You Can Use (RMRS Bulletin). Sept/Oct.   

 Missoulian. Missoula scientists’ wildlife DNA work tops global ranking.  January 18, 2016 

 Lewiston Tribune, Missoulian, Helena Air. Study holds out hope for cutthroat trout. January 

20, 2016 

 Helena Independent Record. We all have a responsibility: biologists launch unprecedented 

multistate wolverine study.  January 14, 2016. 

 Billings Gazette, Missoulian, Helena Independent Record. Scientists try to coordinate rare 

carnivore research.  December 26, 2015. 

 Montana Magazine. Wonders of the wild.  Nov/Dec 2015 

 Quartz News Digest. Superwolves, new butterflies, and all the hybrid species evolving before 

our eyes. June 4, 2015. 

 KPAX-TV. Missoula lab revolutionizing use of DNA in animal studies. March 30, 2015. 

 Billings Gazette, Missoulian, U.S. Forest Service: New Missoula lab uses DNA to expose 

hidden wildlife.  March 3, 2015. 

 LA Times, California’s only known wolverine nearing end of his natural life. January 16, 

2015. 

 Huffington Post, AP, ABCNews. California’s only wolverine spotted in Sierra Nevada.  

January 10, 2015. 

 On Earth, Forging a new path. September 2014. 

http://www.onearth.org/articles/2014/09/designing-wildlife-corridors-how-to-build-a-better-

mouse-trap 

 Montana Outdoors, Reading an animal’s “fingerprints”.  March-April, 2014. 

 Reuters / NBC, New species of ugly, big-headed fish found in Idaho and Montana. January 

30, 2014 

 Spokesman Review, Cedar sculpin fish species discovered in region’s streams. January 30, 

2014 

 Missoulian / KPAX TV, Study finds twice as many mountain lions in Bitterroot as expected. 

January 9, 2014 

 LA Times, Furry fishers, don’t blame the gold rush. March 8, 2013 

 National Wildlife, On the trail of the ghost cat.  March 2013 

 High Country News, Wildlife Biology Goes High-Tech, December 27, 2012. 

 Adirondack Daily Enterprise, April 21, 2012. Moose genealogy. 
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 Inside Science / US News and World Report, January 19, 2012. Designing Wildlife Corridors 

in the Digital Age  

 Science News, August 27, 2011. Genes, sightings, retrace path of cougar’s journey. 

 CBS News. Tale of Wandering Cougar Seen as Harbinger, July 29, 2011.  

 Live Science, July 29, 2011. Cougar’s record-breaking trek reveals larger trend. 

 National Public Radio, July 27, 2011. Connecticut mountain lion likely came from the Black 

Hills 

 New York Times, July 26, 2011. Wild cougar traveled east 1,500 miles, tests find. 

 Land Letter, April 28, 2011. “Scientists probe genetic component of climate-hardy species.” 

 Montana Magazine, March/April 2011. “Protecting a predator.”  

 The Missoulian, February 24, 2011. “Biologists hunt for fisher hair in Fish Creek” 

 The Sacramento Bee, Feb. 20, 2011. “Lone wolverine continues to roam Sierra” 

 Big Ideas for a Small Planet (Sundance Channel) October 2009. – Detector dogs. 

 The Missoulian, April 10 2009. “Super sniffers - Group trains canines to pinpoint scat, snails 

- even noxious weeds “ 

 The New York Times, March 2009. “Tools That Leave Wildlife Unbothered Widen Research 

Horizons”  

 Chicago Wilderness Magazine, Summer 2008. “Cougar Killed in Chicago”  

 Bloomberg News, May 14, 2008. “Wolverines Return to California, Scaring Bears, Mountain 

Lions”  

 Chicago Tribune, April 30, 2008. “Scientists clamor to study cougar shot in Chicago”  

 Wichita Eagle, April 18, 2008. “Cougar killed in Chicago may be from S. Dakota”  

 Sioux Falls Argus Leader, April 17, 2008. “Likely Black Hills cat shot in Chicago”  

 Washington Post, April 16, 2008. “Young, Restless Cougars Roaming Eastward”  

 Redding Record Searchlight, April 13, 2008. “Scientist: Wolverine seen in Sierra Nevada 

came from Rockies”  

 San Francisco Chronicle. April 3, 2008. “Scientists: Tahoe Wolverine not from state”. Story 

also covered by Sacramento Bee, Sierra Sun (Truckee CA), KNCO Radio, and Redding 

Record Searchlight. 

 Defenders. Summer 2007. “Quest for a forest phantom.” 

 Coloradoan. May 7, 2007. “Why are bighorn sheep struggling in Rocky Mountain National 

Park.”  

 Casper Star Tribune. January 29, 2007. “Decade long cougar study nears end” 

 Great Falls Tribune. Jan 18, 2007. “Lion lessons” 

 Great Falls Tribune. Jan 18, 2007. “Follow that cat!” 

 Horizon Air Magazine. July 2006. “Fascinating Fishers.” 

 Woods-N-Water Magazine.  May 2006. DNA analysis from the Michigan Thumb Wolverine. 

 Missoulian. June 14, 2005. “Missoula researcher honored as top young scientist.” 

 New Scientist. November 10, 2004. “Moas on decline before humans arrived.” 

 Cali. Acad. of Sci.: California Wild: Nov. 17, 2004. “Moas on decline prior to human 

arrival.” 

 Bangor Daily News. August 28, 2003. “Canada lynx bobcat hybrids confirmed in Maine” 

 Portland Press Herald. August 28, 2003. “A rare, curious hybrid” 

 Duluth News Tribune June 3, 2003. “Cross-breed of bobcat lynx found” 

 Minnesota Public Radio April 24, 2003. “The missing lynx” 
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 CBC North Radio February 6, 2002. Radio Interview 

 Denver Rocky Mnt. News February 2, 2002. “Study shows lynx really get around” (AP Wire) 

 Science News February 2, 2002. “Genetic Lynx”  

 National Geographic News February 2002. “Lynx needs habitat corridor protection, study 

suggests” 

 

PUBLISHED PHOTOGRAPHS 

 

Book Cover (Zielinski 2011) Photo of a fisher. 2011 

Missoulian Fisher (Martes pennanti) photo in April 26 paper. 2010. 

USFS Kids in the Woods Photo Contest Honorable mention. 2009. 

Bluebird Cover photograph spring issue. 2002. 

Science News February 2 issue. 2002. 

Proceedings of the National Academy of Sciences May 8 issue. 2001. 

Ecological Society of America Bulletin Cover photograph January. 1999. 

Bioscience Cover photograph October. 1996. 

General Biology Laboratories Cover photographs (3). 1996. 
 

MEMBERSHIP IN PROFESSIONAL SOCIETIES 

 

 Ecological Society of America 

 Society for Conservation Biology  

 Fauna and Flora International 

 

 

ASSOCIATE EDITOR OR REVIEWER 

 

Associate / Handling Editor 

 Conservation Biology (Handling 

Editor, 2011-present) 

 Marine Mammal Science (Guest 

Associate Editor - 2009-Present) 

 Conservation Genetics (Associate 

Editor, 2006-2012) 

 North Eastern Naturalist (Guest 

Associate Editor in 2008) 

 

Reviewer 

 National Science Foundation 

 USFS & USFWS –Internal Grants 

and Panels 

 Acta Theriologica 

 Alaska Sea Grants 

 Animal Conservation 

 Arctic 

 Auk 

 Biodiversity and Conservation 

 Biological Conservation 

 Biology Letters 

 BioScience 

 BMC – Evolutionary Biology 

 Conservation Biology 

 Ecology 

 Ecological Applications 

 Ecology and Society 

 European Journal of Wildlife 

Research 

 Global Change Biology 

 Journal of Mammalogy 

 Landscape Ecology 

 Marine Biology 

 Marine and Coastal Fisheries 

 Marine Mammal Science 

 Molecular Ecology 
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 Molecular Ecology Resources 

 National Geographic Society – 

Conservation Grants 

 Oikos 

 Proceedings of the Royal Society of 

London (Biological Series) 

 PLOS One 

 Science 

 Trends in Ecology & Evolution 

 Ursus 

 Wildlife Biology 

 Journal of Zoology (London) 

 Journal of Wildlife Management 

 

SERVICE AND VOLUNTEER ACTIVITES (See Also Public Talks) 

  

2012-2015 

2014 

2011-2012 

2010-2011 

Level 3 Certified Hockey Coach 

Little League Baseball Head Coach (U10) 

Level 2 Certified Hockey Coach  

Level 1 Certified Hockey Coach 

2011-2009 Coach – U6 Boys Soccer, U8 Boys Soccer 

2003-2004 Neighborhood Council Leadership Team 

2001-2004 NSF: IBScore Undergraduate Mentor 

1998-2002 Film Judge: International Wildlife Film Festival  

1999-2000 SCB 2000 Local Organizing Committee 

1998 

1997-1999 

Montana Science Fair Final Judge 

Montana Public Radio – Wrote and Read “Field Notes” 

1997 Quantitative Ecologist Search Committee – University of Montana 

1997 Training Peruvian Students in Field Ecology (Radio-tracking) 

1997 Forest Pathology and Entomology Search Committee – University of Montana  

1996 Smithsonian Folklife Festival, Washington D.C. 

1995-1996 Field Biologist: Cave Invertebrates Studies, Organ Cave, WV 

1994-1996 LIFE Education Program, National Zoological Park, Washington D.C. 

1994-1996 Graduate Student Evaluation Committee, Biology Department, American Univ. 

1994 Chairman Search Committee, Graduate Rep., American University 

 

OTHER SKILLS AND TRAINING 

 

2004, 2009, 2011, 2014 

2004-2009, 2014 

Wilderness First Aid and CPR 

Defensive Driving, USFS 

2003 

2003, 2009 

Supervisor Training 

Bear Spray Training 

2003, 2007, 2012 Media Training, USFS 

2002 First Aid Training, USFS 

2002 Sawyer Class B (Limited), USFS  

2002 Snowmobile Certified, USFS 

2002 

1999 

1996 

Avalanche Awareness, USFS 

Animal Handling and Immobilization 

DNA Fingerprinting and Microsatellite Development 

1996 Radiation Safety, Smithsonian Institution 

1992 Wildlife Inflicted Injury First Aid 

1992 First Aid Training, NOAA  

1988 YMCA Certified Scuba Diver 
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REVIEWER 1 
Peer Review of: 

U.S. Fish and Wildlife Service Draft Species Status Assessment for the Canada Lynx  
(Lynx canadensis) 

An External Scientific Peer Review 
February 22, 2017 

 
Questions for Peer Review 
 
Available Data 
 
Please identify any oversights or omissions of data or information, and their relevance to the assessment. 
Are there others sources of information or studies that were not included that are relevant to assessing the 
viability of this species? What are they are how are they relevant? 
 
Provide advice on the overall strengths and limitations of the scientific data used in the document. Have 
the authors been explicit about assumptions and limitations of, and concerns regarding, the data, and are 
these appropriately qualified or explained? Are there concerns that the Service did not identify, and if so, 
how relevant are these concerns to the assessment of viability of lynx in the contiguous U.S.? Are there any 
inconsistencies in how the data are presented or assessed? 
 
Overall, this is an impressive and well-thought out document. There are relatively few oversights or 
omissions, the larger issue is improving the description of the original research because of strengths and 
limits in the data. However, that is done relatively infrequently given the length of this document and its 
content. There are also a couple of items that I consider are most important in terms of recommended 
changes in my opinion—these are detailed below at the bottom on page 9. In this section I discuss these 
issues with reference to line numbers, with the additions or changes that I suggest.  
 
Snowshoe hare population cycle. While the cycle has been cited and described many times in the peer-
reviewed literature, a couple of recent papers could perhaps be cited in the discussion on 6-12++. 
Somewhere in the document there is text about 11 year cycle, I'd go with approximately decadal. These 
citations are about lynx range to the north of the DPS though: 
 

Krebs, Charles J., et al. "What factors determine cyclic amplitude in the snowshoe hare (Lepus 
americanus) cycle?." Canadian Journal of Zoology 92.12 (2014): 1039-1048. 
 
Krebs, Charles J., et al. "Synchrony in the snowshoe hare (Lepus americanus) cycle in northwestern 
North America, 1970–2012." Canadian Journal of Zoology 91.8 (2013): 562-572. 

 
In this discussion it would perhaps be better to elaborate somewhat the term "large". Sometimes there were 
large numbers of lynx, other years of peaks there weren't so many, and it would also depend on geographic 
location in the U.S. It would also be good to clarify that at the same time lynx were moving into areas that 
we consider lynx to be able to live today (the DPS units).  
 
Lynx distribution in Canada. It would seem more appropriate to not describe the lynx population as centered 
in north-central Canada (13-26) and instead indicate that it is broadly distributed across Canada. Some of 
the recent papers seem to imply an east and west distinction in Canada in terms of genetic interchange, but 
based on peer-reviewed literature there is a consistent lynx presence across Canada.  
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Deep fluffy snow and efficiency. I think their is a little too much emphasis on the ability of lynx to move 
in deep fluffy snow. Examples of this are on 5-24, 8-7, 21-32, 38-23, and in other locations where the terms 
"deep fluffy snow" are present (search on "fluffy"). I also question whether the movements should be 
described as "efficient" as in 5-26. In the context of comparison to competitors of lynx (e.g., coyotes and 
bobcats) there is no question that foot-loading of lynx is less given foot size and body mass. However, what 
lynx benefit most from is the presence of a crust in the snow. The crust enables them to walk on top of the 
snow. If there is a new snowfall, they will go through the new snow until they hit the crust. I understand 
the goal of using the terms but I think it should be phrased in the context of relative ability to move. Part of 
the reason for my saying this is some videos that I have seen and/or taken.  
 
There are further implications of snow quality for both lynx and for snowshoe hare for lynx movement and 
predation success. This is my opinion based on our lynx trapping: Early in the winter when there is snow it 
is easier for lynx to catch snowshoe hare. Later in the winter, when days are longer and sometimes warmer, 
crusts form on the snow. These crusts are beneficial for snowshoe hare more than for lynx. We had the best 
trapping success later in the winter (February and March) because snowshoe hare were better able to evade 
lynx, and because there were fewer snowshoe hare (lynx had eaten some). I do not believe this is 
confounded by movements during the breeding season because we would catch both male and female lynx.  
 
It is better phrased in 65:41++ in the context of restricting access – but there isn't text about being efficient.  
 
Climate change impacts. Both "upward in elevation" and "receding northward" should be included in 
discussions of climate change impacts, unless are focused only on Maine and Minnesota (186-24). There is 
not enough elevational relief in MN to have a upward movement.  
  
Climate change in Minnesota. It is important to cite Galatowitsch et al. here – The first reference for changes 
in habitat, although not specific to lynx. Text is on 187++.  
 

Susan Galatowitsch, Lee Frelich, and Laura Phillips-Mao. 2009. Regional climate change 
adaptation strategies for biodiversity conservation in a midcontinental region of North America. 
Biological Conservation 142:2012-2022. 

 
Forecasting future conditions. One of my concerns at the elicitation workshop and in the SSA is the length 
of the forecasting window—Can we really project conditions to 2100, especially given the uncertainty with 
respect to climate change? There is no uncertainty in my mind that we will have climate change, the 
uncertainty is the magnitude of change, the rate of change, and the response of plant species, emergence of 
new communities, and the response of animals. Thus, I would phrase the text in 8-32 and elsewhere a bit 
more carefully. We can be reasonably confident in predictions through 2030 or 2040 perhaps (10 or 20 
years) but we would then need to qualify predictions beyond that by saying there is much more uncertainty 
further into the future. Projections are based on current knowledge, but we are entering an era in which we 
have to extrapolate—there are not comparable past experiences for which we have data that can be used.  
 
This same issue comes up again in the table on 159-1++. The text talks about probability, but it really is not 
what I would call probability. It is quantitative estimate because were asked to give a number at the 
workshop, and then values were averaged/median, variance, etc. However, there is very large uncertainty 
that far into the future, and I am sure that others on the panel would agree. We can say something reasonable 
for 10 years into the future, but 80 years into the future? I don't think we should say that, even if one can 
ask several people the answer to a question and come up with statistics on the answer. Related to that is the 
next comment on "confidence intervals." 
 
Use of term "confidence intervals". In these figures (for each DPS unit) where opinions of experts can be 
used to calculate a mean and variance, it is important to strongly indicate that the CI's are on opinions of 
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experts—biological basis but not based on measurements. To me it seems to imply a false precision. 
Similarly arises on 220-26++ in the context of persistence.  
 
Disappearance of suitable habitat with climate change. I am not sure that I agree with this statement. With 
climate change, and with a high scenario, I do believe that lynx habitat in MN would disappear (see 
Galatowitsch et al. 2009). Text is on 160-1++  
  
 
Climate change in Washington. I wonder if 202-35 should be phrased to say "no control" instead of "little 
control". Climate change is a global issue.  
 
Mountain vs. Southern edge. In 62:5++ the discussion of snow conditions and vegetation. Can vegetation 
move fast enough to keep up? It might be beneficial to state that the rate of climate change is much faster 
than in historical record.  
 
Connection with Canada. It seems like for most segments of the DPS at the present time that a connection 
with Canada and cross-border movement is more important to the persistence of lynx in the units than 
implied in 199-10++. There are 2 issues, one is the immigration of lynx into the U.S. DPS, and then the 
second is the movement out of the DPS. The cross-border movement issue arises again in 218-4 – it is not 
just irruptions of lynx, we also see lynx moving from our units into Canada (I think documented for ME, 
MN, and MT at least). About 1/3 of lynx radiocollared in Minnesota were in Ontario at one point.  
 
One of the unknowns related to this is the extent to which resident lynx in Minnesota were born in 
Minnesota.  
 
Northern edge of bobcats. 73:31-32 Biologically correct, but ESA is in U.S., not Canada. I wonder if 
this should be used in the context of the southern edge of lynx distribution being further from the DPS, 
which would make periodic supplementation of DPS less likely?  
 
Lynx / Bobcat. 21-37 text and 37:7 text says that lynx and bobcat are easily confused. This seems to be too 
much of a simplification. From a quick glance yes, but behaviorally and when able to see it is not so 
difficulty. However, it might be good to indicate that for the public, there can be confusion. Some people 
even seem to think they are the same species, based on some of the sightings reports we have received. 
Others ask which it is – bobcat or lynx – e.g., on trail camera pictures.  
 
Lynx den site selection. 23-19 text says that lynx den site selection is affected by hare abundance. Other 
factors listed for den site selection can be tied to nutrition, but den site selection doesn't seem to fit unless 
the intent is to say that lynx will not den where hare density is low at the landscape level. However, the use 
here is not consistent with the other items listed.  
 
Hare habitat. In 25-37 text says that hare habitat quality shifts continuously, and I think should be clarified 
to indicate some sort of time scale. Continuously could imply a dynamic shifting on a daily basis, for 
example.  
 
Tip-up mounds as dens. In 26-37 text says that tip-up mounds are used as dens. At least in Minnesota, the 
dens were placed at the top end of a fallen tree under branches, we never had a den at the base of a tree in 
a tip-up mound.  
 

Moen, R. 2009. Den sites of radiocollared Canada Lynx in Minnesota 2004-2007. NRRI Technical 
Report No. NRRI/TR-2009/07. 
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Hare evolution. I wonder if at least a caveat should be placed near 68:16++ covering the issue of evolution 
by hares—they would be under strong selection pressure to modify date of hair color change. Not sure if it 
would be possible, but it could happen (moths in England as classic example, but perhaps under slightly 
different genetic control).  
 
Home range method. The type of home range calculation (MCP vs. kernel) should be specified. It is not 
given in 28-1++ and 30:27++, 103-14++.  

 
Home range size. Home range size in recent times could cite Burdett et al. (2007 J. Mammalogy) although 
they did not place it in the context of the lynx/hare cycle—was north vs. south contrast. Found in 28:20.  
 

Burdett, C.L., R.A. Moen, G.J. Niemi, and L.D. Mech. 2007. Defining space use and movements 
of Canada lynx with global positioning system telemetry. Journal of Mammalogy 88(2):457-467.  

 
Density in boreal vs. south. It would be more correct to indicate that densities do not reach those in the 
boreal forest instead of using a qualifier like regularly—I don't know of anywhere in the DPS units where 
densities in south reach north densities in the north. This is in 87-12 text.  
 
Female kitten production. I wonder if a general table contrasting DPS units would be useful. 130-13++ has 
details for Montana. I don't think the same or similar detailed presentation is given for other units.  
  
Fitness of kittens. 29:23++ what said about low phase seems correct. It seems more appropriate to say the 
contrast of high kitten mortality during low phase is the largest difference, and that a kitten born during the 
high phase has higher survival and therefore a higher potential for reproduction in high phase. The issue I 
see is that there are more kittens born during high phase, and they don't all reproduce—so it wouldn't be as 
stark as this wording seems to imply. When able to survive, then they have a chance of reproducing.  
  
Marten and Lynx. In 31:31 both predators and competitors are used in the same subject—it would be cleaner 
to separate out which are predators and which are competitors, or maybe which are both and which are just 
competitors.  
 
Access by competitors. Instead of saying may have free access, it would be better to say something like 
increased access, I think. Free access is never available. (89-39). 
 
Landscape size. Would it be better to indicate size of landscape here—or could we have a basis for knowing 
how big of a landscape is large and then just the descriptive term "large" can be used (32-2)?  
 
Land use in Maine: it doesn't seem too relevant that forest area has increased by 0.79%--might be better to 
say that it is stable (87-34). Also in this section the change in the future associated with human population 
increase is discussed, but is not placed in the context of expansion of human population within area of DPS. 
Perhaps it should be.  
 
Land use in Colorado. It would be good to discuss what the percent of land area covered by ski areas is—
text says small proportion 94-16++ but is this < 1%, < 10%, etc. Issue also comes up in 212-42++. It would 
be good to make a better case for importance of ski  areas in fragmentation. I remember John Squires 
showed clear responses by lynx at at least one ski area from his presentation. 
 
When describing the Colorado DPS unit (151-15++) it would be nice to have a map if allowed.  
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Mining in Minnesota. In the past mining has had a smaller footprint, but there are now proposals to increase 
mining with a shift to extraction of non-ferrous metals. Discussed in 94-25++. As part of this process, there 
was recent approval of a land exchange by the Superior National Forest, but this will be challenged in court.  
 
Legal status of lynx in MN. This is critical. In the most recent change, lynx were classified as a Species of 
Special Concern in Minnesota (191-3). This is not state-listed in the typical manner (Threatened or 
Endangered) but a lower class that does not result in restrictions—moose, for example, as also a species of 
special concern now.  
 
http://www.dnr.state.mn.us/rsg/definitions.html 
http://files.dnr.state.mn.us/natural_resources/ets/endlist.pdf 
 
State Forest issue: Text is on 168-39, discussion of State Forest laws (Maine) as opposed to state forests 
(areas of land) that seemed like it could use clarification. Simply adding laws to state forest would have 
fixed it, I believe.  
 
Liver fluke in lynx. Mentioned in Maine (183-27). First, it would be good to put latin name here 
(Platynosonum fastosum) because there is a much better known liver fluke of livestock that also infects 
wild ruminants (Fascioloides spp.). A literature search did not indicate that ps had been found in wild cats, 
but perhaps it has as an unpublished source that should be included. There were several papers in the 1970's, 
again in the late 1990's, and a review published in 2014: 
 

Basu, A.K. and R.A. Charles. 2014 A review of the cat liver fluke Platynosomum fastosum 
Kossack, 1910 (Trematoda: Dicrocoeliidae). Veterinary Parasitology 200:1–7 
(http://dx.doi.org.libpdb.d.umn.edu:2048/10.1016/j.vetpar.2013.12.016) 

 
The cat liver fluke had been found as far north as Ohio and Illinois, typically it was a disease of more 
tropical areas.  
 
Formal PVA. We just published a PVA for lynx on Isle Royale (Licht et al. 2016). Technically this is 
outside the DPS, but it is very close to the MN portion of DPS. There was also the more general modeling 
approach of Steury and Murray (2004) that is already cited in the SSA. 
 

Licht, D.S., R. Moen, and M. Romanski. Modeling Viability of a Potential Canada Lynx 
Reintroduction to Isle Royale National Park. Natural Areas Journal. In press. 

 
Also brought up later (98-27++) in the context of a lack of data. On the other hand, it should be possible to 
generalize across locations, although it would be necessary to defend expectations. Steury and Murray set 
the groundwork, but a PVA approach would probably be an improvement. 
 
Lynx in Minnesota. Population size is probably best put at 50 – 200, or something similar. The text says 
"hundreds"  in 96-42 which could mean 500 lynx. Unlikely that there are that many. This is also referred to 
again (120-7) with statement that we have no estimates of lynx densities in MN. I did do some work 
estimating density, by comparing to adjacent Ontario. However, if the intent here is to say that there are no 
regular surveys done to estimate population, that is correct. Same issue arises in 216-24 and 44-18++. The 
reference in which these issues are discussed is: 
 

Moen, R. 2009. Canada lynx in the Great Lakes region. 2008 Annual Report. NRRI Technical 
Report No. NRRI/TR-2009/06. 
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Lynx in Minnesota and Ontario. Text is in 98-25++. One thing that is probably missing for MN is the extent 
to which the MN population is a part of the ON population. The movement to the north (and return is 
documented, and it is likely in my opinion that in the past, but especially in the recent years (since 1980's) 
periodic supplementation of lynx in MN with lynx from ON has happened, and is important for maintaining 
population over the long-term. If a fence were built and maintained that prevented movement back and 
forth, stochastic processes would likely result in disappearance of lynx from MN much sooner.  
 
Lynx and snowshoe hare habitat in MN. It seems odd that 60% of lynx habitat on SNF is suitable for 
snowshoe hare (119-18++). It would seem that all habitat suitable for lynx would also be suitable for 
snowshoe hare. Similarly, that only 23K acres are unsuitable for lynx in SNF. Although I guess what this 
would then imply is that there is some factor that is preventing lynx from establishing themselves in SNF.  
 
Bobcat hunting with dogs. As written this is correct, but to my knowledge there is essentially no bobcat 
hunting with dogs in NE MN. Dogs are used in NW MN and North Central MN, but in NE MN harvest is 
primarily by trapping. Yes, the potential is there, but in reality until cultures change it will not happen to an 
extent that it shoudl be included here.  
 
Precision. I would say that survival cannot be estimated to 4 decimal places (154-4). Even if original 
publication carried out this many decimal places, I wouldn't use it.  
 
Isle Royale. 2015 paper by Licht et al. should be cited (97-28). Extirpation human-caused.  
 

Licht, D.S., R. Moen, P. Brown, M. Romanski, and R. Gitzen. 2015. The Canada Lynx of Isle 
Royale: overharvest and climate change in the extirpation of an island population. Canadian Field 
Naturalist 129:139-151. 

 
Lynx dispersal to the north. In some cases lynx that were radiocollared in Minnesota would move to the 
north, and live for years. Mostly this was female lynx, and we would get a call from either the OMNR or 
the trapper indicating they had recovered the collar. Many of these lynx went all the way to the eastern edge 
of Lake Superior (Ontario side). This text is 100-31++. It probably should be stated that lynx do leave MN 
(not so sure how important for other DPS units) and not return. Males would generally go north and then 
return, females would generally stay. As I said above, given that about 1/3 of lynx radiocollared in MN 
were located in Ontario at least once, this is not trivial.  
 
Lynx dispersal. Given the nature of the border (Boundary Waters Canoe Area) and observed movement of 
lynx based on radiotelemetry (the one paper that I wish I would have been able to revise) that documents 
distance of movements, it seems unlikely that connectivity would be compromised. The text could maybe 
be left in as a "This is theoretically possible" phrase, but it doesn't seem like it should stay in without 
evidence to the contrary.  
  
Chippewa and Chequamegon-Nicolet National Forests. Given their locations relative to existing lynx 
habitat, it seems like this would be a good opportunity to ask whether the forests should consult regarding 
lynx (185-21). If there is a low likelihood of lynx presence, and if present the lynx is a dispersing individual 
rather than a resident, should this consultation be continued? 
 
Plan for lynx incidental take in Minnesota. Based on informal discussions with DNR employees, my 
understanding was that the plan was in the hands of the FWS, the text here indicates that it is still being 
developed by the DNR. It would be good to clarify this.  
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Fires in Minnesota. Although fires are discussed already (189-1++), it might be good to include additional 
information. Overall, 3 recent fires have burned about 20% of northern NE MN, and a windstorm in 1999) 
covered significant percentage too.  
 
Citation for lynx harvest in Minnesota stopping. Text is on 53-34. Seems like there should be a better 
citation than the workshop, but I can't find one either. Maybe the MN DNR HCP if they did one?   
 
1854 Treaty Authority/Fond du Lac Reservation. Text is on 59-2++. Because are referring to Critical 
Habitat, Fund du Lac reservation is out—they are just south/west of the Critical Habitat boundary. The 
1854 Treaty Authority does not own land, but is responsible for implementation of treaty. I don't know if 
they should be mentioned here.  
 
      
  
Analysis of Available Data 
 
As I indicated above, the analysis is pretty complete, which would be expected given that parts of it are 
derived from the expert elicitation workshop, and other parts are derived from past work on lynx by FWS. 
The items I highlighted are for the most part qualifications and refinements.  
 
The one possible action (which I am not recommending) would be some sort of a PVA. I understand that 
data is not being collected at each unit, but if we were to take data collected across units (as well as in 
central area of lynx distribution) I think there would be some sort of a reasonable PVA output. I would be 
more  confident in a PVA like this than I would be in the probabilities of persistence to 2100.  
 
Have the assumptions and methods used in the SSA report been clearly and logically stated in light of the 
best available information? If not, please identify the specific assumptions and methods that are unclear or 
illogical. 
 
I have indicated above where I felt that there were errors in logic and where items should be clarified.  
In other simpler cases that did not require elaboration in longer text I just did simple editing in 
Moen_SSA_Cut.docx. 
 
Are there demonstratable errors of fact or interpretation? Have the authors of the SSA report provided 
reasonable and scientifically sound interpretations and syntheses from the scientific information presented 
in the report? Are there instances in the SSA report where a different but equally reasonable and sound 
interpretation might be reached that differs from that provided by the Service? If any instances are found 
where this is the case, please provide the specifics regarding those particular concerns. 
 
Instances are identified in the text on pages 2 to 8 above, and also in Moen_SSA_Cut.docx. The extent of 
importance will depend on more than me and my opinion, I indicated where there was the potential for 
issues.  
 
I understand it is likely that some of the suggestions I make are not important enough to consider, and others 
are automatic. As I look back over the text I wrote I think these are the critical items (expanded on above) 
are: 
 

1. Deep fluffy snow issue 
2. Forecasting future persistence – the 2100 estimates and how it was created. Associated with this 

is the use of the "confidence interval" term.  
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3. Connection with Canada and northward movement of lynx in the DPS. May be most relevant to 
MN because of lack of barriers. 

4. Species status in Minnesota.  
 
That is not to imply that the other comments should not be considered, it is just that these 4 items need more 
elaboration because of the potential for misinterpretation or misreading.  
 
Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have the scientific 
uncertainties present given the data and the analyses conducted been clearly identified and has the degree 
of uncertainty been appropriately characterized? If not, please identify any specifics concerns. 
 
My biggest concern here is the use of averages of expert opinions to create mean and variance estimates 
for future conditions to 2100. I elaborate on this in the comments above.  
 
Additional Background 
 
The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to 
improve transparency while conducting listing determinations and other Act actions, and peer review of 
our analyses of the viability of species is part of that new process. As you will see, the attached draft SSA 
report is a rough draft; we are seeking your comments at this stage to ensure that we have time to 
incorporate any substantial comments as we finalize the report.  
 
 
In general we ask that your comments on the draft SSA report focus specifically on whether the best 
available information was used, the quality of the scientific information,  and our interpretation and 
analyses of the data with regard to the species’ viability in the contiguous United States. We request that 
you direct your review to the scientific issues and assumptions related to your expertise.  
 
 
Citations from a literature search. I have not had a chance to review these.  
 
Pozzanghera, C. B., et al. "Variable effects of snow conditions across boreal mesocarnivore 
species." Canadian Journal of Zoology 94.10 (2016): 697-705. 
 

This paper actually talks about snow depth / fluffiness. From abstract context fits somewhat with 
my comments.  

 
Simons‐Legaard, Erin M., Daniel J. Harrison, and Kasey R. Legaard. "Habitat monitoring and projections 
for Canada lynx: linking the Landsat archive with carnivore occurrence and prey density." Journal of 
Applied Ecology (2016).  
 

Probably covered in U of Maine report citation.  
 

Krebs, Charles J., et al. "What factors determine cyclic amplitude in the snowshoe hare (Lepus americanus) 
cycle?." Canadian Journal of Zoology 92.12 (2014): 1039-1048. 
 
Krebs, Charles J., et al. "Synchrony in the snowshoe hare (Lepus americanus) cycle in northwestern North 
America, 1970–2012." Canadian Journal of Zoology 91.8 (2013): 562-572. 
 
Burstahler, Christa M., et al. "Demographic differences in diet breadth of Canada lynx during a fluctuation 
in prey availability." Ecology and Evolution 6.17 (2016): 6366-6375. 
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Hornseth, Megan L., et al. "Habitat loss, not fragmentation, drives occurrence patterns of Canada lynx at 
the southern range periphery." PloS one 9.11 (2014): e113511. 
 
Majchrzak, Yasmine. "The Role of Food in the Snowshoe Hare–Canada Lynx Cycle." ARCTIC 69.4 
(2016): 450-453. 
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REVIEWER 2 
Peer Review of: 

U.S. Fish and Wildlife Service Draft Species Status Assessment for the Canada Lynx  
(Lynx canadensis) 

An External Scientific Peer Review 
February 16, 2017 

 
Questions for Peer Review 
Available Data 
1. Please identify any oversights or omissions of data or information, and their relevance to the  
assessment. Are there others sources of information or studies that were not included that are  
relevant to assessing the viability of this species? What are they are how are they relevant? 
Response: For the most part, the SSA is a comprehensive review and assessment of the status  
of lynx in the DPS, and the USFWS and the Lynx expert committee should be commended for  
their efforts. I believe that they have accessed virtually all the relevant data that I am aware of 
on lynx, hares, climate change, and forest succession, in the regions of interest. They have  
conducted an exhaustive review of the literature to support the assessment. Nevertheless, I  
found several omissions that I think, upon review, will help strengthen the document. 
Murray, D et al. (1995). Hunting behaviour of a sympatric felid and canid in relation to  
vegetative cover. Animal Behaviour 50: 1203‐1210. This paper is probably the most  
comprehensive analysis of relationships between lynx, snow, and snowshoe hares. 
Lyons, A et al. (2016) Canada lynx carrying capacity in Washington. Final Report. Washington  
Department of Fish and Wildlife. December 2016, 31pp. This recent report undertakes a  
number of analyses, with mixed success, to estimate lynx carrying capacity in Unit 4. 
Keith, LB (1990) Dynamics of snowshoe hare populations. In Current Mammalogy. Edited by  
H.H. Genoways. Plenum Press, New York. pp. 119–195. This is an exhaustive analysis and  
synthesis of the demographic differences in snowshoe hare populations across their  
geographic range. 
Murray, D (2000) A geographic analysis of snowshoe hare population demography. Can. J. Zool.  
78:1207‐1217. To my knowledge, this is the only quantitative analysis comparing northern  
and southern snowshoe hare population dynamics and demography. 
Murray, D.L. 2003. Snowshoe hare and other hares. Wild Mammals of North America. Vol II.  
(G.A. Feldhamer and B. Thompson, eds.) Johns Hopkins University Press. pp. 147‐175. An  
exhaustive review of snowshoe hare population dynamics, including relevant information  
2 
on population ecology in the southern range, food limitation at lower latitudes, and stem  
density estimates needs for hare population sustainability. 
Peers, M.J.L. et al. (2014) Prey switching as a means of enhancing persistence in predators at  
the trailing edge. Glob. Chang. Biol. doi:10.1111/gcb.12469. An important paper that  
models potential lynx range contraction and dietary responses to climate change, 
including in the southern range. 
Peers, M.J.L. et al. (2012) Reconsidering the specialist‐generalist paradigm in niche breadth  
dynamics: Canada lynx and bobcats. PLoS (One) 7(12): e51488. A paper contrasting the  
niche dynamics of lynx and bobcats in their region of geographical overlap, including the  
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DPS. 
Thornton, D.H. et al. (2012) Habitat occupancy and population density drive occupancy  
dynamics of snowshoe hare in variegated landscapes. Ecography. 36: 610‐621. I stress  
that this is an important paper because it reveals patterns of patch extinction dynamics  
for southern snowshoe hare populations (Unit 4). 
Thornton, D.H. et al. (2012) Complex effects of site preparation and harvest on snowshoe hare  
abundance across a patchy forest landscape. For. Ecol. Manage. 280:132‐139. This paper  
analyzes snowshoe hare population responses to silvicultural practices in Unit 4. 
Abele, S.L. et al. (2013) Precommercial forest thinning alters abundance but not survival of  
snowshoe hares. J. Wildl. Manage. 77:84‐92. This paper provides a direct assessment of 
the effects of precommercial thinning on hare survival and movements in the southern  
range (Oregon). 
Row, J.R. et al. (2014) Anatomy of a population cycle: The role of density‐dependence and  
demographic variability on numerical instability and periodicity. J. Anim. Ecol. 
doi:10.1111/1365‐2656.12179. This paper is moderately relevant by examining the  
demographic processes contributing to fluctuations in lynx population dynamics. By  
inference, these should be the processes driving changes in lynx‐hare dynamics in the  
southern range. 
Row, J.R. et al. (2016) The genetic underpinnings of population cyclicity: Establishing  
expectations for the genetic anatomy of cycling populations. Oikos DOI:  
10.1111/oik.02736. This paper is an extension of the previous one, modeling changes in  
lynx population genetic structuring through space and time. 
Row, J.R. et al. (2014) Projecting the impacts of climate change on environmentally‐mediated  
genetic structure in Canada lynx. Glob. Chang. Biol. doi:10.1111/gcb.12526. This paper is  
highly relevant by illustrating how climate change is likely to promote greater genetic  
differentiation between lynx populations. 
Burkstahler, C.M., et al. (2016) Demographic differences of Canada lynx during a fluctuation in  
prey availability. Ecol. and Evol. 6: 6366‐6375. This paper examines variability in diet  
breadth and reliance on hares through time and across lynx demographic groups. 
Wirsing, A.J., and Murray, D.L. (2002). Patterns in consumption of woody plants by snowshoe  
hares in the northwestern United States. Ecoscience 9: 440‐449. This paper finds that the 
quality and quantity of winter browse available to snowshoe hares in Unit 4 may not be  
sufficient to allow for population growth and sustainability under heavy predation. 
3 
2. Provide advice on the overall strengths and limitations of the scientific data used in the  
document. Have the authors been explicit about assumptions and limitations of, and concerns  
regarding, the data, and are these appropriately qualified or explained? Are there concerns that  
the Service did not identify, and if so, how relevant are these concerns to the assessment of  
viability of lynx in the contiguous U.S.? Are there any inconsistencies in how the data are 
presented or assessed? 
Response: Throughout the document, the USFWS has been very explicit in fully explaining the  
assumptions and limitations of their analyses. Where the USFWS has deviated from the Lynx  
expert committee, especially in terms of the long‐term projections for lynx persistence in  
specific units, this deviation has been fully explained and justified. I am entirely satisfied with  
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the larger conclusions of the USFWS assessment in terms of the current and likely future status  
of individual lynx management units. Nevertheless, I feel that there is room for improvement.  
As detailed below in reference to specific page numbers/statements, there are a number of  
points from the literature that have been taken at face value, and that in my opinion should  
receive more scrutiny. I briefly summarize these points here, but more extensive comments are  
provided below in reference to specific page numbers. Note that I do not think that changes in  
these items will influence the final assessment in terms of resiliency, redundancy and  
representation, nor the long‐term prognosis for individual units and the DPS in general. Indeed,  
I fully support the conclusions that USFWS has reached. However, I think that greater attention  
to specific items related to lynx, hares, alternate prey, competition, and climate change will  
improve understanding of the mechanisms underlying anticipated changes in lynx populations 
in the DPS. 
1) 0.5 hares / ha. In several instances the document cites 0.5 snowshoe hares / ha as the  
threshold for lynx population sustainability. This statement is supported by a book  
chapter (Ruggierro et al., 2000), which offered this threshold without any empirical  
support. Since then, this threshold has permeated the literature on lynx and hares but  
to my knowledge it still lacks empirical support. In fact, I am aware that Steury & Murray  
(2004) suggested a threshold of 1.5 hares per hectare, which is perhaps too high to be  
realistic but at least was empirically‐based. More broadly, I am not convinced that it is  
possible to establish a hare density threshold for lynx population sustainability that can  
be applied across all units and without prima facie evidence to support it. I understand  
that such a threshold is convenient from the perspective of evaluating habitat suitability  
for lynx, but the threshold surely varies according to: primary productivity on site,  
breadth and availability of alternate prey, competition, density‐independent mortality  
(trapping, vehicle collisions), etc. My point is that there are not sufficient data available  
to support this threshold and it should not be used as a criterion for evaluating the  
suitability of a given unit. 
2) Competition with other carnivores. The premise that receding snow due to climate  
change will intensify competition between lynx and other carnivores is not supported  
empirically, at least not to my knowledge. The original idea emanated from Buskirk et al  
(2000), which like the above citation for the hare density threshold (Ruggierro et al  
4 
2000), was a speculative and qualitative review chapter (unlikely to have been peerreviewed). 
Since then, this source has been cited numerous times as if it had offered  
data in support of the contention. Unless there is new information I am not aware of,  
there is no direct evidence that competition with other carnivores is intensified when  
climate changes. In fact, throughout the report it is mentioned that competition with  
bobcats is likely to be the primary type of competition to intensify, yet the only paper  
even slightly supporting this contention, Peers et al (2014, on which I am a co‐author) 
uses presence records (i.e, observation records) to show environmental niche  
differences between lynx and bobcat in areas of species overlap. The analysis is  
conducted at the scale of the distribution of lynx and bobcats and I suggest that these  
data are too coarse and spatially biased to offer a robust test of the hypothesis. Indeed,  
this paper really does not make a convincing case for direct displacement by bobcats 
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and therefore should not form the basis of the argument that permeates much of the  
manuscript. Further, intuitively, I suspect that in most units, if any species of carnivore  
will be an important competitor, it will be coyotes, not bobcats. Indeed, coyotes kill lynx,  
although lynx can kill coyotes, as well (Colorado), whereas we really don't know any  
details about the lynx‐bobcat relationship. My own research shows that coyotes can  
hunt hares and live in sympatry with lynx in the boreal forest of the Yukon, where they  
can kill many hares and perhaps compete directly with lynx. Again, we know nothing of  
these sorts of interactions between lynx and bobcat except for a rather anecdotal report  
from Nova Scotia (Parker et al. 1983?). So, the question of intensified competition  
between carnivores under climate change remains open for debate (and much needed  
data are necessary before strong conclusions can be made). Further, I am aware of the  
reported incidents of lynx predation by fisher in Maine, but believe that this really  
represents an isolated and exceptional circumstance and I think that it is very premature  
to suggest that fisher can be an important agonistic competitor for lynx. Finally, I do not  
think that anywhere in the manuscript there is mention that competition with the  
diverse raptor community that kills snowshoe hares in the DPS (great‐horned owl, red  
tailed hawk, etc.). Yet, the results of the most comprehensive study of hare survival to  
date (see Krebs et al. 2001. Ecosystem Dynamics in the Boreal Forest, Oxford University  
Press) clearly demonstrate the importance of raptors on hares, and I suspect that out of  
convenience this source of mortality for hares has not been adequately examined in the 
context of southern hare populations. There is no reason to expect that raptors could  
not take equal advantage of the effects of climate change on increased hare  
vulnerability to predation as may terrestrial carnivores like bobcat, red fox, fisher and  
coyote. 
3) Lynx responses to climate change. Throughout the manuscript there is strong emphasis 
(either explicit or implicit) on intensified competition with other carnivores as being a 
direct outcome of climate change. In contrast, there is much weaker emphasis for the  
perhaps more logical link and parsimonious explanation of the link between lynx and  
climate warming, which involves loss of snowshoe hares. Indeed, throughout the  
document it is suggested that lynx distribution will recede because snow conditions are  
not adequate, but I seriously doubt that there is a direct correlation between lynx  
5 
occurrence and snow. Rather, the more direct explanation for this shift is extinction of  
small and fragmented hare populations across the southern range. Why are these  
populations likely to go extinct? Surely more intensive predation by other carnivores is a  
possibility, but it is equally possible that increased predation by resident lynx also is  
responsible. It may also be that hare productivity in the southern range is sufficiently  
low because of marginal food resources (see Wirsing & Murray 2002) such that hare  
populations may not compensate for marginal increases predation. Likewise, it may be  
that at a landscape scale hare populations in the DPS are too disconnected to recolonize 
patches that naturally go extinct. My point is that I think that the authors have  
too easily assumed that lynx range recession will be a direct result of climate change (or  
its effects on competition with other carnivores or habitat change) when other  
mechanisms may be at play as well and offer a more direct explanation. I urge the  
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authors to dig more deeply into the suite of potential interactions that may drive lynx  
responses to climate change. 
4) Sources for support of suggested relationships. In several instances, I felt that the  
USFWS did not adequately delve into the primary literature to support statements. Too  
often, reference to secondary sources (i.e., like book chapters) were used to support  
important biological relationships. In several cases highlighted below, I felt that the  
secondary source did not truly support the statement being made. An example  
immediately comes to mind (Wolff, 1980). This source is used to support the point that  
patchy snowshoe hare populations in the southern range are likely to go extinct through  
predation, yet that paper was highly speculative, involved only a conceptual model and  
no original data on southern hares, and more importantly, has been shown to be partly  
incorrect in its representation of the mechanisms underlying hare extinction (see  
Wirsing et al. 2002). Since 1980, a number of papers have tested more elegantly and  
robustly the question of southern hare population extinction (e.g., Wirsing et al. 2002,  
Thornton et al. 2012, 2013, and perhaps others in involving L.S. Mills and colleagues). In  
any case, below I provide a number of examples where the primary literature should be  
consulted and in general the report writers should strive to seek out the original sources  
whenever possible. 
5) The importance of alternate prey. Throughout the manuscript the authors  
appropriately focus on the lynx‐hare relationship as being the primary driver of lynx  
population dynamics. However, I felt that insufficient attention was paid to the role of  
alternate prey in sustaining southern lynx populations. Indeed, Roth et al (2007) clearly  
show the lower reliance on snowshoe hares by southern lynx, and the increased  
importance of other prey (perhaps primarily red squirrels) on lynx population dynamics. 
This is barely mentioned in the report. Although our understanding of the importance of  
alternate prey in the DPS s not fully developed and may vary across individual units, it  
may be that dynamics of alternate prey are especially important to lynx in this region of  
the species’ distribution. Here, silvicultural practices or climate‐related fires or droughts  
may be especially influential on the availability of red squirrels in particular, and this  
could tip the balance against red squirrel abundance, and by inference, lynx persistence.  
6 
This relationship may be less critical in the northern boreal forest, where hares comprise  
a larger proportion of the diet. Thus, changes affecting alternate prey may have a  
disproportionate importance on southern lynx compared to their northern  
counterparts. Note that Peers et al (1014) explore scenarios related to the potential  
effects of climate change on lynx and hare distribution, and identifies specific regions  
within the DPS where increased reliance on alternate prey may be necessary if there is  
any chance that lynx populations will remain sustainable in the long‐term.  
Analysis of Available Data 
3. Have the assumptions and methods used in the SSA report been clearly and logically stated in  
light of the best available information? If not, please identify the specific assumptions and  
methods that are unclear or illogical. 
Response: I am fully satisfied that USFWS has done a good job of limiting the number of  
assumptions, fully justifying any assumptions that have been made, and for the most part,  
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exploring alternative scenarios potentially related to these assumptions whenever possible.  
This is especially apparent when the USFWS has deviated from the assessments provided by the 
Lynx expert team concerning the viability of individual units. In this context I feel that the SSA is  
on solid footing. 
4. Are there demonstratable errors of fact or interpretation? Have the authors of the SSA report 
provided reasonable and scientifically sound interpretations and syntheses from the scientific  
information presented in the report? Are there instances in the SSA report where a different  
but equally reasonable and sound interpretation might be reached that differs from that  
provided by the Service? If any instances are found where this is the case, please provide the  
specifics regarding those particular concerns. 
Response: For the most part, the document has made sound inference. Elsewhere in this  
report, I have highlighted minor concerns about how specific data or papers have been  
interpreted, including in the context of the 0.5 hares/ha threshold for sustaining lynx  
populations, competition with other carnivores as being the driver of lynx responses to climate  
change, and the lack of emphasis on the importance of climate on hares as being the primary  
driver of lynx responses to climate change. I think that each of these points would benefit from  
a bit more robust consideration, including fully detailing the alternate explanations that I have  
provided throughout this report and explaining that for most of these the lack of data means  
that the verdict remains suspended and uncertainty prevails. This is not a major problem  
because I think that the conclusions are sound and do involve the best available data, my point  
is that the interpretation and consideration fo alternate mechanisms may require a bit of  
refinement. 
5. Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have the  
scientific uncertainties present given the data and the analyses conducted been clearly  
identified and has the degree of uncertainty been appropriately characterized? If not, please  
identify any specifics concerns. 
7 
Response: The USFWS has been very explicit in its portrayal of uncertainty in the SSA. For  
example, the expert opinion assessments of extinction probability through time have been  
treated very carefully, presenting both median values and visualization of the range of  
responses. In some cases (noted below) uncertainties in the data have not been fully described 
because confidence intervals on mean values are not provided. This may be a reflection of the 
information provided in the original publication. Regardless, the overall cautious approach and  
careful treatment of uncertainties has been a particularly evident strength of this manuscript.  
On the other hand, uncertainties associated with data interpretation of select points in the 
hare‐lynx‐climate relationship, as mentioned above and below, do require additional  
exploration. I do not see this as a fatal flaw but rather a means for solidifying the mechanisms  
underlying the overall assessment of the status and prognosis for lynx in the DPS. Again, I fully  
support the conclusions that the USFWS has derived from its analysis, my contention is with the 
need to more fully explore alternative mechanisms explaining these predictions.  
Also, is there a need to more explicitly address the issue of trans‐boundary migration between  
lynx from Canada and the DPS? Currently there is not an explicit treatment of this issue in the  
SSA although I acknowledge that it is briefly mentioned in several instances. I see the thorny  
issue of lynx trapping in southern Canada as being a major impediment to functional 
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metapopulation dynamics for several units in the DPS. It could be that some of the predictions  
concerning likelihood of extinction in specific units would not be so dire if there was stronger  
evidence that lynx dispersing from Canada had a reasonable likelihood of reaching the DPS. I  
understand that issues of transboundary migration and trapping in southern Canada are  
probably beyond the purview of the SSA but they cant be ignored as being a potentially  
important constraint on the sustainability of lynx populations in Units 1, 2 3, 4, and possibly 5.  
Additional comments: 
General comment: Fig. 1. The sizes outlined on the map do not correspond closely to the areas  
provided in Table 1. I understand that the map is meant to be qualitative rather than  
quantitative, but closer correspondence between Unit location/area and actual size depicted on  
the map should be provided. Further, the outlined area seems very coarse and certain regions 
within units (e.g., western Idaho, Unit 4) have not been adequately represented in the figure. 
P. 6 “Maine is the largest population of lynx in the DPS” Throughout the manuscript this point is  
made but the estimates for Unit 1 vs. Unit 3 (the next contender) are very coarse. While it is  
perhaps correct that Unit 1 supports the largest lynx population, the fact that this is probably  
only for the short term and that a crash in Unit 1 lynx is highly likely, should be more strongly  
justified.  
General comment: Intuitively, the threshold for resiliency should differ between a 
naturallyoccurring population (Units 1‐5) versus a population (Unit 6, Colorado) where animals 
were  
artificially reintroduced. Apparent resiliency in Unit 6 can not be stated (although I note that  
‘resiliency thus far’ is used. While it is accepted that lynx have persisted for a decade post‐ 
8 
release in Colorado, the true test of resiliency must be conducted over a longer term, spanning  
several declines in hare abundance and periods where lynx survival, recruitment, and  
emigration should greatly challenge population viability. By most standards, ecosystem  
resiliency is measured across decades, not years, and that the Colorado lynx population  
received an artificially high number of animals through transplant efforts and has not  
experienced many natural bottleneck events with low hare abundance. This warrants added  
caution in claiming resiliency or making inferences about lynx population trends and dynamics 
in Unit 6. 
Page 10 “in in” Please correct typo. 
Page 11 “that is there is” Please correct typo. 
General comment: There is consistent reference throughout the document that lynx can  
outcompete other carnivores in deep snow (e.g., P. 13), which explains why they are able to  
maintain high populations in the boreal forest. To my knowledge, there is no prima facie  
evidence supporting this perception. Plenty of citations are provided to support the statement  
(McCord and Cardoza 1982, pp. 748‐749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a,  
pp. 89‐94; Buskirk et al. 2000b, pp. 400‐401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001,  
p. 75; Hoving et al. 2005, p. 744‐749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT  
2013, pp. 25‐26; 79 FR 54809) but to my knowledge none of these sources involves actual data  
collection to support this contention. While lynx may indeed outcompete other carnivores like  
coyotes and bobcat when in deep snow, there may be a number of other factors associated  
with this pattern, such a higher snowshoe hare densities in areas with deep snowcover.  
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Further, a sizeable proportion of lynx competition for hares involves raptors like great‐horned  
owls and goshawks which reside in hare habitat year‐round and whose killing success should  
not be strongly impacted by snowcover. In the absence of direct evidence of competition,  
which is virtually impossible to demonstrate without conducting a removal experiment for one  
or both species and comparing responses to controls, it is speculative to ascribe differential  
competitive abilities as the source of these differences.  
General comment: There are many instances where primary sources are not cited and the  
secondary sources make an incorrect inference. For example, Buskirk et al. (2000a) is cited  
repeatedly in terms of lynx foot‐loading and competition with other carnivores yet this chapter  
has no primary information to support these claims and in fact seems to have misrepresented  
the primary sources. This problem becomes self‐perpetuating when newer papers cite the  
incorrect one. There are several examples of similar use of the secondary literature, and this  
seems to happen especially with book chapters that may not have undergone rigorous peer  
review (e.g., Ruggierro book, Kroen book, etc.). As a general statement, I feel that the USFWS  
should make a more concerted effort to review and properly cite the primary literature rather  
than rely on review chapters. 
General comment: Figure 5 and related text. I appreciate that hare survival and reproduction  
are key to resiliency. Related to this is the variation in survival and reproduction which are  
9 
perhaps even more important. For example, low survival and productivity of hares could  
promote or sustain a low‐density lynx population. However, if hare survival and reproduction  
are highly variable a rapid and pronounced crash in hare populations could be unsustainable for  
lynx who are naïve to such extreme fluctuations in their preferred prey. This may explain  
initially low survival of transplanted lynx in Unit 6. Thus, while survival/reproduction of hares is  
a major concern, I suspect that the annual variability in these is perhaps more important. Note  
that this could be completely independent of hare cycles, which I recognize is already an item  
listed in Figure 5.  
Page 20, “we do not to” Please correct typo. 
Page 28 states that in the southern range lynx populations are more “stable” (I think you mean  
“stationary”). Regardless, according to the timeseries analysis conducted by Murray et al (2008)  
this is not the case and lynx numbers are more stochastic in the southern range, showing higher  
levels of variability albeit at lower mean densities. 
Page 29 “b) adequate hare abundance to support lactation during the early kitten stage and  
later provisioning of the kitten with hare meat,”. I don't agree, it could be any sort of meat, not  
necessarily hares. For example, there is unpublished data suggesting that some populations of  
southern lynx in Unit 4 can subsist on ground squirrels during summer. Similarly, “c) habitat  
(boreal forest and snow) conditions that reduce the likelihood and effect of competition from  
other hare predators”, as stated previously, is highly speculative. 
Page 29 “Therefore, the likelihood that an individual lynx will have its ecological requirements  
met sufficiently so that it may replace itself in the breeding population is probably consistently  
relatively low, perhaps similar to lynx born during hare declines/lows in the north.” The last  
part of this sentence is too speculative without empirical support. 
Page 29. There have been more robust qualitative (Keith 1990) or quantitative (Murray 2000)  
analyses of spatial variability in hare densities than the papers/chapters cited in this section.  
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Page 31. Although there are reports that other predator species can kill lynx, lynx also are 
known to kill coyotes (see Murray et al. 2008). Thus, there is the need to put greater  
perspective on the role of other predators in lynx population dynamics. The point is that we  
really don't know how important other predators are on lynx, or the role of snow in excluding  
these predators from lynx habitat. 
Page 31. Murray and Boutin (1990) clearly demonstrate that despite higher foot‐loading,  
coyotes are able to occupy similar habitats and kill hares along with lynx, by using behavioural  
advantages that are not demonstrated by lynx (see also Murray et al. 1995). Thus, it may be  
overly simplistic to ascribe differences between lynx and other predators in their ability to  
overcome snow, to simple differences in foot loading. 
10 
Page 32. “The available science suggests that landscape‐level hare densities consistently >= 0.5  
hares/ha (0.2/ac)” I am not aware of any primary data suggesting this threshold. There was a  
book chapter by Ruggierro et al. (2000) that mentioned this threshold, but the SSA does not  
provide convincing evidence to support this speculation. Likewise, “and favorable snow depth  
and conditions for about four months are needed to support lynx occupancy, reproduction, and  
recruitment.” On page 31, Gonzalez et al (2007) and Peers et al (2012) are cited to support this  
statement, but the first citation is an unpublished report that did not rigorously analyze this  
point whereas the second did not focus on this question in any analysis that I am aware of. 
Page 33. “Formal population viability analyses (PVAs) have not been published for lynx  
populations in the DPS”. I suggest that Steury & Murray (2004) is an empirical attempt to  
conduct a PVA for southern lynx, and that the McKelvey et al (2000) reference for this  
statement is incorrect. Again, this is an example of the reliance on secondary literature in  
making an incorrect generalization. More recently, Lyons et al (2016) attempted to determine  
lynx carrying capacity and implicitly included aspects of a PVA in their analysis.  
Page 35. “In both Alaska and Canada, lynx trapping is managed through regulated seasons and  
harvest levels, which are adjusted to avoid overexploitation, especially during the low phase of  
the hare‐lynx population cycle (Alaska Natural Heritage Program 2008, pp. 2‐6; Vashon 2015,  
pp. 5‐6).” This statement requires more specificity. Whereas I agree that lynx are ubiquitously  
harvested in specified seasons, I am not convinced that harvest levels are adjusted in the low  
phase, certainly not in all jurisdictions in Canada. I am quite certain that most provinces do not  
increase harvest limits or otherwise restrict trapping during the low phase of the cycle. Some  
provinces (Nova Scotia, New Brunswick, until recently, I believe) had closed lynx harvest. 
Page 38 ”Additionally, the presence of more snowshoe hare predators and competitors at  
southern latitudes may inhibit the potential for high‐density hare populations (Wolff 1980, p.  
128).” Here is another example where the original citation does not represent the best  
information. The Wolff paper did not examine southern snowshoe hares directly but rather  
modeled hare dynamics. The empirical test of this idea, Wirsing et al (2002) found very  
different dynamics than what was predicted by Wolff., i.e., reverse source‐sink dynamics with  
density‐dependent predation on‐site, rather than density‐dependent predation among  
dispersers. My point is that more care is necessary in citing sources that are most appropriate  
and provide the strongest support for the statements in question.  
Page 38 “Therefore, bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are  
at a competitive disadvantage to lynx.” Again there is no empirical support for this statement  
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and no references are provided. Read papers by O’Donoghue et al. and Murray et al., which  
show that coyotes are able to manage snow conditions in the Yukon perfectly fine and live  
sympatrically with lynx, through behavioural modifications.  
Page 41 “We continue to believe that available information suggests Colorado did not  
historically support a persistent resident lynx population and that the long‐term persistence of  
the introduced population remains uncertain. “ This seems to be in contradiction with earlier  
11 
statements that the population is likely to be viable. The statement that Colorado did not  
support a historical lynx population calls into question the recognition of Colorado as Unit 6 of  
the DPS. 
Page 61 “Lynx biologists identify climate change as the most important and overarching factor  
influencing resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21‐22, 35‐47, 50, 53‐57;  
ILBT 2013, pp. 43, 48, 53, 55, 63, 66, 69‐71, 98). “ Here I would distinguish between proximate  
and ultimate causes of loss of resiliency. In the shorter term other factors may have a  
disproportionate importance. 
Page 61 “occurr “ please correct typo. 
Page 61 “The frequency of winter warm spells is correlated to the hardness of the snow  
surface, sinking depth, and, in turn, influence the hunting efficiency of lynx (Stenseth et al.  
2004, p. 10633).” While it is true that this statement was made in the Stenseth paper, no  
original data were presented and the point was purely speculative. See Murray and Boutin  
(1991), Murray et al. (1994) and Murray et al. (1995) for original sources of empirical data on  
lynx footloads and hunting success. The presumption that hunting efficiency will diminish with  
snow conditions, while possible, has not been rigorously supported by data. 
Page 64 “Various forms of snow compaction and structure within the snowpack (see above)  
give a competitive advantage to bobcats and other predators/competitors with higher foot  
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow  
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010).” This is not an  
accurate reflection of what is reported in the two first papers. Furthermore, throughout there  
seems to be a strong bias towards suggesting lynx‐bobcat competition will be intensified with  
climate change. However, I believe that coyotes are likely to pose a much more substantive  
threat, if indeed competition is intensified. See Litvaitis & Harrison (1992). 
Page 64 “Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably  
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the  
hare cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4)  
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare  
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7)  
introduction of disease and parasites, and 8) reduced gene flow.” I agree with most of these  
conclusions but do not think that #2 is based on empirical data. For example, it is possible that  
lynx or hare numbers may become more stochastic and irruptive following climate change, but  
how this translates to changes in cycle amplitude and periodicity is not known. It could be that  
the cycle is lost but that stochastic irruptions of extreme densities become more likely as 
yearto‐year climate conditions become more sporadic. 
Page 65 “Reduction in Periodicity and Amplitude of the Hare Cycle” This section does present  
some reasonable speculative information but I would caution against placing too strong an  
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12 
emphasis on the collapse of cycles owing to climate change. I believe that the Norwegian  
examples of cycle collapse for voles and their predators have been reversed in recent years,  
with restoration of cyclic dynamics. In Yukon, what appeared to be a reducing cyclic amplitude  
for lynx and hares seems to be headed toward a complete reversal owing to unexpected  
continued increase in hare and lynx numbers through a period that was predicted to be in  
decline (C. Krebs, unpubl.). My point is that the timelines needed to make reliable inference on  
cyclic amplitude and period make it difficult to infer causal links between climate change and  
what may merely be natural stochasticity in cyclic dynamics.  
Page 65 “Across their worldwide distribution, lynx rely on deep, powdery and persistent snow  
because they restrict potential lynx competitors such as bobcat or coyote and predators such as  
fishers and cougars from effectively encroaching on or hunting hares in winter lynx habitat  
(Peers et al. 2016, entire; 79 FR 54809).” This statement is not an accurate characterization of  
either the ecology of some species of lynx, including the Eurasian lynx and the Iberian lynx, or  
what was stated in the Peers et al. paper, which, regardless, is not a primary source in terms of  
empirical data for other species of lynx. Peers et al (2016), as cited, doesn't exist. More care is  
necessary in ensuring that the citations are correct. 
Page 66 “Reduced snow depth and duration may reduce lynx’s competitive advantage over  
bobcats, which have similar ecology to lynx but are not as well‐adapted to hunting hares in  
deep fluffy snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71).“ Again,  
competitive advantage of lynx in snow is not clearly demonstrated and I strongly suspect that  
coyotes are more important competitors. 
Page 66 “outcompetes or displaces lynx wherever the two species overlap, at both broad (Peers  
et al. 2016, entire)“ Peers et al. 2016 does not exist. 
Page 66 “In areas where they do overlap, lynx are subjected to niche displacement to habitats  
of inferior quality, which probably limits lynx survival and productivity at the southern edge of  
their range (Peers et al. 2016, entire; Robinson 2006, pp. 120). Snow depth likely acts as a  
mediator of competition between the two species.” As stated above, this statement could be  
challenged and is purely speculative. Certainly, Peers et al (2013, not “2016”, as stated), which  
is based exclusively on lynx and bobcat observations, presents no data to support the  
contention that survival or productivity are compromised. 
Page 66 “Lynx have a low foot loading and long legs (Buskirk et al. 2000a, p. 90; Krohn et al.  
2005, pp. 122‐129) that gives them a competitive advantage over bobcats in deep, fluffy snow  
conditions.” To my knowledge, none of these citations include original data. Cite Murray and  
Boutin (1991). 
Page 67 “Murray et al. 2007”. No such paper exists.  
13 
Page 67 “For example, hard‐packed snow is reported to be associated with a higher kill rate of  
hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 2004, p.  
10633).” Neither of these papers provided original data to support this contention. 
References: “Sultaire, S. M., J. N. Pauli, K. J. Martin, M. W. Meyer, B. Zuckerberg. 2016b.  
Extensive forests and persistent snow cover momote snowshoe hare occupancy in Wisconsin.  
The Journal of Wildlife Management 80:894‐905.”. Check for typo 
General comment: Too much emphasis on lynx and competitors. Lynx do not occur where there  
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are no hares. If you track hares, this will give you a good perspective of where lynx may be.  
Competition is an extra parameter but surely not the driver.  
Page 70 “Several authors have suggested that grasslands, aspen parklands, and temperate  
forest will expand northward resulting in decreases in boreal forest “ I strongly suspect that it  
will be the other way around, i.e., boreal forest will recede through inadequate precip/temp  
conditions and be replaced by parklands and temperate forest. 
Page 73 “This may be explained by the reluctance of lynx to disperse between areas having  
different snow regimes and snow quality. Snow conditions may be the key factor in the spatial,  
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2014, pp. 10633‐10644).”  
More recent work by Row et al. (2014) provides a more robust analysis of this phenomenon,  
including under a range of climate change scenarios. 
Page 73 “For example, gene flow between eastern Canada and Maine lynx populations depends  
on an ice bridge for dispersal across the St. Lawrence River. “. This is not correct. There are  
plenty of lynx in the Gaspe peninsula or in New Brunswick. 
Page 74 This section omitted 2 critical references on hare habitat use and extinction processes  
in the DPS, see Thornton et al (2012, 2013) 
Page 79. A key reference on hare responses to thinning in Oregon is: Able et al. (2012?) 
Page 80 “Current hare densities in partially harvested stands in Maine average about 0.4  
hares/ha (Simons 2009), which is below the landscape hare densities (0.5 hares/ha (Ruggiero et  
al. 2000b, Simons‐Legaard et al. 2013) needed to support lynx.” This threshold is not supported  
empirically. There are no data to confirm this threshold, which was put out by the original  
authors as a guesstimate. 
Page 87 “Maine’s forest area has increased 0.79 percent since 1982 (Maine Forest Service,  
Department of Conservation 2010, p. 25). Similarly, a large portion of Minnesota forests were  
cleared in the last century, but forest cover has rebounded.” Is “0.79 percent” correct, or do  
you mean 79%? I presume the latter, but on the off‐chance the former is correct, the next  
sentence does not make sense. 
14 
Page 88 “Thus, southern transitional boreal forests generally have lower landscape snowshoe  
hare densities than boreal forests further north (Wolff 1980, pp. 123–128; Buehler and Keith  
1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 84).” These are not the  
correct citations, because they are point‐location estimates. Rather, cite papers showing the  
range of densities, which includes Keith (1990), Murray (1990) and Hodges (2000).  
Page 88 “Wolff (1980, 1981) described the mechanism by which a fragmented habitat might  
dampen or eliminate cyclic population fluctuations.” This citation is based on a modeling  
exercise and does not include empirical data. Please check out Wirsing et al (2002) for actual  
data testing this hypothesis. In contrast, Wirsing et al (2002) suggest that the model should  
include density‐dependent predation on site, adding further constraints to hare population  
growth in the southern range. 
Page 89 “dispersing individuals (Wirsing et al. 2003, p. 170). In predator‐rich landscapes  
characteristic of “ I think you mean Wirsing et al (2002). 
Page 90 “Snow conditions that provide lynx a competitive advantage over other terrestrial hare  
predators are most consistent in the high‐elevation regions of the western U.S.,” See previous  
comments about competition. 
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Page 91 “Maintaining a mosaic of large (>100 acres) patches of young to old stands in patterns  
that are representative of natural ecological processes and disturbance regimes would be  
conducive to long‐term conservation of lynx (ILBT 2013, p. 77).“ Please add that these large  
patches should be in close proximity to each other. 
Page 93 “This is diminishing landscape conditions conducive to supporting lynx.” Please correct. 
Page 97 “Our analyses and lynx expert imput indicate” Please correct. 
Page 99 “However, we now know that there currently is sufficient habitat in this unit to possibly  
support the largest reproducing resident population of lynx in the DPS (numbers and trends  
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx).” This is a  
defensible statement. Elsewhere, reference is made to Maine containing the largest number of  
lynx among all 6 units. Please correct these statements. 
Page 100 “The next spruce budworm outbreak is imminent, but forestry response by  
investment landowners is uncertain. Climate change is a concern as snow depth and duration  
are currently at the minimum thresholds believed necessary to give lynx a competitive  
advantage over bobcats and other mesocarnivores.” The first sentence is not supported by  
data. How can one state with certainty that an outbreak is ‘imminent’. The second sentence is  
not supported by any empirical data, as stated previously. 
15 
Page 100 “Factors affecting current conditions in this unit primarily include forestry  
management, roads, incidental trapping, mining development, snow compaction, competition  
with bobcats, and lynx‐bobcat hybridization.” While there are data supporting several of these  
statements for Minnesota, this is not the case for bobcat competition. What about coyotes? 
Page 101 “Results of snowshoe hare research suggest that the hare population density in  
Washington exists at the low end of the range thought necessary to support lynx reproduction  
(>= 0.5 hares/ha).” Unsubstantiated hare density threshold. Also, please refer to Lyons et al.  
(2016) for an analysis of lynx carrying capacity in Unit 4. 
Page 104 “The CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation  
easement under which it will be allowed to mature to a climax forest type potentially providing  
good denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable  
future.” The climax forest myth for denning has been debunked (see Murray et al 2008) and the  
earlier sections of the report did not fall into this quagmire, as far as I recall. Lynx will den  
anywhere there are decent hare numbers, often but not exclusively where there is deadfall.  
Thus, ‘climax forest’ is not needed. 
Page 113 “survival (Vashon et al. 2012, pp. 18‐21), productivity (Vashon et al. 2012, pp. 17‐19),  
and other aspects of their life history (Vashon et al. 2012, entire)..” Double period. 
Page 114 “As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage  
over bobcats and gives snowshoe hares the ability to reach winter browse.“ As stated  
previously. 
Page 117 “competition from bobcats and fishers” I would be very careful of ascribing an  
incidental few cases of lynx mortality from fisher as evidence of competition from that species,  
let alone the role of bobcats. I suspect that in most encounters, lynx will kill fishers although I  
don't have data to base this on. Because fishers occur in most/all of the 6 Units, presumably if  
they are relevant in Maine they should be important elsewhere as well. 
Page 122. “All of these factors have potential to reduce the deep and fluffy winter snow  
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conditions and to reduce the competitive advantage of lynx in areas that typically receive deep  
snows.” Likewise “As described in Chapter 2, above, lynx are adapted for surviving in areas that  
have cold winters with deep, fluffy snow, where they outcompete potential competitors such  
as bobcats, coyotes, and wolves (Buskirk et al. 2000a, pp. 90‐91; McCord & Cardoza. 1982, pp.  
748‐749; Ruediger et al. 2000, pp. 445‐449).” Not one of your citations presents data to support  
this assertion. 
Page 124 “Even the relatively higher hare densities in the dense mature and dense young  
stands only marginally achieve the threshold density of 0.5/ha thought necessary to support  
lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90). “ 
Again, this threshold is not supported by data. 
16 
Page 125 “Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516– 
1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting factor for  
lynx in this unit (Squires et al. 2008, p. 1505).” I agree with this statement, which contradicts  
what was stated previously for New Hampshire. 
Page 128 “Snow conditions in this unit also appear to remain suitable to allow lynx to  
outcompete other terrestrial hare predators. “ See above comments about competition. 
Page 129 “Because lynx habitats in this unit, like most other areas of the DPS range, are  
naturally highly‐fragmented, and most have hare densities that barely meet the 0.5 hares/ha  
threshold “ See above re. threshold. 
Page 130 “Annual survival rates for subadult and adult female lynx were 0.52 and 0.75,  
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells.” As a general  
statement here and elsewhere in this document, it would be helpful if you provided confidence  
intervals (and if possible, sample sizes) when reporting such rates (if they are available in the 
original papers). These are important in terms of inferring whether the rates are robust  
estimates. I note later that confidence intervals are provided in some cases, so if possible,  
please use the same nomenclature throughout. I acknowledge that some original sources may  
not include this information. 
Page 131 “Mountain Research Station(RMRS) “ Space needed. 
Page 133 “often appear to barely meet the 0.5 hares/ha threshold thought necessary to  
support resident lynx,” As discussed previously. 
Page 135 “magnitude of lynx populations cycles in” Please correct typo 
Page 137 “highlighting the need for cooperation and shared management goals across political  
boundaries” Seems like an editorial statement that is out of place unless you were to devote an  
entire section to this important issue. 
Page 148 “Results of lynx research in the northern portion of its range suggest that a minimum 
density of 0.5‐1.0 hares/ha (0.2‐0.4 hares/ac) is needed to support lynx reproduction, but it is  
unknown if a similar snowshoe hare density is required to support lynx reproduction in the  
southern portion of its range (Ruggiero et al. 2000b, p. 446).” Yet, throughout the document  
thus far you have argued that a threshold hare density is 0.5 hares / ha, which is based on pure  
speculation. Why the inconsistency?  
General comment: The document is appropriately focused on hares as the primary prey of lynx,  
but it is understood that in the southern range of the lynx distribution, alternate prey forms a  
greater portion of the lynx diet than in the boreal forest (see Roth et al. 2007). Thus, the role of  
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squirrels and other alternate prey in the southern range cant be ignored. 
17 
Page 144 “and 96 percent had estimated hare densities below the 0.5 hare/ha threshold  
thought necessary to support resident lynx“ Please see above comments regarding this  
threshold. 
Page 145 “Snow conditions in this unit also appear to remain suitable to allow lynx to  
outcompete other terrestrial hare predators. “ Please see above comments re. competition 
General comment: Chapter 4 (up to page 155) the information provided appears to be very  
comprehensive for some sites (Unit 1, Unit 3, Unit 4) but seems deficient for others (Unit 6). I  
recognize that this reflects the state of available information for each unit but it does expose an  
inconsistency in the amount of information being used to examine the suitability of individual  
sites and the veracity of some conclusions. For example, extensive work has gone into  
predicting the number of lynx that can be supported in Unit 4. For Unit 1, 2, & 4, we are given  
ballpark estimates of lynx numbers, and the variance in the guestimates alone far surpasses the  
precise estimates for Unit 4. For Units 5 and 6, the information is not available. These  
inconsistencies make it difficult to critically evaluate the merit of different units relative to each  
other. Again, I understand that this is a limitation of the available data, but it does pose  
challenges. 
Page 161 “This is because of the currently observed and likely future high level of gene flow  
across most of the lynx’s continental range, the species’ well‐documented dispersal capability,  
and the current and likely future connectivity and absence of significant barriers to dispersal  
between Canada and most DPS geographic units.” And “and no indication that future gene flow  
is likely to be substantially reduced (79 FR 54793). This information suggests the current and  
likely future relative genetic health of the DPS.”. I do not fully agree with this statement. While  
on the basis of persistence of lynx dispersal corridors between Canada and the US it may be  
possible to predict that gene flow will not be restricted, I suspect that relatively intensive lynx  
trapping, which is perhaps increasing with time or its effects are becoming proportionally more  
important as lynx densities in southern Canada become lower and lynx population cycles may  
become attenuated, will contribute to restricted gene flow. I do not have data to support this  
but think that the assessment of continued gene flow, based exclusively on persistence of  
geographical corridors linking Canada and USA, does not consider the broader constraints on 
lynx dispersal. 
Page 161 “Climate models project that boreal forests and snow conditions favorable for lynx at  
the southern periphery of the range will retreat northward and upslope with continued  
warming, further fragmenting and diminishing the quality of lynx and hare habitat within the  
DPS. Although uncertainty remains regarding the timing, extent, and biological consequences of  
such impacts, as habitat conditions decline, hare populations will decline and lynx mortality  
rates are likely to increase and reproductive rates decrease.” Here and elsewhere, please  
consult Peers et al. (2014) to gain perspective on potential lynx range recession and the  
relevance of loss of hares and potential increasing importance of alternate prey for lynx  
persistence in the southern range. 
18 
Page 162 “a pending spruce‐budworm outbreak” As stated previously, I have reservations  
about ascribing a high level of certainty to this phenomenon. 
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Page 169 “coming spruce budworm outbreak” Same as above 
Page 171 “These projections do not consider the effects of the next outbreak of spruce  
budworm. After being low for the last 20 years, spruce budworm numbers are again building  
toward epidemic levels in Maine, southern Quebec, and northern New Brunswick. Significant  
defoliation in Maine is expected in the next few years and the outbreak may last for about a  
decade (Wagner et al.”. While I still think that the level of certainty ascribed to the likely  
outbreak is overstated in this document, the supporting information should be presented more  
strongly earlier on, rather than making unsupported statements about the ‘imminent  
outbreak’. 
Page 175. “A pending spruce budworm outbreak and frequent disturbance from forest  
management could accelerate conversion to northern. Other climate‐related forest  
disturbances (forest pests, diseases) could further accelerate conversion to northern  
hardwoods (Iverson et al. 2008, p. 404).” As discussed previously. 
Page 176 “In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will  
shift southward into areas occupied by bobcats and fishers where snow conditions are unlikely  
to favor lynx (Simons 2009, pp. 153‐165; Simons‐Legaard et al. 2016, pp. 1, 6; Simons‐Legaard  
2016, p. 8).”. This statement implies a competitive advantage for fisher with warming climate,  
yet there is no data to support this contention, that I am aware of. 
Page 177 “A spruce budworm outbreak is projected to reach epidemic proportions in Maine in  
2018 to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of  
spruce‐fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The  
last outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the  
Northern Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce‐fir stands  
across the State are at risk of defoliation. Although the outbreak has caused severe defoliation  
thus far over 15 million acres (60,703 km2 [23,438 mi2]) of spruce‐fir forests in southern  
Quebec, some project a weaker outbreak in Maine because spruce and fir trees are younger  
and less susceptible and there is a higher hardwood component in northern Maine forests  
(Wagner et al. 2016, p. 18‐22). A typical outbreak lasts for a decade.” I consider this pretty  
strong support for a likely outbreak in the coming years, and I would have liked to see this  
support added to the many earlier, unsupported, statements about an imminent outbreak. 
Page 183 “Long term drivers of the projected decline were reduced the quality, quantity,” Typo 
Page 186 “Greatest stressors of climate change include diminishing snow depth, quality and  
duration; competition from bobcats and other carnivores; hybridization with bobcat” I don't  
agree with this statement. First, competition is not known to be a response to climate change,  
especially with bobcat. Second, data show that hybridization is very rare and unlikely to  
19 
become a major problem. Third, I suspect that the real problem with climate change is the loss  
of hares on the landscape. Some of these losses may be attributed to ‘competitive forces’ but I  
think that it is a mistake to place so much emphasis on competition, especial with bobcats,  
when in fact, it would be possible that lynx themselves would be responsible for the hare  
dieoff. 
Page 188 “unsuitable habitat levels are below what was predicted in the 2004 (USFWS 2011,  
pp. 51‐52).” Typo 
Page 190 “Furthermore, hybridization and competition with bobcat may increase with  
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diminishing snow conditions because of continued climate warming” Same as above 
Page 194 “Competition from coyotes and bobcats seem to be less of a concern for this unit.”  
Why is this the case? In some Units the document claims that competition will be a major force,  
yet here the impact is less important but no support is given for this. Is there any reason to  
believe that competition will be less relevant here? I suspect that, because the lynx population  
in Unit 4 has been so heavily studied, more is known about the unlikely role of competition.  
Other units, with less/no data and using speculative information from review papers/book  
chapters, have assumed that competition will be important. This seems to run counter to a  
critical evaluation of hypotheses.  
Page 205. The section on lynx persistence in Unit 4, and in fact in all units, tends to ignore the  
effects of climate change on lynx, via snowshoe hares. I am in full agreement that climate  
change will be the primary driver of lynx declines in each of the 6 units. However, I find that too  
often the arguments are placed in the context of lynx habitat change and loss of snowcover,  
rather than more strongly in terms of what I think will be the primary driver: loss of snowshoe  
hares. Look at maps for the distribution of lynx and hares (Peers et al 2014?), there are no  
places where lynx exist and hares are absent. I suspect that before climate change has direct  
impacts on lynx, the indirect effects through decline in hare numbers will be significant.  
Throughout the document this point should be reinforced whereas from my perspective it is  
mostly only hinted at in the present draft. For example, the entire section on Unit 4 (up to page  
205) makes virtually no mention of snowshoe hares in the context of climate change. And by  
the way, extinction of hares can easily happen in localized areas without increased competition  
between lynx and other predators, so the latter point is not a necessary ingredient in this  
decline. 
Page 216 “which gives it a competitive advantage for exploiting its primary prey, the snowshoe  
hare” I think that you can make your valid point without needing to invoke competition, which  
for reasons described previously, is not supported by data.  
Page 218. “As snow conditions become less favorable, competitors (e.g., bobcats) are likely to  
outcompete and displace lynx.” One could have replaced this sentence with: As snow  
conditions become less favourable, snowshoe hare numbers are likely to decline to numbers  
20 
below those presumably needed for lynx population sustainability. This approach avoids the  
thorny matter of unsubstantiated competition being the driving mechanism. Competition or  
poor snow conditions may impact lynx populations, but ultimately it is the loss of hares that  
drives extinction risk in lynx. 
Page 220 “primarily through restrictions on clearcutting and the proliferation of partial  
harvesting, which are detrimental to snowshoe hare and lynx needs. “ I am not convinced that  
the forestry practices are detrimental to lynx per se, but rather to hares, which ultimately affect  
lynx. I don't think that the literature supports that moderately intensive forestry practices have 
a direct impact on lynx. 
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The Draft Species Status Assessment for Canada Lynx, Version 1.0 is a commendable and 
comprehensive effort by the Lynx SSA Team to compile the relevant biological and 
climaterelated information relevant to assessing the historical and current framework, status, 
conservation challenges, and current conditions for maintaining and conserving the Contiguous 
United States Distinct Population Segment (DPS) of Canada Lynx. The SSA Team has also made 
a credible effort to assess potential future conditions for each of the 6 resident populations 
within the DPS based on their interpretations and those of other experts. Despite my overall 
positive impressions of this extensive assessment, I have provided numerous comments 
(numbered below) that address either inconsistencies in interpretations, inappropriate 
generalizations, tenuous assumptions, and/or oversights of available information that may be 
relevant to future revisions of the Draft SSA document, and which may influence subsequent 
interpretations and decisions by USFWS based on the Final Lynx SSA. My comments are 
concentrated on the Maine population given my familiarity with that system and my research 
experiences there. I do; however, provide several comments that are relevant across the DPS 
or within other populations of lynx within the DPS. I cite references that already occur in the 
report in black and new references that are not included in the Draft SSA in red. References in 
red are provide in a Literature Cited section at the conclusion of this review. My most 
substantial comments are summarized by number and are presented below: 
***************************************************************************** 
1) The report is based on the broad generalization (e.g., p.6, par. 1, lines 1‐2) that “lynx are naturally 
less abundant and more patchily distributed within the DPS than in the core of the species’ range in 
Canada and Alaska.” This is clearly an issue of both spatial and temporal scale and invokes the broad 
generalization that lynx are neither viable nor sustainable within the DPS. Lynx densities are naturally 
patchy and densities are uneven (during both highs and lows of hare abundances) across the landscapes 
of interior Canada and Alaska. Lynx are most abundant in landscapes 10‐40 years after large fires, are 
absent from large expanses of treeless high‐elevation landscapes, and decline to precipitously low 
densities during the low in the hare cycle within the core of the species’ range. Previous studies in 
Canada have focused on Canada lynx within areas that were largely contiguous and deemed suitable, 
which does not reflect this natural variation at the larger scale and may provide unrealistic benchmarks. 
In fact, within suitable landscapes, both densities of lynx (Vashon et al. 2012) and densities of snowshoe 
hares within habitats preferred by lynx and hares appear to have remained higher in northern Maine 
during both a period of high hare density (2001‐2005), during a year of transition (2007), and during a 
period of relatively lower hare densities (2008‐2015) compared to what is typically observed during the 
nadir of the hare‐lynx cycle in Canada (Harrison et al. 2016). Further, lynx typically expand home 
ranges, abandon territories, and emigrate from areas of prior residency during the nadir of the hare 
cycle within the core of the range; however, no significant changes in landscape‐scale resource 
selection, home range area, or evidence of territoriality was observed in lynx between period of relative 
high (though typically lower than peak in core range) hare densities in Maine, or during periods of 
Page 3 of 29 
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relatively lower hare densities in Maine (Mallett 2014). In fact, mean hare densities in preferred habitat 
during the lower hare density period in Maine (0.86 hares/ha from 2008‐2015; Harrison et al. 2016) 
were about 8‐fold higher than hare densities during the nadir in many areas of the core range in Canada. 
Thus, the Draft SSA overlooks the possibility that populations may be less variable and have exhibited 
long‐term sustainability, coupled with less dramatic temporal fluctuations in density, survival and 
recruitment within Maine, and perhaps Minnesota, compared to populations within the core range. 
Although the finite rate of population change is lower in Maine during period of high hare density than 
observed in the core range, the rate of growth was positive and remained high for at least 6 years (and 
hares were likely high for at least 10 consecutive years based on additional unpublished information; 
and see snow track surveys for hare in Hoving 2001). Although very limited evidence for reduced 
reproductive rates (number of litters observed was very low) weakly suggests a potential annual decline 
in lynx during periods of relative hare lows in Maine, the rate of decline is much slower than typical in 
populations in the core range where hare densities may plummet 25‐fold (versus declining to levels of 
approximately 40% of peak densities during the hare low in Maine). Thus, the possibility that a lack of 
10‐year cycles in lynx at the southern limit of their distribution means that the populations are not 
sustainable without inputs from Canada is a tenuous inference and ignores the point that average 
longterm finite growth rate could be positive in places with non‐cyclic or dampened fluctuations with 
increased periodicity. In fact, the geographic distribution of lynx throughout Maine has been 
remarkably consistent from the mid 1800’s to present (Hoving et al. 2003), and harvestable populations 
have remained sustainable in the demographically isolated populations in the Gaspe’ region of Quebec 
south of the St. Lawrence River and contiguous with Maine since the matrix fracture caused by the 
formation of the St. Lawrence Seaway (daily ice breakage since the 1950’s). This suggests high 
resiliency of this population and argues that Maine is not an island in the meta‐population sense and is 
part of a persistent population across the mixed transitional forests of Maine, southern Quebec, and 
New Brunswick and spanning nearly 30 million acres of habitat that is contiguous and demographically 
isolated from other lynx populations. The population dynamics of this large population in Maine may 
differ from populations in north‐western Canada and Alasak, but may be sustainable and may contribute 
dispersers to Canada. This clearly violates the general assumption (page 7, final bullet at bottom) of the 
Draft SSA which states that: “We assume that lynx exhibit a “mainland‐island” metapopulation 
structure in which the DPS populations function as “islands” that receive periodic input from “mainland” 
Canada populations.” This “mainland‐island” metapopulation structure is critical to the biological 
assessments throughout the Draft SSA and does not appear relevant to the contiguous populations in 
Maine, and also does not likely apply in Minnesota. The application of the metapopulation concept 
may or may not apply in Montana (depending on subpopulation), and seems most relevant to the 
populations in Washington, the GYE, and western Colorado. Applying this concept across the entire DPS 
does not seem appropriate. 
2) Closely related to comment #1, this comment focuses on the tendency of the Draft SSA to broadly 
generalize across the 6 populations in the DPS despite that some populations are geographically, 
ecologically, demographically, and genetically more similar to contiguous core populations in Canada, 
and which may have much less commonality with other geographically isolated populations within the 
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DPS that are separated by hundreds and thousands of miles. The first bulleted assumption on page 7 is 
an example: “We assume that , in general, habitat quality, hare densities, and lynx numbers are 
naturally lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, including 
the DPS, than in the core of the species range in Canada and Alaska. “ This assumption is important 
throughout the assessment and ignores that landscape hare densities are substantially much lower in 
western Colorado, GYE, and north‐central Washington, which are also demographically isolated from 
core populations, compared to across northern Maine and some areas of north‐eastern Minnesota 
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where landscape hare densities are higher and habitat is contiguous with core populations of lynx. 
Habitats in western populations within the DPA are also naturally more fragmented with extensive areas 
that are completely absent of hares. This is in substantial contrast to northern Maine where landscape 
hare densities are higher and where hares occur at varying densities, but are continuously distributed 
across a variety of habitats across the larger 10 million acre landscape (with the exception of water 
bodies), which is also contiguous with another 20 million acres in maritime provinces of eastern Canada 
where no significant geographic barriers to lynx or hares exist. 
The assumption that lynx numbers are lower in the DPS is also tenuous. In Maine, lynx and hares are 
likely more numerous during the hare low than during the nadir of the cycle in the north, and likely 
maintain a longer period of positive growth rate during the longer periods of relatively higher hare 
abundance (albeit with lower maximum rates of increase than experienced during the cyclic highs in the 
north). Thus, the dynamics may be fundamentally different and dampened cycles with longer 
periodicity may not indicate that a large U.S. population that is contiguous and part of a larger 
contiguous population in Canada is non‐sustainable without supplementation from Canada. 
I acknowledge that the erosion of hare and lynx population cycles in western Canada could contribute to 
endangerment of smaller and isolated populations of lynx that could depend on immigration pulses 
from Canada, but that is a different source‐sink process that likely does not apply to the contiguous 
populations in Maine and Minnesota and would seem to be more relevant to the smaller, more isolated 
populations in Washington, GYE, and Colorado (and perhaps to smaller sub‐populations in Montana?). 
The other general assumption that population processes in the DPS are more similar to northerly 
populations at the low in hare numbers is universally inaccurate across the population within the DPS. 
We know that finite rates of population change for lynx are well below 1.0 (rapid decline phase) starting 
1‐year following the decline phase of hares within the core range. This is in complete contrast to the 
positive rate of increase in one subpopulation in Montana across several years, and the positive growth 
rate across several years of relatively high but stable hare densities in Maine. Further, the slightly 
decreasing values for Maine during the relative hare low were based on an exceptionally small sample of 
reproductive‐aged females (n~5 , and surely had a confidence‐level on lamda spanning 1.0). This also 
coincided with a period of range expansion by lynx in Maine, and the estimated finite range of change 
during the relative hare low in Maine was much closer to one (despite high uncertainty with that 
estimate) than has been reported for lynx during the decline phase in the core of their range at the 
nadir of the cycle. This is not surprising given that hare numbers during the low in Maine are ~ 8‐fold 
higher than in the core range. In summary, this general assumption is inconsistent with other 
information presented in the Draft SSA and is not universally applicable across the different populations 
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in the DPS. Again, the assumption seems more relevant to the western populations of the DPS (e.g., 
Washington, GYE, Colorado) where hare habitat is patchier and where landscape densities of hares are 
generally lower than in Maine and Minnesota (and perhaps in some subpopulations in Montana?). 
3) The final general assumption that is bulleted on page 8 seems unsupported and could greatly affect 
the future status of lynx. The assumption that current levels of conservation for lynx would continue 
without protections under the ESA is completely unrealistic. First, federal agencies (primarily USFS and 
BLM) did not prioritize lynx conservation prior to federal listing as a U.S. Threatened species, and would 
not be required to do so beginning 5 years after lynx are delisted. Lynx habitat must be managed for 
consistently across the time span of forest succession (i.e., many decades) and involves significant 
economic and ecological tradeoffs that would likely be compromised without ESA listing. In fact, there 
has not been a credible assessment to date of the efficacy of recent efforts to prioritize lynx 
conservation on federal lands within the DPS. It seems inadvisable to change what USFA and BLM have 
planned to accomplish before evaluating whether the current efforts are working or require 
modification/enhancements. 
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On private lands, forest (i.e., green) certification is growing and is a major force in the marketplace. 
Certification criteria are evolving and increasingly acknowledge the need for landscape‐scale habitat 
conservation. Certification is linked to efforts to conserve threatened and endangered species, thus 
delisting could eliminate the growing potential for lynx conservation on private forestlands, particularly 
in Maine and Minnesota. 
The current Maine Forest Practices Act, as well as 3 public referendums in Maine to ban clearcutting 
were results of ecological and aesthetic concerns by the public. These factors greatly affect the future 
prognosis for lynx habitat supply and configuration for the largest U.S. population of lynx. The policies 
are evolving and at least one large landowner (with >1 million acres in Maine and millions of acres in 
New Brunswick) has received variances to allow large‐scale clearcutting to achieve outcome‐based 
forestry results to promote lynx and hare habitat. Future opportunities to modify policies to benefit 
lynx conservation on private lands would be severely compromised if lynx were to be de‐listed. 
Other federal programs have enhanced lynx habitat on private lands. For example, the Healthy Forest 
Reserve Program funded through USDA resulted in > 180,000 acres of forestland acquired by a 
conservation organization being managed primarily for marten and lynx conservation within a working 
forest framework balanced by appropriately‐placed ecological reserves. Funding was motivated by the 
ESA listing for lynx. Federal funding for planning and implementation was central to the project and 
similar efforts would likely not exist in the future absent listing of lynx under ESA. 
Additionally, the frequent incidental take of lynx is documented in numerous places within the Draft 
SSA, yet there has been no modeling or simulations presented to address the potential effect of 
incidental harvests on small and marginal lynx populations within the DPS. The numbers reported in the 
Draft SSA also assume complete reporting of illegally, accidentally, and bycatches of lynx, which is 
unlikely. In recent decades, as many as 8,000 martens, >2,500 fishers, >4,000 red foxes, hundreds of 
bobcats, and thousands of coyotes have been legally harvested during a single year in Maine. Lynx are 
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vulnerable to incidental capture in a wide variety of sets and traps that are targeting other furbearers. 
Road densities throughout much of the lynx critical habitat in Maine exceeds 1.5 km/km2, thus nearly all 
individual lynx are exposed to potential trapping and illegal shooting. Historically, up to 400 lynx pelts 
were sold during a single season in Maine. Additionally, government endorsed programs to control 
coyotes and/or wolves occur in many western states and in Maine, and may provide risks to lynx. Lynx 
harvested in the U.S. can be sold illegally in Canada and may be targeted by poachers. Additionally, fur 
markets cycle widely and shifts in fashion could elevate fur prices and could increase risk by altering 
trapping effort. Although it is unreasonable to assume that direct human‐induced mortality of lynx 
affects resiliency, it is also unreasonable to assume that it does not currently affect resiliency and that it 
may not act synergistically with habitat loss, fragmentation, and climate change in the future. Further, it 
may be more difficult for state wildlife agencies to effectively conserve lynx given competing public 
demands (e.g., demands for coyote or wolf trapping/snaring to protect game species and livestock) 
absent protections for lynx under the ESA. These issues have not been adequately considered or 
evaluated in the Draft SSA. 
Finally, the assumption that conservation for lynx would continue absent protection under the ESA does 
not consider that millions of acres of conservation easements purchased since lynx listing, and which 
restrict development and ensure a continued focus on working forests (with forest succession that 
promotes hare densities). Such easements have been leveraged and publically funded based on 
perceived conservation benefits and using lynx and other listed species of concern as flagships for 
conservation. Those benefits are largely dismissed by this assumption and all of the above listed 
considerations are inadequately addressed in the Summary section of the Draft SSA. 
4) The sections on current and future status of lynx in Maine incorrectly imply that lynx would be absent 
and populations would be non‐sustainable without the extensive clearcutting that occurred in the late 
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1970’s through 1990. This seems to ignore that more than 400 lynx were harvested and sold in a single 
year in Maine (annual numbers seemed to fluctuate widely), prior to clearcutting and mechanized 
harvesting. Further, lynx distribution in Maine has been largely unchanged from the 1850’s to present 
(Hoving et al. 1983). Thus, the regenerating forests following spruce‐budworm events, as well as the 
potential for multi‐layered old‐growth forests to support hare has likely been overlooked in terms of its 
historical significance for promoting lynx populations in eastern transitional forests. Although I agree 
that clearcutting has resulted in an unnaturally high density of hares within regenerating clearcut forest 
stands, this must be counter‐balanced with the current absence of naturally regenerating forest 
following severe budworm mortality, as well as the current absence of old‐growth forests with complex 
understories, which likely dominated the historical landscape. Historically, both of those habitat 
conditions likely supported substantial hare densities and are functionally absent from current 
landscapes. For all we know, landscape‐scale hare densities may have been favorable for lynx for 10‐45 
years following budworm events, which would have been the majority of the time assuming a 60‐year 
budworm interval. Old‐growth stands with gap‐phase dynamics were likely a dominant part of the 
historical landscape matrix and likely supported more snowshoe hare than in mature second‐ and 
thirdgrowth stands, which support about 1/3rd to 1/7th the hare densities typical of regenerating 
clearcuts 
(Fuller and Harrison 2005, Harrison et al 2016). 
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5) The report seems to over‐estimate the current and future population status of lynx in western 
Colorado and does not adequately address why lynx were extirpated or absent for Colorado in the past? 
Recent information suggests landscape hare densities are below thresholds required to support lynx 
over the long‐term (i.e. more dry‐conifer forests due to lower latitude), and that recent observations on 
reproductive rates suggest that those rates are insufficient to support positive population growth. 
Further the population is the most southerly and isolated of all lynx populations in the DPS. Thus I am 
questioning how mid‐century persistence of 50‐85% and end of century persistence of up to 70% 
(median 50%) can be realistic. It seems that this decision is largely driven by the high elevation and 
better long‐term prognosis for snow and ignores the more critical short‐ and long‐term issue of 
inadequate prey base. The presence of a potentially significant disease (plague) and high bobcat and 
cougar populations that may expand their winter ranges upslope also seem to have been minimized in 
this assessment? In my professional judgement, this unnatural (likely), recently established, and 
marginally viable (at extreme southern range limit for hares) population should be deemed 
experimental and should not be a high priority for ESA protection (similar to the approach of the Draft 
SSA with the GYE). As written, the Draft SSA would seem to place the western Colorado population at 
higher priority for future conservation than other long‐established populations based solely on the 
criterion of future projected snow conditions (which lack certainty), while minimizing the historical and 
current potential to provide for a sustainable population . 
6) Throughout the document, interference competition via aggressive interactions and/or predation by 
mountain lions and particularly by bobcats is mentioned as a major factor affecting current and future 
habitat suitability. Deep, fluffy, persistent snow is stated to provide a refugium for lynx resulting from 
their lower foot‐loading. I agree with this, but in my assessment the Lynx SSA Team has overlooked the 
importance of limb length (see Krohn et al. 2004) and exploitation competition from other predators of 
hares. Fisher was mentioned as a potential predator of lynx, but not as competitors for food. Further, 
the fisher has similar foot loading, but much shorter limb lengths than lynx and must resort to an 
energetically costly bounding pattern in deep snow. Further, Krohn et al. (1995, 2004) provided strong 
evidence that the geographic range and density of fisher is limited by deep snow . Near the northern 
extent of their geographic range, fisher prey extensively on snowshoe hare during winter, and 
particularly in areas near the northern extent of their geographic range. Additionally, red fox have both 
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higher foot load and shorter limbs than lynx (Krohn et al. 2004) and prey extensively on snowshoe hare 
during winter in boreal and transitional environments . For example, Major and Sherburne (1987) 
documented that hares occurred in >60% of red fox scats during all seasons except summer within the 
current boundaries of lynx critical habitat in Maine. Further, that study documented that hare remains 
occurred in >60% of coyote scats during summer and autumn (i.e., when snow was not limiting), and in 
> 60% of bobcat scats during autumn and winter. Additional evidence that coyote and bobcats compete 
and feed extensively on hares near their interface with the geographic range with lynx in Maine is 
provided by Litvaitis and Harrison (1989). Further, Olson (2015) documented diets of lynx in Maine 
during both summer and winter and during periods of relative high and low hare density. and confirmed 
that lynx were specialists on hares in that largest population within the DPS. Finally, O”Donoghue et al. 
(1997, 1998) documented both behavioral and functional responses of coyotes and lynx that could 
result in exploitation competition between those carnivores in Yukon, Canada. In summary, the 
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evidence for combined competitive effects from a variety of mammalian carnivores, which are more 
snow‐restricted than lynx, is more convincing and ecologically relevant than is stated in the Draft SSA. 
Further, those effects may be more pronounced in the 2 eastern populations where elevational 
partitioning among lynx, fisher, coyote, bobcat and red fox is less likely and where potential for home 
range sympatry is greater. This also has obvious implications given climate change and changing snow 
conditions throughout the DPS, which are extremely well summarized and presented in the Draft SSA. 
********************************************************************************** 

More Specific Comments Referenced to Particular Text: 
More specific comments are summarized below with the reference to page/paragraph on page/and 
line(s) within paragraph: 
9/2/22: What is the benchmark for determining when resiliency is “adequate”? This seems vague and 
warrants justification. 
9/3/10-12: What is a large geographic area –this seems arbitrary. Lynx have been lost from Garnett 
Mountains, Kettle Mountains, GYE, and Colorado (perhaps?) in the past 100 years. It is debatable 
whether this is a “significant” reduction in redundancy? 
10/1/entire: IBID previous comment. Are these losses of subpopulations a “significant” loss of 
representation? This seems a bit arbitrary? It is uncertain how much “winking off” is natural from a 
meta‐population sense, but in at least one case (Kettle Mountains) it appears that human induced 
mortality may have played a role. 
10/2/4: Forest management may not always be adverse and there could be incentives via subsidies, 
policy changes and certification requirements that could result in favorable forest management for lynx 
on private lands (e.g., clearcutting in a shifting mosaic, herbicide to reduce competing hardwoods after 
clearcutting). Leveraging and funding such efforts would be more difficult if lynx were to be de‐listed. 
Available information for 4.1 million acres of lynx critical habitat in Maine suggests that conifer forest is 
declining and hardwood forest is increasing as a result of past forest harvesting practices (Legaard et al. 
2015). 
11/1/entire: The assumption that populations will be extirpated from 3 of 5 units represents excessive 
speculation and ignores the high uncertainty and many assumptions associated with that expectation. I 
agree that the climate change projections, despite uncertainty, suggest increasing challenges for lynx 
conservation in all geographic units. Populations without topographic relief could be at high risk. 
Additionally, if lynx retreat to higher elevations in western populations their distributions could become 
even more fragmented within naturally fragmented landscapes. Again, the conclusion that extirpation is 
inevitable in 3 of 5 units implies a level of certainty that is unwarranted given the many interacting 
uncertainties. 
Page 9 of 29 
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11/3/entire: Although I agree with the conclusions about genetic representation, the genetic 
structuring, particularly in western mountain ranges and south of the St. Lawrence River suggest that 
demographic isolation could be a concern and could affect future resiliency and redundancy. Fewer 
population exchanges are needed to maintain genetic representation than are needed to maintain 
population viability in declining populations dependent on demographic exchange with neighboring 
populations. 
11/2/8-11: IBID comment on 11/1/entire. I am fine with this paragraph if the last sentence is omitted ‐ 
“more likely than not…” is vague, debatable, and that wording is compromised by extreme uncertainty. 
14/3/2: How is “persistent” defined? More clarity and justification is needed. Why is the recently 
established population in Colorado where there seems to be a lack of sound evidence for a historic 
sustained population, and that region is dominated by hare densities below landscape thresholds 
required by lynx. Additionally, observed reproductive success seems marginal, yet this previously 
extinct population is still be considered as “persistent”? The premise that populations in GYE are 
“persistent” also seems contradictory to other evidence presented in the Draft SSA. 
16/2/1-7: References to support the underlying principles behind the “3 R’s” concept are needed to 
strengthen justification for this approach (which I strongly support). 
20/2/1-2: This sentence could be interpreted to imply an intended outcome by FWS. Regardless, if 
delisting is a potential future, then the potential effects on lynx conservation need to be much more 
rigorously considered and evaluated throughout the document. The consideration of this potential 
outcome is very uneven across the 6 populations discussed under Chapter 5: Future Conditions. In most 
cases, it is implied that things will stay status quo with de‐listing. See comment #3 (above) – this is 
closely tied into my concerns regarding the final general assumption that is bulleted on page 8, which 
seems unsupported and could greatly affect the future status of lynx. 
20/2/5-12: Why is private land not included in this discussion? See comment #3 (above). 
23/2/6-10: This statement ignores the results presented in Mallett (2014), which indicate that in a 
population within the DPS with dampened cyclicity of hares, home range areas, spatial overlap, and 2nd 
and 3rd order resource selection by lynx were unchanged across periods of relatively higher and 
relatively lower hare density. This benchmark study for a southern population suggests that local‐scale 
demography may be more stable in southerly populations where hare populations may exhibit less 
temporal variability. 
24/Figure 6: A potentially significant interaction seems to be missing from this figure. With declining 
snow, forest management or natural disturbances that increase habitat quality for hares could actually 
lead to numerical and functional responses of fisher, bobcat, coyote, and red fox, as well as avian 
predators that consume a diet with high representation of hares near the current interface with lynx 
critical habitat. Increased hare habitat combined with less snow could lead to increased competition for 
a limited food resource. See comment #6 (above). 
Page 10 of 29 
25/3/5-9: Also see Simons‐Legaard et al. 2013. 
25/3/entire: It may be worth mentioning that although lynx select forest landscapes with high 
aggregate amounts of HQHH when choosing home ranges (Hoving et al. 2004, Simons‐Legaard et al. 
2013), and often select stands with high hare densities (numerous references are cited but add Vashon 
et al. 2008b and Squires et al. 2010) within their home range, lynx may also select for stands within their 
home range with intermediate hare densities and where escape cover for hares is compromised (Fuller 
et al. 2007). Additionally, when foraging in HQHH, lynx alter their movement paths to avoid transitions 
from HQHH to habitats supporting lower hare densities (Fuller and Harrison 2010). Thus, once 
landscape thresholds for lynx occurrence are reached, interspersion of HQHH with intermediate quality 
hare habitats, as well as travel corridors may be optimal (McKelvey et al. 2000c, Hoving et al. 2004, 
Simons and Legaard et al. 2013). This change would cast the second part of this paragraph in a much 
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more precise spatial context as the various spatial scales are easily confused as presented in the Draft 
SSA. 
26/1/1-5: Hare densities within lynx critical habitat are also presented in Fuller and Harrison (2005). 
26/1/6-12: This seems to lack the 2 most recent references on threholds of hares for lynx occurrence – 
see Simons‐Legaard et al. 2013 (reports threshold of >0.7 hares/ha) and (Simons-Legaard et. al. 2016), 
which depicts distribution of hare habitat meeting landscape thresholds for hares across 4.1 million 
acres of lynx critical habitat circa 2010 and 2022. 
26/2/entire: Also see Olsen (2015) who reported that lynx in Maine were specialists on hares across 
summer and winter seasons and across period of relatively high and low hare densities in Maine. 
28/1/18-22: This statement is not supported for all populations within the DPS and contradicts lines 4‐6 
of this same paragraph? This general assumption that population processes in the DPS are more similar 
to northerly populations at the low in hare numbers is universally inaccurate across the populations 
within the DPS. We know that finite rates of population change for lynx are well below 1.0 (rapid 
decline phase) starting 1‐year following the decline phase of hares within the core range. This is in 
complete contrast to the positive rate of increase in one subpopulation in Montana across several years, 
and the positive growth rate across several years of relatively high but stable hare densities in Maine. 
Further, the slightly decreasing values for Maine during the relative hare low were based on an 
exceptionally small sample of reproductive‐aged females (n~5 , and surely had a confidence‐level on 
lamda spanning 1.0). This also coincided with a period of range expansion in lynx in Maine, and the 
estimated finite range of change during the relative hare low in Maine was much closer to one (despite 
high uncertainty with that estimate) than has been reported for lynx during the decline phase in the 
core of the range. This is not surprising given that hare numbers during the low in Maine are ~ 8‐fold 
higher than in the core range. In summary, this general assumption is inconsistent with other 
information presented in the Draft SSA and is not universally applicable across the different populations 
in the DPS. This general assumption seems more relevant to the western populations of the DPS ( i.e., 
Washington, GYE, Colorado) where hare habitat is patchier and where landscape densities of hares are 
generally lower than in Maine and Minnesota (and perhaps in some subpopulations in Montana?). 
Page 11 of 29 
28/2/11-14: This last sentence is poorly written and includes too many hedge words to be meaningful. 
29/b/2: Why hare “meat”… is there really something special about hare protein for lynx – I would think 
not. 
28/d/entire: This seems overtly vague. What does a “low likelihood of encounters” really mean? 
29/1/entire: This seems to ignore the 1‐2 year time lag in lynx response to changing hare densities as 
well as a 2 year lag for birth to reproduction in individual lynx? 
29/2/4-5: This is a direct contradiction to the positive rate of increase in one subpopulation in Montana 
across several years, and the positive growth rate across several years of relatively high but stable hare 
densities in Maine. It also ignores the substantial lynx densities cited on 28/1/4-6 in N. Maine during a 
6‐year high in hare densities. 
29/2/entire: This entire paragraph is not supported and all lynx populations in the DPS should not be 
grouped together as the landscape compositions and configurations, distribution of HQHH, and 
demographics are very different. See numerous comments above about the inappropriateness of the 
broad generalization and assumption that lynx demographics across the DPS are characteristic of 
northern populations during hare lows. If so, then all populations in the DPS should be in rapid decline 
phase most of the time and would not persist. Data for most southern populations is in direct contrast 
with this assumption, and the data are particularly contradictory for northern Montana, Minnesota, and 
Maine. In fact, periods of positive population growth occurred over a much longer period in Maine than 
is typical in northern populations with 10‐year cycles. 
30/2/1-5: Again, the populations across the DPS are being generalized when there is much variability. 
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Home ranges in Maine and N‐C Washington are relatively smaller, not larger than has been documented 
in areas within core lynx range. Within the DPS there is 3‐ to 4‐fold variability across populations in 
terms of the mean home range areas within sexes. 
31/2/entire: This paragraph does not address the historical effect of wolf extirpation and coyote 
colonization or expansion in Maine and Colorado. Coyotes were historically absent but now occur 
ubiquitously across critical lynx habitat in Maine. Wolves were present prior to 1900, but have been 
absent since (coyote release?). Those coyotes use hares extensively (Major and Sherburne 1987, 
Litvaitis, J. A. and D.J. Harrison. 1989), and coyotes may also mediate competition between lynx and 
bobcats (Litvaitis, J. A. and D.J. Harrison. 1989), particularly given reported exploitation competition 
between coyotes and bobcats, which both rely more on deer during winter than do lynx (Olsen 2014). 
31/2/10: This argument focuses solely on foot loading and ignores the effect of limb length, which is 
very important in terms of competition by lynx with red fox and fisher. See comment #6 (above). 
32/2/entire: This contradicts page 29 and the general assumption that lynx in the DPS operate 
demographically like populations in the north during cyclic lows. If so, then the factors contributing to 
positive growth and persistence (as identified in this paragraph) would not exist in the DPS. This is 
contrary to current naturally occurring populations in 4 populations within the DPS. 
Page 12 of 29 
32/3/entire: The peripheral island population concept is not relevant to populations in N. Montana, 
Minnesota, and Maine, all of which occur over large landscapes and are fully contiguous (and part of) 
populations in Canada. Although the population may be large enough to be sustainable in their own 
right (particularly in Maine), in at least one case there is 10 million acres of habitat that is completely 
contiguous and fully connected with 20 million acres in Canada. See comment #1 (above) where I 
criticize the application of the island metapopulation concept across all 6 populations in the DPS. 
33/2/entire: The wide uncertainty around estimates of lamda for the entire population needs to be 
acknowledged, particularly given the small samples of lynx used to estimate recruitment and survival. 
Very likely, the credible confidence bounds on all of the estimated rates of increase span 1.0 (i.e., the 
benchmark for population stability). Estimates are likely more precise during periods of hare highs 
when there was more reproduction. Thus, I feel confident in concluding that population growth rates in 
some parts of the DPS are positive when hares are high. For the Maine data, the very low number of 
reproductive aged females monitored during the hare low lends great uncertainty to the estimates of 
finite rate of population change during that period. I suspect this may also be a problem for other 
populations in the DPS? 
34/2/5-10: Not all southern populations are isolated and necessarily dependent on immigration – again 
this is an overgeneralization across populations within the DPS. This concept is probably most relevant 
to populations in Colorado, GYE, and N.C. Washington. 
34/2/10-18: Again, there may be lower temporal variability and longer periods of positive growth rate 
in some southern populations with dampened or absent cycles if landscape hare densities during 
extended high periods exist for long periods of time, if population lows do not result in catastrophic 
declines in population growth rate, and if the periods of positive population growth are extended. This 
appears to be what is happening in Maine, which had the highest growth rate and maintains the largest 
population in the DPS. Hare densities there during the low are ~8‐fold higher than during the nadir in 
some northerly populations. 
35/3/9-12: There was a “little ice age” during the 1700’s‐1800’s in the northeastern U.S. when 
populations of northern mustelids (e.g., martens and fisher) shifted southward in the Appalachians as 
far south as Tennessee. Lynx may have also expanded southward and then later retreated when 
climate warmed and may explain more southerly records of lynx (e.g., Pennsylvania). The “little ice 
age” is discussed and referenced in the climate change sections of the Draft SSA. 
36/2/entire: There is little evidence that mass immigrations of lynx from Canada were needed to 
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restore lynx populations that are contiguous and demographically connected to Canada (e.g., Maine and 
Minnesota). In Maine, historical distributions of lynx have been very consistent since the 1850’s (Hoving 
et al. 2003). 
36/3/1-7: As stated previously (particularly see comment #1 and 32/3/entire), the 
islandmetapopulation concept does not apply universally throughout the DPS and is most relevant to 
populations in Colorado, GYE, and N.C. Washington. 
Page 13 of 29 
37/4/16: The last 7 words are not supported by data, are likely an over‐ generalization, and I would 
suggest deleting. See comment #2 (above). 
38/2/entire: Consider expanding this paragraph to include other potential competitors and influence of 
limb length interactions (see comment #6 above). 
43/1/1-2: Why is northern New Hampshire considered separately when it is actually a small extension 
of habitat from northwestern Maine into low elevation industrial forestlands contiguous with the Maine 
population? This seems to be a political rather than a biological boundary? 
43/1/12-16: See Litvaitis et al. (1986) for more relevant information regarding this topic. 
44/1/1-4: Also see Simons-Legaard et al. (2016), page 1263, Table2. 
44/1/11-16: Is 10 million acres of habitat in Maine really a peripheral population if broadly connected 
with an additional ~20 million acres in Canada. This is a political separation and Maine lynx are really 
residents of a larger trans‐border population. As such, is it really “immigration” when animals move 
within a larger population or are we just creating this concept because of a political boundary. The 
same may be true for Minnesota and perhaps some sub‐populations in Montana? 
44/2/10-11: IBID comment 44/1/11‐16 above. 
45/3/11-13: This sentence (and the larger document) is missing an important reference that identifies 
lynx habitat in 2010 across Maine and projects to 2022 based on forest succession (Simons-Legaard et 
al. 2016). Also see Simons (2009: pp 202‐220). 
47/2/23-27: Tier II risks could be more important than assumed here (e.g., effects of roads and 
particularly, incidental and illegal harvests have not been modeled or simulated). These factors could be 
particularly important for isolated populations and sub‐populations with small effective population 
sizes, but also for the larger population in Maine where unimproved road densities exceed 1.5 km/km2 

and nearly all individual lynx in the population are potentially exposed to risks via incidental take and 
illegal shooting. Illegal and incidental harvests are reported later in the document but are neither 
rigorously evaluated, modeled, nor simulated to evaluate their potential as limiting factors in regards to 
lynx resiliency. 
52/2/4-5: Yes, state prohibitions on take may limit the potential for targeted harvests of lynx. However, 
lynx are susceptible to capture in a wide variety of set types, including in neck snares set to remove 
nuisance coyotes and wolves. In some states, required trap check intervals could also compromise 
health and survival of incidentally captured lynx. The question is not whether existing regulations may 
benefit lynx, but are current measures adequate and enforced to minimize threats to population 
resiliency. In my view, this topic has not been adequately evaluated in the Draft SSA. 
52/2/16-19: These efforts may “reduced” but have not “minimized” incidental captures of lynx (see 
incidental reports elsewhere in this document, which were are likely just an unknown percentage of 
actual incidental and illegal captures). Additionally, I have been informed that at least one state agency 
Page 14 of 29 
has verbally assured trappers that restrictions may be relaxed if lynx are de‐listed. As stated previously, 
there are not assurances that state efforts to conserve lynx will not be compromised by other public 
demands (e.g., nuisance animal control, changing fur markets, and desires by users to expand 
opportunities to harvest other furbearers and carnivores that may prey on game species or livestock) if 
lynx are removed from protections afforded under ESA. 
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53/1/entire: Lynx in Maine are particularly vulnerable to incidental mortalities given that densities of 
gravel roads accessible by 2‐wheel drive vehicle exceed 1.5 km/km2 throughout much of the designated 
lynx critical habitat in Maine and the large home range areas of lynx put them in potential direct contact 
with long‐line trappers in pursuit of other valuable furbearers (e.g., marten), with bear hunters, grouse 
hunters, moose hunters, armed fishermen, deer hunters, logging trucks, and recreational and 
nonrecreational vehicles. As mentioned previously, the issue of potential effects of incidental and illegal 
mortality have not been adequately considered or evaluated in the Draft SSA (see Comment #3 above). 
53/1/25-29: How widely used and applied are the state agency’s voluntary management guidelines for 
conserving lynx habitat? For over 25 years I have been a Cooperating Scientist working with landowners 
who manage ~8.5 million acres of forestland in lynx critical habitat in Maine, including serving as an 
advisor regarding habitat management for lynx. I have never heard a landowner mention the state 
agency’s habitat management recommendations. I suspect that the impact of these recommendations 
has been insignificant. 
54/2/entire: All sounds good, but how effective? What is time to response, average trap check 
intervals, rate of compliance, level of enforcement, and what evaluations suggest that this does not 
affect resiliency in small subpopulations. What assurances are there that protection would continue 
absent protections under ESA? 
55/2/11: “Avoids” implies 100% success, which has not been documented here or elsewhere. “ …might 
reduce the potential for….” would be more accurate wording. 
55/4/7: IBID 55/2/11 
55/1/17: Add references for Robinson (2006) and for Harrison et al. (2016), and Simons-Legaard et al. 
(2016) to strengthen and justify the broad statement ending with the word “habitat” on line 17. 
56/2/entire: More research and quantification of the acreage of land under forest certification within 
lynx critical habitat is needed. I think the percentage would be very surprising. Thus, there is much 
underutilized opportunity to strengthen landscape considerations and to provide incentives for lynx and 
hare management via forest certification, which is directly linked to endangered species conservation. 
The loss of this tool to affect land management in the largest population of lynx in the DPS would likely 
occur if the “nexus” resulting from ESA listing for lynx were to be removed. See comment # 3 (above). 
57/2/4-8: The incentives for lynx conservation and mitigation on state‐managed lands would also be 
greatly diminished via de‐listing. 
Page 15 of 29 
57/3/entire: Private land management for lynx in Minnesota seems to be an underutilized opportunity. 
Perhaps this could become an increasing priority for FWS and for federal incentives and/or management 
incentives if lynx were to remain a listed species? 
58/5/entire: Yes, lynx are protected, but are there proactive measures to minimize the potential for 
incidental and illegal take and is there adequate enforcement? 
64/1/5-7: IBID – consider limb length and a wider range of potential competitors for food (e.g., red fox, 
fisher). 
64/1/7-10: IBID – the small, isolated, and habitat island concept in a metapopulation context does not 
apply well to Maine, Minnesota, and some subpopulations in Montana. 
64/3/4-5: IBID‐ reductions in periodicity and amplitude of cycles in Canada may be important from a 
mass immigration standpoint, but only for small, isolated western populations in the DPS. Dampened 
fluctuations of hares at intermediate densities may be beneficial to population persistence in Maine 
(and perhaps Minnesota) where long period of positive growth rates, lack of catastrophic declines, and 
stable social systems and spatial dynamics of lynx have been documented over 10‐15 years. 
65/1/1: Bobcat AND fisher distribution and densities within lynx critical habitat will increase in Maine 
and in New Brunswick, which are part of the same population of lynx. Access by sympatric red fox and 
coyotes to hares will also increase during periods of deep snow. 
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65/3/9-16: IBID comment on 64/3/4‐5. 
65/4/6: IBID comment 65/1/1 
67/2/entire: See comment #6 (above) 
67/4/9-11: The premise that hare populations “…have declined and remain low in Maine” requires 
greater context and clarification. See new reference for Harrison et al. (2016), which document that 
hare densities in HQHH have been stable (range 0.75‐0.99 hares/ha) and have averaged 0.86 hares/ha 
during a “low” hare period spanning from 2008‐2015. This is approximately 8‐fold higher than hare 
densities observed at the nadir in some areas of the north and may approximate the best case scenario 
for hare densities in some western populations. This undoubtedly contributes to reduced population 
variability, as well as the reported long‐term stability in spatial dynamics (Mallett 2014) of lynx in Maine. 
68/1/1-4: Might jackrabbits and mountain cottontails move upslope with less snow? Hares in Maine 
have high tick infestations during spring and summer, particularly in areas of high hare density. Have 
parasite and disease interactions with climate been considered? 
71/2/19: Suggest a change to “…and gene flow in lynx populations within the western portion of the 
DPS.” This statement does not apply to Maine. 
72/5/entire: IBID comment 68/1/1‐4. 
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73/2/1-3: Actually lynx populations in Maine, the Gaspe’ region of Quebec, and in northern and central 
New Brunswick are contiguous and without significant geographic barriers across ~30 million acres of 
habitat. Demographically, these populations may be very sustainable and have remained so with nearly 
70 years of demographic isolation from the rest of Quebec since the formation of the St. Lawrence 
seaway and the practice of daily ice‐breaking. Some lynx likely swim the river based on genetic data but 
some genetic differences are evident south of the river, which do not seem to be a threat. As such, the 
Maine population (and perhaps Minnesota?) does not fit well with the immigration limitations/threats 
and island metapopulation processes generalized across the DPS. 
74/1/1-3: I am unsure how “young regenerating spruce‐fir forests” differ from “young stands with 
spruce‐fir saplings”? These seem the same, yet are cited differently? 
74/2/1-4: A more recent reference for the eastern DPS is Fuller and Harrison (2013). 
74/3/7: Harrison and Fuller (2005) is absent here, but is one of few published articles that presents a 
comparison of hare densities based on pellet counts across a range of forest management treatments. 
75/1/5-10: The wording in this paragraph incorrectly implies that hares exit stands after the process of 
self‐thinning. In reality, hares in Maine are present in all forest stands across the landscape, but at 
varying densities (see Fuller and Harrison 2005 and Harrison et al. 2016) 
75/3/bullet #2: In the northeast, harvesting in the 1970’s –early 1990’s (current lynx habitat) was 
focused on areas of poorer site quality and drainage (which favor shallow‐rooting spruce and fir), which 
were the spruce‐fir flats where budworm risk was most severe. 
75/3/bullet #3: Actually, “high grading” is a dominant practice in partially harvested stand in Maine and 
we have conducted several studies that have documented that conifer trees are selected for and 
hardwood (often low‐value species) composition increases after partial harvesting. The landscape‐scale 
effect of the shifting composition away from conifers and towards hardwoods in Maine is documented 
in Legaard et al. 2015. In my view this rapid shift towards hardwoods from forest harvesting is much 
more important to lynx in the short run than is the longer term forest shift associated with climate 
change. 
75/3/bullet #5: I disagree. This statement applies to northern boreal forests and to some landscapes in 
the west; however, in Maine the cumulative effect of forest change from mechanized harvesting over 
the past 40 years dwarfs the size and frequency of any previous natural disturbances. 
76/2/entire: This paragraph accurately summarizes events on western National Forests, but does not 
accurate depict the situation in the forests supporting the largest population in the DPS. In Maine, the 
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annual footprint of forest harvesting in terms of acres/year has more than doubled since the enactment 
of the Maine forest practices Act in 1991 (passes in 1989). The cumulative effect of those increased 
annual harvest equate with monumental landscape changes. In the past 3 years there have been slight 
decreases in forest volumes resulting from recently closed paper mills, but the acreages harvested are 
still well above historical averages. 
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76/4/7: Change “These” to Some. This is needed because the 2 largest landowners in Maine are 
actually family ownerships with long‐term investment horizons ‐‐ not all ownerships are TIMO’s and 
REIT’s. 
77/1/8: It is inaccurate to say that short‐term landowners are “not interested” in long‐term 
commitments. Any commitments that promote sustainability, standing volume, or future land value can 
be part of the investment equation …. and with creativity, some of those can sometimes benefit lynx 
and hares. Forest certification and the connection with endangered species conservation is a key tool 
here. 
77/2/entirety: It should not be ignored that the federal protection of lynx under ESA has heightened 
the utility of lynx as a flagship species for conservation, and has been a major force behind land 
acquisitions by conservation organizations and subsequent management of these lands for lynx and 
hares. This could change if lynx were to be de‐listed. 
78/2/9-10: Conversion of conifer‐dominated forests to hardwood dominated forests via forest practices 
and regulations is a threat to lynx. See Legaard et al. 2015. 
78/2/11-14: Roads are typically considered in terms of human‐induced mortality, but the habitat 
effects of roads are incredibly significant for the Maine population. Fuller et al. (2007) documented that 
gravel roads and associated road edges represented 11% of the total land and water surface area of a 
northern Maine study area. Road and road edges were avoided by lynx and had the lowest conifer stem 
densities and indices of hare abundance of any of the available habitat types during that study. Thus, 
roads affect availability of high quality habitat by lynx and affect lynx movements given that lynx alter 
movement paths to avoid transition out of HQHH when foraging (Fuller and Harrison 2010). 
78/2/15-16: And these stand‐scale stressors cumulatively reduce the probability of landscape‐scale 
habitat occupancy by lynx (Simons‐Legaard et al. 2013). 
79/2/1-4: It needs to be considered that in eastern forests, PCT occurs after a stand has been previously 
clearcut and herbicide treated to reduce hardwood competition. This elevates confer composition and 
sapling density to levels well above those needed by hares. Thus, even after PCT, hare densities (though 
reduced compared to unthinned clearcut and herbicide treated stands) still provide hare densities that 
are higher than most other habitats available to lynx (e.g., selection harvests, uncut second‐growth, 
hardwood dominated and mixed stands, road edges). Contrary to what is described here, these stands 
do not need to exhibit “regrowth” to again become snowshoe hare habitat. They are prime habitat 
before thinning and then remain above‐average quality hare habitat after thinning (see Homyack et al. 
2007). 
79/3/entire: This is implying that PCT is a threat. From an eastern perspective, clearcut+herbicide+PCT 
creates much better conditions than partial harvests or stands without harvesting in terms of hare and 
lynx habitat. 
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80/1/entire: Selectively removing overstory trees, as practiced in the northeastern forests is also a 
threat as it transitions stands to a greater hardwood composition (Fuller et al. 2004), which results in 
lower densities of hares (Legaard et al. 2015, Fuller and Harrison 2005, Robinson 2006 and lower conifer 
stem densities in partially harvested stands (Fuller et al. 2004, Robinson 2006). Further, the residual 
overstory trees have a higher conifer composition and provide less winter canopy cover for hares after 
selection harvests (Fuller et al. 2004) and after other forms of partial harvests (Robinson 2006). This has 
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led to landscape‐scale declines in boreal forest (Legaard et al. 2015). 
80/2/entire: Correct term is “selection harvests” not “selective. Heavy harvests (i.e., stand replacing) 
should be defined as any stand with >50% of basal area removed. The 90% threshold presented here 
would legally be defined as a clearcut (<30 ft2/acre residual basal area) under Maine law, so that would 
occur with 80% removal in a typical stand with starting basal area of 150 ft2/acre. On line 6 of the 
paragraph, the Sader et al. (2003) reference is very (14‐years) old and the Maine Forest Service has 
reports for the current period as recent as 2015. Fuller and Harrison (2005) provide additional 
information on reduced conifer stem densities in selection‐harvests, which are replacing uncut and 
clearcut stands as the dominant landscape matrix. Those selection stands support fewer hares that 
other forest harvesting options (Fuller and Harrison 2005, Harrison et al. 2016). Actually, Fuller and 
Harrison (2005) documented hare densities of 0.17 hares/ha in recent selection harvests during 1997‐ 
98. Robinson (2006) documented hare densities ranging for 0.3‐1.7 hares/ha across a range of partial 
harvest treatment during a period of high hare density and all 21 partial harvest stands had a hare 
density lower than the mean observed in regenerating clearcuts. Subsequently, Harrison et al. 2016 
documented hare densities in longer established partial harvests ranging from an annual average of 0.31 
to 0.59 hares/ha during an 8 year period of relatively lower hare densities when average hare densities 
in regenerating clearcuts ranged (annual average) from 0.77‐0.99 hares/ha. 
80/4/entire: The extent and trends in biomass removals should be quantified given that this is 
increasing in eastern forests for wood pellets, biomass fuel production, and other wood products (e.g. 
particle board). 
81/2/4-5: Selection harvest is the correct silvicultural term. Shifts away from boreal forest in selection 
harvests are described in Fuller et al. 2004 and Robinson 2006. Landscape effects of forest harvesting 
that have shifted transitional forests towards hardwoods and have reduced representation of conifers 
are summarized in Legaard et al. 2015. 
81/4/entire: I disagree with this entire paragraph. To the contrary, the vast percentage of high quality 
hare habitat in Maine and New Brunswick is the result of past clearcutting followed by herbicide 
application (e.g., Glyphosate) to suppress competing hardwoods. The result is high conifer stem 
densities that develop into optimal hare habitat which is determined by the presence of cover and NOT 
by deciduous stems for food. Many studies (and cited in the Draft SSA) have shown positive 
relationships between conifer stem densities (>1 m) and hare densities. Robinson (2006) modeled 
vegetation variable as predictors of hare density and found that conifer stems were much more 
influential than deciduous stems, due to greater cover provided by conifers (Litvaitis et al. 1985). Fuller 
and Harrison (2013) reconfirmed those relationships via modeling at the microsite scale. 
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82/1/1-2: This statement is further supported by Hoving et al. (2004). 
82/1/5-7: This statement is further supported by Fuller et al. (2007). 
82/2/11-14. This statement is incorrect. The trends presented are accurate but the cause is NOT from 
partial harvesting. Clearcuts during the 1980’ and 1990’s that occurred in the southern parts of lynx 
critical habitat are coming on line from 2010‐2022 and will buffer losses as older clearcuts in the north 
advance to pole stands. Because of topography, lack of large spruce‐fir flats, patterns of site quality (i.e., 
better drained soils on ridges) and given that budworm had disappeared by the time these stands were 
harvested, the cuts were more scattered and smaller in average size. Many of these cuts occurred after 
the 1991 MFPA and there were new economic disincentives for cuts >30 acres. This is why the patches 
are getting more fragmented and smaller as HQHH is shifting to the south. This is not a direct result of 
partial harvesting. 
83/1/entire: Spruce‐budworm outbreaks occurred historically at 50‐80 year intervals, thus I disagree 
that natural disturbances were rare. Yes, fire intervals were long, except in the extreme northwest 
portion of Maine where forests were more boreal‐like and burned more frequently (per C. Cogbill 2005, 
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which is also cited elsewhere but missing from the literature cited in the Draft SSA). And tree mortality 
was common given that the most common tree in Maine (balsam fir) has a typical lifespan of ~80 years. 
Thus commercial patterns are shorter for less common but important species like red spruce, black 
spruce, white pine and hemlock, and stand‐replacing forest harvesting has shifted composition towards 
balsam fir, which transitions into excellent hare and lynx habitat. That said, historic spruce budworm 
outbreaks (as evidenced by fir waves on Maine’s highest mountains) were a major disturbance factor 
historically. Also see comment # 4 (above) which discusses the potential role that old‐growth forests, 
which are functionally absent from the current northeast landscape, may have played in supporting 
historical populations of hare and lynx. 
87/2/1: I strongly disagree with this statement. See many of my previous comments, particularly 
general comments.#1 and #2. As stated previously, nearly all forest habitats (Maine is >90% forest) 
contain snowshoe hares. Thus there is continuous, unfragmented habitat. High quality foraging 
habitats are aggregated due to topography, site quality, road access, and harvesting efficiencies. Maine 
does not have the natural fragmentation of western forests, nor expanses of unsuitable habitat that are 
absent of hares. The background matrix and landscape context in Maine and Minnesota may be very 
different from western populations in the DPS where topography and water cause a patchy distribution 
of mesic conifer forests. The problems in Maine result from habitat loss caused by harvesting practices 
and historical management that are shifting species composition towards hardwoods (Legaard et al. 
2015). 
88/3/5: References to Hoving et al. 2004, and Simons‐Legaard 2013 would strengthen this statement. 
88/4/6-7: Again, it may be dangerous to assume dampened cycles are bad for lynx if the low in hare 
densities can still support lynx reproduction and survival and if periods of positive growth rate are 
extended during relative highs. See comments 64/4/9-11 and 64/3/4-5. 
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89/1/2-3: Suggest changing wording to “… inflicted by other more generalized predators (e.g., coyotes, 
bobcats, red fox, fisher), which are less adapted to deep snow and consume hares when they are 
accessible.” 
89/2/12: I’m not sure what “intense predation” is and am not sure that high rates of predation on lynx 
have been documented anywhere in the DPS – perhaps because lynx stick to areas of deep snow. This 
needs clarification and more justification. 
89/3/1-3: Are other closely related species really more sensitive to fragmentation, or are they more 
generalized in diets and geography so that they interface more with high human densities and the 
fragmentation associated with agriculture, suburbanization, paved roads, and human sources of direct 
mortality? 
91/1/4: Additionally, within home ranges dominated by HQHH, lynx selected for stands with 
intermediate hare densities where conifer stems densities were suboptimal for hare cover, but where 
encounter potential with hares was intermediate‐high (Fuller and Harrison 2007). 
91/2/9-11: It is also important to consider that lynx need home range‐sized area with a high 
representation of HQHH to meet their landscape thresholds for occurrence (Hoving et al. 2004, 
SimonsLegaard 2013), thus fragmentation of HQHH habitats can reduce landscape quality and 
probability of 
lynx occupancy (Simons-Legaard et al. 2016). 
92/4/entire: The effect of habitat conversion to areas with low hare densities and which are avoided by 
lynx within 60m corridors associated with forest roads can result in >10% habitat loss in landscapes with 
intensive private forestry (Fuller and Harrison 2007) and these linear bands of low quality hare habitat 
alter the foraging paths of lynx, who avoid transitions from high‐ to low‐quality foraging habitat (Fuller 
and Harrison 2010). 
93/2/entire: IBID 92/4/entire. Linear densities of gravel roads in many areas of lynx critical habitat in 
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Maine exceed 1.5 km/km2. 
94/2/8: As a minor note, I documented snow tracks of 3 lynx traveling together in December 2015 and 
a single lynx traveling in December 2016 through the Copper Mountain Ski Resort in western Colorado 
at ~10,500 foot elevation. 
95/3-4/entire: Utility corridors, access roads to wind sites, and gravel forest roads (particularly if they 
receive snowmobile traffic) may enhance access of generalist and edge associated predators and 
competitors (e.g., coyotes and red foxes) into areas where lynx occur and forage on hares. 
96/2/8-12: I disagree with this statement. The effective population size in N.C. Washington is quite 
small, so it seems conceivable that disease and or random stochasticity could result in a small but 
significant possibility of functional extirpation in the short run (as happened in the adjacent Kettle 
Mountains?). Has this been considered and modeled? 
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97/3/20-21: Isn’t it quite feasible that ephemeral lynx populations in GYE would be an essential 
stepping stone for genetic and demographic exchange with the most southerly and isolated lynx 
population in western Colorado? 
99/3/1-3: Isn’t the NH population really just part of the Maine population that extends across a political 
boundary. I am unsure why political lines are being used to define geographic range boundaries? Isn’t 
northern NH, Maine, NB, southern Quebec really a single population? VT is a bit isolated and should be 
considered separately. 
99/3/12-14: This statement is inaccurate in light of historical information on lynx distributions (Hoving 
et al. 2003). See general comment #4 above, as well as 83/1/entire. Additionally, this population may 
not be dependent on immigration from Canada (see comment 73/2/1‐3). 
99/3/19-24: Data suggest the decline in HQHH in Maine will occur from 2022 to 2032 (Simons 2009). 
The data presented by Scott (2009) and Harrison et al. (2016) provide some evidence of weak cyclicity 
across perhaps 20 years. It should be considered that even at relative hare lows in Maine, densities are 
5‐8‐fold higher than at the nadir in the north and may continue to promote population persistence until 
the next extended high period (which may have an extended period of positive growth relative to 
northern populations). The conclusions of declining populations currently in Maine should be treated 
with a high level of uncertainty given the small numbers of female lynx monitored during the low period, 
as well as very limited data on reproductive performance during that period. 
100/1/entire: Potential for predation on lynx and/or exploitation completion from fisher, coyote, 
bobcat and red fox should be considered here as well. This is a greater risk for both the Maine and 
Minnesota populations relative to western populations in the DPS. 
100/1/7: It is an overstatement that “the next spruce budworm outbreak is imminent.” Actually, larval 
densities of spruce budworm in Maine declined in summer of 1996, and larval numbers and distribution 
are not much above baseline levels at the present time. The outbreak in Quebec, Canada is primarily in 
areas without clearcut harvesting following the last outbreak, so Maine forests are very different and 
the timing and probability of an outbreak in Maine is highly uncertain. If an outbreak occurs, the 
outcome in terms of recycling pole and mature stands into sapling conifer habitat for hares is a potential 
outcome that could be beneficial for lynx. 
102/2/entire: See general comment #5 and 14/3/2. I am confused about why Colorado’s population is 
assumed to have one of the highest probabilities of survival to the next century – seems based solely on 
snow futures and not history, landscape hare densities, or current demographics? 
105/2/entire: IBID previous comments. It is important to consider that the Maine and NH (via Maine) 
are contiguous with about 20 million acres of occupied lynx habitat in New Brunswick and S. Quebec, 
which all occurs south of the St. Lawrence River. Thus this large population may be demographically and 
genetically viable with only a very minor need for infrequent genetic contributors from elsewhere (and 
the river is not impermeable to lynx immigration). 
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Page 22 of 29 
105/2/entire: It should be noted that mixed conifer‐deciduous stands dominate on sites with 
intermediate soil drainage and deciduous forests on well‐drained hillsides. Both do not support HQHH 
(Fuller and Harrison 2005, Harrison et al. 2016). Thus lynx in N. Maine are not advantaged by elevation. 
In mountainous regions where conifers are on mountaintops, the conifer patches are fragmented and 
tend to be mature conifer (which supports low hare densities per Fuller and Harrison (2005) and 
Harrison et al. (2016). Siren (unpublished report) has found that high elevation spruce‐fir forests in NH 
also do not typically provide HQHH. 
106/2/3: Simons et al. 2016 is a better reference. 
106/2/1-3: This sentence would be more accurate if revised as “…experienced a 12‐year high (1996‐ 
2006), followed by a year of transition (2007), which was followed by 8 years of a stable, but lower hare 
populations until surveys were discontinued after 2015 (Fuller and Harrison 2005, Scott 2009, Harrison 
et al. 2016).” 
108/2/19-21: It is presumptuous to assume that there would be an absence of hare habitat without 
forest harvesting and clearcutting in the 1970’s to 1990’s. Without management and pesticide spraying, 
the massive budworm outbreak of the 1970’s and 1980’s would have resulted in extensive mortality of 
fir‐dominated stands, which would have resulted in stand‐replacing tree die‐offs and subsequent dense 
conifer regeneration. See general comment #4. 
108/4/2: It would be more precise to replace “near future” with “between 2022 and 2032 
(SimonsLegaard et al. 2016).” 
109/2/4-5: Fuller and Harrison (2005) is a better reference than Fuller (1999 ‐thesis), as it is a refereed 
journal article. Similarly, Homyack et al. (2007) is preferable to the thesis cited as Homyack (2003). 
109/2/7: This is an error in fact. Actually about 260,000 total acres were harvested in Maine during 
1988, compared to a peak of about 540,000 acres/year from 2001‐2003. I think the mistake arose from 
the fact that there was about 100,000 acres of clearcut harvesting in Maine in 1988. 
110/3/entire: Again, it may be worthwhile to mention that a high percentage of private forestlands in 
Maine are certified (major force in the marketplace), that certification requires consideration of needs 
of T&E species, that there is increasing effort to incorporate landscape‐scale habitat provisions into 
certification, and that T&E listing provides an important potential avenue into enhancing management 
on private lands. This opportunity would go away in the largest population within the DPS if lynx were 
to be de‐listed. 
111/4/4-5: Given the daily ice‐breaking on the seaway during winter, cold water temps, and the width 
of the river, I would hypothesize that lynx crossings are via lynx swimming the river during the ice‐free 
season. 
112/1/13: The word “true” is unachievable and “precise and accurate” should be considered as 
alternate wording. 
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113/2/10: What is meant by “low”? Densities were still 5‐ to 8‐fold higher than populations in the core 
of lynx range during the nadir of cyclic lows. 
113/3/4-5: This statement does not accurately depict the historic data and there is no evidence that 
this population is dependent on immigration from Canada. See general comments #1 and #4, plus 
34/2/entire, 44/1/11‐16, 64/3/4‐5, 72/2/1‐3, 99/3/1‐3, and 105/2/entire. 
115/3/3-4: I think this is an error. A 50‐200‐year fire interval is incredibly frequent and I have seen no 
references to support that. A 200‐800 year interval is what I recall. This needs to be re‐checked. 
115/3/7: The reference to Cogbill (1985) is absent from the literature cited section. 
116/2/2: Increases in road densities and the indirect effects of roads mentioned in previous comments 
(e.g., see 92/4/entire, 93/2/entire, 95/3‐4/entire) should be addressed here. 
117/3/18-20: I am unclear how “diminished ice conditions on the St. Lawrence River could be an 
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increasing risk given that ice‐breakers clear the river channel daily during winter? See 111/4/4‐5. 
138/2/5: This wording suggests lynx are generalists in the summer, which is contradictory to Olson 
(2015) within the DPS. Yes lynx consume a wider range of available foods in summer, but > 90 of their 
caloric intake is likely from hares. 
138/2/10-12: IBID. Hares are much larger than squirrels, so this data still suggests >90% of caloric 
intake from hares, which occurred in 87% of scats. 
139/3/1-2: This is an incorrect statement as it applies to the Maine lynx population. Forest 
management has shifted boreal forest towards mixed and hardwood composition in this region (see 
Legaard et al. 2015). 
156/4/1-7: Again, the potential effects of incidental harvests, road mortality, and illegal take on lynx has 
not been adequately considered, evaluated or modeled and might affect population resiliency in small 
subpopulations or in populations during bottlenecks (e.g., during hare lows). There is also the implicit 
assumption in the document that the incidental mortalities reported to FWS represent 100% of the 
mortalities that occurred, which is highly unlikely. 
159/2/3-4: This text implies that forest management is and will be detrimental for lynx, which is 
contrary to the current situation in the largest population in the DPS and ignores the future 
opportunities to use forest management to enhance hare and lynx habitat on federal and private lands 
managed for wood fiber production. 
160/1/3-6: This seems contrary to the historical data which shows great consistency in the lynx 
distribution in this population since the 1850’s (Hoving et al. 2003). 
160/2/9-13: This conclusion seems overly speculative given climate uncertainty (e.g., more 
precipitation could result in more snow despite warmer temps if still below freezing, as is currently 
observed in Lake effect areas east of the Great lakes where bobcats are uncommon). Additionally, this 
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ignores natural disturbance events that may rejuvenate conifer sapling habitat in Maine and Minnesota, 
as well as potential changes in wood fiber markets and regulations that could be used to promote 
conifer habitats. I agree that data suggest lynx conservation will become more challenging, particularly 
given climate change, but extirpation in 3 of 5 units seems overly precise and overly speculative given 
uncertainty. See general comments 3, 4, and 5. 
161/3/3-6: IBID previous comment. 
162/1/entire: Opportunities via forest certification, changing markets, and via management incentives 
to landowners should not be ignored as potential mitigating influences to declining hare habitat, as well 
as forest regeneration following likely future budworm outbreaks. With additional public and private 
funding, easements could also be modified to strengthen desired forest management provisions to 
promote desired habitat conditions on lands where working forest futures are already ensured in 
perpetuity. These opportunities are underrepresented in the Draft SSA and these opportunities would 
be greatly diminished if the lynx were to be removed from ESA protections. 
162/2/13-15: Yes, this is correct and the currently underutilized opportunity for enhancing habitat 
management on private lands would be further diminished if lynx were to be de‐listed. Other possible 
threats mentioned previously are increased incidental harvests associated with changing fur markets 
and demands for fisher, marten, bobcat, and coyotes, as well as competing demands by local residents 
(e.g., coyote and/or wolf control to protect livestock or game species). 
164/1/entire: I agree, but another potential threat is that dry conifer forests lacking structure to 
support HQHH will likely move upslope in western populations within the DPS. 
164/2/entire: As mentioned previously, effects of disease (e.g., rabies, plague, lungworm, distemper) 
and other stochastic events, coupled with fires and accidental and illegal mortalities could affect 
shortterm resiliency in this population will small effective population size. With the exception of wildfire, 
the 
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additive effects of these stressors seem to have been under‐emphasized. 
166/1/entire: This seems to minimize the data suggesting low landscape hare densities and 
corresponding low reproduction, coupled with lack of concrete historical evidence of sustainability and 
the extreme isolation of this population (particularly given the apparent lack of a current population in 
the GYE). See general comment #5. 
168/Unit 6: IBID previous comment. 
168/2/6: See general comment #6 –fisher are potential competitors for hares (not just predators on 
lynx), as well as coyotes and red foxes. 
168/2/12: But soil drainage and site quality in much of Maine will not change, and in fact, may be worse 
with future trends of increasing rainfall. As such, shallow‐rooted conifers will still be favored on these 
sites, along with red maple. 
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169/2/entire: It should be recognized that ESA listing could promote changes to the Maine Forest 
Practices Act and forest certification requirements and those changes would likely be enhanced by 
continued listing of lynx under ESA. 
169/3/6-8: The early portion of this paragraph is supported by landowner surveys but it is without basis 
to assume that the lack of spraying to prevent budworm mortality and the widespread clearcutting and 
herbicide application, as conducted during the past outbreak, will lead to a lack of budworm‐inflicted 
mortality of trees. Natural recycling or commercial harvesting of infected stands that will be naturally 
transitioning out of hare and lynx habitat by 2022 could have a benefit to lynx. Again it is a poor 
assumption that lynx require broad‐scale clearcutting to be viable in the northeast. See general 
comment #4. 
169/4/entire: See general comments 1 & 2. 
169/5/10: Hares declined by approximately half since 2008, and that decline followed 11 years of 
relative highs when lynx population growth rate appeared to be positive. During the relative lows, hare 
densities in HQHH remained 5‐8 times greater than at the nadir of the cycle in the north and may be 
sufficient to sustain populations until the next increase in hares (if and when that occurs is highly 
uncertain). See general comment #1. 
169/5/13: The conclusion that reproductive rates are non‐sustainable during the hare low is highly 
uncertain given the extremely low sample sizes of radioed adult females and seems contrary to many 
reported observations of adults traveling with kittens and high apparent occupancy of habitats given 8 
consecutive years of relatively lower hare populations. See 169/5/10. 
171/1/7-8: This trend data is 14 years‐old and should be updated. Maine Forest Service has publically 
made these trends available electronically through 2016. 
171/2/1-4: This trend data is 14 years‐old and should be updated. Maine Forest Service has publically 
made these trends available electronically through 2016. 
172/1/entire: Lack of protective management may not be bad for lynx because low‐quality stands at 
pole stage will not be economically feasible to spray and may be recycled (naturally or via salvage 
harvests) to sapling stands promoting hares. There also may be potential incentives to promote 
herbicide spraying if lynx are still a priority for conservation? If the budworm does not reach epidemic 
for 10 years many of the vulnerable stands will already have transitioned out of hare habitat. The MFPA 
may also be altered to allow larger clearcuts if budworm reaches epidemic levels. 
172/2/4: Actually, the low period has been from 2008‐2015 and annual hare densities in HQHH have 
averaged 0.86 hares/ha (range 0.75‐0.99) (Harrison et al. 2016). 
174/1/entire: But soil drainage and site quality in much of Maine is much poorer (particularly spruce‐fir 
flats). This will not change with increasing rainfall, and in fact, with more rain it may get worse in the 
future. As such shallow‐rooted conifers will still be favored on these sites, along with red maple. 
Page 26 of 29 
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175/4/2-3: Actually the most recent re‐measurements of HQHH stands in Maine suggest that most of 
these overstocked stands on poor quality sites will remain HQHH to at least 40 years due to slow 
maturation due to poor site quality and high competition among overstocked stems (Scott 2009, 
Harrison et al. in prep.). 
176/3/4: The citation for Simons-Legaard et al. (2016) is missing from the literature cited and is 
provided at the end of this review. Although the relevant information is on page 6 of the manuscript, it 
actually appears on pages 1264‐1265 of the journal article. 
176/4/6: Again this should be cited as pages 1264‐1265, not pp5‐6. 
176/4/8: This should be page 1267, not page 8. 
177/1/11: This should be 16‐40 years (Scott 2009, Simons‐Legaard et al. 2013, D. Harrison, unpublished 
data). 
177/2/3: This is rather overstated and does not reflect the high uncertainty. Larval levels throughout 
Maine dropped to near baseline in summer 2016 and there is no evidence that an epidemic is imminent. 
It will like take several years at the earliest for a significant level of SBW infestation to create defoliation, 
even under worst‐case scenarios. Major moth flights into Maine from Quebec have not resulted in 
increases in larvae. Although an outbreak may be coming, it may not occur until the current lynx‐hare 
habitat is transitioning out of HQHH –and could be beneficial to lynx and hares. 
177/2/6-8: SBW did not “kill” millions of acres of forest in N. Maine during the last outbreak because of 
widespread aerial spraying with DDT and BT, coupled with aggressive pre‐salvage harvests (and coupled 
with high global demand for paper and expanded mill capacities in Maine). The clearcutting continued 
after the budworm was gone to meet paper demand and given expanded mill capacities. That is what 
led to the MFPA and 3 public referendums to ban clearcutting in Maine during the 1990’s. 
177/1/6-8: The sentence starting with “Mixed forests having…” could be improved with better citations 
to read… Mixed forests having >25% hardwood overstories do not support annual mean hare densities 
>0.23 hares/ha, whereas annual hare densities <0.38 hares/ha were observed in mature conifer stands in 
Maine (Harrison et al. 2016). Correspondingly, lynx selected against mature stands (Fuller et al. 2007, 
Vashon et al. 2008b). 
179/3/15: Saddleback Mountain discontinued operations in 2015 and Big Rock Ski Area in Mars Hill may 
be within lynx critical (is near eastern boundary). 
180/3/entire: See comment 78/2/11‐14. 
181/3/4-5: But see several previous comments regarding inadequacy of incidental and illegal take 
considerations in the Draft SSA and needs to evaluate and model effects on resiliency and to consider 
conflicting public pressures on state agencies, as well as the potential for shifting fur markets, to 
increase harvesting effort expended to capture marten, fisher, bobcat, red fox, and/or coyote within 
lynx critical habitat. 
Page 27 of 29 
181/3/11-12: This underestimates the potential impacts of “green certification” and the millions of 
acres enrolled in that program on private lands in Maine. Given the attention to T&E species, here is the 
potential federal “nexus” on private forestlands. This management tool would be absent if lynx were to 
be de‐listed. 
182/1/1-2: ESA listing of lynx has promoted the species as a flagship for conservation and has been a 
stimulus and funding source for purchases of large pieces of land that have been subsequently managed 
for lynx (one parcel >180,000 acres), and has been used as a flagship when promoting and funding new 
conservation easements, which prevent many types of development in working forests. These 
conservation tools would also be greatly diminished if lynx were to be de‐listed. 
182/2/7: State regulations were enacted out of conservation and aesthetic concerns and could change 
in the future, particularly to benefit a flagship species like lynx. 
182/2/10: Again, these “lower” levels averaging 0.86 hares/ha are above landscape thresholds for 
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occurrence and likely exceed levels in western populations in the DPS. Further they are 5 to 8‐fold 
higher than hare densities at the nadir of cycles in the north. 
183/1/2-3: In the longer‐term, climate change may be the primary driver of boreal forest change in 
Maine, but much more rapid and recent changes have resulted from forest harvesting practices 
(Legaard et al. 2015). 
186/3/4-6: incidental and illegal take have been inadequately considered and evaluated in the Draft 
SSA –see previous comments. Absent protections under ESA, it is likely that state agencies will be 
encouraged to prioritize other species management and local public demands over lynx conservation if 
the DPS were to be de‐listed. 
191/2/entire: The potential for changing fur markets and fashions that might increase demand for 
other furbearers could also pose future risks to lynx. 
202/2/entire: The assumption that management for lynx would continue on federal lands absent ESA 
protections is unsupported. This management did not exist prior to lynx being listed as a U.S. 
Threatened Species and as I understand it, there would be no requirement for USFS or BLM to prioritize 
lynx conservation 5 years after the species were de‐listed. Further there have been no credible 
evaluations of whether existing management has benefited lynx, particularly given that forest 
management effects occur across decades. See previous comments related to this topic. 
204/2/entire: This assumption is not supported by data or rigorous modeling of potential effects of 
illegal harvests and incidental trapping, disease, and stochastic events on lynx persistence in this small, 
isolated population with a small effective population size. This is particularly relevant given the recent 
extinction of a nearby subpopulation in the Kettle Mountains. 
205/1/entire: I am confused about how near‐term persistence can be as estimated high as 70% for a 
population than seems absent based on recent surveys? 
Page 28 of 29 
208/2/entire: In my professional opinion, effects of by‐catch and illegal trapping and shooting, coupled 
with other stochastic influences, been not been adequately considered given the tenuously small size of 
this population? 
211/3/entire: This estimate seem unreasonably high given the historical and present data regarding 
this population (see general comment #5). 
2015/2/entire: See comment 211/3/entire and general comment #5. Additional to the other 
information in this paragraph citing conservation challenges and uncertainties for the W. Colorado 
population, the low landscape hare densities and fragmented nature of hare habitats due to the 
prevalence of drier conifer forests at mid‐low elevations results in high habitat fragmentation. Future 
projections of persistence appear to be based solely on projections suggesting future favorable snow 
conditions at higher altitudes in this most southerly and most isolated population and do not seem to 
adequately consider quantity and configuration of HQHH. Thus, the second to last sentence of this 
paragraph seems to represent a significant contradiction? 
2019/1/1-4: I am not convinced that the issue of potential extinction risk has been adequately 
evaluated and modeled for GYE, W. Colorado, or, particularly, for the small and isolated population in 
N.C. Washington. As such, this seems to be a conclusion without sound basis? 
2019/3/4-8: Interacting effects of temperature with snow depth (Litvaitis et al. 1986), along with 
availability of alternate prey could contribute to apparent differences between Maine and Minnesota in 
snow and competitive interactions. Further, the presence of wolves in Minnesota, but not in Maine, may 
affect relative densities of coyotes, and may influence interactions among coyotes, bobcats, and lynx 
(Litvaitis and Harrison 1989). 
220/General Summary: Potential effects of incidental harvest and illegal take, as well as effects of 
fragmentation, seem to be underrepresented in the summary section of the Draft SSA relative to their 
discussion elsewhere in the document. 
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221/General Summary: The summary does not address how current ESA listing affects current status of 
lynx or how protections and status would be expected to change if the DPS were to be removed from 
ESA protections. This seems inconsistent with the frequent mention and consideration of those topics 
throughout the Draft SSA and considering that this document is intended to guide future 
decisionmaking. 
Page 29 of 29 
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REVIEWER 4 
Peer Review of: 

U.S. Fish and Wildlife Service Draft Species Status Assessment for the Canada Lynx  
(Lynx canadensis) 

An External Scientific Peer Review 
March 1, 2017 

Thank you for facilitating the peer-review of the Species Status Assessment for Canada lynx 
(hereafter lynx) that was authored by the Canada Lynx Species Assessment Team (SSA Team) of 
the U. S. Fish and Wildlife Service. I received the document on 22 Feb 2017 and was asked to 
complete the review by 28 Feb 2017. I focused my comments on the scientific basis of given 
statements, but at times my comments may relate to policy given the nature of the document. I 
provided 71 comments directly in the attached pdf document entitled – 2017 0106 Draft Lynx SSA 
Report_JRS comments.pdf. In addition, realizing the SSA team was meeting within a few days 
with limited time to review the attached document, I listed a sub-set of the most important 
comments below.   
Overall, I was genuinely impressed by the high quality of scientific thought expressed in this 
document regarding the status of lynx populations across the species’ southern range periphery. 
The SSA team provided a thorough review of threats facing the 6 population segments of the 
contiguous U.S. in a manner that was clear, transparent, and accurate. The document was very well 
written and accurately captured the conclusions reached by the Lynx Species Assessment panel 
that met in Minneapolis, MN from 13-15 October 2015.   
I understand why you used the resiliency, redundancy, and representation framework when 
considering population status and threats. However, I still struggle (as I assume did the SSA 
Team) how best to apply these concepts to lynx, especially relative to Resiliency and 
Redundancy. You define Resiliency as the ability of the species to withstand environmental 
stochasticity and redundancy as the ability of the species to withstand catastrophic events (page 
6). You concluded that resiliency and redundancy was generally adequate for lynx. But, I was 
wondering what “inadequate” resiliency would look like for a wide ranging species (would be 
easier to see for geographically restricted species like those found in caves or springs). For 
example, lynx habitat in Washington and Montana is broadly impacted by large wildlife, Maine 
is potentially impacted across the entire population segment by changing land use, and Colorado 
is impacted by large-scale beetle outbreak that extends across the best lynx habitat in the state. 
These potential threats extend across the population segments. Thus, several populations in the 
DPS could be classified as having somewhat low resilience, but I don’t know if these situations 
meet the standard of “inadequate” resilience. Similarly, redundancy is assumed adequate, but all 
populations could be impacted by broad-scale declines in northern population cycles as they may 
related to population connectivity/augmentation and other climate impacts. In addition, in several 
places in the document it is mentioned the small localized populations may have “winked out” 
such as Garnet Range, Kettles, the entire Greater Yellowstone Area (GYA), and possibly in areas 
of Colorado (not mentioned). I thought the tone when describing these localized population 
contractions was somewhat dismissive throughout the document. Perhaps, these small-scale 
contractions of populations is how a loss of resilience and redundancy is expressed for southern 
lynx populations and not necessarily the large catastrophic change across population segments 
that was stressed throughout the document; the contraction of small, localized populations within 
segments in a major conservation concern. I appreciate the challenges the SSA Team faced when 
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applying the 3 R’s to lynx, but I suggest the sources of uncertainty associated with the 
classification could receive increased emphasis.  
 
The only other issue that I questioned in the document was how the Wyoming population was 
considered (e.g. Page 41-42 and other places). It is true that Wyoming historically supported 
small populations of lynx. That said, early records suggest that lynx were present in Wyoming 
for a long time based on photographs from Yellowstone extending back to the 1920’s and 
museum records. There were 47 lynx records in Yellowstone National Park that extend 56 years 
(Reeve et al 1986). Fifty percent of all records recorded for lynx in Reeve et al (1986) were from 
the Teton and Gros Ventre, Absaroka, and Beartooth Ranges, Hoback Canyon, and Yellowstone 
National Park. There may have been a continuous distribution of lynx from the Wyoming Range 
extending north to Union Pass, Upper Gros Ventre watershed, Togwotee Pass, and eastern 
Yellowstone National Park. Reeve et al. (1986) concluded that museum specimens suggest that 
lynx may have inhabited the Wyoming Range since 1940. In total, there were 262 lynx 
documented in Wyoming before 1986 and these records covered a 130 year time period (1856 – 
1986); these occurrences were mostly in the Wyoming, Salt River, Absaroka, and Wind River 
Ranges of northwestern Wyoming. The distribution of lynx sightings (45% were trapped/killed) 
did not dramatically change since 1973 (Reeve et al. 1986). Clearly, there may be issues with 
these historical data in terms of reliability due to confusion over identification with bobcats. 
Regardless, these sightings strongly suggest that lynx were present since the 1940s in the GYA 
and these observations refute the notion, as reported in the SSA document, that lynx were 
“intermittent” in the region. In the early 1990s, the Wyoming Game and Fish initiated research 
and detection surveys and documented lynx denning in the Wyoming Range. In addition, they 
documented frequent sightings through Union Pass, Togwotee Pass, and east toward Dubois, 
WY. Between 2000 – 2010, I was involved with trapping and tracking a lynx in the Wyoming 
Range and other surveys throughout the region and lynx were detected. However, it appears the 
distribution of lynx in Wyoming declined sharply since 1997 for unknown reasons and the status 
of the species in the GYA is unclear at present.  
 
The Wyoming Range/Union Pass/Togwotee Pass apparently provided the best lynx habitat in 
Wyoming. This area was repeatedly recolonized by lynx that were transplanted to Colorado 
including males and females with overlapping home ranges; the current flow of lynx from 
Colorado is unknown because most lynx in Colorado are not instrumented or carry expired 
transmitters. Regardless, it is important to note that lynx released in southern Colorado were able 
to traverse repeatedly hundreds of miles of non-lynx habitat to locate and occupy the last known 
home ranges of native lynx in Wyoming. The Wyoming Range is unique in terms of lynx habitat 
in Wyoming and the importance of this range was not stressed in the SSA. The SSA correctly 
states the GYA supported a small lynx population historically and that the current population 
status is unknown. However, it was puzzling why in the document (page 40) the historical 
populations in Colorado, New York and Wyoming were combined together to imply a similar 
importance to lynx conservation; historical and recent records of lynx in Wyoming are very 
different from those in Colorado (pre-release) and New York. I also question the degree that lynx 
habitat in Wyoming is in protected status as stated in the SSA. It is true that much of the GYA is 
in national parks or refuges and that these protected areas are/were occupied by lynx. However, 
the document did not mention that the best lynx habitat in the state is actually outside national 
parks and has been highly impacted by natural and anthropogenic disturbance (fire, timber 
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manipulation, proposed energy development, conflicting wildlife management priorities). In a 
more general sense, Section 2.3.2.2 - Distribution within the DPS Range could benefit from a 
more cohesive underlying framework when discussing lynx distribution in terms of their 
geographic grouping and their importance to conservation (i.e. the logic needs to be described to 
readers). I was puzzled why northern Idaho (no resident lynx) was grouped with Montana (best 
lynx habitat in the West) when discussing this geographic area. There were inconsistencies in the 
document in how populations were emphasized in terms of species’ conservation based on 
current and historical records that could be easily corrected.   
 
In summary, I want to reiterate that this document was well organized and rigorously researched. 
The document concludes (page 221) with the statement, “We	 conclude	 that	 the	 functional	
extirpation	of	resident	lynx	populations	from	one	or	more	geographic	unit	would	demonstrate	
a	loss	of	resiliency,	reduced	redundancy,	and,	possibly,	reduced	representation	within	the	DPS.	
The	probability	of	 losses	 in	resiliency,	redundancy,	and	representation	puts	the	Canada	 lynx	
DPS	 at	 increasing	 risk	 of	 extirpation	 through	 the	 end	 of	 this	 century.”	 	 I agree with this 
concluding statement and the sentiment behind this statement was strongly supported in this well-
researched and well-written document. 		
 
Most relevant specific comments – see attached - 2017 0106 Draft Lynx SSA Report_JRS 
comments.pdf for all comments 
 
Comment 1 - Page 9	‐	How	do	we	know	the	DPS	demonstrates	"adequate	resiliency"?		
Lynx habitat in Washington and Montana is impacted by large wildlife, Maine is impacted by 
changing land use, and Colorado is impacted by large-scale beetle outbreak across of most lynx 
habitat in the state. What would inadequate resilience look like ?? 
	
2 - Page 12 -		“We	conclude	that	the	functional	extirpation	of	resident	lynx	populations	from	
one	or	more	geographic	unit	would	demonstrate	a	loss	of	resiliency,	reduced	redundancy,	and,	
possibly,	 reduced	 representation	 within	 the	 DPS.	 The	 probability	 of	 losses	 in	 resiliency,	
redundancy,	and	 representation	puts	 the	Canada	 lynx	DPS	at	 increasing	 risk	of	extirpation	
through	the	end	of	this	century.”	
	
I think this summary adequately captures the feeling expressed by the SSA panel and is consistent 
with the biological realities facing the species.  
 
3 - Page 20	–	“Rather,	we	assume	that	although	some	protections	could	be	relaxed	(e.g.,	less	
stringent	analyses	of	Federal	project‐related	impacts,	potential	for	some	states	to	reinstitute	
limited	trapping/hunting	harvest),”				
	
Given what we know about lynx current population status and treats, it is very difficult to 
imagine that additive mortality through hunting or trapping will be consistent with species' 
conservation. Is this statement required, because it seems to be misleading?  
	
4- Page 39 – “ 2) it was uncertain whether Colorado, New York, and Wyoming historically 

supported resident populations or only occasional dispersers; (3) New Hampshire probably 
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supported a small resident populations that had been extirpated; and (4) the remaining states 
(Idaho, Maine, Minnesota, Montana, and Washington) had the best historical and recent 
evidence of resident breeding populations (68 FR 40082, 40086‐40095, 40097‐40101).”     
 
The inclusion of Wyoming and the GYA in a list with the same uncertainty as Colorado and 
New York is inappropriate (see above). There are photo records to lynx in Wyoming since the 
1920's and recent reproduction and recolonizations (males and females with overlapping home 
ranges),  Confusing why you would consider Wyoming to be occupied by “occasional 
dispersers” and Idaho as being listed as recent evidence of a breeding population.  

 
5 - Page 41-42		–	“	We	concluded	that	the	historical	record	and	recent	evidence	of	lynx	
occupancy	and	reproduction	suggested	the	presence	of	a	small	but	persistent	resident	lynx	
population	in	the	GYA	of	northwestern	Wyoming	and	southwestern	Montana	(79	FR	54791,	
54796‐54797,	42	54825‐54826);	however,	the	consistency	of	occupancy	over	time	remains	
uncertain	(Lynx	SSA	Team	2016,	pp.	11,	45,	57).	Uncertainty	about	whether	this	area	
consistently	or	only	intermittently	supported	resident	lynx	historically	makes	it	difficult	to	
interpret	their	recent	apparent	absence	from	the	area	(Lynx	SSA	Team	2016,	p.	57).	If	
residency	was	intermittent	historically,	the	current	apparent	absence	of	resident	lynx	might	
be	a	natural	condition	related	to	the	area’s	largely	marginal	or	suboptimal	habitat	conditions	
‐	i.e.,	it	may	naturally	be	capable	of	supporting	resident	lynx	only	intermittently	when	habitat	
conditions	and	hare	densities	are	optimal.	In	that	case,	future	intermittent	residency	would	be	
expected,	but	only	if	lynx	dispersing	from	a	source	population	immigrate	to	the	GYA	when	
habitat	conditions	and	hare	densities	return	to	more	favorable	levels.	Conversely,	if	the	GYA	
always	historically	supported	a	small	number	of	resident	lynx	but	no	longer	does,	it	may	
suggest	that	some	factor	or	factors	have	acted	to	tip	the	quality	of	the	area’s	habitat	from	just	
barely	capable	of	supporting	a	small	resident	population	to	no	longer	capable	of	doing	so,	
resulting	in	extirpation.	We	conclude	that	this	uncertainty	cannot	be	resolved	based	on	the	
available	information	but,	given	the	protected	conservation	status	of	millions	of	acres	in	the	
GYA	unit	(Yellowstone	and	Grand	Teton	National	Parks;	all	or	parts	of	the	Absaroka‐
Beartooth,	Bridger,	Gros	Ventre,	Lee	Metcalf,	Northern	Absaroka,	Teton,	and	Washakie	
Wildernesses),	its	historical	inability	to	support	a	robust,	persistent	resident	population	and	
its	apparent	recent	inability	to	support	any	resident	lynx	may	be	a	reflection	of	naturally	
marginal	and	patchy	habitats	and	relatively	low	hare	abundance	in	much	of	the	unit,	
resulting	in	only	an	intermittent	ability	of	this	unit	to	support	resident	lynx.	We	also	note	that	
extensive	areas	of	the	GYA	were	burned	by	the	large,	intense	wildfires	of	1988,	and	that	these	
areas	may	soon	(perhaps	in	the	next	5‐15	years)	regenerate	to	a	stage	containing	the	dense	
horizontal	conifer	structure	favorable	for	hares	and,	therefore,	lynx	foraging	habitat,	perhaps	
increasing	the	likelihood	that	the	GYA	may	support	resident	lynx	again	in	the	near	future	
(Lynx	SSA	Team	2016,	p.	46)..”												
	
The historical importance of the Wyoming population was downplayed throughout the document 
(see above for extended comment). Suggest the Team reviews/edits the wording to provide a 
better balance.    
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6 - Page 45 – “although	the	Kettle	Mountains	in	the	northeastern	part	of	the	state	are	
thought	to	have	historically	supported	a	small	breeding	population,	and	lynx	are	detected	
there	occasionally	(Stinson	2001,	pp.	13–14;	Koehler	et	al.	2008,	p.	1523	)	“	
 
My knowledge of the Kettle Range in Washington is limited. However, I was under the 
impression that lynx were harvested from this range with some regularity in recent past. If so, 
this should be mentioned.  
 
7 - Page 45 – “New	information	summarized	above	indicates	that	there	are	many	more	lynx	
in	Maine	and	Minnesota	than	was	suspected	at	the	time	of	listing,	and	there	are	naturally	
fewer	lynx	and	a	more	limited	distribution	of	suitable	habitats	in	the	western	U.S.	than	was	
previously	thought	(68	FR	40085,	40091‐40092;	ILBT	2013,	p.	23)”. 
	
Provide clear documentation that supports the statement that there are “many more lynx in Maine 
and Minnesota” than when listed. Lynx in Minnesota experienced large fluctuations in abundance 
overtime (McKelvey et al. 2000), including recently. Only a few years ago, there was some 
question if there were any lynx left in Minnesota.  
 
8 - Page 97 “Because	we	lack	evidence	that	persistent	lynx	populations	have	been	lost	from	
any	other	large	geographic	areas	in	the	contiguous	U.S.,	it	also	seems	that	redundancy	in	
the	DPS	has	not	been	meaningfully	diminished	from	historical	levels.	That	is,	the	loss	of	
resident	lynx	populations	in	the	DPS,	to	the	extent	suggested	by	verified	historical	records,	
was	likely	in	areas	(e.g.,	northern	New	Hampshire,	the	Kettle/Wedge	area	of	northeastern	
Washington,	perhaps	Isle	Royale	in	Lake	Superior)	peripheral	to	the	geographic	units	that	
currently	support	resident	lynx.	Any	small	populations	that	were	lost	were	not	in	large,	
discrete	geographic	units	that	would	have	represented	substantially	greater	redundancy	in	
the	contiguous	U.S.”	
 
The loss of these small populations are significant, especially given the patch distribution of lynx 
throughout their range. This may be what range contraction actually looks like compared to large 
geographic regions instantly winking out.  
	
9 – Page 97	“However,	the	implications	of	the	potential	recent	loss	of	resident	lynx	in	the	
GYA	for	the	redundancy	of	the	DPS	are	unclear.	The	historical	record	and	recent	research	
show	that	the	GYA	has	supported	resident	lynx.	However,	it	is	unclear	whether	the	area	
consistently	supported	a	resident	breeding	population	over	time	or	whether	it	naturally	
supported	resident	lynx	only	some	of	the	time	(“winked	on”	in	a	metapopulation	sense)	
when	habitat	conditions	and	hare	densities	were	favorable,	and	at	other	times,	when	
habitats	and	hare	densities	were	less	favorable,	it	did	not	support	resident	lynx	(“winked	
off”	in	a	metapopulation	sense).	Given	the	protected	conservation	status	of	millions	of	acres	
in	the	GYA	unit	(Yellowstone	and	Grand	Teton	National	Parks;	all	or	parts	of	the	Absaroka‐
Beartooth,	Bridger,	Gros	Ventre,	Lee	Metcalf,	Northern	Absaroka,	Teton,	and	Washakie	
Wildernesses),	its	apparent	recent	inability	to	support	resident	lynx	may	be	a	reflection	of	
naturally	marginal	and	patchy	habitats	and	relatively	low	hare	abundance	in	much	of	the	
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unit,	resulting	in	only	an	intermittent	ability	of	this	unit	to	support	resident	lynx.	If	so,	the	
contribution	of	the	GYA	to	redundancy	within	the	DPS	is	questionable.”	
		
See comment 5 – As I mentioned before, we don’t know the historical status of the other 
populations and they too apparently “winked off” (e.g. Colorado (if historically occupied); 
Minnesota (winked off in 1980s). Also as mentioned previously; the best lynx habitat in 
Wyoming is not in protected areas.    
 
10) – Page 120 –“ estimated	the	number	of	lynx	that	might	be	resident	in	northeastern	
Minnesota	at	a	given	time	as	between	190	and	250	individuals,	assuming	that	about	25	
percent	of	northeast	Minnesota	is	suitable	lynx	habitat,	coupled	with	assumptions	about	
residence	time	and	detectability. “  
 
The number 190 – 250 I believe represented the upper limit estimate for lynx in Minnesota. I do not know 
how many lynx are in Minnesota, but in 2007 when I was on a field trip near the Superior National 
Forest, a lynx researcher estimated there were only a “handful” of individuals. I suspect the 250 number is 
very high compared to the actual population, but to what degree is unknown.  
 
11- Page 129 – “ ….Because	lynx	habitats	in	this	unit,	like	most	other	areas	of	the	DPS	range,	
are	 naturally	 highly‐fragmented,	 and	 most	 have	 hare	 densities	 that	 barely	 meet	 the	 0.5	
hares/ha	 threshold	 thought	 necessary	 to	 support	 resident	 lynx,	 relatively	 minor	 impacts,	
especially	to	hare	and	lynx	foraging	habitats,	may	strongly	influence	lynx	persistence	in	some	
parts	of	this	unit.		
	
Lynx	Status:	There	are	no	reliable	estimates	of	the	historical	or	current	number	of	resident	
lynx	in	this	unit	although,	as	described	in	section	2.3.2.2	above,	it	is	thought	to	be	capable	of	
supporting	perhaps	200‐300	lynx	(Squires	in	Lynx	SSA	Team	2016,	p.	41).	This	is	substantially	
fewer	than	previous	estimates	of	more	than	1,000	lynx,	which	were	based	on	a	habitat	area/	
density	index	and	broad	assumptions	regarding	habitat	suitability	and	lynx	distribution	(65	
FR	16058)	that	are	not	supported	by	current	understanding	of	lynx	habitat	requirements.	As	
described	above,	habitats	capable	of	supporting	resident	lynx	in	this	unit	are	naturally	
patchier	and	less‐broadly	distributed	(Squires	et	al.	2006a,	pp.	46‐47;	Squires	et	al.	2013,	p.	
191),	and	lynx	therefore	naturally	rarer,	than	was	thought	at	the	time	of	listing	(ILBT	2013,	p.	
23;	Jackson	in	Lynx	SSA	Team	2016,	p.	12).	Although	the	exact	distribution	of	resident	lynx	
remains	uncertain,	this	unit	has	a	long	and	continuous	history	of	lynx	occurrence	and	
evidence	of	reproduction	(McKelvey	et	al.	2000a,	pp.	224‐225;	Squires	and	Laurion	2000,	pp.	
346‐348;	Squires	et	al.	2008,	entire;	Squires	et	al.	2013,	entire;	ILBT	2013,	p.	57;	65	FR	16058;	
68	FR	40090;	74	FR	8643;	79	FR	54825).	“	
 
Lynx habitat in the Northern Rockies of Montana is the best lynx habitat in the western US. However, 
readers wouldn't get that impression after reading this summary.  
 
12 – Page 134 – “ Despite	this	increase,	we	are	aware	of	no	evidence	that	increased	fire	activity	
in	the	unit	has	thus	far	impacted	resident	lynx	populations	or	reduced	this	unit’s	ability	to	
support	resident	lynx.”		
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Depends on how you define "impacted". Lynx habitat has been reduced by fire in several areas 
on the Lolo and Flathead National Forests including across broad areas of the Bob Marshall 
Wilderness Complex. 
 
13 – Page 146 -  “ Overall,	although	naturally	fragmented	and	patchily‐distributed,	potential	
lynx	 habitat	 in	 this	 geographic	 unit	 appears	 to	 be	 largely	 intact	 relative	 to	 historical	
conditions	and	disturbance	regimes,	with	only	a	small	proportion	apparently	impacted	by	
past	management	(timber	harvest	and	precommercial	 thinning)	activities	(65	FR	16072).	
Despite	some	likely	localized	impacts	of	past	timber	management	and	infrastructure	(e.g.,	
highway,	 railroad)	 development,	 past	 management	 activities	 do	 not	 appear	 to	 have	
diminished	 this	unit's	ability	 to	 support	 resident	 lynx	or	 to	have	created	barriers	 to	 lynx	
movement,	or	to	have	had	other	landscape‐	or	population‐level	effects. “ 
 
This statement is generally true, but you also should stress that locations of disturbance are as 
important as the amount. The human disturbance foot-print for the GYA population is small as 
state, but the disturbance that is present is focused in the best lynx habitat in the state - Wyoming 
Range. This issues requires a nuanced discussion of disturbance issues relative to Wyoming/Salt 
Ranges, Union Pass, and Togwotee Pass.  
 
14 - Page 160 – “	Given	 that,	we	 conclude	 that	 the	DPS	as	a	whole	 is	not	 vulnerable	 to	
extirpation	from	a	catastrophic	event	(i.e.,	we	find	that	there	is	a	zero	probability	that	a	single	
catastrophic	event	could	result	in	extirpation	of	resident	lynx	from	any	of	the	five	geographic	
units	that	currently	support	them	and,	therefore,	a	zero	probability	of	catastrophic	extirpation	
of	 the	 entire	 DPS).	 As	 described	 above	 (section	 1.3),	 we	 do	 not	 consider	 continued	
anthropogenic	 climate	 warming	 a	 catastrophic	 event;	 rather,	 we	 consider	 it	 a	 separate,	
ongoing,	 and	 pervasive	 stressor,	 not	 a	 single	 temporally‐	 and	 spatially‐discrete	 event.	We	
recognize	 that	 a	 sequence	 of	 discrete	 but	 spatially‐clustered	 catastrophic	 events	 in	 lynx	
habitats	over	a	short	time	could	increase	the	potential	for	functional	extirpation	in	one	or	more	
of	the	individual	geographic	units”	
	
A zero probability is a big statement. For example, the functional lynx habitat in Colorado was 
actually impacted by a single catastrophic event - bark beetles. That same scale of disturbance 
event could conceivable  sweep over the actual/functional lynx habitat in Washington, Wyoming, 
or even Montana (I realize that lynx may be able to gap this type disturbance). Also, somewhat 
true for fire (1910 style) in these same western landscapes.  
 
15 -  Page 195	 –	 “We	 anticipate	 that	 future	 Federal	management	 direction	will	 include	
continued	management	of	national	parks,	designated	wilderness	and	roadless	areas,	and	other	
areas	with	nondevelopmental	 land‐use	allocations	to	maintain	natural	ecological	processes,	
which	 should	maintain	natural	disturbance	regimes	and	 landscape‐level	habitat	mosaics	 to	
which	 lynx	 are	 adapted	 (although	 continued	 climate	 warming	 [see	 below]	may	 preclude	
maintenance	of	historical	disturbance	and	landscape	patterns).	“				
 
It is important to realize that these protected and roadless areas are outside primary lynx habitat in 
Montana. Most of these areas are high elevation and rough topography that are used little by lynx 
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compared to mid-elevations. It's interesting that lynx in Montana are really centered on lands that are 
in the FS timber base given the species resource-use patterns.  
 
16 – Page 208 -  Climate	impacts	in	the	GYA 
 
I was under the impression from McKelvey's wolverine work the GYA was an “island” that was 
high enough to ameliorate some climate impacts. I agree with much of the climate discussion as 
written for the GYA in this document, but the notion that the GYA may offer some important 
resilience to climate impacts wasn't communicated in the narrative. The GYA could potentially be 
important to species’ conservation if the GYA could serve recovery through management actions 
(veg recovery following fire/management, reintroductions, etc) in the future.  
 
17 – Page 215 – “In	addition,	one	of	the	metrics	for	our	assessment	is	productivity	
(pregnancy	rate),	which	was	low	for	this	population	relative	to	the	other	units	(except	the	
GYA,	for	which	we	had	no	data).	“	
 
Do we really know the pregnancy rate for lynx in Colorado is low?  We don't know pregnancy 
rates for lynx anywhere in the continental US. My very limited experience of locating lynx dens 
in Colorado (2014-2016) suggest the rate may be similar to Montana – most dens we located in 
beetle-kill produced 2 kittens - no data concerning the pregnancy rate.  
 
18  – Page 217 – “Other	stressors	affect	lynx	in	one	or	more	geographic	units.	For	example,	
in	northern	Maine,	where	most	high‐quality	lynx	habitat	occurs	on	private	commercial	
timber	lands	and	is	the	result	of	past	timber	harvest,	changes	in	State	forestry	regulations	
(the	Maine	Forest	Practices	Act	of	1989)	that	govern	private	forest	management	may	
currently	be	causing	decreases	in	habitat	quantity,	quality,	and	distribution,	and	in	lynx	
numbers	(also	see	Future	Conditions	and	Threats,	below).	The	lack	of	binding	lynx	
conservation	commitments	on	private	lands	may	exacerbate	this	risk	to	current	lynx	
habitats	in	Maine.	However,	the	current	amount	and	distribution	of	high‐quality	lynx	and	
hare	habitats	created	in	Maine	by	past	timber	harvest	is	thought	to	be	several	times	higher	
than	the	likely	natural	historical	condition.	In	North‐central	Washington,	recent	large‐scale	
wildfires	have	resulted	in	the	temporary	loss	of	nearly	50	percent	of	lynx	habitat,	likely	
reducing	this	unit’s	current	lynx	population	and	potentially	compromising	its	current	
ability	to	support	a	resident	population	until	habitats	recover.	Increased	wildfire	activity	
also	has	impacted	lynx	habitats	in	the	other	western	geographic	units	(Northwestern	
Montana/Northeastern	Idaho,	the	GYA,	and	Western	Colorado),	but	the	extent	to	which	it	
may	have	influenced	the	current	condition	of	lynx	populations	in	those	units	is	uncertain.	“	
 
In this paragraph, you identify the stressors to lynx populations. I suggest you also add to the list 
the widespread beetle out-breaks in Colorado in one or two focused sentences.  
 
19  – Page 221 – “We	conclude	that	the	functional	extirpation	of	resident	lynx	populations	
from	 one	 or	 more	 geographic	 unit	 would	 demonstrate	 a	 loss	 of	 resiliency,	 reduced	
redundancy,	and,	possibly,	reduced	representation	within	the	DPS.	The	probability	of	losses	
in	resiliency,	redundancy,	and	representation	puts	the	Canada	lynx	DPS	at	increasing	risk	of	
extirpation	through	the	end	of	this	century.”	
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I agree with this concluding statement.  
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REVIEWER 5 
Peer Review of: 

U.S. Fish and Wildlife Service Draft Species Status Assessment for the Canada Lynx  
(Lynx canadensis) 

An External Scientific Peer Review 
March 1, 2017 

 
I have reviewed Version 1.0 of the US Fish and Wildlife Service’s Species Status Assessment for 
the Canada Lynx (Lynx canadensis) contiguous United States Distinct Population Segment. This 
document was produced by the USFW Regions 1, 3, 5, and 6 and was designed to be the 
scientific basis for the USFWS 5-year status review for lynx. 
 
In my opinion this is a well-written, well-researched document that will provide important 
guidance for making decisions regarding the future of the species. The SSA team clearly present 
peer-reviewed information and are unambiguous as to when statements are scientifically based or 
whether they are projections based in expert opinion. The document is also very detailed, 
accurately capturing the current state of research for the Canada lynx in the contiguous United 
States. In fact, if there was a general criticism that could be levied against this document it would 
be that it is repetitive at times with the same facts reiterated multiple times throughout. This is 
largely due to the way the chapters are structured with first presenting general information, then 
describing current conditions of each unit, and finally going through the same units again 
projecting future conditions. A more concise format could shorten this document substantially. 
 
I have five major comments/concerns that I outline below. These five comments are: 1) I don’t 
believe that the resiliency/redundancy/representation framework is comprehensive, 2) the 
population estimates of several populations are optimistic, 3) resiliency/redundancy is optimistic 
because of the inherent assumption that the six units are functioning independently, 4) the 
importance of connectivity is undervalued, and 5) the importance of genetic drift is 
underappreciated. 
 
The 3R Framework Misses Important Components Important Conservation Biology Ideas 
I value the consistency that the USFWS is trying to obtain by using a standard framework that 
emphasizes resiliency, redundance, and adaptability (representation). However this framework 
misses important ideas of historical range representation and connectivity. 
 
I believe contemporary versus historical distribution needs to be elevated to one of the main 
“conservation biology principles” evaluated. The document contains detailed distribution 
information (section 2.3) but this is used as a factor in the 3R section, not as a goal in and of 
itself. In other words, conservation priorities should be that populations are resilient, redundant, 
adaptabile/representative and have recovered to some historical extent. There are several species 
that have multiple, small but independently growing populations, but are only at a small 
historical extent of their former range. Thus the persistence of the species may be assured in the 
short run, but its recovery and return as an ecologically functional element is incomplete. 
 
Similarly, connectivity is another “conservation biology principle” that needs to be elevated. 
Connectivity plays a role in both resiliency and redundancy while influencing representation, yet 
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it needs to be an overarching goal for recovery. The literature strongly supports the idea that for 
long run persistence small populations must be strongly connected to one another or to a larger 
source population. 
 
In summary, I think this framework needs to be the 5Rs: resiliency, redundancy, representation, 
range (comparison to historical extent) and relationships (connectivity). The conservation 
biology literature supporting the need for the last 2 Rs which prevent isolation and enhance the 
likelihood of long term viability. 
 
Even within the current 3R structure, the framework established via the conceptual models 
(Figures 2-5) is incomplete. I found these figures to be more of a distraction to the document 
than a helpful way of organizing information. For example, in Figure 2 there should be arrows 
between stochastic events and genetic diversity, and between the distribution of viable 
populations and genetic diversity. There is clear evidence that stochasticity influences the 
genetic diversity of small populations several ways. First genetic drift, a key way in which 
populations lose genetic diversity when population size is small, is a stochastic process. Second, 
stochastic events that influence population viability, create small populations which then leads to 
reductions in genetic diversity. Similar problems exist in figure 3 as arrows are needed between 
insect outbreaks, wildfire, drought, disease, and population influx via immigration. I don’t 
believe it is worth fixing these figures; they should be removed. 
 
Optimistic Population Estimates 
The SSA is honest in its uncertainties and assumptions section that empirical evidence on 
population size is lacking. However there were several locations throughout the document where 
estimates were based on converting suitable habitat to number of individuals (presumably by 
assuming a home range size and some overlap among the sexes). This approach assumes that the 
fundamental niche (habitat suitability) equals the realized niche (habitat suitability limited by 
competition, species interactions, etc). This is almost never the case. One example of this likely 
overestimation is in Minnesota where the SSA suggests that there are between 190-250 
individual lynx in the area (pg. 120). Despite the next sentence claiming that the actual number 
of lynx is unknown, this high estimate is carried throughout the document. DNA based surveys 
on the Superior National Forest, conducted in conjunction with the USFS National Genomics 
Center for Wildlife and Fish Conservation have never produced numbers nearly this high. I 
suggest the USFWS revisit the population estimate of lynx in MN and for planning purposes 
consider using a much lower number. 
 
The opposite may be true in Wyoming. Here there is a consistent signal of lynx from at least the 
1970s onwards (p 41, 147 SSA) with strong signals at the beginning of the 21st century. The 
SSA then notes that lynx have been absent from Wyoming since 2010, suggestive of range 
decline. While this may be true, I suggest interpreting this result with caution as effort to detect 
lynx appears to have dramatically declined since 2010. Lynx from Colorado are no longer 
radiotracked (and older radios have suffered battery failure by now). Furthermore, I believe that 
track and hair snare survey effort was diminished between 2010 and 2016. 
 
Resiliency/Redundancy is Optimistic Due to Violation of Independence Assumption 
Resiliency of the DPS of a whole depends in part on redundancy, which is created by having 
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independent units within the DPS. Redundancy ensures that one catastrophe (e.g., a large / 
catastrophic wildfire) cannot eliminate all existing lynx at once. If one takes the product of the 
expert estimated probability of persistence through 2100 of each Geographic Unit there is only a 
very small chance (0.003) that extirpation in the contiguous United States will happen. However, 
this assume that each unit is completely independent of the other. Climate change, not 
defined by the SSA team as a catastrophic event, is a variable that will link the fate of the lynx 
populations/units across the entire DPS. It is conceivable that each unit will decline due to lower 
future snowpack such that resiliency of the DPS is in jeopardy. In other words, there is no longer 
redundancy if one factor can eliminate the independence of all the lynx populations. I would like 
to see this lack of independence considered in the conclusions and in the executive summary. 
 
Connectivity Undervalued 
Most of the units in the DPS are adjacent to the larger population of lynx in the Canadian boreal 
forest. Populations in the United States are likely to be dependent on the cyclic nature of lynx in 
Canada; booms in the Canadian boreal forest populations of lynx lead to dispersal which 
augments or even recolonizes U.S. populations. When we conducted our genetic studies across 
the geographic range (Schwartz et al. 2002, 2003) there was estimated connectivity to the 
peripheral populations. However, conditions may have changed in the last 15 years. At the time 
we viewed the lynx dynamics in the southern portion of the range to be analogous to a tide pool 
(southern populations filling up occasionally when the large booms occurred in Canada). 
However, if the tide is less frequent or the distance between the tide and the pools becomes 
greater pools dry up. If this model is correct for lynx population dynamics, then connectivity is 
essential for persistence 
 
The Seeley Lake population may be an example of this. It has a population growth rate (λ) = 
0.92. Without immigration a population of 100 individuals and λ =0.92 would be halved in 10 
years, diminished to ~20% the original size in 20 years, and extinct well before 50. Yet, a simple 
population viability analysis can be built to show that immigration of less than1 female a year on 
average call provide population stability and even growth. Thus is seems likely that Seeley Lake 
and other populations are being sustained by low levels of connectivity. 
 
If each of the populations at the border with Canada (WA, MT, MN, ME) suffer reduced 
connectivity, due to climate change or because there have been no large amplitude cycles in the 
past decades, they are again not completely independent and less redundant than the document 
and the experts suggest. 
 
Genetic Drift is Undervalued 
Several times throughout the document (pg 11, 219, etc.) there are comments like “there seems 
to be little risk of significant genetic drift” (page 11). If each of the populations are isolated from 
the Canadian boreal populations this statement is false. Genetic drift occurs at a rate that is 
inversely proportional to two times the effective population size per generation. The effective 
population size is likely equivalent to approximately 10% of the census size of a population. If 
Minnesota and Washington each have 50 lynx (pg 216) this could equal an effective population 
size of ~5, which would equate to a rate of drift of approximately 10% per generation. Loss of 
genetic variability, which equates to loss of adaptive potential, would be extremely high. It has 
been shown that populations with small effective population sizes, and high rates of genetic drift, 
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can have lower survival and reproduction rates. These reduced vital rates exacerbate an 
extinction vortex that may have produced low population numbers in the first place. Genetic 
drift may be a very serious problem for Canada lynx in the contiguous United States. Gene flow 
/ connectivity can alleviate drift. 
 
Conclusions 
Overall, this is a very well-produced document that has been carefully thought out. It is 
complete and comprehensive. The conclusions are largely well supported. My only concern is 
that it may be too optimistic for the future of lynx in the contiguous United States. There are 
symptoms of serious problems throughout much of the range. Even the most robust populations 
(MT and ME) show either show some sign of decline (MT with a negative population growth 
rate in Seeley Lake and a loss of a peripheral population in the Garnet range) or have projections 
of major habitat change due to both climate and socio-economic change in the region. Unless we 
see a large dispersal event from the Canadian boreal forest in the near future I would expect to 
see each population chiseled away slowly over the next few decades. On the other hand, I agree 
with the experts that over the very short time frame there appears to be little risk of extirpation of 
lynx in the contiguous United States. 
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FORWARD 
 
Atkins North America (Atkins), was retained by the U.S. Fish and Wildlife Service (Service) to 
facilitate an independent scientific review of the Draft Species Status Assessment (SSA) for the 
Canada Lynx (Lynx canadensis) December 2016 (Version 1.0). Atkins believes the peer reviewers 
have successfully met the Service’s charge for their reviews, which offer substantive suggestions 
for improving the quality and strengthening the scientific foundation of the draft SSA report. 
Reviewer comments are focused on five questions related to the SSA’s objectives: oversights or 
omissions, use of best available science, clearly stated assumptions and methods, strength of its 
scientific foundations, as well as identification and characterization of uncertainties and their 
implications. In addition, reviewers adhered to instructions to avoid discussion of policy-related 
issues. Overall, the peer reviewers determined that the SSA should be useful to the Service as they 
perform the required 5-year review for this listed species in accordance with the Endangered 
Species Act (ESA). The peer reviewers conclude this assessment contains a strong scientific 
foundation, and they identify several opportunities to further strengthen the report’s conclusions.   
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1.0 INTRODUCTION 
 
1.1 Background 
 
In accordance with a June 2014 court order, the Service will complete a recovery plan for the DPS 
by January 2018 or make a formal determination that a recovery plan is not necessary. As part of 
this process, the Service prepared a Draft SSA Report for the Canada lynx. The draft report 
synthesizes the existing data regarding the current and future status of the Canada lynx in six 
geographic areas within the DPS in terms of representation, redundancy and resiliency. Given the 
long-term conservation implications of this report and its influential information, the Service 
requested a formal, external, and independent scientific peer review before distribution. If the SSA 
report did not provide the best science-based information and analyses, any decisions or 
conservation actions based on the report may have been less effective in the long-term conservation 
of species such as the Canada lynx. 
 
1.2 Purpose and Scope of Peer Review 
 
The purpose of this review is to provide a formal and independent summary of the external 
scientific peer reviews that were prepared based upon the information in the Draft Species Status 
Assessment for the Canada Lynx. The SSA synthesized the best scientific and commercial 
information available for assessing the current and future status of the Canada lynx. Peer reviewers 
were charged with reviewing and assessing the sufficiency of the report’s conclusions regarding 
the biological principles of representation, redundancy, and resiliency of the Canada lynx. 
 
The Service asked Atkins to ensure that the reviewers addressed the scientific merit of the SSA, 
which provides the basis for the Service’s decision regarding whether the Canada lynx warrants 
listing under the ESA. The reviewers were instructed to confirm that any scientific uncertainties 
discussed in the SSA were clearly identified and characterized, and the potential implications of 
those uncertainties to any technical conclusions drawn were clear. Peer reviewers were advised 
not to provide advice on policy-related issues, but rather to focus their review on identifying and 
characterizing scientific uncertainties.  
 
Specifically, the Service requested that the peer reviewers consider and respond to the questions 
listed below, at a minimum, in their reviews.  
 

1. Please identify any oversights or omissions of data or information, and their relevance to 
the assessment. Are there others sources of information or studies that were not included 
that are relevant to assessing the viability of this species? What are they and how are they 
relevant? 

2. Provide advice on the overall strengths and limitations of the scientific data used in the 
document. Have the authors been explicit about assumptions and limitations of, and 
concerns regarding, the data, and are these appropriately qualified or explained? Are 
there concerns that the Service did not identify, and if so, how relevant are these concerns 
to the assessment of viability of lynx in the contiguous U.S.? Are there any 
inconsistencies in how the data are presented or assessed? 



Peer Review of USFWS Draft Species Status Assessment for the Canada Lynx Summary Report 

Atkins:  Species Status Assessment for the Canada Lynx Peer Review Report July 2017 
4 

3. Have the assumptions and methods used in the SSA report been clearly and logically 
stated in light of the best available information? If not, please identify the specific 
assumptions and methods that are unclear or illogical. 

4. Are there demonstrable errors of fact or interpretation? Have the authors of the SSA 
report provided reasonable and scientifically sound interpretations and syntheses from the 
scientific information presented in the report? Are there instances in the SSA report 
where a different but equally reasonable and sound interpretation might be reached that 
differs from that provided by the Service? If any instances are found where this is the 
case, please provide the specifics regarding those particular concerns. 

5. Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have 
the scientific uncertainties present given the data and the analyses conducted been clearly 
identified and has the degree of uncertainty been appropriately characterized? If not, 
please identify any specifics concerns. 
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2.0 PEER REVIEW PROCESS 
 
Atkins was retained by the USFWS to facilitate the peer review process. The terms of the contract 
include the following:  
 

 select for peer reviews or review panels; 
 organize, structure, lead and manage the scientific review;  
 summarize the individual peer reviews and prepare a summary report for the Service; 
 facilitate specific follow-up questions/answers between the Service and the reviewers, 

without attribution; 
 prepare and submit an official record to the Service; 

 
Atkins project manager Matt Cusack with the assistance of Atkins senior scientists Ben Cogdell 
and Rainor Gresham facilitated this review (i.e., Atkins Team).  
 
2.1 Selection of Reviewers  
 
Atkins was instructed to determine the necessary experience and qualifications of the reviewers 
based on the content of the report to be reviewed. Suggested areas of expertise included: 
 

 A Ph.D. or an M.S. (with significant experience) in Wildlife Biology/Ecology, Ecology, or 
Wildlife Management or other related fields; 

 Demonstrated experience working with the management of carnivores, especially lynx or 
other furbearers, and wildlife population management; 

 Expert knowledge of wildlife biology, wildlife management, demographic management of 
mammals (especially carnivores), wildlife population dynamics, and/or wildlife population 
modeling, as well as being generally versed in available literature on lynx and other 
carnivores, boreal forest systems, and changes in climate within boreal forest systems; 

 Expert knowledge of boreal forest ecosystems and effects of climate change within those 
ecosystems within Canada and the US; 

 Experience as a peer reviewer for scientific publications; 
 
The Atkins Team screened each candidate for potential conflicts of interest and made sure the final 
composition was balanced in terms of field specialization, affiliation, and scientific perspective. 
The Service awarded the contract for five reviewers, and the Atkins Team identified five 
individuals who met the selection criteria that were willing and available to participate in the 
review. The reviewers and their areas of expertise are listed below in alphabetical order; their 
resumes/CVs are included in Appendix A: 
 

 Dr. Daniel J. Harrison, wildlife management 
 Dr. Ronald A. Moen, wildlife conservation 
 Dr. Dennis L. Murray, wildlife ecology 
 Dr. Michael K. Schwartz, wildlife biology 
 Dr. John R. Squires, zoology 
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2.2 Document Review and Report Development 
 
Upon award of the contract, the Atkins Team coordinated with Service technical representative 
Jodi Bush to discuss the scope of the review and address any questions. Ms. Bush distributed the 
SSA to Atkins for performance of the peer review, and reviewed the draft scope of services for the 
peer reviewers prior to its distribution. 
 
The Atkins Team coordinated individually with the reviewers to describe the scope of services, 
including the charge to the reviewers and peer review schedule. The Atkins Team coordinated with 
the reviewers prior to distributing the SSA report to answer any questions. Following that 
coordination, the SSA draft report was distributed to all the reviewers and the independent desk 
reviews commenced. 
 
Reviewers submitted their individual review comments to the Atkins Team by the end of February 
or early March2017. Atkins submitted the unmodified reviews to the Service on February 22, 2017 
(Reviewers 01 and 02) and March 2, 2017 (Reviewers 03-05) as they were received. All attribution 
was removed and replaced with a number based on the order in which their reviews were received 
(i.e., Reviewer 1, Reviewer 2, etc.). The compiled individual reviews are included in this document 
as Appendix B. In the Results section, the Atkins Team summarizes the responses to the five 
questions posed to the reviewers.  
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3.0 RESULTS 
 
Detailed comments were provided by the five reviewers that addressed the questions they were 
asked, as well as other issues facing the lynx. Overall, the reviewers agreed that the SSA document 
was comprehensive, scientifically sound, and that the SSA team made a credible effort to assess 
the future of each of the six resident populations within the DPS. There were common issues 
among many of the reviewers, such as the use of the three R’s as a method for assessing future 
population viability, statements of resiliency in the Colorado population, and the effects of 
competition with other carnivores. 
 
Below are brief summaries of the individual reviewers’ responses to the five questions posed by 
the USFWS. This section is not intended to be a comprehensive summary, but rather attempts to 
capture some of the primary comments in each reviewer’s response to the individual questions, as 
well as any themes that emerged or comments that were raised by more than one reviewer 
independently. For the reviewers’ full comments, see Appendix B. 
 
Question 1: Please identify any oversights or omissions of data or information, and their 
relevance to the assessment. Are there others sources of information or studies that were not 
included that are relevant to assessing the viability of this species? What are they and how are 
they relevant?  
 
All five reviewers were pleased with the level of effort put forth by the SSA team and believed 
they used the best available sources of data in most cases. Each of the reviewers provided 
additional source data they believed would strengthen the overall assessment. These additional 
citations are too numerous to list here, and were recommended by the reviewers although they 
noted that these sources would not impact the conclusions of the final SSA. 
 
Reviewer 1 suggests more recent literature regarding snowshoe hare population cycles to the north 
of the DPS from Krebs (2013 and 2014). 
 
Reviewer 2 notes on page 29 of their review that there may be a more vigorous qualitative (Keith 
1990) or quantitative (Murray 2000) analysis of spatial variability in hare densities than those cited 
in the assessment. In some cases, reviewers noted sources of data that contradict the sources used 
in the SSA. 
 
Reviewer 3 believes the SSA Team overlooked the importance of limb length and instead focused 
solely on foot-loading in discussion regarding lynx competition with other carnivores. Reviewer 3 
suggests Krohn et al. (1995, 2004) would provide insight into this assessment. This reviewer also 
recommends the use of newer trend data of acres of harvested forests in Maine from the Maine 
Forest Service than the 14-year-old data provided on page 171. 
 
Question 2: Provide advice on the overall strengths and limitations of the scientific data used in 
the document. Have the authors been explicit about assumptions and limitations of, and 
concerns regarding, the data, and are these appropriately qualified or explained? Are there 
concerns that the Service did not identify, and if so, how relevant are these concerns to the 
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assessment of viability of lynx in the contiguous U.S.? Are there any inconsistencies in how the 
data are presented or assessed?  
 
A consistent issue that all reviewers raised was the inclusion of statements lacking empirical data. 
Reviewer 1 believes the document relies too heavily on population estimates for Minnesota that 
lack empirical data and are too ambiguous to use in decision-making. Similarly, Reviewer 2 notes 
the statement on SSA page 6 regarding the Maine DPS containing the largest population of lynx 
relies on coarse source data that does not reflect the current conditions of this population. Reviewer 
4 recommends including more evidence of increasing populations in Maine and Minnesota on SSA 
page 45 and of statements regarding pregnancy rates of lynx on SSA page 215. 
 
Reviewers 2 and 3 noted that a comparison of southern lynx populations to northern lynx 
populations in times of hare declines on SSA page 29 is not based on empirical data and should be 
clarified or removed.   
 
Reviewer 2 notes several times throughout the document that 0.5 hares/ha is referenced as the 
threshold for lynx habitat when that value was an estimate not based on an actual study. Reviewer 
recommends clarifying the source of that threshold value or representing a threshold as an 
estimated range. 
 
Reviewer 3 notes on SSA page 37 that the statement “overall habitat quality is typically lower” 
was not supported by data and should be removed. 
 
Reviewers also noted instances of inconsistencies throughout the document. Reviewer 2 notes on 
SSA page 41 that “the long-term persistence of the introduced population remains uncertain” 
which contradicts earlier statements throughout the document that the Colorado population is 
viable.  
 
Reviewer 2 is concerned with the contradictions in the descriptions of the “pending” spruce-
budworm outbreak. SSA page 177 clearly lays out the reasons for considering the outbreak 
“pending” while earlier references on SSA pages 100, 162, 169, 171 and 175 describe the outbreak 
with more certainty and less description. Reviewer 3 similarly noted the description of the outbreak 
as “imminent” is an overstatement. 
 
Reviewer 3 recommends more discussion on pages 47 and 53 regarding tier II risks including 
incidental and illegal harvesting and road risks. Reviewer 3 also notes a contradiction in the 
descriptions of young spruce-fir forests on page 74. 
 
Reviewer 4 was concerned about the omission of beetle outbreaks in Colorado as a potential 
stressor as discussed on page 217.  
 
Question 3: Have the assumptions and methods used in the SSA report been clearly and logically 
stated in light of the best available information? If not, please identify the specific assumptions 
and methods that are unclear or illogical. 
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Reviewers 3, 4 and 5 believed more background information and citations should be given to the 
3-Rs framework for assessing the species. SSA pages 6 and 7 gives the reasoning for the 3-Rs, but 
the reviewers note that it does not do enough to explain how the 3-Rs relate to lynx specifically, 
nor why this framework was applicable to this species assessment. Reviewer 5 suggests adding 
range and relationship to the 3-Rs to make the 5-Rs which would be a more thorough method for 
lynx assessment. Reviewers 1 and 2 found no specific issues related to this question that was not 
already discussed in responses to other questions. 
 
Question 4: Are there demonstrable errors of fact or interpretation? Have the authors of the 
SSA report provided reasonable and scientifically sound interpretations and syntheses from the 
scientific information presented in the report? Are there instances in the SSA report where a 
different but equally reasonable and sound interpretation might be reached that differs from 
that provided by the Service? If any instances are found where this is the case, please provide 
the specifics regarding those particular concerns. 
 
Reviewers identified alternative ways to present information presented in the SSA report.  
Reviewer 3 believes results presented in Mallett (2014) were ignored and that local-scale 
demography may be more stable in southerly populations than are represented on SSA page 23.  
Reviewer 4 disagrees with the report stating historic populations in Wyoming and Colorado are 
uncertain on SSA pages 39, 41, 42 and 97 and gives sources of strong historic Wyoming 
populations. Reviewers 2 and 3 note that lynx do not depend on an ice bridge for dispersal across 
the St. Lawrence River as stated on SSA page 73.  
 
Reviewer 3 notes that it would be incorrect to imply snowshoe hares exit forest stands after self-
thinning as the report does on SSA page 75 and offers that hares exist in various forest densities.  
 
Reviewer 4 disagrees with a zero probability of catastrophic extirpation on SSA page 160, citing 
the effects of the bark beetle in Colorado and the likelihood of that spreading to other lynx habitats.  
 
Reviewer 2 disagrees with the assertion of high levels of gene flow between the DPS and Canada 
on SSA page 161 and sees increased trapping in Canada as a restricting factor.   
 
Reviewers 1, 3 and 5 had issues with populations of lynx being considered separate populations 
throughout the report. On SSA pages 43, 44, 99, 105 and 113 reviewer 2 noted instances where 
the lynx populations of northern New Hampshire and northwestern Maine, Canada and Maine, and 
Minnesota and Montana should not be considered separate. Reviewer 5, as a general comment, 
believed there to be a strong relationship between the Canadian and northern DPS populations of 
lynx and that the report should not treat them separately. Reviewer 1 noted on SSA pages 199 and 
218 that more discussion is needed regarding the movement of lynx between the DPS and Canada.  
 
The SSA report on SSA pages 81, 108 and 159 describes the effects of herbicides on hares which 
reviewer 3 believes does not represent the full impact on the forest. The reviewer notes that 
clearcutting and herbicide treatments have led to dominant conifer growth which has produced 
ideal hare habitat. 
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Question 5: Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. 
Have the scientific uncertainties present given the data and the analyses conducted been clearly 
identified and has the degree of uncertainty been appropriately characterized? If not, please 
identify any specifics concerns. 
 
Each reviewer presented examples of uncertainty in the report, and also identified those instances 
where uncertainty was not discussed as much as they felt it could be. Reviewer 1 would like a 
clearer discussion on SSA page 31 between marten and lynx regarding the predatory and 
competitive relationships between those species. This reviewer notes on SSA pages 8 and 159 that 
there is too much uncertainty to forecast conditions into the year 2100 and suggests limiting 
forecasts to 30-40 years in the future. On SSA page 91, the reviewer suggests clarifying that the 
lynx is a “Species of Special Concern” in Minnesota and is not traditionally state-listed (threatened 
or endangered) nor is it offered additional restrictions.  
 
Reviewer 2 disagrees with the assertion on SSA page 6 that Maine supports the largest population 
of lynx in the DPS, noting that this statement lacks data and seems to contradict SSA page 99 
statements that current and historic population estimates are unreliable. On SSA page 9, reviewer 
notes that the resiliency of Colorado population is unknown as not enough time has passed since 
re-introduction and that population was influenced with the large transplant effort. This reviewer 
noted dozens of occasions in the report of discussions regarding the effects of increased 
competition between lynx and other carnivores that is presented as referenced studies, but is merely 
contentions without empirical data. The reviewer believes the relationship between snowshoe hare 
populations and lynx populations is of greater impact and should be discussed in more detail. 
 
Reviewers 2 and 3 believe hare meat should not be distinguished from other sources of protein, as 
there is nothing special about the hare meat and there is some data showing lynx occasionally 
subsist on non-hare meat. Reviewer 2 notes that squirrels and other prey in the southern range 
should be included in the report when discussing lynx diet.  
 
Reviewers 3 and 4 believes the statement on SSA page 9, “We conclude that the DPS as a whole 
currently demonstrates adequate resiliency despite the possibility that resiliency may have declined 
recently in several geographic units”, requires justification and is not clear on what constitutes 
“adequate resiliency”.  
 
On SSA page 102, reviewer 3 disagrees with the contention that the Colorado population has the 
highest probability of survival and should be qualified as a statement with a high degree of 
uncertainty. This reviewer believes additional discussion is required on SSA page 31 into the 
relationship between historic wolf populations that have experienced extirpation and the increasing 
coyote population that may seasonally compete with lynx for prey while also controlling 
competing carnivores. Reviewer 3 also suggests including more discussion of competitors for food 
as the main competition facing lynx, not just the predators to lynx as mentioned on SSA pages 64 
and 168. 
 
Reviewer 3 disagrees that lynx will be unaffected by delisted status in all units of the DPS and the 
possible effects of delisting should be discussed further. Included in this discussion should be the 
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topics of private landowner decisions based on delisting, changes in trapping regulations and the 
effects on forest certification and conservation and mitigation programs if the lynx were delisted. 
 
Reviewers 4 and 5 believes the report uses the high end of an estimate of Minnesota population of 
lynx on SSA page 120, and this estimation should be properly qualified as having a reasonable 
amount of uncertainty, and perhaps the report should use a lower number. Similarly, reviewer 5 
noted that declines in Wyoming presented in the report could be the cause of reduced population 
surveys and cautions the use of these data. 
 
Reviewer 5 notes on SSA page 146 that while the quantity of disturbances in some areas, notably 
the Wyoming Range, is small in area it is located in the highest quality lynx habitat, and having a 
disproportionately high effect on the species. 
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4.0 REFERENCES  
 
The following references were cited in Section 3.0 above. The citations for numerous other 
references recommended by the reviewers are included in their individual comments in Appendix 
B.  
 
Keith, LB (1990) Dynamics of snowshoe hare populations. In Current Mammalogy. Edited by  

H.H. Genoways. Plenum Press, New York. pp. 119–195. This is an exhaustive analysis and  
synthesis of the demographic differences in snowshoe hare populations across their  
geographic range. 

 
Krebs, Charles J., et al. "What factors determine cyclic amplitude in the snowshoe hare (Lepus 

americanus) cycle?." Canadian Journal of Zoology 92.12 (2014): 1039-1048. 
 

Krebs, Charles J., et al. "Synchrony in the snowshoe hare (Lepus americanus) cycle in 
northwestern North America, 1970–2012." Canadian Journal of Zoology 91.8 (2013): 562-
572. 

 
Krohn, W. B., K. D. Elowe, and R. B. Boone. 1995. Relations among fishers, snow and martens: 

development and evaluation of two hypotheses. The Forestry Chronicle 71:97-105. 
 
Krohn, W., C. Hoving, D. Harrison, D. Phillips, and H Frost. 2004. Martes foot-loading and 

snowfall patterns in eastern North America. Pages 115-131 in Harrison, D. J., A. K. 
Fuller, and G. Proulx (editors). Martens and Fishers (Martes) in Human-Altered 
Environments: An international perspective. Springer, U.S.A. 

 
Mallet, D. G. 2014. Spatial and habitat responses of Canada lynx in Maine to a decline in 

snowshoe hare density. M.S. Thesis, University of Maine, Orono, Maine. 170pp.  
 
Murray, D (2000) A geographic analysis of snowshoe hare population demography. Can. J. Zool.  

78:1207-1217. To my knowledge, this is the only quantitative analysis comparing northern  
and southern snowshoe hare population dynamics and demography. 
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5.0 APPENDICES 
 
Appendix A:  Reviewer CVs/Resumes 

Reviewer 01: A-2 through A-14 
Reviewer 02: A-15 through A-36 
Reviewer 03: A-37 through A-88 
Reviewer 04: A-89 through A-96 
Reviewer 05: A-97 through A-138 

 
Appendix B:  Individual Reviewer Comments 

Reviewer 01: B-2 through B-10 
Reviewer 02: B-11 through B-27 
Reviewer 03: B-28 through B-49 
Reviewer 04: B-50 through B-58 
Reviewer 05: B-59 through B-62
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Associate Professor Senior Research Associate  
Biology Department Center for Water and the Environment  
Swenson College of Science and Engineering Natural Resources Research Institute  
University of  Minnesota Duluth University of Minnesota Duluth 
1035 Kirby Drive 5013 Miller Trunk Highway 
Duluth, MN  55812 Duluth, MN 55811 
Voice:  (218) 726-7774 Voice:  (218) 788-4372   Fax:  (218) 788-2624 
  
E-mail:  rmoen@d.umn.edu  
Website:  www.d.umn.edu/~rmoen 

Education 
Ph.D., 1995. University of Minnesota, Wildlife Conservation.  
M.S., 1988.  University of Minnesota, Wildlife.   Plant Physiology Minor. 
B.S., 1984.  Cornell University, Division of Biological Sciences. 

Current Positions 
Associate Professor, Biology Department, University of Minnesota Duluth. 2014 to present. 
Senior Research Associate, Center for Water and the Environment, Natural Resources Research 

Institute, University of Minnesota, 2013 to present.   
Graduate Faculty, Conservation Biology, Univ. of Minnesota-Twin Cities.  Fall 2005 to present. 
Graduate Faculty, Integrated BioSciences, Univ. of Minnesota Duluth.  Fall 2004 to present.   

Graduate Courses Taught  
 Integrated BioSciences 8993, Graduate Seminar. Spring 2014. 

Integrated BioSciences 8020, Colloquia.  Fall 2010, Spring 2010. 
 Integrated BioSciences 8201, Ecological Processes.  Spring 2007. 

Biology 5868, Conservation Biology. 2013, 2015, 2016. 

Undergraduate Courses Taught 
 Biology 3987, Senior Seminar. 2013, 2014. 
 Biology 3993, Laboratory Teaching Experience. 2006, 2012. 

Biology 3994, Undergraduate Research. 2013, 2014. 
Biology 3996, Internship in Biology. 2013, 2014. 
Biology 4764, Mammalogy.  2003-2015, every Fall semester. 
Biology 4802, Evolution.  Fall 2008, Spring 2009, Fall 2011. 

 Biology 4891, Animal Behavior. Spring 2006. 
 Biology 4892, Animal Behavior Laboratory.  Spring Semester, 2000. 

Professional Experience 
Adjunct Assistant Professor, Biology Department, University of Minnesota Duluth. 2011 to 2014. 
Assistant Professor (non-tenure track), Biology Department, University of Minnesota Duluth, 2004 to 

2011. 
Research Associate, Center for Water and the Environment, Natural Resources Research Institute, 

University of Minnesota, 1998 to 2013.   
“Star Performer” outstanding researcher award; awarded to acknowledge exemplary work in research at 

the University of Minnesota in 2006. 
Visiting Assistant Professor, Dept. of Biology. University of North Dakota, Grand Forks. 2001-2002.   

Introductory Biology 150, Ecology 332, Biometry 470.   
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Research Associate, Department of Fisheries and Wildlife, University of Minnesota, 1995 to 1998.   
Visiting Scientist, Macaulay Land Use Research Institute, Aberdeen, Scotland, March 1998.   
Research Assistant and/or Teaching Assistant, Department of Fisheries and Wildlife, University of 

Minnesota, June 1986 to March 1995. 

Proposals and Contracts (since 2003) 
In brief:  Total grants awarded to me since 2003:  $4,100,000  
  Active grants as of 11/1/2015:  $2,160,000 
  Remaining to be spent on active grants: $1,500,000   

Current Funding -- Active Grants 

2015. Defining Endangered Bat Habitat for Summer Forest Management. Subcontract with MN DNR; 
main sponsor LCCMR. ~$1,260,000 project, to UM: $1,016,054.  

2015. Determining Population Size of Carnivores with Genetics and Cameras. LCCMR. ~$200,000. 

2015. American marten research with MN DNR. MN DNR. ~$48,000.  

2015. White-tailed deer research with MN Zoo. MN Zoo. ~$19,250.  

2015. Climate Change Adaptation in Quetico Provincial Park. With L. Frelich, UM Twin Cities, Forest 
Resources Department. Quetico Foundation. ~$11,634. 

2015. Northeast Minnesota Bat Research. National Council on Air and Stream Improvement. $28,500. 

2015. Northeast Minnesota Bat Research. MN DNR / Blandin Foundation. $7,500. 

2015. Moose, wolf, and deer research with MN Zoo. MN Zoo. ~$88,850.   

2014. Active learning: Radiotracking raccoons and skunks at UMD. Chancellor's Small Grant. $4,000. 

2014. Climate Change Adaptation on Tribal Lands. With L. Frelich, UM Twin Cities, Forest Resources. 
Bureau of Indian Affairs. ~$15,000. 

2014. Turtle Telemetry. MN DNR. ~$90,000.  

2013. Moose Habitat Restoration Phase II. NE MN Moose Habitat Collaborative. $2,000,000 to 
MDHA. ~$120,000 to UMD. Funded; not yet active.  

2013. White-tailed deer research with MN DNR. MN DNR. ~$43,000.  

2013. Wolves in Voyageurs National Park, phase II. Voyaguers National Park. ~$12,000. 

2013. White-tailed deer and wolf research with MN Zoo. MN Zoo. ~$69,000.  

2013. Moose and wolves in Voyageurs National Park. Voyageurs National Park.  $12,000.  

2013. NPS Climate Change Initiative. S. Windels, R.A. Moen and Lee Frelich. Effects of Climate 
Change in Upper Midwest National Parks. ~$350,000.  

2013. Moose Habitat Restoration Techniques in Northeastern Minnesota. LCCMR. $200,000.  

2012. Moose Habitat Restoration Phase I. NE MN Moose Habitat Collaborative. $960,000 to MDHA. 
~$50,000 to UMD.  
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Finished Grants  

2014. American marten research with MN DNR. MN DNR. ~$10,000.  

2013. American marten research with MN DNR. MN DNR. ~$10,000. 

2013. Canada Lynx Survey, United Taconite Fairlane Plant. United Taconite. $22,400.  

2010. Legislative Citizen Committee on Minnesota Resources. Identifying Critical Habitats for Moose 
in Northeastern Minnesota. R. Moen, M. Lenarz, M. Schrage, A. Edwards, and M. Johnson. 
$510,000.  

2010. Tribal Wildlife Grants Program. Mooz (Moose) Habitat Use in a Changing Climate. S. Moore, A. 
Edwards, and R. Moen. $199,999. 

2010. Environmental Protection Agency Great Lakes Restoration Initiative. Restoring moose foraging 
habitat in Lake Superior Uplands. $198,000.  

2009. USGS-NPS Research Program. S. Windels, R.A. Moen and M.E. Nelson. Investigate Effects of 
Climate Change and Other Factors on Population Viability of Moose in Voyageurs National Park, 
MN. $307,551.  

2009. Lake Superior Coastal Zone Program. Bats and wind along the North Shore of Lake Superior. 
$20,000. 

2009. Great Lakes Indian Fish and Wildlife Commission. Lake Superior Carnivore Monitoring. $5,000. 

2008. Grand Portage National Monument. Beaver Populations in Grand Portage National Monument 
and the Grand Portage Indian Reservation. R. Moen and S. Moore. $18,985. 

2003-2009. Superior National Forest, US Forest Service. Partnership agreements for Canada lynx 
project on Superior National Forest.  $237,000. 

2006. Tribal Landowners Incentive Program, USFWS.  R.A. Moen, G. Host, G.J. Niemi, and B. 
Whiting (Grand Portage Indian Reservation). Identification of suitable habitat for Canada lynx -- 
Bizhiw -- in the Grand Portage area and northeastern Minnesota within 1854 Ceded Territories.  
$141,000. 

2003-2009. National Council on Air and Stream Improvement. R.A. Moen and G.J. Niemi. Canada 
lynx and snowshoe hare habitat use interactions. $70,000. 

2008. MN Department of Natural Resources. Marten studies in northeastern Minnesota. $20,000. 

2006. UMD Northland Advanced Transportation Systems Research Laboratories FY 2006 Summer 
Project Initiatives.  R.A. Moen and G.J. Niemi. Animal-Vehicle Collisions and Road-Crossings—
Detecting Responses.  $10,000. 

2005.  U.S. Fish and Wildlife Service.  R.A. Moen and J. Mayasich. Terrestrial snail status assessment. 
$20,000. 

2005. Minnesota Dept. of Natural Resources. R.A. Moen and G.J. Niemi. Canada lynx ecology in 
Minnesota (CLEM).  $180,000.  2005-2007.  

2005.  UMD Chancellor’s Faculty Small Grants Program.  R.A. Moen and L.A. Shannon.  Minnesota 
Mammals Website Project.  $1,410.  2005-2006.   

2005. National Park Service, DOI.  R.A. Moen and G.J. Niemi.  Improve Limited Knowledge of 
Ecology and Population Status of Threatened Canada Lynx in Voyageurs National Park.  $100,000.    

2003. US Geological Service. Canada lynx project on Superior National Forest in Northeastern 
Minnesota.  ~$250,000. 2003-2005. 
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Refereed Publications (48 total; names of student co-authors are underlined) 
1. Moen, R.A. and Y. Cohen. 1989. Growth and competition between Potamogeton pectinatus L. and 

Myriophyllum exalbescens Fern. in experimental ecosystems.  Aquatic Botany 33:257-270.  

2. Moen, R.A., J. Pastor, and Y. Cohen. 1990. Effects of beaver and moose on the vegetation of Isle 
Royale National Park.  Alces 26:51-63. 

3. Cohen, Y., P. Radomski, R. Moen. 1993. Assessing the interdependence of assemblages from Rainy 
Lake Fisheries data. Canadian Journal of Fisheries and Aquatic Sciences 50(2):402-409.  

4. Yeakley, A., R.A. Moen, D.D. Breshears, and M.K. Nungasser.  1994.  Response of North American 
ecosystem models to multi-annual periodicities in temperature and precipitation.  Landscape 
Ecology 9:249-260.   

5. Jordan, P.A., R.A. Moen, E.G. DeGayner, and W.C. Pitt.  1995.  Trap-and-shoot and sharpshooting 
methods for control of urban deer: the case history of North Oaks, Minnesota. Pages 97-104 in 
J.B. McAninch, ed.  Urban Deer - a manageable resource?  Proceedings of the 1993 symposium 
of the North Central Section, The Wildlife Society.  175 pp.   

6. Moen, R.A., J. Pastor, and Y. Cohen.  1996.  Interpreting behavior from activity counters in GPS 
collars on moose.  Alces 32:101-108.   

7. Moen R.A., J. Pastor, Y. Cohen, and C.C. Schwartz.  1996.  Effects of moose movement and habitat 
use on GPS collar performance.   Journal of Wildlife Management 60:659-668.  

8. Rodgers, A.R., R.S. Rempel, R.A. Moen, J. Paczkowski, C.C. Schwartz, E.J. Lawson, and M.J. 
Gluck.  1997.  GPS collars for telemetry studies: a workshop.  Alces 33:203-210.   

9. Pastor, J., Moen, R.A., and Cohen, Y.  1997.  Spatial heterogeneities, carrying capacity, and 
feedbacks in animal-landscape interactions.  Journal of Mammalogy 78:1040-1052. 

10. Moen, R.A., J. Pastor, and Y. Cohen.  1997.  Accuracy of GPS telemetry collar locations with 
differential correction.  Journal of Wildlife Management 61:530-539.   

11. Moen, R.A., J. Pastor, and Y. Cohen.  1997.  A spatially explicit model of moose foraging and 
energetics.  Ecology 78:505-521. 

12. Moen, R.A. and G.D. DelGiudice.  1997.  Simulating nitrogen metabolism and urinary urea nitrogen: 
creatinine ratios in ruminants.  Journal of Wildlife Management 61:881-894.  

13. Moen, R.A., B.A. Crooker, and W.J. Weber.  1997.  Use of a simulation model to detect effects of 
bST on body composition of lactating Holstein cows.  Journal of Animal Science 75(Suppl. 1):56.  

14. Moen, R.A., Y. Cohen, and J. Pastor.  1998.  Linking moose population and plant growth models 
with a moose energetics model.  Ecosystems 1:52-63.  

15. Moen, R.A., J. Pastor, and Y. Cohen.  1998.  Corrigendum: Accuracy of GPS telemetry collar 
locations with differential correction.  Journal of Wildlife Management 62:808-810.    

16. Moen, R.A. and J. Pastor.  1998.  Simulating antler growth and energy, nitrogen, calcium, and 
phosphorus metabolism in caribou.  Rangifer Special Issue Number 10:85-97. 

17. Pastor, J., B. Dewey, R.A. Moen, Y. Cohen, D.J. Mladenoff, and M. White.  1998.  Spatial patterns 
in the moose-forest-soil ecosystem on Isle Royale, Michigan, USA.  Ecological Applications 
8(2):411-424.  

18. Moen, A.N. and R.A. Moen.  1998.  Metabolic ratios for estimating energy metabolism in moose.  
Alces 34:181-187. 

19. Moen, R.A. and J. Pastor.  1998.  A model to predict nutritional requirements for antler growth in 
moose.  Alces 34:59-74.  

20. Cohen, Y., J. Pastor, and R.A. Moen. 1999. Bite, Chew, and Swallow. Ecological Modelling 116:1-
14.   

21. Pastor, J., K. Standke, K. Farnsworth, R.A. Moen and Y. Cohen.  1999. Further development of the 
Spalinger-Hobbs mechanistic foraging model for free-ranging moose.  Canadian Journal of 
Zoology 77:1505-1512.   
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22. Pastor, J., Y. Cohen, and R.A. Moen.  1999. Generation of spatial patterns in boreal forest 
landscapes. Ecosystems 2:439-450.  

23. Moen, R.A., J. Pastor, and Y. Cohen.  1999. Antler growth and extinction of Irish elk.  Evolutionary 
Ecology Research 1:235-249. 

24. Moen, R.A., DelGiudice, G.D., Garrott, R.A., and R.O. Peterson.  2000. Urinary metabolites for 
enhancing ecological interpretations: a workshop.  Alces 36:269-272. 

25. Moen, R.A., J. Pastor, and Y. Cohen. 2001. Effects of animal activity on GPS telemetry location 
attempts. Alces 37:207-216.    

26. DelGiudice, G.D., R.A. Moen, F.J. Singer, and M.R. Riggs.  2001. Winter nutritional restriction and 
simulated body condition of Yellowstone elk and bison before and after the fires of 1988. Wildlife 
Monographs: 147:1-60.   

27. Pastor J. and R.A. Moen. 2004. Palaeontology - Ecology of ice-age extinctions. Nature. 431:639-
640. 

28. Burdett, C.L., R.A. Moen, G.J. Niemi, and L.D. Mech. 2007.  Defining space use and movements of 
Canada lynx with global positioning system telemetry.  Journal of Mammalogy 88(2):457-467.  

29. McCann, N.P., R.A. Moen, and G.J. Niemi. 2008. Using pellet counts to estimate snowshoe hare 
numbers in Minnesota. Journal of Wildlife Management 72:955-958. 

30. Moen, R.A., C.L. Burdett, and G.J. Niemi. 2008. Movement and Habitat use of Canada Lynx during 
denning in Minnesota. Journal of Wildlife Management 72:1507-1513. 

31. Moen, R., J.M. Rasmussen, C.L. Burdett, and K.M. Pelican. 2010. Hematology, serum chemistry, 
and body mass of free-ranging and captive Canada lynx in Minnesota. Journal of Wildlife 
Diseases 46:13-22. 

32. McGraw, A.M., R. Moen, et al. 2010. An advisory committee process to plan for moose in 
Minnesota. Alces 46:189-200. 

33. McCann, N. and R.A. Moen. 2011. Mapping potential core areas for lynx (Lynx canadensis) using 
snowshoe hare (Lepus americanus) pellet counts and satellite imagery. Canadian Journal of 
Zoology 89:509-516. 

34. McGraw, A.M., R.A. Moen, and M. Schrage. 2011. Characteristics of Post-Parturition Areas of 
Moose in Northeast Minnesota. Alces 47:113-124.  

35. Moen, R.A., M.E. Nelson, and A. Edwards. 2011. Using cover type composition of home ranges and 
VHF telemetry locations of moose to interpret aerial survey results in Minnesota. Alces 47:101-
112.  

36. Moen, R.A., S.K. Windels, and B. Hansen. 2012. Lynx habitat in and near Voyageurs National Park. 
Natural Areas Journal 32:348-355. 

37. McGraw, A.M., R.A. Moen, and L. Overland. 2012. Effective Temperature Differences among 
Cover Types in Northeast Minnesota. Alces 48:45-52.  

38. McCann, N., R. Moen, and T. Harris. 2013. Warm-season heat stress in moose (Alces alces). 
Canadian Journal of Zoology 91(12):893-898. 

39. McGraw, A.M., J. Terry, and R. Moen. 2014. Pre-Parturition Movement Patterns and Birth Site 
Characteristics of Moose in Northeast Minnesota. Alces 50:93-103. 

40. Cyr, T., S.K. Windels, R. Moen, and J. Warmbold. 2014. Diversity and abundance of terrestrial 
gastropods in Voyageurs National Park: Implications for risk of individual moose to 
Parelaphostrongylus tenuis infection. Alces 50:121-132.  

41. Robinson, S., D. Neitzel, R. Moen, J. Umber, K. Hamilton, D. Mulla, U. Munderloh, P. Redig, L. 
Johnson, K. Smith, C. Turner, M. Craft, K. Pelican. 2014. Disease risk in a dynamic environment:  
the spread of tick-borne diseases in Minnesota, USA. Ecohealth 12:152-163. 

42. Olson, B., S.K. Windels, M. Fulton, R. Moen. 2014. Fine-Scale Temperature Patterns in the Southern 
Boreal Forest: Implications for the Cold-Adapted Moose. Alces 50:105-120. 
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43. VanderWaal, K.L., S.K. Windels, B.T. Olson, T. Vannatta, and R. Moen. 2015. Landscape influence 
on spatial patterns of meningeal worm and liver fluke infection in white-tailed deer. Parasitology 
142:706-718. 

44. Licht, D.S., R. Moen, P. Brown, M. Romanski, and R. Gitzen. 2015. The Canada Lynx of Isle 
Royale: overharvest and climate change in the extirpation of an island population. Canadian Field 
Naturalist 129:139-151. 

45. Brown, D.J., M. Schrage, D. Ryan, R.A. Moen, M.D. Nelson, and R.R. Buech. 2015. Glyptemys 
insculpta (Wood Turtle): Longevity in the Wild. Herpetological Review 46(2):243-244. 

46. Portinga, R.L. and R. Moen. 2015. Measuring actual and effective browse availability for moose 
using a new method in northeastern Minnesota. Alces, in press. 

47. Cochrane, M.M., R. Moen, and D.J. Brown. 2015. Glyptemys insculpta (Wood Turtle) nest 
predation. Herpetological Review 46:618. 

48. Street, G.M., J. Fieberg, A.R. Rodgers, M. Carstensen, R. Moen, S.A. Moore, S.K. Windels, and J.D. 
Forester. Habitat functional response mitigates reduced foraging opportunity across bioclimatic 
gradients: implications for animal fitness and space use. Landscape Ecology, in press. 

49. McCann, N.P., R.A. Moen, and S.K. Windels. Influence of temperature on summer bed site selection 
by moose  (Alces alces). Wildlife Biology, in press. 

 

Manuscripts accepted or in press 
1. Licht, D.S., R. Moen, and M. Romanski. Modeling Viability of a Potential Canada Lynx 

Reintroduction to Isle Royale National Park. Natural Areas Journal. 

2. Olson, B.T., S.K. Windels, R.A. Moen, and N.P. McCann. Moose modify bed sites in response to 
high temperatures. Alces, accepted with minor revisions. 

 

Manuscripts in review  

3. Cyr, T. and R. Moen. Parelaphostrongylus tenuis infection in gastropods climbing on vegetation in 
Northeastern MN, testing for parasite manipulation of the host’s behavior. Journal of Wildlife 
Diseases, in review. 

4. Abel, R.L. and R.A. Moen. Bat activity and habitat use in Northeastern Minnesota. Journal of 
Mammalogy, in review. 

5. Terry, J. and R. Moen. The Effects of Habitat and Host Activity on Larval Winter Tick 
(Dermacentor albipictus) Densities. Journal of Wildlife Diseases, in review. 

6. Cyr, T. and R. Moen. Prevalence of Parelaphostrongylus tenuis in gastropod populations in 
terrestrial habitats with implications for the moose population. Canadian Journal of Zoology. 

7. Terry, J. and R. Moen. The Extent of Overlap between Spring and Fall Moose (Alces alces) Paths. 
Alces, in review.  

8. Terry, J. and R. Moen. Comparison of Flagging and Walking Surveys on Winter Tick (Dermacentor 
albipictus) Sampling Density. Journal of Wildlife Diseases, in review.  

9. Unger, T., R. Moen, and J.L. Strasburg. A methodological comparison among DNA source types for 
moose genotyping. Alces, in review. 

10. Rick, J., R. Moen, J. Erb, and J.L. Strasburg. Population structure and gene flow in a newly 
harvested gray wolf (Canis lupus) population. Conservation Genetics, in review 

11. Ness, T.E. and R. Moen. Accuracy testing of a prototype accelerometer on a captive moose (Alces 
alces). Alces, in review.  

12. Unger, T.L., R. Moen, and J.L. Strasburg. Prevalence of genetic polymorphisms in Minnesota moose 
associated with prion disease in other cervid populations. Journal of Wildlife Diseases, in review. 
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13. Vannatta, J.T. and R. Moen. Giant Liver Fluke in North American Cervids: Just a Fluke? Alces, in 
review.  

14. Thornton, D., A. Wirsing, C. Lopez-Gonzalez, J. Squires, S. Fisher, K. Larsen, A. Peat, M. Scrafford, 
R. Moen, A. Scully, T. King, and D. Murray. Asymmetric cross-border protection of peripheral 
transboundary species. Nature Communications, in review. 

15. Brown, D.J., M.M. Cochrane, and R. Moen. Survey and Analysis Design for Wood Turtle 
Abundance Monitoring Programs. Journal of Wildlife Management, in review. 

 

Manuscripts in revision or nearing submission 
16. Joyce, M. J. Erb, and R. Moen. Characteristics of rest sites and reproductive den sites used by 

American marten in Minnesota. To be submitted to Journal of Wildlife Management. 

17. Alston, J.M., C.J. Reno, and R. Moen. Aquatic habitat use by moose (Alces alces) at their southern 
range boundary. To be submitted to Alces. 

18. Vannatta, J.T. and R. Moen. Lymnaeid snail distribution and parasitism in northeastern Minnesota 
with special reference to Lymnaea megasoma and L. stagnalis. Journal to be decided.  

19. Vannatta, J.T. and R. Moen. Fascioloides magna and Taenia hydatigena from Hunter Harvested 
White-tailed Deer: Prevalence, Coinfection, Liver Habitat, and Landscape Patterns. To be 
submitted to Journal of Wildlife Diseases. 

20. Moen, R., K. Hennig, Steve Windels, and Lee Frelich. Species range maps to create distribution 
records for species range projections with climate change. To be submitted to Global Change 
Biology.  

21. Ibrahim, Y. and R. Moen. Seasonal Diet Composition of Gray Wolves (Canis lupus) in Northeastern 
Minnesota Determined by Scat Analysis. To be submitted Journal of Wildlife Management.  

22. Moen, R.A., S.K. Windels, G.D. DelGiudice, and ... Science paper on deer/wolves/moose. Close to 
being done.   

23. Moen, R.A., M.E. Nelson, and C.L. Burdett. Extra-territorial movements in a southern population of 
Canada lynx.  In revision. 

24. Moen, R.A., L. Terwilliger, A.R. Dohmen, and S.C. Catton. In revision. Use of transportation 
corridors by Canada lynx. To be submitted to Conservation Biology. 

25. Burdett, C.L., R.A. Moen, and G.J. Niemi.  Evaluating fine-scale habitat selection of Canada lynx 
with a distance-based use metric.  In revision.  

26. Gaete, S., E. Schuttler, R.C. Bustamente, and R. Moen. Diet and activity patterns of Leopardus 
guigna in relation to prey availability in forest fragments of the Chilean temperate rainforest.  

27. Terwilliger, L.A. and R. Moen. Interpolating missed GPS location attempts from successful GPS 
location attempts in Canada lynx (Lynx canadensis).   

Manuscripts in draft form  
28. Moen, R.A.  Effect of cover type and collar movement on GPS collars.  To be submitted to Journal 

of Wildlife Management. 

29. Moen, R.A. et al. Effects of net-gunning and darting on behavior and blood chemistry of moose. To 
be submitted to Journal of Wildlife Diseases.- 

30. Moen, R.A., P.A. Jordan, M. Romanski, D. L. Licht, and P. Brown. Snowshoe hare density on Isle 
Royale National Park. To be submitted to Natural Areas Journal.  

31. Joyce, M., R. Moen, and S.K. Windels. Home range size and space use of moose in Voyageurs 
National Park. Alces, in revision. 

32. Terwilliger, L.A., R.A. Moen. Canada Lynx (Lynx canadensis) in Minnesota: Road use and 
movements within the home range. In revision. 
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Technical Reports (www.nrri.umn.edu/lynx, www.d.umn.edu/~rmoen or d-commons.d.umn.edu) 

1. Moen, R., G. J. Niemi, C. Burdett, and L. D. Mech.  2004.  Canada lynx in the Great Lakes region.  
2004 Annual report.  NRRI Technical Report No. NRRI/TR-2004-33.  

2. Moen, R., G. J. Niemi, C. Burdett, and L. D. Mech.  2004.  Canada lynx in the Great Lakes region.  
2003 Annual report.  NRRI Technical Report No. NRRI/TR-2004-01.  

3. Moen, R.A., A. Peterson, and J. Mayasich.  2006.  Terrestrial snail status assessment.  NRRI 
Technical Report No. NRRI/TR-2005/34. 

4. Moen, R., G.J. Niemi, C. Burdett, and L. D. Mech.  2006.  Canada lynx in the Great Lakes region.  
2005 Annual report. NRRI Technical Report No. NRRI/TR-2006-16.  

5. Moen, R., G.J. Niemi, J. Palakovich, and C. Burdett.  2006.  Snowtrack surveys for Canada lynx 
presence in Minnesota west of Highway 53. NRRI Technical Report No. NRRI/TR-2006-17. 

6. Burdett, C.L., E.L. Lindquist, and R. Moen.  2006.  National Interagency Canada Lynx Detection 
Survey in Minnesota, Wisconsin, and Michigan. NRRI Technical Report No. NRRI/TR-2006-29. 

7. Moen, R. and E.L. Lindquist.  2006.  Testing a remote camera protocol to detect animals in the 
Superior National Forest. NRRI Technical Report No. NRRI/TR-2006-28. 

8. Hanson, K. and R. Moen. 2008. Diet of Canada lynx in Minnesota. NRRI Technical Report No. 
NRRI/TR-2008/13. 

9. Moen, R., G.J. Niemi, and C. Burdett. 2008. Canada lynx in the Great Lakes. Final Report NRRI 
Technical Report No. NRRI/TR-2008/14 

10. Moen, R. and R.J. Baker. 2008. Canada lynx on the border. NRRI Technical Report No. NRRI/TR-
2008/16. 

11. Moen, R. 2008. Evaluating Impacts of Reservoir Refill on Nesting Waterfowl and Waterfowl Habitat 
in Minnesota Power Water storage Reservoirs in Southern St. Louis County, Minnesota. NRRI 
Technical Report No. NRRI/TR-2008/33. 

12. Moen, R. 2009. Canada lynx in the Great Lakes region. 2008 Annual Report. NRRI Technical Report 
No. NRRI/TR-2009/06. 

13. Moen, R. 2009. Den sites of radiocollared Canada Lynx in Minnesota 2004-2007. NRRI Technical 
Report No. NRRI/TR-2009/07. 

14. Moen, R. 2009. Techniques to Monitor Road Crossings and Animal-Vehicle collisions. NRRI 
Technical Report No. NRRI/TR-2009/11. 

15. Moen, R. and S.K. Windels. 2009. Lynx habitat suitability in and near Voyaguers National Park. 
NRRI Technical Report No. NRRI/TR-2009/19. 

16. Peterson, R., R. Moen, R. Baker, D. Becker, L. Cornicelli, A.J. Edwards, L. Frelich, G. Huschle, M. 
Johnson, A. Jones, M.S. Lenarz, J. Lightfoot, T. Martinson, G. Mehmel, S. Perich, D. Ryan, M.W. 
Schrage, and D. Thompson. 2009. Report to the Minnesota Department of Natural Resources 
(DNR) by the Moose Advisory Committee. 

17. Moen, R. 2009. Canada lynx in the Great Lakes region. 2009 Annual Report. NRRI Technical Report 
No. NRRI/TR-2009-43. 

18. Moen, R., L. Terwilliger, A.R. Dohmen, and S.C. Catton. 2010. Habitat and road use by lynx on long-
distance movements. NRRI Technical Report No. NRRI/TR-2010-02. 

19. Stever, R. and R. Moen. 2011. Evaluating habitat use by moose with aerial photographs. NRRI 
Technical Report No. NRRI/TR-2011-13. 

20. Abel, R. and R. Moen. 2011. North Shore bat activity and habitat use. NRRI Technical Report No. 
NRRI/TR-2011-11. 

21. Terwilliger, L. and R. Moen. 2012. Canada lynx (Lynx canadensis) in Minnesota: Road use and 
Movements within the Home Range. NRRI Technical Report No. NRRI/TR-2012/31. 

22. Moen, R., K Potts, and J. Gilbert. 2011. Status of Mammalian Carnivores and Evaluation of 
Monitoring Techniques in the Lake Superior Basin. NRRI Technical Report No. NRRI/TR-2014-
37. 

23. Moen, R. and S.A. Moore. 2011. Beaver in the Grand Portage National Monument. NRRI Technical 
Report No. NRRI/TR-2011-20. 
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24. Moen, R., R.O. Peterson, S.K. Windels, L. Frelich, and M. Johnson. 2011. Minnesota Moose Status: 
Progress on Moose Advisory Committee Recommendations. NRRI Technical Report No. 
NRRI/TR-2011-41. 

25. Moen, R., Tjepkes, T., and J. Bednar. 2013. Canada Lynx Survey On United Taconite Property In 
Forbes, MN. NRRI Technical Report No. NRRI/TR-2013-18. 

26. Joyce, M. and R. Moen. 2014. Mapping forest harvest in northeastern Minnesota using aerial 
photographs and high resolution satellite imagery. NRRI Technical Report No. NRRI/TR-2014-
17. 

27. Jordan, P.A. Edited by R. Moen. 2013. A Sampling Protocol to Estimate Impacts of Moose and 
Snowshoe Hare on the Woody Vegetation of Isle Royale National Park. NRRI Technical Report 
No. NRRI/TR-2013-44. 

28. Elfelt, M. and R. Moen. 2014. Accuracy and location success of an Ultralite GPS unit. NRRI 
Technical Report No. NRRI/TR-2014/32.  

29. Ward, R.L. and R. Moen. 2014. Effects of stand age on species composition and browse density in 
northeastern Minnesota. NRRI Technical Report No.  NRRI/TR-2014/36. 

30. Ward, R. Edited by R. Moen. 2014. Identifying woody species browsed by moose in northeastern 
Minnesota. NRRI Technical Report No. NRRI/TR-2014/34. 

31. Ibrahim, Y.C. and R. Moen. 2014. Manual for Prey Species Identification in Gray Wolf Scats. NRRI 
Technical Report No. NRRI/TR-2014/45. 

32. Moen, R. 2014. Restoring moose foraging habitat in Lake Superior Uplands. NRRI Technical Report 
No. NRRI/TR-2014/47. 

33. Bednar, J., E. Zlonis, H. Panci, R. Moen, and G. Niemi. 2015. Development of Habitat Models and 
Habitat Maps for Breeding Bird Species in the Agassiz Lowlands Subsection, Minnesota, USA. 
State Wildlife Grant T-39-R-1/F12AF00328. NRRI Technical Report No. NRRI/TR-2015/32. 

34. Swingen, M., R. Baker, T. Catton, K. Kirschbaum, G. Nordquist, B. Dirks, and R. Moen. 2015. 
Preliminary Summary of 2015 Northern Long-eared Bat Research in Minnesota. NRRI Technical 
Report No. NRRI/TR-2015/44. 

Books, Computer Programs, and Other Publications 
Moen, A.N. and R.A. Moen. 1985. Computer Programs for Natural Resource Analysis and 

Management. Volume 1. CornerBrook Press. Lansing, New York. 

Moen, A.N. and R.A. Moen. 1985. Deer Management at the Bernheim Foundation Properties, 
Clermont, Kentucky. CornerBrook Press. Lansing, New York. 

Moen, A.N., C.W. Severinghaus, and R.A. Moen. 1986. Deer CAMP Computer-Assisted Management 
Program (diskette, operating manual, and tutorial). CornerBrook Press. Lansing, New York. 

Gordon, B.L., R.A. Moen. 2009. Bat activity in northeastern Minnesota. Bat Research News 50:108-
109. 

Joyce, M., A. Zalewski, J. Erb, and R. Moen. In press. Biogeographical variation in rest site selection 
by members of the Martes species complex: impact of thermal stress and predation risk. Chapter in 
a book arising from 6th International Martes Symposium. 

Professional Service (Partial list) 
49th North American Moose Conference and Workshop in 2015, Granby, CO. 2 graduate students, 1 

undergraduate student, and myself presented 3 papers and 2 posters.  

MN-WI Joint State Chapter TWS meeting, Duluth, MN, February 4-6, 2015. Graduate students and 
post-docs gave 5 presentations and 2 posters. 

48th North American Moose Conference and Workshop in 2014, Girdwood, AK. 3 graduate students, 2 
post-docs, and myself presented papers.  

MN TWS meeting, Bemidji, MN, February 4-6, 2014. Graduate students and post-docs gave 5 
presentations and 2 posters. 
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The Wildlife Society (TWS) 20th Annual Conference in Milwaukee, Wisconsin, October 5-9, 
2013.  “Research and Management of Declining Moose Populations in the Upper Midwest.” 
Symposia co-organizer and presenter. 

47th North American Moose Conference and Workshop in 2013, Whitefield, NH. 4 graduate students 
will be presenting papers or posters.  

MN TWS meeting in 2013, Moose in Minnesota symposium during 2013 meeting in Walker, 
Minnesota. Co-organizer, presenter. 5 graduate students also presented papers at this meeting.  

Invited participant, Isle Royale Climate Change Adaptation planning meeting at Fort Collins, Colorado. 
January 2013. 

Organizer (with Dr. Glenn DelGiudice, MN DNR) of Moose Research Meetings held at NRRI in 
December 2011, December 2012, and December 2013. These meetings provide local resource 
management personnel (DNR, Tribal, County, Federal) with an update on current moose research. 

Presenter and Attendee, VII International Moose Symposium in 2012 in Bialowieza National Park, 
Poland. 

Presenter and Attendee, 46th North American Moose Conference and Workshop in 2011, Jackson 
Hole, WY. William Chen presented a poster at this conference.  

DNR Mammal Species Technical Advisory Team. Member, 2012 – present.  

Invited Participant, Isle Royale Canada lynx restoration planning meeting in Ashland, WI. March, 
2012. 

Co-chair (with S. Windels), 45th North American Moose Conference and Workshop, International 
Falls, MN, June 2010.   

Co-chair (with Chair Rolf Peterson), Moose Advisory Committee to Minnesota DNR. 2008-2009. 

Lynx on the Border Workshop, Chair, Organizing Committee, Grand Portage, MN, October 24-27, 
2007.   

Organizing Committee and Program Committee Chair, 35th North American Moose Conference and 
Workshop, Grand Portage, MN, May 1999.   

Editorial Board for Oecologia, 2001-2003.  Handled 25 manuscripts.  

Associate Editor, Alces: 1997-2004, 2013 – present. Handled 12 manuscripts.  

Manuscript Reviews (ongoing,  6 per year since 2000)  
Alces ● American Naturalist ● Physiological and Biochemical Zoology ● Canadian Journal of Zoology 
● Conservation Ecology ● Ecology ● Ecological Monographs ● Ecological Modelling ● Ecosystems ● 
Great Basin Naturalist ● Journal of Applied Ecology ● Journal of Wildlife Management ● Journal of 
Wildlife Diseases ● Landscape Ecology ● Oecologia ● Photogrammetic Engineering and Remote 
Sensing ● Rangifer ● Wildlife Society Bulletin 

Proposal Reviews 
National Science Foundation ● USDA National Research Initiative Competitive Grants Program ● 
other Agencies/Organizations.   

Seminars and Presentations (Partial list)  
I give presentations at professional conferences, public lectures, guest lectures, and departmental 
seminars every year. Examples of some recent presentations by my research group include:   

Olson, B., S.K. Windels, R. Moen, and M. Fulton. Characteristics of the Thermal Landscape for 
Moose at Voyageurs National Park. Poster presentation at VII International Moose Symposium 
in 2012 in Bialowieza National Park, Poland. 

Morris, D.M., S.K. Windels, B.E. McLaren, R. Moen, and W.J. Severud. Thermal and Vegetative 
Attributes of Aquatic Patches Available to Moose in Northern Minnesota. Poster presentation at 
VII International Moose Symposium in 2012 in Bialowieza National Park, Poland. 
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Joyce, M.J., Erb, J.D., and R. Moen. Space use and microhabitat structure selection by American 
marten in Minnesota. American Society of Mammalogists 2012 annual meeting, Reno, Nevada. 

Moen, R., S.K. Windels, S. Moore, A. Edwards, and L. Solomon. Identifying cow movements and 
parturition sites using GPS collars with short location intervals. Paper presentated at VII 
International Moose Symposium in 2012 in Bialowieza National Park, Poland. 

Moen, R. Capturing animals from mice to moose. Invited presentation at 63nd AALAS National 
Meeting, November 4–8, 2012, Minneapolis, MN. 

Moen, R. Canada Lynx in Minnesota. Dept. of Fisheries, Wildlife, and Conservation Biology 
Departmental Seminar, 9/27/2012, University of Minnesota, St. Paul. 

Licht, D., P. Brown, R. Moen. Canada Lynx Restoration at Isle Royale National Park: A Feasibility 
Study. Poster presented at 2012 The Wildlife Society meetings in Portland, Oregon 

Licht, D., P. Brown, R. Moen. Canada Lynx Restoration at Isle Royale National Park. 2012 Western 
Great Lakes Resource Management Conference, Ashland, WI.  

Moen, R. Moose in Minnesota. 9th Annual Forestry, Wildlife and Natural Resources Research 
Review, 1/11/2012, Cloquet, MN.  

Moen, R. Minnesota - Land of 10,000 Lynx Locations. 9th Annual Forestry, Wildlife and Natural 
Resources Research Review, 1/11/2012, Cloquet, MN.  

McGraw, A.M., R. Moen, and M. Schrage. Effective temperature of cover types found in moose 
home ranges in Northeast Minnesota. Paper presented at the 46th North American Moose 
Conference and Workshop, 5/26/2011, Jackson, WY 

Olson, B., S.K. Windels, R. Moen, and M. Fulton. Measurement and modeling of thermal landscape 
for moose at Voyageurs National Park. Poster presented at the 46th North American Moose 
Conference and Workshop, 5/26/2011, Jackson, WY. 

Chen, W.C. and R. Moen. The home range and space use of moose in Voyageurs National Park 
Poster presented at the 46th North American Moose Conference and Workshop, 5/26/2011, 
Jackson, WY.  

Moen, R. Moose and Canada lynx -- Current Research, Involving the Public, and Photography. 
Science. Invited presentation to Bell Museum Social, Bell Museum of Natural History, 
Minneapolis, MN 4/13/2012. 

Moen, R. Moose in Minnesota: What's Next. Grand Rapids Jaycees 2011 Home Show. Grand 
Rapids, MN, 3/20/2011 

Moen, R. 2011. Update to 2011 DNR Moose Managers Meeting. Tower, MN.  

Moen, R. 2010. Minnesota - Land of 10,000 Lynx Locations. Invited seminar, Lakehead University. 
Thunder Bay, Ontario, 10/19/2010. 

McGraw, A., R. Moen, and M. Schrage. Post-parturition areas within moose home range in northeast 
Minnesota. Poster presented at Midwest Fish and Wildlife Conference , Minneapolis, MN , 
December, 2010.  

Moen, R. Long-term monitoring of hare and lynx populations in Minnesota. Invited presentation at 
the Midwest Fish and Wildlife Conference, Minneapolis, MN , December, 2010.  

Moen, R. Trapping and radiocollaring wild animals for research. School Forest Days at Pike Lake 
Elementary School, Pike Lake, MN, 5/14/2010. 

Moen, R. Moose in Northeastern Minnesota. Invited seminar to Lake Superior Binational Forum, 
Duluth, MN, 1/29/2010. 

Professional Service (University committees and programs) 

Student Awards Committee, Biology Dept., Swenson College of Science and Engineering, University 
of Minnesota Duluth. 2015-2016 academic year. 

Outreach Committee, Biology Dept. Representative, Swenson College of Science and Engineering, 
University of Minnesota Duluth. 2014-2015 academic year. 
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Executive Committee, Biology Dept. Representative, Swenson College of Science and Engineering, 
University of Minnesota Duluth. 2014 to present.  

Merit Committee, Biology Dept., Swenson College of Science and Engineering, University of 
Minnesota Duluth. 2014-2015 academic year. 

Graduate Student Orientation, Integrated Biosciences Graduate Program. 2008 – 2012. Committee chair 
and responsible for planning new graduate student orientation.  

Curriculum Committee, Integrated Biosciences Graduate Program, University of Minnesota. 2009– 
present. Committee Chair 2010 – Present. 

Special Projects Assistant to Director of Center for Water and the Environment, Natural Resources 
Research Institute. 2012 – 2013. Occasional projects at request of Dr. Lucinda Johnson. 

GIS Laboratory Management Committee, Center for Water and Environment, Natural Resources 
Research Institute, University of Minnesota, Duluth.  1996-present (rarely meets).   

Graduate Students completed 
1. Nicholas McCann. M.S. 2006. Using pellet counts to predict snowshoe hare density, snowshoe 

hare habitat use, and Canada lynx habitat use in Minnesota. University of Minnesota Duluth. (Co-
advised with J. Niemi, currently Post-Doc with Dr. Tara Harris (Minnesota Zoo) and I after 
completing a Ph.D. at Purdue University). 

2. Julie Palakovich. M.S. 2007. Using GPS collars to monitor the activity and habitat use of Canada 
lynx in Minnesota. University of Minnesota Duluth. (Co-advised with J. Niemi, currently Public 
Policy Associate with the American Institute of Biological Sciences). 

3. Christopher Burdett. Ph.D. 2007. Hierarchical structure of Canada lynx space use and habitat 
selection in northeastern Minnesota. Ph.D. Dissertation, University of Minnesota, Twin Cities. (J. 
Niemi and L.D. Mech, my role was effectively advisor, currently post-doc at Colorado State 
University). 

4. Brice Hansen. M.S. 2009. Factors affecting passive infrared cameras and their use in determining 
carnivore habitat selectivity based on presence and visitation rates. Integrated BioSciences 
program, University of Minnesota, Twin Cities. (Defended August 2009). 

5. Tom Ness. M.S. 2010. Using activity counters to estimate behavior of free-ranging moose. 
University of Minnesota, Twin Cities. Plan B Professional Program. 

6. Amanda McGraw. M.S. 2010. Characteristics of Post-Parturition Areas of Moose and Effective 
Temperature of Cover Types in Moose Home Ranges in Northeast Minnesota. Integrated 
BioSciences program, University of Minnesota, Twin Cities. 

7. Becky Gordon. M.S. 2011. Bat habitat use and insect availability in northeast Minnesota. 
Integrated BioSciences program, University of Minnesota, Twin Cities. 

8. Michael Joyce. M.S. 2013. American marten home range and habitat use, with focus on rest sites 
and reproductive den sites. Integrated BioSciences program, University of Minnesota, Twin 
Cities. 

9. Rachel Ward. M.S. 2013. Moose browse measurement techniques. Integrated BioSciences 
program, University of Minnesota, Twin Cities.  

10. Stephania Galupo-Gaete. M.S. 2014. Prey species consumed by the Guina (Leopardus guigna) in 
Chile. Conservation Biology program, University of Minnesota, Twin Cities.  

11. Tim Cyr. M.S. 2015. Gastropod habitat use in relation to moose habitat use and disease 
transmission. Integrated BioSciences program, University of Minnesota, Twin Cities.  

12. Juliann Terry. M.S. 2015. Fire and its relationship to winter tick distribution in Minnesota. 
Integrated BioSciences program, University of Minnesota, Twin Cities.  

13. Yvette Ibrahim. M.S. 2015. Wolf scat analysis for diet composition. Integrated BioSciences 
program, University of Minnesota, Twin Cities. 
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14. Tessa Tjepkes. M.S. 2015. Genetic Analysis of Moose Populations from Minnesota and 
Yellowstone National Park. Integrated BioSciences program, University of Minnesota, Twin 
Cities. Co-Advised with Dr. Jared Stasburg (UMD Biology). 

15. Jessica Rick. M.S. 2015. Genetic diversity, structure, and hybridization in a harvested gray wolf 
(Canis lupus) population in Minnesota. Integrated BioSciences program, University of Minnesota, 
Twin Cities. Co-Advised with Dr. Jared Stasburg (UMD Biology). 

16. J. Trevor Vanatta. M.S. 2016. Liver flukes and aquatic snails. Integrated BioSciences program, 
University of Minnesota, Twin Cities.  

Graduate Students in progress 

1.  Amanda McGraw. Ph.D. in progress. Moose browse regeneration techniques and economic impact. 
Integrated BioSciences program, University of Minnesota, Twin Cities. 

2. Michael Joyce. Ph.D. in progress. American marten habitat. Integrated BioSciences program, 
University of Minnesota, Twin Cities.  

3. Lauren Terwilleger. Ph.D. in progress. Lynx movements and habitat use within the home range. 
Conservation Biology program, University of Minnesota, Twin Cities. 

4. Rodrigo Villalobos Aguirre. Ph.D. in progress. Mountain lions and humans in Chile. Conservation 
Biology program, University of Minnesota, Twin Cities. 

5.  Madaline Cochrane. M.S. in progress. Wood turtle habitat use. Integrated BioSciences program, 
University of Minnesota, Twin Cities.  

6.  Anne Patterson. M.S. in progress. Habitat use of northern long-eared bats. Integrated BioSciences 
program, University of Minnesota, Twin Cities.  

7.  Rachel Voorhorst. M.S. in progress. Climate change effects on mammal distributions. Integrated 
BioSciences program, University of Minnesota, Twin Cities.  

8.  Miranda Galey. M.S. in progress. Bat project, topic to be decided. Integrated BioSciences program, 
University of Minnesota, Twin Cities.  

 

Post-Doctoral advisees 

1. Dr. Nicholas McCann. Moose habitat use and thermal characteristics of activity centers. Post-doctoral 
position in collaboration with the Minnesota Zoo. 2011 – 2013. 

2. Dr. Kimberly VanderWaal. A collaborative project to investigate and model parasite transmission 
dynamics between white-tailed deer, moose, and other vectors in northeastern Minnesota. 2013-
2014. 

3. Dr. Brian Kot. A collaborative project to investigate wolf-moose interactions, including habitat use 
overlap and the impacts of wolf predation on moose in northeastern Minnesota. 2013 – present. 

4.  Dr. Mark Ditmer. A collaborative project on wolves and moose. Working with the MN Zoo. 2015 – 
present.  

Undergraduate Students 

I have mentored between 5 to 15 undergraduate students each year since 2003. Mentoring includes 
hiring, internships, formal classes (BIOL 3993, 3994, 3996), and the Undergraduate Research 
Opportunities Program (UROP).  
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                   CURRICULUM VITAE 
 
 Dennis L. Murray 
 Department of Biology 
 Trent University 
 Peterborough, ON  
 K9J 7B8  
 CANADA 
 Tel: (705) 748-1011 (x 7078) 
 FAX: (705) 748-1003 
 email: dennismurray@trentu.ca 
 webpage: www.dennismurray.ca 
 
 
1.  GENERAL INFORMATION 
 
PRESENT POSITION                                              
Canada Research Chair (Tier I) and Professor   
 
LANGUAGES SPOKEN AND WRITTEN  
English, French 
 
POST-SECONDARY EDUCATION 
PhD (Wildlife Ecology): University of Wisconsin, Madison, WI (1995) 
MSc (Zoology): University of Alberta, Edmonton, AB (1991) 
BSc (Agr.) (Biological Sciences): McGill University, Montréal, QC (1987) 
DEC (Diplôme d’Études Collégiales) (Pure and Applied Sciences):  Champlain Regional College, 

Québec, QC (1984) 
 
THESES 
PhD Interactive effects of sublethal parasitism, nutritional status, and predation in snowshoe hares. 

(1995) 
MSc Aspects of winter foraging by lynx and coyotes from southwestern Yukon during an increase in 

snowshoe hare abundance. (1991)    
BSc (Agr.) Food and density effects in northern populations of larval wood frogs. (1987)     
 
PROFESSIONAL INTERESTS 
Conservation biology; Population dynamics; Behavioural ecology; Landscape ecology; Wildlife 

management  
Predator-prey interactions; Host-parasite interactions; Plant-herbivore interactions  
Population modeling; Population viability analysis; Survival analysis; Density dependence assessment; 

Timeseries analysis  
Integrating individual attributes (i.e., diet, condition, behaviour, genetics) and population processes (i.e., 

habitat occupancy, extinction/colonization) 
Direct, indirect, interactive and nonlinear effects 
 
PROFESSIONAL MEMBERSHIPS 
Canadian Society for Ecology and Evolution 
The Wildlife Society 
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PROFESSIONAL EXPERIENCE 
Canada Research Chair (Tier I) and Professor, Trent University. Appointment: 65% research, 15% 

teaching, 20% service/ administration (2014-2021) 
Adjunct Professor, Department of Biological Sciences, University of Manitoba. (2012-present) 
Professor, Trent University. Appointment: 40% teaching, 40% research, 20% service (2012-present)  
Canada Research Chair (Tier II) and Associate Professor, Trent University. Appointment: 60% 

research, 20% teaching, 20% service/ administration (2002-2012; renewed in 2007)  
Associate Professor, University of Idaho. Appointment: 45% teaching, 45% research, 10% service 

(2001-2002) 
Acting Department Head, University of Idaho. (May-June 2001) 
Assistant Professor, University of Idaho. Appointment: 45% teaching, 45% research, 10% service 

(1996-2002) 
Lecturer and Post-doctoral Fellow, University of Massachusetts. Appointment: 70% teaching, 20% 

research, 10% service (1995-1996) 
Teaching Assistant, University of Wisconsin (1994-1995) 
Teaching Assistant, University of Alberta (1987-1991) 
Research Assistant, McGill University (1986-1987) 
 
AWARDS 
Canada Research Chair (Tier I) – Integrative Wildlife Conservation (2014-21) 
Merit award, Trent University (2009) 
Discovery Accelerator Supplement, NSERC (2008) 
Outstanding Wildlife Monograph, The Wildlife Society (2007) (I am senior author) 
Merit award, Trent University (2006) 
Merit award, Trent University (2004) 
Canada Research Chair (Tier II) - Terrestrial Ecology (2002, renewed 2007) 
Alumni Award for Excellence in Mentoring, University of Idaho (2001) 
Outstanding Academic Advisor, College of Natural Resources, University of Idaho (2001) 
Outstanding Researcher, College of Forestry, Wildlife, and Range Sciences, University of Idaho (1999) 
Outstanding Undergraduate Thesis, Department of Biological Sciences, McGill University (1987) 
 
 
2.  PUBLICATIONS AND INVITED SPEAKING ENGAGEMENTS 
 
REFEREED PUBLICATIONS 
Bolded names for Highly Qualified Personnel under my direct supervision when the work was conducted.  
aI supervised or co-supervised the student and was involved in all aspects of the work; bI was primarily 
involved with all aspects of the work; cI supported all aspects of the work; dI supported select aspects of 
the work; eI was primarily responsible for select portions, usually data analysis and study concept and 
design 
 
2016 or in press  
 
134. Murray, D.L., Peers, M.J.L.MSc, Majchrzak, Y.N.Other, Wehtje, M.PhD, Ferreira, C.PDF, Pickles, 

R.S.A.PDF, Row, J.R.PDF, and Thornton, D.H.PDF Continental divide: Climate-mediated 
fragmentation of species distributions in the boreal forest. PLoS (One).  
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133. Feldman, R.E.PDF, Anderson, M.G., Howeter, D.W., and Murray, D.L. 2016. Temporal variation 
in the way that local habitat affects population growth. Population Ecology. 

132. Row, J.R.PDF, Donaldson, M.E., Longhi, J.MSc, Saville, B.J., and Murray, D.L. 2016.  Tissue-
specific transcriptome characterization for developing tadpoles of the Northern Leopard Frog 
(Lithobates pipiens). Genomics  

131. Hossie, T.PDF, Landolt, K.Other, and Murray, D.L. 2016. Determinants and co-expression of anti-
predator responses in tadpoles: A meta-analysis. Oikos DOI:10.1002/ece3.2115 

130. Murray, D.L., Morris, D., Lavoie, C., Leavitt, P., MacIsaac, H., Masson, M., and Villard, M.-
A. Bias in research grant evaluation has dire consequences for small universities. PLoS ONE 
11: e0155876. 

129. Bennett, A.M.PDF, Longhi, J.N.MSc, Chin, E.H., Burness, G., Kerr, L., Murray, D.L. Acute 
changes in whole body corticosterone in response to perceived predation risk: A mechanism 
for anti-predator behaviour in anurans? General and Comparative Endocrinology  
doi.org/10.1016/j.ygcen.2016.02.024.  

128. Row, J.R.PDF, Wilson, P.W., and Murray, D.L. 2016. The genetic underpinnings of population 
cyclicity: Establishing expectations for the genetic anatomy of cycling populations. 
Oikos DOI: 10.1111/oik.02736. 

127. Peers, M.J.L.MSc, Thornton, D.H.PDF, Majchrzak, Y.N.Other, Bastille-Rousseau, G.PhD, and 
Murray, D.L. De-extinction potential under climate change: Extensive mismatch between 
historic and future habitat suitability for three candidate birds. Biological Conservation. 

126. Szumski, C.M., Roth, J.D., Gau, R.J, and Murray, D.L. Demographic differences of Canada lynx 
during a fluctuation in prey availability. Ecology and Evolution.  

125. Hossie, T.J.PDF, Murray, D.L. Spatial arrangement of prey affects the shape of ratio-dependent 
functional responses in strongly antagonistic predators. Ecology. 

124. Bastille-Rouseau, G.PhD, Rayl, N.D., Ellington, E.H.PhD, Schaefer, J.A., Peers, M.MSc, Mumma, 
M.A., Mahoney, S.P. Murray, D.L. Temporal variation in habitat use, co-occurrence, and risk 
among generalist predators and a shared prey. Canadian Journal of Zoology. 

123. Ellsworth, E.PhD, Boudreau, M.R.PhD, Nagy, K., Rachlow, J.L., and Murray, D.L. Effect of 
supplemental food on winter energy expenditure and activity of free-ranging snowshoe hares. 
Canadian Journal of Zoology. 

 
2015 
122. Bastille-Rousseau, G.PhD, Schaefer, J., Mumma, M, Ellington, E.PhD, Rayl, N., Mahoney, S., 

Pouillot, D., and Murray, D.L. Phase-dependent climate-predator interactions explain three 
decades of variation in neonatal caribou survival. Journal of Animal Ecology.  

121. Creel, S., Becker, M., Christianson, D., Droge, E., Hammerschlag, N., Hayward, M.W., Karanth, 
U., Loveridge, M., Macdonald, D.W., Matandiko, W., M'soka, J., Murray, D., Rosenblatt, M., 
Schuette, P. F. Science-based policy for hunting of large carnivores. Science  

120. Bennett, A.M.PhD and Murray, D.L. Carry-over effects of phenotypic plasticity:  Embryonic and 
larval response to predation risk in wood and Northern leopard frogs. Canadian Journal of 
Zoology 

119. Murray, D.L., Majchrzak, Y.N.Other, Peers, M.J.L.MSc, Wehtje, M.PhD, Ferreira, C.PDF, Pickles, 
R.S.A.PDF, Row, J.R.PDF, and Thornton, D.H.PDF Potential pitfalls of private initiatives in 
conservation planning: A case study from Canada's boreal forest.  Biological Conservation. 

118. Guillaumet, A.PDF, Bowman, J, Thornton, D.PDF and Murray, D.L. 2015. The influence of coyote 
on Canada lynx populations assessed at two different spatial scales. Community Ecology.   

117. Feldman, R.E.PDF, Anderson, M.G., Howeter, D.W., and Murray, D.L. 2015. Where does 
environmental stochasticity most influence population dynamics? An assessment along a 
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regional core-periphery gradient for prairie breeding ducks. Global Ecology and 
Biogeography 

116. Ferreira, C.PDF, Bastille-Rousseau, G.PhD, Bennett, A.M.PhD, Ellington, E.H.PhD, Terwissen, 
C.MSc, Austin, C.MSc, Borlestean, A.MSc, Boudreau, M.MSc, Chan, K.MSc, Forsythe, A.BSc, 
Hossie, T.PDF, Landolt, K.PhD, Longhi, J.MSc, Otis, J.A.MSc, Peers, M.J.L.MSc, Rae, J.MSc, 
Seguin, J.BSc, Watt, C.MSc, Wehtje, M.PhD, Murray D.L.  2015. The evolution of peer 
review as a basis for publication in ecology: Directional selection towards a robust 
discipline? Biological Reviews DOI: 10.1111/brv.12185. 

115. Borlestean, A.MSc, Frost, P.C., and Murray, D.L. 2015. A mechanistic analysis of density 
dependence in algal population dynamics. Frontiers in Ecology and Evolution (Population 
Dynamics)  

114. Gese, E.M., Knowlton, F.F., Adams, J.R., Beck, K., Fuller, T.K., Murray, D.L., Steury, T.D., 
Stoskopf, M.K., Waddell, W.T., and Waits, L.P. 2015. Managing hybridization of a recovering 
endangered species: The red wolf as a case study. Current Zoology 61: 191-205. 

113. Bastille-Rousseau, G.PhD, Potts, J.R., Lewis, M.A., Ellington, E.H.PhD, Rayl, N.D., Mahoney, S., 
Schaefer, J.A., and Murray, D.L. 2015. Unveiling trade-offs in resource selection of migratory 
caribou using a mechanistic movement model of availability. Ecography 
DOI: 10.1111/ecog.01305. 

112. Ellington, E.E.PhD and Murray, D.L. 2015. Influence of hybridization on animal space use: A 
case study using coyote range expansion. Oikos DOI: 10.1111/oik.01824. 

111. Murray, D.L., Bastille-Rousseau, G.PhD, Adams, J., and Waits, L.P. 2015. The challenges of red 
wolf conservation and the fate of an endangered species recovery program. Conservation 
Letters DOI: 10.1111/conl.12157. 

110. Ellington, E.E.PhD, Bastille-Rousseau, G.PhD, Austin, C.MSc, Landolt, K.PhD, Pond, B.A., Rees, 
E.E.Other, Robar, N.MSc, and Murray, D.L. Using multiple imputation to estimate missing data 
in meta-analysis. Methods in Ecology and Evolution DOI: 10.1111/2041-210X.12322 

 
2014 
109. Terwissen, C.V.MSc, Mastromonaco, G.F., and Murray, D.L. 2015. Enzyme immunoassays as a 

method for quantifying hair reproductive hormones in two felid species. Conservation 
Physiology 10.1093/conphys/cou044 

108. Hornseth, M.L.PhD, Walpole, A.A., Walton, L.R., Bowman, J., Ray, J.C., Fortin, M.-J., and 
Murray, D.L.  2014. Behavioural plasticity of Canada lynx to habitat fragmentation at the 
core versus periphery of their geographic range e113511a   

107. McIntosh, T.E.PhD, Rosatte, R.C., Hamr, J., and Murray, D.L. 2014. Patterns of mortality and 
factors influencing survival of elk recently reintroduced to Ontario, Canada. Restoration 
Ecology .a, 1 
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105. Thornton, D.H.PDF, and Murray, D.L. 2014. Influence of hybridization on niche shifts in invasive 
coyote populations. Diversity and Distributions 11: 1355-1364a, 1  

104. Koen, E.L., Bowman, J., Murray, D.L., and Wilson, P.J. 2014. Climate change reduces genetic 
diversity of Canada lynx at the trailing edge. Ecography 37: 001-009d, 1 

103. Row, J.R.PDF, Wilson, P.J., Gomez, C.PDF, Koen, E.L., Bowman, J., Thornton, D.PDF, and 
Murray, D.L. 2014. Projecting the impacts of climate change on environmentally-mediated 
genetic structure in Canada lynx. Global Change Biology doi:10.1111/gcb.12526a, 1  
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101. Rayl, N.D., Fuller, T.K., Organ, J.F., McDonald, J.E., Mahoney, S.P., Soulliere, C., Otto, R., 
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96. Terwissen, C.V.MSc, Mastromonaco, G.F., and Murray, D.L. 2013. Influence of 
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Endocrinology 194:162-167a, 1 
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93. Ellsworth, E.PhD, Wirsing, A.J.Other, Shipley L., Murray, D.L. 2013. Do measures of plant intake 
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snowshoe hares. Wildlife Research 40: 349-357.a, 5  
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Predicting shifts in parasite distribution with climate change: a multitrophic level approach. 
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Forest Ecology and Management. 280:132-139.a 
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74.   Robar, N.MSc, Murray, D.L., Burness, G. 2011. Effect of parasites on host energy expenditure: 
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Behavioural Ecology 22: 199-205.a 
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Helper effects on pup lifetime fitness in the cooperatively breeding red wolf (Canis rufus).  
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71.   Murray, D.L., Smith, D.W., Bangs, E.E., Mack, C., Oakleaf, J., Fontaine, J., Boyd, D., Jiminez, 
M., Niemeyer, C., Meier, T.J., and Stahler, D., Holyan, J., Asher, V.J. 2010. Death from 
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corticosterone mediation? Ecoscience 17: 100-108.a  
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2010. Protection from harvesting restores family pack structure of Eastern wolves in 
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65.   Smith, D.W., Bangs, E.E., Oakleaf, J.O., Mack, C., Fontaine, J., Boyd, D., Jiminez, M., 
Niemeyer, C.C., Meier, T.J., Stahler, D.R., Holyan, J., Asher, V.J. and Murray, D.L. 2010. 
Survival of colonizing wolves in the northern Rocky Mountains of the United States, 1982-
2004. Journal of Wildlife Management 74: 620–634.e  

64.   Steury, T.D.PDF, McCarthy, J.E., Roth, T.C., Lima, S.L., and Murray, D.L. 2010. Evaluation of a 
root-n bandwidth selector for kernel home range estimation. Journal of Wildlife Management 
74:539–548.a 

63.   Murray, D.L., Anderson, M.G., and Steury, T.D.PDF 2010. Temporal shifts in density dependence 
among North American breeding duck populations. Ecology 91: 571-581.b  
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62.   McIntosh, T.E.PhD, Rosatte, R.C., Hamr, J., and Murray, D.L. 2009. Development of a sightability 

model for low-density elk (Cervus elaphus) populations in Ontario, Canada. Journal of Wildlife 
Management 73: 580-585.a  
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61.   Cunnington, G.M., Schaefer, J., Cebek, J.E., and Murray, D. 2008.  Correlations of biotic and 
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60.   Ferland-Raymond, B.MSc, and Murray, D.L. 2008. Predator diet and prey adaptive responses: 
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59.   Roth, J.D.PDF, J.D., Murray, D.L., and Steury, T.D.PDF 2008. Spatial dynamics of sympatric 
canids: Modeling the impact of coyotes on red wolf recovery. Ecological Modeling 214: 391-
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57.   Patterson, B.R., and Murray, D.L. 2008. Flawed population viability analysis can lead to 
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Canada. Biological Conservation 141: 669-680.e   
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56.   Mills, K.J.MSc, Patterson, B.R., and Murray, D.L. 2008. Direct estimation of early survival and 
movements in eastern wolf pups. Journal of Wildlife Management 72: 949-954.a 

55.   Murray, D.L., Steury, T.D.PDF, and Roth, J.D.PDF. 2008. Canada lynx research and conservation 
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54.   Azevedo, F.C.C.PhD, and Murray, D.L. 2007. Evaluation of potential factors predisposing 

livestock to predation by jaguars. Journal of Wildlife Management 71: 2379-2386.a 
53.   Roth, J.D.PDF, Marshall, J.D., Murray, D.L., Nickerson, D.M., and Steury, T.D.PDF 2007. 

Latitudinal gradients in diet and population dynamics of Canada lynx. Ecology 88: 2736-
2743.b  

52.   Wirsing, A.J.Other, and Murray, D.L. 2007. Food supplementation experiments revisited: 
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Zoology 85: 679-685.a 

51.   Wirsing, A.J.Other, Azevedo, F.C.C.PhD, Larivière, S., and Murray, D.L. 2007. Patterns of 
gastrointestinal parasitism among five sympatric prairie carnivores: Are males reservoirs?  
Journal of Parasitology 93: 504-510.a 

50.   Murray, D.L., and Waits, L. 2007. Taxonomic status and conservation strategy of the Endangered 
red wolf: A response to Kyle et al. (2006). Conservation Genetics 8: 1483-1485.b 

49.   Azevedo, F.C.C.PhD, and Murray, D.L. 2007. Spatial organization and food habits of jaguars 
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48.   Ireland, D.H.Other, Wirsing, A.J.Other, and Murray, D.L. 2007. Phenotypically plastic responses of 
green frog embryos to conflicting predation risk. Oecologia 152: 162-168.a 
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1463-1469.a 

45.   Murray, D.L., and Patterson, B.R. 2006. Wildlife survival estimation: Recent advances and future 
directions. Journal of Wildlife Management 70: 1499-1503.b  

44.   Murray, D.L. 2006. On improving telemetry-based survival estimation. Journal of Wildlife 
Management 70: 1530-1543.b 

43.   Murray, D.L., Cox, E.W.PhD, Ballard, W.B., Whitlaw, H.A., Lenarz, M.S., Custer, T.W. Barnett, 
T., and Fuller, T.K. 2006. Pathogens, nutritional deficiency, and climate change influences 
on a declining moose population. Wildlife Monographs No. 166.d  

42.   Monello, R.J.Other, Dennehy, J.J., Murray, D.L., and Wirsing, A.J.Other 2006. Growth and 
behavioral responses of tadpoles of two native frogs to an exotic competitor, Rana 
catesbeiana.  Journal of Herpetology 40: 403-407.a 

41.   Oakleaf, J.K.MSc, Murray, D.L., Bangs, E.E., Mack, C.M., Smith, D.W., Fontaine, J.A., Oakleaf, 
J.R., Jiminez, M.D., Meier, T.J., and Niemeyer, C.C. 2006. Habitat selection by recolonizing 
wolves in the northwestern United States. Journal of Wildlife Management 70: 554-563.a 

40.   Azevedo, F.C.C.PhD, Lester, V., Gorsuch, W., and Larivière, S., Wirsing, A.J.Other, and Murray, 
D.L. 2006.  Dietary breadth and overlap among five sympatric prairie carnivores. Journal of 
Zoology (London) 269: 127-135.a  
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39.   Stoskopf, M.K., Beck, K., Fazio, B., Fuller, T.K. Gese, E.M., Kelly, B. Knowlton, F., Murray, 

D.L., Waddell, W., and Waits  L. 2005. Implementing recovery of the red wolf – Integrating 
research scientists and managers. Wildlife Society Bulletin 33: 1145-1152.e  

38.   Steury, T.D.PDF, and Murray, D.L. 2005. Regression versus ANOVA. Frontiers in Ecology 7: 
356-357.a  

37.   Cook, R.C.MSc, Cook, J.C., Murray, D.L., Zager, P., Johnson, B.K., and Gratson, M.W. 2005. 
Nutritional condition indices for elk: The good (and less good), the bad, and the ugly.  
Transactions of the North American Wildlife and Natural Resources Conference 69: 586-
603; also published in: The Starkey Project: A synthesis of long-term studies of elk and mule 
deer.  (M. Wisdom, ed.) Alliance Communications Group. pp. 102-112.a  

36.   Wirsing, A.J.Other, Roth, J.D.PDF, and Murray, D.L. 2005. Can prey use dietary cues to 
distinguish predators?  A test involving three terrestrial amphibians. Herpetologica 61: 104-
110.a 

35.   Murray, D.L., Ellsworth, E.PhD, and Zack, A. 2005. Assessment of bias with snowshoe hare fecal 
pellet plot counts. Journal of Wildlife Management 69: 385-395.b 

 
2004 
34.   Murray, D.L., Roth, J.D.PDF, and Wirsing, A.J.Other 2004. Predation risk avoidance by terrestrial 

amphibians: The role of prey experience and vulnerability to native and exotic predators.  
Ethology 110: 635-647.b  

33.   Steury, T.D.MSc, and Murray, D.L. 2004. Modeling the reintroduction of lynx to the southern 
periphery of its range. Biological Conservation 117: 127-141.a 

 
2003 
32.   Steury, T.D.MSc, and Murray, D.L. 2003. Causes and consequences of individual variation in 

territory size in the red squirrel. Oikos 101: 147-156.a    
31.   Husseman, J.S.MSc, Murray, D.L., Power, G., Mack, C., Wenger, C.R. and Quigley, H. 2003. 

Assessing differential prey selection patterns between two sympatric large carnivores. Oikos 
101: 591-601.a 

30.   Oalkeaf, J.K.MSc, Mack, C., Murray, D.L. 2003. Effects of wolves on livestock survival and 
movements in central Idaho. Journal of Wildlife Management 67: 299-306.a 

29.   Husseman, J.S.MSc, Murray, D.L., Power, G., Mack, C. 2003. Correlation patterns of marrow fat 
in Rocky Mountain elk bones. Journal of Wildlife Management 67: 742-746.a 

 
2002 
28.   Murray, D.L. 2002. Differential body condition and vulnerability to predation in snowshoe hares.  

Journal of Animal Ecology 71: 614-625.b 
27.   Wirsing, A.J.MSc, Steury, T.D.MSc, and Murray, D.L. 2002. Non-invasive estimation of body 

composition in small mammals: A comparison of conductive and morphometric methods.  
Physiological and Biochemical Zoology 75: 489-497.a   

26.   Murray, D.L., Roth, J.D.PDF, Ellsworth, E.PhD, Wirsing, A.J.MSc, and Steury, T.D.MSc 2002. 
Estimating low density snowshoe hare populations using fecal pellet counts. Canadian 
Journal of Zoology 80: 771-781.b 

25.   Wirsing, A.J.MSc, Steury, T.D.MSc, and Murray, D.L. 2002. Relationship between body condition 
and vulnerability to predation in snowshoe hares and red squirrels. Journal of Mammalogy 
83: 707-715.a  

24.   Wirsing, A.J.MSc, and Murray, D.L. 2002. Patterns in consumption of woody plants by snowshoe 
hares in the northwestern United States. Ecoscience 9: 440-449.a 
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23.   Wirsing, A.J.MSc, Steury, T.D.MSc, and Murray, D.L. 2002. A demographic analysis of a 
southern snowshoe hare population in a fragmented habitat: evaluating the refugium model. 
Canadian Journal of Zoology 80: 169-177.a 

22.   Steury, T.D.MSc, Wirsing, A.J.MSc, and Murray, D.L. 2002. Using multiple treatment levels as a 
means of improving inference in wildlife research. Journal of Wildlife Management 66: 292-
299.a 

21.   Murray, D.L. and Larivière, S. 2002. The relationship between foot size of wild canids and 
regional snow conditions: Evidence for selection against a high foot-load? Journal of 
Zoology (London) 256: 289-299.b 

 
2001 
20.   Cook, R.C.MSc, Cook, J.G., Murray, D.L., Zager, P., Johnson, B.K., and Gratson, M.W. 2001. 

Development of predictive models of nutritional condition for Rocky Mountain elk. Journal 
of Wildlife Management 65: 973-987.a 

19.   Cook, R.C.MSc, Cook, J.G., Murray, D.L., Zager, P., Johnson, B.K., and Gratson, M.W. 2001. 
Nutritional condition models for elk: Which are the most sensitive, accurate, and precise? 
Journal of Wildlife Management 65: 988-997.a 

18.   Monello, R.J.Other, Murray, D.L., and Cassirer, E.F. 2001. Ecological correlates of pneumonia 
epizootics in bighorn sheep herds. Canadian Journal of Zoology 79: 1423-1432.a   

17.   Cook, R.C.MSc, Murray, D.L., Cook, J.G., Zager, P. 2001. Nutritional influences on breeding 
dynamics in elk. Canadian Journal of Zoology 79: 845-853.a 

 
2000 
16.   Murray, D.L. 2000. A geographic analysis of snowshoe hare population demography. Canadian 

Journal of Zoology 78: 1207-1217.b 
 
Prior to 2000 
15.   Murray, D.L., Kapke, C.A., Evermann, J.F., and Fuller, T.K. 1999. Infectious disease and the 

conservation of free-ranging large carnivores. Animal Conservation 2: 241-254.b  
14.   Murray, D.L. 1999. An assessment of overwinter food limitation in a snowshoe hare population 

at a cyclic low. Oecologia 120:50-58.b 
13.   Murray, D.L., and Jenkins, C.L.Other 1999. Perceived predation risk as a function of predator 

dietary cues in terrestrial salamanders. Animal Behaviour 57: 33-39.b 
12.   Fuller, T.K., and Murray, D.L. 1998. Biological and logistical explanations of variation in wolf 

population density. Animal Conservation 1: 153-157.e  
11.   Murray, D.L., Keith, L.B., and Cary, J.R. 1998. Do parasitism and nutritional status interact to 

affect production in snowshoe hares? Ecology 79: 1193-1208.b 
10.   O’Donoghue, M., Boutin, S., Krebs, C.J., Zuleta, G., Murray, D.L., and Hofer, E.J. 1998. 

Functional responses of coyotes and lynx to the snowshoe hare cycle. Ecology 79: 1209-
1222.e 

9.    O’Donoghue, M., Boutin, S., Krebs, C.J., Murray, D.L., and Hofer, E.J. 1998. Behavioural 
responses of coyotes and lynx to the snowshoe hare cycle. Oikos 82: 169-183.e 

8.     Murray, D.L., Cary, J.R., and Keith, L.B. 1997. Interactive effects of sublethal nematodes and  
 nutritional status on snowshoe hare vulnerability to predation. Journal of Animal Ecology 66: 

250-264.b 
7.    Ives, A.R. and Murray, D.L. 1997. Can sublethal parasitism destabilize predator-prey population    
 dynamics?  A model of snowshoe hares, predators and parasites. Journal of Animal Ecology 66: 

265-278.c  
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6.     Murray, D.L., Keith, L.B., and Cary, J.R. 1996. The efficacy of anthelmintic treatment on the 
parasite abundance of free-ranging snowshoe hares. Canadian Journal of Zoology 74: 1604-
1611.b   

5.     Murray, D.L., Boutin, S., O'Donoghue, M., and Nams, V.O. 1995. Hunting behaviour of a 
sympatric felid and canid in relation to vegetative cover. Animal Behaviour 50: 1203-1210.b 

4.     Boutin, S., Krebs, C.J., Boonstra, R., Dale, M.R.T., Hannon, S.J., Martin, K., Sinclair, A.R.E., 
Smith,    J.N.M., Turkington, R., Blower, M., Byrom, A., Doyle, F.I., Doyle, C., Hik, D., Hofer, 
L., Hubbs, A., Karels, T., Murray, D.L., Nams, V., O’Donoghue, M., Rohner, C., and 
Schweiger, S. 1995. Population changes of the vertebrate community during a snowshoe hare 
cycle in Canada's boreal forest. Oikos 74: 69-80.e      

3.      Murray, D.L., Boutin, S., and O’Donoghue, M. 1994. Winter habitat selection by lynx and coyotes 
in relation to snowshoe hare abundance. Canadian Journal of Zoology 72: 1444-1451.b   

2.      Murray, D.L., and Boutin, S. 1991. The influence of snow on lynx and coyote movements: Does       
morphology affect behavior? Oecologia 88: 463-469.b  

1.     Murray, D.L. 1990. The effects of food and density on growth and metamorphosis in larval wood 
frogs (Rana sylvatica) from central Labrador. Canadian Journal of Zoology 68: 1221-1226.b 
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funding, and writeup.  I have provided only normal guidance, editing and funding to the following papers 
emanating from my lab, and thus I declined co-authorship when it was offered: 
12.   Trudeau V.L., Schueler F.W., Navarro-Martin L., Hamilton C.K., Bulaeva, E., Bennett A.PhD, 

Fletcher W., Taylor L. 2013. Efficient induction of spawning of Northern leopard frogs 
(Lithobates pipiens) during and outside the natural breeding season. Reproductive Biology and 
Endocrinology 11:14.d 

11.   Wheeldon, T.J.MSc, Patterson, B.R., and White, B.N. 2010.  Sympatric wolf and coyote populations 
of the western Great Lakes region are reproductively isolated. Molecular Ecology 19: 4428-
4440.b 

10.   Lowe, S.J. MSc, Patterson, B.R., and Schaefer, J. 2010. Lack of behavioral responses of moose 
(Alces alces) to high ambient temperatures near the southern periphery of their range. 
Canadian Journal of Zoology 88: 1032-1041.b    

9.     Maxie, A.J., Hussey, K.F. MSc, Lowe, S.J. MSc, Middel, K.R., Pond, B.A, Obbard, M.E., and 
Patterson, B.R. 2010.  A comparison of forest resource inventory, provincial land cover maps 
and field surveys for wildlife habitat analysis in the Great Lakes-St. Lawrence Forest. 
Forestry Chronicle 86: 77-86.a 

8.     Ryckman, M.J.MSc, Rosatte, R.C., McIntosh, T.PhD, Hamr, J., and Jenkins, D. 2009.  Postrelease 
dispersal of reintroduced elk (Cervus elaphus) in Ontario, Canada. Restoration Ecology 
18:173-180.c 

7.     Rutledge, L.Y., Holloway, J. J. MSc, Patterson, B.R., White, B.N. 2009. An improved field 
method to obtain DNA for individual identification from wolf scat. Journal of Wildlife 
Management 73: 1430-1435.d 

6.     Wheeldon, T.J.MSc, and White, B.N. 2009. Genetic analysis of historic western Great Lakes 
region wolf samples reveals early Canis lupus/lycaon hybridization. Biology Letters 23: 101-
104.d 

5.     Argue, A., Mills, K.J.MSc and Patterson, B.R. 2008. Behavioural response of eastern wolves 
(Canis lycaon) to disturbance at homesites and its effects on pup survival. Canadian Journal 
of Zoology 86: 400-406.d 

4.     McIntosh, T.PhD, Rosatte, R., Campbell, D., Welch, K., Fournier, D., Spinato, M., and Ogunremi, 
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O. 2007.  Evidence of Parelaphostrongylus tenuis infections in free-ranging elk (Cervus 
elaphus) in southern Ontario. Canadian Veterinary Journal 48: 1146-1154.d  

3.     Crawshaw, G.J., Mills, K.J.MSc, Mosley, C., and Patterson, B.R. 2007. Field implantation of 
intraperitoneal radiotransmitters in eastern wolf (Canis lycaon) pups using inhalation 
anesthesia with sevoflurane. Journal of Wildlife Diseases 43: 711-718.d  

2.     Custer, T.W., Cox, E. PhD, Gray, B. 2004. Trace elements in moose (Alces alces) found dead in 
northwestern Minnesota. Science of the Total Environment 330: 81-87.d  

1.      Wirsing, A.J.MSc 2003. Predation-mediated selection on prey morphology: a test using snowshoe 
hares. Evolutionary Ecology Research 5: 315-327.a  

 
PEER-REVIEWED BOOK CHAPTERS 
6. Murray, D.L., and Bastille-Rousseau, G.PhD Chapter 10. Estimating cause-specific mortality and 

hazard using time-to-event information. Population Ecology in Practice (Murray, D.L. & 
Chapron, G., eds). Wiley-Blackwell, London. (in review)b 

5. Murray, D.L., Bastille-Rousseau, G.PhD, Hornseth, M.PhD, Row, J.PDF , and Thornton, D.H.PDF 
Chapter 3. From research hypothesis to model selection: A strategy toward robust inference in 
population ecology. Population Ecology in Practice (Murray, D.L. & Chapron, G., eds). Wiley-
Blackwell, London. (in review)b 

4.     Murray, D.L. 2003. Snowshoe hare and other hares.  Wild Mammals of North America. Vol II.  
(G.A. Feldhamer and B. Thompson, eds.)  Johns Hopkins University Press.  pp. 147-175.b 

3.     O’Donoghue, M., Boutin, S., Murray, D.L., Krebs, C.J., Hofer, E.J., Breitenmoser, U., 
Breitenmoser-Würsten, C., Zutela, G., Doyle, C., and Nams, V.O. 2001. Coyotes and lynx. 
Ecosystem Dynamics in the Boreal Forest- The Kluane Project.  Oxford University Press (C.J. 
Krebs, S. Boutin, and R. Boonstra, eds.) pp. 275-323.e   

2.     Murray, D.L., and Fuller, M.R. 2000. A critical review of the effects of marking on the biology 
of vertebrates. Research Techniques in Animal Ecology: Controversies and Consequences. 
(L. Boitani and T.K. Fuller, eds.) Columbia University Press.  pp. 15-64.b 

1.     Cluff, H.D., and Murray, D.L. 1995. Review of wolf control methods in North America.  Wolves     
 in a Changing World.  Proceedings to the Second International Wolf Symposium, Edmonton, 

AB. (L.N. Carbyn, S.H. Fritts, and D.R. Seip, eds.)  pp. 491-504.e  
 
PEER-EDITED PUBLICATIONS 
10. Peek, J., Dale, B., Hristienko, H., Kantar, L., Lloyd, K. A., Mahoney, S., Miller, C., Murray, D., 

Olver, L., Soulliere, C. 2012. Management of large mammalian carnivores in North America. 
Technical Review 12-01. The Wildlife Society. 76pp.e  

9. Murray, D., and Smith, A.T. 2008. Lepus americanus. In: IUCN 2011. IUCN Red List of 
Threatened Species. Version 2011.2. www.iucnredlist.org.b  

8. Murray, D., and Smith, A.T. 2008. Lepus othus. In: IUCN 2011. IUCN Red List of Threatened 
Species. Version 2011.2. www.iucnredlist.org.b  

7. Murray, D., and Smith, A.T. 2008. Lepus arcticus. In: IUCN 2011. IUCN Red List of Threatened 
Species. Version 2011.2. www.iucnredlist.org.b  

6.      Murray, D.L. 2001. Review of Carnivores in Ecosystems: The Yellowstone Experience. Global 
Ecology and Biogeography 10: 220-221.b 

5.      Murray, D.L. 1999. Eric Wynn Cox (1969-1999). Wildlife Society Bulletin 27: 1126-1127.b 
4.      Scott, J.M., Murray, D.L., and Griffith B. 1999. Lynx reintroduction. Science 286: 49-50.e   
3.      Murray, D.L. 1999. Ermine. The Smithsonian Book of North American Mammals (D.E. Wilson and 

S. Ruff, eds.) Smithsonian Institution Press.  pp. 168-169.b 
2.      Murray, D.L. 1999. Snowshoe hare. The Smithsonian Book of North American Mammals (D.E. 

Wilson and S. Ruff, eds.) Smithsonian Institution Press.  pp. 695-697.b 
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1.      Murray, D.L. 1998. All about moose:  Review of Ecology and Management of the North American 
Moose. Bioscience 48: 847-848.b  

 
BOOKS IN PREPARATION 
2.  Murray, D.L., and Wirsing, A.J. Predator-Prey Interactions: Perspectives on Conflict and 

Coexistence.  Wiley-Blackwell, London.  (co-authored book, projected publication date: 
December 2015) 

1.    Murray, D.L., and Chapron, G. (Editors) Population Ecology in Practice. Wiley-Blackwell, 
London. (co-edited book with 2 chapters for which I am senior-author, projected publication 
date: February 2014) 

 
INVITED SEMINARS (since 2000) 
2015. The Wildlife Society, Winnipeg, MB; Ecology and Behaviour Conference, Toulouse, France; 
Alliance of Canadian Comprehensive Research Universities (ACCRU), Ottawa, ON; 2014. Ecological 
Society of America, Sacramento, CA; 2013. University of Toronto, Scarborough, ON; 2012. University 
of Maine, Orono, ME; York University, Toronto, ON; University of Toronto, Scarborough, ON; 2011. 
University of Washington, Seattle, WA; Paul Smiths College, Saranac Lake, NY; Northern Furbearer 
Conference, Whitehorse, YT (keynote); Laurentian University, Sudbury, ON; 2010. University of 
Toronto, Toronto, ON; 2009. Grimsö Research Station, Lindesberg, Sweden; 2008. Yellowstone 
National Park, Mammoth, WY; University of Manitoba, Winnipeg, MB; 2007. University of Guelph, 
Guelph, ON; Kansas State University, Manhattan, KS; 2006. University of Alberta, Edmonton, AB; 
Ducks Unlimited, Winnipeg, MB; The Wildlife Society annual meeting, Anchorage, AK; 2004. The 
Wildlife Society annual meeting, Calgary, AB; University of Toronto, Scarborough, ON; Carleton 
University, Ottawa, ON; 2002. Idaho Fish and Game Commission meeting, McCall, ID; Annual Western 
Forest Carnivore Meeting.  Spokane, ID; Utah State University, Logan, UT; U.S. Forest Service Forest 
Management, Missoula, MT; Trent University, Peterborough, ON; Carnivore Management Workshop, 
Banff, AB; 2000. University of Nevada, Reno, NV 
 
 
3.  TRAINING OF HIGHLY-QUALIFIED PERSONNEL 
 
POST-DOCTORAL FELLOWS 
 
Current  
Amanda Bennett. Amphibian disease risk mapping. (2015) 
Thomas Hossie. Amphibian population ecology. (2014) 
Catarina Ferreira. Carnivore population dynamics and source-sink dynamics (2013) 
Elizabeth Kierepka. Landscape genetics in canids and felids (2017) 
Lori Neumann-Lee. Genome-level responses to contaminants in tadpoles (2017)  
 
Completed 
Robert Pickles1. Projecting moose responses to climate change; tiger conservation in Sumatra (2011-15) 
Richard Feldman. Spatially-explicit traveling waves in duck populations. (2011-13)  
Dan Thornton. Extinction and colonization in snowshoe hares; jaguar movement corridors. (2011-13) 
Jeff Row. Evolutionary divergence between lynx and bobcat. (co-supervised with P. Wilson) (2011-13) 
Alban Guillaumet. Competition and cyclic attenuation in mesocarnivores. (co-supervised with J. 

Bowman) (2011-12) Current position: Contract Researcher, Trent University, Montpellier, FR 
Céline Gomez. Landscape genetics of lynx. (co-supervised with P. Wilson) (2010)   
 Current position: Researcher, Institut de Recherche pour le Développement UMR, Lyon, FR 
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Amanda Sparkman. Life history analysis of red wolves. (2009-11) 
 Current position: Assistant Professor, Westmont College, Santa Barbara, CA 
Laura Finnegan. Landscape genetics of moose. (co-supervised with P. Wilson) (2009) 
 Current position: Lecturer, Trent University, Peterborough, ON 
Erin Rees. Moose population harvest modeling. (2007) 
 Current position: Post-doctoral fellow, University of Prince Edward Island, Charlottetown, PE 
Todd Steury. Population viability analysis for recolonizing red wolves. (2005-08) 
 Current position: Assistant Professor, Auburn University, Auburn, AB 

                                                                                              James Roth. Lynx dietary reconstruction using stable isotope analysis. (2000-01) 
 Current position: Associate Professor, University of Manitoba, Winnipeg, MB 
 
GRADUATE STUDENTS – TRENT UNIVERSITY (2002 - present) 
 
Current 
Kevin Chan. Spatio-temporal variation in lynx-prey interactions. (PhD, 2016) 
Lindsey Bargelt. Optimizing landscape connectivity and conservation criteria. (MSc, 2016) 
Meg Congram. Amphibian tadpole responses to chytrid fungus (MSc, 2016) 
Peter Mills2. Niche differentiation of salamanders in the Ambystoma unisexual polyploid complex (MSc, 

2016) 
Justin Johnson. Hybridization and niche dynamics along the wolf-coyote gradient. (MSc, 2016) 
Jasper Leavitt. Poliploidy levels in salamanders affects fitness. (MSc, 2016) 
Patrick Heney. Adaptive responses to perceived predation risk in tadpoles (MSc, 2016) 
Alex Myette. The role of size and posture on amphibian predation risk. (MSc, 2015)  
Alex Bell. Food and predation risk on nutrient uptake in daphnia (MSc, co-supervised with P. Frost), 

2015) 
Crystal Kelly. Population viability analysis of sandhill cranes in Ontario (MSc, 2015) 
Brie-Anne Breton. Quantitative analysis of amphibian abundance using Environmental DNA (MSc, 

2015) 
Madison Winston. Environmental DNA as a robust method for amphibian population assessment (MSc, 

2015) 
Jacob Seguin2. Maternal effects of perceived predation risk in juvenile snowshoe hares (MSc, co-

supervised with R. Boonstra, 2015) 
Shawn MacFarlane. Limb regeneration in salamander larvae exposed to predation risk (MSc, co-

supervised with L. Kerr, 2014) 
Amy Clement. Perceived predation risk in tadpoles under variable stress scenarios. (MSc, 2014) 
Spencer Walker. Direct and indirect effects of climate on moose range recession (MSc, 2014) 
Melanie Boudreau3. Snowshoe hare responses to perceived predation risk. (PhD, 2014) 
Christa Szumski. Lynx dietary fluctuations from stable isotope analysis. (MSc, co-supervised with J. 

Roth) (2011) 
Morgan Wehtje. Lynx occupancy models and range limitation. (PhD, co-supervised with J. Bowman) 

(2011) 
 
Completed 
Jessica Longhi. Amphibian stress responses and predation risk (MSc, co-supervised with L. Kerr, 2013-

16)  
Kevin Chan. Detecting and modeling animal population cycles. (MSc, 2012-16) 
Edward Ellington. Coyote population ecology in Newfoundland. PhD (2010-15) 
Jason Rae. Tradeoffs between predation and disease risk in tadpoles. (MSc, 2012-16) 
Cayla Austin. Chemical cue communication in predator-prey systems. (MSc, 2012-16) 
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Josée-Anne Otis3. Canid species distribution models in eastern North America (MSc, 2013-15)  
Michael Peers3. Predicting Canada lynx range shift consequent to climate change. (MSc, 2012-14) 
Christine Terwissen. Stress responses in cyclic lynx populations. (MSc, co-supervised with G. 

Mastromonaco) (2011-2014) 
Megan Hornseth4. Latitudinal dispersal corridors for lynx. PhD (2007-2014) 
Guillaume Bastille-Rousseau3. Caribou spatial predation risk. (PhD, co-supervised with J. Schaefer) 

(2010-2014) 
Adrian Borlestean. Theta-logistic growth in algal populations. MSc (2010-2014) 
Amanda Bennett3. Chemical signaling in predator-prey interactions. PhD (2010-2014) 
Stacy Gan. Patterns of nest predation in Canada geese. (MSc, co-supervised with K. Abraham) (2009-

2012) Current position: Contract Biologist, Environment Canada, Ottawa, ON 
Terese McIntosh. Population ecology of transplanted elk. PhD (PhD, co-supervised with R. Rosatte) 

(2003-11) Current position: Biologist, Ontario Ministry of Natural Resources, Peterborough, ON 
Allan Brand. Spatial autocorrelates in moose populations. (MSc, co-supervised with M.-J. Fortin) (2007-

10) Current position: Spatial analyst, Montreal, QC 
Jean Arseneau5. Resource competition among eastern wolves. (MSc, co-supervised with B. Patterson) 

(2007-10) Current position: PhD candidate, University of Zurich, Zurich, SZ 
Tom Hossie. Predator functional response and structural cover. (MSc, 2007-09) 
 Current position: PhD candidate, Carleton University, Ottawa, ON 
Josh Holloway. Population ecology of grey wolves. (MSc, co-supervised with B. Patterson) (2005-09). 
 Current position: Biologist, Alaska Department of Fish and Game, Anchorage, AK 
Karen Hussey. Resource selection functions for moose. (MSc, co-supervised with B. Patterson) (2006-

09) Current position: Biologist, Klamath Conservation Organization, Klamath, OR 
Stacey Lowe. Thermal cover use by moose. (MSc, co-supervised with B. Patterson) (2007-09) 
 Current position: Biologist, U.S. Fish and Wildlife Service, Anchorage, AK 
Tyler Wheeldon3. Landscape genetics of eastern wolves. (MSc, co-supervised with B. Patterson) (2007-

09) Current position: PhD candidate, Trent University, Peterborough, ON 
Nic Robar3. Meta-analysis of costs of parasitism. (MSc, co-supervised with G. Burness) (2006-09) 
 Current position: Law School, University of Toronto, Toronto, ON 
Bastien Ferland-Raymond. Phenotypic plasticity in amphibian tadpoles. MSc (2005-07) 
 Current position: Statistician, Environment Canada, Quebec, QC 
Julia Phillips. Raccoon predation on turtle nests. MSc (2004-08) 
 Current position: Coordinator, Toronto Zoo, Toronto, ON 
Ken Mills. Wolf pup survival and dispersal. (MSc, co-supervised with B. Patterson) (2003-06) 
 Current position: Biologist, Wyoming Department of Fish and Game, Laramie, WY 
Mark Ryckman. Habitat selection patterns in transplanted elk. (MSc, co-supervised with R. Rosatte) 

(2003-05) Current position: Biologist, Ontario Federation of Anglers and Hunters, Peterborough, ON 
 
1Commonwealth PDF 
2 Ontario Trillium Scholarship PGS 
3 NSERC PGS 
4 Industrial NSERC PGS 
5 NSERC Paillette PGS 
 
GRADUATE STUDENTS – UNIVERSITY OF IDAHO (1996 - 2009) 
Ethan Ellsworth. Snowshoe hare food limitation.  PhD (1999-2009; due to my exired standing  
     at University of Idaho, I resigned as Supervisor 6 months prior to degree completion)  
 Current position: Biologist, Bureau of Land Management, Ft. Collins, CO 
Fernando Azevedo. Jaguar predation on livestock and native prey in Brazil. PhD (2000-06) 
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 Current position: Professor, Universidade Federal de Sao Joao, Sao Joao, BR 
Andrea Kortello. Wolf and cougar spatial relationships in Banff National Park. MSc (2001-05) 
 Current position: Biologist, Environment Canada, Banff, AB 
Susan Able. Impacts of pre-commercial thinning on snowshoe hare populations. MSc (2000-04) 
 Current position: Biologist, The Nature Conservancy, Reno, NV 
John Oakleaf. Wolf-livestock interactions and habitat selection patterns. MSc (1999-2002) 
 Current position: Coordinator, U.S. Fish and Wildlife Service, Albuquerque, NM 
Jason Husseman. Prey selection patterns by wolves and cougars in central Idaho. MSc (1999-2002) 
 Current position: Biologist, Idaho Department of Fish and Game, Boise, ID 
Todd Steury. Territoriality and survival relationships in red squirrels. MSc (1999-2002) 
 Current position: Assistant Professor, Auburn University, Auburn, AL 
Aaron Wirsing. Demographic analysis of a southern snowshoe hare population. MSc (1999-2001) 
 Current position: Associate Professor, University of Washington, Seattle, WA 
Rachel Cook. Body condition and reproductive physiology in Rocky Mountain elk. MSc (1997-2000) 
 Current position: Biologist, National Council for Air and Stream Improvement, LaGrande, OR 
 
UNDERGRADUATE HONOURS STUDENTS - TRENT UNIVERSITY 
Patrick Heney. Fluctuating asymmetry in salamander spotting patterns (2015-16) 
Jacob Seguin. Snail responses to predation risk. (2014-15) 
Adrian Forsythe. Algal population cycles. (2013-14) 
Danielle Porplycia. Predator infochemicals as drivers of phenotypic plasticity in algae. (2012-13)  
Kyle Yurkiew. Habitat suitability in expanding coyote populations. (2011-12) 
Michael Peers. Responses of Canada lynx to bobcat landscape occupancy. (2011-12) 
Nicholas Hughes. Predator density and functional response. (2010-11) 
Brian Atkins. Functional response of predators to toxic prey. (2009-10) 
Thomas Hossie. Stress responses of tadpoles under predation risk. (2006-07) 
Christine Terwissen. Behavioural ecology of domestic horses. (2006-07) 
 
OTHER PERSONNEL (Since 1996 I have hired >60 undergraduate students and technicians to 
work either for me, for research teams I directed, or for my graduate students; the list below includes 
only paid trainees (since 2000) who were employed for >3 months and who fell under my direct 
supervision; many of these individuals later joined my lab as graduate students) 
 
Michael Peers (2012); Cayla Austin (2012); Danielle Porplycia (2012); Stephanie Barre (2011-12); 
Teresa Isherwood (2011); Ermina Kusari (2011); Nicholas Hughes (2010); Adrian Borlestean (2010); 
Brian Atkins (2009); Kristen Landolt (2009); David Pereira (2008); Jennifer Wilcox (2008); Kevin 
Downing (2008-09); Christine Terwissen (2008); Tom Hossie (2008); Bastien Ferland-Raymond 
(2007); Dave Ireland (2006-07); Kaitlin Byrick (2006); Aaron Wirsing (2001); Ryan Monello (2000) 
 
 
4.  GRANTSMANSHIP  
 
GRANTS AND CONTRACTS (held since 2000) 
Competitive grants 
Ontario Species at Risk Stewardship Fund. Development of risk maps for Ontario’s amphibians. 

$54,520 (PI with 2 others) (2015-2017) 
Ontario Ministry of Education. Online delivery and development of Principles of Environmental 

Monitoring. $44,800 (2016) 
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Ontario Ministry of Education. Online delivery and development of Quantitative Methods in 
Environmental Monitoring. $44,800 (2016) 

Ontario Species at Risk Stewardship Fund. Conservation of smallmouth salamanders in Ontario. 
$176,975 (PI with 2 others) (2015-2017) 

NSERC Research and Technological Instruments (RTI) Snowshoe hare GPS radio-telemetry system. 
$147,544 (PI with 4 others) (2015) 

NSERC CREATE A world-class training program in Advanced Environmental Technologies 
$1,650,000 (PI with 10 others) (2015-2021) 

NSERC (Strategic) Developing eDNA technologies for monitoring amphibians and their pathogens. 
$596,250 (PI, with 6 others) (2014-2017)  

Canada Research Chair in integrative wildlife conservation, bioinformatics, and ecological modeling. 
$1,400,000 (2014-2021) 

Canadian Foundation for Innovation. Infrastructure to support the CRC $165,000 (2014) 
NSERC (Discovery) The role of predation in attenuating population cycles. $300,000 (2013-2018) 
NSERC (Partnership Workshops Program) Workshop to establish a Furbearer Data Repository. 

$25,000 (PI, with 3 others) (2011-12) (declined) 
NSERC (Strategic) Models predicting lynx population connectivity. $560,250 (PI, with 3 others) 

(2010-2012)  
NSERC – RTI Gamma counter (R. Boonstra et al.) $34,000 (2010) 
Wildlife Conservation Society. Lynx spatial dynamics $15,500 (with M. Hornseth) (2010) 
Ontario Ministry of Research Innovation.  PDF salary – Lynx population genetics. $50,000 (with P. 

Wilson) (2009-2010)   
World Wildlife Fund.  Wolf and coyote hybrid zone dynamics. $40,000 (2010) 
World Wildlife Fund.  Wolf and coyote hybrid zone dynamics. $40,000 (2009) 
NSERC (Discovery Accelerator Supplement) $120,000 (2008-2010) 
NSERC (Discovery).  Lynx and eastern wolf range determinants. $175,000 (2008-2012) 
NSERC (Strategic Supplement). Lynx landscape genetics in Ontario. $190,000 (P. Wilson et al.) 

(2008-09) 
Canada Research Chair in Terrestrial Ecology (renewal) $500,000 (2007-2011) 
Wildlife Conservation Society. Lynx habitat connectivity $16,000 (with M. Hornseth) (2007) 
NSERC (Strategic) Modeling moose population dynamics. $559,000 (PI, with 3 others) (2006-2009) 
NSERC (internal)  Phenotypic plasticity in amphibians.  $2,000 (2006) 
NSERC (internal)  Phenotypic plasticity in amphibians.  $2,600 (2005) 
Canadian Foundation for Innovation.  New Research labs, incl. Wildlife Disease Research Centre.   
 $7,200,000 (B. White et al.) (2004-2006) 
NSERC (Discovery).  Snowshoe hare responses to parasitism and predation risk. $150,000 (2003-

2007) 
Canada Research Chair in Terrestrial Ecology $500,000 (2002-2007) 
Canadian Foundation for Innovation.  Funds to support Canada Research Chair.  $150,000 (2002-

2005) 
Charles DeVlieg Foundation, University of Idaho.  Graduate student fellowship $45,000 (declined) 

(2001) 
Wilburforce Foundation.  Evaluation of dispersal corridors for northwestern wolf populations. $17,000 

(with J. Oakleaf) (2001) 
Idaho Commodity Commissions.  Predicting vole population irruptions using environmental 

correlates. $27,000 (2001-2002) 
University of Idaho.  Demographic analysis of a declining moose population. $10,000 (2000) 
McIntire-Stennis and U.S. Forest Service.  Food limitation and energetic expenditure in a snowshoe 

hare population. (with J. Marshall) $208,000 (1999-2002) 
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Non-competitive awards  
Environment Canada. Landscape genetic of sandhill cranes. $38,000 (2015-17) 
Environment Canada. Population viability assessment for sandhill cranes. $5,000 (2015) 
Panthera Conservation.  PDF salary – Sumatran tiger conservation. $167,100 (with R. Pickles) (2012-

2015) 
Panthera Conservation.  PDF salary – Assessing jaguar dispersal corridors. $55,700 (with D. 

Thornton) (2012-2013) 
Ducks Unlimited Canada, U.S. Fish and Wildlife Service.  PDF salary – Traveling waves in duck 

populations. $92,000 (2011-2012)  
Govt. of Newfoundland. PhD stipend - Coyote population ecology. $90,000 (2009-2012)    
Govt. of Newfoundland. PhD stipend - Caribou spatial dynamics. $90,000 (with J. Schaefer) (2009-

2012) 
Ontario Ministry of Natural Resources. Lynx research in Ontario. $90,000 (2008-2010) 
Parks Canada.  Elk condition assessment. $30,000 (2008) 
Govt. of Newfoundland and Labrador.  Density dependence assessment in caribou herds. $12,600. 

(2008) 
U.S. Fish and Wildlife Service.  PVA funding. $20,000 (2008-2009) 
Ontario Federation of Anglers and Hunters.  Support for Ontario moose study. $32,000 (2006-2007) 
U.S. Forest Service & Idaho Dept. Fish and Game.  Snowshoe hare population analysis.  $12,500 

(2005-2007) 
U.S. Fish and Wildlife Service.  PDF support – Wolf population assessment. $140,000 (2004-2007) 
U.S. Fish and Wildlife Service.  Red wolf survival database update. $4,500 (2004-2005) 
Parks Canada.  Raccoon predation on turtle nests. $138,000 (with R. Rosatte) (2004-2006) 
Parks Canada.  Diet analysis of elk in Riding Mountain National Park. $20,000 (2003-2004) 
U.S. Fish and Wildlife Service.  Survival analysis for red wolves and hybrids. $20,100 (2003-2006) 
Ducks Unlimited, Inc.  Time series analysis of North American carnivore populations. $30,000 (with 

S. Larivière) (2002-2003) 
Delta Waterfowl.  Analysis of carnivore diet breadth and overlap. $9,000 (2001) 
Ducks Unlimited, Inc.  Analysis of carnivore helminths. $10,000 (with S. Larivière) (2001) 
U.S. Forest Service.  Assessment of snowshoe hare responses to pre-commercial thinning. $85,500 

(with S. Johnson) (2001-2003) 
Ducks Unlimited, Inc. Meta-analysis of infectious diseases in carnivores. $4,500 (2000-2001) 
Idaho Department of Fish and Game.  Dietary reconstruction of lynx. $4,000 (with J. Roth) (2000) 
University of Idaho Agricultural Experiment Station.  Vole population ecology. $20,000 (2000-2003) 
U.S. Forest Service & Idaho Department of Fish and Game.  Snowshoe hare populations.  $123,500 

(1999-2002) 
U.S. Fish and Wildlife Service, U.S. Forest Service, and Idaho Department of Fish and Game.  Wolf-

ungulate relationships in Idaho. $200,000 (with 4 others) (1999-2001) 
U.S. Fish and Wildlife Service, U.S. Forest Service, & Defenders of Wildlife. Livestock responses to 

potential wolf predation. $144,000 (with C. Mack) (1999-2001) 
Idaho Fish and Game & U.S. Forest Service.  Snowshoe hare and red squirrel population ecology. 

$166,000 (1997-2000) 
 
 
5.  TEACHING 
 
TEACHING - TRENT UNIVERSITY (2002-present) 
Graduate-level 
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MSc Degree Core Course (2014-16, enrolment: 18-26) 
Predator-Prey Interactions (2010, 2012, enrolment: 5-9) 
Population Viability Analysis (2006, 2007, 2009, enrolment: 5-6) 
Analysis and Interpretation of Ecological Timeseries (2005, enrolment: 2)  
Population and Statistical Modeling (2003, enrolment: 8) 
 
Upper division 
Behavioural Ecology (2004-06, 2009-12, enrolment: 50-95) 
 
Other 
Current Topics in Biology (3 guest lectures 2011, enrolment: ~400) 
Honours Thesis (7 students) 
Undergraduate and Graduate Reading Course (19 students)  
 
TEACHING - WORKSHOP 
Applied Survival Analysis (this was a week-long workshop I was invited to teach through the Swedish 
Agricultural University, Grimsö, Sweden; 2009, enrolment=10 graduate students and senior researchers) 
 
TEACHING - UNIVERSITY OF IDAHO (1996-2002) 
Graduate-level  
Predator-Prey Relationships (1998, 2000, enrolment: 15-20) 
Fish and Wildlife Seminar (2000-02, enrolment: 20-35) 
Patterns of Prey Selection (2001, enrolment: 9) 
  
Upper division 
Behavioural Ecology (1997, enrolment: 25)  
Multispecies Interactions (2000, enrolment: 8) 
Wildlife Ecology II (2000-02, enrolment: 21-35) 
Principles of Population Ecology (2001; enrolment: 6) 
 
Lower-division and/or College core curriculum  
Principles of Wildlife Biology (1996, 1997, enrolment: 50-80) 
General Ecology (2001, co-taught, enrolment: 95) 
 
Non-major 
Fish and Wildlife Ecology and Conservation (1998, 1999, co-taught, enrolment: 30-40)  
Honors Colloquium (1998, co-taught, enrolment: 12)  
 
Other 
Undergraduate and Graduate Reading Course (2003-10, 18 students)  
      
TEACHING - UNIVERSITY OF MASSACHUSETTS (1995-96) 
Graduate-level 
Advanced Population Dynamics (1995, enrolment: 8) 
 
Lower division 
Wildlife Conservation (1996, enrolment: 210) 
Wildlife Conservation and Management Techniques (1996, enrolment: 55)  
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Non-major 
Wildlife and their Environments (1996, co-taught, enrolment: 375)  
Honors Colloquium (1996, co-taught, enrolment: 16)  
 
Other 
Special Topics (1996; one undergraduate was taught)  
 
 
6.  SERVICE 
 
EXTRAMURAL COMMITTES  
Kawartha Heritage Conservancy (Board of Directors, 2012-2015); Killam Research Fellowship 
(reviewer, 2012); Kawarthas Naturally Connected (Steering Committee member, 2012-present); 
Canadian Institute of Ecology and Evolution (Scientific Advisory Committee, member, 2012-present); 
Canadian Foundation for Innovation – LEF and NOI - radio-telemetry (Adjudication committee, 
member, 2012); NSERC Industrial Research Chair - site visit (Chair, 2011); NSERC GSC-18 / 1503 
(Ecology and Evolution) (member, 2009-2011); The Wildlife Society, Predator management review 
panel (member, 2008-2009); Govt. of Newfoundland and Labrador, Scientific advisory team for 
caribou population recovery. (member, 2008-present); Committee on the Status of Endangered 
Wildlife in Canada (COSEWIC) - Terrestrial Mammal subcommittee (member, 2005-2012); World 
Lagomorph Society (Vice-Secretary, 2006-2012); International Union for the Conservation of Nature 
(member, IUCN),  Lagomorph Specialist Group (member, 2004-present); U.S. Fish and Wildlife 
Service,  Red Wolf Recovery Implementation Team (member, 2000-present); U.S. Fish and Wildlife 
Service,  Mexican Wolf Recovery Plan Technical Sub-Committee (member, 2003-2005); Advisory 
Team.  Carnivore 2000 Conference. (member, 1999-2000)   

  
UNIVERSITY COMMITTEES 

 Trent University 
Small NSERC grants (2014-2016); Research (Biology Research and Graduate Studies (Chair, 2013); 
Biology Research and Graduate Studies (Chair, 2009-12); Biology Department Chair search (Chair, 
2012); NSERC Internal Research Grants and USRA’s (Chair, 2011-2012); Research Policy (member, 
2011-2012); EnLS Graduate Program Director search (Chair, 2011); Dean of Graduate Studies search 
(member, 2010); Schindler Research Chair search (member, 2010); Research Policy (member, 2009); 
Institutional Post-Graduate NSERC committee (member, 2009); President’s Committee on Strategic 
Planning (member, 2009); Research Ethics Board (member, 2008-2009); Biology promotion (member, 
2008); Biology web page (member, 2002-2005); WEGP Director search (Chair, 2005); WGEP Executive 
Committee (member, 2003-2006); University Senate (member, 2007); University Senate Executive 
(member, 2007); Nature Areas (member, 2006); Graduate student committees (currently serve as 
member on 11 committees other than my own students; served previously on an additional 19 
committees; served as external/internal examiner on 13 defences or qualifying exams); Thesis defence or 
qualifying exam chairperson (11 exams). 

  
 University of Idaho  
 College of Natural Resources Core curriculum (member, 2000); College of Natural Resources Strategic 

Planning (member, 1999); Natural Resource Ecology and Conservation Biology Program Petitions 
(member, 1999); Search committee member - Conservation Biologist; Search committee member  -
Ungulate Ecologist (1999); 3rd year and 5-year review committee (member, 1996-2000); Graduate 
Applications Committee (member, 1999-2000); Graduate student committees (>15 students).  
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WORKSHOPS / SYMPOSIA ORGANIZED 
Survival rate estimation and analysis, The Wildlife Society annual meeting, Calgary, AB (2004); 
Improving the quality of future carnivore research.  Carnivore 2000 Conference, Denver, CO (2000); 
Recent developments in predator-prey ecology, Seventh International Theriological Congress, Acapulco, 
Mexico (2000) 
 
EDITORSHIPS 
Associate Editor – Frontiers in Population Dynamics (2014-present) 
Associate Editor – MDPI Biology (2011-present) 
Associate Editor - Wildlife Research (2009-present) 
Associate Editor - Ecoscience (2006-15)  
Associate Editor - Wildlife Society Bulletin (2003-05) 
 
PEER-REVIEW 

 I review 8-12 manuscripts/proposals per year for the following: 
 
Journals 

 Acta Theriologica; Alces; American Naturalist; Amphibia-Reptilia; Arctic; Biological Conservation; 
Canadian Field-Naturalist; Canadian Journal of Zoology; Conservation Biology; Ecography; Ecology; 
Ecoscience; Forest Ecology and Management; Functional Ecology; Geographical Ecology and 
Biogeography; International Journal of Parasitology; Island Press; Journal of Animal Ecology; Journal of 
Applied Ecology; Journal of Mammalogy; Journal of Parasitology; Journal of Wildlife Diseases; Journal 
of Wildlife Management; Journal of Zoology; Northwest Science; Oecologia; Oikos; PLoS (One); 
Proceedings of the Royal Society of London (Series B); Proceedings of the Southeastern Association of 
Fish and Wildlife Agencies; Pronghorn Antelope Workshop Proceedings; The Prairie Naturalist; Wildlife 
Monographs 
  
Organizations/Institutions 

 Alberta Conservation Association; Cambridge University Press; Columbia University Press; Canada 
Research Chairs; Lincoln Park Zoo; National Science Foundation; NSERC; NSERC (Collaborative); 
Seattle City Light; Prentice Hall Publishers; Sustainable Ecosystems Institute; U.S. Fish and Wildlife 
Service; U.S. Forest Service; University of Chicago Press; University of Massachusetts (Faculty 
Fellowship); University College of the Cariboo (Tenure and Promotion) 

 
 External examiner or committee member 

Laval University (PhD defence examiner, 2016) 
University of Saskatchewan (PhD defense examiner, 2015) 
Laval University (Biology Department external examiner 2014) 
University of Alberta (PhD Defence examiner, 2014) 
University of Idaho (PhD graduate committee member, 2010-2014) 
Universidad de Castilla-la-Mancha, Ciudad Real, Spain (PhD defence examiner, 2011) 
University of Alberta (PhD exam committee external member, 2006) 
 
OTHER EXAMPLES OF SERVICE (since 2000) 
U.S. Fish and Wildlife Service (Alexander Archipelago wolf listing proposal reviewer, 2015); Alberta 
Conservation Association Research Chair (reviewer, 2011); Galway-Cavendish and Harvey Aggregate 
Resources (Steering Committee member, 2004); I have moderated 8-10 oral paper sessions at 
professional meetings (e.g., American Society of Mammalogists, Society for Conservation Biology); 
Advised USFWS on population-level requirements for delisting gray wolves (2000, 2007).  

A-35 



 22 

 
PROFESSIONAL DEVELOPMENT COURSES TAKEN 
Population Cycle Analysis Workshop (2013); Media communications training (2008); Statistical 
programming using STATA (2003); Time Series Analysis (2002); Experimental Design (2000); 
Computer-based Teaching and Learning (1999); Distance Education (1998); Teaching Creative 
Thinking Skills (1997)  
 
EXAMPLES OF PUBLIC OUTREACH (since 2000) 
Each year I conduct approx. 20 print, radio, or television interviews on aspects of my research or its 
policy implications. A few examples include: Globe & Mail and Times Higher Education regarding my 
paper on research funding bias (2016); Interviewed on CBC Metro Morning (2012); Post-doctoral fellow 
(Amanda Sparkman) interviewed for CBC Quirks and Quarks (2010); Lecture for Centre of Knowledge 
in the Environment Fundraiser, Peterborough, ON (2009); Lecture for Mountain Gorilla Fundraiser, 
Peterborough, ON (2009); Lecture for Algonquin Provincial Park stakeholders, Whitney, ON (2006); 
Lecture for South Simcoe Federation of Ontario Naturalists, Georgina, ON, Canada (2002); Interviewed 
for commentary articles in Science, Canadian Geographic, Toronto Star, Natural History, and many local 
newspapers and radio stations. 
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DANIEL J. HARRISON 
  
Department of Wildlife Ecology 
University of Maine, 5755 Nutting Hall 
Orono, ME 04469-5755 
(207) 581-2867 (Work) 
(207) 852-1871 (Cell) 
harrison@maine.edu 
 

PROFESSIONAL EXPERIENCES 
 
9/2013-8/2016: Chair and Undergraduate Coordinator, Department of Wildlife, Fisheries, and 

Conservation Biology, University of Maine; 70% administration, 20% research, 10% instruction.  
Administer an academic department including 7 university faculty, a federal USGS research unit (2-3 
scientists), 2 support personnel, post-doctoral scientists, research associates, approximately 25 graduate 
research and teaching assistants, and 125 undergraduate wildlife majors.  Teach co-capstone senior-level 
undergraduate course, administer and supervise research grants, and oversee a lab comprised of graduate 
students, technicians and a post-doctoral scientist. 

 
9/2000-8/2013 & 9/2016-present:  Professor of Wildlife Ecology, Dept. of Wildlife Ecology, 

University of Maine; Cooperating Professor, Center for Research on Sustainable Forests (2007-present); 
Cooperating Scientist , Maine Cooperative Forestry Research Unit (1999-present);  Cooperating Professor, 
Department of Forest Ecosystem Science (1999-2005) and Center for Research on Sustainable Forests 
(2008-present); and Faculty Associate, Maine Cooperative Fish and Wildlife Research Unit, Univ. of Maine 
(1988-present).  Tenured, academic year appointment with shared research (50%) and teaching (50%) 
responsibilities; appointment changed to 75% research, 25% teaching, effective 9/1/2005.  Course 
instruction: Wildlife-Habitat Relationships (WLE 450, Cr. 4), Introduction to Wildlife Resources (WLE 
100, Cr. 1), Graduate Course in Habitat Ecology (WLM 650, Cr. 4; team-taught), Graduate Course in 
Carnivore Ecology and Management (WLE 565, Cr. 3).  Serve as academic advisor to undergraduate 
students and as thesis advisor for graduate students (Responsible for: base-funded research program in 
wildlife-forestry relationships supported through the Maine Agricultural and Forest Experiment Station; 
extramurally funded research program in habitat relationships of forest wildlife and ecology of meso-
carnivores and their prey; public service; technology transfer.  Provide research advisement and technology 
transfer to large private forest landowners, state and federal resource management agencies, and NGO’s. 

 
7/2001-6/2002: Interim Chair, Department of Wildlife Ecology, University of Maine. 
 
 9/93-8/00:  Associate Professor of Wildlife Ecology, Dept. of Wildlife Ecology, University of 

Maine; duties listed above plus served as administrator and instructor for mandatory 3-week summer field 
camp, Wildlife Field Survey (WLE 250, Cr. 3, 1994-97).     
 

1/88-8/93:  Assistant Professor of Wildlife, Dept. of Wildlife, University Maine. 
50%-50%, shared research-teaching appointment (9-month).  Additional responsibilities included serving as 
advisor to the Student Chapter of The Wildlife Society, and administration and instruction of the summer 
field camp, Wildlife Field Survey (WLE 250, Cr. 3, 1988-93).  Twice served as instructor twice in senior-
capstone course in wildlife policy and administration (Cr. 3).  Developed and taught undergraduate habitat 
course (Cr. 4), and graduate course in predator ecology (Cr. 3).   
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2/86-12/87:  Wildlife Research Supervisor (Staff Associate-Wildlife), Wildlife Bureau, Connecticut 

Department of Environmental Protection.  Responsible for overall supervision, administration, budgeting, 
and coordination of statewide research and management programs for Nongame and Endangered Species, 
Upland Wildlife (small game), and Mammals (except deer)..  Supervised a staff of 6 professional and 2 
clerical staff. 
 

6/85-2/86:  Mammal Program Leader (Wildlife Biologist I and II), Wildlife Bureau, Connecticut 
Department of Environmental Protection.  Administered statewide research and management programs for 
14 species of harvested and non-harvested mammals.   
 
EDUCATION 

1982-1985:  University of Maine, Ph. D. in Wildlife, August 1986; Dissertation:  Coyote Dispersal, 
Mortality, and Spatial Interactions with Red Foxes in Maine. 

 
1980-1982:  University of Maine, M.S. in Wildlife Management, May 1983; Thesis: Denning 
Ecology, Movements, and Dispersal of Coyotes in Eastern Maine. 

 
1976-1980:  University of Wyoming, B.S. in Wildlife Management, May 1980.    

 
PROFESSIONAL SERVICES 
Affiliations  

Society for Conservation Biology 
American Society of Mammalogists 
The Wildlife Society (national, section, chapter) 
Martes Working Group 

 
Committees/Professional Service 
 Undergraduate Program Coordinator, Dept. Wildlife, Fisheries, and Conserv. Biol. (2013-2015)  
 Search Committee, Assistant Professor of Wildlife Habitat Ecology, University of Maine (2015) 

Institutional Animal Care and Use Committee, University of Maine (2012-2014) 
Chair of Search Committee, Assistant Professor of Wildlife Population Ecology (2013) 
Peer Committee Chair, Department of Wildlife Ecology, University of Maine (2012-2013) 
Faculty Senator, University of Maine (2010-2012) 
Financial and Institutional Planning Committee, Faculty Senate (2010-2012) 
Board of Directors, The Forest Society of Maine (2008-2011) 
Land Conservation Committee, Forest Society of Maine (2009-present) 
Scientific Advisor, Carnivores 2006 Conference, St. Petersburg, Florida (2005-06) 
External Program Review Team, Dept. Natural Resources, Univ. New Hampshire (2006) 
Search Committee for Asst. Professor Fisheries, Dept. Wildlife Ecology, Univ. Maine (2006) 
Invited Peer Reviewer, U.S. Fish &Wildlife Service, Critical Habitat Proposal for Lynx (2006) 
Research Council, Maine Agricultural and Forest Experiment Station (2005-2008) 
Peer Review Team, Endangered Wolf Delisting Proposal, U.S. Fish Wildlife Service, (2004) 
Scientific Advisor, Carnivores 2004 Conference, Santa Fe, New Mexico (2003-04) 
Cooperating Scientist, Maine Cooperative Forestry Research Unit, (1999-present) 
Scientific Advisor to Newfoundland Model Forest, marten research, (1997-2010)  
Invited Member, Recovery Team for Endangered Newfoundland Marten, (1998-2010) 
University Representative on Northern Maine Landscape Planning Comm. (2002-2008) 
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Committee of Whole for Curriculum and Graduate Issues, Dept. of Wildlife Ecology (1988-present) 
Awards Committee, Maine Chapter of The Wildlife Society, (1992-present)  
Peer Review Committee, Dept. Wildlife Ecology, University Maine (1988-present) 
Hosted 4 landscape planning workshops for agencies and environmental groups (2002-2010) 
Coauthored position on coyote snaring bill, Maine Chapter, The Wildlife Society (2003)  
Member of Search Committee, Assistant Coop. Unit Leader for Fisheries (2003) 
Invited External Review Participant for Maine Dept. Inland Fisheries and Wildlife (2003) 
Nongame/Endangered Species Advisory Council, MDIFW (1999-2002) 
Chair, Search Committee for Instructor in Wildlife Ecology  (2001-02) 
Search Committees for Faculty Sabbatical Replacements (2) (2001-2002) 
Co-author on Forestry-Wildlife Alumni Newsletter, Univ. Maine (2002) 
U.S.D.A. Forest Service Expert Review Panel for Species at Risk WMNF, GMNF (2002) 
Forest Biodiversity Benchmarks Working Group, Maine Forest Service (2001-02) 
Advisor to Huber Corp. on forest wildlife habitat supply planning (2001-2002) 
Expert Panelist, Eastern Wolf Conference (2002) 
Scientific Advisor, Carnivores 2002 Conference, Monteray, California (2001-02) 
Program Chair/Co-Convenor, 3rd Int. Martes Symp., Newfoundland, (2000) 
Consulting Scientist to industry on biocontaminants issues with aquatic mammals, (2000) 
Search Committee for Finance/Communications Coordinator, Maine Coop. Forest Res.Unit, (1999)  
Search Comm. for Asst. Leader/Wildlife, Maine Coop. Fish and Wildlife Research Unit, (1999) 
College Committee for Development of Green Endowment policies (1999)  
Research and Public Service Committee, Faculty Senate, (1994-95, 1998-1999) 
Forest Research Center Steering Committee, College of NFA (1998-2000) 
Restructuring Committee for Maine Cooperative Forestry Research Unit (1998-1999) 
Usniversity of Maine Faculty Senate (elected), (1993-1999) 
Lynx Research Working Group, MDIFW & USFWS (2000-present) 
Timber Wolf Advisory Committee, Maine Dept. Inland Fisheries & Wildlife (1997-2000) 
Search Committee for Silvicultural Program Leader, CFRU, (1997-98) 
Search Committee for Instructor, Dept. Wildlife Ecology, (1997) 
Academic Affairs Committee, Faculty Senate, (1997-98) 
Constitution and Bylaws Committee, Faculty Senate, (1996-97) 
Search Committee for Program Scientist, CFRU (1996) 
Search Committee for Assistant Professor of Wildlife Ecology (1995) 
Admissions Committee, Graduate Program in Ecology and Environmental. Sciences, (1994-96) 
Forest Ecosystem Research Committee, University Maine, (1993-95) 
Auditing Committee, NE Section, The Wildlife Society, (1989-94) 
Scholarship Committee, College Forest Resources, (1989-94) 
Scholarship Committee, Department of Wildlife Ecology, (1988-96) 
University Forest Advisory Committee, College of Forest Resources, (1989-94)  
Predator Management Committee, Baxter State Park, (1993) 
Presidential Public Service Awards Committee, University Maine, (1993-94) 
Faculty Research Funds Committee, University Maine, (1988-91), Chair, (1990-91) 
Evaluation Committee for Dean of Graduate School, (1991) 
Executive Committee of the Graduate School, (elected), (1989-90)  
Graduate Board, (elected), University Maine, (1988-91) 
Northeast Fur Resource Technical Committee, (1985-1991) 
Facilities and Safety Committee, College of Forest Resources, (1988-89) 
Cooperative Extension-College of Forest Resources Working Group, (1988-89) 
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Advisor, Student Chapter of the Wildlife Society, University Maine, (1988-92) 
Executive Board (elected), Maine Chapter of The Wildlife Society (1989) 
 

Editorships  
 
-Associate Editor for Wildlife Biology, September 2009 – 2012 
-Senior Editor for a Contributed book: Ecology and management of Martes in human altered landscapes: 

An International Perspective.  Reviewed, edited, and revised 22 contributed chapters, wrote Preface, and 
coordinated publication (published by Springer, New York in 2004). 

-Guest editor for Northeastern Naturalist  (2005-06) 
-Consulting Editor for Wildlife Monograph (2000) 
  
Manuscript Reviews (in order of number of manuscripts reviewed: range 1-496)  
  

Journal of Wildlife Management  
Wildlife Biology 
Journal of Mammalogy  
Wildlife Society Bulletin 
Forest Ecology and Management  
Landscape Ecology  
Conservation Biology  
Canadian Journal of Zoology  
Northeastern Naturalist  
Wildlife Monographs  
Bioscience 
Behavioral Ecology 
Ecology  
Ecological Applications  
Ecography 
Environmental Monitoring and Assessment  
Southeast Proceedings  
Southwest Naturalist  
Northeast Wildlife  
American Midland Naturalist  
Wildlife Biology 
Wildlife Research    
Proceedings of 5th International Martes Symposium 
Proceedings of 2nd International Martes Symposium  
Proceedings of 1st International Martes Symposium  
Maine Agricultural and Forest Experiment Station Miscellaneous Reports  
 

Other Professional Contributions 
Granted > 130 media interviews; contributed to 3 film documentaries, presented legal and public 
testimony on numerous occasions, have provided technical advice to natural resource agencies and non-
governmental organizations in Maine, Alaska, Rocky Mountain states, Ontario, New Brunswick, Nova 
Scotia and Newfoundland Canada, and Tanzania; hosted numerous field trips for visiting scientists, 
organizations, and businesses; provided technology transfer (newsletters, phone calls, presentations, field 
visits) for forest products businesses in Maine, handled hundreds of requests for information from public; 
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presented >100 public talks; frequently review scientific proposals for business, federal agencies, and 
other universities. 

 
Honors and Awards 
 
2009:  Distinguished Alumnus Award, Department of Wildlife Ecology, University of Maine 
2008-2009: University Research Sabbatical, University of Maine (competitive system-wide award) 
2008:  Award of Professional Excellence, Department of Wildlife Ecology, The University of 

Maine (awarded to alumni)  
2007:  Maine Chapter of the Wildlife Society’s Meritorious Service Award  
2007:  Appointed Cooperating Professor, Center for Research on Sustainable Forests  
2006:  G. Peirce and Florence Pitts-Webber Award to the Outstanding Researcher in 
  Forest Resources, University of Maine 
2000:  G. Peirce and Florence Pitts-Webber Award to the Outstanding Researcher in 
  Forest Resources, University of Maine 
1998:  Appointed Cooperating Scientist, Maine Cooperative Forestry Research Unit 
1992:    Distinguished College of Forest Resources Professor of the Year, University of 
  Maine 
1985:  Dow-Griffee Award to Outstanding Graduate Students in Agriculture, Forestry and 

Wildlife at the University of Maine 
1984:  New England Outdoor Writer’s Scholarship to Outstanding Wildlife Student in New 

England (selected from regional competition among state-level awardees). 
1984: New England Outdoor Writer’s Scholarship to Outstanding Wildlife Student in Maine 
1979:  Phi Kappa Phi, University of Wyoming 
 
GRADUATE ADVISING: 

-Served as major advisor for 19 M.S. and 7 Ph.D. students; 22 theses completed to date. 
-Served on 42 graduate committees where I did not serve as major advisor. 
-Mentored 4 post-doctoral Research Scientists and several post-M.S. Research Associates. 

 
TEACHING EXPERIENCE: 
 

Taught 37 sections of 6 undergraduate semester courses (median instructor rating 1.42; 
1=excellent, 5=poor ); managed and taught the required 3-week, summer field session for wildlife 
students annually for 10 years (median instructor rating 1.50); advised 8-33 undergraduate wildlife 
students annually, taught 12 semesters of graduate courses in Predator Ecology and Habitat 
Analysis (median instructor rating 1.50), and instructed graduate thesis (52 semesters). 

 
PUBLICATIONS  (* = refereed): 
 
Books, Journal Articles, Book Chapters, and Published Conference Proceedings 
 
*xxxx -   Fuller, A. K., D. J. Harrison, J. A. Hepinstall-Cymerman, and B.J. Hearn.  A quantitative method 

for detecting ecological thresholds: nonlinear responses to habitat loss by American martens.      
   Ecological Applications: (in revision). 

 
*xxxx -  Fuller, A. K., and D. J. Harrison.  Competition and resource partitioning between island red foxes 

  and recently colonized coyotes.  Journal of Mammalogy: (in revision).  
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*xxxx - Loman, Z. G., E. J. Blomberg, W. V. Deluca, D. J. Harrison, C. S. Loftin, and P. B. Wood. In  

review. Validating landscape capability as a predictor of upland game bird abundance and 
occurrence. Journal of Wildlife Management (submitted). 

 
*2016 – Simons-Legaard, E.M., D.J. Harrison and K.R. Legaard.  Habitat monitoring and projections for 

Canada lynx: linking the Landsat archive with carnivore occurrence and prey density.  Journal of 
Applied Ecology  DOI:10.1111/1365-2664.12611. 
  

*2013 -  Fuller, A. K,. and D. J. Harrison.  Modeling the influence of forest structure on microsite habitat  
use by snowshoe hares.  International Journal of Forestry Research: Volume 2013, Article ID  

  892327, 7 pages, http://dx/doi.org/10.1155/2013/892327. 
 
*2013 - Fuller, A. K., S. M. Spohr, D. J. Harrison, and F. A. Servello.  Nest survival of wild turkeys in a 

mixed-use landscape: influences at nest-site and patch scales.  Wildlife Biology 19:138-146.  
 
*2013 - Simons-Legaard, E. M., D. J. Harrison, W. B. Krohn, and J. H. Vashon.  Canada lynx occurrence 

and forest management in the Acadian forest.  Journal of Wildlife Management 77:567-578. 
 
*2012 -  I. D. Thompson, J. Fryxell, and D. J. Harrison. Improved insights into use of habitat by American 

martens, since the 2nd International Martes Symposium in 1991.  Pages 209 – 229 in  K.B. 
Aubry, W.J. Zielinski, M.G. Raphael, G. Proulx, and S.W. Buskirk, editors, Biology and 
conservation of martens, sables, and fishers: a new synthesis.  Cornell University Press, Ithaca, 
New York, USA.  

 
*2010-   Fuller, A. K., and D. J. Harrison.  Movement paths reveal scale-dependent habitat decisions by 

Canada lynx.  Journal of Mammalogy 91:1269-1279.  
 
*2010-  Hearn, B. J., D. J. Harrison, A. K. Fuller, C. G. Lundrigan, and W. J. Curran.  Paradigm shifts in 

habitat ecology of threatened Newfoundland martens.  Journal of Wildlife Management 74:719-
728. 

 
*2007 - Fuller, A. K., D. J. Harrison, and J. H. Vashon. Winter habitat selection by Canada lynx in Maine: 

prey abundance or accessibility?  Journal of Wildlife Management 71:1980-1986. 
 
2007 -   Harrison, D. J., W. B. Krohn, L. Robinson, A. K. Fuller, and C. L. Hoving.  Multi-scalar habitat 

preferences of snowshoe hares: how does a prey specialist coexist with a specialist predator?  Page 
175 in K. Sjoberg and T. Rooke, editors, International Union of Game Biologists Conference 
Proceedings, Department of Wildlife, Fish, and Environmental Studies, Swedish University of 
Agricultural Sciences (SLU), Umea, Sweden. 

 
*2007- Homyack, J. A., D. J. Harrison, and W. B. Krohn.  Effects of precommercial thinning on 

snowshoes hares in Maine.  Journal of Wildlife Management 71: 4-13. 
 
*2006 - Homyack, J.A., D. J. Harrison, J.A. Litvaitis, and W.B. Krohn.  Quantifying densities of snowshoe 

hares in Maine using pellet plots.  Wildlife Society Bulletin 34: 74-80. 
 
*2005 - Fuller, A. K. and D. J. Harrison.  Influence of partial timber harvesting on American martens in 

north-central Maine.  Journal of Wildlife Management 69:710-722. 
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*2005- Homyack, J. A., D. J. Harrison, and W. B. Krohn.  Long-term effects of precommercial thinning 

on small mammals in northern Maine.  Forest Ecology and Management: 205:43-57. 
  
*2005 - Hoving, C. L. D. J. Harrison, W. B. Krohn, R. A. Joseph, and M. O’Brien.  Broad-scale predictors 

of Canada lynx occurrence in eastern North America.  Journal of Wildlife Management 69:739-
751. 

 
*2004 - Fuller, A. K., D. J. Harrison, and H. J. Lachowski.  Stand-scale effects of partial harvesting and 

clearcutting on small mammals and forest structure.  Forest Ecology and Management 191:373-
386. 

 
*2004 - Harrison, D. J., A. K. Fuller, and G. Proulx.  Martens and Fishers (Martes) in Human Altered 

Environments: An International Perspective.  Springer,  New York, New York (edited, peer-
reviewed book). 

 
*2004 - Homyack, J. A., D. J. Harrison and W. B. Krohn.  Structural differences between precommercially 

thinned and unthinned conifer stands.  Forest Ecology and Management 194:131-143. 
 
*2004 - Hoving, C. L., D. J. Harrison, W. B. Krohn, W. J. Jakubas, and M. A. McCollough. Canada lynx 

habitat and forest succession in northern Maine, United States.  Wildlife Biology 10(4):285-294. 
 
*2004 - Krohn, W. K., C. L. Hoving, D. J. Harrison, D. Phillips, and H. Frost. Martes foot-loading and 

snowfall patterns in eastern North America: Implications to broad-scale distributions and 
interactions of mesocarnivores. Pages 115-131 in D. J. Harrison, A. K. Fuller, and G. Proulx, 
editors, Martens and Fishers (Martes) in Human Altered Environments: An International 
Perspective.  Springer, New York, New York. 
 

*2004 - Payer, D. C. and D. J. Harrison.  Relationships between forest structure and habitat use by 
American martens in Maine, USA.  Pages 173-186 in D. J. Harrison, A. K. Fuller, and G. Proulx, 
editors, Martens and Fishers (Martes) in Human Altered Environments: An International 
Perspective. Springer, New York, New York. 

 
*2004 -Payer, D. C., D. J. Harrison, and D. M. Phillips.  Territoriality and Home-Range Fidelity of 

American Martens in Relation to Timber Harvesting and Trapping.  Pages 99-114 in D. J. 
Harrison, A. K. Fuller, and G. Proulx, editors, Martens and Fishers (Martes) in Human Altered 
Environments: An International Perspective. Springer, New York, New York. 

 
*2004 - Spohr, S. M., F. A. Servello, D. J. Harrison, and D. W. May.  Survival and reproduction of wild 

turkey hens in a suburban environment. Northeast Naturalist 11: 363-374. 
 
2003 - Fuller, A. K. and D. J. Harrison. Occurrence, distribution, and survey methods for native terrestrial 

mammals in Acadia National Park, Mount Desert Island, Maine.  Maine Agricultural and Forest 
Experiment Station Miscellaneous Publication 752, Orono, Maine, 28 pp.  

 
*2003 -- Payer, D. C., and D. J. Harrison.  Influence of forest structure on habitat use by American marten 

in an industrial forest.  Forest Ecology and Management 179:145-156. 
 
*2000 - Payer, D. C., and D. J. Harrison.  Structural differences between forests regenerating following 

spruce budworm infestation and clearcut harvesting: implications for American marten.  
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Canadian Journal of Forest Research 30:1965-1972. 

 
1999 - Harrison, D. J.  Response of wildlife to thinning in forests of the northeastern U.S.  Pp. 35-40 in 

Proceedings of Conference on Thinning in the Maine Forest, Cooperative Forestry Research 
Unit and Office of Professional Development, University of Maine, Orono. 

 
*1998 - Harrison, D. J., and T. G. Chapin.  Extent and connectivity of habitat for wolves in eastern North 

America.  Wildlife Society Bulletin 26:767-775.  
 
*1998 - Chapin, T. G., D. J. Harrison, and D. D. Katnik.  Influence of landscape pattern on habitat use by 

American marten in an industrial forest.  Conservation Biology 12:1327-1337. 
 
*1998 - Long, R. A., A. F. O’Connell, Jr., and D. J. Harrison.  Mortality and survival of white-tailed deer 

Odocoileus virginianus fawns on a north Atlantic coastal island.  Wildlife Biology 4:237-247. 
 

*1998 - Phillips, D. M., D. J. Harrison, and D. C. Payer.  Seasonal changes in home-range area and fidelity 
of martens.  Journal of Mammalogy 79:180-190. 

 
 1997 - Bissonette, J. A., D. J. Harrison, C. D. Hargis, and T. G. Chapin.  The influence of spatial scale and 

scale-sensitive properties on habitat selection by American marten.  Pages 368-385 in J.A. 
Bissonette (editor). Wildlife and Landscape Ecology: effects of pattern and scale.  Springer-
Verlag, New York. 
 

 *1997 - Chapin. T. G., D. J. Harrison, and D. M. Phillips.  Seasonal habitat selection by marten in an 
untrapped forest preserve.  Journal of Wildlife Management 61:707-717. 

 
  *1997 - Chapin, T. G., D. M. Phillips, D. J. Harrison, and E. C. York.  Seasonal selection of habitats by 

resting marten in Maine.  Pages 166-181 in G. Proulx, H.N. Bryant, and P.M. Woodard (editors). 
Martes: taxonomy, ecology, techniques and management.  Provincial Museum of Alberta, 
Edmonton, Alberta, Canada.  474pp. 

 
*1997 - Hodgman, T. P., D. J. Harrison, D. M. Phillips, and K. D. Elowe.  Survival of American marten in 

an untrapped forest preserve in Maine.  Pages 86-99 in G. Proulx, H.N. Bryant, and P.M. Woodard 
(editors). Martes: taxonomy, ecology, techniques and management.  Provincial Museum of 
Alberta, Edmonton, Alberta, Canada.  474pp. 

 
*1996 - Chilelli, M., B. Griffith, and D. J. Harrison.  Interstate comparisons of river otter 

 harvest data.  Wildlife Society Bulletin 24(2):238-246. 
 

1995 - Harrison, D. J.  Foreword.  Pp. 1-4 in G. Parker.  Eastern coyote: the story of its success. Chelsea 
Green Publishing Company, White River Junction, Vermont. 

 
*1994 - Hodgman, T. P., D. J. Harrison, D. D. Katnik, and K. D. Elowe.  Survival in an intensively trapped 

marten population in Maine.  Journal of Wildlife Management.  58:593-600. 
 

*1994 - Katnik, D. D., D. J. Harrison, and T. P. Hodgman.  Spatial relations in a harvested population of 
marten in Maine.  Journal of Wildlife Management 58:600-607. 

 
*1992 - Harrison, D. J.  Dispersal characteristics of coyotes in Maine.  Journal of Wildlife Management 
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56:128-138. 
 

*1992 - Harrison, D. J.  Social ecology of coyotes in northeastern North America: relationships to dispersal, 
food resources, and human exploitation.  Pages 53-72 in A. Boer (editor) Ecology and 
Management of the Eastern Coyote.  Wildlife Research Unit, University of New Brunswick, 
Frederickton. 

 
1992 - Harrison, D. J., and N. E. Famous.  Effects of peat harvesting on a large mammalian carnivore: a 

case study with coyotes (Canis latrans).  Pages 77-96 in D. Grubich (editor) Peat and Peatlands: 
the Resource and Its Utilization.  Proceedings International Peat Symposium, Duluth, Minnesota. 

 
*1992 – O’Connell, A. F., Jr., D. J. Harrison, B. Connery, and K.B. Anderson.  Food use by an insular 

population of coyotes.  Northeast Wildlife 49:36-42. 
 

*1991 - Harrison, D. J., J. A. Harrison, and M. O'Donoghue.  Pre-dispersal movements of coyote (Canis 
latrans) pups in eastern Maine.  Journal of Mammalogy 72:756-763. 

 
*1989 - Harrison, D. J., J. A. Bissonette, and J. A. Sherburne.  Spatial relationships among coyotes and red 

foxes in eastern Maine.  Journal of Wildlife Management 52:181-185. 
 

*1989 - Litvaitis, J. A., and D. J. Harrison.  Bobcat-coyote niche relationships during a period of coyote 
population increase.  Canadian Journal of Zoology 67:1180-1188. 

 
      1986 - Harrison, D. J., and W. B. Krohn.  Population characteristics of Maine coyotes.  U.S. Fish and Wildlife 
        Service Research Information Bulletin No. 86:112. 
 
     *1986 - Harrison, D. J.  Coyotes in the northeast: their history, origin, and ecology. Appalachia 46:30-39. 
 
       1986 - Major, J. T., J. A. Sherburne, J. A. Litvaitis, and D. J. Harrison.  Resource use by and interspecific  

relations between bobcats and other large mammalian predators in Maine.  Pages 291 in S.D. Miller   
        and D.D. Everett, (editors) Cats of the World: Biology, Conservation and Management.  Natl.  

Wildlife Federation, Washington, D.C. 
 

     *1985 - Harrison, D. J., and J. R. Gilbert.  Denning ecology and movements of coyotes in Maine during pup  
      rearing.  Journal of Mammalogy 66:712-719. 

 
*1984 - Harrison, D. J., and J. A. Harrison.  Foods of adult Maine coyotes and their known-aged pups.  

Journal of Wildlife Management 48:922-926. 
 

  1984 - Harrison, D. J.  Use of white-tailed deer by coyotes during pup rearing in Maine.  Transactions of the 
Northeast Deer Technical Committee 20:34-35. 

 
 

Technical Reports and Miscellaneous Publications: 
 
2015 – Harrison, D., and S. Olson.  Relationships among forest harvesting, snowshoe hares, and Canada lynx in 

Maine.  Pages 68-74 in B.E. Roth, editor, Cooperative Forestry Research Unit: 2014 Annual Report, 
University of Maine, Orono. 
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2015 – Dunham, S., and D. Harrison.  Patch occupancy, habitat use, and population performance of spruce grouse 

in commercially managed conifer stands. Pages 75-79 in B.E. Roth, editor, Cooperative Forestry Research 
Unit: 2014 Annual Report, University of Maine, Orono. 

 
2015 - Rolek, B., D. Harrison, C. Loftin, and P. Wood. Bird communities of coniferous forests in the Acadian 

Region: Habitat associations and response of birds to forest management. Pages 80-88 in B.E. Roth, editor, 
Cooperative Forestry Research Unit: 2014 Annual Report, University of Maine, Orono. 
 

2014 – Harrison, D., S. Olson, D. Mallett, A. Fuller, and J. Vashon.  Relationships among forest harvesting, 
snowshoe hares, and Canada lynx in Maine.  Pages 57-62 in B.E. Roth, editor, Cooperative Forestry 
Research Unit: 2013 Annual Report, University of Maine, Orono. 
 

2014 – Dunham, S., and D. Harrison.   Patch occupancy, habitat use, and population performance of spruce grouse 
in commercially managed conifer stands. Pages 63-66 in B.E. Roth, editor, Cooperative Forestry Research 

 Unit: 2013 Annual Report, University of Maine, Orono. 
 

2014 – Rolek, B., D. Harrison, and C. Loftin.  Bird communities of coniferous forests in the Acadian Region: 
habitat associations and response of birds to forest management. Pages 67-73 in B.E. Roth, editor, 
Cooperative Forestry Research Unit: 2013 Annual Report, University of Maine, Orono. 

 
 2013 – Harrison, D., E. Simons-Legaard, K. Legaard, and S. Sader.  Effectiveness of zoning to protect 

deer wintering habitats in Maine: Did the designation of LURC-zoned deeryards achieve desired      
objectives during the period 1975-2007?  Final Report to Northeastern States Research Cooperative and 
USDA Forest Service. http://www.nsrc.org.        

 
 2013 – Harrison, D., S. Olsen, D. Mallett, A. Fuller, and J. Vashon.  Relationships among commercial 
                   forest harvesting, snowshoe hares and Canada lynx in Maine.  Pages 79-84 in B.E. Roth, editor, 
                   Cooperative Forestry Research Unit: 2012 Annual Report, University of Maine, Orono. 
 
 2013 – Dunham, S., and D. Harrison.  Patch occupancy, habitat use, and population performance of spruce 
               grouse in commercially managed conifer stands. Pages 85-89 in B.E. Roth, editor, Cooperative 
               Forestry Research Unit: 2012 Annual Report, University of Maine, Orono. 
 
2012 -  Harrison, D., S. Olson, D. Mallet, J. Vashon, and A. Fuller.  Relationships among commercial forest           
     harvesting, snowshoe hares, and Canada lynx in Maine.  Pages 95-98 in B.E. Roth, editor, Cooperative      
          Forestry Research Unit: 2011 Annual Report, University of Maine, Orono.  

 
2012 -  Harrison, D., and S. Dunham.  Relative densities, patch occupancy, and population performance of spruce 

grouse in managed and unmanaged forests in northern Maine.  Pages 99-104 in B.E. Roth, editor, 
Cooperative Forestry Research Unit: 2011 Annual Report, University of Maine, Orono.  

 
2011 – Fuller, A. K. and D. J. Harrison.  A landscape planning initiative for northern Maine using area-sensitive 

umbrella species: Evaluating baseline conditions and effects of alternative management scenarios and 
silvicultural portfolios on future timber harvest volumes, standing forest inventory, and marten and lynx 
habitat supply on The Nature Conservancy’s St. John lands in northern Maine.  Final Report to the Maine 
Chapter of The Nature Conservancy. 133 pp. 

 
2011 – Harrison, D., W. Krohn, S. Olson and D. Mallett.  Snowshoe hares spatio-temporal dynamics and 

implications for Canada lynx in managed landscapes. Pages 43 - 48 in Mercier, W. J. and A. S. Nelson 

A-46 



      
 

11 

(eds.) Cooperative Forestry Research Unit: 2010 Annual Report, The University of Maine, Orono. 
 
2011 – Simons, E. M., D. J. Harrison, K. R. Legaard, and S. A. Sader.  The effectiveness of state regulation to 

protect deer wintering areas in Maine: Did the designation of LURC-zoned deer yards achieve desired 
objectives during the period 1975-2007?  Pages 38-42 in Mercier, W. J. and A. S. Nelson (eds.) 
Cooperative Forestry Research Unit: 2010 Annual Report, The University of Maine, Orono. 

 
2011 – Vashon, J., D. Harrison, A. Fuller, D. Mallet, W. Jakubas, and J. Organ.  Documenting the response of 

Canada lynx to declining snowshoe hare populations in an intensively managed private forest landscape in 
northern Maine.  Pages 49-51 in Mercier, W. J. and A. S. Nelson (eds.) Cooperative Forestry Research 
Unit: 2010 Annual Report, The University of Maine, Orono.   

 
2010 – Simons, E., D. Harrison, A. Whitman, and J. Wilson.  Quantifying biodiversity values across managed 

landscapes in northern and western Maine.  Final Report to the Maine Cooperative Forestry Research 
Unit, University of Maine, Orono. 29 pp. 

 
2010 - Harrison, D. J., W. B. Krohn, and S. Scott.  Effects of changing hare densities on probability of lynx 

occurrence throughout the commercially managed landscape of northwestern Maine.  Pages 61-64 in 
Meyer, S. R. (Ed.): Cooperative Forestry Research Unit: 2009 Annual Report.  University of Maine, 
Orono. 

 
2010 - Simons, E., D. Harrison, K. Legaard, and S. Sader.   The effectiveness of zoning to protect deer 

wintering areas during the period 1975-2007: Does compromising forest productivity to protect deer 
habitat achieve desired ecological objectives?  Pages 51-56 in Meyer, S. R. (Ed.): Cooperative Forestry 
Research Unit: 2009 Annual Report.  University of Maine, Orono. 

 
2010 - Simons, E., D. Harrison, A. Whitman, and J. Wilson.  Quantifying biodiversity values across managed 

landscapes in northern and western Maine - Year # 3 Progress Report. Pages 66-75 in Meyer, S. R. (Ed.): 
Cooperative Forestry Research Unit: 2009 Annual Report.  University of Maine, Orono.  

 
2010 – Vashon, J., D. Harrison, A. Fuller, D. Mallett, S. McLellan, W. Jakubas, and J. Organ.  Documenting 

the response of Canada lynx to declining snowshoe hare populations in an intensively managed private 
forest landscape in northern Maine. Pages 57-60 in Meyer, S. R. (Ed.): Cooperative Forestry Research 
Unit: 2009 Annual Report.  University of Maine, Orono.  

 
2009 - Fuller, A.K, and D. J. Harrison.  Home range, habitat use, edge relationships, mortality sources, age 

structure,, and survival of white-tailed deer on Mount Desert Island, Maine, 1992-1994.  Final contract 
report to Natural Resource Stewardship Science Office, Northeast Region, U.S. Department of Interior, 
National Park Service.  69 pp. 

 
2008 –  Simons, E., D. Harrison, A. Whitman, J. Hagan and E. Wilkerson.  Quantifying biodiversity values 

across managed landscapes in northern and western Maine.  Pages 52-54 in Maine Cooperative Forestry 
Research Unit Annual Report, Maine Agricultural and Forest Experiment Station Miscellaneous Report 
444, Orono, Maine.  

 
2008 –  Simons, E. K. Legaard, D. Harrison, S. Sader, J. Wilson, and W. Krohn.  Predicting responses of forest 

landscape change on wildlife umbrella species.  Pages 55-59 in Maine Cooperative Forestry Research Unit 
Annual Report, Maine Agricultural and Forest Experiment Station Miscellaneous Report 444, Orono, 
Maine.  
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2007 –  Fuller, A.K, D. J. Harrison, B. J. Hearn.  Application and testing of models to predict probability of 
occupancy and density of endangered Newfoundland martens.  Final Contract Report to Natural 
Resources Canada, Newfoundland-Labrador Wildlife Division, and Western Newfoundland Model 
Forest, Corner Brook, Newfoundland. 75 pp.  

  
2007 -  Harrison, D., W. Krohn, L. Robinson, and J. Homyack. Temporal and spatial relationships among hares, 

lynx and forestry.  Pages 53-57 in CFRU Annual Report 2005-2006, Maine Agricultural and Forest 
Experiment Station Miscellaneous Report 440, University of Maine, Orono. 

     2007 -  Robinson, L., W. Krohn, and D. Harrison. Responses of snowshoe hare and Canada lynx to forest 
harvesting in northern Maine.  Pages 58-64 in CFRU Annual Report 2005-2006, Maine Agricultural and 
Forest Experiment Station Miscellaneous Report 440, University of Maine, Orono. 

     2007 -  Simons, E., K. Legaard, D. Harrison, S. Sader, J. Wilson, W. Krohn, and L. Robinson. Predicting 
responses of forest landscape changes on wildlife umbrella species. Pages 48-52 in CFRU Annual Report 
2005-2006, Maine Agricultural and Forest Experiment Station Miscellaneous Report 440, University of 
Maine, Orono. 

  
2006 -  Fuller, A. K. and D. J. Harrison. Ecology of red foxes and niche relationships with coyotes on Mount 

Desert Island, Maine.  Final contract report to U. S. National Park Service, Boston, Massachusetts. 41 
pp.  

 

2006 -  Fuller, A.K., D.J. Harrison, and J. Vashon. Influence of forest practices on winter habitat selection 
and movement paths by Canada lynx in Maine.  Published abstract of paper presented at Carnivores 
2006 Conference, St. Petersburg, FL. 

 
2006 –  Fuller, A.K, D. J. Harrison, B. J. Hearn, and J. A. Hepinstall.  Landscape thresholds, occupancy 

models, and responses to habitat loss and fragmentation by martens in Newfoundland and Maine.  Final 
Contract Report to Canadian Forest Service and the Western Newfoundland Model Forest.  92 pp. 

 
2006 –  Harrison, D., S. Sader, J. Wilson, and W. Krohn.  Predicting responses of forest landscape change on 

wildlife umbrella species. Pages 53-59 in Maine Cooperative Forestry Research Unit Annual Report, 
Maine Agricultural and Forest Experiment Station Miscellaneous Report 438, Orono, Maine.  

 
2006 –  Kittredge, D. B., D. J. Harrison, R. Smardon, and L. Blum.  Final Program Evaluation of the 

External Review Team: Department of Natural Resources, University of New Hampshire. 31 pp. 

2006 -   Robinson, L., D. J. Harrison, W.B. Krohn, J. Vashon, and M.A. McCollough. Ecological factors 
associated with the distribution of Canada lynx occurrence in northern Maine.  Published abstract of 
paper presented  at Carnivores 2006 Conference, St. Petersburg, FL. 

 
2006 –  Robinson, L., D. Harrison, W. Krohn, and A. Fuller.  Responses of snowshoe hares and lynx to 

alternative forest harvesting practices.  Pages 60-68 in Maine Cooperative Forestry Research Unit Annual 
Report, Maine Agricultural and Forest Experiment Station Miscellaneous Report 438, Orono, Maine. 

 
2005 -  Fuller, A. K. and D. J. Harrison.  Influence of forest practices on stand-scale habitat selection by lynx 

in northern Maine: preliminary results.  In L. S. Kenefic, M. J. Twery, eds. Changing Forests – 
Challenging times: Proceedings of the New England Society of American Foresters 85th Winter Meeting 
Gen. Tech. Rep. NE-325, Newton Square, PA: U. S. Department of Agriculture, Forest Service, 
Northeastern Research Station: 13. 
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2005 -  Fuller, A. K. and D. J. Harrison.  Influence of forest practices on stand and sub-stand scale selection 
and movements of Canada lynx.  Pages 56-60 in Maine Cooperative Forestry Research Unit Annual 
Report, Maine Agricultural and Forest Experiment Station Miscellaneous Report 435, Orono, Maine.   

 
2005 -  Harrison, D. J. and J. A. Hepinstall.  Evaluating the umbrella species approach for biodiversity 

conservation on commercial forestlands in Maine.  Pages 64-67 in Maine Cooperative Forestry Research 
Unit Annual Report, Maine Agricultural and Forest Experiment Station Miscellaneous Report 435, 
Orono, Maine. 

 
2005 -  Hearn, B. J., D. J. Harrison, C. Lundrigan, W. J. Curran, and A. K. Fuller.  Stand-scale habitat 

selection by Newfoundland marten.  Final contract report to Western Newfoundland Model Forest, 
Newfoundland-Labrador Wildlife Division, Canadian Forest Service, Corner Brook Pulp and Paper 
and Abitibi Consolidated. 65 pp.  

 
2005 -  Homyack, J. D. Harrison, and W. Krohn.  Temporal changes in abundance of snowshoe hares in 

Maine: 1995-2002.  Pages 61-63 in  Maine Cooperative Forestry Research Unit Annual Report, Maine 
Agricultural and Forest Experiment Station Miscellaneous Report 435, Orono, Maine. 

 
2005 -  Krohn, W. B. and D. J. Harrison.  Canada lynx in the North Maine Woods.  Pages 8-9 in North 

Maine Woods 2005 (annual publication of North Maine Woods, Ashland, Maine). 
 

2004 -  Hepinstall, J.A. and D.J. Harrison. Development of a statewide habitat modeling tool and an 
assessment of habitat supply for marten in 1993 and 2000.  Final Report submitted to Maine Outdoor 
Heritage Fund, Maine Department of Inland Fisheries and Wildlife, Maine Cooperative Forestry 
Research Unit, Orono, Maine, 121pp. 

 
2003 -  Fuller, A. K. and D. J. Harrison. Sub-stand scale habitat selection by lynx in northern Maine: 

implications for forest management.   Pages 53-56 in Maine Cooperative Forestry Research Unit 2003 
Annual Report, Maine Agricultural and Forest Experiment Station Miscellaneous Report 2684, 
University of Maine, Orono. 
 

2003 -  Homyack, J., D. J. Harrison, and W. B. Krohn. Final results from studies on the effects of 
precommercial thinning on snowshoe hares and small mammals in northern Maine.  Pages 47-52 in Maine 
Cooperative Forestry Research Unit 2003 Annual Report, Maine Agricultural and Forest Experiment 
Station Miscellaneous Report 2684, University of Maine, Orono. 

 
2002 -  Hepinstall, J. A. and D. J. Harrison. Marten as a tool for landscape-scale habitat planning in northern 

Maine.  Pages 53-56 In Maine Cooperative Forestry Research Unit 2002 Annual Report.  Maine 
Agricultural and Forest Experiment Station Miscellanious Report 431, Orono, ME. 

 
2002 -  Homyack, J. A., D. J. Harrison, and W. B. Krohn.  Effects of pre-commercial thinning on select 

wildlife species in northern Maine, with special emphasis on snowshoe hares.  Pages 42-48 In Maine 
Cooperative Forestry Research Unit 2002 Annual Report.  Maine Agricultural and Forest Experiment 
Station Miscellaneous Report 431, Orono, ME. 

 
2002 -  Fuller, A. K. and D. J. Harrison.  Influence of forest practices on sub-stand scale habitat selection and 

movements of Canada lynx.  Pages 49-52 In Maine Cooperative Forestry Research Unit 2002 Annual 
Report.  Maine Agricultural and Forest Experiment Station Miscellanious Report 431, Orono, ME. 
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2001 -  Hepinstall, J. A. and D. J. Harrison.  Marten as a tool for landscape-scale habitat planning in northern 
Maine.  Pages 45-48 in Maine Cooperative Forestry Research Unit 2001 Annual Report, Maine 
Agricultural and Forest Experiment Station Miscellaneous Report 428, University of Maine, Orono, 
ME. 

 
2001 -  Homyack, J. A., D. J. Harrison, and W. B. Krohn. Effect of precommercial thinning on snowshoe 

hares and small mammals in northern Maine. Pages 49-53 in Maine Cooperative Forestry Research Unit 
Annual Report, Maine Agricultural and Forest Experiment Station Miscellaneous Report 428, 
University of Maine, Orono, ME. 

 
2000 -  Fuller, A.K. and D.J. Harrison.  Influence of partial timber harvesting on American marten and their 

primary prey in northcentral Maine.  Final Contract Report to Maine Cooperative Forestry Research 
Unit and Maine Department of Inland Fisheries and Wildlife.  46pp. 

 
2000 -  Fuller, A.K. and D.J. Harrison.  Partial harvesting guidelines for maintenance of marten and their 

primary prey.  CFRU Research Notes/CFRU RN 00-02, Maine Cooperative Forestry Research Unit, 
Univ. Maine, Orono, 2pp. 

 
2000 -  Payer, D.C., and D.J. Harrison.  Managing harvested areas to maintain habitat for marten. CFRU 
Research Notes/CFRU RN 00-01, Maine Cooperative Forestry Research Unit, Univ. Maine, Orono, 2pp. 

 
 2000 -  Hepinstall, J.A., and D.J. Harrison. Marten as a tool for landscape-scale habitat planning in 

northern Maine.  Pp. 39-40 in Cooperative Forestry Research Unit Annual Report,  Maine Agricultural 
and Forest Experiment Station Miscellaneous Report 424, University of Maine, Orono. 

 
 2000 -  Homyack, J., D.J. Harrison, and W.B. Krohn.  Effect of precommercial thinning on selected 

wildlife species with special emphasis on snowshoe hare. Pp. 41-43 in Cooperative Forestry Research Unit 
Annual Report,  Maine Agricultural and Forest Experiment Station Miscellaneous Report 424, 
University of Maine, Orono.  

 
1999 -  Payer, D.C., and D.J. Harrison.  Influences of timber harvesting and trapping on habitat selection 
and demographic characteristics of marten.  Final Contract Report to Maine Department of Inland 
Fisheries and Wildlife , Maine Cooperative Forestry Research Unit, and Maine Forest Service.  67pp. 

  
1999 -  Payer, D.C., and D.J. Harrison.  Effects of forest structure on spatial distribution of American 
marten.  NCASI Technical Bulletin No. 787, National Council of the Paper Industry for Air and Stream 
Improvement, Research Triangle Park, North Carolina, 37pp. 

 
1999 -  Harrison, D. J. and D.C. Payer.  Effects of timber harvesting and trapping on population 
characteristics, habitat selection, and area occupancy by American martens. Pp. 28-32 in 1998 Annual 
Report and Research Summary of the Cooperative Forestry Research Unit, CFRU Information Report 
#43 and Maine Agricultural and Forest Experiment Station Miscellaneous Report #411, Orono, Maine.   

 
1999 - Harrison, D. J. and A. K. Fuller.  Influence of partial harvesting on American marten and their 
primary prey.  Pp. 27 in 1998 Annual Report and Research Summary of the Cooperative Forestry 
Research Unit, CFRU Information Report #43 and Maine Agricultural and Forest Experiment 
Station Miscellaneous Report #411, Orono, Maine. 

 
1998 - Harrison, D.J.  Effects of timber harvesting and trapping on population characteristics, habitat 
selection, and area occupancy by American marten in northern Maine: the Baxter park study site.  Pp. 
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35-39 in 1997 Annual Report and Research Summary of the Cooperative Forestry Research Unit.  
CFRU Information Report 41, and Miscellaneous Report 406, Maine Agricultural and Forest 
Experiment Station. 

 
1997 - Harrison, D.J., and T.G. Chapin.  An assessment of potential habitat for eastern timber wolves in 
the northeastern United States and connectivity with occupied habitat in southeastern Canada.  Wildlife 
Conservation Society Working Paper No. 7, Bronx, New York.  12pp. 

 
1997 - Long, R.A., D.J. Harrison, and A.F. O=Connell, Jr.  Annual survival and cause-specific 
mortality of white-tailed deer fawns on Mount Desert Island, Maine.  U.S. National Park Service 
Technical Report NPS/NESO-RNR/NRTR /97-04.  56pp. 

 
1996 - Chapin, T.G., D.J. Harrison, D.D. Katnik, D.M. Phillips, and E.C. York.  Influence of landscape 
pattern, forest type, and forest structure on use of habitat by marten in Maine.  NCASI Technical 
Bulletin No. 728, Research Triangle Park, North Carolina.  78pp. 

 
1996 - Harrison, D.J.  Effects of timber harvesting and trapping on population characteristics, habitat 
selection, and area occupancy by American martens in northern Maine: the Baxter park study.  Pages 
37-41 in W. Ostrofsky (editor). 1996 Annual Report and Research Summary of the Cooperative 
Forestry Research Unit., Miscellaneous Report 401, Maine Agricultural and Forest Experiment 
Station, University of Maine, Orono. 

 
1995 - Harrison, D.J. Effects of timber harvesting and trapping on American martens in northern 
Maine.  Pages 27-32 in 1995 Annual Report and Research Summary of the Cooperative Forestry 
Research Unit.  Miscellaneous Report No. 397, Maine Agricultural and Forest Experiment Station.  
University of Maine, Orono. 

 
1994 - Harrison, D.J. Effects of timber harvesting and trapping on population characteristics, habitat 
selection, and area occupancy by American martens in northern Maine.  Pages 34-35 in 1995 Annual 
Report and Research Summary of the Cooperative Forestry Research Unit.  Miscellaneous Report No. 
389, Maine Agricultural and Forest Experiment Station.  University of Maine, Orono. 

 
1993 - Harrison, D.J.  A landscape approach to habitat quality assessment: a case study with American 
martens.  Pages 10-12 in SJ.G. Lusk, ed., Methodology for deriving quantitative definitions of forest 
wildlife habitat, New Brunswick Department Natural Resources and Energy, Frederickton. 

 
1991 - Chilelli, M., B. Griffith, and D.J. Harrison.  Analysis of river otter harvest and reproductive 
data in the northeastern U.S., 1970-89.  Final Contract Report, Northeast Region, U.S. Fish and 
Wildlife Service.  48pp. 

 
1990 - Harrison, D.J., and D. Wood.  An educational and resource management strategy for Lake 
Manyara National Park, Tanzania: alternative approaches for meeting park management goals.  
Report submitted to Tanzania National Parks and Protected Areas.  31pp. 

 
1989 - Harrison, D.J.  Coyote habitat use versus availability and ecotonal associations adjacent to the 
Denbo and Rock Dam peatlands, eastern Maine.  Final Contract Report to Downeast Peat L.P., 
Bangor, ME.  16pp. 
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1981 - Caturano, S.L., and D.J. Harrison.  The coyote: a look at his lifestyle. Maine Fish and Wildlife 
23(4):19-23. 

 
Scientific Publications In Prep: 

   Hepinstall, J. A., and D. J. Harrison.  A method for simulating home ranges and determining habitat 
currencies.  Journal of Wildlife Management (in revision). 

 
Fuller, A. K., and D. J. Harrison.   Effects of habitat loss versus fragmentation on habitat occupancy by 

endangered Newfoundland martens.  Conservation Biology (manuscript complete). 
 
Harrison, D.J.   Influence of dispersal on social ecology of coyotes: do social pressures or prey size 

promote pack formation?  Animal Behaviour (in preparation).  
 
Hepinstall, J. A., and D. J. Harrison.  Prediction and validation of occupancy models for American 

martens.  Journal of Wildlife Management (draft manuscript complete). 
 
Hearn, B. J. and D. J. Harrison.  Home range and body scaling in American martens in Maine and 

Newfoundland: why are home ranges in Newfoundland so large?  Oikos (draft manuscript 
complete). 

 
Hearn, B. J. and D. J. Harrison.  When the sink becomes the source: survival of martens in relation to 

timber harvesting in Newfoundland.  Oikos ( manuscript in preparation) 
 
Hepinstall, J.A. and D. J. Harrison.  The relative effects of habitat loss versus fragmentation in determining 

habitat occupancy by American marten.  Conservation Biology (manuscript complete and 
undergoing pre-submission review). 

 
D. J. Harrison, W. B. Krohn, S. Scott, and L. D. Robinson. Effects of partial forest harvesting on habitat 

and densities of snowshoe hares.  Forest Ecology and Management (manuscript in prep). 
 
Payer, D.C., and D.J. Harrison.  Influences of timber harvesting and trapping on habitat selection and 

home range characteristics of marten.  Journal of Wildlife Management (anayses ongoing). 
 
GRANTS AND PROPOSALS: 
 
External (total funded >4.3 million, direct funding to University of Maine =$3,858,897 and is presented 
in bold): 
 

Linking habitat associations with demographics to inform conservation of spruce grouse 
throughout the Northern Forest.  Northeastern States Research Cooperative, Theme Four, not 
funded, 63,633 requested, Co-investigator with Erik Blomberg.  
 
Studies of snowshoe hare population cycles.  U.S. Fish and Wildlife Service, funded $21,290 
1/15/2015-9/30/2017. 
 
Demography and populations status of spruce grouse in northern Maine forests, Co-investigator 
with Erik Blomberg, Maine Outdoor Heritage Fund, funded $17,835, 2014-2015. 
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Population dynamics of spruce grouse in the managed forest landscapes of northern Maine.  Co-
investigator with Erik Blomberg, Maine Cooperative Forestry Research Unit , funded, $89,238 
2015-2017. 
 
Evaluation of representative bird species Landscape Capability models. Co-investigator with 
Cynthia Loftin, USGS Science Support Program, funded, $276,731, 2015-2017  

 
Effects of forest management practices in the Acadian northern hardwood/conifer forests of Maine 
on forest bird communities.  Co-investigator with Cynthia Loftin.  U.S. Fish and Wildlife Service 
and USGS Science Support Partnership Program, funded, $380,884, 2012-2016.   

 
Effects of forest management practices in the Acadian conifer forests of Maine on forest bird 
communities, with emphasis on species of federal conservation priority.  .  Co-investigator with 
Cynthia Loftin, $87,000, Maine Cooperative Forestry Research Unit, funded 2013-2015. 
 
Studies of snowshoe hare densities and forest succession following forest harvesting. U.S. Fish 
and Wildlife Service.  Cooperative Agreement 2011-2015.  $15,000, funded. 
 
Long-term studies of snowshoe hares, Canada lynx and forest structure associated with forest 
succession following clearcutting and various forms of partial harvests.  $157,110, Maine 
Cooperative Forestry Research Unit, funded 2012-2015. 
 
Cost-shared funding and base support for a Cooperating Scientist in wildlife-forestry relationships. 
 Proposal to Maine Cooperative Forestry Research Unit, The Nature Conservancy,and other forest 
stakeholders.  $510,000 funded, 2010-2015 – but project cancelled due to candidate taking faculty 
position at another university. 
 
Relative densities, patch occupancy, and population performance of spruce grouse in clearcut, 
precommercially thinned, mid-late successional conifer forests, and in coniferous forested 
wetlands in northern Maine.  $118,007, funded, Maine Cooperative Forestry Research Unit, 
funded 2010 –2013.    
 
Genetic-based analyses of lynx diets from scats collected with aid of detection dogs.  Funded 
$6,812, 2013. Funded by Maine Department of Inland Fisheries and Wildlife and paid directly to 
genetics subcontractor.  
 
Effectiveness of zoning to protect deer wintering areas.  $17,500 funded by Northeastern States 
Research Cooperative, USDA Forest Service for 2008-2010. 

 
Trends in habitat supply for wildlife species whose habitat requirements are not addressed using 
coarse-filter umbrella species approaches, with a focus on deer wintering areas.  $77,000 funded 
by Maine Cooperative Forestry Research Unit for 2009-2011. 
 
An evaluation of course filter umbrella species for landscape planning: trends in habitat supply for 
wildlife species whose habitat requirements are not addressed using umbrella species approaches.  
Pre-proposal submitted to Northeastern States Research Cooperative, Theme 4, USDA Forest 
Service for 2008-2010, $45,629, not funded. 
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Long-term monitoring of snowshoe hare populations to inform stand and landscape-scale forest 
management and the recovery planning for Canada lynx in Maine, and collaboration with Maine 
Department of Inland Fisheries and Wildlife to address changes in lynx demography and spatial 
ecology associated with declining hare populations.  $97,083 funded by Maine Cooperative 
Forestry Research Unit for 2008-2011and $14,637 funded by U.S. Fish and Wildlife Service. 
 
An evaluation of coarse-filter umbrella species for landscape planning.  $59,311 requested from 
Northeast Regional Conservation Needs Grants Program, not funded. 
 
Long-term habitat management planning for lynx and marten across the managed landscapes of 
northern Maine.  $265,000 funded by U.S. Natural Resource Conservation Service, Healthy Forest 
Reserve Program (The Nature Conservancy and Natural Resource Conservation cooperating) for 
2007-2010. 
 
Developing a black bear model system of skeletal mechanotransduction.  $2,105,885 requested 
from U.S. Department of Human Services (with R. Seger as lead P.I. and others), not funded. 
 
Forecasting and assessing the future of Maine’s forests using LiDAR.  $2,098,924 requested from 
Maine Technology Institute (with B. Wiersma as lead P.I. and others), not funded. 
 
Documenting relationships among forest management and the occurrence patterns of Northern 
Goshawks in Maine.  Proposal to Maine Cooperative Forestry Research Unit, $64,000 for 2008-
2009 (not funded).  
 
Application and testing of models to predict probability of occupancy and density of endangered 
Newfoundland marten.  $26,329 funded by Canadian Forest Service and Newfoundland-Labrador 
Wildlife Division 2006-2007. 
 
Integrating landscape-scale biodiversity conservation with diverse forest management goals on 
large ownerships in Maine.  $115,427 funded by Maine Cooperative Forestry Research Unit for 
2006-2009 (with Manomet Center for Conservation Sciences). 

 
Responses of snowshoe hares and lynx to forest harvesting across multiple spatial scales. $96,000 
funded by Maine Cooperative Forestry Research Unit, $20,000 funded by U.S. Fish and Wildlife 
Service, $15,000 by National Council for Air and Stream Improvement; 2005 - 2009 (with W. 
Krohn). 

 
Trends in deer-vegetation relationships in Acadia National Park from 1980-2007: relationships of 
an unhunted insular deer population to forage carrying capacity.  $99,830 requested from U.S. 
National Park Service (not funded). 
 
Completion of deer studies in Acadia National Park.  $8,900 funded by U.S. National Park 
Service, 2006. 
 
Support for lynx-hare research at The University of Maine, 2005-2007.  $20,000 in grants funded 
by International Paper Company through the Department of Industrial Cooperation, University of 
Maine (with W. Krohn). 
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Gift from The Nature Conservancy to support lynx-hare research projects, May 2006, $5,000. 
 
Predicting responses of forest landscape change on wildlife umbrella species: Modeling future 
effects of alternative forest harvesting scenarios on vertebrate diversity across multiple spatial 
scales on commercial forestlands in Maine.  $124,000 funded by USDA Forest Service, Agenda 
20/20 Program 2005-2007, and $17,000 funded by Maine Cooperative Forestry Research Unit. 
This project is in collaboration with Drs. Steve Sader, Jeremy Wilson, and William Krohn and 
supports 2 graduate students. 
 
Predicting responses of snowshoe hares and lynx to alternative forest harvesting scenarios across 
spatial multiple scales in northern Maine.  Science Support Program, USGS/FWS, $89,810 funded 
for 2004-2007 (with W.B. Krohn, MCFWRU, M. McCollough, FWS).  

 
Predicting responses of snowshoe hares and lynx to alternative forest harvesting scenarios across 
multiple spatial scales.  $50,000 funded by CFRU for 2005-2006, $10,500 funded by U. S. Fish 
and Wildlife Service (with W. B. Krohn). 

 
Predicting responses of snowshoe hares and lynx to alternative forest harvesting scenarios across 
spatial multiple scales.  $30,000 funded by National Council for Air and Stream Improvement and 
Plum Creek Corporation for 2004-2006 (with W. B.  Krohn). 
 
Evaluating the umbrella species approach for biodiversity conservation on commercial forestlands 
in Maine.  $28,850 funded by CFRU for 2004.  This project supported a collaboration with post-
doctoral scientist Jeff Hepinstall at the University of Washington, Seattle. 

 
Development of a stand-scale model for predicting snowshoe hare densities for forest 
measurements.  $22,000 funded by CFRU for 2004 (with W. B. Krohn).  This project supported a 
research collaboration with Jessica Homyack, Research Associate, U.S. Fish and Wildlife Service, 
Cheyenne, Wyoming. 
 
Gift from The Nature Conservancy to support lynx-hare research projects, August 2004, $5,000. 

 
Support for publication of edited book titled: Martens and Fishers (Martes) in Human-Altered 
environments: An International Perspective.  Gift of $8,000 from Canadian Forest Service (2002) 
and $3,000 from Newfoundland-Labrador Wildlife Division. 
 
Influence of forest practices on stand- and sub-stand scale habitat selection of lynx in northern 
Maine.  Maine Cooperative Forestry Research Unit, $63,046,  (funded, 2001-2003), Fraser Paper 
Company $3,000. 

 
Influence of forest practices on stand- and sub-stand scale habitat selection of lynx in northern 
Maine.  U.S. Fish and Wildlife Service and Maine Department of Inland Fisheries and Wildlife, 
$12,000 (funded 2001-2003). 
 
Landscape thresholds and response to fragmentation by endangered Newfoundland marten.  
Canadian Wildlife Service, Canadian Forest Service, Western Newfoundland Model Forest, Parks 
Canada, Newfoundland Wildlife Division, $180,600(US$) (funded, 2002-2007). 
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National Commission on Science for Sustainable Forestry – authored preproposal in collaboration 
with Manomet scientists requesting $160,000 to support landscape planning for biodiversity in 
northern Maine.  The preproposal was selected as one of 3 finalists (2 to be funded) nationally and 
we were invited to develop a full proposal.  Preproposal was withdrawn because of administrative 
responsibilities associated with Interim Chair position. 

 
Lynx research projects in northern Maine. The Nature Conservancy, $7,000 (gift) in 2003. 

 
Influence of pre-commercial thinning on wildlife habitat in northern Maine, with special emphasis 
on snowshoe hares.  Maine Cooperative Forestry Research Unit, U.S. Fish and Wildlife Service, 
National Council of the Paper Industry for Air and Stream Improvement, $177,176 (funded, 2000-
2003). 

 
A habitat supply assessment for marten: linking population management alternatives to habitat 
extent and distribution across northern Maine.  Maine Cooperative Forestry Research Unit, 
$45,000 (funded 2000-2002). 
 
A habitat supply assessment for marten: linking population management alternatives to habitat 
extent and distribution across northern Maine.  National Council of the Paper Industry for Air and 
Stream Improvement, $30,000 (not funded).  

 
Marten as a tool for landscape-scale habitat planning in northern Maine.  Maine Outdoor Heritage 
Fund and Maine Dept. Inland Fisheries and Wildlife, $71,498, (funded, 1999-2002). 

 
Marten as a tool for landscape-scale habitat planning in northern Maine.  Maine Chapter of The 
Nature Conservancy $15,000 requested, $7,500 funded, 2000-2002). 

 
A GIS-based evaluation of lynx habitat at multiple spatial scales.  National Council of the Paper 
Industry for Air and Stream Improvement (NCASI), U.S. Fish and Wildlife Service, Maine Dept. 
Inland Fisheries and Wildlife $59,503 requested, ($52,003, funded, 1998-2001), co-investigator: 
W. Krohn. 

 
Population demography of marten in Newfoundland, Canada.  Natural Resources Canada, 
$20,000, (funded 1998-99). 
 
Influence of partial harvesting on habitat selection by marten and primary prey species in northern 
Maine. Maine Cooperative Forestry Research Unit, $37,151 (funded, 1997-99). 

 
Effects of timber harvesting and trapping on marten populations in northern Maine: the industrial 
forest site.  Maine Department of Inland Fisheries and Wildlife, $169,259 direct funding, $60,800 
in-kind (funded, 1993-99). 

 
Effects of timber harvesting and trapping on marten populations in northern Maine: the forest 
preserve site.  Maine Cooperative Forestry Research Unit, $90,889 (funded, 1993-98), Maine 
Forest Service, $71,689 (funded, 1994-98), Maine Department of Inland Fisheries and Wildlife, 
$25,500 in-kind (funded 1994-98).  Influence of microhabitat characteristics on intensity of forest 
use and productivity of martens in Maine: implications for forest practices.  National Council of 
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the Paper Industry for Air and Stream Improvement, $38,214 (funded, 1995-98). 
 

Factors influencing nesting success of wild turkeys in Connecticut.  National Wild Turkey 
Federation and Wildlife Division, Connecticut Dept. of Environmental Protection  $25,000 + in-
kind support (funded 1996-98), co-investigator F. Servello.   
 
Potential habitat for wolves in the northeastern U.S. and connectivity with habitat occupied by 
extant wolf populations in southeastern Canada.  Wildlife Conservation Society, $4,559, (funded, 
1996). 

 
Opportunities for management of habitat of American marten on Crown lands leased and managed 
by Fraser, Inc., in New Brunswick.  Fraser Paper, Inc., New Brunswick, $69,334, (not funded, 
1996). 

 
Effects of timber harvesting and residual stand characteristics on habitat selection by martens in 
northern Maine.  National Council for the Paper Industry for Air and Stream Improvement. 
$28,232, (funded 1993-95). 
 
White-tailed deer mortality, population dynamics, movements, and spatial interactions with 
coyotes in Acadia National Park, Maine.  U.S. National Park Service.  $208,547, (funded 1991-
95, 1999-2000), co-investigator A. O'Connell, Jr. 

 
Predation on white-tailed deer fawns by coyotes on Mount Desert Island, Maine.  U.S. National 
Park Service.  $69,103, (funded 1992-94), co-investigator A. O'Connell. 
 
Influence of trapping and timber harvesting on pine martens in northern Maine.  New Brunswick 
Executive Forest Research Committee, Inc.  $248,000, (not funded). 
 
Occurrence, distribution, and interactions among mammalian carnivores in Acadia National Park. 
U.S. National Park Service, $59,000, (funded 1988-90).   

 
Effects of browsing by white-tailed deer and snowshoe hare on vegetation at Acadia National 
Park.  U.S. National Park Service, $39,000, (funded 1988-90).   

 
Fecal nitrogen as an index to white-tailed deer nutritional condition in Acadia National Park. U.S. 
National Park Service , $1,300, (funded 1990). 

 
Interactions among trapping, timber harvesting, and pine marten populations.  Submitted to Maine 
Department of Inland Fisheries and Wildlife; $73,000 contractual requested, $58,000 of in kind 
were provided (1988-92). 

 
A review of methodologies and harvest data used to manage river otter populations in northeastern 
North America.  N.E. Region, U.S. Fish & Wildlife Service,  $52,000, (funded 1989-90), Co-
investigator with B. Griffith.  

 
Internal 
 

A very high resolution aircraft mounted digital imaging system for remotely sensing forest 
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vegetation.  University of Maine Competitive Research Funds, Co-Investigator with Stephen Slaer 
and Robert Wagner, $14,972, funded, 4/2012. 
 
Received a competitive University Sabbatical ($15,000) that funded Linda Ilse as an Adjunct 
Professor and provided additional funds to DWE during my sabbatical in spring 2008. 
 
 
Multi-scalar effects of forestry on an early-and a late-successional forest obligate across 
commercially managed lands in northern Maine: How are densities of snowshoe hares and 
occurrence patterns of spruce grouse differentially affected by broad-scale forest harvesting.  
Maine Agricultrual and Forest Experiment Station, McIntire-Stennis Project funded October 2010 
– September 2015.  Funding includes 25-50% of P.I. salary, 1 graduate research assistantship (12 
months), and ca. $3,000 in annual support for research expenses. 
 
Secured funding for 50% ($25,000 per year, plus fringe benefits for 2 years) of an Assistant 
Scientist salary (Erin Simons) from the Center for Research on Sustainable Forest’s ForCAST 
initiative 2008-2009. 
 
Landscape-Scale Effects of Forestry on Forest Carnivores and Other Vertebrates.  This project 
forms the basis for my McIntire-Stennis (MAFES) associated research program and is approved 
for the period 10/2004-9/2009.  Funding includes 50% of P.I. salary, 1 graduate research 
assistantship (12 months), and ca. $6,000 in annual support for research expenses. 
 
Influence of partial harvesting on American marten and primary prey species.  McIntire-Stennis 
proposal, base funded 1998-2004. 
  
A habitat supply assessment for marten: linking population management alternatives to habitat 
extent and distribution across northern Maine. $22,500 requested from research and development 
funding, College of Natural Sciences Forestry and Agriculture, University of Maine (not funded, 
2002). 
 
A research scientist to complete analyses and report writing for long-term studies in Acadia 
National Park.  Department of Wildlife Ecology, Office of the Dean of College of Natural 
Sciences, Forestry and Agriculture, and Office of the Vice Provost for Research and Graduate 
Studies, Univ. Maine, $15,000, funded, 1999-2000. 

 
A GIS-based evaluation of potential habitat for lynx in eastern North America at geographic and 
landscape scales. $7,500, funded, 11/98. Competitive funding for research and development, 
College of Natural Sciences, Forestry and Agriculture, University of Maine. 

 
Synthesis and application of data from long-term studies of mammalian carnivores and prey. 
$31,980, not funded, 11/98. Competitive funding for research and development, College of 
Natural Sciences, Forestry and Agriculture, University of Maine. 

 
A real-time, differentially corrected, global positioning system for studying animal movements. 
$6,500, funded, 12/97. Faculty Research Funds - Equipment Grant Competition, Univ. Maine. 

 
Influence of partial harvesting on American marten and primary prey species.  McIntire-Stennis 
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proposal, base funded 1998-2003, included $7,900 in annual research funding, plus a graduate 
assistantship. 
 
Effects of timber harvesting on population performance and habitat selection by American martens 
in northern Maine.  McIntire-Stennis proposal, base funded, 1993-1998. 

 
Interaction of forest management practices and pine marten populations.  McIntire-Stennis 
proposal, base funded 1989-1993. 

 
Submitted proposals requesting supplemental McIntire-Stennis funding in 1988, 1989, 1990, 
1991, 1992: $44,190 requested, $40,310 funded.  

 
Effects of trapping on pine marten populations in northern Maine. $5,000, funded, 1991. Faculty 
Research Funds - Summer Research Grant Competition, Univ. Maine. 
 

SCIENTIFIC PRESENTATIONS (abridged to include January 1988 – June 2015: presenter is 
listed first):   
 
2016 - Harrison, D. and S. Dunham. Final project report: Relative densities, patch occupancy, and 
            population performance of spruce grouse in managed and unmanaged forests in northern Maine. 
            Presentation at Maine Cooperative Forestry Research Unit Spring 2016 Advisory Committee  
           Meeting, Bangor, Maine, April 20, 2016. 
 
2016 – Loman, Z. G., D. J. Harrison, C. S. Loftin, and P. B. Wood.  Validating predictions of upland game 

bird space use in multiple management contexts.  Paper presented at Northeast Association of 
Fish and Wildlife Agencies Annual Conference, Annapolis, MD, April 4. 

 
2015 - Dunham, S. W., D. J. Harrison, and E. J. Blomberg. 2015. Spruce grouse (Falcipennis 

canadensis) patch occupancy and abundance estimates in the commercially managed forests of 
Maine. Presentation at the 13th  International Grouse Symposium, Reykjavik, Iceland, September 
8. 

 
2015 - Harrison, D. J. Updates on wildlife projects funded by the Maine Cooperative Forestry Research 

Unit (CFRU). Presentation at CFRU Advisory Committee Meeting, Houlton, Maine, October 28,  
2015. 
 

2015 - Olson, S. J., D. J. Harrison, A. K. Fuller, J. H. Vashon.  Canada lynx food habits responses to 
seasons, and to low vs. high hare density periods:  Always a specialist?  Poster presentation at  
The Wildlife Society Annual Conference, Winnipeg, Manitoba, Canada, October 21-22. 
 

2015 - Rolek, B.W., C. Loftin, D. Harrison, and P. Wood. Methods, data, analysis, and future directions 
of the northern New England forest birds project. Presentation to USFWS Migratory Bird 
Division. Hadley, Massachusetts, October 8. 
 

2015 - Rolek, B.W., C. Loftin, D. Harrison, and P. Wood. Effects of forest management on avian  
abundance in spruce-fir forests of New England. Joint Meeting of the Canadian Ornithological 
Society, Association of Field Ornithologists, and Wilson Ornithological Society. Wolfville, NS, 
Canada, July 17. 
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2015 - Rolek, B.W., C. Loftin, D. Harrison, and P. Wood. Softwood forest birds and silviculture in New  

England. Annual Meeting of the Research Committee for Baxter State Park, Augusta, Maine, 
March 27. 
 

2014 - Dunham, S. W., and D. J. Harrison. 2014. Spruce grouse breeding season patch occupancy and 
female home range use across forest management treatments in Maine. Poster presented at the 
Annual Conference of The Wildlife Society, Pittsburgh, Pennsylvania, October 27-28. 

 
2014 – Harrison, D.   Origin, spatial and social ecology, and predator-prey relationships of eastern coyotes: 

a review.  Invited lead presentation in Symposium on Ecology and Management of Coyotes in 
Eastern North America: Synthesizing Information from Contemporary Studies, The Wildlife 
Society 21st Annual Conference, Pittsburg, Pennsylvania, October 27.  

 
2014 – Dunham, S. and D. Harrison.   Spruce grouse breeding season patch occupancy and home range 

comparisons across forest management treatments in Maine. Presentation at 70th Northeast Fish and 
Wildlife Conference, Portland, Maine, April 14.  

 
2014 - Dunham, S. and D. Harrison.  Habitat selection of female spruce grouse during brood rearing in 

commercially managed forests.  Presentation at Annual Meeting of the American Ornithologists 
Union, Estes Park, Colorado.  September 27. 

 
2014 – Harrison D. and E. Blomberg.  Population dynamics of spruce grouse on commercially managed 

forestlands in Maine: a proposal.  Presentation at winter meeting of CFRU Advisory Committee, 
Orono, Maine, January 22.  
  

2014 – Harrison, D., S. Olson, S. Dunham, B. Rolek, and C. Loftin.  Updates of research findings from studies 
of snowshoe hares, Canada lynx, spruce grouse and forest songbirds funded by the Maine Cooperative 
Forestry Research Unit (CFRU).  Presentation at winter meeting of CFRU Advisory Committee, 
Orono, Maine, January 22.  
 

2014 – Olson, S. and D. Harrison.  Seasonal influences of vegetation on snowshoe hare pellet densities across 
forest management types in Maine.  Presentation at 70th Northeast Fish and Wildlife Conference, 
Portland, Maine, April 14.  

 
2014 – Olson, S. and D. Harrison.  Snowshoe hare response to seasonal changes in Acadian managed 

forests of northern Maine.  Presentation at American Society of Mammalogists Annual Conference, 
Oklahoma City, Oklahoma, June 10. 
 

2014 – Parkhill, N. S., D. Harrison, and S. Dunham.  Effects of forest vegetation on spruce grouse nest-site  
selection across 2 spatial scales.  Poster at 70th Northeast Fish and Wildlife Conference, Portland, 
Maine, April 14. 

 
2014 – Rolek, B., C. Loftin, D. Harrison, and P. Bohall Wood.  The influence of silviculture on New England  

bird communities in northern coniferous forests.  Presentation at 70th Northeast Fish and Wildlife 
Conference, Portland, Maine, April 15.  

 
2014 - Simons-Legaard, E. and D. Harrison.  Trends in habitat conditions in LURC-zoned deer wintering 
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Areas: implications for management of deer on commercially-owned forestlands.  Invited    
presentation and panel discussion at Maine Industrial Forest Forum, Bangor, Maine, February 
16.   

 
2013 – Fuller, A. K. and D. J. Harrison.  Trade-offs among forest management objectives, focal wildlife 

species, and ecological reserves: implications for future forest biodiversity and timber harvests.  
Invited Seminar to Department of Wildlife Ecology, University of Maine, Orono, Maine, October 
28. 

 
2013 – Harrison, D., D. Mallett, A. K. Fuller, and J. H. Vashon.  Snowshoe hares, forests, and Canada 

lynx: a dynamic interaction between populations, forestry and habitat. Presentation at Meeting of 
Maine Cooperative Forestry Research Unit, Orono, Maine, April 24. 
 

2013 – Harrison, D.J.  Conserving sustainable landscapes: using Canada lynx and American martens as 
umbrella species to enhance landscape planning.  Invited presentation at 2013 Kennebec Land  
Trust Lyceum, Wayne, Maine, March 21.  
 

2013 - Rolek, B., C.S. Loftin, D. Harrison, and P. B. Wood.  Softwood forest birds and forest management 
in New England, USGS-Maine Cooperative Fish and Wildlife Research Unit Annual 
Coordinating Committee Meeting, Wells Conference Center, Orono, Maine, March 21. 

 
2012 – Harrison, D., C. Loftin, and P. Wood.  Forestry and forest birds: trends in FWS priority bird 

species in managed forest landscapes.  Presentation to U.S. Fish and Wildlife Service Refuge  
Biologists, Portland, Maine, December 18.  
 

2012 - Harrison, D., and E. Simons-Legaard.  2012.  Trends in biodiversity in Maine's northern 
forest.  Presentation at Annual Program and Executive Board Meeting of The Maine Chapter of 
The Wildlife Society, Brewer, Maine, May 10. 
 

2012 - Harrison, D.   Effects of forest management on Maine's forest bird communities. Presentation at  
 Advisory Meeting of the Maine Cooperative Forestry Research Unit, Orono, Maine, January 25. 
 
2012 - Simons-Legaard, E. and D. Harrison.  Trends in habitat conditions in LURC-zoned deer wintering 

areas.  Presentation at Annual Program and Executive Board Meeting of The Maine Chapter of The 
Wildlife Society, Brewer, Maine, May 10. 
 

2012 - Simons-Legaard, E. and D. Harrison.  Habitat trends in Maine’s LURC-zoned deer wintering areas.  
 Seminar, Department of Wildlife Ecology, The University of Maine, October 15.  
 
2011 - Fuller, A., D. Harrison, and W. Krohn.  2011.  The role of ecological reserves to maintain 

American marten and Canada lynx in a working forest landscape. Poster presented at The Wildlife 
Society, 18th Annual Conference, Waikoloa, Hawaii,  November 9. 

 
2011 - Fuller, A. and D. Harrison  Trade-offs among forest management objectives, focal wildlife species, 

and ecological reserves: implications for future biodiversity and timber harvests. Poster presented 
at the Society of Annual Foresters Annual Conference, Honolulu, Hawaii, November 4 

 
2011 – Harrison, D., E. Simons, A. Fuller, and W. Krohn.  Trends in habitat for forest wildlife in Maine’s 
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great north woods: the need for landscape planning.  Invited presentation at U.S. Fish and Wildlife 
Service Northeast Region Biologists Conference, Baltimore, Maryland, February 14. 

 
2011-  Harrison, D., E. Simons, A. Fuller, and W. Krohn.  Habitat planning and assessment for forest 

vertebrates in northern Maine. Invited Presentation at Annual Coordinating Committee Meeting of 
the U. S. Geological Survey, Maine Cooperative Fish and Wildlife Research Unit, University of 
Maine, Orono, Maine, April 12. 

 
2011 – Harrison, D. J.  Effects of wind power development on American martens and Canada lynx: an 

issue of scale.  Invited Presentation at Wind Energy and Wildlife Forum, The Maine Chapter of 
The Wildlife Society, Orono, Maine, May 5. 

 
2011 – Simons-Legaard, E. M., D. J. Harrison, K. Legaard, and S. Sader.   The effectiveness of zoning to 

protect deer wintering areas during the period 1975-2007: Does compromising forest productivity 
to protect deer habitat achieve desired ecological objectives?  Invited Presentation at Advisory 
Committee Meeting, Maine Cooperative Forestry Research Unit, University of Maine, Orono, 
January 26. 

 
2010 - Fuller, A. K., D. J. Harrison, and W. B. Krohn. Applications of habitat modeling for wildlife 

umbrella species to landscape planning on commercial forestlands.  Presentation at meeting of 
Maine Cooperative Forestry Research Unit, Orono, Maine, April 14.   

 
2010 - Fuller, A. K., D. J. Harrison, and W. B. Krohn.  A wildlife-based modeling approach to forest 

landscape planning.  Presentation at The Wildlife Society Annual Conference, Snowbird, Utah, 
October 6. 

 
2010 - Fuller, A. K., D. J. Harrison, and W. B. Krohn.  Required steps to develop a habitat classification 

and structured decision-making framework for use in planning for multiple biodiversity and forest 
objectives on TNC’s St. John Lands. Presentation at Workshop on Managing Working Forest 
Landscapes for Multiple Biodiversity and Fiber Objectives Using American Martens and Canada 
Lynx as Focal Species, University of Maine, Orono, November 10.   

 
2010 - Fuller, A. K., D. J. Harrison, and W. B. Krohn.  Results from a structured process for deciding 

among alternative management scenarios on TNC’s St. John lands: trends in habitat supply for 
martens and lynx and resulting inventory and forest-related metrics.  Presentation at Workshop on 
Managing Working Forest Landscapes for Multiple Biodiversity and Fiber Objectives Using 
American Martens and Canada Lynx as Focal Species, University of Maine, Orono, November 
10.   

 
2010 – Harrison, D., W. Krohn, and S. Scott.  Spatio-temporal relationships of snowshoe hare populations 

to forest harvesting, succession, and natural population cycles: implications for forest managers.  
Final project report presentation to Maine Cooperative Forestry Research Unit, Orono, Maine, 
January 27.  

 
2010 - Harrison, D., W. Krohn, and S. Scott. Snowshoe hares, forestry and Canada lynx: A dynamic 

interaction. Invited Paper presented at Lessons From the Past- Research for the Future: A 
Workshop for CFRU members, Orono, Maine, May 20. 
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2010 - Harrison, D. J. and W.B. Krohn.  Ongoing research efforts to link landscape conservation with 
wildlife habitat planning on commercial forestlands in northern Maine. Invited Presentation to 
Directors of Resource Conservation, Wildlife, and Planning, Maine Department of Inland 
Fisheries and Wildlife, Augusta, Maine, June 15. 

  
2010 – Harrison, D. J., E. Simons, A. Whitman, J. Wilson.  Present and future status of biodiversity on 

managed forest landscapes in Maine, U.S.A.  Presentation at the Annual Meeting of the Society 
for Conservation Biology, Edmonton, Alberta, July 7. 

 
2010 – Harrison, D. J.  Incorporating landscape planning into the conservation of sensitive forest wildlife 

species in the northeastern U.S.  Invited presentation at Landscape Workshop for U.S. Fish and 
Wildlife Service Refuge Biologists and Refuge Managers, Moosehorn National Wildlife Refuge, 
Calais, Maine, August 18. 

 
2010 – Harrison, D. J.  Stand- and landscape-scale responses of forest mammals to the various forms of 

siliviculture applied in the Acadian forests of Maine.  Invited presentation and field tour for U.S. 
Forest Service biologists, foresters and managers.  U.S. Forest Service Northern Forest Research 
Station, Bradley, Maine, September 9.  

 
2010 – Harrison, D. J.  The need for landscape planning on commercially managed landscapes in Maine:  

Presentation at Workshop on Managing Working Forest Landscapes for Multiple Biodiversity 
and Fiber Objectives Using American Martens and Canada Lynx as Focal Species, University of 
Maine, Orono, November 10.  

 
2010 -  Mallet, D. G., D. J. Harrison, and A. K. Fuller.  Variable fix success of GPS collars across habitats 

used by Canada lynx: influences of habitat structure, topography, and satellite configuration.  
Paper presented at 66th Annual Northeast Fish and Wildlife Conference, Newton, Massachusetts, 
April 27.  

2010 -  Simons, E., D. Harrison, A. Whitman, and J. Wilson. 2010. Quantifying biodiversity: seeing the 
big picture. Invited Paper presented at Lessons From the Past- Research for the Future: A 
Workshop for CFRU members, Orono, Maine, May 20. 

2010 – Simons, E., D. Harrison, A. Whitman, and J. Wilson.  Present and future status of biodiversity in 
Maine’s commercial forests as indicated by a suite of condition indicators.  Seminar presented at 
Department of Wildlife Ecology Spring Seminar Series, University of Maine, Orono, March 29. 

 
2010 - Simons, E. M., W. B. Krohn, and D. J. Harrison.  Influences of past and future forest management 

on the spatiotemporal dynamics of habitat supply for Canada lynx and American marten. Invited 
Presentation at the Cooperators’ Meeting, Maine Cooperative Fish and Wildlife Research Unit, 
University of Maine, Orono.  May 11. 

2010 - Simons, E., W. Krohn, and D. Harrison. Predicting responses of forest landscape changes on 
wildlife umbrella species:  future projections results for Canada lynx and American marten. Poster 
presented at the Cooperators’ Meeting, Maine Cooperative Fish and Wildlife Research Unit, 
University of Maine, Orono.  May 11.  

2010 - Scott, S. A., W. B. Krohn, and D. J. Harrison. Influence of declining snowshoe hare densities on 
Canada Lynx occurrence in northern Maine. Poster presented at the Cooperators’ Meeting, Maine 
Cooperative Fish and Wildlife Research Unit, University of Maine, Orono.  May 11.   

A-63 



      
 

28 

 
2009 -  Fuller, A. K., D. J. Harrison, and W. B. Krohn.  Landscape planning on The Nature Conservancy 

lands in northern Maine. Invited presentation to executive director and staff of The Nature 
Conservancy, Brunswick, Maine. February 24. 

 
2009 -  Fuller, A. K. D. J. Harrison, B. J. Hearn, and J. A. Hepinstall.  Spatial responses to habitat loss in 

two populations of forest martens.  Paper presented at 5th International Martes Symposium – 
Biology and Conservation of Martens: a New Synthesis, Seattle, Washington. September 10. 

 
2009 –  Harrison, D. J.  Forests, forest mustelids, and forest fragmentation: what happens when mammals 

don’t read? Invited presentation at Symposium on Behavioral Ecology of Mammals, W. M. Keck 
Center for Behavioral Ecology, North Carolina State University, September 4.   

 
2009 – Harrison, D. J. and B. J. Hearn.  Ecological comparisons of home-range characteristics of 

American martens in Newfoundland and Maine: why are home ranges of threatened 
Newfoundland martens so large?  Paper presented at 5th International Martes Symposium – 
Biology and Conservation of Martens: a New Synthesis, Seattle, Washington. September 10. 

 
2009 – Harrison, D. J. and A. K. Fuller. Ecology of white-tailed deer in Acadia National Park: Results 

from Research Conducted at The University of Maine. Presentation to Resource Management 
Staff, Acadia National Park, Bar Harbor, Maine, November 6. 

 
 
2009 – Harrison, D .J., E. Simons, A. Whitman, and J. Wilson.  Quantifying biodiversity values across 

managed landscapes in northern and western Maine. Presentation to the Maine Cooperative 
Forestry Research Unit, Mars Hill, Maine, October 28.  

 
2009 – Harrison, D. J.  The growing need to fund additional scientists working on forest-wildlife    

interactions in Maine: a proposal.  Presentation to Maine Cooperative Forestry Research Unit, 
Orono, Maine. February 26. 

 
2009 –  Harrison, D. J.  Forestry and Forest Wildlife, Chaired session at New England Society of 

American Foresters 89th Winter Meeting. Bio: Mass, Fuel, Products, Diversity - Resource 
Management in a Changing World. Portland, Maine. March 19. 

 
2009 – Harrison, D. J., and A. K. Fuller.  Relative Densities, Patch Occupancy, and Population 

Performance of Spruce Grouse in Regenerating Conifer, Precommercially Thinned, Mature 
Conifer, and Conifer Wetlands Stands: a proposal.  Presentation to Maine Cooperative Forestry 
Research Unit, Orono, Maine. April 15. 

 
2009 –  Harrison, D. J., E. M. Simons, and W. B. Krohn.  Habitat changes for wildlife umbrella species: 

implications for landscape conservation strategies in northern Maine.  Invited presentation to 
northern Appalachians landscape conservation committee, The Nature Conservancy, Brunswick, 
Maine. May 21. 

 
2009 –  Harrison, D. J., W. B. Krohn, and E. M. Simons.  Past and future trends in habitat supply for 

forest carnivores in northern Maine: implications for forest policy.  Invited presentation to 
leadership of Maine Forest Service, Maine Department of Inalnd Fisheries and Wildlife and 
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Maine Natural Areas Program, Augusta, Maine.  June 30. 
 
2009 -  Patterson W. and A. K. Fuller.  Silvicultural prescriptions for maintaining marten and lynx habitat 

requirements.  Field tour of the Nature Conservancy St. John ownership for staff of The Nature 
Conservancy, U.S. Fish and Wildlife Service, and Huber Resources Group.  May 4-6. 

 
2009 -  Scott, S. A,  D.J. Harrison, and W. B. Krohn. The relative effects of forest practices and natural 

population processes on the temporal dynamics of hare populations in northern Maine.  Invited 
Paper at New England Society of American Foresters 89th Winter Meeting, Portland, Maine.  
March 19. 

 
2009 -  Scott, S.A., D.J. Harrison, and W.B. Krohn. Spatio-temporal dynamics of snowshoe hares in 

northern Maine. Presentation to Maine Cooperative Forestry Research Unit, Orono, Maine. April 
15. 

2009 – Scott, S. A., D. J. Harrison, and W. B. Krohn.  Spatio-temporal dynamics of snowshoe hares in 
northern Maine.  Paper presented at Northeast Fish and Wildlife Conference, Lancaster, 
Pennsylvania. April 27. 

 
2009 - Simons, E. M., D. J. Harrison, W. B. Krohn, K. R. Legaard, J. S. Wilson, and S. A. Sader.  Past 

and future trends in habitat supply for martens and lynx across the landscapes of northern Maine, 
1973-2032. .  Invited Paper at New England Society of American Foresters 89th Winter Meeting, 
Portland, Maine. March 19. 

 
2009 - Simons, E. M., D. J. Harrison, W. B. Krohn, K. R. Legaard, J. S. Wilson, and S. A. Sader.  Past 

and future trends in habitat supply for martens and lynx across the landscapes of northern Maine, 
1973-2032. .  Invited presentation to executive director and staff of The Nature Conservancy, 
Brunswick, Maine. February 24. 

 
2009 – Simons, E. M.  Influences of past and future forest management on the spatiotemporal dynamics of 

habitat supply for Canada lynx and American martens in northern Maine.  Ph.D. defense seminar, 
The University of Maine, Orono. March 25. 

 
2009 - Simons, E. M., J. S. Wilson,  D. J. Harrison, W. B. Krohn,.  Future trends in habitat supply for 

martens and lynx across the landscapes of northern Maine under alternative forest management 
scenarios, 2007-2032. .  Presentation to Maine Cooperative Forestry Research Unit, Orono, 
Maine.  April 15. 

 
2008 - Fuller, A. K., D. J. Harrison, and B. J. Hearn.  2008.  Application and testing of models to predict  

probability of occupancy and density of endangered Newfoundland martens.  Presentation to 
Newfoundland Marten Recovery Team, Corner Brook, Newfoundland. January 4. 
 

2008 - Fuller, A. K., D. J. Harrison, and B. J. Hearn.  2008.  Spatial responses to habitat loss in two 
isolated  populations of forest martens.  Invited talk in the Ecology, Evolution, and Behavior 
seminar series.  Virginia Tech. University, Blacksburg. February 1. 

2008 - Fuller, A. K., D. J. Harrison, and W. B. Krohn.  Landscape planning initiative for northern Maine 
using area sensitive umbrella species.  Invited presentation at USDA Natural Resources 
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Conservation Service and U.S. Fish and Wildlife Service workshop on the Healthy Forest Reserve 
Program in Maine, Bangor, Maine.  July 1. 

2008 – Fuller, A. K., D. J. Harrison, B. K. Hearn, and J. A. Hepinstall.  Spatial responses to habitat loss in 
2 populations of forest martens. Paper presented at The Wildlife Society 15th Annual Conference, 
Miami, Florida. November 11. 

 
2008 - Fuller, A. K., D. J. Harrison, and W. B. Krohn.  Applications of lynx and marten models to 

operational forest management.  Invited presentation at Lynx on the landscape: workshop and fall 
field tour, Cooperative Forestry Research Unit, Greenville, Maine.  October 28. 

2008 – Harrison, D. J., W. B. Krohn, and A. K. Fuller.  Long-term monitoring of snowshoe hare 
populations to inform stand- and landscape-scale forest management and recovery planning for 
Canada lynx in Maine.  Presentation to Advisory Committee, Maine Cooperative Forestry 
Research Unit, Orono. April 9.   

2008 – Harrison, D. J., A. K. Fuller, and E. Simons.  Trends in habitat supply for wildlife species whose 
habitat requirements are not addressed using coarse-filter umbrella species approaches, with a 
focus on deer wintering areas.  Presentation to Advisory Committee, Maine Cooperative Forestry 
Research Unit, Orono. April 9.   

2008 – Harrison, D. J., W. B. Krohn, S. Scott, A. K. Fuller, and L. Robinson.  Stand-scale management to 
increase hare and lynx populations.  Invited presentation at Bridging Science and Stewardship 
Workshop, Maine Cooperative Forestry Research Unit, Brewer, Maine. May 14. 

2008 – Harrison, D. J., A. K. Fuller, J. A. Hepinstall, and E. Simons.  Forests, forest carnivores, and 
fragmentation: Wildlife-habitat relationships in the Acadian forests of Maine, USA.  Invited 
seminar, Department of Ecology and Natural Resource Management, Norwegian University of 
Life Sciences, As, Norway.  September 16.  

2008 – Harrison, D. J., A. K. Fuller, J. A. Hepinstall, and E. Simons.  Forests carnivores as a tool for 
landscape conservation: Case studies focusing on American martens and Canada lynx.  Seminar 
presented at Grimso Wildlife Research Station, Lindesberg, Sweden. September 19.  

2008 – Harrison, D. J., A. K. Fuller, J. A. Hepinstall, E. Simons, B. J. Hearn, and D. Payer.  Forests, 
forestry, and forest martens: a landscape perspective.  Invited presentation at conference titled: 
Pour une sylviculture adaptee a al feret irreguliere et sa faune, Faculty of Forestry, University of 
Laval, Baie Comeau, Quebec.  October 8. 

2008 - Krohn W. B., D. J. Harrison, S. A Scott, L. L. Robinson, C. L. Hoving, A. K. Fuller, and E. M. 
Simons. Variation in snowshoe hare densities as related to Canada lynx and forest management in 
eastern North America. Presentation at Eastern CANUSA Forest Science Conference, Orono, 
Maine. October 17.  

 
2008 -   Scott, S., D.J. Harrison, and W. B. Krohn. Partial harvests: contributing to foraging habitat?.  

Presentation at Lynx on the Landscape Workshop, Maine Cooperative Forestry Research Unit , 
Workshop.  Greenville, ME.  October 28. 

 
2008 - Simons, E. M., D. J. Harrison, W. B. Krohn, K. R. Legaard, and S. Sader.  Trends in American 

marten habitat on the commercial forestlands of northern Maine. Presented at Impact of Wildlife 
on the Forest Industry Workshop, New England Regional Council on Forest Engineering, 
University of Maine, Orono. March 10. 

A-66 



      
 

31 

 
2008 - Simons, E. M., D. J. Harrison, W. B. Krohn, K. R. Legaard, and S. Sader. Predicting responses of 

forest landscape change on wildlife umbrella species. Presentation to the Maine Cooperative 
Forestry Research Unit Advisory Committee, Orono. April 7. 

 
2008 - Simons, E. M., D. J. Harrison, W. B. Krohn, K. R. Legaard, S. Sader, and J. S. Wilson. Landscape 

indicators of forest biodiversity: application of American marten, Canada lynx, and snowshoe 
hares. Presentation at Bridging Science and Stewardship Workshop, Maine Cooperative Forestry 
Research Unit, Brewer. May 14.  

2008 - Simons, E. M., D. J. Harrison, W. B. Krohn, K. R. Legaard and S. A. Sader. Ecological factors 
associated with landscape-scale occurrences of Canada lynx in northern Maine. Invited 
Presentation at Lynx on the Landscape: What You Need to Know Workshop and Field Tour, 
Maine Cooperative Forestry Research Unit, Greenville, Maine. October 29.  

2008 - Simons, E. M., D. J. Harrison, W. B. Krohn, K. R. Legaard, and S. A. Sader. Retrospective changes 
in habitat supply for Canada lynx and snowshoe hares resulting from timber harvesting: 
Implications for lynx recovery? Paper presented at The Wildlife Society 15th Annual Conference, 
Miami, Florida. November 9.  

2008 - Simons, E. M., K. R. Legaard (Co-Presenters), D. J. Harrison, W. B. Krohn, and S. Sader. 
Evaluating broad-scale changes in timber harvesting patterns, forest landscape structure, and 
wildlife habitat supply for umbrella species in northern Maine. Invited presentation at Friends of 
ForCAST, Center for Research on Sustainable Forests, Orono. November 20. 

2007 - Fuller, A. K., and D. J. Harrison.  “The relative roles of fine- and coarse-grained habitat choices by 
Canada lynx during winter.”  Paper presented at The Wildlife Society 14th Annual Conference, 
Tucson, Arizona.  September 23. 

2007 - Fuller, A. K., D. J. Harrison, and W. B. Krohn.  2007.  Landscape planning initiative for northern 
Maine using area sensitive umbrella species: an overview.  Presented to Beginning with Habitat 
Steering Committee, Orono, Maine. October 17. 

2007 - Fuller, A. K., and D. J. Harrison.  Foraging paths reveal scale-dependent habitat decisions by 
Canada lynx.  Paper presented at Canada Lynx on the Border, Biological and Political Realities 
for Conservation Planning: An International Workshop, Grand Portage, Minnesota. October 26. 

2007 - Harrison, D.J.  Forest carnivores, forestry, and fragmentation: modeling landscape sustainability 
using marten and lynx.  Seminar presented to Division of Biological Sciences and School of 
Forest Resources, University of Montana, Missoula.  April 30. 

2007 - Harrison, D. J.  The role of predation on population dynamics of white-tailed deer.  Presentation to 
Commissioner's Task Force to Assess the Northern and Eastern Maine Deer Population.  June 12. 

2007 - Harrison, D. J., E. Simons, and K. Legaard.  Forest carnivores, forestry and fragmentation:  Using 
American marten as the canary in the coal mine.  Department of Biological Sciences Seminar 
Series, University of Maine.  May 4. 

2007 - Harrison, D. J. and J. McCloskey.  Documenting occurrence patterns of northern goshowks in 
Maine.  Proposal presentation to Advisory Committee, Maine Cooperative Forestry Research 
Unit, Orono, Maine.  April 25. 

2007 - Harrison, D. J., W. B. Krohn, L. Robinson, A. K. Fuller, and C. L. Hoving.  2007.  Multi-scalar 
habitat preferences of snowshoe hares: how does a prey specialist coexist with a specialist 
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predator?  Paper presented at International Union of Game Biologists XXVIII Congress, Uppsala, 
Sweden.  August 17. 

2007 – Harrison, D. J. Effects of forest practices on habitat for wintering deer.  Workshop and Field Tour 
for Maine Cooperative Forestry Research Unit Advisory Committee.  October 10. 

2007 - Harrison, D. J., W. B. Krohn, L. Robinson, S. Scott, A. K. Fuller, and C. L. Hoving.  Temporal and 
spatial variation in snowshoe hare densities in eastern North America: relationships to lynx and 
forest management.  Invited paper presented at Canada Lynx on the Border, Biological and 
Political Realities for Conservation Planning: An International Workshop, Grand Portage, 
Minnesota. October 26. 

2007 – Harrison, D. J.  The influence of predators on overwinter deer survival: interactions with habitat.  
Invited presentation at Deer Wintering Area Workshop, Orono, Maine. December 10. 

2007 - Hearn, B. J., D. J. Harrison, C. Lundrigan, W. J. Curran, and A. K. Fuller.  Multi-scale habitat 
selection by the endangered Newfoundland marten.  Paper presented at The Wildlife Society 14th 
Annual Conference, Tucson, Arizona.  September 23.  

2007 - Simons, E. M., L. Robinson, D. J. Harrison, W. B. Krohn, and K. R. Legaard.  Ecological factors 
associated with landscape-scale occurrences of Canada lynx in northern Maine.  Paper presented 
at Canada Lynx on the Border, Biological and Political Realities for Conservation Planning: An 
International Workshop, Grand Portage, Minnesota. October 24. 

 
2006 – Fuller, A. K., and D. J. Harrison.  Stand-scale habitat relationships of lynx in northern Maine.  

Presentation at Maine Lynx Workshop, Bangor, Maine, December 3. 
 
2006 – Fuller, A. K., and D. J. Harrison.  Stand-scale habitat relationships of lynx in northern Maine.  

Paper presented at 2006 Carnivores Conference, St. Petersburg, Florida, November 14. 
 
2006 – Fuller, A. K., and D. J. Harrison.  Stand-scale habitat relationships of lynx in northern Maine. 

Invited presentation at Forestry Noontime Seminar Series, University of Maine, Orono, March 3. 
 
2006 – Fuller, A. K., and D. J. Harrison.  Stand-scale habitat relationships of lynx in northern Maine.  

Final contract report presentation to Maine Cooperative Forestry Research Unit, Orono, Maine, 
January 25. 

 
2006 – Harrison, D. J.  Interactions among forestry and forest wildlife in the Acadian forest: the need for 

landscape planning.  Invited lecture in FES 508: Industrial Spruce-Fir Ecosystems, University of 
Maine, Orono, December 15. 

 
2006 –  Harrison, D. J., W. B. Krohn, J. A. Homyack, L. Robinson, and A. K. Fuller.  Temporal and 

spatial variation in hare populations in relation to forest harvesting in Maine.  Presentation at 
Maine Lynx Workshop, Bangor, Maine, December 1. 

2006 - Harrison, D. J., W. B. Krohn, A. K. Fuller, and L. Robinson.  Hare population dynamics and lynx 
and hare habitat selection in Maine.  Presentation at National Interagency Lynx Biology Team 
Meeting, Duluth, MN.  October 20. 

 
2006 - Harrison, D. J. and W. K. Krohn.  Long-term results from research on snowshoe hares and lynx in 

relation to forest management activities in Maine.  Presentation to Advisory Committee, Maine 
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Cooperative Forestry Research Unit, University of Maine.  October 4. 
 
2006 – Harrison, D. J., W. K. Krohn, L. Robinson, J. A. Homyack, and A. K. Fuller.   Temporal and 

spatial variation in hare densities within the geographic range of lynx in Maine.  Invited paper 
presented at Symposium on Lynx Conservation in the lower 48 states, The Wildlife Society Annual 
Conference, Anchorage, Alaska, September 27. 

 
2006 – Harrison, D. J.  Managing forest stands and landscapes to maintain wildlife biodiversity.  Invited 

presentation at Research, Results and the Resource Workshop, sponsored by Maine Cooperative 
Forestry Research Unit, Orono, Maine, May 25. 

 
2006 – Harrison, D. J.  Research results and applications for management: stand and landscape 

management for marten and lynx on commercial forestlands in Maine.  Invited presentations and 
field tour, Annual meeting of Foresters, Wagner Land Management Corp., Bethel, Maine, May 3. 

  
2006 – Harrison, D. J.  Quantifying biodiversity values across managed landscapes in northern and 

western Maine.  Presentation to Maine Cooperative Forestry Research Unit, Orono, Maine, April 
26. 

 
2006 – Harrison, D. J.  Wildlife, forest succession, vegetation management, and biodiversity.  Invited 

lecture in FES 435/535: Managing Forest Succession, University of Maine, Orono, April 13. 
 
2006 – Krohn, W. B., D. J. Harrison, C. Hoving and L. Robinson.  Factors influencing patterns of lynx 

occurrence across multiple spatial scales in eastern North America.  Presentation at Maine Lynx 
Workshop, Bangor, Maine, December 1. 

2006 - Krohn, W. B., D. J. Harrison L. Robinson, and C. Hoving.  Results for species occurrence 
modeling with lynx across 3 spatial scales in Maine.  Presentation at National Interagency Lynx 
Biology Team Meeting, Duluth, MN.  October 20. 

 
2006 – Robinson, L., D. J. Harrison, W. B. Krohn, J. Vashon, and M. McCollough.  Modeling habitat 

occupancy of lynx in northern Maine.  Paper presented at Carnivores 2006 Conference, St. 
Petersburg, Florida, November 14. 

   
2006 – Robinson, L., D. J. Harrison, W. B. Krohn.  Ecological relationships between partial harvesting, 

snowshoe hares, and lynx in Maine.  Presentation and Wiscussion for Forestry and Wildlife 
Professionals in Maine, University of Maine, Orono, August 24. 

 
2006 – Simons, E., K. Legaard, D. J. Harrison, S. Sader, and W. B. Krohn.  Forest harvesting trends 

affecting lynx and marten habitat in Maine as revealed by change detection of multiple 
LANDSAT TM images, 1988-2004.  Presentation at Maine Lynx Workshop, Bangor, Maine, 
December 1. 

 
2006 – Simons, E., K. Legaard, D. J. Harrison, S. Sader, and W. B. Krohn.  Trends in forest harvesting in 

Maine as revealed by change detection of multiple LANDSAT TM images.  Poster presented at 
2006 CANUSA Conference, Quebec City, Canada, October. 

 
2005 - Fuller, A. K., D. J. Harrison, and B. J. Hearn.  Modeling habitat occupancy of marten in western 

Newfoundland: management and planning applications.  Invited presentation to the Newfoundland 
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Marten Recovery Team, Corner Brook,  Newfoundland, November 2. 
 
2005 – Fuller, A. K., D. J. Harrison, and B. J. Hearn.  Modeling habitat occupancy of marten in western 

Newfoundland: management and planning applications.  Final contract report presentation to 
Canadian Forest Service, Western Newfoundland Model Forest, and other project cooperators, 
Corner Brook,  Newfoundland, November 1. 

 
2005 - Fuller, A. K., D. J. Harrison, and J. Vashon.  Stand-scale habitat selection by lynx on commercial 

forestlands in northern Maine.  New England Chapter of Society of American Foresters 
Conference, Portland, ME.  March 17. 

 
2005 - Fuller, A. K., D. J. Harrison, and J. H. Vashon.  Effects of forest practices on habitat selection by 

Canada lynx  during winter.  Lynx Research Working Group Meeting, Orono, ME.  April 14. 
 
2005 - Harrison, D. J.  An overview of the research program in the Department of Wildlife Ecology.   

Presentation to the Office of the Vice President for Research, University of Maine, Orono, ME.  
February 1. 

 
2005 - Harrison, D. J.  Predators, prey, and forestry in northern and eastern Maine: a historical perspective. 

 University of Maine at Machias Science Club and Downeast Salmon Federation, Machias, ME.  
March 2, 2005. 

 
2005 - Harrison, D. J.  Overview of research conducted by The University of Maine during 1980-1994 

regarding the population status and relationships of deer and vegetation in Acadia National Park.  
Acadia National Park Resource Management Staff, Bar Harbor, ME.  July 26. 

 
2005 - Harrison, D. J. and J. A. Hepinstall.  Evaluating the utility of forest carnivores as umbrella species 

to promote biodiversity conservation. Final contract report presentation, Maine Cooperative 
Forestry Research Unit, University of Maine, Orono, ME.  January 26. 

 
2005 - Harrison, D. J., and W. B. Krohn.  Relationships among partial harvesting, snowshoe hares, Canada 

lynx and forest harvesting: a survey of research activities at the University of Maine and Maine 
Cooperative Fish and Wildlife Research Unit.  National Lynx Biology Team Meeting, 
Minneapolis, MN.  August 17. 

 
2005 – Harrison, D. J., W. B. Krohn, and J. A. Hepinstall.  A landscape planning framework for northern 

Maine: an overview of recent research results for marten, lynx and other forest vertebrates.  Maine 
Department of Inland Fisheries and Wildlife, Augusta, December 21. 

 
2005 - Harrison, D. J. and W. B. Krohn.  A summary of preliminary research findings from studies of 

snowshoe hares and lynx conducted by the University of Maine and the Maine Cooperative Fish 
and Wildlife Research Unit.  Eastern Science Team, National Council for Air and Stream 
Improvement, Sugarloaf, U.S.A.  August 24. 

 
2005 - Hearn, B. J., D. J. Harrison, and A.K. Fuller.  Landscape-scale habitat selection by Newfoundland 

marten & an update on efforts to model habitat for Newfoundland marten.  Newfoundland Marten 
Recovery Team, Corner Brook, NL.  May 17, 2005. 
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2005 - Homyack, J. A., D. J. Harrison, and W. B. Krohn.  Effects of precommercial thinning on snowshoe 
hares, small mammals, and forest structure in northern Maine.  Department of Fisheries and 
Wildlife Sciences, Virginia Polytechnic Institute and State University, Frostburg, VA.  April 26. 

 
2004 - Fuller, A. K. and D. J. Harrison.  Preliminary results of studies of substand-scale habitat selection 

by lynx in northern Maine.  Invited presentation at Wildlife Management Institute’s Eastern Lynx 
Workshop, North Conway, New Hampshire, January 6. 

 
2004 - Fuller, A. K. and D. J. Harrison.  Preliminary results of studies of substand-scale habitat selection 

by lynx in northern Maine.  Presentation to Maine Cooperative Forestry Research Unit, Orono, 
Maine, January 21. 

 
2004 – Fuller A. K.  and D. J. Harrison.  Influence of forest practices on stand-scale habitat selection of 

lynx in northern Maine.  Paper presented at Eastern CANUSA Forest Science Conference, 
Frederickton, New Brunswick, October 15. 

 
2004 - Fuller, A. K. and D. J. Harrison.  Stand-scale habitat selection by lynx in northern Maine: 

preliminary results. Invited presentation at Fourth Northeastern Mesocarnivore Workshop: Lynx 
and marten in the northern Appalachians, Portland, Maine, December 9. 

 
2004 - Harrison, D. J., J. A. Homyack, A. K. Fuller, and W. B. Krohn.  Effects of precommercial thinning 

and partial harvesting on snowshoe hares in Maine.  Invited presentation at Wildlife Management 
Institute’s Eastern Lynx Workshop, North Conway, New Hampshire, January 6. 

 
2004 - Harrison, D. J., J. A. Homyack, J. A. Litvaitis, and W. B. Krohn.  Quantifying densities of 

snowshoe hare in Maine using pellet plots.  Invited presentation at Wildlife Management 
Institute’s Eastern Lynx Workshop, North Conway, New Hampshire, January 6. 

 
2004 - Harrison, D. J., C. L. Hoving, and W. B. Krohn.  Distribution and extent of lynx habitat in eastern 

North America and Maine from GIS modeling.  Presentation at Wildlife Management Institute’s 
Eastern Lynx Workshop, North Conway, New Hampshire, January 7. 

 
2004 - Harrison, D. J. Status of lynx litigation, critical habitat designations, and recovery planning in the 

U.S.  Presentation to Maine Cooperative Forestry Research Unit, Orono, Maine, January 21.  
 
2004 - Harrison, D. J.  Effects of clearcutting, precommercial thinning, and partial harvesting on forest 

dependent wildlife species.  Invited presentation at workshop on Managing for Fiber Production, 
Wildlife Habitat, and Biodiversity: Latest Results from CFRU Research, Ashland Maine, May 12. 

 
2004 – Harrison, D. J. and J. A. Hepinstall.  Predicting marten and lynx occurrences across the landscape: 

Evaluating the utility of forest carnivores as umbrella species to promote biodiversity conservation. 
 Wildlife Ecology Seminar Series, University of Maine, Orono, 6 December.  

 
2004 – Harrison, D. J., W. B. Krohn, L. Robinson, and A. K. Fuller.  Lynx and hare research sponsored by 

the Maine Cooperative Forestry Research Unit.  Field tour at sites in northern Maine for forest 
industry representatives. October 28. 

 
2004 – Harrison, D. J. and J. A. Hepinstall.  Broad-scale viability habitat modeling, habitat supply trends, 
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and umbrella species applications for marten and lynx in Maine.  Invited presentation at Fourth 
Northeastern Mesocarnivore Workshop: Lynx and marten in the northern Appalacians, Wildlife 
Conservation Society, Portland, Maine, December 9. 

 
2004 – Harrison, D. J., A. K. Fuller, and B. Hearn.  Updates of results on habitat selection and 

fragmentation studies on Newfoundland marten.  Presentation to Newfoundland marten recovery 
team, Corner Brook, Newfoundland, December 15. 

 
2004 – Hepinstall, J. A. and D. J. Harrison.  Utility of forest carnivores (American marten and Canada 

lynx) as umbrella species for biodiversity conservation.  Carnivores 2004 Conference, Sante Fe, 
New Mexico, November 15. 

 
2004 – Homyack, J. A., D. J. Harrison, W. B. Krohn, A. K. Fuller, and C. L. Hoving. Comparing 

conservation issues affecting Canada lynx within the northeastern U.S. and the Rocky mountains. 
 Presentation to Wyoming Chapter of The Wildlife Society, Laramie, November 11. 

 
2004 - Krohn, W. B., D. J. Harrison, and M. A.,McCollough.  An overview of the lynx-hare landscape 

modeling project in northern Maine.  Invited presentation at Wildlife Management Institute’s 
Eastern Lynx Workshop, North Conway, New Hampshire, January 6. 

 
2003 - Harrison, D.J., and J.A. Hepinstall. Marten as a tool for landscape-scale habitat planning in 

northern Maine.  Final contract report presentation to Maine Cooperative Forestry Research 
Unit, Orono, Maine. January 29. 

 
2003 - Harrison, D.J. Ecological aspects of coyote predation and the potential for effective control of 

predation via snaring.  Invited presentation and panel discussion at winter meeting of Maine 
Chapter of The Wildlife Society, Augusta, Maine.  January 30. 

 
2003 - Harrison, D.J. and J.A. Hepinstall.  Using marten as a landscape-scale conservation tool for 

maintaining diversity of forest-dependent vertebrates.  Presentation and workshop conducted for 
Maine Department of Inland Fisheries and Wildlife Habitat Planning Committee, Bangor, Maine. 
 March 10. 

 
2003 - Harrison, D.J., and J.A. Hepinstall. Marten as a tool for landscape-scale habitat planning and 

biodiversity conservation.  Presentation to Recovery Team for the Endangered Newfoundland 
Marten, Deer Lake, Newfoundland.  April 1.  

 
2003 - Harrison, D.J. Predicting responses of snowshoe hares and lynx to alternative forest harvesting 

scenarios.  Presentation to Maine Cooperative Forestry Research Unit, Orono, Maine.  April 17. 
 
2003 - Harrison, D.J. Relative densities, habitat selection, and population performance of spruce grouse in 

clearcut, intensively managed, and “classic” habitat in northern Maine.  Presentation to Maine 
Cooperative Forestry Research Unit, Orono, Maine.  April 17. 

 
2003 - Harrison, D.J. Evaluating the umbrella species approach for biodiversity conservation on 

commercial forestlands in Maine.  Presentation to Maine Cooperative Forestry Research Unit, 
Orono, Maine.  April 17. 
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2003 - Harrison, D. J.  Effects of coyotes on Maine’s deer herd: Is there a need for a snaring program.  
Talk presented to Student Chapter of The Wildlife Society, University of Maine, Orono, December 
6. 

 
2003 - Harrison, D. J.  A. K. Fuller, J. A. Homyack, and W. B. Krohn.  How do clearcutting, pre-

commercial thinning, and partial harvesting influence wildlife habitat?  Invited presentation at 
workshop on Managing for Fiber Production, Wildlife Habitat, and Biodiversity: Latest Results 
from CFRU Research.  Plum Creek Timber Company, Fairfield, Maine, December 16. 

 
2003 - Harrison, D. J. and J. A. Hepinstall.  Landscape planning for wildlife.  Invited presentation at 

workshop on Managing for Fiber Production, Wildlife Habitat, and Biodiversity: Latest Results 
from CFRU Research.  Plum Creek Timber Company, Fairfield, Maine, December 16. 

 
2003 - Harrison, D. J., D. C. Payer, and A. K. Fuller.  Maintaining structural requirements of wildlife 

within forest stands.  Invited presentation at workshop on Managing for Fiber Production, 
Wildlife Habitat, and Biodiversity: Latest Results from CFRU Research.  Plum Creek Timber 
Company, Fairfield, Maine, December 16. 

 
2003 - Hepinstall, J.A., and D. J. Harrison.  Predicting habitat supply for American marten using measures 

of landscape composition and configuration.  Paper presented at Resource Selection Conference, 
Laramie, Wyoming. January 5-8. 

 
2003 - Hepinstall, J.A., and D.J. Harrison.  Does the umbrella leak?: Biodiversity conservation based on 

marten habitat.  Paper presented at the 10th Annual Conference of The Wildlife Society, 
Burlington, VT.  September 9. 

 
2003 - Homyack, J.A. Effects of precommercial thinning on snowshoe hares, small mammals, and forest 

structure in northern Maine.  Seminar presented to Department of Wildlfe Ecology, University of 
Maine. February 27. 

 
2003 - Homyack, J.A., D.J. Harrison, and W.B. Krohn.   Effects of precommercial thinning on snowshoe 

hares, small mammals, and forest structure in northern Maine. Final contract report presentation 
to Maine Cooperative Forestry Research Unit, Orono, Maine. April 17. 

 
2003 - Krohn, W.B., J.A. Homyack,and D.J. Harrison. “Changes in the Acadian Forest: Implications for 

Wildlife.”  Invited paper presented in Special Wildlife Session on Early Successional Habitats: A 
Critical Problem, 59th Northeast Fish and Wildlife Conference, Newport, Rhode Island.  April 15. 

 
2002 - Fuller, A. K. and D. J. Harrison.  “Resource partitioning and interspecific competition between 

coyotes and red foxes on an island during recent colonization by coyotes.”  Paper presented at the 
Northeast Fish and Wildlife Conference, Portland, ME.  April 23. 

 
2002 - Fuller, A. K., and D.J. Harrison.  Resource partitioning and interspecific competition between 

coyotes and red foxes on an island during recent colonization by coyotes.   Paper presented at 
Carnivores 2002 Conference, Monteray, California. November 18.  

  
2002 - Harrison, D.J., and J. A. Hepinstall. “A workshop on approaches to evaluate habitat requirements 

and to inventory habitat supply for endangered marten in Newfoundland.”  Workshop presented to 
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Canadian Forest Service Scientists, Newfoundland Government Scientists, and Western 
Newfoundland Model Forest Scientists, Cornerbrook, Newfoundland, January 9. 

 
2002 - Harrison, D.J.  “Forestry and forest carnivores: conflict or opportunity.”  Talk presented to Student 

Chapter of The Wildlife Society, Orono, Maine, February 7. 
 
2002 - Harrison, D.J.  “Forestry and forest carnivores: conflict or opportunity.”  Department of Biology 

Seminar Series, Colby College, Waterville, Maine, March 8.  
 
2002 - Harrison, D.J., C. L. Hoving, A. K. Fuller, and W.B. Krohn.  “A summary of research needs for 

lynx in eastern North America: what do we know, what are we researching, and what is left?”  
Presentation at Northern Appalachians Lynx Science Workshop, Portland, Maine, April 24.  

 
2002 - Harrison, D.J.  “Landscape considerations for conserving habitat for wolves, American marten, and 

lynx in the White and Green Mountain National Forests.”  Presentation at Species Viability 
Workshop, U.S. Forest Service, Manchester, New Hampshire, May 22. 

   
2002 - Harrison, D. J. and A.K. Fuller.  Effects of partial harvesting on forest mammals.  Presentation and 

field tour for Cooperative Forestry Research Unit, Northern Maine. October 9. 
 
2002 - Harrison, D.J., and J.A. Hepinstall.  Landscape management for fragmentation-sensitive species.  

Presentation and field tour for Cooperative Forestry Research Unit, Northern Maine. October 9.  
 
2002 - Harrison, D.J. and A.K. Fuller.  Substand-scale responses of Canada lynx to habitat and prey: an 

ongoing study.  .  Invited presentation at Interagency Lynx Biology Team Meeting, Orono, Maine. 
October 22. 

 
2002 - Harrison, D.J., W.B.  Krohn, and C. Hoving, Broad-scale habitat ecology of Canada lynx in eastern 

North America.  Invited presentation at Interagency Lynx Biology Team Meeting, Orono, Maine. 
October 22. 

 
2002 - Harrison, D.J., and J.A. Hepinstall.  Modeling habitat supply as a tool for marten conservation.  

Invited presentation at Newfoundland Marten Habitat Supply Workshop, Grand Falls, 
Newfoundland. December 3. 

 
2002 - Harrison, D.J., and J.A. Hepinstall.  Predictive modeling and trends in marten occurrence across the 

landscape of Northern Maine: marten as a tool for conserving forest biodiversity.  Invited 
presentation at Wildlife Division Meeting, Maine Department of Inland Fisheries and Wildlife, 
Bangor, Maine.  December 17. 

 
2002 - Hearn, B., and D.J. Harrison. Home range characteristics of Newfoundland marten. Invited 

presentation at Newfoundland Marten Habitat Supply Workshop, Grand Falls, Newfoundland. 
December 3. 

  
2002 - Hepinstall, J. A. and D. J. Harrison, and W. B. Krohn. “Spatially explicit wildlife habitat modeling; 

case studies from Maine.”  Seminar presented at the Department of Wildlife Ecology Seminar 
Series, Orono, ME.  April 8. 
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2002 - Hepinstall, J. A., D. J. Harrison, D. C. Payer and A. K. Fuller.  “Habitat supply modeling for 
American marten in the managed forests of northern Maine.”  Poster presented at the Northeast 
Fish and Wildlife Conference, Portland, ME.  April 21- 24. 

 
2002 - Hepinstall, J. A., D. J. Harrison, D.C. Payer, and A. K. Fuller. “Can marten serve as an umbrella 

species for forest management in northern Maine?”  Paper presented at the 17th annual 
symposium of the International Association for Landscape Ecology – United States Regional 
Association (US-IALE), Lincoln, NE.  April 23-27. 

 
2002 - Hepinstall, J. A. and D. J. Harrison.  “Applications of Field Research to Forest Landscape 

Planning: A Case Study Using American Marten in Maine.”  Paper presented at Beyond the Data: 
Integrating Research Findings into Forest Management Planning and Operations, Moncton, New 
Brunswick, Canada.  May 3-4. 

 
2002 - Hepinstall, J.A., D.J. Harrison, D.C. Payer, and A.K. Fuller.  Predicting habitat supply for 

American marten using measures of landscape composition and configuration.  Poster presented 
at Eastern Canada-USA (CANUSA) Forest Science Conference, Orono, Maine.  October 20.   

 
2002 - Hepinstall, J.A., D.J. Harrison, D.C. Payer, and A.K. Fuller.  Predicting habitat supply for 

American marten using measures of landscape composition and configuration.  Paper presented at 
Carnivores 2002 Conference, Monteray, California. November 19. 

 
2002 - Homyack, J. A., D. J. Harrison, and W. B. Krohn. “Effects of intensive forest management on small 

mammals and snowshoe hare in northern Maine.”  Presentation at the Spring 2002 Evening 
Seminar Series of the University of Maine Student Chapter of the Wildlife Society, Orono, ME.  
April 14. 

 
2002 - Homyack, J. A., D. J. Harrison, and W. B. Krohn.  “Effects of precommercial thinning on small 

mammals in northern Maine.”  Paper presented at the Northeast Fish and Wildlife Conference, 
Portland, ME. April 23.    

 
2002 - Homyack, J. A., D. J. Harrison, and W. B. Krohn. “Preliminary results of the effects of 

precommercial thinning on snowshoe hare.”  Poster presented at the Northeast Fish and Wildlife 
Conference, Portland, ME.  April 21- 24. 

 
2002 - Homyack, J. A., D. J. Harrison, and W. B. Krohn. “Effects of precommercial thinning on snowshoe 

hare in northern Maine.”  Paper presented at The Annual Meeting of The Wildlife Society, 
Bismarck, ND.  September 27. 

 
2002 - Homyack, J. A., D. J. Harrison, and W. B. Krohn.  Precommercial thinning effects on hare habitat.  

Presentation and field tour for Cooperative Forestry Research Unit, Northern Maine. October 9. 
 
2002 - Homyack, J.A., D.J. Harrison, and W.B. Krohn.  Effects of precommercial thinning on abundance 

of snowshoe hare in northern Maine. Paper presented at Eastern Canada-USA (CANUSA) Forest 
Science Conference, Orono, Maine.  October 20. 

 
2002 - Homyack, J.A., D.J. Harrison, and W.B. Krohn.  Effects of precommercial thinning on small 

mammals in northern Maine. Paper presented at Eastern Canada-USA (CANUSA) Forest Science 

A-75 



      
 

40 

Conference, Orono, Maine.  October 20. 
 
2002- Homyack, J.A., D.J. Harrison, and W.B. Krohn.  Effects of precommercial thinning on snowshoe 

hares in northern Maine: implications for Canada lynx. Invited presentation at Interagency Lynx 
Biology Team Meeting, Orono, Maine. October 22. 

 
2002- Homyack, J.A., D.J. Harrison, and W.B. Krohn.  Effects of precommercial thinning on snowshoe 

hare: implications for Canada lynx. Paper presented at Carnivores 2002 Conference, Monteray, 
California. November 19. 

 
2002 - Hoving, C. L., D. J. Harrison, W. B. Krohn, and W. J. Jakubas.  “Canada lynx habitat, forest 

harvest strategies and regeneration in northern Maine.”  Paper presented at the Northeast Fish 
and Wildlife Conference, Portland, ME.  April 24. 

 
2002 – Hoving, C., D.J. Harrison, W.B. Krohn, and W. Jakubas.  Canada lynx habitat, forest harvest 

strategies and regeneration in northern Maine. Paper presented at Carnivores 2002 Conference, 
Monteray, California. November 19. 

 
2002 – Hoving, C., D.J. Harrison, W.B. Krohn, R.A. Joseph, and M. O’Brien.  Climate change and lynx: 

spatial occurrence models for eastern North America.  Poster presented at Carnivores 2002 
Conference, Monteray, California. November 17-20. 

 
2002 - Spohr, S., D.J. Harrison,  and F.A. Servello.  “Effects of landscape and cover characteristics on nest 

success of eastern wild turkeys in southeastern Connecticut.”  Paper presented at the Northeast 
Fish and Wildlife Conference, Portland, Maine, April 23. 

 
2001 - Fuller, A.K., and D.J. Harrison.  “Partial harvest guidelines for maintenance of marten in Maine.”  

Invited lecture presented at the “Newfoundland Marten Endangered Species Recovery Team 
Meeting”, St. John’s, Newfoundland, January 12. 

 
2001 - Harrison, D.J.  Landscape scale habitat requirements and fragmentation thresholds of marten.  

Lecture at workshop attended by Canada Parks scientists and invited advisors to address habitat 
needs of endangered marten in western Newfoundland. Gros Morne National Park Newfoundland, 
January 9. 

 
2001 – Harrison, D.J., and D.C. Payer  “Influences of trapping mortality on current distribution and 

population dynamics of marten: a biogeographical and empirical perspective.”  Invited paper 
presented at “Newfoundland Marten Accidental Trapping and Snaring Workshop”, St. John’s, 
Newfoundland, January 12. 

 
2001 - Harrison, D.J.  An update of lynx and marten issues related to forest management.  Presentation to 

Advisory Committee, Maine Cooperative Forestry Research Unit, Orono, January 25.  
 
2001 – Harrison, D. J.  “Marten and Forestry: Conflict or Opportunity.”  Invited paper presented at J. D. 

Irving, Limited’s 2001 Science Forum, Frederickton, NB, April 3, 2001. 
 
2001 - Harrison, D.J.  “Forestry and Forest Carnivores: Conflict or Opportunity.”  Presented at the 

University of Maine, Forestry Noontime Seminar Series, April 6. 
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2001 - Harrison, D.J.  Potential forest management issues and research opportunities with federally 

threatened lynx in Maine.  Presentation to to Advisory Committee, Maine Cooperative Forestry 
Research Unit, Orono, Maine, May 3.  

 
2001 – Harrison, D.J.  “Extent and distribution of wolf habitat in eastern North America and niche 

characteristics of wolves versus eastern coyotes.”  Served as invited panelist and presenter at Wolf 
Symposium for invited government agencies, university personnel and non-governmental 
organizations, Burlington, VT, May 16. 

 
2001 - Harrison, D. J., D.C. Payer, J. A. Hepinstall, A. K. Fuller and D. J. Katnik.  “Landscape thresholds 

and nonlinear responses to fragmentation by American marten.”  Paper presented at 15th Annual 
Meeting of the Society for Conservation Biology, Hilo, Hawaii, July 31.  

  
2001 - Harrison, D. J., and J. A. Hepinstall.  “Habitat supply planning for American marten in Maine and 

Newfoundland.”  Seminar presented to Canadian Forest Service and Newfoundland Provincial 
Scientists, Cornerbrook, Newfoundland, August 26. 

 
2001 - Harrison, D. J.  “Marten habitat supply assessment.”  Presentation at meeting of Maine 

Cooperative Forestry Research Unit Advisory Committee, Millinocket, Maine, October 17. 
 
2001 - Harrison, D.J.  “Habitat potential for wolves and niche overlap with eastern coyotes in eastern 

North America.”  Paper presented at Eastern Wolf Workshop, Dixville Notch, New Hampshire, 
October 19. 

 
2001 – Hepinstall, J. A., D. J. Harrison, D. C. Payer, A. K. Fuller, and D. D. Katnik.  “Using marten as an 

umbrella species for forest management.”  Invited paper presented at the 37th Annual North 
American Moose Conference and Workshop, Sugarloaf, ME, May 14, 2001. 

 
2001 - Hepinstall, J.A., D.J. Harrison, D.C. Payer, and A.K. Fuller. Predicting the occurrences of 

American marten in harvested landscapes. Paper presented at the 8th Annual Conference of The 
Wildlife Society, Reno, Nevada, September 25-29. 

 
2001 - Homyack, J. A., D. J. Harrison, and W. B. Krohn.  “Update on the effects of precommercial 

thinning on snowshoe hare and small mammals in northern Maine.”  Field tour and presention to 
Advisory Committee, Maine Cooperative Forestry Research Unit, Millinocket, Maine, October 
17. 

 
2001 - Hoving, C. L.  “Historical occurrence and habitat ecology of Canada lynx in eastern North 

America.”  Talk presented at the Maine Audubon’s Wildlife Conference, Maine Audubon Society, 
Falmouth, ME, April 7. 

 
2001 - Hoving, C.L, D. J. Harrison, and W.B. Krohn.  Historical occurrence and habitat ecology of Canada 

lynx in eastern North America.  Final contract seminar to Maine Department of Inland Fisheries 
and Wildlife, Bangor, ME, March 22. 

 
2001 - Hoving, C.L.  Historical occurrence and habitat ecology of Canada lynx in eastern North America.  

Final thesis seminar presented to Department of Wildlife Ecology, University of Maine, April, 12. 
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2001 – Hoving, C. L.,  R. A. Joseph, and W. B. Krohn.  “Historical and current distributions of lynx in 

Maine, 1833-1999.”  Paper presented at the 57th Northeast Fish and Wildlife Conference, 
Saratoga Springs, NY, April 22-26. 

 
2001 – Hoving, C. L.,  D. J. Harrison, W. K. Krohn, W. J. Jakubas, R. A. Joseph, R. Lafond, and M. 

O’Brien.  “A probability model of Canada lynx occurrence in eastern North America.”  Poster 
presented at the 57th Northeast Fish and Wildlife Conference, Saratoga Springs, NY, April 22-26. 

 
2001 - Hoving, C.L., D. J. Harrison and W. B. Krohn.  “ Habitat ecology of Canada lynx in eastern North 

America.”  Poster presented at the U. S. Fish and Wildlife Service regional office, Hadley, MA, 
April 26. 

 
2001 - Hoving, C. L., D. J. Harrison, and W. K. Krohn.  “ Multi-scale habitat relations of Canada lynx in 

eastern North America.”  Paper presented at the 2001 Meeting of the Northeast Fur Technical 
Committee, Providence, Rhode Island, September 13. 

 
2001 - Hoving, C. L., D. J. Harrison, W. K. Krohn, W. J. Jakubas, R. A. Joseph, R. Lafond, and M. 

O’Brien.  “Canada lynx habitat associations in eastern North America.” Paper presented at The 
Wildlife Society 8th Annual Conference, Reno, Nevada, September 27. 

 
2001 - Hoving, C. L., D. J. Harrison, and W. B. Krohn.   “Canada lynx habitat in eastern North America.” 

 Presented at the Alice Steward Lecture Series, Maine Center for the Arts, Orono, ME.  October 
31.  

 
2000 - Fuller, A.K., H. J. Lachowski, and D. J. Harrison. Responses of mammals at two trophic levels to 

partial harvesting.  Paper presented at 80th Annual Meeting of the American Society of 
Mammalogists, University of New Hampshire, Durham, June 19. 

 
2000 - Fuller, A.K.  and D.J. Harrison.  Influence of partial harvesting on habitat selection by American 

marten in an industrially forest landscape. .  Paper presented at 3rd International Martes 
Symposium, Corner Brook, Newfoundland, August 14. 

 
2000 - Fuller, A., H.J. Lachowski, and D. Harrison.  2000.  Stand-level responses of American marten and 

prey to forest management: do marten respond to distribution of prey?  Paper presented at 3rd 
International Martes Symposium, Corner Brook, Newfoundland, August 15. 

 
2000 - Fuller, A.K., and D.J. Harrison. Fuller, A.K. and D.J. Harrison.  Influence of partial harvests on 

American marten habitat selection in Maine.  Final contract seminar presented to Advisory 
Committee, Maine Cooperative Forestry Research Unit, Sugarloaf Mountain, Maine, October 3. 

 
2000 - Harrison, D.J.  Presented a seminar of final results of 10 year study on effects of forest harvesting 

and trapping on American martens to Advisory Committee, Cooperative Forestry Research Unit, 
University of Maine, Orono, February 2. 

 
2000 - Harrison, D.J.  Extent and distribution of potential wolf habitat in eastern North America; an 

international issue.  Presentation at “Northeast Wolf Forum: a discussion of issues and 
concerns”, Rumford, Maine, July 12. 
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2000 - Harrison, D.J.  Served as Program Chair and provided opening comments for 3rd International 

Martes Symposium, Corner Brook, Newfoundland, August 14. 
 
2000 - Harrison, D., D. Payer, A. Fuller, J.Hepinstall, D. Katnik. Landscape thresholds and response to 

fragmentation by American marten.  Paper presented at 3rd International Martes Symposium, 
Corner Brook, Newfoundland, August 14. 

 
2000 - Harrison, D.  Served as chairperson for session titled: Planning and Managing Landscapes for 

Martes, 3rd International Martes Symposium, Corner Brook, Newfoundland, August 14.  
 
2000 - Harrison, D.  Served as an invited panelist for discussion of : What is suitable habitat for North 

American Martes? 3rd International Martes Symposium, Corner Brook, Newfoundland, August 
15. 

 
2000 - Harrison, D. Chaired plenary session titled: Status of Martes and their habitats from a global 

perspective. 3rd International Martes Symposium, Corner Brook, Newfoundland, August 15. 
 
2000 - Harrison, D.J.  Fragmentation thresholds for American marten: preliminary results.  Presentation to 

Advisory Committee, Maine Cooperative Forestry Research Unit, Sugarloaf Mountain, Maine, 
October 3. 

 
2000 - Harrison, D.J., J.Homyack, and A.K. Fuller.  Led a field trip and presented preliminary data on 

effects of forest harvesting on snowshoe hares and small mammals at field tour for Maine forest 
industry representatives, Maine Cooperative Forestry Research Unit Fall Field Tour, October 4. 

 
2000 - Harrison, D. J.  Presentation on wolf ecology , habitat potential in Maine, and behavior of wolf-

hybrids.  7th grade science and literature classes at the Reeds Brook Middle School, Hampden, 
November 8. 

 
2000 – Harrison, D.J.  T.G. Chapin, and C.L. Hoving.  Distribution, extent, and connectivity of potential 

habitat for wolves in Maine and eastern Canada.  Poster presented at Carnivores 2000 
Conference, Denver, Colorado, November 13-15. 

 
2000 - Harrison, D.J.  Influence of dispersal on social ecology of coyotes: do social pressures or prey size 

promote pack formation?  Invited paper at Carnivores 2000 Conference, Denver, Colorado, 
November 14.   

 
2000 - Krohn, W.B., C.L. Hoving, D.J. Harrison, D.M. Phillips, and H.C. Frost.  Martes foot-loading and 

snowfall distribution in eastern North America: implications to broad-scale distributions and 
mesocarnivore interactions.  Paper presented at 3rd International Martes Symposium, Corner 
Brook, Newfoundland, August 14. 

 
2000 - Payer, D.C., and D.J. Harrison. Influence of forest structure on habitat use by American marten.  

Paper presented at 10th Northern Furbearer Conference, Fairbanks, Alaska, April 17. 
 
2000 - Payer, D.C., and D.J. Harrison.  2000.  Effects of timber harvesting and trapping on demographic 

characteristics of marten. 10th Northern Furbearer Conference, Fairbanks, Alaska, April 18. 
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2000 - Payer, D.C., and D.J. Harrison.  Demographic characteristics of American marten in relation to 

clearcutting and trapping. .  Paper presented at 3rd International Martes Symposium, Corner 
Brook, Newfoundland, August 14. 

 
2000 - Payer, D.C., and D.J. Harrison.  Effects of timber harvesting and trapping on habitat selection by 

American marten.  Paper presented at 3rd International Martes Symposium, Corner Brook, 
Newfoundland, August 15. 

 
2000 - Payer, D.C., and D.J. Harrison. Territoriality and home-range fidelity of American marten in 

relation to timber harvesting and trapping.  Paper presented at 3rd International Martes 
Symposium, Corner Brook, Newfoundland, August 16. 

 
1999 - Harrison, D.J.  Response of wildlife to thinning in forests of the northeastern U.S.  Invited 

presentation at Conference on Thinning in the Maine Forest, Augusta, Maine.  November 15.  
 
1999 - Harrison, D. J.  Influence of dispersal on social ecology of coyotes: Comparison of a mainland and 

island population.  The Wildlife Society 6th Annual Conference, Austin, Texas.  September 11. 
 
1999 - Harrison, D. J.  Responses of wide ranging carnivores to forest characteristics at multiple spatial 

scales.  North American Forest Ecology Workshop, University of Maine, Orono.  June 28.   
  
1999 - Harrison, D. J.   Session summary: stand- and landscape-scale responses of wildlife to forest 

practices.  North American Forest Ecology Workshop, University of  Maine, Orono.  June 30. 
 
1999 - Harrison, D. J.  Habitat associations of marten in Maine: responses to forestry and trapping.  Invited 

presentation at Pine Marten Symposium, Corner Brook, Newfoundland.  January 27. 
 
1999 - Fuller, A.K. and D.J. Harrison.  Influence of partial harvests on American marten habitat selection 

in Maine.  The Wildlife Society 6th Annual Conference, Austin, Texas.  September 11.  
  
1999 - Fuller, A.K., H. J. Lachowski, and D. J. Harrison.  Responses of mammals at two trophic levels to 

stand-scale forest harvesting in Maine.  North American Forest Ecology Workshop, University of 
Maine, Orono.  June 28. 

 
1998 - Harrison, D. J.  Using carnivores as a model for landscape-scale forest planning.  Invited paper at 

Maine Forest Biodiversity Conference, Orono, Maine.  November 19. 
 
1998 - Harrison, D. J.  Wolves, science, and the future of Maine=s forests.  Lecture to Forum for 

Undergraduate Science Majors, University of Maine.  December 10. 
 
1998 - Harrison, D. J.  A summary from 10 years of marten research with a look to the future.  Invited 

seminar presented to Resource Assessment Staff, Maine Department of Inland Fisheries and 
Wildlife.  November 19. 

 
1998 - Fuller, A.K., and D.J. Harrison.  Use of partially harvested stands by American marten: a 

preliminary analysis. Poster presented at Euro-American Mammal Congress, Santiago de 
Compostela, Spain.  July 23. 
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1998 - Harrison, D.J.  Habitat ecology of American marten: specialist or generalist?  Invited Paper 

presented in symposium: Mustelids in a Modern World, Euro-American Mammal Congress, 
Santiago de Compostela, Spain. July 23. 

 
1998 - Harrison, D.J.  A summary of results from ongoing studies of American marten in Maine.  Invited 

presentation at Newfoundland Marten Recovery Team Meeting, Grand Falls-Windsor, 
Newfoundland. May 13. 

 
1998 - Harrison, D.J. Potential habitat for eastern timber wolves in Maine. Invited presentation at Eastern 

Wolf Recovery Meeting, Pinkham Notch, NH. September 29. 
 
1998 - Harrison, D.J. and D.C. Payer. Substand-level habitat use by American marten: recommendations 

for foresters. Presentation to Advisory Committee,  Maine Cooperative Forestry Research Unit, 
Orono, Maine.  April 29. 

 
1997 - Harrison, D.J.  An assessment of potential habitat for eastern timber wolves in the northeastern 

United States. Invited presentation at meeting of eastern wolf experts, Sherbrook, Quebec.  
October 23.  

 
  1997 - Harrison. D.J. Habitat selection by American marten at multiple spatial scales. Invited seminar 

presented to Wildlife Division, Department of Natural Resources, St. Johns, Newfoundland, 
Canada, March 3. 

 
1997 - Harrison, D.J.  "Results from coyote-deer studies in Acadia National Park: insights into predator 

social ecology and prey demography."  Seminar presented to Dept. of Wildlife Ecology, Univ. 
Maine, Orono, April 7. 

 
1997 - Harrison, D.J. Influence of forest harvesting and trapping on populations of American marten. 

Invited seminar presented to forest industry personnel, Corner Brook, Newfoundland, Canada, 
March 4. 

 
1997 - Harrison, D.J.  Influence of forest harvesting and fur trapping on populations of American marten. 

Invited paper presented at Marten Biology and Habitat Guidelines Workshop, Sault Ste. Marie, 
Ontario, Canada, May 28. 

 
1997 - Harrison  D.J.  Influence of landscape composition and configuration on habitat occupance by 

American marten.  Invited paper presented at Marten Biology and Habitat Guidelines Workshop, 
Sault Ste. Marie, Ontario, Canada, May 28. 

 
1997 - Harrison, D.J. Integrating marten and forest management: the Maine experience.  Invited paper 

presented at Marten Biology and Habitat Guidelines Workshop, Sault Ste. Marie, Ontario, Canada, 
May 28. 

 
1997 - Harrison, D.J. Microhabitat-, stand-, and landscape-scale habitat selection by marten in Maine. 

Invited paper presented at Workshop on Lynx and Marten Management in Eastern Boreal Forests, 
White Mountain National Forest, Gilead, ME, August 26.  
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1997 - Harrison, D.J.  Results from ongoing studies of American marten on industrial forestland in Maine. 
Seminar presented to Advisory Committee, Maine Cooperative Forestry Research Unit, Orono, ME, 
January 21. 

 
1997 - Harrison, D.J. Ecology and habitat relationships of American martens in Maine.  Penobscot Valley 

Chapter, Maine Audubon Society, February 7. 
 

1997 - Harrison, D.J.  "The influence of partial harvesting on American marten: a proposal."  Presentation to 
Advisory Committee, Cooperative Forestry Research Unit, Univ. Maine, Orono, April 29, 1997. 

 
1997 - Harrison, D.J., and W.B. Krohn.  What do, and don=t, we know about lynx and marten in Maine? 

Invited paper presented at Workshop on Lynx and Marten Management in Eastern Boreal Forests, 
White Mountain National Forest, Gilead, ME, August 25. 

 
1997 - Payer, D.C., and D.J. Harrison. Influence of site-level habitat characteristics on spatial patterns of 

habitat use by American marten in an industrial forest and a forest preserve in Maine.  The Wildlife 
Society National Conference, Snowmass, Colorado, September 25. 

 
1997 - Payer, D.C. and D.J. Harrison. Influence of microsite characteristics on patterns of habitat occupancy 

by American marten. Presentation at seminar series sponsored by the Department of Wildlife 
Ecology, University of Maine.  November 3. 

 
1997 -  Payer, D.C., and D.J. Harrison. Structural differences between forests regenerating 

            following spruce-budworm infestations and clearcutting, with implications for merican marten. 
Presentation at seminar series sponsored by the Department of Wildlife Ecology, University of 
Maine.  November 3.  

  
1996 - Chapin, T. G. and D. J. Harrison.  Seasonal Selection of Habitats by Resting Marten in Maine. Paper 

presented at 52nd Northeast Fish and Wildlife Conference, Farmington, CT. April 2. 
 

1996 - Chapin, T. G. and D. J. Harrison. Seasonal habitat selection by marten in an untrapped forest 
preserve.  Paper presented at Ecological Society of America and Society for Conservation Biology 
Meeting, Providence, RI.  August 14. 

 
1996 - Harrison, D. J. Habitat requirements of American marten in northeastern forests. Seminar presented 

to Fraser Paper, Inc. and J. D. Irving Corporation's foresters.  Edmundston, New Brunswick. 
February 27. 

 
1996 - Harrison, D. J. Marten, forests, and biodiversity: a model for conservation.  Invited presentation at 

Maine Forest Biodiversity Conference, Ellsworth, Maine. March 12. 
 

1996 - Harrison, D. J. Funding, infrastructure, and partnerships for wildlife conservation in the U.S. Invited 
seminar presented to Department of Ecosystem Planning, Tokyo Noko University, Japan.  March 20. 

 
1996 - Harrison, D. J. Habitat relationships of American marten: specialist or generalist.  Seminar presented 

to U. S. Forest Service Redwood Sciences Laboratory and College of Natural Resources, Humboldt 
University, Arcata, CA.  March 28. 
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1996 - Harrison, D. J. Influence of spatial and body scaling on habitat selection by mammalian carnivores. 
Seminar presented to Utah Cooperative Fish and Wildlife Research Unit and Dept. of Fisheries and 
Wildlife, Utah State University, Logan.  April 5. 

 
1996 - Harrison, D. J. Influence of spatial and body scaling on habitat selection by mammalian carnivores. 

Seminar presented to Dept. of Zoology and Physiology, University of Wyoming, Laramie.  April 11. 
 

1996  - Harrison, D. J. Marten as a barometer of forest health in Maine. Seminar presented at Annual 
Meeting, Maine Chapter of The Wildlife Society, Brewer, ME. April 25.  

 
1996 - Harrison, D.J. A conservation model for habitat of American martens in Maine. Seminar presented to 

Executive Council, Maine Audubon Society, Ellsworth, ME, November 11. 
 
1996  - Harrison, D. J., D. Payer, and H. J. Lachowski.  Influence of forest harvesting and forest structure on 

habitat selection by American marten  Presentation and field tour to National Council of the Paper 
Industry (NCASI) scientists and other forest industry representatives, Millinocket, ME.  August 22. 

 
1996  - Harrison, D. J., and S. L. Glass. Comparative social ecology of coyotes: does large prey cause pack 

formation?  Paper presented at Ecological Society of America and Society for Conservation Biology 
Meeting, Providence, RI.  August 13. 

 
1996 - Long, R .A., D. J. Harrison, and A. F. O'Connell, Jr.  Survival and cause-specific mortality of white-

tailed deer fawns on Mount Desert Island, Maine. Paper presented at Ecological Society of America 
and Society for Conservation Biology Meeting, Providence, RI.  August 14. 

 
1995 - Chapin, T.G., and D.J. Harrison. Marten use of residual stands in an industrial forest landscape in 

Maine. Presented at the 51st Annual Northeast Fish and Wildlife Conference, Ocean City, MD. April 
8-12. 

 
1995 - Chapin, T.G., and D.J. Harrison. Marten use of residual stands in an industrial forest landscape in 

Maine. Paper presented at the Second International Martes Symposium, Edmonton, Alberta. August 
12-16. 

 
 
1995 - Chapin, T.G and D.J. Harrison. Influence of landscape pattern and forest type on use of habitat by 

marten in Maine. Seminar presented to Department of Wildlife Ecology, University of Maine, 
Orono. June 15. 

 
1995 - Chapin, T. G. and D. J. Harrison.  Influence of landscape pattern on spatial us of habitat by marten in 

an industrial forest. Paper presented at National Conference of the Society of American Foresters, 
Portland, ME, November 1. 

 
1995 - Harrison, D. J.  Influence of Forest Harvesting on Marten Populations in Northern Maine. Invited 

paper presented at Society of American Foresters National Convention, Portland, ME.  October 28-
29. 

 
1995 - Harrison, D. J.  Ecology and life history of the northeastern coyote. Invited seminar presented to 

Illinois Natural History Museum, University of Illinois, Urbana. November 14. 
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1995 - Harrison, D. J.  Social ecology and prey relationships of the eastern coyote: the influence of prey size 

on pack formation. Invited seminar presented to Dept. of Ecology, Ethology, and Evolution, 
University of Illinois, Urbana. November 15. 

 
1995 - Harrison, D. J.  Habitat Requirements of American Marten: Reassessing Paradigms. Seminar 

presented to Department of Wildlife Ecology, Univ. Maine,  November 28. 
 
1995 -  Harrison, D.J.  Relative influences of timber harvesting and trapping on marten populations in 

Maine. Presentation at the Spring Meeting of Forest Resources Research Advisory Committee, 
University of Maine, Orono. April 11. 

 
1995 - Harrison, D.J.  Incorporating marten habitat requirements into forest management activities. 

Presentation and field tour, Cooperative Forestry Research Unit Annual Conference, Millinocket, 
ME. September 20-21. 

 
1995  - Harrison, D.J., D.M. Phillips, T.G. Chapin, D.P. Katnik, and T.P. Hodgman.. Population 

performance and habitat selection by American marten: a need to reassess accepted paradigms and 
conservation practices. Invited paper presented at the Second International Martes Symposium, 
Edmonton, Alberta. August 12-16. 

 
1995 - Hodgman, T.P., and D. J. Harrison. 1995. Survival in a heavily harvested marten population: a 

preliminary assessment. Poster presented at Annual Conference of the Maine Cooperative Forestry 
Research Unit, Millinocket, ME. September 20. 

 
1995 - Hodgman, T.P., D.J. Harrison, D.M. Phillips, and K.D. Elowe. Survival of marten in an untrapped 

forest preserve in Maine. Paper presented at the Second International Martes Symposium, 
Edmonton, Alberta. August 12-16. 

 
1995 - Long, R.A., S.L. Glass, D.J. Harrison, and A.F. O'Connell. Cause-specific mortality of white-tailed 

deer fawns on Mount Desert Island, Maine. Presented at the 51st Annual Conference of the 
Northeast Fish and Wildlife Conference, Ocean City, MD. April 9-12. 

 
1995 - Long, R.A., D.J. Harrison, S.L. Glass, and A.F. O'Connell. Annual survival and cause-specific 

mortality of white-tailed deer fawns on Mount Desert Island, Maine.  Paper presented at the 21st 
Maine Biological and Medical Sciences Symposium, Bar Harbor, ME. June 8-9. 

 
1995 - Long, R.A., D.J. Harrison, and A.F. O’Connell, Jr. Annual survival and cause-specific mortality of 

white-tailed deer fawns, and relative abundance of snowshoe hare on Mount Desert Island, Maine.  
Seminar presented to Department of Wildlife Ecology, University of Maine, Orono. June 16. 

 
1995 - Long, R, D.J. Harrison, S. L. Glass, and A. F. O'Connell. Mortality of white-tailed deer fawns in 

Acadia National Park.  Seminar presented to research and management staff, Acadia National 
Park, Bar Harbor, ME. August 30. 

 
1995 - Phillips, D.M., and D.J. Harrison.  Seasonal changes in density, range area, and range fidelity of 

American marten in a forest preserve. Paper presented at Second International Martes Symposium, 
Edmonton, Alberta. August 12-16. 
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1994 - Chilelli, M., B. Griffith, and D.J. Harrison.  Utility of regional furbearer data: the river otter 

example."  Paper presented at First Annual Conference of The Wildlife Society, Albuquerque, New 
Mexico, September 21. 

 
1994 - Harrison, D.J.  "A proposal to study the relationships among trapping, forest harvesting, and marten 

populations in northern Maine."  Presentation to Maine Cooperative Forestry Research Unit 
Advisory Committee, University of Maine, January 25. 

 
1994 - Harrison, D.J.  "Preliminary results from ongoing research to assess influences of forest harvesting 

and trapping on marten populations in northern Maine."  Invited presentation at Wildlife Division 
Meeting, Maine Department of Inland Fisheries and Wildlife, Rockland, ME, April 14. 

 
1994 - Harrison, D.J. The effects of scale on habitat selection. Guest presentation in graduate course in 

Evaluation of Wildlife Habitats, University of Maine, Orono. October 7. 
 
1994 - Harrison, D.J. Evidence for external regulation in an unmanaged deer population. Paper presented at 

the Conference on Science of Overabundance, Front Royal, VA. November 10-11.  
 
1994 - Harrison, D.J., and T.D. Chapin.  "Effects of forest fragmentation on martens in northern Maine: 

preliminary results from ongoing studies."  Presentation to National Council of the Paper Industry 
for Air and Stream Improvement, Albuquerque, NM, September 23. 

 
1994 - Phillips, D.M., and D.J. Harrison.  "Density, home-range, and spatial overlap of marten in an 

industrial forest and forest preserve."  Paper presented at Northeast Fish and Wildlife Conference, 
Burlington, VT, May 3. 

 
1993 - Harrison, D.J.  "Potential forest management issues associated with habitat requirements of the 

marten."  Presentation to Maine Chapter, Association of Consulting Foresters, Bangor, ME, 
October 12. 

 
1993 - Harrison, D.J.  "Objectives and preliminary results of a study to assess the influence of trapping and 

forest harvesting on marten populations in northern Maine."  Presentation to foresters of Scott 
Paper, Inc., Rockwood, Maine, December 14. 

 
1993 - Harrison, D.J.  "Habitat associations of the marten: does the species deserve spotted owl status?"  

Invited paper presented at Conserving Species Dependent on Older Forests: a Population Viability 
Workshop.  Fundy National Park, Alma, New Brunswick, October 27. 

 
1993 - Harrison, D.J.  The role and effectiveness of predator control to enhance game populations.  

Presentation to Maine Chapter of The Wildlife Society, April 5. 
 
1993 - Harrison, D.J.  Feasibility and issues associated with restoring wolves to Maine.  Presentation to 

Maine Chapter of The Wildlife Society, April 5. 
 
1992 - Saeki, M., and D.J. Harrison.  Influence of food availability and fire history on dietary quality of 

white-tailed deer (Odocoileus virginianus).  Paper presented at Seventy-second annual meeting of 
American Society of Mammalogists, Salt Lake City, Utah. 
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1992 - Harrison, D.J.  Significance of pine martens to future forest practices in Maine.  Presentation to 

Woodlands staff, Great Northern Corp., Millinocket, Maine. 
 
1992 - Harrison, D.J.  Pine marten habitat requirements: will the Forest Practices Act safeguard marten 

habitat?  Presentation to Maine Chapter of The Wildlife Society, Orono, Maine. 
 
1991 - Harrison, D. J.  Chaired session and provided summative comments for session titled: "Habitat 

management of martens and fishers," International Symposium on the Biology and Management of 
Martens and Fishers, Laramie, Wyoming. 

 
1991 - Harrison, D. J.  Coyote social organization and relationships to dispersal and food resources: 

predictions with an unpredictable animal. Invited paper presented at Eastern Coyote Symposium, 
Fredericton, New Brunswick. 

 
1991 - Harrison, D.J., A.F. O'Connell, and J.A. Subijanto.  Seasonal food habits of a recently established 

insular population of coyotes.  Poster presented at Northeast Fish and Wildlife Conference, 
Portland, Maine. 

 
1991 - Harrison, D.J., A.F. O'Connell, Jr., and J. A. Subijanto.  Seasonal food habits of a recently 

established insular coyote population.  Invited paper presented at Second National Park Service 
Conference on Science and Natural Resource Management in the North Atlantic Region, Newport, 
RI. 

 
1991 - Harrison, D.J., and N.E. Famous.  Effects of peat harvesting on a large mammalian carnivore: a case 

study with coyotes (Canis latrans).  Paper presented at International Peat Symposium, Duluth, 
Minnesota. 

 
1991 - Harrison, D.J., T.P. Hodgman, and D.D. Katnik.  Survival in a heavily harvested marten population, 

a preliminary assessment.  Paper presented at International Symposium on the Biology and 
Management of Martens and Fishers, University of Wyoming, Laramie. 

 
1991 - Giuliano, W., and D.J. Harrison.  A preliminary assessment of spatial-temporal relationships in an 

unexploited pine marten population.  Poster presented at International Symposium on the Biology 
and Management of Martens and Fishers, University of Wyoming, Laramie. 

 
1991 - Saeki, M. and D. J. Harrison.  Trends in browse use and preference in an unhunted deer and hare 

population.  Paper presented at Second National Park Service Conference on Science and Natural 
Resource Management in the North Atlantic Region, Newport, Rhode Island. 

 
1990 - Harrison, D.J.  Status of ongoing mammal research.  Seminar presented to regional management 

staff, Maine Department of Inland Fisheries and Wildlife, Bar Harbor. 
 
1990 - Harrison, D.J.  Status, ecology, and inter-specific relationships of mammalian predators in Acadia 

National Park.  Seminar presented to North Atlantic Region, science staff, U.S. National Park 
Service, Bar Harbor, Maine. 

 
1990 - Harrison, D.J.  An abstract of results from ongoing research involving coyote-fox spatial 
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interactions, deer-hare browsing relationships, and marten population characteristics in Maine.  
Seminar presented at annual Wildlife Division meeting, Maine Department of Inland Fisheries and 
Wildlife, Rockland, Maine. 

 
1990 - Harrison, D.J.  Ecology and interspecific relationships among Maine's predators.  Seminar presented 

to faculty and staff, Suffolk University, Edmunds, ME. 
 
1990 - Harrison, D.J.  Pre-dispersal movements of coyote pups in eastern Maine. Paper presented at 70th 

annual meeting of the American Society of Mammalogists, Frostburg, Maryland. 
 
1989 - Harrison, D.J.  Dispersal characteristics of juvenile coyotes: implications for social organization.  

Paper presented at 69th Annual Meeting of the American Society of Mammalogists, Fairbanks, 
Alaska. 

 
1989 - Harrison, D.J.  Distribution, productivity, and food habits of a recently established coyote population 

in Connecticut.  Paper presented at Northeast Fish and Wildlife Conference, Ellenville, NY. 
 
1989 - Harrison, D.J.  Spatial dynamics and inter-specific relationships among Maine predators.  Seminar 

presented at Unity College, Unity, Maine. 
 
1989 - Harrison, D.J.  Ecology and management of coyotes in Maine.  Seminar presented to Department of 

Animal Science, University of Maine. 
 
1988 - Harrison, D.J.  A proposal to assess the utility and interstate comparability of river otter sex, age, and 

reproductive data.  Invited presentation at Northeast Furbearer Resources Technical Committee 
Meeting, Quebec City. 

 
1988 - Harrison, D.J.  Interaction of forest management practices and pine marten populations.  Invited 

presentation at Northeast Furbearer Resources Technical Committee Meeting, Quebec City. 
 
1988 - Harrison, D.J.  A proposal to reintroduce fishers to northwest Connecticut.  Paper presented at 

Second Natural Diversity Conference, Rocky Hill, Connecticut. 
 
1988 - May, D,W., D.J. Harrison, and P. Rego.  Characteristics and diet of colonizing coyote populations in 

Connecticut.  Paper presented at Second Natural Diversity Conference, Rocky Hill, Connecticut.  
 
Public Talks and Workshops (abridged to include since 2007 only): 
 
2015 - Rolek, B.W., C. Loftin, D. Harrison, and P. Wood. Habitat associations, forestry, and coniferous 

forest birds. Downeast Birding Festival. Machias, Maine, May 2015.  
 
2015- Harrison, D. Eastern coyotes and wolves: their history, origin, and ecology in the northeastern U.S.  

Invited presentation at the Maine State Museum, Augusta, April 8. 
 
2013 – Dunham, S., and D. Harrison.  Habitat ecology of the spruce grouse in Maine’s northern forests.  

Presentation sponsored by the Bangor Nature Club, Bangor, Maine. May 15.  
 
2013 – Olson, S., and D. Harrison.  Seasons of the snowshoe hare.  Presentation at Sunkhaze Café, hosted 
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by Friends of Sunkhaze National Wildlife Refuge, Old Town, Maine. April 20. 
 

2011 - Harrison, D. J.  Lynx, forests, and forestry in northern Maine.  Presentation at SummerMeeting of 
The Forest Society of Maine, Greenville, ME.  August 15. 

2008 – Harrison, D. J.  “Wildlife in Winter”.  Presentation at Maine Audubon’s Fields Pond Nature 
Center.  January 8.  

2007 - Harrison, D. J. “Applying umbrella species as tools for land conservation: case examples using 
martens and lynx in Maine.”  Presentation to the Board of Directors, Forest Society of Maine, 
Falmouth, Maine.  September 11. 

2007 - Harrison, D. J.  “What is a predator ecologist and what does it do?”  Presentation to first year 
students in WLE 100. October 12.   

2007 - Harrison, D. J.  Co-led a field tour for professional foresters highlighting the management of deer 
wintering habitat in northern Maine.  October 10. 

2007 - Harrison, D. J.  Presented invited guest lecture in WLE 100.  October 12. 

2007 – Harrison, D. J., W. B. Krohn, E. Simons and A. K. Fuller. Co-led a northern Maine landscape 
planning workshop for NGO’s and state agency personnel.  October 17. 

2007-  Harrison, D. J., W. B. Krohn, and M. McCollough.  Contributed to an article titled “Cats in a 
Quandry” that highlighted finding from our lynx research and appeared in National Wildlife 
Magazine December-January 2008 issue. 
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JOHN R. SQUIRES 

Education 

1991, Ph. D., University of Wyoming, Laramie, WY; Department of Zoology 

1986, M. S., University of Wyoming, Laramie, WY; Department of Zoology 

1979, B.S., Colorado State University, Fort Collins, CO; School of Forestry - Wildlife 
Biology 

Professional experience 

October 2000 – present. Research Wildlife Biologist. Wildlife and Terrestrial Ecosystems 

Program, USDA Forest Service, Rocky Mountain Research Station, Missoula MT  

October 1997 – September 2000. Post-Doctoral Scholar Wildlife Biology. University of 

Montana, Missoula, Montana. 

May 1995 – September 1997. Post-Doctoral Research Wildlife Biologist. Wildlife Program, 

USDA Forest Service, Rocky Mountain Research Station, Laramie, Wyoming.  

May 1992 – May 1995. Post-Doctoral Research Wildlife Biologist. Wildlife Program, 

USDA Forest Service, Rocky Mountain Research Station, Laramie, Wyoming.  

1987-1991. Doctoral Candidate and Research Associate. University of Wyoming and USDI, 

U. S. Fish and Wildlife Service, Wyoming Cooperative Fish and Wildlife Research 

Unit, Laramie, WY.  

1985-1987. Research Associate. USDI, U.S. Fish and Wildlife Service, Wyoming 

Cooperative Fish and Wildlife Research Unit, Laramie, Wyoming. 

1983-1985. Graduate student and Teaching Assistant. University of Wyoming and USDI, 

U.S. Fish and Wildlife Service, Wyoming Cooperative Fish and Wildlife Research 

Unit, Laramie, WY. 

1982. Seasonal Wildlife Technician. Wyoming Game and Fish Department, Lander, WY 

1980-1981. Seasonal Wildlife Technician. USDI, U.S. Fish and Wildlife Service, Sheridan, 

Wyoming and Denver, CO. 

1980. Seasonal Wildlife Technician. USDI, Bureau of Land Management, Rawlins, 

Wyoming. 

1979-1980. Seasonal Field Biologist. Arizona State University, Tempe, Arizona. 

1979. Seasonal Wildlife Technician. USDI, Bureau of Land Management, Rawlins, 

Wyoming. 

1978. Seasonal Wildlife Technician. Wyoming Game and Fish Department, Lander, 

Wyoming. 

1977. Seasonal Biological Aide. USDA, U.S. Forest Service, Cody, WY.  

1976. Seasonal Biological Aide. USDA, U.S. Forest Service, Cody, WY. 
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Honors and awards 

1991. Outstanding Dissertation Award, University of Wyoming  

2000. Certificate of Appreciation, United States Department of Agriculture. Dale Bosworth, 

Chief - U. S. Forest Service  

2001. Extra Effort Award, Rocky Mountain Research Station  

2001. Certificate of Recognition, University of Montana  

2001. Best Scientific Publication Award 

2005. Letter of Appreciation, Black Hills National Forest 

2007. Certificate of Merit, Rocky Mountain Research Station  

2007. Certificate of Merit, Rocky Mountain Research Station 

2009. Certificate of Merit, Rocky Mountain Research Station  

2012. Certificate of Merit, Rocky Mountain Research Station  

2012. Best Scientific Publication Award, Rocky Mountain Research Station   

2013. Best Scientific Publication Award, Rocky Mountain Research Station  

2014. Certificate of Merit  

Society and professional activities 

1988 – present. Society for Conservation Biology 

1989 – present. The Wildlife Society 

2008 – present. Wild Felid Society 

Service in professional societies 

2011 – present. Associate editor for the Journal of Wildlife Management 

Appointments 

From 2001 – present, I was a Faculty Affiliate in the College of Forestry and Conservation at 

University of Montana. In addition, I was Faculty Affiliate at Utah State University (2007 – 

2010), Colorado State University (2013-2015), and Oregon State University (2011-2015). These 

affiliations allowed me to serve on graduate committees and co-advise students regarding their 

research activities.  

Graduate students 

 I served on the following graduate committees: 

 Jay Kolbe, University of Montana, M.S. Thesis Title: The effect of snowmobile trails 

on coyote movements within lynx home ranges, (2004-2005).  

 Todd Ulizio, University of Montana, M.S. Thesis Title: A Survey Method For 

Detecting , (2004-2005).  
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 Nate Berg, Utah State University, M.S. Thesis Title: Snowshoe hare and forest 

structure relationships in western Wyoming, (2007-2010).  

 Jennifer Burghardt Dowd, Utah State University, M.S. Thesis Title: Coyote diet and 

movements in relation to winter recreation in northwestern Wyoming: implications 

for lynx conservation (2007-2010).  

 Megan Kosterman, University of Montana, M.S. Thesis Title: Correlates of Canada 

lynx reproductive success in northwestern Montana (2011 – 2015) 

 Zachary Wallace, Oregon State University, currently ongoing, M. S. Thesis: Effects 

of Oil and Natural Gas Development on Territory Occupancy of Ferruginous Hawks and 

Golden Eagles in Wyoming, USA (2011 – 2014) 

 Aubrey Miller, Colorado State University M. S. Thesis: Recreation conflict and 

management options in the Vail Pass Winter Recreation Area, Colorado, USA 

(2013-2015) 

 

Publications 

(1) Squires, J. R., S. H. Anderson, and R. Oakleaf. 1989. Food habits of nesting prairie falcons in 

Campbell County. Journal of Raptor Research 23:157-161.    

(2) Squires, J. R, S.H. Anderson, and R. Oakleaf. 1991. Prairie falcons quit nesting in response to 

spring snowstorm. Journal of Field Ornithology 62:191-194.    

(3) Squires, J. R. 1991. Trumpeter swan food habits, forage processing, activities, and habitat 

use. Ph. D. Dissertation, University of Wyoming, Laramie, WY. 

(4) Squires, J. R. and S. H. Anderson. 1992. Habitat selection of nesting and wintering trumpeter 

swans. Pages 665-675 In D. R. McCullough and R. H. Barrett (editors). Wildlife 2001: 

Populations. Elsevier Applied Science, London and New York. 1163pp.    

(5) Squires, J. R., S.H. Anderson, and R. Oakleaf. 1993. Home range size and habitat-use pattern 

of nesting prairie falcons near oil developments in northeastern Wyoming. Journal of 

Field Ornithology 64(1):1-10.     

(6) Ruggiero L. F., G. D. Hayward, and J. R. Squires. 1994. Viability analysis in biological 

evaluations: concepts of population viability analysis, biological population, and 

ecological scale. Conservation Biology 8:364-372.     

(7) Squires, J. R. 1995. Carrion use by northern goshawks. Journal of Raptor Research 29:283.     

(8) Squires, J. R. and L. F. Ruggiero. 1995. Winter movements of adult northern goshawks that 

nested in southcentral Wyoming. Journal of Raptor Research 29:5-9.     

(9) Squires, J. R. and S. H. Anderson. 1995. Trumpeter swan food habitats in the greater 

Yellowstone ecosystem. American Midland Naturalist 133:274-282.     

(10) Squires, J. R. and L. F. Ruggiero. 1996. Nest-site preference of northern goshawks in 

southcentral Wyoming. Journal of Wildlife Management 60:170-177.     

(11) Squires, J. R. and R. T. Reynolds. 1997. Northern goshawk (Accipiter gentilis). In The 

Birds of North America, No. 298. A. Poole and F. Gill (editors). The Academy of Natural 

Sciences Philadelphia, PA, and The American Ornithologists’ Union. Washington, D. C.     
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(12) Squires, J. R. and S. H. Anderson. 1997. Changes in trumpeter swan (Cygnus buccinator) 

activities from winter to spring in the greater Yellowstone area. American Midland 

Naturalist 138 208-214.   .  

(13) Anderson, S. H. and J. R. Squires. 1997. The Prairie falcon. Texas University Press, Austin. 

The Corrie Herring Books series, No. 33.  

(14) Squires, J. R., G. D. Hayward, and J. Gore. 1997. The role of sensitive species in avian 

conservation. Pages 157-176 In J. Marzluff and R. Sallabanks, (eds.). Research needs for 

avian conservation biology. Island Press.    

(15) Squires, J. R. 1998. Attempted kleptoparasitism of osprey by great blue herons. Wilson 

Bulletin 110:560.    

(16) Ruggiero, Leonard F.; Aubry, Keith B.; Buskirk, Steven W.; Koehler, Gary M.; Krebs, 

Charles J.; McKelvey, Kevin S.; Squires, John R. 1999. Ecology and conservation of 

lynx in the United States. General Technical Report RMRS-GTR-30WWW. Fort Collins, 

CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station.  
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MICHAEL K.  SCHWARTZ, PH. D. 
 

 

Rocky Mountain Research Station 

U.S.D.A. / U.S. Forest Service 

800 E. Beckwith Ave. 

Missoula, MT 59801 

Office Phone: 406.542.4161 

Office Fax:     406.543.2663 

Home Phone: 406.543.1607 

E-mail: mkschwartz@fs.fed.us 

 

 

EDUCATION 

 

2001  Ph.D., Wildlife Biology, University of Montana, Missoula, MT 

  (Landscape genetics of carnivores) 

1996  M.S., Biology (Ecology and Evolution), American University, Washington, D.C. 

  (Behavioral ecology of Humboldt penguins in Peru) 

1992-1994 Post-B.A., Coursework, University of Washington, Seattle, WA  

1991   B.A., Psychology (Animal Behavior/Neurology), Colby College, Waterville, ME 

 

RESEARCH INTERESTS 

 

Threatened and Endangered Species Management, Protected Areas (Wilderness) Science and 

Management, Conservation Genetics, Genetic Monitoring, Landscape Genetics, Population 

Genetics, Molecular Ecology, Wildlife Biology, Marine Mammal Biology, Population 

Estimation with Non-Invasive Genetic Samples, Field Ecology, Trophic Relationships and 

General Ecology, Distribution Modeling and Climate Change 

 

PROFESSIONAL EXPERIENCE 

  

Nov. 2014 – 

Present 

 

Director, National Genomics Center for Wildlife and Fish Conservation USDA Forest 

Service Missoula, MT. 

Sept 2015 – 

Present 

Adjunct Research Professor University of Montana – Department of Ecosystem and 

Conservation Sciences / Wildlife Biology Program Missoula, MT. 

  

Sept. 2012 –  

Sept. 2015 

Adjunct Research Associate Professor University of Montana – Department of Ecosystem 

and Conservation Sciences / Wildlife Biology Program Missoula, MT.  

 

June 2001 –  

Nov. 2014 

Wildlife Ecologist / Conservation Genetics Team Leader USFS Rocky Mountain Research 

Station Missoula, MT.  

 

July 2011 –  

Jan. 2012 

 

Acting Director Aldo Leopold Wilderness Research Institute, Missoula, MT. 

Sept. 2007 – 

Sept. 2012 

Adjunct Research Assistant Professor University of Montana – Department of Ecosystem 

and Conservation Sciences / Wildlife Biology Program Missoula, MT. 

 

Sept. 2001 –  

Dec. 2007 

Faculty Affiliate University of Montana – Wildlife Biology Program Missoula, MT. 

 

 

Jan. 2000 –  Biological Technician USFS Rocky Mountain Research Station Missoula, MT. 
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Oct. 2001   
 

Aug. 1996 – 

May 2001 

 

Graduate Research Assistant / Teaching Assistant University of Montana – Wildlife 

Biology Program Missoula, MT.  

 

Aug. 1994 –  

Aug. 1996 

Molecular Ecology / Field Biology Research Assistant Smithsonian Institution – 

Department of Conservation Biology National Zoological Park, Washington D.C.  

 

Feb. 1992 – 

July 1994 

Marine Mammal and Seabird Technician National Marine Mammal Laboratory 

Alaska Fishery Science Center Seattle, WA.  Worked in Arctic and Antarctic on marine 

predators (fur seals, leopard seals, and chinstrap penguins) 

 

Nov. 1991 – 

Jan. 1992 

Biodiversity Education Outreach Smithsonian Institution – Department of Animal Health 

National Zoological Park, Washington D.C.  

 

July 1991 –  

Nov. 1991 

Technician Smithsonian Institution – Department of Conservation Biology National 

Zoological Park, Washington D.C.  

 

Jan. 1990 Behavioral Ecology Technician (Volunteer) New England Aquarium – Marine Mammal 

Department Boston, MA. 

 

July 1989 –  

Aug. 1989 

School for Field Studies San Juan Islands Washington State. 

 

 

MAJOR GRANTS AWARDED 

(Not including over 50 project grants under $30,000) 

 

  

2016 - Present USDA Forest Service RIM Funding for developing region wide carnivore monitoring – 

(Schwartz and McKelvey; $197,000) 

2015 – Present GNLCC - A rapid range-wide assessment of bull trout distributions: a crowd-sourced, 

eDNA-based approach with application to many aquatic species (Young, Isaak, 

McKelvey, Carim, and Schwartz PI; $150,000) 

2015 - Present  Washington Office USFS / USFS R&D: Developing multi-species, metagenomics eDNA 

based approaches to detect aquatic invasive species (Schwartz PI; $80,000) 

2014 – Present USDA Forest Service Regional Funding for eDNA surveys of Bull Trout and Salmon in 

the Columbia River Basin (Young, McKelvey, and Schwartz PIs; $150,000) 

2014 – Present  Funding of a National Genomics Center for Wildlife and Fish Conservation (Schwartz PI; 

$297,000) 

2012 – 2014 US Fish and Wildlife Service: Genomics and range-wide connectivity of greater sage-

grouse populations-the northern tier. (Schwartz PI; $243,690) 

2012 – 2015 GNLCC – Sage grouse genomic tool development (Schwartz, Cross and Naugle Co-PI; 

$90,000) 

2011 – 2012 USFS R&D Washington Office: Synthesis of connectivity modeling algorithms 

approaches and implementation. (McKelvey Co-PI; $50,000) 

2010 – 2013 USFS R&D: Integration of ecological and social data to optimize economic decisions on 

wildlife corridors. (Block, Calkin, McKelvey, and Thompson Co-PI; $150,000) 
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2009 – 2012 RMRS Climate Change RFP: Providing decision support for assisted migration to 

mitigate climate change – preventing expensive failures through species distribution 

modeling. (McKelvey Co-PI; $247,000) 

2007 – 2009 Joint NCEAS / NESCent: Genetic monitoring (Allendorf  Co-PI; $114,000) 

2007 USFS Diversity Strategy Award: Coordinating carnivore surveys with the Coeur d’Alene 

Tribes (Schwartz PI; $30,000) 

2007 USFS Cross-Program Proposals: Combining multi-resource monitoring with vegetation 

and wildlife habitat modeling to infer the effects of climatic change on forest ecosystems 

and wildlife in the Northern Rockies (Cushman, McKelvey, and Little Co-PI; $89,000)  

2006 USFS Region 1 Two Grants for non-invasive surveys of fisher in the Rocky Mountains 

(Schwartz PI; $103,000) 

2004 Internal USFS RMRS Equipment Grant (Schwartz PI; $75,000) 

2002 Montana Department of Transportation: Understanding wolverine movement in relation 

to highways (Squires, Copeland, McKelvey, and Ruggiero; Co-PI; $200,000)  

2001       USFS / Northern Region: Using genetics for population viability analyses (McKelvey         

      Co-PI; $80,000) 

  

  

SCHOLARSHIPS AND AWARDS 

 

2016 

2015 

2013 

2013 

2011 

2009 

Thomson Reuters Highly Cited Researcher 2015 

RMRS Distinguished Scientist Award 

RMRS Best Science Award (co-author) 

Research Fellow – Ben Gurion University, Israel 

RMRS Visionary Science Award 

National Wilderness Award – Excellence in Wilderness Stewardship Research                                                                  

2009 RMRS Performance Award – Step Increase 

2007 RMRS Early Career Scientist Publication Award (co-author) 

2007 Merit Award: Scientific Productivity 

2007 Merit Award: Excellence in Technology Transfer 

2006 RMRS Best Scientific Publication Award (co-recipient) 

2005 Presidential Early Career Award for Science and Engineering 

2003 USFS Chiefs Award for Early Career Scientist 

2002 RMRS Early Career Scientist Publication Award 

2000 Best Student Paper – Wildlife Society (MT Chapter)  

1999-2000 Bertha Morton Scholarship – University of Montana 

1998-1999 Clancy Gordon Environmental Scholarship – University of Montana 

1997-1998 Les Pengelly Conservation Scholarship – University of Montana 

1996-1998 Research Assistantship – University of Montana 

1994-1995 Teaching Fellowship – American University 

1995 Smithsonian Graduate Fellowship  

1994 Antarctic Service Medal 
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MEMBERSHIP IN WORKING GROUPS AND SCIENCE TEAMS 

 

 

State of Science for Non-native Invasive Species Leading experts on pathogens, pests, and 

climate change participated in a USFS led workshop to highlight science on invasive species and 

identify knowledge gaps in a diverse array of topics. The objective of the workshop was to solicit 

input from invasive species experts on a National Invasive Species Assessment. The product of 

this working group was a National Invasive Species Assessment. 2015-2016. 

National Center for Ecological Synthesis and Analysis (NCEAS): Red Flags – Development 

of Criteria for Assessing Extinction Risk Working Group The group uses an empirically-

based approach to developing risk criteria guidelines that takes advantage of large amounts of data 

for natural populations that have been compiled over the last 1-2 decades. 2010 – 2013. 

 

National Center for Ecological Synthesis and Analysis (NCEAS) / National Evolutionary 

Synthesis Center (NESCent): Genetic Monitoring Working Group A team of 18 national and 

international scientists and managers co-lead by Dr. Schwartz and Dr. Allendorf to develop and 

facilitate implementation of genetic monitoring tools. The goal of this working group is to open 

significant new avenues for research in the field of genetic monitoring. 2008 – 2011.  

 

Fisher Science Team A team of 4 scientists whose mission is to synthesize and develop new 

knowledge for fisher (Pekania pennanti) in the west coast states and the Rocky Mountains. The 

west coast fisher had been proposed for ESA listing, and in 2004 was given a “warranted but 

precluded by other higher priority actions” status by the USFWS. Given that this status 

recognizes that perils to persistence exist for this species, a Fisher Steering Committee, Biology 

Team, and Science Team were organized in 2005. 2004 – 2010. 

 

National Vertebrate Monitoring Team The Forest Service Regional Directors of Wildlife 

requested a team to provide recommendations for monitoring terrestrial animals and species on 

National Forests and Grasslands. The scientist must be a team member along with 4 other scientists 

and 8 NFS employees to develop strategies for monitoring animals and habitats. 2003 – 2005.  

 

UPPER LEVEL TEACHING EXPERIENCE (See Also Class Talks) 

  

2014 

2013 

2013 

Conservation Genetics – University of Montana 

Conservation Genetics and Monitoring – Ben Gurion University, Israel 

Landscape Genomics – University of Montana  

2012 Evaluating Landscape Connectivity of Plants and Animals – University of Montana   

2009 Wildlife Conservation and Management– Northern Arizona University, Online 

1999 Rocky Mountain Flora – Teaching Assistant, University of Montana 

1997-1998 Readings in Conservation Biology (upper level course) – University of Montana 

1995-1996 General Biology II (laboratory and occasional lectures) – American University 

1995-1996 Evolution for Non-majors (lectures and discussions) – American University 

1995-1996 General Biology for Non-majors (laboratory) – American University 

1995 Genetics – Teaching Assistant,  American University  

 

ACADEMIC COMMITTEES: GRADUATE STUDENTS 
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(* Notes students I advise or co-advise) 

 

Katie Zarn, University of Montana, M.S. Wildlife Biology  

Multi-scale population structure of Alexander Archipelago wolves in Southeast Alaska. Fall 

2016- Present 

 

Sam Panonni, University of Montana, Ph.D. Wildlife Biology 

Using microbial biomarkers to assess movement of wildlife.  Spring 2015 – Present. 

 

Sarah Bassing, University of Montana, M.S. Wildlife Biology  

Occupancy estimates of wolves in Alberta. Fall 2014 – Present. 

 

*Taylor Wilcox, University of Montana, Ph.D. Wildlife Biology 

Using eDNA to monitor endangered and invasive char. Spring 2013 – Present. 

 

Patrick Cross, University of Montana, M.S. Systems Ecology 

Determining the origin, distinction, and significance of a high elevation population of red fox in 

the Greater Yellowstone Ecosystem. Spring 2013 – Spring 2016. 

 

*Todd Cross, University of Montana, Ph.D. Wildlife Biology 

 Delineating greater sage grouse conservation units to preserve genetic variation across a 

changing landscape. Fall 2011 – Present. 

 

*Julie Betsch, University of Montana, Ph.D. Ecology of Infectious Diseases Program – Division 

of Biology CDV spread in African lions by domestic dogs. Spring 2010 – Present. 

 

*Gretchen Roffler, University of Montana, Ph.D. Wildlife Biology 

Effects of climate change on connectivity of a sensitive mountain ungulate: Predicting long term 

persistence of wild sheep. Fall 2010 – May 2015. 

 

*Keith Slauson, University of Montana, Ph.D. Wildlife Biology 

Linking landscape scale change to population process in carnivorous mammals. Fall 2010 – 

Present. 

 

Brett Addis, University of Montana, M.S. Division of Biological Sciences 

 Gene flow in western toads. Fall 2010 – Spring 2013. University of Montana, Ph.D. Division of 

Biological Sciences The evolutionary basis of dispersal in the stream salamander Gyrinophilus 

porphyriticus.  Spring 2013-Present. 

 

Ryan Bracewell, University of Montana, Ph.D. Department of Ecosystem and Conservation 

Sciences – College of Forestry and Conservation Coevolution and co-speciation between 

dendroctonus bark beetles and their symbiotic fungi. Fall 2009 – Fall 2015. 

 

Kellie Carim, University of Montana, Ph.D. Ecology of Infectious Diseases Program – Division 

of Biology Human impacts on the environment mediating susceptibility to disease. Spring 2009 –

Fall 2013. 
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Darin Newton, University of Montana, M.S. Wildlife Biology 

Estimating actual and potential northern river otter population size in the Upper Clark Fork 

River. Fall 2009 – Fall 2012. 

 

Adam Sepulveda, University of Montana, Ph.D. Division of Biological Sciences  

Local and landscape scale processes that structure Idaho giant salamander distribution and 

coexistence patterns. Fall 2007 – Spring 2010. 

 

Lindy Mullen, University of Montana, M.S. Division of Biological Sciences 

Spatial structure and dispersal in the Idaho giant salamander. Fall 2007 – Spring 2009. 

 

*Jody Tucker, University of Montana, Ph.D. Wildlife Biology 

Developing a genetic based monitoring program for California fisher (Martes pennanti). Fall 

2006 – Spring 2013. 

 

Ben Jimenez, University of Montana, M.S. Wildlife Biology 

Movement black bear habitat selection in relation to road density in the Idaho Panhandle 

National Forests. Fall 2006 – Spring 2011. 

 

Barb McCall, University of Montana, M.S. Wildlife Biology 

Monitoring black bears in northern Idaho using non-invasive DNA sampling. Fall 2006 – Spring 

2009. 

 

Tzeidle Wasserman, Western Washington University, M.S. Environmental Sciences 

Landscape genetics of American marten in north Idaho. Fall 2005 – Spring 2008. 

 

Megan Corrigan, University of Montana, M.S. Environmental Studies 

When are ecologically marginal populations valuable for conservation? Fall 2005 – Fall 2007. 

 

Ellen Cheng, University of Montana, Ph.D. Wildlife Biology 

Snowshoe hair landscape genetics. Fall 2004 – Fall 2011. 

 

Francesca Marucco, University of Montana, Ph.D. Wildlife Biology 

Effects of habitat fragmentation on Italian Wolves. Fall 2003 – Spring 2009. 

 

 

*Jennifer Woolf, University of Montana, Ph.D. Wildlife Biology 

Demographic and genetic examination of black-backed woodpeckers. Fall 2003 – Fall 2009. 

 

Megan Parker, University of Montana, Ph.D. Wildlife Biology 

Behavioral ecology of wild dogs in Botswana, Africa. 2001 – 2010. 

 

Melanie Hoffman, American University, M.S. Biology 

Fluctuating asymmetry affects survival in South American sea lions. 1998 – 2000. 

 

EXTERNAL EXAMINER: INTERNATIONAL PH.D. STUDENTS 
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Rachel van Heughten, University of Canterbury, Christchurch, New Zealand, School of 

Biological Sciences Weta affairs: an investigation into the population structure and possible 

hybridization of two tree weta species (Hemideina) in Canterbury.  Examiner on Ph.D. thesis 

September 2015. 

 

Josh Miller, University of Alberta, Edmonton, Canada, Department of Biological Sciences 

Genomics of wild sheep.  Examiner on Ph.D. thesis June 2015. 

 

Shannon Renan, Ben Gurion University, Sede Boker, Israel Department of Desert Ecology 

From behavioral patterns to genetic structure: the reintroduced Asiatic wild ass (Equus 

hemionus) in the Negev Desert. Examiner on Ph.D. thesis – December 2014. 

 

Erin Koen, Trent University, Peterborough, Canada, Environmental and Life Sciences Graduate 

Program Evaluating the effects of landscape structure on genetic differentiation and diversity. 

Examiner on Ph.D. thesis – September 2013.  

 

Nicolas Dussex, University of Otago, New Zealand, Department of Zoology 

Conservation genetics of the alpine parrot, the kea Nestor notabilis. Examiner on Ph.D. thesis – 

August 2013. 

 

Aritz Ruiz-González, Universidad del Pais Vasco, Spain, Departamento Zoologia y Biologia 

Celular Animal Phylogeography and non-invasive landscape genetics of the Euorpean pine 

marten (Martes martes L. 1758): Insights into ancient and contemporary processes shaping 

genetic variation. External Examiner on Ph.D. thesis – 2011. 

 

David Pavlacky, University of Queensland, School of Integrative Biology 

Avian patch occupancy and landscape genetics of logrunners (Orthoonyx temminckii) in 

fragmented subtropical rainforests of South East Queensland. Examiner on Ph.D. thesis – May 

2008. 

 

Anna-Karin Sundqvist, Uppsala University, Department of Evolutionary Biology 

Conservation genetics of wolves and their relationship to dogs. Opponent on Ph.D. examination 

– February 2008. 

 

ACADEMIC COMMITTEES: UNDERGRADUATE STUDENTS 

 

Grace Malato, University of Montana, Senior Thesis Wildlife Biology 

 Hybrids lost: fading introgression in two freshwater sculpin populations. Fall 2012 – Spring 

2013. 

 

Naomi Akaime, University of Montana, Undergraduate Honors Committee – Biology 

Using viruses and DNA to determine relatedness of Yellowstone mountain lions. Fall 2001 – 

Spring 2004. 

 

PEER-REVIEWED PUBLICATIONS 
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133. Stetz, J.B., Sawaya, M.A., Ramsey, A.B., Amish, S.J., Schwartz, M.K. and Luikart, G., 

2016. Discovery of 20,000 RAD–SNPs and development of a 52-SNP array for 

monitoring river otters. Conservation Genetics Resources, 8(3), pp.299-302. 

 

132. Young, M.K., D. Isaak, K.S. McKelvey, T.M. Wilcox, D. Bingham, K.L. Pilgrim, K.J. 

Carim, M. Campbell, M. Corsi, D. Horan, D. Nagel, and M.K. Schwartz. Accepted. 

Climate, Demography, and Zoogeography Predict Introgression Thresholds in Salmonid 

Hybrid Zones in Rocky Mountain Streams. PLoS One. 

 

131. Roffler, G.H. S.J. Amish, S. Smith, T. Cosart, M. Kardos, M.K. Schwartz, and G. Luikart. 

2016. SNP discovery in candidate adaptive genes using exon capture in a free-ranging 

alpine ungulate. Molecular Ecology Resources 16: 1147-1164. 

 

130. Dysthe, J.C.S., M.K. Young, K.S. McKelvey, K. Carim, and M.K. Schwartz. Accepted. 

Quantitative PCR assays for detecting loach minnow (Rhinichthys cobitis) and spikedace 

(Meda flugida) in the southwestern United States.  PLoS One 

 

129. Carim, K. J., J. C. S. Dysthe, M. K. Young, K. S. McKelvey, and M. K. Schwartz. 2016. An 

environmental DNA marker for detecting Arctic grayling in the upper Missouri River 

basin, North America. Conservation Genetics Resources 3:197–199. doi: 

10.1007/s12686-016-0531-1 

 

128. Cross. T.B., D. Naugle, J.C. Carlson. M.K. Schwartz. 2016. Hierarchical population 

structure in greater sage-grouse provides insight into management boundary delineation. 

Conservation Genetics. DOI 10.1007/s10592-016-0872-z 

 

127. Carim, K. K. Christianson, K.S. McKelvey, W.M. Pate, B. Johnson, M.K. Young, and M.K. 

Schwartz. Accepted. Environmental DNA marker development with sparse biological 

information: a case study on opossum shrimp (Mysis diluviana). PLoS One. 

 

126. Dilkina, B., Houtman, R. C.P. Gomes, C.A. Montgomery, K.S. McKelvey, K. Kendall, T. 

Graves, R. Bernstein, and M.K. Schwartz.  2016. Trade-offs and efficiencies in optimal 

budget-constrained multispecies corridor networks. Conservation Biology 

 

125. Hawley JE, Rego PW, Wydeven AP, Schwartz MK, Viner TC, Kays R, Pilgrim KL, Jenks 

JA. 2016. Long-distance dispersal of a subadult male cougar from South Dakota to 

Connecticut documented with DNA evidence. Journal of Mammalogy. 

 

124. Benestan, L. A.-L. Ferchaud, P. Hohenlohe, B.A. Garner, G.J.P. Naylor, I. Baums, M.K. 

Schwartz, J.L. Kelley, and G. Luikart. Conservation genomics of natural and managed 

populations: building a conceptual and practical framework.  Molecular Ecology DOI: 

10.1111/mec.13647. 

 

123. Carim, K.J., T.M. Wilcox. M. Anderson, D. Lawrence, M.K. Young. K.S. McKelvey, and 

M.K. Schwartz. 2016.  An environmental DNA marker for detecting nonnative brown 

trout (Salmo trutta).  Conservation Genetic Resources.  DOI 10.1007/s12686-016-0548-5. 
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122. Hanks, E.M., M.B. Hooten, S.T. Knick, S.J. Oyler-McCance, J.A. Fike, T.B. Cross, and 

M.K. Schwartz. 2016. Latent spatial models and sampling design for landscape genetics. 

Annals of Applied Statistics.  

 

121. Shafer et al. 2016. Reply to: Genomics in Conservation – case studies and bridging the gap 

between data and application.  Trends in Ecology and Evolution 31: 83-84. 

 

120. Roffler, G.H. M.K. Schwartz, K.L. Pilgrim, S. Talbot, G.K. Sage, L. Adams, and G. 

Luikart. 2016. Identification of Landscape Features Influencing Gene Flow: How Useful 

Are Habitat Selection Models? Evolutionary Applications. doi:10.1111/eva.12389. 

 

119. Juarez, R.L., Schwartz, M.K., Pilgrim, K.L., Thompson, D.J., Tucker, S.A., Smith, J.B. and 

Jenks, J.A. 2016. Assessing temporal genetic variation in a cougar population: influence 

of harvest and neighboring populations. Conservation Genetics, pp.1-10. 

 

118. Kretser, H., Glennon, M., Whitelaw, A., Hurt, A., Pilgrim, K. and Schwartz, M., 2016. Scat-

detection dogs survey low density moose in New York. Alces 52:.55-66. 

 

117. Schwartz, M.K., B. Hahn, and B.R. Hossack. 2016.  Where the wild things are: a research 

agenda for studying the wildlife-wilderness relationship. Journal of Forestry. 

 

116. Schwartz, M.K. 2016. Recipient of the 2015 Molecular Ecology Prize: Fred Allendorf. 

Molecular Ecology 25: 450-453. 

 

115. Wilcox, T. M, K. S. McKelvey, M. K. Young, A. J. Sepulveda, B. B. Shepard, S. F. Jane, 

A. R. Whiteley, W. H. Lowe, and M. K. Schwartz. 2016. Understanding environmental 

DNA detection probabilities: a case study using a stream-dwelling char (Salvelinus 

fontinalis).  Biological Conservation 194: 209-216  

 

114. McKelvey, K. S., Young, M. K., Knotek, W. L., Carim, K. J., Wilcox, T. M., Padgett‐
Stewart, T. M., and Schwartz, M. K. 2016. Sampling large geographic areas for rare 

species using environmental DNA: a study of bull trout Salvelinus confluentus occupancy 

in western Montana. Journal of fish biology. 

 

113. Proffitt, K.M., J.F. Goldberg, M. Hebblewhite, R. Russell, B.S. Jimenez, H.S. Robinson, K. 

Pilgrim, and M.K. Schwartz. 2015 Integrating resource selection function into spatial 

capture-recapture models for large carnivores. Ecosphere 6: 

 

112. Padgett-Stewart, TM, TM Wilcox, KJ Carim, KS McKelvey, MK Young, and MK. 

Schwartz. 2015. Designing an eDNA Assay for River Otter Detection: A tool for 

discerning the efficacy of eDNA surveying on semi-aquatic mammals. Conservation 

Genetics Resources 

 

111. Wilcox, T. M., K. S. McKelvey, M. K. Young, W. H. Lowe, and M. K. Schwartz.  2015. 

Environmental DNA particle size distribution from Brook Trout (Salvelinus fontinalis). 

Conservation Genetics Resources. DOI: 10.1007/s12686-015-0465-z. 
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110. Wilcox, T. M., K. J. Carim, K. S. McKelvey, M. K. Young, and M. K. Schwartz.  2015. The 

Dual Challenges of Generality and Specificity When Developing Environmental DNA 

Markers for Species and Subspecies of Oncorhynchus. PloS one, 10(11), p.e0142008. 

 

 

109. McKelvey, K. S., M. K. Young; T. M. Wilcox, D. Bingham, K. L.  Pilgrim, and M. 

K.  Schwartz.  2015. Patterns of hybridization among cutthroat and rainbow trout in 

northern Rocky Mountain streams.  Ecology and Evolution.     

 

108. Keith, D., H.R. Akcakaya, S.H.M. Butchart, B. Collen, N.K. Dulvy, E.E. Holmes, J.A. 

Hutchings, D. Keinath, M.K. Schwartz, A.O. Shelton, R.S. Waples. 2015. Temporal 

correlation in population trends: conservation implications from time-series analysis of 

diverse animal taxa. Biological Conservation. 

 

107. Ellis, M.M., J.S. Ivan, J. Tucker, and M.K. Schwartz. 2016. rSPACE: Spatially-based power 

analysis for conservation and ecology. Methods in Ecology and Evolution. 

 

106. Schoenecker, K., M.K. Watry, L. Ellison, G. Luikart, and M.K. Schwartz. 2015. Estimating 

bighorn sheep (Ovis Canadensis) abundance using noninvasive sampling at a mineral lick 

within a National Park Wilderness Area.  Western North American Naturalist. 

 

105. Dobrowski, S.Z., A.K. Swanson, J.T. Abatzoglou, Z.A. Holden, H.D. Safford, M.K. 

Schwartz, and D.G. Gavin. 2015. Forest structure and species traits mediate projected 

recruitment declines in western US tree species. Global Ecology and Biogeography. 

DOI 10.1111/geb.12302. 

 

104. Shafer, A.B. et al. 2015. Genomics and the challenging translation into conservation 

practice. Trends in Ecology and Evolution. 30: 78-87. 

 

103. Jane, S.F., T.M. Wilcox, K.S. McKelvey, M.K. Young, M.K. Schwartz, W.H. Lowe, B.H. 

Letcher, and A.R. Whiteley. 2014. Distance, flow and PCR inhibition: eDNA dynamics 

in two headwater streams. Molecular Ecology Resources. 15: 216-227. 

 

102. Roffler, G.H., S.L. Talbot, G.H. Luikart, G.K. Sage, K.L. Pilgrim, L.G. Adams, and M.K. 

Schwartz. 2014. Lack of sex-biased dispersal promotes fine-scale genetic structure in 

alpine ungulates. Conservation Genetics. 15: 837-851. 

 

101. Whiteley, A.R., K. McGarigal, and M.K. Schwartz. 2014. Pronounced differences in 

genetic structure despite overall ecological similarity for two Ambystoma salamanders in 

the same landscape. Conservation Genetics. DOI 10.1007/s10592-014-0562-7. 

 

100. Landguth, E.L. and M.K. Schwartz. 2014. Evaluating sample allocation and effort in 

detecting population differentiation for discrete and continuously distributed individuals. 

Conservation Genetics. DOI 10.1007/s10592-014-0593-0. 

 

99. Hand, B.K., S. Chen, N.J. Anderson, A. Beja-Pereira, P.C. Cross, M. Ebinger, H. Edwards, 

R.A. Garrott, M.D. Kardos, M. Kauffman, E.L. Landguth, A. Middleton, B. Scurlock, 
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P.J. White, P. Zager, M.K. Schwartz, and G.H. Luikart. 2014. Sex-biased gene flow 

among elk in the Greater Yellowstone Ecosystem. Journal of Fish and Wildlife 

Management. 5: 124-132. 

 

98. Lemoine, M., M.K. Young, K.S McKelvey, L. Eby, K.L. Pilgrim, and M.K. Schwartz. 2014.  

Cottus schitsuumsh, a new species of sculpin (Scorpaeniformes: Cottidae) in the 

Columbia River basin, Idaho-Montana, USA.  Zootaxa. 3755: 241-258. 

 

97. McKelvey, K.S., K.B. Aubry, N.J. Anderson, A.P. Clevenger, J.P. Copeland, K.S. 

Heinemeyer, R.M. Inman, J.R. Squires, J.S. Waller, K.L. Pilgrim, and M.K. Schwartz. 

2014. Recovery of wolverines in the Western United States: Recent extirpation and 

recolonization or range retraction and expansion? Journal of Wildlife Management. 

78: 325–334. 

 

96. Wilcox, T.M., M.K. Schwartz, K.S. McKelvey, M.K. Young, and W.H. Lowe. 2014. A 

blocking primer increases specificity in environmental DNA detection of bull trout 

(Salvelinus confluentus). Conservation Genetics Resources. 6: 1-2. 

 

95. Olson, L.E., J.D. Sauder, N.M. Albrecht, R.S. Vinkey, S.A. Cushman, and M.K. Schwartz.  

2014. Modeling the effects of dispersal and patch size on predicted fisher (Pekania 

[Martes] pennanti) distribution in the U.S. Rocky Mountains. Biological Conservation. 

169: 89-98. 

 

94. Tucker, J., M.K. Schwartz, R.L. Truex, K.L. Pilgrim, and F.W. Allendorf. 2014. Historical 

and contemporary DNA indicate fisher decline and isolation occurred prior to the 

European settlement of California. Conservation Genetics. 15: 583-595. 

 

93. Dilkina, B., K. Lai, R. Le Bras, Y. Xue, C.P. Gomes, A. Sabharwal, J. Suter, K.S. McKelvey, 

M.K. Schwartz, and C. Montgomery. 2014. Large landscape conservation-synthetic and 

real-world datasets. Twenty-Seventh AAAI Conference on Artificial Intelligence. 27: 

1369-1372. 

 

92. Le Bras, R., B. Dilkina, Y. Xue, C. Gomes, K. McKelvey, M.K. Schwartz, and C. 

Montgomery. 2014. Robust network design for multispecies conservation. Twenty-

Seventh AAAI Conference on Artificial Intelligence. 27: 1305-1312. 

 

91. Aubry, K.B., C.M. Raley, S.W. Buskirk, W.J. Zielinski, M.K. Schwartz, R.T. Golightly, K.L. 

Purcell, R.D. Weir, and J.S. Yaeger. 2013. Meta-analyses of habitat selection by fishers 

at resting sties in the Pacific Coastal Region.  Journal of Wildlife Management. 77: 965-

974. 

 

90. Pierson, J.C., F.W. Allendorf, P. Drapeau, and M.K. Schwartz. 2013. Breed locally, disperse 

globally: fine scale genetic structure despite landscape-scale panmixia in a fire-specialist. 

PLoS One. 8: e67248. 

 

89. Ellis, M.M., J.S. Ivan, and M.K. Schwartz. 2014. Spatially explicit power analysis for 

occupancy-based monitoring of wolverine populations in the U.S. Rocky Mountains. 
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Conservation Biology. 28: 52-62. 

 

88. McCall, B., M.S. Mitchell, M.K. Schwartz, J. Hayden, S.A. Cushman, P. Zager, and W.F. 

Kasworm. 2014. Combined use of mark-recapture and genetic analyses reveals response 

of a black bear population to changes in food productivity. Journal of Wildlife 

Management. 77: 1572-1582. 

 

87. Neel, M.C., K.S. McKelvey, N. Ryman, M.W. Lloyd, R. Short Bull, F.W. Allendorf, M.K. 

Schwartz, and R.S. Waples. 2013. Estimation of effective population size in continuously 

distributed populations: There goes the neighborhood. Heredity. DOI 

10.1038/hdy.2013.37. 

 

86. Schwartz, M.K., N.J. DeCesare, B.S. Jimenez, J.P. Copeland, and W. Melquist. 2013.  Stand- 

and landscape-scale selection of large trees by fishers in the Rocky Mountains of 

Montana and Idaho. Forest Ecology and Management. 305:103-111. 

 

85. Wilcox T.M., K.S. McKelvey, M.K. Young, S.F. Jane, W.H. Lowe, A.R. Whiteley, and M.K. 

Schwartz. 2013. Robust detection of rare species using environmental DNA: the 

importance of primer specificity. PLoS ONE. 8: e59520. DOI 

10.1371/journal.pone.0059520. 

 

84. McKelvey, K.S., J. Ramirez, K.L. Pilgrim, S.A. Cushman, and M.K. Schwartz. 2013. 

Genetic sampling of Palmer’s chipmunks in the Spring Mountains, Nevada. The Western 

North American Naturalist. 73: 198-210. 

 

83. Young, M.K., K.S. McKelvey, K.L. Pilgrim and M.K. Schwartz. 2013. DNA barcoding at 

riverscape scales: Assessing biodiversity among fishes of the genus Cottus (Teleostei) in 

northern Rocky Mountain streams. Molecular Ecology Resources. DOI 10.1111/1755-

0998.12091. 

 

82. Swanson, A.K., S.Z. Dobrowski, A.O. Finley, J.H. Thorne, and M.K. Schwartz. 2013. Spatial 

regression methods capture prediction uncertainty in species distribution model 

projections through time. Global Ecology and Biogeography. 22: 242-251. 

 

81. Zielinski, W.J., F.V. Schlexer, T.L. George, K.L. Pilgrim, and M.K. Schwartz. 2013. 

Estimating abundance and survival in the endangered Point Arena mountain beaver using 

noninvasive genetic methods. Northwest Science. 87:126-139.  

 

80. Tucker, J.M., M.K. Schwartz, R.L. Truex, K.L. Pilgrim, and F.W. Allendorf. 2012. Historical 

and contemporary DNA indicate fisher decline and isolation occurred prior to the 

European settlement of California. PLOS One. DOI 10.1371/journal.pone.0052803 

 

79. Dobrowski, S.Z., J.T. Abatzoglou, A. Swanson, A. Mynsberge, J. Greenberg, Z. Holden, and 

M.K. Schwartz. 2012. The climate velocity of the contiguous United States during the 20th 

century. Global Change Biology. 19:241-251.  

 

78. Zielinski, W.J., F.V. Schlexer, S.A. Parks, K.L. Pilgrim, and M.K. Schwartz. 2012. Small 
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geographic range but not panmictic: How forests structure the endangered Point Arena 

mountain beaver (Aplodontia rufa nigra). Conservation Genetics. 14: 369-383. 

 

77. Parks, S., K.S. McKelvey, and M.K. Schwartz. 2012. Effects of weighting schemes on the 

identification of wildlife corridors generated with least-cost methods. Conservation 

Biology. 27: 145-154. 

 

76. Hutchings, J., S.H. Butchart, B. Collen, M.K. Schwartz, and R.S. Waples. 2012. Red Flags: 

Correlates of impaired species recovery. Trends in Ecology and Evolution. 27: 542-546. 

 

75. Tallmon, D.A., R.S. Waples, D. Gregovich, and M.K. Schwartz. 2012. Detecting population 

recovery using gametic disequilibrium-based effective population size estimates. 

Conservation Genetics Resources. 4: 987-989. 

 

74. Campbell, N.R., S.J. Amish, V.L. Pritchard, K.M. McKelvey, M.K. Young, M.K. Schwartz, 

J.C. Garza, G.H. Luikart, and S.R. Narum. 2012. Development and evaluation of 200 

novel SNP assays for population genetic studies of westslope cutthroat trout and genetic 

identification of related taxa. Molecular Ecology Resources. 12: 942-949. 

 

73. Pilgrim, K.L., W.J. Zielinski, F.V. Schlexer, and M.K. Schwartz. 2012. Development of a 

reliable method for determining sex for a primitive rodent, the Point Arena mountain 

beaver (Aplodontia rufa nigra). Conservation Genetics Resources. 4: 975-977. 

 

72. Stetz, J.B., K.C. Kendall, C.D. Vojta and the Genetic Monitoring Working Group (M.K. 

Schwartz and F.W. Allendorf ). 2011. Genetic monitoring for managers: A new online 

resource.  Journal of Fish and Wildlife Management. 2: 216-219. 

 

71. Perez-Figueroa, A., R.L. Wallen, T. Antao, J.A. Coombs, M.K. Schwartz, P.J. White, and 

G.H. Luikart. 2012. Conserving genomic variability in large mammals: Effect of 

population fluctuations and variance in male reproductive success on variability in 

Yellowstone bison. Biological Conservation. 150: 159-166. 

 

70. Hansen, M.M., I. Olivieri, D.M. Waller, E.E. Nielsen, and the Genetic Monitoring Working 

Group (M.K. Schwartz and F.W. Allendorf ). 2012. Monitoring adaptive genetic 

responses to environmental change. Molecular Ecology. 21: 1311-1329. 

 

69. Jackson, J.A., L. Laikre, C.S. Baker, K.C. Kendall, and the Genetic Monitoring Working 

Group (M.K. Schwartz and F.W. Allendorf ). 2012. Guidelines for collecting and 

maintaining archives for genetic monitoring.  Conservation Genetic Resources. 4: 527-

536. 

 

68. Russell, R.E., J.A. Royle, R. DeSimone, M.K. Schwartz, V.L. Edwards, K.L. Pilgrim, and 

K.S. McKelvey. 2012. Estimating abundance from unstructured spatial samples: An 

example with Montana mountain lions (Puma concolor). Journal of Wildlife 

Management. 76: 1551-1561. 

 

67. McKelvey, K.S.,  J.P. Copeland, M.K. Schwartz, J.S. Littell, K. B. Aubry, J.R. Squires, S.A. 
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Parks, M. McGuire Elsner, and G.S. Mauger. 2011. Predicted effects of climate change 

on wolverine distribution and movement in western North America. Ecological 

Applications. 21: 2882-2897. 

 

66. Lai, K.J., C.P. Gomes, M.K. Schwartz, K.S. McKelvey, D. Calkin, and C. Montgomery. 

2011. The Steiner multigraph problem: applications in wildlife corridor design. 

Symposium of the Advancement of Artificial Intelligence.   

 

65. Knaus, B.J., R. Cronn, A. Liston, K.L. Pilgrim, and M.K. Schwartz. 2011. Mitochondrial 

genome sequences illuminate maternal lineages of conservation concern in a rare 

carnivore. BMC Ecology. 11: DOI 10.1186/1472-6785-11-10. 

 

64. Marucco, F., L. Boitani, D.H. Pletscher, and M.K. Schwartz. 2011.  Bridging the gaps 

between non-invasive genetic sampling and population parameter estimation. European 

Journal Wildlife Research. 57: 1-13. 

 

63. Magoun, A.J., C.D. Long, M.K. Schwartz, K.L. Pilgrim, R.E. Lowell, and P. Valkenburg. 

2011.  Integrating motion-detection cameras and hair snags for wolverine identification.  

Journal of Wildlife Management. 75: 731-739. 

 

62. Schwartz, M.K., P.B. Landres, and D.J. Parsons. 2011. Wildlife scientists and wilderness 

managers finding common ground with non-invasive and non-intrusive sampling of 

wildlife. International Journal of Wilderness. 17: 4-8. 

 

61. Short Bull R., S.A. Cushman, R. Mace, T. Chilton, K. Kendall, E.L. Landguth, M.K. 

Schwartz, K.S. McKelvey, F.W. Allendorf, and G.H. Luikart. 2011. Why replication is 

important in landscape genetics: American black bear in the Rocky Mountains. 

Molecular Ecology. 20: 1092-1107. 

 

60. Hare, M., L. Nunney, M.K. Schwartz, D.E. Ruzzante, M. Burford, R.S. Waples, K. Ruegg, 

and F. Palstra. 2011. Understanding and estimating effective popualtion size for practical 

application in marine species management. Conservation Biology. 25: 438-449. 

 

59. Laikre, L., M.K. Schwartz, R.S. Waples, N. Ryman, and The Genetic Monitoring Working 

Group (M.K. Schwartz and F.W. Allendorf). 2010. Compromising genetic diversity in 

the wild: Unmonitored large-scale release of plants and animals. Trends in Ecology and 

Evolution. 25: 520-529. 

 

58. Landguth, E.L., S.A. Cushman, M.K. Schwartz, K.S. McKelvey, M. Murphy, and G.H. 

Luikart. 2010. Quantifying the lag time to detect barriers in landscape genetics. 

Molecular Ecology. 19: 4179-4191. 

 

57. Brinkman, T.J., D.K. Person, M.K. Schwartz, K.L. Pilgrim, K.E. Colson, and K.J. 

Hundertmark. 2010. Individual identification of sitka black-tailed deer (Odocoileus 

hemionus sitkensis) using DNA from fecal pellets. Conservation Genetics Resources. 2: 

115-118. 
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56. Luikart, G.H., N. Ryman, D.A. Tallmon, M.K. Schwartz, and F.W. Allendorf. 2010. 

Estimation of census and effective popualtion sizes: The increasing usefulness of DNA-

based approaches. Conservation Genetics. 11: 355-373. 

 

55. Mullen, L.B., H.A. Woods, M.K. Schwartz, A.J. Sepulveda, and W.H. Lowe. 2010. Scale-

dependent genetic structure of the Idaho giant salamander (Dicamptodon aterrimus) in 

stream networks. Molecular Ecology. 19: 898-909. 

 

54. Tallmon, D.A., D. Gregovich, R.S. Waples, C.S. Baker, J. Jackson, B. Taylor, F. Archer, 

F.W. Allendorf, and M.K. Schwartz. 2010. When are genetic methods useful for 

estimating contemporary abundance and detecting population trends? Molecular Ecology 

Resources 10: 684-692. 

 

53. Pierson, J., F.W. Allendorf, V. Saab, P. Drapeau, and M.K. Schwartz. 2010. Do male and 

female black-backed woodpeckers respond differently to gaps in habitat? Evolutionary 

Applications 3: 263-278 

 

52. Laikre, L., F.W. Allendorf, L. Aroner, C.S. Baker, D. Gregovich, M.H. Hansen, J. Jackson, 

K.C. Kendall, K.S. McKelvey, M.C. Neel, I. Olivieri, N. Ryman, M.K. Schwartz, R. 

Short Bull, J. Stetz, D.A. Tallmon, B.L. Taylor, C.D. Vojta, D.M. Waller, and R.S. 

Waples. 2010. Genetic diversity neglected in the implementation of the Convention on 

Biological Diversity. Conservation Biology. 24: 86-88. 

 

51. Copeland, J.P., K.S. McKelvey, K.B. Aubry, J.R. Squires, M.K. Schwartz, J. Krebs, E. 

Lofroth, A. Landa, J. Persson, R. Inman, C.L. Copeland, R.E. Yates, J. Wilmot, H. 

Golden, A. Magoun. 2010. Does spring snow cover define the bioclimatic envelope of 

the wolverine? Canadian Journal of Zoology. 88: 233-246. 
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32. Schwartz, M.K., G.H. Luikart, and R.S. Waples. 2007. Genetic monitoring as a promising 

tool for conservation and management. Trends in Ecology and Evolution. 22: 25-33. 
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22. Schwartz, M.K. and L.S. Mills. 2005. Gene flow after inbreeding lead to higher survival in 
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SYMPOSIA / PANELS ORGANIZED 

 

Status of Fishers in the U.S. Rocky Mountains. Idaho Chapter of the Wildlife Society, Coeur 

D’Alene, Idaho. March 13, 2013. 

 

Wildlife genomics: Keeping up with next generation technologies. Co-organized symposium 

with K. Mock. The Wildlife Society 19th Annual Conference, Portland, OR. October 15, 2012. 

 

Delineating wildlife corridors using landscape genetics. Carnivores 2009, Denver, CO. 

November 17, 2009.  

 

Co-organized Western Forest Carnivore Conference. Lead a Wildlife Genetics Section and a 

Marten and Fisher Conservation Section. Western Forest Carnivore Committee, Missoula, MT. 

October 20-22, 2009. 

 

Can noninvasive and nonintrusive methods for wildlife improve our understanding and 

management of wilderness? Co-organized with P. Landres. Rethinking Protected Areas in a 

Changing World –  George Wright Society Biennial Conference on Parks, Protected Areas, and 

Cultural Sites. Portland, OR. March 2-5, 2009. 

 

Genetic Monitoring Symposium. Co-organized with G. Spong. International Union of Game 

Biologists XXVIII Congress, Uppsala, Sweden. August 13-18, 2007. 

 

Carnivore Genetics Symposium. Co-organized with L.F. Ruggiero. Defenders of Wildlife: 

Carnivore 2004, Santa Fe, NM. November 2004. 

 

Hybridization of threatened and endangered species. Co-organized with S. Haig. Society of 

Conservation Biology 2004, Columbia University, NY. August 2004. 

 

WORKSHOPS LEAD 

 

Validation of Corridor Models Co-lead a workshop in association with the Western Governors 

Association and Connectivity Working Group focusing on how to use empirical data to 

validate GIS based corridor models. Missoula, MT. January 23-24, 2012. 

 

Rocky Mountain Fisher Working Group 1 day workshop for agency, tribal, industry, 

academic, and environmental biologists concerned about the geographic distribution of 

fisher in the Rockies. Forum for coordinating fisher research in the Rocky Mountains. 

Missoula, MT and Plummer, ID. September 2005, December 2006, May 2009, December 

2011.  

 

Landscape Genetics Workshop in a Landscape Ecology course for USFS and USFWS 

personnel. Flagstaff, AZ. January 15, 2008-2010. 

 

Fisher Detection Workshop I was invited to present approximately 1 – 1 ½ days of workshop 

material on the detection of fisher using non-invasive methods and the genetic tools used 

to assess species and individual identification. I delivered 3 talks titled: Mesocarnivore 
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Genetics, DNA analysis, and Sampling Devices and Schemes. Arcata, CA. May 2007.  

 

A Sample of Wildlife Sampling including Genetic Sampling Half day workshop for USFS 

Region 4 Biologists co-lead with K.S. McKelvey. Logan, UT. December 2004.   

 

Sampling and Sample Design for Wildlife Biologists 1 day symposium for USFS-Northern 

Region Biologists co-lead with K.S. McKelvey and S.A. Cushman. Missoula, MT. 

December 2003.  

 

INVITED SEMINARS (NATIONAL AND INTERNATIONAL) 

 

Can we predict genetic responses to climate change.  The Wildlife Society Annual Meeting,  

(Symposium on adaptation to climate change.) Winnipeg, Manitoba, CA.  October 18, 

2015 

 

Genetic considerations for the recovery of lynx: substructure and hybridization.  USFWS Lynx 

Species Status Assessment. Minneapolis, MN October 13-14 2015. 

 

Is Genomics living up to its promise for Conservation Biology and Wildlife Management?  

Conservation Genomics Course.  Flathead Lake Biological Station.  September 2015. 

 

Western white pine, mixed mesic forests, fisher, and climate change. Wildlife and Silviculture 

Annual Meeting, Missoula, MT. April 2015.   

 

A synthesis of genetic monitoring.  Society for Conservation Biology North American Meeting. 

Missoula, MT. July 2014. 

 

Ecological causes and genetic consequences of introgression. LIFE Sponsored Hybridization in 

Wolves Workshop, Grosetto, Italy. November 2-4, 2014. 

 

 

Wilderness and wildlife: A framework. Co-lead with B. Hahn and B. Hossack. Wilderness Act 

50th Anniversary Conference, Albuquerque, NM. September 2014. 

 

Genomics and real world applications. European Science Foundation ConGenomics Workshop, 

Wiks Slott, Sweden. March 19, 2014. 

 

Will genomics help us manage wildlife populations: is more always better? Co-lead with G.H. 

Luikart and F.W. Allendorf. Idaho Wildlife Society Plenary Symposium. Boise, ID. 

March 5, 2014. 

 

The conservation of connectivity for wolverine based on landscape genetic results. Colorado 

Wildlife Society, Ft. Collins, CO. February 5, 2014. 

 

Landscape genetics, climate change, and the conservation of connectivity in the U.S. Rocky 

Mountains. Hawaii Institute of Marine Biology, Coconut Island, HI. February 29, 2014. 
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Wolverines and climate change in the high divide and northern Rocky Mountains. Co-lead with 

K.S. McKelvey. Carnivores, connectivity, and climate in the high divide: Science to 

move conservation forward in Northern Rocky Mountain Ecosystems, Three Forks, MT. 

January 9, 2014. 

 

Connectivity science for wolverines in the high divide and northern U.S. Rockies. Co-lead with 

K.S. McKelvey and J.P. Copeland. Carnivores, connectivity, and climate in the high 

divide: Science to move conservation forward in northern Rocky Mountain ecosystems, 

Three Forks, MT. January 8, 2014. 

 

Landscape genetics in the management and conservation of sage grouse. Co-lead with T.B. 

Cross. Montana Governor’s Council and Wildlife, Helena, MT. September 3, 2013.  

 

Fishers in white pine ecosystems. Co-lead with multiple scientists. Region 1 Joint Silviculture 

and Wildlife Meetings, Clearwater-Nez Pierce Forest, Powell Ranger Station, ID. July 9, 

2013. 

 

New research findings on fishers (Pekania pennanti) in the northern Rocky Mountains and west 

coast DPS. Defenders of Wildlife, Washington D.C. June 3, 2013. 

 

Plenary address: Range margins in a rapidly changing world. Co-lead with F.W. Allendorf. 

Canadian Society for Ecology and Evolution, Kelowna, B.C., Canada. May 15, 2013.  

 

Landscape genetics of fishers. Co-lead with multiple scientists. Idaho Wildlife Society, Boise, ID. 

March 13, 2013. 

 

The use of new genomic techniques to manage species of conservation interest. Co-lead with 

multiple scientists. The Wildlife Society Meetings Transformative Research Symposium. 

Portland, OR. October 17, 2012. 

 

Recovery of carnivores in the western United States: The role of molecular genetics and 

genomics. Cornell University, Ithaca, NY. September 25, 2012. 

 

Cougars expand east from a contemporary eastern refugia: Implications for connectivity model 

validation. Webinar: USFS R&D, Washington D.C. May 22, 2012. 

 

Cougars expand east from a contemporary eastern refugia. Marlboro College, Marlboro, 

Vermont. April 10, 2012. 

 

Genomic information reveals threatened species isolated before European settlement: 

Implications for reintroduction efforts. Co-lead with B. Knaus, A. Liston, K.L. Pilgrim, 

and R. Cronn. Conservation Genomic Symposium Society for Conservation Biology 25th 

International Congress for Conservation Biology, Auckland, New Zealand. December 9, 

2011. 

 

Genomics provides new insights for managing endangered species: Fisher in the Rocky 

Mountains and lynx in Switzerland. Co-lead with J. Tucker. International Exploratory 
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Workshop on the Genetic Status and Conservation Management of Reintroduced and 

Small Autochthonous Eurasian Lynx Populations in Europe, Saanen, Switzerland. 

October 24-27 2011. 

 

Genetic monitoring of terrestrial and marine vertebrates: Successes and failures of the molecular 

genetic approach to cost-effective monitoring. Keynote Speaker. 19th Biennial 

Conference on the Biology of Marine Mammals, Tampa Bay, FL. November 27, 2011. 

 

Coordinated efforts needed to detect trend in occupancy in wolverine across the western United 

States. Co-lead with M.M. Ellis and J. Ivan. Video Teleconference for Wolverine Steering 

Committee. September 1, 2011. 

 

Multiple scales and objectives of landscape connectivity. Co-lead with K.S. McKelvey and F.W. 

Allendorf. Great Northern Landscape Conservation Cooperative Steering Committee 

Meeting, Whitefish, MT. September 22, 2011. 

 

Habitat connectivity: Everybody’s doing it, but everybody’s doing it differently: The who, what, 

where, why and how of wildlife connectivity. Co-lead with K.S. McKelvey and F.W. 

Allendorf. Federal Land Managers Workshop, Missoula, MT. September 8, 2011. 

 

The beguiling reality of genotypic errors and toilsome process of their detection: How genotype 

reliability affects substructure, relatedness, and abundance estimates. Smithsonian 

Institution, Front Royal, VA. May 25, 2011, 2013. All Day Talk. 

 

Conservation genetics I: Introduction to molecular markers and sampling for monitoring natural 

populations. Workshop on applications of genetic data to ecological and evolutionary 

biology. University of San Francisco, Quito, Ecuador. February 8-9, 2011. 

 

Conservation genetics II: Population connectivity. Workshop on applications of genetic data to 

ecological and evolutionary biology. University of San Francisco, Quito, Ecuador. 

February 8-9, 2011. 

 

Fisher in the Rocky Mountains: A research and monitoring update. USFS Region 1 Wildlife 

Council, Missoula, MT. December 9, 2010. 

 

Wolverine monitoring: Putting power estimates behind the methods. Co-lead with J. Ivan and 

M.M. Ellis. Region 1 Wildlife Council, Missoula, MT. December 9, 2010. 

 

Assisted migration and corridors: Two adaptation strategies for wildlife in an era of climate 

change. Co-lead with K.S. McKelvey. Lewis and Clark National Forest and Helena 

National Forest, MT. December 7, 2010. 

 

Evaluating the climate change adaptation strategies of connectivity and assisted migration. Co-

lead with multiple scientists. NFS and USFS Research WO, Washington D.C. August 24-

25, 2010.  

 

Genetic monitoring of a recovering wolf population in the Alps. Co-lead with F. Marucco, K.L. 
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Pilgrim, and L. Boitani. Wolves, people, and territories: European wolf management, 

conservation, monitoring, damage prevention, and conflict mitigation, Turin, Italy. May 

24-26, 2010. 

 

Assisted migration of plant and animals: We account for uncertainty to predict species 

distributions? Co-lead with K.S. McKelvey and S.Z. Dobrowski. Climate Change 

Science Talks, Lewis and Clark National Forest and Helena National Forest, Helena 

Forest Supervisor’s Office. January 20, 2010. 

 

Martes conservation genetics: Using molecular genetics to assess within species movements, 

barriers, and corridors. Co-lead with A. Ruiz-Gonzalez, R. Masuda, and C. Pertoldi. 5th 

International Martes Meeting, Seattle, WA. September 2009. Invited Talk. 

 

Lolo Pass carnivores studies: What have we learned about animal movement relative to 

transportation corridors? Co-lead with multiple scientists. Idaho Transportation 

Department Project Development Conference, Boise, ID. April 8, 2009. 

 

How well do effective population size estimators reflect changes in abundance?: Results from 

Wright-Fisher and spatially structured populations. Co-lead with NCEAS Working 

Group. International Marine Conservation Congress Effective Population Size 

Symposium, Washington D.C. May 21 2009. 

 

Using landscape genetics to understand carnivore connectivity in the northern U.S. Rocky 

Mountains. Biology Seminar Series, Northern Arizona University, Flagstaff, AZ. 

December 4, 2008. 

 

Detecting genotyping and scoring errors for population estimation. Conservation Genetic Data 

Analysis Course, Vairo, Portugal. September 12, 2008. 

 

La metodologia di laboratorio per le analisi genetiche non-invasive (Laboratory methods for 

analyzing non-invasive genetics). Piedmont Region Natural Science Museum, Turin, 

Italy. June 25, 2008. This talk was fully funded and discussed ongoing collaborative 

research with the European Union wolf recovery programs. 

 

Detecting (and correcting) genetic errors for the management of natural populations. Piedmont 

Region Natural Science Museum, Turin, Italy. June 25, 2008. This talk was fully funded 

and discussed ongoing collaborative research with the European Union wolf recovery 

programs. 

 

Climate change and mammals in Montana. Co-lead with multiple scientists. Climate Change 

Workshop, Missoula, MT. February 2008. Invitation to Schwartz, but talk delivered by 

K.S. McKelvey. 

 

Wolverine movement in Montana defined by a narrow habitat niche. Montana Wildlife Society 

Meetings, Missoula, MT. February 2008. 

 

Landscape genetics and endangered species. Evolutionary Biology Seminar Series, Uppsala 
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University, Sweden. February 7, 2008. 

 

Genetic monitoring of carnivores. Grimso Biological Field Station, Sweden. February 4, 2008. 

 

Testing early naturalist’s observations using ancient DNA. Ecology Seminar Series, University 

of Montana, Missoula, MT. November 7, 2007. 

 

Applying landscape genetic approaches to aide in the conservation and management of species. 

Department of Ecology, Evolution, and Organismal Biology, Iowa State University, 

Ames, Iowa. October 18-19, 2007. 

 

Detecting errors. Conservation Genetics Data Analysis Course, Flathead Lake Biological 

Station, Yellow Bay, MT. September 11-16, 2007. 

 

Genetic monitoring: A cost-effective approach to determining trends in species abundance and 

demography. Co-lead with G.H. Luikart. International Union of Game Biologists XXVIII 

Congress, Uppsala, Sweden. August 13-18, 2007. 

 

Fisher conservation in the northern U.S. Rockies: Combining genetics and field biology to assess 

distribution, connectivity, and demography. Center for Research on Invasive Species and 

Small Populations, University of Idaho, Moscow, ID. May 4 2007. 

 

Wildlife genetics: Estimating the distribution, population size, and connectivity of carnivore 

populations. USFS Skills for Tree Improvement Workshop, Coeur D’Alene, ID. March 

14, 2007. 

 

Monitoring abundance using molecular markers and non-invasive genetic sampling. 

Conservation Genetics Data Analysis Course: Recent Approaches, Porto, Portugal. 

August 30-September 2, 2006. 

 

Landscape genetics reveals wildlife corridors. Co-lead with S.A. Cushman and K.S. McKelvey. 

The Wildlife Society. Anchorage, AK. September 25, 2006.   

 

 

Use of landscape genetics to evaluate barriers to movement in black bears in North Idaho. Co-

lead with S.A. Cushman and K.S. McKelvey. Ecological Society of America, Nashville, 

TN. August 9, 2006.  

 

Hybridization between lynx and bobcats: Management implications and scientific findings. Co-

lead with McKelvey. New York Chapter of The Wildlife Society, Brookhaven, NY. March 

28, 2006.  

 

Conservation genetics of marten and fisher: What we know and what we have to learn. Co-lead 

with K.S. McKelvey and L.F. Ruggiero. Symposium Preceding Western Section of The 

Wildlife Society, Sacramento, CA. February 7, 2006.  

 

Guidelines on the use of molecular genetics for reintroductions. European Union LIFE Nature 
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Symposium on Reintroductions, Caramanico, Italy. March 21, 2005. 

 

An overview of wildlife genetics. US Forest Service’s National Genetics Meeting, Placerville 

CA. April 27, 2004. 

 

How molecular genetic technology can assist forest service management. USDA Seminar Series, 

Washington D.C. June 22, 2004. 

  

Combining field and genetics data for managing western forest carnivores. Co-lead with multiple 

scientists. Biology Seminar Series, Colby College, Waterville, ME. April 2003. 

 

Estimating gene flow and effective population size for ecology and wildlife biology. Co-lead 

with multiple scientists. NW Section Wildlife Society, Hood River, OR. April 16, 2002. 

  

Gaining new insights into Canada lynx management using DNA.  Co-lead with multiple 

scientists. Montana Wildlife Society Meetings, Great Falls, MT. February 28-March 2, 

2001. 

 

Using DNA-based census and effective population size estimators with wild populations. Co-

lead with multiple scientists. Swiss Wildlife Society Monitoring Conference, Zurich, 

Switzerland. February 3, 2000. 

 

Using non-invasive genetic sampling to estimate geographic range and population size of Canada 

lynx. Co-lead with multiple scientists. Swiss Wildlife Society Monitoring Conference, 

Zurich, Switzerland. February 3, 2000. 

 

OFFERED PRESENTATIONS 

 

Spatially explicit power analyses to assess the power to detect trend for the southern Sierra 

Nevada fisher population.  The Wildlife Society.  Winnipeg, Manitoba, Canada. October 

20, 2015.   

 

Evaluating carnivore connectivity and corridors for conservation planning in the northern U.S. 

Rocky Mountains: A landscape genetics perspective. Western Section of the Wildlife 

Society, Sacramento, CA. January 23, 2009. 

 

Should an “umbrella corridor” concept be used for landscape planning?: Empirical results from 

Rocky Mountain carnivores. Montana Chapter of the Society for Conservation Biology: 

Applying Conservation Science to Action Conference. Missoula, MT. October 10, 2008. 

 

Monitoring genetic change in natural populations. Ecological Society of Australia, Perth, 

Western Australia, Australia. November 25-30, 2007. Presentation by F.W. Allendorf. 

 

Assessing fisher distribution and connectivity in the U.S. Rocky Mountains using non-invasive 

genetic sampling. Montana Chapter of the Wildlife Society, Bozeman, MT. February 6-9, 

2007. 
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Hybridization in carnivores: What we know and what we have to learn. Carnivores 2004, Santa 

Fe, NM. November 14-17, 2004. 

 

Hybridization in threatened and endangered species: An overview. Society for Conservation 

Biology, Columbia University, NY. August 1-3, 2004. 

 

Carnivores and highways: An overview of the Lolo Pass projects. Western Forest Carnivore 

Meetings, Spokane, WA. May 1-2, 2002.  

 

Combining genetic and demographic data to understand lynx population dynamics. NW Section 

of The Wildlife Society, Spokane, WA. April 17-19, 2002.  

 

Wolverine research in the U.S. Rocky Mountains. Society for Northwestern Vertebrate Biology, 

Hood River, OR. April 3-5, 2002.  

 

Genetic variation and the conservation of Canada lynx. Society for Conservation Biology Annual 

Meeting, Hilo, HI. July 29-Aug 2, 2001.  

 

Gene flow, genetic variation, and ESUs for Canada lynx. Defenders of Wildlife Carnivore  

Symposium, Denver, CO. November 17, 2000.  

 

Genetic variation in and gene flow between San Joaquin kit fox populations. Ecological Society 

of America Annual Meeting, Snowbird,UT. August 5-10, 2000.  

 

Genetic variation in core and peripheral populations of Canada lynx (Lynx canadensis). Society  

for Conservation Biology Annual Meeting, Missoula, MT. June 9-12, 2000. 

 

Estimating population size and genetic variation in Canada lynx (Lynx canadensis) populations  

using microsatellite DNA. Western Forest Carnivore Meetings, Whitefish, MT. May 2, 

2000. 
 

DNA-based estimates of genetic variation, gene flow and population size of San Joaquin kit fox. 

San Joaquin Valley Wildlife Society Meetings, Bakersfield, CA. March 24, 2000. 

 

Estimating census and effective population size: What's new, what works, and what doesn't.   

Montana Wildlife Society Meetings, Great Falls, MT. February 22-24, 2000. 

 

Sustainable versus unsustainable conservation efforts along the Peruvian Coast.  

Montana Wildlife Society Meetings, Missoula, MT. March 1997. 

 

Humboldt penguin extra-pair mating: A selective advantage or a random occurrence.  

 Department of Zoological Research, Smithsonian Institution, National Zoological Park,  

Washington D.C. August 16 1996. 
 

Evidence of mixed mating strategies in the Humboldt penguin. Graduate Student Conference.  

College of Arts and Sciences, American University, Washington D.C. February 1996.
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TALKS FOR GENERAL PUBLIC 

 

Wolverines: Myths and truths. UM Chapter of SCB / Defenders of Wildlife event at the Roxy 

Theater, Missoula, MT. April 9, 2013. 

 

Wildlife connectivity in the era of climate change. Montana Natural History Center, Missoula, 

MT. December 8, 2010. Missoula, MT. 

 

The state of wolverine genetics: What we know and where do we go from here. The Wolverine 

Foundation, Puyallup, WA. June 27, 2010. 

 

Wildlife CSI. Montana Natural History Center, Missoula, MT. November 5, 2008.  

 

Wild fisher: A forgotten species. Montana Natural History Center, Missoula, MT. April 30, 

2008.  

 

Conservation genetics of fisher and other forest species. Bitterroot Audubon, Hamilton, MT. 

February 2007. 

 

Conservation genetics of birds and other wildlife. Five Valley Audubon Society, Missoula, MT. 

August 2005. 

 

Panel for the reintroduction of the grizzly bear into the Bitterroot Ecosystem. Sponsored by the 

International Wildlife Film Festival, Teller Wildlife Refuge, Stevensville, MT. 1997.  

 

Understanding population viability analysis with regard to reintroduction of the grizzly bear into 

the Bitterroot Ecosystem. Sponsored by the Alliance for the Wild Rockies. September 

1997. 

 

INVITED CLASS TALKS 

 

 Agency research leads to effective conservation. Senior capstone in Wildlife Biology, College of 

Forestry and Conservation, University of Montana, Missoula, MT. April 2015. 

 

 Landscape ecology and genetics in practice. Landscape Ecology, Lead field trip to Clearwater 

Lake/Flathead Lake Biological Station, Yellow Bay, MT. June 2013, 2014. 

 

Landscape ecology meets genetics. Foundations of Landscape Ecology, College of Forestry and 

Conservation, University of Montana, Missoula, MT. May 7, 2013. 

 

Common sampling mistakes in conservation genetics. Research Design, Wildlife Biology 

Program, University of Montana, Missoula, MT. November 2, 2012. 

 

Use of molecular genetics to inform management decisions under the National Forest 

Management Act and the Endangered Species Act. Conservation of Wildlife Populations 

/ Population Dynamics, Wildlife Biology Program, University of Montana, Missoula, 

MT. September 7, 2012. 
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Ran a field sampling lab on non-invasive genetic sampling, followed by an afternoon in the 

laboratory. Foundations of Wildlife Biology, Wildlife Biology Program, University of 

Montana, Missoula, MT. February 21-23, 2012. 

 

The role of agencies in providing scientific information for land management decisions. 

Conservation Biology, Flathead Lake Biological Station, Yellow Bay, MT. July 29, 2010, 

July 22, 2011. 

 

Genetics and Wildlife Management. USFS Carnivore Class, Yellowstone National Park, WY. 

May 2003, 2005, June 2006-2013. 

 

Spatial Genetics. Ecology, Division of Biological Sciences, University of Montana, Missoula, 

MT. October 2009.  

 

Effects of sampling on population genetic results. Research Design, Wildlife Biology Program, 

University of Montana, Missoula, MT. April 20, 2009. 

 

Graph theory and networks: New tools for landscape genetics. Advanced Population Genetics, 

Division of Biological Sciences, University of Montana, Missoula, MT. April 14, 2009. 

 

Discussion on landscape genetics and sampling issues. Beier Lab Group Meeting, School of 

Forestry, Northern Arizona University, Flagstaff, AZ. December 4, 2008 

 

Gene flow in ecological genetics: The good, the bad, and the ugly? Ecology, Division of 

Biological Sciences, University of Montana, MT. October 2008. 

 

Wildlife genetics. Introductory Biology, Division of Biological Sciences, University of Montana, 

Missoula, MT. April 21, 2008. 

 

Spatial genetics. Landscape Ecology, Lolo National Forest, Missoula, MT. August 2007, 

January/July 2008, January 2009. 

 

Do we need to worry about sampling when evaluating gene flow? Evolution and Organismal 

Wildlife Lunch Seminar, Department of Ecology, Iowa State University, Iowa City, IA. 

October 19, 2008. 

 

Forest management, sensitive species, and DNA. School of Forestry, University of Montana, 

Missoula, MT. March 2007. 

 

Fisher detectability, presence, and absence. USFS Regional Training Academy, Missoula, MT. 

March 29, 2007. 

 

How sampling influences genetic substructure results: an evaluation of program STRUCTURE. 

Division of Biological Sciences, University of Montana, Missoula, MT. February 2007. 

 

Genetic monitoring of wildlife. USFS Regional Training Academy, Missoula, MT. March 30, 
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2006, March 29, 2007. 

 

History of research in the USFS. Conservation Ecology, Flathead Lake Summer Course, Big 

Fork Ranger Station, Hungry Horse, MT. August 2006. 

 

Use of landscape genetics for evaluating management options. Division of Biological Sciences, 

University of Montana, MT. February 2006. 

 

What is valid data for estimating species distributions? Ecology, Yellow Bay Biological Station, 

Yellow Bay, MT. July 2005. 

 

Estimating gene flow and effective population size for ecology and wildlife biology. Wildlife 

Biology , University of Montana, Missoula, MT. March 2005. 

 

Detecting movement in carnivores using new technology. Environmental Studies, University of 

Montana, Missoula, MT. September 2004.  

 

Conducting science for land management. Conservation Ecology, Yellow Bay Biological 

Station, Yellow Bay, MT. August 2004.  

 

Does hunting effect the genetics and ecology of bighorn sheep? Graduate Wildlife Science, 

University of Montana, Missoula, MT. January 2004.  

 

Combining conservation and conservation biology: A case study of the Lynx. Conservation 

Genetics, University of Montana, Missoula, MT. December 2003.  

 

Detecting carnivores. Conservation Ecology, Flathead Lake Biological Station, Yellow Bay, MT. 

July 2003. 

 

The use of genetics in population viability analysis. Conservation Genetics, University of 

Montana, Missoula, MT. November 2001 – 2011. 

 

Bottlenecks I: Causes and effects. Advanced Population Genetics, University of Montana, 

Missoula, MT. March 2003. 

 

 

Bottlenecks II: New detection techniques. Advanced Population Genetics, University of 

Montana, Missoula, MT. March 2003. 

 

A case study: El Nino and marine life along the coast of Peru – an example of environmental 

stochasticity. Evolution (Biology), American University, Washington D.C. April 1996. 

 

 

SIGNIFICANT CONSULTATIONS / PRESENTATIONS (See Also Workshops) 

 

USFWS Lynx Species Status Assessment.  Served as an expert presenter for the USFWS at a 

multi-state / multi-agency species status assessment.  My role was to advise on lynx 
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genetics and genomics. October 13-14, 2015. 

 

USFWS West Coast DPS Fisher Peer Reviewer  Served as a peer reviewer for the UFSWS 

decision to list one or multiple DPS units on the West Coast for fishers.  January 2015.  

 

USFWS Sage Grouse DPS and Management Unit Assessment.  Attended a multiday meeting 

to assess if Distinct Population Segments exist for Sage Grouse, and what activities could 

be used to maintain connectivity with a DPS.  September 2014. 

 

USFS Multi-Carnivore Monitoring Strategy   I have lead a group to devise a comprehensive 

Region 1 carnivore monitoring strategy.   This group is R1 Wildlife leadership members, 

RMRS scientists, and USFWS listing coordinators and is focused on lynx, wolverines, 

and fishers.  2014-2015 

 

Montana Fish Wildlife and Parks  I was requested to participate in a small 4 person working 

group to find ways to improve relationships and reduce conflict between the US Forest 

Service and the State of Montana’s Fish Wildlife and Parks.  June 2014-May 2015.  

  

Rocky Mountain Research Station Leadership  Assigned to a restructuring team to evaluate 

ways to improve station efficiency.  June – Sept 2014 

 

USFWS Lynx Substructure.  Consulted with USFWS on latest information on lynx 

substructure on both the East Coast and the Rocky Mountains.  April 2014. 

 

USFS Region 1 Fisher Assessment  Provided scientific guidance towards Region 1 of the 

USFS’ species assessment and conservation plan for the fisher.  2013-2014. 

 

USFS Region 1 Fisher NEPA Studies Served as a scientific advisor to Region 1 of the USFS 

on several administrative studies to understand how fishers use dry forests and rare forest 

types. I consulted on how to design a study and how to interpret results from ongoing 

fisher research at RMRS. Meeting biweekly. 2012 – 2013.  

 

Congressman Daines Staffer  Consulted and provided tour for staffer at Congressman Daines 

office on opportunities to develop a genomics facility and its benefits to conservation and 

management. June 25, 2013. 

 

USFWS Wolverine Monitoring Consulted with USFWS on monitoring issues associated with 

designing a large-scale genetic monitoring program for wolverines. April 25, 2013. 

 

Idaho Wolverine Substructure Consulted with Idaho Fish and Game on genetic issues 

associated with substructure of Idaho wolverines. April 25, 2013.  

 

Managed Relocation Consulted with the USFS National Program Leader in Genetics and 

Global Change Research on best management practices for managed reloction. March 13-

2013 – Present. 

 

California Black-backed Woodpecker Listing Decision I worked with scientists from the 
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California Department of Fish and Wildlife and The Institute for Bird Populations to 

understand if the California black-backed woodpeckers are contiguous with the Oregon 

populations as this species has recently been proposed for listing under the US 

Endangered Species Act. December – June 2013. 

 

Peer Reviewer for Wolverine Listing Decisions Was formally asked by USFWS to review 

their listing decision to list the northern Rocky Mountain population of wolverines and 

their decision to initiate a reintroduction of the species into Colorado. April – May 2013. 

 

Clearwater / Nez Pierce National Forest Carnivore Monitoring Worked with forest biologists 

to design a joint monitoring program for fishers, lynx, and wolverine. December 19,2012, 

January 18/April 2013. 

 

Humboldt Marten Conservation Group I presented genomic data on the subspecies status of 

the Humboldt marten and other subspecies of marten to help determine the validity of 

ESA listing status. October 30, 2012. 

 

Wolverine and Lynx Biology Team I presented research findings and consulted with team 

members to demonstrate the power and efficacy of various monitoring efforts to detect 

trends in carnivore population decline and recovery. October 25, 2012. 

 

Olympic National Park Fisher Reintroduction We are helping USGS and NPS design a 

monitoring study to examine the success of fishers in Olympic National Park. Multiple 

meetings. 2011 – 2013. 

 

Wolverine Biology Team I presented our first round of statistical power modeling results to the 

Wolverine Biology Team. These data show the effort required across agencies and NGOs 

to actually detect trend in wolverine populations over time. September 1, 2011. 

 

Fisher Genomic Data I met with biologists, managers, and policy makers in the Sierra Nevada 

to discuss the implications of our recent findings on ESA listing decisions. See Knaus et 

al. 2011. June 27, 2011. 

 

Fisher Habitat Use Multiple consultations with rangers and forest personnel concerning 

management of forest units and how these landscape altering actions may influence 

threatened fisher populations. Bitterroot National Forest – April 29, 2011, Flathead 

National Forest – January 31, 2011. 

 

Large Scale Landscape Connectivity Multiple consultations with agencies such as Montana 

Fish Wildlife and Parks, USFWS (LCCs), and Northwest Landscape Integrity Group 

(multi-agency group) on interpretation of largescale landscape mapping efforts. August 4, 

2011, September 8/21, 2011, respectively. 

 

National Park Service, Biological Resource Management Division Reviewed a Bison 

Conservation Genetic Workshop Report and Recommendations, which provides options 

for the management of the Department of Interiors bison herds. Additional conference 

calls with the chief of the Biological Resource Management Division and the Endangered 
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Species Program Manager. June – July 2010. 

 

Potlatch Timber Company Consultation with company biologists regarding new fisher genetic 

information and how it may impact future forestry practices. Idaho. June 21, 2010. 

 

USFS Washington Office of Planning (NFS). Consultation regarding the use of genetics in the 

new planning rule. May 10, 2010. 

 

Penobscot Indian Nation and USFWS. Consultation on the species of canids (grey wolf, 

eastern wolf, coyote) found in Maine. December 11, 2009. 

 

National Wildlife Federation, Northern Rockies Regional Center Consultation with sage 

steppe coordinator at NWF office regarding sharp tailed grouse genetics data and the 

delineation of subspecies boundaries. Missoula, MT. December 1, 2009. 

 

Chief of the USFS Review, Northern Region. Presentation and panel: Challenges and 

opportunities in sustaining forest and grassland health. Whitefish, MT. November 2, 

2009. 

 

Aldo Leopold Wilderness Research Institute Participated in a wilderness workshop to help 

determine the direction of the Institute and the future of wilderness research. Missoula, 

MT. April 28-30, 2009. 

 

American Wildlands Provided staff at American Wildlands information on connectivity of 

wolverine and bears and discussed appropriate use of information and how to avoid GIS 

abuses. May 1, 2009. 

 

USFWS, Ecological Services. Reviewed synthesis of wolf taxonomy in the United States, 

including red wolves, eastern wolves, Mexican wolves, great lakes wolves, and grey 

wolves. Consulted with USFWS senior scientists regarding their status and synthesized 

information. May 2009. 

 

Wolverine Biology Team Delivered a presentation on the genetics of wolverine. Missoula, MT. 

October 2. 2007.  

 

USFWS, Listing Branch Gave a presentation on the genetics, ESUs, and effective population 

size of wolverine in the contiguous United States. Consultation continued until 

September 2010. Missoula, MT. September 19, 2007.  

 

Department of Justice Expert witness presenting DNA statistical data for a federal court case 

involving poaching of lynx in Duluth, MN. August 21, 2007. 

 

USFWS, Division of Scientific Authority for CITES Consultation on how hybridization of 

lynx and bobcats and the similarity of appearance between these species should impact 

the US position on delisting bobcats from CITES. May 10, 2007. 

 

USFS, Washington Office Reviewing the proposed removal of bobcats from CITES. January – 
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March 2007. 

 

Coeur D’Alene Tribes Coordinating fisher surveys in the Rocky Mountains. December 8, 2006.  

 

Department of Interior Genetics and taxonomy of endangered species workshop. May 23-24, 

2005. 

 

USFS National Wildlife Strategic Monitoring Steering Committee January – September  

2004. 

 

USFS Region 10 Joint USFS and Fish and Game Seminar. Genetic technology and capabilities 

for estimating abundance of sitka black-tail deer. April 2004. 

 

USFWS  What can DNA provide for management. Juneau, AK. April 2004. 

 

USFS Region 1 Workshop on forest carnivore biology. Carnivore genetics: Implications for 

management and conservation. May 2003. 

 

Watershed, Wildlife, Fisheries, and Rare Plants, USFS, Northern Region Wildlife genetics: 

Providing new information to old problems. June 2003. 

 

Rocky Mountain Research Station Leadership Team Wildlife Genetics in RWU 4201. July 

2003. 

IDT, USFWS, and USFS Lolo Pass partner’s meeting. Overview and Updates on Lolo Pass 

Research Projects. July 2003. 

 

USFS Regional wildlife leaders meeting. The use of genetics for Forest Service Research. July 

2003. 

 

USGS Meeting on procedures for estimating population size of grizzly bears in the Northern 

Continental Divide Ecosystem. Recommendations for laboratory processes. September 

2002. 

 

USFS, Northern Region RIM board. Genetic approaches to monitoring and population 

viability. December 2002. 

 

USFS, Northern Region RIM board. New approaches to predator viability in the Rocky 

Mountain west. December 2001. 

 

CONFERENCE POSTERS 

 

Leopard seal hunting behavior. Co-lead with L.M. Hiruki and P.L. Boveng. Eleventh 

 Biennial Conference on the Biology of Marine Mammals, Orlando, FL. 1995.  

 

Male harbor seal visual and acoustic underwater displays. Co-lead with D.J. Boness and B.  

Buhleier. Eleventh Biennial Conference on the Biology of Marine Mammals, Orlando,  

FL. 1995. 
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The effect of leopard seal predation upon Antarctic fur seals at Seal Island, Antarctica. Co-lead  

with L.M. Hiruki, P.L. Boveng, and J.L. Bengston. Scientific Committee of 

 Antarctic Research Symposium on Biology, Venice, Italy. 1994.  

 

Breeding success and morphological variability of cape petrels on Seal Island, Antarctica. Co- 

lead with J.L. Bengston. Scientific Committee of Antarctic Research Symposium  

on Biology, Venice, Italy. 1994.  

 

RESEARCH FEATURED IN POPULAR PRESS 

 This Week's eWildlifer & TWS Talks. Talk:“Can we predict genetic adaptation to climate 

change” October 13, 2016 

 Science You Can Use (RMRS Bulletin). Sept/Oct.   

 Missoulian. Missoula scientists’ wildlife DNA work tops global ranking.  January 18, 2016 

 Lewiston Tribune, Missoulian, Helena Air. Study holds out hope for cutthroat trout. January 

20, 2016 

 Helena Independent Record. We all have a responsibility: biologists launch unprecedented 

multistate wolverine study.  January 14, 2016. 

 Billings Gazette, Missoulian, Helena Independent Record. Scientists try to coordinate rare 

carnivore research.  December 26, 2015. 

 Montana Magazine. Wonders of the wild.  Nov/Dec 2015 

 Quartz News Digest. Superwolves, new butterflies, and all the hybrid species evolving before 

our eyes. June 4, 2015. 

 KPAX-TV. Missoula lab revolutionizing use of DNA in animal studies. March 30, 2015. 

 Billings Gazette, Missoulian, U.S. Forest Service: New Missoula lab uses DNA to expose 

hidden wildlife.  March 3, 2015. 

 LA Times, California’s only known wolverine nearing end of his natural life. January 16, 

2015. 

 Huffington Post, AP, ABCNews. California’s only wolverine spotted in Sierra Nevada.  

January 10, 2015. 

 On Earth, Forging a new path. September 2014. 

http://www.onearth.org/articles/2014/09/designing-wildlife-corridors-how-to-build-a-better-

mouse-trap 

 Montana Outdoors, Reading an animal’s “fingerprints”.  March-April, 2014. 

 Reuters / NBC, New species of ugly, big-headed fish found in Idaho and Montana. January 

30, 2014 

 Spokesman Review, Cedar sculpin fish species discovered in region’s streams. January 30, 

2014 

 Missoulian / KPAX TV, Study finds twice as many mountain lions in Bitterroot as expected. 

January 9, 2014 

 LA Times, Furry fishers, don’t blame the gold rush. March 8, 2013 

 National Wildlife, On the trail of the ghost cat.  March 2013 

 High Country News, Wildlife Biology Goes High-Tech, December 27, 2012. 

 Adirondack Daily Enterprise, April 21, 2012. Moose genealogy. 
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 Inside Science / US News and World Report, January 19, 2012. Designing Wildlife Corridors 

in the Digital Age  

 Science News, August 27, 2011. Genes, sightings, retrace path of cougar’s journey. 

 CBS News. Tale of Wandering Cougar Seen as Harbinger, July 29, 2011.  

 Live Science, July 29, 2011. Cougar’s record-breaking trek reveals larger trend. 

 National Public Radio, July 27, 2011. Connecticut mountain lion likely came from the Black 

Hills 

 New York Times, July 26, 2011. Wild cougar traveled east 1,500 miles, tests find. 

 Land Letter, April 28, 2011. “Scientists probe genetic component of climate-hardy species.” 

 Montana Magazine, March/April 2011. “Protecting a predator.”  

 The Missoulian, February 24, 2011. “Biologists hunt for fisher hair in Fish Creek” 

 The Sacramento Bee, Feb. 20, 2011. “Lone wolverine continues to roam Sierra” 

 Big Ideas for a Small Planet (Sundance Channel) October 2009. – Detector dogs. 

 The Missoulian, April 10 2009. “Super sniffers - Group trains canines to pinpoint scat, snails 

- even noxious weeds “ 

 The New York Times, March 2009. “Tools That Leave Wildlife Unbothered Widen Research 

Horizons”  

 Chicago Wilderness Magazine, Summer 2008. “Cougar Killed in Chicago”  

 Bloomberg News, May 14, 2008. “Wolverines Return to California, Scaring Bears, Mountain 

Lions”  

 Chicago Tribune, April 30, 2008. “Scientists clamor to study cougar shot in Chicago”  

 Wichita Eagle, April 18, 2008. “Cougar killed in Chicago may be from S. Dakota”  

 Sioux Falls Argus Leader, April 17, 2008. “Likely Black Hills cat shot in Chicago”  

 Washington Post, April 16, 2008. “Young, Restless Cougars Roaming Eastward”  

 Redding Record Searchlight, April 13, 2008. “Scientist: Wolverine seen in Sierra Nevada 

came from Rockies”  

 San Francisco Chronicle. April 3, 2008. “Scientists: Tahoe Wolverine not from state”. Story 

also covered by Sacramento Bee, Sierra Sun (Truckee CA), KNCO Radio, and Redding 

Record Searchlight. 

 Defenders. Summer 2007. “Quest for a forest phantom.” 

 Coloradoan. May 7, 2007. “Why are bighorn sheep struggling in Rocky Mountain National 

Park.”  

 Casper Star Tribune. January 29, 2007. “Decade long cougar study nears end” 

 Great Falls Tribune. Jan 18, 2007. “Lion lessons” 

 Great Falls Tribune. Jan 18, 2007. “Follow that cat!” 

 Horizon Air Magazine. July 2006. “Fascinating Fishers.” 

 Woods-N-Water Magazine.  May 2006. DNA analysis from the Michigan Thumb Wolverine. 

 Missoulian. June 14, 2005. “Missoula researcher honored as top young scientist.” 

 New Scientist. November 10, 2004. “Moas on decline before humans arrived.” 

 Cali. Acad. of Sci.: California Wild: Nov. 17, 2004. “Moas on decline prior to human 

arrival.” 

 Bangor Daily News. August 28, 2003. “Canada lynx bobcat hybrids confirmed in Maine” 

 Portland Press Herald. August 28, 2003. “A rare, curious hybrid” 

 Duluth News Tribune June 3, 2003. “Cross-breed of bobcat lynx found” 

 Minnesota Public Radio April 24, 2003. “The missing lynx” 
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 CBC North Radio February 6, 2002. Radio Interview 

 Denver Rocky Mnt. News February 2, 2002. “Study shows lynx really get around” (AP Wire) 

 Science News February 2, 2002. “Genetic Lynx”  

 National Geographic News February 2002. “Lynx needs habitat corridor protection, study 

suggests” 

 

PUBLISHED PHOTOGRAPHS 

 

Book Cover (Zielinski 2011) Photo of a fisher. 2011 

Missoulian Fisher (Martes pennanti) photo in April 26 paper. 2010. 

USFS Kids in the Woods Photo Contest Honorable mention. 2009. 

Bluebird Cover photograph spring issue. 2002. 

Science News February 2 issue. 2002. 

Proceedings of the National Academy of Sciences May 8 issue. 2001. 

Ecological Society of America Bulletin Cover photograph January. 1999. 

Bioscience Cover photograph October. 1996. 

General Biology Laboratories Cover photographs (3). 1996. 
 

MEMBERSHIP IN PROFESSIONAL SOCIETIES 

 

 Ecological Society of America 

 Society for Conservation Biology  

 Fauna and Flora International 

 

 

ASSOCIATE EDITOR OR REVIEWER 

 

Associate / Handling Editor 

 Conservation Biology (Handling 

Editor, 2011-present) 

 Marine Mammal Science (Guest 

Associate Editor - 2009-Present) 

 Conservation Genetics (Associate 

Editor, 2006-2012) 

 North Eastern Naturalist (Guest 

Associate Editor in 2008) 

 

Reviewer 

 National Science Foundation 

 USFS & USFWS –Internal Grants 

and Panels 

 Acta Theriologica 

 Alaska Sea Grants 

 Animal Conservation 

 Arctic 

 Auk 

 Biodiversity and Conservation 

 Biological Conservation 

 Biology Letters 

 BioScience 

 BMC – Evolutionary Biology 

 Conservation Biology 

 Ecology 

 Ecological Applications 

 Ecology and Society 

 European Journal of Wildlife 

Research 

 Global Change Biology 

 Journal of Mammalogy 

 Landscape Ecology 

 Marine Biology 

 Marine and Coastal Fisheries 

 Marine Mammal Science 

 Molecular Ecology 
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 Molecular Ecology Resources 

 National Geographic Society – 

Conservation Grants 

 Oikos 

 Proceedings of the Royal Society of 

London (Biological Series) 

 PLOS One 

 Science 

 Trends in Ecology & Evolution 

 Ursus 

 Wildlife Biology 

 Journal of Zoology (London) 

 Journal of Wildlife Management 

 

SERVICE AND VOLUNTEER ACTIVITES (See Also Public Talks) 

  

2012-2015 

2014 

2011-2012 

2010-2011 

Level 3 Certified Hockey Coach 

Little League Baseball Head Coach (U10) 

Level 2 Certified Hockey Coach  

Level 1 Certified Hockey Coach 

2011-2009 Coach – U6 Boys Soccer, U8 Boys Soccer 

2003-2004 Neighborhood Council Leadership Team 

2001-2004 NSF: IBScore Undergraduate Mentor 

1998-2002 Film Judge: International Wildlife Film Festival  

1999-2000 SCB 2000 Local Organizing Committee 

1998 

1997-1999 

Montana Science Fair Final Judge 

Montana Public Radio – Wrote and Read “Field Notes” 

1997 Quantitative Ecologist Search Committee – University of Montana 

1997 Training Peruvian Students in Field Ecology (Radio-tracking) 

1997 Forest Pathology and Entomology Search Committee – University of Montana  

1996 Smithsonian Folklife Festival, Washington D.C. 

1995-1996 Field Biologist: Cave Invertebrates Studies, Organ Cave, WV 

1994-1996 LIFE Education Program, National Zoological Park, Washington D.C. 

1994-1996 Graduate Student Evaluation Committee, Biology Department, American Univ. 

1994 Chairman Search Committee, Graduate Rep., American University 

 

OTHER SKILLS AND TRAINING 

 

2004, 2009, 2011, 2014 

2004-2009, 2014 

Wilderness First Aid and CPR 

Defensive Driving, USFS 

2003 

2003, 2009 

Supervisor Training 

Bear Spray Training 

2003, 2007, 2012 Media Training, USFS 

2002 First Aid Training, USFS 

2002 Sawyer Class B (Limited), USFS  

2002 Snowmobile Certified, USFS 

2002 

1999 

1996 

Avalanche Awareness, USFS 

Animal Handling and Immobilization 

DNA Fingerprinting and Microsatellite Development 

1996 Radiation Safety, Smithsonian Institution 

1992 Wildlife Inflicted Injury First Aid 

1992 First Aid Training, NOAA  

1988 YMCA Certified Scuba Diver 
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REVIEWER 1 
Peer Review of: 

U.S. Fish and Wildlife Service Draft Species Status Assessment for the Canada Lynx  
(Lynx canadensis) 

An External Scientific Peer Review 
February 22, 2017 

 
Questions for Peer Review 
 
Available Data 
 
Please identify any oversights or omissions of data or information, and their relevance to the assessment. 
Are there others sources of information or studies that were not included that are relevant to assessing the 
viability of this species? What are they are how are they relevant? 
 
Provide advice on the overall strengths and limitations of the scientific data used in the document. Have 
the authors been explicit about assumptions and limitations of, and concerns regarding, the data, and are 
these appropriately qualified or explained? Are there concerns that the Service did not identify, and if so, 
how relevant are these concerns to the assessment of viability of lynx in the contiguous U.S.? Are there any 
inconsistencies in how the data are presented or assessed? 
 
Overall, this is an impressive and well-thought out document. There are relatively few oversights or 
omissions, the larger issue is improving the description of the original research because of strengths and 
limits in the data. However, that is done relatively infrequently given the length of this document and its 
content. There are also a couple of items that I consider are most important in terms of recommended 
changes in my opinion—these are detailed below at the bottom on page 9. In this section I discuss these 
issues with reference to line numbers, with the additions or changes that I suggest.  
 
Snowshoe hare population cycle. While the cycle has been cited and described many times in the peer-
reviewed literature, a couple of recent papers could perhaps be cited in the discussion on 6-12++. 
Somewhere in the document there is text about 11 year cycle, I'd go with approximately decadal. These 
citations are about lynx range to the north of the DPS though: 
 

Krebs, Charles J., et al. "What factors determine cyclic amplitude in the snowshoe hare (Lepus 
americanus) cycle?." Canadian Journal of Zoology 92.12 (2014): 1039-1048. 
 
Krebs, Charles J., et al. "Synchrony in the snowshoe hare (Lepus americanus) cycle in northwestern 
North America, 1970–2012." Canadian Journal of Zoology 91.8 (2013): 562-572. 

 
In this discussion it would perhaps be better to elaborate somewhat the term "large". Sometimes there were 
large numbers of lynx, other years of peaks there weren't so many, and it would also depend on geographic 
location in the U.S. It would also be good to clarify that at the same time lynx were moving into areas that 
we consider lynx to be able to live today (the DPS units).  
 
Lynx distribution in Canada. It would seem more appropriate to not describe the lynx population as centered 
in north-central Canada (13-26) and instead indicate that it is broadly distributed across Canada. Some of 
the recent papers seem to imply an east and west distinction in Canada in terms of genetic interchange, but 
based on peer-reviewed literature there is a consistent lynx presence across Canada.  
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Deep fluffy snow and efficiency. I think their is a little too much emphasis on the ability of lynx to move 
in deep fluffy snow. Examples of this are on 5-24, 8-7, 21-32, 38-23, and in other locations where the terms 
"deep fluffy snow" are present (search on "fluffy"). I also question whether the movements should be 
described as "efficient" as in 5-26. In the context of comparison to competitors of lynx (e.g., coyotes and 
bobcats) there is no question that foot-loading of lynx is less given foot size and body mass. However, what 
lynx benefit most from is the presence of a crust in the snow. The crust enables them to walk on top of the 
snow. If there is a new snowfall, they will go through the new snow until they hit the crust. I understand 
the goal of using the terms but I think it should be phrased in the context of relative ability to move. Part of 
the reason for my saying this is some videos that I have seen and/or taken.  
 
There are further implications of snow quality for both lynx and for snowshoe hare for lynx movement and 
predation success. This is my opinion based on our lynx trapping: Early in the winter when there is snow it 
is easier for lynx to catch snowshoe hare. Later in the winter, when days are longer and sometimes warmer, 
crusts form on the snow. These crusts are beneficial for snowshoe hare more than for lynx. We had the best 
trapping success later in the winter (February and March) because snowshoe hare were better able to evade 
lynx, and because there were fewer snowshoe hare (lynx had eaten some). I do not believe this is 
confounded by movements during the breeding season because we would catch both male and female lynx.  
 
It is better phrased in 65:41++ in the context of restricting access – but there isn't text about being efficient.  
 
Climate change impacts. Both "upward in elevation" and "receding northward" should be included in 
discussions of climate change impacts, unless are focused only on Maine and Minnesota (186-24). There is 
not enough elevational relief in MN to have a upward movement.  
  
Climate change in Minnesota. It is important to cite Galatowitsch et al. here – The first reference for changes 
in habitat, although not specific to lynx. Text is on 187++.  
 

Susan Galatowitsch, Lee Frelich, and Laura Phillips-Mao. 2009. Regional climate change 
adaptation strategies for biodiversity conservation in a midcontinental region of North America. 
Biological Conservation 142:2012-2022. 

 
Forecasting future conditions. One of my concerns at the elicitation workshop and in the SSA is the length 
of the forecasting window—Can we really project conditions to 2100, especially given the uncertainty with 
respect to climate change? There is no uncertainty in my mind that we will have climate change, the 
uncertainty is the magnitude of change, the rate of change, and the response of plant species, emergence of 
new communities, and the response of animals. Thus, I would phrase the text in 8-32 and elsewhere a bit 
more carefully. We can be reasonably confident in predictions through 2030 or 2040 perhaps (10 or 20 
years) but we would then need to qualify predictions beyond that by saying there is much more uncertainty 
further into the future. Projections are based on current knowledge, but we are entering an era in which we 
have to extrapolate—there are not comparable past experiences for which we have data that can be used.  
 
This same issue comes up again in the table on 159-1++. The text talks about probability, but it really is not 
what I would call probability. It is quantitative estimate because were asked to give a number at the 
workshop, and then values were averaged/median, variance, etc. However, there is very large uncertainty 
that far into the future, and I am sure that others on the panel would agree. We can say something reasonable 
for 10 years into the future, but 80 years into the future? I don't think we should say that, even if one can 
ask several people the answer to a question and come up with statistics on the answer. Related to that is the 
next comment on "confidence intervals." 
 
Use of term "confidence intervals". In these figures (for each DPS unit) where opinions of experts can be 
used to calculate a mean and variance, it is important to strongly indicate that the CI's are on opinions of 
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experts—biological basis but not based on measurements. To me it seems to imply a false precision. 
Similarly arises on 220-26++ in the context of persistence.  
 
Disappearance of suitable habitat with climate change. I am not sure that I agree with this statement. With 
climate change, and with a high scenario, I do believe that lynx habitat in MN would disappear (see 
Galatowitsch et al. 2009). Text is on 160-1++  
  
 
Climate change in Washington. I wonder if 202-35 should be phrased to say "no control" instead of "little 
control". Climate change is a global issue.  
 
Mountain vs. Southern edge. In 62:5++ the discussion of snow conditions and vegetation. Can vegetation 
move fast enough to keep up? It might be beneficial to state that the rate of climate change is much faster 
than in historical record.  
 
Connection with Canada. It seems like for most segments of the DPS at the present time that a connection 
with Canada and cross-border movement is more important to the persistence of lynx in the units than 
implied in 199-10++. There are 2 issues, one is the immigration of lynx into the U.S. DPS, and then the 
second is the movement out of the DPS. The cross-border movement issue arises again in 218-4 – it is not 
just irruptions of lynx, we also see lynx moving from our units into Canada (I think documented for ME, 
MN, and MT at least). About 1/3 of lynx radiocollared in Minnesota were in Ontario at one point.  
 
One of the unknowns related to this is the extent to which resident lynx in Minnesota were born in 
Minnesota.  
 
Northern edge of bobcats. 73:31-32 Biologically correct, but ESA is in U.S., not Canada. I wonder if 
this should be used in the context of the southern edge of lynx distribution being further from the DPS, 
which would make periodic supplementation of DPS less likely?  
 
Lynx / Bobcat. 21-37 text and 37:7 text says that lynx and bobcat are easily confused. This seems to be too 
much of a simplification. From a quick glance yes, but behaviorally and when able to see it is not so 
difficulty. However, it might be good to indicate that for the public, there can be confusion. Some people 
even seem to think they are the same species, based on some of the sightings reports we have received. 
Others ask which it is – bobcat or lynx – e.g., on trail camera pictures.  
 
Lynx den site selection. 23-19 text says that lynx den site selection is affected by hare abundance. Other 
factors listed for den site selection can be tied to nutrition, but den site selection doesn't seem to fit unless 
the intent is to say that lynx will not den where hare density is low at the landscape level. However, the use 
here is not consistent with the other items listed.  
 
Hare habitat. In 25-37 text says that hare habitat quality shifts continuously, and I think should be clarified 
to indicate some sort of time scale. Continuously could imply a dynamic shifting on a daily basis, for 
example.  
 
Tip-up mounds as dens. In 26-37 text says that tip-up mounds are used as dens. At least in Minnesota, the 
dens were placed at the top end of a fallen tree under branches, we never had a den at the base of a tree in 
a tip-up mound.  
 

Moen, R. 2009. Den sites of radiocollared Canada Lynx in Minnesota 2004-2007. NRRI Technical 
Report No. NRRI/TR-2009/07. 
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Hare evolution. I wonder if at least a caveat should be placed near 68:16++ covering the issue of evolution 
by hares—they would be under strong selection pressure to modify date of hair color change. Not sure if it 
would be possible, but it could happen (moths in England as classic example, but perhaps under slightly 
different genetic control).  
 
Home range method. The type of home range calculation (MCP vs. kernel) should be specified. It is not 
given in 28-1++ and 30:27++, 103-14++.  

 
Home range size. Home range size in recent times could cite Burdett et al. (2007 J. Mammalogy) although 
they did not place it in the context of the lynx/hare cycle—was north vs. south contrast. Found in 28:20.  
 

Burdett, C.L., R.A. Moen, G.J. Niemi, and L.D. Mech. 2007. Defining space use and movements 
of Canada lynx with global positioning system telemetry. Journal of Mammalogy 88(2):457-467.  

 
Density in boreal vs. south. It would be more correct to indicate that densities do not reach those in the 
boreal forest instead of using a qualifier like regularly—I don't know of anywhere in the DPS units where 
densities in south reach north densities in the north. This is in 87-12 text.  
 
Female kitten production. I wonder if a general table contrasting DPS units would be useful. 130-13++ has 
details for Montana. I don't think the same or similar detailed presentation is given for other units.  
  
Fitness of kittens. 29:23++ what said about low phase seems correct. It seems more appropriate to say the 
contrast of high kitten mortality during low phase is the largest difference, and that a kitten born during the 
high phase has higher survival and therefore a higher potential for reproduction in high phase. The issue I 
see is that there are more kittens born during high phase, and they don't all reproduce—so it wouldn't be as 
stark as this wording seems to imply. When able to survive, then they have a chance of reproducing.  
  
Marten and Lynx. In 31:31 both predators and competitors are used in the same subject—it would be cleaner 
to separate out which are predators and which are competitors, or maybe which are both and which are just 
competitors.  
 
Access by competitors. Instead of saying may have free access, it would be better to say something like 
increased access, I think. Free access is never available. (89-39). 
 
Landscape size. Would it be better to indicate size of landscape here—or could we have a basis for knowing 
how big of a landscape is large and then just the descriptive term "large" can be used (32-2)?  
 
Land use in Maine: it doesn't seem too relevant that forest area has increased by 0.79%--might be better to 
say that it is stable (87-34). Also in this section the change in the future associated with human population 
increase is discussed, but is not placed in the context of expansion of human population within area of DPS. 
Perhaps it should be.  
 
Land use in Colorado. It would be good to discuss what the percent of land area covered by ski areas is—
text says small proportion 94-16++ but is this < 1%, < 10%, etc. Issue also comes up in 212-42++. It would 
be good to make a better case for importance of ski  areas in fragmentation. I remember John Squires 
showed clear responses by lynx at at least one ski area from his presentation. 
 
When describing the Colorado DPS unit (151-15++) it would be nice to have a map if allowed.  
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Mining in Minnesota. In the past mining has had a smaller footprint, but there are now proposals to increase 
mining with a shift to extraction of non-ferrous metals. Discussed in 94-25++. As part of this process, there 
was recent approval of a land exchange by the Superior National Forest, but this will be challenged in court.  
 
Legal status of lynx in MN. This is critical. In the most recent change, lynx were classified as a Species of 
Special Concern in Minnesota (191-3). This is not state-listed in the typical manner (Threatened or 
Endangered) but a lower class that does not result in restrictions—moose, for example, as also a species of 
special concern now.  
 
http://www.dnr.state.mn.us/rsg/definitions.html 
http://files.dnr.state.mn.us/natural_resources/ets/endlist.pdf 
 
State Forest issue: Text is on 168-39, discussion of State Forest laws (Maine) as opposed to state forests 
(areas of land) that seemed like it could use clarification. Simply adding laws to state forest would have 
fixed it, I believe.  
 
Liver fluke in lynx. Mentioned in Maine (183-27). First, it would be good to put latin name here 
(Platynosonum fastosum) because there is a much better known liver fluke of livestock that also infects 
wild ruminants (Fascioloides spp.). A literature search did not indicate that ps had been found in wild cats, 
but perhaps it has as an unpublished source that should be included. There were several papers in the 1970's, 
again in the late 1990's, and a review published in 2014: 
 

Basu, A.K. and R.A. Charles. 2014 A review of the cat liver fluke Platynosomum fastosum 
Kossack, 1910 (Trematoda: Dicrocoeliidae). Veterinary Parasitology 200:1–7 
(http://dx.doi.org.libpdb.d.umn.edu:2048/10.1016/j.vetpar.2013.12.016) 

 
The cat liver fluke had been found as far north as Ohio and Illinois, typically it was a disease of more 
tropical areas.  
 
Formal PVA. We just published a PVA for lynx on Isle Royale (Licht et al. 2016). Technically this is 
outside the DPS, but it is very close to the MN portion of DPS. There was also the more general modeling 
approach of Steury and Murray (2004) that is already cited in the SSA. 
 

Licht, D.S., R. Moen, and M. Romanski. Modeling Viability of a Potential Canada Lynx 
Reintroduction to Isle Royale National Park. Natural Areas Journal. In press. 

 
Also brought up later (98-27++) in the context of a lack of data. On the other hand, it should be possible to 
generalize across locations, although it would be necessary to defend expectations. Steury and Murray set 
the groundwork, but a PVA approach would probably be an improvement. 
 
Lynx in Minnesota. Population size is probably best put at 50 – 200, or something similar. The text says 
"hundreds"  in 96-42 which could mean 500 lynx. Unlikely that there are that many. This is also referred to 
again (120-7) with statement that we have no estimates of lynx densities in MN. I did do some work 
estimating density, by comparing to adjacent Ontario. However, if the intent here is to say that there are no 
regular surveys done to estimate population, that is correct. Same issue arises in 216-24 and 44-18++. The 
reference in which these issues are discussed is: 
 

Moen, R. 2009. Canada lynx in the Great Lakes region. 2008 Annual Report. NRRI Technical 
Report No. NRRI/TR-2009/06. 
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Lynx in Minnesota and Ontario. Text is in 98-25++. One thing that is probably missing for MN is the extent 
to which the MN population is a part of the ON population. The movement to the north (and return is 
documented, and it is likely in my opinion that in the past, but especially in the recent years (since 1980's) 
periodic supplementation of lynx in MN with lynx from ON has happened, and is important for maintaining 
population over the long-term. If a fence were built and maintained that prevented movement back and 
forth, stochastic processes would likely result in disappearance of lynx from MN much sooner.  
 
Lynx and snowshoe hare habitat in MN. It seems odd that 60% of lynx habitat on SNF is suitable for 
snowshoe hare (119-18++). It would seem that all habitat suitable for lynx would also be suitable for 
snowshoe hare. Similarly, that only 23K acres are unsuitable for lynx in SNF. Although I guess what this 
would then imply is that there is some factor that is preventing lynx from establishing themselves in SNF.  
 
Bobcat hunting with dogs. As written this is correct, but to my knowledge there is essentially no bobcat 
hunting with dogs in NE MN. Dogs are used in NW MN and North Central MN, but in NE MN harvest is 
primarily by trapping. Yes, the potential is there, but in reality until cultures change it will not happen to an 
extent that it shoudl be included here.  
 
Precision. I would say that survival cannot be estimated to 4 decimal places (154-4). Even if original 
publication carried out this many decimal places, I wouldn't use it.  
 
Isle Royale. 2015 paper by Licht et al. should be cited (97-28). Extirpation human-caused.  
 

Licht, D.S., R. Moen, P. Brown, M. Romanski, and R. Gitzen. 2015. The Canada Lynx of Isle 
Royale: overharvest and climate change in the extirpation of an island population. Canadian Field 
Naturalist 129:139-151. 

 
Lynx dispersal to the north. In some cases lynx that were radiocollared in Minnesota would move to the 
north, and live for years. Mostly this was female lynx, and we would get a call from either the OMNR or 
the trapper indicating they had recovered the collar. Many of these lynx went all the way to the eastern edge 
of Lake Superior (Ontario side). This text is 100-31++. It probably should be stated that lynx do leave MN 
(not so sure how important for other DPS units) and not return. Males would generally go north and then 
return, females would generally stay. As I said above, given that about 1/3 of lynx radiocollared in MN 
were located in Ontario at least once, this is not trivial.  
 
Lynx dispersal. Given the nature of the border (Boundary Waters Canoe Area) and observed movement of 
lynx based on radiotelemetry (the one paper that I wish I would have been able to revise) that documents 
distance of movements, it seems unlikely that connectivity would be compromised. The text could maybe 
be left in as a "This is theoretically possible" phrase, but it doesn't seem like it should stay in without 
evidence to the contrary.  
  
Chippewa and Chequamegon-Nicolet National Forests. Given their locations relative to existing lynx 
habitat, it seems like this would be a good opportunity to ask whether the forests should consult regarding 
lynx (185-21). If there is a low likelihood of lynx presence, and if present the lynx is a dispersing individual 
rather than a resident, should this consultation be continued? 
 
Plan for lynx incidental take in Minnesota. Based on informal discussions with DNR employees, my 
understanding was that the plan was in the hands of the FWS, the text here indicates that it is still being 
developed by the DNR. It would be good to clarify this.  
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Fires in Minnesota. Although fires are discussed already (189-1++), it might be good to include additional 
information. Overall, 3 recent fires have burned about 20% of northern NE MN, and a windstorm in 1999) 
covered significant percentage too.  
 
Citation for lynx harvest in Minnesota stopping. Text is on 53-34. Seems like there should be a better 
citation than the workshop, but I can't find one either. Maybe the MN DNR HCP if they did one?   
 
1854 Treaty Authority/Fond du Lac Reservation. Text is on 59-2++. Because are referring to Critical 
Habitat, Fund du Lac reservation is out—they are just south/west of the Critical Habitat boundary. The 
1854 Treaty Authority does not own land, but is responsible for implementation of treaty. I don't know if 
they should be mentioned here.  
 
      
  
Analysis of Available Data 
 
As I indicated above, the analysis is pretty complete, which would be expected given that parts of it are 
derived from the expert elicitation workshop, and other parts are derived from past work on lynx by FWS. 
The items I highlighted are for the most part qualifications and refinements.  
 
The one possible action (which I am not recommending) would be some sort of a PVA. I understand that 
data is not being collected at each unit, but if we were to take data collected across units (as well as in 
central area of lynx distribution) I think there would be some sort of a reasonable PVA output. I would be 
more  confident in a PVA like this than I would be in the probabilities of persistence to 2100.  
 
Have the assumptions and methods used in the SSA report been clearly and logically stated in light of the 
best available information? If not, please identify the specific assumptions and methods that are unclear or 
illogical. 
 
I have indicated above where I felt that there were errors in logic and where items should be clarified.  
In other simpler cases that did not require elaboration in longer text I just did simple editing in 
Moen_SSA_Cut.docx. 
 
Are there demonstratable errors of fact or interpretation? Have the authors of the SSA report provided 
reasonable and scientifically sound interpretations and syntheses from the scientific information presented 
in the report? Are there instances in the SSA report where a different but equally reasonable and sound 
interpretation might be reached that differs from that provided by the Service? If any instances are found 
where this is the case, please provide the specifics regarding those particular concerns. 
 
Instances are identified in the text on pages 2 to 8 above, and also in Moen_SSA_Cut.docx. The extent of 
importance will depend on more than me and my opinion, I indicated where there was the potential for 
issues.  
 
I understand it is likely that some of the suggestions I make are not important enough to consider, and others 
are automatic. As I look back over the text I wrote I think these are the critical items (expanded on above) 
are: 
 

1. Deep fluffy snow issue 
2. Forecasting future persistence – the 2100 estimates and how it was created. Associated with this 

is the use of the "confidence interval" term.  
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3. Connection with Canada and northward movement of lynx in the DPS. May be most relevant to 
MN because of lack of barriers. 

4. Species status in Minnesota.  
 
That is not to imply that the other comments should not be considered, it is just that these 4 items need more 
elaboration because of the potential for misinterpretation or misreading.  
 
Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have the scientific 
uncertainties present given the data and the analyses conducted been clearly identified and has the degree 
of uncertainty been appropriately characterized? If not, please identify any specifics concerns. 
 
My biggest concern here is the use of averages of expert opinions to create mean and variance estimates 
for future conditions to 2100. I elaborate on this in the comments above.  
 
Additional Background 
 
The Species Status Assessment framework is a new tool the U.S. Fish and Wildlife Service is using to 
improve transparency while conducting listing determinations and other Act actions, and peer review of 
our analyses of the viability of species is part of that new process. As you will see, the attached draft SSA 
report is a rough draft; we are seeking your comments at this stage to ensure that we have time to 
incorporate any substantial comments as we finalize the report.  
 
 
In general we ask that your comments on the draft SSA report focus specifically on whether the best 
available information was used, the quality of the scientific information,  and our interpretation and 
analyses of the data with regard to the species’ viability in the contiguous United States. We request that 
you direct your review to the scientific issues and assumptions related to your expertise.  
 
 
Citations from a literature search. I have not had a chance to review these.  
 
Pozzanghera, C. B., et al. "Variable effects of snow conditions across boreal mesocarnivore 
species." Canadian Journal of Zoology 94.10 (2016): 697-705. 
 

This paper actually talks about snow depth / fluffiness. From abstract context fits somewhat with 
my comments.  

 
Simons‐Legaard, Erin M., Daniel J. Harrison, and Kasey R. Legaard. "Habitat monitoring and projections 
for Canada lynx: linking the Landsat archive with carnivore occurrence and prey density." Journal of 
Applied Ecology (2016).  
 

Probably covered in U of Maine report citation.  
 

Krebs, Charles J., et al. "What factors determine cyclic amplitude in the snowshoe hare (Lepus americanus) 
cycle?." Canadian Journal of Zoology 92.12 (2014): 1039-1048. 
 
Krebs, Charles J., et al. "Synchrony in the snowshoe hare (Lepus americanus) cycle in northwestern North 
America, 1970–2012." Canadian Journal of Zoology 91.8 (2013): 562-572. 
 
Burstahler, Christa M., et al. "Demographic differences in diet breadth of Canada lynx during a fluctuation 
in prey availability." Ecology and Evolution 6.17 (2016): 6366-6375. 
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Hornseth, Megan L., et al. "Habitat loss, not fragmentation, drives occurrence patterns of Canada lynx at 
the southern range periphery." PloS one 9.11 (2014): e113511. 
 
Majchrzak, Yasmine. "The Role of Food in the Snowshoe Hare–Canada Lynx Cycle." ARCTIC 69.4 
(2016): 450-453. 
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REVIEWER 2 
Peer Review of: 

U.S. Fish and Wildlife Service Draft Species Status Assessment for the Canada Lynx  
(Lynx canadensis) 

An External Scientific Peer Review 
February 16, 2017 

 
Questions for Peer Review 
Available Data 
1. Please identify any oversights or omissions of data or information, and their relevance to the  
assessment. Are there others sources of information or studies that were not included that are  
relevant to assessing the viability of this species? What are they are how are they relevant? 
Response: For the most part, the SSA is a comprehensive review and assessment of the status  
of lynx in the DPS, and the USFWS and the Lynx expert committee should be commended for  
their efforts. I believe that they have accessed virtually all the relevant data that I am aware of 
on lynx, hares, climate change, and forest succession, in the regions of interest. They have  
conducted an exhaustive review of the literature to support the assessment. Nevertheless, I  
found several omissions that I think, upon review, will help strengthen the document. 
Murray, D et al. (1995). Hunting behaviour of a sympatric felid and canid in relation to  
vegetative cover. Animal Behaviour 50: 1203‐1210. This paper is probably the most  
comprehensive analysis of relationships between lynx, snow, and snowshoe hares. 
Lyons, A et al. (2016) Canada lynx carrying capacity in Washington. Final Report. Washington  
Department of Fish and Wildlife. December 2016, 31pp. This recent report undertakes a  
number of analyses, with mixed success, to estimate lynx carrying capacity in Unit 4. 
Keith, LB (1990) Dynamics of snowshoe hare populations. In Current Mammalogy. Edited by  
H.H. Genoways. Plenum Press, New York. pp. 119–195. This is an exhaustive analysis and  
synthesis of the demographic differences in snowshoe hare populations across their  
geographic range. 
Murray, D (2000) A geographic analysis of snowshoe hare population demography. Can. J. Zool.  
78:1207‐1217. To my knowledge, this is the only quantitative analysis comparing northern  
and southern snowshoe hare population dynamics and demography. 
Murray, D.L. 2003. Snowshoe hare and other hares. Wild Mammals of North America. Vol II.  
(G.A. Feldhamer and B. Thompson, eds.) Johns Hopkins University Press. pp. 147‐175. An  
exhaustive review of snowshoe hare population dynamics, including relevant information  
2 
on population ecology in the southern range, food limitation at lower latitudes, and stem  
density estimates needs for hare population sustainability. 
Peers, M.J.L. et al. (2014) Prey switching as a means of enhancing persistence in predators at  
the trailing edge. Glob. Chang. Biol. doi:10.1111/gcb.12469. An important paper that  
models potential lynx range contraction and dietary responses to climate change, 
including in the southern range. 
Peers, M.J.L. et al. (2012) Reconsidering the specialist‐generalist paradigm in niche breadth  
dynamics: Canada lynx and bobcats. PLoS (One) 7(12): e51488. A paper contrasting the  
niche dynamics of lynx and bobcats in their region of geographical overlap, including the  
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DPS. 
Thornton, D.H. et al. (2012) Habitat occupancy and population density drive occupancy  
dynamics of snowshoe hare in variegated landscapes. Ecography. 36: 610‐621. I stress  
that this is an important paper because it reveals patterns of patch extinction dynamics  
for southern snowshoe hare populations (Unit 4). 
Thornton, D.H. et al. (2012) Complex effects of site preparation and harvest on snowshoe hare  
abundance across a patchy forest landscape. For. Ecol. Manage. 280:132‐139. This paper  
analyzes snowshoe hare population responses to silvicultural practices in Unit 4. 
Abele, S.L. et al. (2013) Precommercial forest thinning alters abundance but not survival of  
snowshoe hares. J. Wildl. Manage. 77:84‐92. This paper provides a direct assessment of 
the effects of precommercial thinning on hare survival and movements in the southern  
range (Oregon). 
Row, J.R. et al. (2014) Anatomy of a population cycle: The role of density‐dependence and  
demographic variability on numerical instability and periodicity. J. Anim. Ecol. 
doi:10.1111/1365‐2656.12179. This paper is moderately relevant by examining the  
demographic processes contributing to fluctuations in lynx population dynamics. By  
inference, these should be the processes driving changes in lynx‐hare dynamics in the  
southern range. 
Row, J.R. et al. (2016) The genetic underpinnings of population cyclicity: Establishing  
expectations for the genetic anatomy of cycling populations. Oikos DOI:  
10.1111/oik.02736. This paper is an extension of the previous one, modeling changes in  
lynx population genetic structuring through space and time. 
Row, J.R. et al. (2014) Projecting the impacts of climate change on environmentally‐mediated  
genetic structure in Canada lynx. Glob. Chang. Biol. doi:10.1111/gcb.12526. This paper is  
highly relevant by illustrating how climate change is likely to promote greater genetic  
differentiation between lynx populations. 
Burkstahler, C.M., et al. (2016) Demographic differences of Canada lynx during a fluctuation in  
prey availability. Ecol. and Evol. 6: 6366‐6375. This paper examines variability in diet  
breadth and reliance on hares through time and across lynx demographic groups. 
Wirsing, A.J., and Murray, D.L. (2002). Patterns in consumption of woody plants by snowshoe  
hares in the northwestern United States. Ecoscience 9: 440‐449. This paper finds that the 
quality and quantity of winter browse available to snowshoe hares in Unit 4 may not be  
sufficient to allow for population growth and sustainability under heavy predation. 
3 
2. Provide advice on the overall strengths and limitations of the scientific data used in the  
document. Have the authors been explicit about assumptions and limitations of, and concerns  
regarding, the data, and are these appropriately qualified or explained? Are there concerns that  
the Service did not identify, and if so, how relevant are these concerns to the assessment of  
viability of lynx in the contiguous U.S.? Are there any inconsistencies in how the data are 
presented or assessed? 
Response: Throughout the document, the USFWS has been very explicit in fully explaining the  
assumptions and limitations of their analyses. Where the USFWS has deviated from the Lynx  
expert committee, especially in terms of the long‐term projections for lynx persistence in  
specific units, this deviation has been fully explained and justified. I am entirely satisfied with  
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the larger conclusions of the USFWS assessment in terms of the current and likely future status  
of individual lynx management units. Nevertheless, I feel that there is room for improvement.  
As detailed below in reference to specific page numbers/statements, there are a number of  
points from the literature that have been taken at face value, and that in my opinion should  
receive more scrutiny. I briefly summarize these points here, but more extensive comments are  
provided below in reference to specific page numbers. Note that I do not think that changes in  
these items will influence the final assessment in terms of resiliency, redundancy and  
representation, nor the long‐term prognosis for individual units and the DPS in general. Indeed,  
I fully support the conclusions that USFWS has reached. However, I think that greater attention  
to specific items related to lynx, hares, alternate prey, competition, and climate change will  
improve understanding of the mechanisms underlying anticipated changes in lynx populations 
in the DPS. 
1) 0.5 hares / ha. In several instances the document cites 0.5 snowshoe hares / ha as the  
threshold for lynx population sustainability. This statement is supported by a book  
chapter (Ruggierro et al., 2000), which offered this threshold without any empirical  
support. Since then, this threshold has permeated the literature on lynx and hares but  
to my knowledge it still lacks empirical support. In fact, I am aware that Steury & Murray  
(2004) suggested a threshold of 1.5 hares per hectare, which is perhaps too high to be  
realistic but at least was empirically‐based. More broadly, I am not convinced that it is  
possible to establish a hare density threshold for lynx population sustainability that can  
be applied across all units and without prima facie evidence to support it. I understand  
that such a threshold is convenient from the perspective of evaluating habitat suitability  
for lynx, but the threshold surely varies according to: primary productivity on site,  
breadth and availability of alternate prey, competition, density‐independent mortality  
(trapping, vehicle collisions), etc. My point is that there are not sufficient data available  
to support this threshold and it should not be used as a criterion for evaluating the  
suitability of a given unit. 
2) Competition with other carnivores. The premise that receding snow due to climate  
change will intensify competition between lynx and other carnivores is not supported  
empirically, at least not to my knowledge. The original idea emanated from Buskirk et al  
(2000), which like the above citation for the hare density threshold (Ruggierro et al  
4 
2000), was a speculative and qualitative review chapter (unlikely to have been peerreviewed). 
Since then, this source has been cited numerous times as if it had offered  
data in support of the contention. Unless there is new information I am not aware of,  
there is no direct evidence that competition with other carnivores is intensified when  
climate changes. In fact, throughout the report it is mentioned that competition with  
bobcats is likely to be the primary type of competition to intensify, yet the only paper  
even slightly supporting this contention, Peers et al (2014, on which I am a co‐author) 
uses presence records (i.e, observation records) to show environmental niche  
differences between lynx and bobcat in areas of species overlap. The analysis is  
conducted at the scale of the distribution of lynx and bobcats and I suggest that these  
data are too coarse and spatially biased to offer a robust test of the hypothesis. Indeed,  
this paper really does not make a convincing case for direct displacement by bobcats 
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and therefore should not form the basis of the argument that permeates much of the  
manuscript. Further, intuitively, I suspect that in most units, if any species of carnivore  
will be an important competitor, it will be coyotes, not bobcats. Indeed, coyotes kill lynx,  
although lynx can kill coyotes, as well (Colorado), whereas we really don't know any  
details about the lynx‐bobcat relationship. My own research shows that coyotes can  
hunt hares and live in sympatry with lynx in the boreal forest of the Yukon, where they  
can kill many hares and perhaps compete directly with lynx. Again, we know nothing of  
these sorts of interactions between lynx and bobcat except for a rather anecdotal report  
from Nova Scotia (Parker et al. 1983?). So, the question of intensified competition  
between carnivores under climate change remains open for debate (and much needed  
data are necessary before strong conclusions can be made). Further, I am aware of the  
reported incidents of lynx predation by fisher in Maine, but believe that this really  
represents an isolated and exceptional circumstance and I think that it is very premature  
to suggest that fisher can be an important agonistic competitor for lynx. Finally, I do not  
think that anywhere in the manuscript there is mention that competition with the  
diverse raptor community that kills snowshoe hares in the DPS (great‐horned owl, red  
tailed hawk, etc.). Yet, the results of the most comprehensive study of hare survival to  
date (see Krebs et al. 2001. Ecosystem Dynamics in the Boreal Forest, Oxford University  
Press) clearly demonstrate the importance of raptors on hares, and I suspect that out of  
convenience this source of mortality for hares has not been adequately examined in the 
context of southern hare populations. There is no reason to expect that raptors could  
not take equal advantage of the effects of climate change on increased hare  
vulnerability to predation as may terrestrial carnivores like bobcat, red fox, fisher and  
coyote. 
3) Lynx responses to climate change. Throughout the manuscript there is strong emphasis 
(either explicit or implicit) on intensified competition with other carnivores as being a 
direct outcome of climate change. In contrast, there is much weaker emphasis for the  
perhaps more logical link and parsimonious explanation of the link between lynx and  
climate warming, which involves loss of snowshoe hares. Indeed, throughout the  
document it is suggested that lynx distribution will recede because snow conditions are  
not adequate, but I seriously doubt that there is a direct correlation between lynx  
5 
occurrence and snow. Rather, the more direct explanation for this shift is extinction of  
small and fragmented hare populations across the southern range. Why are these  
populations likely to go extinct? Surely more intensive predation by other carnivores is a  
possibility, but it is equally possible that increased predation by resident lynx also is  
responsible. It may also be that hare productivity in the southern range is sufficiently  
low because of marginal food resources (see Wirsing & Murray 2002) such that hare  
populations may not compensate for marginal increases predation. Likewise, it may be  
that at a landscape scale hare populations in the DPS are too disconnected to recolonize 
patches that naturally go extinct. My point is that I think that the authors have  
too easily assumed that lynx range recession will be a direct result of climate change (or  
its effects on competition with other carnivores or habitat change) when other  
mechanisms may be at play as well and offer a more direct explanation. I urge the  
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authors to dig more deeply into the suite of potential interactions that may drive lynx  
responses to climate change. 
4) Sources for support of suggested relationships. In several instances, I felt that the  
USFWS did not adequately delve into the primary literature to support statements. Too  
often, reference to secondary sources (i.e., like book chapters) were used to support  
important biological relationships. In several cases highlighted below, I felt that the  
secondary source did not truly support the statement being made. An example  
immediately comes to mind (Wolff, 1980). This source is used to support the point that  
patchy snowshoe hare populations in the southern range are likely to go extinct through  
predation, yet that paper was highly speculative, involved only a conceptual model and  
no original data on southern hares, and more importantly, has been shown to be partly  
incorrect in its representation of the mechanisms underlying hare extinction (see  
Wirsing et al. 2002). Since 1980, a number of papers have tested more elegantly and  
robustly the question of southern hare population extinction (e.g., Wirsing et al. 2002,  
Thornton et al. 2012, 2013, and perhaps others in involving L.S. Mills and colleagues). In  
any case, below I provide a number of examples where the primary literature should be  
consulted and in general the report writers should strive to seek out the original sources  
whenever possible. 
5) The importance of alternate prey. Throughout the manuscript the authors  
appropriately focus on the lynx‐hare relationship as being the primary driver of lynx  
population dynamics. However, I felt that insufficient attention was paid to the role of  
alternate prey in sustaining southern lynx populations. Indeed, Roth et al (2007) clearly  
show the lower reliance on snowshoe hares by southern lynx, and the increased  
importance of other prey (perhaps primarily red squirrels) on lynx population dynamics. 
This is barely mentioned in the report. Although our understanding of the importance of  
alternate prey in the DPS s not fully developed and may vary across individual units, it  
may be that dynamics of alternate prey are especially important to lynx in this region of  
the species’ distribution. Here, silvicultural practices or climate‐related fires or droughts  
may be especially influential on the availability of red squirrels in particular, and this  
could tip the balance against red squirrel abundance, and by inference, lynx persistence.  
6 
This relationship may be less critical in the northern boreal forest, where hares comprise  
a larger proportion of the diet. Thus, changes affecting alternate prey may have a  
disproportionate importance on southern lynx compared to their northern  
counterparts. Note that Peers et al (1014) explore scenarios related to the potential  
effects of climate change on lynx and hare distribution, and identifies specific regions  
within the DPS where increased reliance on alternate prey may be necessary if there is  
any chance that lynx populations will remain sustainable in the long‐term.  
Analysis of Available Data 
3. Have the assumptions and methods used in the SSA report been clearly and logically stated in  
light of the best available information? If not, please identify the specific assumptions and  
methods that are unclear or illogical. 
Response: I am fully satisfied that USFWS has done a good job of limiting the number of  
assumptions, fully justifying any assumptions that have been made, and for the most part,  
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exploring alternative scenarios potentially related to these assumptions whenever possible.  
This is especially apparent when the USFWS has deviated from the assessments provided by the 
Lynx expert team concerning the viability of individual units. In this context I feel that the SSA is  
on solid footing. 
4. Are there demonstratable errors of fact or interpretation? Have the authors of the SSA report 
provided reasonable and scientifically sound interpretations and syntheses from the scientific  
information presented in the report? Are there instances in the SSA report where a different  
but equally reasonable and sound interpretation might be reached that differs from that  
provided by the Service? If any instances are found where this is the case, please provide the  
specifics regarding those particular concerns. 
Response: For the most part, the document has made sound inference. Elsewhere in this  
report, I have highlighted minor concerns about how specific data or papers have been  
interpreted, including in the context of the 0.5 hares/ha threshold for sustaining lynx  
populations, competition with other carnivores as being the driver of lynx responses to climate  
change, and the lack of emphasis on the importance of climate on hares as being the primary  
driver of lynx responses to climate change. I think that each of these points would benefit from  
a bit more robust consideration, including fully detailing the alternate explanations that I have  
provided throughout this report and explaining that for most of these the lack of data means  
that the verdict remains suspended and uncertainty prevails. This is not a major problem  
because I think that the conclusions are sound and do involve the best available data, my point  
is that the interpretation and consideration fo alternate mechanisms may require a bit of  
refinement. 
5. Provide feedback on the inclusion and portrayal of uncertainty in the SSA report. Have the  
scientific uncertainties present given the data and the analyses conducted been clearly  
identified and has the degree of uncertainty been appropriately characterized? If not, please  
identify any specifics concerns. 
7 
Response: The USFWS has been very explicit in its portrayal of uncertainty in the SSA. For  
example, the expert opinion assessments of extinction probability through time have been  
treated very carefully, presenting both median values and visualization of the range of  
responses. In some cases (noted below) uncertainties in the data have not been fully described 
because confidence intervals on mean values are not provided. This may be a reflection of the 
information provided in the original publication. Regardless, the overall cautious approach and  
careful treatment of uncertainties has been a particularly evident strength of this manuscript.  
On the other hand, uncertainties associated with data interpretation of select points in the 
hare‐lynx‐climate relationship, as mentioned above and below, do require additional  
exploration. I do not see this as a fatal flaw but rather a means for solidifying the mechanisms  
underlying the overall assessment of the status and prognosis for lynx in the DPS. Again, I fully  
support the conclusions that the USFWS has derived from its analysis, my contention is with the 
need to more fully explore alternative mechanisms explaining these predictions.  
Also, is there a need to more explicitly address the issue of trans‐boundary migration between  
lynx from Canada and the DPS? Currently there is not an explicit treatment of this issue in the  
SSA although I acknowledge that it is briefly mentioned in several instances. I see the thorny  
issue of lynx trapping in southern Canada as being a major impediment to functional 
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metapopulation dynamics for several units in the DPS. It could be that some of the predictions  
concerning likelihood of extinction in specific units would not be so dire if there was stronger  
evidence that lynx dispersing from Canada had a reasonable likelihood of reaching the DPS. I  
understand that issues of transboundary migration and trapping in southern Canada are  
probably beyond the purview of the SSA but they cant be ignored as being a potentially  
important constraint on the sustainability of lynx populations in Units 1, 2 3, 4, and possibly 5.  
Additional comments: 
General comment: Fig. 1. The sizes outlined on the map do not correspond closely to the areas  
provided in Table 1. I understand that the map is meant to be qualitative rather than  
quantitative, but closer correspondence between Unit location/area and actual size depicted on  
the map should be provided. Further, the outlined area seems very coarse and certain regions 
within units (e.g., western Idaho, Unit 4) have not been adequately represented in the figure. 
P. 6 “Maine is the largest population of lynx in the DPS” Throughout the manuscript this point is  
made but the estimates for Unit 1 vs. Unit 3 (the next contender) are very coarse. While it is  
perhaps correct that Unit 1 supports the largest lynx population, the fact that this is probably  
only for the short term and that a crash in Unit 1 lynx is highly likely, should be more strongly  
justified.  
General comment: Intuitively, the threshold for resiliency should differ between a 
naturallyoccurring population (Units 1‐5) versus a population (Unit 6, Colorado) where animals 
were  
artificially reintroduced. Apparent resiliency in Unit 6 can not be stated (although I note that  
‘resiliency thus far’ is used. While it is accepted that lynx have persisted for a decade post‐ 
8 
release in Colorado, the true test of resiliency must be conducted over a longer term, spanning  
several declines in hare abundance and periods where lynx survival, recruitment, and  
emigration should greatly challenge population viability. By most standards, ecosystem  
resiliency is measured across decades, not years, and that the Colorado lynx population  
received an artificially high number of animals through transplant efforts and has not  
experienced many natural bottleneck events with low hare abundance. This warrants added  
caution in claiming resiliency or making inferences about lynx population trends and dynamics 
in Unit 6. 
Page 10 “in in” Please correct typo. 
Page 11 “that is there is” Please correct typo. 
General comment: There is consistent reference throughout the document that lynx can  
outcompete other carnivores in deep snow (e.g., P. 13), which explains why they are able to  
maintain high populations in the boreal forest. To my knowledge, there is no prima facie  
evidence supporting this perception. Plenty of citations are provided to support the statement  
(McCord and Cardoza 1982, pp. 748‐749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a,  
pp. 89‐94; Buskirk et al. 2000b, pp. 400‐401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001,  
p. 75; Hoving et al. 2005, p. 744‐749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT  
2013, pp. 25‐26; 79 FR 54809) but to my knowledge none of these sources involves actual data  
collection to support this contention. While lynx may indeed outcompete other carnivores like  
coyotes and bobcat when in deep snow, there may be a number of other factors associated  
with this pattern, such a higher snowshoe hare densities in areas with deep snowcover.  
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Further, a sizeable proportion of lynx competition for hares involves raptors like great‐horned  
owls and goshawks which reside in hare habitat year‐round and whose killing success should  
not be strongly impacted by snowcover. In the absence of direct evidence of competition,  
which is virtually impossible to demonstrate without conducting a removal experiment for one  
or both species and comparing responses to controls, it is speculative to ascribe differential  
competitive abilities as the source of these differences.  
General comment: There are many instances where primary sources are not cited and the  
secondary sources make an incorrect inference. For example, Buskirk et al. (2000a) is cited  
repeatedly in terms of lynx foot‐loading and competition with other carnivores yet this chapter  
has no primary information to support these claims and in fact seems to have misrepresented  
the primary sources. This problem becomes self‐perpetuating when newer papers cite the  
incorrect one. There are several examples of similar use of the secondary literature, and this  
seems to happen especially with book chapters that may not have undergone rigorous peer  
review (e.g., Ruggierro book, Kroen book, etc.). As a general statement, I feel that the USFWS  
should make a more concerted effort to review and properly cite the primary literature rather  
than rely on review chapters. 
General comment: Figure 5 and related text. I appreciate that hare survival and reproduction  
are key to resiliency. Related to this is the variation in survival and reproduction which are  
9 
perhaps even more important. For example, low survival and productivity of hares could  
promote or sustain a low‐density lynx population. However, if hare survival and reproduction  
are highly variable a rapid and pronounced crash in hare populations could be unsustainable for  
lynx who are naïve to such extreme fluctuations in their preferred prey. This may explain  
initially low survival of transplanted lynx in Unit 6. Thus, while survival/reproduction of hares is  
a major concern, I suspect that the annual variability in these is perhaps more important. Note  
that this could be completely independent of hare cycles, which I recognize is already an item  
listed in Figure 5.  
Page 20, “we do not to” Please correct typo. 
Page 28 states that in the southern range lynx populations are more “stable” (I think you mean  
“stationary”). Regardless, according to the timeseries analysis conducted by Murray et al (2008)  
this is not the case and lynx numbers are more stochastic in the southern range, showing higher  
levels of variability albeit at lower mean densities. 
Page 29 “b) adequate hare abundance to support lactation during the early kitten stage and  
later provisioning of the kitten with hare meat,”. I don't agree, it could be any sort of meat, not  
necessarily hares. For example, there is unpublished data suggesting that some populations of  
southern lynx in Unit 4 can subsist on ground squirrels during summer. Similarly, “c) habitat  
(boreal forest and snow) conditions that reduce the likelihood and effect of competition from  
other hare predators”, as stated previously, is highly speculative. 
Page 29 “Therefore, the likelihood that an individual lynx will have its ecological requirements  
met sufficiently so that it may replace itself in the breeding population is probably consistently  
relatively low, perhaps similar to lynx born during hare declines/lows in the north.” The last  
part of this sentence is too speculative without empirical support. 
Page 29. There have been more robust qualitative (Keith 1990) or quantitative (Murray 2000)  
analyses of spatial variability in hare densities than the papers/chapters cited in this section.  
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Page 31. Although there are reports that other predator species can kill lynx, lynx also are 
known to kill coyotes (see Murray et al. 2008). Thus, there is the need to put greater  
perspective on the role of other predators in lynx population dynamics. The point is that we  
really don't know how important other predators are on lynx, or the role of snow in excluding  
these predators from lynx habitat. 
Page 31. Murray and Boutin (1990) clearly demonstrate that despite higher foot‐loading,  
coyotes are able to occupy similar habitats and kill hares along with lynx, by using behavioural  
advantages that are not demonstrated by lynx (see also Murray et al. 1995). Thus, it may be  
overly simplistic to ascribe differences between lynx and other predators in their ability to  
overcome snow, to simple differences in foot loading. 
10 
Page 32. “The available science suggests that landscape‐level hare densities consistently >= 0.5  
hares/ha (0.2/ac)” I am not aware of any primary data suggesting this threshold. There was a  
book chapter by Ruggierro et al. (2000) that mentioned this threshold, but the SSA does not  
provide convincing evidence to support this speculation. Likewise, “and favorable snow depth  
and conditions for about four months are needed to support lynx occupancy, reproduction, and  
recruitment.” On page 31, Gonzalez et al (2007) and Peers et al (2012) are cited to support this  
statement, but the first citation is an unpublished report that did not rigorously analyze this  
point whereas the second did not focus on this question in any analysis that I am aware of. 
Page 33. “Formal population viability analyses (PVAs) have not been published for lynx  
populations in the DPS”. I suggest that Steury & Murray (2004) is an empirical attempt to  
conduct a PVA for southern lynx, and that the McKelvey et al (2000) reference for this  
statement is incorrect. Again, this is an example of the reliance on secondary literature in  
making an incorrect generalization. More recently, Lyons et al (2016) attempted to determine  
lynx carrying capacity and implicitly included aspects of a PVA in their analysis.  
Page 35. “In both Alaska and Canada, lynx trapping is managed through regulated seasons and  
harvest levels, which are adjusted to avoid overexploitation, especially during the low phase of  
the hare‐lynx population cycle (Alaska Natural Heritage Program 2008, pp. 2‐6; Vashon 2015,  
pp. 5‐6).” This statement requires more specificity. Whereas I agree that lynx are ubiquitously  
harvested in specified seasons, I am not convinced that harvest levels are adjusted in the low  
phase, certainly not in all jurisdictions in Canada. I am quite certain that most provinces do not  
increase harvest limits or otherwise restrict trapping during the low phase of the cycle. Some  
provinces (Nova Scotia, New Brunswick, until recently, I believe) had closed lynx harvest. 
Page 38 ”Additionally, the presence of more snowshoe hare predators and competitors at  
southern latitudes may inhibit the potential for high‐density hare populations (Wolff 1980, p.  
128).” Here is another example where the original citation does not represent the best  
information. The Wolff paper did not examine southern snowshoe hares directly but rather  
modeled hare dynamics. The empirical test of this idea, Wirsing et al (2002) found very  
different dynamics than what was predicted by Wolff., i.e., reverse source‐sink dynamics with  
density‐dependent predation on‐site, rather than density‐dependent predation among  
dispersers. My point is that more care is necessary in citing sources that are most appropriate  
and provide the strongest support for the statements in question.  
Page 38 “Therefore, bobcats and coyotes cannot hunt efficiently in fluffy or deep snow and are  
at a competitive disadvantage to lynx.” Again there is no empirical support for this statement  
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and no references are provided. Read papers by O’Donoghue et al. and Murray et al., which  
show that coyotes are able to manage snow conditions in the Yukon perfectly fine and live  
sympatrically with lynx, through behavioural modifications.  
Page 41 “We continue to believe that available information suggests Colorado did not  
historically support a persistent resident lynx population and that the long‐term persistence of  
the introduced population remains uncertain. “ This seems to be in contradiction with earlier  
11 
statements that the population is likely to be viable. The statement that Colorado did not  
support a historical lynx population calls into question the recognition of Colorado as Unit 6 of  
the DPS. 
Page 61 “Lynx biologists identify climate change as the most important and overarching factor  
influencing resiliency of the DPS (Lynx SSA Team 2016, pp. 14, 17, 19, 21‐22, 35‐47, 50, 53‐57;  
ILBT 2013, pp. 43, 48, 53, 55, 63, 66, 69‐71, 98). “ Here I would distinguish between proximate  
and ultimate causes of loss of resiliency. In the shorter term other factors may have a  
disproportionate importance. 
Page 61 “occurr “ please correct typo. 
Page 61 “The frequency of winter warm spells is correlated to the hardness of the snow  
surface, sinking depth, and, in turn, influence the hunting efficiency of lynx (Stenseth et al.  
2004, p. 10633).” While it is true that this statement was made in the Stenseth paper, no  
original data were presented and the point was purely speculative. See Murray and Boutin  
(1991), Murray et al. (1994) and Murray et al. (1995) for original sources of empirical data on  
lynx footloads and hunting success. The presumption that hunting efficiency will diminish with  
snow conditions, while possible, has not been rigorously supported by data. 
Page 64 “Various forms of snow compaction and structure within the snowpack (see above)  
give a competitive advantage to bobcats and other predators/competitors with higher foot  
loading that would normally have difficulty traveling and hunting efficiently in deep, fluffy snow  
conditions (Murray and Boutin 1991; Murray et al. 1994; Kolbe et al. 2010).” This is not an  
accurate reflection of what is reported in the two first papers. Furthermore, throughout there  
seems to be a strong bias towards suggesting lynx‐bobcat competition will be intensified with  
climate change. However, I believe that coyotes are likely to pose a much more substantive  
threat, if indeed competition is intensified. See Litvaitis & Harrison (1992). 
Page 64 “Direct effects to lynx, hares, and their habitat that are occurring or can be reasonably  
anticipated include 1) range contraction, 2) reduction in the periodicity and amplitude of the  
hare cycle, 3) reduction in snow conditions necessary to give lynx a competitive advantage, 4)  
reduction in hare habitat quality and populations, 5) reduction in the amount of lynx and hare  
habitat in the U.S., 6) changes in the frequency and pattern of disturbance events, 7)  
introduction of disease and parasites, and 8) reduced gene flow.” I agree with most of these  
conclusions but do not think that #2 is based on empirical data. For example, it is possible that  
lynx or hare numbers may become more stochastic and irruptive following climate change, but  
how this translates to changes in cycle amplitude and periodicity is not known. It could be that  
the cycle is lost but that stochastic irruptions of extreme densities become more likely as 
yearto‐year climate conditions become more sporadic. 
Page 65 “Reduction in Periodicity and Amplitude of the Hare Cycle” This section does present  
some reasonable speculative information but I would caution against placing too strong an  
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12 
emphasis on the collapse of cycles owing to climate change. I believe that the Norwegian  
examples of cycle collapse for voles and their predators have been reversed in recent years,  
with restoration of cyclic dynamics. In Yukon, what appeared to be a reducing cyclic amplitude  
for lynx and hares seems to be headed toward a complete reversal owing to unexpected  
continued increase in hare and lynx numbers through a period that was predicted to be in  
decline (C. Krebs, unpubl.). My point is that the timelines needed to make reliable inference on  
cyclic amplitude and period make it difficult to infer causal links between climate change and  
what may merely be natural stochasticity in cyclic dynamics.  
Page 65 “Across their worldwide distribution, lynx rely on deep, powdery and persistent snow  
because they restrict potential lynx competitors such as bobcat or coyote and predators such as  
fishers and cougars from effectively encroaching on or hunting hares in winter lynx habitat  
(Peers et al. 2016, entire; 79 FR 54809).” This statement is not an accurate characterization of  
either the ecology of some species of lynx, including the Eurasian lynx and the Iberian lynx, or  
what was stated in the Peers et al. paper, which, regardless, is not a primary source in terms of  
empirical data for other species of lynx. Peers et al (2016), as cited, doesn't exist. More care is  
necessary in ensuring that the citations are correct. 
Page 66 “Reduced snow depth and duration may reduce lynx’s competitive advantage over  
bobcats, which have similar ecology to lynx but are not as well‐adapted to hunting hares in  
deep fluffy snow (Hoving 2001, pp. 23–24; Carroll 2007, p. 1102; ILBT 2013, pp. 69, 71).“ Again,  
competitive advantage of lynx in snow is not clearly demonstrated and I strongly suspect that  
coyotes are more important competitors. 
Page 66 “outcompetes or displaces lynx wherever the two species overlap, at both broad (Peers  
et al. 2016, entire)“ Peers et al. 2016 does not exist. 
Page 66 “In areas where they do overlap, lynx are subjected to niche displacement to habitats  
of inferior quality, which probably limits lynx survival and productivity at the southern edge of  
their range (Peers et al. 2016, entire; Robinson 2006, pp. 120). Snow depth likely acts as a  
mediator of competition between the two species.” As stated above, this statement could be  
challenged and is purely speculative. Certainly, Peers et al (2013, not “2016”, as stated), which  
is based exclusively on lynx and bobcat observations, presents no data to support the  
contention that survival or productivity are compromised. 
Page 66 “Lynx have a low foot loading and long legs (Buskirk et al. 2000a, p. 90; Krohn et al.  
2005, pp. 122‐129) that gives them a competitive advantage over bobcats in deep, fluffy snow  
conditions.” To my knowledge, none of these citations include original data. Cite Murray and  
Boutin (1991). 
Page 67 “Murray et al. 2007”. No such paper exists.  
13 
Page 67 “For example, hard‐packed snow is reported to be associated with a higher kill rate of  
hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth et al. 2004, p.  
10633).” Neither of these papers provided original data to support this contention. 
References: “Sultaire, S. M., J. N. Pauli, K. J. Martin, M. W. Meyer, B. Zuckerberg. 2016b.  
Extensive forests and persistent snow cover momote snowshoe hare occupancy in Wisconsin.  
The Journal of Wildlife Management 80:894‐905.”. Check for typo 
General comment: Too much emphasis on lynx and competitors. Lynx do not occur where there  
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are no hares. If you track hares, this will give you a good perspective of where lynx may be.  
Competition is an extra parameter but surely not the driver.  
Page 70 “Several authors have suggested that grasslands, aspen parklands, and temperate  
forest will expand northward resulting in decreases in boreal forest “ I strongly suspect that it  
will be the other way around, i.e., boreal forest will recede through inadequate precip/temp  
conditions and be replaced by parklands and temperate forest. 
Page 73 “This may be explained by the reluctance of lynx to disperse between areas having  
different snow regimes and snow quality. Snow conditions may be the key factor in the spatial,  
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2014, pp. 10633‐10644).”  
More recent work by Row et al. (2014) provides a more robust analysis of this phenomenon,  
including under a range of climate change scenarios. 
Page 73 “For example, gene flow between eastern Canada and Maine lynx populations depends  
on an ice bridge for dispersal across the St. Lawrence River. “. This is not correct. There are  
plenty of lynx in the Gaspe peninsula or in New Brunswick. 
Page 74 This section omitted 2 critical references on hare habitat use and extinction processes  
in the DPS, see Thornton et al (2012, 2013) 
Page 79. A key reference on hare responses to thinning in Oregon is: Able et al. (2012?) 
Page 80 “Current hare densities in partially harvested stands in Maine average about 0.4  
hares/ha (Simons 2009), which is below the landscape hare densities (0.5 hares/ha (Ruggiero et  
al. 2000b, Simons‐Legaard et al. 2013) needed to support lynx.” This threshold is not supported  
empirically. There are no data to confirm this threshold, which was put out by the original  
authors as a guesstimate. 
Page 87 “Maine’s forest area has increased 0.79 percent since 1982 (Maine Forest Service,  
Department of Conservation 2010, p. 25). Similarly, a large portion of Minnesota forests were  
cleared in the last century, but forest cover has rebounded.” Is “0.79 percent” correct, or do  
you mean 79%? I presume the latter, but on the off‐chance the former is correct, the next  
sentence does not make sense. 
14 
Page 88 “Thus, southern transitional boreal forests generally have lower landscape snowshoe  
hare densities than boreal forests further north (Wolff 1980, pp. 123–128; Buehler and Keith  
1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 84).” These are not the  
correct citations, because they are point‐location estimates. Rather, cite papers showing the  
range of densities, which includes Keith (1990), Murray (1990) and Hodges (2000).  
Page 88 “Wolff (1980, 1981) described the mechanism by which a fragmented habitat might  
dampen or eliminate cyclic population fluctuations.” This citation is based on a modeling  
exercise and does not include empirical data. Please check out Wirsing et al (2002) for actual  
data testing this hypothesis. In contrast, Wirsing et al (2002) suggest that the model should  
include density‐dependent predation on site, adding further constraints to hare population  
growth in the southern range. 
Page 89 “dispersing individuals (Wirsing et al. 2003, p. 170). In predator‐rich landscapes  
characteristic of “ I think you mean Wirsing et al (2002). 
Page 90 “Snow conditions that provide lynx a competitive advantage over other terrestrial hare  
predators are most consistent in the high‐elevation regions of the western U.S.,” See previous  
comments about competition. 
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Page 91 “Maintaining a mosaic of large (>100 acres) patches of young to old stands in patterns  
that are representative of natural ecological processes and disturbance regimes would be  
conducive to long‐term conservation of lynx (ILBT 2013, p. 77).“ Please add that these large  
patches should be in close proximity to each other. 
Page 93 “This is diminishing landscape conditions conducive to supporting lynx.” Please correct. 
Page 97 “Our analyses and lynx expert imput indicate” Please correct. 
Page 99 “However, we now know that there currently is sufficient habitat in this unit to possibly  
support the largest reproducing resident population of lynx in the DPS (numbers and trends  
unknown, but enough habitat currently exists to support possibly 500 to 1000 lynx).” This is a  
defensible statement. Elsewhere, reference is made to Maine containing the largest number of  
lynx among all 6 units. Please correct these statements. 
Page 100 “The next spruce budworm outbreak is imminent, but forestry response by  
investment landowners is uncertain. Climate change is a concern as snow depth and duration  
are currently at the minimum thresholds believed necessary to give lynx a competitive  
advantage over bobcats and other mesocarnivores.” The first sentence is not supported by  
data. How can one state with certainty that an outbreak is ‘imminent’. The second sentence is  
not supported by any empirical data, as stated previously. 
15 
Page 100 “Factors affecting current conditions in this unit primarily include forestry  
management, roads, incidental trapping, mining development, snow compaction, competition  
with bobcats, and lynx‐bobcat hybridization.” While there are data supporting several of these  
statements for Minnesota, this is not the case for bobcat competition. What about coyotes? 
Page 101 “Results of snowshoe hare research suggest that the hare population density in  
Washington exists at the low end of the range thought necessary to support lynx reproduction  
(>= 0.5 hares/ha).” Unsubstantiated hare density threshold. Also, please refer to Lyons et al.  
(2016) for an analysis of lynx carrying capacity in Unit 4. 
Page 104 “The CLNA includes 61 km2 (23 mi2) considered core lynx habitat with a conservation  
easement under which it will be allowed to mature to a climax forest type potentially providing  
good denning habitat but restricting the amount of snowshoe hare habitat in the foreseeable  
future.” The climax forest myth for denning has been debunked (see Murray et al 2008) and the  
earlier sections of the report did not fall into this quagmire, as far as I recall. Lynx will den  
anywhere there are decent hare numbers, often but not exclusively where there is deadfall.  
Thus, ‘climax forest’ is not needed. 
Page 113 “survival (Vashon et al. 2012, pp. 18‐21), productivity (Vashon et al. 2012, pp. 17‐19),  
and other aspects of their life history (Vashon et al. 2012, entire)..” Double period. 
Page 114 “As noted in chapter 2, deep, fluffy snow provides lynx with a competitive advantage  
over bobcats and gives snowshoe hares the ability to reach winter browse.“ As stated  
previously. 
Page 117 “competition from bobcats and fishers” I would be very careful of ascribing an  
incidental few cases of lynx mortality from fisher as evidence of competition from that species,  
let alone the role of bobcats. I suspect that in most encounters, lynx will kill fishers although I  
don't have data to base this on. Because fishers occur in most/all of the 6 Units, presumably if  
they are relevant in Maine they should be important elsewhere as well. 
Page 122. “All of these factors have potential to reduce the deep and fluffy winter snow  



Peer Review of USFWS Draft Species Status Assessment for the Canada Lynx Appendices 

Draft Species Status Assessment for the Canada Lynx Peer Review Report July 2017 
B-24 

conditions and to reduce the competitive advantage of lynx in areas that typically receive deep  
snows.” Likewise “As described in Chapter 2, above, lynx are adapted for surviving in areas that  
have cold winters with deep, fluffy snow, where they outcompete potential competitors such  
as bobcats, coyotes, and wolves (Buskirk et al. 2000a, pp. 90‐91; McCord & Cardoza. 1982, pp.  
748‐749; Ruediger et al. 2000, pp. 445‐449).” Not one of your citations presents data to support  
this assertion. 
Page 124 “Even the relatively higher hare densities in the dense mature and dense young  
stands only marginally achieve the threshold density of 0.5/ha thought necessary to support  
lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90). “ 
Again, this threshold is not supported by data. 
16 
Page 125 “Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 1516– 
1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting factor for  
lynx in this unit (Squires et al. 2008, p. 1505).” I agree with this statement, which contradicts  
what was stated previously for New Hampshire. 
Page 128 “Snow conditions in this unit also appear to remain suitable to allow lynx to  
outcompete other terrestrial hare predators. “ See above comments about competition. 
Page 129 “Because lynx habitats in this unit, like most other areas of the DPS range, are  
naturally highly‐fragmented, and most have hare densities that barely meet the 0.5 hares/ha  
threshold “ See above re. threshold. 
Page 130 “Annual survival rates for subadult and adult female lynx were 0.52 and 0.75,  
respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the Purcells.” As a general  
statement here and elsewhere in this document, it would be helpful if you provided confidence  
intervals (and if possible, sample sizes) when reporting such rates (if they are available in the 
original papers). These are important in terms of inferring whether the rates are robust  
estimates. I note later that confidence intervals are provided in some cases, so if possible,  
please use the same nomenclature throughout. I acknowledge that some original sources may  
not include this information. 
Page 131 “Mountain Research Station(RMRS) “ Space needed. 
Page 133 “often appear to barely meet the 0.5 hares/ha threshold thought necessary to  
support resident lynx,” As discussed previously. 
Page 135 “magnitude of lynx populations cycles in” Please correct typo 
Page 137 “highlighting the need for cooperation and shared management goals across political  
boundaries” Seems like an editorial statement that is out of place unless you were to devote an  
entire section to this important issue. 
Page 148 “Results of lynx research in the northern portion of its range suggest that a minimum 
density of 0.5‐1.0 hares/ha (0.2‐0.4 hares/ac) is needed to support lynx reproduction, but it is  
unknown if a similar snowshoe hare density is required to support lynx reproduction in the  
southern portion of its range (Ruggiero et al. 2000b, p. 446).” Yet, throughout the document  
thus far you have argued that a threshold hare density is 0.5 hares / ha, which is based on pure  
speculation. Why the inconsistency?  
General comment: The document is appropriately focused on hares as the primary prey of lynx,  
but it is understood that in the southern range of the lynx distribution, alternate prey forms a  
greater portion of the lynx diet than in the boreal forest (see Roth et al. 2007). Thus, the role of  
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squirrels and other alternate prey in the southern range cant be ignored. 
17 
Page 144 “and 96 percent had estimated hare densities below the 0.5 hare/ha threshold  
thought necessary to support resident lynx“ Please see above comments regarding this  
threshold. 
Page 145 “Snow conditions in this unit also appear to remain suitable to allow lynx to  
outcompete other terrestrial hare predators. “ Please see above comments re. competition 
General comment: Chapter 4 (up to page 155) the information provided appears to be very  
comprehensive for some sites (Unit 1, Unit 3, Unit 4) but seems deficient for others (Unit 6). I  
recognize that this reflects the state of available information for each unit but it does expose an  
inconsistency in the amount of information being used to examine the suitability of individual  
sites and the veracity of some conclusions. For example, extensive work has gone into  
predicting the number of lynx that can be supported in Unit 4. For Unit 1, 2, & 4, we are given  
ballpark estimates of lynx numbers, and the variance in the guestimates alone far surpasses the  
precise estimates for Unit 4. For Units 5 and 6, the information is not available. These  
inconsistencies make it difficult to critically evaluate the merit of different units relative to each  
other. Again, I understand that this is a limitation of the available data, but it does pose  
challenges. 
Page 161 “This is because of the currently observed and likely future high level of gene flow  
across most of the lynx’s continental range, the species’ well‐documented dispersal capability,  
and the current and likely future connectivity and absence of significant barriers to dispersal  
between Canada and most DPS geographic units.” And “and no indication that future gene flow  
is likely to be substantially reduced (79 FR 54793). This information suggests the current and  
likely future relative genetic health of the DPS.”. I do not fully agree with this statement. While  
on the basis of persistence of lynx dispersal corridors between Canada and the US it may be  
possible to predict that gene flow will not be restricted, I suspect that relatively intensive lynx  
trapping, which is perhaps increasing with time or its effects are becoming proportionally more  
important as lynx densities in southern Canada become lower and lynx population cycles may  
become attenuated, will contribute to restricted gene flow. I do not have data to support this  
but think that the assessment of continued gene flow, based exclusively on persistence of  
geographical corridors linking Canada and USA, does not consider the broader constraints on 
lynx dispersal. 
Page 161 “Climate models project that boreal forests and snow conditions favorable for lynx at  
the southern periphery of the range will retreat northward and upslope with continued  
warming, further fragmenting and diminishing the quality of lynx and hare habitat within the  
DPS. Although uncertainty remains regarding the timing, extent, and biological consequences of  
such impacts, as habitat conditions decline, hare populations will decline and lynx mortality  
rates are likely to increase and reproductive rates decrease.” Here and elsewhere, please  
consult Peers et al. (2014) to gain perspective on potential lynx range recession and the  
relevance of loss of hares and potential increasing importance of alternate prey for lynx  
persistence in the southern range. 
18 
Page 162 “a pending spruce‐budworm outbreak” As stated previously, I have reservations  
about ascribing a high level of certainty to this phenomenon. 
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Page 169 “coming spruce budworm outbreak” Same as above 
Page 171 “These projections do not consider the effects of the next outbreak of spruce  
budworm. After being low for the last 20 years, spruce budworm numbers are again building  
toward epidemic levels in Maine, southern Quebec, and northern New Brunswick. Significant  
defoliation in Maine is expected in the next few years and the outbreak may last for about a  
decade (Wagner et al.”. While I still think that the level of certainty ascribed to the likely  
outbreak is overstated in this document, the supporting information should be presented more  
strongly earlier on, rather than making unsupported statements about the ‘imminent  
outbreak’. 
Page 175. “A pending spruce budworm outbreak and frequent disturbance from forest  
management could accelerate conversion to northern. Other climate‐related forest  
disturbances (forest pests, diseases) could further accelerate conversion to northern  
hardwoods (Iverson et al. 2008, p. 404).” As discussed previously. 
Page 176 “In the future, lynx habitat will be fragmented into smaller, isolated parcels, and will  
shift southward into areas occupied by bobcats and fishers where snow conditions are unlikely  
to favor lynx (Simons 2009, pp. 153‐165; Simons‐Legaard et al. 2016, pp. 1, 6; Simons‐Legaard  
2016, p. 8).”. This statement implies a competitive advantage for fisher with warming climate,  
yet there is no data to support this contention, that I am aware of. 
Page 177 “A spruce budworm outbreak is projected to reach epidemic proportions in Maine in  
2018 to 2021. The epidemic has already affected 10 million acres (40,470 km2 [15,630 mi2]) of  
spruce‐fir in southern Quebec, immediately north of Maine (Wagner et al. 2014, entire). The  
last outbreak in the 1970s and 1980s killed millions of acres of spruce and fir forests in the  
Northern Maine Unit. Maine’s 5.8 million acres (23,472 km2 [9,063 mi2]) of spruce‐fir stands  
across the State are at risk of defoliation. Although the outbreak has caused severe defoliation  
thus far over 15 million acres (60,703 km2 [23,438 mi2]) of spruce‐fir forests in southern  
Quebec, some project a weaker outbreak in Maine because spruce and fir trees are younger  
and less susceptible and there is a higher hardwood component in northern Maine forests  
(Wagner et al. 2016, p. 18‐22). A typical outbreak lasts for a decade.” I consider this pretty  
strong support for a likely outbreak in the coming years, and I would have liked to see this  
support added to the many earlier, unsupported, statements about an imminent outbreak. 
Page 183 “Long term drivers of the projected decline were reduced the quality, quantity,” Typo 
Page 186 “Greatest stressors of climate change include diminishing snow depth, quality and  
duration; competition from bobcats and other carnivores; hybridization with bobcat” I don't  
agree with this statement. First, competition is not known to be a response to climate change,  
especially with bobcat. Second, data show that hybridization is very rare and unlikely to  
19 
become a major problem. Third, I suspect that the real problem with climate change is the loss  
of hares on the landscape. Some of these losses may be attributed to ‘competitive forces’ but I  
think that it is a mistake to place so much emphasis on competition, especial with bobcats,  
when in fact, it would be possible that lynx themselves would be responsible for the hare  
dieoff. 
Page 188 “unsuitable habitat levels are below what was predicted in the 2004 (USFWS 2011,  
pp. 51‐52).” Typo 
Page 190 “Furthermore, hybridization and competition with bobcat may increase with  
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diminishing snow conditions because of continued climate warming” Same as above 
Page 194 “Competition from coyotes and bobcats seem to be less of a concern for this unit.”  
Why is this the case? In some Units the document claims that competition will be a major force,  
yet here the impact is less important but no support is given for this. Is there any reason to  
believe that competition will be less relevant here? I suspect that, because the lynx population  
in Unit 4 has been so heavily studied, more is known about the unlikely role of competition.  
Other units, with less/no data and using speculative information from review papers/book  
chapters, have assumed that competition will be important. This seems to run counter to a  
critical evaluation of hypotheses.  
Page 205. The section on lynx persistence in Unit 4, and in fact in all units, tends to ignore the  
effects of climate change on lynx, via snowshoe hares. I am in full agreement that climate  
change will be the primary driver of lynx declines in each of the 6 units. However, I find that too  
often the arguments are placed in the context of lynx habitat change and loss of snowcover,  
rather than more strongly in terms of what I think will be the primary driver: loss of snowshoe  
hares. Look at maps for the distribution of lynx and hares (Peers et al 2014?), there are no  
places where lynx exist and hares are absent. I suspect that before climate change has direct  
impacts on lynx, the indirect effects through decline in hare numbers will be significant.  
Throughout the document this point should be reinforced whereas from my perspective it is  
mostly only hinted at in the present draft. For example, the entire section on Unit 4 (up to page  
205) makes virtually no mention of snowshoe hares in the context of climate change. And by  
the way, extinction of hares can easily happen in localized areas without increased competition  
between lynx and other predators, so the latter point is not a necessary ingredient in this  
decline. 
Page 216 “which gives it a competitive advantage for exploiting its primary prey, the snowshoe  
hare” I think that you can make your valid point without needing to invoke competition, which  
for reasons described previously, is not supported by data.  
Page 218. “As snow conditions become less favorable, competitors (e.g., bobcats) are likely to  
outcompete and displace lynx.” One could have replaced this sentence with: As snow  
conditions become less favourable, snowshoe hare numbers are likely to decline to numbers  
20 
below those presumably needed for lynx population sustainability. This approach avoids the  
thorny matter of unsubstantiated competition being the driving mechanism. Competition or  
poor snow conditions may impact lynx populations, but ultimately it is the loss of hares that  
drives extinction risk in lynx. 
Page 220 “primarily through restrictions on clearcutting and the proliferation of partial  
harvesting, which are detrimental to snowshoe hare and lynx needs. “ I am not convinced that  
the forestry practices are detrimental to lynx per se, but rather to hares, which ultimately affect  
lynx. I don't think that the literature supports that moderately intensive forestry practices have 
a direct impact on lynx. 
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The Draft Species Status Assessment for Canada Lynx, Version 1.0 is a commendable and 
comprehensive effort by the Lynx SSA Team to compile the relevant biological and 
climaterelated information relevant to assessing the historical and current framework, status, 
conservation challenges, and current conditions for maintaining and conserving the Contiguous 
United States Distinct Population Segment (DPS) of Canada Lynx. The SSA Team has also made 
a credible effort to assess potential future conditions for each of the 6 resident populations 
within the DPS based on their interpretations and those of other experts. Despite my overall 
positive impressions of this extensive assessment, I have provided numerous comments 
(numbered below) that address either inconsistencies in interpretations, inappropriate 
generalizations, tenuous assumptions, and/or oversights of available information that may be 
relevant to future revisions of the Draft SSA document, and which may influence subsequent 
interpretations and decisions by USFWS based on the Final Lynx SSA. My comments are 
concentrated on the Maine population given my familiarity with that system and my research 
experiences there. I do; however, provide several comments that are relevant across the DPS 
or within other populations of lynx within the DPS. I cite references that already occur in the 
report in black and new references that are not included in the Draft SSA in red. References in 
red are provide in a Literature Cited section at the conclusion of this review. My most 
substantial comments are summarized by number and are presented below: 
***************************************************************************** 
1) The report is based on the broad generalization (e.g., p.6, par. 1, lines 1‐2) that “lynx are naturally 
less abundant and more patchily distributed within the DPS than in the core of the species’ range in 
Canada and Alaska.” This is clearly an issue of both spatial and temporal scale and invokes the broad 
generalization that lynx are neither viable nor sustainable within the DPS. Lynx densities are naturally 
patchy and densities are uneven (during both highs and lows of hare abundances) across the landscapes 
of interior Canada and Alaska. Lynx are most abundant in landscapes 10‐40 years after large fires, are 
absent from large expanses of treeless high‐elevation landscapes, and decline to precipitously low 
densities during the low in the hare cycle within the core of the species’ range. Previous studies in 
Canada have focused on Canada lynx within areas that were largely contiguous and deemed suitable, 
which does not reflect this natural variation at the larger scale and may provide unrealistic benchmarks. 
In fact, within suitable landscapes, both densities of lynx (Vashon et al. 2012) and densities of snowshoe 
hares within habitats preferred by lynx and hares appear to have remained higher in northern Maine 
during both a period of high hare density (2001‐2005), during a year of transition (2007), and during a 
period of relatively lower hare densities (2008‐2015) compared to what is typically observed during the 
nadir of the hare‐lynx cycle in Canada (Harrison et al. 2016). Further, lynx typically expand home 
ranges, abandon territories, and emigrate from areas of prior residency during the nadir of the hare 
cycle within the core of the range; however, no significant changes in landscape‐scale resource 
selection, home range area, or evidence of territoriality was observed in lynx between period of relative 
high (though typically lower than peak in core range) hare densities in Maine, or during periods of 
Page 3 of 29 
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relatively lower hare densities in Maine (Mallett 2014). In fact, mean hare densities in preferred habitat 
during the lower hare density period in Maine (0.86 hares/ha from 2008‐2015; Harrison et al. 2016) 
were about 8‐fold higher than hare densities during the nadir in many areas of the core range in Canada. 
Thus, the Draft SSA overlooks the possibility that populations may be less variable and have exhibited 
long‐term sustainability, coupled with less dramatic temporal fluctuations in density, survival and 
recruitment within Maine, and perhaps Minnesota, compared to populations within the core range. 
Although the finite rate of population change is lower in Maine during period of high hare density than 
observed in the core range, the rate of growth was positive and remained high for at least 6 years (and 
hares were likely high for at least 10 consecutive years based on additional unpublished information; 
and see snow track surveys for hare in Hoving 2001). Although very limited evidence for reduced 
reproductive rates (number of litters observed was very low) weakly suggests a potential annual decline 
in lynx during periods of relative hare lows in Maine, the rate of decline is much slower than typical in 
populations in the core range where hare densities may plummet 25‐fold (versus declining to levels of 
approximately 40% of peak densities during the hare low in Maine). Thus, the possibility that a lack of 
10‐year cycles in lynx at the southern limit of their distribution means that the populations are not 
sustainable without inputs from Canada is a tenuous inference and ignores the point that average 
longterm finite growth rate could be positive in places with non‐cyclic or dampened fluctuations with 
increased periodicity. In fact, the geographic distribution of lynx throughout Maine has been 
remarkably consistent from the mid 1800’s to present (Hoving et al. 2003), and harvestable populations 
have remained sustainable in the demographically isolated populations in the Gaspe’ region of Quebec 
south of the St. Lawrence River and contiguous with Maine since the matrix fracture caused by the 
formation of the St. Lawrence Seaway (daily ice breakage since the 1950’s). This suggests high 
resiliency of this population and argues that Maine is not an island in the meta‐population sense and is 
part of a persistent population across the mixed transitional forests of Maine, southern Quebec, and 
New Brunswick and spanning nearly 30 million acres of habitat that is contiguous and demographically 
isolated from other lynx populations. The population dynamics of this large population in Maine may 
differ from populations in north‐western Canada and Alasak, but may be sustainable and may contribute 
dispersers to Canada. This clearly violates the general assumption (page 7, final bullet at bottom) of the 
Draft SSA which states that: “We assume that lynx exhibit a “mainland‐island” metapopulation 
structure in which the DPS populations function as “islands” that receive periodic input from “mainland” 
Canada populations.” This “mainland‐island” metapopulation structure is critical to the biological 
assessments throughout the Draft SSA and does not appear relevant to the contiguous populations in 
Maine, and also does not likely apply in Minnesota. The application of the metapopulation concept 
may or may not apply in Montana (depending on subpopulation), and seems most relevant to the 
populations in Washington, the GYE, and western Colorado. Applying this concept across the entire DPS 
does not seem appropriate. 
2) Closely related to comment #1, this comment focuses on the tendency of the Draft SSA to broadly 
generalize across the 6 populations in the DPS despite that some populations are geographically, 
ecologically, demographically, and genetically more similar to contiguous core populations in Canada, 
and which may have much less commonality with other geographically isolated populations within the 
Page 4 of 29 
DPS that are separated by hundreds and thousands of miles. The first bulleted assumption on page 7 is 
an example: “We assume that , in general, habitat quality, hare densities, and lynx numbers are 
naturally lower and hares noncyclic or weakly cyclic at the southern margin of the lynx’s range, including 
the DPS, than in the core of the species range in Canada and Alaska. “ This assumption is important 
throughout the assessment and ignores that landscape hare densities are substantially much lower in 
western Colorado, GYE, and north‐central Washington, which are also demographically isolated from 
core populations, compared to across northern Maine and some areas of north‐eastern Minnesota 
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where landscape hare densities are higher and habitat is contiguous with core populations of lynx. 
Habitats in western populations within the DPA are also naturally more fragmented with extensive areas 
that are completely absent of hares. This is in substantial contrast to northern Maine where landscape 
hare densities are higher and where hares occur at varying densities, but are continuously distributed 
across a variety of habitats across the larger 10 million acre landscape (with the exception of water 
bodies), which is also contiguous with another 20 million acres in maritime provinces of eastern Canada 
where no significant geographic barriers to lynx or hares exist. 
The assumption that lynx numbers are lower in the DPS is also tenuous. In Maine, lynx and hares are 
likely more numerous during the hare low than during the nadir of the cycle in the north, and likely 
maintain a longer period of positive growth rate during the longer periods of relatively higher hare 
abundance (albeit with lower maximum rates of increase than experienced during the cyclic highs in the 
north). Thus, the dynamics may be fundamentally different and dampened cycles with longer 
periodicity may not indicate that a large U.S. population that is contiguous and part of a larger 
contiguous population in Canada is non‐sustainable without supplementation from Canada. 
I acknowledge that the erosion of hare and lynx population cycles in western Canada could contribute to 
endangerment of smaller and isolated populations of lynx that could depend on immigration pulses 
from Canada, but that is a different source‐sink process that likely does not apply to the contiguous 
populations in Maine and Minnesota and would seem to be more relevant to the smaller, more isolated 
populations in Washington, GYE, and Colorado (and perhaps to smaller sub‐populations in Montana?). 
The other general assumption that population processes in the DPS are more similar to northerly 
populations at the low in hare numbers is universally inaccurate across the population within the DPS. 
We know that finite rates of population change for lynx are well below 1.0 (rapid decline phase) starting 
1‐year following the decline phase of hares within the core range. This is in complete contrast to the 
positive rate of increase in one subpopulation in Montana across several years, and the positive growth 
rate across several years of relatively high but stable hare densities in Maine. Further, the slightly 
decreasing values for Maine during the relative hare low were based on an exceptionally small sample of 
reproductive‐aged females (n~5 , and surely had a confidence‐level on lamda spanning 1.0). This also 
coincided with a period of range expansion by lynx in Maine, and the estimated finite range of change 
during the relative hare low in Maine was much closer to one (despite high uncertainty with that 
estimate) than has been reported for lynx during the decline phase in the core of their range at the 
nadir of the cycle. This is not surprising given that hare numbers during the low in Maine are ~ 8‐fold 
higher than in the core range. In summary, this general assumption is inconsistent with other 
information presented in the Draft SSA and is not universally applicable across the different populations 
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in the DPS. Again, the assumption seems more relevant to the western populations of the DPS (e.g., 
Washington, GYE, Colorado) where hare habitat is patchier and where landscape densities of hares are 
generally lower than in Maine and Minnesota (and perhaps in some subpopulations in Montana?). 
3) The final general assumption that is bulleted on page 8 seems unsupported and could greatly affect 
the future status of lynx. The assumption that current levels of conservation for lynx would continue 
without protections under the ESA is completely unrealistic. First, federal agencies (primarily USFS and 
BLM) did not prioritize lynx conservation prior to federal listing as a U.S. Threatened species, and would 
not be required to do so beginning 5 years after lynx are delisted. Lynx habitat must be managed for 
consistently across the time span of forest succession (i.e., many decades) and involves significant 
economic and ecological tradeoffs that would likely be compromised without ESA listing. In fact, there 
has not been a credible assessment to date of the efficacy of recent efforts to prioritize lynx 
conservation on federal lands within the DPS. It seems inadvisable to change what USFA and BLM have 
planned to accomplish before evaluating whether the current efforts are working or require 
modification/enhancements. 
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On private lands, forest (i.e., green) certification is growing and is a major force in the marketplace. 
Certification criteria are evolving and increasingly acknowledge the need for landscape‐scale habitat 
conservation. Certification is linked to efforts to conserve threatened and endangered species, thus 
delisting could eliminate the growing potential for lynx conservation on private forestlands, particularly 
in Maine and Minnesota. 
The current Maine Forest Practices Act, as well as 3 public referendums in Maine to ban clearcutting 
were results of ecological and aesthetic concerns by the public. These factors greatly affect the future 
prognosis for lynx habitat supply and configuration for the largest U.S. population of lynx. The policies 
are evolving and at least one large landowner (with >1 million acres in Maine and millions of acres in 
New Brunswick) has received variances to allow large‐scale clearcutting to achieve outcome‐based 
forestry results to promote lynx and hare habitat. Future opportunities to modify policies to benefit 
lynx conservation on private lands would be severely compromised if lynx were to be de‐listed. 
Other federal programs have enhanced lynx habitat on private lands. For example, the Healthy Forest 
Reserve Program funded through USDA resulted in > 180,000 acres of forestland acquired by a 
conservation organization being managed primarily for marten and lynx conservation within a working 
forest framework balanced by appropriately‐placed ecological reserves. Funding was motivated by the 
ESA listing for lynx. Federal funding for planning and implementation was central to the project and 
similar efforts would likely not exist in the future absent listing of lynx under ESA. 
Additionally, the frequent incidental take of lynx is documented in numerous places within the Draft 
SSA, yet there has been no modeling or simulations presented to address the potential effect of 
incidental harvests on small and marginal lynx populations within the DPS. The numbers reported in the 
Draft SSA also assume complete reporting of illegally, accidentally, and bycatches of lynx, which is 
unlikely. In recent decades, as many as 8,000 martens, >2,500 fishers, >4,000 red foxes, hundreds of 
bobcats, and thousands of coyotes have been legally harvested during a single year in Maine. Lynx are 
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vulnerable to incidental capture in a wide variety of sets and traps that are targeting other furbearers. 
Road densities throughout much of the lynx critical habitat in Maine exceeds 1.5 km/km2, thus nearly all 
individual lynx are exposed to potential trapping and illegal shooting. Historically, up to 400 lynx pelts 
were sold during a single season in Maine. Additionally, government endorsed programs to control 
coyotes and/or wolves occur in many western states and in Maine, and may provide risks to lynx. Lynx 
harvested in the U.S. can be sold illegally in Canada and may be targeted by poachers. Additionally, fur 
markets cycle widely and shifts in fashion could elevate fur prices and could increase risk by altering 
trapping effort. Although it is unreasonable to assume that direct human‐induced mortality of lynx 
affects resiliency, it is also unreasonable to assume that it does not currently affect resiliency and that it 
may not act synergistically with habitat loss, fragmentation, and climate change in the future. Further, it 
may be more difficult for state wildlife agencies to effectively conserve lynx given competing public 
demands (e.g., demands for coyote or wolf trapping/snaring to protect game species and livestock) 
absent protections for lynx under the ESA. These issues have not been adequately considered or 
evaluated in the Draft SSA. 
Finally, the assumption that conservation for lynx would continue absent protection under the ESA does 
not consider that millions of acres of conservation easements purchased since lynx listing, and which 
restrict development and ensure a continued focus on working forests (with forest succession that 
promotes hare densities). Such easements have been leveraged and publically funded based on 
perceived conservation benefits and using lynx and other listed species of concern as flagships for 
conservation. Those benefits are largely dismissed by this assumption and all of the above listed 
considerations are inadequately addressed in the Summary section of the Draft SSA. 
4) The sections on current and future status of lynx in Maine incorrectly imply that lynx would be absent 
and populations would be non‐sustainable without the extensive clearcutting that occurred in the late 
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1970’s through 1990. This seems to ignore that more than 400 lynx were harvested and sold in a single 
year in Maine (annual numbers seemed to fluctuate widely), prior to clearcutting and mechanized 
harvesting. Further, lynx distribution in Maine has been largely unchanged from the 1850’s to present 
(Hoving et al. 1983). Thus, the regenerating forests following spruce‐budworm events, as well as the 
potential for multi‐layered old‐growth forests to support hare has likely been overlooked in terms of its 
historical significance for promoting lynx populations in eastern transitional forests. Although I agree 
that clearcutting has resulted in an unnaturally high density of hares within regenerating clearcut forest 
stands, this must be counter‐balanced with the current absence of naturally regenerating forest 
following severe budworm mortality, as well as the current absence of old‐growth forests with complex 
understories, which likely dominated the historical landscape. Historically, both of those habitat 
conditions likely supported substantial hare densities and are functionally absent from current 
landscapes. For all we know, landscape‐scale hare densities may have been favorable for lynx for 10‐45 
years following budworm events, which would have been the majority of the time assuming a 60‐year 
budworm interval. Old‐growth stands with gap‐phase dynamics were likely a dominant part of the 
historical landscape matrix and likely supported more snowshoe hare than in mature second‐ and 
thirdgrowth stands, which support about 1/3rd to 1/7th the hare densities typical of regenerating 
clearcuts 
(Fuller and Harrison 2005, Harrison et al 2016). 
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5) The report seems to over‐estimate the current and future population status of lynx in western 
Colorado and does not adequately address why lynx were extirpated or absent for Colorado in the past? 
Recent information suggests landscape hare densities are below thresholds required to support lynx 
over the long‐term (i.e. more dry‐conifer forests due to lower latitude), and that recent observations on 
reproductive rates suggest that those rates are insufficient to support positive population growth. 
Further the population is the most southerly and isolated of all lynx populations in the DPS. Thus I am 
questioning how mid‐century persistence of 50‐85% and end of century persistence of up to 70% 
(median 50%) can be realistic. It seems that this decision is largely driven by the high elevation and 
better long‐term prognosis for snow and ignores the more critical short‐ and long‐term issue of 
inadequate prey base. The presence of a potentially significant disease (plague) and high bobcat and 
cougar populations that may expand their winter ranges upslope also seem to have been minimized in 
this assessment? In my professional judgement, this unnatural (likely), recently established, and 
marginally viable (at extreme southern range limit for hares) population should be deemed 
experimental and should not be a high priority for ESA protection (similar to the approach of the Draft 
SSA with the GYE). As written, the Draft SSA would seem to place the western Colorado population at 
higher priority for future conservation than other long‐established populations based solely on the 
criterion of future projected snow conditions (which lack certainty), while minimizing the historical and 
current potential to provide for a sustainable population . 
6) Throughout the document, interference competition via aggressive interactions and/or predation by 
mountain lions and particularly by bobcats is mentioned as a major factor affecting current and future 
habitat suitability. Deep, fluffy, persistent snow is stated to provide a refugium for lynx resulting from 
their lower foot‐loading. I agree with this, but in my assessment the Lynx SSA Team has overlooked the 
importance of limb length (see Krohn et al. 2004) and exploitation competition from other predators of 
hares. Fisher was mentioned as a potential predator of lynx, but not as competitors for food. Further, 
the fisher has similar foot loading, but much shorter limb lengths than lynx and must resort to an 
energetically costly bounding pattern in deep snow. Further, Krohn et al. (1995, 2004) provided strong 
evidence that the geographic range and density of fisher is limited by deep snow . Near the northern 
extent of their geographic range, fisher prey extensively on snowshoe hare during winter, and 
particularly in areas near the northern extent of their geographic range. Additionally, red fox have both 
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higher foot load and shorter limbs than lynx (Krohn et al. 2004) and prey extensively on snowshoe hare 
during winter in boreal and transitional environments . For example, Major and Sherburne (1987) 
documented that hares occurred in >60% of red fox scats during all seasons except summer within the 
current boundaries of lynx critical habitat in Maine. Further, that study documented that hare remains 
occurred in >60% of coyote scats during summer and autumn (i.e., when snow was not limiting), and in 
> 60% of bobcat scats during autumn and winter. Additional evidence that coyote and bobcats compete 
and feed extensively on hares near their interface with the geographic range with lynx in Maine is 
provided by Litvaitis and Harrison (1989). Further, Olson (2015) documented diets of lynx in Maine 
during both summer and winter and during periods of relative high and low hare density. and confirmed 
that lynx were specialists on hares in that largest population within the DPS. Finally, O”Donoghue et al. 
(1997, 1998) documented both behavioral and functional responses of coyotes and lynx that could 
result in exploitation competition between those carnivores in Yukon, Canada. In summary, the 
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evidence for combined competitive effects from a variety of mammalian carnivores, which are more 
snow‐restricted than lynx, is more convincing and ecologically relevant than is stated in the Draft SSA. 
Further, those effects may be more pronounced in the 2 eastern populations where elevational 
partitioning among lynx, fisher, coyote, bobcat and red fox is less likely and where potential for home 
range sympatry is greater. This also has obvious implications given climate change and changing snow 
conditions throughout the DPS, which are extremely well summarized and presented in the Draft SSA. 
********************************************************************************** 

More Specific Comments Referenced to Particular Text: 
More specific comments are summarized below with the reference to page/paragraph on page/and 
line(s) within paragraph: 
9/2/22: What is the benchmark for determining when resiliency is “adequate”? This seems vague and 
warrants justification. 
9/3/10-12: What is a large geographic area –this seems arbitrary. Lynx have been lost from Garnett 
Mountains, Kettle Mountains, GYE, and Colorado (perhaps?) in the past 100 years. It is debatable 
whether this is a “significant” reduction in redundancy? 
10/1/entire: IBID previous comment. Are these losses of subpopulations a “significant” loss of 
representation? This seems a bit arbitrary? It is uncertain how much “winking off” is natural from a 
meta‐population sense, but in at least one case (Kettle Mountains) it appears that human induced 
mortality may have played a role. 
10/2/4: Forest management may not always be adverse and there could be incentives via subsidies, 
policy changes and certification requirements that could result in favorable forest management for lynx 
on private lands (e.g., clearcutting in a shifting mosaic, herbicide to reduce competing hardwoods after 
clearcutting). Leveraging and funding such efforts would be more difficult if lynx were to be de‐listed. 
Available information for 4.1 million acres of lynx critical habitat in Maine suggests that conifer forest is 
declining and hardwood forest is increasing as a result of past forest harvesting practices (Legaard et al. 
2015). 
11/1/entire: The assumption that populations will be extirpated from 3 of 5 units represents excessive 
speculation and ignores the high uncertainty and many assumptions associated with that expectation. I 
agree that the climate change projections, despite uncertainty, suggest increasing challenges for lynx 
conservation in all geographic units. Populations without topographic relief could be at high risk. 
Additionally, if lynx retreat to higher elevations in western populations their distributions could become 
even more fragmented within naturally fragmented landscapes. Again, the conclusion that extirpation is 
inevitable in 3 of 5 units implies a level of certainty that is unwarranted given the many interacting 
uncertainties. 
Page 9 of 29 
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11/3/entire: Although I agree with the conclusions about genetic representation, the genetic 
structuring, particularly in western mountain ranges and south of the St. Lawrence River suggest that 
demographic isolation could be a concern and could affect future resiliency and redundancy. Fewer 
population exchanges are needed to maintain genetic representation than are needed to maintain 
population viability in declining populations dependent on demographic exchange with neighboring 
populations. 
11/2/8-11: IBID comment on 11/1/entire. I am fine with this paragraph if the last sentence is omitted ‐ 
“more likely than not…” is vague, debatable, and that wording is compromised by extreme uncertainty. 
14/3/2: How is “persistent” defined? More clarity and justification is needed. Why is the recently 
established population in Colorado where there seems to be a lack of sound evidence for a historic 
sustained population, and that region is dominated by hare densities below landscape thresholds 
required by lynx. Additionally, observed reproductive success seems marginal, yet this previously 
extinct population is still be considered as “persistent”? The premise that populations in GYE are 
“persistent” also seems contradictory to other evidence presented in the Draft SSA. 
16/2/1-7: References to support the underlying principles behind the “3 R’s” concept are needed to 
strengthen justification for this approach (which I strongly support). 
20/2/1-2: This sentence could be interpreted to imply an intended outcome by FWS. Regardless, if 
delisting is a potential future, then the potential effects on lynx conservation need to be much more 
rigorously considered and evaluated throughout the document. The consideration of this potential 
outcome is very uneven across the 6 populations discussed under Chapter 5: Future Conditions. In most 
cases, it is implied that things will stay status quo with de‐listing. See comment #3 (above) – this is 
closely tied into my concerns regarding the final general assumption that is bulleted on page 8, which 
seems unsupported and could greatly affect the future status of lynx. 
20/2/5-12: Why is private land not included in this discussion? See comment #3 (above). 
23/2/6-10: This statement ignores the results presented in Mallett (2014), which indicate that in a 
population within the DPS with dampened cyclicity of hares, home range areas, spatial overlap, and 2nd 
and 3rd order resource selection by lynx were unchanged across periods of relatively higher and 
relatively lower hare density. This benchmark study for a southern population suggests that local‐scale 
demography may be more stable in southerly populations where hare populations may exhibit less 
temporal variability. 
24/Figure 6: A potentially significant interaction seems to be missing from this figure. With declining 
snow, forest management or natural disturbances that increase habitat quality for hares could actually 
lead to numerical and functional responses of fisher, bobcat, coyote, and red fox, as well as avian 
predators that consume a diet with high representation of hares near the current interface with lynx 
critical habitat. Increased hare habitat combined with less snow could lead to increased competition for 
a limited food resource. See comment #6 (above). 
Page 10 of 29 
25/3/5-9: Also see Simons‐Legaard et al. 2013. 
25/3/entire: It may be worth mentioning that although lynx select forest landscapes with high 
aggregate amounts of HQHH when choosing home ranges (Hoving et al. 2004, Simons‐Legaard et al. 
2013), and often select stands with high hare densities (numerous references are cited but add Vashon 
et al. 2008b and Squires et al. 2010) within their home range, lynx may also select for stands within their 
home range with intermediate hare densities and where escape cover for hares is compromised (Fuller 
et al. 2007). Additionally, when foraging in HQHH, lynx alter their movement paths to avoid transitions 
from HQHH to habitats supporting lower hare densities (Fuller and Harrison 2010). Thus, once 
landscape thresholds for lynx occurrence are reached, interspersion of HQHH with intermediate quality 
hare habitats, as well as travel corridors may be optimal (McKelvey et al. 2000c, Hoving et al. 2004, 
Simons and Legaard et al. 2013). This change would cast the second part of this paragraph in a much 
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more precise spatial context as the various spatial scales are easily confused as presented in the Draft 
SSA. 
26/1/1-5: Hare densities within lynx critical habitat are also presented in Fuller and Harrison (2005). 
26/1/6-12: This seems to lack the 2 most recent references on threholds of hares for lynx occurrence – 
see Simons‐Legaard et al. 2013 (reports threshold of >0.7 hares/ha) and (Simons-Legaard et. al. 2016), 
which depicts distribution of hare habitat meeting landscape thresholds for hares across 4.1 million 
acres of lynx critical habitat circa 2010 and 2022. 
26/2/entire: Also see Olsen (2015) who reported that lynx in Maine were specialists on hares across 
summer and winter seasons and across period of relatively high and low hare densities in Maine. 
28/1/18-22: This statement is not supported for all populations within the DPS and contradicts lines 4‐6 
of this same paragraph? This general assumption that population processes in the DPS are more similar 
to northerly populations at the low in hare numbers is universally inaccurate across the populations 
within the DPS. We know that finite rates of population change for lynx are well below 1.0 (rapid 
decline phase) starting 1‐year following the decline phase of hares within the core range. This is in 
complete contrast to the positive rate of increase in one subpopulation in Montana across several years, 
and the positive growth rate across several years of relatively high but stable hare densities in Maine. 
Further, the slightly decreasing values for Maine during the relative hare low were based on an 
exceptionally small sample of reproductive‐aged females (n~5 , and surely had a confidence‐level on 
lamda spanning 1.0). This also coincided with a period of range expansion in lynx in Maine, and the 
estimated finite range of change during the relative hare low in Maine was much closer to one (despite 
high uncertainty with that estimate) than has been reported for lynx during the decline phase in the 
core of the range. This is not surprising given that hare numbers during the low in Maine are ~ 8‐fold 
higher than in the core range. In summary, this general assumption is inconsistent with other 
information presented in the Draft SSA and is not universally applicable across the different populations 
in the DPS. This general assumption seems more relevant to the western populations of the DPS ( i.e., 
Washington, GYE, Colorado) where hare habitat is patchier and where landscape densities of hares are 
generally lower than in Maine and Minnesota (and perhaps in some subpopulations in Montana?). 
Page 11 of 29 
28/2/11-14: This last sentence is poorly written and includes too many hedge words to be meaningful. 
29/b/2: Why hare “meat”… is there really something special about hare protein for lynx – I would think 
not. 
28/d/entire: This seems overtly vague. What does a “low likelihood of encounters” really mean? 
29/1/entire: This seems to ignore the 1‐2 year time lag in lynx response to changing hare densities as 
well as a 2 year lag for birth to reproduction in individual lynx? 
29/2/4-5: This is a direct contradiction to the positive rate of increase in one subpopulation in Montana 
across several years, and the positive growth rate across several years of relatively high but stable hare 
densities in Maine. It also ignores the substantial lynx densities cited on 28/1/4-6 in N. Maine during a 
6‐year high in hare densities. 
29/2/entire: This entire paragraph is not supported and all lynx populations in the DPS should not be 
grouped together as the landscape compositions and configurations, distribution of HQHH, and 
demographics are very different. See numerous comments above about the inappropriateness of the 
broad generalization and assumption that lynx demographics across the DPS are characteristic of 
northern populations during hare lows. If so, then all populations in the DPS should be in rapid decline 
phase most of the time and would not persist. Data for most southern populations is in direct contrast 
with this assumption, and the data are particularly contradictory for northern Montana, Minnesota, and 
Maine. In fact, periods of positive population growth occurred over a much longer period in Maine than 
is typical in northern populations with 10‐year cycles. 
30/2/1-5: Again, the populations across the DPS are being generalized when there is much variability. 
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Home ranges in Maine and N‐C Washington are relatively smaller, not larger than has been documented 
in areas within core lynx range. Within the DPS there is 3‐ to 4‐fold variability across populations in 
terms of the mean home range areas within sexes. 
31/2/entire: This paragraph does not address the historical effect of wolf extirpation and coyote 
colonization or expansion in Maine and Colorado. Coyotes were historically absent but now occur 
ubiquitously across critical lynx habitat in Maine. Wolves were present prior to 1900, but have been 
absent since (coyote release?). Those coyotes use hares extensively (Major and Sherburne 1987, 
Litvaitis, J. A. and D.J. Harrison. 1989), and coyotes may also mediate competition between lynx and 
bobcats (Litvaitis, J. A. and D.J. Harrison. 1989), particularly given reported exploitation competition 
between coyotes and bobcats, which both rely more on deer during winter than do lynx (Olsen 2014). 
31/2/10: This argument focuses solely on foot loading and ignores the effect of limb length, which is 
very important in terms of competition by lynx with red fox and fisher. See comment #6 (above). 
32/2/entire: This contradicts page 29 and the general assumption that lynx in the DPS operate 
demographically like populations in the north during cyclic lows. If so, then the factors contributing to 
positive growth and persistence (as identified in this paragraph) would not exist in the DPS. This is 
contrary to current naturally occurring populations in 4 populations within the DPS. 
Page 12 of 29 
32/3/entire: The peripheral island population concept is not relevant to populations in N. Montana, 
Minnesota, and Maine, all of which occur over large landscapes and are fully contiguous (and part of) 
populations in Canada. Although the population may be large enough to be sustainable in their own 
right (particularly in Maine), in at least one case there is 10 million acres of habitat that is completely 
contiguous and fully connected with 20 million acres in Canada. See comment #1 (above) where I 
criticize the application of the island metapopulation concept across all 6 populations in the DPS. 
33/2/entire: The wide uncertainty around estimates of lamda for the entire population needs to be 
acknowledged, particularly given the small samples of lynx used to estimate recruitment and survival. 
Very likely, the credible confidence bounds on all of the estimated rates of increase span 1.0 (i.e., the 
benchmark for population stability). Estimates are likely more precise during periods of hare highs 
when there was more reproduction. Thus, I feel confident in concluding that population growth rates in 
some parts of the DPS are positive when hares are high. For the Maine data, the very low number of 
reproductive aged females monitored during the hare low lends great uncertainty to the estimates of 
finite rate of population change during that period. I suspect this may also be a problem for other 
populations in the DPS? 
34/2/5-10: Not all southern populations are isolated and necessarily dependent on immigration – again 
this is an overgeneralization across populations within the DPS. This concept is probably most relevant 
to populations in Colorado, GYE, and N.C. Washington. 
34/2/10-18: Again, there may be lower temporal variability and longer periods of positive growth rate 
in some southern populations with dampened or absent cycles if landscape hare densities during 
extended high periods exist for long periods of time, if population lows do not result in catastrophic 
declines in population growth rate, and if the periods of positive population growth are extended. This 
appears to be what is happening in Maine, which had the highest growth rate and maintains the largest 
population in the DPS. Hare densities there during the low are ~8‐fold higher than during the nadir in 
some northerly populations. 
35/3/9-12: There was a “little ice age” during the 1700’s‐1800’s in the northeastern U.S. when 
populations of northern mustelids (e.g., martens and fisher) shifted southward in the Appalachians as 
far south as Tennessee. Lynx may have also expanded southward and then later retreated when 
climate warmed and may explain more southerly records of lynx (e.g., Pennsylvania). The “little ice 
age” is discussed and referenced in the climate change sections of the Draft SSA. 
36/2/entire: There is little evidence that mass immigrations of lynx from Canada were needed to 
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restore lynx populations that are contiguous and demographically connected to Canada (e.g., Maine and 
Minnesota). In Maine, historical distributions of lynx have been very consistent since the 1850’s (Hoving 
et al. 2003). 
36/3/1-7: As stated previously (particularly see comment #1 and 32/3/entire), the 
islandmetapopulation concept does not apply universally throughout the DPS and is most relevant to 
populations in Colorado, GYE, and N.C. Washington. 
Page 13 of 29 
37/4/16: The last 7 words are not supported by data, are likely an over‐ generalization, and I would 
suggest deleting. See comment #2 (above). 
38/2/entire: Consider expanding this paragraph to include other potential competitors and influence of 
limb length interactions (see comment #6 above). 
43/1/1-2: Why is northern New Hampshire considered separately when it is actually a small extension 
of habitat from northwestern Maine into low elevation industrial forestlands contiguous with the Maine 
population? This seems to be a political rather than a biological boundary? 
43/1/12-16: See Litvaitis et al. (1986) for more relevant information regarding this topic. 
44/1/1-4: Also see Simons-Legaard et al. (2016), page 1263, Table2. 
44/1/11-16: Is 10 million acres of habitat in Maine really a peripheral population if broadly connected 
with an additional ~20 million acres in Canada. This is a political separation and Maine lynx are really 
residents of a larger trans‐border population. As such, is it really “immigration” when animals move 
within a larger population or are we just creating this concept because of a political boundary. The 
same may be true for Minnesota and perhaps some sub‐populations in Montana? 
44/2/10-11: IBID comment 44/1/11‐16 above. 
45/3/11-13: This sentence (and the larger document) is missing an important reference that identifies 
lynx habitat in 2010 across Maine and projects to 2022 based on forest succession (Simons-Legaard et 
al. 2016). Also see Simons (2009: pp 202‐220). 
47/2/23-27: Tier II risks could be more important than assumed here (e.g., effects of roads and 
particularly, incidental and illegal harvests have not been modeled or simulated). These factors could be 
particularly important for isolated populations and sub‐populations with small effective population 
sizes, but also for the larger population in Maine where unimproved road densities exceed 1.5 km/km2 

and nearly all individual lynx in the population are potentially exposed to risks via incidental take and 
illegal shooting. Illegal and incidental harvests are reported later in the document but are neither 
rigorously evaluated, modeled, nor simulated to evaluate their potential as limiting factors in regards to 
lynx resiliency. 
52/2/4-5: Yes, state prohibitions on take may limit the potential for targeted harvests of lynx. However, 
lynx are susceptible to capture in a wide variety of set types, including in neck snares set to remove 
nuisance coyotes and wolves. In some states, required trap check intervals could also compromise 
health and survival of incidentally captured lynx. The question is not whether existing regulations may 
benefit lynx, but are current measures adequate and enforced to minimize threats to population 
resiliency. In my view, this topic has not been adequately evaluated in the Draft SSA. 
52/2/16-19: These efforts may “reduced” but have not “minimized” incidental captures of lynx (see 
incidental reports elsewhere in this document, which were are likely just an unknown percentage of 
actual incidental and illegal captures). Additionally, I have been informed that at least one state agency 
Page 14 of 29 
has verbally assured trappers that restrictions may be relaxed if lynx are de‐listed. As stated previously, 
there are not assurances that state efforts to conserve lynx will not be compromised by other public 
demands (e.g., nuisance animal control, changing fur markets, and desires by users to expand 
opportunities to harvest other furbearers and carnivores that may prey on game species or livestock) if 
lynx are removed from protections afforded under ESA. 
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53/1/entire: Lynx in Maine are particularly vulnerable to incidental mortalities given that densities of 
gravel roads accessible by 2‐wheel drive vehicle exceed 1.5 km/km2 throughout much of the designated 
lynx critical habitat in Maine and the large home range areas of lynx put them in potential direct contact 
with long‐line trappers in pursuit of other valuable furbearers (e.g., marten), with bear hunters, grouse 
hunters, moose hunters, armed fishermen, deer hunters, logging trucks, and recreational and 
nonrecreational vehicles. As mentioned previously, the issue of potential effects of incidental and illegal 
mortality have not been adequately considered or evaluated in the Draft SSA (see Comment #3 above). 
53/1/25-29: How widely used and applied are the state agency’s voluntary management guidelines for 
conserving lynx habitat? For over 25 years I have been a Cooperating Scientist working with landowners 
who manage ~8.5 million acres of forestland in lynx critical habitat in Maine, including serving as an 
advisor regarding habitat management for lynx. I have never heard a landowner mention the state 
agency’s habitat management recommendations. I suspect that the impact of these recommendations 
has been insignificant. 
54/2/entire: All sounds good, but how effective? What is time to response, average trap check 
intervals, rate of compliance, level of enforcement, and what evaluations suggest that this does not 
affect resiliency in small subpopulations. What assurances are there that protection would continue 
absent protections under ESA? 
55/2/11: “Avoids” implies 100% success, which has not been documented here or elsewhere. “ …might 
reduce the potential for….” would be more accurate wording. 
55/4/7: IBID 55/2/11 
55/1/17: Add references for Robinson (2006) and for Harrison et al. (2016), and Simons-Legaard et al. 
(2016) to strengthen and justify the broad statement ending with the word “habitat” on line 17. 
56/2/entire: More research and quantification of the acreage of land under forest certification within 
lynx critical habitat is needed. I think the percentage would be very surprising. Thus, there is much 
underutilized opportunity to strengthen landscape considerations and to provide incentives for lynx and 
hare management via forest certification, which is directly linked to endangered species conservation. 
The loss of this tool to affect land management in the largest population of lynx in the DPS would likely 
occur if the “nexus” resulting from ESA listing for lynx were to be removed. See comment # 3 (above). 
57/2/4-8: The incentives for lynx conservation and mitigation on state‐managed lands would also be 
greatly diminished via de‐listing. 
Page 15 of 29 
57/3/entire: Private land management for lynx in Minnesota seems to be an underutilized opportunity. 
Perhaps this could become an increasing priority for FWS and for federal incentives and/or management 
incentives if lynx were to remain a listed species? 
58/5/entire: Yes, lynx are protected, but are there proactive measures to minimize the potential for 
incidental and illegal take and is there adequate enforcement? 
64/1/5-7: IBID – consider limb length and a wider range of potential competitors for food (e.g., red fox, 
fisher). 
64/1/7-10: IBID – the small, isolated, and habitat island concept in a metapopulation context does not 
apply well to Maine, Minnesota, and some subpopulations in Montana. 
64/3/4-5: IBID‐ reductions in periodicity and amplitude of cycles in Canada may be important from a 
mass immigration standpoint, but only for small, isolated western populations in the DPS. Dampened 
fluctuations of hares at intermediate densities may be beneficial to population persistence in Maine 
(and perhaps Minnesota) where long period of positive growth rates, lack of catastrophic declines, and 
stable social systems and spatial dynamics of lynx have been documented over 10‐15 years. 
65/1/1: Bobcat AND fisher distribution and densities within lynx critical habitat will increase in Maine 
and in New Brunswick, which are part of the same population of lynx. Access by sympatric red fox and 
coyotes to hares will also increase during periods of deep snow. 
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65/3/9-16: IBID comment on 64/3/4‐5. 
65/4/6: IBID comment 65/1/1 
67/2/entire: See comment #6 (above) 
67/4/9-11: The premise that hare populations “…have declined and remain low in Maine” requires 
greater context and clarification. See new reference for Harrison et al. (2016), which document that 
hare densities in HQHH have been stable (range 0.75‐0.99 hares/ha) and have averaged 0.86 hares/ha 
during a “low” hare period spanning from 2008‐2015. This is approximately 8‐fold higher than hare 
densities observed at the nadir in some areas of the north and may approximate the best case scenario 
for hare densities in some western populations. This undoubtedly contributes to reduced population 
variability, as well as the reported long‐term stability in spatial dynamics (Mallett 2014) of lynx in Maine. 
68/1/1-4: Might jackrabbits and mountain cottontails move upslope with less snow? Hares in Maine 
have high tick infestations during spring and summer, particularly in areas of high hare density. Have 
parasite and disease interactions with climate been considered? 
71/2/19: Suggest a change to “…and gene flow in lynx populations within the western portion of the 
DPS.” This statement does not apply to Maine. 
72/5/entire: IBID comment 68/1/1‐4. 
Page 16 of 29 
73/2/1-3: Actually lynx populations in Maine, the Gaspe’ region of Quebec, and in northern and central 
New Brunswick are contiguous and without significant geographic barriers across ~30 million acres of 
habitat. Demographically, these populations may be very sustainable and have remained so with nearly 
70 years of demographic isolation from the rest of Quebec since the formation of the St. Lawrence 
seaway and the practice of daily ice‐breaking. Some lynx likely swim the river based on genetic data but 
some genetic differences are evident south of the river, which do not seem to be a threat. As such, the 
Maine population (and perhaps Minnesota?) does not fit well with the immigration limitations/threats 
and island metapopulation processes generalized across the DPS. 
74/1/1-3: I am unsure how “young regenerating spruce‐fir forests” differ from “young stands with 
spruce‐fir saplings”? These seem the same, yet are cited differently? 
74/2/1-4: A more recent reference for the eastern DPS is Fuller and Harrison (2013). 
74/3/7: Harrison and Fuller (2005) is absent here, but is one of few published articles that presents a 
comparison of hare densities based on pellet counts across a range of forest management treatments. 
75/1/5-10: The wording in this paragraph incorrectly implies that hares exit stands after the process of 
self‐thinning. In reality, hares in Maine are present in all forest stands across the landscape, but at 
varying densities (see Fuller and Harrison 2005 and Harrison et al. 2016) 
75/3/bullet #2: In the northeast, harvesting in the 1970’s –early 1990’s (current lynx habitat) was 
focused on areas of poorer site quality and drainage (which favor shallow‐rooting spruce and fir), which 
were the spruce‐fir flats where budworm risk was most severe. 
75/3/bullet #3: Actually, “high grading” is a dominant practice in partially harvested stand in Maine and 
we have conducted several studies that have documented that conifer trees are selected for and 
hardwood (often low‐value species) composition increases after partial harvesting. The landscape‐scale 
effect of the shifting composition away from conifers and towards hardwoods in Maine is documented 
in Legaard et al. 2015. In my view this rapid shift towards hardwoods from forest harvesting is much 
more important to lynx in the short run than is the longer term forest shift associated with climate 
change. 
75/3/bullet #5: I disagree. This statement applies to northern boreal forests and to some landscapes in 
the west; however, in Maine the cumulative effect of forest change from mechanized harvesting over 
the past 40 years dwarfs the size and frequency of any previous natural disturbances. 
76/2/entire: This paragraph accurately summarizes events on western National Forests, but does not 
accurate depict the situation in the forests supporting the largest population in the DPS. In Maine, the 



Peer Review of USFWS Draft Species Status Assessment for the Canada Lynx Appendices 

Draft Species Status Assessment for the Canada Lynx Peer Review Report July 2017 
B-40 

annual footprint of forest harvesting in terms of acres/year has more than doubled since the enactment 
of the Maine forest practices Act in 1991 (passes in 1989). The cumulative effect of those increased 
annual harvest equate with monumental landscape changes. In the past 3 years there have been slight 
decreases in forest volumes resulting from recently closed paper mills, but the acreages harvested are 
still well above historical averages. 
Page 17 of 29 
76/4/7: Change “These” to Some. This is needed because the 2 largest landowners in Maine are 
actually family ownerships with long‐term investment horizons ‐‐ not all ownerships are TIMO’s and 
REIT’s. 
77/1/8: It is inaccurate to say that short‐term landowners are “not interested” in long‐term 
commitments. Any commitments that promote sustainability, standing volume, or future land value can 
be part of the investment equation …. and with creativity, some of those can sometimes benefit lynx 
and hares. Forest certification and the connection with endangered species conservation is a key tool 
here. 
77/2/entirety: It should not be ignored that the federal protection of lynx under ESA has heightened 
the utility of lynx as a flagship species for conservation, and has been a major force behind land 
acquisitions by conservation organizations and subsequent management of these lands for lynx and 
hares. This could change if lynx were to be de‐listed. 
78/2/9-10: Conversion of conifer‐dominated forests to hardwood dominated forests via forest practices 
and regulations is a threat to lynx. See Legaard et al. 2015. 
78/2/11-14: Roads are typically considered in terms of human‐induced mortality, but the habitat 
effects of roads are incredibly significant for the Maine population. Fuller et al. (2007) documented that 
gravel roads and associated road edges represented 11% of the total land and water surface area of a 
northern Maine study area. Road and road edges were avoided by lynx and had the lowest conifer stem 
densities and indices of hare abundance of any of the available habitat types during that study. Thus, 
roads affect availability of high quality habitat by lynx and affect lynx movements given that lynx alter 
movement paths to avoid transition out of HQHH when foraging (Fuller and Harrison 2010). 
78/2/15-16: And these stand‐scale stressors cumulatively reduce the probability of landscape‐scale 
habitat occupancy by lynx (Simons‐Legaard et al. 2013). 
79/2/1-4: It needs to be considered that in eastern forests, PCT occurs after a stand has been previously 
clearcut and herbicide treated to reduce hardwood competition. This elevates confer composition and 
sapling density to levels well above those needed by hares. Thus, even after PCT, hare densities (though 
reduced compared to unthinned clearcut and herbicide treated stands) still provide hare densities that 
are higher than most other habitats available to lynx (e.g., selection harvests, uncut second‐growth, 
hardwood dominated and mixed stands, road edges). Contrary to what is described here, these stands 
do not need to exhibit “regrowth” to again become snowshoe hare habitat. They are prime habitat 
before thinning and then remain above‐average quality hare habitat after thinning (see Homyack et al. 
2007). 
79/3/entire: This is implying that PCT is a threat. From an eastern perspective, clearcut+herbicide+PCT 
creates much better conditions than partial harvests or stands without harvesting in terms of hare and 
lynx habitat. 
Page 18 of 29 
80/1/entire: Selectively removing overstory trees, as practiced in the northeastern forests is also a 
threat as it transitions stands to a greater hardwood composition (Fuller et al. 2004), which results in 
lower densities of hares (Legaard et al. 2015, Fuller and Harrison 2005, Robinson 2006 and lower conifer 
stem densities in partially harvested stands (Fuller et al. 2004, Robinson 2006). Further, the residual 
overstory trees have a higher conifer composition and provide less winter canopy cover for hares after 
selection harvests (Fuller et al. 2004) and after other forms of partial harvests (Robinson 2006). This has 
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led to landscape‐scale declines in boreal forest (Legaard et al. 2015). 
80/2/entire: Correct term is “selection harvests” not “selective. Heavy harvests (i.e., stand replacing) 
should be defined as any stand with >50% of basal area removed. The 90% threshold presented here 
would legally be defined as a clearcut (<30 ft2/acre residual basal area) under Maine law, so that would 
occur with 80% removal in a typical stand with starting basal area of 150 ft2/acre. On line 6 of the 
paragraph, the Sader et al. (2003) reference is very (14‐years) old and the Maine Forest Service has 
reports for the current period as recent as 2015. Fuller and Harrison (2005) provide additional 
information on reduced conifer stem densities in selection‐harvests, which are replacing uncut and 
clearcut stands as the dominant landscape matrix. Those selection stands support fewer hares that 
other forest harvesting options (Fuller and Harrison 2005, Harrison et al. 2016). Actually, Fuller and 
Harrison (2005) documented hare densities of 0.17 hares/ha in recent selection harvests during 1997‐ 
98. Robinson (2006) documented hare densities ranging for 0.3‐1.7 hares/ha across a range of partial 
harvest treatment during a period of high hare density and all 21 partial harvest stands had a hare 
density lower than the mean observed in regenerating clearcuts. Subsequently, Harrison et al. 2016 
documented hare densities in longer established partial harvests ranging from an annual average of 0.31 
to 0.59 hares/ha during an 8 year period of relatively lower hare densities when average hare densities 
in regenerating clearcuts ranged (annual average) from 0.77‐0.99 hares/ha. 
80/4/entire: The extent and trends in biomass removals should be quantified given that this is 
increasing in eastern forests for wood pellets, biomass fuel production, and other wood products (e.g. 
particle board). 
81/2/4-5: Selection harvest is the correct silvicultural term. Shifts away from boreal forest in selection 
harvests are described in Fuller et al. 2004 and Robinson 2006. Landscape effects of forest harvesting 
that have shifted transitional forests towards hardwoods and have reduced representation of conifers 
are summarized in Legaard et al. 2015. 
81/4/entire: I disagree with this entire paragraph. To the contrary, the vast percentage of high quality 
hare habitat in Maine and New Brunswick is the result of past clearcutting followed by herbicide 
application (e.g., Glyphosate) to suppress competing hardwoods. The result is high conifer stem 
densities that develop into optimal hare habitat which is determined by the presence of cover and NOT 
by deciduous stems for food. Many studies (and cited in the Draft SSA) have shown positive 
relationships between conifer stem densities (>1 m) and hare densities. Robinson (2006) modeled 
vegetation variable as predictors of hare density and found that conifer stems were much more 
influential than deciduous stems, due to greater cover provided by conifers (Litvaitis et al. 1985). Fuller 
and Harrison (2013) reconfirmed those relationships via modeling at the microsite scale. 
Page 19 of 29 
82/1/1-2: This statement is further supported by Hoving et al. (2004). 
82/1/5-7: This statement is further supported by Fuller et al. (2007). 
82/2/11-14. This statement is incorrect. The trends presented are accurate but the cause is NOT from 
partial harvesting. Clearcuts during the 1980’ and 1990’s that occurred in the southern parts of lynx 
critical habitat are coming on line from 2010‐2022 and will buffer losses as older clearcuts in the north 
advance to pole stands. Because of topography, lack of large spruce‐fir flats, patterns of site quality (i.e., 
better drained soils on ridges) and given that budworm had disappeared by the time these stands were 
harvested, the cuts were more scattered and smaller in average size. Many of these cuts occurred after 
the 1991 MFPA and there were new economic disincentives for cuts >30 acres. This is why the patches 
are getting more fragmented and smaller as HQHH is shifting to the south. This is not a direct result of 
partial harvesting. 
83/1/entire: Spruce‐budworm outbreaks occurred historically at 50‐80 year intervals, thus I disagree 
that natural disturbances were rare. Yes, fire intervals were long, except in the extreme northwest 
portion of Maine where forests were more boreal‐like and burned more frequently (per C. Cogbill 2005, 
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which is also cited elsewhere but missing from the literature cited in the Draft SSA). And tree mortality 
was common given that the most common tree in Maine (balsam fir) has a typical lifespan of ~80 years. 
Thus commercial patterns are shorter for less common but important species like red spruce, black 
spruce, white pine and hemlock, and stand‐replacing forest harvesting has shifted composition towards 
balsam fir, which transitions into excellent hare and lynx habitat. That said, historic spruce budworm 
outbreaks (as evidenced by fir waves on Maine’s highest mountains) were a major disturbance factor 
historically. Also see comment # 4 (above) which discusses the potential role that old‐growth forests, 
which are functionally absent from the current northeast landscape, may have played in supporting 
historical populations of hare and lynx. 
87/2/1: I strongly disagree with this statement. See many of my previous comments, particularly 
general comments.#1 and #2. As stated previously, nearly all forest habitats (Maine is >90% forest) 
contain snowshoe hares. Thus there is continuous, unfragmented habitat. High quality foraging 
habitats are aggregated due to topography, site quality, road access, and harvesting efficiencies. Maine 
does not have the natural fragmentation of western forests, nor expanses of unsuitable habitat that are 
absent of hares. The background matrix and landscape context in Maine and Minnesota may be very 
different from western populations in the DPS where topography and water cause a patchy distribution 
of mesic conifer forests. The problems in Maine result from habitat loss caused by harvesting practices 
and historical management that are shifting species composition towards hardwoods (Legaard et al. 
2015). 
88/3/5: References to Hoving et al. 2004, and Simons‐Legaard 2013 would strengthen this statement. 
88/4/6-7: Again, it may be dangerous to assume dampened cycles are bad for lynx if the low in hare 
densities can still support lynx reproduction and survival and if periods of positive growth rate are 
extended during relative highs. See comments 64/4/9-11 and 64/3/4-5. 
Page 20 of 29 
89/1/2-3: Suggest changing wording to “… inflicted by other more generalized predators (e.g., coyotes, 
bobcats, red fox, fisher), which are less adapted to deep snow and consume hares when they are 
accessible.” 
89/2/12: I’m not sure what “intense predation” is and am not sure that high rates of predation on lynx 
have been documented anywhere in the DPS – perhaps because lynx stick to areas of deep snow. This 
needs clarification and more justification. 
89/3/1-3: Are other closely related species really more sensitive to fragmentation, or are they more 
generalized in diets and geography so that they interface more with high human densities and the 
fragmentation associated with agriculture, suburbanization, paved roads, and human sources of direct 
mortality? 
91/1/4: Additionally, within home ranges dominated by HQHH, lynx selected for stands with 
intermediate hare densities where conifer stems densities were suboptimal for hare cover, but where 
encounter potential with hares was intermediate‐high (Fuller and Harrison 2007). 
91/2/9-11: It is also important to consider that lynx need home range‐sized area with a high 
representation of HQHH to meet their landscape thresholds for occurrence (Hoving et al. 2004, 
SimonsLegaard 2013), thus fragmentation of HQHH habitats can reduce landscape quality and 
probability of 
lynx occupancy (Simons-Legaard et al. 2016). 
92/4/entire: The effect of habitat conversion to areas with low hare densities and which are avoided by 
lynx within 60m corridors associated with forest roads can result in >10% habitat loss in landscapes with 
intensive private forestry (Fuller and Harrison 2007) and these linear bands of low quality hare habitat 
alter the foraging paths of lynx, who avoid transitions from high‐ to low‐quality foraging habitat (Fuller 
and Harrison 2010). 
93/2/entire: IBID 92/4/entire. Linear densities of gravel roads in many areas of lynx critical habitat in 
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Maine exceed 1.5 km/km2. 
94/2/8: As a minor note, I documented snow tracks of 3 lynx traveling together in December 2015 and 
a single lynx traveling in December 2016 through the Copper Mountain Ski Resort in western Colorado 
at ~10,500 foot elevation. 
95/3-4/entire: Utility corridors, access roads to wind sites, and gravel forest roads (particularly if they 
receive snowmobile traffic) may enhance access of generalist and edge associated predators and 
competitors (e.g., coyotes and red foxes) into areas where lynx occur and forage on hares. 
96/2/8-12: I disagree with this statement. The effective population size in N.C. Washington is quite 
small, so it seems conceivable that disease and or random stochasticity could result in a small but 
significant possibility of functional extirpation in the short run (as happened in the adjacent Kettle 
Mountains?). Has this been considered and modeled? 
Page 21 of 29 
97/3/20-21: Isn’t it quite feasible that ephemeral lynx populations in GYE would be an essential 
stepping stone for genetic and demographic exchange with the most southerly and isolated lynx 
population in western Colorado? 
99/3/1-3: Isn’t the NH population really just part of the Maine population that extends across a political 
boundary. I am unsure why political lines are being used to define geographic range boundaries? Isn’t 
northern NH, Maine, NB, southern Quebec really a single population? VT is a bit isolated and should be 
considered separately. 
99/3/12-14: This statement is inaccurate in light of historical information on lynx distributions (Hoving 
et al. 2003). See general comment #4 above, as well as 83/1/entire. Additionally, this population may 
not be dependent on immigration from Canada (see comment 73/2/1‐3). 
99/3/19-24: Data suggest the decline in HQHH in Maine will occur from 2022 to 2032 (Simons 2009). 
The data presented by Scott (2009) and Harrison et al. (2016) provide some evidence of weak cyclicity 
across perhaps 20 years. It should be considered that even at relative hare lows in Maine, densities are 
5‐8‐fold higher than at the nadir in the north and may continue to promote population persistence until 
the next extended high period (which may have an extended period of positive growth relative to 
northern populations). The conclusions of declining populations currently in Maine should be treated 
with a high level of uncertainty given the small numbers of female lynx monitored during the low period, 
as well as very limited data on reproductive performance during that period. 
100/1/entire: Potential for predation on lynx and/or exploitation completion from fisher, coyote, 
bobcat and red fox should be considered here as well. This is a greater risk for both the Maine and 
Minnesota populations relative to western populations in the DPS. 
100/1/7: It is an overstatement that “the next spruce budworm outbreak is imminent.” Actually, larval 
densities of spruce budworm in Maine declined in summer of 1996, and larval numbers and distribution 
are not much above baseline levels at the present time. The outbreak in Quebec, Canada is primarily in 
areas without clearcut harvesting following the last outbreak, so Maine forests are very different and 
the timing and probability of an outbreak in Maine is highly uncertain. If an outbreak occurs, the 
outcome in terms of recycling pole and mature stands into sapling conifer habitat for hares is a potential 
outcome that could be beneficial for lynx. 
102/2/entire: See general comment #5 and 14/3/2. I am confused about why Colorado’s population is 
assumed to have one of the highest probabilities of survival to the next century – seems based solely on 
snow futures and not history, landscape hare densities, or current demographics? 
105/2/entire: IBID previous comments. It is important to consider that the Maine and NH (via Maine) 
are contiguous with about 20 million acres of occupied lynx habitat in New Brunswick and S. Quebec, 
which all occurs south of the St. Lawrence River. Thus this large population may be demographically and 
genetically viable with only a very minor need for infrequent genetic contributors from elsewhere (and 
the river is not impermeable to lynx immigration). 
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105/2/entire: It should be noted that mixed conifer‐deciduous stands dominate on sites with 
intermediate soil drainage and deciduous forests on well‐drained hillsides. Both do not support HQHH 
(Fuller and Harrison 2005, Harrison et al. 2016). Thus lynx in N. Maine are not advantaged by elevation. 
In mountainous regions where conifers are on mountaintops, the conifer patches are fragmented and 
tend to be mature conifer (which supports low hare densities per Fuller and Harrison (2005) and 
Harrison et al. (2016). Siren (unpublished report) has found that high elevation spruce‐fir forests in NH 
also do not typically provide HQHH. 
106/2/3: Simons et al. 2016 is a better reference. 
106/2/1-3: This sentence would be more accurate if revised as “…experienced a 12‐year high (1996‐ 
2006), followed by a year of transition (2007), which was followed by 8 years of a stable, but lower hare 
populations until surveys were discontinued after 2015 (Fuller and Harrison 2005, Scott 2009, Harrison 
et al. 2016).” 
108/2/19-21: It is presumptuous to assume that there would be an absence of hare habitat without 
forest harvesting and clearcutting in the 1970’s to 1990’s. Without management and pesticide spraying, 
the massive budworm outbreak of the 1970’s and 1980’s would have resulted in extensive mortality of 
fir‐dominated stands, which would have resulted in stand‐replacing tree die‐offs and subsequent dense 
conifer regeneration. See general comment #4. 
108/4/2: It would be more precise to replace “near future” with “between 2022 and 2032 
(SimonsLegaard et al. 2016).” 
109/2/4-5: Fuller and Harrison (2005) is a better reference than Fuller (1999 ‐thesis), as it is a refereed 
journal article. Similarly, Homyack et al. (2007) is preferable to the thesis cited as Homyack (2003). 
109/2/7: This is an error in fact. Actually about 260,000 total acres were harvested in Maine during 
1988, compared to a peak of about 540,000 acres/year from 2001‐2003. I think the mistake arose from 
the fact that there was about 100,000 acres of clearcut harvesting in Maine in 1988. 
110/3/entire: Again, it may be worthwhile to mention that a high percentage of private forestlands in 
Maine are certified (major force in the marketplace), that certification requires consideration of needs 
of T&E species, that there is increasing effort to incorporate landscape‐scale habitat provisions into 
certification, and that T&E listing provides an important potential avenue into enhancing management 
on private lands. This opportunity would go away in the largest population within the DPS if lynx were 
to be de‐listed. 
111/4/4-5: Given the daily ice‐breaking on the seaway during winter, cold water temps, and the width 
of the river, I would hypothesize that lynx crossings are via lynx swimming the river during the ice‐free 
season. 
112/1/13: The word “true” is unachievable and “precise and accurate” should be considered as 
alternate wording. 
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113/2/10: What is meant by “low”? Densities were still 5‐ to 8‐fold higher than populations in the core 
of lynx range during the nadir of cyclic lows. 
113/3/4-5: This statement does not accurately depict the historic data and there is no evidence that 
this population is dependent on immigration from Canada. See general comments #1 and #4, plus 
34/2/entire, 44/1/11‐16, 64/3/4‐5, 72/2/1‐3, 99/3/1‐3, and 105/2/entire. 
115/3/3-4: I think this is an error. A 50‐200‐year fire interval is incredibly frequent and I have seen no 
references to support that. A 200‐800 year interval is what I recall. This needs to be re‐checked. 
115/3/7: The reference to Cogbill (1985) is absent from the literature cited section. 
116/2/2: Increases in road densities and the indirect effects of roads mentioned in previous comments 
(e.g., see 92/4/entire, 93/2/entire, 95/3‐4/entire) should be addressed here. 
117/3/18-20: I am unclear how “diminished ice conditions on the St. Lawrence River could be an 
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increasing risk given that ice‐breakers clear the river channel daily during winter? See 111/4/4‐5. 
138/2/5: This wording suggests lynx are generalists in the summer, which is contradictory to Olson 
(2015) within the DPS. Yes lynx consume a wider range of available foods in summer, but > 90 of their 
caloric intake is likely from hares. 
138/2/10-12: IBID. Hares are much larger than squirrels, so this data still suggests >90% of caloric 
intake from hares, which occurred in 87% of scats. 
139/3/1-2: This is an incorrect statement as it applies to the Maine lynx population. Forest 
management has shifted boreal forest towards mixed and hardwood composition in this region (see 
Legaard et al. 2015). 
156/4/1-7: Again, the potential effects of incidental harvests, road mortality, and illegal take on lynx has 
not been adequately considered, evaluated or modeled and might affect population resiliency in small 
subpopulations or in populations during bottlenecks (e.g., during hare lows). There is also the implicit 
assumption in the document that the incidental mortalities reported to FWS represent 100% of the 
mortalities that occurred, which is highly unlikely. 
159/2/3-4: This text implies that forest management is and will be detrimental for lynx, which is 
contrary to the current situation in the largest population in the DPS and ignores the future 
opportunities to use forest management to enhance hare and lynx habitat on federal and private lands 
managed for wood fiber production. 
160/1/3-6: This seems contrary to the historical data which shows great consistency in the lynx 
distribution in this population since the 1850’s (Hoving et al. 2003). 
160/2/9-13: This conclusion seems overly speculative given climate uncertainty (e.g., more 
precipitation could result in more snow despite warmer temps if still below freezing, as is currently 
observed in Lake effect areas east of the Great lakes where bobcats are uncommon). Additionally, this 
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ignores natural disturbance events that may rejuvenate conifer sapling habitat in Maine and Minnesota, 
as well as potential changes in wood fiber markets and regulations that could be used to promote 
conifer habitats. I agree that data suggest lynx conservation will become more challenging, particularly 
given climate change, but extirpation in 3 of 5 units seems overly precise and overly speculative given 
uncertainty. See general comments 3, 4, and 5. 
161/3/3-6: IBID previous comment. 
162/1/entire: Opportunities via forest certification, changing markets, and via management incentives 
to landowners should not be ignored as potential mitigating influences to declining hare habitat, as well 
as forest regeneration following likely future budworm outbreaks. With additional public and private 
funding, easements could also be modified to strengthen desired forest management provisions to 
promote desired habitat conditions on lands where working forest futures are already ensured in 
perpetuity. These opportunities are underrepresented in the Draft SSA and these opportunities would 
be greatly diminished if the lynx were to be removed from ESA protections. 
162/2/13-15: Yes, this is correct and the currently underutilized opportunity for enhancing habitat 
management on private lands would be further diminished if lynx were to be de‐listed. Other possible 
threats mentioned previously are increased incidental harvests associated with changing fur markets 
and demands for fisher, marten, bobcat, and coyotes, as well as competing demands by local residents 
(e.g., coyote and/or wolf control to protect livestock or game species). 
164/1/entire: I agree, but another potential threat is that dry conifer forests lacking structure to 
support HQHH will likely move upslope in western populations within the DPS. 
164/2/entire: As mentioned previously, effects of disease (e.g., rabies, plague, lungworm, distemper) 
and other stochastic events, coupled with fires and accidental and illegal mortalities could affect 
shortterm resiliency in this population will small effective population size. With the exception of wildfire, 
the 
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additive effects of these stressors seem to have been under‐emphasized. 
166/1/entire: This seems to minimize the data suggesting low landscape hare densities and 
corresponding low reproduction, coupled with lack of concrete historical evidence of sustainability and 
the extreme isolation of this population (particularly given the apparent lack of a current population in 
the GYE). See general comment #5. 
168/Unit 6: IBID previous comment. 
168/2/6: See general comment #6 –fisher are potential competitors for hares (not just predators on 
lynx), as well as coyotes and red foxes. 
168/2/12: But soil drainage and site quality in much of Maine will not change, and in fact, may be worse 
with future trends of increasing rainfall. As such, shallow‐rooted conifers will still be favored on these 
sites, along with red maple. 
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169/2/entire: It should be recognized that ESA listing could promote changes to the Maine Forest 
Practices Act and forest certification requirements and those changes would likely be enhanced by 
continued listing of lynx under ESA. 
169/3/6-8: The early portion of this paragraph is supported by landowner surveys but it is without basis 
to assume that the lack of spraying to prevent budworm mortality and the widespread clearcutting and 
herbicide application, as conducted during the past outbreak, will lead to a lack of budworm‐inflicted 
mortality of trees. Natural recycling or commercial harvesting of infected stands that will be naturally 
transitioning out of hare and lynx habitat by 2022 could have a benefit to lynx. Again it is a poor 
assumption that lynx require broad‐scale clearcutting to be viable in the northeast. See general 
comment #4. 
169/4/entire: See general comments 1 & 2. 
169/5/10: Hares declined by approximately half since 2008, and that decline followed 11 years of 
relative highs when lynx population growth rate appeared to be positive. During the relative lows, hare 
densities in HQHH remained 5‐8 times greater than at the nadir of the cycle in the north and may be 
sufficient to sustain populations until the next increase in hares (if and when that occurs is highly 
uncertain). See general comment #1. 
169/5/13: The conclusion that reproductive rates are non‐sustainable during the hare low is highly 
uncertain given the extremely low sample sizes of radioed adult females and seems contrary to many 
reported observations of adults traveling with kittens and high apparent occupancy of habitats given 8 
consecutive years of relatively lower hare populations. See 169/5/10. 
171/1/7-8: This trend data is 14 years‐old and should be updated. Maine Forest Service has publically 
made these trends available electronically through 2016. 
171/2/1-4: This trend data is 14 years‐old and should be updated. Maine Forest Service has publically 
made these trends available electronically through 2016. 
172/1/entire: Lack of protective management may not be bad for lynx because low‐quality stands at 
pole stage will not be economically feasible to spray and may be recycled (naturally or via salvage 
harvests) to sapling stands promoting hares. There also may be potential incentives to promote 
herbicide spraying if lynx are still a priority for conservation? If the budworm does not reach epidemic 
for 10 years many of the vulnerable stands will already have transitioned out of hare habitat. The MFPA 
may also be altered to allow larger clearcuts if budworm reaches epidemic levels. 
172/2/4: Actually, the low period has been from 2008‐2015 and annual hare densities in HQHH have 
averaged 0.86 hares/ha (range 0.75‐0.99) (Harrison et al. 2016). 
174/1/entire: But soil drainage and site quality in much of Maine is much poorer (particularly spruce‐fir 
flats). This will not change with increasing rainfall, and in fact, with more rain it may get worse in the 
future. As such shallow‐rooted conifers will still be favored on these sites, along with red maple. 
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175/4/2-3: Actually the most recent re‐measurements of HQHH stands in Maine suggest that most of 
these overstocked stands on poor quality sites will remain HQHH to at least 40 years due to slow 
maturation due to poor site quality and high competition among overstocked stems (Scott 2009, 
Harrison et al. in prep.). 
176/3/4: The citation for Simons-Legaard et al. (2016) is missing from the literature cited and is 
provided at the end of this review. Although the relevant information is on page 6 of the manuscript, it 
actually appears on pages 1264‐1265 of the journal article. 
176/4/6: Again this should be cited as pages 1264‐1265, not pp5‐6. 
176/4/8: This should be page 1267, not page 8. 
177/1/11: This should be 16‐40 years (Scott 2009, Simons‐Legaard et al. 2013, D. Harrison, unpublished 
data). 
177/2/3: This is rather overstated and does not reflect the high uncertainty. Larval levels throughout 
Maine dropped to near baseline in summer 2016 and there is no evidence that an epidemic is imminent. 
It will like take several years at the earliest for a significant level of SBW infestation to create defoliation, 
even under worst‐case scenarios. Major moth flights into Maine from Quebec have not resulted in 
increases in larvae. Although an outbreak may be coming, it may not occur until the current lynx‐hare 
habitat is transitioning out of HQHH –and could be beneficial to lynx and hares. 
177/2/6-8: SBW did not “kill” millions of acres of forest in N. Maine during the last outbreak because of 
widespread aerial spraying with DDT and BT, coupled with aggressive pre‐salvage harvests (and coupled 
with high global demand for paper and expanded mill capacities in Maine). The clearcutting continued 
after the budworm was gone to meet paper demand and given expanded mill capacities. That is what 
led to the MFPA and 3 public referendums to ban clearcutting in Maine during the 1990’s. 
177/1/6-8: The sentence starting with “Mixed forests having…” could be improved with better citations 
to read… Mixed forests having >25% hardwood overstories do not support annual mean hare densities 
>0.23 hares/ha, whereas annual hare densities <0.38 hares/ha were observed in mature conifer stands in 
Maine (Harrison et al. 2016). Correspondingly, lynx selected against mature stands (Fuller et al. 2007, 
Vashon et al. 2008b). 
179/3/15: Saddleback Mountain discontinued operations in 2015 and Big Rock Ski Area in Mars Hill may 
be within lynx critical (is near eastern boundary). 
180/3/entire: See comment 78/2/11‐14. 
181/3/4-5: But see several previous comments regarding inadequacy of incidental and illegal take 
considerations in the Draft SSA and needs to evaluate and model effects on resiliency and to consider 
conflicting public pressures on state agencies, as well as the potential for shifting fur markets, to 
increase harvesting effort expended to capture marten, fisher, bobcat, red fox, and/or coyote within 
lynx critical habitat. 
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181/3/11-12: This underestimates the potential impacts of “green certification” and the millions of 
acres enrolled in that program on private lands in Maine. Given the attention to T&E species, here is the 
potential federal “nexus” on private forestlands. This management tool would be absent if lynx were to 
be de‐listed. 
182/1/1-2: ESA listing of lynx has promoted the species as a flagship for conservation and has been a 
stimulus and funding source for purchases of large pieces of land that have been subsequently managed 
for lynx (one parcel >180,000 acres), and has been used as a flagship when promoting and funding new 
conservation easements, which prevent many types of development in working forests. These 
conservation tools would also be greatly diminished if lynx were to be de‐listed. 
182/2/7: State regulations were enacted out of conservation and aesthetic concerns and could change 
in the future, particularly to benefit a flagship species like lynx. 
182/2/10: Again, these “lower” levels averaging 0.86 hares/ha are above landscape thresholds for 
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occurrence and likely exceed levels in western populations in the DPS. Further they are 5 to 8‐fold 
higher than hare densities at the nadir of cycles in the north. 
183/1/2-3: In the longer‐term, climate change may be the primary driver of boreal forest change in 
Maine, but much more rapid and recent changes have resulted from forest harvesting practices 
(Legaard et al. 2015). 
186/3/4-6: incidental and illegal take have been inadequately considered and evaluated in the Draft 
SSA –see previous comments. Absent protections under ESA, it is likely that state agencies will be 
encouraged to prioritize other species management and local public demands over lynx conservation if 
the DPS were to be de‐listed. 
191/2/entire: The potential for changing fur markets and fashions that might increase demand for 
other furbearers could also pose future risks to lynx. 
202/2/entire: The assumption that management for lynx would continue on federal lands absent ESA 
protections is unsupported. This management did not exist prior to lynx being listed as a U.S. 
Threatened Species and as I understand it, there would be no requirement for USFS or BLM to prioritize 
lynx conservation 5 years after the species were de‐listed. Further there have been no credible 
evaluations of whether existing management has benefited lynx, particularly given that forest 
management effects occur across decades. See previous comments related to this topic. 
204/2/entire: This assumption is not supported by data or rigorous modeling of potential effects of 
illegal harvests and incidental trapping, disease, and stochastic events on lynx persistence in this small, 
isolated population with a small effective population size. This is particularly relevant given the recent 
extinction of a nearby subpopulation in the Kettle Mountains. 
205/1/entire: I am confused about how near‐term persistence can be as estimated high as 70% for a 
population than seems absent based on recent surveys? 
Page 28 of 29 
208/2/entire: In my professional opinion, effects of by‐catch and illegal trapping and shooting, coupled 
with other stochastic influences, been not been adequately considered given the tenuously small size of 
this population? 
211/3/entire: This estimate seem unreasonably high given the historical and present data regarding 
this population (see general comment #5). 
2015/2/entire: See comment 211/3/entire and general comment #5. Additional to the other 
information in this paragraph citing conservation challenges and uncertainties for the W. Colorado 
population, the low landscape hare densities and fragmented nature of hare habitats due to the 
prevalence of drier conifer forests at mid‐low elevations results in high habitat fragmentation. Future 
projections of persistence appear to be based solely on projections suggesting future favorable snow 
conditions at higher altitudes in this most southerly and most isolated population and do not seem to 
adequately consider quantity and configuration of HQHH. Thus, the second to last sentence of this 
paragraph seems to represent a significant contradiction? 
2019/1/1-4: I am not convinced that the issue of potential extinction risk has been adequately 
evaluated and modeled for GYE, W. Colorado, or, particularly, for the small and isolated population in 
N.C. Washington. As such, this seems to be a conclusion without sound basis? 
2019/3/4-8: Interacting effects of temperature with snow depth (Litvaitis et al. 1986), along with 
availability of alternate prey could contribute to apparent differences between Maine and Minnesota in 
snow and competitive interactions. Further, the presence of wolves in Minnesota, but not in Maine, may 
affect relative densities of coyotes, and may influence interactions among coyotes, bobcats, and lynx 
(Litvaitis and Harrison 1989). 
220/General Summary: Potential effects of incidental harvest and illegal take, as well as effects of 
fragmentation, seem to be underrepresented in the summary section of the Draft SSA relative to their 
discussion elsewhere in the document. 
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221/General Summary: The summary does not address how current ESA listing affects current status of 
lynx or how protections and status would be expected to change if the DPS were to be removed from 
ESA protections. This seems inconsistent with the frequent mention and consideration of those topics 
throughout the Draft SSA and considering that this document is intended to guide future 
decisionmaking. 
Page 29 of 29 
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REVIEWER 4 
Peer Review of: 

U.S. Fish and Wildlife Service Draft Species Status Assessment for the Canada Lynx  
(Lynx canadensis) 

An External Scientific Peer Review 
March 1, 2017 

Thank you for facilitating the peer-review of the Species Status Assessment for Canada lynx 
(hereafter lynx) that was authored by the Canada Lynx Species Assessment Team (SSA Team) of 
the U. S. Fish and Wildlife Service. I received the document on 22 Feb 2017 and was asked to 
complete the review by 28 Feb 2017. I focused my comments on the scientific basis of given 
statements, but at times my comments may relate to policy given the nature of the document. I 
provided 71 comments directly in the attached pdf document entitled – 2017 0106 Draft Lynx SSA 
Report_JRS comments.pdf. In addition, realizing the SSA team was meeting within a few days 
with limited time to review the attached document, I listed a sub-set of the most important 
comments below.   
Overall, I was genuinely impressed by the high quality of scientific thought expressed in this 
document regarding the status of lynx populations across the species’ southern range periphery. 
The SSA team provided a thorough review of threats facing the 6 population segments of the 
contiguous U.S. in a manner that was clear, transparent, and accurate. The document was very well 
written and accurately captured the conclusions reached by the Lynx Species Assessment panel 
that met in Minneapolis, MN from 13-15 October 2015.   
I understand why you used the resiliency, redundancy, and representation framework when 
considering population status and threats. However, I still struggle (as I assume did the SSA 
Team) how best to apply these concepts to lynx, especially relative to Resiliency and 
Redundancy. You define Resiliency as the ability of the species to withstand environmental 
stochasticity and redundancy as the ability of the species to withstand catastrophic events (page 
6). You concluded that resiliency and redundancy was generally adequate for lynx. But, I was 
wondering what “inadequate” resiliency would look like for a wide ranging species (would be 
easier to see for geographically restricted species like those found in caves or springs). For 
example, lynx habitat in Washington and Montana is broadly impacted by large wildlife, Maine 
is potentially impacted across the entire population segment by changing land use, and Colorado 
is impacted by large-scale beetle outbreak that extends across the best lynx habitat in the state. 
These potential threats extend across the population segments. Thus, several populations in the 
DPS could be classified as having somewhat low resilience, but I don’t know if these situations 
meet the standard of “inadequate” resilience. Similarly, redundancy is assumed adequate, but all 
populations could be impacted by broad-scale declines in northern population cycles as they may 
related to population connectivity/augmentation and other climate impacts. In addition, in several 
places in the document it is mentioned the small localized populations may have “winked out” 
such as Garnet Range, Kettles, the entire Greater Yellowstone Area (GYA), and possibly in areas 
of Colorado (not mentioned). I thought the tone when describing these localized population 
contractions was somewhat dismissive throughout the document. Perhaps, these small-scale 
contractions of populations is how a loss of resilience and redundancy is expressed for southern 
lynx populations and not necessarily the large catastrophic change across population segments 
that was stressed throughout the document; the contraction of small, localized populations within 
segments in a major conservation concern. I appreciate the challenges the SSA Team faced when 
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applying the 3 R’s to lynx, but I suggest the sources of uncertainty associated with the 
classification could receive increased emphasis.  
 
The only other issue that I questioned in the document was how the Wyoming population was 
considered (e.g. Page 41-42 and other places). It is true that Wyoming historically supported 
small populations of lynx. That said, early records suggest that lynx were present in Wyoming 
for a long time based on photographs from Yellowstone extending back to the 1920’s and 
museum records. There were 47 lynx records in Yellowstone National Park that extend 56 years 
(Reeve et al 1986). Fifty percent of all records recorded for lynx in Reeve et al (1986) were from 
the Teton and Gros Ventre, Absaroka, and Beartooth Ranges, Hoback Canyon, and Yellowstone 
National Park. There may have been a continuous distribution of lynx from the Wyoming Range 
extending north to Union Pass, Upper Gros Ventre watershed, Togwotee Pass, and eastern 
Yellowstone National Park. Reeve et al. (1986) concluded that museum specimens suggest that 
lynx may have inhabited the Wyoming Range since 1940. In total, there were 262 lynx 
documented in Wyoming before 1986 and these records covered a 130 year time period (1856 – 
1986); these occurrences were mostly in the Wyoming, Salt River, Absaroka, and Wind River 
Ranges of northwestern Wyoming. The distribution of lynx sightings (45% were trapped/killed) 
did not dramatically change since 1973 (Reeve et al. 1986). Clearly, there may be issues with 
these historical data in terms of reliability due to confusion over identification with bobcats. 
Regardless, these sightings strongly suggest that lynx were present since the 1940s in the GYA 
and these observations refute the notion, as reported in the SSA document, that lynx were 
“intermittent” in the region. In the early 1990s, the Wyoming Game and Fish initiated research 
and detection surveys and documented lynx denning in the Wyoming Range. In addition, they 
documented frequent sightings through Union Pass, Togwotee Pass, and east toward Dubois, 
WY. Between 2000 – 2010, I was involved with trapping and tracking a lynx in the Wyoming 
Range and other surveys throughout the region and lynx were detected. However, it appears the 
distribution of lynx in Wyoming declined sharply since 1997 for unknown reasons and the status 
of the species in the GYA is unclear at present.  
 
The Wyoming Range/Union Pass/Togwotee Pass apparently provided the best lynx habitat in 
Wyoming. This area was repeatedly recolonized by lynx that were transplanted to Colorado 
including males and females with overlapping home ranges; the current flow of lynx from 
Colorado is unknown because most lynx in Colorado are not instrumented or carry expired 
transmitters. Regardless, it is important to note that lynx released in southern Colorado were able 
to traverse repeatedly hundreds of miles of non-lynx habitat to locate and occupy the last known 
home ranges of native lynx in Wyoming. The Wyoming Range is unique in terms of lynx habitat 
in Wyoming and the importance of this range was not stressed in the SSA. The SSA correctly 
states the GYA supported a small lynx population historically and that the current population 
status is unknown. However, it was puzzling why in the document (page 40) the historical 
populations in Colorado, New York and Wyoming were combined together to imply a similar 
importance to lynx conservation; historical and recent records of lynx in Wyoming are very 
different from those in Colorado (pre-release) and New York. I also question the degree that lynx 
habitat in Wyoming is in protected status as stated in the SSA. It is true that much of the GYA is 
in national parks or refuges and that these protected areas are/were occupied by lynx. However, 
the document did not mention that the best lynx habitat in the state is actually outside national 
parks and has been highly impacted by natural and anthropogenic disturbance (fire, timber 
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manipulation, proposed energy development, conflicting wildlife management priorities). In a 
more general sense, Section 2.3.2.2 - Distribution within the DPS Range could benefit from a 
more cohesive underlying framework when discussing lynx distribution in terms of their 
geographic grouping and their importance to conservation (i.e. the logic needs to be described to 
readers). I was puzzled why northern Idaho (no resident lynx) was grouped with Montana (best 
lynx habitat in the West) when discussing this geographic area. There were inconsistencies in the 
document in how populations were emphasized in terms of species’ conservation based on 
current and historical records that could be easily corrected.   
 
In summary, I want to reiterate that this document was well organized and rigorously researched. 
The document concludes (page 221) with the statement, “We	 conclude	 that	 the	 functional	
extirpation	of	resident	lynx	populations	from	one	or	more	geographic	unit	would	demonstrate	
a	loss	of	resiliency,	reduced	redundancy,	and,	possibly,	reduced	representation	within	the	DPS.	
The	probability	of	 losses	 in	resiliency,	redundancy,	and	representation	puts	the	Canada	 lynx	
DPS	 at	 increasing	 risk	 of	 extirpation	 through	 the	 end	 of	 this	 century.”	 	 I agree with this 
concluding statement and the sentiment behind this statement was strongly supported in this well-
researched and well-written document. 		
 
Most relevant specific comments – see attached - 2017 0106 Draft Lynx SSA Report_JRS 
comments.pdf for all comments 
 
Comment 1 - Page 9	‐	How	do	we	know	the	DPS	demonstrates	"adequate	resiliency"?		
Lynx habitat in Washington and Montana is impacted by large wildlife, Maine is impacted by 
changing land use, and Colorado is impacted by large-scale beetle outbreak across of most lynx 
habitat in the state. What would inadequate resilience look like ?? 
	
2 - Page 12 -		“We	conclude	that	the	functional	extirpation	of	resident	lynx	populations	from	
one	or	more	geographic	unit	would	demonstrate	a	loss	of	resiliency,	reduced	redundancy,	and,	
possibly,	 reduced	 representation	 within	 the	 DPS.	 The	 probability	 of	 losses	 in	 resiliency,	
redundancy,	and	 representation	puts	 the	Canada	 lynx	DPS	at	 increasing	 risk	of	extirpation	
through	the	end	of	this	century.”	
	
I think this summary adequately captures the feeling expressed by the SSA panel and is consistent 
with the biological realities facing the species.  
 
3 - Page 20	–	“Rather,	we	assume	that	although	some	protections	could	be	relaxed	(e.g.,	less	
stringent	analyses	of	Federal	project‐related	impacts,	potential	for	some	states	to	reinstitute	
limited	trapping/hunting	harvest),”				
	
Given what we know about lynx current population status and treats, it is very difficult to 
imagine that additive mortality through hunting or trapping will be consistent with species' 
conservation. Is this statement required, because it seems to be misleading?  
	
4- Page 39 – “ 2) it was uncertain whether Colorado, New York, and Wyoming historically 

supported resident populations or only occasional dispersers; (3) New Hampshire probably 
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supported a small resident populations that had been extirpated; and (4) the remaining states 
(Idaho, Maine, Minnesota, Montana, and Washington) had the best historical and recent 
evidence of resident breeding populations (68 FR 40082, 40086‐40095, 40097‐40101).”     
 
The inclusion of Wyoming and the GYA in a list with the same uncertainty as Colorado and 
New York is inappropriate (see above). There are photo records to lynx in Wyoming since the 
1920's and recent reproduction and recolonizations (males and females with overlapping home 
ranges),  Confusing why you would consider Wyoming to be occupied by “occasional 
dispersers” and Idaho as being listed as recent evidence of a breeding population.  

 
5 - Page 41-42		–	“	We	concluded	that	the	historical	record	and	recent	evidence	of	lynx	
occupancy	and	reproduction	suggested	the	presence	of	a	small	but	persistent	resident	lynx	
population	in	the	GYA	of	northwestern	Wyoming	and	southwestern	Montana	(79	FR	54791,	
54796‐54797,	42	54825‐54826);	however,	the	consistency	of	occupancy	over	time	remains	
uncertain	(Lynx	SSA	Team	2016,	pp.	11,	45,	57).	Uncertainty	about	whether	this	area	
consistently	or	only	intermittently	supported	resident	lynx	historically	makes	it	difficult	to	
interpret	their	recent	apparent	absence	from	the	area	(Lynx	SSA	Team	2016,	p.	57).	If	
residency	was	intermittent	historically,	the	current	apparent	absence	of	resident	lynx	might	
be	a	natural	condition	related	to	the	area’s	largely	marginal	or	suboptimal	habitat	conditions	
‐	i.e.,	it	may	naturally	be	capable	of	supporting	resident	lynx	only	intermittently	when	habitat	
conditions	and	hare	densities	are	optimal.	In	that	case,	future	intermittent	residency	would	be	
expected,	but	only	if	lynx	dispersing	from	a	source	population	immigrate	to	the	GYA	when	
habitat	conditions	and	hare	densities	return	to	more	favorable	levels.	Conversely,	if	the	GYA	
always	historically	supported	a	small	number	of	resident	lynx	but	no	longer	does,	it	may	
suggest	that	some	factor	or	factors	have	acted	to	tip	the	quality	of	the	area’s	habitat	from	just	
barely	capable	of	supporting	a	small	resident	population	to	no	longer	capable	of	doing	so,	
resulting	in	extirpation.	We	conclude	that	this	uncertainty	cannot	be	resolved	based	on	the	
available	information	but,	given	the	protected	conservation	status	of	millions	of	acres	in	the	
GYA	unit	(Yellowstone	and	Grand	Teton	National	Parks;	all	or	parts	of	the	Absaroka‐
Beartooth,	Bridger,	Gros	Ventre,	Lee	Metcalf,	Northern	Absaroka,	Teton,	and	Washakie	
Wildernesses),	its	historical	inability	to	support	a	robust,	persistent	resident	population	and	
its	apparent	recent	inability	to	support	any	resident	lynx	may	be	a	reflection	of	naturally	
marginal	and	patchy	habitats	and	relatively	low	hare	abundance	in	much	of	the	unit,	
resulting	in	only	an	intermittent	ability	of	this	unit	to	support	resident	lynx.	We	also	note	that	
extensive	areas	of	the	GYA	were	burned	by	the	large,	intense	wildfires	of	1988,	and	that	these	
areas	may	soon	(perhaps	in	the	next	5‐15	years)	regenerate	to	a	stage	containing	the	dense	
horizontal	conifer	structure	favorable	for	hares	and,	therefore,	lynx	foraging	habitat,	perhaps	
increasing	the	likelihood	that	the	GYA	may	support	resident	lynx	again	in	the	near	future	
(Lynx	SSA	Team	2016,	p.	46)..”												
	
The historical importance of the Wyoming population was downplayed throughout the document 
(see above for extended comment). Suggest the Team reviews/edits the wording to provide a 
better balance.    
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6 - Page 45 – “although	the	Kettle	Mountains	in	the	northeastern	part	of	the	state	are	
thought	to	have	historically	supported	a	small	breeding	population,	and	lynx	are	detected	
there	occasionally	(Stinson	2001,	pp.	13–14;	Koehler	et	al.	2008,	p.	1523	)	“	
 
My knowledge of the Kettle Range in Washington is limited. However, I was under the 
impression that lynx were harvested from this range with some regularity in recent past. If so, 
this should be mentioned.  
 
7 - Page 45 – “New	information	summarized	above	indicates	that	there	are	many	more	lynx	
in	Maine	and	Minnesota	than	was	suspected	at	the	time	of	listing,	and	there	are	naturally	
fewer	lynx	and	a	more	limited	distribution	of	suitable	habitats	in	the	western	U.S.	than	was	
previously	thought	(68	FR	40085,	40091‐40092;	ILBT	2013,	p.	23)”. 
	
Provide clear documentation that supports the statement that there are “many more lynx in Maine 
and Minnesota” than when listed. Lynx in Minnesota experienced large fluctuations in abundance 
overtime (McKelvey et al. 2000), including recently. Only a few years ago, there was some 
question if there were any lynx left in Minnesota.  
 
8 - Page 97 “Because	we	lack	evidence	that	persistent	lynx	populations	have	been	lost	from	
any	other	large	geographic	areas	in	the	contiguous	U.S.,	it	also	seems	that	redundancy	in	
the	DPS	has	not	been	meaningfully	diminished	from	historical	levels.	That	is,	the	loss	of	
resident	lynx	populations	in	the	DPS,	to	the	extent	suggested	by	verified	historical	records,	
was	likely	in	areas	(e.g.,	northern	New	Hampshire,	the	Kettle/Wedge	area	of	northeastern	
Washington,	perhaps	Isle	Royale	in	Lake	Superior)	peripheral	to	the	geographic	units	that	
currently	support	resident	lynx.	Any	small	populations	that	were	lost	were	not	in	large,	
discrete	geographic	units	that	would	have	represented	substantially	greater	redundancy	in	
the	contiguous	U.S.”	
 
The loss of these small populations are significant, especially given the patch distribution of lynx 
throughout their range. This may be what range contraction actually looks like compared to large 
geographic regions instantly winking out.  
	
9 – Page 97	“However,	the	implications	of	the	potential	recent	loss	of	resident	lynx	in	the	
GYA	for	the	redundancy	of	the	DPS	are	unclear.	The	historical	record	and	recent	research	
show	that	the	GYA	has	supported	resident	lynx.	However,	it	is	unclear	whether	the	area	
consistently	supported	a	resident	breeding	population	over	time	or	whether	it	naturally	
supported	resident	lynx	only	some	of	the	time	(“winked	on”	in	a	metapopulation	sense)	
when	habitat	conditions	and	hare	densities	were	favorable,	and	at	other	times,	when	
habitats	and	hare	densities	were	less	favorable,	it	did	not	support	resident	lynx	(“winked	
off”	in	a	metapopulation	sense).	Given	the	protected	conservation	status	of	millions	of	acres	
in	the	GYA	unit	(Yellowstone	and	Grand	Teton	National	Parks;	all	or	parts	of	the	Absaroka‐
Beartooth,	Bridger,	Gros	Ventre,	Lee	Metcalf,	Northern	Absaroka,	Teton,	and	Washakie	
Wildernesses),	its	apparent	recent	inability	to	support	resident	lynx	may	be	a	reflection	of	
naturally	marginal	and	patchy	habitats	and	relatively	low	hare	abundance	in	much	of	the	
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unit,	resulting	in	only	an	intermittent	ability	of	this	unit	to	support	resident	lynx.	If	so,	the	
contribution	of	the	GYA	to	redundancy	within	the	DPS	is	questionable.”	
		
See comment 5 – As I mentioned before, we don’t know the historical status of the other 
populations and they too apparently “winked off” (e.g. Colorado (if historically occupied); 
Minnesota (winked off in 1980s). Also as mentioned previously; the best lynx habitat in 
Wyoming is not in protected areas.    
 
10) – Page 120 –“ estimated	the	number	of	lynx	that	might	be	resident	in	northeastern	
Minnesota	at	a	given	time	as	between	190	and	250	individuals,	assuming	that	about	25	
percent	of	northeast	Minnesota	is	suitable	lynx	habitat,	coupled	with	assumptions	about	
residence	time	and	detectability. “  
 
The number 190 – 250 I believe represented the upper limit estimate for lynx in Minnesota. I do not know 
how many lynx are in Minnesota, but in 2007 when I was on a field trip near the Superior National 
Forest, a lynx researcher estimated there were only a “handful” of individuals. I suspect the 250 number is 
very high compared to the actual population, but to what degree is unknown.  
 
11- Page 129 – “ ….Because	lynx	habitats	in	this	unit,	like	most	other	areas	of	the	DPS	range,	
are	 naturally	 highly‐fragmented,	 and	 most	 have	 hare	 densities	 that	 barely	 meet	 the	 0.5	
hares/ha	 threshold	 thought	 necessary	 to	 support	 resident	 lynx,	 relatively	 minor	 impacts,	
especially	to	hare	and	lynx	foraging	habitats,	may	strongly	influence	lynx	persistence	in	some	
parts	of	this	unit.		
	
Lynx	Status:	There	are	no	reliable	estimates	of	the	historical	or	current	number	of	resident	
lynx	in	this	unit	although,	as	described	in	section	2.3.2.2	above,	it	is	thought	to	be	capable	of	
supporting	perhaps	200‐300	lynx	(Squires	in	Lynx	SSA	Team	2016,	p.	41).	This	is	substantially	
fewer	than	previous	estimates	of	more	than	1,000	lynx,	which	were	based	on	a	habitat	area/	
density	index	and	broad	assumptions	regarding	habitat	suitability	and	lynx	distribution	(65	
FR	16058)	that	are	not	supported	by	current	understanding	of	lynx	habitat	requirements.	As	
described	above,	habitats	capable	of	supporting	resident	lynx	in	this	unit	are	naturally	
patchier	and	less‐broadly	distributed	(Squires	et	al.	2006a,	pp.	46‐47;	Squires	et	al.	2013,	p.	
191),	and	lynx	therefore	naturally	rarer,	than	was	thought	at	the	time	of	listing	(ILBT	2013,	p.	
23;	Jackson	in	Lynx	SSA	Team	2016,	p.	12).	Although	the	exact	distribution	of	resident	lynx	
remains	uncertain,	this	unit	has	a	long	and	continuous	history	of	lynx	occurrence	and	
evidence	of	reproduction	(McKelvey	et	al.	2000a,	pp.	224‐225;	Squires	and	Laurion	2000,	pp.	
346‐348;	Squires	et	al.	2008,	entire;	Squires	et	al.	2013,	entire;	ILBT	2013,	p.	57;	65	FR	16058;	
68	FR	40090;	74	FR	8643;	79	FR	54825).	“	
 
Lynx habitat in the Northern Rockies of Montana is the best lynx habitat in the western US. However, 
readers wouldn't get that impression after reading this summary.  
 
12 – Page 134 – “ Despite	this	increase,	we	are	aware	of	no	evidence	that	increased	fire	activity	
in	the	unit	has	thus	far	impacted	resident	lynx	populations	or	reduced	this	unit’s	ability	to	
support	resident	lynx.”		
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Depends on how you define "impacted". Lynx habitat has been reduced by fire in several areas 
on the Lolo and Flathead National Forests including across broad areas of the Bob Marshall 
Wilderness Complex. 
 
13 – Page 146 -  “ Overall,	although	naturally	fragmented	and	patchily‐distributed,	potential	
lynx	 habitat	 in	 this	 geographic	 unit	 appears	 to	 be	 largely	 intact	 relative	 to	 historical	
conditions	and	disturbance	regimes,	with	only	a	small	proportion	apparently	impacted	by	
past	management	(timber	harvest	and	precommercial	 thinning)	activities	(65	FR	16072).	
Despite	some	likely	localized	impacts	of	past	timber	management	and	infrastructure	(e.g.,	
highway,	 railroad)	 development,	 past	 management	 activities	 do	 not	 appear	 to	 have	
diminished	 this	unit's	ability	 to	 support	 resident	 lynx	or	 to	have	created	barriers	 to	 lynx	
movement,	or	to	have	had	other	landscape‐	or	population‐level	effects. “ 
 
This statement is generally true, but you also should stress that locations of disturbance are as 
important as the amount. The human disturbance foot-print for the GYA population is small as 
state, but the disturbance that is present is focused in the best lynx habitat in the state - Wyoming 
Range. This issues requires a nuanced discussion of disturbance issues relative to Wyoming/Salt 
Ranges, Union Pass, and Togwotee Pass.  
 
14 - Page 160 – “	Given	 that,	we	 conclude	 that	 the	DPS	as	a	whole	 is	not	 vulnerable	 to	
extirpation	from	a	catastrophic	event	(i.e.,	we	find	that	there	is	a	zero	probability	that	a	single	
catastrophic	event	could	result	in	extirpation	of	resident	lynx	from	any	of	the	five	geographic	
units	that	currently	support	them	and,	therefore,	a	zero	probability	of	catastrophic	extirpation	
of	 the	 entire	 DPS).	 As	 described	 above	 (section	 1.3),	 we	 do	 not	 consider	 continued	
anthropogenic	 climate	 warming	 a	 catastrophic	 event;	 rather,	 we	 consider	 it	 a	 separate,	
ongoing,	 and	 pervasive	 stressor,	 not	 a	 single	 temporally‐	 and	 spatially‐discrete	 event.	We	
recognize	 that	 a	 sequence	 of	 discrete	 but	 spatially‐clustered	 catastrophic	 events	 in	 lynx	
habitats	over	a	short	time	could	increase	the	potential	for	functional	extirpation	in	one	or	more	
of	the	individual	geographic	units”	
	
A zero probability is a big statement. For example, the functional lynx habitat in Colorado was 
actually impacted by a single catastrophic event - bark beetles. That same scale of disturbance 
event could conceivable  sweep over the actual/functional lynx habitat in Washington, Wyoming, 
or even Montana (I realize that lynx may be able to gap this type disturbance). Also, somewhat 
true for fire (1910 style) in these same western landscapes.  
 
15 -  Page 195	 –	 “We	 anticipate	 that	 future	 Federal	management	 direction	will	 include	
continued	management	of	national	parks,	designated	wilderness	and	roadless	areas,	and	other	
areas	with	nondevelopmental	 land‐use	allocations	to	maintain	natural	ecological	processes,	
which	 should	maintain	natural	disturbance	regimes	and	 landscape‐level	habitat	mosaics	 to	
which	 lynx	 are	 adapted	 (although	 continued	 climate	 warming	 [see	 below]	may	 preclude	
maintenance	of	historical	disturbance	and	landscape	patterns).	“				
 
It is important to realize that these protected and roadless areas are outside primary lynx habitat in 
Montana. Most of these areas are high elevation and rough topography that are used little by lynx 
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compared to mid-elevations. It's interesting that lynx in Montana are really centered on lands that are 
in the FS timber base given the species resource-use patterns.  
 
16 – Page 208 -  Climate	impacts	in	the	GYA 
 
I was under the impression from McKelvey's wolverine work the GYA was an “island” that was 
high enough to ameliorate some climate impacts. I agree with much of the climate discussion as 
written for the GYA in this document, but the notion that the GYA may offer some important 
resilience to climate impacts wasn't communicated in the narrative. The GYA could potentially be 
important to species’ conservation if the GYA could serve recovery through management actions 
(veg recovery following fire/management, reintroductions, etc) in the future.  
 
17 – Page 215 – “In	addition,	one	of	the	metrics	for	our	assessment	is	productivity	
(pregnancy	rate),	which	was	low	for	this	population	relative	to	the	other	units	(except	the	
GYA,	for	which	we	had	no	data).	“	
 
Do we really know the pregnancy rate for lynx in Colorado is low?  We don't know pregnancy 
rates for lynx anywhere in the continental US. My very limited experience of locating lynx dens 
in Colorado (2014-2016) suggest the rate may be similar to Montana – most dens we located in 
beetle-kill produced 2 kittens - no data concerning the pregnancy rate.  
 
18  – Page 217 – “Other	stressors	affect	lynx	in	one	or	more	geographic	units.	For	example,	
in	northern	Maine,	where	most	high‐quality	lynx	habitat	occurs	on	private	commercial	
timber	lands	and	is	the	result	of	past	timber	harvest,	changes	in	State	forestry	regulations	
(the	Maine	Forest	Practices	Act	of	1989)	that	govern	private	forest	management	may	
currently	be	causing	decreases	in	habitat	quantity,	quality,	and	distribution,	and	in	lynx	
numbers	(also	see	Future	Conditions	and	Threats,	below).	The	lack	of	binding	lynx	
conservation	commitments	on	private	lands	may	exacerbate	this	risk	to	current	lynx	
habitats	in	Maine.	However,	the	current	amount	and	distribution	of	high‐quality	lynx	and	
hare	habitats	created	in	Maine	by	past	timber	harvest	is	thought	to	be	several	times	higher	
than	the	likely	natural	historical	condition.	In	North‐central	Washington,	recent	large‐scale	
wildfires	have	resulted	in	the	temporary	loss	of	nearly	50	percent	of	lynx	habitat,	likely	
reducing	this	unit’s	current	lynx	population	and	potentially	compromising	its	current	
ability	to	support	a	resident	population	until	habitats	recover.	Increased	wildfire	activity	
also	has	impacted	lynx	habitats	in	the	other	western	geographic	units	(Northwestern	
Montana/Northeastern	Idaho,	the	GYA,	and	Western	Colorado),	but	the	extent	to	which	it	
may	have	influenced	the	current	condition	of	lynx	populations	in	those	units	is	uncertain.	“	
 
In this paragraph, you identify the stressors to lynx populations. I suggest you also add to the list 
the widespread beetle out-breaks in Colorado in one or two focused sentences.  
 
19  – Page 221 – “We	conclude	that	the	functional	extirpation	of	resident	lynx	populations	
from	 one	 or	 more	 geographic	 unit	 would	 demonstrate	 a	 loss	 of	 resiliency,	 reduced	
redundancy,	and,	possibly,	reduced	representation	within	the	DPS.	The	probability	of	losses	
in	resiliency,	redundancy,	and	representation	puts	the	Canada	lynx	DPS	at	increasing	risk	of	
extirpation	through	the	end	of	this	century.”	
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I agree with this concluding statement.  
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REVIEWER 5 
Peer Review of: 

U.S. Fish and Wildlife Service Draft Species Status Assessment for the Canada Lynx  
(Lynx canadensis) 

An External Scientific Peer Review 
March 1, 2017 

 
I have reviewed Version 1.0 of the US Fish and Wildlife Service’s Species Status Assessment for 
the Canada Lynx (Lynx canadensis) contiguous United States Distinct Population Segment. This 
document was produced by the USFW Regions 1, 3, 5, and 6 and was designed to be the 
scientific basis for the USFWS 5-year status review for lynx. 
 
In my opinion this is a well-written, well-researched document that will provide important 
guidance for making decisions regarding the future of the species. The SSA team clearly present 
peer-reviewed information and are unambiguous as to when statements are scientifically based or 
whether they are projections based in expert opinion. The document is also very detailed, 
accurately capturing the current state of research for the Canada lynx in the contiguous United 
States. In fact, if there was a general criticism that could be levied against this document it would 
be that it is repetitive at times with the same facts reiterated multiple times throughout. This is 
largely due to the way the chapters are structured with first presenting general information, then 
describing current conditions of each unit, and finally going through the same units again 
projecting future conditions. A more concise format could shorten this document substantially. 
 
I have five major comments/concerns that I outline below. These five comments are: 1) I don’t 
believe that the resiliency/redundancy/representation framework is comprehensive, 2) the 
population estimates of several populations are optimistic, 3) resiliency/redundancy is optimistic 
because of the inherent assumption that the six units are functioning independently, 4) the 
importance of connectivity is undervalued, and 5) the importance of genetic drift is 
underappreciated. 
 
The 3R Framework Misses Important Components Important Conservation Biology Ideas 
I value the consistency that the USFWS is trying to obtain by using a standard framework that 
emphasizes resiliency, redundance, and adaptability (representation). However this framework 
misses important ideas of historical range representation and connectivity. 
 
I believe contemporary versus historical distribution needs to be elevated to one of the main 
“conservation biology principles” evaluated. The document contains detailed distribution 
information (section 2.3) but this is used as a factor in the 3R section, not as a goal in and of 
itself. In other words, conservation priorities should be that populations are resilient, redundant, 
adaptabile/representative and have recovered to some historical extent. There are several species 
that have multiple, small but independently growing populations, but are only at a small 
historical extent of their former range. Thus the persistence of the species may be assured in the 
short run, but its recovery and return as an ecologically functional element is incomplete. 
 
Similarly, connectivity is another “conservation biology principle” that needs to be elevated. 
Connectivity plays a role in both resiliency and redundancy while influencing representation, yet 
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it needs to be an overarching goal for recovery. The literature strongly supports the idea that for 
long run persistence small populations must be strongly connected to one another or to a larger 
source population. 
 
In summary, I think this framework needs to be the 5Rs: resiliency, redundancy, representation, 
range (comparison to historical extent) and relationships (connectivity). The conservation 
biology literature supporting the need for the last 2 Rs which prevent isolation and enhance the 
likelihood of long term viability. 
 
Even within the current 3R structure, the framework established via the conceptual models 
(Figures 2-5) is incomplete. I found these figures to be more of a distraction to the document 
than a helpful way of organizing information. For example, in Figure 2 there should be arrows 
between stochastic events and genetic diversity, and between the distribution of viable 
populations and genetic diversity. There is clear evidence that stochasticity influences the 
genetic diversity of small populations several ways. First genetic drift, a key way in which 
populations lose genetic diversity when population size is small, is a stochastic process. Second, 
stochastic events that influence population viability, create small populations which then leads to 
reductions in genetic diversity. Similar problems exist in figure 3 as arrows are needed between 
insect outbreaks, wildfire, drought, disease, and population influx via immigration. I don’t 
believe it is worth fixing these figures; they should be removed. 
 
Optimistic Population Estimates 
The SSA is honest in its uncertainties and assumptions section that empirical evidence on 
population size is lacking. However there were several locations throughout the document where 
estimates were based on converting suitable habitat to number of individuals (presumably by 
assuming a home range size and some overlap among the sexes). This approach assumes that the 
fundamental niche (habitat suitability) equals the realized niche (habitat suitability limited by 
competition, species interactions, etc). This is almost never the case. One example of this likely 
overestimation is in Minnesota where the SSA suggests that there are between 190-250 
individual lynx in the area (pg. 120). Despite the next sentence claiming that the actual number 
of lynx is unknown, this high estimate is carried throughout the document. DNA based surveys 
on the Superior National Forest, conducted in conjunction with the USFS National Genomics 
Center for Wildlife and Fish Conservation have never produced numbers nearly this high. I 
suggest the USFWS revisit the population estimate of lynx in MN and for planning purposes 
consider using a much lower number. 
 
The opposite may be true in Wyoming. Here there is a consistent signal of lynx from at least the 
1970s onwards (p 41, 147 SSA) with strong signals at the beginning of the 21st century. The 
SSA then notes that lynx have been absent from Wyoming since 2010, suggestive of range 
decline. While this may be true, I suggest interpreting this result with caution as effort to detect 
lynx appears to have dramatically declined since 2010. Lynx from Colorado are no longer 
radiotracked (and older radios have suffered battery failure by now). Furthermore, I believe that 
track and hair snare survey effort was diminished between 2010 and 2016. 
 
Resiliency/Redundancy is Optimistic Due to Violation of Independence Assumption 
Resiliency of the DPS of a whole depends in part on redundancy, which is created by having 
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independent units within the DPS. Redundancy ensures that one catastrophe (e.g., a large / 
catastrophic wildfire) cannot eliminate all existing lynx at once. If one takes the product of the 
expert estimated probability of persistence through 2100 of each Geographic Unit there is only a 
very small chance (0.003) that extirpation in the contiguous United States will happen. However, 
this assume that each unit is completely independent of the other. Climate change, not 
defined by the SSA team as a catastrophic event, is a variable that will link the fate of the lynx 
populations/units across the entire DPS. It is conceivable that each unit will decline due to lower 
future snowpack such that resiliency of the DPS is in jeopardy. In other words, there is no longer 
redundancy if one factor can eliminate the independence of all the lynx populations. I would like 
to see this lack of independence considered in the conclusions and in the executive summary. 
 
Connectivity Undervalued 
Most of the units in the DPS are adjacent to the larger population of lynx in the Canadian boreal 
forest. Populations in the United States are likely to be dependent on the cyclic nature of lynx in 
Canada; booms in the Canadian boreal forest populations of lynx lead to dispersal which 
augments or even recolonizes U.S. populations. When we conducted our genetic studies across 
the geographic range (Schwartz et al. 2002, 2003) there was estimated connectivity to the 
peripheral populations. However, conditions may have changed in the last 15 years. At the time 
we viewed the lynx dynamics in the southern portion of the range to be analogous to a tide pool 
(southern populations filling up occasionally when the large booms occurred in Canada). 
However, if the tide is less frequent or the distance between the tide and the pools becomes 
greater pools dry up. If this model is correct for lynx population dynamics, then connectivity is 
essential for persistence 
 
The Seeley Lake population may be an example of this. It has a population growth rate (λ) = 
0.92. Without immigration a population of 100 individuals and λ =0.92 would be halved in 10 
years, diminished to ~20% the original size in 20 years, and extinct well before 50. Yet, a simple 
population viability analysis can be built to show that immigration of less than1 female a year on 
average call provide population stability and even growth. Thus is seems likely that Seeley Lake 
and other populations are being sustained by low levels of connectivity. 
 
If each of the populations at the border with Canada (WA, MT, MN, ME) suffer reduced 
connectivity, due to climate change or because there have been no large amplitude cycles in the 
past decades, they are again not completely independent and less redundant than the document 
and the experts suggest. 
 
Genetic Drift is Undervalued 
Several times throughout the document (pg 11, 219, etc.) there are comments like “there seems 
to be little risk of significant genetic drift” (page 11). If each of the populations are isolated from 
the Canadian boreal populations this statement is false. Genetic drift occurs at a rate that is 
inversely proportional to two times the effective population size per generation. The effective 
population size is likely equivalent to approximately 10% of the census size of a population. If 
Minnesota and Washington each have 50 lynx (pg 216) this could equal an effective population 
size of ~5, which would equate to a rate of drift of approximately 10% per generation. Loss of 
genetic variability, which equates to loss of adaptive potential, would be extremely high. It has 
been shown that populations with small effective population sizes, and high rates of genetic drift, 
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can have lower survival and reproduction rates. These reduced vital rates exacerbate an 
extinction vortex that may have produced low population numbers in the first place. Genetic 
drift may be a very serious problem for Canada lynx in the contiguous United States. Gene flow 
/ connectivity can alleviate drift. 
 
Conclusions 
Overall, this is a very well-produced document that has been carefully thought out. It is 
complete and comprehensive. The conclusions are largely well supported. My only concern is 
that it may be too optimistic for the future of lynx in the contiguous United States. There are 
symptoms of serious problems throughout much of the range. Even the most robust populations 
(MT and ME) show either show some sign of decline (MT with a negative population growth 
rate in Seeley Lake and a loss of a peripheral population in the Garnet range) or have projections 
of major habitat change due to both climate and socio-economic change in the region. Unless we 
see a large dispersal event from the Canadian boreal forest in the near future I would expect to 
see each population chiseled away slowly over the next few decades. On the other hand, I agree 
with the experts that over the very short time frame there appears to be little risk of extirpation of 
lynx in the contiguous United States. 
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Ok thanks Matt for the update..

 

From: Cusack, Matthew T [mailto:matt.cusack@atkinsglobal.com] 
Sent: Tuesday, June 20, 2017 2:16 PM
To: Steve Gess; Kaimy Marks; Jodi Bush
Subject: RE: Lynx Peer Review

 

Hi Steve,

 

Some of the peer reviewers we contracted with worked for the USDA, so we had to develop a
collection agreement with them that took some time. I believe we have the invoices in from all
of the subs and will be able to send in the second to last invoice that will resolve most of the
remaining balance.

 

From there, I have a draft summary report that I am ready to put through internal QC so that I
can make it available to the Service, but want to use this email to confirm that there are no
other questions for the individual reviewers regarding their raw responses.

 

Once the Service has received and approved the report we can close this task order out.

Thanks!

Cheers,
Matt
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Jodi, Is the LYNX PEER review completed yet?  I am showing a balance of 
$36,052.98  left un-invoiced by Atkins.   If it is complete then Matt can you
please request your accounts payable to send in the final invoice..?

 

From: Kaimy Marks [mailto:kaimy_marks@fws.gov] 
Sent: Thursday, July 14, 2016 11:22 AM
To: Steve Gess
Subject: RE: Lynx Peer Review PR

 

Ok!  I’ve input the attached PR just now but Jodi hasn’t sent me the SOW yet.  I think she’s in
the RO today so hoping she’ll forward so I can attach/upload. 

 

Thank you!
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existing contract?  If so, should I put this in as a Post-Award PR?  Is there an Award
Document #?  Or would I input as a Funded Purchase Request with no existing award
number?

 

Kaimy Marks

Administrative Officer
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Montana Ecological Services Office
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From: Zelenak, Jim
To: Bush, Jodi
Cc: Kaimy Marks
Subject: Re: Lynx Peer Review
Date: Thursday, July 20, 2017 11:52:51 AM

If we have received the admin record thru the file transfer service, as Matt indicates below , then I think we have
everything they were asked to provide (though I am less familiar with the contract than you both).

On Thu, Jul 20, 2017 at 9:22 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
This should be the last of it for the Peer Review.  If you think it is -please let Kaimy know
so we can pay the final amount on the agreement.  Thanks. JB
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Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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To: Steve Gess <steve_gess@fws.gov>, Kaimy Marks <kaimy_marks@fws.gov>, Jodi
Bush <jodi_bush@fws.gov>

Good afternoon,

Please find attached the summary report for the lynx as referenced below. I have provided it
in Word and PDF formats for your use.

 

I will be sending the admin record through our file transfer service, as the file is too large for
email.

Respectfully submitted,
Matt

 

Matthew Cusack, PWS
Group Manager
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1616 E. Millbrook Road
Suite 310
Raleigh, NC 27609

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:kaimy_marks@fws.gov
mailto:jodi_bush@fws.gov
mailto:matt.cusack@atkinsglobal.com
mailto:steve_gess@fws.gov
mailto:kaimy_marks@fws.gov
mailto:jodi_bush@fws.gov


Tel: +1 (919) 431 5255
Fax: +1 (919) 876 6848
Cell: +1 (919) 800 1234
Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

 

From: Steve Gess [mailto:steve_gess@fws.gov] 
Sent: Tuesday, June 20, 2017 4:29 PM
To: Cusack, Matthew T <matt.cusack@atkinsglobal.com>; Kaimy Marks
<kaimy_marks@fws.gov>; Jodi Bush <jodi_bush@fws.gov>
Subject: RE: Lynx Peer Review

 

Ok thanks Matt for the update..

 

From: Cusack, Matthew T [mailto:matt.cusack@atkinsglobal.com] 
Sent: Tuesday, June 20, 2017 2:16 PM
To: Steve Gess; Kaimy Marks; Jodi Bush
Subject: RE: Lynx Peer Review

 

Hi Steve,

 

Some of the peer reviewers we contracted with worked for the USDA, so we had to develop
a collection agreement with them that took some time. I believe we have the invoices in
from all of the subs and will be able to send in the second to last invoice that will resolve
most of the remaining balance.

 

From there, I have a draft summary report that I am ready to put through internal QC so that
I can make it available to the Service, but want to use this email to confirm that there are no
other questions for the individual reviewers regarding their raw responses.

 

Once the Service has received and approved the report we can close this task order out.

Thanks!
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From there, I have a draft summary report that I am ready to put through internal QC so that
I can make it available to the Service, but want to use this email to confirm that there are no
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Executive Summary 
Background 
  
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the Service’s evaluation of the best available scientific information, including the 
formally elicited professional judgments and opinions of recognized lynx experts. Based on this 
information, we:  (1) describe the ecological requirements and population dynamics of the 
species; (2) evaluate the historical and current condition of lynx populations in the DPS and the 
factors that appear to have influenced them; and (3) assess the future viability of the DPS in the 
near-term (through the year 2025), in the mid-term (through 2050), and through the end of this 
century in terms of the conservation biology principles of resiliency, redundancy, and 
representation (the “3 Rs”).   
 
The lynx is a boreal forest predator whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive spruce-fir 
conifer forests of the Canadian and Alaskan taiga; however, the southern margins of both their 
ranges extend into the northern contiguous United States. The U.S. Fish and Wildlife Service 
(Service) designated lynx in the Lower 48 States as a DPS because of differences in the 
management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences between lynx habitat at the 
southern extent of its range in the contiguous United States compared to the northern range in 
Canada and Alaska. The Service listed the DPS as threatened under the Endangered Species 
Act (ESA) of 1973, as amended, in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms on some Federal lands to provide for the conservation of lynx habitats 
and populations. This SSA does not reconsider the designation of the DPS or its listing status 
under the ESA, which are Service policy decisions. Instead, it provides the scientific basis for 
the statutorily required 5-year status review for the DPS and other decisions the Service is 
required to make in accordance with the ESA. 
 
Lynx were documented historically in 24 of the contiguous United States; however, in at least 11 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually in 
association with “irruptions” (mass dispersal events) of lynx from Canada when northern 
snowshoe hare populations underwent dramatic cyclic declines roughly every decade (see 
below and section 2.3.2.1). When it listed the DPS under the ESA, the Service defined its range 
as the forested portions of 14 states; 4 in the Northeast (Maine, New Hampshire, New York, 
Vermont), 3 in the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West 
(Colorado, Idaho, Montana, Oregon, Utah, Washington, Wyoming). Based on a detailed 
analysis of verified historical lynx records that was published at about the time the DPS was 
listed and on research and monitoring that have occurred since then, it seems likely that lynx 
occurred historically in some of those states (New York, Vermont, Wisconsin, Oregon, and 
Utah) only intermittently as dispersers or as small, naturally ephemeral populations; not as 
persistent resident breeding populations. In other states (New Hampshire, Michigan, Colorado, 
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and Wyoming), it remains uncertain whether resident lynx occurred historically as small but 
persistent breeding populations or only ephemerally. Parts of the remaining states (Idaho, 
Maine, Minnesota, Montana, and Washington) show the strongest evidence of historical and 
recent (at the time of listing and since then) persistent resident populations.  
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recentlysupported resident lynx. The units are 
distributed across the northern contiguous United States from Maine to Washington and south 
along the Rocky Mountains to western Colorado. Units 1 (Northern Maine), 2 (Northeastern 
Minnesota), 3 (Northwestern Montana/Northeastern Idaho, and 4 (North-central Washington) 
historically supported and currently support resident lynx populations. Based on verified records, 
it is uncertain whether units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) 
historically supported persistent populations or if they supported resident lynx only ephemerally. 
In the GYA, there are very few verified records from 1920-1999, but several resident lynx and 
some kitten production were verified in the late 1990s and early 2000s. In addition, at least 9 
radio-marked lynx released in Colorado (see below) dispersed northward into or through the 
GYA Unit from 2003-2010, but no lynx have been detected in the GYA since 2010. In Unit 6, 
there were even fewer verified records during the last century, and no reliable evidence of a 
resident breeding population. However, from 1999-2006, 218 Canadian and Alaskan lynx were 
released into the San Juan Mountains of southwestern Colorado. As a result of the subsequent 
reproduction of some of the released lynx and some of their offspring over several generations, 
resident lynx currently occupy parts of western Colorado. 
 
Units 1-5 include the same areas the Service designated as critical habitat for the DPS in 2014 
(we did not designate critical habitat in Colorado). Combined, the 6 units encompass over 
131,000 km2 (about 50,640 mi2) of occupied or potential lynx habitat and represent 
approximately the southern 2 percent of the species’ breeding distribution (98 percent occurs in 
Canada and Alaska; figure 1). The units are relatively isolated from each other, but units 1-4 are 
directly adjacent and connected to larger lynx populations and habitats in southern Canada. 
Land ownership varies among the units, with private lands accounting for most of the Northern 
Maine Unit; a mix of Federal, State and private lands in Minnesota; and predominantly Federal 
lands in the 4 western units (see chapter 1, table 1, below for additional details on unit sizes and 
land ownership). Although small numbers of lynx are regularly or occasionally documented in 
other parts of the northern contiguous United States, often peripherally to the SSA geographic 
units, these peripheral areas do not support persistent resident lynx populations. Lynx may 
occur in such areas as small and ephemeral breeding populations or as occasional dispersing 
or transient individuals. 
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Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws,which provide it with a very low foot-loading (weight per surface area 
of foot) - that allow it to more efficiently travel and capture hares in snow conditions that are 
difficult for most other terrestrial hare predators (see section 2.2). These characteristics are 
thought to provide lynx with a seasonal (4 to 5 winter months in most of the DPS) competitive 
advantage over other terrestrial hare predators and allow them to occupy habitats that are 
unavailable to some of their potential competitors. 
 
Lynx in the DPS occur at the southern margin of the species’ range and the southern extent of 
the environmental conditions (boreal forest distribution and structure; hare density; and snow 
conditions and duration) thought necessary to support resident lynx populations. Because of 
this, lynx habitats and thus lynx are naturally less abundant and more patchily distributed in 
most of the DPS than in the core of the species’ range in Canada and Alaska (although even in 
the core of the range lynx decline temporarily to very low densities during cyclic lows in the hare 
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population cycle; see section 2.2 below). Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important, but whether the demographic and/or genetic 
health of any, all, or some DPS populations depends on intermittent immigration of lynx from 
Canada, and if so to what extent, remains uncertain. 
 
We still lack fundamental information about lynx in the DPS, including reliable estimates of past 
and current population sizes and trends and recruitment and immigration rates. However, 
research and surveys undertaken since the DPS was proposed for listing in 1998 have 
significantly improved our knowledge of the distribution, habitats, genetics, and some important 
demographic parameters of lynx in the contiguous United States. For example, analysis of 
historical trapping data in the United States and Canada indicated that many lynx records in the 
contiguous United States coincided with intermittent irruptions of lynx from Canada into northern 
states when hare populations in Canada underwent steep cyclic declines (roughly every 10 
years). During these events, particularly the unprecedentedly large irruptions of the early 1960s 
and early 1970s, hundreds to thousands of lynx dispersed south into the northern Unitied 
States, as evidenced by dramatic but short-lived increases in the number of lynx trapped in 
many northern states. These lynx dispersed into both suitable and unsuitable habitats in the 
contiguous United States. In suitable habitats, immigrants may have contributed to the 
demographic and genetic health of resident populations; in unsuitable habitats, dispersing lynx 
occurred only temporarily in and disappeared relatively quickly from areas that are not capable 
of supporting resident populations. 
 
Additionally, although we knew at the time of listing that resident lynx occurred in Maine, we 
lacked information on the historical and recent distribution and quality of lynx habitat. We now 
know that forest regeneration after large-scale clear-cutting in the 1970s and 1980s has 
contributed substantially to the current broad distribution of high-quality habitat in northern 
Maine, which currently supports the largest resident lynx population in the DPS, and many more 
than likely occurred there historically under natural disturbance regimes. Similarly, we were 
uncertain whether Minnesota supported a resident population or only intermittent dispersing 
lynx, but we now know that a persistent breeding population occupies the northeastern corner of 
the state. Research and monitoring also suggest that lynx and habitats in the western United 
States are naturally less abundant and more patchily distributed than was thought at the time of 
listing, and lynx may have been extirpated recently from several areas thought to have 
previously supported small resident populations (e.g., the Kettle Mountains in northeastern 
Washington, the Garnet Mountains in western Montana [although a single lynx was documented 
there in 2016], and the GYA). We also know that extensive wildfires over the past few decades 
have impacted over a third of the high-quality lynx habitat in north-central Washington, likely 
causing a decline in lynx numbers there. Finally, as mentioned above, despite uncertainty 
regarding their historical presence, resident lynx currently occupy parts of western Colorado. 
 
SSA Framework 
 
The framework for conducting an SSA takes into consideration the life history and ecological 
requirements of the species to understand how the species maintains itself over time. 
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Therefore, we evaluated the ecological requirements of individual lynx and populations and the 
current and possible future conditions for resident lynx populations in each geographic unit to 
assess the viability of the DPS. The SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (the “3 Rs”) as the framework for assessing current and future 
conditions. Resiliency describes the ability of populations and species to withstand stochastic 
events, redundancy describes a species’ ability to withstand catastrophic events, and 
representation describes a species’ ability to adapt to long-term changes in the environment. 
For lynx, the factors capable of influencing the 3 Rs that we evaluated in this SSA include: (1) 
the original factor for which the DPS was listed as threatened (the inadequacy of existing 
Federal regulatory mechanisms at the time of listing); (2) the factors considered by the 
Interagency Lynx Biology Team (ILBT) to have the potential to exert population-level effects on 
the DPS (climate change, vegetation management, wildland fire management, and habitat loss 
and fragmentation); and (3) other factors that could influence the continued ability of particular 
geographic units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several primary sources of uncertainty had to be accounted for in our analysis, including the 
dearth of empirical data on lynx population sizes, trends, and other important demographic 
parameters in the DPS; the influence of immigration of lynx from Canada on the persistence of 
DPS populations; the effectiveness of habitat management efforts; and the effects of 
competition on lynx populations. We lack similar demographic information for snowshoe hares 
throughout much of the DPS range. Additionally, consistent methods to monitor hare and lynx 
habitats have not been implemented throughout most of the range. And importantly, given the 
emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and snowshoe hare 
populations and habitats, including to what degree these changes may affect interactions 
between lynx and their potential competitors.  
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the literature and input provided by the lynx experts we consulted. We treated the 
following assumptions as constants in the analysis.  
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range compared to the core of the species’ range 
in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly cyclic 
and, although they do not exhibit the dramatic declines of their northern counterparts, they 
typically occur at densities on the lower end of those in the northern range. Because of this, 
lynx densities in the DPS are typically similar to those in the north during hare cycle lows.  
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
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other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation and the presence of some hares. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which peripheral DPS 
populations receive periodic input from lynx populations in Canada. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations depends on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators.  
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. Therefore, we assume lynx populations in the DPS are vulnerable 
to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the U.S. Forest Service (USFS) and the Bureau of Land Management (BLM) via formally 
amended or revised management plans have had a positive influence on DPS lynx 
populations that occur on Federal lands and will continue to provide benefits as long as 
those measures and guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range.  

  
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
year 2100, and we asked a panel of lynx experts to estimate the likelihoods that each 
geographic unit would support resident lynx populations over the short-term (year 2025), mid-
term (2050) and longer-term (2100). As expected, the level of uncertainty regarding the viability 
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of the DPS and each of the factors that may influence it increases the farther into the future we 
(and the lynx experts we consulted) try to look, and this uncertainty greatly reduces confidence 
in future projections, particularly beyond mid-century. Beyond that time frame, uncertainty 
regarding the potential impacts of climate change and other potential stressors to lynx 
populations in the DPS becomes so great that it precludes meaningful analysis or reliable 
predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information are unavailable 
or inadequate is an appropriate and scientifically supported approach, we remind readers that 
the output remains the experts’ best professional judgement, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison, it was necessary to 
combine, quantify, graph, and summarize the qualitative information provided by experts. 
However, we caution that the results we present below, and which we graph and describe more 
fully in chapter 5, should not be interpreted as precise, statistically robust estimates of the 
probability that resident lynx will persist in the DPS or in any individual geographic unit in the 
future, and readers should consider the inherent limitations and substantial uncertainties in 
expert responses, particularly over longer time periods.  
  
Current Conditions 
 
The current distribution of resident lynx in the contiguous United States is likely somewhat 
smaller than the historical distribution because of the potential loss of small populations in 
several places (e.g., northern New Hampshire, perhaps the Adirondack Mountains of northern 
New York, Isle Royale in Lake Superior, the Kettle Mountains of northeastern Washington, and, 
more recently, the GYA of Southwestern Montana and northwestern Wyoming, and perhaps the 
Garnet Mountains in western Montana). However, based on verified historical records, we lack 
compelling evidence that the current distribution and relative abundance of resident lynx in the 
DPS range are substantially diminished from historical conditions, and resident populations 
continue to persist in the geographic areas with the strongest historical evidence of an ability to 
support them. In fact, there are many more lynx in northern Maine (Unit 1) now than probably 
occurred there historically, and many more in Minnesota (Unit 2) and Colorado (Unit 6) than was 
suspected when the DPS listed, but fewer in northern Washington (Unit 4). Nonetheless, in 
many parts of the DPS range habitat features (forest distribution and structure, hare densities, 
and snow conditions) appear to exist at or just above thresholds thought necessary to support 
persistent lynx populations.  
 
Resiliency – The apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest historical and recent resiliency among 
lynx populations in the DPS. Among these units, lynx in Maine appear to have recently 
demonstrated resiliency by responding positively to substantial anthropogenic increases in the 
amount and distribution of high-quality foraging habitat. Conversely, the recent absence of 
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resident lynx in the Garnet Mountains (a small and somewhat isolated mountain range at the 
southern periphery of Unit 3) may suggest a recent decline in resiliency in this part of the unit 
(but see 4.2.3 and 5.2.3, below). The persistence of lynx in north-central Washington (Unit 4) 
despite the substantial recent wildfire-mediated habitat loss suggests resiliency in that 
population. However, the post-fire increase in home range size and likely decrease in lynx 
numbers may indicate the population in Unit 4 is currently less resilient (less able to persist if 
additional or similar habitat losses occur) than it was previously. Among the other 2 geographic 
units, the current absence of resident lynx in the GYA (Unit 5) despite the large proportion of 
lands in conservation status (e.g., national parks and designated wilderness areas) may indicate 
the naturally lower level of resiliency expected among small and relatively more isolated 
populations. In western Colorado (Unit 6), the absence of resident lynx for much of the past 
century may indicate a lack of resiliency in this unit historically. However, the recent persistence 
of resident lynx in this unit following the 1999-2006 release of 218 Canadian and Alaskan lynx 
suggests recent resiliency thus far. We conclude that the DPS as a whole currently 
demonstrates resiliency despite the possibility that resiliency may have declined recently in 
several geographic units. 
 
Redundancy – The current broad distribution of resident lynx in large, geographically discrete 
areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. The 
DPS range currently spans the northern contiguous states from Maine to Washington and south 
along the Rocky Mountains to southwestern Colorado. Resident lynx populations currently 
occupy 5 of the 6 geographic units (all but the GYA). Of the 5 occupied units, 4 are larger than 
20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 km2 (1,931 mi2; 
table 1). We find that no single catastrophic event could result in the functional extirpation (loss 
of the ability to support resident lynx populations) of the entire DPS or of any of the individual 
geographic units that currently support resident populations. Because we lack evidence that 
formerly persistent lynx populations have been lost from any other large discrete areas in the 
contiguous United States, it also seems that redundancy in the DPS has not been meaningfully 
diminished from historical levels. We conclude that the DPS currently demonstrates redundancy 
sufficient to preclude the possibility of extirpation via catastrophic event. 
 
Representation – High rates of dispersal and gene flow and, therefore, generally low levels of 
genetic differentiation across most of the lynx’s range, including the DPS (see 2.1, below), 
suggest the absences of current threats to the genetic health of lynx populations in the DPS. 
Although hybridization with bobcats (Lynx rufus) has been documented in Maine and 
Minnesota, it is not considered a substantial current threat to the DPS. Similarly, although some 
small populations may have become extirpated recently, resident lynx in the DPS remain 
broadly distributed across the range of ecological settings that seems to have supported them 
historically in the contiguous United States, suggesting relative maintenance of the breadth of 
diversity of ecological settings occupied within the DPS range. Because there are no indications 
of significant loss of or current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
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Future Conditions 
 
We and the lynx experts we consulted expect that the number of resident lynx and the 
distributions of resident populations in the DPS range will likely decline through the end of the 
century largely as a result of projected continued climate warming and associated impacts, 
which are likely to exacerbate the potential adverse effects of other factors (e.g., forest 
management, competition from other hare predators). Continued warming is expected to cause 
a northward and upslope retraction of the boreal forest and snow conditions that support lynx, 
resulting in smaller, more fragmented, and increasingly isolated patches of habitat and a 
reduced probability of persistence for all resident populations in the DPS range (see section 3.2 
and ch. 5). We expect that resident populations will likely persist through mid-century in all or 
most of the 5 geographic units that currently support them (albeit in reduced numbers and 
distributions), but that lynx may be functionally extirpated (loss of the ability to support persistent 
resident populations) from 2 or 3 of the units by the end of the century. 
 
The western geographic units (units 3 through 6) may be more likely to support resident lynx 
longer than units 1 and 2 under projected climate change scenarios given the higher percentage 
of land managed specifically for lynx conservation and their greater topographic potential to 
facilitate the upward elevational shift in lynx habitats projected by climate models. Nonetheless, 
we are unaware of any management actions that can be expected to abate the projected long-
term retreat of boreal forests and diminished snow conditions expected under continued climate 
warming. Further, climate-driven increases in the frequency, size and intensity of wildfires and 
forest insect outbreaks are expected, particularly in the western portion of the DPS, although we 
do not anticipate such events alone to cause the permanent loss of breeding lynx populations in 
any geographic unit. In Minnesota and Maine (units 1 and 2), suitable boreal forest and snow 
conditions are projected to decline more severely than in the western units, and in some climate 
modeling scenarios they could disappear completely from these units before the end of the 
century. Lynx habitat conditions in Maine are also likely to decline significantly from current 
historically high and anthropogenically influenced levels because current forest management 
practices, particularly a shift away from landscape-level clearcutting, are unlikely to replace the 
large areas of high-quality hare habitat that will likely be lost over the next 15-20 years as a 
result of forest succession. 

Resiliency – We expect resident lynx populations in all geographic units that currently support 
them to be smaller and more fragmented and isolated in the future, and each geographic unit 
and the DPS as a whole will, therefore, likely be less resilient in the future. We anticipate that 
resiliency will likely foster persistence of resident lynx in most units through mid-century but that 
it will likely diminish substantially after that time, with extirpation of resident populations from 2 
or 3 units possible by the end of the century. Projected climate warming is expected to exert the 
greatest influence on the resiliency of individual populations, and thus continued presence of 
resident lynx in each geographic unit, although uncertainty remains regarding the timing, extent, 
and biological consequences of such impacts. As vegetation and snow conditions become less 
favorable, potential competitors may outcompete and displace lynx. This in turn would reduce 
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lynx abundance and density within populations, making populations more susceptible (i.e., less 
resilient) to stochastic events. 
 
Redundancy – Although redundancy in the DPS would decline with the projected loss of 
populations from 2 or 3 geographic units by the end of the century, our evaluation suggests that 
none of individual geographic units that currently support resident lynx are vulnerable to 
extirpation from a single catastrophic event. Given that, we conclude that the DPS as a whole is 
not vulnerable to extirpation from a catastrophic event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS (and we expect populations to persist in 2 or 3 
of 5 units by the end of the century), extirpation of the DPS from a single catastrophic event is 
very unlikely. 
 
Representation – Although some lynx populations in the DPS units are demographically isolated 
from each other and the level of interaction between others is uncertain, there seems to be little 
risk of significant genetic drift. This is because of the currently observed and expected future 
high level of gene flow across most of the lynx’s continental range, the species’ well-
documented dispersal capability, the current and likely future connectivity and absence of 
significant barriers to dispersal between Canada and most DPS geographic units, and the small 
number of immigrants necessary to maintain genetic diversity. Based on these factors and 
expert input, we find that there is no indication that the naturally low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the near future 
and no indication that future gene flow is likely to be substantially reduced. However, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. How the potential loss of resident lynx 
from 1 or more geographic units may affect representation within the DPS in terms of ecological 
diversity is uncertain. The loss of resident lynx from any of the geographic units could result in 
the loss of behavioral and potential future genetic adaptations to the climate-mediated changes 
now occurring and likely to continue into the future at the southern edge of the lynx range. Such 
potential adaptability to diminished snow conditions, increasingly patchy and isolated boreal 
forests, and reduced hare abundance may be important to the taxon as a whole as it is 
confronted by a rapidly changing climate. 
 
DPS-wide Synthesis  
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We and the lynx experts we consulted expect that resident lynx populations are likely to 
continue to persist, albeit in reduced numbers and distributions, in all 5 geographic units that 
currently support them through mid-century. Functional extirpation is possible in 2 to 3 of those 
units by the end of the century, driven largely by projected continued climate warming and 
related effects to boreal forest habitats and snow conditions. Because resident lynx in many 
parts of the DPS persist in areas that appear naturally to barely meet thresholds for hare 
densities and habitat quality and distribution, relatively small declines in these features could 
result in loss of the ability to support resident populations over large areas. Because of this, we 
believe that future lynx habitats and resident populations throughout the DPS range are likely to 
be smaller and more fragmented, and geographic units that are already relatively isolated from 
other lynx populations are likely to become even more isolated in the future. Uncertainty 
increases at mid- to late-century regarding the timing and extent of various stressors that are 
expected to affect lynx and hare habitat and snow regimes, especially those related to climate 
change. However, review of the best available science in concert with input from lynx experts 
suggests that the probability of persistence of resident breeding populations will likely decline in 
all geographic units, with the negative DPS-wide trajectory continuing to the end of the century 
and, with no evidence to the contrary, beyond that time frame. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, we expect each 
geographic unit and the DPS as a whole to be less resilient in the future. Our analyses and 
expert input suggest that resiliency will likely foster persistence of resident lynx through mid-
century in most of the 5 geographic units that currently support them. However, we believe it is 
very unlikely that resident lynx populations would persist through the end of this century in all of 
the geographic units that currently support them. That is, we believe that resiliency will likely be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations more likely than not from 2 to 3 (of 5) 
geographic units by the end of the century. 
  
We conclude that the functional extirpation of resident lynx populations from 1 or more 
geographic units would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 
reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation by the end of this 
century. 

Chapter 1: Introduction 
The Service designated lynx in the contiguous United States as a DPS because of differences 
in the management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences between lynx habitat in the 
contiguous United States compared to the northern parts of the species’ range in Canada and 
Alaska. The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
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United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (U.S. District Court 
MT 2014b, p. 2). We completed this SSA (version 1.1) to summarize the best available 
information on the current status and likely future viability of the DPS. This SSA will inform a 
determination by Service decision makers of whether (1) the DPS continues to warrant 
protection under the ESA and (2) a recovery plan is needed to guide conservation and recovery 
of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies almost exclusively on its primary prey, the snowshoe hare (Lepus 
americanus), to support survival, reproduction, recruitment, and, therefore, population 
persistence (Ruggiero et al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, 
pp. 128, 136-138; USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 
79 FR 54808-54809). Lynx survival and distribution are also influenced by snow conditions. It is 
generally restricted to areas that receive deep, powdery, and persistent snow that allows lynx, 
with their proportionately longer limbs and very large feet, to outcompete other terrestrial hare 
predators that are less efficient in such conditions (McCord and Cardoza 1982, pp. 748-749; 
Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et al. 2000b, pp. 400-
401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 2005, p. 744-749; 
Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 FR 54809). 
 
Lynx are generally considered secure, widespread, abundant, and distributed throughout most 
of their historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see figure 1 above and table 1 below). Lynx 
populations in the DPS (as well as some others on the margin of the range in southern 
Canadian provinces) seem to function as peripheral subpopulations of a larger metapopulation 
that is broadly distributed across Canada and interior Alaska (McKelvey et al. 2000b, p. 25; 68 
FR 40077; also see 2.2 below). The demographic and genetic health and persistence of DPS 
populations are thought to be influenced by connectivity with, and immigration of lynx from, 

Commented [ZJ21]: Make sure this is consistent with title 
page. 



 

16 
 

larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline phase of snowshoe hare population 
cycles, roughly every 10 years. Many of these occurrences were in anomalous habitats, and 
lynx were unable to persist and establish populations in most of these areas (Gunderson 1978, 
entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, pp. 1-2; ILBT 2013, 
p. 23; see also section 2.3.2, below). Habitats capable of supporting persistent resident lynx 
populations in the contiguous United States occur over a much smaller geographic area that 
includes parts of the Northeast (primarily northern Maine), western Great Lakes (northeastern 
Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps also parts of 
northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern Montana and 
northwestern Wyoming, and parts of western Colorado), and the eastern Cascade Mountains of 
northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-54807; Lynx SSA 
Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical distribution of 
resident lynx in the contiguous United States, and small breeding populations may have been 
lost from some places, neither broad-scale breeding range contraction nor substantial changes 
in population status in the contiguous United States has been documented based on verified 
occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx SSA Team 
2016a, p. 11; also see section 2.3.2, below). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on Federal lands (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). The Service reinitiated the 5-year 
status review in 2015 (USFWS 2015a, entire), and that review will be informed by this SSA 
report. On September 7, 2016, the U.S. District Court for the District of Montana remanded the 
2014 critical habitat designation to the Service for further consideration (U.S. District Court MT 
2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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supported persistent resident lynx populations (Figure 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline (USFWS 2005, pp. 4-6, 21, 23), and 
western Colorado was designated a “Provisional Core Area” (USFWS 2005, pp. 6, 21, 23). With 
the exception of western Colorado, these units also encompass and closely mirror the areas the 
Service designated as critical habitat in 2014 (79 FR 54782). Some areas adjacent to but 
outside these geographic units are known or suspected to intermittently support resident lynx 
and occasional reproduction. Uncertainty remains as to whether resident lynx populations 
occurred historically in other areas not encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands. The amounts in each 
ownership vary among the units, with private lands predominating in Maine, a mix of ownerships 
present in Minnesota, and Federal lands predominating in the western units (Table 1). 
 
 Table 1. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern 
Idaho, Unit 4 - North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern 
Montana/Northwestern Wyoming), Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx 
critical habitat, including some Tribal, State and private lands that met the criteria for critical habitat but 
which were excluded from the designation in accordance with section 4(b)(2) of the Endangered Species 
Act. Unit 6 size and ownership were calculated by the Service’s Western Colorado Field Office in 
coordination with Colorado Parks and Wildlife based on telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 
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1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has 
developed the Species Status Assessment (SSA) Framework 
to guide how we assess the best scientific and commercial 
data available when evaluating the biological status of 
species. In conducting an SSA, we take into consideration the 
life history and ecological requirements of the species to 
understand how the species maintains itself over time 
(captured under the broad heading of “species needs”); the 
current condition of the species at the individual, population, 
and range-wide levels in terms of meeting those needs; and 
the likely changes in the environment that may influence the 
species’ future condition and, thus, the viability of the species.  
 
The SSA Framework defines viability as a description of the 
ability of a species to sustain populations in the wild beyond a 
biologically meaningful time frame2. Throughout the 
assessment, the SSA uses the conservation biology principles of resiliency, redundancy, and 
representation (collectively known as the “3 Rs”) as a lens to evaluate the current and future 
condition of the species. Briefly, resiliency describes the ability of the species to withstand 
stochastic events; redundancy describes the ability of the species to withstand catastrophic 
events; and representation describes the ability of the species to adapt over time to long-term 
changes in the environment. As a result, the SSA characterizes a species’ ability to sustain 
populations in the wild over time based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. Importantly, the SSA neither 
results in, nor predetermines, any decisions (e.g., listing status, critical habitat designations, 
section 7 consultation requirements, etc.) by the Service under the ESA. Instead the SSA 
provides the biological basis to inform these decisions. The SSA is a dynamic document and 
should be periodically revised as new scientific information becomes available. 
  
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”3 .  

                                                 
1 See: http://www.fws.gov/endangered/improving_ESA/. 
2 Viability is not a specific state, but rather a continuous measure of the likelihood that the 
species will sustain populations in the wild over time. USFWSb. 2015. Species Status 
Assessment Framework. Version 3.3. October 2015. 
3 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

http://www.fws.gov/endangered/improving_ESA/
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework (October 2015, version 3.3) described above to evaluate the 
current status of resident lynx in the contiguous United States as well as the likelihood that the 
geographic areas supporting resident lynx in the DPS would continue to do so in the near term 
and at mid- and end-of-century (years 2025, 2050, and 2100). We framed our evaluation in 
terms of the 3 Rs using conceptual modeling (Figures 2-5) based on available published 
literature, other information on the historical and current status of and threats to lynx in the DPS 
and, where empirical data are lacking, on formally-elicited expert opinion and best professional 
judgment (Lynx SSA Team 2016a, entire).  
 

 
Figure 2. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 3 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 
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Figure 3. Conceptual model of factors thought to influence redundancy within the lynx DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity of geographic areas occupied by 
resident breeding populations, and the documented dispersal capabilities of the species, as 
shown in Figure 4 below. 
 

 
Figure 4. Conceptual model of factors thought to influence representation within the lynx DPS. 
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Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future,, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in Figure 5 below. 

 
Figure 5. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. 
 
We elicited expert input on the likelihood that each geographic unit would continue to support 
resident lynx populations in the future (i.e., that resident populations would not be functionally 
extirpated [reduced to the point that a viable breeding population could no longer be sustained]). 
In Chapter 5, we present summaries of experts’ predictions regarding the probability of lynx 
persistence in each geographic unit; the factors they thought would most likely influence those 
probabilities; and the sources of uncertainty that influenced their confidence in their predictions. 
We then present our evaluation of the scientific literature regarding how certain anthropogenic 
factors may influence future conditions for resident lynx in each geographic unit. The factors we 
consider for each geographic unit include regulatory mechanisms (the factor for which the DPS 
was originally listed under the ESA) and the anthropogenic influences identified by the 
Interagency Lynx Biology Team (ILBT) as the most likely to have population-level impacts on 
lynx in the DPS (climate change, vegetation management, wildland fire management, and 
habitat loss/fragmentation; ILBT 2013, pp. 68-78). Other factors were also evaluated for some 
geographic units if the SSA Core Team member most familiar with that unit felt those factors 
could pose meaningful, even if less likely, risks to the unit’s continued ability to support resident 
lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
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conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which all protections and conservation efforts would disappear if the DPS 
was not listed. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of Federal project-related impacts, potential for some states to reinstitute 
limited trapping/hunting harvest), Federal, State, Tribal and some private land managers would 
continue efforts to conserve lynx and its habitats and to assure persistence of resident lynx 
populations in those places that can support them. Our evaluation, therefore, considers the 
possibility of the future relaxing of some lynx conservation measures and efforts, but not the 
complete absence of all protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest- 
and snow-associated predator that relies heavily on a single, similarly-specialized prey species, 
and whose habitats are influenced by climate-mediated disturbance factors (e.g., wildfire, forest 
insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to the impacts of 
climate change and has limited adaptive capacity to respond to it. Therefore, we (along with the 
experts we consulted and the ILBT) consider lynx populations in the DPS vulnerable to the 
projected impacts of continued climate warming. While we recognize that the pace and extent of 
impacts would be expected to differ under specific emissions or modeling scenarios, the 
limitations described above preclude us from quantifying those differences and their potential 
influence on the likelihood that resident lynx populations will persist in the DPS or in individual 
geographic units. Finally, in our analyses we do not consider anthropogenic climate warming a 
catastrophic effect because it is not temporally- and spatially-discrete; characteristics of events 
traditionally considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). 
Rather, we consider climate change as an ongoing, pervasive, and cumulative stressor of lynx 
and their habitats, particularly at the southern margin of the species’ distribution, including all 
geographic areas of the DPS.  
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Chapter 2: Lynx Ecology  
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897; Integrated Taxonomic Information System online database4, retrieved April 14, 2016). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb) (Quinn and Parker 1987, Table 1; Moen 
et al. 2010a, Figure 2; MDIFW 2012, unpublished data), and males are 13-25 percent larger 
than females (Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-
adapted for traversing and hunting in deep, powdery snow, where its low foot-loading (weight 
per surface area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 
90; 2000b, p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe 
hares, the lynx’s primary prey. In southern Canada and the northern contiguous United States, 
where the southern edge of the lynx range overlaps the northern edge of the bobcat range, the 
2 species are easily confused because of their similar size and appearance. However, the lynx’s 
longer ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has 
shorter ear tufts, small feet, and white on the underside of the tail. Bobcats are much more 
common, widespread, and abundant than lynx in most of the contiguous United States 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 

                                                 
4 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas, recent analyses reveal genetic exchange among lynx on either side, 
indicating that some lynx successfully navigate this barrier (Koen et al. 2015, pp. 524-528; 
Bowman in Lynx SSA Team 2016a, p. 12-13). 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522).   
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
among DPS populations would be expected to increase at some point in the future if lynx and 
hare habitats shift northward and upslope, as projected with continued climate warming, 
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resulting in reduced connectivity and gene flow among smaller and more isolated lynx 
populations at the periphery of the range. This would result in (1) smaller and more distant 
potential source populations in the southern Canadian provinces, reducing the likelihood and 
number of immigrant lynx reaching DPS populations, and (2) smaller effective population sizes 
(the size of an ideal population [i.e., one that meets all the Hardy-Weinberg assumptions] that 
would lose heterozygosity at a rate equal to that of the observed population) among DPS 
populations, making them more vulnerable to drift, the consequences of which could include 
lower survival and reproduction rates and loss of adaptive potential (Schwartz 2017, pp. 4-5). 
For example, Koen et al. (2014a, pp. 757-760) correlated habitat and climate factors with low 
neutral genetic diversity and high genetic differentiation at the trailing edge of lynx range in 
southeastern Ontario and suggested that climate-mediated changes in environmental conditions 
would likely result in further loss of genetic diversity, possibly reducing adaptive potential in lynx 
populations in the southern periphery of their range.  
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward future as a result of continued climate warming (also see section 
3.2 below).   

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 6), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler 1990, p. 848; Apps 2000, pp. 358–359, 363; Aubry et 
al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268; von Kienast 2003, pp. 37–38; Squires 
et al. 2004a, p. 15, Table 8, Olson 2015, pp. 60-69). Although lynx take a variety of alternative 
prey species, especially red squirrles (Tamiasciurus hudsonicus), which may be important when 
hare numbers are low, hare abundance is the major driver of lynx population dynamics. Lynx 
denning area selection, pregnancy rates and litter sizes, as well as survival (kitten, subadult and 
adult), recruitment, and dispersal rates, and population age structure, home range sizes, 
density, and distribution are all strongly influenced by hare abundance (Koehler and Aubry 
1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 2000, pp. 375-390; Mowat et al. 2000, 
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pp. 270-294; Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 
26-34). 
 

Figure 6. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. 
     
Lynx are highly specialized predators of snowshoe hares and are dependent on landscapes 
with high-density snowshoe hare populations for survival and reproduction (McCord and 
Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 684-685; Aubry et al. 2000, pp. 375-378). 
Lynx and snowshoe hares are strongly associated with what is broadly described as boreal 
forest (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; Quinn and 
Parker 1987, p. 684; Agee 2000, p. 39; Aubry et al. 2000, pp. 378-382; Hodges 2000a, pp. 183-
191 and 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The predominant vegetation 
of boreal forest is conifer trees, primarily species of spruce (Picea spp.) and fir (Abies spp.) 
(Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, deciduous trees, and 
shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests with dense understories 
that provide forage, cover to escape from predators, and protection during extreme weather 
(Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; Hodges 2000a, pp. 183-195 
and 2000b, pp. 136-140). 
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Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure than mature forests (Buehler 
and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 1990, pp. 847-848; Hodges 
2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 84-88). However, snowshoe 
hares also can be abundant in mature forests with dense understories, particularly in the 
Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 2009, pp. 1492-1496; 
Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 2012, pp. 1483-
1487). These mature forests may be a source of hares for other adjacent forest types (Griffin 
and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important winter 
foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting habitat 
for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx habitat can generally be described as moist boreal forests that have cold, snowy winters 
and a snowshoe hare prey base (Quinn and Parker 1987, pp. 684-685; Agee 2000, pp. 39-47; 
Aubry et al. 2000, pp. 373-375; Buskirk et al. 2000b, pp. 397-405; Ruggiero et al. 2000b, pp. 
445-447). Because lynx population dynamics, survival, and reproduction are so closely tied to 
snowshoe hare availability, snowshoe hare habitat is the primary component of lynx habitat. 
However, lynx do not occur everywhere within the range of snowshoe hares in the contiguous 
United States (Bittner and Rongstad 1982, p. 146; McCord and Cardoza 1982, p. 729). This 
may be due to inadequate abundance, density, or spatial distribution of hares in some places, or 
the absence of snow conditions that would allow lynx to be at a competitive advantage over 
other hare predators, or a combination of these factors (79 FR 54809). 
 
Although empirical data are lacking and would be difficult to acquire, the lynx’s physical 
adaptations (described above) are thought to provide lynx a seasonal advantage over potential 
competitors and predators, which generally have higher foot-loading, causing them to sink into 
the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray and Boutin 1991, entire; 
Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; Ruggiero et al. 2000b, pp. 445, 
450). Buskirk et al. (2000a, entire) described potential exploitation (for food) and interference 
(avoidance) competition between lynx and several other terrestrial and avian predators of hares, 
several of which have also been documented to prey on lynx. Documented lynx predators 
include cougar (Puma concolor; also mountain lion), coyote (Canis latrans), wolverine (Gulo 
gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and other lynx (ILBT 2013, pp. 33, 35). 
Bobcats are also likely capable of killing lynx in some circumstances. Although lynx have co-
evolved with other predators, the influence of predation on lynx populations is unknown (ILBT 
2013, pp. 35-36). Coyotes are now more widespread and abundant in the southern periphery of 
the lynx distribution than they were historically (Gompper 2002, entire), while cougars have 
been extirpated from the eastern half of the United States but are more abundant and 
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widespread in the western United States now than in the mid-1900s (Buskirk et al. 2000a, p. 
89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes were deemed the most likely to exert local or regionally important 
exploitation competition impacts to lynx, and coyotes, bobcats, and cougars were thought 
capable of imparting interference competition effects on lynx (Buskirk et al. 2000a, p. 89). 
Interference would be most likely during summer but also during winter in areas lacking deep, 
unconsolidated snow (ILBT 2013, p. 36). Except for fisher and marten, lynx predators and 
potential terrestrial competitors all have higher foot-loading, making them less efficient at 
traveling and hunting in the snow conditions favorable for lynx (Murray and Boutin 1991, entire; 
Buskirk et al. 2000a, pp 86-95; Krohn et al. 2005, entire) and, therefore, likely limiting, at least 
seasonally, interactions between lynx and these species. The fisher has foot-loading similar to 
lynx, and the marten’s is even lower (Buskirk et al. 2000a, p. 90), but both have much shorter 
legs, which likely limits their mobility in deep, unconsolidated snow compared to lynx. The extent 
to which predation and competition may influence lynx populations in the DPS remains 
uncertain. 
 
The boreal forest landscape lynx occupy is naturally dynamic. Forest stands within the 
landscape may experience abrupt changes after natural or human-caused disturbances such as 
fire, insect epidemics, wind, ice, disease, and forest management (e.g., timber harvest or 
thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat within the 
boreal forest landscape is a shifting mosaic of habitat patches of variable and changing quality 
(68 FR 40077). These stands of differing ages and conditions provide lynx foraging or denning 
habitat (or may provide these in the future depending on patterns of disturbance and forest 
succession), and some serve as travel routes for lynx moving between foraging and denning 
habitats (McKelvey et al. 2000c, pp. 427-434; Hoving et al. 2004, pp. 290-292). Lynx generally 
concentrate hunting activities in areas where snowshoe hare densities are high (Koehler et al. 
1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; O’Donoghue 
et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed that lynx 
focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
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hares/ha (0.04 hares/ac) (Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac) (Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90).  
 
During lows in snowshoe hare populations, lynx prey opportunistically on other small mammals, 
especially red squirrels and birds, but alternate prey species do not sufficiently compensate for 
low availability of snowshoe hares, and lynx populations likely cannot persist over time in areas 
with consistently low hare densities (Brand et al. 1976, pp. 422–425; Brand and Keith 1979, pp. 
833–834; Koehler 1990, pp. 848–849; Mowat et al. 2000, pp. 267–268). Even in areas with 
relatively low or marginal hare densities, hares constitute the majority of the biomass in lynx 
diets (Koehler and Aubry 1994, p. 85; Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; 
Roth et al. 2007, pp. 2740-2741; Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 
2008, p. 9; Maletzke et al. 2008, pp. 1475-1477; Shenk 2009, pp. 13, 16; Ivan in Lynx SSA 
Team 2016a, Appendix 3, pp. 13-14). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
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foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire).  
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293).  
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In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990, pp. 847-850). 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac) (Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the contiguous United States, and 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly the western geographic units 
(3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. Although lynx habitats are more 
contiguous in units 1 and 2 than in the western units, and units 1 and 2 are connected to larger 
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contiguous habitats and lynx populations in Canada, they remain peripheral populations, and a 
metapopulation structure in which they receive intermittent inputs from the larger population 
may still exist, even if the mainland-island contruct does not apply. Lynx disperse in both 
directions across the Canada–United States border (Aubry et al. 2000, pp. 386-387; Moen et al. 
2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this connectivity and interchange with lynx 
populations in Canada is thought to be important to the conservation of lynx populations in the 
DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 2002, p. 522; U.S Fish and Wildlife Service 
2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187). However, it 
remains uncertain whether the demographic and genetic health and persistence of populations 
in the DPS depend on regular or intermittent immigration of lynx from Canada and, if so, to what 
extent (McKelvey et al. 2000a, pp. 241-242; 79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
At the most fundamental level, the needs of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance to support lactation during the early kitten stage and later 

provisioning of the kitten with meat, 
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and 
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime.  

 
In cyclic northern lynx populations, there is a strong element of timing that determines whether 
these individual needs will be met. During the decline and low phases of the hare population 
cycle, few or no kittens are born, very few survive until their first winter, and recruitment may 
collapse completely or nearly so for several successive years (Slough and Mowat 1996, entire; 
Mowat et al. 2000, pp. 266, 285-287). Therefore, even in the core of the species’ range, a kitten 
born during a period of declining or low hare abundance is very unlikely to survive to 
independence, breed successfully, and replace itself within the breeding population in its 
lifetime. Conversely, a kitten born during the increase or high phase of the hare population cycle 
is much more likely to survive and, therefore, have an opportunity to breed successfully and 
replace itself via recruitment of 1 or more of its offspring into the breeding population. 
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In southern lynx populations (southern Canada and the contiguous United States), hare 
population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 
2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx 
SSA Team 2016a, pp. 16-17), and hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, the likelihood that an 
individual lynx will have its ecological requirements met sufficiently so that it may replace itself in 
the breeding population is probably consistently relatively low. Also in the south, there are more 
diverse assemblages of potential competitors and predators, more natural patchiness and 
anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provision dependent kittens, and 
females appear to select den sites near prey sources to minimize time spent away from kittens 
while foraging (Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The 
size of lynx home ranges is strongly influenced by the quality of the habitat, particularly the 
abundance of snowshoe hares, in addition to other factors such as gender, age, season, and 
density of the lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). 
Generally, females with kittens have the smallest home ranges, likely related to their need to 
stay close to dens and dependent kittens, and males have the largest home ranges (Moen et al. 
2005, p. 11; Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3, below). Larger home ranges likely require more energy output associated 
with greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation 
and other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 2, below) vary greatly across 
the DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 2, below).  
 
Table 2. Reported annual home range sizes for Canada lynx in the contiguous United States.  
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Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

Table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990 (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac) (Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire;). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with landscape hare 
densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but areas with hare 
densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-Legaard et al. 
2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained home ranges 
where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby Voyageurs 
National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), did not 
support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western Montana, 
resident lynx used dense young forest stands with mean summer and winter hare densities of 
0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and dense 
mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 hares/ac), 
but they did not use more open young or mature stands where hare densities ranged from 0.12 
- 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
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Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrles, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24).   
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Historical lynx occurrence 
records in the contiguous United States were correlated with areas that received at least 4 
months (December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). 
Where snow conditions do not consistently favor lynx, increased potential for predation and 
competition would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely 
to survive, breed, and replace themselves in the breeding population if they occupy home 
ranges where trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, 
entire), high-speed/high-volume roadways are absent (ILBT 2013, pp. 77-78), and other 
potential anthropogenic causes of lynx mortality are absent or minimal.  
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science suggests that landscape-level hare densities consistently ≥ 0.5 hares/ha 
(0.2 hares/ac) and favorable snow depth and conditions for about 4 months are needed to 
support lynx occupancy, reproduction, and recruitment. At the southern periphery of lynx 
distribution, some places, including within the range of the DPS, seem to be at minimum 
thresholds to meet these requirements or do so inconsistently.  
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do (see Figure 5 and 
section 2.2.1, above), but on a larger landscape with hare densities and habitat conditions 
capable of consistently supporting multiple home ranges, breeding and dispersal opportunities, 
and reproductive and survival rates such that recruitment and immigration will, on average over 
the long term, equal or exceed mortality and emigration (Pulliam 1988, pp. 652-654). To support 
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persistent lynx populations, such landscapes must provide for the survival of at least some 
resident lynx even when hares are least abundant and/or other habitat features (e.g., snow 
conditions) are least favorable so that the lynx population can recover, perhaps aided by 
immigration, when hare numbers and/or other habitat conditions improve. As with individual 
lynx, populations are more likely to persist in landscapes where the effects of competition, 
predation, and human-caused mortality (e.g., trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible given limited data and natural temporal variation in demographic 
rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic data are available for 
most lynx populations in the DPS, most are limited to relatively few, small study areas or 
relatively short durations. There remains uncertainty about whether, and if so to what extent, the 
demographic health of DPS populations relies on immigration from northern (Canadian) 
populations; and immigration rates are not known for DPS populations (McKelvey et al. 2000b, 
pp. 24-34). These factors likely preclude development of meaningful DPS-wide or unit-specific 
empirical population viability models (McKelvey et al. 2000b, p. 22). However, Lyons et al. 
(2016, entire) developed spatially-explicit, individual-based population models to estimate 
reductions in potential lynx carrying capacity in Washington associated with large wildfires over 
the past 2-3 decades. Similarly, Licht et al. (2017, in press, entire) conducted a PVA of a 
potential lynx reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2.  
 
Slough and Mowat (1996, p. 952, Table 4) calculated population growth rate (lambda, λ) = 2.03 
(annual doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx 
population in the core of the species’ range in the southern Yukon. This period of rapid growth 
was followed by a rate of λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 
and λ = 0.46 (rapid decline) during the first2 years of the lynx population decline when hares 
were scarce. (Note – the value λ = 0.01 presented in Slough and Mowat (1996, p. 952, Table 4) 
appears to be an error; the correct value for λ in a population in which the estimated number of 
individuals declined from 135 in 1992 to 13 in 1993 should be 13/135 = 0.10 [as presented 
above]). However, the natural range in λ that would be expected among peripheral, isolated, or 
semi-isolated lynx populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS 
populations), versus those that would signal long-term population decline or instability is 
unknown. Despite this, and the limitations noted above, Squires (unpubl. data in Lynx SSA 
Team 2016a, p. 20) calculated population growth rates in northwestern Montana of λ = 0.92 for 
lynx in the Seeley Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in 
the Purcell Mountains (increasing trend, 2003-2007). Likewise, McCollough (2016 unpubl. data; 
USFWS, Vortex 10, deterministic population simulation) used demographic data from Vashon et 
al. 2012 (pp. 17-21) to calculate finite growth rates during a period of high hare density (λ = 
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1.16; increasing trend) and during a period of low hare density (λ = 0.88; decreasing trend) for 
the lynx population in northern Maine (see also section 4.2.1, below). Neither the Montana nor 
Maine estimates incorporated rates of immigration/emigration. Schwartz (2017, p. 4) noted that 
very low immigration rates (less than 1 female/year on average for a theoretical population of 
100 lynx) could provide population stability or even growth, suggesting that the Seeley Lake 
population and perhaps other DPS populations are probably being sustained by low levels of 
immigration.  
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a lynx density of 
1 lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
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Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). In both 
Alaska and Canada, lynx trapping is managed through regulated seasons and harvest levels, 
which are adjusted to avoid overexploitation, especially during the low phase of the lynx-hare 
population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). Along 
the Canada-United States border in provinces adjacent to DPS lynx populations, lynx trapping is 
prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping is 
permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). 
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2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). These, combined with uncertainty and ambiguity in the 
historical record of lynx occurrence, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054), confound efforts to accurately portray the species’ historical distribution in the 
contiguous United States and to assess the current distribution relative to historical conditions 
(McKelvey et al. 2008, pp. 553-554;79 FR 54814-54815; McKelvey in Lynx SSA Team 2016a, 
p.11). They also have resulted in inaccurate portrayals of lynx distribution and misperceptions 
that the historical range of lynx in the contiguous United States was once much more extensive 
than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The range of the lynx must be considered differently from those of other species that are less 
mobile and have more stable population dynamics. Because the lynx is highly mobile and has, 
throughout most of its range, cyclic population dynamics that are closely tied to cyclic snowshoe 
hare populations, numbers of lynx naturally fluctuate and become extremely low at times during 
a cycle. Additionally, where snowshoe hare populations are not adequate, resident lynx 
populations cannot be sustained. Many areas of boreal or boreal-like forest in the contiguous 
United States (e.g., the central Appalachian Mountains in the East, Michigan and Wisconsin in 
the Midwest, and the Southern Rocky Mountains and Southern Cascade Mountains in the West) 
likely never supported native resident lynx populations despite the presence of snowshoe hares. 
Where the boreal forest is naturally transitional, it becomes more patchy and marginal, and the 
habitat is incapable of supporting snowshoe hares at densities consistently sufficient to support 
a resident lynx population over time. Only a relatively few areas in the contiguous United States 
historically supported an adequate quantity and quality of habitat to support resident lynx 
populations continuously over time, and many historical lynx occurrences across a large area of 
the contiguous United States were likely dispersers. The occurrence of dispersing lynx is 
unpredictable, and dispersing lynx will likely continue to periodically move into areas that are not 
lynx habitat (68 FR 40077). 
  
The dramatic, cyclic fluctuations in lynx populations across much of the range as they track 
cyclic hare populations and the mass synchronous dispersals (irruptions) of large numbers of 
lynx into the contiguous United States when northern hare populations crashed are well-
documented (Elton and Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; 
McKelvey et al. 2000a, pp. 219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). 
These events have resulted in records of lynx occurrence, in some cases very rarely, in other 
cases sometimes in large numbers and with intermittent (cyclic) regularity, in places that 
otherwise lack evidence of persistent lynx presence or the habitats and hare densities 
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necessary to support a resident lynx population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 
54793-54795, 54812-54823). Many records of lynx in the contiguous United States appear to be 
related to such events, including the unprecedented ‘‘explosions’’ of lynx observed in the early 
1960s and 1970s (Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these 
events, many lynx occurred in anomalous habitats, exhibited unusual behavior, suffered high 
mortality, and numbers declined dramatically within a few years of irruptive peaks (Gunderson 
1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx 
typically do not persist in these areas of temporary range expansion, disappearing fairly quickly 
after irruptions, van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx 
populations throughout both the low and the high phases of the “10-year cycle” (i.e., across the 
natural range of hare densities) should be considered to constitute the species’ range. In its 
2003 remanded determination, the Service determined that lynx in the contiguous United States 
exist either as resident populations or as dispersers, that dispersing lynx are often found 
repeatedly and for variable amounts of time in habitats that cannot sustain breeding populations 
over time (though some breeding may occur occasionally in some of these areas), and that 
such areas probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 
40077, 40079-80). This repeated dispersal into habitats that ultimately cannot support the 
species (‘‘sink’’ habitats) often leads to confusion about where lynx populations may be viable 
(74 FR 66938). 
 
In addition to distinguishing between historical occurrence records associated with 
irruptions/dispersal and those suggesting resident lynx populations, the metapopulation 
structure thought to govern lynx populations in the DPS (McKelvey et al. 2000b, pp. 25-31; see 
Section 2.2, above) and the transitional (and, therefore, increasingly fragmented and isolated) 
and spatially- and temporally-shifting nature of lynx habitat at the southern periphery of the 
range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 74 FR 66940; 79 
FR 54814) also present challenges in defining the distribution of lynx. Both factors suggest that 
some areas of the contiguous United States may naturally support resident lynx only temporarily 
or occasionally when habitat conditions (both boreal forest vegetation supporting abundant 
hares and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to 
offset the lower productivity and recruitment rates expected among lynx populations in marginal 
or suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938).  
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat; the 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, especially those that 
are easily confused with a similar and more common sympatric species, McKelvey et al. (2000a, 
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p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted with 
caution, and only verified occurrence data should be used to assess historical and current lynx 
distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

 2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
There also is increased prevalence of non-forested land uses (e.g., agriculture, development) at 
the southern periphery of boreal forests. These factors generally limit snowshoe hare 
populations in the contiguous United States from achieving landscape densities similar to those 
of the expansive northern boreal forest in Alaska and Canada, where hares are generally more 
evenly distributed across the landscape and more abundant except during cyclic population 
lows (Wolff 1980, pp. 123-128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373-375, 382, 394). Consequently, 
important foraging habitat for lynx is often more limited and fragmented in the contiguous United 
States than in boreal forests of northern Canada and Alaska (Berg and Inman 2010, p. 6), and 
overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and competitors at southern 
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latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 128), and 
Wirsing et al. (2002, entire) concluded that high predation rates in fragmented habitats may 
explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As a result, lynx 
generally occur at relatively low densities in the contiguous United States compared to the high 
lynx densities that occur in the boreal forest of Canada when hares are abundant (Aubry et al. 
2000, pp. 375, 393-394) or the densities of species such as the bobcat, which is a habitat and 
prey generalist. 
  
Snow conditions also are believed to influence the distribution of lynx (Ruggiero et al. 2000b, 
pp. 445-449), which are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors (see section 2.2 above), although behavioral 
adaptations may offset these morphological differences to some degree (e.g., Murray et al. 
1194, entire; 1995, entire). The lynx’s adaptations may also help it avoid predators, which also 
have higher foot-loading and/or shorter limbs (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, p. 
123), presumably making them less efficient in deep, powdery snow (see section 2.2 above).  
  
Based on verified data, historical lynx occurrence was documented in 24 states in the 
contiguous United States (McKelvey et al. 2000a, 207-232) and, more recently, in 3 other states 
after some of the lynx released into southwestern Colorado dispersed into northern New 
Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 2010, p. 
526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence (McKelvey 
et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). Of these 27 states, and based on 
our current understanding of lynx and hare habitat requirements, the Service concludes that 
records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, Kansas, 
Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and South 
Dakota) represent occasional dispersing lynx that arrived in places with no historical or recent 
evidence of the habitat quality, quantity, or distribution necessary to support resident lynx (68 
FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically and are 
not capable now of supporting resident lynx populations over time.  
 
The Service originally identified the DPS as occurring in forested portions of the remaining 14 
states (Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New York, 
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming; 65 FR 16052, 16085). Some of 
these states, and parts of others, are thought to have historically supported only dispersing lynx 
or to have only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). 
Such areas were included within the range of the DPS because of the possibility that lynx could 
establish small, local populations in them and perhaps contribute to the persistence of the DPS, 
though evidence of this was lacking (68 FR 40080; 74 FR 66938). In its 2003 remanded 
determination for the lynx DPS, the Service concluded that (1) potential lynx and hare habitats 
in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively small, isolated, and of 
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marginal quality, and that available information suggested that these states did not historically or 
recently support resident lynx populations; (2) it was uncertain whether Colorado, New York, 
and Wyoming historically supported resident populations or only occasional dispersers; (3) New 
Hampshire probably supported a small resident populations that had been extirpated; and (4) 
the remaining states (Idaho, Maine, Minnesota, Montana, and Washington) had the best 
historical and recent evidence of resident breeding populations (68 FR 40082, 40086-40095, 
40097-40101). Below we provide our current understanding of these state groupings and the 
information available since the 2003 remand that informs this understanding.  
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analysis available 
since 2003 support the determination that Michigan (Linden 2006, pp. 83-90) and Oregon 
(Aubry 2006, pp. 1-2) did not historically or recently support resident lynx populations, and no 
evidence has emerged suggesting that resident populations occurred historically or recently in 
Utah or Wisconsin (ILBT 2013, pp. 45, 58). The best available information continues to suggest 
that resident lynx did not historically and do not currently occur in Michigan, Oregon, Utah, and 
Wisconsin; that habitats in these states are naturally incapable of supporting resident breeding 
populations; and that historical and potential future occurrences of lynx in these states most 
likely represent occasional dispersing lynx. We conclude, therefore, that these states did not 
historically, do not currently, and in the future are very unlikely to, contribute to the persistence 
and conservation of lynx in the contiguous United States 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx, but its ability to support a persistent resident population over time remains 
doubtful. Based on assessments of the amount and quality of potential lynx and hare habitat, 
snow conditions, and the presence and distribution of lynx competitors and predators (Hoving et 
al. 2005, pp. 746-749; Bernier 2015, entire), we conclude it is unlikely that northern Vermont can 
support a persistent resident lynx population (79 FR 54820-54821); that it only occasionally 
supports lynx reproduction when hare abundance and snow conditions are temporarily 
adequate; that it most likely represents a “sink” rather than a “source” for the regional lynx 
population, and that this likely represents its natural historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
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historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). The Service also noted that in 1999 and 2000 the Colorado Division of 
Wildlife (now Colorado Parks and Wildlife [CPW]) introduced 96 lynx from Canada and Alaska 
into southwestern Colorado (with plans to release an additional 186 lynx from 2003-2009) in an 
effort to reestablish a resident lynx population, that reproduction among some of the released 
lynx had been documented by 2003, but that it was too early to determine whether the program 
would be successful (68 FR 40091). In that rule, the Service also concluded that, despite 
evidence of reproduction in northwestern Wyoming (part of the GYA), potential habitat there is 
naturally marginal (patchier and composed of drier forest types), may be incapable of supporting 
a resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 440086-40087). In 1988-1990, 83 
lynx were released into the Adirondacks of northern NY (Brocke et al. 1993, p. 1); however, that 
effort failed to establish a resident breeding population (65 FR 16055), suggesting that potential 
habitat there may be inadequate to support lynx persistence (68 FR 44486-44487). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 while protocols were evaluated and refined based on monitoring of the initially-released 
lynx (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11 and again in 2014-15, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Ivan in Lynx SSA Team 
2016a, pp. 22-23). In its 2014 revised critical habitat designation for the DPS, the Service 
concluded that the historical record of verified lynx occurrence in Colorado combined with 
naturally highly-fragmented and isolated potential habitat and generally low snowshoe hare 
densities suggest that Colorado and the Southern Rockies were unlikely to have historically 
supported a persistent resident lynx population and that the long-term persistence of the 
introduced population is uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The 
current size of the resident lynx population in Colorado is unknown but thought to number 
between 100 and 250 (Ivan in Lynx SSA Team 2016a, p. 47). We continue to believe that 
available information suggests Colorado did not historically support a persistent resident lynx 
population and that the long-term persistence of the introduced population remains uncertain. 
 
Information and analyses since the 2003 remand support the conclusion that New York has 
inadequate habitat quantity and quality (both vegetation and snow conditions) to support a 
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resident lynx population (Hoving et al. 2005, pp. 746, 749). Based on Hoving et al. (2005) and 
our evaluation of the verified records of historical occurrence presented by McKelvey et al. 
(2000a, pp. 215-217), we conclude that the Adirondack Mountains of northern New York have 
not recently and likely did not historically support a persistent resident lynx population, are likely 
incapable of doing so, that verified historical records were most likely of dispersing lynx, and 
dispersing lynx may currently and in the future continue to occur rarely and temporarily in 
northern New York. 
 
In northwestern Wyoming, additional information available since 2003 documented continued 
presence of a small number of lynx as recently as 2010, including some evidence of 
reproduction during that time, and documentation of Colorado-released lynx that dispersed into 
and through Wyoming (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et 
al. 2006, entire; Endeavor Wildlife Research 2008, 2009, entire; Berg 2016, pers. comm.; 
Hanvey 2016, pers. comm.; Ivan 2016a, pers. comm.; Murphy 2016, pers. comm.; Ivan 2017, 
entire; see section 4.2.5 below). However, more recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). In the 2014 revised critical habitat 
designation, the Service noted:  
 

Although the GYA has a long history of lynx presence and recent evidence of 
reproduction (Squires and Laurion 2000, entire; Squires et al. 2001, entire; Murphy et al. 
2006, entire), there are relatively few verified records of lynx from Yellowstone National 
Park and surrounding areas (65 FR 16058, 68 FR 40090). Additionally, lynx habitat in 
the GYA is naturally marginal (patchier and composed in many places of drier forest 
types), less capable of supporting snowshoe hares (Hodges et al. 2009, entire), and 
farther from source populations than most other parts of the DPS range (68 FR 40090). 
Given the naturally marginal habitat in this largely protected area, we believe it is unlikely 
that the GYA ever supported more than a handful of lynx home ranges in any given year. 
We find no evidence that the GYA once supported a larger or more robust lynx 
population than the small one suggested by verified historical and recent records and 
survey efforts (79 FR 54791). 
 

We concluded that the historical record and recent evidence of lynx occupancy and 
reproduction suggested the presence of a small but persistent resident lynx population in the 
GYA of northwestern Wyoming and southwestern Montana (79 FR 54791, 54796-54797, 
54825-54826); however, the consistency of occupancy over time remains uncertain (Lynx SSA 
Team 2016a, pp. 11, 45, 57). Uncertainty about whether this area consistently or only 
intermittently supported resident lynx historically makes it difficult to interpret their recent 
apparent absence from the area (Lynx SSA Team 2016a, p. 57). If residency was intermittent 
historically, the current apparent absence of resident lynx might be a natural condition related to 
the area’s largely marginal or suboptimal habitat conditions - i.e., it may naturally be capable of 
supporting resident lynx only intermittently when habitat conditions and hare densities are 
optimal. In that case, future intermittent residency would be expected, but only if lynx dispersing 
from a source population immigrate to the GYA when habitat conditions and hare densities 
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return to more favorable levels. Conversely, if the GYA always historically supported a small 
number of resident lynx but no longer does, it may suggest that some factor or factors have 
acted to shift the quality of the area’s habitat from just barely capable of supporting a small 
resident population to no longer capable of doing so, resulting in extirpation. We conclude that 
this uncertainty cannot be resolved based on the available information but, given the protected 
conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton National 
Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, Northern 
Absaroka, Teton, and Washakie Wildernesses), its historical inability to support a robust, 
persistent resident population and its apparent recent inability to support any resident lynx may 
be a reflection of naturally marginal and patchy habitats and relatively low hare abundance in 
much of the unit, resulting in only an intermittent ability of this unit to support resident lynx. We 
also note that extensive areas of the GYA were burned by the large, intense wildfires of 1988, 
and that these areas may soon (perhaps in the next 5-15 years) regenerate to a stage 
containing the dense horizontal conifer structure favorable for hares and, therefore, lynx 
foraging habitat, perhaps increasing the likelihood that the GYA may support resident lynx again 
in the near future (Lynx SSA Team 2016a, p. 46).  
 
In southern Wyoming, all recent occurrences of lynx appear to be of Colorado-released lynx that 
moved into or through the area (Devineau et al. 2010, Fig. 1, p. 526; Ivan 2017, entire), 
including 1 female that in 2004 established a den in the Snowy Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820). Formal track transects conducted during the 
winters from 2012 through 2015 resulted in the majority of the track intercepts included in the 
confirmed records. In addition, 30 lynx detections were documented in 2014-2016 using 14 
different remote cameras dispersed throughout the northernmost section of the state (Siren 
2016, pers. comm.). Most records since 2006 are in the vicinity of Pittsburg in the northernmost 
reaches of the state, though lynx detections in 2015 and 2016 suggest a southern expansion 
from the area where they had been documented in 2006 through 2014 (Siren 2016, p. 1; Siren 
2016, pers. comm.). Despite recent evidence of lynx residency and reproduction, the Service 
concluded in the 2014 revised critical habitat designation that, based on modeling of the amount 
of potentially suitable habitat and favorable snow conditions (Hoving et al. 2005, pp. 739, 749; 
Litvaitis and Tash 2005, p. A-298), it is unlikely that northern New Hampshire will support a 
resident breeding population over the long-term (79 FR 54820-54821). Siren (2014, p. 10) 
suspected that the relatively few lynx detections documented in 2012-2014 may be related to 
the presence and abundance of bobcat, coyote, and fisher populations in much of northern New 
Hampshire. We conclude that northern and central New Hampshire likely supported a small 
resident lynx population historically that was extirpated during the latter half of the 20th century. 
We are uncertain whether lynx detections in northernmost New Hampshire over the past 
decade may represent the natural reestablishment of a small resident breeding population in the 
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state or if it is a temporary phenomenon related to an expanding source population in 
neighboring northern Maine (79 FR 54821). Although bobcat populations have increased and 
expanded their range in this region in recent decades (Lavoie et al. 2009, pp. 873-874), severe 
winters and deep snow can substantially limit their populations (Reed 2013, pp. 29-33; McCord, 
1974, pp. 433-434). Maine’s bobcat harvest declined substantially after 2 deep snow winters in 
2008 and 2009 (MDIFW 2015a, p. 37). It is possible that these anomalous deep snow winters 
provided a temporary competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820; also see 
U.S. District Court ID 2016, pp. 18-24) suggest that only dispersing lynx occur throughout most 
of Idaho, habitats in many parts of the state are drier forest types that support lower densities of 
hares, and resident lynx seem to be confined to the Purcell, Selkirk, and possibly the Cabinet 
mountain ranges in the northern panhandle. The number of resident lynx in northern Idaho is 
unknown but certainly small based on the amount of potential habitat, and resident lynx here are 
part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the number of resident lynx in Maine are all much larger than was suspected at the time of 
listing or the 2003 remand, and all are probably substantially larger now than under likely typical 
historical conditions. Although the current population size in Maine is uncertain, habitat 
distribution and lynx home range data suggest this geographic unit could potentially support 
750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016a, p. 18]). The current lynx 
population in Maine is supported by the broad distribution of high-quality hare habitat that 
resulted from extensive, large-scale clearcutting in the 1970s and 1980s in response to a 
massive spruce budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; 
also see section 4.2.1, below). As these regenerating clearcuts, which currently provide the 
dense horizontal structure preferred by hares, mature beyond about 35 years post-harvest, hare 
densities decline as cover and forage are reduced as a result of forest succession (Simons 
2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in 
Maine is probably larger than the likely historical condition, when relatively small amounts of the 
spruce-fir forests in the state are thought to have been composed of young stands (Lorimer 
1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in 
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clearcutting and the proliferation of partial harvesting following enactment of the Maine Forest 
Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 percent by 
2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), perhaps to 
levels more consistent with likely historical conditions in this unit. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). The extent to which lynx persistence in Maine relies on 
immigration from Canada is unknown.  
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Lynx are occasionally detected in other parts of the state, but hare densities and snow 
conditions consistently favorable for lynx appear to be restricted to the northeastern 
“Arrowhead” region of the state, and areas to the south and west are dominated by bobcats. 
Although there are currently more lynx in Minnesota than suspected at the time of listing, it is 
unclear whether current numbers and distribution are similar to the historical condition. The 
extent to which lynx persistence in Minnesota relies on immigration from Canada is also 
unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains 
subpopulations (Squires in Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet 
Range from 2011 to 2015, prompting concerns about the potential loss of the small resident 
population (perhaps 7-10 lynx) documented there in the mid-1980s and again recently from 
2002 to 2010. However, whether this absence indicates the extirpation of a previously persistent 
resident population or the temporary loss of an historically ephemeral population is uncertain. A 
single lynx was verified in the Garnet Range in February 2016, indicating that natural 
recolonization of the area is possible; however, no other detections of that lynx or other lynx 
have been verified since then, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). Lynx in northwestern Montana (and northern 
Idaho) likely represent the southern periphery of a larger population in southwestern Alberta and 
southeastern British Columbia. The extent to which lynx persistence in this area relies on 
immigration from Canada is unknown, and there is no indication of substantial immigration from 
Canada after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few 
lynx and no recent evidence of reproduction have been documented in the Montana portion of 
the GYA where, as with the northwestern Wyoming part of the GYA (discussed above), 
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uncertainty about whether this area consistently or only intermittently supported resident lynx 
historically makes it difficult to interpret their recent apparent absence from the area (Lynx SSA 
Team 2016a, p. 57). As elsewhere in the West, recent research and habitat assessments 
suggest that habitats capable of supporting resident lynx in Montana are naturally patchier and 
less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson in 
Lynx SSA Team 2016a, p. 12). 
  
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population, and lynx are detected there 
occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 1523; USFWS 2008a, p. 2). 
Multiple large fires in the Okanogan over the last 24 years have burned about 34-37 percent of 
lynx habitat (Lewis 2016, pp. 4, 6), resulting in a more than doubling of estimated female lynx 
home range size and a two-thirds or more reduction in the number of resident females that 
potentially could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). 
Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire and insect impacts could 
further diminish habitat availability and the lynx population’s probability of persistence (Lynx 
SSA Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4, below).  
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are many 
more lynx in Maine and Minnesota than was suspected at the time of listing, and there are 
naturally fewer lynx and a more limited distribution of suitable habitats in the western United 
States than was previously thought (68 FR 40085, 40091-40092; ILBT 2013, p. 23). Lynx in 
Maine are likely at historically (and unnaturally) high numbers and currently may be facilitating 
the recolonization of formerly occupied habitat in northern New Hampshire and recent lynx 
occurrences in northernmost Vermont. However, lynx persistence is uncertain in New 
Hampshire and unlikely in Vermont, and lynx numbers in Maine are projected to decline over 
the next several decades, perhaps to levels more consistent with likely historical conditions. In 
the West, small breeding populations in the GYA and the Garnet Mountains of Montana may 
recently have become extirpated (although both also may be only temporarily “winked off” in a 
metapopulation dynamics sense, and both could be recolonized by future immigration, as 
evidenced by the 2016 lynx detection in the Garnet Range). In north-central Washington, lynx 
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habitat and numbers have declined because of recent large fires and insect outbreaks, and the 
persistence of the breeding population there could be threatened if additional such impacts 
occur with similar magnitude and frequency over the next several decades. As a result of the 
release of 218 Canadian and Alaskan lynx from 1999-2006, resident lynx currently occur in 
western Colorado. Although the number of lynx in this population and its future persistence are 
uncertain, Colorado currently supports more lynx than it did, based on the historical record, for 
much of the previous century. The geographic units evaluated in this SSA include all areas in 
the contiguous United States with strong historical and recent evidence of resident lynx 
populations. Detailed assessments of the current status and future viability of resident lynx 
populations and habitats in these areas are presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence on the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans at 
the time of listing) and on the anthropogenic influences identified by the ILBT in the revised 
LCAS as having the potential to exert population-level impacts on lynx and lynx habitats (ILBT 
2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation - are considered the most 
influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the physical and 
biological features needed to support resident lynx populations. As described in more detail 
below, the lynx DPS was listed as threatened because of the lack of specific conservation 
direction and associated regulations on Federal lands. At that time, the available information 
indicated that most lynx habitat in the DPS occurred on Federal lands, predominantly in the 
western United States (65 FR 16061). Since then, research and monitoring have revealed that 
non-Federal lands contribute more to the conservation of the DPS than was known at the time 
of listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
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Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 also requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction.  
 
3.1.1 Federal Regulatory Mechanisms 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see Table 
2, above, and Chapter 4, below, for ownership in each geographic unit). Federal lands 
management is guided by a number of statutes and associated regulations, policies, standards, 
guidelines, and best management practices applied by managing agencies to meet legislative 
mandates and achieve agency missions (for a summary of relevant Acts and associated 
regulations and guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms 
provide some benefits to lynx and protect lynx habitats (USFWS 2014, pp. 24-34). For example, 
the conservation priority in the management of NPS lands in accordance with the National Park 
Service Organic Act (16 USC 1 et seq. as amended), the National Parks and Recreation Act 
(Public Law 95-625), and the Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides 
an adequate regulatory framework for the conservation of lynx populations and habitats in the 
NPS units in which they occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence 
of specific management direction and conservation measures for lynx and lynx habitats in USFS 
and BLM land management plans that led the Service to conclude that the regulatory 
mechanisms in those plans at the time of listing were inadequate to provide for the conservation 
of the DPS. Therefore, the evaluation below focuses on the efforts of USFS and BLM, in 
collaboration with the Service, to address the regulatory inadequacy for which the DPS was 
listed.  
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
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and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States As a result, the Service concluded in the final rule 
that the lack of Federal land management plan guidance for the conservation of lynx and the 
potential for those plans to allow or direct actions that could adversely affect lynx constituted a 
significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter, below) are those with potential to negatively affect lynx 
populations and habitats, while second tier influences are those that may affect individual lynx 
but are not expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85).  
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
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actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
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Since the 2003 remand, most Forest Service units with lynx forest types have formally amended 
or revised their land management plans to incorporate the conservation measures, standards, 
and guidelines identified in the LCAS. From 2004-2006, forest plans for 7 national forests with 
potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, Minnesota, and Wisconsin 
were revised to include recommendations from the LCAS and the CAs (Jackson 2015, p. 6; 
USFWS 2104, p. 33). In 2007, the USFS completed the Northern Rockies Lynx Management 
Direction (NRLMD), which formally amended management plans to include lynx conservation 
measures, standards, and guidelines for 18 national forests covering over 150,000 km2 (57,915 
mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 km2 (27,800 mi2) of potential 
lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 54813; Jackson 2015 in Lynx 
SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly completed the Southern 
Rockies Lynx Amendment (SRLA), which formally amended forest plans covering about 59,000 
km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of mapped (potential) lynx habitat on 7 
national forests or national forest complexes in western Colorado and southern Wyoming 
(USFS 2008, entire; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). The 
management direction adopted in the Northern and Southern Rockies amendments was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA.  
 
BLM lands account for just over 1 percent of the total area within the SSA geographic units, and 
most occur in Colorado, Montana, and Wyoming (Table 1, above). In the Western Colorado 
geographic unit, BLM Field Offices that contain potential lynx habitat include the Colorado River 
Valley, Grand Junction, Gunnison, Kremmling, Little Snake, Royal Gorge, San Luis Valley, Tres 
Rios, Uncompahgre, and White River Field Offices. These BLM areas were subject to the 2000 
interagency CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not 
renewed. Since then, BLM Resource Management Plans (RMPs) have been revised on the 
Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios Field Offices. 
RMPs for the Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River Field 
Offices have not been revised and do not contain specific measures for the conservation of lynx. 
BLM lands in the Garnet Resource Area in Montana and parts of the Kemmerer and Pinedale 
districts in Wyoming occur within the Northwestern Montana/Northeastern Idaho and GYA SSA 
geographic areas, respectively. These areas were also designated as lynx critical habitat. The 
RMP for the Garnet area was amended in 2004 to formally adopt the conservation measures of 
the LCAS (BLM 2004a, 2004b, entire), and the RMPs for the Pinedale and Kemmerer districts 
were revised in 2008 and 2010, respectively, to adopt conservation measures and best 
management practices for lynx (BLM 2008, pp. A18-10 - A18-16; BLM 2010, pp. A-9 - A-12). 
 
The completion and implementation of the LCAS, the interagency CAs, and the subsequent 
formal management plan revisions and amendments all were undertaken to address the 
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inadequacy of regulatory mechanisms on USFS and BLM lands for which the DPS was listed. 
Each incorporated the best available scientific information to develop goals, objectives, 
conservation measures, standards, and best management practices (BMPs) to guide USFS and 
BLM management activities at both project- and landscape-level scales to reduce or eliminate 
the potential for adverse effects to lynx or lynx habitats and thus promote the conservation of 
the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). 
Standards and guidelines developed and implemented in accordance with the NRLMD and the 
SRLA were designed to promote beneficial effects and limit potentially adverse effects of 
management activities (vegetation management [e.g., timber harvest, precommercial thinning], 
wildland fire and fuels management, grazing, recreation, road/access management, energy 
development, etc.) on important lynx habitats including winter snowshoe hare habitat (high-
quality lynx foraging habitat), denning habitat, and linkage/connectivity corridors (USFS 2007, 
pp. 8-30, USFS 2008, pp. 6-19, Attachment 1-1 - 1-9). The USFS concluded that the vegetation 
standards adopted in the NRLMD that limit the total amount and the rate at which lynx habitat 
can be converted to temporarily unsuitable habitat (stand-initiation seral stage following timber 
harvest) ensure that the agency’s timber management program is beneficial to lynx and will 
provide sufficient lynx habitat through time at both LAU and landscape-level scales (USFS 
2007, p. 35). In its biological opinion on the NRLMD, the Service concluded that its application 
“...would substantially reduce or eliminate adverse effects to lynx from Forest Service land 
management activities on at least 94 percent of this area, and more likely nearer to 98 percent” 
(USFWS 2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service 
concluded that vegetation management standards in the SRLA would prohibit treatments that 
could adversely affect essential components of lynx habitat on 95.5 percent of the mapped 
(potential) lynx habitat in the SRLA area (USFWS 2008b, p. 52).  
 
In summary, all USFS and some BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are potentially capable of supporting them. They represent the agencies’ 
efforts, in collaboration with the Service, to address and ameliorate the singular threat for which 
the lynx DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it is clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous United 
States. 
 
3.1.2 State Regulations and Tribal Management 
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Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (Table 2). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidences of incidental take of lynx to the Service’s Division of Management Authority to assure 
that take does not exceed the amount permitted under the intra-agency section 7 consultation 
for the CITES Export Program (USFWS 2001, entire). Most states have also adopted special 
regulations in areas where lynx occur to minimize the potential for incidental take (including 
injury) of lynx during legal trapping of other furbearers. These efforts benefit lynx and are 
expected to do so in the future with continued implementation and enforcement. 
 



 

57 
 

Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. The Maine Department of Inland Fisheries and 
Wildlife (MDIFW) has adopted special trapping regulations in Wildlife Management Districts 
where lynx may occur that address specifics about traps sizes and sets that may be used to 
legally harvest other furbearers and that are intended to minimize the likelihood of incidentally 
trapping lynx5 (MDIFW 2016, pp. 8, 13). MDIFW also adopted and made available for download 
on its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping 
or Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated 
it in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and 
requires that all incidentally trapped lynx be reported and has staff on stand-by to help 
immobilize, evaluate, collect tissue and/or hair samples, and release, if appropriate, any lynx 
reported to the hotline. This program has resulted in the release of 98 lynx from 2000 to 2015 
(10 lynx died from traps or illegal shooting in traps) that were reported incidentally trapped in 
northern Maine (MDIFW 2014a, p. 75). After preparing a habitat conservation plan (Incidental 
Take Plan), the MDIFW in 2014 obtained an incidental take permit from the Service for lynx 
trapped incidental to predator management and animal damage control activities, and other 
legal furbearer trapping in Maine. The permit allows incidental trapping of 195 lynx (including 3 
mortalities) over a 15-year period. After 2 lynx were killed in killer-type traps in 2014, MDIFW 
imposed additional emergency trapping restrictions to further reduce mortality and injury of 
incidentally-trapped lynx (see Other Factors in section 4.2.1 below). The regulations now require 
exclusion devices on most killer-type traps, prohibit the use of drag sets on foothold traps, 
address specific trap types and sets, prohibit visual use of bait and visual attractants, multiple 
swivels on chains, and require reporting of incidental captures. The trapping incidental take 
permit is currently being litigated in Federal court. The MDIFW also is responsible for 
implementing the Maine Endangered Species Act6 (MDIFW 2009, p. 9). Although the lynx is not 
State-listed as threatened or endangered because its population is believed to exceed the 
State’s listing threshold, it is considered a species of special concern (MDIFW 2011, p 2). The 
MDIFW works collaboratively with the Service to conduct research and monitor lynx populations 
and habitats, and it recommends voluntary forest management activities to promote a 
sustainable supply of large, connected, and widely-distributed blocks of dense, young spruce-fir 
stands and to conserve large blocks of unfragmented forestland in northern and western Maine 
(MDIFW 2011, p. 3).  
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                 
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016.  
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html.  
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lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). In 2015, the 
MNDNR issued emergency trapping rules in the LMZ mandating additional restrictions on the 
types of traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of 
incidentally trapping lynx. Minnesota DNR is under a Federal court order to develop an 
incidental take plan for lynx and plans to seek an incidental take permit from the Service for lynx 
trapped incidental to other legal furbearer trapping. Like Maine, Minnesota has a State 
Endangered Species Statute (84.0895) which requires the Minnesota DNR to adopt rules 
designating species meeting the statutory definitions of endangered, threatened, or species of 
special concern (State of Minnesota 2016, entire). The Statute also authorizes the DNR to adopt 
rules that regulate treatment of species designated as endangered and threatened. Also like 
Maine, Minnesota has designated the lynx a species of special concern (MNDNR 2013, p. 2), 
and coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
  
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
concern (S3) by the State of Montana and a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). The harvest of lynx was prohibited in Idaho and Montana 
beginning in 1996 and 1999, respectively. Both States participate in the CITES Export Program 
for bobcats, and both have promulgated and enforce special regulations for the legal trapping of 
other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and Game 
(IDFG) provides information on how to distinguish between bobcats and lynx and provides 
guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 2016, pp. 36-
37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps set for 
wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. In response to a lawsuit after 
several lynx were incidentally trapped recently in northern Idaho, the U.S. District Court for the 
District of Idaho ordered the State to submit “a plan to protect the lynx from future incidental 
takes in the Panhandle and Clearwater (northern) Regions of Idaho” (U.S. District Court ID 
2016, pp. 25-26). The plan has not yet been completed and negotiations between the State and 
the court are ongoing (Sallabanks 2016, pers. comm.). To minimize and track the incidental 
capture of lynx, Montana Fish, Wildlife, and Parks (MTFWP) has promulgated an evolving set of 
trapping regulations and reporting requirements since the DPS was listed (MTFWP 2016, pp. 7-
10), including significant changes in 2008 that reduced the reported rate of incidental lynx 
captures from 1.6 per year in 2000-2007 to 0.4/year in 2008-2015 (MTFWP 2016, p. 5). In 2015, 
the Federal District Court of Montana approved a settlement agreement reached between the 
State of Montana and conservation groups aimed at protecting lynx from trapping. The case is 
now dismissed in accordance with the agreement, which requires Montana to implement a set 
of reasonable restrictions on trapping in lynx habitat. Currently, these regulations identify 
designated lynx protection zones (LPZs) and define acceptable trapping methods for public 
lands within them, which (1) prohibit the use of lethal (non-relaxing) snares for bobcats, (2) 
specifies the types of sets and baits or attractants that may be used for marten, fisher, and other 
furbearers where lynx occur, (3) requires a minimum 10-pound pan tension on foothold traps set 
for wolves, and (4) requires that any incidentally trapped lynx must be released unharmed if 
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possible and reported to MTFWP (MTFWP 2016, pp. 7-10). MTFWP is also responsible for 
implementing Montana’s Nongame and Endangered Species Conservation Act7  
 
Unit 4: North-central Washington - Lynx harvest was prohibited in Washington in 1991, and the 
lynx was listed as a State threatened species in 1993 and proposed for uplisting to endangered 
in 2016 (Lewis 2016, pp. iii, 1). Under the State’s Endangered Species Program, the 
Washington Department of Fish and Wildlife (WADFW) developed a Lynx Recovery Plan8  and 
a Status Report9, and it prepares annual reports to update population and habitat information for 
the species. The WADFW also coordinates with the Service and other agencies to conduct 
research and monitor lynx populations and habitats. Additionally, the use of body-gripping traps 
(foothold, conibear, snares, etc.) for trapping other furbearers is prohibited in Washington 
(except for damage control or nuisance wildlife, which requires special permits). This avoids the 
potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx. Lynx in 
Wyoming were offered full protection from trapping and hunting beginning in 1973, and they are 
designated by the State as a species of greatest conservation need (ILBT 2013, p. 57). The 
Wyoming Game and Fish Department (WGFD) also participates in the CITES Export Program 
for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest was prohibited in Colorado in 1970 and the lynx was 
listed as endangered in the State in 1973. Colorado participates in the CITES Export Program 
for bobcats, provides information to trappers and hunters on how to distinguish between lynx 
and bobcats, and requires immediate release of uninjured incidentally trapped lynx as well as 
reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 2015, pp. 6-7). 
Colorado law prohibits the use of foothold or conibear traps and snares for trapping, which 
avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats.  
 

                                                 
7 http://leg.mt.gov/bills/mca/87/5/87-5-103.htm; https://www.animallaw.info/statute/mt-endangered-
species-chapter-5-wildlife-protection.  
8  http://wdfw.wa.gov/publications/00394/. 
9 http://wdfw.wa.gov/publications/01521/. 
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare habitat 
condition. The amount and distribution of this post-clear-cut high-quality hare habitat likely 
peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an early 
regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than natural historical conditions, when only 3 to 7 percent of stands were likely in such 
condition at any given time (68 FR 40094). Current timber harvest and management on State 
and private lands in Maine are governed by the Maine Forest Practices Act of 1989 and 
administered by the Maine Forest Service within the Department of Agriculture, Conservation & 
Forestry to regulate, among other things, the size, arrangement, regeneration, and management 
of clearcuts (MEDACF 2014, pp. 42-45). Under the Act, small (up to 250 acre) clear-cuts are still 
permitted, but require special permits. Because of this regulatory burden and public 
referendums opposed to clear-cutting, the extensive clear-cutting of the past has largely been 
replaced by various forms of partial harvest techniques; many of which are unlikely to maintain 
the current unnaturally high amount and distribution of high-quality hare habitat. The 
consequences of this large-scale shift in forest management on Maine’s current lynx population, 
which is likely much larger than was possible under the natural historical disturbance regime, 
are discussed below in sections 4.2.1 and 5.2.1, along with other programs that may influence 
private lands forest management in this unit. 
  
In Maine, there are no long term management agreements in place on most private lands to 
assure management of lynx. In 2006 and 2007, the Natural Resource Conservation Service 
(NRCS) provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically 
to manage for Canada lynx and American marten. Five landowners enrolled in the program, but 
1 withdrew. The remaining 4 landowners were provided funding to develop lynx plans on a total 
of about 2,550 km2 (985 mi2; about 10 percent of the geographic unit). These landowners 
selected 1 or 2 township-sized (93 km2 [36 mi2]) areas within their ownerships to develop and 
implement a lynx management plan. Thus, about 652 km2 (252 mi2) within the larger area was 
targeted for managing lynx. All 4 landowners completed lynx plans using guidelines in the 
Service’s Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS 
contracts with the landowners last for 10 years and these contracts expire(d) in 2016 and 2017. 
The HFRP described an opportunity for enrollees to apply for Safe Harbor Agreements when 
their contracts expired, although none have indicated an interest yet in doing so. Management 
plans were written for a 70-year period so some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats, but there are 
not specific recommendations pertaining to lynx. About 10,117 km2 (3,906 mi2) in northern 
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Maine is under conservation easement10, but easements do not require management 
prescriptions or commitments for lynx. To our knowledge, there are no private landowners in 
Maine who have committed to long-term or permanent protection and creation of lynx habitat 
according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (about 809 km2 [312 mi2]) and the various lots owned and 
managed by the Maine Bureau of Parks and Lands (MBPL). Most of Baxter State Park is 
managed as wilderness area, and lynx sightings in the Park are rare because most of the park 
is mature forest. MBPL integrated resource policy requires that they promote the conservation 
of Federally listed species, but so far no lynx management plans have been developed. 
Mitigation for the MDIFW’s incidental take permit for trapping requires management of 25 km2 
(10 mi2) of lynx habitat within an 89-km2 (34-mi2) habitat management area on the MBPL’s 
Seboomook Unit for a 15-year period.  
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below.  

                                                 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, last accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit (26 percent) are described 
above. In the Wyoming portion (74 percent of the unit), the Wyoming State Forestry Division is 
responsible for the management of forested trust land across the state, including timber 
management and harvest, for long term forest health and productivity. Although the Division’s 
programs may provide some indirect benefits to lynx, they do not include species- or habitat-
specific regulations or conservation measures.  
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado.  
 
Tribal Management: Tribal lands encompassed by SSA geographic units include those of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire).  
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit.  

3.2 Climate Change 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report, which represents the current scientific consensus on global and regional climate change 
and the best scientific data available in this rapidly changing field. The Fifth Assessment Report 
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largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). 
  
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements, although shorter or longer periods 
also may be used (IPCC 2007a, p. 78). The term ‘‘climate change’’ thus refers to a change in 
the mean or variability of 1 or more measures of climate (e.g., temperature or precipitation) that 
persists for an extended period, typically decades or longer, whether the change is a result of 
natural variability, human activity, or both (IPCC 2007a, p. 78). Various types of changes in 
climate can have direct or indirect effects on species. These effects may be positive, neutral, or 
negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation) (IPCC 2007a, pp. 8–14, 18–19). 
 
The IPCC’s Fifth Assessment Report concludes that the strongest and most comprehensive 
evidence of the impacts of climate change is in natural systems, where many species have 
responded by shifting their geographic ranges, seasonal activities, migration patterns, 
abundances, and species interactions (IPCC 2014a, p. 4). The report also concludes that 
projected climate change during and beyond the 21st Century will likely increase extinction risk 
for many terrestrial and freshwater species (IPCC 2014a, pp. 14–15). In North America, 
observed impacts attributable to climate change that may affect lynx habitats and distribution 
include upslope and northward shifts in species distributions across multiple taxa, and increased 
wildfire activity (fire frequency, size, intensity, and duration) in boreal and subarctic conifer 
forests of Canada and the western United States (IPCC 2014a, p. 31). 
 
Globally, greenhouse gas emissions are increasing and tracking levels predicted by models for 
high emissions scenarios (e.g., RCP 8.5; Peters et al. 2013; Friedlingstein et al. 2014, p. 709, 
712; Fuss et al. 2014, p. 851; IPCC 2013, p. 180, 187-189). Analysis of paleoclimate indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, Fig. 7). Warming projected over this 
century ranges from 2° to 6°C (3.6° to 10.8°F) for North America, with warming higher than this 
average in areas that are inland, northerly, or mountainous. 
 
The effects of climate warming are already occurring and have accelerated over the past 3 to 4 
decades (Hansen et al. 2006, entire). To date, the observed and predicted increases in surface 
temperatures have been greater in the Northern Rockies and the Northeast (much of the lynx 
DPS) than elsewhere in the contiguous United States (IPCC 2014, pp. 12, 61, Lynx SSA Team 
2016a, pp. 14-15). Climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm 1° to 3°C (1.8° to 5.4°F) 
by the year 2050 (IPCC 2007b, p. 889). For example, in the Northern Rocky Mountains at 
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Glacier National Park, mean summer temperatures have increased 1.7°C (3.0°F) between 1910 
and 1980 (Hall and Fagre 2003, pp. 134–137) resulting in lower snowpack, earlier spring melt, 
and distributional shifts in vegetation (Hall and Fagre 2003, pp. 138–139; Fagre 2005, pp. 4–9). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
Lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). Continued climate warming is expected to diminish 
boreal forest habitats and snow conditions at the southern edge of the range that are, in some 
places, already patchily-distributed and perhaps only marginally capable of supporting resident 
lynx. Climate models project reductions in the extent of boreal forest habitats and snow 
conditions thought necessary to support lynx throughout the DPS, with both features predicted 
to migrate northward in latitude and to higher elevations (in locations where this is possible; 
Sturm et al. 2001, pp. 342-342; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2010, pp. 
761-766; ILBT 2013, p. 69; Koen et al. 2015. p. 528). This would result in fewer, smaller, and 
more fragmented and isolated areas capable of supporting resident lynx and therefore smaller 
and more isolated lynx populations that would likely be more vulnerable to stochastic 
environmental and demographic events and genetic drift (Carroll 2007, pp. 1099–1100; 
Johnston et al. 2012, p. 11; 79 FR 54811; Schwartz 2017, pp. 4-5). Climate change has also 
been linked to increases in wildfire and forest insect activities; two important components of 
boreal forest disturbance and, therefore, lynx habitat quality, quantity, and distribution. It also 
may affect other factors that could influence the future health of lynx populations in the DPS.   
 
Specifically, the effects of climate warming on lynx, hares, and their habitats in the DPS range 
that are occurring or can be reasonably anticipated include: 1) northward and upslope 
contraction of boreal spruce-fir forest types, 2) northward and upslope contraction of snow 
conditions believed to favor lynx over other terrestrial hare predators, 3) reduced hare 
populations and densities, and 4) changes in the frequency, pattern, and intensity of forest 
disturbance events. Other potential effects of projected warming include: 5) reduced gene flow 
between Canadian and DPS lynx populations, 6) changes in the periodicity and amplitude of 
northern hare cycles, which could result in reduced lynx immigration to the DPS from Canada, 
and 7) increased or novel diseases and parasites. Each of these factors is discussed in more 
detail below. 
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Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest distribution in the contiguous United States has changed dramatically in response to 
changes in climatic conditions. It nearly disappeared from the Northeast 1,000 years ago during 
the interglacial warming period, then returned south into New England only in the past few 
centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and Jacobson 
2002, entire; also see 5.2.1, below). In the West during prehistorical periods of warmer climate, 
the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-boreal forest 
ecotone (lower elevation of lynx boreal habitat) have readily moved upslope in both the Northern 
(Kearney and Luckman 1983) and Southern Rockies (Legg and Baker 1980). Boreal forest was 
likely continuous from the Canadian border south through the Southern Rockies of Colorado 
and northern New Mexico until the climate began warming and drying beginning about 15,000 
years ago, which caused a northward and upslope retreat of the boreal zone to its current 
distribution, which has remained relatively stable for the past 3,000 years (ILBT 2013, p. 50) 
 
Now, recent and continuing anthropogenic climate warming is projected to cause another 
northward and upslope contraction of spruce-fir forest in the contiguous United States (and in 
Canada), likely with negative consequences for both lynx and snowshoe hares in the DPS and 
their southern ranges in Canada (Gonzalez et al. 2007, entire). Recent and projected future 
increases in temperature and changes in precipitation patterns are expected to shift the 
distribution of ecosystems northward and up mountain slopes (McDonald and Brown 1992, pp. 
411–412; Danby and Hik 2007, pp. 358–359; IPCC 2007c, pp. 230, 232). McKenney et al. 
(2007) predicted that the average range for a given North American tree species will likely 
decrease in size by 12 percent and will shift northward by 700 km (435 mi) during this century. 
As climate changes over a landscape, the ecosystems that support lynx are likely to shift, 
tracking the change of temperature, but with a time lag depending on the ability of individual 
plant and animal species to migrate (McDonald and Brown 1992, pp. 413–414; Hall and Fagre 
2003, p. 138; Peterson 2003, p. 652). Boreal spruce-fir forests are thought to be limited by 
higher summer temperatures and drought (Iverson and Prasad 2001, pp.192–196). For 
example, within the last 20 to 25 years, widespread mortality and reduced growth in red spruce 
in the Northeast are believed to be linked to climate stress (McLaughlin et al. 1987, p. 501; 
Johnson et al. 1988, p. 5373). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. However, Decker and Fink 
(2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately vulnerable 
to the effects of climate change by mid-century under a moderate emissions scenario. Similarly, 
Keane et al. (in press, pp. 209, 2013) concluded that while subalpine fir is likely to shift in 
distribution in the Northern Rockies, gains (expansion) will likely balance losses (contraction), 
and Englemann spruce , though highly sensitive to climate warming, will likely persist on the 
landscape.  
 
Boreal treelines in Scandinavia moved upslope an average of 40 meters (m; 131 feet [ft]), but in 
some locations up to 100 m (328 ft), during a recent 50-year period of warming (Kullman 1990). 
However, despite recent warming, the alpine treeline in North America has thus far remained 
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relatively static (Butler et al. 1994). Upslope migration of the boreal forest treeline may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261). At lower 
elevations, the upslope movement of the deciduous-boreal ecotone is limited by an isocline of 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). In the Yukon, upslope migration of spruce-fir 
seemed to be triggered by climate thresholds and was characterized by slow, gradual change 
followed by rapid advances (Danby and Hik 2007, p. 361). However, in Vermont, the northern 
hardwood-boreal ecotone moved upslope 91 to 119 m (299-390 ft) between 1962 and 2005 
consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be closely 
associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, the rate at 
which boreal forest could retreat upslope is highly speculative depending on how climate 
change may affect complex moisture and temperature regimes, and there could be a lag time 
before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
Climate change is disproportionately affecting the boreal forest in Canada, the source of lynx 
dispersing into the DPS. Arctic and alpine ecosystems are among the most sensitive to climate 
warming (Diaz and Eischeid 2007, entire). Boreal forests have been identified as a critical 
“tipping element” of the Earth's climate system and are believed to be more sensitive to drought 
than other forests (Lenton et al. 2008, pp. 1788, 1791). Studies suggest a threshold for boreal 
forest dieback of about 3°C (5.4°F) global warming (Lucht et al. 2006, entire; Joos et al. 2001, 
entire). Global temperatures are increasing and snowfall is declining at the fastest rate in higher 
latitudes within the boreal forest region of Canada and Eurasia (IPCC 2007). Predicted changes 
to the boreal forest are already occurring, and much of the climate-induced change is occurring 
faster than originally predicted, suggesting rapid change as opposed to slow linear change (Soja 
et al. 2007, pp. 5-6). General circulation models are in agreement that winter warming across 
the circumboreal region will likely be in excess of 40 percent above the global mean (Soja et al. 
2007, p. 4). Increases in precipitation are expected in the boreal region of Canada, particularly 
during the winter, but may be offset with increases in summer drought, heat stress, and 
evapotranspiration (Stocks et al. 1998, entire). Thus, boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). Several authors have suggested that grasslands, 
aspen parklands, and temperate forest will expand northward resulting in decreases in boreal 
forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; Rupp et al. 2000, 
entire), which could further fragment spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and 
Beckage 2010, pp. 152-156; Simons-Legaard et al. 2016, p. 5; Rustad et al. 2012, p. 15). 
Climate change is expected to further fragment boreal forest in southern Canada (Hogg 1994, 
entire) and reduce habitat connectivity between lynx populations in the DPS and in southern 
Canada. 
 
As temperatures increase, lynx and hare habitats and, therefore, lynx distribution, are likely to 
recede northward and shift upward in elevation within its currently occupied range (Gonzalez et 
al. 2007, pp. 7, 13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; 
Vashon et al. 2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers 
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expect that lynx in mountainous habitat will, to some extent, track climate changes by using 
higher elevations on mountain slopes, assuming that vegetation communities supportive of lynx 
and hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 
2007, p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential 
elevational refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate 
change scenarios, boreal spruce-fir forests are projected to diminish dramatically and could 
disappear from much of the range of the DPS by the end of this century (Iverson and Prasad 
2001, p. 196; Gonzalez et al. 2007, pp. 15-18; Iverson et al. 2008, pp. 390–400; Galatowitsch et 
al. 2009, pp. 2015-2016). Using a dynamic vegetation model, Gonzalez et al. (2007, pp. 4, 7–8, 
10, 13–14) concluded that potential lynx habitat in the contiguous United States could decrease 
by as much as two-thirds by the end of this century. Climate modeling suggests that lynx habitat 
and populations are anticipated to decline accordingly (Carroll 2007, pp. 1098–1102) and may 
disappear completely from parts of the range of the DPS by the end of this century (Johnston et 
al. 2012, pp. 6–13).  
 
Northward and Upslope Contraction of Snow Conditions Believed to Favor Lynx - As described 
above (section 2.2), the lynx’s long limbs, large feet, and low foot-loading are believed to give it 
an advantage in snowy conditions over potential competitors and predators. However, climate 
warming is diminishing snow conditions (depth, quality, persistence) throughout the DPS. 
Warmer winter temperatures are reducing snowpack and altering snow structure throughout the 
lynx DPS via a combination of a higher proportion of precipitation falling as rain, more winter 
thaw-freeze events, higher rates of snowmelt during winter, and earlier spring melt and runoff 
(Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 
2003a, p. 3–1; Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549). These 
trends are expected to continue with projected future climate warming (Hamlet and Lettenmaier 
1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; IPCC 2007b, p. 850). 
The IPCC (2007b, p. 850) concludes that ‘‘snow season length and snow depth are very likely 
to decrease in most of North America except in the northernmost part of Canada where 
maximum snow depth is likely to increase.’’ Because lynx occurrence is correlated with 
prolonged periods of deep, fluffy snow, current habitats that lose this feature would decline in 
value for lynx (Hoving 2001, p. 73; Carroll 2007, p. 1092; Gonzalez et al. 2007, entire). 
 
Warming in recent decades corresponded to a large decline in snow cover in North America, 
particularly in the mountains of the western United States (Mote et al. 2005, pp. 47-48). These 
areas have historically been snow-covered from November through March, but the length of 
snowfall-conducive temperatures over many western mountain ranges could be reduced from 
about 5 months to about 3 months (December-February) by mid-century (Klos et al. 2014, p. 
4566). Spring snowpack has already declined in many parts of the Rockies, especially since the 
mid-20th century, despite overall increases in winter precipitation in many places (Mote et al. 
2005, entire; Scalzitti et al. 2016, pp. 5367-5368). The rate of decline in the snowpack of the 
Northern Rockies is unprecedented in the last 1,000 years (Pederson et al. 2011, entire). Some 
mountainous regions are warming faster than global land averages (Rangwalla and Miller 2012, 
entire), and in most mountain ranges, relative declines in snowpack vary from minimal at 
ridgetop to substantial at snow line. Losses in snowpack observed to date will likely continue 
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and could even accelerate (Hamlet and Lettenmaier 1999; Payne et al. 2004), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (IPCC 2007c, p. 891; Burns et al. 2009, p. 31). Similarly, 
because of diminishing snow resources, potential lynx habitat is diminishing in the northern 
Appalachians and small areas in the Canadian Maritime Provinces (Carroll 2007, p. 1093). An 
analysis of recent and potential future snow cover under a range of IPCC climate scenarios 
suggests that snow conditions correlated with historical lynx occurrence records could decline 
by 10-20 percent across the continental U.S. and Canada and by 46-84 percent in the 
contiguous United States by the end of the century century (Gonzalez et al. 2007, pp. 4, 7, 12-
14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Dyer and Mote 2006, entire; Brown 2000, pp. 2347-2354) and increased snow density 
(Hodgkins and Dudley 2006, entire). Because temperature has increased more in the winter 
than summer (Knowles et al. 2006), the amount of winter precipitation falling as rain instead of 
snow has also increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 
2006, entire; Feng and Hu 2007, entire). If greenhouse gas emissions continue at the current 
rate, by 2100, the elevation above which it snows and below which it rains could climb as much 
as 244 m (800 ft) in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and 
Wyoming, with the snow line projected to rise by an average of 290 m (950 ft) across 6 Western 
mountain regions (Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to accelerate the rate of loss of 
snow cover because of the reflective nature of snow and the relative heat-absorbing properties 
of non-snow-covered ground. This feedback effect causes the greatest warming to occur at the 
interface of snow-covered and exposed areas, increasing the rate at which melting occurs in 
spring (Groisman et al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect 
has shifted the average date of peak snowmelt 3 weeks earlier in spring in the Intermountain 
West (Fagre 2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and 
desert dust on the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-
darkened landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 

Commented [ZJ58]: pg 

Commented [ZJ59]: CPW comment questions about S. 
Rockies – refers to new (2104) climate assessment for the 
SWAP (Decker and Fink 2014). I have added this and Keane 
et al. in press to 2nd paragraph in section above on boreal 
forest contraction. 

Commented [ZJ60]: pg 



 

70 
 

These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over their potential competitors. These various forms of snow compaction and 
structure within the snowpack could give a competitive advantage to bobcats and other 
predators/competitors with higher foot-loading that would normally have difficulty traveling and 
hunting efficiently in deep, unconsolidated snow (Murray and Boutin 1991; Murray et al. 1994; 
Kolbe et al. 2010). 
 
The bobcat is the closest related species to lynx in North America, and it may outcompete or 
displaces lynx in some areas where the 2 species overlap, at both broad (Peers et al. 2013, 
entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) geographic scales. In some 
areas of sympatry, lynx may be displaced to habitats of inferior quality, which could limit survival 
and productivity at the southern edge of their range (Peers et al. 2016, entire; Robinson 2006, 
pp. 120). Snow depth, consistency, and persistence likely mediate competition between the 2 
species. Because of their higher foot-loading, bobcats likely hunt less efficiently than lynx in 
deep, unconsolidated snows (Krohn et al. 2005, pp. 122-129, Hoving et al. 2005, entire), and 
they experience high mortality in deep snow winters (Litvaitis et al. 1986, p. 116). Considering 
recent and projected future changes in snow conditions described above, stable or increasing 
bobcat populations in the DPS range (Roberts and Crimmins 2010, p. 170), and the predicted 
northward expansion of bobcats into areas currently occupied by lynx (Anderson and Lovallo 
2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 2010, p. 172), lynx may 
experience increased competition and displacement by bobcats, which could influence lynx 
distribution and persistence at the southern edge of their range. 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2007, p. 1465; Koen et al. 2015, p. 528). 
 
Although high-elevation areas in the western part of the DPS range may provide future snow 
refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also be affected by 
climate change. Because recent and current rates of climate warming are much faster than 
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occurred historically, it is possible that in these areas snow conditions favorable for lynx may 
move upslope at a faster rate than boreal forest vegetation, creating a mismatch of these lynx 
habitat elements. Thus, although it is possible that boreal forest vegetation may persist for some 
time, snow conditions thought to favor lynx could retreat upslope, potentially precluding lynx use 
of those boreal habitats and instead favoring potential competitors such as bobcats and 
coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likely affect hare populations in other ways, especially at the southern 
extent of the range. As described above, changing snow conditions may influence lynx hunting 
behavior and effectiveness. For example, hard-packed snow is reported to be associated with a 
higher kill rate of hares by lynx and coyotes than soft snow (Buskirk et al. 2000, p. 94; Stenseth 
et al. 2004, p. 10633). The higher kill rate could generate a numeric response by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
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which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). Snow patterns have also been proposed to 
potentially play a role in dampening cycles of some vole (Microtus and Myodes spp.) 
populations in northern Europe (Cornulier et al. 2013, pp. 64-65). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
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Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space. Climate change may 
compound these complex interactions into new domains that may be unprecedented and 
unpredicted (Dale et al. 2001, p. 729). These interactions may appear slowly and be difficult to 
detect because trees live for so long, or they may be manifested quickly after a catastrophic 
perturbation to the forest. 
 
Climate change-induced drought and heat stress have already affected temperate and boreal 
forests (Allen et al. 2010, entire), particularly in the West, where tree mortality rates have 
increased rapidly in recent decades (van Mantgem et al. 2009, entire). Droughts occur 
irregularly in forests in eastern North America and the Pacific Northwest, annually at the end of 
the growing season in forests at the midcontinental prairie–forest border, and annually in 
summer in western interior dry forests that depend on winter precipitation (Dale et al. 2001, p. 
727). Increase in growing-season temperature could increase evaporative demand, triggering 
moisture stress. Under several climate scenarios, future increases in drought stress are 
expected in the Southern Rockies and parts of the Northwest (Dale et al. 2001, p. 727). The 
Great Lakes Region and parts of the Northwest could experience drought stress within 2 
decades, even though these regions may become wetter in later decades (Dale et al. 2001, p. 
727). 
 
Wildfire ferquency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated in the western United States with 
continued climate warming (McKenzie et al. 2004). Evaluating wildfire patterns in the western 
United States from 1970-2004, Westerling et al. (2006, entire) found rapid and dramatic 
increases in the frequency of large fires, wildfire durations, and the length of the wildfire season 
beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such as lodgepole 
pine and spruce-fir) in the Northern Rockies experienced the greatest increases. Increased 
spring and summer temperatures and an earlier spring snowmelt strongly influenced large 
wildfires, suggesting that climate is the primary driver of these changes rather than fire 
exclusion (suppression), which appears to have had little impact on natural fire regimes of these 
higher-elevation forest types in this area (ILBT 2013, p. 70). In contrast, climate change is 
increasing precipitation in boreal forest regions of eastern North America, which has reduced 
wildfire frequency (Bergeron et al. 2001, p. 388). Under multiple climate scenarios, large 
increases in fire frequency are expected for boreal forests in central and western Canada, and 
reduced frequency in eastern Canada - a situation that reflects past Paleoclimates that were 
warmer than the present (Flannigan et al. 2001, pp. 860-862). Increased fire frequency at the 
grassland – aspen parkland – boreal forest transition in western Canada may hasten the 
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conversion of boreal forest to aspen parkland and aspen parkland to grassland (Flannigan et al. 
2001, p. 860-861), which could affect connectivity and gene flow in lynx populations. In the DPS 
range, large wildifres in north-central Washington (Unit 4) have reduced lynx habitat by 35-40 
percent over the past 25 years (see section 4.2.4 below). 
 
Climate change is also likely affecting the frequency and intensity of some eruptive boreal forest 
insect pests and pathogens that affect disturbance patterns in spruce-fir forests. Changes in 
temperature and precipitation affect herbivore and pathogen survival, reproduction, dispersal, 
and distribution. For example, native bark beetles, such as the spruce beetle (Dendroctonus 
rufipennis) and mountain pine beetle (Dendroctonus ponderosae), are key agents of change in 
coniferous forest ecosystems in western North America and have recently defoliated millions of 
hectares – among the largest and most severe in recorded history (Bentz et al. 2009). Drought-
stressed conifers have increased vulnerability to insect attack. Warmer springs also could 
increase the frequency and duration of wildfires, which in turn could increase vulnerability of 
surviving trees to bark beetle attack (Westerling et al. 2006; ILBT 2013, p. 70). Increasing 
temperatures and forest homogeneity could create conditions favorable for bark beetle 
outbreaks that exceed natural disturbance thresholds, perhaps increasing the likelihood of 
additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 2008; ILBT 
2013, p. 70). By the end of the century, changes in temperatures across the boreal forests of 
western North America may cause markedly high probability of outbreak of these species 
(Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a major pest of 
spruce-fir ecosystems in eastern North America, is expected to shift northward reducing 
vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 2010, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)12 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
Reduced Gene Flow Between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
hypothesized that climate change would create increasingly unsuitable environmental conditions 
for lynx (e.g., milder winters with reduced snow quality, declining and fragmented boreal forest), 
which was associated with low genetic diversity and high genetic differentiation at the trailing 
(southern) edge of the range. High winter temperature, low snow depth, and low proportion of 
suitable habitat were also strongly correlated with neutral genetic diversity, low allelic richness, 
                                                 
12 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and high genetic differentiation (Koen et al. 2014a, p. 757). The authors surmised that genetic 
structuring in southern lynx populations could be caused by a northward shift in optimal 
conditions, potentially resulting in isolation and extirpation of lynx populations at the trailing edge 
of their range or climate-induced changes in the distributions of snowshoe hare or bobcats 
causing lynx to shift northward. Lynx with the greatest allelic richness were found in areas with 
the deepest snow in the core of their range in northern Ontario (Koen et al. 2014a, p. 758). The 
authors concluded that climate warming has reduced gene flow at the receding (southern) edge 
of the lynx’s range, and that southward gene flow from Canada into threatened United States 
populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et al. (2004, entire) documented 
population and genetic structuring in the lynx populations east and west of Hudson Bay based 
on differences in snow conditions on either side of this divide. This may be explained by the 
reluctance of lynx to disperse between areas having different snow regimes and snow quality. 
Snow conditions may be the key factor in the spatial, ecological, and genetic structuring of 
Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
  
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005). Conversely, reduced ice on 
the St. Lawrence may prevent bobcats from dispersing northward into lynx areas in central 
Quebec (Koen et al. 2015, p. 528). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation, Southern Oscillation, Pacific 
North American Index, and North Pacific Index which, in turn, affect patterns of temperature and 
snow in North America (Stenseth et al. 2003, entire). Climate change-induced disruptions are 
believed to have caused the collapse of cycles in voles, lemmings, and snowshoe hare 
populations (Ims et al. 2008, p. 81; Krebs et al. 2010, pp. 484-488; Cornulier et al. 2013, entire). 
The geographical borders between cyclic and noncyclic populations are shifting, and the spatial 
extents of regions that have cycles are shrinking. The collapse of cycles in herbivores with high-
amplitude population cycles also would imply collapses of important ecosystem functions such 
as pulsed flows of resources and disturbances throughout the ecosystem, including declines in 
predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). A common 
denominator of cycles that exhibit spatial gradients, such as the more pronounced snowshoe 
hare cycles in the northern part of its North American range, is that the cycles seem to fade as 
winters become shorter (Ims et al. 2008, p. 81). 
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Changes in large-scale climate systems have already influenced the climate and snow 
conditions throughout the geographic range of the lynx in North America (Stenseth et al. 1999, 
entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001a, p. 34). Yan et al. 2013 (p. 3269) provide 
the first evidence of the effects of climate warming on hare-lynx cycles in Canada. The authors 
concluded that climate forcing is not only essential in producing sustained cycles, but also in 
modifying cycle intervals (Yan et al. 2013, p. 3269). Greatly reduced lynx fur harvests in Canada 
beginning in the mid-1980s may be linked to climate warming (Yan et al. 2013, p. 3269). With 
more pronounced troughs in hare abundance cycles, lynx populations will likely decline (Hone et 
al. 2011, p. 424). Diminished lynx populations in Canada is a concern because periodic 
immigration from Canada is believed to influence the demographic and genetic health of lynx 
populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 
2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 
187; 79 FR 54789, 68 FR 40091, 40097-40100). If recent lower-amplitude hare cycles in 
Canada persist, they will likely be followed by lower-amplitude lynx cycles, possibly resulting in 
muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. This would 
likely result in reduced demographic support and further reduce gene flow into the DPS, both of 
which could influence the health and persistence of resident lynx populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase pathogen 
development and survival rates, disease transmission, and host susceptibility, and some 
species are predicted to experience more frequent or severe disease impacts with warming 
while others may be relieved of pathogens (Harvell et al. 2002, entire, Harvell et al. 2009, 
entire). Climate change is likely to cause major changes to the geographic range and incidence 
of insect and tick-borne diseases (Daszak et al. 2000). No apparent climate-influenced parasites 
or diseases have been identified that would be expected to broadly affect lynx or snowshoe 
hare populations, but several lynx experts believed this is difficult to predict and remains a 
possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been documented in 
lynx in the DPS. For example, plague, a flea-borne disease caused by the bacterium Yersinia 
pestis, which is not native to North America, was reported for the first time in lynx in Colorado 
(Wild et al. 2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
lynx released in Colorado between 2000 and 2003. When translocated from Canada and 
Alaska, none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. Exposure of some lynx to feline 
parvovirus was detected in 6 areas in western North America (Montana-Alaska; Biek et al. 
2002). Troglostongylus wilsoni is a nematode that infects the lungs of lynx and bobcats 
(Sarmiento 1956; Van Zyll de Jong 1966; Kumar 1974; and Reichard 2004) and was detected in 
Maine lynx (Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing 
and succumb to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24).  
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007) and 
could further reduce and isolate lynx populations within the DPS and reduce connectivity 
between Canadian and DPS lynx populations and habitats. Declining boreal forests and snow 
conditions, increasing drought and fire, and increasing scale of forest insect outbreaks are 
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currently believed to be the most important stressors for lynx in the DPS, but it is possible that 
other pathways are, or may also become, important. 
 
In summary, although the rates of change and magnitudes of effects of climate warming are 
difficult to predict, climate models agree that lynx habitat and populations are likely to decline in 
the future (Carroll 2007, pp. 1098–1102; Gonzalez et al. 2007, entire) and may disappear 
completely from parts of the DPS range by the end of this century (Johnston et al. 2012, pp. 6–
13). Remaining lynx populations will likely be smaller than at present and, because of small 
population size and increased isolation, they will likely be more vulnerable to stochastic 
environmental and demographic events (Carroll 2007, pp. 1100–1103). Largely because of the 
likely consequences of projected continued anthropogenic climate warming, lynx experts expect 
a decreasing likelihood that resident lynx populations all 6 geographic units will persist in the 
future (Lynx SSA Team 2016a, pp. 35-47). Potential climate-mediated changes in habitat, prey 
base, and competitor guild, along with ongoing habitat los sand fragmentation, has led some 
authors to conclude that “…the extent of such changes and whether lynx are able to adapt to 
them will determine not how, but if, this species can persist in its current southern range” 
(Murray et al. 2008, p. 1469).  

3.3 Vegetation Management 
Forest management occurs across the range of the lynx and can directly affect important 
habitats and prey. At the time of listing, management activities uninformed by consideration of 
negative impacts to the species were identified as being of greatest potential concern to lynx 
conservation (68 FR 40076-40101). Forest management is the most prevalent land use 
throughout the lynx DPS and can have beneficial, neutral, or adverse effects on lynx and 
snowshoe hare habitat and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Forest 
management affects stand structure, composition, and arrangement on the landscape, which 
are important elements of habitat for snowshoe hares and lynx. At the home range scale, lynx 
throughout the DPS select landscapes having the greatest snowshoe hare densities. In Maine 
and Minnesota these are young, regenerating spruce-fir forests (Hoving et al. 2004; McCann 
and Moen 2011) and in the West regenerating lodgepole pine (Koehler, Maletzke, Berg et al. 
2012) and dense mature conifer forest, as well as young stands with dense spruce-fir saplings 
(Griffin 2004, Squires et al. 2010, pp. 1648, 1653–1656; Berg et al. 2012). Silvicultural 
prescriptions and cutting practices in boreal forest types vary widely throughout the lynx DPS 
depending on the landowner, forest ecology and ecoregion, tree species, site conditions (e.g. 
moisture, slope, aspect), disturbance regimes (e.g., fire, insect outbreaks), forest policy and 
regulations, logging equipment, and markets for forest products. Forest management that 
creates habitat for hares and lynx in 1 geographic area may not be beneficial to hares and lynx 
in another. 
  
Nevertheless, snowshoe hares throughout the DPS range respond to a single common 
denominator. Dense understory (horizontal cover) is the most important forest structural 
characteristics for hares throughout their range (Ferron and Ouellet 1992; Wolfe et al. 1982; 
Litvaitis et al. 1985). Dense, horizontal cover provides hares with a source of browse and cover 
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from predation. Softwood (e.g., spruce-fir) has about 3 times more cover value than hardwoods 
(Litvaitis et al. 1985). Thus, stem density (or stem cover units) and snowshoe hare density are 
directly and positively correlated (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 
1990b; Koehler and Brittell 1990; Thomas et al. 1997; Hodges 2000a; Mowat et al. 2000; 
Homyack et al. 2006; Robinson 2006; Scott 2009; Fuller and Harrison 2013). Forest practices 
that promote high stem density and dense horizontal cover can increase snowshoe hare 
densities (Keith and Surrendi 1971; Fox 1978; Conroy et al. 1979; Wolff 1980; Parker et al. 
1983; Livaitis et al. 1985; Bailey et al. 1986; Monthey 1986; Koehler 1990a, b; Robinson 2006; 
Fuller et al. 2007; Homyack et al. 2007; Scott 2009; McCann and Moen 2011). Forest practices 
that reduce dense understory generally reduce habitat quality for hares and lynx. 
  
Effects of forest practices on snowshoe hare habitats have been studied across the range of the 
species (Conroy et al. 1979; Sullivan and Sullivan 1988; Koehler 1990b; Thomas et al. 1997; 
Homyack et al. 2005; Robinson 2006; Griffin and Mills 2007; Scott 2009; Berg 2010; Ivan 
2011a; Lewis et al. 2011; McCann and Moen 2011). Similarly, the effects of forest management 
on lynx habitat use, movements, and home range have been investigated by Koehler (1990a), 
Koehler and Brittell (1990), Fuller et al. (2007), Homyack et al. (2007), Moen et al. (2008), 
Vashon et al. (2008b), Simons (2009), Squires et al. (2010), Simons-Legaard et al. (2013), 
Simons-Legaard et al. (2016). 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease 
outbreaks (Kilgore and Heinselman 1990; Heinselman 1996; Veblen et al. 1998; Agee 2000; 
Seymour et al. 2002; Lorimer and White 2003). In forests of northern Maine, wind, fire, insects, 
and diseases were predominant natural disturbance agents, while fire, insects, and diseases 
were predominant in the Great Lakes Geographic Unit and across the western United States 
After disturbances, forests generally develop through several stages described by Oliver (1980) 
as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996). The frequency and severity of disturbances have a large role in determining 
which species will dominate in a stand after the disturbance event. Snowshoe hare and lynx 
habitat are created during the stand initiation stage, after the young trees have established and 
grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide adequate horizontal 
cover. During the stem exclusion stage (when trees reach about 10 m [33 ft], depending on tree 
species) the tree crowns lift and lower branches self-prune, thus reducing the live horizontal 
branches providing food and cover for snowshoe hares. In the old growth stage, understory may 
re-develop (e.g., in forest gaps where mature trees die or fall down) and food and cover may 
again become available to support snowshoe hares. 
  
Commercial timber management of conifer forests traditionally has been designed to: in very 
young, regenerating forest to select for desired species (e.g., herbiciding, plantations) and 
reduce tree density to promote tree growth (e.g., precommercial thinning); in young middle-aged 
forest to improve growth and vigor of mature trees (e.g., commercial thinning, pruning, thinning 

Commented [ZJ77]: pg 



 

79 
 

from below); and in mature forest to reduce the vulnerability of commercially valuable trees to 
insects, disease, and fire (e.g., commercial thinning, group selection, fuels reduction). The 
culmination of the process (or a forest rotation) is harvesting of forest products. Just as the 
timing and intensity of a natural disturbance affects the composition of the succeeding forest, 
the season, climate, machinery, and type of final harvest (e.g., clearcut v. partial harvest) have a 
large role in determining the species composition and health of the next crop of trees. Timber 
management practices may mimic natural disturbance processes but often are not an exact 
ecological substitute. Some practices, such as use of herbicides to suppress hardwood 
regeneration or plantations do not have an historical analogue. Timber harvest may differ from 
natural disturbances by: 
 

● Removing most standing biomass from the site, especially larger size classes of trees, 
and down logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

● Forest practices often have a smaller footprint on the landscape than fire, insect, or wind 
damage. 

  
Forest management may (or may not) be compatible with creating or maintaining habitats 
capable of supporting hares and lynx. Where the objective is to provide snowshoe hare habitat 
by creating additional early-successional forest conditions, management considerations include 
selecting areas that are capable of, but not currently providing, dense horizontal cover, 
designing the appropriate size and shape of treatment units, retaining coarse woody debris, and 
maintaining high stem densities in regenerated forests (Koehler and Brittell 1990; Homyack et 
al. 2004; Bull et al. 2005; Fuller and Harrison 2005; Ivan 2011a). 
  
North America is the world’s leading producer and consumer of wood products. Therefore, 
worldwide trends in forest products markets greatly affect forest management outcomes and 
thus, the amount and quality of lynx habitat in the DPS. Forest management decisions (e.g., to 
focus on hardwood or softwood production) can change dramatically in response to 
unpredictable and changing forest products markets. Globalization of manufacturing and 
expanded use of electronic media have reduced demand in pulp and paper since the late 
1990s, and the collapse of housing construction since 2006 have contributed to declines in U. S. 
wood product output. Within the northern region of the U. S. (Maine to North Dakota) there has 
been a considerable decline in terms of employment, mill numbers, wood consumption and 
forest harvests since 2000 (Woodall et al. 2011). As a large amount of this region’s forest 
industry is print paper manufacturing and composite panel production, the rise of electronic 
media and decline of home construction has precipitated a decade of decline, which only 
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deepened since the recession of 2007-2009. The West, prior to the recession, was a major 
softwood lumber producing region, and was particularly hard hit by the recession and housing 
collapse. Employment dropped by 30 percent or nearly 80,000 workers and annual value of 
output fell by more than 25 percent (Keegan et al. 2011). Under depressed markets, landowners 
may reduce harvests, which may be to the detriment of lynx in some parts of the DPS (e.g., 
Maine and Minnesota), and to the benefit of lynx in others (the West). 
  
Markets for softwood products are particularly volatile and depend on demand for paper and 
housing. Thus, softwood management is affected by economic factors that are difficult to 
predict. In recent years, the forest products industry throughout the U. S. experienced a 
downturn in output levels not seen in decades, and employment losses in the hundreds of 
thousands (Woodall et al. 2011, p. 595). Despite depressed markets, one area of increasing 
interest is bioenergy production. Rising energy costs and growing concerns over global climate 
change have increased interest in bioenergy production, and the U. S. Energy Independence 
and Security Act (2007) mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, 
p. 125). The wood pellet sector is expected to grow, although woody biomass is typically the 
lowest value wood commodity sold from the forest. Thus, it is questionable whether wood 
energy revenues would be enough to sustain forest investments and forest management into 
the future (Woodall et al. 2011, p. 601).  
  
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
  
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
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affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased 310,000 acres of 
private forestland in Montana and 185,000 acres of private forestland in northern Maine. Lands 
in conservation ownership have a high probability of being managed to benefit hares and lynx.  
  
Finally, future trends in forest management will be affected by climate change (Irland et al. 
2003, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g. Burton et al. 1998, Joyce et al. 1995, 
Perez-Garcia et al. 1997, Sohngen and Mendelsohn 1998). Economic models predict that under 
climate change, total United States timber inventories will increase, timber harvest will increase, 
and product prices will decrease relative to an assumed stable climate. Some models predict 
that consumers will gain from climate change while landowners in some regions will lose. The 
forest industry will adapt to climate change in many ways including using alternate tree species 
in manufacturing, shifts to geographic regions of the country with economic advantages in 
timber growth, and increasing forest plantations with new species that are favorably adapted to 
the new climate and markets. Many strategies have been evaluated to increase the quantity of 
carbon stored in North American forests (Irland et al. 2003) including discontinuing or greatly 
reducing harvest in some forests to build carbon reserves, increased recycling to reduce use of 
forest products, converting agricultural lands to forests, and substituting wood products for more 
energy-intensive products. Increased atmospheric carbon will increase forest growth slightly, 
except for softwood (Irland et al. 2001, p. 757-758). Sawtimber production, which sequesters 
more carbon, is expected to increase (Irland et al. 2001, p. 758). Expanding landscapes with 
older growth conifer forest to sequester carbon could benefit lynx in the West and be to the 
detriment of lynx in the East. 
  
Climate change will affect forest-related recreation. Warmer lowland temperatures will attract 
more people to relatively cooler mountainous and northern forests (Irland et al. 2001, p. 759). 
The ski industry is currently in decline, and climate-induced changes in snowfall will further 
stress this industry, except for higher elevation western resorts where snowfall is more 
dependable and where artificial snow is less expensive to make (Irland et al. 2001). These 
climate-induced trends in recreation are anticipated to bring more people into the lynx DPS, 
which could bring additional social pressures concerning decisions related to forest 
management (e.g. clearcutting; Swanson and Loomis 1996). At this time, there are many 
uncertainties concerning the socioeconomic implications of climate change and adaptation in 
the northern forests supporting the lynx DPS. 
  
Past and future forest management affects many of the requirements necessary for the 
continued existence of lynx in the DPS. Forest management is expected to be the predominant 
land use throughout the DPS into the foreseeable future, and major climate-induced changes in 
forest industry are anticipated (Irland et al. 2001, entire). Beneficial effects of forest 
management include 1) creating lynx habitat, 2) maintaining an undeveloped landscape 
conducive to lynx, and 3) long term management planning for lynx (especially on Federal lands). 
Adverse effects to lynx, hares, and their habitat that are occurring or can be reasonably be 
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anticipated include 1) reduced quality of hare habitat in some parts of the DPS, 2) loss and 
fragmentation of  lynx and hare habitat in the U. S., and 3) changes in the frequency and pattern 
of disturbance events. Synergetic effects between forest management and other stressors (e.g., 
climate change, trapping, development) may intensify their effects (Carroll 2007). Habitat loss 
and fragmentation are believed to currently be important stressors for lynx in the DPS, but it is 
possible that other pathways for forest management are, or may become, equally important. 
Hares and lynx will continue to be affected (both positively and negatively) by forest 
management into the foreseeable future. Forest management stressors primarily affect lynx by 
lowering landscape hare densities, which in turn reduces lynx reproduction and survival. 
  
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration, reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West), and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. This could cause lynx 
to increase their home ranges, reduce productivity, or in extreme cases to abandon their home 
range or cause mortality. 
  
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). Reducing the density of sapling-sized conifers in young 
regenerating forests to increase the growth of certain selected trees promotes more 
homogeneous patches and reduces the amount and density of horizontal cover, which is 
needed to sustain snowshoe hares (Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 
2004, Ausband and Baty 2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). 
Hares reach highest densities in stands with stem densities ranging from 4,600–33,210 
stems/ha (1,862–13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, 
Parker 1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot spacing) 
stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been shown to reduce 
hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 2007; Homyack et al. 2007) 
because of reduced cover and decreased availability of browse. Griffin and Mills (2007) reported 
that, if their results were representative, the practice of precommercial thinning could 
significantly reduce snowshoe hare populations across the range of lynx. 
  
There are anecdotal examples of precommercially thinned stands that subsequently "filled in" 
with understory trees. Some have suggested this could be a technique to extend the time that 
understory trees and low limbs provide the dense horizontal cover that constitutes snowshoe 
hare habitat. The duration between time of thinning and regrowth to a height providing winter 
snowshoe hare habitat would likely vary by tree species, each having different regenerative 
capacities that could be influenced by a variety of local factors (e.g., topographic relief, 
moisture, and mineral and organic content of the soil; Baumgartner et al. 1984, Koch 1996). Bull 
et al. (2005) reported that the slash and coarse woody debris remaining after precommercial 
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thinning provided both forage and cover for snowshoe hares up to a year following treatment. 
However, Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the understory 
that would be needed to support pre-treatment snowshoe hare densities. At this time, no other 
data are available to quantify the re-establishment of snowshoe hare habitat and over what time 
period, or the response by snowshoe hares, as compared with sites that were not 
precommercially thinned, so this remains an unproven management technique. As an 
alternative to standard precommercial thinning (i.e., complete thinning resulting in a 
homogeneous patch), Griffin and Mills (2007) suggested retaining at least 20 percent of the 
patch in untreated clumps of about ¼ ha (½ ac), which would maintain hare habitat in the short 
term. However, Lewis et al. (2011) found that landscapes with patches of high-quality habitat 
surrounded by similar vegetation supported more hares than did more fragmented landscapes 
composed of high-quality patches in a matrix of poorer-quality habitat. Further long-term studies 
of modified thinning methods are needed. 
  
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
  
Uneven-aged management (single tree, partial harvest, and small group selection) practices 
can be employed in stands where there is a poorly developed understory, but have the potential 
to produce dense horizontal cover for snowshoe hares. Removal of select large trees can create 
openings in the canopy that mimic gap dynamics and help to maintain and encourage multistory 
attributes within the stand. However, if removal of large trees opens the canopy to the extent 
that the patch functions as an opening, this may discourage use by lynx (Koehler 1990a, von 
Kienast 2003, Maletzke 2004, Squires et al. 2010). Removal of larger trees from mature multi-
story forest stands to reduce competition and increase tree growth or resistance to forest 
insects may reduce the horizontal cover (e.g., boughs on snow), thus degrading the quality of 
winter habitat for lynx (Robinson 2006, Koehler et al. 2008, Squires et al. 2010). Similarly, 
removing understory trees from mature multi-story forest stands reduces the dense horizontal 
cover selected by snowshoe hares, and thus reduces winter habitat. 
  
Partial harvesting broadly describes many methods of removing a portion of the overstory trees 
from a forest stand. Partial harvesting includes selective cuts, shelterwood cuts, and uneven-
aged management. Partial harvest may be “light” (e.g., <10 percent of trees removed) to 
“heavy” (e.g., 90 percent of trees removed). Since passage of the Maine Forest Practices Act in 
1989, various forms of partial harvesting have replaced clearcutting as the predominant form of 
forest management in northern Maine (Sader et al. 2003, entire). In recent years, about 425,000 
acres of Maine forest are harvested annually and 96 percent of this land is partially harvested 
(Maine Forest Service 2016). After 17 years of extensive partial harvests, much of the northern 
Maine landscape has been influenced by this form of forestry, and will continue to be into the 
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future. The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to 
mid-1990s, partial harvesting comprised 62 percent of the harvest in the U. S., and clearcuts 
comprised the other 38 percent. Partially harvested stands result in a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006). On average, partially harvested stands supported 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006). 
Shelterwood cuts, a form of even-aged management, are the exception and have maintained 
densities similar to regenerating clearcut stands (D. Harrison, U. Maine, unpubl. data). Current 
hare densities in partially harvested stands in Maine average about 0.4 hares/ha (0.16 hares/ac; 
Simons 2009, p. XX), which is below the landscape hare density (0.5 hares/ha [0.2 hares/ac]) 
thought necessary to support resident lynx (Ruggiero et al. 2000b, Simons-Legaard et al. 2013). 
 
In the Great Lakes Geographic Unit, prescribed burning is used in lynx habitat primarily as a tool 
to reduce fuels (including from blow-down) and mimic a more natural fire regime in pine forest 
types. In these instances there is a short-term (10–30 years) impact on snowshoe hare habitat. 
In the western United States, prescribed fire for ecosystem restoration is most applicable to the 
dry ponderosa pine and Douglas-fir forests that are not lynx habitat. Because spruce-fir forests 
are generally composed of thinner-barked trees that are easily killed even with light fire, this 
technique is not used frequently in most lynx habitat. 
  
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares. 
 
Fuels treatments commonly are designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments. These types of projects are 
becoming more common. In the western United States, projects designed to restore forests to a 
condition more representative of the historical range of variability are generally targeted to drier, 
lower-elevation forests affected by fire suppression (Hessburg et al. 2005), which are not lynx 
habitat. Lynx habitats in higher-elevation spruce-fir forests have been less affected by past fire 
suppression and are mostly within the historical range of variability (Agee 2000). Fuels 
treatments may be needed to protect human communities and capital improvements by 
reducing the intensity and rate of spread of a fire, affording control actions with a higher 
probability of success and providing safer conditions for firefighters. By removing or reducing 
the understory and ladder fuels to meet those objectives, dense horizontal cover important to 
snowshoe hares is reduced and habitat value is diminished for hares and lynx.  
  
Loss, Degradation and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
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of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insects and climate change, can work in synergy with forest management to 
reduce boreal forest. For example, in northern New England clearcutting sometimes leads to 
drying of the forest floor and consequent heavy mortality in spruce and fir regeneration and 
increased light levels that increase hardwood competition (White and Cogbill in Eagar and 
Adams 2012, p. 32).  
  
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotation can be reduced by 
half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities may increase after trees in a plantation reach the sapling stage and 
branches intermingle at the ground level creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
  
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983, Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976, Bellefeuille et al. 2001, p. 43, Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
  
Fragmentation - Lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high quality hare habitat (Simons 2009, Simons-Legaard et al. 
2013). In Maine and northern Washington, landscapes where boreal forest habitat was more 
contiguous supported more snowshoe hares than landscapes that were more fragmented 
(Simons 2009, Lewis et al. 2011). Within their home ranges, lynx strongly select for habitat 
patches that enhance their foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller 
and Harrison 2010, Squires et al. 2010). Analysis of winter movements of lynx in Maine 
indicated that lynx responded to habitat heterogeneity at a coarse scale within their home 
ranges, by maximizing their access to snowshoe hare prey (Fuller and Harrison 2010). In 
Montana, lynx selected homogeneous spruce-fir patches that supported snowshoe hares and 
avoided recent clearcuts or other open patches (Squires et al. 2010). Similarly, in Washington, 
Lewis et al. (2011) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
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Forest management can fragment and isolate patches of high quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
  
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wind events, fire, and insect and disease outbreaks (Kilgore and Heinselman 
1990, Heinselman 1996, Veblen et al. 1998, Agee 2000, Seymour et al. 2002, Lorimer and 
White 2003). In forests of the Northern Maine Unit, wind, fire, insects, and diseases were 
predominant natural disturbance agents, while fire, insects, and diseases were predominant in 
the Great Lakes Geographic Unit and across the western United States 
  
Today, forest management is the predominant form of disturbance in boreal forest types 
throughout the DPS, but in the West insect outbreak and wildfire are also critical agents of 
disturbance that influence and interact with forest management. Throughout the DPS, the 
frequency of harvesting accelerates in response to salvaging insect damaged stands. In some 
instances, forest management has greatly altered the disturbance regime. For example, prior to 
logging, the Acadian forest in Maine and eastern Canada likely exhibited forest gap dynamics 
similar to some parts of the West today, and true stand-replacing disturbances were quite 
uncommon with recurrence intervals of hundreds to thousands of years. After several centuries 
of forest management, stand age structures in the Acadian forest have become simplified, and 
commercial timber rotations are a fraction (15 to 40 percent) of the lifespan of boreal tree 
species (Seymour 2002). Although the prevalence of these younger even-aged forest stands on 
the landscape may benefit hares and lynx in Maine, forestry has shifted the species composition 
of Maine’s forest to tree species favored by frequent harvest disturbance, such as red-maple, 
paper birch, aspen, and balsam fir. 
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3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-storied stands (Agee 2000, 
p. 53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016, p. 21).  
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) United 
States forests (Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is 
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the dominant natural disturbance mechanism in lynx habitats in the DPS range except in the 
Northeast, where insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7).  
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1, above), evaluated 
whether fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
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replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
SSA units), the Superior National Forest, which accounts for 45 percent of the Northeastern 
Minnesota unit, revised its forest plan to adopt lynx conservation measures consistent with the 
LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National Forest in the North- 
central Washington unit is currently revising its management plan and continues to manage for 
lynx conservation in accordance with the LCAS, including direction to restore fire to its natural 
ecological role and to use it as a tool to restore and maintain hare and lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
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compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, multiple large 
fires in north-central Washington over the last 24 years have burned about 34-37 percent of lynx 
habitat (Lewis 2016, pp. 4-6), resulting in a more than doubling of estimated female lynx home 
range size and a two-thirds or more reduction in the number of resident females that potentially 
could be supported in that geographic unit (Maletzke in Lynx SSA 2016, p. 21). It may take 35-
40 years for these areas to recover as lynx and hare habitat (Maletzke in Lynx SSA 2016, p. 
21), during which time additional fire and other habitat impacts could further diminish habitat 
availability and the lynx population’s probability of persistence (Lewis 2016, pp. 5-6; Lynx SSA 
Team 2016a, p. 44; also see section 2.3.2.2, above, and sections 4.2.4 and 5.2.4, below). The 
loss of habitat resulting from these fires and its potential demographic impacts on the State’s 
only resident lynx population contributed substantially to the WADFW’s recent recommendation 
to uplist lynx from threatened to endangered under its State Endangered Species Program 
(Lewis 2016, entire). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx.  
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3.5 Habitat Loss and Fragmentation 
Boreal forest habitats in most parts of the DPS range are patchy and marginal for both 
snowshoe hares and lynx. In the northern contiguous United States, boreal forest transitions to 
various types of northern hardwood forest in the Northeast and Great Lakes Region and to drier, 
more temperate montane forests in the West. The transitional nature of the boreal forest at its 
southern extent is believed (along with competition from other hare predators) to limit the 
numbers of both hares and lynx, preventing either from achieving densities comparable to those 
regularly achieved (except during the low of the hare population cycle) in the classic boreal 
forests in the core of both species’ ranges in Canada and Alaska (79 FR 54790). Lynx must 
contend with aspects of their habitat at the southern extent of the boreal forest for which they 
are not as well-adapted.  
 
Fragmentation has been variously defined to describe a reduction of total area, increased 
isolation of patches, and reduced connectedness among patches of natural vegetation (Rolstad 
1991). “Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 
85), whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Habitat loss 
is conversion of forest to another land use or vegetative cover. 
 
Forest loss and fragmentation are relatively low in the DPS compared to other forested regions 
in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United States, land 
uses associated with residential development, roads, and highway traffic have resulted in a 4.5 
percent (20,000 km2) loss in forest area , and continued expansion of residential development 
will likely reduce forested patches by another 1.2 percent percent by 2030 (Theobold et al. 
2011, entire). Human-caused fragmentation in the forested western landscape resulted in a 
decline of weighted mean patch size from roughly 35,000 km2 to 3,200 km2 from natural to 
current conditions, but models predict relatively small declines in the size of forested patches 
over the next 30 years (Theobold et al. 2011, p. 2451). In the eastern United States, nearly half 
or more of the natural forest was cleared in the past 3 centuries, but as agriculture and 
settlement relocated westward and some eastern farmlands were abandoned, eastern forest 
cover rebounded (Williams 1989, Smith et al. 2005). Similarly, a large portion of Minnesota 
forests were cleared in the last century, but forest cover has rebounded. The forest area in 
northern Minnesota has decreased 4 percent since 1977 (Miles et al. 2007, p. 22). Preliminary 
findings from the 2002 United States timber assessment (Haynes 2003) indicate that 
approximately 15-20 million acres of United States forest land could be converted to urban and 
developed uses over the next 50 years. Such land use conversions could result from residential 
development in forested landscapes, as the United States population is estimated to grow by 
another 126 million people. 
 
Habitat patchiness and fragmentation directly affect snowshoe hares and lynx by various 
mechanisms; reducing hare survival and landscape hare densities, increasing lynx home 
ranges, reducing lynx reproduction and survival, and affecting lynx movements throughout the 
landscape. They also increase the diversity of mesocarnivore communities that coexist with lynx 
and the level of competition for space and food resources. Fragmentation from anthropomorphic 
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sources results in habitat alteration, direct habitat loss, vehicle collisions, behavioral disturbance 
from roads, and changes in landscape features such as edges.  
 
Landscapes in which hare habitat is more contiguous or more broadly-distributed support more 
hares than landscapes that are more fragmented or include matrix habitats that are of poorer 
quality (Lewis et al. 2011, p. 565). Thus, southern transitional boreal forests generally have 
lower landscape snowshoe hare densities than boreal forests further north (Wolff 1980, pp. 
123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; Koehler and Aubry 1994, p. 
84). This may have as much to do with the lower quality of the matrix habitat between high-
quality patches as the hare densities that occur in the high-quality patches themselves (Lewis et 
al. 2011). Low-quality matrix habitat, typical throughout much of the DPS, could decrease 
survival for hares, because predators might have higher hunting success or be more numerous 
and diverse in the matrix habitats (Griffin and Mills 2009). In contrast, a high-quality matrix, 
typical of Canadian boreal forest, can provide alternative or supplemental resources (Dunning et 
al. 1992; Norton et al. 2000), thus supporting higher densities of hares in the prime habitats. 
 
The patchy distribution and generally lower densities of hares in many parts of the contiguous 
United States require lynx in most areas of the DPS range to maintain larger home ranges than 
lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger home 
ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Throughout the northern part of their range, snowshoe hares are found in continuous areas of 
boreal forest; conversely, southern populations occur primarily in insular patches of suitable 
habitat set amidst less-preferred areas (Wolff 1980; Keith et al. 1993). This disparity has led a 
number of biologists to speculate that habitat fragmentation may be ultimately responsible for 
the non-cycling nature of snowshoe hare populations in the northern U. S. and southern Canada 
(Dolbeer and Clark 1975; Buehler and Keith 1982; Keith et al. 1993, Strohm and Tyson 2009). 
Wolff (1980, 1981) described the mechanism by which a fragmented habitat might dampen or 
eliminate cyclic population fluctuations.  
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the range of lynx, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95).  
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Snowshoe hares in the south are concentrated in isolated patches of suitable habitat and 
subject to predation by a suite of generalist predators (e.g., Litvaitis et al. 1985; Sievert and 
Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. (1993) found that an extremely high 
predation rate on hares living in high-quality habitats seemed to be driving the changes in 
distribution and abundance in a snowshoe hare population in Wisconsin, rather than predation 
on naturally dispersing individuals. In that study, predation pressure on hare populations 
occupying small (< 7 ha [< 17 ac]) patches of preferred habitat was so severe that 3 of the 5 
populations under investigation were extirpated in the course of the 3-year study. Fragmentation 
of landscapes exacerbates the effect of predation by allowing carnivores to concentrate their 
hunting efforts on small patches of habitat used by their preferred prey instead of preying 
disproportionately on dispersing individuals (Wirsing et al. 2003, p. 170). In predator-rich 
landscapes characteristic of the DPS, this can result in intense predation and competition for a 
limited prey resource. 
 
Canada lynx seem to be flexible in their response to habitat fragmentation, whereas closely 
related species, such as bobcats and Iberian lynx, are sensitive to habitat fragmentation 
(Ferreras 2001, Crooks 2002). In a southern Ontario landscape Hornseth et al. 2014 (pp. 8-9) 
demonstrated that lynx exhibited a wide range of responses to habitat alteration. In general, lynx 
responded most positively to areas having greater than 50 percent suitable habitat and 
generally avoided areas having less than 30 percent suitable habitat. However, lynx showed no 
sensitivity to the degree of forest fragmentation in areas of high or low suitable habitat. 
 
All of these factors likely lead to lower reproductive output and more tenuous conservation 
status for lynx in many parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 
2000a, p. 95). Thus, human activities that further fragment boreal forests in the DPS (e.g., 
climate change, forest management, roads, and development) further reduce the probability of 
lynx persistence.  
 
The snow environment in the DPS is also patchy and marginal in both space and time for 
snowshoe hares and Canada lynx. Deep (Hoving et al. 2005, p. ; Peers et al. 2013, entire) and 
persistent (Gonzalez et al. 2007) snow are believed to give lynx a competitive advantage over 
generalist predators in the conterminous United States. Too little snow or crusting conditions 
may favor competitors and predators like bobcat, fisher, and coyotes. High elevations may 
provide snow conditions that favor lynx, whereas low elevations favor conditions for competitors. 
Lynx may have a competitive advantage at higher elevations in the DPS in the winter, but not in 
summer months when competitors likely have increased access to all habitats. 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, appropriate habitats for lynx are naturally fragmented by topography 
and vegetation gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in 
Washington or most of northwestern Montana) or smaller and relatively isolated (e.g., the 
Garnet Range in western Montana) depending on topography and precipitation patterns. Some 
of these areas of boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage 
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flats, urban corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may 
discourage lynx dispersal between habitat patches (although verifed records of lynx in many 
parts of the contiguous United States and long-distnce dispersal of lynx released in Colorado 
demonstrate that lynx at least occasionally navigate such habitats). In some western parts of the 
DPS range, lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, 
p. 976). In other areas of the DPS where there is little topography, including Minnesota and 
Maine, matrix forest facilitates lynx movements between suitable habitats. Large rivers are 
unlikely to fragment habitat as lynx readily swim across large bodies of water (Feierabend and 
Kielland 2014, entire) or cross them on ice in the winter (Koen et al. 2015). 
 
Snow is an important component of lynx habitat (79 FR 54809). Snowfall can be patchily-
distributed, variable and unpredictable from year to year, and affected by local topography, 
water bodies, and climate gradients. Snow conditions that provide lynx a competitive advantage 
over other terrestrial hare predators are most consistent in the high-elevation regions of the 
western United States, although snow alone does not constitute lynx habitat (i.e., many places 
receive sufficient snow but lack other features lynx need, typically adequate hare densities). 
Snow conditions are less consistent in the East. For example, lake-effect snow from Lake 
Superior can increase snow depth and duration in the Arrowhead region of Minnesota in some 
years, but not others. The Gulf of Maine has the reverse effect, and its warming influence 
reduces snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate 
that eastern Maine has extensive areas of boreal forest but does not achieve snowfall 
thresholds that gave lynx an advantage over bobcats and other competitors.  
 
Lynx populations are clearly most viable in areas having extensive, unfragmented boreal forest 
habitats with large patches of high-quality foraging habitat and persistent deep, fluffy snow. Both 
lynx and hares are influenced by the spatial arrangement of preferred habitat. In Ontario, lynx 
preferred habitats with a high degree of connectivity (Walpole et al. 2012, p. 769). In Maine and 
northern Washington, landscapes where habitat was more contiguous supported more 
snowshoe hares than landscapes that were more fragmented (Simons 2009, Lewis et al. 2011). 
Several studies (Koehler 1990a, Mowat et al. 2000, von Kienast 2003, Maletzke 2004, Squires 
and Ruggiero 2007, Squires et al. 2010) have reported that lynx avoid large openings, 
especially during winter. Mowat et al. (2000) suggested that relatively few snowshoe hares use 
large openings, and consequently lynx spend little time hunting in these areas. Koehler (1990a) 
speculated that vegetation management prescriptions that result in distance to cover >100 m 
(328 ft) may change lynx movement and use patterns until such time as sufficient 
reestablishment of forest vegetation occurs. Opening size can also influence seedling 
regeneration and stocking densities (Kreyling et al. 2008). 
 
Similarly, individual lynx have the smallest home ranges and greatest survival and productivity 
in landscapes that have extensive, large patches of habitat in combination with deep, fluffy 
snow. Within their home ranges, lynx strongly select for habitat patches that enhance their 
foraging opportunities (Moen et al. 2008, Vashon et al. 2008a, Fuller and Harrison 2010, 
Squires et al. 2010). Analysis of winter movements of lynx in Maine indicated that lynx 
responded to habitat heterogeneity at a coarse scale within their home ranges by maximizing 

Commented [ZJ98]: pg 



 

95 
 

their access to snowshoe hare prey (Fuller and Harrison 2010). In Montana, lynx selected 
homogeneous spruce-fir patches that supported snowshoe hares and, in winter, avoided recent 
clearcuts or other large openings (Squires et al. 2010). Similarly, in Washington, Lewis et al. 
(2011, entire) reported that landscapes in which hare habitat was more contiguous, or 
surrounded by a mosaic of similar habitat quality, supported more hares than did more 
fragmented landscapes. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations.  
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (>100 acres) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and factors. Changes in habitat, 
prey base, and perhaps competitor guild will likely impact lynx populations in the DPS and in 
southern Canada.  
 
Roads - Paved highways fragment lynx habitat. In the West, they typically follow natural 
features such as rivers, valleys, and mountain passes that may have high value for lynx in 
providing habitat or connectivity. They surround large blocks of lynx habitat in Minnesota and 
northern Maine. Various studies have documented lynx crossings of highways. A male lynx in 
western Wyoming was documented to have successfully crossed several 2-lane highways 
during exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high 
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road densities, human activity, and associated developments appeared to reduce the habitat 
quality based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found 
lynx were 13 times less likely to cross the Trans-Canada Highway relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. 
 
Paved highways also pose a risk of direct mortality to lynx and may inhibit lynx movement 
between previously connected habitats. If lynx avoid crossing highways, this could lead to a loss 
of effective habitat within a home range and reduced interaction within a local population (Apps 
et al. 2007). Lynx and other carnivores may avoid using habitat adjacent to highways, or 
become intimidated by highway traffic when attempting to cross (Gibeau and Heuer 1996, 
Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from gravel 
to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected to increase. 
Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume had no effect 
on lynx distribution. Four-lane highways, such as the interstate highway system, commonly 
have fences on both sides, service roads, parallel railroads or power lines, and impediments like 
"Jersey barriers" that make successful crossing more difficult, or impossible, for wildlife (ILBT  
2013, p. 78). Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 
vehicles per day may be the threshold above which successful crossings by carnivores are 
impeded. In Colorado, lynx successfully and repeatedly crossed major highways, including I-70 
(Ivan 2011c, d, 2012; J. Squires, personal communication 2012). Colorado lynx crossed 2-lane 
highways an average of 0.6 times per day and more frequently during dusk and at night when 
traffic volume was lower (Baigas et al. 2017, p. 204). They also crossed 4-lane highways (I-70), 
especially in forested areas under large, elevated bridges that spanned streams (Baigas et al. 
2017, p. 204).  
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (J. Vashon, MDIFW, unpub. data), 11 in Minnesota (T. Smith, USFWS, 
unpub. data), 1 in Idaho and 5 in Montana (USFWS 2016a, unpubl. data, compiled by K. 
Broderdorp). Between 1995 and 2011, 15 lynx were reported killed on British Columbia 
highways (British Columbia Wildlife Accident Reporting System 2012). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volume and lower speed limits. 
 
Translocated animals may be more vulnerable to highway mortality than resident lynx (Brocke 
et al. 1990), because they often move extensively after their release and are unfamiliar with 
their surroundings. In the Adirondack Mountains of New York, an attempt to reintroduce lynx 
failed and 18 of 37 documented mortalities of translocated animals were attributed to road kills 
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(Brocke et al. 1990). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were killed on highways (Devineau et al. 2010). Traffic volumes on Colorado 
highways where the 13 lynx mortalities occurred were estimated to range from about 2,300 to 
>25,000 vehicles per day (K. Broderdorp 2012, pers. comm.). 
 
Roads of all sizes have many indirect effects to lynx including increased human access (e.g. 
trapping and illegal shooting), and creating edge habitats that promote co-occurrence with 
potential competitors like coyotes and bobcats (Bayne et al. 2008, p. 1195). 
  
Vegetation Management - As described in section 3.3, above, forest management can further 
fragment boreal forest in the northern contiguous United States affecting habitat suitability for 
both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can be 
deleterious to snowshoe hares because they become increasingly restricted to small patches 
with adequate cover, and higher predation rates from a variety of carnivores tend to increase 
local extinction risk (Wolff 1981, Keith et al. 1993, Wirsing et al. 2002; see also Barbour and 
Litvaitis 1993). 
 
Although some forest management can benefit lynx by creating or maintaining a shifting mosaic 
of lynx habitat, it can also be detrimental by fragmenting habitat into small, widely-spaced 
parcels. Changes to vegetation structure can increase landscape resistance to lynx movements 
(Squires et al. 2013). In Montana, fragmentation from forest thinning decreased the probability 
of lynx movements across the forested landscape (Squires et al. 2013, p. 192). Lynx in the 
Northern Rockies are sensitive to changes in forest structure and tend to avoid large forest 
openings (Koehler, 1990; Squires et al. 2010) like recent clearcuts and thinned areas. In Maine, 
the shift from clear-cutting to partial harvesting will continue to increase the number of patches 
of high-quality hare habitat, but it will greatly reduce the size of patches and increase their 
isolation (Simons-Legaard et al. 2016, pp. 5-6),thus diminishing landscape conditions conducive 
to supporting lynx. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1, below). It is uncertain 
to what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009).  
 
Ski Resorts - Ski area development also results in permanent habitat loss and fragmentation. 
One ski run is often separated from the next only by small inter-trail forest islands. Ski runs often 
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are intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren 
tundra ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing 
forest cover, reducing the snowshoe hare prey base, and creating or increasing human 
disturbance in or near linkage areas. There is limited information on lynx behavior and habitat 
use in and around ski areas. Lynx have been known to incorporate smaller ski resorts within 
their home ranges, but may not utilize the large resorts. Preliminary information from an ongoing 
study in Colorado suggests that some recreational use may be compatible, but lynx may avoid 
some areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (Squires 2012, pers. comm.). 
 
More than 50 ski areas exist throughout the range of the lynx in the contiguous United States 
(ILBT 2013, pp. 82-83). Most ski areas are located on north-facing slopes, where ample snow 
conditions provide for extended ski/snowboard recreational seasons. In the western states, 
many of these landscapes feature spruce-fir forests. While ski resorts occupy a small proportion 
of the landscape, spruce-fir forests provide important habitat for snowshoe hares and lynx at the 
southern extent of their range. In winter, alpine and Nordic skiing and snowboarding are the 
primary uses. Most of these resorts offer year-round recreation, with summer activities typically 
including hiking and mountain biking.  
 
Mining Leasable Minerals - Activities associated with exploration and development of leasable 
minerals occur primarily in western units of the DPS. Very little mining development occurs in 
Minnesota and northern Maine. Mining affects lynx habitat by changing or eliminating the native 
vegetation, human disturbance, and contributes to habitat fragmentation. Development of a high 
density of wells, as is typical of coal-bed methane development (e.g., 1 well per 2–4 ha [5–10 
ac]), could affect lynx by directly removing habitat or causing sufficient human presence to 
displace lynx. The development of associated roads, powerlines, and pipelines to facilitate 
exploration and development also result in a loss of lynx habitat and contribute to fragmentation 
of habitat. In some areas, for example in the Wyoming Range, extensive oil and gas 
development is occurring within lynx habitat. 
 
Locatable Minerals - Only a fraction of the historical number of mines is operating today. Those 
that continue to operate do so with more stringent environmental protection measures. 
However, in some parts of the United States, minerals exploration and new development seem 
to be increasing. Activities associated with exploration and development of locatable minerals 
could affect lynx habitat by changing or eliminating the native vegetation, and by contributing to 
habitat fragmentation. The effects can be variable depending on the size of the associated 
mining operation or development. Locatable minerals are extracted through both open pit and 
sub-surface mines with potential habitat alteration ranging from tens to thousands of hectares. 
In some instances, such as larger mining operations, land exchanges are conducted to 
consolidate private ownership of the surface above a deposit prior to mine development. 
Depending on lands exchanged this could retain lynx habitat in public ownership, but could still 
result in a net loss of habitat. Development of road and perhaps railroad access to facilitate 
exploration and development also directly impact lynx habitat, contribute to fragmentation, and 
result in direct mortality. Despite these potential effects, mining exploration and development is 
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generally anticipated to affect only a small portion of lynx habitat in the contiguous United 
States. 
 
Salable Minerals - In general, salable minerals are found close to the surface. During 
exploration activities, equipment is moved to the site, and a number of test pits are dug or holes 
drilled to determine the quality of material. If desired minerals are found in suitable quantity, 
then vegetation is removed and materials are excavated. For example, gravel pits are needed 
for logging road development and maintenance and are common occurrences throughout areas 
of the DPS that are in active forest management. Areas developed for salable minerals can vary 
in size from a single truck load to tens of acres. Impacts to lynx include the potential alteration or 
removal of lynx habitat, increased fragmentation, and the potential for human-caused mortality 
from road development. 
 
Wind Energy - Wind energy development and associated transmission lines in lynx habitat is 
increasing across the nation. Facilities are located on ridge tops or other areas exposed to 
consistent wind. The construction of wind facilities including access roads may result in loss of 
lynx habitat and increased fragmentation from permanent forest clearings. Noise and human 
activity associated with the construction and operation of wind facilities could disturb or displace 
lynx from important habitats. Effects would likely continue through the life of the project, which 
may exceed 20 years. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen the right-of-way. Utility corridors may facilitate human access into 
previously remote areas thus exposing lynx to increased trapping and possible illegal shooting. 
 
Agriculture - Agricultural activity is not expanding currently in lynx habitat areas in the DPS 
range. In fact, in the late 1800s, over 3 million acres of northern Maine was in farming, 
compared to about 700,000 acres today (Ahn et al. 2002, p. 8). Most of the current farming is in 
northeastern Maine, where it fragments the forested landscape corridor between core habitats 
in northern Maine and western New Brunswick, Canada. Forest clearing for agriculture may 
have contributed (along with increasing road densities and an expansion in coyote distribution) 
to the recent contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, 
p. 1195).  
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
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species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad, forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern Minnesota to 
southern Ontario. Given the perceived importance of lynx immigration from Canada to the 
persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), roads and other 
forms of habitat loss and fragmentation that may impede lynx movements in the border regions 
of Canada and the United States are of concern. 
 
Again, could use a summary paragraph here of the most important sources and consequences 
of habitat loss and fragmentation. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2, above). However, research and 
surveys over the last2 decades have significantly improved our understanding of the current 
distribution, habitats, and the status of resident populations compared to what was known when 
the DPS was listed in 2000. For example, although we knew there were some resident lynx in 
Maine (Unit 1), we lacked information on the quality and distribution of lynx and hare habitats 
and the potential number of lynx. We now know this unit currently has large areas of high-quality 
habitat created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
this unit currently supports the largest resident lynx population in the DPS. Similarly, when the 
DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident population. 
We now know that a persistent population of perhaps 50-200 lynx occupies the northeastern 
corner of the state. Research also suggests that lynx and habitats in the western United States 
(Units 3, 4, 5, and 6) are naturally less abundant and more patchily-distributed than was thought 
at the time of listing, and several areas thought to have historically supported small resident 
populations currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 
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3], and the Kettle Mountains of northeastern Washington). We also know that recent extensive 
wildfires in north-central Washington (Unit 4) have substantially reduced (probably temporarily) 
the amount of high-quality lynx habitat and likely caused a decline in lynx numbers there. 
Finally, as a result of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the 
subsequent survival and reproduction of some of these lynx and some of their offspring, 
resident lynx currently occupy parts of western Colorado (Unit 6), although the current number 
of lynx there is uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; Figure 1). Of the 5 occupied units, 
4 are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2) (see tables 1, above, and 3, below). Our analyses and lynx expert imput 
indicate no single catastrophic event that could result in the functional extirpation (loss of the 
ability to support resident lynx populations) of the entire DPS and, further, no or a very low 
likelihood of functional extirpation of any of the individual geographic units caused by a single 
catastrophic event (Lynx SSA Team 2016a, p. 56).  
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, p. 2], Isle Royale in Lake Superior [Licht 
et al. 2015, entire]). Any small populations that were lost were not in large, discrete geographic 
units that would have represented substantially greater redundancy in the contiguous United 
States. The implications of the potential recent loss of resident lynx in the GYA for the 
redundancy of the DPS are unclear. The historical record and recent research show that the 
GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
National Parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
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Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous United States. Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, we find that the current level of representation does not appear to represent a decrease 
from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see Table 4, below), 
they were collected using different methods, at different times, and for different intervals, and 
possibly at different points in hare population cycles or fluctuations and, therefore, do not 
provide a consistent measure of resiliency. Efforts to understand resiliency within the DPS are 
also confounded by the metapopulation structure thought to govern lynx populations at the 
southern margin of their continental range, which suggests that some populations may be 
naturally ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when 
conditions are not favorable). The related uncertainty about the extent to which DPS populations 
may rely on cyclic immigration of lynx from Canada during population irruptions and the 
ambiguity in the historical record that limits our understanding of the relative persistence of lynx 
in various geographical areas also limit our ability to characterize, rank, or model the relative 
contribution of each geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
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mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4) and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places.  
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses northern hardwood and spruce-fir 
forest (the Acadian forest) in northern Maine, but small areas of similar habitat also occur in 
northern New Hampshire and northern Vermont. Resident lynx in this unit are part of a larger 
population that also occupies southern Quebec (where trapping is legal) and northern New 
Brunswick (where lynx are a provincially-endangered species and harvest is prohibited). There 
are no reliable estimates of current or historical resident lynx numbers in this unit. At the time of 
listing, the Northern Maine Unit was not believed to contribute significantly to the DPS. 
However, we now know that there currently is sufficient habitat in this unit to possibly support 
the largest reproducing resident population of lynx in the DPS (numbers and trends unknown, 
but enough habitat currently exists to support possibly 500 to 1000 lynx). Small numbers of 
reproducing lynx have also been documented recently in northern New Hampshire and northern 
Vermont. Historically, when Maine had a greater proportion of mature forest, lynx distribution in 
this unit was likely patchier, and lynx populations were likely lower and may have been more 
dependent on immigration from Canada. Forest management is now the primary driver of hare 
and lynx habitat in this DPS unit. Current lynx and hare habitat is at an historically high level 
because of young, regenerating softwood forests created by extensive clearcutting and 
herbicide application to salvage spruce-fir and encourage softwood regeneration following a 
severe spruce budworm outbreak in the 1970s and 1980s (Hoving et al. 2004, Vashon et al. 
2008b). Lynx responded to these conditions with high survival and reproduction, small home 
ranges, and moderate population densities. State forestry regulations passed in 1989 caused 
landowners to shift to various forms of partial harvesting that have resulted in lower landscape 
hare densities across much of the unit. Hare populations do not seem to cycle in this region, but 
hare numbers declined by 50 percent starting in 2006 and have remained at lower levels. 
Reproduction and survival rates in the low-hare environment after 2006 suggest a slightly 
declining population. Unlike other units of the DPS, lynx habitat in northern Maine occurs nearly 
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entirely on private, industrial forest lands, and landowners do not have long-term commitments 
to lynx management. The majority of lands in Maine are owned now by investment companies 
that wish to diversify income from their investments, which could result in forest practices less 
likely to result in hare and lynx habitat maintenance and conservation. Other potential stressors 
on private lands include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. The next spruce budworm outbreak is imminent, 
but forestry response by investment landowners is uncertain. Climate change is a concern as 
snow depth and duration are currently at the minimum thresholds believed necessary to give 
lynx a competitive advantage over bobcats and other mesocarnivores. There is currently no 
clear evidence of climate change effects on lynx distribution.  
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder or willow shrub swamps, and black spruce or 
tamarack bogs. Despite uncertainty when the DPS was listed, it has become apparent that a 
reproducing resident population of roughly 50 to 200 lynx exists in northeastern Minnesota. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario, where trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated 
by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites are 
associated with regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of 
northeastern Minnesota appear to be sufficient to support a viable lynx population and are 
highest in regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest 
continues to manage lynx habitats in accordance with its 2004 Forest Plan, which includes 
measures to minimize several risk factors and promote lynx conservation on the forest. 
Management of lynx habitat on State and private lands is voluntary and lacks long-term 
commitments to lynx management. Factors affecting current conditions in this unit primarily 
include forestry management, roads, and incidental trapping; other factors that could potentially 
impact resident lynx in this unit include mining development, snow compaction (related to winter 
recreation?), competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx 
mortalities have been documented in Minnesota from unknown causes (16), incidental trapping 
(11), vehicle collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-
collared in Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 
of unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 3 
subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
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2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and 
hare habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest 
and associated management (e.g., thinning, road construction, fire suppression) appear to have 
had localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size and 
intensity of wildfires have increased over the past several decades, likely in response to climate 
warming, but impacts to lynx are uncertain. Whether and if so to what extent other climate-
mediated factors have influenced the current condition of lynx populations or habitats in this unit 
is also unknown. Regulations prohibit lynx trapping and require measures to reduce the 
likelihood of trapping lynx incidentally when legally trapping other species. Hare densities have 
not been estimated broadly throughout the unit but appear to be low or marginal even in what is 
considered the highest-quality habitat, suggesting that even small decreases in habitat 
quality/hare densities could influence its continued ability to support resident lynx. The role of 
past and recent immigration in maintaining the demographic and genetic health of current lynx 
populations in this unit is unknown, but peaks in cyclic lynx numbers in Canada have declined, 
especially when compared to the unprecedented irruptions of the early 1960s and 1970s, and 
there is no evidence of significant immigration into this unit since then. 
 
Unit 4 - North-central Washington:  This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
There are no reliable estimates of historical or current resident lynx numbers in this unit, but 
recent habitat and home range analyses (summarized in Lewis 2016) suggest that it may have 
been capable of supporting 65-90 lynx prior to extensive wildfires  over the past 2 decades. 
Those fires affected about a third of the potential lynx habitat, led to increased home range size, 
and may have reduced the carrying capacity of this unit to 40-55 lynx currently. The recent 
increase in wildfire frequency, size, and intensity in lynx habitat in this unit may have been 
influenced by climate change (Westerling et al. 2006, pp. 942-943). There is significant risk for 
potential future wildfires to further affect the viability of lynx in this geographic unit. Burned 
habitats are expected to regenerate back into suitable lynx habitat, but this may take 10-40 
years. Results of snowshoe hare research suggest that hare densities in Washington are 
generally at the low end of the range thought necessary to support lynx persistence. The 
Okanogan-Wenatchee and Colville National Forests, which administer more than 90 percent of 
lynx habitat in Washington, continue to manage in accordance with the LCAS. Additionally, the 
WADNR, which manages approximately 4 percent of lynx habitat in Washington, developed a 
Lynx Habitat Management Plan in 1996, which was updated in 2006 and is also largely based 
on the LCAS. The Kettle Range to the east of this unit was suspected to have supported a small 
(likely fewer than 20 individuals) resident population until about 30 years ago when over-
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trapping may have resulted in its extirpation (Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether and, if so, 
to what extent other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of reproduction 
among these lynx.  
 
Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit, but lynx managers believe it may currently support 100-250 lynx as a result 
of the 1999-2006 release of 218 lynx from Canada and Alaska. This unit is not directly 
connected to lynx populations in Canada, and it does not appear to have received immigrant 
lynx during the historic irruptions of the early 1960s and early 1970s. Since the DPS was listed 
and the Southern Rockies Lynx Amendment completed, 2 bark beetle epidemics have altered 
large areas of lynx habitat in Colorado. Similarly, large wildfires have reset successional 
conditions in several areas of lynx habitat in the San Juan Mountains. Areas affected by beetles 
that contained multistoried stand conditions likely continue to provide habitat to support 
snowshoe hares and lynx. Areas affected by beetles and fire may require 20 years or more to 
recover to a point where the stands will again support snowshoe hares. Large-scale monitoring 
efforts in the San Juans documented continued lynx occupancy during winter 2010-11 and 
2014-15, and it is reasonably likely that lynx continue to occupy all National Forests within the 
State of Colorado. Habitat that supports snowshoe hares is patchily distributed in this 
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geographic unit, which limits their abundance. Because the majority (90 percent) of potential 
lynx habitat in Colorado is under Federal land management, actions occurring on other 
ownerships are unlikely to result in significant impacts to lynx habitat within this unit. The USFS 
manages over 85 percent of the lynx habitat in this unit, providing conservation through the 
Southern Rockies Lynx Amendment. However, regulatory mechanisms for the conservation of 
lynx are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including 
lynx habitats on some BLM and some non-Federal lands. 
 
Table 3. Summary of current conditions in 6 geographic units within the DPS range1.  

 
1Estimators used to calculate home range size are provided in table 2, above. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This unit encompasses approximately 28,909 km2 (11,162 mi2) of northern 
hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been designated 
as critical habitat for lynx (79 FR 54823-54828). Lynx have recently been documented in smaller 
areas of similar habitat outside this unit in eastern and western Maine, northern New 
Hampshire, and the northeaster corner of Vermont. Climate in this region is characterized by 
warm summers and some of the coldest temperatures and highest snowfalls in the eastern 
United States; a function of latitude, elevation, and distance from the ocean. The average terrain 
rises in northern Maine to 305-457 m (1,000-1,500 ft) with mountain peaks, particularly in 
western Maine, northern New Hampshire, and Vermont from 914-1,524 m (3,000-5,000 ft). This 
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region is far enough inland to be unaffected by marine influences. Average annual precipitation 
is currently 104 cm (41 in), with greatest precipitation in winter in the form of snow (average total 
snowfall is 228-280 cm (90 -110 in), with higher amounts at the highest elevations. Snow 
duration is about 4 months (mid-November through mid-April). 
 
Most of the lynx habitat in the Northeast occurs in northern Maine within the designated critical 
habitat boundary all. Land ownership in the critical habitat unit boundary is about 90 percent 
private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-designated 
Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), and 1 percent 
Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Private lands are almost entirely 
commercial forest lands. Lynx regularly occur outside of the designated critical habitat boundary 
in parts of northeastern, eastern, and western Maine and, recently, in northernmost New 
Hampshire and Vermont (see below). 
 
The Northern Maine geographic unit is directly connected to lynx habitats and populations in 
southern Quebec and northern New Brunswick, Canada. Lynx in this unit represent the 
southern extent of a larger cross-border population, most of which occurs in the Gaspe region of 
southern Quebec and northern New Brunswick (Ray et al. 2002, pp. 17-20). Lynx in the 
northern Maine unit are geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are geographically isolated from other lynx populations on the island of Newfoundland 
(900 km [559 mi] east of Maine), and on Cape Breton Island, Nova Scotia (650 km [404 mi] 
southeast of Maine) (Koen et al. 2015, entire). The closest lynx population in the DPS is located 
in northeastern Minnesota, about 1,700 km (1,056 mi) west of Maine.  
 
New Hampshire - Potential habitat in norther New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, Fig. 2 and p. A–298; Robinson 2006, Fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler 1971, Silver 1974, Hoving et al. 
2003). Habitats with the highest probability of occurrence are in Pittsburg in northern New 
Hampshire and the White Mountain National Forest in the central area of the State (Siren 2014, 
p. 34). The majority of the habitat in northern New Hampshire is located on the 101-km2 (39-mi2) 
Connecticut Lakes Natural Area (CLNA), which is owned and managed by New Hampshire Fish 
and Game. Surrounding habitat is owned and managed by the Connecticut Lakes Timber 
Company under a conservation easement held by the State. Occurrence records from the past 
10 years have been centered on these 2 ownerships (Kilborn 2015, App. A, pp. 42-43). The 
CLNA, under a conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to 
mature to a climax forest type which is contained within what is considered core lynx habitat. 
The area will potentially provide good denning habitat but will likely restrict the amount of 
snowshoe hare habitat in the foreseeable future. Current conditions are in a transition state, and 
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portions of the core area currently support higher densities of snowshoe hare because of past 
forest management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a 
high component of deciduous forest and insufficient snow conditions in New Hampshire are 
unlikely to support viable lynx populations over time (Hoving et al. 2005, pp. 739, 749). 
 
Vermont – Recent modeling to determine potential lynx habitat connectivity in the Northeast 
suggests that the Nulhegan River Basin contains Vermont’s best lynx habitat (Farrell 2012) . 
The 530-km2 (205-mi2) area is approximately 20 percent Federal (Nulhegan National Wildlife 
Refuge), 17 percent State (Vermont Department of Natural Resources), and 63 percent private 
commercial timber lands (with conservation easement). The future persistence of lynx in 
Vermont is unlikely because of the patchy and limited amount of potential habitat, climate 
change (decreasing snow), trends toward hardwood management, and increasing human 
disturbance (Vermont Fish and Wildlife 2015, Appendix A5 p. 127). 
 
Habitat Description:  In the Northern Maine unit, most lynx occurrence records are found within 
the broadly described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This 
habitat type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This habitat type becomes naturally fragmented and begins to diminish to the south 
and west, with a disjunct segment running north-south through Vermont, and a patch of habitat 
in the Adirondacks of northern New York (McKelvey et al. 2000a, pp. 248-250). This area is part 
of the Acadian Forest Region (Rowe 1972, p. 112-129) representing a transition between 
northern boreal spruce and balsam fir and southern temperate deciduous forests (Seymour and 
Hunter 1992, pp. 3-4). Northern Maine is characterized by low-relief, hilly terrain, but with some 
higher elevations up to 1,600 m (5,250 ft; e.g., Katahdin Highlands, western Maine, White 
Mountains in central New Hampshire). Higher elevations support a predominantly coniferous 
forest (white, red, and black spruce; balsam fir; eastern white pine) intermixed with northern 
hardwoods (red maple, aspen, white birch, sugar maple, beech, and yellow birch). Lowland 
areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
Current lynx and hare habitats are associated with spruce-fir stands repeatedly harvested for 
forest products. Hares and lynx are associated with stands of regenerating sapling (15–35 years 
old) spruce-fir forest that provide dense horizontal cover (Robinson 2006, pp. 26–36; Vashon et 
al. 2012, p. 15). Lynx are more likely to occur in large (100 km2 [40 mi2]) landscapes having a 
high percentage (>27 percent) of regenerating forest, and less likely to occur in landscapes with 
very recent clearcut or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-
Legaard et al. 2013, entire). Regenerating stands used by lynx generally develop after forest 
disturbance (almost exclusively logging) and are characterized by dense horizontal structure 
and high stem density within 1 m of the ground. These habitats support the highest snowshoe 
hare densities (Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 
2005a, pp. 10–11). At the stand scale, lynx in northwestern Maine selected older (11- to 26-
year-old), tall (4.6 to 7.3 m [15 to 24 ft]) regenerating clearcut stands and older (11- to 21-year-
old) partially harvested stands (Fuller et al. 2007, pp. 1980, 1983–1985). At the home range 
scale, lynx select landscapes having extensive regenerating conifer forest, but also with some 
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mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx may select partial 
harvested and mature conifer stands because of increased ease of travel and prey access 
along the extensive edges with high-quality (regenerating clear-cut) habitats (Simons-Legaard 
et al. 2013, p. 574). 
 
Most of the high-quality hare and lynx habitat in northern Maine is the result of extensive 
landscape-scale clearcut timber harvesting in response to a spruce budworm outbreak in the 
1970s–1980s (Simons 2009, pp. 64, 218). Many of these clearcuts were also treated with 
herbicides to promote conifer regeneration by suppressing deciduous tree species. Both the 
current amount of high-quality habitat and the lynx population in Maine are likely larger than 
occurred prior to European settlement, when a relatively smaller proportion of the forest was in 
an early successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). Historically, 
the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in smaller, more 
frequent disturbances and long intervals between larger disturbances. 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; D. Harrison, Univ. Maine, unpub. Data; Vashon et al. 2012, p. 14). Prior to 2006, several 
estimates of hare densities in the highest quality, regenerating conifer or mixed forest averaged 
1.9 to 2.1 hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 
2006, hare densities declined by about half in all stand types and have remained at these lower 
levels (Scott 2009, p. 109; D. Harrison, Univ. Maine, unpub. data). Similar trends were observed 
in the Gaspe Region of Quebec (Assells et al. 2007, entire). In 1990, hare densities in dense, 
regenerating spruce-fir stands in New Hampshire were 0.5 hares/ha (0.2 hares/ac) at low and 
high elevations (Brocke et al. 1990, p. 61). More recently, Siren et al. (2015) reported lower 
densities in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and 
lowland spruce-fir. Densities in high elevation (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont or New York. The average landscape hare density in home range-sized areas 
occupied by lynx in Maine was 0.74 hares/ha (Simons-Legaard et al. 2013, p. 567). Based on 
these observations, Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining 
landscape hare densities of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-
quality hare habitat within 100-km2 areas) to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are patchily distributed and intermixed with northern hardwoods, riparian areas, and 
peatlands. USFS forest inventory data indicate that over 16,000 km2 of forestland are classified 
as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset Counties in northern Maine 
(McWilliams et al. 2005, p. 122), although not all of this forest type is in areas occupied by lynx. 
In a roughly 14,500-km2 area in northern Maine (approximately 50 percent of the designated 
critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 km2 of the 
forested landscape was comprised of spruce-fir in a young, regenerating stand condition that 
provide high quality hare habitat. This habitat is similar to, and contiguous with, forested areas 
in Quebec and New Brunswick, Canada that support lynx (Hoving et al. 2005, pp. 740-741). The 
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current range of lynx in the Northern Maine Unit is associated with areas of deep snowfall, 
extensive (100-km2 [40-mi2]) forested landscapes, and areas having a high proportion of 
regenerating conifer-dominated forest that had previously been clearcut and treated with 
herbicides to suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287).  
 
Lynx habitat in the northern Maine unit is associated with large-scale, intensive forest 
management (Harper et al. 1990, entire; Hoving et al. 2004, pp. 291-292; Simons 2009, p. 8; FR 
74 8616–8701). Patches of boreal forest in New Hampshire, Vermont, and New York are more 
highly fragmented and smaller than in northern Maine. These more southerly forests also 
contain a higher proportion of northern hardwood and are believed to lack an adequate conifer 
component needed to produce sufficient snowshoe hare densities to consistently support 
resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 1100). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforce the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp.64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found the 
probability of lynx occurrence was >50 percent when snowshoe hare landscape densities were 
>0.74 hares/ha (0.39 hares/ac) and there was >10 percent mature conifer forest. In Maine, lynx 
selected softwood-dominated (spruce and fir) regenerating stands (Fuller et al. 2007, pp. 1983-
1985; Vashon et al. 2008b, pp. 1492-1495) and adjacent older (11–21 years post-harvest) 
partially-harvested stands (Fuller et al. 2007, pp. 1983-1985). Lynx were more likely to occur in 
landscapes with abundant regenerating forest, and less likely to occur in landscapes dominated 
by recent clearcut or partially harvested stands (Hoving et al. 2004, pp.289-292). Regenerating 
stands used by lynx typically developed 15–30 years after harvest (Hoving et al. 2004, p. 291), 
and were characterized by high stem density and dense horizontal cover within 1 m (3 ft) of the 
ground (Robinson 2006 pp. 33-35, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 1276-
1278). These habitats supported high snowshoe hare densities (Homyack 2003, p. 53; Fuller 
and Harrison 2005, p. 716, Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). 
 
During winter, lynx primarily selected tall (4.4–7.3 m [15–24 ft]) regenerating clearcuts and 
established partially harvested stands that were 11–21 years post-harvest (Fuller et al. 2007, 
pp. 1984-1985). Lynx selected against mature second-growth stands (>40 years old), short 
(3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially harvested stands <10 years post-
harvest, and roads and road edges (Fuller et al. 2007, pp. 1980, 1983-1985). Research of year-
round habitat use yielded similar results, with lynx preferentially using conifer-dominated sapling 
stands that were 3.4–7.3 m (11–24 ft) in height and supported high densities of snowshoe hares 
(Vashon et al. 2008b, pp. 1492-1495). Lynx tended to forage in areas with intermediate to high 
hare densities, where hares were more accessible to lynx compared to the densest (short 
regenerating) stands Fuller and Harrison 2010, pp. 1276-1278). 
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Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
Historically, lynx habitat in northern Maine was likely much less abundant and less broadly-
distributed than it is today. Both the current amount of high-quality habitat and the lynx 
population in Maine are likely larger than occurred prior to European settlement, when a 
relatively smaller proportion of the forest was in an early successional stage (Lorimer 1977, 
entire; Vashon et al. 2012, pp. 45, 56). In the Northeast prior to European settlement, lynx 
habitat was created and maintained by frequent, small-scale forest gap dynamic events and 
infrequent, large-scale stand-replacing forest disturbances (Seymour et al. 2002, pp. 359-365; 
Lorimer and White 2003, pp. 54-58). Higher elevation boreal forests often exhibit an even-aged 
wind-throw phenomenon known as fir-waves (Sprugel 1976, entire). Large, stand-replacing 
events (fire, wind and ice storms, insect outbreaks) are rare (interval of several hundred to 
several thousand years) and highly variable in size (Seymour et al. 2002, entire; Lorimer and 
White 2003, pp. 50, 54, 59). Spruce budworm, spruce beetle, beech bark disease, and sugar 
maple defoliators have been important influences affecting forest landscape patterns (McNab 
and Avers 1994, Chapter 14). The frequency and intensity of spruce budworm outbreaks, the 
most likely insect to affect lynx habitat, have been highly variable in Maine and eastern Canada 
in recent centuries (Blais 1983, entire). In this geographic area, wildfire is less significant as a 
natural agent of disturbance. The typical fire regime is infrequent surface fires in the dormant 
season in the hardwood forests, and slightly more frequent but long-interval fires in conifer 
forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer and 
White 2003, p. 59). For the past several decades, early successional forests and lynx habitat in 
northern Maine, New Brunswick, and southern Quebec have been created almost exclusively by 
forest management (Lorimer and White 2003, pp. 42-43). 
 
Favorable habitat conditions for snowshoe hare and lynx in Maine resulted from large-scale 
salvage cutting (clearcutting) following a spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004, p. 291). After salvage harvest of the affected trees, a portion of the area 
was sprayed with herbicide to reduce deciduous competition (Scott 2009, pp. 7, 14). The 
resulting vegetation was dominated by balsam fir and red or black spruce (Scott 2009, p. 60). 
This created favorable habitat conditions for snowshoe hares and lynx. Habitat conditions for 
hares and lynx in the unit improved from the late-1980s to present, benefitting from stand-
replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 122-229; 
Simons-Legaard et al. 2016, entire). During this time period, the percentage of forestland with 
an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) increased 400 
percent (Simons-Legaard et al. 2016, p. 7).  
 
Current habitat is likely at historically high levels, but this habitat has peaked and lynx habitat 
will decline in the near future (Simons-Legaard et al. 2016, pp. xx). In response to the 
widespread clearcutting in the 1970s and 1980s, Maine passed the Forest Practices Act in 
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1989. This Act regulated clearcutting. Various forms of partial harvesting replaced clearcutting 
as the predominant form of forest management in northern Maine. Partially harvested stands 
(e.g., selection harvest, shelterwood harvest, overstory removal) have a wide range of residual 
stand conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006, p. 29). On average, partially harvested stands support 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006, p. 
26-27).  
 
Maine’s forest practices shifted dramatically after the Maine Forest Practices Act. Over 95 
percent of cutting that occurs now in northern Maine is partial harvesting compared to 59 
percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). 
This new cutting regime results in lower landscape densities of snowshoe hares (Fuller 1999, 
Homyack 2003, Robinson 2006, Scott 2009). Another consequence of partial harvesting is that 
a much greater acreage needs to be cut annually to attain similar harvest volume (as compared 
to clearcutting). Annual harvest rates have increased from about 100,000 acres per year (before 
the Forest Practices Act) to about 500,000 acres per year (after the Act). Thus, 17 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Long-term, binding land management commitments are lacking in the northern Maine unit. 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Nadeau-Drillen and Ippoliti 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 100,000 acres including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), 2 tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Nadeau-Drillen and Ippoliti 2006, p. 13). 
 
There are short-term commitments to manage lynx habitat in the northern Maine unit. In 2003, 
Congress passed the Healthy Forest Restoration Act. Title V of this Act designates a Healthy 
Forest Reserve Program (HFRP) with objectives to: (1) promote the recovery of threatened and 
endangered species, (2) improve biodiversity, and (3) enhance carbon sequestration. In 2006, 
Congress provided the first funding for the HFRP, and Maine, Arkansas, and Mississippi were 
chosen as pilot States to receive funding through their respective Natural Resources 
Conservation Service (NRCS) State offices. Based on a successful pilot program, in 2008, the 
HFRP was reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the 
Federal Register (75 FR 6539) amending regulations for the HFRP based on provisions 
amended by the bill. 
 
In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time 4 private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
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Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. The details of the plans are 
proprietary and will not be made public per NRCS policy. 
 
Short-term commitments to lynx management will expire in 2016 and 2017. Unlike lynx forest 
plans on Federal lands, HFRP plans lack long term commitments beyond an initial 10-year 
contract period. Plans were prepared for a forest rotation (70 years) and include a decade-by-
decade assessment of the location and anticipated condition of lynx habitat on the ownership. 
However, landowners are only committed to a 10-year contract, and long-term commitments to 
lynx management are voluntary. Some landowners developed plans exclusively for lynx, and 
others combined lynx management (umbrella species for young forest) with American marten 
(umbrella species for mature forest) and other biodiversity objectives. All 4 plans have been 
completed and contracts with NRCS will expire in 2016 and 2017. Landowners have the option 
to convert HFRP contracts into Safe Harbor Agreements or other agreements to provide 
regulatory assurances, however, at this time this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program, which requires safeguards 
for threatened and endangered species. Other landowners are certified under the Sustainable 
Forestry Initiative (SFI). Both certification programs require planning for threatened and 
endangered species. However, certification programs are also voluntary and may not include 
long-term commitments. Few certified landowners have consulted with the Service on forest 
management for lynx. Given the frequent turnover in Maine forest lands, new landowners do not 
always renew certification or resume the certification programs initiated by the previous 
landowner. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
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widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records (Vashon et al. 2012, entire; Siren 2015, entire) document that 
lynx occur throughout northern Maine and in small, isolated pockets in western and eastern 
Maine, northern New Hampshire, and Vermont (Siren 2015, entire). Population size and trends 
are still uncertain. 
  
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario. However, sufficient numbers of individuals cross the river on 
the ice each generation to prevent genetic drift of this population (Koen et al. 2015). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS, numbering at least several hundred and perhaps more than 1,000 
resident lynx (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA Team 2016a, p. 
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18) . Habitat in northern Maine can support lynx densities in localized areas of high-quality 
habitat that are substantially greater than densities elsewhere in the DPS (LCAS 2013, p. 23). In 
2003 when hare populations were high, lynx density (juveniles and adults) in one of Maine’s 
highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 2008a, 
Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17.0-44.9/100 km2) and low periods (2.3-
3.0/100 km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 
1997). Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area 
(about half of the critical habitat area designated in 2014) in northern Maine could potentially 
support a population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix 
IV) estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx is unknown because there are no methods available to 
measure and produce true population estimates over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine may occur only 
ephemerally, winking on an off over time as would be expected at the periphery of the range of 
a mainland-island metapopulation structure, and as suspected for other lynx populations at the 
periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 81, 95-104). From 
1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 townships to 
document the distribution of lynx and to inform habitat modeling at the University of Maine 
(Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire; Simons 
2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, McKelvey et al. 2000a, pp. 212-214). There were only2 records 
in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, a small 
resident population likely occurred historically in New Hampshire but no longer exists (68 FR 
40087). Lynx were detected in northern New Hampshire in 2006 and have occurred there 
annually since (Siren 2014, pp. 53, 55). In 2011, 4 lynx kittens were observed in Pittsburg and 
were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix A, p.44). 
There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was first confirmed in 2012 in the Nulhegan 
Basin when the tracks of 3 lynx, a presumed family group, were observed travelling together in 
late February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more 
intensive surveys in Vermont have resulted in only a single photograph of a lynx in 2014 
(Bernier 2015, pp. 1-3; Bernier 2016, pers. comm.). 
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Resident lynx do not presently occur in New York. A resident population reportedly occurred 
historically in the Adirondack Region of northern New York, but it was considered extirpated by 
1900 (Brocke 1982, McKelvey et al. 2000a, pp. 215-217). However, there are 23 verified lynx 
occurrences since 1900, primarily from the Adirondack Mountains, including the most recent 
verified record from 1973 (McKelvey et al. 2000a, p. 216. Habitat and prey conditions were 
deemed suitable for a lynx reintroduction in 1989–1991, when 83 lynx were released into the 
Adirondacks over 3 winters (Brocke 1982). The reintroduction was unsuccessful in establishing 
a resident population, and in 2003 the Service concluded that a resident population may have 
existed in New York prior to 1900, however, records of lynx since 1900 likely represent 
dispersers (68 FR 40087). 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire), resource use (Vashon et al. 2008b, entire), survival (Vashon et al. 2012, 
pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects of their life history 
(Vashon et al. 2012, entire). During the period when snowshoe hare populations were highest 
(2000-2006), Maine lynx had among the highest reproductive rates (average litter size 2.74, 89 
percent of adult females producing litters) in the DPS (Vashon et al. 2012, pp. 18-19). During 
the current (2006-present) period of low hare density, litter size was smaller, only 30 percent of 
females had litters, and mortality was greater. Maine lynx have among the smallest home 
ranges documented in the DPS (Vashon et al. 2008a, p. 1482; LCAS 2013, p. 24; also see 
tables 2 and 3, above). Home range sizes were similar during periods of high and low hare 
density (Mallett 2014, p. XX). Lynx populations likely increased during the period of high hare 
density (lambda [λ] = 1.16) and declined during periods of low hare density (λ = 0.88) (USFWS, 
Vortex 10, deterministic population simulation 2016; demographic data from Vashon et al. 2012, 
pp. 17-21). 
  
In summary, Maine lynx and hare habitats are believed currently to be at historical highs. In the 
Northeast prior to European settlement, lynx habitat was created and maintained by small-scale, 
frequent forest gap dynamic events and large-scale, infrequent (stand-replacing) forest 
disturbances (Seymour et al. 2002; Lorimer and White 2003). Historically, lynx distribution was 
patchy, and lynx populations likely fluctuated and may have been more dependent on 
immigration from Canada. Current habitat is the result of widespread clearcutting to salvage 
spruce and fir damaged by a spruce budworm outbreak in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods (Hoving et al. 2004, Vashon et al. 2008b). 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005, Fuller et al. 2007, Vashon et al. 2008b, Simons-Legaard et al. 
2013). Lynx habitat is expected to remain stable for the next few years then decline because of 
changing forest practices (Simons-Legaard et al. 2016). 
 
Factors Affecting Current Conditions 
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Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2014). Rapid winter warming in recent 
decades is believed to be caused by reduced albedo effect caused by the diminished 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where there is regularly total 
snowfall of at least 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of 
lynx (to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, 
Peers et al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range 
of the lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 
cm (90-104 in; NOAA 201113). In the last 50 years, 18 of 23 snow sampling sites in and near 
Maine experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in 
New England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et 
al. 2008). Thus, average snow conditions in Maine are currently at or below snow depth 
thresholds for lynx, and further declines in annual snow depth would be expected to reduce the 
probability of lynx persistence in the region (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated in the Northeast. 
Unlike other units, annual precipitation in Maine is increasing because of climate change, but 
                                                 
13 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 
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primarily as rain (A. Siren in Lynx SSA Team 2016a, p. 15; Fernandez et al. 2016), and 
especially rain on snow events in winter in northern Maine (Huntington and Hodgkins 2004, 
Deser et al. 2013, Fernandez et al. 2015). Snow density and compaction and crust conditions 
(caused by wet, heavy snow or rain on snow events in winter) have increased in northern New 
England (Dudley and Hodgkins 2002, Huntington et al. 2004, Huntington 2005, Hodgkins and 
Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description and Habitat Status sections 
above. 
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine. Annual precipitation is comparatively greater in this unit than 
others, and conditions for fire are infrequent. The fire regime in this unit is infrequent (50- to 
200-year interval) and generally small (several acres) surface fires in the dormant season. 
Large (up to 80,000 acres) stand-replacing fires are rare and occur at a less frequent interval 
(800 to 9000 years; Seymour et al. 2002, p. 360). In contrast, spruce budworm outbreaks cause 
stand-replacement over large areas every 100–250 years (Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. Several lynx that were captured and radio-
tagged in northern Maine were subsequently trapped in southern Quebec (Vashon et al. 
2012).The lynx trapping and hunting seasons were closed in the Northern Maine Unit (including 
New Hampshire and Vermont) for decades prior to lynx being listed as a threatened species. 
Hunting and trapping were discontinued in Maine in 1967 (Vashon et al. 2012, p. 28). Carroll 
(2007) modeled lynx populations in this unit and demonstrated that increased trapping pressure 
in Quebec could have a negative effect on protected lynx populations in Maine and New 
Brunswick. About 400 lynx are trapped and killed annually in Quebec south of the St. Lawrence 
River14. 
 
In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for Maine’s 
Trapping Program (MDIFW 2014, 2015a as amended, entire) and obtained a permit from the 
Service for lynx trapped incidental to other furbearer trapping in Maine. From 2000 to 2016, 114 
lynx have been reported captured in traps set for other species and 8 of those were killed 
(Vashon et al. 2012, MDIFW 2014, p. 75). In Maine, after 2 lynx were killed in killer-type traps in 
2014, the MDIFW imposed additional trapping restrictions to further reduce mortality and injury 
of incidentally-trapped lynx, (e.g., requiring killer-type traps be placed in exclusion boxes, 
eliminating the use of drag sets for foothold traps, and requiring multiple swivels on trap chains. 
No lynx have been reported incidentally trapped in New Hampshire or Vermont since 2000. 
                                                 
14 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
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In areas where lynx are trapped for furs (Canada and Alaska), trapping can be additive to other 
sources of mortality and have population-level effects (Brand and Keith 1979, Koehler and 
Aubrey 1994). Thus, harvest regulations for lynx are modified (e.g., lynx quotas per trapper are 
reduced) when hare and lynx populations are low (Bailey et al. 1986). Trapping injury and 
mortality are not believed to have a population-level effect on lynx in northern Maine and 
adjacent Canada when lynx may be at historically high numbers, but trapping could have a 
synergistic and negative effect if hare and lynx populations decline, habitat declines, or climate 
change further stresses lynx (Slough and Mowatt 1996, Carroll 2007).  
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development15, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern Maine and 5 
projects are in operation; 2 have been proposed in northern New Hampshire and 2 are in 
operation; and 3 have been proposed for northeast Vermont and 2 are in operation or under 
construction. Maine’s 2 largest wind projects (combined over 300 turbines covering 932 km2 
[360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. The effects of 
wind energy projects on lynx, hares, and their habitats are unknown. Potential direct effects 
include disturbance or displacement of resident lynx from large landscapes and loss and 
fragmentation of habitat from turbines, roads, and transmission lines. Increasing power 
infrastructure associated with these projects could greatly change development potential and 
patterns in northern Maine by bringing electricity into the interior of Maine’s vast undeveloped 
forest region. Extensive road construction would further fragment habitat and increase access 
for recreation, including trapping. 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Nadeau-Drillen and Ippoliti 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some investment-oriented landowners are 
seeking diversified financial returns on their investment, including developing residential 
housing, second homes, and resorts. Two large residential and resort areas have been 
proposed on forestlands within the Maine critical habitat area. Both development projects would 
result in the development of several thousand acres of potential lynx habitat, but would be 
mitigated by substantial (100,000s of acres) conservation easements on surrounding forestland. 
A private landowner recently donated 354 km2 (137 mi2) within designated lynx critical habitat 
that was subsequently designated as the Katahdin Woods and Waters National Monument. This 
area currently has a legacy of young-regenerating spruce-fir habitat from previous industrial 
forest landowners, but its new monument designation may limit future forest management 
                                                 
15 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 
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activities (timber harvest or other vegetation management) that could benefit lynx. Another 
conservation landowner, The Nature Conservancy, continues forest management on about half 
of its 750-km2 (290-mi2) ownership, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could decrease prey 
availability, affect lynx movement within home ranges, result in a more fragmented landscape, 
affect lynx movement, or displace them from high quality habitats. Development further 
fragments habitat from road and highway construction (along with associated increases in traffic 
volumes and/or speeds) and increases the probability of road mortality. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat in eastern and western Maine, northern New Hampshire, 
and northern Vermont. Habitat in northern Maine may currently support a potential population of 
500 to 1,000 lynx, although the actual population size is unknown. Habitat created by extensive 
clearcutting 30 to 40 years ago is peaking and will decline by 50 percent in the next 15 to 20 
years (Simons-Legaard 2016, pp. 10-18; also see section 5.2.1, below). Furthermore, hare 
populations declined by 50 percent starting in about 2006 and have remained at lower levels. 
Future hare fluctuations or cycles are uncertain. Recent history demonstrates that some forms 
of forest management have the potential to create lynx habitat, but forest practices have shifted 
to partial harvesting, which is less likely to maintain or create high-quality lynx habitats, and 
private landowners do not have long-term commitments to manage for lynx conservation. Land 
ownership has dramatically changed in northern Maine, and the majority of lands are owned 
now by investment companies who wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. The greatest stressors to 
resident lynx in this unit are habitat loss (shifts in forest management from clearcutting to partial 
harvesting resulting in lower landscape hare densities), lack of forest planning for lynx, and 
projected continued climate warming (diminishing snow depth, quality and duration; potential 
increased competition from bobcats and fishers; loss of spruce-fir to northern hardwoods; and 
future isolation of the metapopulation because of diminishing ice conditions on the St. Lawrence 
River). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This unit encompasses approximately 21,100 km2 (8,147 mi2) in northeastern 
Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 54782) and an 
additional relatively small area of tribal land that was excluded from critical habitat. Land 
ownership in this unit is about 47 percent Federal (primarily USFS, with some NPS and BLM 
land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage Reservation) 
(see Table 1). This unit includes most of Superior National Forest (SNF; including the Boundary 
Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
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southern extent of a larger cross-border population, most of which occurs in Ontario (ON). 
Relative to other DPS lynx populations, this unit is about 1,480 km (920 mi) east of the 
Northwest Montana/Northeast Idaho Unit and about 1,610 km (1,000 mi) west of the Northern 
Maine geographic unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce; northern white cedar; Jack, white and red pine; hemlock; and 
tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; Moen et al. 2009, pp.1-2; 
McCann and Moen 2011, p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected 
regenerating forest, dominated by conifer with extensive forest edge; lynx beds (resting and 
hunting) and kill sites were associated with regenerating and mixed forest. McCann and Moen 
(2011, p. 513) found snowshoe hare densities were highest in regenerating forests. Females 
selected large woody debris and dense horizontal cover in lowland conifer cover for denning in 
northern Minnesota (Moen et al. 2008, p. 1510), but other cover types were used if recent 
blowdowns were present (Moen and Burdett 2009, p. 5). 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008, p. 1512), with stand-level densities ranging from 0.3–2.0 hares/ha 
(0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota appear 
to be patchily distributed, but are most consistently abundant in 10-30 year old regenerating 
forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence of density 
fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 1986, pp. 
262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, p. 172). 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
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Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, Minnesota to 219 cm (86 in) in Duluth, Minnesota, on the 
southern end of the unit, to 228 cm (90 in) in Tofte, Minnesota, near the lake shore on the far 
eastern-central part of the unit, to 228 cm (90 in) in Isabella, Minnesota, near the center of the 
unit, to the 107 cm (42 in) in Grand Portage, Minnesota, at the northeastern tip of the unit. More 
snow is produced along Lake Superior, because of the lake effect 
(https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016). 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
larch, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), and 
balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal area 
dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and larch 
from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent basal area 
dominance. 
 
In 2015, the SNF estimated that there were approximately 3,074 km2 (1,187 mi2; 60 percent of 
lynx habitat on the SNF) of suitable snowshoe hare habitat on the SNF and that only 23,800 
acres of habitat on the SNF was in a condition unsuitable to lynx (USFS 2016, unpublished 
data). 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
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Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx A more 
precise estimates of resident population size is not available.  
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). While topographic features may influence lynx 
movements in mountainous western states, lynx in Minnesota tended to move along nearly 
straight paths (Moen et al. 2010b, p. 13). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). Of the 1,306 DNA 
samples, 1,039 were identified as lynx; however, 42 samples were identified as F1 lynx-bobcat 
hybrids (Catton et al. 2015, p. 1). Of those 42 hybrids, 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male) were also identified (Catton et al. 2015, p. 1). The DNA analyses 
also showed persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 
11), 4 years (N = 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 
7 kittens in Minnesota (Catton et al. 2015, pp. 3-5). 
  
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpublished data). In addition to the 11 trapping mortalities, another 15 lynx 
were documented to have been incidentally trapped but released alive. The documented 
incidents largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, 
and involved a variety of traps including foot-holds, body gripping traps, and snares. It is 
probable that other lynx were incidentally trapped but not reported each year (Moen 2009, p. X). 
Additionally, lynx emigrating from Minnesota to Ontario are exposed to legal trapping and 
shooting in accordance with regulated harvest in Canada. At least a third of lynx radio-collared 
in Minnesota spent time in Ontario; 4 radio-collared lynx were legally harvested (trapped) in 
Canada between 2003 and 2010, and 2 died in Ontario of unknown causes (USFWS 2016b, 
unpublished data). Some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating, along with evidence of lynx returning to Minnesota after dispersing to 
Ontario, that survival of Minnesota lynx in Ontario for extended periods is possible (Moen 2009, 
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pp. 2-3, 10-13). Minnesota has relatively high forest road and highway densities that intersect 
lynx habitat and several radio-collared lynx in Minnesota inhabited home ranges that were 
bisected by highways.  
   
Factors Affecting Current Conditions 
 
Identified factors affecting to the current conditions of lynx in Minnesota include reduction in 
habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing carnivores, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNRb 2015, entire). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting of lynx-. 
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Snow compacts under natural conditions; however, snow compacted by human activity may 
increase access by coyotes and bobcats to prey in deep snow conditions where historically they 
were excluded or rare. Winter road use, snowmobiling, cross country skiing, and dog sledding 
all may increase the amount and distribution of compacted snow conditions. Outside the 
BWCAW, snowmobile activity is extensive and increasing significantly. The SNF has 705 miles 
of snowmobile trails and 1,562 miles on all ownerships within the proclamation boundary (USFS 
2011a, p. 38). Advances in snowmobile capabilities have raised concerns about intrusion and 
new snow compaction in areas previously not vulnerable to high levels of snowmobile use. In 
addition, new road construction in lynx habitat has made more areas accessible during winter. 
These routes could be used by snowmobiles even if new roads are designated as closed to 
motorized public travel during other seasons. The SNF has 1,927 miles of low standard roads 
(OML 1 and 2) and 158 miles of temporary roads (USFS 2011a, p. 38). All of these factors have 
potential to reduce the deep and fluffy winter snow conditions and to reduce the competitive 
advantage of lynx in areas that typically receive deep snows. 
 
As described in Chapter 2, above, lynx are adapted for surviving in areas that have cold winters 
with deep, fluffy snow, where they outcompete potential competitors such as bobcats, coyotes, 
and wolves (Buskirk et al. 2000a, pp. 90-91; McCord & Cardoza. 1982, pp. 748-749; Ruediger 
et al. 2000, pp. 445-449). The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR unpublished data cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25). Bobcat and coyote populations already appear to be increasing in 
Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the Arrowhead Region as 
projected by climate models, deer mortality may be reduced; this could increase bobcat 
densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 2012, p. 25), 
potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). According to annual 
track surveys, wolf populations in Minnesota are currently stable (Erb 2014, p. 40); however, 
similar to bobcat, wolf populations may increase with changing snow conditions and prey 
availability as influenced by climate change. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat (Unit 3) for lynx in 2014 and some 
Tribal and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana, with ownership that is 84 percent Federal (USFS,NPS, and BLM); 8 percent private; 
4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
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contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (B. Holt 2016, pers. comm.; 
USFS 2015a, pp. 9-10), and a small area of the Helena National Forest just south of MacDonald 
Pass, between Helena and Missoula (Gehman et al. 2011, p. 21). This unit is directly connected 
to lynx habitats and populations in Canada, and lynx in this unit may represent the southern 
extent of a larger cross-border population that also occurs in southwestern Alberta and 
southeastern British Columbia (B.C.). Relative to other DPS lynx populations, this unit is about 
200 km (125 mi) east of the north-central Washington unit, about 145 km (90 mi) northwest of 
the GYA, and about 1,480 km (920 mi) west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft) (Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir (Abies 
lasiocarpa), Engelmann spruce (Picea engelmanii) and lodgepole pine (Pinus contorta) (Aubry 
et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). Within these vegetation types, lynx 
appear to prefer areas of moderate to gentle topographic relief (Koehler and Aubry 1994, p. 86; 
Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). Lynx use large landscapes that include a 
temporally- and spatially-shifting mosaic of forest age classes, where natural or anthropogenic 
disturbances may reset forest succession (ILBT 2013, p. 28). Early successional stages that 
often provide dense horizontal cover at ground/snow level and support high hare densities 
(Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) may be created and maintained 
by natural disturbance processes including wildfire, insect infestations, tree diseases, and wind 
events (ILBT 2013, p. 28). Timber harvest, other silvicultural treatments, wildfire management, 
or other vegetation management, which may be beneficial, benign, or adverse to lynx and hare 
habitats depending on prescription, extent, and implementation, can also influence the amount 
and distribution of early successional stands (Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). 
Likewise, natural disturbance regimes and forest management can also influence the amount 
and distribution of mature multistoried spruce-fir stands, which can include dense horizontal 
structure, support high hare densities (Griffin 2004, pp. 53-54, 70; Squires and Ruggiero 2007, 
pp. 313-314; Berg et al. 2012, pp. 1483-1485), and provide preferred winter foraging habitat for 
lynx (Squires et al. 2010, pp. 1653-1657). 
      
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Englemann spruce and subalpine fir and 
including Douglas fir (Pseudotsuga menziesii), western larch (Larix occidentalis), and lodgepole 
pine (Squires et al. 2010, pp. 1653-1654). Lynx home ranges occur in areas with low surface 
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roughness (i.e., low topographic relief; gently-sloping to moderately-steep terrain), high canopy 
cover indices, and little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur 
below the alpine zone and above drier, more open forest types (e.g., ponderosa pine [Pinus 
ponderosa] and dry Douglas-fir/western larch/lodgepole pine) that do not provide lynx habitat 
(Agee 2000, p. 42; Berg 2009, p. 20; Squires et al. 2010, p. 1655). As elsewhere in the western 
portion of the DPS, this elevational pattern contributes, along with the transition from boreal to 
more temperate forests, to a naturally patchier, more fragmented distribution of lynx habitat than 
in the continuous boreal forest landscape in the core of the lynx’s North American range in 
northern Canada and interior Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 
46-47; ILBT 2013, pp. 76-77; Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, 
pp. 187-189) used telemetry data to model the distribution of probable lynx habitat in a 36,096-
km2 (13,937-mi2) study area that completely overlaps this geographic unit. Their results indicate 
that much of the area has a low to moderate probability of selection by lynx, and that the areas 
with higher selection probabilities are relatively small and patchily- but widely-distributed 
throughout the unit and are separated by intervening areas of low probability of lynx use 
(Squires et al. 2013; see Figure 1(a), p. 189). This patchy distribution of high-quality habitats 
interspersed with areas of low-quality or non-habitat results in naturally lower densities of both 
snowshoe hares and lynx than those in the continuous boreal forests of northern Canada and 
Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, pp. 24, 28; Koehler 1990, p. 849; 
Koehler and Aubry 1994, p. 84; Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In winter in this unit, lynx preferentially use mature multistoried forest stands, predominantly 
spruce-fir, with dense horizontal cover, and they avoid clearcuts and large forest openings 
(Squires et al. 2010, pp. 1648, 1653–1656). In summer, lynx also select young stands with 
dense spruce-fir saplings, do not appear to avoid openings as in winter, and use slightly higher 
elevations (Ibid.). Both mature multistoried and young regenerating stands provide dense 
horizontal structure at ground/snow level, which supports higher snowshoe hare densities than 
more open young or mature forests. In the central (Seeley Lake study area) part of this unit, 
during an apparent regional hare decline in 1999-2001, summer hare densities were highest (up 
to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter densities were 
highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature stands (Griffin and 
Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare populations in this 
area were thought to be stable, mean summer and winter hare densities, respectively, were 
0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 0.64 and 0.47 
hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by lynx, compared 
to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 0.18 and 0.12 
hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select (Squires and 
Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the dense mature and 
dense young stands only marginally achieve the threshold density of 0.5 hares/ha (0.2 hares/ac) 
thought necessary to support lynx within home ranges (Ruggiero et al. 2000b, pp. 446–447; 
ILBT 2013, pp. 24, 26, 90; also see section 2.2.1, above). Nonetheless, hares accounted for 96 
percent of the biomass in lynx diets in this unit based on evidence at kill sites (Squires and 
Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-level hare 
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densities could reduce the ability of habitats in this unit to support resident lynx (Squires et al. 
2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, Table 3; 
Squires et al. 2008, pp. 1497, 1501–1505). Few dens are located in young regenerating or 
thinned stands with discontinuous canopies (Squires et al. 2008, p. 1497). Many dens have 
northeasterly aspects and are farther from forest edges than random expectation (Squires et al. 
2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place16.  
 
Habitat Status:  Lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 

                                                 
16 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 
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In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or national park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo national 
forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1., above, 
some Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
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habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3).  
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37).  
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.2.1, above, most lynx and lynx 
habitat on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831).  
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multistoried stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multistoried forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
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guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled the probability of suitable snow across North America, showing that this 
geographic unit currently has a 90-95 percent probability of providing snow cover consistent 
with historical lynx occurrence records (Gonzalez et al. 2007, p. 12).  
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; A. Lieberg 2017, pers. 
comm.; also see Lynx Status, below). This small and relatively isolated island of lynx habitat 
(Squires 2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multistoried) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, above, whether the recent absence of resident lynx 
in the Garnets represents the extirpation of a previously-persistent small population (and, 
therefore, a contraction in the range of resident lynx in this unit) or a temporary “winking off” of a 
naturally ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
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to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit.  
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements. As 
described above, habitats capable of supporting resident lynx in this unit are naturally patchier 
and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and 
lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx remains 
uncertain, this unit has a long and continuous history of lynx occurrence and evidence of 
reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
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structuring among lynx subpopulations in the southern (Garnet Mountainss), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
  
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. There was no evidence of cyclicity in these vital rates, and no indication of substantial 
immigration of lynx into these study areas from Canada. Starvation, predation by cougars, and 
human-caused deaths each accounted for roughly one-third of documented sources of lynx 
mortality. Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley 
Lake area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing 
trend, 2003-2007). However, as described in section 2.2.2, above, estimates of λ in a cyclic 
Canadian population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 
0.10 (order of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 
952, Table 4), and the natural range in λ that would be expected among peripheral, isolated, or 
semi-isolated and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that 
would signal long-term population decline or instability is unknown. 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. Lynx 
were documented in the Garnets in the 1980s and from 2002-2010, but no lynx were detected 
during snow-track and camera-trap surveys in winter 2014-2015 (Squires in Lynx SSA Team 
2016a, p. 20 and Appendix 5). This area is thought to have habitat capable of supporting 7-10 
lynx home ranges (Squires 2016, pers. comm.); 5 lynx were monitored via telemetry in 2002, 3 
in 2003-2004, 2 in 2005, and single lynx each year in 2006, 2007, and 2010 (Squires in Lynx 
SSA 2016, Appendix 5 [2015 10 14 - 8, p. 26]). As described in section 2.3.2.2 and above, 
whether the recent absence of lynx from this part of the unit represents the extirpation of a small 
but previously persistent population (and, therefore, a permanent contraction of lynx distribution 
in this unit) or the temporary “winking off” of a peripheral subpopulation that may become 
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“winked on” again in the future is unknown and perhaps irresolvable. On February 2, 2016, a 
single lynx was detecteded via snow-track survey and verified via DNA analysis in the Garnet 
Range in the area previously occupied by resident lynx, demonstrating that natural 
recolonization of this area by dispersing lynx is possible. However, this recent record appears to 
have been of a dispersing /transient individual because subsequent surveys have not revealed 
additional detections of that lynx or any other lynx in the area, and there currently remains no 
evidence of lynx residency in this mountain range (A. Lieberg 2017, pers. comm.). 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo national forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21).  
 
On the Kootenai National Forest, RMRS research efforts continued to document the long-term 
presence of lynx, where trapping and radio-marking efforts yielded 50,000-60,000 lynx telemetry 
locations from 2003-2012 (USFS 2015a, p. 10). On the Lewis and Clark National Forest, lynx 
are considered “still present” in the Rocky Mountain Front portion of the forest, which is within 
this geographic unit and designated critical habitat, and snow track surveys from 2010-2013 in 
the disjunct Little Belt and Crazy Mountains documented the continued absence of resident lynx 
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in those ranges (USFS 2015a, pp. 25, 27-34). On the Idaho Panhandle National Forest, surveys 
detected individual lynx in the Selkirk Mountains in 2010 and 2011 and in the Purcell Mountains 
in 2012. All detections were within 15 miles of the Canada-United States border (USFS 2015a, 
p. 10). No lynx were detected during surveys in 2007 or 2013-2014, and snow surveys could not 
be completed in 2015 because of poor snow conditions (USFS 2015a, p. 9). However, in 2012-
2014 3 lynx were incidentally trapped on the Idaho Panhandle (1 in 2012 in the Purcells, and 2 
in 2014 in the Cabinet Mountains), and another was documented by a Service grizzly bear 
trapping crew in the Purcells in 2014 (USFS 2015a, pp. 9-10; U.S. District Court ID 2016, pp. 6-
7). 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit. The recent apparent absence 
of resident lynx in Garnet Mountains may indicate extirpation of a small resident population and 
a contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
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Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to <4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south (U.S. District Court ID 
2016, p. 6). 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether, and if so to what extent, trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also section 3.2, above, and 5.2.3, below). Although climate 
change has probably already had some impact on lynx habitats in this geographic unit, and 
such impacts are likely to continue to occur, there currently is no evidence that climate change 
has had population-level effects or has reduced the ability of this unit to support persistent 
resident lynx populations. However, such impacts would be difficult to document and, as 
described under Habitat Status, above, because lynx habitats in this unit are naturally highly-
fragmented and hare densities, even in areas considered high-quality habitat for this DSP unit, 
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often appear to barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. Modeling vegetation and 
snow suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that 
boreal and temperate conifer forest biomes were broadly distributed across this geographic unit 
and that snow conditions suitable for lynx occurred with 90-95 percent probability from 1961-
1990. (Future conditions based on this modeling are described in section 5.2.3, below). As 
described in section 3.2, above, climate change has also been implicated in recent increases in 
the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts of the 
DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA Team 
2016a, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, above, these activities can reduce hare and lynx habitats by reducing horizontal cover and 
altering natural disturbance regimes and forest successional patterns. In this unit, 
precommercial thinning was shown to reduce short-term hare abundance (Griffin and Mills 
2007, entire) and appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and 
lynx rarely traveled across recent clearcuts or other large openings, especially in winter (Squires 
et al. 2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, 
these activities on Federal lands, which account for most of the lands in this unit, occur only on 
lands with developmental allocations and historically appear to have impacted only a small 
proportion of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber 
harvest levels on Federal lands in the West, including the Northern Rockies, and specifically 
with regard to “lynx forest types,” had declined consistently and dramatically for a decade or 
longer prior to the DPS being listed (68 FR 40093), and have remained at levels much lower 
than those from most of the previous century. Despite some likely localized impacts, past 
vegetation management does not appear to have broadly diminished this unit's ability to support 
resident lynx, although, as described above, it may have contributed to the current absence of a 
small number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats.  
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
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about 15 percent (4,172 km2 [1,611 mi2]) of the unit has burned from 2000-2013 (Squires in 
Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related increases in 
drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). Despite this 
increase, we are aware of no evidence that increased fire activity in the unit has thus far 
impacted resident lynx populations or reduced this unit’s ability to support resident lynx.  
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1) (Broderdorp, unpubl. data; MTFWP unpubl. data). Other potential sources of habitat 
loss and fragmentation include recreation, minerals/energy development, and backcountry 
roads and trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 
78-85) that are unlikely to exert population-level influences, despite potential impacts to 
individual lynx.  
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates are unknown. This unit is directly connected to lynx 
habitats and populations in southwestern Alberta and southeastern British Columbia, where lynx 
habitats are also (like Montana and Idaho) patchily-distributed and generally support low hare 
densities, and where some lynx populations may be ephemeral and the persistence of others 
reliant on periodic influx of immigrants (Apps 2007, pp. 81, 95-104). Additionally, connectivity 
between this geographic unit and lynx habitats and populations in southern Alberta and 
southern British Columbia may be facilitated by only a few predicted corridors that extend south 
from the international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
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et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5,  2015 10 13 - 5, pp. 4-517). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2, above), 
which would be expected to alter the timing and magnitude of irruptions of lynx from Canada 
into the contiguous United States If lynx populations in this unit are reliant on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, the population growth rate 
estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA 
Team 2016a, p. 20) may reflect a gradual decline of a resident lynx population that needs but is 
not receiving adequate immigration. In contrast, the growth rate estimated for the lynx 
population in the Purcell Mountains in the northwestern part of this unit (λ = 1.16, increasing 
trend 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) suggests that the level of 
immigration, if necessary for demographic stability, has been adequate or that productivity and 
recruitment have been high enough to offset potentially diminished immigration. It is also 
possible that, despite the documented historical intermittent (cyclic) influxes of lynx from 
Canada into lynx populations in this geographic unit, immigration does not contribute 
meaningfully to the demographic stability of these populations. If that is the case, the estimated 
growth rates suggest that recruitment has failed to offset mortality in the Seeley Lake population 
but that it has more than done so in the Purcell Mountains population.  
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This area was occupied by resident 
lynx when the DPS was listed and remains occupied currently. Evidence from recent research 
and DNA analysis shows lynx distributed within this unit, and breeding has been documented. 
Although researchers have fewer records in the portion of the unit south of Highway 20, this 
area contains boreal forest habitat and is thought to support resident lynx. Further, it is 
contiguous with lynx habitat north of Highway 20, particularly in winter when deep snows close 
Highway 20. The northern portion of the unit adjacent to the Canada border also appears to 
support few recent lynx records; however, it is designated wilderness and access to survey this 
                                                 
17 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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area is difficult. This northern portion contains extensive boreal forest vegetation types and also 
likely supports resident lynx. Additionally, lynx populations exist in British Columbia directly 
north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below).  
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft) (McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (>30°) (Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)18. 
  
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
                                                 
18 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21). Several wildfires affected lynx habitat 
in the North Cascades during the middle 1990s and early 2000s:  1994 Whiteface Burn (15.5 
km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 2001 Thirty-Mile Fire (25.7 km2 
[9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; Vanbianchi 2015, p. 23). Subsequent to 
those fires and incorporating research on lynx habitat use, Koehler et al. (2008, p. 1522) 
estimated that the Okanogan LMZ (including this geographic unit) contained approximately 
2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 LMZs in the northeastern 
corner of the state, combined, contained an additional 1,381 km2 (533 mi2) of suitable habitat. 
More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; Vanbianchi 2015, p. 
23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the Okanogan LMZ 
(Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years.. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from Washington into Canada recently documented, connectivity 
between this unit and Canada currently appears functional (ILBT 2013, p. 65). Outside of this 
geographic unit, lynx habitat in the Kettle Range and the other northeastern LMZs is limited in 
size and potentially capable of supporting only a few lynx. Koehler et al. (2008, p. 1523) 
estimated the Kettle Range could support 10 to 23 lynx based upon a lynx density of 2.3 
lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, that lynx 
density estimate was derived from research conducted in the Cascade Range within a large 
area of contiguous, high-quality habitat (Koehler 1990, pp. 845, 847). Lynx habitat in the Kettle 
Range is much smaller and likely more fragmented, and may not be capable of supporting a 
similar density. The Kettle Range is also somewhat isolated from other lynx habitats in 
Washington (e.g., the Cascades) and British Columbia. The Kettle Range is separated from the 
Cascades in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir 

Commented [ZJ152]: These listed fires total 1,107 km2, 
with another 294 suggested (1,000 recent, including 706 
Tripod fire).  The listed fires, if all occurred in the unit, would 
represent 1107/5176= 21.4% of the unit.  With the additional 
294 implied, 1401/5176= 27.1% of the unit.  We need to make 
sure our claims elsewhere that 40 or 50% of this unit has 
burned in last 20-25 years is accurate. 
 
Lewis 2016, p. 5 says 3,130 km2 of the 8,923-km2 Okanogan 
LMZ (35.1%) burned from 1992-2015, but fig. 3 shows 33.5% 
of LMZ burned during that time. 
 
Lyons et al 2016 says 2,000 km2 out of 9,200 km2 Okanogan 
LMZ (21.7%) burned from 2000-2015. (Also that 360 km2 of 
3,300 km2 Kettle LMZ (10.9%) burned same period. 
 
Maletzke (in EE report, p. 21) said that from 2002 to 2014, 
amount of lynx habitat in Okanogan burned from 2,600 km2 to 
1,600 km2 – a 38% reduction.  In that time, estimated # of 
female lynx declined from maybe 100 to only 27.  
 
Overall, a 35-38% loss of habitat in the Okanogan LMZ is 
thought to have reduced the resident lynx pop. by more than 
70%!?(pop. decline more than double the habitat loss – more 
fragmented habitat = larger home ranges). On other hand, 
Lewis suggests that carrying capacity declined by about the 
same % as habitat – 35-40%. 
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and ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the 
Kettle River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife 
fencing in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and 
anthropogenic features may be impediments to lynx movement between the Kettle Range and 
the Cascades and British Columbia, perhaps reducing the likelihood of natural recolonization 
and re-establishment of a resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960-61 to 1990-91 a total of 234 lynx was harvested in Washington, with 
the most (35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and 
Stevens (10 percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in 
the Kettle Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 
through 1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx 
were reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In July, 2016, the WADFW recommended that the Washington Fish and Wildlife 
Commission uplist the lynx from a State threatened to a State endangered species (Lewis 2016, 
p.1). 
  
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
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other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming male numbers are similar to female numbers) 
in 1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. 
  
The estimated quantity of lynx habitat was based on mapping areas supporting the forest-type 
and physiographic characteristics identified as being used by lynx during telemetry studies 
conducted in the 1980s (Koehler et al. 2008, p. 1518), irrespective of the current condition 
(successional stage, or stand type, structure, or age, etc.) of the habitat. The estimation of lynx 
habitat was based purely on forested areas potentially supporting a forest-type potential of 
subalpine fir/Engelmann spruce, and the physiographic characteristics of elevations greater 
than 1,400 m (4,593 ft) on mild to moderate slopes (Koehler et al. 2008, p. 1518), and did not 
consider whether the area was recently burned, harvested, etc. Recognizing that new 
information on lynx and snowshoe hare habitat use patterns had been learned since the 1980’s, 
and that several large, stand-replacing fires had burned in lynx habitat, Koehler et al. (2008, 
entire) conducted a lynx telemetry study in the Okanogan from 2002 to 2004 to reassess the 
suitability of lynx habitat. They estimated that the Cascades contained approximately 2,411 km2 
(930 mi2) of suitable lynx habitat based on mapping areas supporting Engelmann 
spruce/subalpine fir forests with moderate canopy cover on flat to moderate slopes at elevations 
from 1,525 m (5003 ft) to 1,829 m (6000 ft) (Koehler et al. 2008, pp. 1521-1522). Therefore, at 
that time and using Koehler’s (1990, p. 847) lynx density estimate of 2.3 lynx/100 km2, the 
Cascades could theoretically support approximately 55 individual lynx.  
  
From 1985 to 1987, the movements of 5 adult male and 2 adult female radio-collared lynx were 
monitored by Koehler (1990, entire) in the Cascades of north-central Washington. During the 
study 2 kittens were also captured and ear-tagged (Koehler 1990, p. 847). Results of the study 
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indicated female average home range size was 39 km2 (15 mi2) and average male home range 
size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult lynx, adult 
lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of the radio-
collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 percent 
with only 1 of 8 known kittens surviving its first year (Koehler 1990, p. 847).  
   
Therefore, using Maletzke’s method and assuming a 2:1 sex ratio of females to males, the total 
theoretical lynx population that may have been supported in the Cascades prior to 2002 may 
have ranged between 135 and 172 individual lynx. Subsequent to the fires the total theoretical 
lynx population potentially supported in the Cascades has been reduced to approximately 40 
individual lynx, which potentially represents a 70 percent to 77 percent decline in the lynx 
population. Note: while the area (lynx habitat in the Cascade range) used to generate the 
population estimate of 55 lynx in the Cascades prior to the fires based on Koehler’s (1990, p. 
847) lynx density estimate is the same as the area used by Maletzke to generate his population 
estimate of 90 – 115 resident females based on simulated female home ranges with an 
empirically derived size and arbitrary minimum threshold of habitat, the 2 dissimilar population 
estimates used differing methodologies, and thus the population estimates themselves are not 
comparable. However, using Koehler’s lynx density estimate of 2.3 lynx/100 km2 and applying it 
to the 1,600 km2 of lynx habitat remaining after the fires results in an estimated lynx population 
of approximately 37 individual lynx, which represents an approximate 33 percent reduction in 
the lynx population. Further informing the effects of these recent fires in the Cascades on lynx 
habitat is illustrated by evaluating the average size of a female lynx home range prior to and 
after the fires. Prior to the fires, Koehler (1990, p. 847) estimated an average female lynx home 
range size of 39 km2 (15 mi2), whereas after the fires Maletzke (in Lynx SSA Team 2016a, p. 
21) estimated the average female home range size had increased to 91 km2 (35 mi2). The 
important point is the recent large, stand-replacing fires in the Cascades have resulted in 
significant temporary losses of lynx habitat, and thus the ability of the Cascades to support a 
persistent and viable reproducing lynx population may have been significantly impacted. The 
areas impacted by these recent fires are expected to regenerate into suitable lynx habitat, but it 
may take 10-40 years to do so (Lewis 2016, p. 5; Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Factors Affecting Current Condition 
 
According to the Draft Washington State Periodic Status Review for the Lynx, the WADFW 
recommends uplisting the lynx from threatened to endangered because of: 1) observed range 
contraction in Washington following protection efforts; 2) the substantial loss of habitat in the 
last 20 years; and 3) the ongoing and anticipated threats to lynx population persistence (Lewis 
2016, pp. XX). 
 
Within Washington, the vast majority of lynx habitat is administered by the 
Okanogan/Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (aka 
the Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
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lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
  
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things:  (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (748 FR 54834–54835).  
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In summary, recent wildfires have temporarily eliminated or reduced the quality of almost 40 
percent of higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-6; Maletzke 
in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and significantly 
affected the status of and current viability of the lynx population within this geographic unit. This 
geographic unit likely supports fewer resident lynx currently than it did historically, making the 
current, smaller population more vulnerable to environmental, demographic, and genetic 
stochasticity and to large catastrophic events (Lewis 2016, p. 6). Recent wildfire severity, extent, 
and intensity in lynx habitat within this geographic unit may have been influenced by climate 
change (Westerling et al. 2006, pp. 942-943), and as discussed in Chapter 5, below, climate 
change may similarly affect the future viability of lynx within this geographic unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone National Parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Englemann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 
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In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-storied 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347).  

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place19. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481).  

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 

                                                 
19 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 
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by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled the probability of 
suitable snow across North America, showing that most of this geographic unit has a 95 percent 
probability of providing snow cover conditions consistent with historical lynx occurrence records 
(Gonzalez et al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton National Parks) the Absaroka-Beartooth, Bridger, 
Gros Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness 
areas. Among the 3 national forests that contribute to this unit, 75 percent of potential lynx 
habitat is in designated wilderness or roadless areas (USFWS 2007, p. 34). Management 
activities in these areas are unlikely to adversely impact lynx and hare habitats. Large parts of 
Yellowstone National Park burned in the extensive wildfires of 1988. Although the extent to 
which those fires may have impacted potential lynx habitats is uncertain, some of the burned 
areas may soon reach a stage of regeneration capable of supporting increased densities of 
hares, perhaps increasing the likelihood that lynx could reestablish and maintain home ranges 
in some parts of the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up 
less than 3 percent of lynx habitats in this unit, it is unlikely that activities on those lands have 
impacted lynx populations or meaningfully influenced the unit’s current capacity to support 
resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
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recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit.  

Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986, entire; Appendix A, p. 
67), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 verified 
(“certain”) records and over 200 unverified (“probable”) records based on trapping reports and 
observations of animals or tracks. Most records were from the northwestern corner of the State, 
which overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) 
reported 30 verified records for Wyoming, including those in Reeve et al. as well as 2 resident 
lynx, a male and a female, who were trapped, radio-marked, and monitored in the Wyoming 
Range over several years beginning in 1996 and who produced 6 kittens over 2 years. The 
female had 4 kittens in 1998 and 2 in 1999, though none of the kittens survived to 
independence, and the female died of starvation in March 2000 (Squires and Laurion 2000, p. 
346; Squires et al. 2001, pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over 
the 3 years she was monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years 
(Squires et al. 2003, pp. 12-13). The male also made multiple long-distance exploratory 
movements (up to 728 km [452 mi], including multiple highway crossings) over 3 successive 
years (Squires et al. 2003, pp. 13-16; Squires and Oakleaf 2005, entire). 
 
Eighteen lynx were reported to have been trapped from a small area in the Wyoming Range in 
winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources20 claim that 13 lynx were 
trapped in the Wyoming Range in winter 1972-73. However, Reeve et al. (1986, Appendix A, p. 
67) reported no verified (“certain”) records of lynx trapped from 1970-1982 and unverified 
(“probable”) accounts that included no lynx trapped in 1971, 5 trapped in 1972, and 1 trapped in 
1973. These conflicting anecdotal reports of lynx occurrence records illustrate compellingly why 
only verified records are appropriate for consideration of the historical distribution of rare and 
elusive species like lynx, especially those that are easily confused with or commonly 
misidentified as a similar but more abundant sympatric species, as with lynx and bobcats 
(McKelvey et al. 2000a, pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were 
                                                 
20 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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correct, the large numbers of lynx reported in the early 1970s correspond to the second of 2 
well-documented and unprecendentedly large irruptions of lynx from Canada into the northern 
contiguous United States, when dispersing/transient lynx occurred temporarily in many places 
with little or no evidence of the historical presence of resident lynx (McKelvey et al. 2000a, pp. 
232-242). That the sudden increase in lynx reportedly trapped suggested by these anecdotal 
records would have reflected a pulse of dispersing lynx associated with that large irruption is 
more plausible than the notion that a previously undocumented resident lynx population 
suddenly and simultaneously became vulnerable to trapping in only a handful of winters.  
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3).On the Shoshone National 
Forest in the northeastern part of this unit, 7 lynx snow tracks were confirmed by DNA analysis 
in winter 2005/06, and a single track was verified the following winter (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
   
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton National Parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4).  

Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 

Commented [ZJ159]: Responsive to Squires and USFS 
(Hanvey). 

Commented [ZJ160]: Responsive to Squires. 



 

152 
 

supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors.  

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx and habitats by altering the distribution and quality of hare and lynx habitats. 
However, because these activities occurred in low proportions of lynx habitat on Federal lands 
and impacts appear to have been localized, they were deemed a low-level to threat to lynx at 
the time of listing (65 FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal 
management activities may continue to influence the current quality and distribution of lynx 
habitats in some parts of this unit. Current regulatory mechanisms and conservation measures 
associated with recently amended or revised Federal management plans are intended to 
conserve and restore lynx and hare habitats across large landscapes. Although their 
effectiveness has not been quantitatively evaluated, they have almost certainly reduced 
significantly the potential for adverse management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, above, both states require 
measures to reduce the likelihood of trapping lynx incidentally when legally trapping other 
species. Since the DPS was listed in 2000, no lynx are documented to have been incidentally 
trapped in the Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no 
incidental captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013; Riley et al. 2013; Dennison et al. 2014, 
entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-
15; Westerling 2016, entire). A number of potential impacts to lynx have been described, and 
climate projections suggest these impacts are likely to result in future loss and increased 
fragmentation and isolation of lynx and hare habitats and declining lynx populations in the DPS 
(Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; 
Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15; 



 

153 
 

see also section 3.2, above, and 5.2.3, below). Although climate change has probably already 
had some impact on lynx habitats in this geographic unit, and such impacts are likely to 
continue to occur, there currently is no evidence that climate change has had population-level 
effects or has reduced the ability of this unit to support persistent resident lynx populations. 
However, such impacts would be difficult to document and, as described under Habitat Status, 
above, because lynx habitats in this unit are naturally highly-fragmented and hare densities low 
in some places, relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. Modeling vegetation and snow 
suitability for lynx across North America, Gonzalez et al. (2007, pp. 12, 15) indicated that boreal 
and temperate conifer forest biomes were broadly distributed across this geographic unit and 
that snow conditions suitable for lynx occurred with 95 percent probability from 1961-1990. 
(Future conditions based on this modeling are described in section 5.2.3, below). As described 
in section 3.2, above, climate change has also been implicated in recent increases in the 
frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters resulting 
in increased insect survival and drought increasing conifer vulnerability to insects. This trend is 
expected to continue through the end of the century with continued climate warming (Bentz et 
al. 2010. pp. 607, 609).  

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above.  

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, Fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx.  

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1; a Colorado-released lynx) (Broderdorp, 
unpubl. data; MTFWP unpubl. data). Other potential sources of habitat loss and fragmentation 
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include recreation, minerals/energy development, and backcountry roads and trails; these are 
all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to 
exert population-level influences, despite potential impacts to individual lynx.  

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2, above). However, whether 
and, if so, to what the extent the persistence of populations in this geographic unit may depend 
on regular or intermittent immigration of lynx from Canada remains uncertain, and historic, 
recent, and current immigration rates of are unknown. Although this unit is not directly 
connected to lynx habitats and populations in Canada or elsewhere in the contiguous United 
States, no barriers to lynx dispersal from the north have been identified, and 10 lynx released in 
Colorado are known to have dispersed northward into and through this unit (Devineau et al. 
2010, p. 526; Hanvey 2016, pers. comm.), demonstrating that dispersal between the southern 
and northern Rockies is possible. As described above in Lynx Status, the large number of lynx 
reportedly trapped from a small area of the Wyoming Range in the early 1970s (Squires and 
Laurion 2000, p. 338) may suggest dispersers associated with the irruption of many lynx from 
Canada into the northern contiguous United States documented at that time (McKelvey et al. 
2000a, pp. 235-242). No subsequent pulses of lynx dispersing from the north have been 
documented, and lynx trapping records suggest that the magnitude of lynx populations cycles in 
Alberta and British Columbia, the most likely source of lynx dispersing southward into this unit, 
dampened dramatically after the early 1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-521).  

As described in section 3.2, above, a number of climate-mediated factors have been suggested 
as contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States If lynx populations in this geographic unit are reliant on immigration 
from Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced probability of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit.  

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. We 
excluded the northwest part of the State, bounded on the south by US Interstate 70 and the east 
by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. Small 
                                                 
21 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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areas of similar potential lynx habitat extend into south-central Wyoming and north-central New 
Mexico, and some lynx released in Colorado traveled into or through those areas. However, 
there is no evidence that either area supports resident lynx, and we question their ability to do 
so. This unit is not directly connected to lynx habitats and populations in Canada or to other 
DPS populations, although lynx dispersing from the north apparently arrived intermittently into 
the area historically. Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit.  
 
Ivan (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of the Ivan (2012, entire) predictions and the 
associated habitat to represent the amount of potential lynx habitat in this unit. This habitat 
estimate falls between the Ivan (2011e, p. 26) estimate and the USFS’s habitat estimate of 
30,664 km2 (11,839 mi2; USFS 2008, p. 18), while retaining a greater than 60 percent probability 
of detecting lynx as described by Ivan (2011e, pp. 32-33). 
 
The Southern Rockies are separated from the rest of the Rocky Mountain chain, and thus from 
lynx habitat in northwestern Wyoming, by sagebrush and desert shrub communities in the 
Wyoming Basin and the Red Desert of southern and central Wyoming, and the arid Green and 
Colorado River plateaus of western Colorado and eastern Utah. Connectivity of lynx habitat has 
been identified as an important consideration for the Southern Rockies because of the extreme 
topographic relief juxtaposed with human developments such as highways and residential 
communities.  
 
Habitat Description - Lynx habitat in the Southern Rockies is found within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and seldom would be used by lynx. 
  
Mature Engelmann spruce-subalpine fir forests with total canopy cover of 42–65 percent, of 
which 15–20 percent was contributed by conifer understory tree canopies, were the most 
commonly used areas, followed by mixed forests of Engelmann spruce-subalpine fir-aspen 
(Shenk 2008, p. 15). Riparian and riparian-mix was the third most-used cover type, with a 
pattern of increasing use beginning in July, peaking in November, and dropping off in 
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December. Large or medium willow-alder carrs and willow riparian communities provided 
important habitat for snowshoe hare, grouse, ptarmigan (winter), and other prey species that 
could be utilized by lynx. 
 
Snowshoe hare habitat is naturally patchily-distributed in the Southern Rocky Mountains (ILBT 
2013, p. 54), limiting hare abundance in the Western Colorado Geographic Unit. Dolbeer and 
Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 hares/ac) in 
Summit County in central Colorado, with the highest densities in mature and late-successional 
spruce-fir forests. However, this study was conducted in a very limited area and did not sample 
younger sapling-stage stands (15-40 years post-disturbance) to compare hare densities with 
those reported for mature and late-successional spruce-fir forests (USFWS 2008b, p. 32). 
Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in mature Engelmann 
spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) than in mature 
lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor Park, Colorado.  
In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare densities in early (20 - 
25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 hares/ac]); intermediate 
densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 hares/ac]); and lowest 
densities in mid-seral (40 - 60 years old) lodgepole stands that had been pre-commercially 
thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more similar across the 3 
forest types during the winter months; however, in all forest types and all seasons, hare 
densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 hares/ha (< 0.12 
hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral lodgepole) in 1 summer 
(2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 hares/ac]) that exceeded 
the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum needed to support resident 
lynx over time (Ivan et al. 2014, p. 587, fig. 2).   
 
Habitat Status - At the time of the 2000 listing, we identified 26,305 km2 (10,156 mi2) of potential 
lynx habitat in the Southern Rockies (i.e., western Colorado and southern Wyoming; [65 FR 
16052]). In 2003, we estimated 31,027 km2 (12,419 mi2) of potential habitat within the Southern 
Rockies (68 FR 40076). In 2008, the USFS reported that most of their LAUs in the Southern 
Rockies fell within a range of 3-8 percent in a currently unsuitable condition, with only 1 LAU 
exceeding 30 percent unsuitable (USFS 2008, p. 19). Currently, the USFS reports 51 out of 202 
(25%) LAUs currently exceed the 30 percent unsuitable condition (P. McDonald 2016, pers. 
comm.). These changes are mostly in response to the ongoing bark beetle infestations, as well 
as wildfire events that have occurred since 2008. 
 
Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents. All USFS land management plans within the unit were 
amended in 2008 to provide for the conservation of lynx. Similarly, since the DPS was listed, all 
BLM Field Offices (FOs) in Colorado have been conserving lynx discretionarily through 
application of conservation measures provided in the LCAS (Ruediger et al. 2000, entire; ILBT 
2013, entire).Three BLM FO plans in Colorado have been amended or revised to conserve lynx 
following the 2013 LCAS on lands totaling approximately 126 km2 (49 mi2) of potential lynx 
habitat. One additional FO plan provides conservation measures for timber management 
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actions only, but that FO administers only about 1 km2 (0.39 mi2) of potential lynx habitat. The 
remaining FOs currently have not formally amended or revised their plans specifically to provide 
conservation for lynx (these plans, combined, guide management of approximately 645 km2 
[298 mi2] of potential lynx habitat). Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
M.K. Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We 
are not aware of any specific conservation planning guiding activities on non-Federal lands in 
this geographic unit.  
 
Lynx Status - As of 2016, the current distribution of lynx is somewhat uncertain within Colorado. 
However, we believe it is reasonable that lynx continue to occupy all National Forests within the 
State of Colorado (Odell 2016, undocumented pers. comm.). The CPW has developed a 
minimally-invasive, long-term, state-wide monitoring program to track the distribution, stability, 
and persistence of lynx in Colorado (Ivan 2011e, entire) that may also eventually provide 
population trend information. 
  
As of 2015, evidence of recent lynx reproduction has been documented by kittens captured on 
game cameras accompanying adult females at 3 locations during 2014-2015 monitoring effort 
(Ivan in Lynx SSA Team 2016a, p. 17). In addition 38 percent of lynx captured during recent 
(2010-2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan 
in Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. 
  
As of 2007, the average probability of survival for reintroduced lynx was 0.93 ± 0.03 within the 
study area in the San Juan Mountains and 0.82 ± 0.07 outside the study area boundary 
(Devineau et al. 2010, p. 5). Although 30 percent of known mortalities were due to human 
causes (being shot or hit by a vehicle), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22; 
also see table 3, above) and the kitten survival rate (0.23; Ivan 2016b, pers. comm. March 9, 
2016) were both lower in this geographic unit (during the period of intensive monitoring from 
1999-2010) than rates reported elsewhere in the DPS. 
  
Factors Affecting Current Conditions 

Colorado is currently experiencing major bark beetle epidemics in lodgepole pine and spruce-fir 
forests. Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
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fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit.  
  
Even-aged mature and “dry” lodgepole pine stands characteristically have depauperate 
understory vegetation and are not capable of supporting dense populations of snowshoe hares. 
On moist sites, regeneration of beetle-killed lodgepole pine stands is expected to be relatively 
rapid (20-30 years), and the new stands will be dominated by resprouting aspen or by a new 
cohort of lodgepole pine. If these newly-established stands grow tall and dense enough to 
provide horizontal cover above the snow layer, they may produce excellent habitat for 
snowshoe hares and lynx for several decades, until the crowns again lift above the reach of 
snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. unpublished report 2016, p. 1). Despite the large 
scale, and almost complete mortality of the mature spruce component within their study area, 
lynx continue to use and reproduce in the beetle-infested forests (Squires et al. unpublished 
report 2016, p. 2). Because the majority (88 percent) of potential lynx habitat in Colorado is 
under Federal land management, actions occurring on other ownerships are unlikely to result in 
significant losses of lynx habitat within Colorado. However, habitat connectivity may be 
negatively affected by intense recreational use or development within strategic areas that are 
important for habitat connectivity. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
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Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
  
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
  
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
  
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment, based on the best available scientific information, 
including our analysis of input from lynx experts, of the future condition of the lynx DPS in terms 
of redundancy, representation, and resiliency. We then provide brief summaries of the possible 
future conditions in each geographic unit, followed by a more detailed evaluation of the factors 
likely to influence lynx populations and habitats in each unit. We elicited expert input on the 
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probabilities that resident lynx populations will persist because we lack reliable estimates of the 
sizes and trends of lynx populations in each geographic unit and in the DPS, and because 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future. 
 
We present and summarize the professional judgments and opinions of a panel of 10 lynx 
experts regarding the factors likely to influence the persistence of resident lynx populations in 
each of the 6 geographic units. We also present and summarize the experts’ projections, based 
on consideration of those influencing factors, of the probability that each of the geographic units 
will continue to support resident breeding populations of lynx into the future (at years 2025, 
2050, and 2100), and the sources of uncertainty that influenced their confidence in their 
predictions. Although formal elicitation of expert opinion where empirical information are 
unavailable or inadequate is an appropriate and scientifically supported approach, we remind 
readers that the output remains the experts’ best professional judgement, which is subjective 
and, therefore, inherently different than experimentally collected data subjected to rigorous 
statistical analyses. For purposes of useful and meaningful presentation and comparison, it was 
necessary to combine, quantify, graph, and summarize the qualitative information provided by 
experts. However, we caution that the results we present below and describe more fully in 
chapter 5 should not be interpreted as precise, statistically robust estimates of the probability 
that resident lynx will persist in the DPS or in any individual geographic unit in the future, and 
readers should consider the inherent limitations and substantial uncertainties in expert 
responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also Chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a future in which the DPS is not listed under the ESA. However, given the 
DPS’s listing history and the ESA’s requirements for delisting, we do not evaluate the unlikely 
hypothetical future in which the DPS is not listed and all protections and conservation efforts 
disappear. Rather, we assume that although some protections could be relaxed (e.g., less 
stringent analyses of project-related impacts, potential for some states to reinstitute limited 
trapping/hunting harvest), that conditions for delisting would include requirements and 
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incentives to continue to conserve lynx and its habitats and to assure persistence of resident 
lynx populations in those places that can support them on Federal, State and Tribal lands 
(perhaps some private lands as well). Our evaluation, therefore, considers the possibility of the 
future relaxing of some lynx conservation measures and efforts, but not the complete absence 
of all protections for lynx. Some of the experts we consulted indicated that their projections 
assumed the status quo (i.e., continued protections under the ESA and current Federal and 
State land management policies). Others indicated their persistence probabilities were not 
influenced by regulatory considerations but that doing so would not have altered their 
projections; they felt that factors influencing lynx persistence on the landscape are independent 
of ESA listing status (Lynx SSA Team 2016a, p. 52). 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a broadly-distributed boreal forest-
and snow-associated predator that relies heavily on a single, similarly-specialized prey species, 
and whose habitats are naturally influenced by climate-mediated disturbance factors (e.g., 
wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive and broadly exposed to 
the impacts of climate change and has limited adaptive capacity to respond to it. Therefore, we 
(along with the experts we consulted and the ILBT) consider lynx populations in the DPS 
vulnerable to the projected impacts of continued climate warming. While we recognize that the 
pace and extent of impacts would be expected to differ under specific emissions or modeling 
scenarios, the limitations described above preclude us from quantifying those differences and 
their potential influence on the probabilities that resident lynx will persist in the DPS or in 
individual geographic units.  

5.1 Summary of Future Conditions DPS-wide  
Given the irresolvable uncertainty about the historical distribution of resident lynx in the 
contiguous United States and the current lack of reliable estimates of the sizes, trends, and 
many demographic parameters for most DPS populations, it is difficult to confidently predict the 
future condition of the DPS or the likelihood that any given geographic unit will support resident 
lynx in the future. We lack data to build rigorous empirical population models for lynx across the 
DPS, and uncertainty regarding the timing and magnitude of potential impacts to lynx from 
continued climate warming also limits our ability to predict the future condition of the DPS. 
Therefore, our assessment of the future condition of the DPS is based on our evaluation of the 
available scientific information regarding the factors identified by the ILBT as the most likely to 
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have population-level impact to lynx in the DPS (ILBT 2013, pp. 68-78) and on the best 
professional judgments and opinions of lynx experts. 
 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced in the future. These anticipated declines are likely to 
be most influenced by projected loss and increasing fragmentation and isolation of boreal 
forests and favorable snow conditions resulting from continued climate warming and related 
impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; Lynx 
SSA Team 2016a, p. 58). This outcome seems likely regardless of which climate emissions 
scenario is used to model future conditions, although the timing, extent, and magnitude of 
impacts is uncertain and will likely vary by scenario.  
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 1, above). Uncertain future 
forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. The lack of evaluation of the effectiveness of forest management plans for lynx on 
Federal lands is of concern for western geographic units. 
 
In each geographic unit, the experts we consulted expect the probability that resident lynx 
populations will persist will decline in the future, although uncertainty about persistence 
probability increases with time from the present (Lynx SSA Team 2016a, pp. 36-49; also see 
5.2, below). Although all 5 geographic units that currently support resident populations (all units 
except the GYA) are expected by lynx experts to continue to do so through mid-century, only 1 
(Northwestern Montana/Northeastern Idaho) had an expert-estimated probability of persistence 
greater than 50 percent (i.e., persistence more likely than not) by the end of the century. Expert 
input suggests that all other geographic units individually have a 50 percent or greater 
probability of functional extirpation (i.e., no longer capable of supporting resident lynx 
populations) by the end of the century (Lynx SSA Team 2016a, pp. 36-49; also see 5.2, below), 
and a cumulative likelihood that resident lynx will be lost from 2 or 3 of the 5 units that currently 
support them by the end of the century (figure 7). 
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Figure 7. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in Figure 7 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom the 
grids show the probabilities by time period (2015, 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and probability 
response. Therefore, looking down a column of grids provides a view of the trend in persistence 
through time and looking across a row of grids provides a view of the range of uncertainty in 
persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, competition from other hare predators). We 
conclude that, at mid-century, resident lynx populations are likely to persist in most geographic 
units that currently support them. However, we conclude it is very unlikely that resident lynx 
populations will persist through the end of this century in all 5 of the geographic units that 
currently support them. That is, we believe it is more likely than not that resident lynx will be 
functionally extirpated by the end of the century from 1 or more of the 5 geographic units that 
currently support them. 
 
We acknowledge that under a “worse case” climate modeling scenario the boreal and subalpine 
forests and snow conditions lynx need could completely disappear from some units (e.g., 
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Minnesota; Galatowitsch et al. 2009, pp. 2015-2016) and be substantially reduced in the 
remainder before the end of the century (we are aware of no climate modeling that suggests the 
complete disappearance of potential lynx habitat from the entire contiguous United States by the 
end of the century). Complete loss of lynx habitat is perhaps more likely in the Northern Maine 
and Northeastern Minnesota units where there is little potential for elevational refugia compared 
to the more topographically diverse units (3 through 6) in the western United States. Under such 
a scenario, resident lynx would be unable to persist in some units and would be severely 
restricted in number and distribution in others, with any remaining resident populations more 
vulnerable to demographic, environmental, and genetic stochasticity and to catastrophic events 
than is currently the case. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming (we are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century). We cannot quantify the 
likelihoods of either of these extreme scenarios nor improve the precision of, or our confidence 
in, the experts’ predictions regarding persistence. Nonetheless, we believe the most likely future 
condition of the DPS is that resident lynx populations will continue to persist at the end of the 
century in 2 or 3 of the 5 units that currently support them (i.e., they will be functionally 
extirpated from 2 or 3 of the units) and that even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency.  
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a separate, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely.  
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With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that is there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that it will be substantially diminished after that time, with resulting 
extirpation of resident populations from 2 to 3 (of 5) units by the end of the century. Projected 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
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5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, and 
development will be the greatest future drivers of hare and lynx habitat in this unit. Lynx habitat 
and numbers are expected to decline by 50 to 60 percent by 2032 in response to aging of the 
budworm-era clearcuts and the effects of 27 years of extensive partial harvesting. In the next 
few decades, high quality hare habitat will drop from about 10 percent to 5 percent of the 
landscape, perhaps more in line with likely historical conditions. High quality habitat patches will 
become more fragmented, smaller, and more isolated, thus making the landscape less suitable 
for lynx than it currently is. For the next few decades the best habitat will occur in the southern 
portion of the range where effects of climate change and competition with bobcats are likely to 
be greatest. Absent long-term lynx management agreements, the future of lynx habitat is 
uncertain. Wood products markets will likely continue to change and could be affected by 
interest in carbon sequestration in response to climate change. Rapid changes in private forest 
land ownership are likely to continue and could result in subdivision of large ownerships. Non-
forestry land uses (wind energy development, transmission line corridors, residential and resort 
land development, and unmanaged conservation lands) will compete with forest management 
as the primary land use. Conservation easements will help reduce development pressures and 
keep some lands as working forest, but forest practices (e.g., partial harvesting, northern 
hardwood management) may not be conducive to creating new lynx habitat. Climate change is 
expected to affect the Maine unit more than some others in the DPS because snow depth and 
duration already seem to be at thresholds for lynx and there are few potential elevational 
refugia. In the near term and to mid-century, snow quantity and quality will continue to 
deteriorate, likely causing the range of lynx to begin contracting northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from the unit by mid- to late-
century. Climate change, increasing demand for hardwood forest products, a pending spruce 
budworm outbreak, and frequent disturbance of the forest all will contribute to the trend in the 
loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the probability of persistence 
will decline to about 50 percent by the end of the century, although there was wide variation in 
opinions. After reviewing the scientific literature concerning climate change projections 
(diminishing snow conditions, lack of elevational refugia), some members of the Core Team 
were more pessimistic about the future of lynx in Maine than the lynx expert panel. In particular, 
we observed that there is great uncertainty about the future of forest management and future 
development on private forest lands. We also note that the threat for which the lynx DPS was 
listed, the lack of specific conservation direction in Federal forest planning and management 
regulations and direction, does not apply to private lands. Currently, there are no long-term 
management plans in place on most privately-owned forest lands in this unit, State forest 
regulations have greatly influenced harvesting practices that have (and will likely continue to) 
reduce landscape hare densities, markets for forest products are depressed, and projections 
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(under current harvest scenarios) are that habitat will diminish and shift southward in the near 
term because of post-harvest succession and recede northward over the longer-term because 
of continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forests are projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The probability of persistence of the lynx population in this unit is projected to decrease over 
time with increasing uncertainty through the end of the century, driven in the near term by 
decreaseing quality, quantity and persistence of snow and over the long term from loss of 
spruce-fir forests. If the SNF continues to follow vegetation management and other 
recommendations under the LCAS in their Forest Plan, we expect that several risk factors will 
continue to be minimized and managed to promote the conservation of lynx within the SNF into 
the future. If the DPS is de-listed, the species would be placed on the Forest’s Regional 
Forester Sensitive Species list for at least 5 years, which gives it a higher priority than other 
species for monitoring and management during that time. It is expected that the MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
mean probabilities of persistence generated by lynx experts were > 90 percent at year 2025, 80 
percent at year 2050, and declining to 35 percent (with great uncertainty) by 2100. After 
reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, and the potential for increased 
competition, disease, and insect outbreaks), some members of the  SSA Core Team were 
slightly more pessimistic about the future of lynx in Minnesota than the lynx expert panel. The 
Core Team concluded that the climate-mediated conversion of boreal forest to temperate forest 
and the loss of favorable snow conditions could occur at a rate and extent that would result in a 
lower probability of persistence than the median most likely estimate provide by experts, 
including the possibility that resident lynx could be extirpated from this unit by the end of the 
century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
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conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. 
           
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have temporarily eliminated 
or reduced the quality of about a third of lynx habitat within the North Cascades, which has 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. Similar to the other geographic units, continued climate warming is anticipated 
to reduce the future quality and distribution of lynx habitat in Washington, potentially further 
exacerbating the recent temporary losses of lynx habitat from wildfires. Projected warming may 
increase wildfire frequency and severity, which may result in further losses of lynx habitat. 
Climate change is also expected to reduce the quantity and quality of snow, potentially resulting 
in permanent reductions in the quantity and distribution of lynx habitat in Washington State. 
These potential climate-driven reductions of lynx habitat may serve to further isolate lynx 
populations within this unit as well as between neighboring lynx populations in the other 
geographic units and Canada. Continued forest management on both Federal and State lands 
will benefit lynx populations in Washington, but this may not completely ameliorate the potential 
negative effects related to climate change. Considering the recent reduction in lynx habitat and 
the projected impacts of climate change, experts predicted near-term (year 2025) persistence 
probabilities of 60 to 90 percent (median = 80 percent), mid-century persistence at 30 to 80 
percent (median = 70 percent), and end-of century (year 2100) persistence probabilities less 
than 50 percent (median = 38 percent) for lynx populations within this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with the experts regarding the probability of 
long-term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
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then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitats and 
populations in this unit. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Considering the 
factors above, lynx experts felt this geographic unit has the lowest likelihood of supporting 
resident lynx into the future in the near term (year 2025; median probability of persistence = 
0.52), at mid-century (median = 0.35), and end-of-century (median = 0.15), with a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, both 
its historical and current ability to support a persistent resident lynx population are questionable, 
and that continued climate warming and associated impacts are likely to further diminish its 
already limited ability to support resident lynx. We conclude, based on the protected status 
(national park, designated wilderness, and non-developmental land use allocations) of vast 
areas and climate models that project some areas of adequate vegetation and snow conditions 
through the end of the century, that this unit may continue to occasionally or intermittently 
support a small number of resident lynx and some reproduction throughout the remainder of the 
century. However, we conclude that it is very unlikely to support a persistent resident population 
over the short-term (through 2025), even less likely that it will do so at mid-century, and it is 
highly improbable that this geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
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provide refugia from deteriorating snow conditions in the future. However, climate models 
suggest a 40 percent decline in snow persistence. Assuming that snow levels will increase in 
elevation, lynx habitat is likely to become more fragmented by areas that no longer retain 
appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Beetle kill and wildland fire will likely result 
in temporarily nonfunctional habitat. However, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. This unit would be expected to 
continue to support resident lynx in the future if survival and reproductive rates similar to those 
estimated during intensive monitoring are maintained over the long-term. However, given the 
lack of evidence of historical occupancy by resident populations, the naturally limited and 
fragmented potential habitat, generally low hare densities, low proportions of females that 
produce kittens, and low kitten survival rate, along with projected impacts of climate warming on 
all or most of these paramenters, we are less optimistic than the lynx expert panel regarding the 
likelihood that this unit will continue to support resident lynx over the long-term.  
 
Table 4, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 4. Expert-predicted future (2050 to 2100) persistence of lynx populations in individual 
geographic units of the Canada lynx DPS and supporting evidence and uncertainties. 
 

Lynx 
population 

Lynx expert 
probability of 
persistence 

Key evidence Uncertainties 

Unit 1 
Maine 

2050 median 
80% (range 20 

to 100%) 
  

2100 median 
50% (range 0 to 

100%) 

● 50% decline in habitat expected by 
2032, habitat will shift to the south 
edge of range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, 
New Brunswick populations 

● Climate models predict deteriorating 
snow quality, depth and duration 
below thresholds for lynx; more 
severe than other units 

● Little potential elevation refugia 

● Future forest management trends 
and habitat conditions on private 
forest lands  in Maine and Canada 

● Future shifts in land ownership, 
forest products markets, and 
development 

● Extent and pace of deteriorating 
snow conditions 

● Response of hares (pelage 
mismatch), bobcat and fisher to 
changing snow regime 

● Extent and pace of loss of spruce-
fir 

● Future trends in hare populations 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 
Minnesota 

2050 median 
80% (range 35 

to 100%) 

● Smaller population could be 
susceptible to stochastic effects 

● Habitat conditions on national forests 

● Future forest management trends 
and  habitat conditions on private 
forest lands in Minnesota and 
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2100 median 

35% (range 0 to 
100%) 

will remain stable or improve if 
managed for softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration 
below thresholds for lynx 

● Little elevation gradient: lake-effect 
snow may retain refugia to 2050 but 
not 2100 

Ontario 
● Extent and pace of deteriorating 

snow conditions  
● Response of bobcat and fisher to 

changing snow regime 
● Rate of decline of spruce-fir 
● Future trends in hare populations 
● Disease and parasites in lynx 

Unit 3 
Northwester
n Montana 

2050 median 
90% 

(range 40 to 
100%) 

  
2100 median 

~78% 
(range 10 to 

100%) 

● Some habitat loss from increased 
wildfire, otherwise habitat will remain 
stable with USFS management 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Potential high elevation buffer against 
climate change 

● Recent loss of small sub-
metapopulation in Garnet Range 

● Increasing fire frequency 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

Unit 4 
North-
central 
Washington 

2050 median 
70% 

(range 10 to 
100%) 

  
2100 median 

~38% 
(range 0 to 

90%) 

● Habitat and population low because 
of recent fires; could be susceptible 
to stochastic effects 

● Continued demographic and genetic 
connectivity to southern British 
Columbia populations 

● Elevation is not sufficient to provide 
long-term refugia from deteriorating 
snow quality, depth, and duration 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future trends in hare populations 

Unit 5 
Greater 
Yellowstone 

2050 median 
35% 

(range 0 to 
90%) 

  
2100 median 

15% 
(range 0 to 

90%) 

● Habitat loss from 1980s wildfire, 
otherwise habitat will remain stable 
with USFS and NPS management 

● No connectivity with Canada 
populations; little immigration from 
DPS populations 

● Elevation may provide refugia from 
deteriorating snow quality, depth and 
duration 

● Low quality habitat; dry; low hare 
populations 

● Smaller population could be 
susceptible to stochastic effects 

● Will habitat support adequate 
landscape hare densities to support 
lynx? 

● Extent to which GYA remains 
demographically isolated from 
other DPS populations; immigration 
from Colorado population 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
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migration of spruce-fir 
● Future trends in hare populations 
● Extent to which high elevation may 

provide climate and snow refugia 
● Extent to which area will be 

repopulated by the north and/or the 
south 

Unit 6 
Western 
Colorado 

2050 median 
80% 

(range 20 to 
100%) 

  
2100 median 

50% 
(range 0 to 

100%) 

● Habitat loss from increased wildfire 
and insect outbreaks, otherwise 
habitat will remain stable with USFS 
management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire in 
hare-lynx habitat 

● Extent and frequency of future 
insect outbreaks 

● Extent and pace of deteriorating 
snow conditions 

● Response of bobcat, pumas, 
coyotes to changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx 
and spruce-fir 

● Future trends in hare populations 

 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence   
 
All of the experts that we consulted indicated an initially high and subsequently declining 
probability of persistence of resident lynx in Maine through the end of the century, with 
uncertainty (range between lowest and highest probabilities) also increasing over time (Lynx 
SSA Team 2016a, pp. 33-36 and fig. 8, below). Climate change was an overriding near- and 
long-term stressor for lynx expressed by lynx experts.  
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest will occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS) and all noted that an increase in northern 
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hardwood composition of the forest is already occurring. One expert provided information that 
suggests that balsam fir could actually increase in the short-term (over the next few decades), 
but that the long-term prognosis is not favorable for natural spruce-fir regeneration. Decline or 
loss of spruce-fir could be accelerated by forest disturbance (budworm outbreak, forest 
management affecting large acreages of lynx habitat annually).  
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to the next spruce budworm 
outbreak. Experts believed that investment landowners would not respond to the pending 
spruce budworm outbreak like they did in the 1970s (extensive clearcuts, herbicide application). 
Experts also acknowledged concerns about the effects of the current clearcuts aging past 
conditions that support hares and lynx. .  
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir, and potential competition from bobcats are likely to reduce the probability of lynx 
persistence in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (figure 8, below). As they did for most other geographic units, all experts 
indicated an initially high and subsequently decreasing probability of the persistence of resident 
lynx in this unit, with uncertainty increasing substantially over time.  Commented [ZJ181]: As per several comments, I edited 

this and used new language as a template for presenting 
expert projections for each unit below. 
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Figure 8. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100).  

Note: In Figure 8, above, and similar figures for the other geographic units, below, points for 
each of the 10 expert responses, for each of the 3 probability-of-persistence levels, i.e., highest, 
most likely, and lowest probabilities of persistence, are represented by the hollow red, filled 
green, and hollow blue points respectively. The black x mark is the median of the most likely 
responses across the experts in each response year. The red, green, and blue dashed lines 
connect the median of the highest, most likely, and lowest probability of persistence responses 
across the experts in each response year. The edges of the grey area were defined by the 
extreme responses, i.e., the range from the largest of the highest probability of persistence 
responses to the smallest of the lowest probability of persistence responses. The median lines 
and grey area are provided as a summarizing visualization to aid comprehension of the experts’ 
responses and their range, and should not be viewed as a substitute for individual responses or 
presented outside the context of the accompanying discussion. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine, in 1989 the Maine Legislature passed the Maine Forest Practices Act (MFPA). 
The MFPA regulates maximum size of clearcuts (250 acres), separation zones between 
clearcuts, harvest plans, and notification to the Maine Forest Service. Clearcuts are not banned, 
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but require varying levels of State permits depending on their size. As a result of these 
regulatory requirements, the number and acreage of clearcuts completed annually has declined 
substantially and have been replaced by various forms of partial harvesting (Sader et al. 2003, 
p. 349-350; McWilliams et al. 2003, p. 35). In the first decade following passage of the MFPA, 
the percentage of acreage clearcut annually in Maine declined from 40 percent to 4 percent 
(Simons 2009, pp. 45-46). The average size of clearcuts has been reduced from >125 acres 
(Maine Forest Service 1995, entire) to <25 acres (Maine Forest Service 2003, entire; 2005, 
entire; 2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut 
annually in Maine (Simons 2009, p. 50). The total volume harvested, however, changed 
relatively little. The partial harvest that replaced clearcuts include a variety of silvicultural 
treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., selection) 
management that result in a wide range of residual stand conditions (Robinson 2006, pp. 5-37), 
which have important implications for lynx conservation. Foremost, snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109, Simons 2009 p. 83), thus reducing landscape hare density and 
presenting a challenge for future lynx conservation (Simons 2009, pp. 206, 209, 217; Simons-
Legaard et al. 2016, p. 7-8; Simons-Legaard 2016, entire). 
 
To harvest the same volume of wood annually, landowners must partial harvest many more 
acres than they would under former clearcutting silvicultural systems. The acres of forest 
harvested annually in Maine have increased from about 250,000 acres pre-MFPA to 550,000 
acres post-MFPA (McWilliams et al. 2003, p. 35). Currently, 27 years after implementing the 
MFPA, much of the 10 million-acre northern Maine landscape has been partially harvested – 
some areas being partially harvested on multiple occasions. Extensive partial harvesting and 
aging of the spruce budworm-era clearcuts have and will continue to reduce landscape hare 
densities (Simons-Legaard et al. 2016, 9-10). If the current landowners continue to harvest 
using similar methods and at similar rates, habitat for lynx will diminish by about 50 percent by 
2030 (Simons-Legaard 2016, pp. 9-10). After 2030, projected outcomes for lynx habitat become 
more uncertain and depend on assumptions about habitat definitions and harvest rates. Lynx in 
Maine selected for regenerating, conifer-dominated forest (>75 percent conifer, Vashon et al. 
2008b, pp. 1490, 1492-1494). If one defines lynx habitat as stands having greater than 75 
percent spruce-fir, then habitat will decline by about 50 percent by 2030 and remain at about at 
this level through 2060 (Simons-Legaard 2016, pp. 9,16). 
 
These projections do not consider the effects of the next outbreak of spruce budworm. After 
being low for the last 20 years, spruce budworm numbers are again building toward epidemic 
levels in Maine, southern Quebec, and northern New Brunswick. Significant defoliation in Maine 
is expected in the next few years and the outbreak may last for about a decade (Wagner et al. 
2016; pp. 12-16). Although Maine research has clearly demonstrated that landowner response 
to the last outbreak resulted in unintended, positive benefits for lynx from 1 to 3 decades later, 
our ability to project what effects the next outbreak will have on lynx habitat is still limited. Land 
ownership has changed dramatically since the last outbreak. To reduce risk from spruce 
budworm, some financial investment owners may cut younger spruce-fir stands that still support 
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elevated hare populations. Some may be less inclined to intensively manage for spruce-fir and 
may switch to an emphasis on northern hardwoods. It is unlikely that current landowners will 
broadly apply pesticides to control spruce budworm or herbicides to promote spruce-fir 
regeneration after stands are defoliated. The MFPA may serve as an additional constraint on 
motivation to clearcut infested stands, even with recently-enacted changes intended to reduce 
the regulatory burden for landowners. Landowner response to the pending outbreak will have 
important implications for the short- and long-term persistence of lynx habitat in the northern 
Maine unit (Simons-Legaard 2016, pp. 16-17).  
 
Nor do these projections consider a nearly 70 percent decline in snowshoe hare densities that 
has occurred in Maine from a period of high hare density in 2001-2006 (average of 2.1 hares/ha 
[0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2007-2009 (average 
of 1.0 hares/ha [0.4 hares/ac]). This decline occurred across all forest stand types and across a 
broad geographic area of Maine (Scott 2009, p. 36) and the adjacent Gaspe region of southern 
Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower numbers 
through 2013 (D. Harrison, University of Maine, unpublished data). If future hare populations 
remain low, then Maine habitats will likely have a lower capacity for supporting resident lynx.  
 
Climate Change - The Northern Maine Unit is more vulnerable to snowpack loss because of the 
lack of elevational refugia (Siren in Lynx SSA Team 2016a, pp. 15 and experts p. 37) and 
changes in snow conditions could further restrict their range (Hoving 2002, pp. 27-28; Hoving et 
al. 2005, p. 749; Carroll 2007, entire). Wildlife experts in Maine ranked lynx as highly vulnerable 
to climate change (>66 percent loss in species range/population and extirpation within 50 to 100 
years; Whitman et al. 2013, pp. 19, 74). Similarly, Carroll (2007, entire) modeled the Maine lynx 
population assuming non-cycling hare populations and snow conditions expected under 
intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He predicted a 59 
percent decline in the lynx population (the non-cycling hare population model) by mid-century 
because of climate change alone. Maine lacks elevational refugia for lynx under reduced snow 
scenarios (Carroll 2007, p. 1102), except for the mountains in western Maine where snow 
refugia may only persist as very small, isolated “sky islands” that would be unlikely to support 
lynx.  
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected with large changes observed since 1970 (Rustad et al. 2014, p. 6). Rapid winter 
warming in recent decades is believed to be caused by reduced albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing 0.42-0.46o C/decade with the greatest warming occurring in the 
coldest months of winter (January, February; Burakowski et al. 2008, p. 1). Northeast climate 
models predict average winter temperature increasing 2.0oC (low emission) to 2.9oC (high 
emission) by mid-century and 3.1oC (low emissions) to 5.3oC (high emissions) by late century 
(Notaro et al. 2014, p. 6529). The largest increases in temperature are expected in northern 
Maine (A. Siren in Lynx SSA Team 2016a, Appendix 3; Rawlins et al. 2012, p. 9) where 
temperatures may increase 4.5 to 5.0o F by 2050 (Fernandez et al. 2015, p. 3). In response to 
climate change, interest in wind development has grown in northern and western Maine, 
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increasing threats to high elevation and potential spruce-fir refugia (Publicover 2013, p. 2). 
Climate conditions are currently at or falling below threshold values needed to support lynx in 
Maine.  
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios (IPCC 2007) and predicted loss of 
forest and snow conditions able to support lynx in Maine by the end of the century. Although 
there are uncertainties about future climate warming, the area capable of supporting resident 
lynx in Maine are expected to recede northward and decline substantially this century (Vashon 
et al. (2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire) and is projected to decline. Snow duration is projected to continue to deteriorate. Snow 
duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) and is 
expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 2015, p. 
10). Snow duration is expected to diminish by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century.  
  
Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. Northeast winter snowfall has decreased by about 4.6 cm/decade (1.8 in/decade), 
with the greatest decreases occurring in December and February (Hayhoe et al. 2006, p. 1). By 
the end of the century, large areas of the Northeast will experience 15-percent (under a low-
emissions scenario) to 25-percent (high-emissions scenario) reductions in snowfall (Ning and 
Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that average snowfall in 
the northeastern United States and southeastern Canada will decline by 59 cm (23 in; 31 
percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a high-emissions 
scenario by the end of the century because a higher proportion of winter precipitation is 
projected to fall as rain rather than snow. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire).  
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Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12). Even under the lowest emissions scenarios, spruce-fir 
forest would be reduced by the end of the century (Williams and Liebhold 1997, pp. 210-214; 
Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), although some spruce-fir may 
persist at the highest elevations (Tang and Beckage 2010, pp. 148-156) and along the eastern 
coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions would likely persist. Climate 
change is anticipated to increasingly fragment the boreal forest in northern New England 
(Iverson et al. 2008, pp. 400-405), which would diminish the amount and quality of lynx habitat 
(Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to higher elevations formerly 
occupied by boreal forests have also been attributed to regional warming over the last century 
(Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline.  
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]) (McCaskill et al. 2016, p. 2). 
The decline of the spruce-fir forest type may be accelerated by northern hardwoods replacing 
spruce-fir following forest disturbances; however,in some situations, disturbance may favor 
persistence of balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 
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2005, p. 318). A pending spruce budworm outbreak and frequent disturbance from forest 
management could accelerate conversion to northern hardwoods. Other climate-related forest 
disturbances (forest pests, diseases) could further accelerate conversion to northern hardwoods 
(Iverson et al. 2008, p. 404).  
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson and Prasad 2000, p. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (E. Simons-Legaard, University of Maine, pers. comm. May 31, 2015). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer support high hare 
densities. For the foreseeable future, partial harvesting will continue as the primary means of 
forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
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partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx.  
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2016, p. 4).  
 
The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades. Lynx habitat is expected to peak and then 
remain stable through about 2012-2020 and then decline (Simons 2009, pp. 153-165, 202-220; 
Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former clearcuts and extensive 
partial harvesting are projected to result in a 50 to 65 percent decline in lynx habitat by 2032 
(Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of the landscape 
(current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, Fig. 8, p. 10). 
By 2032, the Northern Maine Unit may support less than half the number of resident lynx that it 
does today (Simons 2009, pp. 209, 217).  
 
In the future, lynx habitat will likely be fragmented into smaller, isolated parcels and shift 
southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in thid geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, Fig. 8, p. 9). The most pessimistic models (lowest harvest rates, 
no climate change, no spruce budworm) project about 5 percent of northern Maine will likely 
have high quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, Fig. 8, p. 9), although 
the habitat will be much more fragmented and have smaller patch sizes  (Simons-Legaard et al. 
2016, entire).  
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Softwood plantations could offset losses in spruce-fir and become a form of adaptation to 
climate change effects of reducing spruce-fir forest types. Jack pine plantations are extensive in 
adjacent New Brunswick (Etheridge et al. 2005, p. 1966). A forest company that has planted 
extensive spruce plantations in New Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) 
of forestland in northern Maine where it is doing the same. Spruce plantations are becoming 
more common on this ownership in Maine, but not on others. Stand structure and intensive 
management of plantations are highly variable (e.g., pruning, thinning, herbicide treatments), 
thus hare densities and use by lynx vary (Roy et al. 2010, entire). Hares can achieve higher 
densities in plantations depending on the amount of lateral (horizontal) cover, but for shorter 
periods of time; about 10 to 17 years after cutting and planting in New Brunswick (Parker 1984, 
p. 163) and 15 to 25 years in Quebec (Roy et al. 2010, p. 585). This is in contrast to about 15 to 
35 years in naturally regenerating spruce-fir stands after harvest (Simons-Legaard et al. 2016, 
p. 4). The future of plantations in the northern Maine unit is uncertain. Most investment 
landowners have short-term investment horizons and are unlikely to invest in plantations. 
  
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). The last budworm outbreak in the 1970s and 1980s killed millions of acres of 
spruce and fir forests in the Northern Maine Unit. A very large outbreak has recently affected 
about 40,470 km2 (15,630 mi2) of spruce-fir in southern Quebec, immediately north of Maine 
(Wagner et al. 2014, entire), and it is projected expand into northern Maine in 2018 to 2021, 
potentially putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State 
at risk of defoliation. However, despite the severe defoliation of spruce-fir forests in southern 
Quebec, some project a weaker outbreak in Maine because spruce and fir trees are younger 
and less susceptible and there is a higher hardwood component in northern Maine forests 
(Wagner et al. 2016, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2016, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously (K. 
Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
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entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above) (Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or be 
preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can adapt to 
lower landscape hare densities associated with mixed hardwood-softwood forest. They may 
persist, but at lower densities as they currently do in the western units of the DPS. However, the 
probability of persistence is further diminished by deteriorating snow conditions and potentially 
increased populations of bobcats and other competitors.  
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region. Notable large fires in Maine include a 3 million-acre (12,141 km2 [4,688 mi2]) fire in 
1825 and a 200,000-acre (809 km2 [313 mi2]) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been rapid turnover in ownership largely by investments 
companies and subdivision of large parcels (Hagan et al. 2005). Financial investors, primarily 
Real Estate Investment Trusts (REITS) and Timber Investment Management Organizations 
(TIMOs), focus on maximizing the asset value of timberlands and are increasingly likely to seek 
revenue from non-timber resources if they generate a higher return. These new owners operate 
over relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard 2013, entire). If 
left unchecked, these pressures may continue to promote dispersed development throughout 
this region. Parcelization and subdivision has increased, particularly in the southern third of the 
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jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has limited ability to 
address stressors on Maine’s North Woods, including resale and subdivision trend. This trend is 
likely to continue into the foreseeable future and will make management of large, forested 
landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 3.5 million acres. Visitation by outdoor recreationists is currently about 
175,000 per year and declining. Likewise, visitors to Baxter State Park and the Allagash 
Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous discussion of the 
recently-designated Katahdin Woods and Waters National Monument or a master tourism plan 
for the area (Vail 2007, pp. 112-113), there could be stagnant or declining participation in 
traditional outdoor recreational activities in the future (Vail 2007, p. 107). Alternately, increased 
numbers of second homes and resorts could increase visitor numbers in the future. 
Snowmobiling may be an exception and has risen in popularity in northern Maine, but it too may 
decline because of declining snow (see climate change section, above). The effects of new or 
expanded downhill ski development on fragmentation of lynx habitat are expected to be 
minimal. Three alpine ski resorts occur within the unit on the southern margin of lynx habitat: 
Saddleback Mountain Ski Area in Sandy River Plantation near Rangeley, Sugarloaf Mountain 
Ski Area in Carrabassett Valley, and Sunday River Skiway in Newry and Riley Township. 
Further development of ski areas is unlikely in the Western Maine Mountains. Future trends in 
outdoor recreation and associated effects on lynx, hares, and their habitat are uncertain in the 
northern Maine unit 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
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of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use.  
 
Energy production is emerging as a potentially significant economic factor in this unit, with grid-
scale industrial wind power, solar power, biomass, biofuels, and other energy sources offering 
new opportunities to utilize natural resources. Wind energy resources are high within the lynx 
critical habitat (National Renewable Energy Laboratory 201022), and wind development in the 
lynx critical habitat are likely to accelerate in the foreseeable future. Two large wind energy 
projects are being considered in designated lynx critical habitat in this unit; if built, each would 
cover about 450-650 km2 (180-250 mi2) and become 2 of the largest such projects in Maine. 
Mining is not a traditional land use in this unit, but a large mining operation is being considered 
within designated lynx critical habitat. Extraction operations for gravel (for road building) are 
widely-scattered throughout the unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often purchase development rights, but they may allow for wind power development and other 
land uses that may not be compatible with lynx conservation. Easements in Maine allow forest 
management, but they rarely prescribe specific management that would benefit lynx and other 
species of conservation concern.  
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development, it will become increasingly difficult to influence landscape-scale forest 
management that could benefit lynx. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential threats unique to this unit (e.g., lack of forest planning for lynx, rapid land 
                                                 
22 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 
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ownership turnover and development pressures), the Core Team also believed that the 
population status of lynx in Maine will diminish substantially in the future. The Core Team 
believed that the number of resident lynx in Maine is at an historically (unnaturally) high level 
and will likely decrease in the coming decades, perhaps to levels more like natural historical 
conditions, and perhaps (but with increasing uncertainty) to even lower numbers in the more 
distant future. The Core Team believed that given current trends (diminishing snow conditions, 
extensive partial harvesting and fragmentation of spruce-fir forest, possible pelage mismatch for 
hares, increasing populations of bobcat and fishers in a lower-snow environment), landscape 
level hare densities are likely to decline in northern Maine. Extended periods of lower hare 
numbers would likely reduce the number of lynx and the probability that this unit would continue 
to support a persistent resident lynx population in the future. 
 
The Core Team concurred with expert assessments concerning trends in forest management, 
but we also note that development pressures in northern Maine did not receive much discussion 
at our expert elicitation workshop. We believe that development pressures (residential and 
commercial development, energy development, transmission lines, roads, mining) may 
increasingly become competing land uses on private lands in northern Maine. We also expect 
the rapid turnover and subdivision of private forest lands in northern Maine to continue, which 
will accelerate opportunities for non-forestry land uses. Turnover in land ownership has provided 
opportunities to conserve some areas of the North Maine Woods through purchase of 
conservation easements and fee title acquisitions, including a new Katahdin Woods and Waters 
National Monument. However, conservation easements do not fully protect these lands from 
some kinds of development that could adversely affect lynx and their habitat. For example, 
many conservation easements allow large-scale, industrial wind power development. We 
conclude that various forms of development in northern Maine will continue in the future. 
 
The Core Team believes Maine lynx populations would be expected to decline more rapidly in a 
future scenario without Federal listing. The lynx is not State-listed in Maine and there is currently 
little consideration of lynx in the review of projects requiring state permits. There is a closed 
season on lynx, so intentional take would continue to be prohibited. There is rarely a nexus for 
Service review of forestry projects under section 7 of the ESA (i.e., no Federal funding or 
permits are typically required for forest management on private lands). Nevertheless, because 
of their Federal listing, Canada lynx are a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Although few private landowners have thus far made formal 
commitments to intentionally manage their forests for lynx, by virtue of their Federal listing 
status they at least consider the possibility of doing so in the future. This is particularly true of 
landowners who must plan for Federal listed species as a requirement of their enrollment in 
green certification programs. Without Federal listing, there would be no incentive or motivation 
for private forest landowners to change the current paradigm of partial harvesting and 
intentionally engage in forest management to benefit lynx. With current Federal listing, there is a 
nexus for the Service to review other projects in northern Maine (e.g., Army Corps of Engineers 
permits for wetland impacts); for new highways, transmission lines, large-scale energy 
development, mining, and residential and commercial development. Without Federal listing, few 
of these projects would consider lynx. Critical habitat has been an important consideration in the 
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Federal review of the aforementioned kinds of development projects. Critical habitat also has 
had a positive influence on land conservation in northern Maine, with land trusts and non-
governmental organizations using the lynx and their critical habitat as justification for seeking 
funds for conservation easements. This justification for habitat protection would no longer be 
valid in a future scenario without lynx being Federally-listed. The Core Team concludes that a 
future scenario without Federal listing would result in increased habitat loss and fragmentation 
and would result in reduced justification for habitat protection initiatives in northern Maine. 
 
Lynx would be at greater risk without ESA section 9 prohibitions against take. Although it is 
uncertain whether legal trapping of lynx would resume in Maine if the DPS was not listed, 
Maine’s incidental take plan for trapping would be moot, and it is possible that some protective 
measures to minimize injury, take, and mortality of lynx would cease or diminish. Habitat 
mitigation for lethal take of lynx associated with the Maine trapping HCP also would cease. 
About 10 lynx have been illegally shot and reported or otherwise discovered since listing. Illegal 
shooting and non-reporting would likely increase without Federal protection. We believe several 
high-profile Federal law enforcement cases have helped to reduce illegal shooting of lynx. With 
a diminished snow regime, populations of bobcats would be expected to increase and expand 
northward into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping, 
running with dogs, and hunting activities would likely increase without Federal listing. Similarly, 
increased fisher populations and trapping would be expected to occur in northern Maine in a 
diminished snow regime that would lead to greater incidental (lethal) take of lynx. There have 
been a few situations where lynx have destroyed livestock, but lethal actions to remove lynx 
were avoided because of Federal listing. Without Federal listing, justification for shooting lynx in 
these situations would likely increase. We believe that despite a closed hunting and trapping 
season, incidental take would continue and possibly increase and could become a significant 
threat to a population of lynx that will likely be significantly diminished by mid- to late-century. 
 
After considering the lynx expert opinion and the best available scientific information, the Core 
Team was more pessimistic than the experts about the probability of persistence of Canada lynx 
in the northern Maine unit. All threats – forest management, climate change, habitat loss and 
fragmentation, and development – are increasing in frequency, intensity, and extent. The 
amount of high quality hare and lynx habitat created by clearcutting in the 1970s and 1980s 
recently peaked at unprecedented high levels that are unlikely to be achieved again. Because of 
state regulations, forest management has shifted dramatically away from clearcutting to many 
forms of partial harvesting, which on average support less than half the hare densities. Forest 
land ownership has, and continues to rapidly change, further subdividing private forest lands. 
Furthermore, hare densities have declined by half and have remained at these lower levels. 
Lynx habitat in the next few decades will shift south to areas that will be more influenced by 
climate change and northward range expansion by bobcats. Thus, we conclude that the carrying 
capacity to support lynx is diminishing, and the lynx population will decline as the quantity and 
quality of boreal forest habitat declines. In contrast to other units, there are no commitments by 
private forest landowners to management plans to ameliorate this stressor. After reviewing the 
best available scientific information, we believe that climate change is a significant threat to lynx 
in the Maine unit; more so than expressed by experts. Deep, fluffy snow is critical to the 
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existence of hare and lynx, and snow depth and duration are currently at or below the 
thresholds believed necessary to support lynx. Unlike other units, as snow condition decline 
there is little elevational refugia for lynx in Maine. Spruce-fir is being replaced by northern 
hardwoods because of climate change. Frequent forest cutting and disturbance, including a 
pending spruce budworm outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of spruce-fir decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Maine by late-century 
under both low and high emissions scenarios. Climate change models portend declining snow 
conditions from low- to high-emissions. Because increases in temperature are thus far tracking 
high emissions scenarios we are less optimistic for snow conditions that favor lynx by mid- to 
late-century. In the past decade, interest in development has increased in lynx critical habitat, 
especially proposals for large-scale residential and resort development and extensive wind 
energy development that could cover hundreds of square miles. We conclude that these threats, 
individually and cumulatively, indicate diminished populations of lynx and their habitat. If these 
threats are not abated, we believe that the probability of persistence will be lower than projected 
by experts by mid-century and that lynx will have a greater likelihood of extirpation by the end of 
the century. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38 and figure 9, below). Near term drivers of the 
projected decline were climate-driven reduction in snow quality, quantity, and persistence; 
potential increased competition from bobcats; and forest insects. Long term drivers were 
climate-driven loss of spruce-fir forests; further reductions in snowquality, quantity, and 
persistence; potential competition from bobcats; and wildfires. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of elevational refugia), and all noted that an increase in northern 
hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario reduces 
the likelihood of local extirpation in this geographic unit, but the likelihood would increase if 
connectivity was to become compromised in the future if habitat recedes northward and 
becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
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Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the severity of a pending insect outbreak (and 
how this will affect future lynx habitat) and the potential introduction and spread of diseases.  
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (figure 9, below). As they did for most other geographic units, all experts 
indicated an initially high and subsequently decreasing probability of the persistence of resident 
lynx in this unit, with uncertainty increasing substantially over time. 

Figure 9. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 

Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 



 

189 
 

species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time.  
  
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
  
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
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The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
  
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
  
In response to a 2008 court ruling, the MNDNR began to draft a plan to address incidental take 
of lynx that may result from otherwise legal trapping in Minnesota. This plan is still under 
development by the MNDNR and will be designed to reduce the likelihood of incidental take 
from trapping (ILBT 2013, p. 49). If the DPS was not listed, the State would likely still try to 
reduce incidental take of lynx from trapping; however, it also is possible that State-managed 
trapping of lynx could resume. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, above, new information on 
regional climate change and potential effects to lynx habitat that has become avaialbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat 
(Schwartz et al. 2004, p. 354), (2) conversion of spruce-fir to northern hardwoods, and (3) 
potential future isolation of resident lynx in this unit because of diminishing forest conditions in 
Ontario. 
  
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios (IPCC 2007, pp. 44-47) and 
predicted loss of forest and snow conditions supportive of lynx in Minnesota by the end of the 
century. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall using 
downscaled climate models (Abdus Salam International Centre for Theoretical Physics (ICTP) 
Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited 
in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated 
that climate models show an increase in lake effect snow in the eastern Great Lakes until 2050, 
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with a decline later in the century, with an overall decline in the amount and duration of 
snowpack in the Midwest. Although there are uncertainties about future climate warming, lynx 
populations in Minnesota are expected to recede northward and decline over the next century 
(Lynx SSA Team 2016a, pp. 37-38).  
  
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). Snow cover days of 1 inch or greater in northern 
Minnesota (1959 -1979) ranged from 130-160 days, of 6 inches or greater ranged from 85 to 
130 days, of 12 inches or greater ranged from 50 to 100 days, of 24 inches or greater ranged 
from 10 to 30 days (Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) 
projected a general reduction in the frequency of heavy lake-effect snowstorms during the 
twenty-first century, with the exception of projected mid-century increases around Lake Superior 
when local air temperatures are expected to remain low enough for precipitation to largely fall in 
the form of snow. The snow season in the Great Lakes basin is likely to become substantially 
compressed during the twenty-first century with dramatic increases in rainfall (Notaro et al. 
2015, pp. 1676-1678). The Minnesota unit may be more vulnerable to snowpack loss due to 
lack of elevational refugia (Siren in Lynx SSA Team 2016a, p. 15).  
  
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)23 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678).  
   
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
                                                 
23 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now.  
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
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the 2004 (USFWS 2011, pp. 51-52). Because suitable habitat on National Forest lands alone is 
such a high percentage within LAUs and the SNF is the majority landowner within most LAUs, 
we expect that in the future, the Forest would not approach the LCAS maximum of 30 percent of 
lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, which would 
be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” (OML 3, 4 and 5) road density of roughly 0.45 
mi/mi2 outside the BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
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incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat.  
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016b, p. 1). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 1.6 acres). This cleared land may provide snowshoe hare 
habitat after it has time to revegetate. Mineral exploration activities use existing Forest roads but 
also may require construction of new roads and may potentially add a significant number of road 
miles. Land exchanges associated with  proposed mining sites could result in a loss of lynx and 
hare habitat under Forest management, but may also result in consolidation or gain of habitat 
with newly acquired lands (e.g, the Forest may able to consolidate lands that they can then 
manage for lynx). Stone quarry extraction operations are also scattered throughout the unit 
(MNDNR 2016b, p. 1) and may impact lynx and hare habitats.  
 
Conclusion 
 
After reviewing the scientific literature concerning climate change projections (diminishing snow 
conditions, loss of boreal forest, lack of elevational refugia, potential for increased competition, 
disease, and insect outbreaks), some Core Team members were more pessimistic about the 
future of lynx in Minnesota than the lynx expert panel. The Core Team feels that, depending on 
future emissions levels, the likelihood that this unit will continue to support resident lynx at the 
end of the century may be lower than the 35 percent (median most likely) estimate based on 
expert opinion. The threat for which the lynx was listed, lack of specific conservation direction, 
associated regulations, and lynx forest management planning has not been addressed on 
private lands in Minnesota, except through voluntary guidance. There is some uncertainty about 
the future of forest management and future development on private forest lands in Minnesota 
and in adjacent lands in Ontario, although there are some basic voluntary management 
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guidelines for private lands in Minnesota. Further, if the DPS is de-listed, there is uncertainty 
whether the lynx direction on Forest lands would continue into the future. It is projected that 
habitat will diminish and recede northward over the mid- to longer-term because of continued 
climate warming. Hybridization and competition with bobcat also may increase with diminishing 
snow conditions because of continued climate warming, and it is uncertaint how insect 
outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is unlikely that lynx would become a 
legally trapped furbearer in Minnesota (although a legal wolf hunt was reinstated post-delisting 
of that species in Minnesota, so it may also be suggested for lynx). Seven lynx have been 
illegally shot and reported or otherwise discovered since listing. Illegal shooting and non-
reporting would likely increase without federal protection. High-profile law Federal enforcement 
cases may have helped to reduce illegal shooting of lynx. With a diminished snow regime, 
populations of bobcats could increase and expand north and eastward into areas currently 
occupied by lynx. Incidental take of lynx from bobcat trapping and hunting activities would likely 
increase without Federal listing. Similarly, fisher, fox, and coyote populations may increase in a 
diminished snow regime in northern Minnesota and trapping would be expected to occur there 
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that may lead to greater incidental take of lynx. We believe that despite a closed hunting and 
trapping season, incidental take would continue and possibly increase and could become a 
significant threat to a population of lynx that will likely be significantly diminished by mid- to late-
century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was more pessimistic than the experts about the probability 
that resident lynx will persist in this geographic unit. All threats –climate change, habitat loss 
and fragmentation, mining and development – are increasing in frequency, intensity, and extent. 
Lynx habitat in the next few decades will likely shift north to areas that will be more influenced 
by climate change and northward range expansion by bobcats. Thus, we conclude that this 
unit’s ability to support resident lynx will likely diminish in the future, and the lynx population will 
likely decline as the quantity and quality of boreal forest habitat declines. Although there are 
voluntary forest management measures to consider listed species on private forest lands, there 
are no commitments by private forest landowners to manage specifically for lynx conservation. 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in this unit; slightly more so than expressed by most of the experts. 
Snow depth and duration in the area currently supporting resident lynx are projected to decline 
significantly by the end of the century, likely to the detriment of both hare and lynx populations. 
Unlike most other units, as snow condition decline there is little potential for elevational refugia 
for lynx in Minnesota except, perhaps, a small area of slightly higher elevation in the extreme 
northeastern corner of the unit. The boreal forest in this unit is already being replaced by 
northern hardwoods because of climate warming. Frequent forest cutting and disturbance, 
including a potential insect outbreak, could accelerate conversion to northern hardwoods. We 
acknowledge that the rate of boreal decline is uncertain, but note that some of the science 
reviewed indicates the spruce-fir forest type could nearly disappear from Minnesota by late-
century under both low and high emissions scenarios. Climate models portend declining snow 
conditions under low- and high-emissions scenarios. Because increases in temperature are thus 
far tracking high emissions scenarios, we are less optimistic for snow conditions that favor lynx 
by mid- to late-century. In the past decade, interest in development has increased in lynx critical 
habitat, especially proposals for large-scale mining developments. We conclude that these 
threats, individually and cumulatively, indicate diminished populations of lynx and their habitat. If 
these threats are not abated, we believe that resident lynx in this unit will have a slightly greater 
likelihood of extirpation by the end of the century than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity. 
Additionally, because of its connectivity to lynx populations and habitats in Canada, its large 
geographic extent, and the relatively large number and broad distribution of resident lynx it is 
thought to support, experts felt that future extirpation of lynx from this unit from either reduced 
genetic health or a catastrophic event is unlikely (Lynx SSA Team 2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
  
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
  
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
  
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (figure 10, below). As they did for most other geographic units, all experts 
indicated an initially high and subsequently decreasing probability of the persistence of resident 
lynx in this unit, with uncertainty increasing substantially over time. 

 
Figure 10. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]) (USFWS 2014 pp. 26-34, 
also see 3.1, above). If plan amendments or revisions may affect listed species, management 
agencies must consult with the Service in accordance with section 7 of the ESA. If in the future 
the lynx DPS is determined by the Service to be recovered and the protections of the ESA no 
longer necessary (i.e., if the DPS is removed from the Federal Lists of Endangered and 
Threatened Wildlife and Plants), the ESA requires the Service, in cooperation with the States, to 
monitor the DPS for a minimum of 5 years to assess its ability to sustain itself without the ESA's 
protective measures. If, within the designated monitoring period, threats to the DPS change or 
unforeseen events affect its stability, then the DPS may be relisted or the monitoring period 
extended. Given these requirements, we expect that future Federal management direction will 
continue to include regulations and guidance protective of lynx, although specific measures may 
change as new information becomes available. 
  
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
  
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management, 
above) suggests continued management to conserve lynx habitats on Tribal lands. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
  
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished and that potential recovery objectives were not otherwise compromised. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.3, evidence of warming and related impacts (increased 
temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions of the snow conditions and boreal/subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of  snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). There will likely be a lag 
time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely 
compromising this unit’s future ability to support resident lynx populations.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
  
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality and 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future.  
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
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detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high quality hare and lynx foraging habitats 
where feasible.  
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous United States, including this geographic unit. 
Also as noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this 
chapter, current Federal management restricts, with few exceptions, fire management (fuels 
reductions, prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such 
activities and wildfire response to conserve and restore lynx and hare habitats. We expect such 
conservation-focused fire management to continue and, therefore, to benefit lynx rather than to 
affect them detrimentally in the future. 
  
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the timing and extent of future fires. As described in section 3.4, increases in fire 
frequency and size could rapidly convert large areas to the temporarily unsuitable stand-
initiation successional stage, thus reducing the amount and altering the distribution of higher-
quality habitats and potentially compromising this unit’s ability to support a resident lynx 
population until burned habitats recover. Because lynx habitats are naturally patchily-distributed 
and landscape-level hare densities already marginal in many parts of this unit, it is possible that 
very large wildfires or many fires over a short time period could shift some parts of this unit from 
being just barely capable of supporting resident lynx to being incapable of doing so in the future. 
Although fire suppression was considered a potential risk factor for lynx in the DPS range, given 
the trends discussed above and the likely continued increase in future fire activity resulting from 
continued climate warming and drying, it may be necessary to reconsider whether fire 
suppression in some lynx habitats could benefit lynx by reducing the potential for extirpation of 
resident populations, especially in places already apparently only marginally capable of 
supporting them.  
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction in 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
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geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2, above), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
  
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of immigration.  Additionally, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 years 
of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., decrease in or complete loss of immigration from 
Canada), result in the functional extirpation of resident lynx from this unit before the end of the 
century. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predictions showed a lower probability of persistence for 
this unit over the short term, and then a similar declining trajectory and increasing uncertainty by 
the end of the century, reflecting a more pessimistic outcome for this geographic unit (figure 11). 
Experts felt that the probability of lynx persistence in this unit could decrease sharply over the 
next 10-20 years because of extensive recent fires in lynx habitats and the time needed for 
these areas to regenerate back to good hare/lynx habitat. However, 1 expert predicted an 
increase in persistence probability by mid-century as habitats impacted by recent large-scale 
fires regenerate into optimal hare-lynx habitat.After that, the probability could rebound (or 
decline more slowly) over the longer term as these large areas return to prime habitat providing 
high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though none has been documented among lynx in this unit. Experts discussed the extent to 
which small lynx populations could be reduced before they would become highly susceptible to 
stochastic demographic effects. It was suggested that 15-20 breeding individuals might be the 
minimum needed to avoid such susceptibility. Unimpeded connectivity between Canada and the 
Okanogan area of this unit could allow lynx to repopulate currently-unsuitable areas after the 
habitat recovers. Lynx in this unit are likely the southern portion of a larger population in 
Canada, not really a separate, isolated small population. Factors that influenced expert 
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persistence probabilities for this unit included fire, habitat loss, and the future loss of favorable 
snow conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence probabilities 
of 60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent 
(median = 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of 
the century (figure 11, below). Compared to most other geographic units, experts indicated 
greater uncertainty regarding short-and mid-term term persistence in this unit but, as for other 
units, uncertainty was greatest at the end of the century. 

 
 
Figure 11. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
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LRMPs that have been implemented on all other National Forests in the DPS range (see  
section 3.1.1, above). Currently, both the OWNF and CNF are in the process of amending or 
revising their LRMPs. We expect that management direction for lynx conservation addressing 
vegetation management, wildland fire management, and habitat fragmentation on National 
Forest System lands will be incorporated into the revised or amended LRMPs. We expect that 
both the OWNF and CNF will be required to manage for lynx and their habitat into the future 
because both forests will have incorporated lynx management direction into their respective 
LRMPs. We acknowledge that LRMPs can be amended or revised; however, LRMPS are 
typically in place for 15 years or longer, and the Service, other Federal and State agencies, and 
the public would have opportunities to comment on any proposed amendments or revisions to 
LRMPs through the NEPA process. Therefore, we expect that both the OWNF and CNF will 
continue managing for lynx and their habitat into the future regardless of their listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Warming – As in other units, continued climate warming is projected to cause northward 
and upward shifts in spruce-fir habitats and loss of snow conditions thought to favor lynx. 
Recent warming likely contributed to recent increases in wilfire activity in this unit and is likely to 
continue to do so in the future. Westerling et al. (2006, pp. 942-943) compiled information on 
large wildfires in the western United States from 1970-2004 and found that large wildfire activity 
has increased significantly from the mid-1980s with higher large-wildfire frequency, longer 
wildfire duration, and longer wildfire seasons. The greatest increases occurred in high elevation 
forest types including lodgepole pine and spruce fir in the northern Rockies (i.e., lynx habitat). 
They also found that fire exclusion had little impact on natural fire regimes. Rather, climate 
appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
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Climate change, in addition to potentially affecting fire return intervals, fire severity (intensity, 
size), and insect outbreaks, is likely to affect the amount of precipitation falling as snow at 
elevations typically supporting lynx habitat in this geographic unit. 
 
Climate change is also expected to impact the quantity, quality, and duration of snow in the 
Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature trends in the Pacific 
Northwest using data collected by weather stations from 1930 to 1995, determined that the 
temperature increased in the Pacific Northwest, and more precipitation fell in the spring and 
summer months, especially at elevations below 1,800 m (5,900 ft). Additionally, Mote (2003a, 
pp. 2-3) determined that an increasing temperature and precipitation trend from 1950 to 2000 is 
correlated with a 40 percent decrease in the snow water equivalent in the Cascades. Mote et al. 
(2005, p.45) determined that the Cascades are very sensitive to temperature changes, with 
large increases in temperature potentially resulting in significant declines in snowpack. 
Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined that the Cascade 
snowpack has declined by up to 40 percent in the latter half of the twentieth century, which 
resulted from increased temperatures. Furthermore, temperatures are predicted to continue 
increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to cause further 
and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). Continued 
declines of snowpack in the Cascades through 2025 are predicted to range from 9 percent 
(Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 2010, p. 
2486), which may also affect lynx densities supported in the Cascades.  
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx Workshop 
Report 2016, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, 
coupled with increasing wildfire risk, the potential for the Cascades to support a viable lynx 
population may be further reduced because of projected climate-mediated decreases in snow 
quantity and quality. Overall, our review of the published literature on this subject leads the Core 
Team to conclude that climate change does indeed pose the greatest risk to the long-term 
persistence of lynx, including within this geographic unit. 
  
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term and at mid-century, but a lower probablility of doing so, with more 
uncertainty, by the end of the century. As described above, the potential effects of climate 
change on the quantity and quality of snow, as well as the projected northward and upslope 
movement of spruce-fir and subalpine fir forests are likely to result in further fragmentation and 
reduction of lynx habitat within this geographic unit by the end of the century. More fragmented 
and smaller habitat patches are likely to support a smaller and more isolated lynx population 
that will be more vulnerable to stochastic environmental and demographic events. Over the past 
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25 years, wildfires have reduced lynx habitat in this geographic unit by almost 40 percent and 
likely reduced its carrying capacity for lynx by a similar amount. Additional future losses of lynx 
habitat resulting from climate-driven increases in wildfire size, frequency, and intensity may 
pose the greatest near-term threat to the persistence of this population. Connectivity between 
this unit and Canada is likely to remain intact in the future. Because lynx are highly mobile and 
able to traverse large areas of non-lynx habitat, we do not anticipate that climate change, in and 
of itself, will significantly affect connectivity between this geographic unit and the larger lynx 
population in southern British Columbia. This connectivity may contribute to maintaining a 
persistent, albeit smaller, lynx breeding population in this geographic unit into the future. 

 
5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire. Some experts 
doubt that the GYA unit currently supports a resident breeding population of lynx. Experts 
indicated that climate models predict that some parts of the GYA unit could provide refugia from 
climate change impacts because of their high elevations and potential to maintain winter snow 
levels into the future. Summer conditions in this unit, however, could be drier in the future, 
resulting in increased fire frequency, extent, and intensity, and additional temporary habitat loss. 
However, regeneration of these areas and the extensive areas that have burned in the recent 
past may provide good habitat over the next several decades. Some experts suggested that 
lynx emigrating to this unit from Colorado could occupy such improved habitats in the near 
future. Colorado lynx have made exploratory movements into the GYA in summer months, and 
analysis of available data could improve our understanding of Colorado lynx movement into and 
use of the GYA. It is possible that lynx from Colorado are maintaining or could maintain lynx in 
GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence probabilities 
of 10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent 
(median = 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of 
the century (figure 12, below). Unlike other units, the expert graphs for this unit were widely 
variable and had different outcomes and high uncertainty at all time frames. This was the only 
unit for which most experts believed the current probability of persistence is low (i.e., that it is 
uncertain whether this area currently supports a resident lynx population). Some experts 
increased probability of persistence into mid-century based on the possibility that large areas 
impacted by the 1980s-era wildfires may by then regenerate into hare/lynx habitat, and on 
possible continued dispersal of lynx from Colorado into this unit. Unlike other units, where 
expert confidence in their predictions was initially high but decreased greatly beyond mid-
century, expert uncertainty in this unit was high for all timpe periods and was related to 
uncertainty about whether resident lynx currentlyoccur in the GYA. 
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Figure 12. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1, above) and 
consultation with the Service in accordance with section 7 of the ESA. If the DPS were to be 
recovered and delisted in the future, the ESA requires a minimum of 5 years of monitoring to 
assess its ability to sustain itself without the ESA's protective measures. If, during that time, 
threats to the DPS change or unforeseen events affect its stability, then the DPS may be 
relisted or the monitoring period extended. Given these requirements, we expect that future 
Federal management direction will continue to include regulations and guidance protective of 
lynx, although specific measures may change as new information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multistoried forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
  
If the DPS was not listed, State-managed trapping could resume in this geographic unit. We 
expect that would occur only if scientific evidence strongly suggested the presence of a 
harvestable surplus of lynx and that harvest quotas would be carefully managed to ensure that 
the viability of resident lynx populations would not be diminished or that potential recovery 
objectives were not otherwise compromised. 
  
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2, above. Also, as 
noted above in section 4.2.5, evidence of warming and related impacts (increased 
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temperatures, reduced snowpack, earlier snowmelt, and increased drought leading to increased 
fire) have already been documented in the Northern Rocky Mountains, including this geographic 
unit. Climate projections suggest these impacts are likely to continue and to result in future 
northward and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
  
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2, above), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable.  
  
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
  
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
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Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
  
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
  
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, above, past wildfire 
management, including fire suppression, does not appear to have altered the historical fire 
regime in lynx habitats in the western contiguous United States, including this geographic unit. 
Also as noted there and in sections 3.1.1 and the Regulatory Mechanisms section of this 
chapter, current Federal management restricts, with few exceptions, fire management (fuels 
reductions, prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such 
activities and wildfire response to conserve and restore lynx and hare habitats. We expect such 
conservation-focused fire management to continue and, therefore, to benefit lynx rather than to 
affect them detrimentally in the future. 
  
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
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reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
  
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
  
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
  
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is little evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States Nonetheless, as elsewhere in the DPS, immigration 
may influence the persistence of resident lynx in this unit. If continued climate warming or other 
factors further reduce the chances that dispersing lynx will reach this unit and contribute to its 
demographic and genetic health, either through habitat loss and fragmentation in potential 
dispersal corridors or declines in the amplitude of northern hare and lynx population cycles, the 
likelihood that the unit will support resident lynx in the future may also decline. However, as in 
Unit 3 above, because we lack information of historic, recent, and likely future rates of 
immigration and its contribution to the persistence of lynx populations in this geographic unit, 
impacts of potentially reduced future immigration are difficult to project and are largely 
speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century, and highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
  
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may occur as 
several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and hares may be declining in ski areas. Ski areas 
tend to expand and may, therefore, have larger impacts on lynx in the future. There is some 
evidence of lynx using ski areas in summer months but avoiding them during the ski season. 
Two-thirds to three-quarters of the lynx in this unit are in the southern portion of the range in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) in Colorado that has not 
been well surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence probabilities 
of 60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent 
(median = 80 percent) at mid-century, and 20 to 70 percent (median = 50 percent) at the end of 
the century (figure 13, below). Most experts indicated an initially high and subsequently 
decreasing probability of the persistence of resident lynx in this unit, with uncertainty increasing 
substantially over time; however, experts also expressed substantial uncertainty over the near- 
and mid-term. 
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Figure 13. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. 
 
 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
inadequate regulatory mechanisms by addressing the major adverse impacts of Forest Service 
land management on lynx (USFWS 2008b, p. 70-71). Lynx habitat on all other ownerships 
makes up the remaining 15 percent of potential lynx habitat in Colorado, of which, only 5 
percent is in Federal ownership. Other ownerships include state, county, municipal, etc., and 
private lands. Some BLM resource management plans have not been amended to include 
conservation specifically for lynx. Lynx habitat on BLM ownership mostly consists of narrow 
forest extensions connected to larger blocks of habitat on adjacent USFS lands. Generally these 
extensions are insufficient on their own to support a lynx home range. However, the Gunnison 
Field Office is the only BLM unit that contains sufficient habitat to map and identify LAUs. 
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The State of Colorado manages lynx as a State endangered species C.R.S. 33-2-105, 
prohibiting take of the species with exceptions for protection of human life (C.R.S. 33-6-205 and 
incidentally during depredation management (not caused by lynx) [C.R.S. 33-6-207]. 
  
Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, as discussed in Section 3, the global climate 
models do not represent the topography of Colorado very well, so it is difficult to discern 
whether the warming projected for the higher elevation regions (>10,000’) in the state is 
substantially different from that projected for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on non-Federal ownerships within lynx habitat is unlikely 
to cause significant concern for lynx conservation in Colorado through the remainder of the 
century. 
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Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008, p. 36) 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable or non-
existent for much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low in this unit. Further, the naturally limited and fragmented habitats 
and generally low hare densities, which were apparently incapable of supporting persistent 
resident populations historically, are likely to worsen with continued climate warming. This unit’s 
greater distance and relative isolation from other lynx populations in the DPS and Canada, 
which may have prevented dispersing lynx from reaching this unit during the unprecedented 
irruptions from Canada into the northern contiguous United States in the early 1960s and early 
1970s, also casts doubt on the likelihood that this unit will receive the demographic and genetic 
support from the north that is thought to be important to the maintenance of DPS populations. 
Because of these factors and uncertainties, we doubt that resident lynx will persist in this unit 
through the end of the century, although we concur with experts that lynx will persist over the 
short-term and possibly until mid-century. 
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We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx.  
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing all available lynx habitat in the future. 

Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of this DPS that is as clear as possible given the unavoidable uncertainties 
involving demography and long-term threats. 
 
Needs 
 
Throughout the species’ range, the lynx is a habitat and prey specialist requiring boreal forests 
with dense horizontal cover, long winters, and deep, persistent snow, which is believed to confer 
a competitive advantage for exploiting its primary prey, the snowshoe hare. Lynx in the 
contiguous United States have ecological requirements similar to those of lynx in Canada and 
Alaska, and throughout the species’ range hare abundance is the primary driver of lynx 
population dynamics. However, the DPS is at the southernmost margin of the species’ range, 
where boreal forests transition to temperate conifer and hardwood forests, and where snow 
conditions and hare abundance generally become less favorable with decreasing latitude. 
Because of this, habitat is less extensive and generally more fragmented within the DPS range 
than in the core of the species’ range in Canada and Alaska. As a result, lynx in the contiguous 
United States are naturally less abundant and more patchily distributed than in the core of the 
range (except during decadal lows in hare population cycles, when both hares and lynx occur 
temporarily in the north at densities lower than most in the range of the DPS). Maintaining 
connectivity between lynx populations in Canada and the DPS is thought to be important; 
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however, whether and if so, to what extent the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain.  
    
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
contain resident breeding lynx populations. Although we lack precise historical and current 
population-size estimates for all of the geographic units, lynx experts familiar with each unit 
provided their estimates of the number of resident lynx each unit could potentially support. 
 

• Northern Maine (Unit 1) currently contains an unnaturally-high amount of high-quality 
hare habitat; the result of dense confier regeneration following landscape-level 
clearcutting in the 1970s and 1980s in response to a large spruce budworm outbreak. 
This unit currently is thought tosupport the largest resident population in the DPS; 
perhaps 750-1,000 individual lynx (Vashon in Lynx SSA Team 2016a, p. 18), which is 
many more lynx than probably occurred in this unit under historical habitat conditions 
and natural disturbance regimes. 
 

• In Northeastern Minnesota (Unit 2), a resident population ranging from 50-200 lynx 
occupies the Arrowhead Region of the State (Moen in Lynx SSA Team 2016a, p. 19); 
the number of resident lynx that occurred historically in this unit is unknown, but there is 
no information to suggest that it was substantially larger than the current population. 
 

• Northwestern Montana and northeastern Idaho (Unit 3) could potentially support 200-
300 resident lynx (Squires in Lynx SSA Team 2016a, p. 41); no estimate of historical 
population size is available for this unit. 
 

• In North-central Washington (Unit 4), extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 85-125 lynx 
before the large fires to less than half of that (roughly 40-55 lynx) currently (Maletzke in 
Lynx SSA Team 2016a, p. 21; Lewis 2016, pp. 5-6). 
 

• The Greater Yellowstone Area (GYA, Unit 5) is thought by some to have historically 
supported a small resident population, but the possibility that resident lynx occurred only 
ephemerally in this unit cannot be ruled out based on analysis of verified historical 
records. No lynx have been documented in the GYA since 2010, and currently this unit 
likely supports fewer than 10 (and perhaps 0) resident lynx (Squires in Lynx SSA Team 
2016a, p. 45). 
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• Our analysis of verified records suggests that lynx may have occurred only ephemerally 
in the Southern Rockies of western Colorado (Unit 6); however, it is possible that this 
unit historically supported a small resident population that, for reasons that remain 
unclear, became extirpated in the second half of the last century. Since the release of 
218 Canadian and Alaskan lynx into the San Juan Mountains of southwestern Colorado 
from 1999-2006 and subsequent reproduction among some of these lynx and several 
generations of their offspring, resident lynx, perhaps numbering 100-250 individuals 
(Ivan in Lynx SSA Team 2016a, p. 47), currently occupy parts of this geographic unit. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
     
The primary threat identified at the time of listing, lack of regulations protecting lynx habitat on 
Federal lands, has been largely addressed by formal and binding amendments or revisions to 
most Federal land management plans within the DPS range. Although uncertainty remains 
about the efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
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Other stressors affect lynx in 1 or more geographic units. For example, in northern Maine, 
where most high-quality lynx habitat occurs on private commercial timber lands and is the result 
of past timber harvest, changes in State forestry regulations (the Maine Forest Practices Act of 
1989) that govern private forest management may currently be causing decreases in habitat 
quantity, quality, and distribution, and in lynx numbers (also see Future Conditions and Threats, 
below). The lack of binding lynx conservation commitments on private lands may exacerbate 
this risk to current lynx habitats in Maine. However, the current amount and distribution of high-
quality lynx and hare habitats created in Maine by past timber harvest is thought to be several 
times higher than the likely natural historical condition. In North-central Washington, recent 
large-scale wildfires have resulted in the temporary loss of over a third of lynx habitat, likely 
reducing this unit’s current lynx population and potentially compromising its current ability to 
support a resident population until habitats recover. Increased wildfire activity also has impacted 
lynx habitats in the other western geographic units (Northwestern Montana/Northeastern Idaho, 
the GYA, and Western Colorado), but the extent to which it may have influenced the current 
condition of lynx populations in those units is uncertain. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter the timing 
and magnitude of lynx dispersal from Canada into the contiguous United States. If lynx 
populations in the DPS depend on immigration from Canada which is no longer occurring or has 
been substantially reduced relative to historical conditions, population declines and an 
increased likelihood of extirpation among resident DPS populations would be expected. 
However, whether, and if so to what extent, these climate-mediated factors have influenced 
current lynx numbers, other demographic parameters, and/or habitat quality and distribution is 
uncertain and has not been quantified across the range of the DPS or in individual geographic 
units. Despite uncertainty regarding its influence over current conditions for lynx, climate 
modeling and expert opinion concur that continued climate warming will adversely impact lynx in 
the DPS at some point in the future. 
 
Future Conditions and Threats 
 
Overall, our evaluations of the scientific literature and expert input suggest that resident lynx 
populations in each of the geographic units are likely to be smaller and their distributions 
reduced in the future. These anticipated declines are most likely to be influenced by projected 
loss and increasing fragmentation and isolation of boreal forests and favorable snow conditions 
resulting from continued climate warming and related impacts (e.g., increased wildfire and forest 
insect activity, diminished hare populations; Lynx SSA Team 2016a, p. 58). Forest management 
on private lands that lack lynx conservation commitments may also contribute to future declines, 
particularly in northern Maine. In each geographic unit, the probability that resident lynx 
populations will persist is expected to decline through the end of the century, with uncertainty 
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about the rate of decline increasing with time from the present. The loss of resident lynx from 1 
or more geographic unit would represent reduced future resiliency, redundancy, and 
representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, potential competitors 
are likely to outcompete and displace lynx. This in turn would reduce lynx abundance and 
density within populations, making populations more susceptible to stochastic events. 
 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). We recognize that a sequence of discrete but spatially-clustered catastrophic 
events in lynx habitats over a short time could increase the potential for functional extirpation in 
1 or more of the individual geographic units (especially the possibility of additional large wildfires 
in north-central Washington), thereby reducing redundancy within the DPS. However, as long as 
resident lynx remain geographically well-distributed in 1 or more units within the DPS, 
extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. 
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How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
    
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Although projections of climate-mediated losses of boreal forests and favorable snow conditions 
suggest impacts to lynx and hare populations throughout the DPS, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting, which are detrimental to snowshoe hare 
and lynx needs. On private forest lands, energy development (wind energy, mining), rapid 
turnover in ownership and parcelization of forest land, and uncertain forest markets may also 
reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
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Although all 5 geographic units that currently support resident lynx populations (all units except 
the GYA) are expected by lynx experts to continue to do so through mid-century, only 1 
(Northwestern Montana/Northeastern Idaho) had a median expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (Lynx SSA Team 2016a, pp. 36-49, 58). The median expert-estimated persistence 
probablilities suggested a 50 percent or greater probability of functional extirpation (i.e., no 
longer capable of supporting resident lynx populations) for all other geographic units by the end 
of the century, with a moderate to high likelihood that resident lynx could be lost from 2 to 3 
units by then. 
 
Potential elevational refugia may increase the likelihood of persistence in western units, 
although uncertainty remains about the timing of warming-driven upslope movements of 
habitats and snow conditions and the extent to which hare and lynx populations may follow 
them. Regardless, future lynx habitats throughout the DPS range are likely to be smaller and 
more fragmented, and geographic units that are already relatively isolated from other lynx 
populations are likely to become even more isolated in the future. Despite the lack of elevational 
refugia, lynx may also persist at the end of the century in Maine and Minnesota, depending on 
the timing and severity of climate change effects and, in Maine, on trends in forest management 
and other commercial development on private lands. 
 
Uncertainty increases at mid- to late-century concerning the timing and extent of various 
stressors that will affect lynx and hare habitat and snow regimes, especially those related to 
climate change. However, review of the best available science in concert with input from lynx 
experts suggests that the probability of the persistence of resident breeding populations will 
decline in all geographic units, with the negative DPS-wide trajectory continuing to the end of 
the century and, with no evidence to the contrary, beyond that time frame. Our evaluation 
generally concurs with the expert input we received. We believe that lynx populations and 
habitats in the DPS will decline over time largely as a result of continued climate warming and 
associated impacts, which are likely to exacerbate the potential adverse effects of other factors 
(e.g., forest management, competition from other hare predators). 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx through mid-
century in most of the 5 geographic units that currently support them. However, we believe it is 
very unlikely that resident lynx populations will persist through the end of this century in all of the 
geographic units that currently support them. That is, we believe that resiliency will be 
substantially diminished because of reduced population sizes and distributions throughout the 
DPS, with resulting extirpation of resident populations from 2 to 3 (of 5) units more likely than 
not by the end of the century.  
  
We conclude that the functional extirpation of resident lynx populations from 1 or more 
geographic unit would demonstrate a loss of resiliency, reduced redundancy, and, possibly, 



 

225 
 

reduced representation within the DPS. The probability of losses in resiliency, redundancy, and 
representation puts the Canada lynx DPS at increasing risk of extirpation through the end of this 
century. With continued and unmitigated climate warming and projected northward and upslope 
contractions in snowy boreal forest habitats, it seems likely that at some point in the future the 
Contiguous United States may no longer be capable of supporting resident lynx populations. 
However, because there is great uncertainty in the magnitude and timing of these changes, it is 
impossible to predict when the DPS may become extirpated. 
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From: McCollough, Mark
To: Anna Harris
Subject: Fwd: DRAFT FINAL SSA
Date: Thursday, July 20, 2017 1:20:36 PM
Attachments: 2017 06 22 Draft - FINAL Lynx SSA Report CLEAN.docx

Anna:  I am finally getting to some of these earlier emails.  I plan to block out the better part
of two days next week on my calendar to work on the lynx SSA.  I hope that does it.

I've been putting all lynx SSA-related emails into a folder the last few years, so I think we will
be prepared for FOIAs.

Mark
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Jul 10, 2017 at 6:36 PM
Subject: Fwd: DRAFT FINAL SSA
To: Peter Fasbender <peter_fasbender@fws.gov>, Anna Harris <anna_harris@fws.gov>,
Kathleen Hendricks <kathleen_hendricks@fws.gov>, Ann Timberman
<ann_timberman@fws.gov>
Cc: Tamara Smith <Tamara_Smith@fws.gov>, Mark McCollough
<Mark_McCollough@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>, Kurt Broderdorp
<Kurt_Broderdorp@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Paul Phifer
<paul_phifer@fws.gov>, "rollie_white@fws.gov" <rollie_white@fws.gov>, Lori Nordstrom
<lori_nordstrom@fws.gov>

Good afternoon folks.  We are wrapping up the final SSA and I wanted to reach out to you for
2 reasons: First to say thanks to you and your staff for all of your hard work throughout this
process.  I know it has been a slog and a suck on all of your time, and two, to say its not over
yet!  

We are very close but we need your staff's help to get us over the finish line.  The first draft
had substantial rewrites by Jim to address questions and concerns brought up by all the
reviewers (internal and not) and as a result - we believe its a much better document.  However,
we need your folks to look at their sections and let us know if you see any major omissions or
failure to adequately address substantive comments and to add page numbers to citations and
add citations to the list at the end.  These need to be done in track changes and sent them back
to Jim asap.  We are still trying to get this document and the SSA completed by the end of the
month but need your help.  I understand that folks are on to other priorities but a couple of
focused days on this assignment should wrap it up.    Thanks again for your help.   Also a
word to the wise, folks should also spend sometime getting their records together.  We are
likely to be FOIA'd immediately after the 5 year review is made final.  Thanks again. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
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(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Thu, Jun 22, 2017 at 4:54 PM
Subject: DRAFT FINAL SSA
To: Jodi Bush <jodi_bush@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>, Mark
McCollough <mark_mccollough@fws.gov>, Tamara Smith <tamara_smith@fws.gov>, Bryon
Holt <bryon_holt@fws.gov>, Kurt Broderdorp <kurt_broderdorp@fws.gov>

I've tried to address most of the peer review and many of the State/Fed comments in the attached.  I've tried to
highlight places where changes are responsive.  I've also highlighted some (maybe not all) of the citations that still
need pg numbers.  I've also tried to edit for consistency among EE results presentations in each unit. I've also left
comments regarding questions or issues on which I still need input or resolution from Core Team members. And I've
made changes to conclusions with which I disagree.

This is a clean version (except comments).  I had to abandon the Track Changes version several days ago when it
got too cluttered.  I will forward the most recent of that after I've had a chance to look through it and remove stuff
that's since been addressed.

Core Team - please review your sections and let me know if you see any major omissions or failure to adequately
address substantive comments. Also review what you submitted to see if it can be boiled down further based on
changes to text in preceding chapters.  Also please add pg numbers to citations and add citations to the list at the
end.  Do these in track changes and send them back to me by June 30.

This is still not as tight as I would like it, and I think it could be trimmed more, but I think it goes a long ways to
addressing the reviews we received. Let me know if you disagree and if so, where specifically in the document.

Justin - you've been volunteered for technical editor - we can discuss anything you may have questions about.

One day this thing may actually be finished.....

With all the optimism I can muster,

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Marks, Kaimy
To: Jim Zelenak
Cc: Jodi Bush
Subject: Re: Lynx Peer Review
Date: Thursday, July 20, 2017 1:51:39 PM

I've put this Admin Record here:

X:\Numeric Files\7359 ESA Administrative Records\2017\Lynx SSA Peer Review

Kaimy Marks
Administrative Officer
MT Ecological Services Office
585 Shephard Way, Ste 1
Helena, MT
406-449-5225  X207

On Wed, Jul 19, 2017 at 4:52 PM, Cusack, Matthew T <matt.cusack@atkinsglobal.com>
wrote:

Please find available at the link below the administrative record for the peer review of
the SSA for the Canada lynx.

This admin record supports the development of the summary report that was provided
under separate cover.

We appreciate the opportunity to support the Service on this review.

Respectfully submitted,

Matthew
Cusack, PWS

Group Manager

Mid-Atlantic Sciences

ATKINS

1616 E. Millbrook Road

Suite 310

Raleigh, NC 27609

Tel: +1 (919) 431 5255
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Fax: +1 (919) 876 6848

Cell: +1 (919) 800 1234

Email: Matthew.Cusack@atkinsglobal.com

Web: www.atkinsglobal.com/northamerica www.atkinsglobal.com

Files attached to this message

Filename Size Checksum (SHA1)

Adminstrative_Record.zip 39.8
MB

89d740aa775d6e3677a2ea73d74573
d5fc9d7b47

Please click on the following link to download the attachments: https://FiletransferNA.
atkinsglobal.com/message/kBzjSJ1fplvSyVueySmRU9

This email or download link can not be forwarded to anyone else.

The attachments are available until: Friday, 18 August.

Message ID: kBzjSJ1f

LiquidFiles Appliance: FileTransferNA.Atkinsglobal.com

This email and any attached files are confidential and copyright protected. If you are not the addressee, any dissemination of this
communication is strictly prohibited. Unless otherwise expressly agreed in writing, nothing stated in this communication shall be legally
binding.

The ultimate parent company of the Atkins Group is WS Atkins plc. Registered in England No. 1885586. Registered Office Woodcote
Grove, Ashley Road, Epsom, Surrey KT18 5BW. A list of wholly owned Atkins Group companies registered in the United Kingdom and
locations around the world can be found at http://www.atkinsglobal.com/site-services/group-company-registration-details

Consider the environment. Please don't print this e-mail unless you really need to.
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From: McCollough, Mark
To: Harris, Anna
Subject: Re: DRAFT FINAL SSA
Date: Thursday, July 20, 2017 5:52:11 PM

Sure.  I would welcome your input.  Mark

On Thu, Jul 20, 2017 at 4:13 PM, Harris, Anna <anna_harris@fws.gov> wrote:
Sounds good - I am also planning to take a read through the sections relevant to Maine.
Should we compare notes when we are both done reading through?

Thanks Mark.

On Thu, Jul 20, 2017 at 1:20 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Anna:  I am finally getting to some of these earlier emails.  I plan to block out the better
part of two days next week on my calendar to work on the lynx SSA.  I hope that does it.

I've been putting all lynx SSA-related emails into a folder the last few years, so I think we
will be prepared for FOIAs.

Mark
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Jul 10, 2017 at 6:36 PM
Subject: Fwd: DRAFT FINAL SSA
To: Peter Fasbender <peter_fasbender@fws.gov>, Anna Harris <anna_harris@fws.gov>,
Kathleen Hendricks <kathleen_hendricks@fws.gov>, Ann Timberman
<ann_timberman@fws.gov>
Cc: Tamara Smith <Tamara_Smith@fws.gov>, Mark McCollough
<Mark_McCollough@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>, Kurt Broderdorp
<Kurt_Broderdorp@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Paul Phifer
<paul_phifer@fws.gov>, "rollie_white@fws.gov" <rollie_white@fws.gov>, Lori
Nordstrom <lori_nordstrom@fws.gov>

Good afternoon folks.  We are wrapping up the final SSA and I wanted to reach out to you
for 2 reasons: First to say thanks to you and your staff for all of your hard work
throughout this process.  I know it has been a slog and a suck on all of your time, and two,
to say its not over yet!  

We are very close but we need your staff's help to get us over the finish line.  The first
draft had substantial rewrites by Jim to address questions and concerns brought up by all
the reviewers (internal and not) and as a result - we believe its a much better document. 
However, we need your folks to look at their sections and let us know if you see any major
omissions or failure to adequately address substantive comments and to add page numbers
to citations and add citations to the list at the end.  These need to be done in track changes
and sent them back to Jim asap.  We are still trying to get this document and the SSA
completed by the end of the month but need your help.  I understand that folks are on to
other priorities but a couple of focused days on this assignment should wrap it up.  
 Thanks again for your help.   Also a word to the wise, folks should also spend sometime
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getting their records together.  We are likely to be FOIA'd immediately after the 5 year
review is made final.  Thanks again. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Thu, Jun 22, 2017 at 4:54 PM
Subject: DRAFT FINAL SSA
To: Jodi Bush <jodi_bush@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>,
Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>

I've tried to address most of the peer review and many of the State/Fed comments in the attached.  I've tried to
highlight places where changes are responsive.  I've also highlighted some (maybe not all) of the citations that
still need pg numbers.  I've also tried to edit for consistency among EE results presentations in each unit. I've
also left comments regarding questions or issues on which I still need input or resolution from Core Team
members. And I've made changes to conclusions with which I disagree.

This is a clean version (except comments).  I had to abandon the Track Changes version several days ago when
it got too cluttered.  I will forward the most recent of that after I've had a chance to look through it and remove
stuff that's since been addressed.

Core Team - please review your sections and let me know if you see any major omissions or failure to
adequately address substantive comments. Also review what you submitted to see if it can be boiled down
further based on changes to text in preceding chapters.  Also please add pg numbers to citations and add
citations to the list at the end.  Do these in track changes and send them back to me by June 30.

This is still not as tight as I would like it, and I think it could be trimmed more, but I think it goes a long ways
to addressing the reviews we received. Let me know if you disagree and if so, where specifically in the
document.

Justin - you've been volunteered for technical editor - we can discuss anything you may have questions about.

One day this thing may actually be finished.....

With all the optimism I can muster,

Jim

-- 
Jim Zelenak, Biologist
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U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
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306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Harris, Anna
Subject: Re: DRAFT FINAL SSA
Date: Thursday, July 20, 2017 5:52:11 PM

Sure.  I would welcome your input.  Mark

On Thu, Jul 20, 2017 at 4:13 PM, Harris, Anna <anna_harris@fws.gov> wrote:
Sounds good - I am also planning to take a read through the sections relevant to Maine.
Should we compare notes when we are both done reading through?

Thanks Mark.

On Thu, Jul 20, 2017 at 1:20 PM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Anna:  I am finally getting to some of these earlier emails.  I plan to block out the better
part of two days next week on my calendar to work on the lynx SSA.  I hope that does it.

I've been putting all lynx SSA-related emails into a folder the last few years, so I think we
will be prepared for FOIAs.

Mark
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Mon, Jul 10, 2017 at 6:36 PM
Subject: Fwd: DRAFT FINAL SSA
To: Peter Fasbender <peter_fasbender@fws.gov>, Anna Harris <anna_harris@fws.gov>,
Kathleen Hendricks <kathleen_hendricks@fws.gov>, Ann Timberman
<ann_timberman@fws.gov>
Cc: Tamara Smith <Tamara_Smith@fws.gov>, Mark McCollough
<Mark_McCollough@fws.gov>, Bryon Holt <Bryon_Holt@fws.gov>, Kurt Broderdorp
<Kurt_Broderdorp@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Paul Phifer
<paul_phifer@fws.gov>, "rollie_white@fws.gov" <rollie_white@fws.gov>, Lori
Nordstrom <lori_nordstrom@fws.gov>

Good afternoon folks.  We are wrapping up the final SSA and I wanted to reach out to you
for 2 reasons: First to say thanks to you and your staff for all of your hard work
throughout this process.  I know it has been a slog and a suck on all of your time, and two,
to say its not over yet!  

We are very close but we need your staff's help to get us over the finish line.  The first
draft had substantial rewrites by Jim to address questions and concerns brought up by all
the reviewers (internal and not) and as a result - we believe its a much better document. 
However, we need your folks to look at their sections and let us know if you see any major
omissions or failure to adequately address substantive comments and to add page numbers
to citations and add citations to the list at the end.  These need to be done in track changes
and sent them back to Jim asap.  We are still trying to get this document and the SSA
completed by the end of the month but need your help.  I understand that folks are on to
other priorities but a couple of focused days on this assignment should wrap it up.  
 Thanks again for your help.   Also a word to the wise, folks should also spend sometime
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getting their records together.  We are likely to be FOIA'd immediately after the 5 year
review is made final.  Thanks again. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Thu, Jun 22, 2017 at 4:54 PM
Subject: DRAFT FINAL SSA
To: Jodi Bush <jodi_bush@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>,
Mark McCollough <mark_mccollough@fws.gov>, Tamara Smith
<tamara_smith@fws.gov>, Bryon Holt <bryon_holt@fws.gov>, Kurt Broderdorp
<kurt_broderdorp@fws.gov>

I've tried to address most of the peer review and many of the State/Fed comments in the attached.  I've tried to
highlight places where changes are responsive.  I've also highlighted some (maybe not all) of the citations that
still need pg numbers.  I've also tried to edit for consistency among EE results presentations in each unit. I've
also left comments regarding questions or issues on which I still need input or resolution from Core Team
members. And I've made changes to conclusions with which I disagree.

This is a clean version (except comments).  I had to abandon the Track Changes version several days ago when
it got too cluttered.  I will forward the most recent of that after I've had a chance to look through it and remove
stuff that's since been addressed.

Core Team - please review your sections and let me know if you see any major omissions or failure to
adequately address substantive comments. Also review what you submitted to see if it can be boiled down
further based on changes to text in preceding chapters.  Also please add pg numbers to citations and add
citations to the list at the end.  Do these in track changes and send them back to me by June 30.

This is still not as tight as I would like it, and I think it could be trimmed more, but I think it goes a long ways
to addressing the reviews we received. Let me know if you disagree and if so, where specifically in the
document.

Justin - you've been volunteered for technical editor - we can discuss anything you may have questions about.

One day this thing may actually be finished.....

With all the optimism I can muster,

Jim

-- 
Jim Zelenak, Biologist
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U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
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306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Mogadam, Roya
To: Johnson, Glenn
Cc: Anna Munoz
Subject: Re: Press release for C lynx
Date: Friday, July 21, 2017 4:05:25 PM

Thanks Glenn for leading on this.

1) We are not asking for public comments
2) We need to mention that the report recommends delisting, however it does not start the
process to delist (which is a lseparate process)
3) We will probably post it somewhere on our website work with Rob
4) Yep, short and sweet.

On Fri, Jul 21, 2017 at 10:43 AM, Johnson, Glenn <glenn_johnson@fws.gov> wrote:
Just so I am perfectly clear on this release.

We are not asking for any information or comments from the public in relation to the federal
register.
We are not mentioning anything that might indicate the lynx may be delisted.
We will point the public interested in more information about this study to the FWS website.
It needs to be short, no more than front and part of the back of a page.

Is that accurate?

Glenn 

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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Roya Mogadam
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From: Harris, Anna
To: McCollough, Mark
Subject: Re: Mark teleworking today
Date: Thursday, July 27, 2017 8:43:17 AM

Perfecto!

On Thu, Jul 27, 2017 at 8:42 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
I am using track changes so it would be easy to show you addition, edits, etc.  Mark

On Thu, Jul 27, 2017 at 8:41 AM, Harris, Anna <anna_harris@fws.gov> wrote:
This all sounds good, 

If you are adding in new information, can you highlight those sections for our review
tomorrow afternoon. 
I've read through the CLEAN version but would like to see what additional information is
added in before MEFO sends back to the MT field office,

On Thu, Jul 27, 2017 at 8:36 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

I don't know how much is involved yet...I am on page 60 of 225 and have not got to the
Maine sections, climate change, and forestry sections that I wrote.  So far it has been
reviewing sections where Jim made edits related to Dan Harrison, Jen Vashon and other
peer reviewers and States made comments.  When I get into the sections I wrote there
may be some writing (no more than short paragraphs) to incorporate new information
that has been published and fill in page numbers.  

Mark

On Thu, Jul 27, 2017 at 8:30 AM, Harris, Anna <anna_harris@fws.gov> wrote:
ok sounds good -

besides updating pages numbers and references, is there a lot of re-writing that needs
to occur? Or just reviewing for finalization? I'm a little unsure of how the document
shaped up between when you last submitted comments/updates and what we've got
now,

On Thu, Jul 27, 2017 at 8:03 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

5 hours thus far.  I expect to spend all day today, 9 hours, and part of tomorrow.  

I had hoped to be further along, but several bald eagle calls came in yesterday,
training requirements, and other things have prevented review.  Mark

On Thu, Jul 27, 2017 at 8:00 AM, Harris, Anna <anna_harris@fws.gov> wrote:
Thanks Mark,

Can you give me an idea of how many hours this week you've spent updating the
SSA? I know we are in the final stretch here,
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Looking forward to discussing tomorrow -

On Thu, Jul 27, 2017 at 7:09 AM, McCollough, Mark
<mark_mccollough@fws.gov> wrote:

A good day to be teleworking on the lynx SSA.  I will be at Craig Brook
tomorrow.  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
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Ecological Services
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P.O. Box A (mailing address)
306 Hatchery Road (physical address)
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East Orland, Maine 04431
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Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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From: Mogadam, Roya
To: Zelenak, Jim
Cc: Munoz, Anna; Jodi Bush; Glenn Johnson
Subject: Re: Article on lynx in Ranger Rick
Date: Thursday, July 27, 2017 9:19:23 AM

Thanks Jim!

On Thu, Jul 27, 2017 at 8:30 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Anna and Roya, and thanks Glenn for your time on the phone the other day.

I had the call with the editor from Ranger Rick yesterday. It went fine, and he appreciated the info on the history
of the DPS's listing, threats, range, needs, etc.  He asked if I would review the article before it goes to print, and I
told him I would appreciate that opportunity.  When it arrives, I'll forward to you-all so you also can take a look.

Thanks again,

Jim

On Mon, Jul 24, 2017 at 4:23 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
Glenn,

Were you able to touch base with Jim on this?

Anna

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

On Mon, Jul 24, 2017 at 9:23 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Jim-

Looping in Glenn who is on detail in our office covering some ES issues including
Lynx. It sounds like a great story and likely does not need EA involvement. Glenn,
would you give Jim a quick call to see how we can help? 

-Roya

On Mon, Jul 24, 2017 at 9:03 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Anna and Roya,

Please see the media request below.  I've discussed it with Jodi and she is fine with me responding but
asked that I bring EA into the loop and invite your participation if you think it is warranted/necessary. 
Please let me know if you would like someone from EA to be on the call.

I would like to respond to Gerry today if possible tor by tomorrow latest.

Thanks,

Jim
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---------- Forwarded message ----------
From: Gerry Bishop <gbishop60@comcast.net>
Date: Fri, Jul 21, 2017 at 4:00 PM
Subject: Article on lynx in Ranger Rick
To: jim_zelenak@fws.gov

 Hi, Jim--

I'm developing a story on lynx conservation for Ranger Rick magazine, a widely read
children's publication of the National Wildlife Federation. I'd like to chat with you for
a bit by phone about some of the threats to lynx in your state and what is being done
or needs to be done to protect them from those threats. Given the simplicity of the
story I'll be writing, I'm sure I'll need only about 15 to 20 minutes of your time.

So, if you're willing, what time would be best for me to call you? Sometime next week
would be fine.

Thanks,

Gerry Bishop

Contributing Editor

Ranger Rick Magazine

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
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Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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From: Mogadam, Roya
To: Miyamoto, Kate
Cc: Anna Munoz
Subject: Re: Outreach Contacts BBWP
Date: Monday, July 31, 2017 8:31:56 AM

Hi Kate-

I don't recall Justin reaching out on that species. I am going to talk with Anna this AM about
this batch announcement. There are quite a few species and I am not sure it makes sense for us
to be pulling together such a huge comms package. Can you send me the list of species for this
batch? 

On Mon, Jul 31, 2017 at 8:22 AM, Miyamoto, Kate <kate_miyamoto@fws.gov> wrote:
Hi Anna and Roya,
Justin named me as the lead for the black-backed woodpecker. If this is the case, I was
unaware and do not have black-backed woodpecker on my plate currently. I asked Steve and
Glenn and they did not have that species. I am the lead? 

Please let me know.

Thanks,
Kate
---------- Forwarded message ----------
From: Johnson, Glenn <glenn_johnson@fws.gov>
Date: Mon, Jul 31, 2017 at 7:42 AM
Subject: Re: Outreach Contacts BBWP
To: "Miyamoto, Kate" <kate_miyamoto@fws.gov>

That was not a species that Anna assigned to me. I have Canada lynx, pallid sturgeon and
WNS.
Sorry
Glenn

On Thu, Jul 27, 2017 at 12:32 PM, Miyamoto, Kate <kate_miyamoto@fws.gov> wrote:
Hi Steve and Glenn,
Are either or you the lead for the black-backed woodpecker? I don't have that one on my
plate and want to point Justin and others to the right contact.

Thanks,
Kate
---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Thu, Jul 27, 2017 at 12:10 PM
Subject: Re: Outreach Contacts BBWP
To: "Roessler, Arnold" <arnold_roessler@fws.gov>
Cc: Terry Quesinberry <terry_quesinberry@fws.gov>, Sarah Backsen
<sarah_backsen@fws.gov>, "Miyamoto, Kate" <kate_miyamoto@fws.gov>
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Arnold,

I believe Kate Miyamoto is handling the black-backed woodpecker finding outreach for
R6, as part of the other outreach we are doing for findings in the upcoming batch. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Thu, Jul 27, 2017 at 12:19 PM, Roessler, Arnold <arnold_roessler@fws.gov> wrote:
Hi Justin, Terry

Who are the EA contacts for BBWP for the Region 6 RO and FO. Thanks

-- 
-----------------------------------------------
Arnold Roessler
Regional Fish and Wildlife Biologist
U.S. Fish and Wildlife Service
Pacific Southwest Regional Office
2800 Cottage Way
Sacramento, California 95825
(916) 414-6613
------------------------------------------------

-- 
Kate Miyamoto
Public Affairs Specialist
U.S. Fish and Wildlife Service
Mountain-Prairie Region
(303) 236-9898

-- 
Kate Miyamoto
Public Affairs Specialist
U.S. Fish and Wildlife Service
Mountain-Prairie Region
(303) 236-9898
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-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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From: Mogadam, Roya
To: Glenn Johnson
Subject: POC for Lynx
Date: Monday, July 31, 2017 8:56:29 AM

Justin Shoemaker <justin_shoemaker@fws.gov>

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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From: Mogadam, Roya
To: Glenn Johnson
Subject: Communications Leads for Lynx
Date: Monday, July 31, 2017 9:02:03 AM

Meagan Racey - Northeast Region Comms (R5)
Georgia Parham - Midwest Region Comms (R3)
Ann Froschauer - Pacific Region Comms (R1) for Washington

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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From: McCollough, Mark
To: Anna Harris
Subject: Fwd: report
Date: Monday, July 31, 2017 3:36:07 PM

I received this message from Jim today.  He seems to continue to address peer review
comments and editing the SSA.  His email does not imply a tight timeline?  I plan to keep the
SSA as my highest priority for the next few days/week, but it seems that the end of the month
deadline is as important?

We haven't had a lynx Core Team call for several months, so other than an email or two from
Jim, I don't exactly know our current timeline.  My impression was that Jim was going to start
writing the 5-year review soon.

Mark
---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, Jul 31, 2017 at 9:59 AM
Subject: Re: report
To: "McCollough, Mark" <mark_mccollough@fws.gov>

Thanks Mark,

Just send me your updated edits/comment responses, missing page numbers for all citations in your sections, and
additions to the lit cited list when you have them done.

I continue to try to address peer and State comments in the text and to address some of the places where meaningful
and/or consistent evaluation was missing, and to reduce redundancies throughout the document.  I hope to soon
move on to adding my updates to the lit cited list - I have lots to add - and getting this thing wrapped up.

Based on comments/discussions with Jodi and Justin and on some of the comments we received about clarifying EE
process and results, I have also re-worked the Executive Summary to be, I hope, more useful to decision makers and
general readers and to reduce the former redundancy between the exec summ and the Synthesis chapter.

I will send the revised exec summ to Core Team & managers & maybe Decision Team after it is reviewed by Jodi
and Justin.

Thanks for keeping after the lynx work.

Hope all is well and that you enjoyed some well-deserved time off.

On Fri, Jul 28, 2017 at 6:52 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:  

Just wanted to let you know that I have been working on the lynx SSA and am about half
way through addressing comments, page numbers, etc. All changes are in track changes. 
My supervisor Anna wants to meet with me this afternoon about the SSA.  

Let me know if you want a copy of what I have completed or do you want to wait until I am
done?

Mark
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-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Johnson, Glenn
To: Bush, Jodi
Subject: Re: Lynx com plan document
Date: Tuesday, August 01, 2017 2:09:57 PM

Thank you for the insight Jodi. I will certainly get in contact with Jim and pick his brain.
Thanks again.

Glenn

On Tue, Aug 1, 2017 at 11:09 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Glenn.  thanks for reaching out.  

Jim Zelenak (cc'd here) is my lead biologist on this project and can probably answer better
than I on this discussion.  

For the record though, my sense is that I don't think the tribal governments have lynx on
their radar at all.   As far as other entities -yes, we have been in almost continuous litigation
with several NGOs on lynx conservation and management.  Jb

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Jul 31, 2017 at 10:52 AM, Johnson, Glenn <glenn_johnson@fws.gov> wrote:
Hello Jodi,
My name is Glenn Johnson and I've been assigned to Region 6 EA as a detail from the
VA. In that role I've been tasked with creating the communications plan/packet for the 5-
year review of the Canada lynx.

I talked to Justin Shoemaker about some of the information requested on the comp plan
form and as he didn't have an answer for some of the boxes, he pointed me to you. 

Basically what I need to know is if there are any Tribal governments that would have issue
with the results of the 5-year review and it's recommendation to delist the Canada lynx
from the ESA?

Also, if there are any groups for with whom we have had to litigate any issues surrounding
the lynx and protecting its habitat.

Any help would be greatly appreciated.

Glenn Johnson
R6 EA
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From: Harris, Anna
To: McCollough, Mark
Subject: Re: Mark teleworking Wednesday, Thursday AM
Date: Wednesday, August 02, 2017 7:52:48 AM

That is great news about the bee! I hope you saw the emails from Tony et al - folks are pretty
excited to start some sort of pollinator/bumble bee conference opinion. We seem to be finding
YBBB's all over Maine :-)

And even better news about the bat gate. Glad you all were able to help Fred.

Thanks for the lynx SSA update. I see the next steps as: you're finishing up work on the
document today/tomorrow. You and I discuss comments tomorrow afternoon. Either you or I
transmit the edited document to Jodi Thursday afternoon or Friday. I really want us to move
onto other high priority projects and based on the email you sent from Jim, looks like a
number of folks in R6 are taking over from where the core team left off. 

On Wed, Aug 2, 2017 at 7:32 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Anna:  I am teleworking today and will be working the entire day on the lynx SSA.  I have
access to two screens here, which make the work more efficient.

We were able to find the Zircon mine yesterday.  It had grown over significantly since I was
last there about 15 years ago, new network of ATV trails, etc.  There also seemed to be a
landslide partially blocking the main entrance.  We were able to help Fred get his
measurements for the bat gate.

On the way back we surveyed for bumble bees in Woodstock and Peru, towns that had not
been surveyed.  We documented a new yellow banded bumble bee site and several other
species.

Mark 

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

https://www.fws.gov/northeast/mainecomplex/


From: Zelenak, Jim
To: Johnson, Glenn
Cc: Jodi Bush; Justin Shoemaker; Anna Muñoz; Roya Mogadam
Subject: Re: Tribal or other detractors for lynx issue
Date: Wednesday, August 02, 2017 8:54:02 AM

Hi Glenn,

Among interested parties and partner agencies and organizations, I would anticipate the following regarding a
potential recommendation to delist the lynx DPS:

1. Strong objection  - Environmental organizations (Plaintiffs) and their representatives in the 2013 lawsuit over the
Service's failure to complete a recovery plan. On Dec. 20, 2012, the FWS received a 60-day Notice of Intent to Sue
(NOI) for violation of section 4(f) of the ESA from the Western Environmental Law Center (WELC; Helena,
MT) on behalf of (representing) 6 environmental non-governmental organizations (NGOs): Rocky Mountain Wild,
Wilderness Workshop, Defenders of Wildlife, Biodiversity Conservation Alliance, Friends of the Wild Swan,
and San Juan Citizens Alliance. However, on the official complaint filed with the U.S. District Court, Missoula,
MT Division on March 14, 2013, only 4 of those 6 groups (minus Defenders of Wildlife and Wilderness Workshop,
which apparently removed themselves from the lawsuit) were formally listed as plaintiffs. Other national and local
environmental NGOs not party to the NOI or listed as plaintiffs in the case will also likely object strenuously (and
likely threaten/pursue additional litigation) to a recommendation to delist.

2. Strong support - Most  of the 15 States (CO, ID, ME, MI, MN, MT, NH, NM, NY, OR, UT, VT, WA, WI, and
WY) with an interest in the lynx SSA and subsequent listing recommendation, and their wildlife and natural
resources agencies, will likely strongly support a recommendation to delist, as will the Association of Fish and
Wildlife Agencies (AFWA), the Western Association of Fish and Wildlife Agencies (WAFWA), the Western
Governors Association, and most local and rural municipalities in the DPS range.  A possible exception is the State
of WA and its Department of Fish and Wildlife, which recently lobbied successfully to the State's Fish and Wildlife
Commission to uplist lynx in WA from State threatened to State endangered - they may see a recommendation to
delist the DPS as undermining their rationale for uplisting and/or reducing potential future opportunities to leverage
federal resources to pursue/achieve their lynx conservation efforts. It's also possible that some other state agencies
(e.g., Colorado Parks and Wildlife) may object, though their States overall will likely support.

Other sources of strong support will be the timber and oil/gas/energy industries and a variety of largely western
states' rights groups.

I would also expect most Senators and Representatives from affected States to be supportive.

3. Federal Agency Partners - I would expect strong support from BLM and U.S. Forest Service at the national level;
perhaps less so at local levels among some managers and biologists. Likewise I would expect support from some
partners at USDA Rocky Mountain Research Station (K. McKelvey) but objection among others, including
lynx/genetic researchers (J. Squires, M. Schwartz).  I expect National Park Service would be neutral, but several
biologists at national level (R. Kahn, T. Shenk) will likely object.

4. Tribal Partners - I would expect most Tribes with lands in the SSA units and their wildlife agencies to be
supportive or neutral, with the possible exception of the Grand Portage Band of Chippewa in MN, which challenged
our 2013 proposed critical habitat in MN as being inadequate (not large enough). I am uncertain of how some Tribes
peripheral to the SSA/CH units might receive a recommendation to delist (e.g., the Coeur d'Alene Tribe in northern
ID/WA, Blackfeet Tribe in northern MT).

5. Academic Partners - I suspect lynx researchers at several universities will object - U. Maine (D. Harrison, E.
Simons-Legaard), U. Minnesota (R. Moen, L. Frelich), and Trent University (Ontario; D. Murray, J. Bowman).
Perhaps also University of British Columbia, Okanogan (K. Hodges).

Hope this helps.
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Jodi and Justin - let me and Glenn know if I've missed anyone.  

  

On Wed, Aug 2, 2017 at 7:25 AM, Johnson, Glenn <glenn_johnson@fws.gov> wrote:
Hi Jim,
I'm writing up the com plan for the 5-year lynx review and part of that document asks for
contacts that are both pro and con the issue. Jodi Bush said that you would be a good point
of contact to know if there are any tribal or litigation issues with lynx conservation.

Could you provide a list of those players and the issues if there are any?

Any help would be greatly appreciated.

Glenn Johnson

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Conversation Contents
Pro and con organizations

"Johnson, Glenn" <glenn_johnson@fws.gov>

From: "Johnson, Glenn" <glenn_johnson@fws.gov>
Sent: Wed Aug 02 2017 11:51:26 GMT-0600 (MDT)
To: Meagan <meagan_racey@fws.gov>
Subject: Pro and con organizations

Hi Meagan,
I'm doing the lynx comp plan and it asks who are the organizations that are pro and con to this
action. Do you have a list of those people/organizations/tribes in your region that we should
contact when this announcement is made?

Any help would be greatly appreciated.

Glenn Johnson

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Tue Aug 08 2017 08:09:35 GMT-0600 (MDT)
To: "Johnson, Glenn" <glenn_johnson@fws.gov>
Subject: Re: Pro and con organizations

Hi Glenn! Apologies for my delay getting back to you - I got tied up with training. When do you
need this by?

On Wed, Aug 2, 2017 at 1:51 PM, Johnson, Glenn <glenn_johnson@fws.gov> wrote:
Hi Meagan,
I'm doing the lynx comp plan and it asks who are the organizations that are pro and con to
this action. Do you have a list of those people/organizations/tribes in your region that we
should contact when this announcement is made?

Any help would be greatly appreciated.

Glenn Johnson

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558

mailto:glenn_johnson@fws.gov


(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Johnson, Glenn" <glenn_johnson@fws.gov>

From: "Johnson, Glenn" <glenn_johnson@fws.gov>
Sent: Tue Aug 08 2017 08:15:44 GMT-0600 (MDT)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: Pro and con organizations

The final SSA is not finished yet and so they are not looking to announce the 5-year review
findings until at least the end of this month at the earliest so sometime in the next couple of
weeks would be fine.
Glenn

On Tue, Aug 8, 2017 at 8:09 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Glenn! Apologies for my delay getting back to you - I got tied up with training. When do you
need this by?

On Wed, Aug 2, 2017 at 1:51 PM, Johnson, Glenn <glenn_johnson@fws.gov> wrote:
Hi Meagan,
I'm doing the lynx comp plan and it asks who are the organizations that are pro and con to
this action. Do you have a list of those people/organizations/tribes in your region that we
should contact when this announcement is made?

Any help would be greatly appreciated.

Glenn Johnson

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Tue Aug 08 2017 14:10:36 GMT-0600 (MDT)
To: "Johnson, Glenn" <glenn_johnson@fws.gov>
Subject: Re: Pro and con organizations

http://usfwsnortheast.wordpress.com/
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Thanks! That's helpful.

On Tue, Aug 8, 2017 at 10:15 AM, Johnson, Glenn <glenn_johnson@fws.gov> wrote:
The final SSA is not finished yet and so they are not looking to announce the 5-year review
findings until at least the end of this month at the earliest so sometime in the next couple of
weeks would be fine.
Glenn

On Tue, Aug 8, 2017 at 8:09 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Glenn! Apologies for my delay getting back to you - I got tied up with training. When do
you need this by?

On Wed, Aug 2, 2017 at 1:51 PM, Johnson, Glenn <glenn_johnson@fws.gov> wrote:
Hi Meagan,
I'm doing the lynx comp plan and it asks who are the organizations that are pro and con
to this action. Do you have a list of those people/organizations/tribes in your region that
we should contact when this announcement is made?

Any help would be greatly appreciated.

Glenn Johnson

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Thu Aug 10 2017 15:16:01 GMT-0600 (MDT)
To: "Johnson, Glenn" <glenn_johnson@fws.gov>
Subject: Re: Pro and con organizations
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Here you go - let me know what else you might need: 

Supportive: Maine Department of Inland Fisheries and Wildlife, Maine Trappers
Association, Maine’s Sportsmen’s Alliance and other sporting groups

Potentially unsupportive: Animal Protection Institute, Animal Welfare Institute, Wildlife Alliance of
Maine, Center for Biological Diversity

Reporters: 

Tom Remington, tomremington.com

Maine Public Broadcasting, Fred Bever

Portland Press Herald, Kevin Miller

Bangor Daily News, Aislinn Sarnacki and John Holyoke

Associated Press, Patrick Whittle and Wilson Ring

On Tue, Aug 8, 2017 at 4:10 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thanks! That's helpful.

On Tue, Aug 8, 2017 at 10:15 AM, Johnson, Glenn <glenn_johnson@fws.gov> wrote:
The final SSA is not finished yet and so they are not looking to announce the 5-year review
findings until at least the end of this month at the earliest so sometime in the next couple of
weeks would be fine.
Glenn

On Tue, Aug 8, 2017 at 8:09 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Glenn! Apologies for my delay getting back to you - I got tied up with training. When do
you need this by?

On Wed, Aug 2, 2017 at 1:51 PM, Johnson, Glenn <glenn_johnson@fws.gov> wrote:
Hi Meagan,
I'm doing the lynx comp plan and it asks who are the organizations that are pro and
con to this action. Do you have a list of those people/organizations/tribes in your region
that we should contact when this announcement is made?

Any help would be greatly appreciated.

Glenn Johnson

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

http://tomremington.com/
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-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast
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From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: new paper about lynx in AK, fluffly snow, competitive advantage over mesocarnivores
Date: Thursday, August 03, 2017 9:54:59 AM

FYI - this is a little different than my understanding based on conversations you and I have had recently - I thought
that Anna and Marty were going to work on responses while Mark got his missing page numbers and citations added
to the list. Perhaps we will have an update after Mark and Anna meet later today?

Let me know if you want to discuss.

---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Thu, Aug 3, 2017 at 9:44 AM
Subject: Re: new paper about lynx in AK, fluffly snow, competitive advantage over
mesocarnivores
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Jim:

Anna instructed me to stop working on page numbers and only address substantive comments
(I did page numbers up to about p. 78 in the SSA).  We are to meet this afternoon to go over
my edits.  She is anxious for me to move on to other work.

I will not have the SSA revisions done this afternoon, but hopefully next week.  I am not sure
what additional edits Anna will have until this afternoon.

M.

On Thu, Aug 3, 2017 at 11:37 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks for sending them Mark; I will take a look at both, although we need to stop seeking new sources at some
point and finish the SSA with what we have.

I'm still working on responding to comments and filling in what I can in the lit cited list - will need your additions
to that soon, plus page numbers, as we've discussed.

Always seems like we are running up against deadlines and lack the time to carefully write/edit this thing. Oh
well.

Hope all is well there.

On Thu, Aug 3, 2017 at 8:57 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:

Sorry to keep sending you these...but here is another new article that documents that snow
compaction and quality (fluffiness) vs. depth gives lynx competitive advantage over
coyote and red fox in AK.  I used/cited once in the climate change section paragraph that
discusses snow characteristics.  You may find other places to help justify "fluffiness"
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 Wolverine, Lynx and marten occupancy responded positively to fluffy snow, coyotes and
red fox negatively.  Interesting that they, like us, could not come up with a better term
than "fluffy!"

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: New lynx genetics paper, eastern Canada
Date: Thursday, August 03, 2017 1:02:06 PM

"We found that lynx on Cape Breton Island were genetically distinct,
supporting the hypothesis that the Strait of Canso is a barrier to gene
flow for this insular population"

How can this be when there are no lynx (no gray area in fig. 1) in Nova Scotia on the other (southwest) side of the
Strait of Canso to whom the strait could be a barrier?

On Thu, Aug 3, 2017 at 8:34 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:

I found this new paper this morning while working on the SSA.  I added the citation a few
places and one sentence in the genetics section.  

Note several references in the paper concerning lynx inability to genetically adapt to pace of
climate change.  Including:  The low genetic diversity of island Canada lynx populations via
genetic drift reported here may suggest that lynx are limited in their capabilities to track
changes in the environment, especially at a time-scale that is consistent with climate change
As population in the DPS become more isolated could genetic drift occur?

I'll leave it up to you how to address.

Mark
-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
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(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Mogadam, Roya
To: Kate Miyamoto
Subject: Fwd: FYI: Public Comment Sought on Montana DNRC Conservation Plans
Date: Monday, August 28, 2017 8:14:14 AM

---------- Forwarded message ----------
From: Howe, Marian <marian_howe@fws.gov>
Date: Mon, Aug 28, 2017 at 8:10 AM
Subject: FYI: Public Comment Sought on Montana DNRC Conservation Plans
To: Marian Howe <marian_howe@fws.gov>

Dear Congressional Colleagues, 

Please see below for a U.S. Fish and Wildlife Service (Service) news release announcing the
request for public comments on an amended Habitat Conservation Plan (HCP) and draft
Supplemental Environmental Impact Statement (SEIS) for the Montana Department of Natural
Resources and Conservation (DNRC). 

DNRC seeks to amend an incidental take permit to authorize additional take for threatened
grizzly bears, Canada lynx, bull trout, and unlisted westslope cutthroat trout on 81,416 acres of
proposed HCP land. The DNRC is also proposing to amend its original 2010 HCP so that its
relevant conservation commitments to avoid, minimize, and mitigate impacts of incidental
take are implemented on the additional acres.

The Service is making available a draft SEIS for public review, which analyzes potential
effects to the covered species and other factors to the human environment that would result in
implementing the proposed amended HCP and amended incidental take permit. 

This announcement is available for public inspection today in the Reading Room, and can be
found here: https://s3.amazonaws.com/public-inspection.federalregister.gov/2017-18418.pdf. It will publish
tomorrow in the Federal Register, opening a 45-day public comment period. 

Feel free to reach out if you have any further questions.

Cheers, 
Merra

-- 
Merra Howe
Sea Grant Knauss Fellow
Division of Congressional and Legislative Affairs
U.S. Fish and Wildlife Service
Office: 703-358-2225
Cell:617-680-9848
marian_howe@fws.gov

Public Comment Sought on Amended Habitat Conservation Plan and Draft
Supplemental Environmental Impact Statement for the Montana Department of Natural

Resources and Conservation
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DENVER – The U.S. Fish and Wildlife Service (Service) is seeking public comment on the
Montana Department of Natural Resources and Conservation’s (DNRC) application to amend
an incidental take permit to authorize additional incidental take on 81,416 acres of proposed
Habitat Conservation Plan (HCP) land.

The amendment would change incidental take numbers for the threatened grizzly bear, Canada
lynx, bull trout, and unlisted westslope cutthroat trout as a result of the additional proposed
lands. The take will not reduce the likelihood of the survival and recovery of these species in
the wild.

The Endangered Species Act (ESA) prohibits “take” of a listed species. However, the ESA
allows for the issuance of “incidental take” permits for endangered and threatened species
when the take is the unintended result of otherwise lawful activities, and as long as the
applicant designs and implements a HCP that minimizes and mitigates harm to the impacted
species.

The DNRC is also proposing to amend their HCP to incorporate terms of a 2015 settlement
agreement, which would not result in any changes to the permit. The DNRC is proposing to
amend its original 2010 HCP so that its relevant conservation commitments to avoid,
minimize, and mitigate impacts of incidental take are implemented on the additional acres.

The Service is publishing a draft Supplemental Environmental Impact Statement (SEIS) for
public review. The draft SEIS analyzes potential effects to the covered species and other
factors to the human environment that would result in implementing the proposed amended
HCP and amended incidental take permit. The Service will publish a notice of availability
(NOA) for the draft SEIS and HCP in the Federal Register today to alert the public that these
draft documents are ready for public comment and review. All of these draft documents are
available at: https://www.regulations.gov.

Once the NOA is published, public comments will be accepted for 45 days. The Service will
consider all public comments and analyze impacts to the covered species and resources before
making a decision. Throughout this process, the Service strives to conserve protected species,
comply with applicable laws, and address public concerns.

The public will be able to submit comments electronically via www.regulations.gov or via the
Montana DNRC website at http://dnrc.mt.gov/divisions/trust/forest-management/hcp/hcp-
announcements. Comments will also be accepted via U.S. mail or hand-delivery to Public
Comments Processing, Attn: Docket No. FWS–R6–ES–2017–0044; U.S. Fish and Wildlife
Service Headquarters, MS: BPHC; 5275 Leesburg Pike, Falls Church, VA, 22041–3803.

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
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(303) 236-4572



From: Mogadam, Roya
Cc: Anna Munoz
Bcc: daleb@cskt.org; dona.rutherford1@gmail.com; gwagner@3rivers.net; william_lodgepole@hotmail.com; Kate

Miyamoto
Subject: Public Comment Sought on Montana DNRC Conservation Plans
Date: Monday, August 28, 2017 10:48:02 AM

Good Morning,

Please see below for an advance copy of the news release that the U.S. Fish and Wildlife
Service (Service) will distribute tomorrow morning. The Service is requesting public
comments on an amended Habitat Conservation Plan (HCP) and draft Supplemental
Environmental Impact Statement (SEIS) for the Montana Department of Natural Resources
and Conservation (DNRC). 

The DNRC is proposing to amend an incidental take permit to authorize additional incidental
take on 81,416 acres of proposed HCP land. The amendment would change incidental take
numbers for the threatened grizzly bear, Canada lynx, bull trout, and unlisted westslope
cutthroat trout as a result of the additional proposed lands. The DNRC is also proposing to
amend its original 2010 HCP so that its relevant conservation commitments to avoid,
minimize, and mitigate impacts of incidental take are implemented on the additional acres.

The Service is making available a draft SEIS for public review, which analyzes potential
effects to the covered species and other factors to the human environment that would result in
implementing the proposed amended HCP and amended incidental take permit.

This announcement is available for public inspection today in the Reading Room, and can be
found here: https://s3.amazonaws.com/public-inspection.federalregister.gov/2017-18418.pdf.
It will publish tomorrow in the Federal Register, opening a 45-day public comment period. 

Please let me know if you have any questions.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228
0
Roya_Mogadam@fws.gov
(303) 236-4572

Public Comment Sought on Amended Habitat Conservation Plan and Draft Supplemental Environmental
Impact Statement for the Montana Department of Natural Resources and Conservation
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on 81,416 acres of proposed Habitat Conservation Plan (HCP) land.

The amendment would change incidental take numbers for the threatened grizzly bear, Canada lynx, bull trout, and unlisted

westslope cutthroat trout as a result of the additional proposed lands. The take will not reduce the likelihood of the survival

and recovery of these species in the wild.

The Endangered Species Act (ESA) prohibits “take” of a listed species. However, the ESA allows for the issuance of

“incidental take” permits for endangered and threatened species when the take is the unintended result of otherwise lawful

activities, and as long as the applicant designs and implements a HCP that minimizes and mitigates harm to the impacted

species.

The DNRC is also proposing to amend their HCP to incorporate terms of a 2015 settlement agreement, which would not result

in any changes to the permit. The DNRC is proposing to amend its original 2010 HCP so that its relevant conservation

commitments to avoid, minimize, and mitigate impacts of incidental take are implemented on the additional acres.

The Service is publishing a draft Supplemental Environmental Impact Statement (SEIS) for public review. The draft SEIS

analyzes potential effects to the covered species and other factors to the human environment that would result in

implementing the proposed amended HCP and amended incidental take permit. The Service will publish a notice of

availability (NOA) for the draft SEIS and HCP in the Federal Register today to alert the public that these draft documents are

ready for public comment and review. All of these draft documents are available at: https://www.regulations.gov.

Once the NOA is published, public comments will be accepted for 45 days. The Service will consider all public comments

and analyze impacts to the covered species and resources before making a decision. Throughout this process, the Service

strives to conserve protected species, comply with applicable laws, and address public concerns.

The public will be able to submit comments electronically via www.regulations.gov or via the Montana DNRC website

at http://dnrc.mt.gov/divisions/trust/forest-management/hcp/hcp-announcements. Comments will also be accepted via U.S.

mail or hand-delivery to Public Comments Processing, Attn: Docket No. FWS–R6–ES–2017–0044; U.S. Fish and Wildlife

Service Headquarters, MS: BPHC; 5275 Leesburg Pike, Falls Church, VA, 22041–3803.
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From: Zelenak, Jim
To: Shoemaker, Justin
Cc: Jodi Bush; Marjorie Nelson
Subject: Re: Lynx SSA report review
Date: Tuesday, August 29, 2017 1:39:06 PM

Thanks Justin,

I've already made the changes you recommended to the exec. summ.  the revised version of which I sent you and
Jodi yesterday.  I will focus on your comments on the remainder of the doc, along with comments from Maine/R5,
and will continue to make sure substantive comments from States and other partners are addressed.

On Tue, Aug 29, 2017 at 11:28 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Jim,

Attached is my review of the SSA report.  

I reviewed some sections of the version Maine FO sent us recently, the sections written by
Mark, and provided comments in that document on those sections.  I'll send that in another
email. 

Overall I was pleased w/ the revisions you have made since the last version I read.  The parts
you've spent time on reducing redundancy and adding clarity are much improved.  Its a
much stronger document overall.  

Some of my main concerns:
- We need to be objective and report all time periods considered (2025 and 2050 as well)
and status of lynx at those times, not focus just on 2100 (the time period with the greatest
uncertainty in projecting effects to lynx). 
- The sections not written by you are glaringly obvious.  Ideally they'd be like your sections
(MT, ID, GYE) in structure, tone, level of detail, and analysis.  I don't know what time will
allow for, but I would encourage you as lead author to just take over those sections and rely
less on the other core team members at this point.  They've provided their info and have had
their chance.

Lets walk through these together, this week if possible.  Not everything I've commented on
necessarily needs to be addressed.  Maybe we can work together to focus on the important
things.

I also reviewed 
Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
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585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Lynx SSA revised exec summ
Date: Wednesday, August 30, 2017 11:18:57 AM

ok fine.  
Although when I am in the office next I am going to verify Marty Miller's suggestion
Also fine about font.  Just thought it odd. 
Im fine with moving up the figure if you guys think it needs to be.  

  JB 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Aug 30, 2017 at 10:46 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Me, too. Will incorporate. Thanks.

Couple notes:

1. It was Marty Miller (R5) who told me in his comments on the draft that the style manual the Service uses says
that parenthetical references to tables and figures should NOT be capitalized - so I painstakingly changed them in
the SSA. I always thought they were capitalized, too.

2. The Arial 11 vs. Times New Roman 12 I think is an artifact of the template SSA we were given as a starting
point on google drive.  If we have to change this (and if we have to have 2 spaces after all periods instead of one
[which I also painstakingly changed in the SSA...]), it could lengthen the document considerable.  Fortunately,
because it currently is so concise and brief, this shouldn't be a big deal . Seriously, let me know if these are
necessary changes and, if so, whether we may have some RO technical support in making them and checking for
subsequent formatting issues.

3. At one point, we did have (or at least considered having) figure 8 (the bar graph of cumulative expert
likelihoods) in the Exec. Summ. I think it would be fine to have it in the exec. summ but also still keep it in Ch.
5.  Please let me know if you agree, and I will put it in the exec summ.

On Wed, Aug 30, 2017 at 9:50 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
I like Justin's edits on this.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Aug 30, 2017 at 9:30 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
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wrote:
Looks really good Jim.  I just had a few things to consider. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Mon, Aug 28, 2017 at 3:35 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Justin,

I've addressed your comments/edits - most verbatim but a few that needed some context/clarification.  I've
added a revised version of the summary table you asked me to construct - revisions based on conversation
with Jodi.  I think it is helpful, but you both can let me know if it should stay.

Otherwise, in the unit summaries (text) I've addressed each future time frame (2025, 2050, 2100) and
presented our conclusions relative to expert projections, as you suggested.  There is some redundant
language now among the unit summaries, but perhaps necessary if each unit summary is intended to stand
on it's own?

Let me know if you think the exec summ needs more work or if in its current form it provides all the info
needed for decision makers and general readers.

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Alexej Siren
Subject: Re: follow up on feline picture
Date: Wednesday, August 30, 2017 5:56:01 PM

Yes...I forgot that it was the animal that was shot.  Mark

On Wed, Aug 30, 2017 at 4:31 PM, Alexej Siren <asiren@umass.edu> wrote:

Hello Mark,

 

Thanks for letting me know about the radio-collared lynx. I thought that one was shot last
year? I ended up getting several pdf’s of the telemetry data from that cat and we had
cameras that were in its home range. The maps were passed along from the NH state
biologists. We got lynx on these cameras and I’m pretty sure one of them was the radio-
collared individual. It would be great to have more information on this animal.

 

Alexej

 

From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Wednesday, August 30, 2017 3:14 PM
To: Alexej Siren <asiren@umass.edu>
Subject: Re: follow up on feline picture

 

Thanks Alexej.  I agree that landscape hare densities must be greater than 0.09 hares/ha to
attract lynx into the Pittsburg area.  Jen shared information with us yesterday that they have
a radio tagged lynx in the Pittsburg area that splits its home range between Maine and NH. 
Perhaps she would be able to share the GPS collar data with you?

 

Mark

 

On Wed, Aug 30, 2017 at 3:58 PM, Alexej Siren <asiren@umass.edu> wrote:

Hello Mark,

 

Glad to hear the report was useful! The landscape densities of hares in the White
Mountains of New Hampshire were 0.09 hares/ha. The densities were significantly lower
than those recorded in the Nulhegan Basin of Vermont. We are expanding hare sampling
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this fall to the Pittsburg area where we regularly document lynx. That should help us
narrow down what is driving lynx persistence in that region. That area has deep snow, few
bobcat detections (n = 2), and is dominated by early regenerating spruce-fir. However, my
guess is that hare density is similar between Nulhegan and the Pittsburg based on my
knowledge of that region but that is why I have been pushing to sample it.

 

Thanks for letting me know about Erik and Jen’s work. I ultimately plan on combining
our snow track and camera data into an occupancy modeling framework to increase
precision of the point estimates. The nice thing about the daily camera data is that I can
include time-varying predictors into the models to evaluate how changes in snowpack
phenology influences occurrence. There are some really neat new analytical approaches to
allow for time-varying predictors (see attached).

 

Thanks again for providing your expert opinion on the lynx!

 

Alexej

 

From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Wednesday, August 30, 2017 2:14 PM
To: Alexej Siren <alexejpksiren@gmail.com>
Subject: Re: follow up on feline picture

 

Alexej:  Thanks for getting back to me about the mystery cat.  I was not aware of the
difference in the underside of the foot color between bobcats and lynx.

 

At the last minute, I was able to get your latest snowshoe hare density information into the
Canada lynx SSA (and cited your most recent report).  It was interesting that the hare
densities are very low in NH and VT.  Landscape hare densities were just barely above the
0.5 hares/ha threshold in VT.  What were landscape hare densities in NH?  I would
appreciate any updates on the hare density work as you work on that aspect of your
dissertation.

 

Your occupancy models for lynx will be very interesting.  I just learned yesterday that Jen
is working with Eric Blomberg at UMaine to do an occupancy model using the recent
snow track survey data.  

 

mailto:mark_mccollough@fws.gov
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Thanks,  Mark

 

On Wed, Aug 30, 2017 at 1:47 PM, Alexej Siren <alexejpksiren@gmail.com> wrote:

Hello Mark,

 

For some reason my campus mail isn’t working and so I have to send from my gmail
account. Thanks for providing input. Everyone I have sent this to has identified it as a
lynx. Interestingly, this is the exact location where the tracks were detected in 2013
before we started the camera surveys. I held off providing that information to reduce
bias. Regardless, I spent quite a bit of time looking through our carnivore database at
pictures of lynx and bobcats under similar lighting conditions and body position.
Thankfully, I have quite a few pictures of lynx and bobcat walking away from the
camera in the dark! The thing that struck me besides the broad tail that is black-tipped
was that the hind feet of lynx are always light colored on the bottom whereas they are
dark for bobcats. Of course, the difference in size between lynx and bobcat hind feet is
quite striking and this was confirmed by comparing pictures.

 

On a related note, the camera data for the past 5 years has finally been tagged using the
new software. I plan to run preliminary occupancy models for lynx, marten, bobcat, and
fisher this month and will share results with you. I have the data for coyotes and red fox
but I don’t think I’ll have the time to get all species done by the end of September. I
plan to use a suite of models that include abiotic-only predictors (e.g., snow depth),
biotic-only predictors (e.g., competing carnivore or prey detection rates), and a
combination of the two. We have been increasing the camera surveys this past summer
and will have an additional 40-50 sites out before the winter. I plan to survey an
additional 2 years with hopes that I’ll capture the temporal variation required for
evaluating mechanisms that influence range shifts.

 

Thanks again and I hope all is well with you!

 

Alexej

 

 

--
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PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED

 

Mark McCollough, Ph.D.

Endangered Species Specialist

US Fish and Wildlife Service

Maine Fish and Wildlife Service Complex

 

Ecological Services

Maine Field Office

P.O. Box A (mailing address)

306 Hatchery Road (physical address)

East Orland, Maine 04431

Telephone: (207) 902-1570

Fax: (207) 902-1588

Cell Phone: 207 944-5709

mark_mccollough@fws.gov
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Ecological Services

Maine Field Office

P.O. Box A (mailing address)

306 Hatchery Road (physical address)

East Orland, Maine 04431

Telephone: (207) 902-1570

Fax: (207) 902-1588

Cell Phone: 207 944-5709
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From: Alexej Siren
To: "McCollough, Mark"
Subject: RE: follow up on feline picture
Date: Thursday, August 31, 2017 3:18:01 PM

Hello Mark,
 
Thanks for the update. Are you allowed to share a map of the proposed areas? Just curious which
towns they’re considering.
 
Alexej
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Thursday, August 31, 2017 2:12 PM
To: Alexej Siren <asiren@umass.edu>
Subject: Re: follow up on feline picture
 
Alexej:  I think both wind companies will go through with their projects IF accepted for contracts
under the MA Clean Energy program.  If they move forward, we would like them to do telemetry
studies to document lynx habitat use before, during, and after construction.  So far they have been
reluctant to do so, but perhaps if they have funding.
 
Mark
 
On Wed, Aug 30, 2017 at 8:15 PM, Alexej Siren <asiren@umass.edu> wrote:

Wow… that’s depressing. I just saw the Bingham towers for the first time last week which is near
where I grew up. That landscape is totally changed now. Oh well. Please keep me in the loop
regarding the major development in northern Maine. Do you think that will go through? Yes, I
agree with covering the Berkshires with turbines… I have finished coursework and now living full
time in northern New Hampshire!
 
Alexej
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Wednesday, August 30, 2017 4:58 PM
To: Alexej Siren <asiren@umass.edu>
Subject: Re: follow up on feline picture
 
Yes...we have two massive wind projects proposed in lynx critical habitat competing for
Massachusetts "clean energy" contracts.  Combined 250 - 300 turbines covering 10 to 15
townships.  So, thanks for the article.  I look forward to reading it.  AND cover the Berkshires with
wind turbines instead of Maine!
 
Mark
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On Wed, Aug 30, 2017 at 4:38 PM, Alexej Siren <asiren@umass.edu> wrote:

Before I forget… here is another publication from my thesis that came out last month,
evaluating the potential influence of wind farms on carnivores. Not sure if you are dealing with
many wind farm-wildlife impact issues anymore but thought I’d pass it along!
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Wednesday, August 30, 2017 3:14 PM
To: Alexej Siren <asiren@umass.edu>
Subject: Re: follow up on feline picture
 
Thanks Alexej.  I agree that landscape hare densities must be greater than 0.09 hares/ha to
attract lynx into the Pittsburg area.  Jen shared information with us yesterday that they have a
radio tagged lynx in the Pittsburg area that splits its home range between Maine and NH. 
Perhaps she would be able to share the GPS collar data with you?
 
Mark
 
On Wed, Aug 30, 2017 at 3:58 PM, Alexej Siren <asiren@umass.edu> wrote:

Hello Mark,
 
Glad to hear the report was useful! The landscape densities of hares in the White Mountains
of New Hampshire were 0.09 hares/ha. The densities were significantly lower than those
recorded in the Nulhegan Basin of Vermont. We are expanding hare sampling this fall to the
Pittsburg area where we regularly document lynx. That should help us narrow down what is
driving lynx persistence in that region. That area has deep snow, few bobcat detections (n =
2), and is dominated by early regenerating spruce-fir. However, my guess is that hare density
is similar between Nulhegan and the Pittsburg based on my knowledge of that region but
that is why I have been pushing to sample it.
 
Thanks for letting me know about Erik and Jen’s work. I ultimately plan on combining our
snow track and camera data into an occupancy modeling framework to increase precision of
the point estimates. The nice thing about the daily camera data is that I can include time-
varying predictors into the models to evaluate how changes in snowpack phenology
influences occurrence. There are some really neat new analytical approaches to allow for
time-varying predictors (see attached).
 
Thanks again for providing your expert opinion on the lynx!
 
Alexej
 
From: McCollough, Mark [mailto:mark_mccollough@fws.gov] 
Sent: Wednesday, August 30, 2017 2:14 PM
To: Alexej Siren <alexejpksiren@gmail.com>
Subject: Re: follow up on feline picture
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Alexej:  Thanks for getting back to me about the mystery cat.  I was not aware of the
difference in the underside of the foot color between bobcats and lynx.
 
At the last minute, I was able to get your latest snowshoe hare density information into the
Canada lynx SSA (and cited your most recent report).  It was interesting that the hare
densities are very low in NH and VT.  Landscape hare densities were just barely above the 0.5
hares/ha threshold in VT.  What were landscape hare densities in NH?  I would appreciate
any updates on the hare density work as you work on that aspect of your dissertation.
 
Your occupancy models for lynx will be very interesting.  I just learned yesterday that Jen is
working with Eric Blomberg at UMaine to do an occupancy model using the recent snow
track survey data.  
 
Thanks,  Mark
 
On Wed, Aug 30, 2017 at 1:47 PM, Alexej Siren <alexejpksiren@gmail.com> wrote:

Hello Mark,
 
For some reason my campus mail isn’t working and so I have to send from my gmail
account. Thanks for providing input. Everyone I have sent this to has identified it as a lynx.
Interestingly, this is the exact location where the tracks were detected in 2013 before we
started the camera surveys. I held off providing that information to reduce bias.
Regardless, I spent quite a bit of time looking through our carnivore database at pictures
of lynx and bobcats under similar lighting conditions and body position. Thankfully, I have
quite a few pictures of lynx and bobcat walking away from the camera in the dark! The
thing that struck me besides the broad tail that is black-tipped was that the hind feet of
lynx are always light colored on the bottom whereas they are dark for bobcats. Of course,
the difference in size between lynx and bobcat hind feet is quite striking and this was
confirmed by comparing pictures.
 
On a related note, the camera data for the past 5 years has finally been tagged using the
new software. I plan to run preliminary occupancy models for lynx, marten, bobcat, and
fisher this month and will share results with you. I have the data for coyotes and red fox
but I don’t think I’ll have the time to get all species done by the end of September. I plan to
use a suite of models that include abiotic-only predictors (e.g., snow depth), biotic-only
predictors (e.g., competing carnivore or prey detection rates), and a combination of the
two. We have been increasing the camera surveys this past summer and will have an
additional 40-50 sites out before the winter. I plan to survey an additional 2 years with
hopes that I’ll capture the temporal variation required for evaluating mechanisms that
influence range shifts.
 
Thanks again and I hope all is well with you!
 
Alexej
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies.  
 
Background  
 
The lynx is a boreal forest carnivore whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive boreal 
spruce-fir forests of Canada and Alaskan; however, the southern margins of both their ranges 
extend into the northern contiguous United States. The Service designated lynx in the Lower 48 
States as a DPS because of differences in the management of lynx and lynx habitats across the 
international boundary with Canada and because of the climatic, vegetative, and ecological 
differences between lynx habitat at the southern extent of its range in the contiguous United 
States compared to the northern range in Canada and Alaska. The Service listed the DPS as 
threatened under the Endangered Species Act (ESA) in 2000 because of the inadequacy, at 
that time, of regulatory mechanisms on some Federal lands to provide for the conservation of 
lynx habitats and populations (see section 3.1.1). This SSA does not reconsider the designation 
of the DPS or its listing status under the ESA, which are Service policy decisions. Instead, it 
provides the scientific basis for the statutorily required 5-year status review for the DPS and 
other decisions the Service is required to make in accordance with the ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (figure 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
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predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. Lynx in the DPS occur at 
the southern margin of the species’ range, where boreal forest habitats and thus lynx are 
naturally less abundant and generally more patchily distributed than in the core of the species’ 
range in Canada and Alaska. Maintaining connectivity between the DPS and lynx populations in 
Canada is thought to be important. However, the extent to which DPS populations may depend 
on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4).  
  
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5).  
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States, and several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess. 
However, we find no compelling evidence, based on verified historical records, of major range 
contraction or population declines among resident breeding lynx populations in the DPS (see 
section 2.3.2). Further, some areas suspected to have lost historical lynx populations may have 
been (and perhaps are now) naturally capable of supporting resident lynx only ephemerally or 
intermittently, as would be expected in marginal habitats at the periphery of the species’ range 
under a metapopulation structure like that thought to govern southern lynx populations, 
including all those within the DPS range (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
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vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1 
below and section 5.2, figures 9-12 and 14) of continuing to do so at year 2025. Experts 
similarly indicated high likelihoods (70 to 90 percent) that those units will continue to support 
resident populations through 2050, albeit in reduced numbers and distributions. Experts 
projected that only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; 
all other geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic units will 
continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit).   
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
 
Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 



6 
 

persist in all 5 units at 2050 (figure 2, middle column; also see section 5.1). Over the longer-
term, expert responses suggest a high (about 85 percent) likelihood that resident populations 
will persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will 
persist in 3 units, but also a high (> 75 percent) likelihood that resident populations will be 
functionally extirpated from 2 of the 5 units by the end of the century (figure 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a given 
number of geographic units based on experts’ predictions for individual geographic units. 
Experts’ “most likely” probabilities are summarized in the middle column; their highest (‘better 
case”) and lowest (“worse case”) probabilities, representing uncertainty in their predictions, are 
summarized in the left and right columns, respectively. See section 5.1 for additional details on 
graph construction and interpretation.  
 
Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 
listed. This is due to the large amount and broad distribution of high-quality lynx and hare 
habitat that currently exists as a result of landscape-level clearcutting on private commercial 
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timber lands in response to a major spruce budworm outbreak in the 1970s and 1980s. These 
dense young regenerating conifer stands are much more extensive than they are thought to 
have been historically under natural disturbance regimes. The State of Maine suggests that this 
unit currently may support 750-1,000 resident lynx. However, habitat extent probably peaked in 
the late 1990s and early 2000s, and habitat quality is projected to decline in these stands over 
the next few decades as they age beyond 35-40 years post-harvest. Because a shift in forest 
management from clearcutting to partial harvesting that began in 1989 is unlikely to maintain or 
recreate this extensive high-quality habitat, we expect lynx habitat and numbers to decline in 
this unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. We concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at 2025 and at 2050. Over the longer-term (at 2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit and exacerbate 
other potential stressors (commercial and energy developments, changing forestry practices 
and land ownership patterns, etc.), further reducing lynx numbers and likely decreasing the 
population’s resilience. Some climate models indicate substantial loss of boreal forest and 
favorable snow conditions under higher emissions scenarios, and this unit generally lacks 
potential elevational refugia that would support upslope movement of lynx habitats and 
populations. Therefore, we suggest that the likelihood that this unit will support a resident lynx 
population at 2100 may be somewhat lower than expert projections, although the timing and 
extent of future climate-mediated habitat decline is highly uncertain.          
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
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current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience, although the timing and 
extent of climate-mediated habitat decline is highly uncertain.  
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington. Because of this, the 
number of resident lynx in this unit is likely lower than it was historically and when the DPS was 
listed. Based on estimates of lynx carrying capacity, this unit may have been capable of 
supporting roughly 50-60 resident lynx prior to large fires beginning in the early 1990s. Recent 
habitat evaluations suggest it currently may be capable of supporting only about 30-35 lynx, with 
the decline due to fire-driven habitat losses. Although these losses are expected to be 
temporary, additional fires in this unit before previously burned areas recover (10-40 years post-
burn) would further reduce lynx numbers and make this geographic unit more vulnerable to 
extirpation. Because of these habitat impacts and remaining stressors to lynx, the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. Nonetheless, 
we concur with the expert panel that the resident lynx population in this unit is very likely to 
persist at years 2025 and 2050. Over the longer-term (2100), we expect continued climate 
warming to reduce the amount and quality of lynx habitat in this unit, further reducing lynx 
numbers and likely decreasing the population’s resilience. Therefore, we concur with experts 
that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain.  
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
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persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and experts suggest this unit may currently 
support 100-250 resident lynx. Recent snow-tracking and camera surveys in the San Juan 
Mountains in the southern part of the unit documented evidence of continued reproduction. We 
concur with the expert panel that resident lynx in this unit are likely to persist at year 2025. 
However, given this unit’s apparent historical inability to support a persistent resident 
population, its relative isolation from other lynx populations, its naturally fragmented habitat and 
generally very low hare densities, and its generally lower proportion of females producing kittens 
and low kitten survival, we believe it is less likely than expert projections to support a resident 
population at 2050 or at 2100. 
 
DPS Viability     
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 release of 218 Canadian and Alaskan lynx in the 
San Juan Mountains. Considering the available information, we find no reliable evidence that 
the current distribution and relative abundance of resident lynx in the contiguous United States 
are substantially reduced from historical conditions. This suggests historical and current 
resiliency among lynx populations in the DPS. The current broad distribution of resident lynx in 
large, geographically discrete areas (redundancy) makes the DPS invulnerable to extirpation 
caused by a single catastrophic event. Because we lack evidence that formerly persistent lynx 
populations have been lost from any large areas, it also seems that redundancy in the DPS has 
not been meaningfully diminished from historical levels. In fact, as a result of the current 
population in Colorado, redundancy in the DPS is likely greater, at least temporarily, now than it 
was historically. Similarly, resident lynx remain broadly distributed across the range of habitats 
that has supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation). Additionally, observed high 
rates of dispersal and gene flow and, therefore, generally low levels of genetic differentiation 
across most of the lynx’s range, including the DPS, suggest the past and recent genetic health 
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of lynx populations in the DPS (representation; but see section 2.1). Because there are no 
indications of significant loss of or current stressors to the genetic health or adaptive capacity of 
lynx populations in the DPS, we find that the current level of representation within the DPS does 
not appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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of SSAs (complex, simple), whether they had a FIT member (or 3!), etc.  You will learn
more about this when we ask you to upload into ServeCat (don't panic, we will help!).  

2.   On page 7, summary of findings, you mention metapopulation structure.  I don't think
it was mentioned earlier in the Ex Summ, perhaps it should be? and i am not sure what
metapopulation you are referring to, with Canada?

3. At times the term "likely" is used.  Given that the term is not explained in its context,
yet you have likelihoods of persistence later, i would recommend searching the ex
summ for the term likely and seeing if it can a) just be removed because you already
have wiggle words in the sentence, b) could be changed to something like "anticipated".
 

4. On page 8 there is the term "great" uncertainty.  I don't really  know what that means....i
think you could just say uncertainty?  On page 10 there is "highly" uncertain.  same
thing...

5. I am not sure who added all the "in the future" but when you say something is going to
continue it is implied that it is in the future since you can't continue into the past....just
seems unnecessary but perhaps it has a purpose that is "between the lines" ....

6. On page 13 you have the words "related factors" in the last paragraph.  On pabe 7 you
called them "associated impacts" suggest using the same term in both places.

7. And last but not least, the ex summ seems to mum on resilience being supported (or not)
by continuing (or not) southern dispersal of lynx from Canada.  This seemed strange to
me but perhaps something has changed?  

You all did a great job cramming a lot of into in to the Ex summ! nice job.  

Heather Bell
Ecological Services HQ
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Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/
fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google Site: https://sites.google.
com/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS visit http://www.fws.gov/
endangered/improving_ESA/SSA.html.

On Thu, Aug 31, 2017 at 2:04 PM, Bell, Heather <heather_bell@fws.gov> wrote:
Super!  thanks Jim! 

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/
fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google Site: https://sites.google.com
/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS visit http://www.fws.gov/endan
gered/improving_ESA/SSA.html.

On Thu, Aug 31, 2017 at 1:51 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Attached.

Exec. summ has been re-worked extensively since the last time you saw it and is now near-final, having been
reviewed by Justin and Jodi in last few days (though I would also appreciate your thoughts if you care to and
have time to share them).  Chapters 1, 2, and most of 3 are also final or near so, while some revisions remain
necessary to some parts of chapters 4 and 5, and maybe some tidying up in ch. 6.

Most of the uncertainty language is in section 1.4 (moved; previously in exec summ) and the intro to ch. 5.
Some of it is in response to comments from reviewers - and I would have liked to run some of it by you, Mary,
and Jonathan C. anyway (qualifiers and cautions in interpreting expert opinion, elicitation process, etc.)
Welcome any feedback you may have on those topics, too.

It hasn't gotten any shorter.... :-(

Hope this helps - let me know if you need other.

On Thu, Aug 31, 2017 at 1:04 PM, Bell, Heather <heather_bell@fws.gov> wrote:
hey Jim, i know you are working hard on the report....i have a favor to ask.  could i get
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the most recent copy (not to be shared) in order for me to learn from your team's work
and present those lessons to a small group of FWS folks who are working on how to
improve the SSA writing process.  I won't be sharing the report, i am actually tasked
with doing a short summary of how your team handled a few things...such as, was there
scientific uncertainty with regards to habitat use....and if so, how did the SSA report
handle that uncertainty.
Would you be willing to share?  no matter that it is not "final".  
Thanks! h
if you need to reach me call 413-687-2540

Heather Bell
Ecological Services HQ
Division of Restoration and Recovery
SSA Framework Team Lead
Remotely Located at
134 S. Union Blvd
Lakewood, CO 80228
303-236-4514

Check it out!  SSA Framework - Google Site for Staff at https://sites.google.com/a/
fws.gov/ssa/ and  the Recovery Planning and Implementation (RPI)  Google Site: https://sites.google.com
/a/fws.gov/recovery-planning-and-implementation/ For audiences outside FWS visit http://www.fws.gov/endan
gered/improving_ESA/SSA.html.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Zelenak, Jim
To: Mark McCollough
Subject: ssa question
Date: Wednesday, September 06, 2017 3:38:58 PM

In section 3.2.1, we said:

"This program has resulted in the release of 98 lynx from 2000 to 2015 (10 lynx died from traps or illegal shooting
in traps) that were reported incidentally trapped in northern Maine (MDIFW 2014a, p. 75)."

You commented: "If you want to update, the sentence would read: This program has resulted in the release of 106
lynx from 2000 to 2016 (12 lynx died from traps or illegal shooting in traps) that were reported incidentally trapped
in northern Maine."

I'd like to make the update, but also need an updated citation for what Anna commented would be the 2016 Annual
Report.

Would that just be "(MDIFW 2016, p. XX)"  If so, could you reply with the page number(s) and also add that full
citation to the list you are working on?

Thanks.

Also - what do you think about your RSOL's comment on this topic - that it would be better to split the time frame
into 3 subgroups (2000-2007, 2008-2014, and 2015-present) to show reduced captures/mortalities?

Here is Dave's response to Anna's recommendation to update with the 2016 report:

"Agree, updating would be helpful.  More importantly, presenting the total numbers of 98 released, and 10 dead
from 2000-2015 is misleading with respect to what might be anticipated in the future.  That is because this
timeframe represents three distinct periods, in which the trapping restrictions were different. 2000-2007 occurred
prior to the litigation and consent decree. 2008-2014 was when the consent decree was effective; and 2014 onward
represents the ITP plus the Plan amendment.  It would be preferable to break down the numbers to show the
respective  captures, injuries, release and mortalities for each of the following periods: 1999-2007; 2008-2013,
reflecting the measures discussed in the paragraph relating to those years.  You would then provide a similar
summary for the years 2014 onward to tack onto the end of the discussion focusing on the ITP, noting that since the
Plan amendment in 2015, no lynx have been killed by killer type traps."

Thanks.    

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Shoemaker, Justin
To: Marjorie Nelson; Jodi Bush
Subject: Re: Lynx 5 yr review - 1st draft
Date: Thursday, September 07, 2017 8:16:40 AM

Either of you have any input on this? 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Fri, Sep 1, 2017 at 10:38 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Marj and Jodi,

Here's a draft of the 5 yr review. It would be good if one or both of you could take a look
and see if this lines up w/ your expectations and what we discussed w/ the decision makers.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
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From: Bush, Jodi
To: Shoemaker, Justin
Subject: Re: Lynx 5 yr review - 1st draft
Date: Thursday, September 07, 2017 8:24:58 AM

reviewing right now.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Sep 1, 2017 at 9:38 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Marj and Jodi,

Here's a draft of the 5 yr review. It would be good if one or both of you could take a look
and see if this lines up w/ your expectations and what we discussed w/ the decision makers.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
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From: Racey, Meagan
To: Robert Segin; Roya Mogadam; Jodi Bush; Jim Zelenak
Cc: Martin Miller; Anna Harris; Lamothe, Peter
Subject: Fwd: Lynx story is up!
Date: Thursday, September 07, 2017 1:01:30 PM

Hi all, Thanks for the quick coordination. Story link is below.

---------- Forwarded message ----------
From: Racey, Meagan <meagan_racey@fws.gov>
Date: Thu, Sep 7, 2017 at 2:59 PM
Subject: Lynx story is up!
To: Mark McCollough <Mark_mccollough@fws.gov>, Anna Harris <anna_harris@fws.gov>

http://news.nationalgeographic.com/2017/09/canada-lynx-calls-maine-video-spd/

Looks good to me - let me know if you have any concerns. I didn't realize she'd spoken with
Jen.

One thing I didn't see in Mark's comments was this - perhaps it came from Jen?: The largest
population of Canada lynx in the U.S. are currently in Maine where more than 1,000 can be
found. 
If a correction is needed let me know. 
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast
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From: Racey, Meagan
To: McCollough, Mark
Cc: Zelenak, Jim; Anna Harris; Robert Segin
Subject: Re: Lynx story is up!
Date: Friday, September 08, 2017 8:36:20 AM

Sarah send an initial positive response - we'll see what gets translated into the piece. Thanks
again!

On Fri, Sep 8, 2017 at 8:20 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thanks Jim and Mark. Appreciate your review. I'm not sure what the reporter will consider
erroneous enough to warrant updates/corrections, but I'll reach out and pass along the
information. 

On Fri, Sep 8, 2017 at 7:51 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Thank you Jim.  I agree with your comments concerning populations in Maine and edits. 
Mark

On Thu, Sep 7, 2017 at 4:38 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

"The largest population....are"?? This is a National Geographic writer? :-)

The 1,000 lynx figure likely came from the State and we think it is somewhat questionable. We say, in the
SSA and elsewhere, that currently Maine probably supports the largest pop. in the contiguous (lower 48)
states (definitely more in Alaska than in all of the lower 48 combined), with habitat in Maine potentially
capable of supporting 750-1,000 lynx (and we cite the State/Jen). Several lynx experts in Maine, including in
the Service and its colleagues at Univ. of Maine, think that is based on a questionable, not well-supported
extrapolation of habitat and lynx density estimates.

Where they (almost) quoted me, I would add that I said they are the size of large to very large house cats....

What concerns me most is this:

"The species is classified as a species of least concern by the International Union for the Conservation of
Nature, but in the U.S. is considered threatened because of climate and habitat threats to snowshoe
hares, their primary prey.

1. They are considered threatened only in the contiguous US, not Alaska.

2. While we (and the lynx research community) now recognize that projected climate warming is the largest
overarching and long-term threat to lynx in the lower 48, that had nothing to do with why we listed them
back in 2000.  At that time, the threat was the lack of specific guidance and conservation measures to protect
lynx and its habitats on federal lands in the Lower 48 states.

If corrections are possible (if this is a digital only piece), I would  recommend the following
(changes/additions in bold font):

1. "The lynx in the video are likely in the middle of a territorial dispute, explains biologist Mark
McCollough, ..."

2. "While the cats can appear large in photos, Jim Zelenak, a biologist with the U.S. Fish and Wildlife
Service, noted that they’re not much bigger than large house cats, typically weighing only 15 to 30
pounds."

3. "Because lynx remain broadly distributed across most of Canada and Alaska and no acute, species-
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level threats have been identified, it is classified as a species of least concern by the
International Union for the Conservation of Nature. However, lynx in the contiguous
(lower 48) United States were listed as threatened under the Endangered Species
Act in 2000 because of the inadequacy of regulations to ensure their protection on
federal lands at that time.  Although regulatory protections have since improved,
most lynx researchers now consider continued climate warming, which is expected
to cause northward and up-slope shifts in the boreal forest and snow conditions
that lynx need, to be the largest threat facing lynx in the lower 48 states."

4.  "The largest population of Canada lynx in the contiguous U.S. currently is in Maine,
where up to 1,000 lynx may occur. However, breeding populations can also be found
in Minnesota, Montana, Washington, and Colorado, and dispersing or transient lynx
are occasionally spotted in other northern states."

On Thu, Sep 7, 2017 at 1:00 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi all, Thanks for the quick coordination. Story link is below.

---------- Forwarded message ----------
From: Racey, Meagan <meagan_racey@fws.gov>
Date: Thu, Sep 7, 2017 at 2:59 PM
Subject: Lynx story is up!
To: Mark McCollough <Mark_mccollough@fws.gov>, Anna Harris
<anna_harris@fws.gov>

http://news.nationalgeographic.com/2017/09/canada-lynx-calls-maine-video-spd/

Looks good to me - let me know if you have any concerns. I didn't realize she'd
spoken with Jen.

One thing I didn't see in Mark's comments was this - perhaps it came from Jen?: The
largest population of Canada lynx in the U.S. are currently in Maine where more than
1,000 can be found. 
If a correction is needed let me know. 
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
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(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
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Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

http://usfwsnortheast.wordpress.com/


From: Bush, Jodi
To: Zelenak, Jim
Cc: Shoemaker, Justin; Marjorie Nelson
Subject: Re: Lynx 5 yr review - 1st draft
Date: Friday, September 08, 2017 2:28:06 PM

Folks.  I think the suggestions for the recovery outline portion make sense.  The other changes
seem good too.  Not too much but enough to point out that we have thought about it and
considered where we started.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Sep 8, 2017 at 2:08 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Justin and I discussed the recovery plan issue today and agreed that a broader conversation might be necessary -
which he will try to set up for next week.

In the mean time, I took a stab at some general language for that section of the 5-yr and made a number of other
edits/comments - all signified with "NEW" in the related comment bubble.

Hope these help, let me know if you have questions.

On Thu, Sep 7, 2017 at 2:44 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Attached are some comments I have so far. I have to leave for an eye dr. appt. and will get back to the recovery
outline question tomorrow AM

On Thu, Sep 7, 2017 at 8:46 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Sorry for delay.  I think its pretty good.  A few comments in the doc.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Sep 1, 2017 at 9:38 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Marj and Jodi,

Here's a draft of the 5 yr review. It would be good if one or both of you could take a
look and see if this lines up w/ your expectations and what we discussed w/ the
decision makers.

Justin Shoemaker
Classification and Recovery Biologist

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov


U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: SSA citations
Date: Monday, September 11, 2017 4:39:28 PM

Jim:

Because of other workload, in the last week I have not had time to work on literature cited in
the SSA.  This week I may be able to spend a few hours on Thursday, but I know that would
not be enough to complete the lit cited.  I will forward what I have.

I am on annual leave the last two weeks of September.

Mark

On Mon, Sep 11, 2017 at 3:23 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hey Mark,

Wondering how the lit cited list is coming along?

Jodi wants me to have the SSA done by end of this week, and I need your updates to the list to get that done.  I
have lots of other stuff that makes meeting that deadline a challenge (e.g., still working thru your comments /edits
and those from R5RSOL, along with comments/review from Justin and Jodi, plus some outstanding corrections/
edits/ analysis for some of the sections). Will be a crazy week to try to get it all done.

Anyway - give me an update when you can.

Thanks!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
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Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Mogadam, Roya
To: Robert Segin
Cc: Anna Munoz
Subject: Canada Lynx SSA Outreach
Date: Friday, September 15, 2017 9:37:43 AM

Morning Steve-

Anna met with Marj yesterday to discuss the lynx communications package. 

While we don't know timing yet, it would be good to get the draft materials over to Regions 1,
3, 5 for review early next week. Then we could start surname here in the Region and to HQ
the following week. The documents are on the I Drive in the folder " Lnx Com Plan"

From Glenn's note it looked like Justin never reviewed the news release or Q&As. Would you
please follow up with him to make sure he is good before we send off to the 3 Regions?

Thanks,
Roya

---------- Forwarded message ----------
From: Johnson, Glenn <glenn_johnson@fws.gov>
Date: Thu, Aug 17, 2017 at 2:06 PM
Subject: 5-photos package and Canada lynx documents.
To: Anna Munoz <anna_munoz@fws.gov>, Roya Mogadam <roya_mogadam@fws.gov>,
"Mansheim, Robert" <robert_mansheim@fws.gov>, Robert Segin <robert_segin@fws.gov>,
Michael D'agostino <michael_dagostino@fws.gov>

Anna and Roya,
Michael and Rob have the 5-photos comp plan, the best practices document, the technical
specs for posting and delivering and the mock up of the submissions page. They will present
the full package to you tomorrow as requested.

In addition Steve looked over the press release, Q&A and com strategy for the Canada Lynx
and has given that a thumbs up. Justin Shoemaker was also sent a copy of the release and
Q&A but did not respond. So whenever HQ gives you the nod you should be able to send out
the release, Q&A and execute the plan.

I will move both of those files to the I drive so all can have access.

Glenn

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service

mailto:roya_mogadam@fws.gov
mailto:robert_segin@fws.gov
mailto:anna_munoz@fws.gov
mailto:glenn_johnson@fws.gov
mailto:anna_munoz@fws.gov
mailto:roya_mogadam@fws.gov
mailto:robert_mansheim@fws.gov
mailto:robert_segin@fws.gov
mailto:michael_dagostino@fws.gov


134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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From: Mogadam, Roya
To: Robert Segin
Subject: Re: Canada Lynx SSA Outreach
Date: Friday, September 15, 2017 9:44:14 AM

Thanks Steve!

On Fri, Sep 15, 2017 at 9:41 AM, Robert Segin <robert_segin@fws.gov> wrote:
Will do.  I ll get with Justin this AM.

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Mountain-Prairie Region 
303-236-4578

On Sep 15, 2017, at 9:38 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Morning Steve-

Anna met with Marj yesterday to discuss the lynx communications package. 

While we don't know timing yet, it would be good to get the draft materials over
to Regions 1, 3, 5 for review early next week. Then we could start surname here
in the Region and to HQ the following week. The documents are on the I Drive
in the folder " Lnx Com Plan"

From Glenn's note it looked like Justin never reviewed the news release or
Q&As. Would you please follow up with him to make sure he is good before
we send off to the 3 Regions?

Thanks,
Roya

---------- Forwarded message ----------
From: Johnson, Glenn <glenn_johnson@fws.gov>
Date: Thu, Aug 17, 2017 at 2:06 PM
Subject: 5-photos package and Canada lynx documents.
To: Anna Munoz <anna_munoz@fws.gov>, Roya Mogadam
<roya_mogadam@fws.gov>, "Mansheim, Robert"
<robert_mansheim@fws.gov>, Robert Segin <robert_segin@fws.gov>,
Michael D'agostino <michael_dagostino@fws.gov>

Anna and Roya,
Michael and Rob have the 5-photos comp plan, the best practices document, the
technical specs for posting and delivering and the mock up of the submissions
page. They will present the full package to you tomorrow as requested.
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In addition Steve looked over the press release, Q&A and com strategy for the
Canada Lynx and has given that a thumbs up. Justin Shoemaker was also sent a
copy of the release and Q&A but did not respond. So whenever HQ gives you
the nod you should be able to send out the release, Q&A and execute the plan.

I will move both of those files to the I drive so all can have access.

Glenn

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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From: Bush, Jodi
To: Harris, Anna
Subject: Re: Some progress on Lit Cited in lynx SSA
Date: Monday, September 18, 2017 3:34:42 PM

thanks Anna.  Appreciate your help. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Sep 18, 2017 at 9:24 AM, Harris, Anna <anna_harris@fws.gov> wrote:
I will get someone to help out on this task Jodi,

Thank you and Jim for reaching out. I want to ensure the MEFO office supports finishing
this document and I will work to find someone to help address the citations.

all the best,
Anna

On Mon, Sep 18, 2017 at 10:59 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Anna.  Sorry to bother you but we still need help on the lit cited that Mark cited in his
portion of the SSA.  We have been asking Mark for this information since before the SSA
went out for review (January).  After all of this time, and multiple requests to complete
this assignment he just sent Jim 3 or 4 pages from the SSA where he added page numbers
to citations but has not addressed at all the missing 90+ citations. 

We know that Mark is on leave now and so have no hope of him getting to this.  And
October is much too late.  Is there any chance anyone else from Maine or the NE could
help?  Jim is working on addressing comments we received from you folks and the RO so
we can finalize the SSA so can't get to it.  

The entire lit cited list is below -with Marks cites ID.  Do you think you can help us get
these pulled together?  Thanks. JB

BTW.  We think most of the missing cites in section 3.5 are from the LCAS, so finding
those, at least for purposes of the lit cited list, would not take very long (though tracking
down the page numbers to add to the text cites would/could take longer because I think
these were largely copied from the LCAS....).

Jodi L. Bush
Office Supervisor
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Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

 
---------- Forwarded message ----------
From: McCollough, Mark <mark_mccollough@fws.gov>
Date: Thu, Sep 14, 2017 at 12:00 PM
Subject: Some progress on Lit Cited in lynx SSA
To: Jim Zelenak <jim_zelenak@fws.gov>
Cc: Anna Harris <anna_harris@fws.gov>

Jim:

I was able to fit a few hours of page numbers/lit cited into my schedule in the last two
week.  Edits made in the attached draft start on page 76 and end on page 79 next to last
paragraph.  There is a large number of citations in these sections with no page numbers.

Any new citations have been added to the lit cited in the attached draft, not the master list
that you provided earlier.  Sorry, but I haven't had time to update the master lit cited list.

I am on annual leave and will return to the office on October 2.

Thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
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Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

https://www.fws.gov/northeast/mainecomplex/


From: Bush, Jodi
To: Shoemaker, Justin
Cc: Zelenak, Jim
Subject: Re: lynx 5 yr revised draft
Date: Wednesday, September 20, 2017 11:22:43 AM

Yep.  I agree.  Thanks Justin.  Jim will focus his efforts on SSA.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Sep 20, 2017 at 10:55 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Thanks to you both for the quick review.  I'll be putting the 5yr surname package together
and get this going through the RO. 

For the outreach docs, I'll take a look at those also and add them to the surname package. 
Marj has asked EA to slow down on that so we can get it in better shape.  So Jim, maybe
you don't need to review those?  I can just come to you w/ questions as needed and you can
keep going on the SSA report.  I'm hoping to get this all together by end of week or early
next. 

The SSA report can be added to the surname package before it goes to the RDs office, by
end of month-ish. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Wed, Sep 20, 2017 at 11:31 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I had a few suggestions, too - apologize if any are redundant with Jodi's.

On Wed, Sep 20, 2017 at 10:16 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
I reviewed the NR and added in my comments.  The communication plan needs help to
but I can't get to it right now.  I'll try again later this am. Unless Justin you get to it first. 

I reviewed the 5 yr review.  It looks good.  We are close. Just a couple of small edits. 
Thanks for all your hard work Justin!.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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On Wed, Sep 20, 2017 at 9:07 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

Please take a quick look at this revised draft.  I took out all the track changes and
comments, was getting too busy.  

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Mogadam, Roya
To: Anna Munoz
Subject: Re: Lynx outreach
Date: Wednesday, September 20, 2017 3:52:47 PM

Did you talk to Steve about this? Just seeing this.

On Tue, Sep 19, 2017 at 8:11 PM, Anna Munoz <anna_munoz@fws.gov> wrote:
Definitely. 

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service
134 Union Blvd.
Lakewood, CO 80228
Office: 303-236-4510 
Cell: 720-648-2542

On Sep 19, 2017, at 6:52 PM, Marjorie Nelson <marjorie_nelson@fws.gov> wrote:

Hey Anna,
Can we slow down a bit on outreach?  Both Justin and I are on travel
this week and I understand the material needs some work.
Thanks
Marj

Sent from my iPhone
(720) 582-3524

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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From: Mogadam, Roya
To: Robert Segin
Subject: Re: Lynx
Date: Wednesday, September 20, 2017 4:16:11 PM

Hey Steve-

Can you pull it back, sorry for the confusion but I heard from ES that they needed more time
to review before we sent it off to the Regions. I am not sure if ES communicated that to you or
if it was just in the email they sent me late last night.

-Roya

On Wed, Sep 20, 2017 at 4:07 PM, Robert Segin <robert_segin@fws.gov> wrote:
They all looked at it and made some changes  so I was able to send it off to the other regions
EA as you requested.

We should have it back and be able to put it into formal surname next week.

Sent from my iPhone

On Sep 20, 2017, at 3:57 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Thanks Steve, lets slow this down so ES can review.

On Tue, Sep 19, 2017 at 3:01 PM, Robert Segin <robert_segin@fws.gov>
wrote:

FYI 

Sent from my iPhone

Begin forwarded message:

From: "Shoemaker, Justin" <justin_shoemaker@fws.gov>
Date: September 19, 2017 at 2:45:04 PM MDT
To: Robert Segin <robert_segin@fws.gov>
Subject: Re: Lynx

I have not.  I'm still working on the 5 yr review itself.  What is
driving the timeline to get this to other regions by tomorrow?  I'm
concerned the outreach is getting out ahead of the decision
document. I'm at a workshop all week, you might share this w/
Jodi Bush also.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
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Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Fri, Sep 15, 2017 at 10:43 AM, Robert Segin
<robert_segin@fws.gov> wrote:

Good Morning

Did you get a chance to look at the Lynx Press Release and
Comms
materials Glenn sent you?

Looking to get them to the other regions next week for a review
and
then into surname the week after.

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Mountain-Prairie Region
303-236-4578

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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From: Bush, Jodi
To: Shoemaker, Justin
Cc: Marjorie Nelson; Douglas Keinath
Subject: Re: Lynx - Factor D language
Date: Tuesday, September 26, 2017 10:58:35 AM

I think it looks right. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Sep 26, 2017 at 10:32 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Jodi and Marj,

I had some discussion w/ Carey Galst (HQ, Branch of Listing Policy) about how we discuss
factor D as a "threat" for listing lynx in the 5 yr review.   I've attached the Factor D
guidance. 

From the Factor D guidance:

Factor D is not an independent basis for listing. We discuss regulatory mechanisms, together
with conservation efforts, to evaluate their effect on the stressors under the other Factors (A,
B, C, and E) and the status of the species. 

The following language from the 5 yr review is not in line w/ our current views on Factor D:

The Service listed the lynx DPS as threatened under the ESA in 2000 because of the
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to
provide for the conservation of lynx habitats and populations (65 FR 16052-16086). 

...since the DPS was listed, the singular threat for which it was listed, the inadequacy of
then-existing regulatory mechanisms on some Federal lands, has been substantially
addressed...

In order to align w/ the guidance on Factor D and not perpetuate an incorrect application of
Factor D, are you ok w/ this language instead in the 5 yr review?:

The Service listed the lynx DPS as a threatened species under the ESA in 2000 because of
timber harvest and fire suppression that had regional or local impact to lynx habitat
conditions and the availability of snowshoe hare and other prey populations within the lynx
DPS.  At that time, the existing regulatory mechanisms on Federal lands did not provide
sufficient guidance for the conservation of lynx habitats and populations or snowshoe hare
habitat (65 FR 16052-16086).  

Lynx conservation measures and habitat management guidance adopted by the U. S. Forest

mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:douglas_keinath@fws.gov
mailto:justin_shoemaker@fws.gov


Service (USFS) and the Bureau of Land Management (BLM) via formally amended or
revised management plans or conservation agreements with the Service have substantially
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability
of snowshoe hare and other prey populations for which the DPS was listed (SSA Report, p.
X).  

Language from the 2000 Final Listing Rule for reference:

Factor A:
We conclude that the single factor threatening the contiguous United States distinct
population segment of lynx is the lack of guidance for conservation of lynx and snowshoe
hare habitat in National Forest Land and Resource Plans and BLM Land Use Plans (see
‘‘Factor D’’ of the ‘‘Summary of Factors’’ section). This lack of guidance allows the
potential for future degradation of lynx habitat on Federal lands through timber management
and other Federal activities (see ‘‘Factor D’’ of the ‘‘Summary of Factors’’ section).

Factor D:
the DBA (Draft Biological Assessment of the Effects of National Forest Land and Resource
Plans and Bureau of Land Management Land Use Plans on Canada Lynx) concludes that
there is reasonable potential for adverse effects to lynx as a result of actions directed or
allowed by existing Plans. Because the Forest Service and BLM manage a substantial
amount of lynx forest types in the contiguous United States, particularly in the West, it is
imperative that lynx habitat and habitat for lynx prey be maintained and conserved on
Federal lands. Though a large percentage of
these lands are in nondevelopmental status, a large proportion remain subject to
management under multiple use mandates. Until Plans adequately address risks such as
those identified in the LCAS, we conclude that the lack of Plan guidance for conservation of
lynx, and the potential for Plans to allow or direct actions that adversely affect lynx (as
evidenced by the assessment in the DBA), is a significant threat to the contiguous United
States DPS of the lynx.

Finding section:
We conclude the single factor threatening the contiguous U.S. DPS of lynx is the
inadequacy of existing regulatory mechanisms, specifically the lack of guidance for
conservation of lynx in National Forest Land and Resource Plans and BLM Land Use Plans
as described in Factor D. Until Plans adequately address risks such as those identified in the
LCAS, and described generally in Factors A, B and E, we conclude that the lack of Plan
guidance for conservation of lynx, as evidenced by the fact that Plans allow or direct actions
that cumulatively adversely affect lynx (as indicated by the assessment in the DBA), is a
significant threat to the contiguous U.S. DPS of lynx. Therefore, we find that listing the lynx
within the contiguous United States as threatened is necessary.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:justin_shoemaker@fws.gov


From: Bush, Jodi
To: Jim Zelenak
Subject: for update
Date: Tuesday, September 26, 2017 12:04:17 PM

Canada Lynx Update

On June 25, 2014, District Judge Donald W. Molloy, of the United States District Court for the District of
Montana, Missoula Division, ordered the Service to "...complete a recovery plan for the Canada lynx by
January 15, 2018, unless the Service “finds that such a plan will not promote the conservation of the
[lynx].” (i.e., the DPS is recovered or no longer warrants ESA protections).  In response we are currently
updating the status of the Lynx DPS using the Species Status Assessment process (SSA).  The SSA is a
structured, transparent, and scientifically-robust status, threat, and viability assessment that is intended to
provide the scientific underpinnings for all determinations the Service is required to make in accordance
with the Act.

 

The final SSA report will form the basis of the statutorily-required 5-year status review, the results of
which will determine our next steps including recovery planning direction. 

 

On January 10, 2017, the Service provided the draft SSA report to the AFWA for distribution to and
coordination of review by the wildlife and natural resource agencies of 15 states within the DPS range
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New Mexico, New York,
Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming). At the same time, we provided the draft
to 5 independent peer reviewers, other Federal agencies (BLM, National Park Service, and U.S. Forest
Service) and Tribal organizations throughout the DPS range.  By March 14, 2017, we had received all
peer reviews and State and Federal agency reviews. We are now working to incorporate those reviews
into the Final SSA Report and to complete the 5-year status review of the DPS based on the report as
soon as possible. Upon its completion, we intend to provide the Final SSA Report to all our State,
Federal, and Tribal partners and to the AFWA.

 

We are still working to get the SSA finalized based on comments from 5 peer reviewers, 11 State
agencies, and 3 other federal agencies, as well as additional internal Service comments. 

We are working to complete the final SSA and the 5-year review available as soon as possible.  We are
working with R6 External Affairs on the outreach package for that announcement.

As we have indicated in previous calls, there are 3 possible recommendations that could come from the
5-year review: (1) the lynx DPS remains threatened, (2) it is to be uplisted to endangered, or (3) it no
longer warrants listing.

If the Service decides either (1) or (2), we would proceed quickly with recovery plan development.  The
court order says we will have final recovery plan by Jan. 15, 2018 unless we determine one is not needed
(listing no longer warranted). 
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If the Service decides that the lynx DPS no longer warrants listing (3), we will initiate a rule-making
process that will include a draft rule followed by peer, partner, and public review and comment periods
prior to promulgation of a final rule at some time in the future.  Rulemaking would include a proposed rule
to delist with public comment, hearings, peer and partner review, etc., followed by a final rule.  Both
proposed and final rules would be published in the Federal Register.  This means that even if the Service
were to recommend delisting, the DPS would remain listed until 30 days after the final rule to delist is
published.  That is, even if the 5-year review recommended delisting, that would not happen officially for a
year or more, depending on the length and complexity of the delisting rule, and the DPS would remain
listed during that time.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205



From: Mogadam, Roya
To: Anna Munoz
Subject: Staffing for EA - Steve on Military Leave
Date: Wednesday, September 27, 2017 11:45:28 AM

Morning Anna-

Steve was given the preliminary verbal orders to begin a 30-day stint to help with hurricane
efforts though the Army. He will likely get formal orders this week and then we will know
more but for now, it is likely going to be a minimum of 30 days, starting next week, with the
possibility of 120 days. Steve is working with HR today to prepare the necessary paperwork.

I have been brainstorming a few options to help cover in his absence to share with you for
your consideration. Obviously, if you have other ideas no worries but I wanted to at least jot
down some ideas.

Option A: We consider a temporary shift, using our existing capacity, to cover Steve's highest
priority workload (NCDE, Lynx). Ryan would be the logical fit to lead and then we would
move Refuges, temporarily to another staff member (Kate). FAC communications could be
put on hold for the duration of Steve's duties with EA coordination with Connie when needed.

Option B: We identify a detailee, in the Service, who could fill in as either the:

GS-13 PAO and take on the duties that Steve and Ryan have related to ES or,
GS-12 PAO and take on Steve's beats

Some possible detainees could include: Vanessa Kauffman (HQ), Ann Froschauer (R1), Leith
Edgar (R1), Brent Lawrence (R1), Katie Steiger-Meister (R3), Denise Rowell (R4), David
Eisenhauer (R5), Meagan Racey (R5), others?

Option C: We look to the Denver metro are for detailees from other DOI entities. Betsy may
have recommendations for some USGS folks and the team may have some ideas about NPS,
BLM, or some of the other folks they work with regularly who could pick our issues up
quickly.

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: Providing info on the lynx SSP during the lynx conservation strategy webinar
Date: Wednesday, September 27, 2017 3:43:10 PM
Attachments: image001.png

Jeff was on the mailing list for yesterday's info - he already has it.

I just had a good call with Greg K. and told him I'd call Jeff tomorrow to let him know that by next week there will
probably not be a whole lot more to report than was in the email yesterday, but that I'd be happy to be on the call
and reiterate that stuff and fill in what details I'm able to (yes, I would be very careful), and try to answer questions.

Greg says they're still a little miffed that we didn't designate CH there and that we suggest in the SSA that lynx may
be ephemeral in parts of WA (the northeast corner). I think I could navigate that without letting it devolve into an
argument.

I let you know what I hear from Jeff and we can go from there.

On Wed, Sep 27, 2017 at 3:12 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
you could send him what we just sent out yesterday to share. I dont mind you being
available for 15 mins. Be careful though.  Non agency folks particpating.   

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Sep 27, 2017 at 3:05 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
FYI. See draft agenda (Priority presentation #3).

Let me know if we need to discuss and if you think it's OK for me (with Greg) to give an update commensurate
with where we will be in the process at that point ( a week from tomorrow).

---------- Forwarded message ----------
From: Lewis, Jeff C (DFW) <Jeffrey.Lewis@dfw.wa.gov>
Date: Wed, Sep 27, 2017 at 2:47 PM
Subject: Providing info on the lynx SSP during the lynx conservation strategy webinar
To: "gregg_kurz@fws.gov" <gregg_kurz@fws.gov>, "Jim_zelenak@fws.gov"
<Jim_zelenak@fws.gov>
Cc: "Dave Werntz (dwerntz@conservationnw.org)" <dwerntz@conservationnw.org>,
"Anderson, Hannah E (DFW)" <Hannah.Anderson@dfw.wa.gov>

Hi Greg and Jim: As you know, our lynx conservation strategy webinar is coming up (Oct
5).  Dave Werntz (Conservation Northwest) and I developed a draft agenda (below) and
part of the agenda involves getting updates on work that would inform our strategy
implementation and as such, we would like the group to be updated on the status of the
Lynx species status assessment that is currently underway.   Because of your long term
leadership in the assessment Jim and Greg’s role as the carnivore bio for the service in
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WA, I was hoping that one or both of you could speak to the group about the assessment:  
what it is,  where its at, what you’ve learned, what you see down the road, what it means
in general and specifically for Washington.  Clearly, this is an important topic and I hope
you will be able to share this info with the group.  Can you let me know if you can provide
a ~10-15 minute run-down on this topic and field questions?  If so, can you give me a
shout so we could chat about this so we can be on the same page about it?  Given the short
notice on this and because we don’t need anything formal, I would be happy to have you
share any essential materials that you already have; no need to make anything new unless
you want to do that.  Thanks for any help you can provide on this and I look forward to
talking with you about it.  Best, Jeff   360-628-1001   

 

 

Draft agenda (as revised on our call):

a)       Background and where we left things at Wildlinks (10 mins)

b)      Short presentations and updates (1 hour):  (too many presentations)

Priority presentations/updates:

1)      Dan (Surveys, Scully Boundary research Project),

2)      John and Scott (Fires in Okanogan, habitat loss),

3)      Lynx SSA progress (Greg Kurz, Jim Zelenek),

4)      BC Mgt updates.

5)      Snowshoe hare project (Jeff, Scott, and Dan)

Secondary:

1)      Al (ONA research),

2)      Gary (Private lands mgt plans, Loomis Plan),

3)      Andrea (Carrying Capacity),

4)      Other research and mgt items

5)      Changed political landscape in BC and US

c)       Priority conservation actions (10-15 min)

Affirming priorities from November meeting for us to continue or initiate or
support more actively (including Kettle reintro feasibility, protection from kill
trapping in BC, BC outreach, pilot project with assoc research)

d)       Strategy and Plan for 1-2 priority actions (1.25 hours)



a.       Kettle Range feasibility and implementation plan

                                                                           i.      What do we have and what do we
need

                                                                         ii.      Timeline, schedule, resources,
assignments

e)      Wildlinks agenda, participants, preparations, and outcomes (15 min)

a.       Transboundary focus

                                                                           i.      Reducing BC mortality

1.       Understanding and documenting immigration from
BC

2.       Engaging BC trappers and building relationships

3.       BC’s lynx management plan

 

 

 

 

 

 

Jeffrey C. Lewis, PhD | Mesocarnivore Conservation Biologist

Washington Department of Fish and Wildlife

1111 Washington Street SE

Olympia, WA 98501-1091

Jeffrey.Lewis@dfw.wa.gov

360-902-2374

 

https://maps.google.com/?q=1111+Washington+Street+SE%0D+Olympia,+WA+98501&entry=gmail&source=g
https://maps.google.com/?q=1111+Washington+Street+SE%0D+Olympia,+WA+98501&entry=gmail&source=g
mailto:Jeffrey.Lewis@dfw.wa.gov


 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Label: "Meagan Racey Lynx SSA Emails"

Created by:meagan_racey@fws.gov

Total Messages in label:193 (37 conversations)

Created: 01-03-2018 at 07:40 AM



Conversation Contents
Lynx outreach for review + invite for ideas

Attachments:

/25. Lynx outreach for review + invite for ideas/1.1 Canada Lynx 5-year Review
Communications Strategy.docx
/25. Lynx outreach for review + invite for ideas/1.2 Canada Lynx Press release.docx
/25. Lynx outreach for review + invite for ideas/1.3 Lynx QA.docx
/25. Lynx outreach for review + invite for ideas/6.1 Canada Lynx Press
release_MJM.docx
/25. Lynx outreach for review + invite for ideas/6.2 Lynx QA_MJM.docx
/25. Lynx outreach for review + invite for ideas/6.3 Canada Lynx 5-year Review
Communications Strategy_MJM.docx

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Thu Sep 28 2017 14:14:29 GMT-0600 (MDT)

To:

Ken Elowe <ken_elowe@fws.gov>, Martin Miller
<Martin_Miller@fws.gov>, Anna Harris <anna_harris@fws.gov>,
Paul Phifer <paul_phifer@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>

Subject: Lynx outreach for review + invite for ideas

Attachments: Canada Lynx 5-year Review Communications Strategy.docx
Canada Lynx Press release.docx Lynx QA.docx

Hi folks, 
Below is the lynx outreach for R6. They've asked for it back early next week (quick turnaround).
I'm sharing it for the opportunity for your review - is Monday COB possible? I can request more
time. 

The timeframe for the announcement is described as autumn.

I'd love to get some thoughts from you all on R5 outreach. My initial thinking is that we have a few options, including 1)
try to influence R6-led announcement to meet our needs [requires us to more clearly articulate what we want out of this
stage] 2) do a step-down announcement focused on Maine, doing something simultaneously might influence more
media but could also do follow up 3) coordinate with IFW to do some embargo'd work with reporter(s) ahead of the
announcement to get the most traction, or offer some behind-the-scenes opportunity for follow up reporting. 

This may end up aligning with the late October trapping season in Maine. Makes me think there may be a need for
additional communication on next steps in the process (to avoid confusion about impacts to ITP), and also additional
interest for storytelling.

Not sure if you'll have time to chat about this while you're at PLPD together. If not I could try to set up something for
Monday, next Friday or early the following week?

Thanks!

---------- Forwarded message ----------



From: Robert Segin <robert_segin@fws.gov>
Date: Thu, Sep 28, 2017 at 3:31 PM
Subject: Lynx Communications
To: Sarah Levy <sarah_levy@fws.gov>, Meagan Racey <meagan_racey@fws.gov>, Charles
Traxler <charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon Sarah, Meagan and Charles,

 

We are (again) ready to move on Lynx.  Here is the draft Comms materials for the 5-year
review.   Please take a look and let me know if there is something being missed etc.

 

If we can get this back early next week, Mon/Tue that would be great.

 

Thank You.

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Elowe, Ken" <ken_elowe@fws.gov>

mailto:robert_segin@fws.gov
mailto:sarah_levy@fws.gov
mailto:meagan_racey@fws.gov
mailto:charles_traxler@fws.gov
mailto:roya_mogadam@fws.gov
http://usfwsnortheast.wordpress.com/


From: "Elowe, Ken" <ken_elowe@fws.gov>
Sent: Thu Sep 28 2017 15:22:31 GMT-0600 (MDT)
To: "Racey, Meagan" <meagan_racey@fws.gov>

CC:
Martin Miller <Martin_Miller@fws.gov>, Anna Harris
<anna_harris@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,
Christine Eustis <christine_eustis@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>

Subject: Re: Lynx outreach for review + invite for ideas

Thanks Meagan - good news!  I'm around tomorrow if anyone would like to strategize.  Also I'm
in Maine and could make time next week.
Ken

=========================
Ken Elowe
Ass't Regional Director,
Science Applications
Northeast Region
U.S. Fish & Wildlife Service
413-253-8315

On Thu, Sep 28, 2017 at 4:14 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi folks, 
Below is the lynx outreach for R6. They've asked for it back early next week (quick
turnaround). I'm sharing it for the opportunity for your review - is Monday COB possible? I can
request more time. 

The timeframe for the announcement is described as autumn.

I'd love to get some thoughts from you all on R5 outreach. My initial thinking is that we have a few options, including
1) try to influence R6-led announcement to meet our needs [requires us to more clearly articulate what we want out of
this stage] 2) do a step-down announcement focused on Maine, doing something simultaneously might influence
more media but could also do follow up 3) coordinate with IFW to do some embargo'd work with reporter(s) ahead of
the announcement to get the most traction, or offer some behind-the-scenes opportunity for follow up reporting. 

This may end up aligning with the late October trapping season in Maine. Makes me think there may be a need for
additional communication on next steps in the process (to avoid confusion about impacts to ITP), and also additional
interest for storytelling.

Not sure if you'll have time to chat about this while you're at PLPD together. If not I could try to set up something for
Monday, next Friday or early the following week?

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Thu, Sep 28, 2017 at 3:31 PM
Subject: Lynx Communications
To: Sarah Levy <sarah_levy@fws.gov>, Meagan Racey <meagan_racey@fws.gov>, Charles
Traxler <charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon Sarah, Meagan and Charles,
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We are (again) ready to move on Lynx.  Here is the draft Comms materials for the 5-year
review.   Please take a look and let me know if there is something being missed etc.

 

If we can get this back early next week, Mon/Tue that would be great.

 

Thank You.

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

Meagan Racey <meagan_racey@fws.gov>

From: Meagan Racey <meagan_racey@fws.gov>
Sent: Fri Sep 29 2017 05:45:24 GMT-0600 (MDT)
To: "Elowe, Ken" <ken_elowe@fws.gov>

CC:
Martin Miller <Martin_Miller@fws.gov>, Anna Harris
<anna_harris@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,
Christine Eustis <christine_eustis@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>

Subject: Re: Lynx outreach for review + invite for ideas

http://usfwsnortheast.wordpress.com/


Thanks Ken! I'm out today but others may be able to chat. 

Sent from my iPhone

On Sep 28, 2017, at 5:22 PM, Elowe, Ken <ken_elowe@fws.gov> wrote:

Thanks Meagan - good news!  I'm around tomorrow if anyone would like to
strategize.  Also I'm in Maine and could make time next week.
Ken

=========================
Ken Elowe
Ass't Regional Director,
Science Applications
Northeast Region
U.S. Fish & Wildlife Service
413-253-8315

On Thu, Sep 28, 2017 at 4:14 PM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Hi folks, 
Below is the lynx outreach for R6. They've asked for it back early next week (quick
turnaround). I'm sharing it for the opportunity for your review - is Monday COB
possible? I can request more time. 

The timeframe for the announcement is described as autumn.

I'd love to get some thoughts from you all on R5 outreach. My initial thinking is that we have a few
options, including 1) try to influence R6-led announcement to meet our needs [requires us to more
clearly articulate what we want out of this stage] 2) do a step-down announcement focused on Maine,
doing something simultaneously might influence more media but could also do follow up 3) coordinate
with IFW to do some embargo'd work with reporter(s) ahead of the announcement to get the most
traction, or offer some behind-the-scenes opportunity for follow up reporting. 

This may end up aligning with the late October trapping season in Maine. Makes me think there may be
a need for additional communication on next steps in the process (to avoid confusion about impacts to
ITP), and also additional interest for storytelling.

Not sure if you'll have time to chat about this while you're at PLPD together. If not I could try to set up
something for Monday, next Friday or early the following week?

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Thu, Sep 28, 2017 at 3:31 PM
Subject: Lynx Communications
To: Sarah Levy <sarah_levy@fws.gov>, Meagan Racey
<meagan_racey@fws.gov>, Charles Traxler <charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon Sarah, Meagan and Charles,
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We are (again) ready to move on Lynx.  Here is the draft Comms materials for the
5-year review.   Please take a look and let me know if there is something being
missed etc.

 

If we can get this back early next week, Mon/Tue that would be great.

 

Thank You.

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Miller, Martin" <martin_miller@fws.gov>

From: "Miller, Martin" <martin_miller@fws.gov>
Sent: Fri Sep 29 2017 07:08:33 GMT-0600 (MDT)
To: Meagan Racey <meagan_racey@fws.gov>

CC:
"Elowe, Ken" <ken_elowe@fws.gov>, Anna Harris
<anna_harris@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,
Christine Eustis <christine_eustis@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>

http://usfwsnortheast.wordpress.com/


Subject: Re: Lynx outreach for review + invite for ideas

I'm in today until early afternoon and then out all next week.

Anna - perhaps we should touch base before I'm gone, and then you and the others can talk
next week when Meagan is back.

On Fri, Sep 29, 2017 at 7:45 AM, Meagan Racey <meagan_racey@fws.gov> wrote:
Thanks Ken! I'm out today but others may be able to chat. 

Sent from my iPhone

On Sep 28, 2017, at 5:22 PM, Elowe, Ken <ken_elowe@fws.gov> wrote:

Thanks Meagan - good news!  I'm around tomorrow if anyone would like to
strategize.  Also I'm in Maine and could make time next week.
Ken

=========================
Ken Elowe
Ass't Regional Director,
Science Applications
Northeast Region
U.S. Fish & Wildlife Service
413-253-8315

On Thu, Sep 28, 2017 at 4:14 PM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Hi folks, 
Below is the lynx outreach for R6. They've asked for it back early next week
(quick turnaround). I'm sharing it for the opportunity for your review - is Monday
COB possible? I can request more time. 

The timeframe for the announcement is described as autumn.

I'd love to get some thoughts from you all on R5 outreach. My initial thinking is that we have a few
options, including 1) try to influence R6-led announcement to meet our needs [requires us to more
clearly articulate what we want out of this stage] 2) do a step-down announcement focused on
Maine, doing something simultaneously might influence more media but could also do follow up 3)
coordinate with IFW to do some embargo'd work with reporter(s) ahead of the announcement to get
the most traction, or offer some behind-the-scenes opportunity for follow up reporting. 

This may end up aligning with the late October trapping season in Maine. Makes me think there may
be a need for additional communication on next steps in the process (to avoid confusion about
impacts to ITP), and also additional interest for storytelling.

Not sure if you'll have time to chat about this while you're at PLPD together. If not I could try to set
up something for Monday, next Friday or early the following week?

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Thu, Sep 28, 2017 at 3:31 PM
Subject: Lynx Communications

mailto:meagan_racey@fws.gov
mailto:ken_elowe@fws.gov
mailto:meagan_racey@fws.gov
mailto:robert_segin@fws.gov


To: Sarah Levy <sarah_levy@fws.gov>, Meagan Racey
<meagan_racey@fws.gov>, Charles Traxler <charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon Sarah, Meagan and Charles,

 

We are (again) ready to move on Lynx.  Here is the draft Comms materials for
the 5-year review.   Please take a look and let me know if there is something
being missed etc.

 

If we can get this back early next week, Mon/Tue that would be great.

 

Thank You.

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife

mailto:sarah_levy@fws.gov
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Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

"Phifer, Paul" <paul_phifer@fws.gov>

From: "Phifer, Paul" <paul_phifer@fws.gov>
Sent: Fri Sep 29 2017 08:22:53 GMT-0600 (MDT)
To: "Racey, Meagan" <meagan_racey@fws.gov>

CC:
Ken Elowe <ken_elowe@fws.gov>, Martin Miller
<Martin_Miller@fws.gov>, Anna Harris <anna_harris@fws.gov>,
Christine Eustis <christine_eustis@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>

Subject: Re: Lynx outreach for review + invite for ideas

I'd love to coordinate with the state to the extent possible.  This success is also their success.  I
like option 3.  Thanks Meagan.  Paul

______________
Paul Phifer, PhD
Assistant Regional Director - Ecological Services
Northeast Region
Dept of the Interior
US Fish and Wildlife Service
413.253.8698 work
413.687.4764 cell

On Thu, Sep 28, 2017 at 4:14 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi folks, 
Below is the lynx outreach for R6. They've asked for it back early next week (quick
turnaround). I'm sharing it for the opportunity for your review - is Monday COB possible? I can
request more time. 

The timeframe for the announcement is described as autumn.

I'd love to get some thoughts from you all on R5 outreach. My initial thinking is that we have a few options, including
1) try to influence R6-led announcement to meet our needs [requires us to more clearly articulate what we want out of
this stage] 2) do a step-down announcement focused on Maine, doing something simultaneously might influence
more media but could also do follow up 3) coordinate with IFW to do some embargo'd work with reporter(s) ahead of
the announcement to get the most traction, or offer some behind-the-scenes opportunity for follow up reporting. 

This may end up aligning with the late October trapping season in Maine. Makes me think there may be a need for
additional communication on next steps in the process (to avoid confusion about impacts to ITP), and also additional
interest for storytelling.

Not sure if you'll have time to chat about this while you're at PLPD together. If not I could try to set up something for
Monday, next Friday or early the following week?

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Thu, Sep 28, 2017 at 3:31 PM
Subject: Lynx Communications
To: Sarah Levy <sarah_levy@fws.gov>, Meagan Racey <meagan_racey@fws.gov>, Charles
Traxler <charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

mailto:meagan_racey@fws.gov
mailto:robert_segin@fws.gov
mailto:sarah_levy@fws.gov
mailto:meagan_racey@fws.gov
mailto:charles_traxler@fws.gov
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Good Afternoon Sarah, Meagan and Charles,

 

We are (again) ready to move on Lynx.  Here is the draft Comms materials for the 5-year
review.   Please take a look and let me know if there is something being missed etc.

 

If we can get this back early next week, Mon/Tue that would be great.

 

Thank You.

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Miller, Martin" <martin_miller@fws.gov>

From: "Miller, Martin" <martin_miller@fws.gov>
Sent: Fri Sep 29 2017 08:27:05 GMT-0600 (MDT)
To: "Racey, Meagan" <meagan_racey@fws.gov>

http://usfwsnortheast.wordpress.com/


CC:
Ken Elowe <ken_elowe@fws.gov>, Anna Harris
<anna_harris@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,
Christine Eustis <christine_eustis@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>

Subject: Re: Lynx outreach for review + invite for ideas

Attachments: Canada Lynx Press release_MJM.docx Lynx QA_MJM.docx
Canada Lynx 5-year Review Communications Strategy_MJM.docx

Meagan - I reviewed the outreach materials and found a couple issues that should be
addressed:

1.  The news release says we have no immediate plans to prepare a proposed delisting rule. 
The QA doc provides a little more explanation, but even that falls short.  Especially for the news
release, we should not leave the reader wondering why the Service would make such a
significant determination with far reaching regulatory implications and then not act on it.

2.  The communication plan and to some extent the news release don't seem to accurately
describe what is happening with the population.  Some of the descriptions (rebounded, thriving)
seem to contradict or fail to acknowledge the expected decline due to climate change.  Seems
at best disingenuous.

I provided some suggested edits either directly or in my comment bubbles.
Marty

On Thu, Sep 28, 2017 at 4:14 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi folks, 
Below is the lynx outreach for R6. They've asked for it back early next week (quick
turnaround). I'm sharing it for the opportunity for your review - is Monday COB possible? I can
request more time. 

The timeframe for the announcement is described as autumn.

I'd love to get some thoughts from you all on R5 outreach. My initial thinking is that we have a few options, including
1) try to influence R6-led announcement to meet our needs [requires us to more clearly articulate what we want out of
this stage] 2) do a step-down announcement focused on Maine, doing something simultaneously might influence
more media but could also do follow up 3) coordinate with IFW to do some embargo'd work with reporter(s) ahead of
the announcement to get the most traction, or offer some behind-the-scenes opportunity for follow up reporting. 

This may end up aligning with the late October trapping season in Maine. Makes me think there may be a need for
additional communication on next steps in the process (to avoid confusion about impacts to ITP), and also additional
interest for storytelling.

Not sure if you'll have time to chat about this while you're at PLPD together. If not I could try to set up something for
Monday, next Friday or early the following week?

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Thu, Sep 28, 2017 at 3:31 PM
Subject: Lynx Communications
To: Sarah Levy <sarah_levy@fws.gov>, Meagan Racey <meagan_racey@fws.gov>, Charles
Traxler <charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon Sarah, Meagan and Charles,
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We are (again) ready to move on Lynx.  Here is the draft Comms materials for the 5-year
review.   Please take a look and let me know if there is something being missed etc.

 

If we can get this back early next week, Mon/Tue that would be great.

 

Thank You.

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

"Harris, Anna" <anna_harris@fws.gov>

From: "Harris, Anna" <anna_harris@fws.gov>
Sent: Sat Sep 30 2017 06:28:15 GMT-0600 (MDT)
To: "Miller, Martin" <martin_miller@fws.gov>

http://usfwsnortheast.wordpress.com/


CC:
"Racey, Meagan" <meagan_racey@fws.gov>, Ken Elowe
<ken_elowe@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,
Christine Eustis <christine_eustis@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>

Subject: Re: Lynx outreach for review + invite for ideas

Thanks for looping me in Meagan,

I'm glad Marty had a chance to review before heading out of town, sorry we did not have a
chance to connect. I have time either Monday or Friday if we'd like to connect - or we can find
some time during PLPD Ken/Paul.

I too would like to have the states, especially the state of Maine, receive credit for their efforts of
lynx conservation.

On Fri, Sep 29, 2017 at 10:27 AM, Miller, Martin <martin_miller@fws.gov> wrote:
Meagan - I reviewed the outreach materials and found a couple issues that should be
addressed:

1.  The news release says we have no immediate plans to prepare a proposed delisting rule. 
The QA doc provides a little more explanation, but even that falls short.  Especially for the
news release, we should not leave the reader wondering why the Service would make such a
significant determination with far reaching regulatory implications and then not act on it.

2.  The communication plan and to some extent the news release don't seem to accurately
describe what is happening with the population.  Some of the descriptions (rebounded,
thriving) seem to contradict or fail to acknowledge the expected decline due to climate
change.  Seems at best disingenuous.

I provided some suggested edits either directly or in my comment bubbles.
Marty

On Thu, Sep 28, 2017 at 4:14 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi folks, 
Below is the lynx outreach for R6. They've asked for it back early next week (quick
turnaround). I'm sharing it for the opportunity for your review - is Monday COB possible? I
can request more time. 

The timeframe for the announcement is described as autumn.

I'd love to get some thoughts from you all on R5 outreach. My initial thinking is that we have a few options,
including 1) try to influence R6-led announcement to meet our needs [requires us to more clearly articulate what
we want out of this stage] 2) do a step-down announcement focused on Maine, doing something simultaneously
might influence more media but could also do follow up 3) coordinate with IFW to do some embargo'd work with
reporter(s) ahead of the announcement to get the most traction, or offer some behind-the-scenes opportunity for
follow up reporting. 

This may end up aligning with the late October trapping season in Maine. Makes me think there may be a need for
additional communication on next steps in the process (to avoid confusion about impacts to ITP), and also
additional interest for storytelling.

Not sure if you'll have time to chat about this while you're at PLPD together. If not I could try to set up something
for Monday, next Friday or early the following week?

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>

mailto:martin_miller@fws.gov
mailto:meagan_racey@fws.gov
mailto:robert_segin@fws.gov


Date: Thu, Sep 28, 2017 at 3:31 PM
Subject: Lynx Communications
To: Sarah Levy <sarah_levy@fws.gov>, Meagan Racey <meagan_racey@fws.gov>,
Charles Traxler <charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon Sarah, Meagan and Charles,

 

We are (again) ready to move on Lynx.  Here is the draft Comms materials for the 5-year
review.   Please take a look and let me know if there is something being missed etc.

 

If we can get this back early next week, Mon/Tue that would be great.

 

Thank You.

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife

mailto:sarah_levy@fws.gov
mailto:meagan_racey@fws.gov
mailto:charles_traxler@fws.gov
mailto:roya_mogadam@fws.gov
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Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

"Eustis, Christine" <christine_eustis@fws.gov>

From: "Eustis, Christine" <christine_eustis@fws.gov>
Sent: Mon Oct 02 2017 11:27:39 GMT-0600 (MDT)
To: "Harris, Anna" <anna_harris@fws.gov>

CC:
"Miller, Martin" <martin_miller@fws.gov>, "Racey, Meagan"
<meagan_racey@fws.gov>, Ken Elowe <ken_elowe@fws.gov>,
Paul Phifer <paul_phifer@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>

Subject: Re: Lynx outreach for review + invite for ideas

Anna or others - Do you have a good sense of the Congressional reaction to the 5-year review
since I know
you've been in contact with state staff?  Would like to think about what the Cong outreach
should look like.
Appreciate any thoughts so we can coordinate Cong. outreach.

On Sat, Sep 30, 2017 at 8:28 AM, Harris, Anna <anna_harris@fws.gov> wrote:
Thanks for looping me in Meagan,

I'm glad Marty had a chance to review before heading out of town, sorry we did not have a
chance to connect. I have time either Monday or Friday if we'd like to connect - or we can find
some time during PLPD Ken/Paul.

I too would like to have the states, especially the state of Maine, receive credit for their efforts
of lynx conservation.

On Fri, Sep 29, 2017 at 10:27 AM, Miller, Martin <martin_miller@fws.gov> wrote:
Meagan - I reviewed the outreach materials and found a couple issues that should be
addressed:

1.  The news release says we have no immediate plans to prepare a proposed delisting
rule.  The QA doc provides a little more explanation, but even that falls short.  Especially for
the news release, we should not leave the reader wondering why the Service would make
such a significant determination with far reaching regulatory implications and then not act
on it.

2.  The communication plan and to some extent the news release don't seem to accurately
describe what is happening with the population.  Some of the descriptions (rebounded,

https://www.fws.gov/northeast/mainecomplex/
mailto:anna_harris@fws.gov
mailto:martin_miller@fws.gov


thriving) seem to contradict or fail to acknowledge the expected decline due to climate
change.  Seems at best disingenuous.

I provided some suggested edits either directly or in my comment bubbles.
Marty

On Thu, Sep 28, 2017 at 4:14 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi folks, 
Below is the lynx outreach for R6. They've asked for it back early next week (quick
turnaround). I'm sharing it for the opportunity for your review - is Monday COB possible? I
can request more time. 

The timeframe for the announcement is described as autumn.

I'd love to get some thoughts from you all on R5 outreach. My initial thinking is that we have a few options,
including 1) try to influence R6-led announcement to meet our needs [requires us to more clearly articulate what
we want out of this stage] 2) do a step-down announcement focused on Maine, doing something simultaneously
might influence more media but could also do follow up 3) coordinate with IFW to do some embargo'd work with
reporter(s) ahead of the announcement to get the most traction, or offer some behind-the-scenes opportunity for
follow up reporting. 

This may end up aligning with the late October trapping season in Maine. Makes me think there may be a need
for additional communication on next steps in the process (to avoid confusion about impacts to ITP), and also
additional interest for storytelling.

Not sure if you'll have time to chat about this while you're at PLPD together. If not I could try to set up something
for Monday, next Friday or early the following week?

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Thu, Sep 28, 2017 at 3:31 PM
Subject: Lynx Communications
To: Sarah Levy <sarah_levy@fws.gov>, Meagan Racey <meagan_racey@fws.gov>,
Charles Traxler <charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon Sarah, Meagan and Charles,

 

We are (again) ready to move on Lynx.  Here is the draft Comms materials for the 5-year
review.   Please take a look and let me know if there is something being missed etc.

 

If we can get this back early next week, Mon/Tue that would be great.

 

Thank You.

 

 

 

mailto:meagan_racey@fws.gov
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Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

http://usfwsnortheast.wordpress.com/
https://maps.google.com/?q=300+Westgate+Center+Drive,+Hadley,+MA+01035,+413&entry=gmail&source=g
https://www.fws.gov/northeast/mainecomplex/
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"Harris, Anna" <anna_harris@fws.gov>

From: "Harris, Anna" <anna_harris@fws.gov>
Sent: Mon Oct 02 2017 11:46:40 GMT-0600 (MDT)
To: "Eustis, Christine" <christine_eustis@fws.gov>

CC:
"Miller, Martin" <martin_miller@fws.gov>, "Racey, Meagan"
<meagan_racey@fws.gov>, Ken Elowe <ken_elowe@fws.gov>,
Paul Phifer <paul_phifer@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>

Subject: Re: Lynx outreach for review + invite for ideas

Peter and I would be happy to meet with district staff following the 5-year review. If we are
staying local, I'd love to throw out the idea of our state partners joining us since they work on
lynx conservation in Maine. 
A visit to the hill and time with Senator Collins and King would be an amazing opportunity to
showcase the great conservation efforts going on in Maine.

Thanks for reaching out -

On Mon, Oct 2, 2017 at 1:27 PM, Eustis, Christine <christine_eustis@fws.gov> wrote:
Anna or others - Do you have a good sense of the Congressional reaction to the 5-year
review since I know
you've been in contact with state staff?  Would like to think about what the Cong outreach
should look like.
Appreciate any thoughts so we can coordinate Cong. outreach.

On Sat, Sep 30, 2017 at 8:28 AM, Harris, Anna <anna_harris@fws.gov> wrote:
Thanks for looping me in Meagan,

I'm glad Marty had a chance to review before heading out of town, sorry we did not have a
chance to connect. I have time either Monday or Friday if we'd like to connect - or we can
find some time during PLPD Ken/Paul.

I too would like to have the states, especially the state of Maine, receive credit for their
efforts of lynx conservation.

On Fri, Sep 29, 2017 at 10:27 AM, Miller, Martin <martin_miller@fws.gov> wrote:
Meagan - I reviewed the outreach materials and found a couple issues that should be
addressed:

1.  The news release says we have no immediate plans to prepare a proposed delisting
rule.  The QA doc provides a little more explanation, but even that falls short.  Especially
for the news release, we should not leave the reader wondering why the Service would
make such a significant determination with far reaching regulatory implications and then
not act on it.

2.  The communication plan and to some extent the news release don't seem to
accurately describe what is happening with the population.  Some of the descriptions
(rebounded, thriving) seem to contradict or fail to acknowledge the expected decline due
to climate change.  Seems at best disingenuous.

I provided some suggested edits either directly or in my comment bubbles.
Marty

On Thu, Sep 28, 2017 at 4:14 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:

mailto:christine_eustis@fws.gov
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Hi folks, 
Below is the lynx outreach for R6. They've asked for it back early next week (quick
turnaround). I'm sharing it for the opportunity for your review - is Monday COB
possible? I can request more time. 

The timeframe for the announcement is described as autumn.

I'd love to get some thoughts from you all on R5 outreach. My initial thinking is that we have a few options,
including 1) try to influence R6-led announcement to meet our needs [requires us to more clearly articulate
what we want out of this stage] 2) do a step-down announcement focused on Maine, doing something
simultaneously might influence more media but could also do follow up 3) coordinate with IFW to do some
embargo'd work with reporter(s) ahead of the announcement to get the most traction, or offer some behind-
the-scenes opportunity for follow up reporting. 

This may end up aligning with the late October trapping season in Maine. Makes me think there may be a
need for additional communication on next steps in the process (to avoid confusion about impacts to ITP),
and also additional interest for storytelling.

Not sure if you'll have time to chat about this while you're at PLPD together. If not I could try to set up
something for Monday, next Friday or early the following week?

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Thu, Sep 28, 2017 at 3:31 PM
Subject: Lynx Communications
To: Sarah Levy <sarah_levy@fws.gov>, Meagan Racey <meagan_racey@fws.gov>,
Charles Traxler <charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon Sarah, Meagan and Charles,

 

We are (again) ready to move on Lynx.  Here is the draft Comms materials for the 5-
year review.   Please take a look and let me know if there is something being missed
etc.

 

If we can get this back early next week, Mon/Tue that would be great.

 

Thank You.

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

mailto:robert_segin@fws.gov
mailto:sarah_levy@fws.gov
mailto:meagan_racey@fws.gov
mailto:charles_traxler@fws.gov
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303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

http://usfwsnortheast.wordpress.com/
https://maps.google.com/?q=300+Westgate+Center+Drive,+Hadley,+MA+01035,+413&entry=gmail&source=g
https://www.fws.gov/northeast/mainecomplex/
https://maps.google.com/?q=300+Westgate+Center+DriveHadley,+MA+01035+office:+413&entry=gmail&source=g
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Maine Fish and Wildlife Service Complex

 

"Eustis, Christine" <christine_eustis@fws.gov>

From: "Eustis, Christine" <christine_eustis@fws.gov>
Sent: Mon Oct 02 2017 12:48:11 GMT-0600 (MDT)
To: "Harris, Anna" <anna_harris@fws.gov>

CC:
"Miller, Martin" <martin_miller@fws.gov>, "Racey, Meagan"
<meagan_racey@fws.gov>, Ken Elowe <ken_elowe@fws.gov>,
Paul Phifer <paul_phifer@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>

Subject: Re: Lynx outreach for review + invite for ideas

Thanks - I think arranging a meeting with you and the State in Maine with district staff would be
great.
Since that may take time to arrange, we'll have to build in outreach so they are aware of the 5-
year review,
probably via email, with an invite to a briefing.  

On Mon, Oct 2, 2017 at 1:46 PM, Harris, Anna <anna_harris@fws.gov> wrote:
Peter and I would be happy to meet with district staff following the 5-year review. If we are
staying local, I'd love to throw out the idea of our state partners joining us since they work on
lynx conservation in Maine. 
A visit to the hill and time with Senator Collins and King would be an amazing opportunity to
showcase the great conservation efforts going on in Maine.

Thanks for reaching out -

On Mon, Oct 2, 2017 at 1:27 PM, Eustis, Christine <christine_eustis@fws.gov> wrote:
Anna or others - Do you have a good sense of the Congressional reaction to the 5-year
review since I know
you've been in contact with state staff?  Would like to think about what the Cong outreach
should look like.
Appreciate any thoughts so we can coordinate Cong. outreach.

On Sat, Sep 30, 2017 at 8:28 AM, Harris, Anna <anna_harris@fws.gov> wrote:
Thanks for looping me in Meagan,

I'm glad Marty had a chance to review before heading out of town, sorry we did not have
a chance to connect. I have time either Monday or Friday if we'd like to connect - or we
can find some time during PLPD Ken/Paul.

I too would like to have the states, especially the state of Maine, receive credit for their
efforts of lynx conservation.

On Fri, Sep 29, 2017 at 10:27 AM, Miller, Martin <martin_miller@fws.gov> wrote:
Meagan - I reviewed the outreach materials and found a couple issues that should be
addressed:

1.  The news release says we have no immediate plans to prepare a proposed
delisting rule.  The QA doc provides a little more explanation, but even that falls short. 

https://www.fws.gov/northeast/mainecomplex/
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Especially for the news release, we should not leave the reader wondering why the
Service would make such a significant determination with far reaching regulatory
implications and then not act on it.

2.  The communication plan and to some extent the news release don't seem to
accurately describe what is happening with the population.  Some of the descriptions
(rebounded, thriving) seem to contradict or fail to acknowledge the expected decline
due to climate change.  Seems at best disingenuous.

I provided some suggested edits either directly or in my comment bubbles.
Marty

On Thu, Sep 28, 2017 at 4:14 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi folks, 
Below is the lynx outreach for R6. They've asked for it back early next week (quick
turnaround). I'm sharing it for the opportunity for your review - is Monday COB
possible? I can request more time. 

The timeframe for the announcement is described as autumn.

I'd love to get some thoughts from you all on R5 outreach. My initial thinking is that we have a few options,
including 1) try to influence R6-led announcement to meet our needs [requires us to more clearly
articulate what we want out of this stage] 2) do a step-down announcement focused on Maine, doing
something simultaneously might influence more media but could also do follow up 3) coordinate with IFW
to do some embargo'd work with reporter(s) ahead of the announcement to get the most traction, or offer
some behind-the-scenes opportunity for follow up reporting. 

This may end up aligning with the late October trapping season in Maine. Makes me think there may be a
need for additional communication on next steps in the process (to avoid confusion about impacts to ITP),
and also additional interest for storytelling.

Not sure if you'll have time to chat about this while you're at PLPD together. If not I could try to set up
something for Monday, next Friday or early the following week?

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Thu, Sep 28, 2017 at 3:31 PM
Subject: Lynx Communications
To: Sarah Levy <sarah_levy@fws.gov>, Meagan Racey <meagan_racey@fws.gov>,
Charles Traxler <charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon Sarah, Meagan and Charles,

 

We are (again) ready to move on Lynx.  Here is the draft Comms materials for the 5-
year review.   Please take a look and let me know if there is something being missed
etc.

 

If we can get this back early next week, Mon/Tue that would be great.
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Thank You.

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive

http://usfwsnortheast.wordpress.com/
https://maps.google.com/?q=300+Westgate+Center+Drive,+Hadley,+MA+01035,+413&entry=gmail&source=g
https://www.fws.gov/northeast/mainecomplex/


Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

Ken Elowe <ken_elowe@fws.gov>

From: Ken Elowe <ken_elowe@fws.gov>
Sent: Mon Oct 02 2017 18:02:05 GMT-0600 (MDT)
To: "Harris, Anna" <anna_harris@fws.gov>

CC:
"Eustis, Christine" <christine_eustis@fws.gov>, "Miller, Martin"
<martin_miller@fws.gov>, "Racey, Meagan"
<meagan_racey@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,
"Hastie, Kyla" <kyla_hastie@fws.gov>

Subject: Re: Lynx outreach for review + invite for ideas

Collins and King would be all over this.

On Oct 2, 2017, at 1:47 PM, Harris, Anna <anna_harris@fws.gov> wrote:

Peter and I would be happy to meet with district staff following the 5-year review. If we are
staying local, I'd love to throw out the idea of our state partners joining us since they work on
lynx conservation in Maine. 
A visit to the hill and time with Senator Collins and King would be an amazing opportunity to
showcase the great conservation efforts going on in Maine.

Thanks for reaching out -

On Mon, Oct 2, 2017 at 1:27 PM, Eustis, Christine <christine_eustis@fws.gov> wrote:
Anna or others - Do you have a good sense of the Congressional reaction to the 5-year

https://maps.google.com/?q=300+Westgate+Center+DriveHadley,+MA+01035+office:+413&entry=gmail&source=g
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review since I know
you've been in contact with state staff?  Would like to think about what the Cong outreach
should look like.
Appreciate any thoughts so we can coordinate Cong. outreach.

On Sat, Sep 30, 2017 at 8:28 AM, Harris, Anna <anna_harris@fws.gov> wrote:
Thanks for looping me in Meagan,

I'm glad Marty had a chance to review before heading out of town, sorry we did not have a
chance to connect. I have time either Monday or Friday if we'd like to connect - or we can
find some time during PLPD Ken/Paul.

I too would like to have the states, especially the state of Maine, receive credit for their
efforts of lynx conservation.

On Fri, Sep 29, 2017 at 10:27 AM, Miller, Martin <martin_miller@fws.gov> wrote:
Meagan - I reviewed the outreach materials and found a couple issues that should be
addressed:

1.  The news release says we have no immediate plans to prepare a proposed delisting
rule.  The QA doc provides a little more explanation, but even that falls short.  Especially
for the news release, we should not leave the reader wondering why the Service would
make such a significant determination with far reaching regulatory implications and then
not act on it.

2.  The communication plan and to some extent the news release don't seem to
accurately describe what is happening with the population.  Some of the descriptions
(rebounded, thriving) seem to contradict or fail to acknowledge the expected decline due
to climate change.  Seems at best disingenuous.

I provided some suggested edits either directly or in my comment bubbles.
Marty

On Thu, Sep 28, 2017 at 4:14 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi folks, 
Below is the lynx outreach for R6. They've asked for it back early next week (quick
turnaround). I'm sharing it for the opportunity for your review - is Monday COB
possible? I can request more time. 

The timeframe for the announcement is described as autumn.

I'd love to get some thoughts from you all on R5 outreach. My initial thinking is that we have a few options,
including 1) try to influence R6-led announcement to meet our needs [requires us to more clearly articulate
what we want out of this stage] 2) do a step-down announcement focused on Maine, doing something
simultaneously might influence more media but could also do follow up 3) coordinate with IFW to do some
embargo'd work with reporter(s) ahead of the announcement to get the most traction, or offer some behind-
the-scenes opportunity for follow up reporting. 

This may end up aligning with the late October trapping season in Maine. Makes me think there may be a
need for additional communication on next steps in the process (to avoid confusion about impacts to ITP),
and also additional interest for storytelling.

Not sure if you'll have time to chat about this while you're at PLPD together. If not I could try to set up
something for Monday, next Friday or early the following week?

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>

mailto:anna_harris@fws.gov
mailto:martin_miller@fws.gov
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mailto:robert_segin@fws.gov


Date: Thu, Sep 28, 2017 at 3:31 PM
Subject: Lynx Communications
To: Sarah Levy <sarah_levy@fws.gov>, Meagan Racey <meagan_racey@fws.gov>,
Charles Traxler <charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon Sarah, Meagan and Charles,

 

We are (again) ready to move on Lynx.  Here is the draft Comms materials for the 5-
year review.   Please take a look and let me know if there is something being missed
etc.

 

If we can get this back early next week, Mon/Tue that would be great.

 

Thank You.

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 

mailto:sarah_levy@fws.gov
mailto:meagan_racey@fws.gov
mailto:charles_traxler@fws.gov
mailto:roya_mogadam@fws.gov
http://usfwsnortheast.wordpress.com/


Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

https://maps.google.com/?q=300+Westgate+Center+Drive,+Hadley,+MA+01035,+413&entry=gmail&source=g
https://www.fws.gov/northeast/mainecomplex/
https://maps.google.com/?q=300+Westgate+Center+DriveHadley,+MA+01035+office:+413&entry=gmail&source=g
mailto:christine_eustis@fws.gov
https://www.fws.gov/northeast/mainecomplex/


From: Mogadam, Roya
To: Munoz, Anna
Subject: Re: Lynx Communications
Date: Thursday, September 28, 2017 2:51:50 PM

No, and he also didn't get clearance from Marj who was the one who wanted to roll it back. 

On Thu, Sep 28, 2017 at 2:44 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
Did he share with you for review before sending?

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

On Thu, Sep 28, 2017 at 2:16 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Thu, Sep 28, 2017 at 1:31 PM
Subject: Lynx Communications
To: Sarah Levy <sarah_levy@fws.gov>, Meagan Racey <meagan_racey@fws.gov>,
Charles Traxler <charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon Sarah, Meagan and Charles,

 

We are (again) ready to move on Lynx.  Here is the draft Comms materials for the 5-year
review.   Please take a look and let me know if there is something being missed etc.

 

If we can get this back early next week, Mon/Tue that would be great.

 

Thank You.

 

 

 

Steve Segin

Public Affairs Officer

mailto:roya_mogadam@fws.gov
mailto:anna_munoz@fws.gov
mailto:anna_munoz@fws.gov
mailto:roya_mogadam@fws.gov
mailto:robert_segin@fws.gov
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U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:Roya_Mogadam@fws.gov
mailto:Roya_Mogadam@fws.gov


From: Mogadam, Roya
To: Anna Munoz
Subject: Fwd: lynx
Date: Monday, October 02, 2017 1:57:30 PM

Call me when you can
---------- Forwarded message ----------
From: Hastie, Kyla <kyla_hastie@fws.gov>
Date: Mon, Oct 2, 2017 at 1:35 PM
Subject: lynx
To: Roya Mogadam <Roya_Mogadam@fws.gov>
Cc: Meagan Racey <meagan_racey@fws.gov>

Roya: 

Thanks for talking just now.  

Know we hope to connect again later today or possibly tomorrow.  I think in the meantime
though I'll suggest Meagan hold on sending comments on the current plan - sounded like we
had some flexibility in getting back to you, and we could do it after we've connected again. 

Kyla

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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Washington Lynx Conservation Strategy Meeting: Thursday, October 5th, 2017 
 
Draft Agenda 
1:00-1:15   Background; Transboundary Lynx Conservation Strategy: to identify, prioritize, and 

take action on priority management activities that advance lynx recovery. (Jeff 
Lewis, Dave Werntz) 

Previously identified conservation priorities  
• Evaluate need and feasibility and potential implementation of Kettle Range 

augmentation/reintroduction 
• Demographic support from populations in British Columbia 

o Engage BC trappers and build relationships 
o Understand and document immigration from British Columbia, validate 

connectivity models, request tribal ecological knowledge 
 

1:15-2:15   Updates on recent work and new developments updates  
Kettle and Okanogan Lynx Management Zones (30 min) 
• Lynx Carrying Capacities (Andrea Lyons) 
• Lynx Surveys (Dan Thornton)  
• Snowshoe hare density investigation (Dan Thornton, Scott Fitkin, Jeff Lewis) 
 
Demographic Support from populations in British Columbia (15 min) 
• Lynx Management and Habitat Status in southern British Columbia (Rich Weir) 
• Transboundary lynx research findings (Dan Thornton, Al Peatt) 
 
New information (15 min) 
• Fires, habitat loss/protection in the Okanogan LMZ (John Rohrer, Scott Fitkin)  
• USFWS Species Status Assessment for the lynx (Jim Zelenak)  
 

2:15-2:30   Priority Management Actions (Lewis, Werntz) 
• Original priority actions (see above) 
• Other/new/modified priority actions to consider (e.g. Provide heightened 

protections from catastrophic fires by protecting remaining lynx habitat where lynx 
currently occur in the Okanogan LMZ?)  
 

2:30-3:30   Implementing Priority Strategies in Washington (Werntz, Lewis) 
• Timelines, resources, assignments 
• Other Aspects 

 
3:30-4:00   Preparing for Wildlinks lynx strategy meeting 24-25 October (Werntz, Lewis) 

• Meeting objectives: increasing in demographic support from British Columbia to the 
Okanogan and Kettle LMZs.  

o Agenda topics, Preparatory materials, and Participation 



Canada Lynx Update 
 
In June 2014, the U.S. District Court for the District of Montana ordered the Service to initiate 
recovery planning for the Canada lynx DPS.  In April 2015, the Service determined the need to 
complete a Species Status Assessment (SSA) to inform its response to the court order, and in 
July 2015, it convened the Lynx SSA Team. In October 2015, the Team conducted an Expert 
Elicitation Workshop in Minnesota to gather the professional judgments and opinions of 
recognized lynx experts and other subject matter experts regarding the current status, threats, and 
potential future conditions for DPS lynx populations. After review by participating experts, we 
completed the workshop report in April 2016 (available here: 
 
https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx
%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf). 
 
In January 2017, after reviewing the available scientific information and considering expert 
opinion, we provided the draft SSA report to the AFWA for distribution to and coordination of 
review by the wildlife and natural resource agencies of 15 states within the DPS range 
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New Mexico, New 
York, Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming). At the same time, we 
provided the draft to 5 independent peer reviewers, other Federal agencies (BLM, National Park 
Service, and U.S. Forest Service) and Tribal organizations throughout the DPS range.  By March 
2017, we had received all peer reviews and State and Federal agency reviews. 
 
We continue working to finalize the SSA based on comments from 5 peer reviewers, 11 State 
agencies, and 3 other federal agencies, as well as additional internal Service and solicitor 
reviews.  The Final SSA Report will form the basis of the statutorily-required 5-year status 
review and determine our next steps, including recovery planning direction. We hope to 
complete the final report and the 5-year review very soon and we plan to release both to our State 
(and AFWA), Tribal, and federal partners, and to make them available to the public 
simultaneously. 
 
As we have indicated in previous calls, there are 3 possible recommendations that could come 
from the 5-year review: (1) the lynx DPS should remain threatened, (2) it should be uplisted to 
endangered, or (3) it no longer warrants listing.  If the Service recommends either (1) or (2), we 
will proceed with recovery plan development.  The court ordered that we complete a final 
recovery plan by Jan. 15, 2018, unless we determine one is not needed (listing no longer 
warranted).  
 
If the Service recommends that the lynx DPS no longer warrants listing (3), we will initiate a 
rule-making process that would include a proposed rule to delist with public comment, hearings, 
peer and partner review, etc., followed by a final rule determining listing status of the DPS.  Both 
the proposed and final rules would be published in the Federal Register.  This means that even if 
the Service were to recommend delisting, the DPS would remain listed until 30 days after the 
final rule to delist is published.  That is, even if the 5-year review recommended delisting, that 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf


would not happen officially for a year or more, depending on the length and complexity of the 
rule-making process, and the DPS would remain listed during that time. 
 
 



From: Lewis, Jeff C (DFW)
To: Fitkin, Scott H (DFW); Heinlen, Jeffrey C (DFW); Yarborough, Fenner F (DFW); Base, Dana L (DFW); Prince,

Annemarie (DFW); Ransom, Jason (jason_i_ransom@nps.gov); Aaron J. Wirsing; daniel.thornton@wsu.edu;
karen.hodges@ubc.ca; Weir, Rich ENV:EX; Reid, Aaron ENV:EX; marc@ucut-nsn.org; cloggers@fs.fed.us;
Rohrer, John -FS <jrohrer@fs.fed.us> (jrohrer@fs.fed.us); Marsh, Matt D -FS; Kuk, Monte - FS;
"bgaines@genext.net"; Andrea Lyons; Maletzke, Benjamin T (DFW); FISHER, SCOTT (DNR);
joshuachapman@fs.fed.us; apeatt@syilx.org; Bearfoot Resources Ltd.; Bell, Gary W (DFW);
anne_carlson@tws.org; eric_rickerson@fws.gov; Jeff Krupka; "gregg_kurz@fws.gov";
hdavis@artemiswildlife.com; rweir@artemiswildlife.com; Richard.Whitney@colvilletribes.com

Cc: Dave Werntz (dwerntz@conservationnw.org); Anderson, Hannah E (DFW); Cotten, Taylor B (DFW); Connally,
Wendy A (DFW); jwatkins@conservationnw.org; Yaeger, Scott ENV:EX (Scott.Yaeger@gov.bc.ca)

Subject: Washington Lynx Conservation Strategy Meeting (Thursday, 5 October 2017; 1-4 PM PST): Agenda (attached),
web link to webinar, and an update (attached)

Date: Tuesday, October 03, 2017 4:32:28 PM
Attachments: image001.png

Canada Lynx Update USFWS J Zelenak.docx
Washington Lynx conservation Strategy meeting 5 Oct 2017 Agenda.docx

Hello All: We are getting close to our Washington Lynx Conservation Strategy meeting (this
Thursday, 5 Oct; 1-4 pm PST) and we needed to send you some essential information.  Below, you
will find the web link to “join the meeting” and connect to the webinar, as well as a telephone
number and password if you should need/want to call in.  We have attached the working agenda for
the meeting as well as an update on the USFWS’s lynx Species Status Assessment that Jim Zelenak
provided so folks could read that before the meeting (Thanks, Jim).  As you will see in the agenda,
our objectives are to 1) provide updates to the group on recently completed and ongoing work, 2)
affirm or adjust our current conservation priorities, 3) discuss strategies for implementing these
priority actions now and in the near future, and 4) discuss the objectives for our upcoming
conservation strategy meeting at the Wildlinks Conference (Manning Lodge, BC, 24-25 Oct 2017). 
There is a whole lot to cover, and Dave, Hannah and I will be diligent in moving us along as
expeditiously and effectively as possible so we can make a lot of headway during our 3 hours.  We
really appreciate you taking the time to work on this effort with us and we look forward to leaving
with 2-3 solid actions we can put in place (and/or continue) right away to support lynx conservation
in Washington.  Don’t hesitate to contact me if you have any questions about the materials,
objectives or the agenda, and we look forward to meeting with you on Thursday.  Best, Jeff Lewis
(WDFW), Dave Werntz (Conservation Northwest), and Hannah Anderson (WDFW)
 
 
**You have been invited to join an online meeting**
 
When you join WebEx, you will be asked if you want WebEx to call you back and connect
you via phone to the Webinar or you can choose to listen through your computer speakers.  If
you are calling from a phone with an extension OR if you have difficulties with the WebEx
“call back” method, please call WebEx toll-free to join the seminar.  Please mute your phone
while listening to prevent feedback, but feel free to un-mute to ask questions or provide
comments. 
 
Please use the following directions to join the webinar:
 
Meeting Number: 808 399 178
Meeting Password: LynxWash1
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Join the meeting:
 
https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b83318741e97a1fbc2
 
Video address: Dial 808399178@watech.webex.com
Audio connection: +1-240-454-0887 US Toll
Access code: 808 399 178
 
 
Jeffrey C. Lewis, PhD | Mesocarnivore Conservation Biologist
Washington Department of Fish and Wildlife
1111 Washington Street SE
Olympia, WA 98501-1091
Jeffrey.Lewis@dfw.wa.gov
360-902-2374
 

 

https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b83318741e97a1fbc2
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From: Kurz, Gregg
To: Anderson, Hannah E (DFW)
Cc: Lewis, Jeff C (DFW); Becker, Penny A (DFW)
Subject: Re: FW: Washington Lynx Conservation Strategy Meeting
Date: Thursday, October 05, 2017 7:53:50 AM
Attachments: image001.png

Hi Hannah,

I think a call on this topic would be a good thing. It would definitely be beneficial to discuss
what you all are thinking for recommended changes to the DNR plan and the rationale for
those potential revisions. I don't have a great deal of information on the SSA beyond what Jim
Zelenak has provided for today's meeting but I'd be happy to go over that as well. I will be out
on leave from October 20-November 6 but have a few days that are pretty open between now
and then. 

Gregg

On Wed, Oct 4, 2017 at 10:24 AM, Anderson, Hannah E (DFW)
<Hannah.Anderson@dfw.wa.gov> wrote:

Hi Gregg –

 

Looking forward to our meeting tomorrow.  Reminds me that there were a couple things I
wanted to follow up with you.

 

First is the Loomis Mgmt Plan and our recommendations for revision. We had talked about
having a quick conference call between FWS/WDFW to make sure we were on the same
page and develop our strategy for moving forward and talking with DNR.  Shall we get a
quick call on our collective calendars?

 

And, I was wondering if there was any progress made in learning the feedback regarding
WDFW’s comments on the Lynx SSA?  We had made substantial comments and are curious
about how they were incorporated or addressed.

 

Thanks much!

H

 

From: Lewis, Jeff C (DFW) 
Sent: Tuesday, October 03, 2017 4:30 PM

mailto:gregg_kurz@fws.gov
mailto:Hannah.Anderson@dfw.wa.gov
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To: Fitkin, Scott H (DFW) <Scott.Fitkin@dfw.wa.gov>; Heinlen, Jeffrey C (DFW)
<Jeffrey.Heinlen@dfw.wa.gov>; Yarborough, Fenner F (DFW)
<Richard.Yarborough@dfw.wa.gov>; Base, Dana L (DFW) <Dana.Base@dfw.wa.gov>;
Prince, Annemarie (DFW) <Annemarie.Prince@dfw.wa.gov>; Ransom, Jason
(jason_i_ransom@nps.gov) <jason_i_ransom@nps.gov>; Aaron J. Wirsing
<wirsinga@uw.edu>; daniel.thornton@wsu.edu; karen.hodges@ubc.ca; Weir, Rich
ENV:EX <Rich.Weir@gov.bc.ca>; Reid, Aaron ENV:EX <Aaron.Reid@gov.bc.ca>;
marc@ucut-nsn.org; cloggers@fs.fed.us; Rohrer, John -FS <jrohrer@fs.fed.us>
(jrohrer@fs.fed.us) <jrohrer@fs.fed.us>; Marsh, Matt D -FS <mdmarsh@fs.fed.us>; Kuk,
Monte - FS <mkuk@fs.fed.us>; 'bgaines@genext.net'; Andrea Lyons
<andrealyons3@gmail.com>; Maletzke, Benjamin T (DFW)
<Benjamin.Maletzke@dfw.wa.gov>; FISHER, SCOTT (DNR)
<SCOTT.FISHER@dnr.wa.gov>; joshuachapman@fs.fed.us; apeatt@syilx.org; Bearfoot
Resources Ltd. <Alpeatt@shaw.ca>; Bell, Gary W (DFW) <Gary.Bell@dfw.wa.gov>;
anne_carlson@tws.org; eric_rickerson@fws.gov; Jeff Krupka <jeff_krupka@fws.gov>;
'gregg_kurz@fws.gov'; hdavis@artemiswildlife.com; rweir@artemiswildlife.com;
Richard.Whitney@colvilletribes.com
Cc: Dave Werntz (dwerntz@conservationnw.org) <dwerntz@conservationnw.org>;
Anderson, Hannah E (DFW) <Hannah.Anderson@dfw.wa.gov>; Cotten, Taylor B (DFW)
<Taylor.Cotten@dfw.wa.gov>; Connally, Wendy A (DFW)
<Wendy.Connally@dfw.wa.gov>; jwatkins@conservationnw.org; Yaeger, Scott ENV:EX
(Scott.Yaeger@gov.bc.ca) <Scott.Yaeger@gov.bc.ca>
Subject: Washington Lynx Conservation Strategy Meeting (Thursday, 5 October 2017; 1-4
PM PST): Agenda (attached), web link to webinar, and an update (attached)

 

Hello All: We are getting close to our Washington Lynx Conservation Strategy meeting (this
Thursday, 5 Oct; 1-4 pm PST) and we needed to send you some essential information. 
Below, you will find the web link to “join the meeting” and connect to the webinar, as well
as a telephone number and password if you should need/want to call in.  We have attached
the working agenda for the meeting as well as an update on the USFWS’s lynx Species
Status Assessment that Jim Zelenak provided so folks could read that before the meeting
(Thanks, Jim).  As you will see in the agenda, our objectives are to 1) provide updates to the
group on recently completed and ongoing work, 2) affirm or adjust our current conservation
priorities, 3) discuss strategies for implementing these priority actions now and in the near
future, and 4) discuss the objectives for our upcoming conservation strategy meeting at the
Wildlinks Conference (Manning Lodge, BC, 24-25 Oct 2017).  There is a whole lot to cover,
and Dave, Hannah and I will be diligent in moving us along as expeditiously and effectively
as possible so we can make a lot of headway during our 3 hours.  We really appreciate you
taking the time to work on this effort with us and we look forward to leaving with 2-3 solid
actions we can put in place (and/or continue) right away to support lynx conservation in
Washington.  Don’t hesitate to contact me if you have any questions about the materials,
objectives or the agenda, and we look forward to meeting with you on Thursday.  Best, Jeff
Lewis (WDFW), Dave Werntz (Conservation Northwest), and Hannah Anderson (WDFW)

 

 

**You have been invited to join an online meeting**
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When you join WebEx, you will be asked if you want WebEx to call you back and connect
you via phone to the Webinar or you can choose to listen through your computer speakers. 
If you are calling from a phone with an extension OR if you have difficulties with the
WebEx “call back” method, please call WebEx toll-free to join the seminar.  Please mute
your phone while listening to prevent feedback, but feel free to un-mute to ask questions or
provide comments. 

 

Please use the following directions to join the webinar:

 

Meeting Number: 808 399 178

Meeting Password: LynxWash1

 

Join the meeting:

 

https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b83318741e97a1fbc2

 

Video address: Dial 808399178@watech.webex.com

Audio connection: +1-240-454-0887 US Toll

Access code: 808 399 178

 

 

Jeffrey C. Lewis, PhD | Mesocarnivore Conservation Biologist

Washington Department of Fish and Wildlife

1111 Washington Street SE

Olympia, WA 98501-1091

Jeffrey.Lewis@dfw.wa.gov

360-902-2374

https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b83318741e97a1fbc2
mailto:808399178@watech.webex.com
https://maps.google.com/?q=1111+Washington+Street+SE%0D+Olympia,+WA+98501&entry=gmail&source=g
https://maps.google.com/?q=1111+Washington+Street+SE%0D+Olympia,+WA+98501&entry=gmail&source=g
mailto:Jeffrey.Lewis@dfw.wa.gov


 

 

-- 
Gregg Kurz
Carnivore Specialist
Branch Manager for Listing and Recovery
Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA 98801-8122

509-665-3508 ex:2007



Washington Lynx Conservation Strategy Meeting: Thursday, October 5th, 2017 
 
Draft Agenda 
1:00-1:15   Background; Transboundary Lynx Conservation Strategy: to identify, prioritize, and 

take action on priority management activities that advance lynx recovery. (Jeff 
Lewis, Dave Werntz) 

Previously identified conservation priorities  
• Evaluate need and feasibility and potential implementation of Kettle Range 

augmentation/reintroduction 
• Demographic support from populations in British Columbia 

o Engage BC trappers and build relationships 
o Understand and document immigration from British Columbia, validate 

connectivity models, request tribal ecological knowledge 
 

1:15-2:15   Updates on recent work and new developments updates  
Kettle and Okanogan Lynx Management Zones (30 min) 
• Lynx Carrying Capacities (Andrea Lyons) 
• Lynx Surveys (Dan Thornton)  
• Snowshoe hare density investigation (Dan Thornton, Scott Fitkin, Jeff Lewis) 
 
Demographic Support from populations in British Columbia (15 min) 
• Lynx Management and Habitat Status in southern British Columbia (Rich Weir) 
• Transboundary lynx research findings (Dan Thornton, Al Peatt) 
 
New information (15 min) 
• Fires, habitat loss/protection in the Okanogan LMZ (John Rohrer, Scott Fitkin)  
• USFWS Species Status Assessment for the lynx (Jim Zelenak)  
 

2:15-2:30   Priority Management Actions (Lewis, Werntz) 
• Original priority actions (see above) 
• Other/new/modified priority actions to consider (e.g. Provide heightened 

protections from catastrophic fires by protecting remaining lynx habitat where lynx 
currently occur in the Okanogan LMZ?)  
 

2:30-3:30   Implementing Priority Strategies in Washington (Werntz, Lewis) 
• Timelines, resources, assignments 
• Other Aspects 

 
3:30-4:00   Preparing for Wildlinks lynx strategy meeting 24-25 October (Werntz, Lewis) 

• Meeting objectives: increasing in demographic support from British Columbia to the 
Okanogan and Kettle LMZs.  

o Agenda topics, Preparatory materials, and Participation 



Canada Lynx Update 
 
In June 2014, the U.S. District Court for the District of Montana ordered the Service to initiate 
recovery planning for the Canada lynx DPS.  In April 2015, the Service determined the need to 
complete a Species Status Assessment (SSA) to inform its response to the court order, and in 
July 2015, it convened the Lynx SSA Team. In October 2015, the Team conducted an Expert 
Elicitation Workshop in Minnesota to gather the professional judgments and opinions of 
recognized lynx experts and other subject matter experts regarding the current status, threats, and 
potential future conditions for DPS lynx populations. After review by participating experts, we 
completed the workshop report in April 2016 (available here: 
 
https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx
%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf). 
 
In January 2017, after reviewing the available scientific information and considering expert 
opinion, we provided the draft SSA report to the AFWA for distribution to and coordination of 
review by the wildlife and natural resource agencies of 15 states within the DPS range 
(Colorado, Idaho, Maine, Michigan, Minnesota, Montana, New Hampshire, New Mexico, New 
York, Oregon, Utah, Vermont, Washington, Wisconsin, and Wyoming). At the same time, we 
provided the draft to 5 independent peer reviewers, other Federal agencies (BLM, National Park 
Service, and U.S. Forest Service) and Tribal organizations throughout the DPS range.  By March 
2017, we had received all peer reviews and State and Federal agency reviews. 
 
We continue working to finalize the SSA based on comments from 5 peer reviewers, 11 State 
agencies, and 3 other federal agencies, as well as additional internal Service and solicitor 
reviews.  The Final SSA Report will form the basis of the statutorily-required 5-year status 
review and determine our next steps, including recovery planning direction. We hope to 
complete the final report and the 5-year review very soon and we plan to release both to our State 
(and AFWA), Tribal, and federal partners, and to make them available to the public 
simultaneously. 
 
As we have indicated in previous calls, there are 3 possible recommendations that could come 
from the 5-year review: (1) the lynx DPS should remain threatened, (2) it should be uplisted to 
endangered, or (3) it no longer warrants listing.  If the Service recommends either (1) or (2), we 
will proceed with recovery plan development.  The court ordered that we complete a final 
recovery plan by Jan. 15, 2018, unless we determine one is not needed (listing no longer 
warranted).  
 
If the Service recommends that the lynx DPS no longer warrants listing (3), we will initiate a 
rule-making process that would include a proposed rule to delist with public comment, hearings, 
peer and partner review, etc., followed by a final rule determining listing status of the DPS.  Both 
the proposed and final rules would be published in the Federal Register.  This means that even if 
the Service were to recommend delisting, the DPS would remain listed until 30 days after the 
final rule to delist is published.  That is, even if the 5-year review recommended delisting, that 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf


would not happen officially for a year or more, depending on the length and complexity of the 
rule-making process, and the DPS would remain listed during that time. 
 
 



From: Gregg Kurz
To: Jim Zelenak
Subject: Fwd: Washington Lynx Conservation Strategy Meeting (Thursday, 5 October 2017; 1-4 PM PST): Agenda

(attached), web link to webinar, and an update (attached)
Date: Thursday, October 05, 2017 11:56:41 AM
Attachments: Untitled attachment 02907.htm

image001.png
Canada Lynx Update USFWS J Zelenak.docx
Untitled attachment 02910.htm
Washington Lynx conservation Strategy meeting 5 Oct 2017 Agenda.docx
Untitled attachment 02913.htm

Sent from my iPhone

Begin forwarded message:

From: "Lewis, Jeff C (DFW)" <Jeffrey.Lewis@dfw.wa.gov>
Date: October 3, 2017 at 4:30:11 PM PDT
To: "Fitkin, Scott H (DFW)" <Scott.Fitkin@dfw.wa.gov>, "Heinlen, Jeffrey C
(DFW)" <Jeffrey.Heinlen@dfw.wa.gov>, "Yarborough, Fenner F (DFW)"
<Richard.Yarborough@dfw.wa.gov>, "Base, Dana L (DFW)"
<Dana.Base@dfw.wa.gov>, "Prince, Annemarie (DFW)"
<Annemarie.Prince@dfw.wa.gov>, "Ransom, Jason (jason_i_ransom@nps.gov)"
<jason_i_ransom@nps.gov>, "Aaron J. Wirsing" <wirsinga@uw.edu>,
"daniel.thornton@wsu.edu" <daniel.thornton@wsu.edu>, "karen.hodges@ubc.ca"
<karen.hodges@ubc.ca>, "Weir, Rich ENV:EX" <Rich.Weir@gov.bc.ca>, "Reid,
Aaron ENV:EX" <Aaron.Reid@gov.bc.ca>, "marc@ucut-nsn.org" <marc@ucut-
nsn.org>, "cloggers@fs.fed.us" <cloggers@fs.fed.us>, "Rohrer, John -FS
<jrohrer@fs.fed.us> (jrohrer@fs.fed.us)" <jrohrer@fs.fed.us>, "Marsh, Matt D -
FS" <mdmarsh@fs.fed.us>, "Kuk, Monte - FS" <mkuk@fs.fed.us>,
"'bgaines@genext.net'" <'bgaines@genext.net'>, Andrea Lyons
<andrealyons3@gmail.com>, "Maletzke, Benjamin T (DFW)"
<Benjamin.Maletzke@dfw.wa.gov>, "FISHER, SCOTT (DNR)"
<SCOTT.FISHER@dnr.wa.gov>, "joshuachapman@fs.fed.us"
<joshuachapman@fs.fed.us>, "apeatt@syilx.org" <apeatt@syilx.org>, "Bearfoot
Resources Ltd." <Alpeatt@shaw.ca>, "Bell, Gary W (DFW)"
<Gary.Bell@dfw.wa.gov>, "anne_carlson@tws.org" <anne_carlson@tws.org>,
"eric_rickerson@fws.gov" <eric_rickerson@fws.gov>, Jeff Krupka
<jeff_krupka@fws.gov>, "'gregg_kurz@fws.gov'" <'gregg_kurz@fws.gov'>,
"hdavis@artemiswildlife.com" <hdavis@artemiswildlife.com>,
"rweir@artemiswildlife.com" <rweir@artemiswildlife.com>,
"Richard.Whitney@colvilletribes.com" <Richard.Whitney@colvilletribes.com>
Cc: "Dave Werntz (dwerntz@conservationnw.org)"
<dwerntz@conservationnw.org>, "Anderson, Hannah E (DFW)"
<Hannah.Anderson@dfw.wa.gov>, "Cotten, Taylor B (DFW)"
<Taylor.Cotten@dfw.wa.gov>, "Connally, Wendy A (DFW)"
<Wendy.Connally@dfw.wa.gov>, "jwatkins@conservationnw.org"
<jwatkins@conservationnw.org>, "Yaeger, Scott ENV:EX
(Scott.Yaeger@gov.bc.ca)" <Scott.Yaeger@gov.bc.ca>
Subject: Washington Lynx Conservation Strategy Meeting (Thursday, 5
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October 2017; 1-4 PM PST): Agenda (attached), web link to webinar, and an
update (attached)

Hello All: We are getting close to our Washington Lynx Conservation Strategy meeting
(this Thursday, 5 Oct; 1-4 pm PST) and we needed to send you some essential
information.  Below, you will find the web link to “join the meeting” and connect to the
webinar, as well as a telephone number and password if you should need/want to call
in.  We have attached the working agenda for the meeting as well as an update on the
USFWS’s lynx Species Status Assessment that Jim Zelenak provided so folks could read
that before the meeting (Thanks, Jim).  As you will see in the agenda, our objectives are
to 1) provide updates to the group on recently completed and ongoing work, 2) affirm
or adjust our current conservation priorities, 3) discuss strategies for implementing
these priority actions now and in the near future, and 4) discuss the objectives for our
upcoming conservation strategy meeting at the Wildlinks Conference (Manning Lodge,
BC, 24-25 Oct 2017).  There is a whole lot to cover, and Dave, Hannah and I will be
diligent in moving us along as expeditiously and effectively as possible so we can make
a lot of headway during our 3 hours.  We really appreciate you taking the time to work
on this effort with us and we look forward to leaving with 2-3 solid actions we can put
in place (and/or continue) right away to support lynx conservation in Washington. 
Don’t hesitate to contact me if you have any questions about the materials, objectives
or the agenda, and we look forward to meeting with you on Thursday.  Best, Jeff Lewis
(WDFW), Dave Werntz (Conservation Northwest), and Hannah Anderson (WDFW)
 
 
**You have been invited to join an online meeting**
 
When you join WebEx, you will be asked if you want WebEx to call you back
and connect you via phone to the Webinar or you can choose to listen through
your computer speakers.  If you are calling from a phone with an extension OR if
you have difficulties with the WebEx “call back” method, please call WebEx toll-
free to join the seminar.  Please mute your phone while listening to prevent
feedback, but feel free to un-mute to ask questions or provide comments. 
 
Please use the following directions to join the webinar:
 

Meeting Number: 808 399 178
Meeting Password: LynxWash1
 
Join the meeting:
 
https://watech.webex.com/watech/j.php?
MTID=m89cb4d9c8d5412b83318741e97a1fbc2
 
Video address: Dial 808399178@watech.webex.com
Audio connection: +1-240-454-0887 US Toll

https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b83318741e97a1fbc2
https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b83318741e97a1fbc2
mailto:808399178@watech.webex.com


Access code: 808 399 178
 
 
Jeffrey C. Lewis, PhD | Mesocarnivore Conservation Biologist
Washington Department of Fish and Wildlife
1111 Washington Street SE
Olympia, WA 98501-1091
Jeffrey.Lewis@dfw.wa.gov
360-902-2374
 

mailto:Jeffrey.Lewis@dfw.wa.gov


From: Kurz, Gregg
To: Zelenak, Jim
Subject: Re: Washington Lynx Conservation Strategy Meeting (Thursday, 5 October 2017; 1-4 PM PST): Agenda

(attached), web link to webinar, and an update (attached)
Date: Thursday, October 05, 2017 3:34:02 PM

I think you did an excellent job of explaining our process and how it relates to the efforts WA
may take in the future.

John's explanation glossed over the fact that not all of the areas within those perimeter maps
burned and that immigrating lynx still have the ability to move through and into areas of
remaining habitat, However, habitat protection and minimization of habitat loss from fire
fighting efforts (backburning) seems like something we should attempt to do. I feel this is an
effort that should be started with coordination between the agencies at the level of folks like
John Chattel and the interagency committee. Having an established group assess this issue and
bring it forward will carry more weight than recommendations from this loosely assembled
group of folks.

On Thu, Oct 5, 2017 at 3:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks, Gregg.

Hope my bit was on target and didn't push any buttons unnecessarily. Would appreciate any feedback you care to
share.

Listening to John R. (and the current conversation), I was wondering if the Service has a role in the conversation
regarding the need to minimize fire impacts in lynx habitat in the next 5-10 years. Also wondering what your
thoughts are on that.

The interagency lynx steering committee and science/biology teams have been fairly inactive the last few years
(at least the 5 that I've been thinking about lynx) except for the revision to the LCAS.

If Service engagement/participation in the fire conversation (i.e., pressing the discussion with the USFS) would
help WA's conservation efforts, at what level do you think it ought to occur?

On Thu, Oct 5, 2017 at 12:56 PM, Gregg Kurz <gregg_kurz@fws.gov> wrote:

Sent from my iPhone

Begin forwarded message:

From: "Lewis, Jeff C (DFW)" <Jeffrey.Lewis@dfw.wa.gov>
Date: October 3, 2017 at 4:30:11 PM PDT
To: "Fitkin, Scott H (DFW)" <Scott.Fitkin@dfw.wa.gov>, "Heinlen, Jeffrey
C (DFW)" <Jeffrey.Heinlen@dfw.wa.gov>, "Yarborough, Fenner F (DFW)"
<Richard.Yarborough@dfw.wa.gov>, "Base, Dana L (DFW)"
<Dana.Base@dfw.wa.gov>, "Prince, Annemarie (DFW)"
<Annemarie.Prince@dfw.wa.gov>, "Ransom, Jason
(jason_i_ransom@nps.gov)" <jason_i_ransom@nps.gov>, "Aaron J.
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Wirsing" <wirsinga@uw.edu>, "daniel.thornton@wsu.edu"
<daniel.thornton@wsu.edu>, "karen.hodges@ubc.ca"
<karen.hodges@ubc.ca>, "Weir, Rich ENV:EX" <Rich.Weir@gov.bc.ca>,
"Reid, Aaron ENV:EX" <Aaron.Reid@gov.bc.ca>, "marc@ucut-nsn.org"
<marc@ucut-nsn.org>, "cloggers@fs.fed.us" <cloggers@fs.fed.us>, "Rohrer,
John -FS <jrohrer@fs.fed.us> (jrohrer@fs.fed.us)" <jrohrer@fs.fed.us>,
"Marsh, Matt D -FS" <mdmarsh@fs.fed.us>, "Kuk, Monte - FS"
<mkuk@fs.fed.us>, "'bgaines@genext.net'" <'bgaines@genext.net'>, Andrea
Lyons <andrealyons3@gmail.com>, "Maletzke, Benjamin T (DFW)"
<Benjamin.Maletzke@dfw.wa.gov>, "FISHER, SCOTT (DNR)"
<SCOTT.FISHER@dnr.wa.gov>, "joshuachapman@fs.fed.us"
<joshuachapman@fs.fed.us>, "apeatt@syilx.org" <apeatt@syilx.org>,
"Bearfoot Resources Ltd." <Alpeatt@shaw.ca>, "Bell, Gary W (DFW)"
<Gary.Bell@dfw.wa.gov>, "anne_carlson@tws.org"
<anne_carlson@tws.org>, "eric_rickerson@fws.gov"
<eric_rickerson@fws.gov>, Jeff Krupka <jeff_krupka@fws.gov>,
"'gregg_kurz@fws.gov'" <'gregg_kurz@fws.gov'>,
"hdavis@artemiswildlife.com" <hdavis@artemiswildlife.com>,
"rweir@artemiswildlife.com" <rweir@artemiswildlife.com>,
"Richard.Whitney@colvilletribes.com" <Richard.Whitney@colvilletribe
s.com>
Cc: "Dave Werntz (dwerntz@conservationnw.org)"
<dwerntz@conservationnw.org>, "Anderson, Hannah E (DFW)"
<Hannah.Anderson@dfw.wa.gov>, "Cotten, Taylor B (DFW)"
<Taylor.Cotten@dfw.wa.gov>, "Connally, Wendy A (DFW)"
<Wendy.Connally@dfw.wa.gov>, "jwatkins@conservationnw.org"
<jwatkins@conservationnw.org>, "Yaeger, Scott ENV:EX
(Scott.Yaeger@gov.bc.ca)" <Scott.Yaeger@gov.bc.ca>
Subject: Washington Lynx Conservation Strategy Meeting (Thursday, 5
October 2017; 1-4 PM PST): Agenda (attached), web link to webinar,
and an update (attached)

Hello All: We are getting close to our Washington Lynx Conservation
Strategy meeting (this Thursday, 5 Oct; 1-4 pm PST) and we needed to send
you some essential information.  Below, you will find the web link to “join
the meeting” and connect to the webinar, as well as a telephone number and
password if you should need/want to call in.  We have attached the working
agenda for the meeting as well as an update on the USFWS’s lynx Species
Status Assessment that Jim Zelenak provided so folks could read that before
the meeting (Thanks, Jim).  As you will see in the agenda, our objectives are
to 1) provide updates to the group on recently completed and ongoing work,
2) affirm or adjust our current conservation priorities, 3) discuss strategies for
implementing these priority actions now and in the near future, and 4) discuss
the objectives for our upcoming conservation strategy meeting at the
Wildlinks Conference (Manning Lodge, BC, 24-25 Oct 2017).  There is a
whole lot to cover, and Dave, Hannah and I will be diligent in moving us
along as expeditiously and effectively as possible so we can make a lot of
headway during our 3 hours.  We really appreciate you taking the time to
work on this effort with us and we look forward to leaving with 2-3 solid
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actions we can put in place (and/or continue) right away to support lynx
conservation in Washington.  Don’t hesitate to contact me if you have any
questions about the materials, objectives or the agenda, and we look forward
to meeting with you on Thursday.  Best, Jeff Lewis (WDFW), Dave Werntz
(Conservation Northwest), and Hannah Anderson (WDFW)

 

 

**You have been invited to join an online meeting**

 

When you join WebEx, you will be asked if you want WebEx to call you
back and connect you via phone to the Webinar or you can choose to listen
through your computer speakers.  If you are calling from a phone with an
extension OR if you have difficulties with the WebEx “call back” method,
please call WebEx toll-free to join the seminar.  Please mute your phone
while listening to prevent feedback, but feel free to un-mute to ask questions
or provide comments. 

 

Please use the following directions to join the webinar:

 

Meeting Number: 808 399 178

Meeting Password: LynxWash1

 

Join the meeting:

 

https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b8
3318741e97a1fbc2

 

Video address: Dial 808399178@watech.webex.com

Audio connection: +1-240-454-0887 US Toll

Access code: 808 399 178

 

https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b83318741e97a1fbc2
https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b83318741e97a1fbc2
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Jeffrey C. Lewis, PhD | Mesocarnivore Conservation Biologist

Washington Department of Fish and Wildlife

1111 Washington Street SE

Olympia, WA 98501-1091

Jeffrey.Lewis@dfw.wa.gov

360-902-2374

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Gregg Kurz
Carnivore Specialist
Branch Manager for Listing and Recovery
Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA 98801-8122

509-665-3508 ex:2007
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From: Zelenak, Jim
To: Kurz, Gregg
Subject: Re: Washington Lynx Conservation Strategy Meeting (Thursday, 5 October 2017; 1-4 PM PST): Agenda

(attached), web link to webinar, and an update (attached)
Date: Thursday, October 05, 2017 4:10:20 PM

Thanks.

Let's talk sometime soon after the SSA and 5-year are out the door.

Management on the border is an area where I wish we'd had better info for the SSA, and it will be very important
moving forward regardless of the 5-year recommendation.

On Thu, Oct 5, 2017 at 4:34 PM, Kurz, Gregg <gregg_kurz@fws.gov> wrote:
I think you did an excellent job of explaining our process and how it relates to the efforts
WA may take in the future.

John's explanation glossed over the fact that not all of the areas within those perimeter maps
burned and that immigrating lynx still have the ability to move through and into areas of
remaining habitat, However, habitat protection and minimization of habitat loss from fire
fighting efforts (backburning) seems like something we should attempt to do. I feel this is an
effort that should be started with coordination between the agencies at the level of folks like
John Chattel and the interagency committee. Having an established group assess this issue
and bring it forward will carry more weight than recommendations from this loosely
assembled group of folks.

On Thu, Oct 5, 2017 at 3:18 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks, Gregg.

Hope my bit was on target and didn't push any buttons unnecessarily. Would appreciate any feedback you care
to share.

Listening to John R. (and the current conversation), I was wondering if the Service has a role in the
conversation regarding the need to minimize fire impacts in lynx habitat in the next 5-10 years. Also wondering
what your thoughts are on that.

The interagency lynx steering committee and science/biology teams have been fairly inactive the last few years
(at least the 5 that I've been thinking about lynx) except for the revision to the LCAS.

If Service engagement/participation in the fire conversation (i.e., pressing the discussion with the USFS) would
help WA's conservation efforts, at what level do you think it ought to occur?

On Thu, Oct 5, 2017 at 12:56 PM, Gregg Kurz <gregg_kurz@fws.gov> wrote:

Sent from my iPhone

Begin forwarded message:

mailto:jim_zelenak@fws.gov
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From: "Lewis, Jeff C (DFW)" <Jeffrey.Lewis@dfw.wa.gov>
Date: October 3, 2017 at 4:30:11 PM PDT
To: "Fitkin, Scott H (DFW)" <Scott.Fitkin@dfw.wa.gov>, "Heinlen,
Jeffrey C (DFW)" <Jeffrey.Heinlen@dfw.wa.gov>, "Yarborough, Fenner F
(DFW)" <Richard.Yarborough@dfw.wa.gov>, "Base, Dana L (DFW)"
<Dana.Base@dfw.wa.gov>, "Prince, Annemarie (DFW)"
<Annemarie.Prince@dfw.wa.gov>, "Ransom, Jason
(jason_i_ransom@nps.gov)" <jason_i_ransom@nps.gov>, "Aaron J.
Wirsing" <wirsinga@uw.edu>, "daniel.thornton@wsu.edu"
<daniel.thornton@wsu.edu>, "karen.hodges@ubc.ca"
<karen.hodges@ubc.ca>, "Weir, Rich ENV:EX" <Rich.Weir@gov.bc.ca>,
"Reid, Aaron ENV:EX" <Aaron.Reid@gov.bc.ca>, "marc@ucut-nsn.org"
<marc@ucut-nsn.org>, "cloggers@fs.fed.us" <cloggers@fs.fed.us>,
"Rohrer, John -FS <jrohrer@fs.fed.us> (jrohrer@fs.fed.us)"
<jrohrer@fs.fed.us>, "Marsh, Matt D -FS" <mdmarsh@fs.fed.us>, "Kuk,
Monte - FS" <mkuk@fs.fed.us>, "'bgaines@genext.net'"
<'bgaines@genext.net'>, Andrea Lyons <andrealyons3@gmail.com>,
"Maletzke, Benjamin T (DFW)" <Benjamin.Maletzke@dfw.wa.gov>,
"FISHER, SCOTT (DNR)" <SCOTT.FISHER@dnr.wa.gov>,
"joshuachapman@fs.fed.us" <joshuachapman@fs.fed.us>,
"apeatt@syilx.org" <apeatt@syilx.org>, "Bearfoot Resources Ltd."
<Alpeatt@shaw.ca>, "Bell, Gary W (DFW)" <Gary.Bell@dfw.wa.gov>,
"anne_carlson@tws.org" <anne_carlson@tws.org>,
"eric_rickerson@fws.gov" <eric_rickerson@fws.gov>, Jeff Krupka
<jeff_krupka@fws.gov>, "'gregg_kurz@fws.gov'"
<'gregg_kurz@fws.gov'>, "hdavis@artemiswildlife.com"
<hdavis@artemiswildlife.com>, "rweir@artemiswildlife.com"
<rweir@artemiswildlife.com>, "Richard.Whitney@colvilletribes.com"
<Richard.Whitney@colvilletribes.com>
Cc: "Dave Werntz (dwerntz@conservationnw.org)"
<dwerntz@conservationnw.org>, "Anderson, Hannah E (DFW)"
<Hannah.Anderson@dfw.wa.gov>, "Cotten, Taylor B (DFW)"
<Taylor.Cotten@dfw.wa.gov>, "Connally, Wendy A (DFW)"
<Wendy.Connally@dfw.wa.gov>, "jwatkins@conservationnw.org"
<jwatkins@conservationnw.org>, "Yaeger, Scott ENV:EX
(Scott.Yaeger@gov.bc.ca)" <Scott.Yaeger@gov.bc.ca>
Subject: Washington Lynx Conservation Strategy Meeting (Thursday,
5 October 2017; 1-4 PM PST): Agenda (attached), web link to webinar,
and an update (attached)

Hello All: We are getting close to our Washington Lynx Conservation
Strategy meeting (this Thursday, 5 Oct; 1-4 pm PST) and we needed to send
you some essential information.  Below, you will find the web link to “join
the meeting” and connect to the webinar, as well as a telephone number and
password if you should need/want to call in.  We have attached the working
agenda for the meeting as well as an update on the USFWS’s lynx Species
Status Assessment that Jim Zelenak provided so folks could read that before
the meeting (Thanks, Jim).  As you will see in the agenda, our objectives
are to 1) provide updates to the group on recently completed and ongoing
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work, 2) affirm or adjust our current conservation priorities, 3) discuss
strategies for implementing these priority actions now and in the near
future, and 4) discuss the objectives for our upcoming conservation strategy
meeting at the Wildlinks Conference (Manning Lodge, BC, 24-25 Oct
2017).  There is a whole lot to cover, and Dave, Hannah and I will be
diligent in moving us along as expeditiously and effectively as possible so
we can make a lot of headway during our 3 hours.  We really appreciate you
taking the time to work on this effort with us and we look forward to
leaving with 2-3 solid actions we can put in place (and/or continue) right
away to support lynx conservation in Washington.  Don’t hesitate to contact
me if you have any questions about the materials, objectives or the agenda,
and we look forward to meeting with you on Thursday.  Best, Jeff Lewis
(WDFW), Dave Werntz (Conservation Northwest), and Hannah Anderson
(WDFW)

 

 

**You have been invited to join an online meeting**

 

When you join WebEx, you will be asked if you want WebEx to call you
back and connect you via phone to the Webinar or you can choose to listen
through your computer speakers.  If you are calling from a phone with an
extension OR if you have difficulties with the WebEx “call back” method,
please call WebEx toll-free to join the seminar.  Please mute your phone
while listening to prevent feedback, but feel free to un-mute to ask
questions or provide comments. 

 

Please use the following directions to join the webinar:

 

Meeting Number: 808 399 178

Meeting Password: LynxWash1

 

Join the meeting:

 

https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b8
3318741e97a1fbc2

 

https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b83318741e97a1fbc2
https://watech.webex.com/watech/j.php?MTID=m89cb4d9c8d5412b83318741e97a1fbc2


Video address: Dial 808399178@watech.webex.com

Audio connection: +1-240-454-0887 US Toll

Access code: 808 399 178

 

 

Jeffrey C. Lewis, PhD | Mesocarnivore Conservation Biologist

Washington Department of Fish and Wildlife

1111 Washington Street SE

Olympia, WA 98501-1091

Jeffrey.Lewis@dfw.wa.gov

360-902-2374

 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Gregg Kurz
Carnivore Specialist
Branch Manager for Listing and Recovery
Central Washington Field Office
215 Melody Lane, Suite 103
Wenatchee, WA 98801-8122

509-665-3508 ex:2007

-- 
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Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Harris, Anna
To: McCollough, Mark
Subject: Re: Mark teleworking Tuesday
Date: Friday, October 06, 2017 11:19:08 AM

Hi Mark,
did you finish up the lynx SSA lit cited? I had sent the few remaining citations to you late last
week. The others were completed by Chris DeVore and I while you were on AL.

On Tue, Oct 3, 2017 at 9:01 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Anna and Shay:

I am teleworking today.  Working on literature cited for the cougar delisting rule and lynx
SSA.  I will attend the rusty patched bumblebee sect 7 call at 11:00.  I will pick away at the
backlog of email and section 7 as time permits.  Let me know if there are any front burner
issues that I need to address.

I will be at Craig Brook Wednesday and Thursday (early AM to meet Steve to go to Cutler
NB).

thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

mailto:anna_harris@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
https://maps.google.com/?q=306+Hatchery+Road&entry=gmail&source=g
mailto:mark_mccollough@fws.gov
https://www.fws.gov/northeast/mainecomplex/
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology used to complete the review: 

 
The purpose of a 5-year review is to assess each threatened and endangered species to determine 
whether its status has changed since the time of its listing, or its last status review and whether it 
should be classified differently or removed from the list of threatened and endangered species.  
The U.S. Fish and Wildlife Service (Service) evaluated the biology and status of the contiguous 
United States (U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species 
Status Assessment (SSA) to inform this 5-year review and, if needed, recovery planning.  The 
SSA Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA 
Team), which consists of a Core Team of Service biologists who work on lynx issues across the 
DPS range and an SSA Framework Implementation Team of Service and U.S. Geological 
Survey staff who have developed and advanced the SSA framework.  The SSA Report represents 
the Service’s evaluation of the best available scientific information, including the formally-
elicited professional judgments and opinions of recognized lynx experts.  The SSA Report 
underwent independent peer and partner review before being used as the scientific basis to 
support a decision making process involving Service Regions 1, 3, 5, and 6 regarding the 
recommendation presented in this 5-year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing history 

 
The Service listed the lynx DPS as a threatened species under the Endangered Species Act (ESA) 
in 2000 because of the potential for impacts to lynx habitat conditions and the availability of 
snowshoe hare and other prey populations within the lynx DPS and existing regulatory 
mechanisms on Federal lands, at that time, did not provide sufficient guidance for the 
conservation of lynx habitats and populations or snowshoe hare habitat in light of potential 
threats (65 FR 16052-16086).  On May 8, 2014, the United States District Court for the District 
of Montana ordered the Service to complete recovery planning for the lynx DPS (U.S. District 
Court MT 2014a, p. 8).  On June 25, 2014, the same court ordered the Service to complete a 
recovery plan by January 15, 2018 “…unless the Service finds that such a plan will not promote 
the conservation of the [lynx]” (i.e., the DPS is recovered or no longer warrants ESA protections; 
U.S. District Court MT 2014b, p. 2).  We noticed the initiation of the 5-yr review in the Federal 
Register on April 18, 2007 (72 FR 19549), and additionally published a news release announcing 
re-initiation of a 5-yr review on January 13, 2015.   
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We completed the SSA Report to summarize the best available scientific information on the 
current status and likely future viability of the DPS.  SSA provides the scientific basis for this 5-
yr review.   
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) policy  

 
The Service designated lynx in the contiguous United States as a DPS because of differences in 
the management of lynx and lynx habitats across the international boundary with Canada 
(meeting discreteness criteria in the DPS policy) and because of the climatic, vegetative, and 
ecological differences in lynx habitat compared to the northern parts of the species’ range in 
Canada and Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continued 
to persist in 4 of the 6 geographic units evaluated in the SSA (Units 1 (Northern Maine), 2 
(Northeastern Minnesota), 3 (Northwestern Montana/Northeastern Idaho), and 4 (North-central 
Washington)) (SSA Report, p. X).  Based on verified records, it is uncertain if the Greater 
Yellowstone Area (Unit 5) historically supported a persistent resident lynx population and it 
currently appears not to support resident lynx (SSA Report, p. X).  Available evidence also 
suggests that Colorado (Unit 6) did not historically support persistent lynx presence; however, a 
resident population has persisted there for more than a decade since the 1999-2006 release of 218 
Canadian and Alaskan lynx in the San Juan Mountains (SSA Report, p. X).   
 
Considering the available information, we found no reliable evidence that the current distribution 
and relative abundance of resident lynx in the contiguous United States are substantially reduced 
from historical conditions (SSA Report, p. X).  In fact, because of the introduction of lynx in 
Colorado and anthropogenically influenced lynx abundance in Maine, there may be more 
resident lynx currently in the DPS range than likely occurred historically (SSA Report, p. X).  
This suggests historical and current resiliency among lynx populations in the DPS.  The current 
broad distribution of resident lynx in large, geographically discrete areas (redundancy) makes the 
DPS invulnerable to extirpation caused by a single catastrophic event (SSA Report, p. X).  
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished from 
historical levels (SSA Report, p. X).  In fact, as a result of the current population in Colorado, 
redundancy in the DPS is likely greater, at least temporarily, now than it was historically (SSA 
Report, p. X).  Similarly, resident lynx remains broadly distributed across the range of habitats 
that have supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation) (SSA Report, p. X).   
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Additionally, observed high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the past 
and recent genetic health of lynx populations in the DPS (representation) (SSA Report, section 
2.1).  Because there are no indications of significant loss of, or current stressors too, the genetic 
health or adaptive capacity of lynx populations in the DPS, we find that the current level of 
representation within the DPS does not appear to indicate a decrease from historical conditions 
(SSA Report, p. X). 
 
We conclude that resident lynx populations are very likely to persist in all 5 units that currently 
support them (Units 1-4 and 6) in the near-term (2025) and likely to persist in those 5 units at 
mid-century (2050) (SSA Report, p. X).  We and the experts we consulted have low confidence 
in predicting the likely conditions of DPS populations beyond 2050 (SSA Report, p. X).  
Therefore we consider 2050 as the foreseeable future for this 5-year review.  Nonetheless, we 
expect lynx populations in each geographic unit to become smaller and more patchily-distributed 
in the future due largely to projected climate-driven losses in habitat quality and quantity and 
related factors (SSA Report, p. X).  However, the timing, rate, and extent of habitat decline due 
to projected climate warming and corresponding effects to lynx populations all are highly 
uncertain (SSA Report, p. X).  That said, smaller, more isolated populations would be less 
resilient and more vulnerable to demographic and environmental stochasticity and genetic drift 
and, therefore, at higher risk of extirpation (SSA Report, p. X).  Despite some reduced resiliency, 
we conclude that resident lynx populations are likely to persist through mid-century in the 
geographic units that supported them historically (units 1-4); with the corresponding 
maintenance of redundancy and representation in the DPS over that time span (SSA Report, p. 
X).  Predictions out to 2100 are highly uncertain (SSA Report, p. X), and beyond what we 
consider to be reasonably foreseeable.  Nonetheless, although we expect some resident lynx to 
persist within the DPS at the end of the century, it is possible that populations in some units 
could be functionally extirpated by then (SSA Report, p. X).  Should future extirpations occur, 
this would indicate a loss of resiliency, reduced redundancy, and representation, and an increased 
risk of extirpation of the DPS. 
 
Consideration of the Five 4(a)(1) Factors: 
 
Through our SSA analysis, we have evaluated the effects of all factors identified in section 
4(a)(1) of the ESA.  In the SSA we focused on the influences identified as having the potential to 
exert population and DPS-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), and disease and 
predation (Factor C).  Additionally, we considered how each of the above influences is 
ameliorated or exacerbated by existing regulatory mechanisms (Factor D). 
 
In light of potential threats considered at the time of listing, lynx conservation measures and 
habitat management guidance adopted by the U. S. Forest Service (USFS) and the Bureau of 
Land Management (BLM), via formally amended or revised management plans or conservation 
agreements with the Service, have substantially addressed the conservation of lynx habitats and 
populations or snowshoe hare habitat (SSA Report, p. X).   
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Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the Endangered Species Act (Act), an endangered species is any species that is “in 
danger of extinction throughout all or a significant portion of its range.”  In the SSA Report, we 
evaluated the best available scientific information regarding the current and predicted future 
condition of the lynx DPS to describe its viability and how it may change over time (2025, 2050, 
and 2100).  We assess the viability of the lynx DPS by evaluating its ability to maintain a 
sufficient number and distribution of viable populations to withstand environmental stochasticity 
(resiliency), catastrophes (redundancy), and changes in its environment (representation) into the 
future.  Ultimately, we compare our evaluation of the DPS’ risk of extinction against the 
definitions of an endangered or threatened species as defined by the Act.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4), the current persistence of lynx in one of the units 
(Unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, p. X).  The large sizes and broad distributions of the geographic units occupied by 
resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to preclude the possibility of extirpation from catastrophic events (SSA Report, p. X).  
There are no indications of current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, and the current level of representation do not suggest a decrease from 
historical conditions (SSA Report, p. X).  Due to the current resiliency, redundancy, and 
representation of the lynx DPS, we conclude that the risk of extinction (in this case, extirpation 
of all resident lynx populations in the DPS) is low, such that the DPS currently is not in danger 
of extinction throughout all of its range and, therefore, does not meet the definition of an 
endangered species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the Act, a threatened species is any species that 
is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. X).  
It became apparent through discussions with lynx experts, in peer and partner reviews of the 
draft SSA Report, and among Service biologists and management that any future projections of 
lynx status beyond mid-century were complicated by a very high degree of uncertainty 
concerning the timing and extent of various stressors that may affect lynx and hare habitat and 
snow regimes, especially those related to projected future climate change (SSA Report, p. X).  
Therefore, in this evaluation, we focused on mid-century (2050) as the foreseeable future 
because this time horizon gives us a higher degree of certainty in reasonably projecting the future 
condition of the lynx DPS.  
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As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, p. X).  
However, all 5 geographic units that currently support resident lynx populations (all units except 
the GYA) are expected by lynx experts (with likelihoods of 70 to 90 percent) to continue to do so 
through mid-century (2050) (SSA Report, p. X).  Our analyses and expert input suggest that 
resiliency will likely be sufficient to foster persistence (i.e., preclude extirpation) of resident lynx 
through mid-century in all or most of the 5 geographic units that currently support them (SSA 
Report, p. X).  At mid-century, we expect lynx to retain a wide geographical distribution of 
populations, maintaining redundancy within the DPS (SSA Report, p. X).  Should lynx 
populations in each geographic unit to become smaller and more patchily-distributed, reduced 
genetic health and/or adaptive capacity would be expected; however, we have no evidence to 
suggest reduced representation would be a DPS-level concern at mid-century (SSA Report, p. 
X).  Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is low, 
such that the lynx DPS is not likely to become endangered throughout all of its range within the 
foreseeable future and, therefore, does not meet the definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS and, therefore, 
recovery criteria have not been developed.  However, the Service completed a Recovery Outline 
on September 14, 2005, which provided preliminary recovery objectives and actions based on 
our understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Even in the absence of a recovery plan, progress 
has been made on some components of the preliminary recovery strategy described in the 2005 
Recovery Outline (e.g., improved regulatory mechanisms on Federal and some State, Tribal, and 
private lands and related protections of important lynx and hare habitats), while other 
components have seen little or no progress or may no longer be appropriate.  Nonetheless, lynx 
conservation measures and habitat management guidance adopted by the USFS and the BLM 
have substantially addressed the potential threats considered at the time of listing to the 
maintenance of lynx DPS habitat conditions and the availability of snowshoe hare and other prey 
populations (SSA Report, p. X).  Furthermore, as described above, the lynx DPS no longer meets 
the definition of a threatened species.  
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range nor is it likely to 
become so in the foreseeable future, i.e., not a threatened species throughout its range.  We 
recommend removing the Canada lynx DPS, currently listed as threatened, from the list of 
threatened and endangered species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
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  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

__x_ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS.  The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 
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U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW  

Canada Lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
FIELD OFFICE APPROVAL: 
 
Lead Field Supervisor, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
The lead Field Office must ensure that other offices within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  The 
lead field office should document this coordination in the agency record. 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
Cooperating Regional Director, Region 1, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
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Cooperating Regional Director, Region 3, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
 
Cooperating Regional Director, Region 5, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   



From: White, Rollie
To: Marilet Zablan
Subject: Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
Date: Friday, October 6, 2017 1:23:46 PM
Attachments: Tab 2. Canada Lynx draft 5-yrReview_09282017.doc

Can you have someone check with Bryon Holt to see if he has any concerns?

Thanks,

-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
Office: (503) 231-6151
Cell: (503) 839-2872

Rollie_White@fws.gov

---------- Forwarded message ----------
From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Fri, Oct 6, 2017 at 1:06 PM
Subject: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Paul Phifer <Paul_Phifer@fws.gov>, Lori Nordstrom <Lori_Nordstrom@fws.gov>,
Rollie White <rollie_white@fws.gov>
Cc: Michael Thabault <Michael_Thabault@fws.gov>, Justin Shoemaker/R6/FWS/DOI
<justin_shoemaker@fws.gov>

Region 6 requesting your concurrence on the attached 5 year status review for the  contiguous US DPS of the
Canada lynx.  This review documents the recommendation and rationale from the meeting on April and follow-up
conference call on May 12th based on the SSA Report.  We appreciate all of your regions' input and contributions
to this effort. This one is the first 5 YSR based off an SSA and I am happy to report that it is 6 pages plus cover
(plus the form for signatures).  

Given the various lawsuits associated with Canada lynx, we are working with the SOL on the timing and nature of
informing appropriate courts.  As such, we are not public about this pending recommendation to the point that it
did not get onto the delisting workplan posted by HQ last week.

At present, we are addressing comments on the received from RSOL.  I will send you all a copy of that SSA in about a week.  

In the meantime, I am requesting a concurrence via email by October 23rd.  If you have concerns, questions or comments,
feel free to contact me asap.  We can then incorporate any changes and circulate a clean version for signature (though I think
we could streamline concurrence to email as we do for rulemakings).

thank you,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

mailto:rollie_white@fws.gov
mailto:marilet_zablan@fws.gov
mailto:Rollie_White@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:Paul_Phifer@fws.gov
mailto:Lori_Nordstrom@fws.gov
mailto:rollie_white@fws.gov
mailto:Michael_Thabault@fws.gov
mailto:justin_shoemaker@fws.gov




From: Bush, Jodi
To: Robert Segin
Cc: Justin Shoemaker; Zelenak, Jim
Subject: Re: FW: Region 3 edits to lynx outreach
Date: Tuesday, October 10, 2017 8:41:29 AM

I agree.  Please make sure we do not overstate our conclusion. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Oct 9, 2017 at 8:16 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Some edits to the NR and draft Q&As are OK, others need attention. One focuses only on Forest Service as
reason for listing, but the listing rules were very specific to inadequacies in both Forest Service and BLM land
mgmt. plans.

This, in the comm. plan., in NOT accurate:

"The review and subsequent species status assessment (SSA) indicate that the Canada
lynx has a significant and steady population in north-central Washington, northwest and
southwest Montana, western Colorado, northeastern Minnesota and northern Maine, with
ephemeral populations in nine other states."

Washington is the ONE PLACE where we think lynx have declined because of large,
frequent and intense fires in lynx habitat over the last 25 years.  Nowhere else do we have
data that would allow us to say "significant and steady populations - we only have guesses
as to how many resident lynx each geographic unit MIGHT support. Finally, we speculate
that a metapopulation structure would suggest that some pops in DPS may be naturally
ephemeral, but we don't know for sure., and certainly not enough info to say 9 other states
have them.  Not sure where this comes from, but there is substantially more nuance and care
needed in how we present this stuff.

Lacking evidence of decline is not the same as having data showing "significant and steady"
or "thriving populations."

Also need to ditch references to "Canada lynx has rebounded" language.  No population
increases have been demonstrated except where there were introduced in Colorado (and we
suspect they are actually declining slowly there and will eventually wink out). There are
more of them in Maine and Minnesota than we thought there were when we listed them, and
fewer in Montana, Idaho, Washington, Wyoming, than we thought at listing. 

Same care needed for language like this:

"empirical evidence that the populations within the DPS are thriving and relatively stable."

We simply do not have evidence of thriving except in Maine, and we expect that to change

mailto:jodi_bush@fws.gov
mailto:robert_segin@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


(less thriving over the next 2 decades).  We also have no empirical evidence of population
stability - what we know is that resident lynx continue to occur in the places we think they
did historically, for the most part.

I don't have time to review the rest of the comm. plan right now, but I urge that it not go out
until I and the other lynx biologists have a chance to weigh in.  As is, there is a lot of
misinformation and many inaccuracies.

I know everyone wants a "success story," but caution in how we present this, with care not
to go beyond what the available info really says, is absolutely imperative. Otherwise, we are
overreaching and will have a hard time when folks ask for the data upon which such grand
pronouncements are based. 

On Sun, Oct 8, 2017 at 7:46 PM, Robert Segin <robert_segin@fws.gov> wrote:

Comments for one of the regions and wanted your take.

 

From: Parham, Georgia [mailto:georgia_parham@fws.gov] 
Sent: Tuesday, October 03, 2017 1:21 PM
To: Robert Segin
Cc: Charles Traxler; Tim Patronski; Garrett Peterson
Subject: Region 3 edits to lynx outreach

 

Hi Steve,

 

Thanks for the opportunity to take a look. We've made a few suggested edits - just let me
know if you have any questions.

 

Thanks!
Georgia

Georgia Parham

U.S. Fish and Wildlife Service

Midwest Region External Affairs

620 South Walker Street

Bloomington, IN 47403

812-334-4261 x 203

mailto:robert_segin@fws.gov
mailto:georgia_parham@fws.gov
https://maps.google.com/?q=620+South+Walker+Street+Bloomington,+IN+47403+812&entry=gmail&source=g
https://maps.google.com/?q=620+South+Walker+Street+Bloomington,+IN+47403+812&entry=gmail&source=g
https://maps.google.com/?q=620+South+Walker+Street+Bloomington,+IN+47403+812&entry=gmail&source=g


Cell: 812-593-8501

 

<<^._.^>>   <<^._.^>>  <<^._.^>> 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: McCollough, Mark
To: Anna Harris
Subject: Mark"s schedule this week
Date: Tuesday, October 10, 2017 1:58:35 PM

Anna:

My schedule this week:
Tuesday - Craig Brook
Wednesday - meetings with NRCS, Bangor (pollinator) AM and Maine Audubon, Falmouth
(Plover) in PM
Thursday - telework lynx SSA page numbers (last day to submit)
Friday - Craig Brook; 10:00 performance evaluation and telework discussion with you

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:anna_harris@fws.gov
mailto:mark_mccollough@fws.gov


From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: remaining Maine literature cited
Date: Tuesday, October 10, 2017 4:53:29 PM

Also, you added Andrews 2016 and Anderson 2016  to your Loss of Boreal Forest section in 5.2.1, but I don't have
either one.  Could you send those citations to me for the lit cited list?

Thanks.

On Tue, Oct 10, 2017 at 11:54 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark.

Any additional page numbers for your sections (3.2, 3.3, 3.5, and the Unit 1 parts of CH. 4 and 5) would be
helpful by COB Thursday, as I've been asked to have the SSA finalized and to Jodi on Friday of this week.

Still trying to get thru all of your, Anna's, and R5RSOL comments, plus Justin's, plus rest of State comments.

Think it will be improved, but not as much as I'd like, and some things may have to wait for next version of the
SSA. 

On Tue, Oct 10, 2017 at 11:22 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:

The following are the remaining literature cited for the Maine sections of the SSA.  Thank
much to Anna Harris and Chris DeVore for finding other citations while I was away on
annual leave.  Let me know if you need additional help.  I could work on page numbers
later this week.  

Thanks to all...Mark

MDIFW. 2015a. Amended IT Plan? – do you need PDF? We need to get these on the MEFO website

Maine Department of Inland Fisheries and Wildlife. 2015a. 2015 research and management
report. Maine Department of Inland Fisheries and Wildlife, Bangor, Maine. Last accessed
10.10.2017 at http://www.maine.gov/ifw/docs/reports_research_2015.pdf

 

MDIFW. 2015c. Amended IT Plan? - do you need PDF? We need to get these on the MEFO website

My search of the SSA does not come up with a MDIFW 2015c in the text.

 

Huntington and Hodgkins 2004 - not sure this exists

Error.  Should be reported as Huntington et al. 2004 in text.

 

Fernandez et al. 2016

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
http://www.maine.gov/ifw/docs/reports_research_2015.pdf


Error.  Should be reported as Fernandez et al. 2015 in text.  Citation:  Fernandez, I.J., C. Schmitt, E.
Stancioff, S.D. Birkel, and A. Pershing. 2015. Maine’s Climate Future: 2015 Update. Climate Change
Institute Faculty Scholarship. Paper 5. http://digitalcommons.library.umaine.edu/climate_facpub/5 last
accessed 10.10.2017.

 

Iverson and Prasad 2000 - I think this is the same paper as the one cited below Lit Cited Legaard 2013-
question from Jim to Mark about the citation in the SSA.

Error. Should be reported as Iverson and Prasad 2001 in text.

 

Legaard 2016 personal communication

Legaard, K. 2016.  Kasey Legaard, School of Forest Resources, University of Maine, Personal
communication to Mark McCollough, U. S. Fish and Wildlife Service, Orland, Maine.

 

McCoullough M 2016 unpubl data; USFWS Vortex 10, deterministic population simulation.

McCollough, M.A. 2016. Deterministic population simulation of the Maine Canada lynx population.
Vortex 10.  Note:  I will scan and provide a pdf for our admin record.

 

Publicover 2013

Publicover, D. 2013.  High-elevation spruce-fir forest in the northern forest: an assessment of ecological
value and conservation priorities.  Appalachian Mountain Club, Gorham, New Hampshire. Last
accessed 10.10.2017 at https://nsrcforest.org/sites/default/files/uploads/publicoverfull11.pdf

 

Rustad et al. 2014- I could not find a reference; likely 2012 paper

Error.  Should be reported as Rustad et al. 2012 in text of the SSA.  

 

Simons-Legaard, E.M. 2015, pers. Comm.

Simons-Legaard, E.M. 2015. Erin Simons-Legaard, Assistant Research Professor in Forest Landscape
Modeling, School of Forest Resources, University of Maine, Orono, Maine to Mark McCollough, U. S.
Fish and Wildlife Service, Maine Field Office, Orland, Maine.

 

Squires 2012, pers comm – no citation in the LCAS.  

Squires, J. 2012. Personal communication to U.S. Department of Agriculture, Forest Service. p. 55 in
Interagency Lynx Biology Team (ILBT). 2013. Canada lynx conservation assessment and strategy. 3rd
edition. USDA Forest Service, USDI Fish and Wildlife Service, USDI Bureau of Land Management, and

http://digitalcommons.library.umaine.edu/climate_facpub/5
https://nsrcforest.org/sites/default/files/uploads/publicoverfull11.pdf


USDI National Park Service. Forest Service Publication #R1-13-19, Missoula, MT. 128 pp.

 

Vashon, J., MDIFW, unpubl. Data

J. Vashon, Maine Department of Inland Fisheries and Wildlife, Unpublished data. 
Note:  Jen has telemetry data showing that lynx have successfully dispersed through this
landscape.

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

https://maps.google.com/?q=306+Hatchery+Road&entry=gmail&source=g
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: White, Rollie
To: Hall, Sarah
Cc: Marilet Zablan
Subject: Re: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE

10/13
Date: Wednesday, October 11, 2017 10:13:11 AM

Have him submit his comments.  I am going to check in with Terry to make sure she's good
with me surnaming.

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
Office: (503) 231-6151
Cell: (503) 839-2872

Rollie_White@fws.gov

On Wed, Oct 11, 2017 at 10:08 AM, Hall, Sarah <sarah_hall@fws.gov> wrote:
Rollie,

Bryon Holt has reviewed and concurs with R6's 5-year review for the lynx.

He does have a few suggested edits / comments on the document (see attached).  Should I pass them along to
Marj and Justin for their consideration?

Thanks,
Sarah

---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Wed, Oct 11, 2017 at 8:32 AM
Subject: Re: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada Lynx
5 year status review: DUE 10/13
To: "Hall, Sarah" <sarah_hall@fws.gov>
Cc: Marilet Zablan <marilet_zablan@fws.gov>

Sarah,

I've completed my review.  Overall, the report is consistent with the SSA and decision
meeting recommendation, and I did not see any fatal flaws.  Nonetheless, I do have a few
edits and comments.

Bryon

On Tue, Oct 10, 2017 at 9:08 AM, Hall, Sarah <sarah_hall@fws.gov> wrote:
Hi Bryon,

mailto:rollie_white@fws.gov
mailto:sarah_hall@fws.gov
mailto:marilet_zablan@fws.gov
mailto:Rollie_White@fws.gov
mailto:sarah_hall@fws.gov
mailto:bryon_holt@fws.gov
mailto:sarah_hall@fws.gov
mailto:marilet_zablan@fws.gov
mailto:sarah_hall@fws.gov


Following up on my call to you this morning, I'm forwarding the current lynx 5-year review to you for your
review.  Rollie would like your thoughts before providing his concurrence.

Given the sensitive nature of this particular 5-year review (which you are well aware of, I know), please do not
forward or share this with others.

If you could let us know if you have any concerns or suggested feedback by this Friday, 10/13, that would be
great.

Thanks so much and please let me know if you have any questions,
Sarah

---------- Forwarded message ----------
From: Zablan, Marilet <marilet_zablan@fws.gov>
Date: Fri, Oct 6, 2017 at 1:41 PM
Subject: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada Lynx 5
year status review: DUE 10/23
To: sarah hall <sarah_hall@fws.gov>

Hi Sarah ,

Please see below -- I'm assuming most folks are not around at the moment [Friday
afternoon before a 3-day weekend...], so if you would please give Bryon a call on Tuesday
that would be great --before concurring, Rollie would like to make sure Bryon sees no red
flags/ has no concerns.

Thanks,
~MAZ

Marilet A. Zablan, Program Manager for Restoration & Endangered Species Classification
  US Fish & Wildlife Service, Pacific Regional Office - Ecological Services, 911 NE 11th Avenue, Portland, OR 97232
  503-231-6131 (general), 503-231-2345 (direct); email: marilet_zablan@fws.gov

PLEASE NOTE: This email correspondence, including any attachments to and from this sender, are subject to the Freedom of Information
Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: White, Rollie <rollie_white@fws.gov>
Date: Fri, Oct 6, 2017 at 1:23 PM
Subject: Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Marilet Zablan <marilet_zablan@fws.gov>

Can you have someone check with Bryon Holt to see if he has any concerns?

Thanks,

-Rollie

Rollie White

mailto:marilet_zablan@fws.gov
mailto:sarah_hall@fws.gov
mailto:marilet_zablan@fws.gov
mailto:rollie_white@fws.gov
mailto:marilet_zablan@fws.gov


Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
Office: (503) 231-6151
Cell: (503) 839-2872

Rollie_White@fws.gov

---------- Forwarded message ----------
From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Fri, Oct 6, 2017 at 1:06 PM
Subject: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Paul Phifer <Paul_Phifer@fws.gov>, Lori Nordstrom <Lori_Nordstrom@fws.gov>,
Rollie White <rollie_white@fws.gov>
Cc: Michael Thabault <Michael_Thabault@fws.gov>, Justin Shoemaker/R6/FWS/DOI
<justin_shoemaker@fws.gov>

Region 6 requesting your concurrence on the attached 5 year status review for the  contiguous US DPS of
the Canada lynx.  This review documents the recommendation and rationale from the meeting on April and
follow-up conference call on May 12th based on the SSA Report.  We appreciate all of your regions' input and
contributions to this effort. This one is the first 5 YSR based off an SSA and I am happy to report that it is 6
pages plus cover (plus the form for signatures).  

Given the various lawsuits associated with Canada lynx, we are working with the SOL on the timing and
nature of informing appropriate courts.  As such, we are not public about this pending recommendation to the
point that it did not get onto the delisting workplan posted by HQ last week.

At present, we are addressing comments on the received from RSOL.  I will send you all a copy of that SSA in about a
week.  

In the meantime, I am requesting a concurrence via email by October 23rd.  If you have concerns, questions or
comments, feel free to contact me asap.  We can then incorporate any changes and circulate a clean version for signature
(though I think we could streamline concurrence to email as we do for rulemakings).

thank you,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014

mailto:Rollie_White@fws.gov
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Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov


From: Zelenak, Jim
To: Mark McCollough
Subject: Re: Remaining Lit Cited for Lynx SSA
Date: Wednesday, October 11, 2017 10:17:51 AM

I found another citation that I have not been able to locate.  In 3.2 (Climate Change, Loss of Snow section), you
wrote:

Because of their higher foot-loading, bobcats likely hunt less efficiently than lynx in deep,
unconsolidated snows (Hoving et al. 2005, entire; Krohn et al. 2005, pp. 122-129), and they
experience high mortality in deep-snow winters (Litvaitis et al. 1986, p. 116).

We have 3 Litvaitis docs in the lit cited, none of which seems like the correct one for this cite,
and none of which have this page number:

Litvaitis, J. A. and J. P. Tash. 2005. Species profile: Canada lynx Lynx canadensis. Pages A-
296 – A-302 in New Hampshire Wildlife Action Plan. New Hampshire Fish and Game
Department, Concord. http://www.wildlife.state.nh.us/nongame/documents/canada-lynx.pdf.

Litvaitis, J. A., D. Kingman, Jr., J. Lanier, and E. Orff. 1991. Status of lynx in New
Hampshire. Transactions of the Northeast Section of the Wildlife Society 48:70-75.

Litvaitis, J. A., J. A. Sherburne, and J. A. Bissonette. 1985. Influence of understory
characteristics on snowshoe hare habitat use and density. Journal of Wildlife Management
49:866-873.

If it's a differenct doc, please provide the citation for the list and send me a PDF.

Thanks.

On Wed, Oct 11, 2017 at 7:41 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Hi Mark,

I was able to find or figure out most of the lit cited based on what Anna sent while you were away (tracking down
author initials on some, finding correct citations on GScholar, etc.).

I think I have most of what I need except for the few outstanding citations listed in the attached doc.  If you could
provide those full citations so I can finish the lit cited list, or indicate errors/corrections, and provide PDFs by
tomorrow, that would be great.

Let me know if you have questions.

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
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jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Hall, Sarah
To: White, Rollie
Cc: Marilet Zablan
Subject: Re: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE

10/13
Date: Wednesday, October 11, 2017 11:16:55 AM

Okay, will do.
Thanks

On Wed, Oct 11, 2017 at 10:13 AM, White, Rollie <rollie_white@fws.gov> wrote:
Have him submit his comments.  I am going to check in with Terry to make sure she's good
with me surnaming.

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
Office: (503) 231-6151
Cell: (503) 839-2872

Rollie_White@fws.gov

On Wed, Oct 11, 2017 at 10:08 AM, Hall, Sarah <sarah_hall@fws.gov> wrote:
Rollie,

Bryon Holt has reviewed and concurs with R6's 5-year review for the lynx.

He does have a few suggested edits / comments on the document (see attached).  Should I pass them along to
Marj and Justin for their consideration?

Thanks,
Sarah

---------- Forwarded message ----------
From: Holt, Bryon <bryon_holt@fws.gov>
Date: Wed, Oct 11, 2017 at 8:32 AM
Subject: Re: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada
Lynx 5 year status review: DUE 10/13
To: "Hall, Sarah" <sarah_hall@fws.gov>
Cc: Marilet Zablan <marilet_zablan@fws.gov>

Sarah,

I've completed my review.  Overall, the report is consistent with the SSA and decision
meeting recommendation, and I did not see any fatal flaws.  Nonetheless, I do have a few
edits and comments.

Bryon
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On Tue, Oct 10, 2017 at 9:08 AM, Hall, Sarah <sarah_hall@fws.gov> wrote:
Hi Bryon,

Following up on my call to you this morning, I'm forwarding the current lynx 5-year review to you for your
review.  Rollie would like your thoughts before providing his concurrence.

Given the sensitive nature of this particular 5-year review (which you are well aware of, I know), please do
not forward or share this with others.

If you could let us know if you have any concerns or suggested feedback by this Friday, 10/13, that would be
great.

Thanks so much and please let me know if you have any questions,
Sarah

---------- Forwarded message ----------
From: Zablan, Marilet <marilet_zablan@fws.gov>
Date: Fri, Oct 6, 2017 at 1:41 PM
Subject: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada Lynx
5 year status review: DUE 10/23
To: sarah hall <sarah_hall@fws.gov>

Hi Sarah ,

Please see below -- I'm assuming most folks are not around at the moment [Friday
afternoon before a 3-day weekend...], so if you would please give Bryon a call on
Tuesday that would be great --before concurring, Rollie would like to make sure Bryon
sees no red flags/ has no concerns.

Thanks,
~MAZ

Marilet A. Zablan, Program Manager for Restoration & Endangered Species Classification
  US Fish & Wildlife Service, Pacific Regional Office - Ecological Services, 911 NE 11th Avenue, Portland, OR
97232
  503-231-6131 (general), 503-231-2345 (direct); email: marilet_zablan@fws.gov

PLEASE NOTE: This email correspondence, including any attachments to and from this sender, are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: White, Rollie <rollie_white@fws.gov>
Date: Fri, Oct 6, 2017 at 1:23 PM
Subject: Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE
10/23
To: Marilet Zablan <marilet_zablan@fws.gov>
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Can you have someone check with Bryon Holt to see if he has any concerns?

Thanks,

-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
Office: (503) 231-6151
Cell: (503) 839-2872

Rollie_White@fws.gov

---------- Forwarded message ----------
From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Fri, Oct 6, 2017 at 1:06 PM
Subject: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Paul Phifer <Paul_Phifer@fws.gov>, Lori Nordstrom <Lori_Nordstrom@fws.gov>,
Rollie White <rollie_white@fws.gov>
Cc: Michael Thabault <Michael_Thabault@fws.gov>, Justin Shoemaker/R6/FWS/DOI
<justin_shoemaker@fws.gov>

Region 6 requesting your concurrence on the attached 5 year status review for the  contiguous US DPS of
the Canada lynx.  This review documents the recommendation and rationale from the meeting on April and
follow-up conference call on May 12th based on the SSA Report.  We appreciate all of your regions' input
and contributions to this effort. This one is the first 5 YSR based off an SSA and I am happy to report that it
is 6 pages plus cover (plus the form for signatures).  

Given the various lawsuits associated with Canada lynx, we are working with the SOL on the timing and
nature of informing appropriate courts.  As such, we are not public about this pending recommendation to
the point that it did not get onto the delisting workplan posted by HQ last week.

At present, we are addressing comments on the received from RSOL.  I will send you all a copy of that SSA in about
a week.  

In the meantime, I am requesting a concurrence via email by October 23rd.  If you have concerns, questions or
comments, feel free to contact me asap.  We can then incorporate any changes and circulate a clean version for
signature (though I think we could streamline concurrence to email as we do for rulemakings).

thank you,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell
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-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

mailto:bryon_holt@fws.gov


From: Holt, Bryon
To: Hall, Sarah
Cc: Karen Cathey
Subject: Re: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE

10/13
Date: Wednesday, October 11, 2017 12:13:06 PM

Will do.

On Wed, Oct 11, 2017 at 11:19 AM, Hall, Sarah <sarah_hall@fws.gov> wrote:
Hi Bryon,

Rollie asked that you go ahead and submit your edits to R6 (presumably Justin?) for their consideration.

Thanks again for your thoughtful review of the document.

Sarah

On Wed, Oct 11, 2017 at 8:32 AM, Holt, Bryon <bryon_holt@fws.gov> wrote:
Sarah,

I've completed my review.  Overall, the report is consistent with the SSA and decision
meeting recommendation, and I did not see any fatal flaws.  Nonetheless, I do have a few
edits and comments.

Bryon

On Tue, Oct 10, 2017 at 9:08 AM, Hall, Sarah <sarah_hall@fws.gov> wrote:
Hi Bryon,

Following up on my call to you this morning, I'm forwarding the current lynx 5-year review to you for your
review.  Rollie would like your thoughts before providing his concurrence.

Given the sensitive nature of this particular 5-year review (which you are well aware of, I know), please do
not forward or share this with others.

If you could let us know if you have any concerns or suggested feedback by this Friday, 10/13, that would be
great.

Thanks so much and please let me know if you have any questions,
Sarah

---------- Forwarded message ----------
From: Zablan, Marilet <marilet_zablan@fws.gov>
Date: Fri, Oct 6, 2017 at 1:41 PM
Subject: [REQUEST for check-in first] Fwd: Request for Concurrence for Canada Lynx
5 year status review: DUE 10/23
To: sarah hall <sarah_hall@fws.gov>
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mailto:sarah_hall@fws.gov
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Hi Sarah ,

Please see below -- I'm assuming most folks are not around at the moment [Friday
afternoon before a 3-day weekend...], so if you would please give Bryon a call on
Tuesday that would be great --before concurring, Rollie would like to make sure Bryon
sees no red flags/ has no concerns.

Thanks,
~MAZ

Marilet A. Zablan, Program Manager for Restoration & Endangered Species Classification
  US Fish & Wildlife Service, Pacific Regional Office - Ecological Services, 911 NE 11th Avenue, Portland, OR
97232
  503-231-6131 (general), 503-231-2345 (direct); email: marilet_zablan@fws.gov

PLEASE NOTE: This email correspondence, including any attachments to and from this sender, are subject to the Freedom of
Information Act (FOIA) and may be disclosed to third parties.

---------- Forwarded message ----------
From: White, Rollie <rollie_white@fws.gov>
Date: Fri, Oct 6, 2017 at 1:23 PM
Subject: Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE
10/23
To: Marilet Zablan <marilet_zablan@fws.gov>

Can you have someone check with Bryon Holt to see if he has any concerns?

Thanks,

-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
Office: (503) 231-6151
Cell: (503) 839-2872

Rollie_White@fws.gov

---------- Forwarded message ----------
From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Fri, Oct 6, 2017 at 1:06 PM
Subject: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Paul Phifer <Paul_Phifer@fws.gov>, Lori Nordstrom <Lori_Nordstrom@fws.gov>,
Rollie White <rollie_white@fws.gov>
Cc: Michael Thabault <Michael_Thabault@fws.gov>, Justin Shoemaker/R6/FWS/DOI
<justin_shoemaker@fws.gov>
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Region 6 requesting your concurrence on the attached 5 year status review for the  contiguous US DPS of
the Canada lynx.  This review documents the recommendation and rationale from the meeting on April and
follow-up conference call on May 12th based on the SSA Report.  We appreciate all of your regions' input
and contributions to this effort. This one is the first 5 YSR based off an SSA and I am happy to report that it
is 6 pages plus cover (plus the form for signatures).  

Given the various lawsuits associated with Canada lynx, we are working with the SOL on the timing and
nature of informing appropriate courts.  As such, we are not public about this pending recommendation to
the point that it did not get onto the delisting workplan posted by HQ last week.

At present, we are addressing comments on the received from RSOL.  I will send you all a copy of that SSA in about
a week.  

In the meantime, I am requesting a concurrence via email by October 23rd.  If you have concerns, questions or
comments, feel free to contact me asap.  We can then incorporate any changes and circulate a clean version for
signature (though I think we could streamline concurrence to email as we do for rulemakings).

thank you,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov

*************************************************

-- 
**************************************************
Bryon Holt
U.S. Fish and Wildlife Service
Northern Idaho Field Office, Spokane, WA
Telephone:  (509) 893-8014
Fax:           (509) 891-6748
email:         bryon_holt@fws.gov
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*************************************************



From: White, Rollie
To: Nelson, Marjorie
Cc: Paul Phifer; Lori Nordstrom; Michael Thabault; Justin Shoemaker/R6/FWS/DOI; Marilet Zablan; Theresa Rabot;

Bryon Holt
Subject: Re: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
Date: Wednesday, October 11, 2017 12:19:24 PM

Hi Marj,
Region One concurs with the results of the 5 year status review.  Bryon Holt may have some
comments to share - if so, those will come under separate cover.  Thanks for the opportunity to
review and comment.

-Rollie

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
Office: (503) 231-6151
Cell: (503) 839-2872

Rollie_White@fws.gov

On Fri, Oct 6, 2017 at 1:06 PM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
Region 6 requesting your concurrence on the attached 5 year status review for the  contiguous US DPS of the
Canada lynx.  This review documents the recommendation and rationale from the meeting on April and follow-
up conference call on May 12th based on the SSA Report.  We appreciate all of your regions' input and
contributions to this effort. This one is the first 5 YSR based off an SSA and I am happy to report that it is 6
pages plus cover (plus the form for signatures).  

Given the various lawsuits associated with Canada lynx, we are working with the SOL on the timing and nature
of informing appropriate courts.  As such, we are not public about this pending recommendation to the point that
it did not get onto the delisting workplan posted by HQ last week.

At present, we are addressing comments on the received from RSOL.  I will send you all a copy of that SSA in about a
week.  

In the meantime, I am requesting a concurrence via email by October 23rd.  If you have concerns, questions or comments,
feel free to contact me asap.  We can then incorporate any changes and circulate a clean version for signature (though I
think we could streamline concurrence to email as we do for rulemakings).

thank you,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell
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From: Harris, Anna
To: McCollough, Mark
Cc: Shay White
Subject: Re: Mark teleworking today
Date: Thursday, October 12, 2017 8:37:37 AM

Thanks Mark,

I'd like to discuss the lit cited with you today. We have Christine G from the RO here until 10
and I'm free anytime afterwards. Please give me a call - 902-1567

Thanks,

On Thu, Oct 12, 2017 at 7:32 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
I will be working at home today with Jim Zelenak on literature cited for the lynx SSA.  I
will be at Craig Brook tomorrow.

I was able to visit GOMP yesterday on my way home from ME Audubon and talked with
Bob and Sandra.  

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
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From: Jodi Bush
To: Robert Segin
Cc: Jim Zelenak; Justin Shoemaker
Subject: Re: Region 3 edits to lynx outreach
Date: Thursday, October 12, 2017 8:39:29 AM

Ok thanks. JB 

Sent from my iPhone

On Oct 11, 2017, at 7:53 PM, Robert Segin <robert_segin@fws.gov> wrote:

Yes….I thought we did that with the google drive docs on Sept 26/27 time frame so I
am not sure.  I have been working 14 hour days for 2 weeks now so my brain is a bit
fried.
 
I went through the comments from the other regions and incorporated what made
sense.  So if you can edit that doc and get it where you want we can share that final
draft from R6 to 1,3,5 for comments.  We can just use the Google drive. 
 
The docs shared in the G drive should be a good place to start your edits.
 
 
Cheers
 
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Wednesday, October 11, 2017 8:43 AM
To: Robert Segin
Cc: Zelenak, Jim
Subject: Re: Region 3 edits to lynx outreach
 
Robert.  If you could take another look at the comm plan and NR and make sure
none of the offending language is in there -that would be great.  Typically we
finalize the outreach in the region before we send it out.  At least thats what I
heard from folks.  So lets plan on doing that so when we can get a call together,
we have something that is pretty close to being complete.  Thanks for your help.
JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 
On Wed, Oct 11, 2017 at 8:23 AM, Robert Segin <robert_segin@fws.gov> wrote:
Great… It's better that everybody get together first and figure out what it is we
need and want to say.
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Let me know what you would like me to do to help get that started… I will be out
for another at least two weeks but I can at least help get things put together so you
guys can get your part done.
 
What is it that you would like me to do to get you started?

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell
 
 

On Oct 10, 2017, at 10:19 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:

It was just my quick look at what was attached to your Sun. Oct. 8
email -  it included comments/edits from Georgia P., but I don't think
all that text was hers.  It was the first time I've seen some of that
language about "steady, thriving, rebounded, ..." etc.
 
As Jodi mentioned, we need to be very careful with the messaging for
this action, so I agree that it would be good to get all the USFWS
decision makers, External Affairs folks, and lynx biologists from the
affected regions together for a call to make sure everyone is on the
same page.  Looks like Jodi will  be working to set that up.
 
Thanks for keeping me in the loop.
 
On Tue, Oct 10, 2017 at 9:19 AM, Robert Segin
<robert_segin@fws.gov> wrote:
Jim… Is this the same document that you edited that we sent out or
does it look like a different version?

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell
 
 

On Oct 9, 2017, at 8:16 AM, Zelenak, Jim <jim_zelenak@fws.gov>
wrote:

Some edits to the NR and draft Q&As are OK, others
need attention. One focuses only on Forest Service as
reason for listing, but the listing rules were very specific
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to inadequacies in both Forest Service and BLM land
mgmt. plans.
 
This, in the comm. plan., in NOT accurate:
 
"The review and subsequent species status assessment
(SSA) indicate that the Canada lynx has a significant and
steady population in north-central Washington,
northwest and southwest Montana, western Colorado,
northeastern Minnesota and northern Maine, with
ephemeral populations in nine other states."
 
Washington is the ONE PLACE where we think lynx
have declined because of large, frequent and intense fires
in lynx habitat over the last 25 years.  Nowhere else do
we have data that would allow us to say "significant and
steady populations - we only have guesses as to how
many resident lynx each geographic unit MIGHT
support. Finally, we speculate that a metapopulation
structure would suggest that some pops in DPS may be
naturally ephemeral, but we don't know for sure., and
certainly not enough info to say 9 other states have
them.  Not sure where this comes from, but there is
substantially more nuance and care needed in how we
present this stuff.
 
Lacking evidence of decline is not the same as having
data showing "significant and steady" or "thriving
populations."
 
Also need to ditch references to "Canada lynx has
rebounded" language.  No population increases have
been demonstrated except where there were introduced
in Colorado (and we suspect they are actually declining
slowly there and will eventually wink out). There are
more of them in Maine and Minnesota than we thought
there were when we listed them, and fewer in Montana,
Idaho, Washington, Wyoming, than we thought at
listing. 
 
Same care needed for language like this:
 
"empirical evidence that the populations within the DPS
are thriving and relatively stable."
 
We simply do not have evidence of thriving except in
Maine, and we expect that to change (less thriving over
the next 2 decades).  We also have no empirical evidence
of population stability - what we know is that
resident lynx continue to occur in the places we think



they did historically, for the most part.
 
I don't have time to review the rest of the comm. plan
right now, but I urge that it not go out until I and the
other lynx biologists have a chance to weigh in.  As is,
there is a lot of misinformation and many inaccuracies.
 
I know everyone wants a "success story," but caution in
how we present this, with care not to go beyond what the
available info really says, is absolutely imperative.
Otherwise, we are overreaching and will have a hard
time when folks ask for the data upon which such grand
pronouncements are based. 
 
 
 
On Sun, Oct 8, 2017 at 7:46 PM, Robert Segin
<robert_segin@fws.gov> wrote:
Comments for one of the regions and wanted your take.
 
From: Parham, Georgia [mailto:georgia_parham@fws.gov] 
Sent: Tuesday, October 03, 2017 1:21 PM
To: Robert Segin
Cc: Charles Traxler; Tim Patronski; Garrett Peterson
Subject: Region 3 edits to lynx outreach
 
Hi Steve,
 
Thanks for the opportunity to take a look. We've made a
few suggested edits - just let me know if you have any
questions.
 
Thanks!
Georgia
Georgia Parham
U.S. Fish and Wildlife Service
Midwest Region External Affairs
620 South Walker Street
Bloomington, IN 47403
812-334-4261 x 203
Cell: 812-593-8501
 
<<^._.^>>   <<^._.^>>  <<^._.^>> 

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1

mailto:robert_segin@fws.gov
mailto:georgia_parham@fws.gov
https://maps.google.com/?q=620+South+Walker+Street+Bloomington,+IN+47403+812&entry=gmail&source=g
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https://maps.google.com/?q=620+South+Walker+Street+Bloomington,+IN+47403+%3Chttps://maps.google.com/?q%3D620%2BSouth%2BWalker%2BStreet%2BBloomington,%2BIN%2B47403%2B812%26entry%3Dgmail%26source%3Dg%3E+812+%3Chttps://maps.google.com/?q%3D620%2BSouth%2BWalker%2BStreet%2BBloomington,%2BIN%2B47403%2B812%26entry%3Dgmail%26source%3Dg%3E&entry=gmail&source=g


Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 
--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

 

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


From: DeBerry, Drue
To: Jodi Bush
Subject: Lynx ssa email
Date: Thursday, October 12, 2017 9:17:29 AM

Jodi,

Can you send me the email you sent to Broscheid?  Sorry I was on SL and didn't get your call.

Thanks,

Drue DeBerry
Colorado and Nebraska Field Supervisor
U.S. Fish and Wildlife Service/ Ecological Services
134 Union Blvd., Suite 670
Lakewood, Colorado  80228
Office: 303 236-4774
Cell: 703-472-7777
drue_deberry@fws.gov

mailto:drue_deberry@fws.gov
mailto:jodi_bush@fws.gov
mailto:drue_deberry@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Andrews 2016 and Anderson 2016 citations
Date: Thursday, October 12, 2017 9:35:56 AM

Will work on this one in a few minutes.  I am almost all the way through finding the correct
citations on the list that Anna addressed.

Mark

On Thu, Oct 12, 2017 at 9:34 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark.

Here's another. You cited Ollinger et al. 2008 twice in section 5.2.1, once siting page 17 and once page 8.  Anna
provided the citation below, which does not include those pages.

Ollinger, S. V.,  A. D. Richardson, M. E. Martin, D. Y. Hollinger, S. E. Frolkin, P. B. Reich,
L. C. Plourde, G. G. Katul, J. W. Munger, R. Oren, M.-L. Smith, K. T. Paw U, P. V. Bolstad
, B. D. Cook , M. C. Day, T. A. Martin, R. K. Monson , and H. P. Schmid. 2008 Canopy
nitrogen, carbon assimilation, and albedo in temperate and boreal forests: Functional
relations and potential climate feedbacks. Proc. Natl. Acad. Sci. U.S.A. 105:19336–19341.

Can you resolve this one?  Is the cite Anna provided correct. If not (or even if it is), could
you provide a PDF?

Thanks.

On Thu, Oct 12, 2017 at 6:31 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:

I will work through your recent emails and provide lit citations...  Here are 

Andrews, C. 2016. Modeling and forecasting the influence of current and future climate
on eastern North American spruce-fir (Picea abies) forests. M.S. Thesis, University of
Maine, Orono, Maine. Last accessed 10.12.2017 from Electronic Theses and
Dissertations. 2562.
http://digitalcommons.library.umaine.edu/etd/2562

Anderson 2016 is an error.  It should be cited Andrews 2016 (the citation above).

Mark
-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
http://digitalcommons.library.umaine.edu/etd/2562


P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

https://maps.google.com/?q=306+Hatchery+Road&entry=gmail&source=g
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Jim Zelenak
Subject: Litvaitis et al. 1986
Date: Thursday, October 12, 2017 10:11:33 AM

The citation is:

Litvaitis, J. A., J. A. Sherburne, and J. A. Bissonette. 1986. Bobcat habitat use and home range
size in relation to prey density. The Journal of Wildlife Management 50:110-117.

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


From: Zelenak, Jim
To: McCollough, Mark
Subject: Re: outstanding lit cited from Anna Harris
Date: Thursday, October 12, 2017 10:51:47 AM

Great - thanks Mark.

How should we cite this (from section 3.3, Veg. Mgmt.)? And do you have a PDF of the data?

B. Rolek, unpublished data, Maine Cooperative Fish and Wildlife Research Unit

On Thu, Oct 12, 2017 at 8:01 AM, McCollough, Mark <mark_mccollough@fws.gov> wrote:
Jim:  The following should resolve the remaining lit cited from the information Anna
provided you a week or two ago.  

Missing citations for Lit cited list. 10/11/2017 (Need the citation and the pdf).

1. Anderson 2016. Cited in 5.2.1, Loss of Boreal Forest 

 

Anderson 2016 is an error.  It should be cited Andrews 2016 (the citation below).

 

2. Andrews 2016. Same.

Andrews, C. 2016. Modeling and forecasting the influence of current and future climate on
eastern North American spruce-fir (Picea abies) forests. M.S. Thesis, University of Maine,
Orono, Maine. Last accessed 10.12.2017 from Electronic Theses and Dissertations. 2562.
http://digitalcommons.library.umaine.edu/etd/2562

 

3. British Columbia Wildlife Accident Reporting System 2012. 3.5, Habitat Loss and
Fragmentation, Roads. Anna provided the citation below, but it did not have the data you
cited.

British Columbia Wildlife Accident Reporting System 2012. https://www.th.gov.bc.ca/
publications/eng_publications/environment/references/WARS/
factsheets/WARS_Data_2012_Deer_Elk_Moose_Summry_by_Regions_Highway.pdf.
Copyright © 2017, Province of British Columbia

This information came from the LCAS and cited there as

British Columbia Wildlife Accident Reporting System. 2012. B.C. Ministry of

mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov
mailto:mark_mccollough@fws.gov
http://digitalcommons.library.umaine.edu/etd/2562
https://www.th.gov.bc.ca/publications/eng_publications/environment/references/WARS/factsheets/WARS_Data_2012_Deer_Elk_Moose_Summry_by_Regions_Highway.pdf
https://www.th.gov.bc.ca/publications/eng_publications/environment/references/WARS/factsheets/WARS_Data_2012_Deer_Elk_Moose_Summry_by_Regions_Highway.pdf
https://www.th.gov.bc.ca/publications/eng_publications/environment/references/WARS/factsheets/WARS_Data_2012_Deer_Elk_Moose_Summry_by_Regions_Highway.pdf


Transportation and Infrastructure, Victoria, B.C. Accessed Jan 3, 2012.

I can find some lynx data at https://www.th.gov.bc.ca/publications/eng_publications/
environment/references/WARS/WARS_1988-2007/WARS_88-07_Section-07W.pdf but
this report only goes to 2007.  I cannot find where Bob Naney obtained this information
through 2012.  We could either cite as

British Columbia Wildlife Accident Reporting System. 2012. B.C. Ministry of
Transportation and Infrastructure, Victoria, B.C. Accessed Jan 3, 2012. Last accessed
10.12.2017 at https://www.th.gov.bc.ca/publications/eng_publications/
environment/references/WARS/WARS_1988-2007/WARS_88-07_Section-07W.pdf

OR cite as

British Columbia Wildlife Accident Reporting System. 2012. B.C. Ministry of
Transportation and Infrastructure, Victoria, B.C. cited from page 78 in  Interagency Lynx
Biology Team (ILBT). 2013. Canada lynx conservation assessment and strategy. 3rd edition.
USDA Forest Service, USDI Fish and Wildlife Service, USDI Bureau of Land Management,
and USDI National Park Service. Forest Service Publication #R1-13-19, Missoula, MT. 128
pp.

OR drop the citation and the reference in the SSA.

4. Hansen et al. 2002. 3.5, Residential and Commercial Development. Should this be 2006?
Hansen et al 2006 is “Global Temp. Change,” so probably not the one we need for the
section cited.

Correct citation is:

Hansen, A.J., R.  Rasker, B. Maxwell, J. J. Rotella,  A. Wright, U. Langner, W. Cohen, R.
Lawrence, and J. Johnson. 2002. Ecology and socioeconomics in the new west: a case study
from Greater Yellowstone. BioScience 52:151–168.

5. Harrison et al. 2015. Section 3.3, Reduced Quality of Hare Habitat, twice; 4.2.1, Habitat
Status;  5.2.1.

https://www.th.gov.bc.ca/publications/eng_publications/environment/references/WARS/WARS_1988-2007/WARS_88-07_Section-07W.pdf
https://www.th.gov.bc.ca/publications/eng_publications/environment/references/WARS/WARS_1988-2007/WARS_88-07_Section-07W.pdf
https://www.th.gov.bc.ca/publications/eng_publications/environment/references/WARS/WARS_1988-2007/WARS_88-07_Section-07W.pdf
https://www.th.gov.bc.ca/publications/eng_publications/environment/references/WARS/WARS_1988-2007/WARS_88-07_Section-07W.pdf


Correct citation is:

Harrison, D., S. Morano, and S. Olson. 2016. Relationships among forest harvesting,
snowshoe hares, and Canada lynx in Maine.  Pages 51-56 In Roth, B.E. (Editor) 2016.
Cooperative Forestry Research Unit: 2015 Annual Report. University of Maine. Orono, ME.
83 pages.  Last accessed 10.12.2017 from http://umaine.edu/cfru/files/2016/08/2015-CFRU-
Annual-Report.pdf

Could you please change these citations to Harrison et al. 2016 in the SSA?  I did not
realize until now this is a 2016 publication reporting on 2015 activities.

6. Hoving 2002. 5.2.1 (Climate Change).

This is an error in the text.  It should be reported as Hoving 2001 in the text.  We have the
citation (Hoving’s thesis) already in our lit cited.

7. Legaard 2013. 5.2.1 (Habitat Fragmentation).

This article should be cited as Legaard et al. 2013 in text.  Citation is already in lit cited.

8. Nadeau-Drillen and Ippoliti. 2006 – ONLY NEED AUTHORS INITIALS (cited 3 times
in 4.2.1).

The correct citation should be Ipolliti and Nadeau-Drillen 2006:

Ippoliti, J. and K. Nadeau-Drillen. 2006.  Maine Office of Policy and Legal Analysis staff
study of forest ownership trends and issues. Maine State Legislature; Office of Policy and
Legal Analysis, Augusta, Maine. Office of Policy and Legal Analysis. Paper 153.
http://digitalmaine.com/opla_docs/153

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist

http://umaine.edu/cfru/files/2016/08/2015-CFRU-Annual-Report.pdf
http://umaine.edu/cfru/files/2016/08/2015-CFRU-Annual-Report.pdf
http://digitalmaine.com/opla_docs/153


US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

https://maps.google.com/?q=306+Hatchery+Road&entry=gmail&source=g
mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov


From: McCollough, Mark
To: Jim Zelenak
Subject: Ollinger et al. 2008
Date: Thursday, October 12, 2017 12:39:48 PM
Attachments: Ollinger et al. 2008.pdf

Anna's citation is incorrect.  The correct citation is:

Ollinger, S. V., C.L. Goodale, K. Hayhoe, and J. P. Jenkins. 2008. Potential effects of climate
change and rising CO2 on ecosystem processes in Northeastern U.S. Forests. Submitted to
Mitigation and Adaptation Strategies for Global Change 31:467-485. 

See attached...

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Jim Zelenak
Subject: Brian Rolek citation
Date: Thursday, October 12, 2017 1:00:30 PM

Jim:  Brian Rolek is one of Dan Harrison and Cyndy Loftin's doctoral students.  He is studying
the effects of forest management on songbird assemblages in Maine's northern forest.  He has
a number of his study plots on Dan's snowshoe hare plots to take advantage of the long-term
vegetation characterization of the stands.  Dan shared some of his preliminary work with me
concerning Brian's measurements of shelterwood harvests as it is some of the only work done
to characterize these stands in maine.  Brian's data shows that many shelterwoods in northern
Maine occur in mixed or hardwood stands and they have lower conifer composition, on
average, than regenerating clearcuts.

Brian presented the data at the most recent Maine Cooperative Fish and Wildlife Research
meeting and Dan shared them with me and explained the specifics.  They will be part of
Brian's dissertation, which will be completed this year.

I suggest the following citation:

B. Rolek. 2016., Maine Cooperative Fish and Wildlife Research Unit, University of Maine,
Orono.  Unpublished data from doctoral dissertation shared by Dan Harrison with Mark
McCollough, USFWS, Maine Field Office on 2.29.2016.

I have a pdf of the data at the office and will scan and send you tomorrow.

Mark   

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Siren 2014
Date: Thursday, October 12, 2017 1:06:49 PM
Attachments: Siren 2014.pdf

Here is the additional Siren 2014

On Thu, Oct 12, 2017 at 11:29 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Mark - could you shoot me that PDF.  I need to ge back thru the SSA and look at all the Siren 2014 cites
and distinguish between 2014a and 2014b.

On Thu, Oct 12, 2017 at 9:14 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Here is the citation for Siren 2014

Siren, A.P. 2014. A comparison of snow-track and camera surveys for detecting Canada
lynx (Lynx canadensis) and sympatric carnivores in northcentral New England.
Unpublished report emailed to Mark McCollough, USFWS on 12.23.2014. 

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Jim Zelenak
Subject: on to page numbers
Date: Thursday, October 12, 2017 1:11:59 PM

Jim:

I think I have completed your list of lit cited requests.  Let me know if you have others today. 

I probably have a few pdfs that need uploaded, but I assume that can come later.  Could we
have someone cross reference the final lit cited with what we have for pdfs and develop a list
for outstanding pdfs?  I've lost track of the couple collections of pdfs that we had.

I will move on to page numbers for remainder of the day.  I'll send you an email with what I
have at the end of the day.

I think you will be glad to get this SSA off your desk at the end of the week.

Anna called me today to talk about the lit cited.  She asked if we have a timeline for releasing
the 5-year review and listing recommendation.  Any idea when?

Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Jim Zelenak
Subject: Need reminder of where our lit cited pdfs are located on Google Drive
Date: Thursday, October 12, 2017 1:53:28 PM

Jim:

Can you remind me how to find our archive of lit cited pdfs (and those from the LCAS)?

Lynx SSA > SSA > SSA Documentation & Report > ???

I am trying to find, but can't.

thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: Need reminder of where our lit cited pdfs are located on Google Drive
Date: Thursday, October 12, 2017 2:33:40 PM

Thank you Jim.  I will give this a try.

I would appreciate receiving the telemetry update.  We met with MDIFW about a month ago
concerning their trapping ITP and learned for the first time that they had resumed radio-
tagging lynx last year.  They are radio-tagging some lynx incidentally trapped by trappers and
capturing others on their own.  I don't know the objectives, experimental design, who is
analyzing the data, and when interim or final reports may be available.  Maybe the document
you received will clarify.

Mark

On Thu, Oct 12, 2017 at 2:27 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Disappeared for me recently, too ( Justin, too) maybe because that folder on drive in owned by Kurt, and he hasn't
been in it in a while?

If you type "SSA Report Literature" at the top of your drive window by the search (magnifying glass) icon, it
should take you to the first PDF files, along with a folder to the lit cited list (old now) and a folder for PDFs
added after Jan 9, 2017.

The LCAS PDFs/Lit also disappeared for me but a similar search (LCAS 2013 Lit Cited) found that file, too.

Hope this helps.

I'll be lucky to get this done tomorrow for Jodi. If I do, I suspect she will forward it to the region on Monday,
where it will be sent, along with the draft 5-year Review, to regions 1, 2, 3, and 5 for concurrence on the 5-year
(we are not seeking concurrence on the SSA, and it is my understanding that it will be made clear that the SSA is
final and we are not seeking additional internal review of the SSA). Once we have concurrence from all regions
and finalize the 5-year, my understanding is that we will have a news release and related materials and make both
the 5-year and the final SSA available to the public.  I would hope that we would make both available to State
agencies, federal and Tribal partners, and the expert panel and expert participants from the EE workshop before it
hits the streets for the public, but I'm not sure how those things usually work. 

I am not sure the final SSA will address all the States' concerns, but I think we have addressed the major
substantial comments.  At some point we will also need to get back to the comment response table and make sure
we think that is in shape to be released when or soon after we make the SSA and 5-year review available to the
public.

I got an email update from Jen V. today on some of the telemetry work they've been doing recently, and I can
forward that to you if you haven't seen it already. Let me know.

Hope you're hanging in there. I am, but just barely....

On Thu, Oct 12, 2017 at 11:53 AM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:

Can you remind me how to find our archive of lit cited pdfs (and those from the LCAS)?

Lynx SSA > SSA > SSA Documentation & Report > ???

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:mark_mccollough@fws.gov


I am trying to find, but can't.

thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: McCollough, Mark
To: Jim Zelenak
Subject: More page numbers from approx. p. 79-80
Date: Thursday, October 12, 2017 4:26:03 PM

Its not much, but here are more page numbers from text in the SSA approximately pages 79
and 80.  My page numbers have changes slightly.  This text is from the version that Anna and
I sent you.

Effects of forest practices on snowshoe hare habitats have been studied across the range of the
species (Conroy et al. 1979, entire; Sullivan and Sullivan 1988, entire; Koehler 1990b, entire;
Thomas et al. 1997, entire; Homyack et al. 2005, entire; Robinson 2006, pp. 5-37; Griffin and
Mills 2007, entire ; Scott 2009, pp. 58-93; Berg 2010, pp. 33-52; Ivan 2011a, pp. 71-121;
Lewis et al. 2011, entire; McCann and Moen 2011, pp. 513-515 ). Similarly, the effects of
forest management on lynx habitat use, movements, and home range have been investigated
by Koehler (1990a, entire), Koehler and Brittell (1990, entire), Fuller et al. (2007, entire), ,
Moen et al. (2008, entire), Vashon et al. (2008b, entire), Simons (2009, pp. 64-121), Squires et
al. (2010, entire), Simons-Legaard et al. (2013, entire), Simons-Legaard et al. (2016, entire).

 

Historically, the dominant natural disturbance processes that created young, regenerating
conifer forest conducive to hares and lynx were wind events, fire, and insect and disease
outbreaks (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998,
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). In
forests of northern Maine, wind, fire, insects, and diseases were predominant natural
disturbance agents, while fire, insects, and diseases were predominant in the Great Lakes
Geographic Unit and across the western United States After disturbances, forests generally
develop through several stages described by Oliver (1980, 155-161) as “stand initiation,”
“stem exclusion,” “understory reinitiation,” and “old growth.” Stand dynamics, particularly
within-stand competition for light, nutrients, and space, determine how forests grow and
respond to intentional manipulations and natural disturbances (Oliver and Larson 1996[ZJ1] ,
entire). The frequency and severity of disturbances have a large role in determining which
species will dominate in a stand after the disturbance event. Snowshoe hare and lynx habitat
are created during the stand initiation stage, after the young trees have established and grown
tall enough (1-3 m (3-10 ft) to protrude above the snow and provide adequate horizontal cover.
During the stem exclusion stage (when trees reach about 10 m [33 ft], depending on tree
species) the tree crowns lift and lower branches self-prune, thus reducing the live horizontal
branches providing food and cover for snowshoe hares. In the old growth stage, understory
may re-develop (e.g., in forest gaps where mature trees die or fall down) and food and cover
may again become available to support snowshoe hares.

 

[MM2] Timber harvest may mimic some natural forest practices, but sometimes differs from
natural forest processes.  Some methods for harvesting methods forest products may create
dense horizontal cover to benefit snowshoe hares and lynx in the lynx and snowshoe hare
habitat similar to natural stand-replacing events.  The response of the forest to harvesting
depends on the type of silviculture selected (e.g., clearcutting, partial harvesting, fuels
reduction) and the timing and intensity of the harvest of year of the harvest.  Thus, the species

mailto:mark_mccollough@fws.gov
mailto:jim_zelenak@fws.gov


composition of a forest regenerating from a clearcut may be similar to that of windthrow
event.  In contrast, there are no ecological equivalents to forest practices such as the use of
herbicides to suppress hardwood regeneration, plantations to create a monoculture, or
precommercial thinning to influence species composition.  In some instances, these practices
may create stand conditions that benefit hares and lynx and other instances not.  Timber
harvest may also differ from natural disturbances by having a smaller footprint on the
landscape than historic fire, insect, or wind damage may have had historically.  Forestry
removes standing biomass from the site, primarily larger trees, which influences coarse wood
debris, microsite conditions, and nutrient cycling.  Forestry may occur only at accessible sites,
thus not creating hare and lynx habitat in remote areas.  Some forestry equipment may cause
soil compaction or erosion that may influence tree growth.  Finally, forestry often gives a
competitive advantage to commercially-valuable tree species that may or may not benefit
hares and lynx (ILBT 2013, pp. 71-72).   . Where the objective is to create hare and lynx
habitat, forest managers should select areas that are capable of, but not currently providing,
dense horizontal cover, , employ silviculture that mimics the nature and scale of natural
disturbances,  retain coarse woody debris, , design the appropriate size and shape of treatment
units, and provide sufficient habitat to create landscape hare densities that will attract lynx
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005,
entire; Fuller and Harrison 2005, p. 719;, ).

 

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Cc: Justin Shoemaker
Subject: DRAFT Final SSA
Date: Friday, October 13, 2017 4:14:20 PM
Attachments: 2017 10 13 Draft - FINAL Lynx SSA Report CLEAN.docx

Here you go.

Jodi - please see 2 outstanding comments that Justin feels need Service Manager review - as we discussed.

Justin - Jodi will send this to Marj on Monday. I will touch base with you then regarding next steps for outreach
materials and how I can best assist.

Have a great weekend.

P.S. I have not yet tried saving this as a PDF to see if TOC and other formatting crosses over. I will do that shortly.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
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From: Zelenak, Jim
To: Justin Shoemaker; Jodi Bush
Subject: Comments and watermark removed
Date: Friday, October 13, 2017 4:49:23 PM
Attachments: 2017 10 13 FINAL Lynx SSA Report.docx

Attached. PDF to follow.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
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From: Zelenak, Jim
To: Jodi Bush; Justin Shoemaker
Subject: PDF
Date: Friday, October 13, 2017 5:06:37 PM
Attachments: 2017 10 13 FINAL Lynx SSA Report.pdf

Attached. That's it for the day; I'm outta here!

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
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From: Bush, Jodi
To: Marjorie Nelson
Cc: Thabault, Michael; Justin Shoemaker; Jim Zelenak
Subject: Fwd: PDF
Date: Monday, October 16, 2017 2:06:25 PM
Attachments: 2017 10 13 FINAL Lynx SSA Report.pdf

Final (ish) Lynx SSA.  

Some messages to pass on to other Regions.    JB

We are not looking for a review of the SSA.  
We are looking for any red flags that we somehow missed. 
We have completed the 5-year Review of the Canada lynx in the contiguous United
States (Lower 48 States) distinct population segment (DPS) and recommend that the
DPS be delisted.
Most lynx populations in the DPS are larger and more secure than we thought when we
listed the DPS, and the threat for which the DPS was listed (the inadequacy of Federal
regulations at the time of listing) has been substantially addressed since then.
Improvement in our understanding of lynx habitat requirements and thus lynx
distribution in the DPS has led us to conclude that although lynx are naturally rare in the
DPS, the available information does not suggest broad-scale habitat loss or population
declines relative to historical conditions. 
The efforts of Federal, State, and Tribal agencies and other conservation partners to
identify and protect lynx habitats and populations throughout the DPS range have been
critical to the conservation of lynx.
Although we remain concerned about climate in the future, at this time we can not
accurately predict, model or estimate potential effects to the DPS to be such that lynx
warrants listing. 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:michael_thabault@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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5-YEAR REVIEW 

Canada lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
GENERAL INFORMATION 
 
Methodology used to complete the review: 

 
The purpose of a 5-year review is to assess each threatened and endangered species to determine 
whether its status has changed since the time of its listing, or its last status review and whether it 
should be classified differently or removed from the list of threatened and endangered species.  
The U.S. Fish and Wildlife Service (Service) evaluated the biology and status of the contiguous 
United States (U.S.) distinct population segment (DPS) of the Canada lynx as part of a Species 
Status Assessment (SSA) to inform this 5-year review and, if needed, recovery planning.  The 
SSA Report was written by the Canada Lynx Species Status Assessment Team (Lynx SSA 
Team), which consists of a Core Team of Service biologists who work on lynx issues across the 
DPS range and an SSA Framework Implementation Team of Service and U.S. Geological 
Survey staff who have developed and advanced the SSA framework.  The SSA Report represents 
the Service’s evaluation of the best available scientific information, including the formally-
elicited professional judgments and opinions of recognized lynx experts.  The SSA Report 
underwent independent peer and partner review before being used as the scientific basis to 
support a decision making process involving Service Regions 1, 3, 5, and 6 regarding the 
recommendation presented in this 5-year review.   
 
Region 6 is the lead region for this action in coordination with Regions 1, 2, 3, and 5.  The lead 
field office (FO) is the Montana Ecological Services FO, with support from the Maine, 
Minnesota, Washington, and Western Colorado Ecological Services FOs.  
 
Background: 

 
Listing history 

 
The Service listed the lynx DPS as a threatened species under the Endangered Species Act (ESA) 
in 2000 because of the potential for impacts to lynx habitat conditions and the availability of 
snowshoe hare and other prey populations within the lynx DPS and existing regulatory 
mechanisms on Federal lands, at that time, did not provide sufficient guidance for the 
conservation of lynx habitats and populations or snowshoe hare habitat in light of potential 
threats (65 FR 16052-16086).  On May 8, 2014, the United States District Court for the District 
of Montana ordered the Service to complete recovery planning for the lynx DPS (U.S. District 
Court MT 2014a, p. 8).  On June 25, 2014, the same court ordered the Service to complete a 
recovery plan by January 15, 2018 “…unless the Service finds that such a plan will not promote 
the conservation of the [lynx]” (i.e., the DPS is recovered or no longer warrants ESA protections; 
U.S. District Court MT 2014b, p. 2).  We noticed the initiation of the 5-yr review in the Federal 
Register on April 18, 2007 (72 FR 19549), and additionally published a news release announcing 
re-initiation of a 5-yr review on January 13, 2015.   
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We completed the SSA Report to summarize the best available scientific information on the 
current status and likely future viability of the DPS.  SSA provides the scientific basis for this 5-
yr review.   
 
REVIEW ANALYSIS 
 
Application of the 1996 Distinct Population Segment (DPS) policy  

 
The Service designated lynx in the contiguous United States as a DPS because of differences in 
the management of lynx and lynx habitats across the international boundary with Canada 
(meeting discreteness criteria in the DPS policy) and because of the climatic, vegetative, and 
ecological differences in lynx habitat compared to the northern parts of the species’ range in 
Canada and Alaska (meeting significance criteria) (65 FR 16052; 68 FR 40076; 72 FR 1186).  
 
Updated Information and Current Species Status  
 
Summary of SSA Results:  
 
In the SSA, we describe the current and future viability of the lynx DPS in terms of resiliency, 
redundancy, and representation.  Resident lynx populations persisted historically and continued 
to persist in 4 of the 6 geographic units evaluated in the SSA (Units 1 (Northern Maine), 2 
(Northeastern Minnesota), 3 (Northwestern Montana/Northeastern Idaho), and 4 (North-central 
Washington)) (SSA Report, p. X).  Based on verified records, it is uncertain if the Greater 
Yellowstone Area (Unit 5) historically supported a persistent resident lynx population and it 
currently appears not to support resident lynx (SSA Report, p. X).  Available evidence also 
suggests that Colorado (Unit 6) did not historically support persistent lynx presence; however, a 
resident population has persisted there for more than a decade since the 1999-2006 release of 218 
Canadian and Alaskan lynx in the San Juan Mountains (SSA Report, p. X).   
 
Considering the available information, we found no reliable evidence that the current distribution 
and relative abundance of resident lynx in the contiguous United States are substantially reduced 
from historical conditions (SSA Report, p. X).  In fact, because of the introduction of lynx in 
Colorado and anthropogenically influenced lynx abundance in Maine, there may be more 
resident lynx currently in the DPS range than likely occurred historically (SSA Report, p. X).  
This suggests historical and current resiliency among lynx populations in the DPS.  The current 
broad distribution of resident lynx in large, geographically discrete areas (redundancy) makes the 
DPS invulnerable to extirpation caused by a single catastrophic event (SSA Report, p. X).  
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished from 
historical levels (SSA Report, p. X).  In fact, as a result of the current population in Colorado, 
redundancy in the DPS is likely greater, at least temporarily, now than it was historically (SSA 
Report, p. X).  Similarly, resident lynx remains broadly distributed across the range of habitats 
that have supported them historically, suggesting maintenance of the breadth and diversity of 
ecological settings occupied within the DPS range (representation) (SSA Report, p. X).   
 



 

 4 

Additionally, observed high rates of dispersal and gene flow and, therefore, generally low levels 
of genetic differentiation across most of the lynx’s range, including the DPS, suggest the past 
and recent genetic health of lynx populations in the DPS (representation) (SSA Report, section 
2.1).  Because there are no indications of significant loss of, or current stressors too, the genetic 
health or adaptive capacity of lynx populations in the DPS, we find that the current level of 
representation within the DPS does not appear to indicate a decrease from historical conditions 
(SSA Report, p. X). 
 
We conclude that resident lynx populations are very likely to persist in all 5 units that currently 
support them (Units 1-4 and 6) in the near-term (2025) and likely to persist in those 5 units at 
mid-century (2050) (SSA Report, p. X).  We and the experts we consulted have low confidence 
in predicting the likely conditions of DPS populations beyond 2050 (SSA Report, p. X).  
Therefore we consider 2050 as the foreseeable future for this 5-year review.  Nonetheless, we 
expect lynx populations in each geographic unit to become smaller and more patchily-distributed 
in the future due largely to projected climate-driven losses in habitat quality and quantity and 
related factors (SSA Report, p. X).  However, the timing, rate, and extent of habitat decline due 
to projected climate warming and corresponding effects to lynx populations all are highly 
uncertain (SSA Report, p. X).  That said, smaller, more isolated populations would be less 
resilient and more vulnerable to demographic and environmental stochasticity and genetic drift 
and, therefore, at higher risk of extirpation (SSA Report, p. X).  Despite some reduced resiliency, 
we conclude that resident lynx populations are likely to persist through mid-century in the 
geographic units that supported them historically (units 1-4); with the corresponding 
maintenance of redundancy and representation in the DPS over that time span (SSA Report, p. 
X).  Predictions out to 2100 are highly uncertain (SSA Report, p. X), and beyond what we 
consider to be reasonably foreseeable.  Nonetheless, although we expect some resident lynx to 
persist within the DPS at the end of the century, it is possible that populations in some units 
could be functionally extirpated by then (SSA Report, p. X).  Should future extirpations occur, 
this would indicate a loss of resiliency, reduced redundancy, and representation, and an increased 
risk of extirpation of the DPS. 
 
Consideration of the Five 4(a)(1) Factors: 
 
Through our SSA analysis, we have evaluated the effects of all factors identified in section 
4(a)(1) of the ESA.  In the SSA we focused on the influences identified as having the potential to 
exert population and DPS-level impacts on lynx and lynx habitats (SSA Report, chapter 3). 
Those anthropogenic influences include climate change (Factor E), vegetation management 
(Factor A), wildland fire management (Factor A), and habitat loss and fragmentation (Factor A).  
We also considered other potential stressors such as trapping (Factor B), and disease and 
predation (Factor C).  Additionally, we considered how each of the above influences is 
ameliorated or exacerbated by existing regulatory mechanisms (Factor D). 
 
In light of potential threats considered at the time of listing, lynx conservation measures and 
habitat management guidance adopted by the U. S. Forest Service (USFS) and the Bureau of 
Land Management (BLM), via formally amended or revised management plans or conservation 
agreements with the Service, have substantially addressed the conservation of lynx habitats and 
populations or snowshoe hare habitat (SSA Report, p. X).   
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Synthesis (Application of SSA Results to ESA Classification)  
 
As defined by the Endangered Species Act (Act), an endangered species is any species that is “in 
danger of extinction throughout all or a significant portion of its range.”  In the SSA Report, we 
evaluated the best available scientific information regarding the current and predicted future 
condition of the lynx DPS to describe its viability and how it may change over time (2025, 2050, 
and 2100).  We assess the viability of the lynx DPS by evaluating its ability to maintain a 
sufficient number and distribution of viable populations to withstand environmental stochasticity 
(resiliency), catastrophes (redundancy), and changes in its environment (representation) into the 
future.  Ultimately, we compare our evaluation of the DPS’ risk of extinction against the 
definitions of an endangered or threatened species as defined by the Act.   
 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4), the current persistence of lynx in one of the units 
(Unit 6), and the absence of reliable information indicating that the current distribution and 
relative abundance of resident lynx are substantially reduced from historical conditions suggest 
the historical and recent resiliency to stochastic events of lynx populations in the DPS (SSA 
Report, p. X).  The large sizes and broad distributions of the geographic units occupied by 
resident lynx populations likewise indicate historical and current redundancy in the DPS 
sufficient to preclude the possibility of extirpation from catastrophic events (SSA Report, p. X).  
There are no indications of current threats to the genetic health or adaptive capacity of lynx 
populations in the DPS, and the current level of representation do not suggest a decrease from 
historical conditions (SSA Report, p. X).  Due to the current resiliency, redundancy, and 
representation of the lynx DPS, we conclude that the risk of extinction (in this case, extirpation 
of all resident lynx populations in the DPS) is low, such that the DPS currently is not in danger 
of extinction throughout all of its range and, therefore, does not meet the definition of an 
endangered species. 
 
Having determined that the lynx DPS is not endangered, we next compare the status of the DPS 
to the definition of a threatened species.  Under the Act, a threatened species is any species that 
is “likely to become an endangered species within the foreseeable future throughout all or a 
significant portion of its range.”  The foreseeable future refers to the extent to which the 
Secretary can reasonably rely on predictions about the future in making determinations about the 
future conservation status of the species (U.S. Department of Interior, Solicitor’s Memorandum, 
M-37021, and January 16, 2009).  The key statutory difference between a threatened species and 
an endangered species is the timing of when a species may be in danger of extinction, either now 
(endangered species) or in the foreseeable future (threatened species).  In the SSA, we 
considered the future condition of the lynx DPS out to 2025, 2050, and 2100 (SSA Report, p. X).  
It became apparent through discussions with lynx experts, in peer and partner reviews of the 
draft SSA Report, and among Service biologists and management that any future projections of 
lynx status beyond mid-century were complicated by a very high degree of uncertainty 
concerning the timing and extent of various stressors that may affect lynx and hare habitat and 
snow regimes, especially those related to projected future climate change (SSA Report, p. X).  
Therefore, in this evaluation, we focused on mid-century (2050) as the foreseeable future 
because this time horizon gives us a higher degree of certainty in reasonably projecting the future 
condition of the lynx DPS.  
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As discussed in the SSA Report, resident lynx populations in all geographic units that currently 
support them are expected to be smaller and more fragmented and isolated in the future, and each 
geographic unit and the DPS as a whole will be less resilient in the future (SSA Report, p. X).  
However, all 5 geographic units that currently support resident lynx populations (all units except 
the GYA) are expected by lynx experts (with likelihoods of 70 to 90 percent) to continue to do so 
through mid-century (2050) (SSA Report, p. X).  Our analyses and expert input suggest that 
resiliency will likely be sufficient to foster persistence (i.e., preclude extirpation) of resident lynx 
through mid-century in all or most of the 5 geographic units that currently support them (SSA 
Report, p. X).  At mid-century, we expect lynx to retain a wide geographical distribution of 
populations, maintaining redundancy within the DPS (SSA Report, p. X).  Should lynx 
populations in each geographic unit to become smaller and more patchily-distributed, reduced 
genetic health and/or adaptive capacity would be expected; however, we have no evidence to 
suggest reduced representation would be a DPS-level concern at mid-century (SSA Report, p. 
X).  Therefore, we conclude that the risk of extinction (extirpation of the DPS) by 2050 is low, 
such that the lynx DPS is not likely to become endangered throughout all of its range within the 
foreseeable future and, therefore, does not meet the definition of a threatened species. 
 
Recovery Criteria  
 
Recovery Plan or Outline:  There is no recovery plan for the Canada lynx DPS and, therefore, 
recovery criteria have not been developed.  However, the Service completed a Recovery Outline 
on September 14, 2005, which provided preliminary recovery objectives and actions based on 
our understanding, at that time, of current and historical lynx occurrence and lynx population 
dynamics in the contiguous United States DPS.  Even in the absence of a recovery plan, progress 
has been made on some components of the preliminary recovery strategy described in the 2005 
Recovery Outline (e.g., improved regulatory mechanisms on Federal and some State, Tribal, and 
private lands and related protections of important lynx and hare habitats), while other 
components have seen little or no progress or may no longer be appropriate.  Nonetheless, lynx 
conservation measures and habitat management guidance adopted by the USFS and the BLM 
have substantially addressed the potential threats considered at the time of listing to the 
maintenance of lynx DPS habitat conditions and the availability of snowshoe hare and other prey 
populations (SSA Report, p. X).  Furthermore, as described above, the lynx DPS no longer meets 
the definition of a threatened species.  
 
RESULTS 
 
Recommended Classification: After assessing the best available information, we conclude that 
the Canada lynx DPS is not in danger of extinction throughout all of its range nor is it likely to 
become so in the foreseeable future, i.e., not a threatened species throughout its range.  We 
recommend removing the Canada lynx DPS, currently listed as threatened, from the list of 
threatened and endangered species.  
 

____ Downlist to Threatened 
 ____ Uplist to Endangered 
 __x_ Delist (Indicate reasons for delisting per 50 CFR 424.11): 
  ____ Extinction 
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  __x_ Recovery 
  ____ Original data for classification in error 
 ____ No change is needed 
 
New Recovery Priority Number (indicate if no change; see Appendix E): 

 
Brief Rationale:  

 
Listing and Reclassification Priority Number, if reclassification is recommended (see 
Appendix E)   

 
Reclassification (from Threatened to Endangered) Priority Number: ____ 
Reclassification (from Endangered to Threatened) Priority Number: ____ 
Delisting (Removal from list regardless of current classification) Priority Number: 

__x_ 
 
Brief Rationale:  
 

 
RECOMMENDATIONS FOR FUTURE ACTIONS – Proceed with a proposed rule to 
remove the Canada lynx DPS from the list of threatened and endangered species.  
  
REFERENCES – A large part of the lynx SSA involved seeking expert input on lynx biology, 
stressors, and current and future condition of the DPS.  We describe the expert elicitation process 
and the experts involved in our Canada Lynx Expert Elicitation Workshop Final Report (Service 
2016, entire).  A draft SSA Report went through an extensive review process with peer 
reviewers, tribes, State agencies, and Federal agencies within the range of the lynx DPS.  The 
final SSA Report has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 3 
other Federal agencies. 



 

 8 

U.S. FISH AND WILDLIFE SERVICE 
5-YEAR REVIEW  

Canada Lynx (Lynx canadensis) – 
Contiguous U.S. Distinct Population Segment (DPS) 

 
Current Classification:  
   
Recommendation resulting from the 5-Year Review: 

 
____ Downlist to Threatened 

 ____ Uplist to Endangered 
 __x_ Delist 

  ____ No change needed 
 
Appropriate Listing/Reclassification Priority Number, if applicable: 
 
Review Conducted By: 
 
FIELD OFFICE APPROVAL: 
 
Lead Field Supervisor, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
The lead Field Office must ensure that other offices within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  The 
lead field office should document this coordination in the agency record. 
 
REGIONAL OFFICE APPROVAL: 
 
The Regional Director or the Assistant Regional Director, if authority has been delegated to the 
Assistant Regional Director, must sign all 5-year reviews.   
 
Lead Regional Director, U.S. Fish and Wildlife Service 
 
Approve _________________________________________ Date _________      
 
The Lead Region must ensure that other regions within the range of the species have been 
provided adequate opportunity to review and comment prior to the review’s completion.  Written 
concurrence from other regions is required.  
 
Cooperating Regional Director, Region 1, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
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Cooperating Regional Director, Region 3, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   
 
Cooperating Regional Director, Region 5, U.S. Fish and Wildlife Service 
 
_____Concur   _____ Do Not Concur 
 
   
Signature_________________________________________ Date_______   



From: Shoemaker, Justin
To: Zelenak, Jim
Subject: Fwd: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
Date: Tuesday, October 17, 2017 9:39:14 AM
Attachments: Tab 2. Canada Lynx draft 5-yrReview_09282017.doc

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

---------- Forwarded message ----------
From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Fri, Oct 6, 2017 at 3:06 PM
Subject: Request for Concurrence for Canada Lynx 5 year status review: DUE 10/23
To: Paul Phifer <Paul_Phifer@fws.gov>, Lori Nordstrom <Lori_Nordstrom@fws.gov>,
Rollie White <rollie_white@fws.gov>
Cc: Michael Thabault <Michael_Thabault@fws.gov>, Justin Shoemaker/R6/FWS/DOI
<justin_shoemaker@fws.gov>

Region 6 requesting your concurrence on the attached 5 year status review for the  contiguous US DPS of the
Canada lynx.  This review documents the recommendation and rationale from the meeting on April and follow-up
conference call on May 12th based on the SSA Report.  We appreciate all of your regions' input and contributions
to this effort. This one is the first 5 YSR based off an SSA and I am happy to report that it is 6 pages plus cover
(plus the form for signatures).  

Given the various lawsuits associated with Canada lynx, we are working with the SOL on the timing and nature of
informing appropriate courts.  As such, we are not public about this pending recommendation to the point that it
did not get onto the delisting workplan posted by HQ last week.

At present, we are addressing comments on the received from RSOL.  I will send you all a copy of that SSA in about a week.  

In the meantime, I am requesting a concurrence via email by October 23rd.  If you have concerns, questions or comments,
feel free to contact me asap.  We can then incorporate any changes and circulate a clean version for signature (though I think
we could streamline concurrence to email as we do for rulemakings).

thank you,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

mailto:justin_shoemaker@fws.gov
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mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov
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mailto:Lori_Nordstrom@fws.gov
mailto:rollie_white@fws.gov
mailto:Michael_Thabault@fws.gov
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From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: Lynx call today
Date: Tuesday, October 17, 2017 11:51:08 AM

ok, thanks. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Oct 17, 2017 at 11:17 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Justin and I spoke on the phone earlier and he mentioned that part of RSOL's concern is how the 5-yr
recommendation relates to other ongoing lynx litigation. I mentioned that Kat is most familiar here with those
issues and might be able to join the call if questions might arise that she could help with, and he supported that.

I asked Kat and she said she could sit in.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The lynx is a boreal forest carnivore whose populations are strongly tied to its primary prey, the 
snowshoe hare (Lepus americanus). Both species occur primarily in the extensive boreal 
spruce-fir forests of Canada and Alaskan; however, the southern margins of both their ranges 
extend into the northern contiguous United States. The Service designated lynx in the Lower 48 
States as a DPS because of differences in the management of lynx and lynx habitats across the 
international boundary with Canada and because of the climatic, vegetative, and ecological 
differences between lynx habitat at the southern extent of its range in the contiguous United 
States compared to the northern range in Canada and Alaska. The Service listed the DPS as 
threatened under the Endangered Species Act (ESA) in 2000 because of the inadequacy, at 
that time, of regulatory mechanisms on some Federal lands to provide for the conservation of 
lynx habitats and populations (see section 3.1.1). This SSA does not reconsider the designation 
of the DPS or its listing status under the ESA, which are Service policy decisions. Instead, it 
provides the scientific basis for the statutorily required 5-year status review for the DPS and 
other decisions the Service is required to make in accordance with the ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 



2 
 

predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are naturally 
less abundant and generally more patchily-distributed than in the core of the species’ range in 
Canada and Alaska. Maintaining connectivity between the DPS and lynx populations in Canada 
is thought to be important. However, the extent to which DPS populations may depend on 
immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in future projections, particularly beyond 
mid-century. The output from this expert elicitation process (summarized below and presented 
in detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline in the future largely 
as a result of projected continued climate warming and associated impacts, which are likely to 
exacerbate the potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue in the future, although we do not anticipate that such 
events alone would cause the permanent loss of breeding lynx populations in any geographic 
unit. We are aware of no management actions that could be expected to abate the projected 
long-term retreat of boreal forests, declining hare populations, and diminished snow conditions 
expected under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically, and many more than was known or suspected at the time the DPS was 
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listed. This is due to the large amount and broad distribution of high-quality lynx and hare 
habitat that currently exists as a result of landscape-level clearcutting on private commercial 
timber lands in response to a major spruce budworm (Choristoneura fumiferana) outbreak in the 
1970s and 1980s. These dense young regenerating conifer stands are much more extensive 
than they are thought to have been historically under natural disturbance regimes. The State of 
Maine suggests that this unit currently may support 750-1,000 resident lynx. However, habitat 
extent probably peaked in the late 1990s and early 2000s, and habitat quality is projected to 
decline in these stands over the next few decades as they age beyond 35-40 years post-
harvest. Because a shift in forest management from clearcutting to partial harvesting that began 
in 1989 is unlikely to maintain or recreate this extensive high-quality habitat, we expect lynx 
habitat and numbers to decline in this unit over the next several decades, perhaps to levels 
more consistent with likely historical conditions. We concur with the expert panel that the 
resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the longer-
term (at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further reducing 
lynx numbers and likely decreasing the population’s resilience. Some climate models indicate 
substantial loss of boreal forest and favorable snow conditions under higher emissions 
scenarios, and this unit generally lacks potential elevational refugia that would support upslope 
movement of lynx habitats and populations. Therefore, we suggest that the likelihood that this 
unit will support a resident lynx population at 2100 may be somewhat lower than expert 
projections, although the timing and extent of future climate-mediated habitat decline is highly 
uncertain. This geographic unit may also be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington. Because of this, the 
number of resident lynx in this unit is likely lower than it was historically and when the DPS was 
listed. Based on estimates of lynx carrying capacity, this unit may have been capable of 
supporting roughly 50-60 resident lynx prior to large fires beginning in the early 1990s. Recent 
habitat evaluations suggest it currently may be capable of supporting only about 30-35 lynx, with 
the decline due to fire-driven habitat losses. Although these losses are expected to be 
temporary, additional fires in this unit before previously burned areas recover (10-40 years post-
burn) would further reduce lynx numbers and make this geographic unit more vulnerable to 
extirpation. Because of these habitat impacts and remaining stressors to lynx, the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. Nonetheless, 
we concur with the expert panel that the resident lynx population in this unit is very likely to 
persist at years 2025 and 2050. Over the longer-term (2100), we expect continued climate 
warming to reduce the amount and quality of lynx habitat in this unit, further reducing lynx 
numbers and likely decreasing the population’s resilience. Therefore, we concur with experts 
that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
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only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
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for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated lynx in the contiguous United States as a DPS because of differences 
in the management of lynx and lynx habitats across the international boundary with Canada and 
because of the climatic, vegetative, and ecological differences in lynx habitat compared to the 
northern parts of the species’ range in Canada and Alaska (62 FR 28654-28655). The Service 
listed the DPS as threatened under the ESA in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on some Federal lands to provide for the conservation of lynx 
habitats and populations (65 FR 16052-16086). On May 8, 2014, the United States District 
Court for the District of Montana ordered the Service to complete recovery planning for the lynx 
DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same court ordered the 
Service to complete a recovery plan by January 15, 2018 “…unless the Service finds that such 
a plan will not promote the conservation of the [lynx]” (i.e., the DPS is recovered or no longer 
warrants ESA protections; U.S. District Court MT 2014b, p. 2). We completed this SSA (version 
1.0) to summarize the best available scientific information on the current status and likely future 
viability of the DPS. This SSA will inform a determination by Service decision makers of whether 
(1) the DPS continues to warrant protection under the ESA and (2) a recovery plan is needed to 
guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to but outside these geographic units are known or 
suspected to intermittently support resident lynx and occasional reproduction. Uncertainty 
remains as to whether resident lynx populations occurred historically in other areas not 
encompassed by the geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164  100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html


16 
 

1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 



19 
 

 
Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
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● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate change and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate conifer or deciduous) forests, non-snow-domintated climates, or to persist 
on alternate prey species where hare densities are or become inadequate. Therefore, we 
assume lynx populations in the DPS are vulnerable (sensitive, exposed, and with little 
capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 5) to the 
projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 

 
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
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stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
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that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
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363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
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Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
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Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus  spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
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projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
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Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
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2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
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2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 

competition from other hare predators, and 
d) a low likelihood of encounters with lynx mortality agents (predators, trappers, vehicles, 

etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
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own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
In southern lynx populations (southern Canada and the contiguous United States), hare 
population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; Hodges et al. 
2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx 
SSA Team 2016a, pp. 16-17), and hare and lynx abundances and lynx demographic rates are 
typically like those of northern populations during hare lows (Koehler and Aubry 1994, p. 93; 
Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern populations the 
likelihood is probably relatively low that an individual lynx will have its ecological requirements 
met sufficiently to replace itself in the breeding population. Also in the south, there are more 
diverse assemblages of potential competitors and predators, more natural patchiness and 
anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provision dependent kittens (Moen 
et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
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females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
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level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Historical lynx occurrence 
records in the contiguous United States were correlated with areas that received at least 4 
months (December through March) of continuous snow coverage (Gonzalez et al. 2007, p. 7). 
Where snow conditions do not consistently favor lynx, increased potential for predation and 
competition would be expected (Peers et al. 2013, p. 8). Finally, individual lynx are more likely 
to survive, breed, and replace themselves in the breeding population if they occupy home 
ranges where trapping is prohibited or trapping pressure is low (Slough and Mowat 1996, 
entire), high-speed/high-volume roadways are absent (ILBT 2013, pp. 77-78), and other 
potential anthropogenic causes of lynx mortality are absent or minimal. 
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In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
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doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, McCollough (2016 unpubl. data; USFWS, Vortex 10, deterministic 
population simulation) used demographic data from Vashon et al. 2012 (pp. 17-21) to calculate 
finite growth rates during a period of high hare density (λ = 1.16; increasing trend) and during a 
period of low hare density (λ = 0.88; decreasing trend) for the lynx population in northern Maine 
(see also section 4.2.1). Neither the Montana nor Maine estimates incorporated rates of 
immigration/emigration (i.e., both assumed immigration and emigration rates of zero, which is 
very unlikely and contradicted by historical and recent evidence of lynx dispersal in both 
directions across the Canada-Unites States border across the DPS range). Schwartz (2017, p. 
4) noted that very low immigration rates (less than 1 female/year on average for a theoretical 
population of 100 lynx) could provide population stability or even growth, suggesting that the 
Seeley Lake population and perhaps other DPS populations are probably being bolstered by 
low levels of immigration, which may go undetected. Other efforts to model lynx population 
dynamics in the DPS range include those of Lyons et al. (2016, entire), who developed spatially-
explicit, individual-based population models to estimate reductions in potential lynx carrying 
capacity in Washington associated with recent large wildfires, and Licht et al. (2017, in press, 
entire), who conducted a PVA of a potential lynx reintroduction to Isle Royale in Lake Superior, 
about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
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years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
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risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
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The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
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80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 

2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
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the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
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(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
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state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
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high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
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has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
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recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
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recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Although the current population size in Maine is uncertain, 
habitat distribution and lynx home range data suggest this geographic unit could potentially 
support 750-1,000+ resident lynx (Vashon in Lynx SSA Team 2016a, p. 18]). The current lynx 
population in Maine is supported by the broad distribution of high-quality hare habitat that 
resulted from extensive, large-scale clearcutting in the 1970s and 1980s in response to a 
massive spruce budworm (Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; 
also see section 4.2.1). As these regenerating clearcuts, which currently provide the dense 
horizontal structure preferred by hares, mature beyond about 35-40 years post-harvest, hare 
densities are expected to decline as cover and forage are reduced as a result of forest 
succession (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16). The 
current lynx population in Maine is probably substantially larger than typically occurred 
historically under the natural disturbance regime, when relatively small amounts of the spruce-fir 
forests in the state are thought to have been composed of the dense young stands that provode 
optimal hare (and, therefore, lynx foraging) habitat (Lorimer 1977, entire; 68 FR 40094; Vashon 
et al. 2012, pp. 45, 56; 79 FR 54792). With the reduction in clearcutting and the proliferation of 
partial harvesting following enactment of the Maine Forest Practices Act of 1989, lynx densities 
in Maine are projected to decline by 55 to 65 percent by 2032 (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16), perhaps to levels more consistent with likely 
historical conditions. Lynx in Maine likely represent the southern periphery of a larger population 
that occurs in northern New Brunswick and southern Quebec south of the St. Lawrence 
Seaway/River, which appears to partially isolate lynx in this region, demographically and 
genetically, from populations in the core of the species’ range (Koen et al. 2015, entire). 
Whether lynx persistence in Maine relies on immigration from Canada, and if so to what extent, 
is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
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whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
there is no indication of substantial immigration from Canada after the 1980s (Squires in Lynx 
SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent evidence of 
reproduction have been documented in the Montana portion of the GYA where, as with the 
northwestern Wyoming part of the GYA (discussed above), uncertainty about whether this area 
consistently or only intermittently supported resident lynx historically makes it difficult to interpret 
their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As elsewhere in 
the West, recent research and habitat assessments suggest that habitats capable of supporting 
resident lynx in Montana are, and historically were, naturally patchier and less-broadly 
distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx therefore 
naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson in Lynx 
SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
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the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 
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3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
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management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
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movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
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incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
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to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
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the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units, are currently managed in accordance with the 
specific conservation measures and considerations identified in the LCAS and implemented via 
the CAs or formally revised and amended management plans described above. These 
agreements and revised/amended plans constitute the regulatory framework and specific 
regulatory mechanisms adopted to conserve lynx habitats and populations on USFS and BLM 
lands that support or are potentially capable of supporting them. They represent the agencies’ 
efforts, in collaboration with the Service, to address and ameliorate the singular threat for which 
the lynx DPS was listed under the ESA. Although formal effectiveness monitoring has not been 
completed, it is clear that implementation of the CAs and revised/amended plans, and the 
associated programmatic and project-specific consultations between BLM/USFS and the 
Service in accordance with section 7 of the ESA, have resulted in avoidance/minimization of 
impacts to important lynx and hare habitats on Federal lands and have reduced the likelihood 
that management activities on these lands may adversely affect lynx in the contiguous United 
States. Overall, Federal lands managed by the USFS, BLM, and NPS constitute nearly 64 
percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, and all but a tiny fraction of 
these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
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resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
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are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). In 2015, the 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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MNDNR issued emergency trapping rules in the LMZ mandating additional restrictions on the 
types of traps that may be used (MNDNR 2015, entire) to further reduce the likelihood of 
incidentally trapping lynx. In response to a Federal court order, MDNR developed an incidental 
take plan designed to minimize the potential for lynx to be incidentally trapped during other legal 
furbearer trapping; the plan is currently under review by the Service. Like Maine, Minnesota has 
a State Endangered Species Statute (84.0895) which requires the MNDNR to adopt rules 
designating species meeting the statutory definitions of endangered, threatened, or species of 
special concern (State of Minnesota 2016, entire). The Statute also authorizes the MNDNR to 
adopt rules that regulate treatment of species designated as endangered and threatened. Also 
like Maine, however, Minnesota has not designated lynx as threatened or endangered under the 
statute. Instead it has designated the lynx a species of special concern, a designation for 
species that are extremely uncommon, have unique or highly specific habitat requirements, or 
occur on the periphery of their range in Minnesota and, therefore, deserve careful monitoring 
(MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates with the Service and other agencies to 
conduct research and monitor lynx populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of reasonable restrictions on trapping in lynx 
habitat. Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
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10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming were offered full protection from trapping 
and hunting beginning in 1973, and they are designated by the State as a species of greatest 
conservation need (ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also 
participates in the CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
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of Unit 1) in northern Maine is under conservation easement10, but easements do not require 
management prescriptions or commitments for lynx. In the past Maine private forest landowners 
have expressed interest in long-term commitments to lynx management plans, but to our 
knowledge, there are no private landowners in Maine who have committed to long-term or 
permanent protection and creation of lynx habitat according to the Service’s lynx management 
guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 

                                                
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
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private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
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In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
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climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
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have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
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13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over potential competitors and predators. However, climate warming is diminishing snow 
conditions (depth, quality, persistence) throughout the DPS range. Warmer winter temperatures 
are reducing snow cover extent  and duration and altering snow structure via a combination of a 
higher proportion of precipitation falling as rain, more winter thaw-freeze events, higher rates of 
snowmelt during winter, and earlier spring melt and runoff (Hamlet and Lettenmaier 1999, p. 
1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; Christensen et al. 
2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; Pierce et al. 2008, 
entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; Georgakakos et al. 2014, pp. 
71-85). These trends are expected to continue with projected future climate warming (Hamlet 
and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 48; 
Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; IPCC 2014b, p. 62). The 
IPCC projects that spring snow cover in the Northern Hemisphere is likely to decrease by 7-25 
percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow season length and snow 
depth are very likely to decrease in most of North America except in the northernmost part of 
Canada where maximum snow depth is likely to increase’’ (Christensen et al. 2007, p. 850). 
Because lynx occurrence is correlated with prolonged periods of deep, fluffy snow, current lynx 
habitats would be expected to decline in value for lynx with decreases in snow condition and 
duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
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47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Snowpack losses have been documented and will likely continue and could even accelerate in 
the future (Hamlet and Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 
2011, entire; Kapnick and Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-
971), with faster losses likely in milder climates like the Cascades and the slowest losses in the 
high peaks of the Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in 
temperature, snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 
2016, p. 106). In the West, areas of contiguous spring snow cover are projected to become 
smaller and more isolated throughout the Columbia, Upper Missouri, and Upper Colorado 
Basins, with greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). 
Snow accumulation and duration are also expected to continue to decline generally in the 
central and eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 
2009, p. 31; Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow 
resources, potential lynx habitat is diminishing in the northern Appalachians and small areas in 
the Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential 
future snow cover under a range of IPCC climate scenarios suggests that snow conditions 
correlated with historical lynx occurrence records could decline by 10-20 percent across the 
continental U.S. and Canada and by 46-84 percent in the contiguous United States by the end 
of the century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
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and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
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mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), and they experience high mortality in deep-snow winters (Litvaitis et 
al. 1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
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warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change will likely affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
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Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
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events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
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860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 



80 
 

genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
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analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
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Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
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and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
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Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
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Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
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Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
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recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
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There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
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In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
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important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
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Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
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landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
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history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
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Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
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or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
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northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
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eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
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As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
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Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
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more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
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al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
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Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
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to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
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and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
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of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
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(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx naturally have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or prey species). 
However, although some small populations may have become extirpated recently, resident lynx 
in the DPS remain broadly distributed across the range of ecological settings that seems to 
have supported them historically in the contiguous United States. Because there are no 
indications of current threats to the genetic health or adaptive capacity of lynx populations in the 
DPS, we find that the current level of representation does not appear to represent a decrease 
from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
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less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger population that also occupies southern Quebec 
(where trapping is legal) and northern New Brunswick (where lynx are a provincially-
endangered species and harvest is prohibited). There are no reliable estimates of current or 
historical resident lynx numbers in this unit. However, based on estimates of habitat distribution 
and lynx home range sizes, the MDIFW believes this unit currently may be capable of 
supporting 750-1,000 lynx (Vashon et al. 2012, pp. 87-91), which would make it the largest 
population in the DPS. This is many more resident lynx than likely occurred historically and 
many more than were suspected to occur in this unit when the DPS was listed, and it is the 
result of extensive clearcutting and herbicide application to salvage spruce-fir and encourage 
softwood regeneration following a severe spruce budworm outbreak in the 1970s and 1980s 
(Hoving et al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments 
have created the current extensive distribution of young, regenerating softwood stands that 
provide optimal hare foraging habitat. Lynx responded to these conditions with high survival and 
reproduction, small home ranges, and the highest densities documented in the DPS. 
Historically, under a more natural disturbance regime, Maine typically had a greater proportion 
of mature forest and, therefore a patchier distribution of high-quality habitat that likely supported 
a smaller lynx population that may have been more dependent on immigration from Canada. 
State forestry regulations passed in 1989 caused landowners to shift to various forms of partial 
harvesting that have resulted in lower landscape hare densities across much of the unit. Hare 
populations do not seem to cycle in this region, but hare density estimates from 2008-2015 
declined by over 50 percent compared to estimates from 2001-2006. Reproduction and survival 
rates in the low-hare environment after 2006 suggest a slightly declining lynx population, 
although kitten survival remained high. Unlike other DPS units, lynx habitat in northern Maine 
occurs nearly entirely on private, industrial forest lands, most of which lack long-term 
commitments to lynx management. The majority of private lands in this unit are now owned by 
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investment companies seeking to diversify income from their investments, which could result in 
forest practices less likely to maintain or conserve hare and lynx habitat. Other potential 
stressors to lynx in this unit include incidental trapping, road mortality, large-scale wind energy 
development, residential and resort development, and parcelization of forestlands from rapid 
turnover in investment company landowners. Another spruce budworm outbreak may be 
imminent, and forestry response by investment landowners is uncertain. Climate change is a 
concern because average annual snowfall and duration are currently at the minimum thresholds 
believed necessary to give lynx a competitive advantage over bobcats and other 
mesocarnivores. Although lynx regularly occur outside this unit in southeastern and 
southwestern Maine, and small numbers of reproducing lynx have also been documented 
recently in northern New Hampshire and northern Vermont, the ability of some of these 
peripheral areas to support persistent breeding populations is questionable. However, recent 
telemetry data in Maine suggest that resident lynx are expanding both east and south of the 
Northern Maine Geographic Unit, with home range maintenance and reproduction documented 
in both areas, which previously were considered outside the area capable of supporting resident 
lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  There are no reliable estimates of current 
or historical resident lynx numbers in this geographic unit, but it is thought to be capable of 
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supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. There are no reliable estimates of historical or current resident lynx numbers in 
northern Washington, but recent habitat and home range analyses for the larger Okanogan LMZ 
(summarized in Lewis 2016) suggest that this unit may have been capable of supporting about 
50 lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). 
Those fires affected over a third of the LMZ, led to increased home range size, and may have 
reduced the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
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942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
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Unit 6 - Western Colorado:  There are no reliable estimates of current or historical resident lynx 
numbers in this unit, but CPW lynx biologists believe it may currently support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. This unit is not directly 
connected to lynx populations in Canada, and it does not appear to have received immigrant 
lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 1996, 2 
unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 mi2) of 
spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in this unit. 
Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) of lynx 
habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively impacted 
hares, and hare numbers may increase in affected areas as succession progresses; however, 
they have negatively impacted red squirrels, an important alternate prey species for lynx in this 
unit. Areas affected by beetles that contained multi-story stand conditions likely continue to 
provide habitat to support snowshoe hares and lynx. Areas affected by fire may require 20 years 
or more, and in some areas considerably longer, to recover to a point where the stands will 
again support snowshoe hares. Large-scale monitoring efforts in the San Juans documented 
continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is reasonably likely 
that lynx continue to occur in all national forests within the State of Colorado. Snowshoe hare 
habitat is patchily-distributed in this geographic unit, which limits hare abundance. Because the 
majority (90 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant impacts to lynx habitat 
within this unit. The USFS manages over 85 percent of the lynx habitat in this unit, providing 
conservation through the SRLA. However, regulatory mechanisms for the conservation of lynx 
are lacking on approximately 3,159 km2 (1,220 mi2; over 12 percent) of this unit, including lynx 
habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 100% 83% (Purcells);            

61% (Seeley Lake) 100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares) 3.3 2.95 (Purcells);            

2.24 (Seeley Lake) 2.25 (2 females) 3.0 (1 female, 2 
years) 2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00 0.85 (Purcells);            

0.75 (Seeley Lake) 0.86 Few data
0.93 (in Core Release 

Area [CRA]);                   
0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.16 (high hares, 6 
yrs); 0.88 (low hares, 

4 yrs)
No estimate

1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
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Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
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[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
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forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
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km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
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Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
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and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 
Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
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Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
 
Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
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townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
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In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
 
Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
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5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 
Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 



126 
 

Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx.  
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx, although the 
actual population size is unknown. High-quality habitat created by extensive clearcutting 30 to 
40 years ago is peaking and is projected to decline by 50 percent in the next 15 to 20 years 
(Simons-Legaard 2016, pp. 10-18; also see section 5.2.1). Hare densities declined by 50 
percent in this unit starting in about 2006 and have remained at lower levels, and future hare 
fluctuations or cycles are uncertain. Recent history demonstrates that some forms of forest 
management have the potential to create or increase lynx habitat. However, forest practices 
have shifted to partial harvesting, which is less likely to create large areas of lynx habitat or 
maintain the current historically broad distribution of high-quality habitat generated by previous 
landscape-level clear-cutting. Additionally, private landowners who previously entered into 
commitments to manage for lynx conservation have not renewed those commitments (although 
the habitat will remain viable for lynx for some time). Land ownership has also changed in 
northern Maine, and the majority of lands are owned now by investment companies that often 
wish to diversify income from their investments, which could result in forest practices 
inconsistent with lynx habitat conservation. Without long-term, binding land management 
commitments in this unit, there is no guarantee that the current historically high amount of lynx 
habitat will be maintained by future forest managment practices on private lands. The greatest 
stressors to resident lynx in this unit are habitat loss (as a result of the shift in forest 
management from clearcutting to partial harvesting resulting in lower landscape hare densities), 
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lack of forest planning for lynx, and projected continued climate warming (diminishing snow 
depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
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Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
 
Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
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involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways.  
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
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Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
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In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
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relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 



135 
 

availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 

                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34).  
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
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Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats.  
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
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to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
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A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
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management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
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female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
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intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20). 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
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In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. The recent apparent absence 
of resident lynx in Garnet Mountains may indicate extirpation of a small resident population and 
a contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
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p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
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winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41).  
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx populations 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
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et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (less than 10 percent), low elevations [less than 915 m (3,000 ft)], and steep 
slopes (> 30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the 
Northern Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler 
et al. 2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major 
drivers of disturbance in this unit, but other factors, including wind and tree diseases, also 
contribute to natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North 
Cascades range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual 
snowfall is consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 
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perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21). 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. The Diamond Creek wildfire burned another large block of 
lynx habitat in the northern part of this unit in 2017. These burned areas are expected to 
regenerate back into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 
2016, p. 5; Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx 
population in this geographic unit will likely be at increased risk of stochastic demographic, 
genetic, and environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
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habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
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(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
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persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
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WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
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3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place22. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 

                                                
22 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 
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provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
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developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
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unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
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historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
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probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
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development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-523). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
                                                
23 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
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In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
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All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Ibid), the estimate of survival within the study area was higher than those reported for 
natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; Slough and Mowat 1996, 
entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories (0.90; Poole 1994, p. 
612). Successful reproduction, including by third- and fourth-generation offspring of translocated 
lynx, has been documented (Shenk 2008, p. 2); however, the average proportion of females that 
produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) and the kitten survival rate 
(0.23; Ivan 2016b, pers. comm.) were both lower in this geographic unit (during the period of 
intensive monitoring from 1999-2010) than rates reported for some other geographic units (table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 



164 
 

also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
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A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares (Ivan 2011a in ILBT 2013), widespread mortality of mature spruce-fir forests 
could impact lynx habitat for a long time.  
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
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Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
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we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 



168 
 

the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 



169 
 

Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
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Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
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number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
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well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 



173 
 

populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 



174 
 

the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
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of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
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losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
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warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
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Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 
2025: 80 
(60-95) 

 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
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2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Adequacy of immigration from southern 

BC 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
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breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
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scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201024), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
24 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 



197 
 

direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Ibid., p. 8). Notaro et al. (2015, pp. 1668-1669) 
projected changes in lake effect snowfall using downscaled climate models (Abdus Salam 
International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 (RegCM4; 
Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great Lakes 
Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an increase in 
lake effect snow in the eastern Great Lakes until 2050, with a decline later in the century, with 
an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)25 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
25 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 



207 
 

Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). There will likely be a lag 
time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see section 3.2), but 
continued warming is projected to convert much of the boreal forest in this unit to temperate 
conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and 
hare populations to persist during this lag and to adjust to future habitat distributions is 
uncertain, but habitat quality, quantity, distribution, and connectivity are expected to decline, 
likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will reduce this 
geographic unit’s ability to continue to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx populations in this geographic unit. Climate model 
uncertainties and resolution limits, combined with our imperfect understanding of historical and 
current lynx numbers and habitat distributions, preclude quantifying future habitat quality and 
distribution or lynx population dynamics in this unit. Nonetheless, it appears likely that continued 
climate warming will reduce future habitat quality and quantity and, therefore, the likelihood that 
this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
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detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
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geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of immigration.  Additionally, as noted above, the lynx 
population in the Purcell Mountains in the northwestern part of this unit was estimated to be 
increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 years 
of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncerytainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
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really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 



214 
 

LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
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affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
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similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
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After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
 



223 
 

 
Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future that it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6:  Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.26 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
26 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
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settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 
  

 

SECTION I: GENERAL INFORMATION 

 
1. Plan title: Canada lynx 5-year Review 
  

2. DTS number  
 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx in the contiguous United 
States (Lower 48 States) distinct population segment (DPS) and recommends that the DPS 
be delisted occurring in the contiguous, lower 48 states. The rReview and thesubsequent 
species status assessment (SSA) upon which the review is based, indicates that the Canada 
lynx has persistent resident lynx populations in northern Maine, northeastern Minnesota, 
northwestern Montana/northeastern Idaho, and north-central Washington;,a resident 
introduced population northwest and southwest Montana,  in western Colorado;, 
northeastern Minnesota and northern Maine, with  and occasional lynx 
residencyoccurrences  in some neighboring states and adjacent areas. Based on the likely 
viability of resident populations through at least mid-century and the conservation efforts 
of Federal, State, and Tribal agencies, the Service finds that the DPS is not currently or in 
the reasonably foreseeable future in danger of extinction and, therefore, does not meet the 
ESA’s definitions of an endangered or threatened species.As a result of conservation 
partnerships with state and local entities, the lynx population is such that the 
recommendation from the 5-year review is delisting the species from the list of endangered 
species in accordance with the Endangered Species Act. 

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

Autumn of 2017 is the proposed time frame for 5-year review and SSA to be made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

Comment [1]: No need for this qualifier. 
Suggest deleting reasonably. Not in the Act. 
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FWS R6 is lead;, R1, R2, R3, R5, and HQ involved. 

 
 

SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

The ideal goal is to inform the public that most lynx populations in the DPS are larger and 
more secure than we thought when we listed the DPS, and the threat for which the DPS was 
listed (existing regulatory mechanisms on Federal lands did not provide sufficient guidance 
for the conservation of lynx habitat in light of potential threats) has been substantially 
addressed since then. through the Service’s management of the species with its federal, 
state, local and tribal partners, the Canada lynx has rebounded within the DPS and that their 
current population, food source and habitat are stable to the point where they could be 
delisted from the list of endangered species. The message shouldwill highlight the efforts of 
Federal, State, and Tribal agencies and other conservation partners to identify and protect 
lynx habitats and populations throughout the DPS rangesuccess of our specific lynx related 
programs/efforts and the ESA mechanisms that allow for the conservation of endangered 
species. 

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

Improvement in our understanding of lynx habitat requirements and thus lynx distribution 
in the DPS has led us to conclude that although lynx are naturally rare in the DPS, the 
available information does not suggest broad-scale habitat loss or population declines 
relative to historical conditions. The methodology and conservation practices by which the 
Service evaluates, lists and manages species has resulted in the successful rebound of  
measures to identify and protect the Canada lynx (and other endangered species) habitats 
and populations, and that the recommendation to delist is a success story for the lynx and 
not a danger to the species/DPS.   

 
 

SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 



Page 3 of 17 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The general public/tax payer;, Congress, State and local governments;, Sstate, Tribal, 
Federal, and local conservation partners;, the scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

Congress. The office of the Director of FWS. Regional level leadership within, particularly 
in which the lynx DPS range (R1, R2, R3, R5, R6)is currently active. The FWS scientific 
community. The BLM and National Park Service (DOI). 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., WildEarth Guardians, Earthjustice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as tThreatened (or be uplisted to 
endangered) under the ESA despite empirical evidence that the populations within the 
DPS are thriving and relatively stable. 

● Parties (those above and several others) that have participated in litigation lynx over 
lynx critical habitat and recovery planning. Concern at potential loss of a prime 
litigation target. 

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change to the persistence of lynx in the Lower 48 States. 

● Tribal governments. Some may oppose; others may support. 

● The State of Washington (or its Fish and Wildlife and/or Natural Resources departments 
may oppose because Federal delisting is at odds with their recent uplisting of lynx at the 
State level from threatened to endangered.  

●  

 

Comment [2]: Congress is an "internal" 
audience? 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, Bureau of Indian Affairs, National Park 
Services, State wildlife and natural resources management agencies, AFWA, WAFWA, 
State governments (especially Maine, Montana, Idaho, and Wyoming).equivalent to FWS 

 
 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

1. This is a success story for the Canada lynx because the threat for which the DPS was 
listed has largely been addressed and lynx populations in some parts of the DPS are 
considerably larger than we suspected when we listed the DPS it is thriving in the DPS to 
the point where it may no longer be Threatened. 
2. The ESA and subsequent conservation efforts methods and strategies are successful in 
identifying and protecting habitats and populations ofmanaging and increasing the 
population of Canada lynx and other listedendangered  species who have gone through this 
conservation process. 
3. Partnerships with other Ffederal agencies, Sstate, local and Ttribal government 
conservations organizations is critical to the success of this process. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Lynx in the DPS occur at the southern margin of the species’ range, where habitats and prey 
densities are, in many places, naturally marginal compared to the core of the lynx’s range in 
Canada and Alaska. Because of this, even relatively small habitat impacts could reduce the 
ability of some landscapes to support persistent resident lynx populations.The Canada 
lynx’s population within the DPS is steady but that population was seen as ephemeral and 
transitory as opposed to the non-endangered populations in Alaska and Canada. This can 
result in changes to the overall DPS populations as external natural and manmade forces 
affect habitats and food sources.  
Continued climate warming is regarded as the biggest long-term threat to the viability and 

Comment [3]: Not sure about this - they have 
not been involved/active in lynx issues to my 
knowledge. 
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persistence of the lynx DPS in the future. Warming is expected to cause boreal forests and 
snow conditions favorable for lynx to contract northward and to higher elevations, further 
fragmenting the already marginal habitats in many parts of the DPS range, resulting in 
smaller, more isolated lynx populations that in the future will be more vulnerable to 
extirpation. How vulnerable these populations will be is unknown and undeterminable at 
this time.  The most likely potential stressor to the Canada lynx within the DPS is climate 
change which could affect their boreal sub-alpine habitat and main food source, the 
snowshoe hare.  

 
 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media assets to reach the greatest number of 
interested parties. These include but are not limited to Service and partner government 
organization web sites and news feeds, local and national television and radio, print media, 
civilian web based news sites, social media including Facebook, Twitter, Snapchat,  

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS web site 
Pop-Up 
Internal email to employees 
Internal news web pages and newsletters 
Social media posts to FB and Twitter 

 
16. Which communications tools are needed to support these strategies and tactics? (Be as 

specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press Release Glenn Johnson – Draft 
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Steve Segin 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 Internet page Rob Mansheim TBD 

   

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Select time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

9/26/17 Communications materials for R6 RD review  R6 EA 

Fall/TBD Congressional/Triba/State Game agencies 
Notifications 

EA/ES 

TBD/fall 2017 Release to media in  regions (6, 5, 3, 1) R6 EA,  R5 EA,  
R3 EA, R1 EA 

TBD/fall 2017 Posting to R6 and FWS national web sites and 
social media platforms 

R6 EA Digital 
Media 

TBD/fall-winter 
2017 and early 
2018 

Response to all subsequent media requests and 
inquiries 

R6 EA,  R5 EA,  
R3 EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

Comment [4]: Just a note for awareness that 
we have some tribes in northern MN that are 
very interested in this...just need to make sure 
we keep them as informed, and at the same 
time as state agencies. 
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19. Stakeholder contacts (For each, paste in a table that provides organization name, contact person, 
contact information as appropriate, and the name of the person responsible for making contact) 
 
Internal 

Stakeholder Contact Information Contact By 

FWS Region 5 Megan Racy (413) 253-8558 EA-Segin 

FWS Region 3, Charles Traxler (612)-713-5313 EA-Segin 

FWS Region 1, Jason Holm (503)-231-2264 EA-Segin 

   

       External Pro 

Comment [5]: Need to find/add contact for R2 

Comment [6]: Consider adding State 
agencies for New Hampshire, Michigan, 
Wisconsin, Idaho and New Mexico - all of these 
submitted comments on the draft SSA report. 
Also consider adding AFWA (in addition to 
WAFWA), which organized state agency 
review/comment on the draft report. 

Comment [7]: Might also want to add NRCS 
on the Fed side. 
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       Stakeholder Contact Information Contact By 

National Park Service Director Jon Jarvis (202) 208-6843 HQ Director  

U.S. Forest Service Chief Thomas Tidwell (202) 205-8439 HQ Director  

Bureau of Land Management Director Neil 
Kornze 

(202) 208-3801 HQ Director  

U.S. Geological Survey Director Dr. Suzette 
Kimball 

(703) 648-7411 HQ Director  

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 

mwilliams@mt.gov 

R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R6 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional (402) 661-1736 R3 DRD 

mailto:jhagener@mt.gov
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Director, Cam Sholly 

U.S. Forest Service Rocky Mountain Regional 
Forester 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester 

(503) 808-2468 R6 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester 

(414) 297-3600 R1 DRD 

Bureau of Land Management Montana State 
Director 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State 
Director 

(307) 775-6001 

 

R6 DRD 

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R3 DRD 

Bureau of Land Management Colorado State 
Director, Ruth Welch 

(303)-239-3700 R6 DRD 

Bureau of Land Management Montana-Dakotas 
State Director 

(406)-896-5000 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 
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U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 

 
External Neutral 

Stakeholder Contact Information Contact By 

NA   
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Stakeholder Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 External Anti 
 
 
 
 
 
 
 

20. Congressional emails Comment [8]: Might want to add the other 
states here, too. 

mailto:cchavers@boisforte-nsn.gov
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Member Colorado Contact Information  

Sen. Cory Gardener - Philip Newman philip_newman@gardner.senate.gov  R6 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.senate.gov  R6 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.gov  R6 

Rep. Jared Polis – Blaine Miller-McFeeley (202) 225-2161 (D.C)  R6 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.gov  R6 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.gov  R6 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.gov  R6 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-smith@mail.house.gov  R6 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  R6 

Member Wyoming   

Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.senate.gov  R6 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.gov  R6 

Rep. Liz Cheney – Jimmy Ward jimmy.ward@mail.house.gov  R6 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.gov  R6 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.senate.gov  R6 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.gov  R6 

Member Washington   

TBD by Region 1 EA   

 

mailto:philip_newman@gardner.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:jimmy.ward@mail.house.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 
Committees 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

 
 

SECTION VI: SOCIAL MEDIA PLAN 

 

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
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Page 14 of 17 

21. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a 
large swath of the general public across a number of age demographics. 

 

Lead accounts to be used:  Facebook, Twitter. 
 
Secondary accounts to share messaging: We assume that there will be collateral 
inquiries associated with images for the Canada lynx so Flckr may also play an important 
role in this rollout. 
 
Hashtags: #lynx #conservation 
 
Photos: https://www.flickr.com/search/?text=Canada%20lynx  
 
Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates conservation efforts are effective in 

conserving populations in Llower 48 Sstates are not in danger of extinction in the 
foreseeable future. 

● Canada lynx populations in Llower 48 Sstates larger, threats reduced. stable and 
thriving according to 5-year review. Reviewport recommends delisting from ESA. 

● Canada lynx more numerous and broadly-distributed than when listed habitat and 
food sources stable allowing lynx in lower 48 states to thrive according to 5-year 
review. 

 

Facebook messages:  
The U.S. Fish and Wildlife Service has completed a mandatory 5-year status review of the 
threatenedEndangered  Canada lynx located in the Llower 48 Sstates. Preliminary results 
from the Canada lynx status The review found that, “There is no compelling evidence, 
based on verified historical records, of major range contraction or population declines 
among resident breeding lynx populations in the United States distinct population 

Comment [9]: The SSA report makes no 
recommendation; the 5-year review does, 
based on the SSA. 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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segment.”   
 
Read more at xxxxx 

Other platform messages:  
 

 
 

SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve  Segin - robert_segin@fws.gov - 303-236-4578 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Roya Mogadam - roya_mogadam@fws.gov - 303-236-4572 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 
Steve Segin - robert_segin@fws.gov - 303-236-4578 

 
26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 

HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

mailto:robert_segin@fws.gov
mailto:roya_mogadam@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 
Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 
 
 
 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

  

  

  

 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 
 



Label: "Meagan Racey Lynx SSA Emails"

Created by:meagan_racey@fws.gov

Total Messages in label:193 (37 conversations)

Created: 01-03-2018 at 07:40 AM



Conversation Contents
Canada Lynx 5-year Review Communications Strategy.docx

"Anna Munoz (via Google Docs)" <drive-shares-noreply@google.com>

From: "Anna Munoz (via Google Docs)" <drive-shares-
noreply@google.com>

Sent: Wed Oct 18 2017 08:11:06 GMT-0600 (MDT)
To: <meagan_racey@fws.gov>

CC:

<robert_segin@fws.gov>, <jodi_bush@fws.gov>,
<roya_mogadam@fws.gov>, <craig_hansen@fws.gov>,
<jason_holm@fws.gov>, <charles_traxler@fws.gov>,
<jim_zelenak@fws.gov>, <justin_shoemaker@fws.gov>,
<marjorie_nelson@fws.gov>

Subject: Canada Lynx 5-year Review Communications Strategy.docx

anna_munoz@fws.gov has sent a message regarding the following document:

Canada Lynx 5-year Review Communications Strategy.docx

Hi All,

I need to try to get this finalized ASAP and will be pulling all of the documents off of
this google drive for completion. If you have comments that have not already been
submitted, please email them to me.

Thanks,
Anna

Google Docs: Create and edit documents online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a document with you from Google

Docs.

"Bush, Jodi" <jodi_bush@fws.gov>

From: "Bush, Jodi" <jodi_bush@fws.gov>
Sent: Wed Oct 18 2017 09:53:16 GMT-0600 (MDT)
To: Anna Munoz <anna_munoz@fws.gov>

mailto:anna_munoz@fws.gov
https://docs.google.com/a/doi.gov/document/d/1nuPL97I9D38XOZ8LYs8_VELrGR1zpzi2EnFMn1YF-3k/edit?usp=sharing
https://drive.google.com/


CC:

Robert Segin <robert_segin@fws.gov>, "Mogadam, Roya"
<roya_mogadam@fws.gov>, Craig Hansen
<craig_hansen@fws.gov>, Meagan Racey
<meagan_racey@fws.gov>, jason_holm@fws.gov, Charles
Traxler <charles_traxler@fws.gov>, Jim Zelenak
<jim_zelenak@fws.gov>, Justin Shoemaker
<justin_shoemaker@fws.gov>, Marjorie Nelson
<marjorie_nelson@fws.gov>

Subject: Re: Canada Lynx 5-year Review Communications Strategy.docx

I have reviewed the comments in the communication plan and NR by Jim and support them. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Oct 18, 2017 at 8:11 AM, Anna Munoz (via Google Docs) <drive-shares-
noreply@google.com> wrote:

anna_munoz@fws.gov has sent a message regarding the following document:

Canada Lynx 5-year Review Communications Strategy.docx

Hi All,

I need to try to get this finalized ASAP and will be pulling all of the documents off
of this google drive for completion. If you have comments that have not already
been submitted, please email them to me.

Thanks,
Anna

Google Docs: Create and edit documents online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a document with you from Google

Docs.

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Oct 18 2017 10:40:12 GMT-0600 (MDT)
To: Anna Munoz <anna_munoz@fws.gov>

mailto:drive-shares-noreply@google.com
mailto:anna_munoz@fws.gov
https://docs.google.com/a/doi.gov/document/d/1nuPL97I9D38XOZ8LYs8_VELrGR1zpzi2EnFMn1YF-3k/edit?usp=sharing
https://maps.google.com/?q=1600+Amphitheatre+Parkway,+Mountain+View,+CA+94043,+USA&entry=gmail&source=g
https://drive.google.com/


Subject: Re: Canada Lynx 5-year Review Communications Strategy.docx

Thanks Anna, with the tragedy up in Maine we have not had the opportunity to get together to
discuss this any further but understand that you need to move forward. Taking a quick look at
what's on the Google drive, it appears you received the tracked changes/comments that I sent
from Marty, and then our other comments were in the body of my email. Have those already
been incorporated, such that we should take another look now? 

On Wed, Oct 18, 2017 at 10:11 AM, Anna Munoz (via Google Docs) <drive-shares-
noreply@google.com> wrote:

anna_munoz@fws.gov has sent a message regarding the following document:

Canada Lynx 5-year Review Communications Strategy.docx

Hi All,

I need to try to get this finalized ASAP and will be pulling all of the documents off
of this google drive for completion. If you have comments that have not already
been submitted, please email them to me.

Thanks,
Anna

Google Docs: Create and edit documents online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a document with you from Google

Docs.

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Munoz, Anna" <anna_munoz@fws.gov>

From: "Munoz, Anna" <anna_munoz@fws.gov>
Sent: Wed Oct 18 2017 10:43:55 GMT-0600 (MDT)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: Canada Lynx 5-year Review Communications Strategy.docx

mailto:drive-shares-noreply@google.com
mailto:anna_munoz@fws.gov
https://docs.google.com/a/doi.gov/document/d/1nuPL97I9D38XOZ8LYs8_VELrGR1zpzi2EnFMn1YF-3k/edit?usp=sharing
https://maps.google.com/?q=1600+Amphitheatre+Parkway,+Mountain+View,+CA+94043,+USA&entry=gmail&source=g
https://drive.google.com/
http://usfwsnortheast.wordpress.com/


I'm currently trying to wade through comments from 6 people.  This is why I sent the message
that I was pulling the documents off of the google drive because I need to wrangle all of this into
some sort of coherent revision.  When I have a revision that reflects the comments and given
that some of them don't line up, my decision on how I think we should proceed, I will get
everyone a revised copy.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Oct 18, 2017 at 10:40 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thanks Anna, with the tragedy up in Maine we have not had the opportunity to get together to
discuss this any further but understand that you need to move forward. Taking a quick look at
what's on the Google drive, it appears you received the tracked changes/comments that I sent
from Marty, and then our other comments were in the body of my email. Have those already
been incorporated, such that we should take another look now? 

On Wed, Oct 18, 2017 at 10:11 AM, Anna Munoz (via Google Docs) <drive-shares-
noreply@google.com> wrote:

anna_munoz@fws.gov has sent a message regarding the following document:

Canada Lynx 5-year Review Communications
Strategy.docx

Hi All,

I need to try to get this finalized ASAP and will be pulling all of the documents
off of this google drive for completion. If you have comments that have not
already been submitted, please email them to me.

Thanks,
Anna

Google Docs: Create and edit documents online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a document with you from Google

Docs.

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386
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Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Oct 18 2017 10:46:04 GMT-0600 (MDT)
To: "Munoz, Anna" <anna_munoz@fws.gov>
Subject: Re: Canada Lynx 5-year Review Communications Strategy.docx

Got it - thanks for that context. We will stand by! 

On Wed, Oct 18, 2017 at 12:43 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
I'm currently trying to wade through comments from 6 people.  This is why I sent the message
that I was pulling the documents off of the google drive because I need to wrangle all of this
into some sort of coherent revision.  When I have a revision that reflects the comments and
given that some of them don't line up, my decision on how I think we should proceed, I will get
everyone a revised copy.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Oct 18, 2017 at 10:40 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thanks Anna, with the tragedy up in Maine we have not had the opportunity to get together
to discuss this any further but understand that you need to move forward. Taking a quick
look at what's on the Google drive, it appears you received the tracked changes/comments
that I sent from Marty, and then our other comments were in the body of my email. Have
those already been incorporated, such that we should take another look now? 

On Wed, Oct 18, 2017 at 10:11 AM, Anna Munoz (via Google Docs) <drive-shares-
noreply@google.com> wrote:
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anna_munoz@fws.gov has sent a message regarding the following document:

Canada Lynx 5-year Review Communications
Strategy.docx

Hi All,

I need to try to get this finalized ASAP and will be pulling all of the
documents off of this google drive for completion. If you have comments
that have not already been submitted, please email them to me.

Thanks,
Anna

Google Docs: Create and edit documents online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a document with you from

Google Docs.

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
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Sent: Wed Oct 18 2017 10:46:39 GMT-0600 (MDT)
To: "Hastie, Kyla" <kyla_hastie@fws.gov>
Subject: Fwd: Canada Lynx 5-year Review Communications Strategy.docx

Just FYI - 

---------- Forwarded message ----------
From: Racey, Meagan <meagan_racey@fws.gov>
Date: Wed, Oct 18, 2017 at 12:46 PM
Subject: Re: Canada Lynx 5-year Review Communications Strategy.docx
To: "Munoz, Anna" <anna_munoz@fws.gov>

Got it - thanks for that context. We will stand by! 

On Wed, Oct 18, 2017 at 12:43 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
I'm currently trying to wade through comments from 6 people.  This is why I sent the message
that I was pulling the documents off of the google drive because I need to wrangle all of this
into some sort of coherent revision.  When I have a revision that reflects the comments and
given that some of them don't line up, my decision on how I think we should proceed, I will get
everyone a revised copy.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Oct 18, 2017 at 10:40 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thanks Anna, with the tragedy up in Maine we have not had the opportunity to get together
to discuss this any further but understand that you need to move forward. Taking a quick
look at what's on the Google drive, it appears you received the tracked changes/comments
that I sent from Marty, and then our other comments were in the body of my email. Have
those already been incorporated, such that we should take another look now? 

On Wed, Oct 18, 2017 at 10:11 AM, Anna Munoz (via Google Docs) <drive-shares-
noreply@google.com> wrote:

mailto:meagan_racey@fws.gov
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anna_munoz@fws.gov has sent a message regarding the following document:

Canada Lynx 5-year Review Communications
Strategy.docx

Hi All,

I need to try to get this finalized ASAP and will be pulling all of the
documents off of this google drive for completion. If you have comments
that have not already been submitted, please email them to me.

Thanks,
Anna

Google Docs: Create and edit documents online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a document with you from

Google Docs.

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region

mailto:anna_munoz@fws.gov
https://docs.google.com/a/doi.gov/document/d/1nuPL97I9D38XOZ8LYs8_VELrGR1zpzi2EnFMn1YF-3k/edit?usp=sharing
https://maps.google.com/?q=1600+Amphitheatre+Parkway,+Mountain+View,+CA+94043,+USA&entry=gmail&source=g
https://drive.google.com/
http://usfwsnortheast.wordpress.com/
http://usfwsnortheast.wordpress.com/


(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Munoz, Anna" <anna_munoz@fws.gov>

From: "Munoz, Anna" <anna_munoz@fws.gov>
Sent: Wed Oct 18 2017 13:11:32 GMT-0600 (MDT)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: Canada Lynx 5-year Review Communications Strategy.docx

I noticed in the comments that I think you made (I have two versions from R5, is that correct?)
that you listed a Story map as one of the communication tools.  Is that something you all are
developing?

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Oct 18, 2017 at 10:46 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Got it - thanks for that context. We will stand by! 

On Wed, Oct 18, 2017 at 12:43 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
I'm currently trying to wade through comments from 6 people.  This is why I sent the
message that I was pulling the documents off of the google drive because I need to wrangle
all of this into some sort of coherent revision.  When I have a revision that reflects the
comments and given that some of them don't line up, my decision on how I think we should
proceed, I will get everyone a revised copy.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Oct 18, 2017 at 10:40 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thanks Anna, with the tragedy up in Maine we have not had the opportunity to get
together to discuss this any further but understand that you need to move forward. Taking
a quick look at what's on the Google drive, it appears you received the tracked
changes/comments that I sent from Marty, and then our other comments were in the
body of my email. Have those already been incorporated, such that we should take
another look now? 

On Wed, Oct 18, 2017 at 10:11 AM, Anna Munoz (via Google Docs) <drive-shares-
noreply@google.com> wrote:

http://usfwsnortheast.wordpress.com/
mailto:meagan_racey@fws.gov
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mailto:meagan_racey@fws.gov
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anna_munoz@fws.gov has sent a message regarding the following document:

Canada Lynx 5-year Review Communications
Strategy.docx

Hi All,

I need to try to get this finalized ASAP and will be pulling all of the
documents off of this google drive for completion. If you have comments
that have not already been submitted, please email them to me.

Thanks,
Anna

Google Docs: Create and edit documents online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a document with you from

Google Docs.

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>
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From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Oct 18 2017 13:33:54 GMT-0600 (MDT)
To: "Munoz, Anna" <anna_munoz@fws.gov>
Subject: Re: Canada Lynx 5-year Review Communications Strategy.docx

I think I saw that in feedback from R3 - love the idea, though, of telling stories across the
species' range. We could definitely pitch in from R5 or help lead an effort to collect those in a
unified tool like arcgis or something else. 

On Wed, Oct 18, 2017 at 3:11 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
I noticed in the comments that I think you made (I have two versions from R5, is that correct?)
that you listed a Story map as one of the communication tools.  Is that something you all are
developing?

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Oct 18, 2017 at 10:46 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Got it - thanks for that context. We will stand by! 

On Wed, Oct 18, 2017 at 12:43 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
I'm currently trying to wade through comments from 6 people.  This is why I sent the
message that I was pulling the documents off of the google drive because I need to
wrangle all of this into some sort of coherent revision.  When I have a revision that
reflects the comments and given that some of them don't line up, my decision on how I
think we should proceed, I will get everyone a revised copy.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Oct 18, 2017 at 10:40 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thanks Anna, with the tragedy up in Maine we have not had the opportunity to get
together to discuss this any further but understand that you need to move forward.
Taking a quick look at what's on the Google drive, it appears you received the tracked
changes/comments that I sent from Marty, and then our other comments were in the
body of my email. Have those already been incorporated, such that we should take
another look now? 

On Wed, Oct 18, 2017 at 10:11 AM, Anna Munoz (via Google Docs) <drive-shares-
noreply@google.com> wrote:
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anna_munoz@fws.gov has sent a message regarding the following
document:

Canada Lynx 5-year Review Communications
Strategy.docx

Hi All,

I need to try to get this finalized ASAP and will be pulling all of the
documents off of this google drive for completion. If you have
comments that have not already been submitted, please email them to
me.

Thanks,
Anna

Google Docs: Create and edit documents online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a document with you

from Google Docs.

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
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Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Munoz, Anna" <anna_munoz@fws.gov>

From: "Munoz, Anna" <anna_munoz@fws.gov>
Sent: Wed Oct 18 2017 15:42:05 GMT-0600 (MDT)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: Canada Lynx 5-year Review Communications Strategy.docx

Okay.  Let me reach out to R3.  Although it's a great idea, I'm not sure it's something we can pull
together with the time that we have.  Do you have a minute to chat tomorrow morning.  I want to
run something by you related to this comms package.

Thanks,
Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Oct 18, 2017 at 1:33 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
I think I saw that in feedback from R3 - love the idea, though, of telling stories across the
species' range. We could definitely pitch in from R5 or help lead an effort to collect those in a
unified tool like arcgis or something else. 

On Wed, Oct 18, 2017 at 3:11 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
I noticed in the comments that I think you made (I have two versions from R5, is that
correct?) that you listed a Story map as one of the communication tools.  Is that something
you all are developing?

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Oct 18, 2017 at 10:46 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Got it - thanks for that context. We will stand by! 

On Wed, Oct 18, 2017 at 12:43 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
I'm currently trying to wade through comments from 6 people.  This is why I sent the
message that I was pulling the documents off of the google drive because I need to
wrangle all of this into some sort of coherent revision.  When I have a revision that
reflects the comments and given that some of them don't line up, my decision on how I

http://usfwsnortheast.wordpress.com/
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think we should proceed, I will get everyone a revised copy.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Oct 18, 2017 at 10:40 AM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Thanks Anna, with the tragedy up in Maine we have not had the opportunity to get
together to discuss this any further but understand that you need to move forward.
Taking a quick look at what's on the Google drive, it appears you received the
tracked changes/comments that I sent from Marty, and then our other comments
were in the body of my email. Have those already been incorporated, such that we
should take another look now? 

On Wed, Oct 18, 2017 at 10:11 AM, Anna Munoz (via Google Docs) <drive-shares-
noreply@google.com> wrote:

anna_munoz@fws.gov has sent a message regarding the following
document:

Canada Lynx 5-year Review Communications
Strategy.docx

Hi All,

I need to try to get this finalized ASAP and will be pulling all of the
documents off of this google drive for completion. If you have
comments that have not already been submitted, please email them
to me.

Thanks,
Anna

Google Docs: Create and edit documents online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a document with you

from Google Docs.

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386
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Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Thu Oct 19 2017 10:42:48 GMT-0600 (MDT)
To: "Munoz, Anna" <anna_munoz@fws.gov>
Subject: Re: Canada Lynx 5-year Review Communications Strategy.docx

Hey Anna, So sorry that I'm just seeing this. I suppose it's sort of still morning there at least :) I
am available if you want to give me a shout, or let me know when to call you. I don't know if Kyla
got back to you about EA staffing -- we're tight with Tylar Greene out on detail in Fort Collins. If
you're still in need when she's back in December I'd love to try to make something work. 

Meagan

On Wed, Oct 18, 2017 at 5:42 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
Okay.  Let me reach out to R3.  Although it's a great idea, I'm not sure it's something we can
pull together with the time that we have.  Do you have a minute to chat tomorrow morning.  I
want to run something by you related to this comms package.

Thanks,
Anna

Anna Muñoz
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Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Oct 18, 2017 at 1:33 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
I think I saw that in feedback from R3 - love the idea, though, of telling stories across the
species' range. We could definitely pitch in from R5 or help lead an effort to collect those in
a unified tool like arcgis or something else. 

On Wed, Oct 18, 2017 at 3:11 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
I noticed in the comments that I think you made (I have two versions from R5, is that
correct?) that you listed a Story map as one of the communication tools.  Is that
something you all are developing?

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Oct 18, 2017 at 10:46 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Got it - thanks for that context. We will stand by! 

On Wed, Oct 18, 2017 at 12:43 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
I'm currently trying to wade through comments from 6 people.  This is why I sent the
message that I was pulling the documents off of the google drive because I need to
wrangle all of this into some sort of coherent revision.  When I have a revision that
reflects the comments and given that some of them don't line up, my decision on
how I think we should proceed, I will get everyone a revised copy.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Oct 18, 2017 at 10:40 AM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Thanks Anna, with the tragedy up in Maine we have not had the opportunity to get
together to discuss this any further but understand that you need to move forward.
Taking a quick look at what's on the Google drive, it appears you received the
tracked changes/comments that I sent from Marty, and then our other comments
were in the body of my email. Have those already been incorporated, such that we
should take another look now? 

On Wed, Oct 18, 2017 at 10:11 AM, Anna Munoz (via Google Docs) <drive-
shares-noreply@google.com> wrote:
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anna_munoz@fws.gov has sent a message regarding the following
document:

Canada Lynx 5-year Review Communications
Strategy.docx

Hi All,

I need to try to get this finalized ASAP and will be pulling all of the
documents off of this google drive for completion. If you have
comments that have not already been submitted, please email
them to me.

Thanks,
Anna

Google Docs: Create and edit documents online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a document with

you from Google Docs.

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
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Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Munoz, Anna" <anna_munoz@fws.gov>

From: "Munoz, Anna" <anna_munoz@fws.gov>
Sent: Thu Oct 19 2017 11:33:11 GMT-0600 (MDT)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: Canada Lynx 5-year Review Communications Strategy.docx

Thanks, Meagan.  I never heard from Kyla but completely understand.  I'm on the ARD call right
now but will try to give you a call after lunch.

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Thu, Oct 19, 2017 at 10:42 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hey Anna, So sorry that I'm just seeing this. I suppose it's sort of still morning there at least :)
I am available if you want to give me a shout, or let me know when to call you. I don't know if
Kyla got back to you about EA staffing -- we're tight with Tylar Greene out on detail in Fort
Collins. If you're still in need when she's back in December I'd love to try to make something
work. 

Meagan

On Wed, Oct 18, 2017 at 5:42 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
Okay.  Let me reach out to R3.  Although it's a great idea, I'm not sure it's something we
can pull together with the time that we have.  Do you have a minute to chat tomorrow
morning.  I want to run something by you related to this comms package.

Thanks,
Anna

http://usfwsnortheast.wordpress.com/
http://usfwsnortheast.wordpress.com/
mailto:meagan_racey@fws.gov
mailto:anna_munoz@fws.gov


Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Oct 18, 2017 at 1:33 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
I think I saw that in feedback from R3 - love the idea, though, of telling stories across the
species' range. We could definitely pitch in from R5 or help lead an effort to collect those
in a unified tool like arcgis or something else. 

On Wed, Oct 18, 2017 at 3:11 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
I noticed in the comments that I think you made (I have two versions from R5, is that
correct?) that you listed a Story map as one of the communication tools.  Is that
something you all are developing?

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Oct 18, 2017 at 10:46 AM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Got it - thanks for that context. We will stand by! 

On Wed, Oct 18, 2017 at 12:43 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
I'm currently trying to wade through comments from 6 people.  This is why I sent
the message that I was pulling the documents off of the google drive because I
need to wrangle all of this into some sort of coherent revision.  When I have a
revision that reflects the comments and given that some of them don't line up, my
decision on how I think we should proceed, I will get everyone a revised copy.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Wed, Oct 18, 2017 at 10:40 AM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Thanks Anna, with the tragedy up in Maine we have not had the opportunity to
get together to discuss this any further but understand that you need to move
forward. Taking a quick look at what's on the Google drive, it appears you
received the tracked changes/comments that I sent from Marty, and then our
other comments were in the body of my email. Have those already been
incorporated, such that we should take another look now? 

On Wed, Oct 18, 2017 at 10:11 AM, Anna Munoz (via Google Docs) <drive-
shares-noreply@google.com> wrote:

mailto:meagan_racey@fws.gov
mailto:anna_munoz@fws.gov
mailto:meagan_racey@fws.gov
mailto:anna_munoz@fws.gov
mailto:meagan_racey@fws.gov
mailto:drive-shares-noreply@google.com


anna_munoz@fws.gov has sent a message regarding the following
document:

Canada Lynx 5-year Review Communications
Strategy.docx

Hi All,

I need to try to get this finalized ASAP and will be pulling all of
the documents off of this google drive for completion. If you
have comments that have not already been submitted, please
email them to me.

Thanks,
Anna

Google Docs: Create and edit documents online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043,

USA

You have received this email because someone shared a document

with you from Google Docs.

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

mailto:anna_munoz@fws.gov
https://docs.google.com/a/doi.gov/document/d/1nuPL97I9D38XOZ8LYs8_VELrGR1zpzi2EnFMn1YF-3k/edit?usp=sharing
https://maps.google.com/?q=1600+Amphitheatre+Parkway,+Mountain+View,+CA+94043,+USA&entry=gmail&source=g
https://drive.google.com/
http://usfwsnortheast.wordpress.com/
http://usfwsnortheast.wordpress.com/


-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

http://usfwsnortheast.wordpress.com/
http://usfwsnortheast.wordpress.com/


From: Zelenak, Jim
To: Anna Munoz
Cc: Jodi Bush; Justin Shoemaker
Subject: Re: Canada Lynx 5-year Review Communications Strategy.docx
Date: Wednesday, October 18, 2017 8:15:07 AM

Thanks Anna.

Please let me know if you have questions or concerns regarding any of my recommendations, and let me know if
there's anything I can do to help.

Jim

On Wed, Oct 18, 2017 at 8:11 AM, Anna Munoz (via Google Docs) <drive-shares-
noreply@google.com> wrote:

anna_munoz@fws.gov has sent a message regarding the following
document:

Canada Lynx 5-year Review Communications
Strategy.docx

Hi All,

I need to try to get this finalized ASAP and will be pulling all of the
documents off of this google drive for completion. If you have
comments that have not already been submitted, please email them
to me.

Thanks,
Anna

Google Docs: Create and edit documents online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a document with you

from Google Docs.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1

mailto:jim_zelenak@fws.gov
mailto:anna_munoz@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:drive-shares-noreply@google.com
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mailto:anna_munoz@fws.gov
https://docs.google.com/a/doi.gov/document/d/1nuPL97I9D38XOZ8LYs8_VELrGR1zpzi2EnFMn1YF-3k/edit?usp=sharing
https://docs.google.com/a/doi.gov/document/d/1nuPL97I9D38XOZ8LYs8_VELrGR1zpzi2EnFMn1YF-3k/edit?usp=sharing
https://maps.google.com/?q=1600+Amphitheatre+Parkway,+Mountain+View,+CA+94043,+USA&entry=gmail&source=g
https://drive.google.com/


Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Anna Munoz
Cc: Robert Segin; Mogadam, Roya; Craig Hansen; Meagan Racey; jason_holm@fws.gov; Charles Traxler; Jim

Zelenak; Justin Shoemaker; Marjorie Nelson
Subject: Re: Canada Lynx 5-year Review Communications Strategy.docx
Date: Wednesday, October 18, 2017 9:53:16 AM

I have reviewed the comments in the communication plan and NR by Jim and support them.
JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Oct 18, 2017 at 8:11 AM, Anna Munoz (via Google Docs) <drive-shares-
noreply@google.com> wrote:

anna_munoz@fws.gov has sent a message regarding the following
document:

Canada Lynx 5-year Review Communications
Strategy.docx

Hi All,

I need to try to get this finalized ASAP and will be pulling all of the
documents off of this google drive for completion. If you have
comments that have not already been submitted, please email them
to me.

Thanks,
Anna

Google Docs: Create and edit documents online. 

Google Inc. 1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

You have received this email because someone shared a document with you

from Google Docs.
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From: Zelenak, Jim
To: Jodi Bush; Justin Shoemaker
Subject: Lynx General
Date: Monday, October 23, 2017 12:44:04 PM

My understanding is that R6 RSOL is reviewing the Final SSA Report and that we (I) will need to address
comments/ concerns/ edits if they have any, and that could require changes/additions to the report. Is that correct?

If so, any changes would have to be made before the 5-year review could be announced and made public, right?

I ask because I'm in the office this week until 2:30 Mountain Time on Wednesday, then on leave and back in the
office next Wed., Nov. 1.

Please let me know what, if anything, I can do over next few days to be most helpful.

Also, we have our monthly State/Federal Lynx coordination call this Wednesday at 1PM Mountain Time - any
thoughts on whether we should hold that and, if so, what we can share?

Thanks.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov


From: Mogadam, Roya
To: Strickland, Jennifer
Cc: Anna Munoz
Subject: Re: All the Lynx outreach materials
Date: Monday, October 23, 2017 1:48:23 PM

Thanks Jen-

Anna do these include your edits other than the ones we discussed today?

-Roya

On Mon, Oct 23, 2017 at 1:40 PM, Strickland, Jennifer <jennifer_strickland@fws.gov> wrote:
Hey Roya,

I worked on Lynx on Thursday and Friday, and Anna said you will be taking it over. I've
placed all the latest materials here: 

I:\ES\Canada Lynx\2017 5-Year Review\

All the previous versions are in the folder called "previous versions" (lol!) and what you see
in the main folder is the current version of the release, outreach plan, q&a, the 5-year review
itself and the species status assessment. The outreach incorporated the feedback we received
from the other regions, but my edits have not yet been reviewed.

Thanks,

Jen

-- 
Jennifer Strickland
Sagebrush Communications
U.S. Fish and Wildlife Service, Mountain-Prairie Region
(o) 303-236-4574
(c) 720-595-4815
https://www.linkedin.com/in/jenmstrick/

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:roya_mogadam@fws.gov
mailto:jennifer_strickland@fws.gov
mailto:anna_munoz@fws.gov
mailto:jennifer_strickland@fws.gov
https://www.linkedin.com/in/jenmstrick/
mailto:Roya_Mogadam@fws.gov


From: Mogadam, Roya
To: Robert Segin
Subject: Lynx Outreach
Date: Tuesday, October 24, 2017 9:44:10 AM

Morning Steve-

I caught up with Anna yesterday on a few things including lynx. 

Jen and Anna worked on the package (Location -- I:\ES\Canada Lynx\2017 5-Year Review) 
and there are a few more edits that need to be made:

1) We need to add a talking point on this announcement being a recommendation not a
delisting or part of the delisting process with a brief overview of the delisting process.
2) The comms plan needs revisions:

In the implementation timeline: Tribal, congressional, and state agency
notifications should be broken out and assigned to different individuals
In the implementation timeline and contacts: The Directors for the Bureaus do not
need to be notified, since this is a regional announcement and a 5-year review we
do not need to elevate
The timeline will also need to be updated but I would ask Justin/Marj for their
help with that, this one has a pretty specific timeline.
I made a few more edits as did Anna and Jen in track changes.

Since there were significant changes, we need to get this back to the program and regions. I
would recommend, to speed up the process (so we can have completed surname by Monday):

1. To sit down/conference with Marj and Justin today (versus giving them full access to
edit) to nail down timeline and make sure they are comfortable with all of our revisions
to all the materials

2. Once that is complete either today or tomorrow, set up a call with the 3 other Regional
PAOs to go over the new changes and any questions about the new materials. I would
give them a copy to review for that discussion but not to make major edits to.

3. Then either Wednesday/Thursday this will go into formal surname to be completed by
Monday at the latest.

Thanks!
-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:roya_mogadam@fws.gov
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INFORMATION MEMORANDUM FOR THE DEPUTY ASSISTANT 
SECRETARY 

 

DATE: July 5, 2017 
 
FROM: Noreen Walsh, Regional Director, Mountain-Prairie Region, 303-236-7920 
 
SUBJECT: Status Review for the Canada Lynx Distinct Population Segment 
 
 
I. STATEMENT OF PURPOSE 
 
This memorandum provides an update on the status of the contiguous United States distinct 
population segment (DPS) of the Canada lynx. 
 
II. BACKGROUND 

 
The Service identified Canada lynx in the contiguous U.S. as a DPS and listed it as threatened 
under the Endangered Species Act (Act) in 2000 due to the inadequacy, at that time, of 
regulatory mechanisms on Federal (Forest Service and BLM) lands.  In 2014, the Montana 
District Court ordered the Service to complete a final recovery plan for the DPS by January, 
2018, unless we determine that the DPS no longer warrants listing under the Act. 
 
III. DISCUSSION 
 
Since listing, all relevant USFS and BLM units have formally amended management plans or 
implemented conservation agreements to conserve lynx habitats.  Climate warming is projected 
to reduce the future amount and distribution of lynx habitat in the contiguous U.S. and has been 
identified as the stressor most likely to influence the long-term persistence of DPS populations. 
 
IV. NEXT STEPS 
 

• The Service has coordinated closely with the wildlife and natural resources agencies of 
the 15 states within the DPS range and with Federal and Tribal partners and recognized 
lynx experts to complete a Species Status Assessment (SSA) for the lynx DPS. 

• We are finalizing the SSA based on peer review and State/Federal agency comments. 
• The final SSA will provide the scientific basis for a statutorily-required 5-year status 

review to determine whether the DPS continues to warrant protection under the Act. 
• If so, the Service will use the SSA to develop a recovery plan for the DPS. 
• If not, we will use the SSA to support a recommendation and subsequent rulemaking to 

delist the DPS. 
• We will complete the 5-year review and announce our recommendation this summer. 

 
V. ATTACHMENTS – N/A 



INFORMATION MEMORANDUM FOR THE SECRETARY 

 

DATE: March 10, 2017 
 
FROM: Jim Kurth, Acting Director, U.S. Fish and Wildlife Service 
 
CC:  Gary Frazer, Assistant Director, Ecological Services 

Noreen Walsh, Regional Director, Region 6 
 

SUBJECT: Status Review for the Canada Lynx Distinct Population Segment 
 
I. STATEMENT OF PURPOSE 
 
This memorandum provides an update to the Secretary on the current status of and related issues 
regarding the contiguous United States distinct population segment of the Canada lynx. 
 
II. BACKGROUND 
 
The Service identified Canada lynx (Lynx canadensis) in the contiguous United States as a 
distinct population segment (DPS) and listed the DPS as threatened under the Endangered 
Species Act (Act) in 2000.  The threat to the DPS was identified as the inadequacy, at that time, 
of existing regulatory mechanisms on Federal lands, particularly those administered by the 
Bureau of Land Management (BLM; DOI) and the U.S. Forest Service (USFS; USDA).  The 
Service developed a Recovery Outline for the DPS in 2005, designated critical habitat in 2006, 
and revised the critical habitat designation in 2009 and again in 2014, the latter in response to 
court orders from the U.S. District Courts in Montana and Wyoming.  In 2014, the Montana 
District Court ordered the Service to complete a final recovery plan for the DPS by January, 
2018, unless we determine that the DPS no longer warrants listing under the Act (i.e., it is 
already recovered).  In 2016, the same court remanded the 2014 critical habitat designation to the 
Service for further consideration regarding Colorado and several National Forests in Idaho and 
Montana but did not specify a deadline for revising critical habitat.    
 
III. DISCUSSION 
 
The lynx is a boreal species that occurs primarily in Canada and Alaska and whose range largely 
overlaps that of its primary prey species, the snowshoe hare (Lepus americanus).  In the north, 
both hares and lynx undergo dramatic and well documented 10-year population cycles, which 
resulted historically in large numbers of lynx dispersing from Canada into the northern 
contiguous states intermittently when hare populations in Canada declined.  These roughly 
decadal events, referred to as “irruptions,” resulted in lynx records in 24 states, including many 
areas lacking habitat capable of supporting lynx over time.  The southern edges of the ranges of 
lynx, snowshoe hares, and boreal forest extend into the northern contiguous United States, which 
includes about 2 percent of the lynx’s breeding distribution.  Along this southern margin of the 
species’ range, habitats become naturally patchy as boreal forests transition to temperate forest 
types and snow conditions become less favorable for both hares and lynx.  In this part of the 



range, some places support persistent resident lynx populations, while others support resident 
lynx only ephemerally, and yet others support only dispersing lynx temporarily during and for 
short periods after irruptions.  In the contiguous United States, resident lynx populations occur in 
northern Maine, northeastern Minnesota, northwestern Montana, and north-central Washington, 
and an introduced population of lynx currently occurs in western Colorado, where 218 Canadian 
and Alaskan lynx were released in 1999-2006.  Small resident populations may also have 
occurred historically in northern New Hampshire, northern Michigan, northern Idaho/ 
northeastern Washington, and the Greater Yellowstone Area of southwestern Montana and 
northwestern Wyoming. 
 
Since the DPS was listed, nearly all BLM and USFS units within the lynx range have formally 
amended management plans or adopted conservation agreements with the Service to implement 
specific science-based conservation measures for lynx and hare habitats and populations.  Such 
commitments are lacking on private lands in some parts of the DPS range, particularly Maine 
and Minnesota.  Also since listing, projected continued climate warming has been identified as a 
factor that ultimately will diminish the amount and extent of suitable lynx habitat in the 
contiguous U.S. and as the threat that is most likely to influence the continued persistence of 
DPS lynx populations in the long term. 
 
IV. NEXT STEPS 
 

• To address the outstanding court orders described above, the Service completed a draft 
Species Status Assessment (SSA) for the lynx DPS and we are in the process of finalizing 
it based on peer reviews and comments from State and Federal partners. 

• The final SSA report will provide the scientific basis for a statutorily-required five-year 
status review to determine whether lynx in the Lower 48 States continue to warrant 
protection under the Act. 

• If so, the Service will also rely on the final SSA report to comply with court orders 
regarding development of a recovery plan for the DPS and a revised designation of 
critical habitat. 

• If not, the Service will rely on the SSA to support a recommendation and subsequent 
rulemaking to delist the DPS.  

 
V. ATTACHMENTS 
 
N/A 



From: Zelenak, Jim
To: Jodi Bush
Subject: Recent lynx briefing memos
Date: Tuesday, October 24, 2017 10:12:30 AM
Attachments: 2017 03 06 DRAFT Lynx INFO MEMO FOR THE SECRETARY.docx

2017 06 29 DRAFT LYNX INFO MEMO FOR THE DEPUTY ASSISTANT SECRETARY_20170227 V2.docx

A 2-pager from March and a 1-pager from July - attached.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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INFORMATION MEMORANDUM FOR THE DIRECTOR 
 
DATE:   October 18, 2017 
 
FROM: Noreen Walsh, Regional Director, Mountain-Prairie Region, 303-236-7920 
 
SUBJECT: 5 Year Status Review for the Canada Lynx 
 
The Mountain-Prairie Region intends to announce the 5-year review recommendation for the 
contiguous United States Distinct Population Segment (DPS) of Canada lynx (Lynx canadensis).  
The Canada lynx DPS is currently federally listed as threatened and critical habitat has been 
designated under the Endangered Species Act of 1973, as amended.  
 
BACKGROUND 
 
On May 8, 2014, the United States District Court for the District of Montana ordered the U.S. 
Fish and Wildlife Service (Service) to complete recovery planning for the Canada lynx DPS.  On 
June 25, 2014, the same court ordered the Service to complete a recovery plan by January 15, 
2018 “…unless the Service finds that such a plan will not promote the conservation of the 
[lynx]” (i.e., the DPS is recovered or no longer warrants Endangered Species Act protections).  
We completed a Species Status Assessment (SSA) report to inform the 5-year review.   
 
DISCUSSION 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service and the Bureau of Land Management, via formally amended or revised management 
plans or conservation agreements with the Service, have substantially addressed the conservation 
of lynx habitats and populations or snowshoe hare habitat in light of potential threats considered 
at the time of listing.  Going forward, the effect of climate change on lynx and their habitat is the 
main stressor with the potential for DPS level impacts.  After considering the effects of climate 
change, the SSA report concludes that resident lynx populations are very likely to persist in all 5 
units that currently support them (Northern Maine, Northeastern Minnesota, Northwestern 
Montana/Northeastern Idaho, North-central Washington, and Colorado) in the near-term (2025) 
and likely to persist in those 5 units at mid-century (2050).  Therefore, we conclude that the risk 
of extinction (extirpation of the DPS) by 2050 is low, such that the lynx DPS is not likely to 
become endangered throughout all of its range within the foreseeable future and, therefore, does 
not meet the definition of a threatened species. 
 
NEXT STEPS 
Announce the 5-year review recommendation and make it publically available along with the 
supporting Canada Lynx SSA Report, following the communications plan and materials drafted 
by External Affairs.  Proceed with a proposed delisting rule.  



From: Nelson, Marjorie
To: Jodi Bush
Subject: Fwd: Lynx memo for Director
Date: Tuesday, October 24, 2017 11:19:06 AM
Attachments: Canada lynx 5 yr review_Briefing Memo for Director_101820107.doc

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Wed, Oct 18, 2017 at 1:08 PM
Subject: Lynx memo for Director
To: Marjorie Nelson <marjorie_nelson@fws.gov>

Here's what I've got.  It's in an older format.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
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NOTE TO REVIEWER (NTR) 
 
DATE SUBMITTED:  October 24, 2017 
 
PREPARED BY:  Jodi Bush, Office Supervisor, MTESO for Mike Thabault   
 
SUBJECT:  CANADA LYNX 5-YEAR REVIEW AND SPECIES STATUS ASSESSMENT 
 
CRITICAL DATES (if any):  NOVEMBER 3, 2017 
 
DESCRIPTION/MAIN MESSAGE:   

• THIS RESPONDS TO A REQUEST FROM GARY FRAZER, ASSISTANT DIRECTOR, ECOLOGICAL SERVICES 
(HQ) FOR A BRIEFING ON THE CANADA LYNX 5-YEAR REVIEW AND SPECIES STATUS ASSESSMENT (SSA) 
REPORT.  

• THE MOUNTAIN-PRAIRIE REGION INTENDS TO ANNOUNCE THE 5-YEAR REVIEW RECOMMENDATION FOR 
THE CONTIGUOUS UNITED STATES DISTINCT POPULATION SEGMENT (DPS) OF CANADA LYNX (LYNX 
CANADENSIS) BY NOVEMBER 3, 2017.  

• THE 5-YEAR REVIEW WILL BE SIGNED AT THE REGIONAL DIRECTOR LEVEL WITH CONCURRENCE FROM 
ALL AFFECTED REGIONS.  

• ON MAY 8, 2014, THE UNITED STATES DISTRICT COURT FOR THE DISTRICT OF MONTANA ORDERED 
THE SERVICE TO COMPLETE RECOVERY PLANNING FOR THE CANADA LYNX DPS BY JANUARY 15, 2018 
“…UNLESS THE SERVICE FINDS THAT SUCH A PLAN WILL NOT PROMOTE THE CONSERVATION OF THE 
[LYNX].  THE 5-YEAR REVIEW AND SSA REPORT RESPONDS TO THIS ORDER.   

• BOTH COURTS INVOLVED IN LYNX ISSUES (RECOVERY AND CRITICAL HABITAT) WILL BE NOTIFIED 
PRECEDING THE PUBLIC NOTIFICATION ON NOVEMBER 3, 2017.   

• A NEWS RELEASE AND COMMUNICATION PLAN TO REACH OUT TO STATE, TRIBAL AND FEDERAL 
PARTNERS WILL PRECEDE THE NOTIFICATION ON NOVEMBER 3, 2017.  

• THE SERVICE INTENDS TO ANNOUNCE THAT MEASURES AND  MANAGEMENT ADOPTED BY THE U. S. 
FOREST SERVICE AND THE BUREAU OF LAND MANAGEMENT HAVE SUBSTANTIALLY ADDRESSED THE 
CONSERVATION OF LYNX IN LIGHT OF POTENTIAL THREATS CONSIDERED AT THE TIME OF LISTING 

• AFTER CONSIDERING THE EFFECTS OF CLIMATE CHANGE, THE SSA REPORT CONCLUDES THAT 
RESIDENT LYNX POPULATIONS ARE VERY LIKELY TO PERSIST IN ALL 5 UNITS THAT CURRENTLY SUPPORT 
THEM (NORTHERN MAINE, NORTHEASTERN MINNESOTA, NORTHWESTERN MONTANA/NORTHEASTERN 
IDAHO, NORTH-CENTRAL WASHINGTON, AND COLORADO) IN THE NEAR-TERM (2025) AND LIKELY TO 
PERSIST IN THOSE 5 UNITS AT MID-CENTURY, THE FORESEEABLE FUTURE (2050). 

• OUR CONCLUSION IS THAT THE RISK OF EXTINCTION BY 2050 IS LOW, SUCH THAT THE LYNX DPS IS NOT 
LIKELY TO BECOME ENDANGERED THROUGHOUT ALL OF ITS RANGE WITHIN THE FORESEEABLE FUTURE 
AND, THEREFORE, DOES NOT MEET THE DEFINITION OF A THREATENED SPECIES. 

• AS A RESULT, IN OUR 5-YEAR REVIEW, WE RECOMMEND THAT THE LYNX DPS BE DELISTED.  
         

 
 



From: Bush, Jodi
To: Nelson, Marjorie
Cc: Jim Zelenak; Justin Shoemaker
Subject: Re: Lynx memo for Director
Date: Tuesday, October 24, 2017 12:10:40 PM
Attachments: 20171024 _Lynx 5YR Rvw and SSA Note to rvw.docx

Here is the note to reviewer.  Feel free to adjust.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Oct 24, 2017 at 11:18 AM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Wed, Oct 18, 2017 at 1:08 PM
Subject: Lynx memo for Director
To: Marjorie Nelson <marjorie_nelson@fws.gov>

Here's what I've got.  It's in an older format.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:jodi_bush@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:justin_shoemaker@fws.gov


INFORMATION MEMORANDUM FOR THE DIRECTOR 
 
DATE:   October 18, 2017 
 
FROM: Noreen Walsh, Regional Director, Mountain-Prairie Region, 303-236-7920 
 
SUBJECT: 5 Year Status Review for the Canada Lynx 
 
The Mountain-Prairie Region intends to announce the 5-year review recommendation for the 
contiguous United States Distinct Population Segment (DPS) of Canada lynx (Lynx canadensis).  
The Canada lynx DPS is currently federally listed as threatened and critical habitat has been 
designated under the Endangered Species Act of 1973, as amended.  
 
BACKGROUND 
 
On May 8, 2014, the United States District Court for the District of Montana ordered the U.S. 
Fish and Wildlife Service (Service) to complete recovery planning for the Canada lynx DPS.  On 
June 25, 2014, the same court ordered the Service to complete a recovery plan by January 15, 
2018 “…unless the Service finds that such a plan will not promote the conservation of the 
[lynx]” (i.e., the DPS is recovered or no longer warrants Endangered Species Act protections).  
We completed a Species Status Assessment (SSA) report to inform the 5-year review.   
 
DISCUSSION 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service and the Bureau of Land Management, via formally amended or revised management 
plans or conservation agreements with the Service, have substantially addressed the conservation 
of lynx habitats and populations or snowshoe hare habitat in light of potential threats considered 
at the time of listing.  Going forward, the effect of climate change on lynx and their habitat is the 
main stressor with the potential for DPS level impacts.  After considering the effects of climate 
change, the SSA report concludes that resident lynx populations are very likely to persist in all 5 
units that currently support them (Northern Maine, Northeastern Minnesota, Northwestern 
Montana/Northeastern Idaho, North-central Washington, and Colorado) in the near-term (2025) 
and likely to persist in those 5 units at mid-century (2050).  Therefore, we conclude that the risk 
of extinction (extirpation of the DPS) by 2050 is low, such that the lynx DPS is not likely to 
become endangered throughout all of its range within the foreseeable future and, therefore, does 
not meet the definition of a threatened species. 
 
NEXT STEPS 
Announce the 5-year review recommendation and make it publically available along with the 
supporting Canada Lynx SSA Report, following the communications plan and materials drafted 
by External Affairs.  Proceed with a proposed delisting rule.  



From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: Lynx memo for Director
Date: Tuesday, October 24, 2017 12:10:51 PM
Attachments: Canada lynx 5 yr review_Briefing Memo for Director_101820107.doc

briefing.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Tue, Oct 24, 2017 at 11:18 AM
Subject: Fwd: Lynx memo for Director
To: Jodi Bush <jodi_bush@fws.gov>

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Wed, Oct 18, 2017 at 1:08 PM
Subject: Lynx memo for Director
To: Marjorie Nelson <marjorie_nelson@fws.gov>

Here's what I've got.  It's in an older format.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
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From: Zelenak, Jim
To: Bush, Jodi
Cc: Nelson, Marjorie; Justin Shoemaker
Subject: Re: Lynx memo for Director
Date: Tuesday, October 24, 2017 12:25:13 PM

Looks fine to me - I have no adjustments.

On Tue, Oct 24, 2017 at 12:10 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Here is the note to reviewer.  Feel free to adjust.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Oct 24, 2017 at 11:18 AM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Wed, Oct 18, 2017 at 1:08 PM
Subject: Lynx memo for Director
To: Marjorie Nelson <marjorie_nelson@fws.gov>

Here's what I've got.  It's in an older format.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:justin_shoemaker@fws.gov
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Conversation Contents
Lynx

Robert Segin <robert_segin@fws.gov>

From: Robert Segin <robert_segin@fws.gov>
Sent: Tue Oct 24 2017 12:47:40 GMT-0600 (MDT)

To:
Meagan Racey <meagan_racey@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Sarah Levy <sarah_levy@fws.gov>,
Charles Traxler <charles_traxler@fws.gov>

CC: Roya Mogadam <roya_mogadam@fws.gov>
Subject: Lynx

Good Afternoon,
 
We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes tomorrow to have
a very brief call to discuss the changes and timeline?
 
Maybe 1:00 MTN time?
 

Also, can you please send me your CODEL lists so I can put them in the Comms plan.
 
Thank You
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

"Parham, Georgia" <georgia_parham@fws.gov>

From: "Parham, Georgia" <georgia_parham@fws.gov>
Sent: Tue Oct 24 2017 12:50:28 GMT-0600 (MDT)
To: Robert Segin <robert_segin@fws.gov>

CC:
Meagan Racey <meagan_racey@fws.gov>, Sarah Levy
<sarah_levy@fws.gov>, Charles Traxler
<charles_traxler@fws.gov>, Roya Mogadam
<roya_mogadam@fws.gov>

Subject: Re: Lynx

Hi Steve,



I can be on at 1 MT. Checking with our Congressional liaison for contact list.

Thanks,
Georgia

Georgia Parham
U.S. Fish and Wildlife Service
Midwest Region External Affairs
620 South Walker Street
Bloomington, IN 47403
812-334-4261 x 203
Cell: 812-593-8501

<<^._.^>>   <<^._.^>>  <<^._.^>> 

On Tue, Oct 24, 2017 at 2:47 PM, Robert Segin <robert_segin@fws.gov> wrote:
Good Afternoon,
 
We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes tomorrow to
have a very brief call to discuss the changes and timeline?
 
Maybe 1:00 MTN time?
 

Also, can you please send me your CODEL lists so I can put them in the Comms plan.
 
Thank You
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

Robert Segin <robert_segin@fws.gov>

From: Robert Segin <robert_segin@fws.gov>
Sent: Tue Oct 24 2017 13:04:10 GMT-0600 (MDT)
To: Georgia Parham <georgia_parham@fws.gov>

CC:
Meagan Racey <meagan_racey@fws.gov>, Sarah Levy
<sarah_levy@fws.gov>, Charles Traxler
<charles_traxler@fws.gov>, Roya Mogadam
<roya_mogadam@fws.gov>

Subject: RE: Lynx

Great….thanks.
 
From: Parham, Georgia [mailto:georgia_parham@fws.gov] 
Sent: Tuesday, October 24, 2017 12:50 PM
To: Robert Segin

mailto:robert_segin@fws.gov
mailto:georgia_parham@fws.gov


Cc: Meagan Racey; Sarah Levy; Charles Traxler; Roya Mogadam
Subject: Re: Lynx
 
Hi Steve,
I can be on at 1 MT. Checking with our Congressional liaison for contact list.
 
Thanks,
Georgia

Georgia Parham
U.S. Fish and Wildlife Service
Midwest Region External Affairs
620 South Walker Street
Bloomington, IN 47403
812-334-4261 x 203
Cell: 812-593-8501
 
<<^._.^>>   <<^._.^>>  <<^._.^>> 
 
On Tue, Oct 24, 2017 at 2:47 PM, Robert Segin <robert_segin@fws.gov> wrote:
Good Afternoon,
 
We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes tomorrow to have
a very brief call to discuss the changes and timeline?
 
Maybe 1:00 MTN time?
 

Also, can you please send me your CODEL lists so I can put them in the Comms plan.
 
Thank You
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 
 

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Tue Oct 24 2017 14:21:17 GMT-0600 (MDT)
To: Robert Segin <robert_segin@fws.gov>
Subject: Re: Lynx

Will do Steve, thanks!

On Tue, Oct 24, 2017 at 2:47 PM, Robert Segin <robert_segin@fws.gov> wrote:
Good Afternoon,
 

mailto:robert_segin@fws.gov
mailto:robert_segin@fws.gov


We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes tomorrow to
have a very brief call to discuss the changes and timeline?
 
Maybe 1:00 MTN time?
 

Also, can you please send me your CODEL lists so I can put them in the Comms plan.
 
Thank You
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Oct 25 2017 12:45:56 GMT-0600 (MDT)
To: Christine Eustis <christine_eustis@fws.gov>
Subject: Fwd: Lynx

Hey Christine! Welcome back! Would you be able to help with this? I assume we'd want to focus
on Maine but include NH and VT which have started to see lynx as a result of expanding
populations.
---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Tue, Oct 24, 2017 at 2:47 PM
Subject: Lynx
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham <georgia_parham@fws.gov>,
Sarah Levy <sarah_levy@fws.gov>, Charles Traxler <charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon,
 
We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes tomorrow to have
a very brief call to discuss the changes and timeline?

http://usfwsnortheast.wordpress.com/
mailto:robert_segin@fws.gov
mailto:meagan_racey@fws.gov
mailto:georgia_parham@fws.gov
mailto:sarah_levy@fws.gov
mailto:charles_traxler@fws.gov
mailto:roya_mogadam@fws.gov


 
Maybe 1:00 MTN time?
 

Also, can you please send me your CODEL lists so I can put them in the Comms plan.
 
Thank You
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Oct 25 2017 12:47:53 GMT-0600 (MDT)

To: "Hastie, Kyla" <kyla_hastie@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>

Subject: Fwd: Lynx

FYI
---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Tue, Oct 24, 2017 at 2:47 PM
Subject: Lynx
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham <georgia_parham@fws.gov>,
Sarah Levy <sarah_levy@fws.gov>, Charles Traxler <charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon,
 
We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes tomorrow to have
a very brief call to discuss the changes and timeline?
 
Maybe 1:00 MTN time?
 

http://usfwsnortheast.wordpress.com/
mailto:robert_segin@fws.gov
mailto:meagan_racey@fws.gov
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mailto:sarah_levy@fws.gov
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Also, can you please send me your CODEL lists so I can put them in the Comms plan.
 
Thank You
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Eustis, Christine" <christine_eustis@fws.gov>

From: "Eustis, Christine" <christine_eustis@fws.gov>
Sent: Wed Oct 25 2017 12:50:46 GMT-0600 (MDT)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: Lynx

Thanks - sure.  I can send Steve our Congressional contacts.
Is it Northern NH only?

On Wed, Oct 25, 2017 at 2:45 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hey Christine! Welcome back! Would you be able to help with this? I assume we'd want to
focus on Maine but include NH and VT which have started to see lynx as a result of
expanding populations.
---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Tue, Oct 24, 2017 at 2:47 PM
Subject: Lynx
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Sarah Levy <sarah_levy@fws.gov>, Charles Traxler
<charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon,
 
We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes tomorrow to
have a very brief call to discuss the changes and timeline?

http://usfwsnortheast.wordpress.com/
mailto:meagan_racey@fws.gov
mailto:robert_segin@fws.gov
mailto:meagan_racey@fws.gov
mailto:georgia_parham@fws.gov
mailto:sarah_levy@fws.gov
mailto:charles_traxler@fws.gov
mailto:roya_mogadam@fws.gov


 
Maybe 1:00 MTN time?
 

Also, can you please send me your CODEL lists so I can put them in the Comms plan.
 
Thank You
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Oct 25 2017 12:52:05 GMT-0600 (MDT)
To: "Eustis, Christine" <christine_eustis@fws.gov>
Subject: Re: Lynx

yes, thanks!

On Wed, Oct 25, 2017 at 2:50 PM, Eustis, Christine <christine_eustis@fws.gov> wrote:
Thanks - sure.  I can send Steve our Congressional contacts.
Is it Northern NH only?

http://usfwsnortheast.wordpress.com/
mailto:christine_eustis@fws.gov
mailto:christine_eustis@fws.gov


On Wed, Oct 25, 2017 at 2:45 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hey Christine! Welcome back! Would you be able to help with this? I assume we'd want to
focus on Maine but include NH and VT which have started to see lynx as a result of
expanding populations.
---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Tue, Oct 24, 2017 at 2:47 PM
Subject: Lynx
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Sarah Levy <sarah_levy@fws.gov>, Charles Traxler
<charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon,
 
We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes tomorrow to
have a very brief call to discuss the changes and timeline?
 
Maybe 1:00 MTN time?
 

Also, can you please send me your CODEL lists so I can put them in the Comms plan.
 
Thank You
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

mailto:meagan_racey@fws.gov
mailto:robert_segin@fws.gov
mailto:meagan_racey@fws.gov
mailto:georgia_parham@fws.gov
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-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Eustis, Christine" <christine_eustis@fws.gov>

From: "Eustis, Christine" <christine_eustis@fws.gov>
Sent: Wed Oct 25 2017 14:47:56 GMT-0600 (MDT)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: Lynx

You can pass long to Steve - 
for lynx - we'll schedule a call to talk with state/district staff for the following members:
Senator Susan Collins (ME)
Senator Angus King (ME)
Cong. Chellie Pingree (ME)
Cong. Bruce Poloquin (ME)
Senator Patrick Leahy (VT)
Senator Bernie Sanders (VT)
Cong. Peter Welch (VT)
Senator Jeanne Shaheen (NH)
Senator Maggie Hassan (NH)
Cong. Ann McLean Kuster (NH)

On Wed, Oct 25, 2017 at 2:45 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hey Christine! Welcome back! Would you be able to help with this? I assume we'd want to
focus on Maine but include NH and VT which have started to see lynx as a result of
expanding populations.
---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Tue, Oct 24, 2017 at 2:47 PM
Subject: Lynx
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Sarah Levy <sarah_levy@fws.gov>, Charles Traxler
<charles_traxler@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Good Afternoon,
 
We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes tomorrow to
have a very brief call to discuss the changes and timeline?
 
Maybe 1:00 MTN time?

http://usfwsnortheast.wordpress.com/
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Also, can you please send me your CODEL lists so I can put them in the Comms plan.
 
Thank You
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

http://usfwsnortheast.wordpress.com/
mailto:christine_eustis@fws.gov


From: Mogadam, Roya
To: Robert Segin
Subject: Fwd: Lynx
Date: Tuesday, October 24, 2017 2:54:45 PM

Shoot, forgot to add Garrett Peterson as a congressional lead for R3
---------- Forwarded message ----------
From: Parham, Georgia <georgia_parham@fws.gov>
Date: Tue, Oct 24, 2017 at 12:50 PM
Subject: Re: Lynx
To: Robert Segin <robert_segin@fws.gov>
Cc: Meagan Racey <meagan_racey@fws.gov>, Sarah Levy <sarah_levy@fws.gov>, Charles
Traxler <charles_traxler@fws.gov>, Roya Mogadam <roya_mogadam@fws.gov>

Hi Steve,
I can be on at 1 MT. Checking with our Congressional liaison for contact list.

Thanks,
Georgia

Georgia Parham
U.S. Fish and Wildlife Service
Midwest Region External Affairs
620 South Walker Street
Bloomington, IN 47403
812-334-4261 x 203
Cell: 812-593-8501

<<^._.^>>   <<^._.^>>  <<^._.^>> 

On Tue, Oct 24, 2017 at 2:47 PM, Robert Segin <robert_segin@fws.gov> wrote:

Good Afternoon,

 

We are finalizing the Canada Lynx Outreach.  I am hoping you all have a few minutes
tomorrow to have a very brief call to discuss the changes and timeline?

 

Maybe 1:00 MTN time?

 

Also, can you please send me your CODEL lists so I can put them in the Comms plan.

 

mailto:roya_mogadam@fws.gov
mailto:robert_segin@fws.gov
mailto:georgia_parham@fws.gov
mailto:robert_segin@fws.gov
mailto:meagan_racey@fws.gov
mailto:sarah_levy@fws.gov
mailto:charles_traxler@fws.gov
mailto:roya_mogadam@fws.gov
https://maps.google.com/?q=620+South+Walker+StreetBloomington,+IN+47403+812&entry=gmail&source=g
https://maps.google.com/?q=620+South+Walker+StreetBloomington,+IN+47403+812&entry=gmail&source=g
https://maps.google.com/?q=620+South+Walker+StreetBloomington,+IN+47403+812&entry=gmail&source=g
mailto:robert_segin@fws.gov


Thank You

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:Roya_Mogadam@fws.gov














From: Bush, Jodi
To: Marjorie Nelson
Subject: mikes declaration on Lynx Rp
Date: Tuesday, October 24, 2017 4:15:52 PM
Attachments: Thabault_lynx_declaration_13-cv-57-DWM.pdf

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:marjorie_nelson@fws.gov


 
 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 

New Scientific Review Recommends Delisting the Canada Lynx 
 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling big cats, is well on 
its way to becoming the next poster child of Endangered Species Act success stories.  
 
Today the U.S. Fish and Wildlife Service (Service) announced the completion of a five-year 
review of the contiguous United States distinct population segment (DPS) of the Canada lynx 
(Lynx canadensis), a species currently listed under the Endangered Species Act as threatened. 
The review concludes that, thanks to the conservation actions of a variety of federal, state, tribal, 
academic and non-governmental partners, the Canada lynx DPS has been successfully conserved 
to the point that the species can be proposed for delisting. 
 
INSERT ENTHUSIASTIC QUOTE APPLAUDING PARTNERS FROM SPECIES LEAD 
 
A cousin of the common bobcat, the Canada lynx is similar in size but can be distinguished by its 
black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, furry 
paws for hunting snowshoe hares in deep snow. The lynx DPS includes groups of the species 
found in northern Maine, northeastern Minnesota, northwestern Montana/northeastern Idaho, 
north-central Washington, the Greater Yellowstone area, and western Colorado. 
  
With the majority of lynx habitat occurring on public lands, especially in the west, the species 
was listed as threatened in 2000 largely due to a lack of existing regulatory mechanisms on 
federal public lands. However, since receiving Endangered Species Act protection, most federal 
land managers throughout the lynx’s range, as well as states and several private landowners in 
Maine, have formally amended their management plans to conserve the lynx.  
 
Providing the Canada lynx DPS protections under the Endangered Species Act also prompted an 
increase in scientific understanding of lynx biology. Research and monitoring efforts conducted 
by state and federal agencies, tribes and academic institutions helped to refine biologists’ 
understanding of habitat needs, distributions, population characteristics, and potential stressors. 

News Release 

mailto:robert_segin@fws.gov


 
“Today’s review demonstrates how conservation partnerships across the country and successful 
implementation of the Endangered Species Act can guide a species down the path of recovery,” 
said Greg Sheehan, Acting Director for the Service.  
 
The Service relies on the best available science to inform all decisions. Today’s five-year review 
was also informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, 
which compiled all available scientific information on the historical, current, and possible future 
conditions for the DPS. Input from recognized lynx experts in Canada and the United States, as 
well as a variety of experts in the fields of ecology, genetics, climate modeling, and habitat 
management, also informed the review.   
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx. To delist a species, the Service must follow a process 
similar to what is used in considering whether to list species. The next step is for the Service to 
publish a proposed rule in the Federal Register, receive public comments, review and analyze 
those comments, and then announce a final decision. 
 
For more information on the Canada lynx, visit xxx. To learn more about the delisting process, 
review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS
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“Today’s review demonstrates how conservation partnerships across the country and successful 
implementation of the Endangered Species Act can guide a species down the path of recovery,” 
said Greg Sheehan, Acting Director for the Service.  
 
The Service relies on the best available science to inform all decisions. Today’s five-year review 
was also informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, 
which compiled all available scientific information on the historical, current, and possible future 
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– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
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Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 
1. Plan title: Canada lynx 5-year Review 
  

2. DTS number  
 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 States) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicate 
that the Canada lynx has persistent resident populations in northern Maine, northeastern 
Minnesota, northwestern Montana/northeastern Idaho, and north-central Washington; a 
resident introduced population in western Colorado; and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of Federal, State, and Tribal agencies, the Service’s 5-year Status 
Review recommends that the removal of the lynx DPS from the list of endangered and 
threatened species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

Autumn of 2017 is the proposed time frame for 5-year review and SSA to be made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is lead; R1, R2, R3, R5, and HQ involved. 

 
 

SECTION II: GOALS 
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6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to attain healthy and 
sustainable populations that no longer require federal protection under the ESA. 
The Service relies on the best available science when conducting our 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.   
Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our Federal, State, Tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species.  The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  The recommendation to delist is a 
success story for the lynx and a testament to how working with our partners can move ESA 
listed species towards recovery.  If it is determined that the Canada Lynx should be delisted, 
then the Service will  publish a proposed rule in the Federal Register seeking review and 
comment by other Federal agencies, State biologists, and the public, as well as the advice of 
independent species experts. After analyzing the comments, we respond to 
them and announce our final decision in the Federal Register, either completing 
the final rule or withdrawing the action and maintaining the current species status. 
 

 
 

SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 
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The interested public; Congress; State, Tribal, and local governments; Federal Partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  
DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., WildEarth Guardians, Earthjustice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the Lower 48 States at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 
● The State of Washington (or its Fish and Wildlife and/or Natural Resources departments 

may oppose because Federal delisting is at odds with their recent uplisting of lynx at the 
State level from threatened to endangered. 

 

11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, State wildlife and 
natural resources management agencies, AFWA, WAFWA, State governments (especially 
Maine, Montana, Idaho, and Wyoming). 
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SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

1. This is a success story for the Canada lynx as efforts by the Service and our partners has 
resulted in the lynx DPS being the population is more secure and threats have been reduced 
to the point where the species could be removed from the list of threatened and endangered 
species.  . 
2. The ESA and subsequent conservation efforts and strategies are successful in identifying 
and protecting habitats and populations of Canada lynx and other listed species who have 
gone through this conservation process. 
3. Partnerships with other Federal agencies; State, local, and Tribal governments, and 
conservations organizations is critical to the successful conservation of the Canada lynx 
DPS. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by State, Federal, and Tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 
The Canada lynx’s population within the DPS is steady, but naturally fluxiliates as opposed 
to the non-endangered populations in Alaska and Canada. This can result in changes to the 
overall DPS populations as external natural and manmade forces affect habitats and food 
sources.  
Continued climate warming is regarded as the biggest long-term threat to the viability and 
persistence of the lynx DPS in the future. Climate change could result in shifts in the lynx’s 
boreal habitat and main food source, the snowshoe hare. How vulnerable lynx populations 
will be is unknown and undeterminable at this time. The most likely potential stressor to the 
Canada lynx within the DPS is climate change which could affect their boreal sub-alpine 
habitat and main food source, the snowshoe hare.  
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SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization web sites and news feeds, local and national television and radio, print media, 
web based news sites, social media including Facebook, and Twitter,  

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS web site 
Pop-Up 
Internal email to employees 
Internal news web pages and newsletters 
Social media posts to FB and Twitter 

 
16. Which communications tools are needed to support these strategies and tactics? (Be as 

specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press Release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 Internet page Rob Mansheim TBD 

   

 
 

 



Page 6 of 16 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Select time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

Day Before the 
announcement 

Congressional Notification EA-Segin 

Day Before the 
announcement 

State Wildlife Agencies ES- 

Day Before the 
announcement 

Tribal Notification EA-Segin 

Day of 
Announcement 

Release to media in  regions (6, 5, 3, 1) R6 EA,  R5 EA,  
R3 EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national web sites and 
social media platforms 

R6 EA Digital 
Media 

TBD/fall-winter 
2017 and early 
2018 

Response to all subsequent media requests and 
inquiries 

R6 EA,  R5 EA,  
R3 EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 
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19. Stakeholder contacts (For each, paste in a table that provides organization name, contact person, 

contact information as appropriate, and the name of the person responsible for making contact) 
 

 
 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 

mwilliams@mt.gov 

R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R6 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica (303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

mailto:jhagener@mt.gov
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Stakeholder  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie 
Rappaport Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, 
Director Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, 
Board President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

mailto:cchavers@boisforte-nsn.gov
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20. Congressional Contacts 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate.gov HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.senate.gov  HQ-
CLA 

Sen. Michael Bennet – Rosemary 
Rodriguez 

rosemary_rodriguez@bennet.senate.gov R6-
EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.gov  HQ-
CLA 

Rep. Diana DeGette – Matthew 
Mengesha 

Mathew.mengesha@mail.house.gov R6-
EA 

Rep. Jared Polis –  Blaine Miller-
McFeeley 

 HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-Wiwchar@mail.house.gov R6-
EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.gov  HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.gov R6-
EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.gov   HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.gov R6-
EA 

mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
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Rep. Doug Lamborn – James Thomas james.thomas@mail.house.gov  HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.gov R6-
EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-smith@mail.house.gov  HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.gov R6-
EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.house.gov R6-
EA 

Member Wyoming   

Sen. John Barrasso –  kaitlynn_glover@barrasso.senate.gov  HQ-
CLA 

Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.senate.gov R6-
EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.gov  HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.senate.gov R6-
EA 

Rep. Liz Cheney –  Holly Heussner Holly.Heussner@mail.house.gov HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.gov  HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.senate.gov R6-

mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
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EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.senate.gov  HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.gov R6-
EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.house.gov HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.gov  R6-
EA 

Member Washington   

TBD by Region 1 EA   

mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

Committee Contacts 

 
 

 

SECTION VI: SOCIAL MEDIA PLAN 

 

Committee Name Contact Information Contact 
By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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21. How will social media be used to help in messaging to target audiences and achieve                                    
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a 
large swath of the general public across a number of age demographics. 

 

Lead accounts to be used:  Facebook, Twitter. 
 
Secondary accounts to share messaging: We assume that there will be collateral 
inquiries associated with images for the Canada lynx so Flickr may also play an important 
role in this rollout. 
 
Hashtags: #lynx #conservation #CanadaLynx #ESA 
 
Photos: https://www.flickr.com/search/?text=Canada%20lynx  
 
Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no 

longer in danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 

5-year review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 
Facebook messages: The Canada lynx, one of North America’s iconic, snow-dwelling big 
cats, is well on its way to becoming the next poster child of Endangered Species Act 
success stories.  Today the U.S. Fish and Wildlife Service (Service) announced the 
completion of a five-year review of the contiguous United States distinct population 
segment (DPS) of the Canada lynx (Lynx canadensis), a species currently listed under the 
Endangered Species Act as threatened. 
Read more at xxxxx 

Other platform messages:  

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve  Segin - robert_segin@fws.gov - 303-236-4578 
Sarah Levy, sarah_levey@fws.gov -503-231-6208 
Georgia Parham, , Georgia_Parham@fws.gov-812-334-4261 x 1203 
Meagan Racey, Meagan_racey@fws.gov -413-253-8558 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov 
Roya Mogadam - roya_mogadam@fws.gov - 303-236-4572 (R6) 
Sarah Levy, sarah_levey@fws.gov 503-231-6208 
Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 
Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 
Steve Segin - robert_segin@fws.gov - 303-236-4578 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 

HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 
Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

R1 
R3 
R5 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 
 
 
 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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R.Mogadam 10-24-17 

S.Segin 10-25-17 

  

 
 

APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 
 



 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 
1. Plan title: Canada lynx 5-year Review 
  

2. DTS number  
 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 States) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicate 
that the Canada lynx has persistent resident populations in northern Maine, northeastern 
Minnesota, northwestern Montana/northeastern Idaho, and north-central Washington; a 
resident introduced population in western Colorado; and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of Federal, State, and Tribal agencies, the Service’s 5-year Status 
Review recommends that the removal of the lynx DPS from the list of endangered and 
threatened species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

Autumn of 2017 is the proposed time frame for 5-year review and SSA to be made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is lead; R1, R2, R3, R5, and HQ involved. 

 
 

SECTION II: GOALS 
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6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to attain healthy and 
sustainable populations that no longer require federal protection under the ESA. 
The Service relies on the best available science when conducting our 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.   
Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our Federal, State, Tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species.  The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  The recommendation to delist is a 
success story for the lynx and a testament to how working with our partners can move ESA 
listed species towards recovery.  If it is determined that the Canada Lynx should be delisted, 
then the Service will  publish a proposed rule in the Federal Register seeking review and 
comment by other Federal agencies, State biologists, and the public, as well as the advice of 
independent species experts. After analyzing the comments, we respond to 
them and announce our final decision in the Federal Register, either completing 
the final rule or withdrawing the action and maintaining the current species status. 
 

 
 

SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 
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The interested public; Congress; State, Tribal, and local governments; Federal Partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  
DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., WildEarth Guardians, Earthjustice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the Lower 48 States at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 
● The State of Washington (or its Fish and Wildlife and/or Natural Resources departments 

may oppose because Federal delisting is at odds with their recent uplisting of lynx at the 
State level from threatened to endangered. 

 

11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, State wildlife and 
natural resources management agencies, AFWA, WAFWA, State governments (especially 
Maine, Montana, Idaho, and Wyoming). 
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SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

1. This is a success story for the Canada lynx as efforts by the Service and our partners has 
resulted in the lynx DPS being the population is more secure and threats have been reduced 
to the point where the species could be removed from the list of threatened and endangered 
species.  . 
2. The ESA and subsequent conservation efforts and strategies are successful in identifying 
and protecting habitats and populations of Canada lynx and other listed species who have 
gone through this conservation process. 
3. Partnerships with other Federal agencies; State, local, and Tribal governments, and 
conservations organizations is critical to the successful conservation of the Canada lynx 
DPS. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by State, Federal, and Tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 
The Canada lynx’s population within the DPS is steady, but naturally fluxiliates as opposed 
to the non-endangered populations in Alaska and Canada. This can result in changes to the 
overall DPS populations as external natural and manmade forces affect habitats and food 
sources.  
Continued climate warming is regarded as the biggest long-term threat to the viability and 
persistence of the lynx DPS in the future. Climate change could result in shifts in the lynx’s 
boreal habitat and main food source, the snowshoe hare. How vulnerable lynx populations 
will be is unknown and undeterminable at this time. The most likely potential stressor to the 
Canada lynx within the DPS is climate change which could affect their boreal sub-alpine 
habitat and main food source, the snowshoe hare.  
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SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization web sites and news feeds, local and national television and radio, print media, 
web based news sites, social media including Facebook, and Twitter,  

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS web site 
Pop-Up 
Internal email to employees 
Internal news web pages and newsletters 
Social media posts to FB and Twitter 

 
16. Which communications tools are needed to support these strategies and tactics? (Be as 

specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press Release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 Internet page Rob Mansheim TBD 
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17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Select time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

Day Before the 
announcement 

Congressional Notification EA-Segin 

Day Before the 
announcement 

State Wildlife Agencies ES- 

Day Before the 
announcement 

Tribal Notification EA-Segin 

Day of 
Announcement 

Release to media in  regions (6, 5, 3, 1) R6 EA,  R5 EA,  
R3 EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national web sites and 
social media platforms 

R6 EA Digital 
Media 

TBD/fall-winter 
2017 and early 
2018 

Response to all subsequent media requests and 
inquiries 

R6 EA,  R5 EA,  
R3 EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 
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19. Stakeholder contacts (For each, paste in a table that provides organization name, contact person, 

contact information as appropriate, and the name of the person responsible for making contact) 
 

 
 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 

mwilliams@mt.gov 

R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R6 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica (303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

mailto:jhagener@mt.gov
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Stakeholder  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie 
Rappaport Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, 
Director Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, 
Board President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

mailto:cchavers@boisforte-nsn.gov
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20. Congressional Contacts 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate.gov HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.senate.gov  HQ-
CLA 

Sen. Michael Bennet – Rosemary 
Rodriguez 

rosemary_rodriguez@bennet.senate.gov R6-
EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.gov  HQ-
CLA 

Rep. Diana DeGette – Matthew 
Mengesha 

Mathew.mengesha@mail.house.gov R6-
EA 

Rep. Jared Polis –  Blaine Miller-
McFeeley 

 HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-Wiwchar@mail.house.gov R6-
EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.gov  HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.gov R6-
EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.gov   HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.gov R6-
EA 

mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
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Rep. Doug Lamborn – James Thomas james.thomas@mail.house.gov  HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.gov R6-
EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-smith@mail.house.gov  HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.gov R6-
EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.house.gov R6-
EA 

Member Wyoming   

Sen. John Barrasso –  kaitlynn_glover@barrasso.senate.gov  HQ-
CLA 

Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.senate.gov R6-
EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.gov  HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.senate.gov R6-
EA 

Rep. Liz Cheney –  Holly Heussner Holly.Heussner@mail.house.gov HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.gov  HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.senate.gov R6-

mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
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EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.senate.gov  HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.gov R6-
EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.house.gov HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.gov  R6-
EA 

Member Washington   

TBD by Region 1 EA   

mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

Committee Contacts 

 
 

 

SECTION VI: SOCIAL MEDIA PLAN 

 

Committee Name Contact Information Contact 
By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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21. How will social media be used to help in messaging to target audiences and achieve                                    
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a 
large swath of the general public across a number of age demographics. 

 

Lead accounts to be used:  Facebook, Twitter. 
 
Secondary accounts to share messaging: We assume that there will be collateral 
inquiries associated with images for the Canada lynx so Flickr may also play an important 
role in this rollout. 
 
Hashtags: #lynx #conservation #CanadaLynx #ESA 
 
Photos: https://www.flickr.com/search/?text=Canada%20lynx  
 
Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no 

longer in danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 

5-year review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 
Facebook messages: The Canada lynx, one of North America’s iconic, snow-dwelling big 
cats, is well on its way to becoming the next poster child of Endangered Species Act 
success stories.  Today the U.S. Fish and Wildlife Service (Service) announced the 
completion of a five-year review of the contiguous United States distinct population 
segment (DPS) of the Canada lynx (Lynx canadensis), a species currently listed under the 
Endangered Species Act as threatened. 
Read more at xxxxx 

Other platform messages:  

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve  Segin - robert_segin@fws.gov - 303-236-4578 
Sarah Levy, sarah_levey@fws.gov -503-231-6208 
Georgia Parham, , Georgia_Parham@fws.gov-812-334-4261 x 1203 
Meagan Racey, Meagan_racey@fws.gov -413-253-8558 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov 
Roya Mogadam - roya_mogadam@fws.gov - 303-236-4572 (R6) 
Sarah Levy, sarah_levey@fws.gov 503-231-6208 
Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 
Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 
Steve Segin - robert_segin@fws.gov - 303-236-4578 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 

HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 
Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

R1 
R3 
R5 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 
 
 
 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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R.Mogadam 10-24-17 

S.Segin 10-25-17 

  

 
 

APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 
 



Label: "Meagan Racey Lynx SSA Emails"

Created by:meagan_racey@fws.gov

Total Messages in label:193 (37 conversations)

Created: 01-03-2018 at 07:40 AM



Conversation Contents
Draft Comms materials

Attachments:

/22. Draft Comms materials/1.1 20171025_CommP_Canada-Lynx-5-year Review.docx
/22. Draft Comms materials/1.2 20171025_NR_Canada-Lynx-5-year-Review.docx
/22. Draft Comms materials/2.1 20171025_CommP_Canada-Lynx-5-year Review.docx
/22. Draft Comms materials/2.2 20171025_NR_Canada-Lynx-5-year-Review.docx

Robert Segin <robert_segin@fws.gov>

From: Robert Segin <robert_segin@fws.gov>
Sent: Wed Oct 25 2017 12:56:50 GMT-0600 (MDT)

To:
Meagan Racey <meagan_racey@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Leith Edgar
<leith_edgar@fws.gov>, Sarah Levy <sarah_levy@fws.gov>

CC: Roya Mogadam <roya_mogadam@fws.gov>
Subject: Draft Comms materials

Attachments: 20171025_CommP_Canada-Lynx-5-year Review.docx
20171025_NR_Canada-Lynx-5-year-Review.docx

Drafts….a few  missing pieces.  Working on the species lead quote and the R1/3/5 congressional
contacts.   The latter is not that critical.
 
Also need the POC for your regions Lynx expert so it’s in the plan.
 
 
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Oct 25 2017 13:38:30 GMT-0600 (MDT)
To: Anna Harris <anna_harris@fws.gov>
Subject: Fwd: Draft Comms materials

Attachments: 20171025_CommP_Canada-Lynx-5-year Review.docx
20171025_NR_Canada-Lynx-5-year-Review.docx



---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Wed, Oct 25, 2017 at 2:56 PM
Subject: Draft Comms materials
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham <georgia_parham@fws.gov>,
Leith Edgar <leith_edgar@fws.gov>, Sarah Levy <sarah_levy@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Drafts….a few  missing pieces.  Working on the species lead quote and the R1/3/5 congressional
contacts.   The latter is not that critical.
 
Also need the POC for your regions Lynx expert so it’s in the plan.
 
 
 
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

mailto:robert_segin@fws.gov
mailto:meagan_racey@fws.gov
mailto:georgia_parham@fws.gov
mailto:leith_edgar@fws.gov
mailto:sarah_levy@fws.gov
mailto:roya_mogadam@fws.gov
http://usfwsnortheast.wordpress.com/


From: Zelenak, Jim
To: Jodi Bush
Subject: Word version
Date: Wednesday, October 25, 2017 2:28:28 PM
Attachments: 2017 10 13 FINAL Lynx SSA Report Corrections 2017 10 25 CLEAN.docx

CLEAN

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov


From: Zelenak, Jim
To: Jodi Bush
Subject: Last one
Date: Wednesday, October 25, 2017 2:29:20 PM
Attachments: 2017 10 13 FINAL Lynx SSA Report Corrections 2017 10 25 Track.docx

TRACK version.

I'm out til Wed. but you can reach me by cell if we need to talk.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
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Conversation Contents
Info for comms

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Oct 25 2017 14:51:11 GMT-0600 (MDT)
To: Robert Segin <robert_segin@fws.gov>
Subject: Info for comms

Hi Steve! Thanks for holding the lynx comms call today and for chatting with me a minute ago
on us adding regional info/partner quotes to the news release. 

Our SME would actually be with the state, Jennifer.vashon@maine.gov. 

Also, 
We'll plan to schedule a call to talk with state/district staff for the following members (Christine didn't include the staff
emails in case they change - does it work if you just say R5 will handle it?):
Senator Susan Collins (ME)
Senator Angus King (ME)
Cong. Chellie Pingree (ME)
Cong. Bruce Poloquin (ME)
Senator Patrick Leahy (VT)
Senator Bernie Sanders (VT)
Cong. Peter Welch (VT)
Senator Jeanne Shaheen (NH)
Senator Maggie Hassan (NH)
Cong. Ann McLean Kuster (NH)

Meagan
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

Robert Segin <robert_segin@fws.gov>

From: Robert Segin <robert_segin@fws.gov>
Sent: Thu Oct 26 2017 07:13:22 GMT-0600 (MDT)
To: Meagan Racey <meagan_racey@fws.gov>
Subject: RE: Info for comms

Sure….that’s fine. 

mailto:Jennifer.vashon@maine.gov
http://usfwsnortheast.wordpress.com/


 
From: Racey, Meagan [mailto:meagan_racey@fws.gov] 
Sent: Wednesday, October 25, 2017 2:51 PM
To: Robert Segin
Subject: Info for comms
 
Hi Steve! Thanks for holding the lynx comms call today and for chatting with me a minute ago on us
adding regional info/partner quotes to the news release. 
 
Our SME would actually be with the state, Jennifer.vashon@maine.gov. 
 
Also, 
We'll plan to schedule a call to talk with state/district staff for the following members (Christine didn't include the staff emails in case
they change - does it work if you just say R5 will handle it?):
Senator Susan Collins (ME)
Senator Angus King (ME)
Cong. Chellie Pingree (ME)
Cong. Bruce Poloquin (ME)
Senator Patrick Leahy (VT)
Senator Bernie Sanders (VT)
Cong. Peter Welch (VT)
Senator Jeanne Shaheen (NH)
Senator Maggie Hassan (NH)
Cong. Ann McLean Kuster (NH)
 
Meagan
--
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386
 
Check out our blog, Conserving the nature of the Northeast
 

mailto:meagan_racey@fws.gov
mailto:Jennifer.vashon@maine.gov
http://usfwsnortheast.wordpress.com/


 
 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 

New Scientific Review Recommends Delisting the Canada Lynx 
 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling big cats, is well on 
its way to becoming the next poster child of Endangered Species Act success stories.  
 
Today the U.S. Fish and Wildlife Service (Service) announced the completion of a five-year 
review of the contiguous United States distinct population segment (DPS) of the Canada lynx 
(Lynx canadensis), a species currently listed under the Endangered Species Act as threatened. 
The review concludes that, thanks to the conservation actions of a variety of federal, state, tribal, 
academic and non-governmental partners, the Canada lynx DPS has been successfully conserved 
to the point that the species can be proposed for delisting. 
 
INSERT ENTHUSIASTIC QUOTE APPLAUDING PARTNERS FROM SPECIES LEAD 
 
A cousin of the common bobcat, the Canada lynx is similar in size but can be distinguished by its 
black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, furry 
paws for hunting snowshoe hares in deep snow. The lynx DPS includes groups of the species 
found in northern Maine, northeastern Minnesota, northwestern Montana/northeastern Idaho, 
north-central Washington, the Greater Yellowstone area, and western Colorado. 
  
With the majority of lynx habitat occurring on public lands, especially in the west, the species 
was listed as threatened in 2000 largely due to a lack of existing regulatory mechanisms on 
federal public lands. However, since receiving Endangered Species Act protection, most federal 
land managers throughout the lynx’s range, as well as states and several private landowners in 
Maine, have formally amended their management plans to conserve the lynx.  
 
Providing the Canada lynx DPS protections under the Endangered Species Act also prompted an 
increase in scientific understanding of lynx biology. Research and monitoring efforts conducted 
by state and federal agencies, tribes and academic institutions helped to refine biologists’ 
understanding of habitat needs, distributions, population characteristics, and potential stressors. 

News Release 

Comment [MJM1]: Of the 4 cats in N.A. (of 
which 3 are snow-dwelling), it’s the second smallest 
and tiny compared to a mountain lion (24 lbs vs. 220 
lbs). 

mailto:robert_segin@fws.gov


 
“Today’s review demonstrates how conservation partnerships across the country and successful 
implementation of the Endangered Species Act can guide a species down the path of recovery,” 
said Greg Sheehan, Acting Director for the Service.  
 
The Service relies on the best available science to inform all decisions. Today’s five-year review 
was also informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, 
which compiled all available scientific information on the historical, current, and possible future 
conditions for the DPS. Input from recognized lynx experts in Canada and the United States, as 
well as a variety of experts in the fields of ecology, genetics, climate modeling, and habitat 
management, also informed the review.   
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx. To delist a species, the Service must follow a process 
similar to what is used in considering whether to list species. The next step is for the Service to 
publish a proposed rule in the Federal Register, receive public and peer review comments, 
review and analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx, visit xxx. To learn more about the delisting process, 
review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

Comment [MJM2]: This makes it sound like we 
considered something in addition to the SSA. 
The SSA analyzed all the best available scientific 
information, and that’s all we are allowed to consider 
in a listing decision. 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


 
 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 

New Scientific Review Recommends Delisting the Canada Lynx 
 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling big cats, is well on 
its way to becoming the next poster child of Endangered Species Act success stories.  
 
Today the U.S. Fish and Wildlife Service (Service) announced the completion of a five-year 
review of the contiguous United States distinct population segment (DPS) of the Canada lynx 
(Lynx canadensis), a species currently listed under the Endangered Species Act as threatened. 
The review concludes that, thanks to the conservation actions of a variety of federal, state, tribal, 
academic and non-governmental partners, the Canada lynx DPS has been successfully conserved 
to the point that the species can be proposed for delisting. 
 
INSERT ENTHUSIASTIC QUOTE APPLAUDING PARTNERS FROM SPECIES LEAD 
 
A cousin of the common bobcat, the Canada lynx is similar in size but can be distinguished by its 
black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, furry 
paws for hunting snowshoe hares in deep snow. The lynx DPS includes groups of the species 
found in northern Maine, northeastern Minnesota, northwestern Montana/northeastern Idaho, 
north-central Washington, the Greater Yellowstone area, and western Colorado. 
  
With the majority of lynx habitat occurring on public lands, especially in the west, the species 
was listed as threatened in 2000 largely due to a lack of existing regulatory mechanisms on 
federal public lands. However, since receiving Endangered Species Act protection, most federal 
land managers throughout the lynx’s range, as well as states and several private landowners in 
Maine, have formally amended their management plans to conserve the lynx.  
 
Providing the Canada lynx DPS protections under the Endangered Species Act also prompted an 
increase in scientific understanding of lynx biology. Research and monitoring efforts conducted 
by state and federal agencies, tribes and academic institutions helped to refine biologists’ 
understanding of habitat needs, distributions, population characteristics, and potential stressors. 

News Release 

Comment [MJM1]: Of the 4 cats in N.A. (of 
which 3 are snow-dwelling), it’s the second smallest 
and tiny compared to a mountain lion (24 lbs vs. 220 
lbs). 

mailto:robert_segin@fws.gov


 
“Today’s review demonstrates how conservation partnerships across the country and successful 
implementation of the Endangered Species Act can guide a species down the path of recovery,” 
said Greg Sheehan, Acting Director for the Service.  
 
The Service relies on the best available science to inform all decisions. Today’s five-year review 
was also informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, 
which compiled all available scientific information on the historical, current, and possible future 
conditions for the DPS. Input from recognized lynx experts in Canada and the United States, as 
well as a variety of experts in the fields of ecology, genetics, climate modeling, and habitat 
management, also informed the review.   
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx. To delist a species, the Service must follow a process 
similar to what is used in considering whether to list species. The next step is for the Service to 
publish a proposed rule in the Federal Register, receive public and peer review comments, 
review and analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx, visit xxx. To learn more about the delisting process, 
review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

Comment [MJM2]: This makes it sound like we 
considered something in addition to the SSA. 
The SSA analyzed all the best available scientific 
information, and that’s all we are allowed to consider 
in a listing decision. 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


 
 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 

New Scientific Review Recommends Delisting the Canada Lynx 
 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling big cats, is well on 
its way to becoming the next poster child of Endangered Species Act success stories.  
 
Today the U.S. Fish and Wildlife Service (Service) announced the completion of a five-year 
review of the contiguous United States distinct population segment (DPS) of the Canada lynx 
(Lynx canadensis), a species currently listed under the Endangered Species Act as threatened. 
The review concludes that, thanks to the conservation actions of a variety of federal, state, tribal, 
academic and non-governmental partners, the Canada lynx DPS has been successfully conserved 
to the point that the species can be proposed for delisting. 
 
INSERT ENTHUSIASTIC QUOTE APPLAUDING PARTNERS FROM SPECIES LEAD 
 
A cousin of the common bobcat, the Canada lynx is similar in size but can be distinguished by its 
black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, furry 
paws for hunting snowshoe hares in deep snow. The lynx DPS includes groups of the species 
found in northern Maine, northeastern Minnesota, northwestern Montana/northeastern Idaho, 
north-central Washington, the Greater Yellowstone area, and western Colorado. 
  
With the majority of lynx habitat occurring on public lands, especially in the west, the species 
was listed as threatened in 2000 largely due to a lack of existing regulatory mechanisms on 
federal public lands. However, since receiving Endangered Species Act protection, most federal 
land managers throughout the lynx’s range, as well as states and several private landowners in 
Maine, have formally amended their management plans to conserve the lynx.  
 
Providing the Canada lynx DPS protections under the Endangered Species Act also prompted an 
increase in scientific understanding of lynx biology. Research and monitoring efforts conducted 
by state and federal agencies, tribes and academic institutions helped to refine biologists’ 
understanding of habitat needs, distributions, population characteristics, and potential stressors. 

News Release 

mailto:robert_segin@fws.gov


 
“Today’s review demonstrates how conservation partnerships across the country and successful 
implementation of the Endangered Species Act can guide a species down the path of recovery,” 
said Greg Sheehan, Acting Director for the Service.  
 
The Service relies on the best available science to inform all decisions. Today’s five-year review 
was also informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, 
which compiled all available scientific information on the historical, current, and possible future 
conditions for the DPS. Input from recognized lynx experts in Canada and the United States, as 
well as a variety of experts in the fields of ecology, genetics, climate modeling, and habitat 
management, also informed the review.   
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx. To delist a species, the Service must follow a process 
similar to what is used in considering whether to list species. The next step is for the Service to 
publish a proposed rule in the Federal Register, receive public comments, review and analyze 
those comments, and then announce a final decision. 
 
For more information on the Canada lynx, visit xxx. To learn more about the delisting process, 
review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 
1. Plan title: Canada lynx 5-year Review 
  

2. DTS number  
 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 States) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicate 
that the Canada lynxDPS has persistent resident populations in northern Maine, 
northeastern Minnesota, northwestern Montana/northeastern Idaho, and north-central 
Washington; a resident introduced population in western Colorado; and occasional lynx 
residency in some neighboring states and adjacent areas. Based on the health of this lynx 
population and the conservation efforts of Federal, State, and Tribal agencies, the Service’s 
5-year Status Review recommends that the removal of the lynx DPS from the list of 
endangered and threatened species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

Autumn of 2017 is the proposed time frame for 5-year review and SSA to be made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is lead; R1, R2, R3, R5, and HQ involved. 

 
 

SECTION II: GOALS 



Page 2 of 16 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to attain healthy and 
sustainable populations that no longer require federal protection under the ESA. 
The Service relies on the best available science when conducting our 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting processfinal 
determination.   
Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our Federal, State, Tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species couldcan be removed from the list of threatened and 
endangered species.  The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  The recommendation to delist is a 
success story for the lynx and a testament to how working with our partners can move ESA 
listed species towards recovery.  If it is determined that the Canada Lynx should be delisted, 
thenThe next step is for the Service willto  publish a proposed rule in the Federal Register 
seeking review and comment by other Federal agencies, State biologists, and the public, as 
well as the advice of independent species experts. After analyzing the comments, we 
respond to 
them and announce our final decision in the Federal Register, either completing 
the final rule or withdrawing the action and maintaining the current species status. 
 

 
 

SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

Comment [MJM1]: Confusing.  The public 
would naturally assume a recommendation 
to take action is the first step in the process. 

Comment [MJM2]: We ask peer reviewers 
for comment on the 
completeness/accuracy/interpretation of 
the best available science, not “advice.”  We 
purposefully do not ask them to give us 
advice on the listing decision itself. 
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8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; State, Tribal, and local governments; Federal Partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  
DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., WildEarth Guardians, Earthjustice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the Lower 48 States at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● The State of Washington (or its Fish and Wildlife and/or Natural Resources departments 
may oppose because Federal delisting is at odds with their recent uplisting of lynx at the 
State level from threatened to endangered. 

 

11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, State wildlife and 
natural resources management agencies, AFWA, WAFWA, State governments (especially 

Comment [MJM3]: Also trapping? 
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Maine, Montana, Idaho, and Wyoming). 

 
 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

1. This is a success story for the Canada lynx as efforts by the Service and our partners has 
resulted in the lynx DPS being the population is more secure and threats have beenbeing 
reduced to the point where the species couldcan be removed from the list of threatened and 
endangered species.  . 
2. The ESA and subsequent conservation efforts and strategies are successful in identifying 
and protecting habitats and populations of Canada lynx and other listed species who have 
gone through this conservation process. 
3. Partnerships with other Federal agencies; State, local, and Tribal governments, and 
conservations organizations, and private landowners isare critical to the successful 
conservation of the Canada lynx DPS. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by State, Federal, and Tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 
The Canada lynx’s population within the DPS is steady, but naturally fluxiliuates as 
opposed to the non-endangered populations in Alaska and Canada. This can result in 
changes to the overall DPS populations as external natural and manmade forces affect 
habitats and food sources.  
Continued climate warming is regarded as the biggest long-term threat to the viability and 
persistence of the lynx DPS in the future. Climate change could result in shifts in the lynx’s 
boreal habitat and main food source, the snowshoe hare. How vulnerable lynx populations 
will be is unknown and undeterminable at this time. The most likely potential stressor to the 
Canada lynx within the DPS is climate change which could affect their boreal sub-alpine 

Comment [MJM4]: We’re saying the DPS 
is also non-endangered now. 

Comment [MJM5]: Don’t know what this 
means. 
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habitat and main food source, the snowshoe hare.  

 
 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization web sites and news feeds, local and national television and radio, print media, 
web based news sites, social media including Facebook, and Twitter,  

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS web site 
Pop-Up 
Internal email to employees 
Internal news web pages and newsletters 
Social media posts to FB and Twitter 

 
16. Which communications tools are needed to support these strategies and tactics? (Be as 

specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press Release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 Internet page Rob Mansheim TBD 
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17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Select time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

Day Before the 
announcement 

Congressional Notification EA-Segin 

Day Before the 
announcement 

State Wildlife Agencies ES- 

Day Before the 
announcement 

Tribal Notification EA-Segin 

Day of 
Announcement 

Release to media in  regions (6, 5, 3, 1) R6 EA,  R5 EA,  
R3 EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national web sites and 
social media platforms 

R6 EA Digital 
Media 

TBD/fall-winter 
2017 and early 
2018 

Response to all subsequent media requests and 
inquiries 

R6 EA,  R5 EA,  
R3 EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 
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19. Stakeholder contacts (For each, paste in a table that provides organization name, contact person, 

contact information as appropriate, and the name of the person responsible for making contact) 
 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 

mwilliams@mt.gov 

R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R6 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica (303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

mailto:jhagener@mt.gov
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Stakeholder  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie 
Rappaport Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, 
Director Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, 
Board President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

mailto:cchavers@boisforte-nsn.gov
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20. Congressional Contacts 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate.gov HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.senate.gov  HQ-
CLA 

Sen. Michael Bennet – Rosemary 
Rodriguez 

rosemary_rodriguez@bennet.senate.gov R6-
EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.gov  HQ-
CLA 

Rep. Diana DeGette – Matthew 
Mengesha 

Mathew.mengesha@mail.house.gov R6-
EA 

Rep. Jared Polis –  Blaine Miller-
McFeeley 

 HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-Wiwchar@mail.house.gov R6-
EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.gov  HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.gov R6-
EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.gov   HQ-
CLA 

mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
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Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.gov R6-
EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.gov  HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.gov R6-
EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-smith@mail.house.gov  HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.gov R6-
EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.house.gov R6-
EA 

Member Wyoming   

Sen. John Barrasso –  kaitlynn_glover@barrasso.senate.gov  HQ-
CLA 

Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.senate.gov R6-
EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.gov  HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.senate.gov R6-
EA 

Rep. Liz Cheney –  Holly Heussner Holly.Heussner@mail.house.gov HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.gov  HQ-

mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
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CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.senate.gov R6-
EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.senate.gov  HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.gov R6-
EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.house.gov HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.gov  R6-
EA 

Member Washington   

TBD by Region 1 EA   

mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

Committee Contacts 

 
 

 

SECTION VI: SOCIAL MEDIA PLAN 

Committee Name Contact Information Contact 
By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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21. How will social media be used to help in messaging to target audiences and achieve                                    
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a 
large swath of the general public across a number of age demographics. 

 

Lead accounts to be used:  Facebook, Twitter. 
 
Secondary accounts to share messaging: We assume that there will be collateral 
inquiries associated with images for the Canada lynx so Flickr may also play an important 
role in this rollout. 
 
Hashtags: #lynx #conservation #CanadaLynx #ESA 
 
Photos: https://www.flickr.com/search/?text=Canada%20lynx  
 
Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no 

longer in danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 

5-year review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 
Facebook messages: The Canada lynx, one of North America’s iconic, snow-dwelling big 
cats, is well on its way to becoming the next poster child of Endangered Species Act 
success stories.  Today the U.S. Fish and Wildlife Service (Service) announced the 
completion of a five-year review of the contiguous United States distinct population 
segment (DPS) of the Canada lynx (Lynx canadensis), a species currently listed under the 
Endangered Species Act as threatened. 
Read more at xxxxx 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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Other platform messages:  
 

 
 

SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve  Segin - robert_segin@fws.gov - 303-236-4578 
Sarah Levy, sarah_levey@fws.gov -503-231-6208 
Georgia Parham, , Georgia_Parham@fws.gov-812-334-4261 x 1203 
Meagan Racey, Meagan_racey@fws.gov -413-253-8558 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov 
Roya Mogadam - roya_mogadam@fws.gov - 303-236-4572 (R6) 
Sarah Levy, sarah_levey@fws.gov 503-231-6208 
Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 
Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
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Steve Segin - robert_segin@fws.gov - 303-236-4578 

 
26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 

HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 
Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

R1 
R3 
R5 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 
 
 
 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

mailto:robert_segin@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 10-25-17 

  

 
 

APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 
 



 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 
1. Plan title: Canada lynx 5-year Review 
  

2. DTS number  
 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 States) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicate 
that the Canada lynxDPS has persistent resident populations in northern Maine, 
northeastern Minnesota, northwestern Montana/northeastern Idaho, and north-central 
Washington; a resident introduced population in western Colorado; and occasional lynx 
residency in some neighboring states and adjacent areas. Based on the health of this lynx 
population and the conservation efforts of Federal, State, and Tribal agencies, the Service’s 
5-year Status Review recommends that the removal of the lynx DPS from the list of 
endangered and threatened species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

Autumn of 2017 is the proposed time frame for 5-year review and SSA to be made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is lead; R1, R2, R3, R5, and HQ involved. 

 
 

SECTION II: GOALS 
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6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to attain healthy and 
sustainable populations that no longer require federal protection under the ESA. 
The Service relies on the best available science when conducting our 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting processfinal 
determination.   
Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our Federal, State, Tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species couldcan be removed from the list of threatened and 
endangered species.  The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  The recommendation to delist is a 
success story for the lynx and a testament to how working with our partners can move ESA 
listed species towards recovery.  If it is determined that the Canada Lynx should be delisted, 
thenThe next step is for the Service willto  publish a proposed rule in the Federal Register 
seeking review and comment by other Federal agencies, State biologists, and the public, as 
well as the advice of independent species experts. After analyzing the comments, we 
respond to 
them and announce our final decision in the Federal Register, either completing 
the final rule or withdrawing the action and maintaining the current species status. 
 

 
 

SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

Comment [MJM1]: Confusing.  The public 
would naturally assume a recommendation 
to take action is the first step in the process. 

Comment [MJM2]: We ask peer reviewers 
for comment on the 
completeness/accuracy/interpretation of 
the best available science, not “advice.”  We 
purposefully do not ask them to give us 
advice on the listing decision itself. 
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8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; State, Tribal, and local governments; Federal Partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  
DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., WildEarth Guardians, Earthjustice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the Lower 48 States at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 

● The State of Washington (or its Fish and Wildlife and/or Natural Resources departments 
may oppose because Federal delisting is at odds with their recent uplisting of lynx at the 
State level from threatened to endangered. 

 

11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, State wildlife and 
natural resources management agencies, AFWA, WAFWA, State governments (especially 

Comment [MJM3]: Also trapping? 
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Maine, Montana, Idaho, and Wyoming). 

 
 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

1. This is a success story for the Canada lynx as efforts by the Service and our partners has 
resulted in the lynx DPS being the population is more secure and threats have beenbeing 
reduced to the point where the species couldcan be removed from the list of threatened and 
endangered species.  . 
2. The ESA and subsequent conservation efforts and strategies are successful in identifying 
and protecting habitats and populations of Canada lynx and other listed species who have 
gone through this conservation process. 
3. Partnerships with other Federal agencies; State, local, and Tribal governments, and 
conservations organizations, and private landowners isare critical to the successful 
conservation of the Canada lynx DPS. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by State, Federal, and Tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 
The Canada lynx’s population within the DPS is steady, but naturally fluxiliuates as 
opposed to the non-endangered populations in Alaska and Canada. This can result in 
changes to the overall DPS populations as external natural and manmade forces affect 
habitats and food sources.  
Continued climate warming is regarded as the biggest long-term threat to the viability and 
persistence of the lynx DPS in the future. Climate change could result in shifts in the lynx’s 
boreal habitat and main food source, the snowshoe hare. How vulnerable lynx populations 
will be is unknown and undeterminable at this time. The most likely potential stressor to the 
Canada lynx within the DPS is climate change which could affect their boreal sub-alpine 

Comment [MJM4]: We’re saying the DPS 
is also non-endangered now. 

Comment [MJM5]: Don’t know what this 
means. 
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habitat and main food source, the snowshoe hare.  

 
 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization web sites and news feeds, local and national television and radio, print media, 
web based news sites, social media including Facebook, and Twitter,  

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS web site 
Pop-Up 
Internal email to employees 
Internal news web pages and newsletters 
Social media posts to FB and Twitter 

 
16. Which communications tools are needed to support these strategies and tactics? (Be as 

specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press Release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 Internet page Rob Mansheim TBD 
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17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Select time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

Day Before the 
announcement 

Congressional Notification EA-Segin 

Day Before the 
announcement 

State Wildlife Agencies ES- 

Day Before the 
announcement 

Tribal Notification EA-Segin 

Day of 
Announcement 

Release to media in  regions (6, 5, 3, 1) R6 EA,  R5 EA,  
R3 EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national web sites and 
social media platforms 

R6 EA Digital 
Media 

TBD/fall-winter 
2017 and early 
2018 

Response to all subsequent media requests and 
inquiries 

R6 EA,  R5 EA,  
R3 EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 
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19. Stakeholder contacts (For each, paste in a table that provides organization name, contact person, 

contact information as appropriate, and the name of the person responsible for making contact) 
 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 

mwilliams@mt.gov 

R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R6 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica (303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

mailto:jhagener@mt.gov
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Stakeholder  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie 
Rappaport Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, 
Director Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, 
Board President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

mailto:cchavers@boisforte-nsn.gov
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20. Congressional Contacts 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate.gov HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.senate.gov  HQ-
CLA 

Sen. Michael Bennet – Rosemary 
Rodriguez 

rosemary_rodriguez@bennet.senate.gov R6-
EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.gov  HQ-
CLA 

Rep. Diana DeGette – Matthew 
Mengesha 

Mathew.mengesha@mail.house.gov R6-
EA 

Rep. Jared Polis –  Blaine Miller-
McFeeley 

 HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-Wiwchar@mail.house.gov R6-
EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.gov  HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.gov R6-
EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.gov   HQ-
CLA 

mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov


Page 10 of 16 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.gov R6-
EA 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.gov  HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.gov R6-
EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-smith@mail.house.gov  HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.gov R6-
EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.house.gov R6-
EA 

Member Wyoming   

Sen. John Barrasso –  kaitlynn_glover@barrasso.senate.gov  HQ-
CLA 

Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.senate.gov R6-
EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.gov  HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.senate.gov R6-
EA 

Rep. Liz Cheney –  Holly Heussner Holly.Heussner@mail.house.gov HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.gov  HQ-

mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
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CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.senate.gov R6-
EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.senate.gov  HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.gov R6-
EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.house.gov HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.gov  R6-
EA 

Member Washington   

TBD by Region 1 EA   

mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

Committee Contacts 

 
 

 

SECTION VI: SOCIAL MEDIA PLAN 

Committee Name Contact Information Contact 
By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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21. How will social media be used to help in messaging to target audiences and achieve                                    
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a 
large swath of the general public across a number of age demographics. 

 

Lead accounts to be used:  Facebook, Twitter. 
 
Secondary accounts to share messaging: We assume that there will be collateral 
inquiries associated with images for the Canada lynx so Flickr may also play an important 
role in this rollout. 
 
Hashtags: #lynx #conservation #CanadaLynx #ESA 
 
Photos: https://www.flickr.com/search/?text=Canada%20lynx  
 
Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no 

longer in danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 

5-year review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 
Facebook messages: The Canada lynx, one of North America’s iconic, snow-dwelling big 
cats, is well on its way to becoming the next poster child of Endangered Species Act 
success stories.  Today the U.S. Fish and Wildlife Service (Service) announced the 
completion of a five-year review of the contiguous United States distinct population 
segment (DPS) of the Canada lynx (Lynx canadensis), a species currently listed under the 
Endangered Species Act as threatened. 
Read more at xxxxx 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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Other platform messages:  
 

 
 

SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve  Segin - robert_segin@fws.gov - 303-236-4578 
Sarah Levy, sarah_levey@fws.gov -503-231-6208 
Georgia Parham, , Georgia_Parham@fws.gov-812-334-4261 x 1203 
Meagan Racey, Meagan_racey@fws.gov -413-253-8558 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov 
Roya Mogadam - roya_mogadam@fws.gov - 303-236-4572 (R6) 
Sarah Levy, sarah_levey@fws.gov 503-231-6208 
Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 
Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
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Steve Segin - robert_segin@fws.gov - 303-236-4578 

 
26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 

HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 
Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

R1 
R3 
R5 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 
 
 
 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

mailto:robert_segin@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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S.Segin 10-11-17 

R.Mogadam 10-24-17 

S.Segin 10-25-17 

  

 
 

APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 
 



 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 
1. Plan title: Canada lynx 5-year Review 
  

2. DTS number  
 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 States) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicate 
that the Canada lynx has persistent resident populations in northern Maine, northeastern 
Minnesota, northwestern Montana/northeastern Idaho, and north-central Washington; a 
resident introduced population in western Colorado; and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of Federal, State, and Tribal agencies, the Service’s 5-year Status 
Review recommends that the removal of the lynx DPS from the list of endangered and 
threatened species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

Autumn of 2017 is the proposed time frame for 5-year review and SSA to be made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is lead; R1, R2, R3, R5, and HQ involved. 

 
 

SECTION II: GOALS 
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6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to attain healthy and 
sustainable populations that no longer require federal protection under the ESA. 
The Service relies on the best available science when conducting our 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.   
Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our Federal, State, Tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species.  The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  The recommendation to delist is a 
success story for the lynx and a testament to how working with our partners can move ESA 
listed species towards recovery.  If it is determined that the Canada Lynx should be delisted, 
then the Service will  publish a proposed rule in the Federal Register seeking review and 
comment by other Federal agencies, State biologists, and the public, as well as the advice of 
independent species experts. After analyzing the comments, we respond to 
them and announce our final decision in the Federal Register, either completing 
the final rule or withdrawing the action and maintaining the current species status. 
 

 
 

SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 
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The interested public; Congress; State, Tribal, and local governments; Federal Partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  
DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., WildEarth Guardians, Earthjustice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the Lower 48 States at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 
● The State of Washington (or its Fish and Wildlife and/or Natural Resources departments 

may oppose because Federal delisting is at odds with their recent uplisting of lynx at the 
State level from threatened to endangered. 

 

11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, State wildlife and 
natural resources management agencies, AFWA, WAFWA, State governments (especially 
Maine, Montana, Idaho, and Wyoming). 
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SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

1. This is a success story for the Canada lynx as efforts by the Service and our partners has 
resulted in the lynx DPS being the population is more secure and threats have been reduced 
to the point where the species could be removed from the list of threatened and endangered 
species.  . 
2. The ESA and subsequent conservation efforts and strategies are successful in identifying 
and protecting habitats and populations of Canada lynx and other listed species who have 
gone through this conservation process. 
3. Partnerships with other Federal agencies; State, local, and Tribal governments, and 
conservations organizations is critical to the successful conservation of the Canada lynx 
DPS. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by State, Federal, and Tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 
The Canada lynx’s population within the DPS is steady, but naturally fluxiliates as opposed 
to the non-endangered populations in Alaska and Canada. This can result in changes to the 
overall DPS populations as external natural and manmade forces affect habitats and food 
sources.  
Continued climate warming is regarded as the biggest long-term threat to the viability and 
persistence of the lynx DPS in the future. Climate change could result in shifts in the lynx’s 
boreal habitat and main food source, the snowshoe hare. How vulnerable lynx populations 
will be is unknown and undeterminable at this time. The most likely potential stressor to the 
Canada lynx within the DPS is climate change which could affect their boreal sub-alpine 
habitat and main food source, the snowshoe hare.  
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SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization web sites and news feeds, local and national television and radio, print media, 
web based news sites, social media including Facebook, and Twitter,  

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS web site 
Pop-Up 
Internal email to employees 
Internal news web pages and newsletters 
Social media posts to FB and Twitter 

 
16. Which communications tools are needed to support these strategies and tactics? (Be as 

specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press Release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 Internet page Rob Mansheim TBD 
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17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Select time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

Day Before the 
announcement 

Congressional Notification EA-Segin 

Day Before the 
announcement 

State Wildlife Agencies ES- 

Day Before the 
announcement 

Tribal Notification EA-Segin 

Day of 
Announcement 

Release to media in  regions (6, 5, 3, 1) R6 EA,  R5 EA,  
R3 EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national web sites and 
social media platforms 

R6 EA Digital 
Media 

TBD/fall-winter 
2017 and early 
2018 

Response to all subsequent media requests and 
inquiries 

R6 EA,  R5 EA,  
R3 EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 
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19. Stakeholder contacts (For each, paste in a table that provides organization name, contact person, 

contact information as appropriate, and the name of the person responsible for making contact) 
 

 
 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 

mwilliams@mt.gov 

R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R6 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica (303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

mailto:jhagener@mt.gov
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Stakeholder  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie 
Rappaport Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, 
Director Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, 
Board President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

mailto:cchavers@boisforte-nsn.gov
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20. Congressional Contacts 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate.gov HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.senate.gov  HQ-
CLA 

Sen. Michael Bennet – Rosemary 
Rodriguez 

rosemary_rodriguez@bennet.senate.gov R6-
EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.gov  HQ-
CLA 

Rep. Diana DeGette – Matthew 
Mengesha 

Mathew.mengesha@mail.house.gov R6-
EA 

Rep. Jared Polis –  Blaine Miller-
McFeeley 

 HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-Wiwchar@mail.house.gov R6-
EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.gov  HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.gov R6-
EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.gov   HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.gov R6-
EA 

mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
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Rep. Doug Lamborn – James Thomas james.thomas@mail.house.gov  HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.gov R6-
EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-smith@mail.house.gov  HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.gov R6-
EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.house.gov R6-
EA 

Member Wyoming   

Sen. John Barrasso –  kaitlynn_glover@barrasso.senate.gov  HQ-
CLA 

Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.senate.gov R6-
EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.gov  HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.senate.gov R6-
EA 

Rep. Liz Cheney –  Holly Heussner Holly.Heussner@mail.house.gov HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.gov  HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.senate.gov R6-

mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
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EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.senate.gov  HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.gov R6-
EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.house.gov HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.gov  R6-
EA 

Member Washington   

TBD by Region 1 EA   

mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

Committee Contacts 

 
 

 

SECTION VI: SOCIAL MEDIA PLAN 

 

Committee Name Contact Information Contact 
By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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21. How will social media be used to help in messaging to target audiences and achieve                                    
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a 
large swath of the general public across a number of age demographics. 

 

Lead accounts to be used:  Facebook, Twitter. 
 
Secondary accounts to share messaging: We assume that there will be collateral 
inquiries associated with images for the Canada lynx so Flickr may also play an important 
role in this rollout. 
 
Hashtags: #lynx #conservation #CanadaLynx #ESA 
 
Photos: https://www.flickr.com/search/?text=Canada%20lynx  
 
Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no 

longer in danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 

5-year review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 
Facebook messages: The Canada lynx, one of North America’s iconic, snow-dwelling big 
cats, is well on its way to becoming the next poster child of Endangered Species Act 
success stories.  Today the U.S. Fish and Wildlife Service (Service) announced the 
completion of a five-year review of the contiguous United States distinct population 
segment (DPS) of the Canada lynx (Lynx canadensis), a species currently listed under the 
Endangered Species Act as threatened. 
Read more at xxxxx 

Other platform messages:  

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve  Segin - robert_segin@fws.gov - 303-236-4578 
Sarah Levy, sarah_levey@fws.gov -503-231-6208 
Georgia Parham, , Georgia_Parham@fws.gov-812-334-4261 x 1203 
Meagan Racey, Meagan_racey@fws.gov -413-253-8558 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov 
Roya Mogadam - roya_mogadam@fws.gov - 303-236-4572 (R6) 
Sarah Levy, sarah_levey@fws.gov 503-231-6208 
Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 
Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 
Steve Segin - robert_segin@fws.gov - 303-236-4578 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 

HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 
Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

R1 
R3 
R5 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 
 
 
 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
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R.Mogadam 10-24-17 

S.Segin 10-25-17 

  

 
 

APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 
 



Label: "Meagan Racey Lynx SSA Emails"

Created by:meagan_racey@fws.gov

Total Messages in label:193 (37 conversations)

Created: 01-03-2018 at 07:38 AM



Conversation Contents
Lynx update Fwd: Draft Comms materials

Attachments:

/18. Lynx update Fwd: Draft Comms materials/1.1 20171025_CommP_Canada-Lynx-5-
year Review.docx
/18. Lynx update Fwd: Draft Comms materials/1.2 20171025_NR_Canada-Lynx-5-year-
Review.docx
/18. Lynx update Fwd: Draft Comms materials/2.1 20171025_CommP_Canada-Lynx-5-
year Review.docx
/18. Lynx update Fwd: Draft Comms materials/2.2 20171025_NR_Canada-Lynx-5-year-
Review.docx
/18. Lynx update Fwd: Draft Comms materials/4.1 20171025_NR_Canada-Lynx-5-year-
Review_MMiller.docx
/18. Lynx update Fwd: Draft Comms materials/4.2 20171025_CommP_Canada-Lynx-5-
year Review_MMiller.docx
/18. Lynx update Fwd: Draft Comms materials/7.1 20171025_NR_Canada-Lynx-5-year-
Review_MMiller.docx
/18. Lynx update Fwd: Draft Comms materials/7.2 20171025_CommP_Canada-Lynx-5-
year Review_MMiller.docx
/18. Lynx update Fwd: Draft Comms materials/11.1 20171025_NR_Canada-Lynx-5-
year-Review_MMiller.docx
/18. Lynx update Fwd: Draft Comms materials/11.2 20171025_CommP_Canada-Lynx-
5-year Review_MMiller.docx

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Oct 25 2017 14:58:17 GMT-0600 (MDT)

To:

Paul Phifer <paul_phifer@fws.gov>, Ken Elowe
<ken_elowe@fws.gov>, "Hastie, Kyla" <kyla_hastie@fws.gov>,
Christine Eustis <christine_eustis@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>, Anna Harris <anna_harris@fws.gov>,
Martin Miller <Martin_Miller@fws.gov>

Subject: Lynx update Fwd: Draft Comms materials

Attachments: 20171025_CommP_Canada-Lynx-5-year Review.docx
20171025_NR_Canada-Lynx-5-year-Review.docx

Hi all, I spoke with Steve Segin from R6 EA today. They're planning on making the lynx
announcement within 2 weeks. Do you want to take a look at the new materials and pass along
any requests/red flags asap? Ken, I do not see mention of the forest industry.

I talked with Steve about us adding some R5 material to this just for our distribution. I've had
some initial conversations with folks and would like your feedback or additions to the following: 

Early coordination with IFW on talking points - just making sure we're using the same
language in response to to the ITP in particular
Advance notification to IFW, NAFO and the Maine Forest Products Council with a request



to include a quote from them in our R5 version of the announcement
Hold a call for the relevant congressional offices in New England

Additional ideas, thoughts, concerns? We should get working on the first two by early next
week.

Could someone forward a copy of the SSA to me? 

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Wed, Oct 25, 2017 at 2:56 PM
Subject: Draft Comms materials
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham <georgia_parham@fws.gov>,
Leith Edgar <leith_edgar@fws.gov>, Sarah Levy <sarah_levy@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Drafts….a few  missing pieces.  Working on the species lead quote and the R1/3/5
congressional contacts.   The latter is not that critical.

 

Also need the POC for your regions Lynx expert so it’s in the plan.

 

 

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

mailto:robert_segin@fws.gov
mailto:meagan_racey@fws.gov
mailto:georgia_parham@fws.gov
mailto:leith_edgar@fws.gov
mailto:sarah_levy@fws.gov
mailto:roya_mogadam@fws.gov


Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Oct 25 2017 15:03:18 GMT-0600 (MDT)
To: Keith Shannon <keith_shannon@fws.gov>
Subject: Fwd: Lynx update Fwd: Draft Comms materials

Attachments: 20171025_CommP_Canada-Lynx-5-year Review.docx
20171025_NR_Canada-Lynx-5-year-Review.docx

Re my VM
---------- Forwarded message ----------
From: Racey, Meagan <meagan_racey@fws.gov>
Date: Wed, Oct 25, 2017 at 4:58 PM
Subject: Lynx update Fwd: Draft Comms materials
To: Paul Phifer <paul_phifer@fws.gov>, Ken Elowe <ken_elowe@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>, Christine Eustis <christine_eustis@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>, Anna Harris <anna_harris@fws.gov>, Martin Miller
<Martin_Miller@fws.gov>

Hi all, I spoke with Steve Segin from R6 EA today. They're planning on making the lynx
announcement within 2 weeks. Do you want to take a look at the new materials and pass along
any requests/red flags asap? Ken, I do not see mention of the forest industry.

I talked with Steve about us adding some R5 material to this just for our distribution. I've had
some initial conversations with folks and would like your feedback or additions to the following: 

Early coordination with IFW on talking points - just making sure we're using the same
language in response to to the ITP in particular
Advance notification to IFW, NAFO and the Maine Forest Products Council with a request
to include a quote from them in our R5 version of the announcement
Hold a call for the relevant congressional offices in New England

Additional ideas, thoughts, concerns? We should get working on the first two by early next
week.

Could someone forward a copy of the SSA to me? 

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Wed, Oct 25, 2017 at 2:56 PM
Subject: Draft Comms materials
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham <georgia_parham@fws.gov>,
Leith Edgar <leith_edgar@fws.gov>, Sarah Levy <sarah_levy@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

http://usfwsnortheast.wordpress.com/
mailto:meagan_racey@fws.gov
mailto:paul_phifer@fws.gov
mailto:ken_elowe@fws.gov
mailto:kyla_hastie@fws.gov
mailto:christine_eustis@fws.gov
mailto:terri_edwards@fws.gov
mailto:anna_harris@fws.gov
mailto:Martin_Miller@fws.gov
mailto:robert_segin@fws.gov
mailto:meagan_racey@fws.gov
mailto:georgia_parham@fws.gov
mailto:leith_edgar@fws.gov
mailto:sarah_levy@fws.gov
mailto:roya_mogadam@fws.gov


Drafts….a few  missing pieces.  Working on the species lead quote and the R1/3/5
congressional contacts.   The latter is not that critical.

 

Also need the POC for your regions Lynx expert so it’s in the plan.

 

 

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Hastie, Kyla" <kyla_hastie@fws.gov>

http://usfwsnortheast.wordpress.com/
http://usfwsnortheast.wordpress.com/


From: "Hastie, Kyla" <kyla_hastie@fws.gov>
Sent: Thu Oct 26 2017 05:53:16 GMT-0600 (MDT)
To: "Racey, Meagan" <meagan_racey@fws.gov>

CC:

Paul Phifer <paul_phifer@fws.gov>, Ken Elowe
<ken_elowe@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>, Anna Harris <anna_harris@fws.gov>,
Martin Miller <Martin_Miller@fws.gov>

Subject: Re: Lynx update Fwd: Draft Comms materials

thanks Meagan. 

for NR: 
2nd graph, list of partner types - could add industry
in 5th graph, where it says "majority of habitat on public lands" - that's true for west, but not for
east, right? If my understanding is correct, then it would be great if they could tweak to say
something like (this needs work) "Lynx habitat found in xxx states, ranging from Maine to xxx. 
In the western states, most habitat is on federal lands.  In the east, primarily found on private
and forest industry lands."  And then maybe in Sheehan quote, or somehow in text, say why this
decision is such a good example of how it takes a village - Federal and private both making
critical contributions.  

I will also inquire on today's ARD call about review by HQ EA and DOI - I find it very hard to
believe this will be out the door in 2 weeks but will check on my end. 

Kyla

On Wed, Oct 25, 2017 at 4:58 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi all, I spoke with Steve Segin from R6 EA today. They're planning on making the lynx
announcement within 2 weeks. Do you want to take a look at the new materials and pass
along any requests/red flags asap? Ken, I do not see mention of the forest industry.

I talked with Steve about us adding some R5 material to this just for our distribution. I've had
some initial conversations with folks and would like your feedback or additions to the
following: 

Early coordination with IFW on talking points - just making sure we're using the same
language in response to to the ITP in particular
Advance notification to IFW, NAFO and the Maine Forest Products Council with a
request to include a quote from them in our R5 version of the announcement
Hold a call for the relevant congressional offices in New England

Additional ideas, thoughts, concerns? We should get working on the first two by early next
week.

Could someone forward a copy of the SSA to me? 

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Wed, Oct 25, 2017 at 2:56 PM
Subject: Draft Comms materials
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Leith Edgar <leith_edgar@fws.gov>, Sarah Levy
<sarah_levy@fws.gov>

mailto:meagan_racey@fws.gov
mailto:robert_segin@fws.gov
mailto:meagan_racey@fws.gov
mailto:georgia_parham@fws.gov
mailto:leith_edgar@fws.gov
mailto:sarah_levy@fws.gov


Cc: Roya Mogadam <roya_mogadam@fws.gov>

Drafts….a few  missing pieces.  Working on the species lead quote and the R1/3/5
congressional contacts.   The latter is not that critical.

 

Also need the POC for your regions Lynx expert so it’s in the plan.

 

 

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

mailto:roya_mogadam@fws.gov
http://usfwsnortheast.wordpress.com/


"Miller, Martin" <martin_miller@fws.gov>

From: "Miller, Martin" <martin_miller@fws.gov>
Sent: Mon Oct 30 2017 09:37:56 GMT-0600 (MDT)
To: "Hastie, Kyla" <kyla_hastie@fws.gov>

CC:
"Racey, Meagan" <meagan_racey@fws.gov>, Paul Phifer
<paul_phifer@fws.gov>, Ken Elowe <ken_elowe@fws.gov>,
Christine Eustis <christine_eustis@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>, Anna Harris <anna_harris@fws.gov>

Subject: Re: Lynx update Fwd: Draft Comms materials

Attachments: 20171025_NR_Canada-Lynx-5-year-Review_MMiller.docx
20171025_CommP_Canada-Lynx-5-year Review_MMiller.docx

Meagan - I support your 3 bullet ideas.  We have traditionally been reluctant to share a listing
decision outside the Service with anyone before the public announcement, but I sense that is
changing, at least with States.

Anna - you probably have the latest version of the SSA to share with Meagan.  I haven't seen it
in months.

I have a few comments on the News Release and Communication Plan, attached.

On Thu, Oct 26, 2017 at 7:53 AM, Hastie, Kyla <kyla_hastie@fws.gov> wrote:
thanks Meagan. 

for NR: 
2nd graph, list of partner types - could add industry
in 5th graph, where it says "majority of habitat on public lands" - that's true for west, but not
for east, right? If my understanding is correct, then it would be great if they could tweak to say
something like (this needs work) "Lynx habitat found in xxx states, ranging from Maine to xxx. 
In the western states, most habitat is on federal lands.  In the east, primarily found on private
and forest industry lands."  And then maybe in Sheehan quote, or somehow in text, say why
this decision is such a good example of how it takes a village - Federal and private both
making critical contributions.  

I will also inquire on today's ARD call about review by HQ EA and DOI - I find it very hard to
believe this will be out the door in 2 weeks but will check on my end. 

Kyla

On Wed, Oct 25, 2017 at 4:58 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi all, I spoke with Steve Segin from R6 EA today. They're planning on making the lynx
announcement within 2 weeks. Do you want to take a look at the new materials and pass
along any requests/red flags asap? Ken, I do not see mention of the forest industry.

I talked with Steve about us adding some R5 material to this just for our distribution. I've
had some initial conversations with folks and would like your feedback or additions to the
following: 

Early coordination with IFW on talking points - just making sure we're using the same
language in response to to the ITP in particular

mailto:kyla_hastie@fws.gov
mailto:meagan_racey@fws.gov


Advance notification to IFW, NAFO and the Maine Forest Products Council with a
request to include a quote from them in our R5 version of the announcement
Hold a call for the relevant congressional offices in New England

Additional ideas, thoughts, concerns? We should get working on the first two by early next
week.

Could someone forward a copy of the SSA to me? 

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Wed, Oct 25, 2017 at 2:56 PM
Subject: Draft Comms materials
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Leith Edgar <leith_edgar@fws.gov>, Sarah Levy
<sarah_levy@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Drafts….a few  missing pieces.  Working on the species lead quote and the R1/3/5
congressional contacts.   The latter is not that critical.

 

Also need the POC for your regions Lynx expert so it’s in the plan.

 

 

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region

mailto:robert_segin@fws.gov
mailto:meagan_racey@fws.gov
mailto:georgia_parham@fws.gov
mailto:leith_edgar@fws.gov
mailto:sarah_levy@fws.gov
mailto:roya_mogadam@fws.gov


(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Mon Oct 30 2017 09:51:25 GMT-0600 (MDT)
To: "Miller, Martin" <martin_miller@fws.gov>

CC:
"Hastie, Kyla" <kyla_hastie@fws.gov>, Paul Phifer
<paul_phifer@fws.gov>, Ken Elowe <ken_elowe@fws.gov>,
Christine Eustis <christine_eustis@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>, Anna Harris <anna_harris@fws.gov>

Subject: Re: Lynx update Fwd: Draft Comms materials

Thanks Marty - I'll pass these along.

On Mon, Oct 30, 2017 at 11:37 AM, Miller, Martin <martin_miller@fws.gov> wrote:
Meagan - I support your 3 bullet ideas.  We have traditionally been reluctant to share a listing
decision outside the Service with anyone before the public announcement, but I sense that is
changing, at least with States.

Anna - you probably have the latest version of the SSA to share with Meagan.  I haven't seen
it in months.

I have a few comments on the News Release and Communication Plan, attached.

On Thu, Oct 26, 2017 at 7:53 AM, Hastie, Kyla <kyla_hastie@fws.gov> wrote:
thanks Meagan. 

for NR: 

http://usfwsnortheast.wordpress.com/
https://maps.google.com/?q=300+Westgate+Center+DriveHadley,+MA+01035+office:+(413&entry=gmail&source=g
https://maps.google.com/?q=300+Westgate+Center+DriveHadley,+MA+01035+office:+(413&entry=gmail&source=g
https://maps.google.com/?q=300+Westgate+Center+DriveHadley,+MA+01035+office:+(413&entry=gmail&source=g
mailto:martin_miller@fws.gov
mailto:kyla_hastie@fws.gov


2nd graph, list of partner types - could add industry
in 5th graph, where it says "majority of habitat on public lands" - that's true for west, but not
for east, right? If my understanding is correct, then it would be great if they could tweak to
say something like (this needs work) "Lynx habitat found in xxx states, ranging from Maine
to xxx.  In the western states, most habitat is on federal lands.  In the east, primarily found
on private and forest industry lands."  And then maybe in Sheehan quote, or somehow in
text, say why this decision is such a good example of how it takes a village - Federal and
private both making critical contributions.  

I will also inquire on today's ARD call about review by HQ EA and DOI - I find it very hard to
believe this will be out the door in 2 weeks but will check on my end. 

Kyla

On Wed, Oct 25, 2017 at 4:58 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi all, I spoke with Steve Segin from R6 EA today. They're planning on making the lynx
announcement within 2 weeks. Do you want to take a look at the new materials and pass
along any requests/red flags asap? Ken, I do not see mention of the forest industry.

I talked with Steve about us adding some R5 material to this just for our distribution. I've
had some initial conversations with folks and would like your feedback or additions to the
following: 

Early coordination with IFW on talking points - just making sure we're using the
same language in response to to the ITP in particular
Advance notification to IFW, NAFO and the Maine Forest Products Council with a
request to include a quote from them in our R5 version of the announcement
Hold a call for the relevant congressional offices in New England

Additional ideas, thoughts, concerns? We should get working on the first two by early
next week.

Could someone forward a copy of the SSA to me? 

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Wed, Oct 25, 2017 at 2:56 PM
Subject: Draft Comms materials
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Leith Edgar <leith_edgar@fws.gov>, Sarah Levy
<sarah_levy@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Drafts….a few  missing pieces.  Working on the species lead quote and the R1/3/5
congressional contacts.   The latter is not that critical.

 

Also need the POC for your regions Lynx expert so it’s in the plan.

 

 

mailto:meagan_racey@fws.gov
mailto:robert_segin@fws.gov
mailto:meagan_racey@fws.gov
mailto:georgia_parham@fws.gov
mailto:leith_edgar@fws.gov
mailto:sarah_levy@fws.gov
mailto:roya_mogadam@fws.gov


 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
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(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

Anna Harris <anna_harris@fws.gov>

From: Anna Harris <anna_harris@fws.gov>
Sent: Mon Oct 30 2017 09:52:01 GMT-0600 (MDT)
To: "Miller, Martin" <martin_miller@fws.gov>

CC:

"Hastie, Kyla" <kyla_hastie@fws.gov>, "Racey, Meagan"
<meagan_racey@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,
Ken Elowe <ken_elowe@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>

Subject: Re: Lynx update Fwd: Draft Comms materials

Hi all,

I will have to get the most recent version of the SSA from R6 and can get that tomorrow.

I like Kyla's suggestion of adding industry into paragraph 2; make sure we have private or
industry when we credit partners as you all have mentioned.

As for the research section, Maine has a lot more lynx than was originally thought at the time of
listing. There are a number of ongoing research projects and this species will always be an
important species in the state. If we can add Jen Vashon as a contact for media, I'd like to look
at her as option. She did a great job messaging about lynx on the recent PLPD video.

Thanks for the opportunity to review,
Anna

Sent from my iPhone

On Oct 30, 2017, at 11:38 AM, Miller, Martin <martin_miller@fws.gov> wrote:

Meagan - I support your 3 bullet ideas.  We have traditionally been reluctant to share
a listing decision outside the Service with anyone before the public announcement,
but I sense that is changing, at least with States.

Anna - you probably have the latest version of the SSA to share with Meagan.  I
haven't seen it in months.

I have a few comments on the News Release and Communication Plan, attached.

On Thu, Oct 26, 2017 at 7:53 AM, Hastie, Kyla <kyla_hastie@fws.gov> wrote:
thanks Meagan. 

for NR: 
2nd graph, list of partner types - could add industry
in 5th graph, where it says "majority of habitat on public lands" - that's true for
west, but not for east, right? If my understanding is correct, then it would be great
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if they could tweak to say something like (this needs work) "Lynx habitat found in
xxx states, ranging from Maine to xxx.  In the western states, most habitat is on
federal lands.  In the east, primarily found on private and forest industry lands."
 And then maybe in Sheehan quote, or somehow in text, say why this decision is
such a good example of how it takes a village - Federal and private both making
critical contributions.  

I will also inquire on today's ARD call about review by HQ EA and DOI - I find it
very hard to believe this will be out the door in 2 weeks but will check on my end. 

Kyla

On Wed, Oct 25, 2017 at 4:58 PM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Hi all, I spoke with Steve Segin from R6 EA today. They're planning on making
the lynx announcement within 2 weeks. Do you want to take a look at the new
materials and pass along any requests/red flags asap? Ken, I do not see
mention of the forest industry.

I talked with Steve about us adding some R5 material to this just for our
distribution. I've had some initial conversations with folks and would like your
feedback or additions to the following: 

Early coordination with IFW on talking points - just making sure we're
using the same language in response to to the ITP in particular
Advance notification to IFW, NAFO and the Maine Forest Products Council
with a request to include a quote from them in our R5 version of the
announcement
Hold a call for the relevant congressional offices in New England

Additional ideas, thoughts, concerns? We should get working on the first two by
early next week.

Could someone forward a copy of the SSA to me? 

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Wed, Oct 25, 2017 at 2:56 PM
Subject: Draft Comms materials
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Leith Edgar <leith_edgar@fws.gov>, Sarah Levy
<sarah_levy@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Drafts….a few  missing pieces.  Working on the species lead quote and the
R1/3/5 congressional contacts.   The latter is not that critical.

 

Also need the POC for your regions Lynx expert so it’s in the plan.
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Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish
and Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

<20171025_NR_Canada-Lynx-5-year-Review_MMiller.docx>

<20171025_CommP_Canada-Lynx-5-year Review_MMiller.docx>
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"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Mon Oct 30 2017 09:59:12 GMT-0600 (MDT)
To: Robert Segin <robert_segin@fws.gov>
Subject: Fwd: Lynx update Fwd: Draft Comms materials

Attachments: 20171025_NR_Canada-Lynx-5-year-Review_MMiller.docx
20171025_CommP_Canada-Lynx-5-year Review_MMiller.docx

Hi Steve - Some additional edits from R5, our TE chief. Sorry that these are streaming in
piecemeal. Most seem minor (clarifications - like DPS instead of entire Canada lynx species,
and that a recommendation is basically our decision to do a proposal) but wanted to get them to
you directly given your timeline. A few points in particular that made sense to me - adding
trapping in #10 of the comms plan, adding private landowners to #12-messages, and maybe
swapping "big cat" out with "wildcat" or something given the lynx's size.
Thanks!
---------- Forwarded message ----------
From: Miller, Martin <martin_miller@fws.gov>
Date: Mon, Oct 30, 2017 at 11:37 AM
Subject: Re: Lynx update Fwd: Draft Comms materials
To: "Hastie, Kyla" <kyla_hastie@fws.gov>
Cc: "Racey, Meagan" <meagan_racey@fws.gov>, Paul Phifer <paul_phifer@fws.gov>, Ken
Elowe <ken_elowe@fws.gov>, Christine Eustis <christine_eustis@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>, Anna Harris <anna_harris@fws.gov>

Meagan - I support your 3 bullet ideas.  We have traditionally been reluctant to share a listing
decision outside the Service with anyone before the public announcement, but I sense that is
changing, at least with States.

Anna - you probably have the latest version of the SSA to share with Meagan.  I haven't seen it
in months.

I have a few comments on the News Release and Communication Plan, attached.

On Thu, Oct 26, 2017 at 7:53 AM, Hastie, Kyla <kyla_hastie@fws.gov> wrote:
thanks Meagan. 

for NR: 
2nd graph, list of partner types - could add industry
in 5th graph, where it says "majority of habitat on public lands" - that's true for west, but not
for east, right? If my understanding is correct, then it would be great if they could tweak to say
something like (this needs work) "Lynx habitat found in xxx states, ranging from Maine to xxx. 
In the western states, most habitat is on federal lands.  In the east, primarily found on private
and forest industry lands."  And then maybe in Sheehan quote, or somehow in text, say why
this decision is such a good example of how it takes a village - Federal and private both
making critical contributions.  

I will also inquire on today's ARD call about review by HQ EA and DOI - I find it very hard to
believe this will be out the door in 2 weeks but will check on my end. 

Kyla

On Wed, Oct 25, 2017 at 4:58 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi all, I spoke with Steve Segin from R6 EA today. They're planning on making the lynx
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announcement within 2 weeks. Do you want to take a look at the new materials and pass
along any requests/red flags asap? Ken, I do not see mention of the forest industry.

I talked with Steve about us adding some R5 material to this just for our distribution. I've
had some initial conversations with folks and would like your feedback or additions to the
following: 

Early coordination with IFW on talking points - just making sure we're using the same
language in response to to the ITP in particular
Advance notification to IFW, NAFO and the Maine Forest Products Council with a
request to include a quote from them in our R5 version of the announcement
Hold a call for the relevant congressional offices in New England

Additional ideas, thoughts, concerns? We should get working on the first two by early next
week.

Could someone forward a copy of the SSA to me? 

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Wed, Oct 25, 2017 at 2:56 PM
Subject: Draft Comms materials
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Leith Edgar <leith_edgar@fws.gov>, Sarah Levy
<sarah_levy@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Drafts….a few  missing pieces.  Working on the species lead quote and the R1/3/5
congressional contacts.   The latter is not that critical.

 

Also need the POC for your regions Lynx expert so it’s in the plan.

 

 

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell
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-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Tue Oct 31 2017 10:18:05 GMT-0600 (MDT)

To: Anna Harris <anna_harris@fws.gov>, Ken Elowe
<ken_elowe@fws.gov>
"Hastie, Kyla" <kyla_hastie@fws.gov>, Paul Phifer
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CC:
<paul_phifer@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>, "Miller, Martin"
<martin_miller@fws.gov>

Subject: Re: Lynx update Fwd: Draft Comms materials

Hi all, Based on what I've heard from you all in R5, it sounds like everyone supports the
proposed plan to engage IFW, Forest Products Council & NAFO. 

Ken and Anna, do you want to briefly coordinate this week on how we get this started? I now
understand we're most likely looking at an announcement in later November and maybe even
December, but I am inclined to get our ducks in order before the holidays factor in.

Thanks!

On Mon, Oct 30, 2017 at 11:52 AM, Anna Harris <anna_harris@fws.gov> wrote:
Hi all,

I will have to get the most recent version of the SSA from R6 and can get that tomorrow.

I like Kyla's suggestion of adding industry into paragraph 2; make sure we have private or
industry when we credit partners as you all have mentioned.

As for the research section, Maine has a lot more lynx than was originally thought at the time
of listing. There are a number of ongoing research projects and this species will always be an
important species in the state. If we can add Jen Vashon as a contact for media, I'd like to
look at her as option. She did a great job messaging about lynx on the recent PLPD video.

Thanks for the opportunity to review,
Anna

Sent from my iPhone

On Oct 30, 2017, at 11:38 AM, Miller, Martin <martin_miller@fws.gov> wrote:

Meagan - I support your 3 bullet ideas.  We have traditionally been reluctant to
share a listing decision outside the Service with anyone before the public
announcement, but I sense that is changing, at least with States.

Anna - you probably have the latest version of the SSA to share with Meagan.  I
haven't seen it in months.

I have a few comments on the News Release and Communication Plan, attached.

On Thu, Oct 26, 2017 at 7:53 AM, Hastie, Kyla <kyla_hastie@fws.gov> wrote:
thanks Meagan. 

for NR: 
2nd graph, list of partner types - could add industry
in 5th graph, where it says "majority of habitat on public lands" - that's true for
west, but not for east, right? If my understanding is correct, then it would be
great if they could tweak to say something like (this needs work) "Lynx habitat
found in xxx states, ranging from Maine to xxx.  In the western states, most
habitat is on federal lands.  In the east, primarily found on private and forest
industry lands."  And then maybe in Sheehan quote, or somehow in text, say
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why this decision is such a good example of how it takes a village - Federal and
private both making critical contributions.  

I will also inquire on today's ARD call about review by HQ EA and DOI - I find it
very hard to believe this will be out the door in 2 weeks but will check on my
end. 

Kyla

On Wed, Oct 25, 2017 at 4:58 PM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Hi all, I spoke with Steve Segin from R6 EA today. They're planning on
making the lynx announcement within 2 weeks. Do you want to take a look at
the new materials and pass along any requests/red flags asap? Ken, I do not
see mention of the forest industry.

I talked with Steve about us adding some R5 material to this just for our
distribution. I've had some initial conversations with folks and would like your
feedback or additions to the following: 

Early coordination with IFW on talking points - just making sure we're
using the same language in response to to the ITP in particular
Advance notification to IFW, NAFO and the Maine Forest Products
Council with a request to include a quote from them in our R5 version of
the announcement
Hold a call for the relevant congressional offices in New England

Additional ideas, thoughts, concerns? We should get working on the first two
by early next week.

Could someone forward a copy of the SSA to me? 

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Wed, Oct 25, 2017 at 2:56 PM
Subject: Draft Comms materials
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Leith Edgar <leith_edgar@fws.gov>, Sarah
Levy <sarah_levy@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Drafts….a few  missing pieces.  Working on the species lead quote and the
R1/3/5 congressional contacts.   The latter is not that critical.

 

Also need the POC for your regions Lynx expert so it’s in the plan.
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Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish
and Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-
8615

<20171025_NR_Canada-Lynx-5-year-Review_MMiller.docx>

<20171025_CommP_Canada-Lynx-5-year Review_MMiller.docx>

-- 
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Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Harris, Anna" <anna_harris@fws.gov>

From: "Harris, Anna" <anna_harris@fws.gov>
Sent: Wed Nov 01 2017 07:01:19 GMT-0600 (MDT)

To: "Racey, Meagan" <meagan_racey@fws.gov>, "Elowe, Ken"
<ken_elowe@fws.gov>

Subject: Re: Lynx update Fwd: Draft Comms materials

Hi Meagan,

Happy to help coordinate with you and Ken. Thursday and Friday are pretty open for me right
now. Or early next week too if this week doesn't pan out. I agree I'd like to discuss before
Thanksgiving if we can,

On Tue, Oct 31, 2017 at 12:18 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi all, Based on what I've heard from you all in R5, it sounds like everyone supports the
proposed plan to engage IFW, Forest Products Council & NAFO. 

Ken and Anna, do you want to briefly coordinate this week on how we get this started? I now
understand we're most likely looking at an announcement in later November and maybe even
December, but I am inclined to get our ducks in order before the holidays factor in.

Thanks!

On Mon, Oct 30, 2017 at 11:52 AM, Anna Harris <anna_harris@fws.gov> wrote:
Hi all,

I will have to get the most recent version of the SSA from R6 and can get that tomorrow.

I like Kyla's suggestion of adding industry into paragraph 2; make sure we have private or
industry when we credit partners as you all have mentioned.

As for the research section, Maine has a lot more lynx than was originally thought at the
time of listing. There are a number of ongoing research projects and this species will
always be an important species in the state. If we can add Jen Vashon as a contact for
media, I'd like to look at her as option. She did a great job messaging about lynx on the
recent PLPD video.

Thanks for the opportunity to review,
Anna

Sent from my iPhone
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On Oct 30, 2017, at 11:38 AM, Miller, Martin <martin_miller@fws.gov> wrote:

Meagan - I support your 3 bullet ideas.  We have traditionally been reluctant to
share a listing decision outside the Service with anyone before the public
announcement, but I sense that is changing, at least with States.

Anna - you probably have the latest version of the SSA to share with Meagan.  I
haven't seen it in months.

I have a few comments on the News Release and Communication Plan,
attached.

On Thu, Oct 26, 2017 at 7:53 AM, Hastie, Kyla <kyla_hastie@fws.gov> wrote:
thanks Meagan. 

for NR: 
2nd graph, list of partner types - could add industry
in 5th graph, where it says "majority of habitat on public lands" - that's true for
west, but not for east, right? If my understanding is correct, then it would be
great if they could tweak to say something like (this needs work) "Lynx habitat
found in xxx states, ranging from Maine to xxx.  In the western states, most
habitat is on federal lands.  In the east, primarily found on private and forest
industry lands."  And then maybe in Sheehan quote, or somehow in text, say
why this decision is such a good example of how it takes a village - Federal
and private both making critical contributions.  

I will also inquire on today's ARD call about review by HQ EA and DOI - I find
it very hard to believe this will be out the door in 2 weeks but will check on my
end. 

Kyla

On Wed, Oct 25, 2017 at 4:58 PM, Racey, Meagan
<meagan_racey@fws.gov> wrote:

Hi all, I spoke with Steve Segin from R6 EA today. They're planning on
making the lynx announcement within 2 weeks. Do you want to take a look
at the new materials and pass along any requests/red flags asap? Ken, I do
not see mention of the forest industry.

I talked with Steve about us adding some R5 material to this just for our
distribution. I've had some initial conversations with folks and would like
your feedback or additions to the following: 

Early coordination with IFW on talking points - just making sure we're
using the same language in response to to the ITP in particular
Advance notification to IFW, NAFO and the Maine Forest Products
Council with a request to include a quote from them in our R5 version
of the announcement
Hold a call for the relevant congressional offices in New England

Additional ideas, thoughts, concerns? We should get working on the first
two by early next week.

Could someone forward a copy of the SSA to me? 
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Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Wed, Oct 25, 2017 at 2:56 PM
Subject: Draft Comms materials
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Leith Edgar <leith_edgar@fws.gov>, Sarah
Levy <sarah_levy@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Drafts….a few  missing pieces.  Working on the species lead quote and the
R1/3/5 congressional contacts.   The latter is not that critical.

 

Also need the POC for your regions Lynx expert so it’s in the plan.

 

 

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
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Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S.
Fish and Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-
253-8615

<20171025_NR_Canada-Lynx-5-year-Review_MMiller.docx>

<20171025_CommP_Canada-Lynx-5-year Review_MMiller.docx>

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Nov 01 2017 07:12:09 GMT-0600 (MDT)
To: "Harris, Anna" <anna_harris@fws.gov>
CC: "Elowe, Ken" <ken_elowe@fws.gov>
Subject: Re: Lynx update Fwd: Draft Comms materials
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Thanks Anna! I understand Ken will be back in Friday, so that may work well. I'll send a
calendar invite and we can adjust the time as needed.

On Wed, Nov 1, 2017 at 9:01 AM, Harris, Anna <anna_harris@fws.gov> wrote:
Hi Meagan,

Happy to help coordinate with you and Ken. Thursday and Friday are pretty open for me right
now. Or early next week too if this week doesn't pan out. I agree I'd like to discuss before
Thanksgiving if we can,

On Tue, Oct 31, 2017 at 12:18 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi all, Based on what I've heard from you all in R5, it sounds like everyone supports the
proposed plan to engage IFW, Forest Products Council & NAFO. 

Ken and Anna, do you want to briefly coordinate this week on how we get this started? I
now understand we're most likely looking at an announcement in later November and
maybe even December, but I am inclined to get our ducks in order before the holidays
factor in.

Thanks!

On Mon, Oct 30, 2017 at 11:52 AM, Anna Harris <anna_harris@fws.gov> wrote:
Hi all,

I will have to get the most recent version of the SSA from R6 and can get that tomorrow.

I like Kyla's suggestion of adding industry into paragraph 2; make sure we have private or
industry when we credit partners as you all have mentioned.

As for the research section, Maine has a lot more lynx than was originally thought at the
time of listing. There are a number of ongoing research projects and this species will
always be an important species in the state. If we can add Jen Vashon as a contact for
media, I'd like to look at her as option. She did a great job messaging about lynx on the
recent PLPD video.

Thanks for the opportunity to review,
Anna

Sent from my iPhone

On Oct 30, 2017, at 11:38 AM, Miller, Martin <martin_miller@fws.gov> wrote:

Meagan - I support your 3 bullet ideas.  We have traditionally been reluctant
to share a listing decision outside the Service with anyone before the public
announcement, but I sense that is changing, at least with States.

Anna - you probably have the latest version of the SSA to share with
Meagan.  I haven't seen it in months.

I have a few comments on the News Release and Communication Plan,
attached.
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On Thu, Oct 26, 2017 at 7:53 AM, Hastie, Kyla <kyla_hastie@fws.gov> wrote:
thanks Meagan. 

for NR: 
2nd graph, list of partner types - could add industry
in 5th graph, where it says "majority of habitat on public lands" - that's true
for west, but not for east, right? If my understanding is correct, then it would
be great if they could tweak to say something like (this needs work) "Lynx
habitat found in xxx states, ranging from Maine to xxx.  In the western
states, most habitat is on federal lands.  In the east, primarily found on
private and forest industry lands."  And then maybe in Sheehan quote, or
somehow in text, say why this decision is such a good example of how it
takes a village - Federal and private both making critical contributions.  

I will also inquire on today's ARD call about review by HQ EA and DOI - I
find it very hard to believe this will be out the door in 2 weeks but will check
on my end. 

Kyla

On Wed, Oct 25, 2017 at 4:58 PM, Racey, Meagan
<meagan_racey@fws.gov> wrote:

Hi all, I spoke with Steve Segin from R6 EA today. They're planning on
making the lynx announcement within 2 weeks. Do you want to take a
look at the new materials and pass along any requests/red flags asap?
Ken, I do not see mention of the forest industry.

I talked with Steve about us adding some R5 material to this just for our
distribution. I've had some initial conversations with folks and would like
your feedback or additions to the following: 

Early coordination with IFW on talking points - just making sure
we're using the same language in response to to the ITP in
particular
Advance notification to IFW, NAFO and the Maine Forest Products
Council with a request to include a quote from them in our R5
version of the announcement
Hold a call for the relevant congressional offices in New England

Additional ideas, thoughts, concerns? We should get working on the first
two by early next week.

Could someone forward a copy of the SSA to me? 

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Wed, Oct 25, 2017 at 2:56 PM
Subject: Draft Comms materials
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Leith Edgar <leith_edgar@fws.gov>, Sarah
Levy <sarah_levy@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>
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Drafts….a few  missing pieces.  Working on the species lead quote and
the R1/3/5 congressional contacts.   The latter is not that critical.

 

Also need the POC for your regions Lynx expert so it’s in the plan.

 

 

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

http://usfwsnortheast.wordpress.com/
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-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S.
Fish and Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035,
413-253-8615

<20171025_NR_Canada-Lynx-5-year-Review_MMiller.docx>

<20171025_CommP_Canada-Lynx-5-year Review_MMiller.docx>

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Fri Nov 03 2017 08:29:03 GMT-0600 (MDT)

To: Ken Elowe <ken_elowe@fws.gov>, Anna Harris
<anna_harris@fws.gov>

Subject: Fwd: Lynx update Fwd: Draft Comms materials
20171025_NR_Canada-Lynx-5-year-Review_MMiller.docx
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Attachments: 20171025_CommP_Canada-Lynx-5-year Review_MMiller.docx

---------- Forwarded message ----------
From: Racey, Meagan <meagan_racey@fws.gov>
Date: Mon, Oct 30, 2017 at 11:59 AM
Subject: Fwd: Lynx update Fwd: Draft Comms materials
To: Robert Segin <robert_segin@fws.gov>

Hi Steve - Some additional edits from R5, our TE chief. Sorry that these are streaming in
piecemeal. Most seem minor (clarifications - like DPS instead of entire Canada lynx species,
and that a recommendation is basically our decision to do a proposal) but wanted to get them to
you directly given your timeline. A few points in particular that made sense to me - adding
trapping in #10 of the comms plan, adding private landowners to #12-messages, and maybe
swapping "big cat" out with "wildcat" or something given the lynx's size.
Thanks!

---------- Forwarded message ----------
From: Miller, Martin <martin_miller@fws.gov>
Date: Mon, Oct 30, 2017 at 11:37 AM
Subject: Re: Lynx update Fwd: Draft Comms materials
To: "Hastie, Kyla" <kyla_hastie@fws.gov>
Cc: "Racey, Meagan" <meagan_racey@fws.gov>, Paul Phifer <paul_phifer@fws.gov>, Ken
Elowe <ken_elowe@fws.gov>, Christine Eustis <christine_eustis@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>, Anna Harris <anna_harris@fws.gov>

Meagan - I support your 3 bullet ideas.  We have traditionally been reluctant to share a listing
decision outside the Service with anyone before the public announcement, but I sense that is
changing, at least with States.

Anna - you probably have the latest version of the SSA to share with Meagan.  I haven't seen it
in months.

I have a few comments on the News Release and Communication Plan, attached.

On Thu, Oct 26, 2017 at 7:53 AM, Hastie, Kyla <kyla_hastie@fws.gov> wrote:
thanks Meagan. 

for NR: 
2nd graph, list of partner types - could add industry
in 5th graph, where it says "majority of habitat on public lands" - that's true for west, but not
for east, right? If my understanding is correct, then it would be great if they could tweak to say
something like (this needs work) "Lynx habitat found in xxx states, ranging from Maine to xxx. 
In the western states, most habitat is on federal lands.  In the east, primarily found on private
and forest industry lands."  And then maybe in Sheehan quote, or somehow in text, say why
this decision is such a good example of how it takes a village - Federal and private both
making critical contributions.  

I will also inquire on today's ARD call about review by HQ EA and DOI - I find it very hard to
believe this will be out the door in 2 weeks but will check on my end. 

Kyla

On Wed, Oct 25, 2017 at 4:58 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
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Hi all, I spoke with Steve Segin from R6 EA today. They're planning on making the lynx
announcement within 2 weeks. Do you want to take a look at the new materials and pass
along any requests/red flags asap? Ken, I do not see mention of the forest industry.

I talked with Steve about us adding some R5 material to this just for our distribution. I've
had some initial conversations with folks and would like your feedback or additions to the
following: 

Early coordination with IFW on talking points - just making sure we're using the same
language in response to to the ITP in particular
Advance notification to IFW, NAFO and the Maine Forest Products Council with a
request to include a quote from them in our R5 version of the announcement
Hold a call for the relevant congressional offices in New England

Additional ideas, thoughts, concerns? We should get working on the first two by early next
week.

Could someone forward a copy of the SSA to me? 

Thanks!

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Wed, Oct 25, 2017 at 2:56 PM
Subject: Draft Comms materials
To: Meagan Racey <meagan_racey@fws.gov>, Georgia Parham
<georgia_parham@fws.gov>, Leith Edgar <leith_edgar@fws.gov>, Sarah Levy
<sarah_levy@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>

Drafts….a few  missing pieces.  Working on the species lead quote and the R1/3/5
congressional contacts.   The latter is not that critical.

 

Also need the POC for your regions Lynx expert so it’s in the plan.

 

 

 

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell
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-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast
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From: McCollough, Mark
To: Zelenak, Jim
Subject: Re: lynx announcement
Date: Thursday, October 26, 2017 8:50:48 AM

Thanks Jim for all the hard work you have put into completing the SSA and 5-year review. 
Let us know when it is time for "next steps."   Mark 

On Wed, Oct 25, 2017 at 4:14 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
No - Think we have to leave it as is for now - maybe next version.

On Wed, Oct 25, 2017 at 1:35 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Yes...I was on the last 5 min. of the call and heard Jim's questions about our HCP.

Thanks for the heads up on the approximate announcement date.  I know there is a lot of
interest here.

Not that I have much time, but are you still accepting page numbers for citations?

Mark

On Wed, Oct 25, 2017 at 3:31 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Jodi did not give a specific date but said in the next 1-2 weeks.  She's aiming for next Fri., Nov. 3, but there
is some question about R6 RSOL review/concern and need to clear with the courts, which, like with R5
RSOL, is coming up pretty late in the game.

I've been only peripherally involved in review of the 5-year and had some input to (and some concern about)
the draft news release and communications plan.

Not sure if you were on when Jodi indicated that the 5-year received concurrence from all affected regions
and is now in the R6 RO awaiting RD signature.

I assume you heard Jim Connolly's questions and concern about whether there will be an opportunity for
Maine/MDIFW to discuss the implications of the 5-year recommendation with the Service (R5) before the
report and 5-year are made public.  Jodi said she would pass that along to Paul P. and have him talk to Jim C.

Hope all is well there.  I'll be catching my breath for a few days before the FOIA requests begin to roll in....

On Wed, Oct 25, 2017 at 1:20 PM, McCollough, Mark <mark_mccollough@fws.gov>
wrote:

Jim:  I am on another conf call, but jumped on the lynx call late and briefly.  Did we
announce a date for release of 5-year review and SSA?

thanks,  Mark

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE
CHANGED
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Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
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(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov
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From: Bush, Jodi
To: Marjorie Nelson; Justin Shoemaker
Subject: Fwd: Final SSA
Date: Thursday, October 26, 2017 10:21:46 AM
Attachments: 2017 10 13 FINAL Lynx SSA Report Corrections 2017 10 25 CLEAN.pdf

See Jim's message below. If we have ability to swap out the Oct 13 version for this one, Can
we do so?  Let me know if I can help do anything.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Wed, Oct 25, 2017 at 2:27 PM
Subject: Final SSA
To: Jodi Bush <jodi_bush@fws.gov>

Jodi,

I know you said stop, but I found some typos and a few other errors, but also some areas where we could easily
improve our responsiveness to State and some peer comments. I've made those changes in the attached.

They do not change any outcome or context, but I think they improve the doc and will improve it's reception among
our State agency partners.  I hope you will consider using this as the final, which hopefully would only require
contacting the small group of regional decision makers and asking them to replace the 10/13 version with this one.

Attached is the updated PDF.  I will follow with CLEAN and TRACK versions in Word so you can look at the
changes if you like. TOC and all other linked stuff also have been updated in the revised doc.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jodi_bush@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov


 
 
 
 
 

Rev. October 10, 2016 

 

FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 
1. Plan title: Canada lynx 5-year Review 
  

2. DTS number  
 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 States) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicate 
that the Canada lynx has persistent resident populations in northern Maine, northeastern 
Minnesota, northwestern Montana/northeastern Idaho, and north-central Washington; a 
resident introduced population in western Colorado; and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the health of this lynx population and the 
conservation efforts of Federal, State, and Tribal agencies, the Service’s 5-year Status 
Review recommends that the removal of the lynx DPS from the list of endangered and 
threatened species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

Autumn of 2017 is the proposed time frame for 5-year review and SSA to be made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is lead; R1, R2, R3, R5, and HQ involved. 

 
 

SECTION II: GOALS 
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6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to attain healthy and 
sustainable populations that no longer require federal protection under the ESA. 
The Service relies on the best available science when conducting our 5-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.   
Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our Federal, State, Tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species.  The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  The recommendation to delist is a 
success story for the lynx and a testament to how working with our partners can move ESA 
listed species towards recovery.  If it is determined that the Canada Lynx should be delisted, 
then the Service will  publish a proposed rule in the Federal Register seeking review and 
comment by other Federal agencies, State biologists, and the public, as well as the advice of 
independent species experts. After analyzing the comments, we respond to 
them and announce our final decision in the Federal Register, either completing 
the final rule or withdrawing the action and maintaining the current species status. 
 

 
 

SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 
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The interested public; Congress; State, Tribal, and local governments; Federal Partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  
DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., WildEarth Guardians, Earthjustice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the Lower 48 States at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 
● The State of Washington (or its Fish and Wildlife and/or Natural Resources departments 

may oppose because Federal delisting is at odds with their recent uplisting of lynx at the 
State level from threatened to endangered. 

 

11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, State wildlife and 
natural resources management agencies, AFWA, WAFWA, State governments (especially 
Maine, Montana, Idaho, and Wyoming). 
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SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of 
facts, which should be placed in the appendix. List no more than three!) 

1. This is a success story for the Canada lynx as efforts by the Service and our partners has 
resulted in the lynx DPS being the population is more secure and threats have been reduced 
to the point where the species could be removed from the list of threatened and endangered 
species.  . 
2. The ESA and subsequent conservation efforts and strategies are successful in identifying 
and protecting habitats and populations of Canada lynx and other listed species who have 
gone through this conservation process. 
3. Partnerships with other Federal agencies; State, local, and Tribal governments, and 
conservations organizations is critical to the successful conservation of the Canada lynx 
DPS. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by State, Federal, and Tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 
The Canada lynx’s population within the DPS is steady, but naturally fluxiliates as opposed 
to the non-endangered populations in Alaska and Canada. This can result in changes to the 
overall DPS populations as external natural and manmade forces affect habitats and food 
sources.  
Continued climate warming is regarded as the biggest long-term threat to the viability and 
persistence of the lynx DPS in the future. Climate change could result in shifts in the lynx’s 
boreal habitat and main food source, the snowshoe hare. How vulnerable lynx populations 
will be is unknown and undeterminable at this time. The most likely potential stressor to the 
Canada lynx within the DPS is climate change which could affect their boreal sub-alpine 
habitat and main food source, the snowshoe hare.  
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SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization web sites and news feeds, local and national television and radio, print media, 
web based news sites, social media including Facebook, and Twitter,  

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS web site 
Pop-Up 
Internal email to employees 
Internal news web pages and newsletters 
Social media posts to FB and Twitter 

 
16. Which communications tools are needed to support these strategies and tactics? (Be as 

specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press Release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 Internet page Rob Mansheim TBD 
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17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Select time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

10/30/2017 Communications materials for R6 RD review  R6 EA 

Day Before the 
announcement 

Congressional Notification EA-Segin 
HQ-CLA 

Day Before the 
announcement 

State Wildlife Agencies  ES-R1, R3,R5, R6 

Day Before the 
announcement 

Tribal Notification EA-Segin 

Day of 
Announcement 

Release to media in  regions (6, 5, 3, 1) R6 EA,  R5 EA,  
R3 EA, R1 EA 

Day of 
Announcement 

Posting to R6 and FWS national web sites and 
social media platforms 

R6 EA Digital 
Media 

TBD/fall-winter 
2017 and early 
2018 

Response to all subsequent media requests and 
inquiries 

R6 EA,  R5 EA,  
R3 EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 
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19. Stakeholder contacts (For each, paste in a table that provides organization name, contact person, 

contact information as appropriate, and the name of the person responsible for making contact) 
 

 
 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 

mwilliams@mt.gov 

R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R6 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica (303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leslie Weldon 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

mailto:jhagener@mt.gov
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Stakeholder  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie 
Rappaport Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, 
Director Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, 
Board President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

mailto:cchavers@boisforte-nsn.gov
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20. Congressional Contacts 

Member Colorado Contact Information  

Sen. Cory Gardner - Jared Soncrant Jared_Soncrant@gardner.senate.gov HQ-
CLA 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.senate.gov  HQ-
CLA 

Sen. Michael Bennet – Rosemary 
Rodriguez 

rosemary_rodriguez@bennet.senate.gov R6-
EA 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.gov  HQ-
CLA 

Rep. Diana DeGette – Matthew 
Mengesha 

Mathew.mengesha@mail.house.gov R6-
EA 

Rep. Jared Polis –  Blaine Miller-
McFeeley 

 HQ-
CLA 

Rep. Jared Polis – Mara Brosy-Wiwchar Mara.Brosy-Wiwchar@mail.house.gov R6-
EA 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.gov  HQ-
CLA 

Rep. Scott Tipton – Brian McCain brian.mccain@mail.house.gov R6-
EA 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.gov   HQ-
CLA 

Rep. Ken Buck – Luke O’Dell Luke.O'Dell@mail.house.gov R6-
EA 

mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
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Rep. Doug Lamborn – James Thomas james.thomas@mail.house.gov  HQ-
CLA 

Rep. Doug Lamborn – Dale Anderson dale.anderson@mail.house.gov R6-
EA 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-smith@mail.house.gov  HQ-
CLA 

Rep. Mike Coffman – Aurora Ogg aurora.ogg@mail.house.gov R6-
EA 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  HQ-
CLA 

Rep. Ed Perlmutter – Hannah Mullen Hannah.Mullen@mail.house.gov R6-
EA 

Member Wyoming   

Sen. John Barrasso –  kaitlynn_glover@barrasso.senate.gov  HQ-
CLA 

Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.senate.gov R6-
EA 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.gov  HQ-
CLA 

Sen. Michael Enzi – Karen McCreery karen_mccreery@enzi.senate.gov R6-
EA 

Rep. Liz Cheney –  Holly Heussner Holly.Heussner@mail.house.gov HQ-
CLA 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.gov  HQ-
CLA 

Sen. John Tester – Dayna Swanson dayna_swanson@tester.senate.gov R6-

mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:henry_ring@tester.senate.gov
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EA 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.senate.gov  HQ-
CLA 

Sen. Steve Daines – Liz Scanlon liz_scanlon@daines.senate.gov R6-
EA 

Rep. Greg Fianforte – Charles Robison charles.robison@mail.house.gov HQ-
CLA 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.gov  R6-
EA 

Member Washington   

TBD by Region 1 EA   

mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

Committee Contacts 

 
 

 

SECTION VI: SOCIAL MEDIA PLAN 

 

Committee Name Contact Information Contact 
By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

HQ-CLA 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

HQ-CLA 

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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21. How will social media be used to help in messaging to target audiences and achieve                                    
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a 
large swath of the general public across a number of age demographics. 

 

Lead accounts to be used:  Facebook, Twitter. 
 
Secondary accounts to share messaging: We assume that there will be collateral 
inquiries associated with images for the Canada lynx so Flickr may also play an important 
role in this rollout. 
 
Hashtags: #lynx #conservation #CanadaLynx #ESA 
 
Photos: https://www.flickr.com/search/?text=Canada%20lynx  
 
Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News 
; https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are no 

longer in danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to 

5-year review. 
● Road to recovery – Status review for Canada lynx recommends delisting from the 

Endangered Species Act 
 
Facebook messages: The Canada lynx, one of North America’s iconic, snow-dwelling big 
cats, is well on its way to becoming the next poster child of Endangered Species Act 
success stories.  Today the U.S. Fish and Wildlife Service (Service) announced the 
completion of a five-year review of the contiguous United States distinct population 
segment (DPS) of the Canada lynx (Lynx canadensis), a species currently listed under the 
Endangered Species Act as threatened. 
Read more at xxxxx 

Other platform messages:  

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve  Segin - robert_segin@fws.gov - 303-236-4578 
Sarah Levy, sarah_levey@fws.gov -503-231-6208 
Georgia Parham, , Georgia_Parham@fws.gov-812-334-4261 x 1203 
Meagan Racey, Meagan_racey@fws.gov -413-253-8558 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov 
Roya Mogadam - roya_mogadam@fws.gov - 303-236-4572 (R6) 
Sarah Levy, sarah_levey@fws.gov 503-231-6208 
Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 
Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 
Steve Segin - robert_segin@fws.gov - 303-236-4578 

mailto:robert_segin@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:roya_mogadam@fws.gov
mailto:sarah_levey@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
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26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 

HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 
Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

R1 Bryon Holt; Byron_holt@fws.gov; 509-893-8014 
R3 Tamara Smith; Tamara_Smith@fws.gov; 952-252-0092 x 219 
 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 
 
 
 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:Byron_holt@fws.gov
mailto:Tamara_Smith@fws.gov
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R.Mogadam 10-24-17 

S.Segin 10-25-17 

  

 
 

APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 
 



 
 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 

New Scientific Review Recommends Delisting the Canada Lynx 
 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling big cats, is well on 
its way to becoming the next poster child of Endangered Species Act success stories.  
 
Today the U.S. Fish and Wildlife Service (Service) announced the completion of a five-year 
review of the contiguous United States distinct population segment (DPS) of the Canada lynx 
(Lynx canadensis), a species currently listed under the Endangered Species Act as threatened. 
The review concludes that, thanks to the conservation actions of a variety of federal, state, tribal, 
academic and non-governmental partners, the Canada lynx DPS has been successfully conserved 
to the point that the species can be proposed for delisting. 
 
A cousin of the common bobcat, the Canada lynx is similar in size but can be distinguished by its 
black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, furry 
paws for hunting snowshoe hares in deep snow. The lynx DPS includes groups of the species 
found in northern Maine, northeastern Minnesota, northwestern Montana/northeastern Idaho, 
north-central Washington, the Greater Yellowstone area, and western Colorado. 
  
With the majority of lynx habitat occurring on public lands, especially in the west, the species 
was listed as threatened in 2000 largely due to a lack of existing regulatory mechanisms on 
federal public lands. However, since receiving Endangered Species Act protection, most federal 
land managers throughout the lynx’s range, as well as states and several private landowners in 
Maine, have formally amended their management plans to conserve the lynx.  
 
Providing the Canada lynx DPS protections under the Endangered Species Act also prompted an 
increase in scientific understanding of lynx biology. Research and monitoring efforts conducted 
by state and federal agencies, tribes and academic institutions helped to refine biologists’ 
understanding of habitat needs, distributions, population characteristics, and potential stressors. 
 

News Release 

mailto:robert_segin@fws.gov


The Service relies on the best available science to inform all decisions. Today’s five-year review 
was also informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, 
which compiled all available scientific information on the historical, current, and possible future 
conditions for the DPS. Input from recognized lynx experts in Canada and the United States, as 
well as a variety of experts in the fields of ecology, genetics, climate modeling, and habitat 
management, also informed the review.   
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx. To delist a species, the Service must follow a process 
similar to what is used in considering whether to list species. The next step is for the Service to 
publish a proposed rule in the Federal Register, receive public comments, review and analyze 
those comments, and then announce a final decision. 
 
For more information on the Canada lynx, visit xxx. To learn more about the delisting process, 
review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


From: Mogadam, Roya
To: Robert Segin
Subject: Re: latest lynx
Date: Thursday, October 26, 2017 11:14:20 AM
Attachments: 20171025_NR_Canada-Lynx-5-year-Review.docx

20171025_CommP_Canada-Lynx-5-year Review.docx

On Wed, Oct 25, 2017 at 2:49 PM, Robert Segin <robert_segin@fws.gov> wrote:

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:roya_mogadam@fws.gov
mailto:robert_segin@fws.gov
mailto:robert_segin@fws.gov
mailto:Roya_Mogadam@fws.gov


Label: "Meagan Racey Lynx SSA Emails"

Created by:meagan_racey@fws.gov

Total Messages in label:193 (37 conversations)

Created: 01-03-2018 at 07:39 AM



Conversation Contents
NR edits

Meagan Racey <meagan_racey@fws.gov>

From: Meagan Racey <meagan_racey@fws.gov>
Sent: Thu Oct 26 2017 16:50:23 GMT-0600 (MDT)
To: robert_segin@fws.gov
Subject: NR edits

Hey Steve, our ARD has a few recommendations for the lynx NR. I know it’s in the final stages
of review - is it possible to squeeze these in? Thank you!

for NR: 
2nd graph, list of partner types - could add industry
in 5th graph, where it says "majority of habitat on public lands" - that's true for west, but not for
east, right? If my understanding is correct, then it would be great if they could tweak to say
something like (this needs work) "Lynx habitat found in xxx states, ranging from Maine to xxx. 
In the western states, most habitat is on federal lands.  In the east, primarily found on private
and forest industry lands."  And then maybe in Sheehan quote, or somehow in text, say why this
decision is such a good example of how it takes a village - Federal and private both making
critical contributions.  

Sent from my iPhone

Robert Segin <robert_segin@fws.gov>

From: Robert Segin <robert_segin@fws.gov>
Sent: Mon Oct 30 2017 07:20:03 GMT-0600 (MDT)
To: Meagan Racey <meagan_racey@fws.gov>
Subject: RE: NR edits

Good Morning,
 
I am sure I can get the edits in. 
 
From: Meagan Racey [mailto:meagan_racey@fws.gov] 
Sent: Thursday, October 26, 2017 4:50 PM
To: robert_segin@fws.gov
Subject: NR edits
 

Hey Steve, our ARD has a few recommendations for the lynx NR. I know it’s in the final stages of review
- is it possible to squeeze these in? Thank you!
 
for NR: 

mailto:meagan_racey@fws.gov
mailto:robert_segin@fws.gov


2nd graph, list of partner types - could add industry
in 5th graph, where it says "majority of habitat on public lands" - that's true for west, but not for east,
right? If my understanding is correct, then it would be great if they could tweak to say something like
(this needs work) "Lynx habitat found in xxx states, ranging from Maine to xxx.  In the western states,
most habitat is on federal lands.  In the east, primarily found on private and forest industry lands."  And
then maybe in Sheehan quote, or somehow in text, say why this decision is such a good example of how it
takes a village - Federal and private both making critical contributions.  
 
Sent from my iPhone



From: Shoemaker, Justin
To: Jodi Bush
Subject: Lynx 5YR - need your surname
Date: Wednesday, November 01, 2017 9:28:20 AM
Attachments: Surname Pkg Front Yellow Page.pdf

Tab 2. Canada Lynx draft 5-yrReview_10312017.doc

Jodi,

Attached is the latest version of the lynx 5YR.  I've addressed you comment about Nearly all
Federal Land Management...

If your good w/ it, please sign and send back the surname sheet for the package.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov


From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: Lynx 5YR - need your surname
Date: Wednesday, November 01, 2017 9:35:16 AM
Attachments: Surname Pkg Front Yellow Page.pdf

Tab 2. Canada Lynx draft 5-yrReview_10312017.doc

Please take a quick look. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Wed, Nov 1, 2017 at 9:27 AM
Subject: Lynx 5YR - need your surname
To: Jodi Bush <jodi_bush@fws.gov>

Jodi,

Attached is the latest version of the lynx 5YR.  I've addressed you comment about Nearly all
Federal Land Management...

If your good w/ it, please sign and send back the surname sheet for the package.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov


From: Zelenak, Jim
To: Bush, Jodi
Subject: Re: Lynx 5YR - need your surname
Date: Wednesday, November 01, 2017 9:56:56 AM
Attachments: Tab 2. Canada Lynx draft 5-yrReview_10312017_jz comments.doc

I caught a few typos and had a couple comments. Attached in TRACK.

On Wed, Nov 1, 2017 at 9:35 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Please take a quick look. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Wed, Nov 1, 2017 at 9:27 AM
Subject: Lynx 5YR - need your surname
To: Jodi Bush <jodi_bush@fws.gov>

Jodi,

Attached is the latest version of the lynx 5YR.  I've addressed you comment about Nearly all
Federal Land Management...

If your good w/ it, please sign and send back the surname sheet for the package.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov




From: Bush, Jodi
To: Justin Shoemaker
Subject: Re: Lynx 5YR - need your surname
Date: Wednesday, November 01, 2017 11:40:05 AM
Attachments: Tab 2. Canada Lynx draft 5-yrReview_10312017_jz comments.doc

Scanned from a Xerox Multifunction Device (7).pdf

Justin.  My surname attached.  Had Jim look at 5 year review for red flags.  He found a couple
of typos and some small stuff.   Attached.  Revise as you wish.  JB 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Nov 1, 2017 at 9:56 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
I caught a few typos and had a couple comments. Attached in TRACK.

On Wed, Nov 1, 2017 at 9:35 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Please take a quick look. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Wed, Nov 1, 2017 at 9:27 AM
Subject: Lynx 5YR - need your surname
To: Jodi Bush <jodi_bush@fws.gov>

Jodi,

Attached is the latest version of the lynx 5YR.  I've addressed you comment about Nearly
all Federal Land Management...

If your good w/ it, please sign and send back the surname sheet for the package.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov


-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov


From: Bush, Jodi
To: Zelenak, Jim
Subject: Re: lynx discussion with Eric Rickerson, Jeff Krupka and Tom McDowell
Date: Wednesday, November 01, 2017 12:13:25 PM

I can make that work.  Please get Bryon on the call as well. JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Wed, Nov 1, 2017 at 12:03 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
As we discussed.

---------- Forwarded message ----------
From: Mejia, Kandi <kandi_mejia@fws.gov>
Date: Mon, Oct 30, 2017 at 3:31 PM
Subject: lynx discussion with Eric Rickerson, Jeff Krupka and Tom McDowell
To: "Zelenak, Jim" <jim_zelenak@fws.gov>

Good afternoon Jim.  Eric has asked me to schedule a call with you and the others
mentioned above.  I believe this is to discuss the WA comments on the Lynx SSA. 
Would you be available thursday morning (2 November) at 9 a.m. our time (10 a.m.
your time).  Please let me know if this works for you and I will get you the call in
information.  Thank you!
~~~~~~~~~~~~~~~
Kandi Mejia
Secretary 
Washington Fish and Wildlife Office
Lacey, WA
(360) 753-4065

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:kandi_mejia@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


 
United States Department of the Interior 

 
FISH AND WILDLIFE SERVICE 

Mountain-Prairie Region 
 

IN REPLY REFER TO: 

FWS/R6 MAILING ADDRESS: STREET LOCATION: 
 Post Office Box 25486 134 Union Boulevard 
 Denver Federal Center Lakewood, Colorado 80228-1807 
 Denver, Colorado 80225-0486 
 
 
 
«Chairperson» «First_Name» «Last_Name» 
«Tribe» 
«Address» 
«City», «State» «ZIP» 
 
Dear «Chairperson» «Last_Name»: 
 
The U.S. Fish and Wildlife Service (Service) has published a 5-year review of the contiguous 
United States distinct population segment (DPS) of the Canada lynx, a species currently listed 
under the Endangered Species Act (ESA) as threatened. The review concludes that, thanks to the 
conservation actions of a variety of partners, including tribes, the Canada lynx DPS may no longer 
require protection under the ESA. 
 
The Service’s recommendation does not remove or negate the ESA protections currently in place 
for the Canada lynx DPS. To delist a species, the Service must follow a process similar to what is 
used in considering whether to list species, which includes publication of a proposed rule in the 
Federal Register, a public comment period, peer review, prior to a final decision being made. If the 
Service decides to propose delisting for the Canada lynx DPS we will reach out to tribes to offer 
government-to-government consultation on that proposal. 
 
If you have any questions regarding the Canada lynx DPS please contact me or Anna Munoz, 
Assistant Regional Director for External Affairs, at anna_munoz@fws.gov or (303) 236-4510.  
              

Sincerely, 
 
 
Deputy Regional Director 

mailto:anna_munoz@fws.gov


From: Mogadam, Roya
To: Sanchez, Denise
Cc: Anna Munoz; Robert Segin
Subject: Tribal Letter for Canada Lynx
Date: Thursday, November 02, 2017 8:42:40 AM
Attachments: 2017_11_02_Canada Lynx Tribal Letter. RM Edits.docx

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:roya_mogadam@fws.gov
mailto:denise_sanchez@fws.gov
mailto:anna_munoz@fws.gov
mailto:robert_segin@fws.gov
mailto:Roya_Mogadam@fws.gov


Draft responses to WA State Comments on the Draft Lynx SSA Report 

We are unaware of any reports or information that documents the 
effectiveness of lynx management plans in occupied areas of 
Washington. We believe that these management plans are in need of 
revision to incorporate new concepts and information S_WA BH 

A-
6 

   

From S-WA. 
Cover ltr. 2nd 
paragraph 

We agree that new science pertaining to lynx management should be 
incorporated into management plans as it is developed. This would be especially 
important if such new science represents paradigm shifts in our understanding of 
lynx habitat management. Currently, the new science on lynx habitat 
management that has been derived is from limited studies, not been fully 
developed, and is more of a refinement complementing the existing knowledge 
of lynx habitat requirements to support successful reproduction. However, once 
fully developed and vetted, the new information should be incorporated into 
existing lynx habitat management direction. 

Would be valuable to establish what the document can and will be used 
for. Doesn’t say that the SSA is a foundational document for many FWS 
purposes – Recovery plans, Biological Opinions, and even listing rules. S_WA BH 

A-
1 

   

From S-WA. 
Comment 
Table. 
Comment 1 

Page 4 (Executive Summary) of the SSA states: " The SSA will provide the 
scientific basis for the statutorily required 5-year status review for this listed 
species and other decisions the U.S. Fish and Wildlife Service (Service) is required 
to make in accordance with the ESA." However, we could add another sentence 
advising the SSA is also intended to provide the foundational biological 
information that will inform listing decisions, section 7 consultations, recovery 
planning, etc. 

The difference between DPS range and the identified geographic units in 
Figure 1 is not clear. Isthe range in US considered to be only the sum of 
the area within the designated geographic units?  S_WA BH 

A-
1 

   

From S-WA. 
Comment 
Table. 
Comment 2 

The title of Figure 1 could more clearly state that these are general depictions of 
areas supporting known, long-term persistent breeding populations, and is not 
intended to depict the current range of lynx in the contiguous U.S. DPS that is 
broader than the depicted geographic areas (e.g., the Selkirk Mountains in 
northeastern WA/northwestern Idaho, which is not included within the depiction 
for northwestern Montana/northeastern Idaho but where we have a fairly 
consistent (albeit infrequent) record of lynx presence since at least listing). 

The USFWS focuses on 6 geographic units within the conterminous 
United States that represents 2% of the lynx range in North America. 
Some might consider this lynx (lower 48 states) subpopulation as 
“insignificant.” In between the geographic units identified within the 
conterminous U. S., there are in fact lynx populations that are likely 
breeding (especially where they border Canada) and that connect the 
geographic units that are within Washington, Idaho, and Montana. What 
conservation measures will be taken for these “in-between” populations 
when the special focus in this Special Status Assessment (SSA) is only on 
the 6 distinct units? S_WA BH 

A-
2 

   

From S-WA. 
Comment 
Table. 
Comment 3 

We acknowledge that lynx likely have existed (reproduced) in the past, currently 
reside, and will likely do so in the future in areas outside of the six geographic 
areas in the contiguous U.S., at least ephemerally. In our opinion, we can best 
serve lynx conservation by focusing efforts on maintaining lynx populations in 
those places that seem to provide the ecological conditions supporting lynx life 
history needs and that have continually supported persistent lynx breeding 
populations through time (i.e., the six geographic areas). However, lynx analysis 
units (LAUs) have been delineated on all USFS and BLM lands containing lynx 
habitat both within and outside of the identified six geographic areas, at least in 
the west and mid-west. These delineated LAUs are managed, and will continue 
to be managed in accordance with either USFS Land and Resource Management 
Plans, BLM Land Use Plans, or the LCAS as appropriate and applicable. 
Additionally, within Washington, the WADNR, pursuant to their 2006 Lynx 
Management Plan, has delineated LAUs within lynx habitat on their ownership, 
and manages these LAUS in accordance with their 2006 Lynx Management Plan. 
Thus, areas outside of the six geographic areas will be managed to support lynx 
reproduction to the extent they are capable of doing so. 

Would be valuable to describe how these areas and numbers of acres 
were derived. S_WA BH 

A-
1 

   

From S-WA. 
Comment 
Table. 
Comment 4 

This refers to Table 1. I am not clear on how the numbers were derived. I think 
they may be derived from a couple of different sources. For the geographic areas 
where critical habitat has been designated (i.e., WA, MT/ID, MN, ME) the critical 
habitat acres probably account for the numbers. For CO and WY I am not sure 



how the numbers were derived. Thus, we should explicitly state how the 
numbers were derived for Table 1. 

The use of the year 2100 in the predications and persistence probabilities 
(last paragraph in the assumptions) seems too far into the future to be 
relevant to this analysis. A more useful window would evaluate some 
combination of 5, 10, 20, and 40 or 50 years into the future, given the 
abrupt landscape changes and weather patterns we have seen and the 
ones we can reasonably anticipate. S_WA BH 

A-
2 

   

From S-WA. 
Comment 
Table. 
Comment 5 

We received numerous peer and state review comments along the line of 
reasoning that climate modeling and scientific uncertainties are too great to 
allow any degree of confidence beyond 50 year projections. Consequently, we 
agree and determined the reasonably foreseeable future, in this case, is 50 
years, which will be reflected in the final SSA. 

The document presents a WA population with a greater resilience than is 
warranted by the available (and lack of) information about this 
population. Our concern is based on the limited information on the 
demographic characteristics of the Washington population, the 
significant threats facing this population (see Lewis 2016), and the large 
uncertainties about population processes that will influence its 
probability of persistence (e.g., immigration from BC, emigration, fires, 
snowpack, disease, current demographics of the population, impacts of 
trapping in southern BC, status of population in BC, habitat corridor 
stability between BC and WA). Many of these topics were either not 
mentioned or discussed in sufficient detail in the SSA, but these are 
factors that have had and will continue to have a substantial effect on 
our Washington lynx population and its probability of persistence over 
the next 10-20 years. S_WA BH 

A-
2 

C-
4 

I-
10 

 

From S-WA. 
Comment 
Table. 
Comment 6 

The SSA acknowledges the lack of specific demographic data, and lack of a 
complete understanding on the role of lynx immigration/emigration at 
maintaining lynx populations for all geographic areas. However, specific to WA 
the SSA concludes that the probability of lynx persistence in Washington may 
dramatically decline by as much as 20 to 30 percent within the next 10-20 years 
primarily due to recent impacts to almost 50 percent of lynx habitat resulting 
from large-scale wildfires, and acknowledges that this population could become 
extirpated should additional high intensity large-scale wildfires occur within lynx 
habitat in the near future. 

The terms “Resiliency, Redundancy, and Representation” are described 
on Page 5, should also be defined in the SSA as they are used throughout 
the narrative. A glossary of terms and acronyms would be beneficial. 
Page 16 describes the three R’s again, but gives the same definition for 
resiliency and redundancy.  S_WA BH 

A-
1 

   

From S-WA. 
Comment 
Table. 
Comment 7 

These terms are defined in the SSA, but it would be helpful to add a glossary to 
final SSA. 

Consider adding a home range size and density for Eurasian lynx so there 
is something to compare to what we would expect for Canada Lynx.  S_WA BH 

C-
2 

   

From S-WA. 
Comment 
Table. 
Comment 9 

The SSA contains sufficient information on the variation in the size of lynx home 
ranges in north America, which is most applicable and informative relative to 
lynx conservation in the DPS. Comparisons to the Eurasian lynx are not useful or 
informative relative to north American lynx, which is a different subspecies 
whose ecology may differ from the Eurasian lynx. 

The SSA states in the second paragraph: “… although the Kettle 
Mountains in the northeastern part of the state are thought to have 
historically supported a small breeding population …” WDFW has 
sufficient harvest data over enough years (as specifically stated on page 
101 in the SSA) to indicate that a resident lynx population one occurred 
in the Kettle Mountain Range in Washington. S_WA BH 

A-
2 

I-
4 

  

From S-WA. 
Comment 
Table. 
Comment 10 WDFW is making a distinction without a difference here. No response needed. 

Habitat management actions should be evaluated within the context of 
the whole lynx population unit and large scale landscape disturbance to 
plan timber management. If large areas are already affected by harvest, 
wildfire, or disease then future timber harvest should be curtailed until 
habitat grows back. Too often management only focuses on LAU's (the 
size of a female home range) and does not take into context the other 
impacts of the surrounding area. S_WA BH 

F-
1 

   

From S-WA. 
Comment 
Table. 
Comment 11 

This is a comment directed at lynx habitat management recommendations, and 
does not pertain to current or future lynx status or threats, and thus, does not 
require a response. 

Page 101 mentions that lynx habitats in WA are being managed largely 
with adequate management plans that were developed and guided by S_WA BH 

F-
1 

F-
2 

  

From S-WA. 
Comment 

We agree that new science pertaining to lynx management should be 
incorporated into management plans as it is developed. This would be especially 



LCAS. While these plans are important, some are largely out of date and 
in need of revision to incorporate new information and new concepts, 
ensure management effects are monitored in a meaningful way for Lynx, 
and that reports are generated and shared. The WDNR Loomis State 
Forest and two additional private timber landowners have out of date 
management plans in WA 

Table. 
Comment 13 

important if such new science represents paradigm shifts in our understanding of 
lynx habitat management. Currently, the new science on lynx habitat 
management that has been derived is from limited studies, not been fully 
developed, and is more of a refinement complementing the existing knowledge 
of lynx habitat requirements to support successful reproduction. However, once 
fully developed and vetted, the new information should be incorporated into 
existing lynx habitat management direction. 

There is very little or no mention of the uncertainty of the level of 
immigration from BC to Washington population. Conversely, the 
presence of population continuity between BC and Washington is cited in 
the SSA as a source of resilience for the Washington population, but 
there are no data presented to indicate past, present, or anticipated 
levels of immigration to support that conclusion. Assumptions that there 
is a meaningful level of immigration are based on little or no data. WDFW 
has collected information about lynx harvests in southern BC since 1985 
and these data indicate that few lynx are captured in southern BC in any 
given year. The majority of BC lynx capture occurs just north of our 
Washington lynx population. These data indicate to us that the density of 
lynx in southern BC may be very low and that trapping could further 
minimize potential immigration of BC lynx to Washington.  S_WA BH 

C-
5 

H-
1 

I-
10 

J-
1 

From S-WA. 
Comment 
Table. 
Comment 15 

We do not disagree with the WDFW’s concern regarding lynx trapping in BC and 
the potential implications for reduced opportunities of lynx immigration to 
Washington. However, the WDFW does not define “meaningful”, nor did we 
state that there currently or likely will be future meaningful level of lynx 
movement between BC and Washington. We also appreciate WDFW’s concern 
and acknowledge the lack of data to support immigration/emigration of lynx 
from/to BC and Washington. Nonetheless, as lynx are very capable dispersers 
and there does not appear to be any barriers preventing lynx movement 
between Washington and Canada as concluded by Singleton et al. (2002, entire), 
we have no reason to conclude that lynx movement between Washington and 
Canada has significantly changed from historical conditions (aside from the 
historic, unprecedented lynx irruptions in the 1960s and 1970s). To wit, as stated 
in the SSA, a male lynx collared in Washington in 2008 was trapped in BC in 2009. 
Very few lynx have been collared in Washington. Thus, it is not unreasonable to 
presume that other lynx movements between Washington and BC (both 
immigration and emigration) have occurred and will most likely continue to 
occur, at least in the foreseeable future. Further, while we conclude that lynx 
immigration from Canada to the U.S. has occurred historically and that 
maintaining this connectivity may be important, we are unsure regarding the 
role that this connectivity may play in supporting the genetic and/or 
demographic stability of lynx populations in the U.S. We only indicate that 
should several additional wildfires result in extirpation of lynx in Washington, the 
lynx population in BC could be a source for recolonization of Washington by lynx 
once vegetative conditions conducive to supporting lynx reproduction are 
restored through successional regeneration. 

Specifically, we lack basic information on the demographic characteristics 
of the lynx population in WA, which is likely a peninsular extension of the 
BC population at the margin of the species range. Given the marginal 
nature of our population, we are concerned that it may differ 
significantly from a resident population (e.g., biased sex-ratio, age-
structure inconsistent with a reproductive resident population, the 
potential for Allee effects, etc.) and this could significantly influence its 
probability of persistence for the next 10-20 years. It should not be 
assumed that Washington has a population with standard demographic 
characteristics and as such, attribute a greater level of resilience to the 
Washington population than is warranted from available information.  S_WA BH 

A-
2 

C-
4 I-4 

 

From S-WA. 
Comment 
Table. 
Comment 16 

Concern noted, but we have no compelling reason to believe that lynx 
demographic characteristics in WA differ significantly from other 
peripheral/peninsular lynx populations in north America, or that the lynx 
population in WA is any more or less susceptible to stochastic or catastrophic 
population (i.e., more or less resilient) level effects related to climate change 
than would any other similarly situated lynx population. 

A new study just completed (Lyons et al. 2017; attached) models changes 
in carrying capacity of the Okanogan and Kettle LMZs between time 
periods and demonstrates significant reduction in habitat availability and 
the inferred reliance of the WA population on immigration. Please S_WA BH 

A-
6 

I-
4 

  

From S-WA. 
Comment 
Table. 
Comment 17 Information from Lyons et el. 2017 will be incorporated into the final SSA 



incorporate this new information into the SSA, as appropriate.  

The document states “Thus, in Washington, and the north Cascades 
specifically, it appear that the single threat for which lynx were listed 
under the ESA (i.e., inadequacy of regulatory mechanisms) has largely 
been addressed through the development of the LCAS, and CA between 
the Forest Service and Service which commits the Forest Service, 
specifically for Washington the OWNF and CNF, to use the LCAS in the 
management of lynx habitat on their ownerships and when designing 
and implementation projects within LAUs.” As stated in our recent 
Periodic Status Review of the species (Lewis 2016) “While the 
conservation strategy (referencing LCAS) has been considered sound, the 
monitoring efforts associated with strategy implementation have been 
inadequate to determine if the strategy is successful in the Okanogan 
LMZ.” A plan is only good if implemented effectively, and to understand 
implementation effectiveness, adequate monitoring must occur and the 
information gathered must be shared and reviewed. We encourage 
USFWS to directly link their decisions regarding the adequacy of 
regulatory mechanisms to data generated from their implementation 
effectiveness.  S_WA BH 

A-
7 

F-
1 I-4 

 

From S-WA. 
Comment 
Table. 
Comment 18 

We agree that conservation/managment plan effectiveness montoring should 
occur. However, we believe that the LCAS, to which the WDFW makes specific 
reference, is based upon the best available science pertaining to the 
management of lynx habitat, lynx prey base populations, and thus lynx 
reproduction and population management.  

The document states “The WADNR has been managing lynx for almost 
two decades, and the Service has concluded that the management 
strategies implemented are effective.” To our knowledge there are no 
reports or data generated or shared by WDNR that support this 
conclusion. What information is the Service basing their determination 
on? S_WA BH 

A-
7 

F-
2 I-4 

 

From S-WA. 
Comment 
Table. 
Comment 19 

See response to S-WA Comment 18 above. Similar to management of federal 
lands, the WADNR manages lynx habitat on its ownership in accordance with 
their Lynx Management Plan, which is derived in large part from the LCAS.  

Early in the document, clearly define "southern" vs. "northern" lynx hare 
populations. You might consult Ivan and Shenk (2016) for a possible 
definition. In many places it isn't clear which populations fall into each 
group. For instance, sometimes the Canadian border appears to be the 
line, yet the Apps (2000) chapter is cited often and that author considers 
his provincial study area to be "southern lynx habitat". S-CO JZ ? 

   

CPW letter, p. 
2 

Noted. We define it on pg. 29 of the draft: "In southern lynx populations 
(southern Canada and the contiguous U.S.),...". But we will make this clearer in 
the final SSA - that the southern periphery of lynx range occurs in both the 
contiguous US and in parts of southern Canada, but that all of the DPS units are 
considered part of the southern periphery of the species' range. 

The final SSA should provide some clear reference to the renewed IUCN 
(2015)assessment of Canada lynx as “least concern.”  

S-ID 
(IDFG) BH 

A-
2 

   

From S-ID 
(IDFG) letter. 
Page 2, 
paragraph 2 

We should consider adding information from the IUCN 2015 assessment into the 
SSA. 

The final SSA should clarify the level of uncertainty in evaluating 
probabilities of persistence and likely future conditions. For example, the 
draft SSA’s summary of the expert elicitation panel’s discussion in this 
regard failed to acknowledge the panel’s statements as to the high 
degree of uncertainty in their speculations as to long-term persistence.  

S-ID 
(IDFG) BH 

A-
2 

   

From S-ID 
(IDFG) letter. 
Page 2, 
paragraph 4 

Although the SSA references the report borne out of the expert elicitation 
workshop and provides graphs depicting the range of expert predictions for each 
of the geographic areas, the SSA could more thoroughly discuss the process and 
the experts' uncertainties and limitations (e.g., lack of knowledge of specific 
geographic area for which they were asked to provide predictions) surrounding 
their predictions. As currently written, the SSA does not clearly highlight the 
fairly speculative nature of the expert predictions, and, thus a reader could 
assume more scientific confidence surrounding the expert predictions than is 
warranted.  

The final SSA should reflect that, although there have been multiple 
detections of lynx in the Selkirk Mountains in Idaho during 2015-2016 

S-ID 
(IDFG) BH 

I-
4 

   

From S-ID 
(IDFG) letter. 

We disagree. Prior to 1996, several lynx were usually trapped each year in Idaho, 
and most of these came from northern counties (McKelvey et al. 2000, p. 226). 



and one detection of a lynx in the Selkirks in 2010, there is not evidence 
of a long-term, persistent resident lynx population.  

Page 2, last 
paragraph 

Trapping for lynx in Idaho was closed in 1996. Additionally, although, until 2017, 
no concerted and sustained effort has been undertaken in northern Idaho to 
establish lynx presence, or if present, the nature of it (e.g., reproducing 
population or transient) we have periodically obtained opportunistic and verified 
records of lynx since listing in 2000, especially in the Selkirk Mountains of 
northeastern Washington/northwestern Idaho. For example: 2004 video of a 
lynx on LPO NWR; 2008 photo of a lynx near LPO NWR; 2008 video of lynx 
swimming Pend Oreille River; 2010 game camera picture of lynx from Selkirks on 
IPNF; and 2013 captured female lynx in Cabinets just east of Bonners Ferry 
(whose radio locations appear to suggest she is a resident animal). Further, in 
2017 an effort was initiated to document lynx and fisher presence in the Selkirk 
Mountains; several different sets of lynx tracks have been documented. Two 
different sets of these lynx tracks consisted of multiple lynx traveling together 
well south of the Canadian border, and the observers noted the set of tracks 
traveling together seemed to be different sizes. The two groups of tracks were 
well separated from each other on different sides of a major mountain ridge, and 
thus, likely represent two separate groups of lynx. It is possible that all these 
mostly opportunistically obtained verified records documented over almost two 
decades could represent transient lynx given the connectivity of the habitat in 
Idaho to lynx habitat and lynx populations in Canada and northwestern 
Montana. It is just as plausible that they could represent a small , but persistent 
breeding population. We suggest the the latter is the more parsimonious 
explanation given the relative regularity of sightings (albeit sporadic), the fact 
that no real effort has been made until recently to establish lynx presence, and 
when that effort was undertaken two different groups of lynx tracks of multiple 
individuals traveling together well south of the Canadian (border potentially 
representing family groups) were observed. 
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Washington Department of Fish and Wildlife Comments: 

Species Status Assessment for the CANADA LYNX (Lynx canadensis)                                                                            

Contiguous United States Distinct Population Segment  

Version 1.0 – Draft - December 2016 
 

# Chapter Section 
Page
# 

Comment 

1 
Exec 
Sum 

SSA Frame 
work 

6 
Would be valuable to establish what the document can and will be used for.  Doesn’t say that the 
SSA is a foundational document for many FWS purposes – Recovery plans, Biological Opinions, 
and even listing rules.   

2 
Exec 
Sum 

Figure 1 4 
The difference between DPS range and the identified geographic units in Figure 1 is not clear.  Is 
the range in US considered to be only the sum of the area within the designated geographic units? 
(and see comment 3). 

3 
Exec 
Sum 

 4-5 

The USFWS focuses on 6 geographic units within the conterminous United States (lower 48 states) 
that represents 2% of the lynx range in North America.  Some might consider this lynx 
subpopulation as “insignificant.”  In between the geographic units identified within the 
conterminous U. S., there are in fact lynx populations that are likely breeding (especially where 
they border Canada) and that connect the geographic units that are within Washington, Idaho, and 
Montana.  What conservation measures will be taken for these “in-between” populations when the 
special focus in this Special Status Assessment (SSA) is only on the 6 distinct units? 

4 
Exec 
Sum 

Table 1 5 Would be valuable to describe how these areas and numbers of acres were derived. 

5 
Exec 
Sum 

Uncertainties 
and 
Assumptions 

7 

As written, the 3rd and 4th assumptions appear to compete with each other.   
 
The 7th assumption uses both terms ‘climate change’ and ‘warming’, with no distinction (suggest 
defining these, and other terms used in narrative, in a glossary).   
 
The use of the year 2100 in the predications and persistence probabilities (last paragraph in the 
assumptions) seems too far into the future to be relevant to this analysis.  A more useful window 
would evaluate some combination of 5, 10, 20, and 40 or 50 years into the future, given the abrupt 
landscape changes and weather patterns we have seen and the ones we can reasonably anticipate.  



10 February 2017                                                  WDFW Comments: December 2016 USFWS Draft Lynx SSA    2 
 

6 
Exec 
Sum 

Resiliency 9 

The document presents a WA population with a greater resilience than is warranted by the 
available (and lack of) information about this population.  Our concern is based on the limited 
information on the demographic characteristics of the Washington population, the significant 
threats facing this population (see Lewis 2016), and the large uncertainties about population 
processes that will influence its probability of persistence (e.g., immigration from BC, emigration, 
fires, snowpack, disease, current demographics of the population, impacts of trapping in southern 
BC, status of population in BC, habitat corridor stability between BC and WA).  Many of these 
topics were either not mentioned or discussed in sufficient detail in the SSA, but these are factors 
that have had and will continue to have a substantial effect on our Washington lynx population 
and its probability of persistence over the next 10-20 years.    

7 
Exec 
Sum 

 
5, 11, 
16 

The terms “Resiliency, Redundancy, and Representation” are described on Page 5, should also be 
defined in the SSA as they are used throughout the narrative.  A glossary of terms and acronyms 
would be beneficial. Page 16 describes the three R’s again, but gives the same definition for 
resiliency and redundancy.  

8 2 Table 3 30 Please include a sample size from which the home range estimates were derived.   

9 2 
Last 
paragraph 

33 
Consider adding a home range size and density for Eurasian lynx so there is something to compare 
to what we would expect for Canada Lynx.   

10 2, 4 

2.3.2.2 
Lynx 
Distribution 
4.1.1  

45, 
101 

The SSA states in the second paragraph: “… although the Kettle Mountains in the northeastern 
part of the state are thought to have historically supported a small breeding population …”   
WDFW has sufficient harvest data over enough years (as specifically stated on page 101 in the 
SSA) to indicate that a resident lynx population one occurred in the Kettle Mountain Range in 
Washington. 

11 3 
3rd sentence, 
2nd paragraph 

78 

Habitat management actions should be evaluated within the context of the whole lynx population 
unit and large scale landscape disturbance to plan timber management.  If large areas are already 
affected by harvest, wildfire, or disease then future timber harvest should be curtailed until 
habitat grows back.   Too often management only focuses on LAU's (the size of a female home 
range) and does not take into context the other impacts of the surrounding area (and see 
comment 20). 

12 3 
3rd 
paragraph, 
3rd sentence 

89 
Consider expanding this statement.  Were survival rates higher? kitten survival? individual 
weights?  How was this assessed?    
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13 4 
4.1.1 
Current 
Conditions 

101 

Page 101 mentions that lynx habitats in WA are being managed largely with adequate 
management plans that were developed and guided by LCAS.  While these plans are important, 
some are largely out of date and in need of revision to incorporate new information and new 
concepts, ensure management effects are monitored in a meaningful way for Lynx, and that 
reports are generated and shared.  The WDNR Loomis State Forest and two additional private 
timber landowners have out of date management plans in WA  

14 4 
4.2.4  
Kettle Range 

137 

While it may be difficult to re-establish a robust population in the Kettle Range, given that over-
trapping and not just habitat loss contributed to the reduction of lynx in the Kettle Mountains, 
there is interest in exploring the possibility that a reintroduction could be successful now that 
trapping no longer has an impact (via a reintroduction feasibility assessment). 

15 4 

4.2.4 Current 
conditions- 
detailed 
descriptions, 
Unit 4 – NC 
Washington 

Last 
para 
136, 
1st 
para 
137 

There is very little or no mention of the uncertainty of the level of immigration from BC to 
Washington population.  Conversely, the presence of population continuity between BC and 
Washington is cited in the SSA as a source of resilience for the Washington population, but there 
are no data presented to indicate past, present, or anticipated levels of immigration to support 
that conclusion.  Assumptions that there is a meaningful level of immigration are based on little or 
no data.  WDFW has collected information about lynx harvests in southern BC since 1985 and 
these data indicate that few lynx are captured in southern BC in any given year.  The majority of 
BC lynx capture occurs just north of our Washington lynx population.  These data indicate to us 
that the density of lynx in southern BC may be very low and that trapping could further minimize 
potential immigration of BC lynx to Washington.   

16 4 

4.2.4 Current 
conditions- 
detailed 
descriptions, 
Unit 4 – NC 
Washington 

Lynx 
Status 
pg 
139 

Specifically, we lack basic information on the demographic characteristics of the lynx population 
in WA, which is likely a peninsular extension of the BC population at the margin of the species 
range.  Given the marginal nature of our population, we are concerned that it may differ 
significantly from a resident population (e.g., biased sex-ratio, age-structure inconsistent with a 
reproductive resident population, the potential for Allee effects, etc.) and this could significantly 
influence its probability of persistence for the next 10-20 years.  It should not be assumed that 
Washington has a population with standard demographic characteristics and as such, attribute a 
greater level of resilience to the Washington population than is warranted from available 
information. 

17 4 

4.2.4 
Current 
conditions- 
detailed 
descriptions, 
Unit 4 – NC 
Washington 

Lynx 
Status 
pgs 
140-
141 

A new study just completed (Lyons et al. 2017; attached) models changes in carrying capacity of 
the Okanogan and Kettle LMZs between time periods and demonstrates significant reduction in 
habitat availability and the inferred reliance of the WA population on immigration.  Please 
incorporate this new information into the SSA, as appropriate.  
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References: 
Lewis, J. C. 2016. Periodic Status Review for the Lynx in Washington. Washington Department of Fish and Wildlife, Olympia, Washington.  

 17 + iii pp. 

 

Lyons, A.L., W.L. Gaines, J. Begley, P.H. Singleton, J.C. Lewis, B.T. Maletezke. 2016. Canada Lynx Carrying Capacity in Washington. Final  

 Report submitted to Washington Department of Fish and Wildlife. Olympia, Washington.   

18 4 

4.2.4 Factors 
Affecting,  
Last 
paragraph 

142-3 

The document states “Thus, in Washington, and the north Cascades specifically, it appear that the 
single threat for which lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) 
has largely been addressed through the development of the LCAS, and CA between the Forest 
Service and Service which commits the Forest Service, specifically for Washington the OWNF and 
CNF, to use the LCAS in the management of lynx habitat on their ownerships and when designing 
and implementation projects within LAUs.”  As stated in our recent Periodic Status Review of the 
species (Lewis 2016) “While the conservation strategy (referencing LCAS) has been considered 
sound, the monitoring efforts associated with strategy implementation have been inadequate to 
determine if the strategy is successful in the Okanogan LMZ.” A plan is only good if implemented 
effectively, and to understand implementation effectiveness, adequate monitoring must occur and 
the information gathered must be shared and reviewed.  We encourage USFWS to directly link 
their decisions regarding the adequacy of regulatory mechanisms to data generated from their 
implementation effectiveness. 

19 4 

4.2.4 Factors 
Affecting, 
middle of 2nd 
to last 
paragraph 

143 

The document states “The WADNR has been managing lynx for almost two decades, and the 
Service has concluded that the management strategies implemented are effective.”  To our 
knowledge there are no reports or data generated or shared by WDNR that support this 
conclusion. What information is the Service basing their determination on?    

20 5 

1st 
Paragraph, 
2nd to last 
sentence 

202 

Even if we assume there are adequate regulatory mechanisms currently in place in Washington 
(but see comments 18 & 19), management actions are not currently being planned, or their effect 
assessed, at a landscape scale across ownerships.  For example, it would be beneficial for lynx if 
managers used information regarding the impact of large catastrophic disturbances (wildfire) in 
one ownership/area of lynx habitat to assess how much habitat can be altered in an adjacent 
ownership.   

21 
 

6 
Synthesis 

 
DPS Viability 

 
221 

Last paragraph on page 221: “The functional extirpation of lynx within any one geographic unit 
would possibly reduce the species representation within the DPS for the contiguous U.S. 
population”.  We recommend deleting the word “possibly” in this sentence as it would definitely 
reduce representation.  





From: Zelenak, Jim
To: Eric Rickerson; Tom McDowell; Bryon Holt; Jodi Bush
Subject: Materials for our call
Date: Thursday, November 02, 2017 9:18:22 AM
Attachments: WDFW Comment Letter_Lynx SSA_10Feb2017.pdf

WDFW Comment Table_Lynx SSA_10Feb2017.pdf
Washington State Comments on the Draft SSA.docx

I've attached the comments we received from WADFW on the Draft SSA Report and copied the substantive
comments we entered into our comment-response spreadsheet, along with our (Bryon's) draft responses.

Also wondering belatedly if Gregg Kurz ought to be on this call as he participated in the recent conf. call with
WADFW and others regarding the State's lynx conservation strategy.

Let me know if you have questions. 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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mailto:tom_mcdowell@fws.gov
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Rev. October 10, 2016 

 
FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 
  

 

SECTION I: GENERAL INFORMATION 

 
1. Plan title: Canada lynx 5-year Review 
  

2. DTS number  
 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the 5-year review of the Canada lynx in the contiguous United 
States (Lower 48 States) distinct population segment (DPS) and recommends that the DPS 
be delisted. The review and the species status assessment (SSA) upon which the review is 
based, indicate persistent resident lynx populations in northern Maine, northeastern 
Minnesota, northwestern Montana/northeastern Idaho, and north-central Washington; 
resident introduced population in western Colorado; and occasional lynx residency in some 
neighboring states and adjacent areas. Based on the likely viability of resident populations 
through at least mid-century and the conservation efforts of Federal, State, and Tribal 
agencies, the Service finds that the DPS is not currently or in the foreseeable future in 
danger of extinction and, therefore, does not meet the ESA’s definitions of an endangered 
or threatened species. 

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

Autumn of 2017 is the proposed time frame for 5-year review and SSA to be made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is lead; R1, R2, R3, R5, and HQ involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

The goal is to inform the public that most lynx populations in the DPS are larger and more 
secure than we thought when we listed the DPS, and the threat for which the DPS was listed 
(existing regulatory mechanisms on Federal lands did not provide sufficient guidance for 
the conservation of lynx habitat in light of potential threats) has been substantially 
addressed since then. The message should highlight the efforts of Federal, State, and Tribal 
agencies and other conservation partners to identify and protect lynx habitats and 
populations throughout the DPS range. 

 
7. What story do we want to tell? (What should audiences understand, appreciate or connect with 

emotionally?) 

Improvement in our understanding of lynx habitat requirements and thus lynx distribution 
in the DPS has led us to conclude that although lynx are naturally rare in the DPS, the 
available information does not suggest broad-scale habitat loss or population declines 
relative to historical conditions. The methodology and conservation practices by which the 
Service evaluates, lists and manages species has resulted in successful  measures to identify 
and protect  Canada lynx (and other endangered species) habitats and populations, and that 
the recommendation to delist is a success story for the lynx and not a danger to the 
species/DPS.   

 
 

SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The general public/tax payer; Congress, State and local governments; State, Tribal, Federal, 
and local conservation partners; the scientific and academic communities. 
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9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

Congress. The office of the Director of FWS. Regional level leadership within the DPS 
range (R1, R2, R3, R5, R6). The FWS scientific community. The BLM and National Park 
Service (DOI). 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., WildEarth Guardians, Earthjustice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning. Concern at potential loss of a prime litigation 
target. 

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change to the persistence of lynx in the Lower 48 States. 

● Tribal governments. Some may oppose; others may support. 
● The State of Washington (or its Fish and Wildlife and/or Natural Resources departments 

may oppose because Federal delisting is at odds with their recent uplisting of lynx at the 
State level from threatened to endangered. 

 

11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, Bureau of Indian Affairs, National Park 
Service, State wildlife and natural resources management agencies, AFWA, WAFWA, 
State governments (especially Maine, Montana, Idaho, and Wyoming). 

 
 

SECTION IV: KEY MESSAGES 
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12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of facts, 
which should be placed in the appendix. List no more than three!) 

1. This is a success story for the Canada lynx because the threat for which the DPS was 
listed has largely been addressed and lynx populations in some parts of the DPS are 
considerably larger than we suspected when we listed the DPS. 
2. The ESA and subsequent conservation efforts and strategies are successful in identifying 
and protecting habitats and populations of Canada lynx and other listed species who have 
gone through this conservation process. 
3. Partnerships with other Federal agencies, State, local and Tribal government 
conservations organizations is critical to the success of this process. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 

Lynx in the DPS occur at the southern margin of the species’ range, where habitats and prey 
densities are, in many places, naturally marginal compared to the core of the lynx’s range in 
Canada and Alaska. Because of this, even relatively small habitat impacts could reduce the 
ability of some landscapes to support persistent resident lynx populations.  
Continued climate warming is regarded as the biggest long-term threat to the viability and 
persistence of the lynx DPS in the future. Warming is expected to cause boreal forests and 
snow conditions favorable for lynx to contract northward and to higher elevations, further 
fragmenting the already marginal habitats in many parts of the DPS range, resulting in 
smaller, more isolated lynx populations that in the future will be more vulnerable to 
extirpation. How vulnerable these populations will be is unknown and undeterminable at 
this time.   

 
 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media assets to reach the greatest number of 
interested parties. These include but are not limited to Service and partner government 
organization web sites and news feeds, local and national television and radio, print media, 
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civilian web based news sites, social media including Facebook, Twitter, Snapchat,  

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS web site 
Pop-Up 
Internal email to employees 
Internal news web pages and newsletters 
Social media posts to FB and Twitter 

 
16. Which communications tools are needed to support these strategies and tactics? (Be as 

specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press Release Glenn Johnson – 
Steve Segin 

Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 Internet page Rob Mansheim TBD 

   

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Select time zone 

9/20/17 Finalizes and submits Communications package to 
R5,3,1 for review 

R6 EA-Segin 

9/26/17 Communications materials for R6 RD review  R6 EA 

Fall/TBD Congressional/Tribal/State Game agencies EA/ES 
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Notifications 

TBD/fall 2017 Release to media in  regions (6, 5, 3, 1) R6 EA,  R5 EA,  
R3 EA, R1 EA 

TBD/fall 2017 Posting to R6 and FWS national web sites and 
social media platforms 

R6 EA Digital 
Media 

TBD/fall-winter 
2017 and early 
2018 

Response to all subsequent media requests and 
inquiries 

R6 EA,  R5 EA,  
R3 EA, R1 EA 

TBD/Spring 
Summer 2018 

Follow-up press release on outcomes associated 
with fall announcement of recommendation to 
delist 

R6 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 

19. Stakeholder contacts (For each, paste in a table that provides organization name, contact person, 
contact information as appropriate, and the name of the person responsible for making contact) 
 
Internal 

Stakeholder Contact Information Contact By 

FWS Region 5 Megan Racy (413) 253-8558 EA-Segin 

FWS Region 3, Charles Traxler (612)-713-5313 EA-Segin 

FWS Region 1, Jason Holm (503)-231-2264 EA-Segin 

   

       External Pro 
Commented [1]: Consider adding State agencies for New 
Hampshire, Michigan, Wisconsin, Idaho and New Mexico - all 
of these submitted comments on the draft SSA report. Also 
consider adding AFWA (in addition to WAFWA), which 
organized state agency review/comment on the draft report. 

Commented [2]: Might also want to add NRCS on the Fed 
side. 



 

Page 7 of 16 

       Stakeholder Contact Information Contact By 

National Park Service Director Jon Jarvis (202) 208-6843 HQ Director  

U.S. Forest Service Chief Thomas Tidwell (202) 205-8439 HQ Director  

Bureau of Land Management Director Neil 
Kornze 

(202) 208-3801 HQ Director  

U.S. Geological Survey Director Dr. Suzette 
Kimball 

(703) 648-7411 HQ Director  

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 

mwilliams@mt.gov 

R6 DRD 

Wyoming Game and Fish Department, Director, 
Scott Talbot 

(307) 777-4600 R6 DRD 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 DRD 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 DRD 

Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R6 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional (402) 661-1736 R3 DRD 

mailto:jhagener@mt.gov
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Director, Cam Sholly 

U.S. Forest Service Rocky Mountain Regional 
Forester 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester 

(503) 808-2468 R6 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester 

(414) 297-3600 R1 DRD 

Bureau of Land Management Montana State 
Director 

(406) 896-5000 

 

R6 DRD 

Bureau of Land Management Wyoming State 
Director 

(307) 775-6001 

 

R6 DRD 

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R3 DRD 

Bureau of Land Management Colorado State 
Director, Ruth Welch 

(303)-239-3700 R6 DRD 

Bureau of Land Management Montana-Dakotas 
State Director 

(406)-896-5000 R6 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 RD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 
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U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 

 
External Neutral 

Stakeholder Contact Information Contact By 

NA   
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Stakeholder Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

 External Anti 
 
 
 
 
 
 
 

20. Congressional emails Commented [3]: Might want to add the other states here, 
too. 

mailto:cchavers@boisforte-nsn.gov
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Member Colorado Contact Information  

Sen. Cory Gardener - Philip Newman philip_newman@gardner.senate.gov  R6 

Sen. Michael Bennet – Canance Vahlsing candace_vahlsing@bennet.senate.gov  R6 

Rep. Diana DeGette – Tommy Walker tommy.walker@mail.house.gov  R6 

Rep. Jared Polis – Blaine Miller-McFeeley (202) 225-2161 (D.C)  R6 

Rep. Scott Tipton – Dustin Sherer dustin.sherer@mail.house.gov  R6 

Rep. Ken Buck – Jake Bornstein jake.bornstein@mail.house.gov  R6 

Rep. Doug Lamborn – James Thomas james.thomas@mail.house.gov  R6 

Rep. Mike Coffman – Steve Linton-Smith steve.linton-smith@mail.house.gov  R6 

Rep. Ed Perlmutter – Jeff O’Neil jeff.oneil@mail.house.gov  R6 

Member Wyoming   

Sen. John Barrasso – Kaitlynn Glover kaitlynn_glover@barrasso.senate.gov  R6 

Sen. Michael Enzi – Alison McGuire alison_mcguire@enzi.senate.gov  R6 

Rep. Liz Cheney – Jimmy Ward jimmy.ward@mail.house.gov  R6 

Member Montana   

Sen. John Tester – Henry Ring henry_ring@tester.senate.gov  R6 

Sen. Steve Daines – Meghan Thacker meghan_thacker@daines.senate.gov  R6 

Rep. Greg Gianforte – Lesley Robinson lesley.robinson@mail.house.gov  R6 

Member Washington   

TBD by Region 1 EA   

 

mailto:philip_newman@gardner.senate.gov
mailto:candace_vahlsing@bennet.senate.gov
mailto:tommy.walker@mail.house.gov
mailto:dustin.sherer@mail.house.gov
mailto:jake.bornstein@mail.house.gov
mailto:james.thomas@mail.house.gov
mailto:steve.linton-smith@mail.house.gov
mailto:jeff.oneil@mail.house.gov
mailto:kaitlynn_glover@barrasso.senate.gov
mailto:alison_mcguire@enzi.senate.gov
mailto:jimmy.ward@mail.house.gov
mailto:henry_ring@tester.senate.gov
mailto:meghan_thacker@daines.senate.gov
mailto:lesley.robinson@mail.house.gov
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Member Maine   

TBD by R5 EA   

Member Minnesota   

TBD by R3 EA   

 
Committees 

Stakeholder Contact Information Contact By 

House Natural Resources – Majority  

mike.freeman@mail.house.gov  

erica.rhoad@mail.house.gov  

kiel.weaver@mail.house.gov  

todd.ungerecht@mail.house.gov  

parish.braden@mail.house.gov  

Christopher.Santini@mail.house.gov  

aniela.butler@mail.house.gov  

Brent.Blevins@mail.house.gov  

R6 

House Natural Resources – Minority Matt.Strickler@mail.house.gov  

brandon.bragato@mail.house.gov  

Sarah.Parker2@mail.house.gov  

Eva.Lipiec@mail.house.gov  

R6 

 
 

SECTION VI: SOCIAL MEDIA PLAN 

 

mailto:mike.freeman@mail.house.gov
mailto:erica.rhoad@mail.house.gov
mailto:kiel.weaver@mail.house.gov
mailto:todd.ungerecht@mail.house.gov
mailto:parish.braden@mail.house.gov
mailto:Christopher.Santini@mail.house.gov
mailto:aniela.butler@mail.house.gov
mailto:Brent.Blevins@mail.house.gov
mailto:Matt.Strickler@mail.house.gov
mailto:brandon.bragato@mail.house.gov
mailto:Sarah.Parker2@mail.house.gov
mailto:Eva.Lipiec@mail.house.gov
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21. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a 
large swath of the general public across a number of age demographics. 

 

Lead accounts to be used:  Facebook, Twitter. 
 
Secondary accounts to share messaging: We assume that there will be collateral 
inquiries associated with images for the Canada lynx so Flckr may also play an important 
role in this rollout. 
 
Hashtags: #lynx #conservation 
 
Photos: https://www.flickr.com/search/?text=Canada%20lynx  
 
Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News ; 
https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  
 

Twitter messages:  
● 5-year review of Canada lynx indicates populations in Lower 48 States are not in 

danger of extinction in the foreseeable future. 
● Canada lynx populations in Lower 48 States larger, threats reduced. 5-year Review 

recommends delisting from ESA. 
● Canada lynx more numerous and broadly-distributed than when listed according to 

5-year review. 
 

Facebook messages:  
The U.S. Fish and Wildlife Service has completed a mandatory 5-year status review of the 
threatened Canada lynx in the Lower 48 States. The review found that, “There is no 
compelling evidence, based on verified historical records, of major range contraction or 
population declines among resident breeding lynx populations in the United States distinct 
population segment.”   
 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php
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Read more at xxxxx 

Other platform messages:  
 

 
 

SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve  Segin - robert_segin@fws.gov - 303-236-4578 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Roya Mogadam - roya_mogadam@fws.gov - 303-236-4572 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

 
25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 
Steve Segin - robert_segin@fws.gov - 303-236-4578 

 
26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 

HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 

mailto:robert_segin@fws.gov
mailto:roya_mogadam@fws.gov
mailto:michael_dagastino@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:robert_segin@fws.gov
mailto:justin_shoemaker@fws.gov


 

Page 15 of 16 

Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 

 
 
 
 

SECTION VIII: DOCUMENT INFO 

 

29. Created by     Date created   

Glenn Johnson 8-3-2017 

 

30. Edited by     Date edited   

S.Segin 8-18-17 

S.Segin 10-11-17 

  

  

  

 
 

mailto:jim_zelenak@fws.gov
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APPENDIX: ADDITIONAL BACKROUND INFORMATION AND MATERIALS 

 
DO NOT PUT OTHER MATERIALS SUCH AS FAQs, NEWS RELEASE OR TALKING POINTS IN THIS 

SECTION. KEEP THOSE AS SEPARATE DOCUMENTS. 
(Consider the following: What is the historical context? Does this relate to other issues that may not immediately be 
apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 
 



From: Bush, Jodi
To: Eric Rickerson; Tom McDowell
Cc: Bryon Holt; Jim Zelenak
Subject: talking points for discussion with State
Date: Thursday, November 02, 2017 10:32:50 AM
Attachments: 20171102 Draft Canada Lynx 5-year Review Communications Strategy.docx

Here are some talking points for you.  And I have attached the draft communications
plan as well.  JB

·         the 5-year review will be signed at the Regional director level with concurrence from all affected regions.

·         On May 8, 2014, the United States District Court for the District of Montana ordered the Service to
complete recovery planning for the Canada lynx DPS by January 15, 2018 “…unless the Service finds that
such a plan will not promote the conservation of the [lynx].  The 5-year review and SSA report responds to
this order. 

·         both courts involved in lynx issues (recovery and Critical habitat) will be notified preceding the public
notification on November 3, 2017.  

·         a news release and communication plan to reach out to state, tribal and federal partners will precede the
notification on November 3, 2017.

·         the service intends to announce that measures and  management adopted by the U. S. Forest Service and
the Bureau of Land Management have substantially addressed the conservation of lynx in light of potential
threats considered at the time of listing

·         After considering the effects of climate change, the SSA report concludes that resident lynx populations
are very likely to persist in all 5 units that currently support them (Northern Maine, Northeastern Minnesota,
Northwestern Montana/Northeastern Idaho, North-central Washington, and Colorado) in the near-term
(2025) and likely to persist in those 5 units at mid-century, the foreseeable future (2050).

·         Our conclusion is that the risk of extinction by 2050 is low, such that the lynx DPS is not likely to become
endangered throughout all of its range within the foreseeable future and, therefore, does not meet the
definition of a threatened species.

·         as a result, in our 5-year review, we recommend that the lynx dps be delisted. 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

mailto:jodi_bush@fws.gov
mailto:eric_rickerson@fws.gov
mailto:tom_mcdowell@fws.gov
mailto:bryon_holt@fws.gov
mailto:jim_zelenak@fws.gov


From: McCollough, Mark
To: Mahaney, Wende
Subject: Re: State Representation on Species Status Assessment Teams
Date: Tuesday, November 07, 2017 7:21:27 AM

Nuts, nuts, nuts, even acorns and walnuts!

Tom Chapman brought up a good point, what if you have a species that has broad distribution
(like lynx).  We involved the states in the lynx SSA through expert elicitation and peer review
of the SSA.  But, it would have been a far different writing process if we would have had 8 or
10 state agency and governor reps on the writing team.  I would suggest this would be nearly
impossible.  The opportunity is rife for agendas.

Anna talked to me yesterday about meeting this requirement for a Furbish's lousewort SSA. 
No problem having Don Cameron involved (he is the species expert), but who would the
governor assign to the process with no conservation or biology background?

Mark

On Tue, Nov 7, 2017 at 6:44 AM, Mahaney, Wende <wende_mahaney@fws.gov> wrote:
Do you think Maine has the resources to have TWO representatives on every SSA team for
a species that occurs in Maine??!!  And while Maine will obviously have a keen interest in
certain species I cannot imagine that they will really want to participate with two people on
every SSA team.  And the representative from the Governor's office.....really, really, really? 
It will be interesting to see how this plays out in Maine.

Yikes.  Our agency is going nuts.

Wende S. Mahaney, C.W.B.
U.S. Fish and Wildlife Service
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1569 (direct line)
Fax: (207) 902-1588
Cellular Phone:  207-944-2991

---------- Forwarded message ----------
From: Harris, Anna <anna_harris@fws.gov>
Date: Mon, Nov 6, 2017 at 8:12 AM
Subject: Fwd: State Representation on Species Status Assessment Teams
To: Wende Mahaney <wende_mahaney@fws.gov>, Mark McCollough
<mark_mccollough@fws.gov>, "Shepard, Steven" <steven_shepard@fws.gov>,
Christopher DeVore <christopher_devore@fws.gov>, Patrick Dockens
<patrick_dockens@fws.gov>

As an FYI,

mailto:mark_mccollough@fws.gov
mailto:wende_mahaney@fws.gov
mailto:wende_mahaney@fws.gov
mailto:anna_harris@fws.gov
mailto:wende_mahaney@fws.gov
mailto:mark_mccollough@fws.gov
mailto:steven_shepard@fws.gov
mailto:christopher_devore@fws.gov
mailto:patrick_dockens@fws.gov


Lots of questions coming in for Krishna including who and how requests are made. I'm sure
we will see more guidance and answers soon,

---------- Forwarded message ----------
From: Phifer, Paul <paul_phifer@fws.gov>
Date: Wed, Nov 1, 2017 at 10:51 AM
Subject: Fwd: State Representation on Species Status Assessment Teams
To: Krishna Gifford <Krishna_Gifford@fws.gov>, FW5_ES_Field_Office_Supervisors
<FW5_ES_Field_Office_Supervisors@fws.gov>, Martin Miller <Martin_Miller@fws.gov>,
Mary Parkin <mary_parkin@fws.gov>, Anne Hecht <Anne_Hecht@fws.gov>, Spencer
Simon <Spencer_Simon@fws.gov>, Diane Lynch <diane_lynch@fws.gov>, "Smith, Glenn"
<glenn_s_smith@fws.gov>

FYI - Note this is official now.  We must invite state agency participation as well as
an appointee from the Governor for each SSA process, starting today.  This does
not require us to involve state participants on the listing recommendation meeting,
that is a separate discussion.  Krishna, we need to revise our project plans
accordingly.  

Paul
______________
Paul Phifer, PhD
Assistant Regional Director - Ecological Services
Northeast Region
Dept of the Interior
US Fish and Wildlife Service
413.253.8698 work
413.687.4764 cell

---------- Forwarded message ----------
From: Fahey, Bridget <bridget_fahey@fws.gov>
Date: Wed, Nov 1, 2017 at 10:32 AM
Subject: State Representation on Species Status Assessment Teams
To: FWS ES Regional ARDs <fws_es_regional_ards@fws.gov>, FWS ES Deputy ARDs
<fws_es_deputy_ards@fws.gov>, Susan Jacobsen <Susan_Jacobsen@fws.gov>, Sarah
Quamme <Sarah_Quamme@fws.gov>, Alisa Shull <alisa_shull@fws.gov>, Drew Crane
<drew_crane@fws.gov>, Gina Shultz <Gina_Shultz@fws.gov>, Jeff Newman
<jeff_newman@fws.gov>, Carey Galst <Carey_Galst@fws.gov>, Don Morgan
<Don_Morgan@fws.gov>, Janine Van Norman <janine_vannorman@fws.gov>,
"marilet_zablan@fws.gov" <marilet_zablan@fws.gov>, Marjorie Nelson
<marjorie_nelson@fws.gov>, Martin Miller <martin_miller@fws.gov>,
"michael_long@fws.gov" <michael_long@fws.gov>, "Merritt, Timothy"
<timothy_merritt@fws.gov>, "Frazer, Gary" <gary_frazer@fws.gov>, Aaron Valenta
<Aaron_Valenta@fws.gov>, Lisa Ellis <lisa_ellis@fws.gov>

Good morning all. I'm following up on the discussion we had at the ARD meeting regarding
new draft Agency Priority Performance Goals that had been shared with us as part of the
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draft DOI Strategic Plan that was submitted to OMB. As Gary shared at the meeting, that
draft strategic plan has not yet been finalized. But, we have gotten more direction from Greg
Sheehan, the Principal Deputy FWS Director that we wanted to share with you (see
attached) that implements the new requirement that we formally request at least two
representatives from state government on all SSA teams. A key new piece of information
from this memo is that it applies to all SSAs starting today, November 1, 2017. 

As we mentioned at the ARD meeting, we are working on more specific guidance to provide
you on how to implement both this goal and other goals from the draft strategic plan. If you
have questions or suggestions on what that guidance addresses, Carey Galst is leading that
effort so feel free to share your thoughts with her.  

Thanks! 

Bridget Fahey
Division Chief for Conservation and Classification
U.S. Fish and Wildlife Service 
(703) 358-2163

-- 
Anna Harris
ES Project Leader
Maine Field Office
Maine Fish and Wildlife Service Complex
(207) 902-1567
(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex
 

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709

https://www.fws.gov/northeast/mainecomplex/


mark_mccollough@fws.gov

mailto:mark_mccollough@fws.gov


From: Mogadam, Roya
To: Munoz, Anna
Subject: Re: What is the status of Lynx?
Date: Thursday, November 09, 2017 11:41:00 AM

Yeah I reviewed

On Thu, Nov 9, 2017 at 11:37 AM, Munoz, Anna <anna_munoz@fws.gov> wrote:
Did you review to make sure all of the errors had been fixed?  I never saw it again after I
gave it back to him to fix.

Anna

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

On Thu, Nov 9, 2017 at 11:33 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

---------- Forwarded message ----------
From: Robert Segin <robert_segin@fws.gov>
Date: Thu, Nov 9, 2017 at 11:31 AM
Subject: RE: What is the status of Lynx?
To: Roya Mogadam <roya_mogadam@fws.gov>

OK…..RD has it for surname.

 

From: Mogadam, Roya [mailto:roya_mogadam@fws.gov] 
Sent: Thursday, November 09, 2017 11:17 AM
To: Robert Segin
Subject: What is the status of Lynx?

 

This may be moving soon.

 

--

Roya Mogadam

Deputy Assistant Regional Director, External Affairs

Mountain-Prairie Region

U.S. Fish and Wildlife Service

mailto:roya_mogadam@fws.gov
mailto:anna_munoz@fws.gov
mailto:anna_munoz@fws.gov
mailto:roya_mogadam@fws.gov
mailto:robert_segin@fws.gov
mailto:roya_mogadam@fws.gov
mailto:roya_mogadam@fws.gov


134 Union Boulevard

Lakewood, CO 80228

 

Roya_Mogadam@fws.gov

(303) 236-4572

 

 

 

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

https://maps.google.com/?q=134+Union%C2%A0Boulevard+Lakewood,+CO+80228&entry=gmail&source=g
https://maps.google.com/?q=134+Union%C2%A0Boulevard+Lakewood,+CO+80228&entry=gmail&source=g
mailto:Roya_Mogadam@fws.gov
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mailto:Roya_Mogadam@fws.gov
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From: Shoemaker, Justin
To: Jodi Bush; Zelenak, Jim
Cc: Munoz, Anna; Robert Segin; Marjorie Nelson
Subject: Lynx 5 Year Review signed
Date: Monday, November 13, 2017 10:32:24 AM
Attachments: Canada Lynx 5YR_with RD signature.pdf

Info memo_with RD signature.pdf

The RD has signed the lynx 5YR.  

We're coordinating w/ RSOL to see what needs to be done on that front before we can
announce this. Along those lines, I may be drafting a memo to indicate to the court that we've
determined a recovery plan is not necessary. 

Anna and Steve, are we all set w/ outreach? 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
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From: Munoz, Anna
To: Shoemaker, Justin
Cc: Jodi Bush; Zelenak, Jim; Robert Segin; Marjorie Nelson
Subject: Re: Lynx 5 Year Review signed
Date: Monday, November 13, 2017 10:50:58 AM

  Noreen cleared the outreach when she cleared the package on Friday, but now we need to
send it to HQ which we will be doing today after making a few minor edits.  Any info on
timeline discussions with DOJ would be extremely helpful in getting HQ to sign off on this in
time.
Thanks,
Anna

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

On Mon, Nov 13, 2017 at 10:31 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
The RD has signed the lynx 5YR.  

We're coordinating w/ RSOL to see what needs to be done on that front before we can
announce this. Along those lines, I may be drafting a memo to indicate to the court that
we've determined a recovery plan is not necessary. 

Anna and Steve, are we all set w/ outreach? 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

mailto:anna_munoz@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:robert_segin@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov


From: Nelson, Marjorie
To: Zelenak, Jim
Cc: Shoemaker, Justin; Jodi Bush; Munoz, Anna; Robert Segin
Subject: Re: Lynx 5 Year Review signed
Date: Monday, November 13, 2017 11:41:03 AM

HQ is reviewing the outreach.  We cannot let the courts know until we're ready with
outreach so we can let all our partners know etc.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Mon, Nov 13, 2017 at 11:36 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Justin,

After RSOL briefs the courts (and DOJ?), are we still going to try to provide early notice to State and Federal
partner agencies and to tribes? Have tribal liaisons been brought into the loop and provided with outreach
materials to share with affected tribes?

Let me know if I can be of assistance with a memo or a partner/tribal transmittal letter (or anything else).

On Mon, Nov 13, 2017 at 10:31 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

The RD has signed the lynx 5YR.  

We're coordinating w/ RSOL to see what needs to be done on that front before we can
announce this. Along those lines, I may be drafting a memo to indicate to the court that
we've determined a recovery plan is not necessary. 

Anna and Steve, are we all set w/ outreach? 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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From: Jodi Bush
To: Thabault, Michael
Cc: Shoemaker, Justin
Subject: Re: Lynx 5 Year Review signed
Date: Monday, November 13, 2017 12:51:34 PM

Will do. JB 

Sent from my iPhone

On Nov 13, 2017, at 11:27 AM, Thabault, Michael <michael_thabault@fws.gov> wrote:

Yeah, but please emphasize the importance of close hold until we get all the
timing of DOJ/plaintiffs/state partner comms going.

Michael Thabault
Assistant Regional Director
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region
303-236-4210
michael_thabault@fws.gov

On Mon, Nov 13, 2017 at 10:57 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Mike.  I'd like to share this info and the final SSA with the other PLs.  Are you
OK with that?  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Nov 13, 2017 at 10:31 AM, Shoemaker, Justin
<justin_shoemaker@fws.gov> wrote:

The RD has signed the lynx 5YR.  

We're coordinating w/ RSOL to see what needs to be done on that front
before we can announce this. Along those lines, I may be drafting a memo to
indicate to the court that we've determined a recovery plan is not necessary. 

Anna and Steve, are we all set w/ outreach? 

Justin Shoemaker
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Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
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From: Jodi Bush
To: Thabault, Michael
Cc: Shoemaker, Justin
Subject: Re: Lynx 5 Year Review signed
Date: Monday, November 13, 2017 12:51:34 PM

Will do. JB 

Sent from my iPhone

On Nov 13, 2017, at 11:27 AM, Thabault, Michael <michael_thabault@fws.gov> wrote:

Yeah, but please emphasize the importance of close hold until we get all the
timing of DOJ/plaintiffs/state partner comms going.

Michael Thabault
Assistant Regional Director
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region
303-236-4210
michael_thabault@fws.gov

On Mon, Nov 13, 2017 at 10:57 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Mike.  I'd like to share this info and the final SSA with the other PLs.  Are you
OK with that?  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Nov 13, 2017 at 10:31 AM, Shoemaker, Justin
<justin_shoemaker@fws.gov> wrote:

The RD has signed the lynx 5YR.  

We're coordinating w/ RSOL to see what needs to be done on that front
before we can announce this. Along those lines, I may be drafting a memo to
indicate to the court that we've determined a recovery plan is not necessary. 

Anna and Steve, are we all set w/ outreach? 

Justin Shoemaker
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Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
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From: Bush, Jodi
To: Munoz, Anna
Cc: Zelenak, Jim; Shoemaker, Justin; Robert Segin; Marjorie Nelson; Thabault, Michael
Subject: Re: Lynx 5 Year Review signed
Date: Monday, November 13, 2017 3:49:31 PM

Thanks Anna.  Appreciate the information.  We are concerned we won't have much notice to
go live on this so just want to be ready to go.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Mon, Nov 13, 2017 at 3:36 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
We have drafted a tribal leader letter and each of the liaisons from the various regions will
send out at the appropriate time.  There is also mention of state and federal partner
notification timing in the comms plan, which we will share once it's finalized.

Anna

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542

On Mon, Nov 13, 2017 at 11:36 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Thanks Justin,

After RSOL briefs the courts (and DOJ?), are we still going to try to provide early notice to State and Federal
partner agencies and to tribes? Have tribal liaisons been brought into the loop and provided with outreach
materials to share with affected tribes?

Let me know if I can be of assistance with a memo or a partner/tribal transmittal letter (or anything else).

On Mon, Nov 13, 2017 at 10:31 AM, Shoemaker, Justin <justin_shoemaker@fws.gov>
wrote:

The RD has signed the lynx 5YR.  

We're coordinating w/ RSOL to see what needs to be done on that front before we can
announce this. Along those lines, I may be drafting a memo to indicate to the court that
we've determined a recovery plan is not necessary. 

Anna and Steve, are we all set w/ outreach? 

Justin Shoemaker
Classification and Recovery Biologist
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U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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Label: "Meagan Racey Lynx SSA Emails"

Created by:meagan_racey@fws.gov

Total Messages in label:193 (37 conversations)

Created: 01-03-2018 at 07:38 AM



Conversation Contents
Fwd: Lynx Comms materials

"Hastie, Kyla" <kyla_hastie@fws.gov>

From: "Hastie, Kyla" <kyla_hastie@fws.gov>
Sent: Tue Nov 14 2017 10:19:53 GMT-0700 (MST)
To: Meagan Racey <meagan_racey@fws.gov>

CC: Terri Edwards <terri_edwards@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>

Subject: Fwd: Lynx Comms materials

to read the back and forth on clearances needed, etc. 
---------- Forwarded message ----------
From: Shire, Gavin <gavin_shire@fws.gov>
Date: Tue, Nov 14, 2017 at 11:50 AM
Subject: Re: Lynx Comms materials
To: "Munoz, Anna" <anna_munoz@fws.gov>
Cc: "Meister, Christina" <christina_meister@fws.gov>, "Hastie, Kyla" <kyla_hastie@fws.gov>,
Chuck Traxler <chuck_traxler@fws.gov>, Jason Holm <Jason_Holm@fws.gov>, Beth Ullenberg
<beth_ullenberg@fws.gov>, "Bradley, John" <john_bradley@fws.gov>

Interesting. So initiations of status reviews do go to HQ (there are several in the clearance log),
but completions of them don't? Curiouser and curiouser.

Gavin Shire
Chief of Public Affairs
U.S. Fish and Wildlife Service
MS: EA
5275 Leesburg Pike
Falls Church, VA 22041-3803
703-358-2649 (o)
703-346-9123 (c)
gavin_shire@fws.gov

On Tue, Nov 14, 2017 at 11:44 AM, Munoz, Anna <anna_munoz@fws.gov> wrote:
The lynx 5-year review will not be going to HQ or the Department for clearance so I don't
expect it to ever been on that weekly list of packages for clearance.  My understanding is that
5-year reviews do not require HQ review or clearance, which makes this an odd case wherein
we are sending the comms to HQ but ES will not be sending the package to HQ for
clearance.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542
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On Tue, Nov 14, 2017 at 9:32 AM, Shire, Gavin <gavin_shire@fws.gov> wrote:
OK. BTW, I get a weekly list of packages for clearance and where they are in the process,
and lynx isn't even on there (and it's 38 pages long).

G

Gavin Shire
Chief of Public Affairs
U.S. Fish and Wildlife Service
MS: EA
5275 Leesburg Pike
Falls Church, VA 22041-3803
703-358-2649 (o)
703-346-9123 (c)
gavin_shire@fws.gov

On Tue, Nov 14, 2017 at 11:16 AM, Munoz, Anna <anna_munoz@fws.gov> wrote:
Like everything else, it could go really fast or take a while.  DOJ will dictate the timing and
so it's a bit out of our hands.  Noreen cleared the rule and comms yesterday, and the rule
and SSA have been transmitted to DOJ.  We're hoping to get a better sense of timing in
the next day or two.  But given that DOJ has both the Grizzly NORR and this on their
radars, with similar plaintiffs in each case, I think we should err on the side of sooner
rather than later.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Tue, Nov 14, 2017 at 9:03 AM, Shire, Gavin <gavin_shire@fws.gov> wrote:
Thanks, Anna,

What is your sense on timing?

G

Gavin Shire
Chief of Public Affairs
U.S. Fish and Wildlife Service
MS: EA
5275 Leesburg Pike
Falls Church, VA 22041-3803
703-358-2649 (o)
703-346-9123 (c)
gavin_shire@fws.gov

On Tue, Nov 14, 2017 at 10:42 AM, Munoz, Anna <anna_munoz@fws.gov> wrote:
Hi All,

Attached are the lynx comms materials that have been cleared by Noreen.  Gavin,
please note that the lynx package won't be going to HQ (and thus DOI) for clearance
as 5-year reviews have been delegated to RDs.  Please give me a call if you would
like to discuss further.

ARDs, please feel free to share the tribal letter with your NALs for awareness.  Steve
has been working with your PAOs on this but if you have any questions or comments
regarding any of the documents below, please let me know.  
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Thanks,
Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

 

 

 

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Tue Nov 14 2017 10:40:06 GMT-0700 (MST)
To: "Hastie, Kyla" <kyla_hastie@fws.gov>

CC: Terri Edwards <terri_edwards@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>

Subject: Re: Lynx Comms materials

thx - i left mark latti a vm about wanting to coordinate this week

On Tue, Nov 14, 2017 at 12:19 PM, Hastie, Kyla <kyla_hastie@fws.gov> wrote:
to read the back and forth on clearances needed, etc. 
---------- Forwarded message ----------
From: Shire, Gavin <gavin_shire@fws.gov>
Date: Tue, Nov 14, 2017 at 11:50 AM
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Subject: Re: Lynx Comms materials
To: "Munoz, Anna" <anna_munoz@fws.gov>
Cc: "Meister, Christina" <christina_meister@fws.gov>, "Hastie, Kyla" <kyla_hastie@fws.gov>,
Chuck Traxler <chuck_traxler@fws.gov>, Jason Holm <Jason_Holm@fws.gov>, Beth
Ullenberg <beth_ullenberg@fws.gov>, "Bradley, John" <john_bradley@fws.gov>

Interesting. So initiations of status reviews do go to HQ (there are several in the clearance
log), but completions of them don't? Curiouser and curiouser.

Gavin Shire
Chief of Public Affairs
U.S. Fish and Wildlife Service
MS: EA
5275 Leesburg Pike
Falls Church, VA 22041-3803
703-358-2649 (o)
703-346-9123 (c)
gavin_shire@fws.gov

On Tue, Nov 14, 2017 at 11:44 AM, Munoz, Anna <anna_munoz@fws.gov> wrote:
The lynx 5-year review will not be going to HQ or the Department for clearance so I don't
expect it to ever been on that weekly list of packages for clearance.  My understanding is
that 5-year reviews do not require HQ review or clearance, which makes this an odd case
wherein we are sending the comms to HQ but ES will not be sending the package to HQ for
clearance.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Tue, Nov 14, 2017 at 9:32 AM, Shire, Gavin <gavin_shire@fws.gov> wrote:
OK. BTW, I get a weekly list of packages for clearance and where they are in the
process, and lynx isn't even on there (and it's 38 pages long).

G

Gavin Shire
Chief of Public Affairs
U.S. Fish and Wildlife Service
MS: EA
5275 Leesburg Pike
Falls Church, VA 22041-3803
703-358-2649 (o)
703-346-9123 (c)
gavin_shire@fws.gov

On Tue, Nov 14, 2017 at 11:16 AM, Munoz, Anna <anna_munoz@fws.gov> wrote:
Like everything else, it could go really fast or take a while.  DOJ will dictate the timing
and so it's a bit out of our hands.  Noreen cleared the rule and comms yesterday, and
the rule and SSA have been transmitted to DOJ.  We're hoping to get a better sense of
timing in the next day or two.  But given that DOJ has both the Grizzly NORR and this
on their radars, with similar plaintiffs in each case, I think we should err on the side of
sooner rather than later.

Anna
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Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Tue, Nov 14, 2017 at 9:03 AM, Shire, Gavin <gavin_shire@fws.gov> wrote:
Thanks, Anna,

What is your sense on timing?

G

Gavin Shire
Chief of Public Affairs
U.S. Fish and Wildlife Service
MS: EA
5275 Leesburg Pike
Falls Church, VA 22041-3803
703-358-2649 (o)
703-346-9123 (c)
gavin_shire@fws.gov

On Tue, Nov 14, 2017 at 10:42 AM, Munoz, Anna <anna_munoz@fws.gov> wrote:
Hi All,

Attached are the lynx comms materials that have been cleared by Noreen.  Gavin,
please note that the lynx package won't be going to HQ (and thus DOI) for
clearance as 5-year reviews have been delegated to RDs.  Please give me a call if
you would like to discuss further.

ARDs, please feel free to share the tribal letter with your NALs for awareness. 
Steve has been working with your PAOs on this but if you have any questions or
comments regarding any of the documents below, please let me know.  

Thanks,
Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542
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-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Eustis, Christine" <christine_eustis@fws.gov>

From: "Eustis, Christine" <christine_eustis@fws.gov>
Sent: Thu Nov 16 2017 14:00:05 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>

CC: "Hastie, Kyla" <kyla_hastie@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>

Subject: Re: Lynx Comms materials

Thanks for tracking!  

On Tue, Nov 14, 2017 at 12:40 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
thx - i left mark latti a vm about wanting to coordinate this week

On Tue, Nov 14, 2017 at 12:19 PM, Hastie, Kyla <kyla_hastie@fws.gov> wrote:
to read the back and forth on clearances needed, etc. 
---------- Forwarded message ----------
From: Shire, Gavin <gavin_shire@fws.gov>
Date: Tue, Nov 14, 2017 at 11:50 AM
Subject: Re: Lynx Comms materials
To: "Munoz, Anna" <anna_munoz@fws.gov>
Cc: "Meister, Christina" <christina_meister@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>, Chuck Traxler <chuck_traxler@fws.gov>, Jason Holm
<Jason_Holm@fws.gov>, Beth Ullenberg <beth_ullenberg@fws.gov>, "Bradley, John"
<john_bradley@fws.gov>
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Interesting. So initiations of status reviews do go to HQ (there are several in the clearance
log), but completions of them don't? Curiouser and curiouser.

Gavin Shire
Chief of Public Affairs
U.S. Fish and Wildlife Service
MS: EA
5275 Leesburg Pike
Falls Church, VA 22041-3803
703-358-2649 (o)
703-346-9123 (c)
gavin_shire@fws.gov

On Tue, Nov 14, 2017 at 11:44 AM, Munoz, Anna <anna_munoz@fws.gov> wrote:
The lynx 5-year review will not be going to HQ or the Department for clearance so I don't
expect it to ever been on that weekly list of packages for clearance.  My understanding is
that 5-year reviews do not require HQ review or clearance, which makes this an odd case
wherein we are sending the comms to HQ but ES will not be sending the package to HQ
for clearance.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Tue, Nov 14, 2017 at 9:32 AM, Shire, Gavin <gavin_shire@fws.gov> wrote:
OK. BTW, I get a weekly list of packages for clearance and where they are in the
process, and lynx isn't even on there (and it's 38 pages long).

G

Gavin Shire
Chief of Public Affairs
U.S. Fish and Wildlife Service
MS: EA
5275 Leesburg Pike
Falls Church, VA 22041-3803
703-358-2649 (o)
703-346-9123 (c)
gavin_shire@fws.gov

On Tue, Nov 14, 2017 at 11:16 AM, Munoz, Anna <anna_munoz@fws.gov> wrote:
Like everything else, it could go really fast or take a while.  DOJ will dictate the timing
and so it's a bit out of our hands.  Noreen cleared the rule and comms yesterday,
and the rule and SSA have been transmitted to DOJ.  We're hoping to get a better
sense of timing in the next day or two.  But given that DOJ has both the Grizzly
NORR and this on their radars, with similar plaintiffs in each case, I think we should
err on the side of sooner rather than later.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

On Tue, Nov 14, 2017 at 9:03 AM, Shire, Gavin <gavin_shire@fws.gov> wrote:
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Thanks, Anna,

What is your sense on timing?

G

Gavin Shire
Chief of Public Affairs
U.S. Fish and Wildlife Service
MS: EA
5275 Leesburg Pike
Falls Church, VA 22041-3803
703-358-2649 (o)
703-346-9123 (c)
gavin_shire@fws.gov

On Tue, Nov 14, 2017 at 10:42 AM, Munoz, Anna <anna_munoz@fws.gov> wrote:
Hi All,

Attached are the lynx comms materials that have been cleared by Noreen. 
Gavin, please note that the lynx package won't be going to HQ (and thus DOI)
for clearance as 5-year reviews have been delegated to RDs.  Please give me a
call if you would like to discuss further.

ARDs, please feel free to share the tribal letter with your NALs for awareness. 
Steve has been working with your PAOs on this but if you have any questions or
comments regarding any of the documents below, please let me know.  

Thanks,
Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

 

 

 

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
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300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

https://maps.google.com/?q=300+Westgate+Center+DriveHadley,+MA+01035+office:+(413&entry=gmail&source=g
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Conversation Contents
Tribes & lynx SSA

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Nov 15 2017 12:29:14 GMT-0700 (MST)
To: Martin Miller <Martin_Miller@fws.gov>
Subject: Tribes & lynx SSA

Hi Marty! I just noticed that the Maine lynx geographic unit includes 1 percent Tribal
(Passamaquoddy Tribe, Penobscot Indian Nation) land ownership. Have they been involved in
the SSA process? That hasn't really been on my radar as far as outreach goes, so just want to
see if that's something I should flag or if it's been part of the ongoing outreach with the SSA.

Thanks!

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Miller, Martin" <martin_miller@fws.gov>

From: "Miller, Martin" <martin_miller@fws.gov>
Sent: Thu Nov 16 2017 05:48:11 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: Tribes & lynx SSA

Hi Meagan -  I don't remember hearing about Tribal involvement, but I suspect there was at
least correspondence asking them for input.  Mark should know.  Marty

On Wed, Nov 15, 2017 at 2:29 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Marty! I just noticed that the Maine lynx geographic unit includes 1 percent Tribal
(Passamaquoddy Tribe, Penobscot Indian Nation) land ownership. Have they been involved
in the SSA process? That hasn't really been on my radar as far as outreach goes, so just
want to see if that's something I should flag or if it's been part of the ongoing outreach with the
SSA.

Thanks!

http://usfwsnortheast.wordpress.com/
mailto:meagan_racey@fws.gov


-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Thu Nov 16 2017 06:30:38 GMT-0700 (MST)
To: "Miller, Martin" <martin_miller@fws.gov>
Subject: Re: Tribes & lynx SSA

ok, thanks!

On Thu, Nov 16, 2017 at 7:48 AM, Miller, Martin <martin_miller@fws.gov> wrote:
Hi Meagan -  I don't remember hearing about Tribal involvement, but I suspect there was at
least correspondence asking them for input.  Mark should know.  Marty

On Wed, Nov 15, 2017 at 2:29 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Marty! I just noticed that the Maine lynx geographic unit includes 1 percent Tribal
(Passamaquoddy Tribe, Penobscot Indian Nation) land ownership. Have they been
involved in the SSA process? That hasn't really been on my radar as far as outreach goes,
so just want to see if that's something I should flag or if it's been part of the ongoing
outreach with the SSA.

Thanks!

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

http://usfwsnortheast.wordpress.com/
mailto:martin_miller@fws.gov
mailto:meagan_racey@fws.gov
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-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

http://usfwsnortheast.wordpress.com/


From: Matthew Bishop
To: "Zelenak, Jim"
Cc: "Jodi Bush"; "Dana Jacobsen"; "Justin Shoemaker"; "Kathryn Williams-shuck"; "John Mellgren";

bishop@westernlaw.org
Subject: RE: Lynx: final SSA
Date: Wednesday, November 15, 2017 12:41:32 PM

Great – thanks Jim. Matt
 
Matthew Bishop
Western Environmental Law Center
103 Reeder’s Alley
Helena, Montana 59601
(406) 324-8011 (tel.)
bishop@westernlaw.org
www.westernlaw.org
 
From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Wednesday, November 15, 2017 12:29 PM
To: bishop@westernlaw.org
Cc: Jodi Bush; Dana Jacobsen; Justin Shoemaker; Kathryn Williams-shuck
Subject: Re: Lynx: final SSA
 
Hi Matt,
 
I'd be happy to send you a PDF of the lynx SSA report as soon as I can (as soon as it is
finalized and ready for public release).  My understanding is that should be very soon, but that
it still may be undergoing Solictor and perhaps Service Headquarters review.
 
As soon as I get the OK, I will send the final report to you and other interested
parties/partners.
 
Jim
 
 
 
On Wed, Nov 15, 2017 at 12:15 PM, Matthew Bishop <bishop@westernlaw.org> wrote:
Hi Jim – any chance you can send me a PDF version of this document, or do I need to send a
FOIA request for it? Thanks, Matt
 
Matthew Bishop
Western Environmental Law Center
103 Reeder’s Alley
Helena, Montana 59601
(406) 324-8011 (tel.)
bishop@westernlaw.org
www.westernlaw.org
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--
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2005, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/


15 
 

1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and  demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
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snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
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study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (λ = 1.05) 
for Maine’s lynx population based on demographic data from a radiotelemetry study collected 
over a 12-year period (Vashon et al. 2012, Appendix VI). Neither the Montana nor Maine 
estimates incorporated rates of immigration/emigration (i.e., both assumed immigration and 
emigration rates of zero, which is very unlikely and contradicted by historical and recent 
evidence of lynx dispersal in both directions across the Canada-Unites States border across the 
DPS range). Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 
female/year on average for a theoretical population of 100 lynx) could provide population 
stability or even growth, suggesting that the Seeley Lake population and perhaps other DPS 
populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
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demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
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abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 



40 
 

conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
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either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
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Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
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whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
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the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
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and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
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New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
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detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
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Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
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Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
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management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
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ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
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completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
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concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
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units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
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hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
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central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
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specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html


60 
 

lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). The MNDNR 
also distributed to trappers the interagency brochure How to Avoid Incidental Take of Lynx while 
Trapping or Hunting Bobcats and other Furbearers.In response to a Federal court order, MDNR 
developed an incidental take plan designed to minimize the potential for lynx to be incidentally 
trapped during other legal furbearer trapping; the plan is currently under review by the Service. 
Like Maine, Minnesota has a State Endangered Species Statute (84.0895) which requires the 
MNDNR to adopt rules designating species meeting the statutory definitions of endangered, 
threatened, or species of special concern (State of Minnesota 2016, entire). The Statute also 
authorizes the MNDNR to adopt rules that regulate treatment of species designated as 
endangered and threatened. Also like Maine, however, Minnesota has not designated lynx as 
threatened or endangered under the statute. Instead it has designated the lynx a species of 
special concern, a designation for species that are extremely uncommon, have unique or highly 
specific habitat requirements, or occur on the periphery of their range in Minnesota and, 
therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates 
with the Service and other agencies to conduct research and monitor lynx populations and 
habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
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may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
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than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
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persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
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percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
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years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
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sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
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between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
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snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
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U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
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would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), which appear to limit bobcat mobility and distribution (Litvaitis et al. 
1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 



75 
 

 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
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Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
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interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
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the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
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Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
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hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
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appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
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the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
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Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 
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● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
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markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
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Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
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the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
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habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
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problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
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of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
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thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
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2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
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whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
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generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
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most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
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landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
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2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
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potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
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areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
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location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
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intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
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potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
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supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
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record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
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hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
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management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
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Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
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populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 100% 83% (Purcells);            

61% (Seeley Lake) 100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares) 3.3 2.95 (Purcells);            

2.24 (Seeley Lake) 2.25 (2 females) 3.0 (1 female, 2 
years) 2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00 0.85 (Purcells);            

0.75 (Seeley Lake) 0.86 Few data
0.93 (in Core Release 

Area [CRA]);                   
0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
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(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
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et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
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Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
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In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
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the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
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assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
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2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
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Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
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104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
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result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
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Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 

                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
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minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
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According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
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to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above.Genetic analyses and snow and 
camera surveys have verified continued reproduction and recruitment among lynx populations in 
this unit and also suggest some immigration may be occurring. The recent apparent absence of 
resident lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
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16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
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Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
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the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://inciweb.nwcg.gov/incident/5409/
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lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
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(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
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From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
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Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
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southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 
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Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
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monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
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records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
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Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
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Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
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units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
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Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 
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In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
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As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
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the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
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in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
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those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
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will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
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effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
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extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
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snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
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Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
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other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
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century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
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unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
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paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 
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● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
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2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
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2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
 



188 
 

The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Gonzalez et al. 2007, p. 8). Notaro et al. (2015, pp. 
1668-1669) projected changes in lake effect snowfall using downscaled climate models (Abdus 
Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 
(RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great 
Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an 
increase in lake effect snow in the eastern Great Lakes until 2050, with a decline later in the 
century, with an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
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that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
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most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
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on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
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Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
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Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
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like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
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currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 

 
Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
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ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
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Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
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Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
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patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
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unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 



232 
 

Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
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most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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Folks.  You may have heard that we were trying to have the Lynx 5 year review signed by
tomorrow (Nov. 3). Unfortunately that is not going to happen. This has been delayed due to
some issues beyond our control.   

Once we have the documents (5 year review and final SSA) ready to go we will let you know,
supply a new release and communication plan and will allow planning for as much time as we
can for contact to your State, Tribal and Federal partners.  

In the meantime if you are having discussions with these same folks - you can use some of the
following for your talking points.  I would tell our partners that the document is on the RD
desk and could be signed at any time.  Feel free to give me or Jim a call if you have any
questions.  JB

·         the 5-year review will be signed by the Regional director for
the mt prairie region with concurrence from all affected regions. 
this concurrence has already been received. 

·         The SSA and 5 year Review are in response to a court
settlement agreement and decision on May 8, 2014.  At that time,
the United States District Court for the District of Montana ordered
the Service to complete recovery planning for the Canada lynx DPS
by January 15, 2018 “…unless the Service finds that such a plan
will not promote the conservation of the [lynx].  The 5-year review
and SSA report responds to this order. 

·         both courts involved in lynx issues (recovery and Critical
habitat) will be notified preceding the public notification on
November 3, 2017, by Solicitors. 

·         a news release and communication plan to reach out to
state, tribal and federal partners will precede the notification.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2005, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 



32 
 

Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and  demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
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snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
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study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (λ = 1.05) 
for Maine’s lynx population based on demographic data from a radiotelemetry study collected 
over a 12-year period (Vashon et al. 2012, Appendix VI). Neither the Montana nor Maine 
estimates incorporated rates of immigration/emigration (i.e., both assumed immigration and 
emigration rates of zero, which is very unlikely and contradicted by historical and recent 
evidence of lynx dispersal in both directions across the Canada-Unites States border across the 
DPS range). Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 
female/year on average for a theoretical population of 100 lynx) could provide population 
stability or even growth, suggesting that the Seeley Lake population and perhaps other DPS 
populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
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demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
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abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
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conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
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either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
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Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
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whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
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the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
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and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
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New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
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detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
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Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
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Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
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management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
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ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
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completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
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concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
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units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
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hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
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central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
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specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). The MNDNR 
also distributed to trappers the interagency brochure How to Avoid Incidental Take of Lynx while 
Trapping or Hunting Bobcats and other Furbearers.In response to a Federal court order, MDNR 
developed an incidental take plan designed to minimize the potential for lynx to be incidentally 
trapped during other legal furbearer trapping; the plan is currently under review by the Service. 
Like Maine, Minnesota has a State Endangered Species Statute (84.0895) which requires the 
MNDNR to adopt rules designating species meeting the statutory definitions of endangered, 
threatened, or species of special concern (State of Minnesota 2016, entire). The Statute also 
authorizes the MNDNR to adopt rules that regulate treatment of species designated as 
endangered and threatened. Also like Maine, however, Minnesota has not designated lynx as 
threatened or endangered under the statute. Instead it has designated the lynx a species of 
special concern, a designation for species that are extremely uncommon, have unique or highly 
specific habitat requirements, or occur on the periphery of their range in Minnesota and, 
therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates 
with the Service and other agencies to conduct research and monitor lynx populations and 
habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
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may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
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than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
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persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
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percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
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years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
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sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
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between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
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snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
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U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
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would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), which appear to limit bobcat mobility and distribution (Litvaitis et al. 
1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
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Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
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Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
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interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
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the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
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Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
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hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
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appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
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the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
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Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 
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● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
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markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
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Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 



88 
 

the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
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habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
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problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
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of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
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thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
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2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 



96 
 

whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
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generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
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most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
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landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
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2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 



102 
 

potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
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areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
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location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
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intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
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potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
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supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
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record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
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hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
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management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
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Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
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populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 100% 83% (Purcells);            

61% (Seeley Lake) 100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares) 3.3 2.95 (Purcells);            

2.24 (Seeley Lake) 2.25 (2 females) 3.0 (1 female, 2 
years) 2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00 0.85 (Purcells);            

0.75 (Seeley Lake) 0.86 Few data
0.93 (in Core Release 

Area [CRA]);                   
0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08



114 
 

Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
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(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
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et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
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Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
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In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
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the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
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assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
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2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
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Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
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104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
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result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
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Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 

                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
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minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
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According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
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to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above.Genetic analyses and snow and 
camera surveys have verified continued reproduction and recruitment among lynx populations in 
this unit and also suggest some immigration may be occurring. The recent apparent absence of 
resident lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
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16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
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Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
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the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://inciweb.nwcg.gov/incident/5409/
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lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
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(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
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From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
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Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
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southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 
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Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
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monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
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records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
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Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
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Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
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units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
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Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 
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In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
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As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 



167 
 

the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
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in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
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those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
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will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
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effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
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extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
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snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
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Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
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other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
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century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
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unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
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paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 



179 
 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
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2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
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2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
 



194 
 

Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Gonzalez et al. 2007, p. 8). Notaro et al. (2015, pp. 
1668-1669) projected changes in lake effect snowfall using downscaled climate models (Abdus 
Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 
(RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great 
Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an 
increase in lake effect snow in the eastern Great Lakes until 2050, with a decline later in the 
century, with an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 



204 
 

increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
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that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
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most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
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on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
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Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
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Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
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like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
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currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 

 
Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
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ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
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Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
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Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
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patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
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unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 



224 
 

 
Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 



232 
 

Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
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most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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From: Bush, Jodi
To: Eric Rickerson; Paul Henson; Larry Crist; Abbott, Tyler; Gregory Hughes; Anna Harris; Peter Fasbender;

rollie_white@fws.gov; Lori Nordstrom; Paul Phifer; DeBerry, Drue; Susan Millsap; Ted Koch; Tom Chapman;
Michael Fris

Cc: Bryon Holt; Jim Zelenak; Tom McDowell; Kathleen Hendricks; Jeffrey Dillon; Mark McCollough; Tamara Smith;
Thabault, Michael; Kurt Broderdorp; Gregg Kurz; Nathan Darnall; Marjorie Nelson; Justin Shoemaker; Susan
Jacobsen

Subject: Lynx Update - SSA and 5 YR review
Date: Friday, November 17, 2017 2:31:28 PM
Attachments: 20171113 Canada Lynx 5YR_with RD signature.pdf

2017 10 13 FINAL Lynx SSA Report Corrections 2017 10 25 CLEAN.pdf

Folks.   WE ARE STILL NOT A GO TO RELEASE ANY INFORMATION OUTSIDE
OF THE USFWS but I wanted to share the final SSA and Signed 5 year Review documents
and make sure you have.  The SSA is the same version that was sent out around October 13,
2017 but we found some minor errors that we corrected.   Neither of these documents should
be shared outside of the agency yet nor the contents or recommendation within.  ie. 
please keep these a close hold.  

We are awaiting HQ review of the comm plan and Director signature on a 4(f) memo
confirming that we do not need to a recovery plan.   Once we have everything signed, the
courts notified and are ready to release to the public we will be asking you all to notify your
state partners ahead of time.  Unfortunately the notice is likely to be short.  Please stand by.   

ARDs, please share with any office manager that you determine should see this if I have
missed them.  As always if you have questions, please contact me.  Thank you.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Nov 2, 2017 at 4:54 PM
Subject: Re: talking points for discussion with State
To: Eric Rickerson <eric_rickerson@fws.gov>, Paul Henson <paul_henson@fws.gov>, Larry
Crist <Larry_Crist@fws.gov>, "Abbott, Tyler" <tyler_abbott@fws.gov>, Gregory Hughes
<greg_m_hughes@fws.gov>, Anna Harris <anna_harris@fws.gov>, Peter Fasbender
<peter_fasbender@fws.gov>, "rollie_white@fws.gov" <rollie_white@fws.gov>, Lori
Nordstrom <lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>, "DeBerry,
Drue" <drue_deberry@fws.gov>, Susan Millsap <susan_millsap@fws.gov>
Cc: Bryon Holt <Bryon_Holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Tom
McDowell <Tom_McDowell@fws.gov>, Kathleen Hendricks
<kathleen_hendricks@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Mark
McCollough <Mark_McCollough@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>,
"Thabault, Michael" <michael_thabault@fws.gov>, Kurt Broderdorp
<Kurt_Broderdorp@fws.gov>, Gregg Kurz <Gregg_Kurz@fws.gov>, Nathan Darnall
<nathan_darnall@fws.gov>, Marjorie Nelson <Marjorie_Nelson@fws.gov>, Justin
Shoemaker <justin_shoemaker@fws.gov>
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Folks.  You may have heard that we were trying to have the Lynx 5 year review signed by
tomorrow (Nov. 3). Unfortunately that is not going to happen. This has been delayed due to
some issues beyond our control.   

Once we have the documents (5 year review and final SSA) ready to go we will let you know,
supply a new release and communication plan and will allow planning for as much time as we
can for contact to your State, Tribal and Federal partners.  

In the meantime if you are having discussions with these same folks - you can use some of the
following for your talking points.  I would tell our partners that the document is on the RD
desk and could be signed at any time.  Feel free to give me or Jim a call if you have any
questions.  JB

·         the 5-year review will be signed by the Regional director for
the mt prairie region with concurrence from all affected regions. 
this concurrence has already been received. 

·         The SSA and 5 year Review are in response to a court
settlement agreement and decision on May 8, 2014.  At that time,
the United States District Court for the District of Montana ordered
the Service to complete recovery planning for the Canada lynx DPS
by January 15, 2018 “…unless the Service finds that such a plan
will not promote the conservation of the [lynx].  The 5-year review
and SSA report responds to this order. 

·         both courts involved in lynx issues (recovery and Critical
habitat) will be notified preceding the public notification on
November 3, 2017, by Solicitors. 

·         a news release and communication plan to reach out to
state, tribal and federal partners will precede the notification.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205



From: Abbott, Tyler
To: Bush, Jodi
Cc: Nathan Darnall
Subject: Re: Lynx Update - SSA and 5 YR review
Date: Friday, November 17, 2017 3:20:19 PM

Thanks Jodi,

If this gets done next week (week of Nov. 20) with outreach needed, please send me a text on
my cell phone (below) and let me know.  I'll be out of the office all week but checking
messages now and then-- want to ensure that I don't miss this message.

Tyler

Tyler Abbott, Wyoming Field Supervisor

U.S. Fish and Wildlife Service
Wyoming Ecological Services Field Office
5353 Yellowstone Road, Suite 308A
Cheyenne, WY  82009
Office: (307) 772-2374 x 231
Cell: (307) 286-7242
tyler_abbott@fws.gov

On Fri, Nov 17, 2017 at 2:30 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Folks.   WE ARE STILL NOT A GO TO RELEASE ANY INFORMATION OUTSIDE
OF THE USFWS but I wanted to share the final SSA and Signed 5 year Review documents
and make sure you have.  The SSA is the same version that was sent out around October 13,
2017 but we found some minor errors that we corrected.   Neither of these documents
should be shared outside of the agency yet nor the contents or recommendation
within.  ie.  please keep these a close hold.  

We are awaiting HQ review of the comm plan and Director signature on a 4(f) memo
confirming that we do not need to a recovery plan.   Once we have everything signed, the
courts notified and are ready to release to the public we will be asking you all to notify your
state partners ahead of time.  Unfortunately the notice is likely to be short.  Please stand by. 
 

ARDs, please share with any office manager that you determine should see this if I have
missed them.  As always if you have questions, please contact me.  Thank you.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
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From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Nov 2, 2017 at 4:54 PM
Subject: Re: talking points for discussion with State
To: Eric Rickerson <eric_rickerson@fws.gov>, Paul Henson <paul_henson@fws.gov>,
Larry Crist <Larry_Crist@fws.gov>, "Abbott, Tyler" <tyler_abbott@fws.gov>, Gregory
Hughes <greg_m_hughes@fws.gov>, Anna Harris <anna_harris@fws.gov>, Peter
Fasbender <peter_fasbender@fws.gov>, "rollie_white@fws.gov" <rollie_white@fws.gov>,
Lori Nordstrom <lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,
"DeBerry, Drue" <drue_deberry@fws.gov>, Susan Millsap <susan_millsap@fws.gov>
Cc: Bryon Holt <Bryon_Holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Tom
McDowell <Tom_McDowell@fws.gov>, Kathleen Hendricks
<kathleen_hendricks@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Mark
McCollough <Mark_McCollough@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>,
"Thabault, Michael" <michael_thabault@fws.gov>, Kurt Broderdorp
<Kurt_Broderdorp@fws.gov>, Gregg Kurz <Gregg_Kurz@fws.gov>, Nathan Darnall
<nathan_darnall@fws.gov>, Marjorie Nelson <Marjorie_Nelson@fws.gov>, Justin
Shoemaker <justin_shoemaker@fws.gov>

Folks.  You may have heard that we were trying to have the Lynx 5 year review signed by
tomorrow (Nov. 3). Unfortunately that is not going to happen. This has been delayed due to
some issues beyond our control.   

Once we have the documents (5 year review and final SSA) ready to go we will let you
know, supply a new release and communication plan and will allow planning for as much
time as we can for contact to your State, Tribal and Federal partners.  

In the meantime if you are having discussions with these same folks - you can use some of
the following for your talking points.  I would tell our partners that the document is on the
RD desk and could be signed at any time.  Feel free to give me or Jim a call if you have any
questions.  JB

·         the 5-year review will be signed by the Regional director for
the mt prairie region with concurrence from all affected regions. 
this concurrence has already been received. 

·         The SSA and 5 year Review are in response to a court
settlement agreement and decision on May 8, 2014.  At that time,
the United States District Court for the District of Montana
ordered the Service to complete recovery planning for the Canada
lynx DPS by January 15, 2018 “…unless the Service finds that
such a plan will not promote the conservation of the [lynx].  The
5-year review and SSA report responds to this order. 

·         both courts involved in lynx issues (recovery and Critical
habitat) will be notified preceding the public notification on
November 3, 2017, by Solicitors. 

·         a news release and communication plan to reach out to
state, tribal and federal partners will precede the notification.
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Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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This report also relies heavily on the Interagency Lynx Biology Team’s Canada Lynx 
Conservation Assessment and Strategy, 3rd Edition, August 2013: 
 
Interagency Lynx Biology Team. 2013. Canada lynx conservation assessment and strategy. 3rd 

edition. USDA Forest Service, USDI Fish and Wildlife Service, USDI Bureau of Land 
Management, and USDI National Park Service. Forest Service Publication R1-13-19, 
Missoula, MT. 128 pp. 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf. 

 
All Lynx SSA Core Team members participated in development and review of the revised 
LCAS.  
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
 



6 
 

Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2005, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 



23 
 

 
For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and  demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
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snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
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study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (λ = 1.05) 
for Maine’s lynx population based on demographic data from a radiotelemetry study collected 
over a 12-year period (Vashon et al. 2012, Appendix VI). Neither the Montana nor Maine 
estimates incorporated rates of immigration/emigration (i.e., both assumed immigration and 
emigration rates of zero, which is very unlikely and contradicted by historical and recent 
evidence of lynx dispersal in both directions across the Canada-Unites States border across the 
DPS range). Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 
female/year on average for a theoretical population of 100 lynx) could provide population 
stability or even growth, suggesting that the Seeley Lake population and perhaps other DPS 
populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
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demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
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abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
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conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
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either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
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Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
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whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
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the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
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and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
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New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
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detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
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Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 



51 
 

Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
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management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
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ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
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completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
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concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
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units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
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hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
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central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
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specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). The MNDNR 
also distributed to trappers the interagency brochure How to Avoid Incidental Take of Lynx while 
Trapping or Hunting Bobcats and other Furbearers.In response to a Federal court order, MDNR 
developed an incidental take plan designed to minimize the potential for lynx to be incidentally 
trapped during other legal furbearer trapping; the plan is currently under review by the Service. 
Like Maine, Minnesota has a State Endangered Species Statute (84.0895) which requires the 
MNDNR to adopt rules designating species meeting the statutory definitions of endangered, 
threatened, or species of special concern (State of Minnesota 2016, entire). The Statute also 
authorizes the MNDNR to adopt rules that regulate treatment of species designated as 
endangered and threatened. Also like Maine, however, Minnesota has not designated lynx as 
threatened or endangered under the statute. Instead it has designated the lynx a species of 
special concern, a designation for species that are extremely uncommon, have unique or highly 
specific habitat requirements, or occur on the periphery of their range in Minnesota and, 
therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates 
with the Service and other agencies to conduct research and monitor lynx populations and 
habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
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may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
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than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
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Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
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persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
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percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf


68 
 

limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
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years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
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sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
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between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
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snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
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U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 



74 
 

would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), which appear to limit bobcat mobility and distribution (Litvaitis et al. 
1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
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Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
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Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
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interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
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the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
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Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
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hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
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appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
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the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
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Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 
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● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
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markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
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Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 



88 
 

the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
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habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 



90 
 

problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
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of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
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thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
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2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
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whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
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generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 



99 
 

most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
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landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
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2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
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potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
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areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
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location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
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intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
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potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
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supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
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record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
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hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
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management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 



111 
 

Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
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populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 100% 83% (Purcells);            

61% (Seeley Lake) 100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares) 3.3 2.95 (Purcells);            

2.24 (Seeley Lake) 2.25 (2 females) 3.0 (1 female, 2 
years) 2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00 0.85 (Purcells);            

0.75 (Seeley Lake) 0.86 Few data
0.93 (in Core Release 

Area [CRA]);                   
0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
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(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
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et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
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Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
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In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 
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the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 



120 
 

assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
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2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
 



122 
 

Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
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Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
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104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
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result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
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Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 

                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
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minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
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According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
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to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 



136 
 

Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 



139 
 

genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above.Genetic analyses and snow and 
camera surveys have verified continued reproduction and recruitment among lynx populations in 
this unit and also suggest some immigration may be occurring. The recent apparent absence of 
resident lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
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16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
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Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
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the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://inciweb.nwcg.gov/incident/5409/
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lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
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(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
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From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
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Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
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southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana


155 
 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 
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Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
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monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
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records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
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Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
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Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
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units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 



164 
 

Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 
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In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
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As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
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the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
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in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
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those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
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will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
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effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 



172 
 

extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
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snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
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Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
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other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
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century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
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unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
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paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 
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● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
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2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
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2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Gonzalez et al. 2007, p. 8). Notaro et al. (2015, pp. 
1668-1669) projected changes in lake effect snowfall using downscaled climate models (Abdus 
Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 
(RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great 
Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an 
increase in lake effect snow in the eastern Great Lakes until 2050, with a decline later in the 
century, with an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 



203 
 

increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
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that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
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most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
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on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
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Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
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Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
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like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
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currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 

 
Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
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ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
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Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
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Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
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patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
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unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
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most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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From: Bush, Jodi
To: Eric Rickerson; Paul Henson; Larry Crist; Abbott, Tyler; Gregory Hughes; Anna Harris; Peter Fasbender;

rollie_white@fws.gov; Lori Nordstrom; Paul Phifer; DeBerry, Drue; Susan Millsap; Ted Koch; Tom Chapman;
Michael Fris

Cc: Bryon Holt; Jim Zelenak; Tom McDowell; Kathleen Hendricks; Jeffrey Dillon; Mark McCollough; Tamara Smith;
Thabault, Michael; Kurt Broderdorp; Gregg Kurz; Nathan Darnall; Marjorie Nelson; Justin Shoemaker; Susan
Jacobsen

Subject: Lynx Update - SSA and 5 YR review
Date: Friday, November 17, 2017 4:31:31 PM
Attachments: 20171113 Canada Lynx 5YR_with RD signature.pdf

2017 10 13 FINAL Lynx SSA Report Corrections 2017 10 25 CLEAN.pdf

Folks.   WE ARE STILL NOT A GO TO RELEASE ANY INFORMATION OUTSIDE
OF THE USFWS but I wanted to share the final SSA and Signed 5 year Review documents
and make sure you have.  The SSA is the same version that was sent out around October 13,
2017 but we found some minor errors that we corrected.   Neither of these documents should
be shared outside of the agency yet nor the contents or recommendation within.  ie. 
please keep these a close hold.  

We are awaiting HQ review of the comm plan and Director signature on a 4(f) memo
confirming that we do not need to a recovery plan.   Once we have everything signed, the
courts notified and are ready to release to the public we will be asking you all to notify your
state partners ahead of time.  Unfortunately the notice is likely to be short.  Please stand by.   

ARDs, please share with any office manager that you determine should see this if I have
missed them.  As always if you have questions, please contact me.  Thank you.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Nov 2, 2017 at 4:54 PM
Subject: Re: talking points for discussion with State
To: Eric Rickerson <eric_rickerson@fws.gov>, Paul Henson <paul_henson@fws.gov>, Larry
Crist <Larry_Crist@fws.gov>, "Abbott, Tyler" <tyler_abbott@fws.gov>, Gregory Hughes
<greg_m_hughes@fws.gov>, Anna Harris <anna_harris@fws.gov>, Peter Fasbender
<peter_fasbender@fws.gov>, "rollie_white@fws.gov" <rollie_white@fws.gov>, Lori
Nordstrom <lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>, "DeBerry,
Drue" <drue_deberry@fws.gov>, Susan Millsap <susan_millsap@fws.gov>
Cc: Bryon Holt <Bryon_Holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Tom
McDowell <Tom_McDowell@fws.gov>, Kathleen Hendricks
<kathleen_hendricks@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Mark
McCollough <Mark_McCollough@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>,
"Thabault, Michael" <michael_thabault@fws.gov>, Kurt Broderdorp
<Kurt_Broderdorp@fws.gov>, Gregg Kurz <Gregg_Kurz@fws.gov>, Nathan Darnall
<nathan_darnall@fws.gov>, Marjorie Nelson <Marjorie_Nelson@fws.gov>, Justin
Shoemaker <justin_shoemaker@fws.gov>
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Folks.  You may have heard that we were trying to have the Lynx 5 year review signed by
tomorrow (Nov. 3). Unfortunately that is not going to happen. This has been delayed due to
some issues beyond our control.   

Once we have the documents (5 year review and final SSA) ready to go we will let you know,
supply a new release and communication plan and will allow planning for as much time as we
can for contact to your State, Tribal and Federal partners.  

In the meantime if you are having discussions with these same folks - you can use some of the
following for your talking points.  I would tell our partners that the document is on the RD
desk and could be signed at any time.  Feel free to give me or Jim a call if you have any
questions.  JB

·         the 5-year review will be signed by the Regional director for
the mt prairie region with concurrence from all affected regions. 
this concurrence has already been received. 

·         The SSA and 5 year Review are in response to a court
settlement agreement and decision on May 8, 2014.  At that time,
the United States District Court for the District of Montana ordered
the Service to complete recovery planning for the Canada lynx DPS
by January 15, 2018 “…unless the Service finds that such a plan
will not promote the conservation of the [lynx].  The 5-year review
and SSA report responds to this order. 

·         both courts involved in lynx issues (recovery and Critical
habitat) will be notified preceding the public notification on
November 3, 2017, by Solicitors. 

·         a news release and communication plan to reach out to
state, tribal and federal partners will precede the notification.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205



From: Broderdorp, Kurt
To: Zelenak, Jim
Cc: Mark McCollough; Tamara Smith; Bryon Holt
Subject: Re: Lynx SSA
Date: Monday, November 20, 2017 4:11:30 PM

As with the responses of several others, I have not had time to review the SSA Report or the 5-
Year Review.  Unfortunately, other priorities now occupy most of my time, so it may be a
while before I can take a look at the information.

On Mon, Nov 20, 2017 at 9:48 AM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Now that you have all received the final SSA and the 5-year review from Jodi, I was wondering if there is interest
in a Core Team call to discuss it or any of the additional review that led to some of the changes from draft to final
SSA.

I did my best to address the big-ticket items from peer, State, and Federal reviews, as well as from several
additional layers of internal review, and to address as many of the more minor issues as I could.  I think it is much
improved over the draft, but still not as tight as I wish it were, and some partners, maybe particularly some states,
may not feel like we've addressed all their concerns.

Hope you all also feel it is in better shape than the draft.

Please let me know if you think a team call, probably sometime tomorrow, would be helpful.  Alternatively, if
you have questions or concerns, you can always call or email me separately.

Thanks again for your help in getting this challenging project across the finish line.

Jim 

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Kurt Broderdorp
445 West Gunnison Avenue
Suite 240
Grand Junction, CO  81501-5720
(970) 628-7186
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U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 

New Scientific Review Recommends Delisting the Canada Lynx 
 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling big cats, is well on 
its way to becoming the next Endangered Species Act success story. 
 
Today the U.S. Fish and Wildlife Service (Service) announced the completion of a five-year 
review of the contiguous United States distinct population segment (DPS) of the Canada lynx, a 
species currently listed under the Endangered Species Act as threatened. The review concludes 
that, thanks to the conservation actions of a variety of federal, state, tribal, academic and non-
governmental partners, the Canada lynx DPS has been successfully conserved to the point that 
the species may no longer require protection under the ESA. 
 
A cousin of the common bobcat, the Canada lynx is similar in size but can be distinguished by its 
black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, furry 
paws for hunting snowshoe hares in deep snow. The lynx DPS includes groups of the species 
found in northern Maine, northeastern Minnesota, northwestern Montana/northeastern Idaho, 
north-central Washington, the Greater Yellowstone area, and western Colorado. 
  
With the majority of lynx habitat occurring on public lands, especially in the West 
the species was listed as threatened in 2000 largely due to a lack of existing regulatory 
mechanisms on federal public lands to ensure the continued conservation of the species. 
However, since receiving Endangered Species Act protection, most federal land managers 
throughout the lynx’s range, as well as states and several private landowners in Maine, have 
formally amended their management plans and instituted conservation measures to conserve the 
lynx.  
 
Providing the Canada lynx protection under the Endangered Species Act also prompted an 
increase in scientific understanding of lynx biology. Research and monitoring efforts conducted 
by state and federal agencies, tribes and academic institutions helped to refine biologists’ 
understanding of habitat needs, distributions, population characteristics, and potential stressors. 
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The Service relies on the best available science to inform all decisions. Today’s five-year review 
was informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, which 
compiled all available scientific information on the historical, current, and possible future 
conditions for the DPS. The SSA included input from recognized lynx experts in Canada and the 
United States, as well as a variety of experts in the fields of ecology, genetics, climate modeling, 
and habitat management, also informed the review.   
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
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United States Department of the Interior 

 
FISH AND WILDLIFE SERVICE 

Mountain-Prairie Region 
 

IN REPLY REFER TO: 

FWS/R6 MAILING ADDRESS: STREET LOCATION: 
 Post Office Box 25486 134 Union Boulevard 
 Denver Federal Center Lakewood, Colorado 80228-1807 
 Denver, Colorado 80225-0486 
 
 
 
«Chairperson» «First_Name» «Last_Name» 
«Tribe» 
«Address» 
«City», «State» «ZIP» 
 
Dear «Chairperson» «Last_Name»: 
 
The U.S. Fish and Wildlife Service (Service) has published a 5-year review of the contiguous 
United States distinct population segment (DPS) of the Canada lynx, a species currently listed 
under the Endangered Species Act (ESA) as threatened. The review concludes that, thanks to the 
conservation actions of a variety of partners, including tribes, the Canada lynx DPS may no longer 
require protection under the ESA. 
 
The Service’s recommendation does not remove or negate the ESA protections currently in place 
for the Canada lynx DPS. To delist a species, the Service must follow a process similar to what is 
used in considering whether to list species, which includes publication of a proposed rule in the 
Federal Register, a public comment period, peer review, prior to a final decision being made. If the 
Service decides to propose delisting for the Canada lynx DPS we will reach out to tribes to offer 
government-to-government consultation on that proposal. 
 
If you have any questions regarding the Canada lynx DPS please contact me or Anna Munoz, 
Assistant Regional Director for External Affairs, at anna_munoz@fws.gov or (303) 236-4510.  
              

Sincerely, 
 
 
Deputy Regional Director 

mailto:anna_munoz@fws.gov
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Conversation Contents
Lynx Materials

Attachments:

/11. Lynx Materials/1.1 2017_11_02_Canada Lynx Tribal Letter. RM Edits.docx
/11. Lynx Materials/1.2 20171113_CommP_Canada-Lynx-5-year Review_finaldraft.docx
/11. Lynx Materials/1.3 20171113_NR_Canada-Lynx-5-year-Review_finaldraft.docx
/11. Lynx Materials/2.1 2017_11_02_Canada Lynx Tribal Letter. RM Edits.docx
/11. Lynx Materials/2.2 20171113_CommP_Canada-Lynx-5-year Review_finaldraft.docx
/11. Lynx Materials/2.3 20171113_NR_Canada-Lynx-5-year-Review_finaldraft.docx
/11. Lynx Materials/7.1 2017_11_02_Canada Lynx Tribal Letter. RM Edits.docx
/11. Lynx Materials/7.2 20171113_CommP_Canada-Lynx-5-year Review_finaldraft.docx
/11. Lynx Materials/7.3 20171113_NR_Canada-Lynx-5-year-Review_finaldraft.docx
/11. Lynx Materials/8.1 20171113_NR_Canada-Lynx-5-year-Review_finaldraft.docx

"Meister, Christina" <christina_meister@fws.gov>

From: "Meister, Christina" <christina_meister@fws.gov>
Sent: Tue Nov 21 2017 14:34:20 GMT-0700 (MST)
To: Meagan Racey <meagan_racey@fws.gov>
Subject: Lynx Materials

Attachments:
2017_11_02_Canada Lynx Tribal Letter. RM Edits.docx
20171113_CommP_Canada-Lynx-5-year Review_finaldraft.docx
20171113_NR_Canada-Lynx-5-year-Review_finaldraft.docx

FYI 

-- 
Christina M. Meister
Office of Public Affairs
U.S. Fish and Wildlife Service
5275 Leesburg Pike
Falls Church, VA 22041-3803

Office: 703-358-2284 
Cell: 703-304-9535 
christina_meister@fws.gov

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Tue Nov 21 2017 14:45:08 GMT-0700 (MST)

Ken Elowe <ken_elowe@fws.gov>, Paul Phifer
<paul_phifer@fws.gov>, Anna Harris <anna_harris@fws.gov>,

mailto:christina_meister@fws.gov


To: "Hastie, Kyla" <kyla_hastie@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>, Martin Miller <Martin_Miller@fws.gov>

Subject: Fwd: Lynx Materials

Attachments:
2017_11_02_Canada Lynx Tribal Letter. RM Edits.docx
20171113_CommP_Canada-Lynx-5-year Review_finaldraft.docx
20171113_NR_Canada-Lynx-5-year-Review_finaldraft.docx

FYI - the outreach has gone into HQ and will start review with EA tomorrow via DTS. They are
aiming to have all Federal Register-related materials in by the blackout date of Dec 14
(otherwise it gets pushed to the new year). Christina tells me it will likely be sometime that week
but she'll let us know if it moves sooner. 

---------- Forwarded message ----------
From: Meister, Christina <christina_meister@fws.gov>
Date: Tue, Nov 21, 2017 at 4:34 PM
Subject: Lynx Materials
To: Meagan Racey <meagan_racey@fws.gov>

FYI 

-- 
Christina M. Meister
Office of Public Affairs
U.S. Fish and Wildlife Service
5275 Leesburg Pike
Falls Church, VA 22041-3803

Office: 703-358-2284 
Cell: 703-304-9535 
christina_meister@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

Paul Phifer <paul_phifer@fws.gov>

From: Paul Phifer <paul_phifer@fws.gov>
Sent: Tue Nov 21 2017 14:51:25 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>

Ken Elowe <ken_elowe@fws.gov>, Anna Harris

mailto:christina_meister@fws.gov
mailto:meagan_racey@fws.gov
mailto:christina_meister@fws.gov
http://usfwsnortheast.wordpress.com/


CC: <anna_harris@fws.gov>, "Hastie, Kyla" <kyla_hastie@fws.gov>,
Christine Eustis <christine_eustis@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>, Martin Miller <Martin_Miller@fws.gov>

Subject: Re: Lynx Materials

Thanks Meagan

Sent from my iPad

On Nov 21, 2017, at 4:45 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:

FYI - the outreach has gone into HQ and will start review with EA tomorrow via DTS.
They are aiming to have all Federal Register-related materials in by the blackout
date of Dec 14 (otherwise it gets pushed to the new year). Christina tells me it will
likely be sometime that week but she'll let us know if it moves sooner. 

---------- Forwarded message ----------
From: Meister, Christina <christina_meister@fws.gov>
Date: Tue, Nov 21, 2017 at 4:34 PM
Subject: Lynx Materials
To: Meagan Racey <meagan_racey@fws.gov>

FYI 

-- 
Christina M. Meister
Office of Public Affairs
U.S. Fish and Wildlife Service
5275 Leesburg Pike
Falls Church, VA 22041-3803

Office: 703-358-2284 
Cell: 703-304-9535 
christina_meister@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

<2017_11_02_Canada Lynx Tribal Letter. RM Edits.docx>

<20171113_CommP_Canada-Lynx-5-year Review_finaldraft.docx>

<20171113_NR_Canada-Lynx-5-year-Review_finaldraft.docx>

mailto:meagan_racey@fws.gov
mailto:christina_meister@fws.gov
mailto:meagan_racey@fws.gov
mailto:christina_meister@fws.gov
http://usfwsnortheast.wordpress.com/


"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Tue Nov 21 2017 14:51:52 GMT-0700 (MST)
To: "Meister, Christina" <christina_meister@fws.gov>
Subject: Re: Lynx Materials

Thanks Christina! Do you really think that ESA success will stay as the lead? Wondered if it
might get changed to "the country's next conservation success"? Would love to say something
like "comeback" but I'm not sure that really represents the story with this species. 

There are a few edits that you might consider in your review of the materials 
- the state has emphasized to us that lynx are not just in northern Maine, so I expect they'd want
to see "northern" taken out of the second paragraph
- the forest industry has played a large role - can we add them to that list in the first paragraph,
last sentence? 
- our bios said Canada lynx is not one of our "big" cats -- 24 lbs vs mountain lion 220 lbs, they
said

Thanks! Appreciate your help making sure we're in step with the timeline. 

On Tue, Nov 21, 2017 at 4:34 PM, Meister, Christina <christina_meister@fws.gov> wrote:
FYI 

-- 
Christina M. Meister
Office of Public Affairs
U.S. Fish and Wildlife Service
5275 Leesburg Pike
Falls Church, VA 22041-3803

Office: 703-358-2284 
Cell: 703-304-9535 
christina_meister@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Meister, Christina" <christina_meister@fws.gov>

From: "Meister, Christina" <christina_meister@fws.gov>
Sent: Wed Nov 22 2017 08:21:49 GMT-0700 (MST)

mailto:christina_meister@fws.gov
mailto:christina_meister@fws.gov
http://usfwsnortheast.wordpress.com/


To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: Lynx Materials

Hi Meagan,

Thanks for your suggestions. I will be sure to incorporate your comments. And yes, I seriously
doubt "ESA success" will stay in the heading. We will see ... 

I'll send you the finals asap and will keep you updated on timing. 

Thanks again for all of your help.

Best,

- Christina 

On Tue, Nov 21, 2017 at 4:51 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thanks Christina! Do you really think that ESA success will stay as the lead? Wondered if it
might get changed to "the country's next conservation success"? Would love to say
something like "comeback" but I'm not sure that really represents the story with this species. 

There are a few edits that you might consider in your review of the materials 
- the state has emphasized to us that lynx are not just in northern Maine, so I expect they'd
want to see "northern" taken out of the second paragraph
- the forest industry has played a large role - can we add them to that list in the first
paragraph, last sentence? 
- our bios said Canada lynx is not one of our "big" cats -- 24 lbs vs mountain lion 220 lbs, they
said

Thanks! Appreciate your help making sure we're in step with the timeline. 

On Tue, Nov 21, 2017 at 4:34 PM, Meister, Christina <christina_meister@fws.gov> wrote:
FYI 

-- 
Christina M. Meister
Office of Public Affairs
U.S. Fish and Wildlife Service
5275 Leesburg Pike
Falls Church, VA 22041-3803

Office: 703-358-2284 
Cell: 703-304-9535 
christina_meister@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

mailto:meagan_racey@fws.gov
mailto:christina_meister@fws.gov
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Check out our blog, Conserving the nature of the Northeast

-- 
Christina M. Meister
Office of Public Affairs
U.S. Fish and Wildlife Service
5275 Leesburg Pike
Falls Church, VA 22041-3803

Office: 703-358-2284 
Cell: 703-304-9535 
christina_meister@fws.gov

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Nov 22 2017 08:30:22 GMT-0700 (MST)
To: "Meister, Christina" <christina_meister@fws.gov>
Subject: Re: Lynx Materials

Sounds good!

On Wed, Nov 22, 2017 at 10:21 AM, Meister, Christina <christina_meister@fws.gov> wrote:
Hi Meagan,

Thanks for your suggestions. I will be sure to incorporate your comments. And yes, I seriously
doubt "ESA success" will stay in the heading. We will see ... 

I'll send you the finals asap and will keep you updated on timing. 

Thanks again for all of your help.

Best,

- Christina 

On Tue, Nov 21, 2017 at 4:51 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thanks Christina! Do you really think that ESA success will stay as the lead? Wondered if it
might get changed to "the country's next conservation success"? Would love to say
something like "comeback" but I'm not sure that really represents the story with this
species. 

There are a few edits that you might consider in your review of the materials 
- the state has emphasized to us that lynx are not just in northern Maine, so I expect they'd
want to see "northern" taken out of the second paragraph
- the forest industry has played a large role - can we add them to that list in the first
paragraph, last sentence? 
- our bios said Canada lynx is not one of our "big" cats -- 24 lbs vs mountain lion 220 lbs,
they said

http://usfwsnortheast.wordpress.com/
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Thanks! Appreciate your help making sure we're in step with the timeline. 

On Tue, Nov 21, 2017 at 4:34 PM, Meister, Christina <christina_meister@fws.gov> wrote:
FYI 

-- 
Christina M. Meister
Office of Public Affairs
U.S. Fish and Wildlife Service
5275 Leesburg Pike
Falls Church, VA 22041-3803

Office: 703-358-2284 
Cell: 703-304-9535 
christina_meister@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Christina M. Meister
Office of Public Affairs
U.S. Fish and Wildlife Service
5275 Leesburg Pike
Falls Church, VA 22041-3803

Office: 703-358-2284 
Cell: 703-304-9535 
christina_meister@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast
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Meagan Racey <meagan_racey@fws.gov>

From: Meagan Racey <meagan_racey@fws.gov>
Sent: Mon Dec 04 2017 13:13:01 GMT-0700 (MST)
To: ariel_kallenbach@fws.gov
Subject: Fwd: Lynx Materials

Attachments:
2017_11_02_Canada Lynx Tribal Letter. RM Edits.docx
20171113_CommP_Canada-Lynx-5-year Review_finaldraft.docx
20171113_NR_Canada-Lynx-5-year-Review_finaldraft.docx

Sent from my iPad

Begin forwarded message:

From: "Meister, Christina" <christina_meister@fws.gov>
Date: November 21, 2017 at 4:34:20 PM EST
To: Meagan Racey <meagan_racey@fws.gov>
Subject: Lynx Materials

FYI 

-- 
Christina M. Meister
Office of Public Affairs
U.S. Fish and Wildlife Service
5275 Leesburg Pike
Falls Church, VA 22041-3803

Office: 703-358-2284 
Cell: 703-304-9535 
christina_meister@fws.gov

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Mon Dec 04 2017 15:08:11 GMT-0700 (MST)
To: "mark.latti" <mark.latti@maine.gov>
Subject: Fwd: Lynx Materials
Attachments: 20171113_NR_Canada-Lynx-5-year-Review_finaldraft.docx

Thanks Christina! Do you really think that ESA success will stay as the lead? Wondered if it might get changed to "the
country's next conservation success"? Would love to say something like "comeback" but I'm not sure that really
represents the story with this species. 

There are a few edits that you might consider in your review of the materials 
- the state has emphasized to us that lynx are not just in northern Maine, so I expect they'd want to see "northern" taken

mailto:christina_meister@fws.gov
mailto:meagan_racey@fws.gov
mailto:christina_meister@fws.gov


out of the second paragraph
- the forest industry has played a large role - can we add them to that list in the first paragraph, last sentence? 
- our bios said Canada lynx is not one of our "big" cats -- 24 lbs vs mountain lion 220 lbs, they said

Thanks! Appreciate your help making sure we're in step with the timeline. 

---------- Forwarded message ----------
From: Meister, Christina <christina_meister@fws.gov>
Date: Tue, Nov 21, 2017 at 4:34 PM
Subject: Lynx Materials
To: Meagan Racey <meagan_racey@fws.gov>

FYI 

-- 
Christina M. Meister
Office of Public Affairs
U.S. Fish and Wildlife Service
5275 Leesburg Pike
Falls Church, VA 22041-3803

Office: 703-358-2284 
Cell: 703-304-9535 
christina_meister@fws.gov

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

mailto:christina_meister@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Cc: Justin Shoemaker
Subject: Lynx SSA Errata
Date: Tuesday, November 21, 2017 4:21:57 PM
Attachments: 2017 11 21 FINAL Lynx SSA Report - Errata - TRACK.docx

2017 11 21 FINAL Lynx SSA Report - Errata - Clean.pdf

I've found a number of errors and some formatting issues in lit.cited.  You can see them in track changes in the
attached word version.

I've also attached a clean PDF in which those errors have been corrected in the hopes that we can use this version
when we distribute the final SSA outside FWS, and when we (Heather?) post it to "ServCat."

Nothing of consequence has been changed.

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov


From: Jodi Bush
To: michael_thabault@fws.gov
Subject: Fwd: Lynx
Date: Tuesday, November 28, 2017 12:57:00 PM

FYI

Sent from my iPhone

Begin forwarded message:

From: "Nelson, Marjorie" <marjorie_nelson@fws.gov>
Date: November 22, 2017 at 11:06:44 AM MST
To: Jodi Bush <jodi_bush@fws.gov>
Subject: Fwd: Lynx

FYI

I don't know if anyone below ARDs will be able to be on this briefing. 
Heard from Mike that Gary doesn't want to announce lynx until early
January due to all the other things he's trying to get out during the holidays
(like griz notices).

have a good Thanksgiving!
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

---------- Forwarded message ----------
From: Nelson, Marjorie <marjorie_nelson@fws.gov>
Date: Wed, Nov 22, 2017 at 10:57 AM
Subject: Lynx
To: Stephanie Potter <stephanie_potter@fws.gov>
Cc: Justin Shoemaker/R6/FWS/DOI <justin_shoemaker@fws.gov>

Hi Stephanie,
We have a 4(f) memo coming to Noreen (if not there already); its a memo
stating that we do not need to do a recovery plan from Noreen to Greg
with a line for Director's concurrence.  

We hear that we'll need to schedule a briefing for Greg at about the time
he receives the memo.  So, I'm reaching out to you to on scheduling time
for Noreen and Mike with Greg.  We'll have to invite the ARDs from the

mailto:jodi_bush@fws.gov
mailto:michael_thabault@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:jodi_bush@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:stephanie_potter@fws.gov
mailto:justin_shoemaker@fws.gov


other regions too.

I can drop by this afternoon or we can talk next week to sort out details
(like timing).

thanks and have a lovely holiday!
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2005, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 



9 
 

 
Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions. It 
is generally restricted to areas that receive deep and persistent unconsolidated (“fluffy”) snow, 
which is thought to allow lynx, with their proportionately longer limbs and very large feet, to 
outcompete other terrestrial hare predators that are less efficient in such conditions (McCord 
and Cardoza 1982, pp. 748-749; Quinn and Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-
94; Buskirk et al. 2000b, pp. 400-401; Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; 
Hoving et al. 2005, p. 744-749; Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 
25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (University of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered  measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 



20 
 

 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 



26 
 

northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 



27 
 

litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in northern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and  demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 
95% fixed kernel; 5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
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snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
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study areas or relatively short durations. There remains uncertainty about whether, and if so to 
what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
For a lynx population in the core of the species’ range in the southern Yukon, Slough and 
Mowat (1996, p. 952, table 4) calculated population growth rate (lambda, λ) = 2.03 (annual 
doubling) during the 4-year increase-to-peak phase of the hare cycle for a lynx population. This 
period of rapid growth was followed by a rate of λ = 1.01 (stable) during the first year of a hare 
decline, and λ = 0.10 and λ = 0.46 (rapid decline) during the first 2 years of the lynx population 
decline when hares were scarce. However, the natural range in λ that would be expected 
among peripheral, isolated, or semi-isolated lynx populations where hares are non-cyclic or 
weakly-cyclic (i.e., in DPS and some southern Canadian populations), versus those that would 
signal long-term population decline or instability is unknown. Despite this, and the limitations 
noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) calculated population 
growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley Lake area (i.e., declining 
population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell Mountains (increasing trend, 
2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate of growth of 0.05 (λ = 1.05) 
for Maine’s lynx population based on demographic data from a radiotelemetry study collected 
over a 12-year period (Vashon et al. 2012, Appendix VI). Neither the Montana nor Maine 
estimates incorporated rates of immigration/emigration (i.e., both assumed immigration and 
emigration rates of zero, which is very unlikely and contradicted by historical and recent 
evidence of lynx dispersal in both directions across the Canada-Unites States border across the 
DPS range). Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 
female/year on average for a theoretical population of 100 lynx) could provide population 
stability or even growth, suggesting that the Seeley Lake population and perhaps other DPS 
populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
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demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada is believed to be important to the persistence of lynx populations in the DPS (McKelvey 
et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; 
ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; University 
of Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the 
expansive, continuous boreal forests of those areas, and its range largely overlaps that of its 
primary prey, the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 
146; Mowat et al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to 
occupy about 5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their 
historical range in that country (Environment Canada 2014, p. 2), and over 89 percent of the 
species’ entire distribution. Nationally in Canada, lynx are classified as secure, widespread, and 
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abundant; they are managed for long-term population stability, with a conservative estimate of 
110,000 individuals during cyclic lows; and no acute, widespread threats to lynx have been 
identified (Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest 
(University of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. 
comm.), which represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska 
are apparently secure, with low to moderate threats, and populations appear stable statewide, 
although total abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
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conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarilyinto areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
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either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat. The 2 species are difficult to 
distinguish in the field, they often were not reliably differentiated in historical trapping records 
(McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of lynx distribution based on 
anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 3-8; Meaney 2002, pp. 3-5, 
Hoving et al. 2003, pp. 366-367). Because of the large effect that relatively few errors in 
identification can have on assessments of the distribution of rare animals, McKelvey et al. 
(2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should be interpreted 
with caution, and only verified occurrence data should be used to assess historical and current 
lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because it is a habitat and prey specialist, lynx densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist. 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449) because they are morphologically and physiologically well-adapted for hunting snowshoe 
hares and surviving in areas that have cold winters with deep and persistent unconsolidated 
snow (Murray and Boutin 1991, p. 463). Long-term snow conditions also presumably limit the 
winter distribution of potential lynx competitors and predators (Buskirk et al. 2000a, p. 90; Krohn 
et al. 2005, p. 123; also see section 2.2 above), although behavioral adaptations may offset 
morphological differences to some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
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Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a detailed, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
 
In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
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whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontarior than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire)indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
 
Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
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the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
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and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecendentedly large irruptions of lynx from Canada into 
the northern contiguous United States, when dispersing/transient lynx occurred temporarily in 
many places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoning Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 
efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
 
In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
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New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
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detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
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Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
 
In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
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Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
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management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
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ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
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completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
 
Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
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concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2104, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
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units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
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hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
 
3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 1). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
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central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
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specifation of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
 
Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (Moen in Lynx SSA Team 2016a, p. 19). Overlapping the Northeastern Minnesota 
SSA unit, the Minnesota Department of Natural Resources (MNDNR) has identified a specific 
“Lynx Management Zone” (LMZ) for which it has promulgated and enforces special trapping 
regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). The MNDNR has 
modified trapping regulations within the LMZ to minimize the incidental take of lynx during the 
legal trapping of other furbearers. The regulations address specific trap types and sets, prohibit 
the use of certain baits and visual attractants, and require reporting of any incidentally trapped 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-55). The MNDNR 
also distributed to trappers the interagency brochure How to Avoid Incidental Take of Lynx while 
Trapping or Hunting Bobcats and other Furbearers.In response to a Federal court order, MDNR 
developed an incidental take plan designed to minimize the potential for lynx to be incidentally 
trapped during other legal furbearer trapping; the plan is currently under review by the Service. 
Like Maine, Minnesota has a State Endangered Species Statute (84.0895) which requires the 
MNDNR to adopt rules designating species meeting the statutory definitions of endangered, 
threatened, or species of special concern (State of Minnesota 2016, entire). The Statute also 
authorizes the MNDNR to adopt rules that regulate treatment of species designated as 
endangered and threatened. Also like Maine, however, Minnesota has not designated lynx as 
threatened or endangered under the statute. Instead it has designated the lynx a species of 
special concern, a designation for species that are extremely uncommon, have unique or highly 
specific habitat requirements, or occur on the periphery of their range in Minnesota and, 
therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the MNDNR coordinates 
with the Service and other agencies to conduct research and monitor lynx populations and 
habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
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may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 
trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s, when 20-25 percent of the forest in Maine was in an 
early regeneration stage. The amount of young, regenerating forest at that time was 3 to 8 times 
higher than typical historical conditions under the natural disturbance regime, when only 3 to 7 
percent of stands were likely in such condition at any given time (68 FR 40094). Current timber 
harvest and management on State and private lands in Maine are governed by the Maine 
Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
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than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices


64 
 

Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices


65 
 

Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
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persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61oC (1.1oF; range = -0.53 to +2.50oC [-
0.95 to +4.5oF]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Peters et al. 2013, entire; Friedlingstein et al. 2014, p. 709, 712; Fuss et al. 
2014, p. 851; Hartmann et al. 2013, p. 180, 187-189). Analysis of paleoclimate data indicates 
20th century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4o - 2.6oC 
(0.7o - 4.7oF) by mid-century and 0.3o - 4.8oC (0.5o - 8.6oF) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
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percent probability of increasing more than 1.5oC (2.7oF), a 76 percent probability of increasing 
2 o - 4.5oC (3.6o - 8oF) and a 14 percent probability of exceeding 4.5oC (8oF). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
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years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western U.S. that has remained relatively stable for the past 
3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more contiguous areas 
of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
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sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Lucht et al. 2006, entire; Joos et al. 2001, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
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between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
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snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
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U.S. and Canada and by 46-84 percent in the contiguous United States by the end of the 
century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
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would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species. Because of their higher foot-loading, bobcats likely 
hunt less efficiently than lynx in deep, unconsolidated snows (Hoving et al. 2005, entire; Krohn 
et al. 2005, pp. 122-129), which appear to limit bobcat mobility and distribution (Litvaitis et al. 
1986, p. 116). Considering recent and projected future changes in snow conditions described 
above, stable or increasing bobcat populations in the DPS range (Roberts and Crimmins 2010, 
p. 170), and the predicted northward expansion of bobcats into areas currently occupied by lynx 
(Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 873-874; Roberts and Crimmins 
2010, p. 172), lynx may experience increased competition and displacement by bobcats, which 
could influence lynx distribution and persistence at the southern edge of their range (in all DPS 
geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
 
Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
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Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. For example, hare densities in the GYA are believed to be low, in part, 
because of the dry conditions there (Hodges et al. 2009). Conversely, in dry western forests like 
those in the GYA, increased precipitation may result in more herbaceous forage and cover, 
which may promote hare survival and reproduction (Ivan et al. 2014, p. 590). Thus, climate 
change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
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Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 
Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
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interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
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the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
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Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and populations 
Canada and Maine lynx populations depends on an ice bridge for dispersal across the St. 
Lawrence River. Although some lynx currently cross the river, Koen et al. (2014a, entire) found 
genetic structuring on either side of the river. Thus, the river already restricts gene flow. 
Climate-induced deteriorating ice conditions on the St. Lawrence River could further restrict 
gene flow between lynx populations north and south of the river (Koen et al. 2015, p. 528). 
Between 1969 and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the 
spring thaw in the Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, 
reduced ice on the St. Lawrence may prevent bobcats from dispersing northward into lynx areas 
in central Quebec (Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
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hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
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appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
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the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
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Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
 

● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 
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● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
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markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Whereas management of State and Federal forest lands have been relatively stable in recent 
decades, management and ownership of private forest land ownership has been extremely 
unstable. This has resulted in major shifts in forest management strategies, outcomes, and 
products. For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is 
on private land, about 96,315 km2 (37,187 mi2; 80 percent) of industrial land ownerships in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of  financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and different 
management objectives and have dramatically changed harvest practices. Whereas the 
previous large industrial landowners focused on the forest land base as a supply for their 
manufacturing facilities, the new Timber Investment Management Organizations (TIMOs) and 
Real Estate Investment Trusts (REITs) focus on maximizing return on their investment (Jin and 
Sader 2006, p. 178). Initially, the effects of ownership changes were uncertain (McWilliams et 
al. 2005), but an evaluation of harvesting in the last decade indicates these landowners 
increased harvest rates, shortened rotation rates, and shifted to managing and harvesting 
hardwood tree species (Jin and Sader 2006, p. 183-185). On one hand, these trends in Maine 
private lands management make lynx management commitments more difficult because short-
term landowners are not interested in long-term commitments. On the other hand, some 
easement owners may have an incentive to manage for lynx to meet forest certification 
requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
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Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
under climate change, total United States timber inventories will increase, timber harvest will 
increase, and product prices will decrease relative to an assumed stable climate. Some models 
predict that consumers will gain from climate change while landowners in some regions will 
lose. The forest industry will likely adapt to climate change in many ways including using 
alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
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the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Because of documented adverse effects of precommercial thinning to snowshoe hares and lynx, 
in 2007 and 2008 the USFS amended Forest Plans to incorporate management that would 
conserve lynx, including direction that prohibited precommercial thinning in most lynx foraging 
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habitat (USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial 
thinning is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands 
supported about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 
2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
 
Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, U. Maine, pers. comm. and unpubl. data; Harrison et al. 
2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
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problems with windthrow, especially in wet soils (D. Harrison, Department of Wildlife Ecology, 
University of Maine, pers. comm.).  As much as 30 to 40 percent of the advanced regeneration 
may be damaged from repeated entries by machinery to remove the overstory (R. Seymour, 
Department of Forestry, University of Maine, pers. comm.).  Finally, because subsequent 
overstory removal occurs about 15 years after the initial entry, some of the dense understory is 
damaged just as the stand develops conditions to support higher hare densities. The damage to 
the understory not only reduces the quality of the habitat for hares, but also cuts short the 
duration that the stand produces high quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
 
Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
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of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). In an intensively managed landscape, lynx habitat is described as a 
shifting mosaic of patches of habitat suitable to support the needs of resident lynx. 
Fragmentation of the naturally patchy pattern of lynx habitat in the contiguous United States can 
affect lynx by reducing their prey base and increasing the energetic costs of using habitat within 
their home ranges. Buskirk et al. (2000a) identified direct effects of fragmentation on lynx to 
include creation of openings that potentially increase access by competing carnivores, 
increasing the edge between early-successional habitat and other habitats, and changes in the 
structural complexities and amounts of seral forests within the landscape. At some point, 
landscape-scale fragmentation from forest management can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. For example, in Maine the proliferation of partial harvesting will actually increase 
the patches of high quality hare habitat by 57 percent, but the average size of patches will be 
diminished by 87 percent, and patches will become more isolated (Simons-Legaard et al. 2016, 
pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events(Kilgore and 
Heinselman 1990, Heinselman 1996, Veblen et al. 1994, Agee 2000, Seymour et al. 2002, 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
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thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
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pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
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in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
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2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4 , large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
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whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 
and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
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generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
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most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
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landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 
Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
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2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
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potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
 
Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
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areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
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location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
 
Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
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intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
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potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 1 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
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supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
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record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic areas to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
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hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
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management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
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Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4).Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
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populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
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Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 
occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 100% 83% (Purcells);            

61% (Seeley Lake) 100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares) 3.3 2.95 (Purcells);            

2.24 (Seeley Lake) 2.25 (2 females) 3.0 (1 female, 2 
years) 2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00 0.85 (Purcells);            

0.75 (Seeley Lake) 0.86 Few data
0.93 (in Core Release 

Area [CRA]);                   
0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
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(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 



116 
 

et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris includingblowdown, deadfalls, 
and root wads. In northern Maine, the majority of natal dens (12 of 26) occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on industrial forest 
lands reinforces the importance of dense regenerating conifer forest along with a component of 
mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495, Simons 2009, 
pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 573) found 
the probability of lynx occurrence was > 50 percent where landscape hare densities were > 0.74 
hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx maintained 
home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). Lynx were more 
likely to occur in landscapes with abundant regenerating forest, and less likely to occur in 
landscapes dominated by very recent clearcut or partially harvested stands (Hoving et al. 2004, 
pp.289-292). At a landscape scale, lynx habitat selection did not differ between sexes; however, 
at a home range scale, males tended to use more mature forest dominated by conifers than 
females, and both male and female lynx tended to avoid mature forests that had a high 
deciduous component (Vashon et al. 2008b, pp. 1492-1493). Based on these observations, 
Simons-Legaard et al. (2013, pp. 574-576) recommended maintaining landscape hare densities 
of > 0.5 hares/ha (0.2 hares/ac) and a minimum of 27 percent high-quality hare habitat within 
100-km2 areas to conserve lynx. 
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Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, lynx 
habitat in northern Maine was probably typically much less abundant and less broadly-
distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, insect 
outbreaks) are rare (intervals of several hundred to several thousand years) and highly variable 
in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce budworm, 
spruce beetle, beech bark disease, and sugar maple defoliators have been important influences 
affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The frequency and 
intensity of spruce budworm outbreaks, the most likely insect to affect lynx habitat, have been 
highly variable in Maine and eastern Canada in recent centuries (Blais 1983, entire). Although, 
high-elevation boreal forests often exhibit dense, regenerating conifer (resulting from a wind-
throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare densities are believed to be 
low in these areas (Siren et al. 2015, entire). In this geographic area, wildfire is less significant 
as a natural agent of disturbance. The typical fire regime is infrequent surface fires in the 
dormant season in the hardwood forests, and slightly more frequent but long-interval fires in 
conifer forests (Kilgore and Heinselman 1990, entire; Seymour et al. 2002, pp. 359-365, Lorimer 
and White 2003, p. 59). For the past several decades, early successional forests and lynx 
habitat in northern Maine, New Brunswick, and southern Quebec have been created almost 
exclusively by forest management (Lorimer and White 2003, pp. 42-43). 
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In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (approximately 50 percent of the 
designated critical habitat), Simons-Legaard (2016, p. 9-10) estimated that approximately 3,845 
km2 (1,485 mi2; nearly 27 percent) of the forested landscape was comprised of spruce-fir in a 
young, regenerating stand condition that provide high quality hare habitat. This habitat is similar 
to, and contiguous with, forested areas in Quebec and New Brunswick that support lynx (Hoving 
et al. 2005, pp. 740-741). The current range of lynx in this unit is associated with areas of deep 
snowfall, extensive forested landscapes, and areas having a high proportion of regenerating 
conifer-dominated forest that had previously been clearcut and treated with herbicides to 
suppress hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of high (1995-2005) and low (2006 to present) densities (Scott 2009, pp. 
1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several estimates of 
hare densities in the highest-quality regenerating conifer or mixed forest averaged 1.9 to 2.1 
hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 2006, 
hare densities declined by about half in all stand types and have remained at these lower levels 
(Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were observed in the 
Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 1990, hare densities 
in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 hares/ac) at low and high 
elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. (2015) reported lower densities 
in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) in both montane and lowland 
spruce-fir. Densities in high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 
0.28 hares/ha (0.08 to 0.11 hares/ac). Comparable hare density data are not available for 
Vermont. 
 
Current habitat is likely at historically high levels, but this habitat has peaked and high-quality 
lynx habitat is projected to decline in the near future (Simons-Legaard et al. 2016, pp. 140-163, 
202-218). In response to the widespread clearcutting in the 1970s and 1980s, Maine passed the 
Forest Practices Act in 1989, which regulated clearcutting. Since then, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine. Partially harvested stands (e.g., selection harvest, shelterwood harvest, 
overstory removal) have a wide range of residual stand conditions, but many have lower conifer 
stem densities and higher hardwood density than regenerating clearcuts (Robinson 2006, p. 
29). On average, partially harvested stands support about 50 percent of the hare densities 
observed in regenerating clearcuts (Robinson 2006, p. 26-27). Over 95 percent of cutting that 
occurs now in northern Maine is partial harvesting compared to 59 percent in 1988 (Scott 2009, 
p. 8; Simons 2009, pp.45-47, 69-71; Simons-Legaard et al. 2013). This new cutting regime 
results in lower landscape densities of snowshoe hares (Fuller 1999; Homyack 2003; Robinson 
2006; Scott 2009). Another consequence of partial harvesting is that a much greater acreage 
needs to be cut annually to attain similar harvest volume (as compared to clearcutting). Annual 
harvest rates have increased from about 40,000 ha (100,000 acres) per year (before the Forest 
Practices Act) to over 200,000 ha (500,000 acres) per year (after the Act). Thus, 28 years after 



119 
 

the Maine Forest Practices Act, much of the forested landscape in northern Maine has been 
partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects is almost 
nonexistent. Furthermore, there continues to be high turnover in forest land ownership (Hagan 
et al. 2005; Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work 
with private landowners. As of 2005, there were 23 landowners in northern Maine with land 
holdings in excess of 40,000 ha (100,000 ac) including the State, Federal government (White 
Mountain National Forest south of lynx range), a conservation group (The Nature Conservancy), 
2 tribes (Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx 
range) and 18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
Arkansas, and Mississippi were chosen as pilot States to receive funding through their 
respective Natural Resources Conservation Service (NRCS) State offices. Based on a 
successful pilot program, in 2008, the HFRP was reauthorized as part of the Farm Bill, and in 
2010, NRCS published a final rule in the Federal Register (75 FR 6539) amending regulations 
for the HFRP based on provisions amended by the bill. In 2006 and 2007, the NRCS offered the 
HFRP to landowners in the proposed Canada lynx critical habitat unit in Maine to promote 
development of Canada lynx forest management plans. Since that time 4 private landowners, 
The Nature Conservancy, the Passamaquoddy Tribe, Merriweather LLC, and Katahdin 
Forestlands successfully enrolled in the program. Collectively, these land ownerships comprised 
2,443 km2 (943 mi2), or 9.3 percent of the total designated critical habitat in northern Maine in 
2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
 
Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, beyond which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
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assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 
 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
At the time of listing, lynx were known to be present in northern Maine but little was known 
about their distribution, population size, and trend, snowshoe hare populations, and 
relationships to forest management. Since then, research from the MDIFW (Vashon et al. 
2008a, entire; 2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, 
entire; Hoving et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; 
Homyack et al. 2007, entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 
2004, entire; Fuller and Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-
Legaard et al. 2016, entire) have greatly increased our knowledge. Snow track surveys and 
confirmed occurrence records document that lynx occur throughout northern Maine and in 
small, isolated pockets in western and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and 
small numbers of lynx have also been documented recently in northern New Hampshire (Siren 
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2014b, pp. 7-16), and Vermont (Bernier 2015, entire). Population size and trend are still 
uncertain in northern Maine, and persistence in New Hampshire and Vermont remain 
questionable. 
 
The Northern Maine Unit currently supports a breeding population of lynx that encompasses 
most of northern Maine, with recent lynx occurrence and reproduction also documented in 
northernmost New Hampshire and Vermont. This geographic unit is part of a larger, contiguous 
lynx population that extends into northern New Brunswick and the Gaspe region of southern 
Quebec. Extensive areas of contiguous forestland in this region provide high connectivity 
between populations in Maine and Canada. Lynx populations in adjacent southern Quebec may 
exhibit cyclic populations (Ray et al. 2002, entire), but obvious immigration of large numbers of 
lynx into Maine associated with hare cycles (if they occur) has not been documented (Hoving et 
al. 2003, pp. 373-374). Although potential lynx habitat in New Hampshire and Vermont is 
fragmented, there is near contiguous forest and connectivity for lynx movement between these 
areas and habitats in northern Maine (Farrell 2013, pers. comm.; 79 FR 54821). Breeding lynx 
in New Hampshire and Vermont are not directly connected to Canadian populations, but they 
are connected to the larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals cross the river on the ice each generation to prevent genetic drift of this population 
(Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
At the time of listing, the Northern Maine Unit was not believed to contribute significantly to the 
DPS. However, we now believe that the extensive young, regenerating spruce-fir habitat 
created by large-scale clearcutting in the 1970s and 1980s may currently support the largest 
lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx SSA 
Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area of 
high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the critical habitat area designated in 2014) in northern Maine could potentially support a 
population of 236 to 355 adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) 
estimated the potential for a population of 750 to 1,000 adult lynx in all of northern Maine in 
2006. The actual number of lynx, however, is unknown because there are no methods available 
to count individuals over such a large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-00; 
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Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 2 and 
3). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality ynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42-0.46oC/decade (0.76-0.83 oF/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7-7.8oC (12 to 14oF) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, lynx occur where there is regularly 
at least 4 months (120 days) of continuous snow coverage (Gonzalez et al. 2007). Snow cover 
days in northern New England (1965-2005) ranged from 60-121 days and declined an average 
of 3.6 days/decade from 1965-2005 (Burakowski et al. 2008). Snow duration declined by 16 
days in the Northeast from 1970 to 2001 (Wake 2005) and is expected to diminish another 2 
weeks in Maine by mid-century (Fernandez et al. 2015). Thus, average conditions in Maine are 
currently at or below the snow persistence thresholds believed to be needed to support lynx 
(Gonzalez et al. 2007). Similarly, the largest decreases in snow depth observed in Canada in 
the last 6 decades have occurred in the lower St. Lawrence Valley, immediately north of Maine 
(Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the Northeast United States and eastern Canada occur where average annual snowfall 
typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the distribution of lynx 
(to the north) and bobcat (to the south) in this region (Hoving et al. 2005, Carroll 2007, Peers et 
al. 2013). Average annual snow depth at all 5 NOAA weather stations within the range of the 
lynx in northern Maine (1981-2010) was below this threshold and ranged from 228-263 cm (90-
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104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites in and near Maine 
experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow depth in New 
England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; Burakowski et al. 
2008). Thus, average annual snowfall in Maine is currently at or below depths associated 
historically with lynx presence, and further declines could reduce the likelihood that resident lynx 
will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high 
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-tagged in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, posing a potential threat to high- and low-elevation spruce-fir habitats (Whitman 
et al. 2013). Maine has experienced a rapid increase in wind energy development16, and there 
is increased interest in placing developments on private lands in unpopulated areas in northern 
Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing source of 
income for investment companies and other landowners who own forestland in the northern 
Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and western 
Maine and 5 projects are in operation; 2 have been proposed in northern New Hampshire and 2 
are in operation; and 3 have been proposed for northeast Vermont and 2 are in operation or 
under construction. Maine’s 2 largest wind projects (combined over 250 turbines covering 932 
km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. Although 
impacts of wind energy projects on lynx, hares, and their habitats have not been demonstrated, 
potential effects include loss and fragmentation of habitat from turbines, roads, and transmission 
lines, and disturbance or displacement of resident lynx. Road construction could further 
fragment habitat and increase access, potentially increasing vehicle collisions with lynx and 
other sources of mortality, including incidental trapping or illegal shooting (also see 5.2.1). 
 
Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned by about a dozen large, industrial forestland owners, but land 
                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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ownership patterns have changed dramatically in the last 15 years (Ippoliti and Nadeau-Drillen 
2006). Large tracts of land have been sold, lumber and pulp mills shut down, and much of the 
area has been sold to investment-oriented owners. Some of these new landowners are seeking 
diversified financial returns on their investment, including developing residential housing, 
second homes, and resorts. At various times in the past, 2 large residential and resort areas 
have been proposed on forestlands within designated lynx critical habitat in this unit. Both 
projects, if eventually built as previously-planned, could result in the development of several 
thousand acres of potential lynx habitat, but would be mitigated by substantial (100,000s of 
acres) conservation easements on surrounding forestland. Also, a private landowner recently 
purchased and donated 354 km2 (137 mi2) within designated lynx critical habitat that was 
subsequently designated as the Katahdin Woods and Waters National Monument. This area 
currently has a legacy of young regenerating spruce-fir habitat from previous industrial forest 
landowners, but its new monument designation will limit future forest management activities 
(timber harvest or other vegetation management) that could benefit lynx. In addition, the Nature 
Conservancy continues forest management on about half of its 750-km2 (290-mi2) ownership in 
this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 



128 
 

result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; loss of spruce-fir to northern hardwoods; potential increased 
competition from bobcats and fishers; and increased future isolation of lynx in this unit and 
southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 1). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge; lynx beds (resting and hunting) and kill sites 
were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) found 
snowshoe hare densities were highest in regenerating forests. Females selected large woody 
debris and dense horizontal cover in lowland conifer cover for denning in northern Minnesota 
(Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns were present 
(Moen and Burdett 2009, p. 5). 
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Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during low points in hare cycles by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. McCann and Moen (2011, pp. 512-513) mapped the distribution of predicted snowshoe 
hare habitat across northeastern Minnesota. In northeastern Minnesota, edge habitats and 
regenerating conifer stands appeared to be important for snowshoe hare populations (Burdett 
2008, p. 58; McCann 2006, p. 45), as were dense habitats containing balsam fir, white spruce, 
and cedar (Fuller and Heisey 1986, p. 263). Recent research indicates that the red squirrel is 
not an important prey species for lynx in northeastern Minnesota (Burdett 2008, p. 62; Hanson & 
Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Forest Plan includes many 
objectives, standards, and guidelines for the protection of lynx and enhancement of lynx habitat 
(USFS 2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et 
al. 2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 

                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  At the time of listing, it was uncertain whether a resident lynx population occurred 
in Minnesota. However, we now know that a reproducing resident population exists in Unit 2. 
Moen et al. (2008b, p. 30) estimated a likely maximum (all available habitat occupied) number of 
190-250 resident lynx in this unit, and Moen (in Lynx SSA Team 2016a, p. 39) recently 
suggested that the resident population likely fluctuates from about 50 to 200 lynx. A more 
precise estimate of resident population size is not available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario, Canada (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, 
females tended to move 100-200 km (62-124 mi) and did not return to their original home 
ranges in Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario 
and Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
genotypes (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
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minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
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According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
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to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 



135 
 

Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land, including (in addition to Glacier National Park) the 
6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests, the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest, 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest, and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distirubtution, it is very unlikey that this unit and surrounding areas were 
ever (recently or historically) capable of supporting 1,000 resident lynx. As described above, 
habitats capable of supporting resident lynx in this unit are (and aslo were historically) naturally 
patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 
191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 2013, p. 23; 
Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of resident lynx 
remains uncertain, this unit has a long and continuous history of lynx occurrence and evidence 
of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, pp. 346-348; 
Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 16058; 68 FR 
40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale genetic sub-
structuring among lynx subpopulations in the southern (Garnet Mountains), central (Seeley 
Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction among 
lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires in Lynx 
SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a larger 
population in southwestern Alberta and southeastern British Columbia, but the extent to which 
lynx persistence in this area may rely on immigration from Canada is unknown, and there is no 
indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown and perhaps irresolvable. On February 2, 2016, a single lynx was detecteded 
via snow-track survey and verified via DNA analysis in the Garnet Range in the area previously 
occupied by resident lynx, demonstrating that natural recolonization of this area by dispersing 
lynx is possible. However, this recent record appears to have been of a dispersing/transient 
individual because subsequent surveys have not revealed additional detections of that lynx or 
any other lynx in the area, and there currently remains no evidence of lynx residency in this 
mountain range (Lieberg 2017, pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above.Genetic analyses and snow and 
camera surveys have verified continued reproduction and recruitment among lynx populations in 
this unit and also suggest some immigration may be occurring. The recent apparent absence of 
resident lynx in Garnet Mountains may indicate extirpation of a small resident population and a 
contraction in lynx distribution in the southern part of the unit, or it may reflect natural source-
sink dynamics of a naturally ephemeral peripheral population in a mainland-island 
metapopulation structure. Lynx are rarely detected on surveys on other national forests (or parts 
of those above) that are outside but adjacent to this geographic unit (Patton 2006, entire; USFS 
2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features and/or landscape-
level hare densities necessary to support resident lynx populations (79 FR 54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 
Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
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16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
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Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
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the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 
Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 
As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://inciweb.nwcg.gov/incident/5409/
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lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons in Washington for lynx were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
 
As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
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(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynxhabitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
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From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of regulatory mechanisms) has largely been 
addressed through the development of the LCAS, and CA between the USFS and Service, 
which commits the USFS, specifically for Washington the OWNF and CNF, to use the LCAS in 
the management of lynx habitat on National Forest System lands and when designing and 
implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades of north-central Washington within the Okanogan LMZ. In 
1996, the WADNR developed and implemented a Lynx Habitat Management Plan (1996 Lynx 
Plan) in response to listing of the lynx as a State threatened species by Washington State 
(WADNR 1996, entire). After the DPS was Federally listed as threatened, the WADNR in 2006 
modified its Lynx Habitat Management Plan to incorporate new science and management 
standards and guidelines to avoid the incidental take of lynx in accordance with the ESA 
(WADNR 2006, entire). These standards and guidelines address maintenance of lynx denning 
and foraging habitat, as well as habitat connectivity within and between LAUs and lynx 
populations within Washington (i.e., LMZs) and Canada. 
 
For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
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Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the 
final revised critical habitat designation, published in the Federal Register on September 12, 
2014, we determined that the benefits of excluding lands managed in accordance with the 
WADNR 2006 Lynx Plan outweighed the benefits of including them in the designation, and that 
doing so would not result in extinction of the species (79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
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southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 
increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 
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Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
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monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecendentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occuipied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
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records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 

Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
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Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 
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Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates of are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx to many 
western states and to Canada have been documented. The Southern Rockies are separated 
from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern Wyoming 
and further north, by sagebrush and desert shrub communities in the Wyoming Basin and the 
Red Desert of southern and central Wyoming, and the arid Green and Colorado River plateaus 
of western Colorado and eastern Utah. Because of extreme topographic relief juxtaposed with 
highways, residential communities, and other human developments, lynx biologists have 
identified habitat connectivity as an important consideration for the Southern Rockies (ILBT 
2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km (250 mi) 
southeast of the GYA geographic unit. 
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Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
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units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific conservation planning guiding activities on non-Federal lands in this 
geographic unit. 
 
Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
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Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 
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In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
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As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the irresolvable uncertainty about the 
historical distribution of resident lynx in the contiguous United States and the current lack of 
reliable estimates of the sizes, trends, and many demographic parameters for most DPS 
populations, it is difficult to confidently predict the future condition of the DPS or the likelihood 
that any given geographic unit will support resident lynx in the future. We lack data to build 
rigorous empirical population models for lynx across the DPS range, and uncertainty regarding 
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the timing and magnitude of potential impacts to lynx from continued climate warming also limits 
our ability to predict the future condition of the DPS. Therefore, our assessment of the future 
condition of the DPS is based on our evaluation of the available scientific information regarding 
the factors identified by the ILBT as the most likely to have population-level impact to lynx in the 
DPS (ILBT 2013, pp. 68-78) and on the best professional judgments and opinions of lynx 
experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
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in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
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those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and will likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
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will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
 
Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
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effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
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extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
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snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to be smaller and more fragmented and isolated in the future, each geographic unit 
and the DPS as a whole will be less resilient in the future. Our analyses and expert input 
suggest that resiliency will likely be sufficient to foster persistence of resident lynx in most units 
through mid-century but that its declining trajectory over time could result in extirpation of 
resident populations from 2 to 3 (of 5) units by the end of the century. Projected continued 
climate warming is expected to exert the greatest influence on the resiliency of individual 
populations, and thus continued presence of resident lynx in each geographic unit. Climate 
models project that boreal forests and snow conditions favorable for lynx at the southern 
periphery of the range will retreat northward and upslope with continued warming, further 
fragmenting and diminishing the quality of lynx and hare habitat within the DPS. Although 
uncertainty remains regarding the timing, extent, and biological consequences of such impacts, 
as habitat conditions decline, hare and lynx reproductive and survival rates are likely to 
decrease, resulting in population declines in both species. As snow conditions become less 
favorable, competitors (e.g., coyotes and bobcats) may outcompete and displace lynx. This in 
turn would reduce lynx abundance and density within populations, making populations more 
susceptible (i.e., less resilient) to stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape, perhaps more in line with likely historical conditions (Simons-Legaard 
2016, fig. 8, p. 10). High quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort land development, and unmanaged 
conservation lands) may compete with forest management as the primary future land use. 
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Conservation easements will limit development pressures in some areas and keep some lands 
as working forest, but forest practices (e.g., partial harvesting, northern hardwood management) 
may not create new lynx habitat or maintain the current historically high amount of high-quality 
habitat. Climate change is expected to affect this unit more than some others in the DPS 
because snow depth and duration already seem to be at thresholds for lynx and there are few 
potential elevational refugia. In the near term and beyond, snow quantity and quality will likely 
continue to deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices cleary have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which gives it a higher priority than 
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other species for monitoring and management during that time. We also expect that MNFRC 
guidelines will remain in place into the future and that voluntary actions will continue on State 
and private lands. However, it is unclear on what proportion of State and private lands these 
voluntary actions will be implemented into the future. Further, these guidelines are generalized 
for listed species and give no specific direction for lynx. Taking these factors into consideration, 
median “most likely” probabilities of persistence generated by lynx experts were high for the 
near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but declined to 35 
percent (with great uncertainty) by 2100. We concur with the expert panel that resident lynx are 
likely to persist in this unit at 2025 and 2050. However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, and the potential for increased competition, disease, and insect 
outbreaks), some members of the  SSA Core Team were slightly less optimistic about the long-
term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded that the 
climate-mediated conversion of boreal forest to temperate forest and the loss of favorable snow 
conditions could occur at a rate and extent that would result in a lower likelihood of persistence 
than projected by experts, including the possibility that resident lynx could be extirpated from 
this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions in favorable snow and forest vegetation conditions. This will 
result in increased fragmentation and isolation of habitats and smaller and more isolated lynx 
populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit will benefit resident lynx in the future, though it is unlikely to 
offset the projected adverse consequences of continued climate warming. Lynx experts felt that 
future extirpation of lynx from this unit from reduced genetic health or a catastrophic event is 
unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
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century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands will benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts summarized 
above, the Core Team is generally in agreement with experts regarding the likelihood of long-
term persistence of Canada lynx in this geographic unit. We expect this unit will continue to 
support a small resident lynx population through mid-century but that its ability to do so beyond 
then is questionable, and that functional extirpation of lynx from this unit by the end of the 
century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions in favorable snow and forest vegetation conditions. This will result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
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unit will benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit, and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
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paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline in habitat proected by 2032; 
habitat shift to the south edge of current 
range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

Garnet Range 
● Increasing fire frequency 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 



179 
 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat shoudl remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
reintroduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
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2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the grey area 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and grey area 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
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2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast 
(but possibly more slowly elsewhere in the DPS), and several experts noted that an increase in 
northern hardwood composition of the forest is already occurring. One expert provided 
information that suggests that balsam fir could actually increase in the short-term (over the next 
few decades), but that the long-term prognosis is not favorable for natural spruce-fir 
regeneration. Decline or loss of spruce-fir could be accelerated by forest disturbance (e.g., 
budworm outbreaks or forest management affecting large acreages of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners would not respond to future budworm 
outbreaks like they did in the 1970s (extensive clearcuts, herbicide application). Experts also 
acknowledged concerns about the effects of the aging of past clearcuts beyond conditions that 
support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats are likely to reduce the likelihood that 
lynx will persist in this unit. Experts also were uncertain about whether hare numbers would 
rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 



183 
 

percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4o C/decade (0.8 o F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0o C (3.6 o F; low 
emission) to 2.9o C (5.2 o F; high emission) by mid-century and 3.1o C (5.6 o F; low emissions) to 
5.3o C (9.5 o F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5 to 2.8 o C (4.5 to 
5.0o F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, increasing threats to high elevation and 
potential spruce-fir refugia (Publicover 2013, p. 2). Climate conditions are currently at or falling 
below threshold values needed to support lynx in Maine. 
 
Gonzalez et al. (2007, entire) modeled distribution of boreal forest and future snow conditions 
under 9 different low, medium, and high emission scenarios and predicted loss of forest and 
snow conditions able to support lynx in Maine by the end of the century. Although there are 
uncertainties about future climate warming, the area capable of supporting resident lynx in 
Maine are expected to recede northward and decline substantially this century (Vashon et al. 
(2012, p. 60). If future trends in increasing temperature and decreasing snow occur as 
projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, 
entire). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 
15) and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 
2015, p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high 
emissions) from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). 
Similarly, Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) 
to 47 days of snow cover (high emissions) by the end of the century. 
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Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
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quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
 
Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
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an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high 
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
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et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
may persist, but at lower densities as they currently do in the western units of the DPS. 
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However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
unorganized townships, increasing the number of residences by 66 percent during this time 
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period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
in this unit, but a large mining operation is being considered within designated lynx critical 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation


192 
 

habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
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likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change is a 
significant threat to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 



195 
 

indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 12-19) predicted loss snow conditions supportive of lynx but 
persistence of boreal forest in Minnesota by the end of the century, and suggested that the SNF 
could provide a potential refugium for lynx (Gonzalez et al. 2007, p. 8). Notaro et al. (2015, pp. 
1668-1669) projected changes in lake effect snowfall using downscaled climate models (Abdus 
Salam International Centre for Theoretical Physics (ICTP) Regional Climate Model version 4 
(RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 as cited in Notaro et al. 2015) for the Great 
Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 15) stated that climate models show an 
increase in lake effect snow in the eastern Great Lakes until 2050, with a decline later in the 
century, with an overall decline in the amount and duration of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
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(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18) with some potential loss of habitat at the southern 
portion of lynx habitat in the State (Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 
13) projected that northeastern Minnesota, including the SNF, would continue to have snow 
conditions suitable for lynx at the end of the century, and may serve as a refugium for lynx in the 
Lower 48 States. However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, 
noting that the Gonzalez et al. model predicted a much larger distribution of suitable snow 
conditions than the area currently occupied by lynx in Minnesota. Moen presented preliminary 
snow modeling results that project snow conditions suitable for lynx will shrink significantly by 
2055, be limited to extreme northeastern Minnesota by 2070, and may be entirely absent from 
the state by 2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 
2016, p. 14), concluded that Minnesota could lose the boreal biome completely, possibly within 
the next 60 to 70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, 
pp. 2015-2016) concluded that the boreal forest of the Northern Superior Uplands (which 
encompass this geographic unit) will likely be lost by 2069 as a result of warmer summers and 
more frequent and longer droughts associated with climate change. If a refugium for lynx does 
persist in this unit in the future, it would likely only consist of the small area in Cook County (the 
extreme northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 
ft) than the majority of the area that is now considered lynx core habitat and would, therefore, 
support a much smaller number of resident lynx than likely occur in the unit now. Although 
uncertainties remain, as elsewhere, about the timing and magnitude of future climate-driven 
impacts, lynx populations in Minnesota are expected to recede northward and decline over the 
next century (Lynx SSA Team 2016a, pp. 37-38). 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
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Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
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resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, loss of boreal forest, lack 
of elevational refugia, potential for increased competition, disease, and insect outbreaks), some 
Core Team members were less optimistic about the future of lynx in Minnesota than the lynx 
expert panel. Depending on future emissions levels, the likelihood that this unit will continue to 
support resident lynx at the end of the century may be lower than the 35 percent (median most 
likely) estimate based on expert opinion. The threat for which the lynx was listed, lack of specific 
conservation direction, associated regulations, and lynx forest management planning has not 
been addressed on private lands in Minnesota, except through voluntary guidance. There is 
some uncertainty about the future of forest management and future development on private 
forest lands in Minnesota and in adjacent lands in Ontario, although there are some basic 
voluntary management guidelines for private lands in Minnesota. Further, if the DPS is de-listed, 
there is uncertainty whether the lynx direction on Forest lands would continue into the future. It 
is projected that habitat will diminish and recede northward over the mid- to longer-term 
because of continued climate warming. Hybridization and competition with bobcat also may 
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increase with diminishing snow conditions because of continued climate warming, and it is 
uncertaint how insect outbreaks or disease may affect habitat and lynx in this unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by federal, tribal, state, and 
private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to at least consider measures to help conserve listed species in the 
future. Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced motivation for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts); for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and would result in reduced 
justification for habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. As it is, incidental trapping of 16 lynx has been reported in 
Minnesota since listing, resulting in at least 6 mortalities. It is uncertain if lynx would become a 
legally trapped furbearer in Minnesota if the DPS was not listed (although a legal wolf hunt was 
reinstated after that species was delisted in Minnesota, so regulated trapping could also be 
considered for lynx if the DPS was not listed). Seven lynx have been illegally shot and reported 
or otherwise discovered since listing. Illegal shooting and non-reporting would likely increase 
without Federal protection. Education efforts by Federal and State agencies and law 
enforcement agents may have helped to reduce illegal shooting of lynx in this unit. With a 
diminished snow regime, populations of bobcats could increase and expand north and eastward 
into areas currently occupied by lynx. Incidental take of lynx from bobcat trapping and hunting 
activities would likely increase without Federal listing. Similarly, fisher, fox, and coyote 
populations may increase in a diminished snow regime in northern Minnesota and trapping 
would be expected to occur there that could lead to greater incidental take of lynx. We believe 
that despite a closed hunting and trapping season, incidental take would continue and possibly 
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increase and could become a significant threat to a population of lynx that could be substantially 
diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. After reviewing the best available 
scientific information, we believe that climate change is a significant stressor to lynx in this unit; 
slightly more so than expressed by most of the experts. Snow depth and duration in the area 
currently supporting resident lynx are projected to decline significantly by the end of the century, 
likely to the detriment of both hare and lynx populations. Unlike most other units, as snow 
condition decline there is little potential for elevational refugia for lynx in Minnesota except, 
perhaps, a small area of slightly higher elevation in the extreme northeastern corner of the unit. 
The boreal forest in this unit is already being replaced by northern hardwoods because of 
climate warming. Frequent forest cutting and disturbance, including a potential insect outbreak, 
could accelerate conversion to northern hardwoods. We acknowledge that the rate of boreal 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Minnesota by late-century under both low and high emissions 
scenarios. Climate models portend declining snow conditions under low- and high-emissions 
scenarios. Because increases in temperature are thus far tracking high emissions scenarios, we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
mining developments. Although we expect resident lynx to persist in this unit through 2025 and 
2050, we conclude that the stressors described above, individually and cumulatively, could 
diminish lynx habitat and numbers in this unit. If these stressors are not abated, we believe that 
resident lynx in this unit will face a slightly greater risk of extirpation by the end of the century 
than was predicted by lynx experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
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considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher probability of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this area. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
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Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
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Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
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anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
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2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
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that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
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most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
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on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 



213 
 

Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 

 
Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see  section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
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Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest, and more precipitation fell 
in the spring and summer months, especially at elevations below 1,800 m (5,900 ft). 
Additionally, Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation 
trend from 1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent 
in the Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
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like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 

5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 



217 
 

currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currentlyoccur in 
the GYA. 

 
Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
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ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS may be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
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Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
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Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
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patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
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unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing US Forest Service plans retain their current conservation 
framework, USFS lands should continue to provide sufficient habitat for lynx through the end of 
the century. Vegetation management on the small amount of non-Federal ownerships within 
lynx habitat is unlikely to cause significant concern for lynx conservation in Colorado through the 
remainder of the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also casts doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
explore the landscape and exploit the available habitat despite gaps between functional habitat 
blocks. Colorado is isolated from source populations in the northern part of the range relative to 
the other units, which creates uncertainty about the possibility of genetic drift from mid-century 
onward. Our expert elicitation documented some uncertainty whether ski areas or other 
development may affect connectivity within the unit. However, the Core Team is less concerned 
about this particular issue because we cannot foresee the development of barriers that would 
prevent lynx from accessing available lynx habitat in the future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in the contiguous United States are 
naturally less abundant and more patchily-distributed than in the core of the range (except 
during decadal lows in hare population cycles, when both hares and lynx occur temporarily in 
the north at densities lower than most in the range of the DPS). Maintaining connectivity with 
lynx populations in Canada is thought to be important to the persistence of DPS populations; 
however, whether, and if so to what extent, the demographic and/or genetic health of DPS 
populations relies on periodic immigration from Canadian populations remains uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
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• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 

southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
confier regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 
19).There is no information to suggest that this unit historically supported a larger 
resident population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
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in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat.27 Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and likely 
have caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There are currently many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 
Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47).Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
 
Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
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lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
has already altered) the timing and magnitude of lynx dispersal from Canada into the contiguous 
United States. If lynx populations in the DPS depend on immigration from Canada which is no 
longer occurring or has been substantially reduced relative to historical conditions, population 
declines and an increased likelihood of extirpation among resident DPS populations would be 
expected. However, whether, and if so to what extent, these climate-mediated factors have 
influenced current lynx numbers, other demographic parameters, and/or habitat quality and 
distribution is uncertain and has not been quantified across the range of the DPS or in individual 
geographic units. Despite uncertainty regarding its influence over current conditions for lynx, 
climate modeling and expert opinion concur that continued climate warming will adversely 
impact lynx in the DPS at some point in the future (also see Future Conditions and Threats, 
below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
do affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
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Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
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loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 

 
The loss of any geographic units would also reduce the level of redundancy and could diminish 
representation within the DPS. With regard to redundancy, however, we find that none of the 5 
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geographic units that currently support resident lynx is vulnerable to extirpation from a single 
catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event. We recognize that a sequence of discrete but spatially-
clustered catastrophic events in lynx habitats over a short time could increase the potential for 
functional extirpation in 1 or more of the individual geographic units (especially the possibility of 
additional large wildfires in north-central Washington), thereby reducing redundancy within the 
DPS. However, as long as resident lynx remain geographically well-distributed in 1 or more 
units within the DPS, extirpation of the DPS from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
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management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
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most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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From: Nathan Darnall
To: Lisa Solberg Schwab (lisa_solbergschwab@fws.gov)
Subject: FW: Lynx Update - SSA and 5 YR review
Date: Wednesday, November 29, 2017 4:34:00 PM
Attachments: 20171113 Canada Lynx 5YR_with RD signature.pdf
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Nathan Darnall, Deputy Field Supervisor
U.S. Fish and Wildlife Service
Wyoming Ecological Services Office
Office: (307) 772-2374 x 246
Work Cell: (307) 286-1334
Fax: (307)772-2358
nathan_darnall@fws.gov
http://www.fws.gov/wyominges/index.php
http://www.fws.gov/mountain-prairie/index.php

 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Friday, November 17, 2017 2:31 PM
To: Eric Rickerson; Paul Henson; Larry Crist; Abbott, Tyler; Gregory Hughes; Anna Harris; Peter
Fasbender; rollie_white@fws.gov; Lori Nordstrom; Paul Phifer; DeBerry, Drue; Susan Millsap; Ted Koch;
Tom Chapman; Michael Fris
Cc: Bryon Holt; Jim Zelenak; Tom McDowell; Kathleen Hendricks; Jeffrey Dillon; Mark McCollough;
Tamara Smith; Thabault, Michael; Kurt Broderdorp; Gregg Kurz; Nathan Darnall; Marjorie Nelson; Justin
Shoemaker; Susan Jacobsen
Subject: Lynx Update - SSA and 5 YR review
 
Folks.   WE ARE STILL NOT A GO TO RELEASE ANY INFORMATION OUTSIDE
OF THE USFWS but I wanted to share the final SSA and Signed 5 year Review documents
and make sure you have.  The SSA is the same version that was sent out around October 13,
2017 but we found some minor errors that we corrected.   Neither of these documents should
be shared outside of the agency yet nor the contents or recommendation within.  ie. 
please keep these a close hold.  
 
We are awaiting HQ review of the comm plan and Director signature on a 4(f) memo
confirming that we do not need to a recovery plan.   Once we have everything signed, the
courts notified and are ready to release to the public we will be asking you all to notify your
state partners ahead of time.  Unfortunately the notice is likely to be short.  Please stand by.   
 
ARDs, please share with any office manager that you determine should see this if I have
missed them.  As always if you have questions, please contact me.  Thank you.  JB
 
Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1

mailto:nathan_darnall@fws.gov
mailto:lisa_solbergschwab@fws.gov
mailto:nathan_darnall@fws.gov
http://www.fws.gov/wyominges/index.php
http://www.fws.gov/mountain-prairie/index.php
http://www.facebook.com/USFWSMountainPrairie
http://twitter.com/USFWSMtnPrairie
http://www.flickr.com/photos/usfwsmtnprairie


Helena, MT  59601
(406) 449-5225, ext.205
 
 
---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Nov 2, 2017 at 4:54 PM
Subject: Re: talking points for discussion with State
To: Eric Rickerson <eric_rickerson@fws.gov>, Paul Henson <paul_henson@fws.gov>, Larry
Crist <Larry_Crist@fws.gov>, "Abbott, Tyler" <tyler_abbott@fws.gov>, Gregory Hughes
<greg_m_hughes@fws.gov>, Anna Harris <anna_harris@fws.gov>, Peter Fasbender
<peter_fasbender@fws.gov>, "rollie_white@fws.gov" <rollie_white@fws.gov>, Lori
Nordstrom <lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>, "DeBerry,
Drue" <drue_deberry@fws.gov>, Susan Millsap <susan_millsap@fws.gov>
Cc: Bryon Holt <Bryon_Holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Tom
McDowell <Tom_McDowell@fws.gov>, Kathleen Hendricks
<kathleen_hendricks@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Mark
McCollough <Mark_McCollough@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>,
"Thabault, Michael" <michael_thabault@fws.gov>, Kurt Broderdorp
<Kurt_Broderdorp@fws.gov>, Gregg Kurz <Gregg_Kurz@fws.gov>, Nathan Darnall
<nathan_darnall@fws.gov>, Marjorie Nelson <Marjorie_Nelson@fws.gov>, Justin
Shoemaker <justin_shoemaker@fws.gov>

Folks.  You may have heard that we were trying to have the Lynx 5 year review signed by
tomorrow (Nov. 3). Unfortunately that is not going to happen. This has been delayed due to
some issues beyond our control.   
 
Once we have the documents (5 year review and final SSA) ready to go we will let you know,
supply a new release and communication plan and will allow planning for as much time as we
can for contact to your State, Tribal and Federal partners.  
 
In the meantime if you are having discussions with these same folks - you can use some of the
following for your talking points.  I would tell our partners that the document is on the RD
desk and could be signed at any time.  Feel free to give me or Jim a call if you have any
questions.  JB
 
 

·         the 5-year review will be signed by the Regional director for
the mt prairie region with concurrence from all affected regions. 
this concurrence has already been received. 

·         The SSA and 5 year Review are in response to a court
settlement agreement and decision on May 8, 2014.  At that time,
the United States District Court for the District of Montana ordered
the Service to complete recovery planning for the Canada lynx DPS
by January 15, 2018 “…unless the Service finds that such a plan
will not promote the conservation of the [lynx].  The 5-year review
and SSA report responds to this order. 
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·         both courts involved in lynx issues (recovery and Critical
habitat) will be notified preceding the public notification on
November 3, 2017, by Solicitors. 

·         a news release and communication plan to reach out to
state, tribal and federal partners will precede the notification.

 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 

 
 



From: McCollough, Mark
To: DeVore, Christopher; Anna Harris
Cc: Patrick Dockens
Subject: Re: Canada lynx
Date: Thursday, November 30, 2017 10:35:47 AM

Chris and Patrick:

You can cut and paste the following to share with Richard. 

       
For the last two years, the Service has been been working on a Species Status Assessment
(SSA) and 5-year review in response to a court settlement agreement and decision on May 8,
2014.  At that time, the United States District Court for the District of Montana ordered the
Service to complete recovery planning for the Canada lynx DPS by January 15, 2018 “…
unless the Service finds that such a plan will not promote the conservation of the lynx."  The
5-year review and SSA report responds to this order. 

The SSA was written by a core team of Service biologists.  We also consulted the expertise of
lynx, snowshoe hare, and climate change experts and all state fish and wildlife agencies within
the range of the lynx.  The SSA was also peer reviewed by lynx and snowshoe hare scientists
in North America.

The Service is completing both documents.  

Thanks,  Mark

On Thu, Nov 30, 2017 at 9:57 AM, DeVore, Christopher <christopher_devore@fws.gov>
wrote:

Hi Mark,

I don't want to give out any bad information here. Do you have any information we can
share on the lynx status review front?

Chris

---------- Forwarded message ----------
From: Bostwick, Richard <Richard.Bostwick@maine.gov>
Date: Thu, Nov 30, 2017 at 9:18 AM
Subject: Canada lynx
To: "christopher_devore@fws.gov" <christopher_devore@fws.gov>,
"patrick_dockens@fws.gov" <patrick_dockens@fws.gov>

Has there been updates on the status review of Canada lynx
 
Have you thought about a time where we can go to Harrington
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 Richard Bostwick
MaineDOT -ENV
16 SHS 
Augusta, ME 04333-0016
207-592-3904     FAX 207-624-3099.
richard.bostwick@maine.gov 
 
 
 

-- 
Christopher DeVore
Wildlife Biologist- Transportation Liaison
Ecological Services, Maine Field Office (MEFO)
Office Phone: 207-902-1585
Follow the Maine Field Office Facebook!

-- 
PLEASE NOTE THAT OUR OFFICE ADDRESS AND PHONE HAVE CHANGED

Mark McCollough, Ph.D.
Endangered Species Specialist
US Fish and Wildlife Service
Maine Fish and Wildlife Service Complex 
Ecological Services
Maine Field Office
P.O. Box A (mailing address)
306 Hatchery Road (physical address)
East Orland, Maine 04431
Telephone: (207) 902-1570
Fax: (207) 902-1588
Cell Phone: 207 944-5709
mark_mccollough@fws.gov

mailto:richard.bostwick@maine.gov
https://www.facebook.com/USFWS-Conserving-Maine-1271857446233552/
mailto:mark_mccollough@fws.gov


 

Clarification of the 3R’s for the purpose of identifying recovery criteria 

FWS, August, 2015 

 

Representation, Resiliency, and Redundancy comprise key characteristics that collectively contribute to 
a species’ ability to be securely self-sustaining over the long term.  When combined across populations, 
they measure the health of the species as a whole.  The more we can identify and break down the 
constituent elements contributing to resiliency, representation and redundancy, the better we can 
understand what contributes to, and is necessary for, the long-term health of a population. 

 

Representation contributes to the adaptability and evolutionary capacity of a species over time, to 
accommodate long term issues like climate change. The breadth of genetic ecological, demographic, and 
behavioral diversity across a species’ range may contribute to its capacity to adapt over time.  Measures 
of genetic and life history variability among populations, distribution of populations across a range of 
ecologically diverse locations or niches, etc., are useful proxies to measure.  Consider needs for 
establishing or re-establishing populations in unoccupied habitat that may be necessary or suitable for 
species adjustment to climate change or other stressors, including the need to replace former 
populations in no longer represented ecosystems.   

 

Resiliency speaks to an individual population’s ability to tolerate environmental and demographic 
stochasticity, such as fluctuations in temperature or genetic drift.  It is often measured in terms of 
population size and growth rate, but in fact is dependent on a number of traits, both demographic and 
environmental.  These include, among others:  age or stage class distribution, genetic heterogeneity, 
birth rates, annual survivorship, sex ratios, etc., and the quality and extent of habitat, the degree of 
disease, competition, etc.  Meta-population dynamics and distribution can also contribute to population 
resiliency in some species.   

 

Redundancy contributes to the ability of population types to withstand catastrophic events (hurricanes, 
wildfires, etc.).  The number and distribution of populations of each representative type contribute to 
the retention of various representative types despite catastrophic events by ensuring that the loss of a 
population doesn’t lead to the loss of representation.      

 

 
The 3R’s are interconnected and overlapping.  For example populations must be resilient in order to 
contribute to redundancy or representation.  Likewise, redundant populations within a representative 
genotype or ecological setting contribute to the maintenance of the representation contributing to the 
species’ adaptive and evolutionary capacity.     
 
Likewise, as with all things biological, evaluation of the 3R’s for any species must be considered in the 
context of the species’ life history and ecology.   Representation for a narrowly endemic species might 
look quite different than for a wide-ranging generalist.  Similarly, measures of population resilience 
might be quite different for a short-lived rapidly breeding species versus a long-lived species that delays 
reproductive maturity for 10 or 20 years.   
  



Lynx SSA Expert Elicitation Workshop Teams, Expert Panelists, Presenters, and Observers 

Lynx SSA Core Team 

Jim Zelenak, jim_zelenak@fws.gov, 406-449-5225 ext. 220, cell: 907-978-0734 

Kurt Broderdorp, kurt_broderdorp@fws.gov, 970-628-7186 

Bryon Holt, bryon_holt@fws.gov, 509-893-8014, cell: 509-209-0711 

Mark McCollough, mark_mccollough@fws.gov, 207-866-3344 x115, cell: 207-944-5709 

Tamara Smith, tamara_smith@fws.gov, 612-725-3548 ext. 2219, cell: 612-600-1599 

Lynx SSA Implementation Team 

Mary Parkin, mary_parkin@fws.gov, 617-417-3331 

Heather Bell, heather_bell@fws.gov, 303-236-4514 

Jonathan Cummings, jwcummings@usgs.gov, 802-999-8684  

Seth Willey, Seth_Willey@fws.gov, 303-236-4257 

Justin Shoemaker, justin_shoemaker@fws.gov,  309-757-5800 ext. 214 

   

Lynx Expert Geographic Area Affiliation Contact Information 
Formal 

Invitation? 

Kevin McKelvey 
DPS-wide (distribution, 

climate change) 
USDA Forest Service - Rocky Mountain 

Research Station, Missoula, MT 
kmckelvey@fs.fed.us, 406-542-4163 YES 

Dan Harrison Maine/Northeast University of Maine harrison@maine.edu, 207-581-2867 YES 

Jennifer Vashon Maine/Northeast 
Maine Department of Inland Fish and 

Wildlife 
jennifer.vashon@maine.gov, 207-941-4238 YES 

Ron Moen Minnesota/Great Lakes 
University of Minnesota and Natural 

Resources Research Institute 
rmoen@d.umn.edu, 218-788-2610 YES 

Susan Catton Minnesota/Great Lakes USDA Forest Service – Superior NF  scatton@fs.fed.us, 218-626-4304 YES 

John Squires 
Northern and Southern 

Rocky Mountains (Montana, 
Wyoming, Colorado) 

USDA Forest Service - Rocky Mountain 
Research Station, Missoula, MT 

jsquires@fs.fed.us, 406-542-4164 YES 

Jay Kolbe Northern Rocky Mountains  Montana Fish Wildlife and Parks jkolbe.fwp@gmail.com, 406-499-2356 YES 

Ben Maletzke Washington Washington Dept. Fish and Wildlife Benjamin.Maletzke@dfw.wa.gov, 509-592-7324 YES 

Jake Ivan 
Colorado/Southern Rocky 

Mountains 
Colorado Parks and Wildlife 

jake.ivan@state.co.us, 970-472-4310 
cell: 970-556-8048 

YES 

Jeff Bowman Southern Canada/Ontario 
Ontario Ministry of Natural Resources and 

Forestry, University of Trent, Ontario 
jeff.bowman@ontario.ca, 705-755-1555 YES 
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Presenters/ 
Other Experts 

Geographic Area Affiliation Contact Information 
Formal 

Invitation? 

Scott Jackson DPS-wide (regulatory envt.) USDA Forest Service sjackson03@fs.fed.us, 406-329-3664 YES 

Michael Schwartz DPS-wide (genetics) 
USDA Forest Service - National Genomics 
Center for Wildlife and Fish Conservation 

michaelkschwartz@fs.fed.us, 406-542-4161 
 

YES 

Erin Simons-Legaard 
Maine/Northeast (lynx, 
hares, forest ecology) 

University of Maine erin.simons@maine.edu,  YES 

Karen Hodges 
Southern Canada/DPS-wide 

(hares, range periphery 
considerations) 

University of British Columbia–Okanagan karen.hodges@ubc.ca, 250 807-8763 YES 

Josh Lawler 
Northwest (climate 
forecasting/species 

response) 
University of Washington 

http://faculty.washington.edu/jlawler/ 
jlawler@u.washington.edu 

206-685-4367 
YES 

Lee Frelich  
Lake States (climate 

modeling/boreal forest 
response) 

University of Minnesota freli001@umn.edu, 612-624-3671 YES 

Alexej Siren 
Northeast (climate 

modeling/snow) 
University of Massachusetts, 

DOI NE Climate Science Center 
asiren@umass.edu, cell: 207-752-6534 YES 

 

 

Observers Geographic Area Affiliation Contact Information  

Richard J. Baker Minnesota Minnesota DNR richard.baker@state.mn.us, 651-259-5073 YES 

Nichole Cudworth Wyoming Wyoming Game and Fish nichole.cudworth@wyo.gov, 307-332-7723 ext. 230 YES 

Nathan Roberts Wisconsin Wisconsin DNR NathanM.Roberts@wisconsin.gov, 715-490-9345 YES 

Jodi Bush Montana USFWS jodi_bush@fws.gov, 406-449-5225, ext.205 YES 
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U.S. Fish & Wildlife Service

Species Status Assessment 
Framework
An Integrated Framework for Conservation

     Realized Benefits  
Defensibility – analysis grounded in 
accepted science and a logical process 
with stated assumptions and complete 
reasoning clearly informs our ESA 
decisions.

Consistency – consistent framework 
and terminology is used across all ESA 
functions  across all regions and field 
offices.

Clarity – by identifying the roles of 
science and policy in ESA decision 
making, and having  structured processes 
for each results in increased transparency.

Efficiency – structured and repeatable 
biological analysis saves time.  Stand alone 
science documents provide savings that 
could best be used for active conservation.

Effectiveness – clearly articulated 
reasoned decisions foster effective 
communication and improved 
opportunities for  conservation.

Collaboration – a better forum for being 
inclusive; partners, particularly States, 
are involved to understand and support 
biological analysis. 

New Mexico meadow jumping mouse. 
Credit: USFWS

“The greatest danger in times of turbulence 
is not the turbulence; it is to act with 
yesterday’s logic.” 
— Peter Drucker

The Species Status Assessment (SSA) Framework 
is an analytical approach developed by the U.S. Fish 
and Wildlife Service (Service) to deliver foundational 
science for informing all Endangered Species Act 
(ESA) decisions.  An SSA is a focused, repeatable, 
and rigorous scientific assessment.  The result will be 
better assessments, improved and more transparent 
and defensible decision making,  and clearer and more 
concise documents.  Benefits of this approach are being 
realized, and as the Service fully transitions to the SSA 
Framework approach greater benefits are anticipated.

Ideally, the SSA is conducted at or prior to the 
candidate assessment or 12-month finding stage, but 
can be initiated at any time.  The SSA is designed to 
“follow the species” in the sense that the information 
on the biological status is available for conservation 
use and can be updated with new information.  Thus, 
the SSA provides a single source for species’ biological 
information needed for all ESA decisions (e.g., listing, 
consultations, grant allocations, permitting, HCPs, and 
recovery planning).  The biological analysis and the 
resulting stand-alone science-focused assessment allow 
for State and partner engagement in the science used 
to base ESA decisions.   Early identification of what 
most influence the species’ condition affords timely 
opportunities to work with partners to implement 
conservation efforts in advance of potential ESA 
decisions. 

“The Species Status Assessment is a 
unique opportunity to transform how 
the Fish and Wildlife Service delivers 
conservation.” 
— Gary Frazer, Assistant Director Ecological Services Program 
     U.S. Fish and Wildlife Service, Washington, DC



 

U.S. Fish and Wildlife Service
Endangered Species Program
5275 Leesburg Pike 
Falls Church, VA 22041 
703-358-2171
http://www.fws.gov/endangered
September 2015Gunnison’s prairie dog. Credit: USFWS 

An SSA begins with a compilation of the best 
available information on the species (taxonomy, life 
history, and habitat) and its ecological needs at the 
individual, population, and/or species levels based 
on how environmental factors are understood to 
act on the species and its habitat.   Next, an SSA 
describes the current condition of the species’ 
habitat and demographics, and the probable 
explanations for past and ongoing changes in 
abundance and distribution within the species’ 
ecological settings (i.e., areas representative of 
geographic, genetic, or life history variation across 
the range of the species).  Lastly, an SSA forecasts 
the species’ response to probable future scenarios 
of environmental conditions and conservation 
efforts.  Overall, an SSA uses the conservation 
biology principles of resiliency, redundancy, and 
representation (collectively known as the “3Rs”) as 
a lens to evaluate the current and future condition 
of the species.  As a result, the SSA characterizes 
a species’ ability to sustain populations in the wild 
over time based on the best scientific understanding 
of current and future abundance and distribution 
within the species’ ecological settings.  

An SSA is in essence a risk assessment to aid 
decision makers who make policy-guided decisions 
based on best available scientific information.  The 
SSA provides decision makers with a scientifically 
rigorous characterization of species status 
that focuses on the likelihood that the species 
will sustain populations within its ecological 
settings along with key uncertainties in that 
characterization.  The SSA does not result in a 
decision directly, but it provides the best available 
scientific information for comparison to policy 
standards to guide ESA decisions. 

“The SSA is an intuitive framework 
that helped me clearly and quickly 
develop, explain, and write our 
biological analysis to support the ESA 
determination for Gunnison’s prairie 
dog.”
– Craig Hansen, USFWS Species Lead for Gunnison’s  
   prairie dog

Species Status  
Assessement Framework

FUTURE SPECIES’ 
CONDITION

CURRENT SPECIES’ 
CONDITION

SPECIES’ NEEDS

Current Availability
or Condition of 
those Needs

Future Availability
or Condition of 
those Needs



Draft Agenda 
LYNX SSA EXPERT ELICITATION WORKSHOP 

BLOOMINGTON, MINNESOTA 
OCTOBER 13‐15, 2015 

 
 

DAY ONE (Tuesday, October 13) 
 
1:00  Welcome (Jodi) 

Introductions 
Goals/Background (Jim/Seth) 
Review Agenda (Heather/Mary) 

1:45  SSA Framework/FACA/APA (Heather) 
2:15  Expert Elicitation Process (Mary/Jonathan) 
 
Overview Presentations: 
 
2:30  Historic and current distribution of lynx in the contiguous U.S. (McKelvey)  
3:00  Lynx regulatory environment 2000‐2015 (Jackson) 
3:30  Lynx genetics considerations (Schwartz) 
4:00  Lynx distribution, status and management in southern Canada (Bowman)  
 
4:45  Discussion and Introduction of Lynx Conceptual Models 
5:30  Adjourn 
   
 

DAY TWO (Wednesday, October 14) 
 
PART 1:  Overview Presentations (continued): 
 
8:00  Climate change and lynx (Siren/Frelich/Lawler [?])  
8:45  Snowshoe hare distribution/status in U.S. and southern Canada (Hodges)  
 
PART 2:  Lynx Population Status:   
 
9:15  Maine/Northeast (Harrison/Vashon) 
9:55  Minnesota/Upper Midwest (Moen) 
10:25  Break (15 minutes) 
10:40  Montana and Greater Yellowstone (Squires) 
11:15  Northern Washington (Maletzke) 
11:45  Colorado/Southern Rockies (Ivan)   
12:15  Lunch 
 



PART 3:  Expert Elicitation on Aspects of Lynx Analytics    
 
1:15    Review of Lynx Conceptual Models: 
  Population‐level relationships 
  Species‐level relationships (3 Rs:  Resiliency, Redundancy, and Representation) 

Stressors that affect population and species viability, with a particular focus on 
climate change 

3:00  Rapid Prototyping:   
Explore current conditions for the lynx using the conceptual model and, as needed, 
population models (positive and negative effects on species viability), including 
regional differences 

5:00  Adjourn 
 
 
DAY THREE (Thursday, October 15) 
 
8:00    Recap and Discussion of Day 2 Results  
9:00   Future Scenarios: 
  Climate change 
  Other threats 
  Conservation interventions 
10:15  Break (15 minutes) 
10:30   Rapid Prototyping:   

Begin to project future species conditions based on projected responses to 
alternative future scenarios 

12:00    Lunch 
1:00    Rapid Prototyping:   

Continue to project future species conditions based on projected responses to 
alternative future scenarios  

3:00    Discussion of results and additional assessment needs 
4:00    Wrap‐up and next steps 
5:00  Adjourn 



From: Jennifer Fortin-Noreus
To: Jodi Bush
Subject: FW: Reminder: Lynx SSA Coordination Call
Date: Friday, December 01, 2017 9:25:58 AM
Attachments: 2015 10 02 Draft Lynx Expert Workshop Agenda.pdf

ssa fact sheet_draft September 2015 for use in Lynx meeting.pdf
2015 10 02 Lynx SSA Workshop Experts Presenters Observers.pdf
3 Rs Aug 2015.pdf

 
 
From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Tuesday, October 06, 2015 1:53 PM
To: bob.broscheid@state.co.us; Odell, Eric; Moore,Virgil; Dustin Miller (dustin.miller@osc.idaho.gov);
Joshua Uriarte; Sallabanks,Rex; Sam Eaton; Chandler.woodcock@maine.gov; moritzw@michigan.gov;
DNR-Wildlife@michigan.gov; commissioner.dnr@state.mn.us; Boggess, Ed (DNR); Erb, John D (DNR);
Hagener, Jeff; Tubbs, John; McDonald, Ken; Inman, Bob; glenn.normandeau@wildlife.nh.gov; Lexi J.,
Sandoval; patricia.riexinger@dec.ny.gov; curt.melcher@state.or.us; Greg Sheehan; Kimberly Hersey;
louis.porter@state.vt.us; mark scott; Bernier, Chris; director@dfw.wa.gov; cpl@dnr.wa.gov; Lewis,
Jeffrey C (DFW); cathy.stepp@wisconsin.gov; Thiede, Kurt A - DNR; Bob Lanka; Zack Walker;
Nick.Wiley@myfwc.com; craig.mclaughlin@state.co.us; Connolly, James; bumpa@michigan.gov;
kennedyd@michigan.gov; Telander, Paul B (DNR); Mark.Ellingwood@wildlife.nh.gov;
John.Kanter@wildlife.nh.ogv; Jill.Killborn@wildlife.nh.gov; William.Staats@wildlife.nh.gov;
Patrick.Tate@wildlife.nh.gov; stewart.liley@state.nm.us; rick.winslow@state.nm.us; Jensen, Paul G
(DEC); Hauge, Tom M - DNR; Erin.Crain@wisconsin.gov; Owen.Boyle@wisconsin.gov;
Johnf.olson@wisconsin.gov; David.MacFarland@wisconsin.gov; John.White@wisconsin.gov
Cc: Jim Zelenak; Bryon Holt; Tamara Smith; Mark McCollough; Kurt Broderdorp
Subject: Fwd: Reminder: Lynx SSA Coordination Call
 
State Partners.  We wanted to share some materials with you regarding the Lynx workshop next week.  
 
As a reminder the objective of the workshop is to assess the current status of and
threats to the various Lynx DPS populations and to evaluate it's viability under a
range of future threats, habitat conditions, and climate scenarios. As we lack
adequate empirical data on many aspects of lynx population dynamics in the DPS
range, we will seek in the workshop to elicit and distill the knowledge, professional
judgments, and opinions of experts most familiar with each of the DPS populations to
inform our understanding of lynx status, the nature and magnitude of potential threats,
and the likelihood of their future persistence. 
 
The SSA process is science based and will not generate any decisions or recommendations.  The outcomes of the
expert meeting will be one source of information, among other sources, that the Service will use in making
recommended determinations under the ESA (including recovery planning).  Any information used must meet the
appropriate ESA standard for the decision at hand for the best available information. Panelists will be asked to share
their scientific expertise during the meeting and not to represent any particular position of an agency or other
interested party. To reiterate, this expert meeting is structured so that its primary purpose is to exchange facts and
information: not to make decisions.

Attached are (1) a draft agenda; (2) a species status assessment (SSA) fact sheet that you may have
seen before; (3) a white paper describing the expert elicitation process and the need and methods to
avoid conflicts with the Federal Advisory Committee Act (FACA) and the Administrative Procedures Act
(APA); and (4) a one-pager with definitions of the "3 Rs" - Representation, Resiliency and Redundancy -
which we consider when evaluating a species' likely viability.
 
 
After the workshop, we will summarize the notes and proceedings, presentations and other workshop
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materials and distribute them to other interested parties.  
 
Thank you for your interest in this process.  Remember -this is just the beginning..
 
 Please feel free to give me a call if you have any questions.  Thanks. JB
 
 
Jodi L. Bush
Field Supervisor
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
 
 



Comments, as requested, on  
Draft Species Status Assessment for the North American Wolverine; USFWS; Version 1.0 
 
Page 17; Figure 3 – The title for this figure seems to be misleading, “Current range of North American 
wolverine”.  The map delineates areas in Oregon, California, Utah, and Colorado implying that 
wolverines are distributed throughout these areas, which does not seem to be an accurate reflection of 
current data.  Using the presence of one male wolverine in Colorado to illustrate that the entire 
southern Rocky Mtn range is inhabited seems to be a stretch.  Same thing for California and all of 
Oregon except the NE corner.  There have been numerous track and baited camera station surveys in 
the Oregon Cascades in recent years that have targeted wolverine, with no detections.     
 
Page 27; paragraph 3 – This section seems to be making the case that wolverines give birth in late 
February/early March because that is when food resources are most available.  I do not think that is the 
case, especially in the North Cascades of Washington and, from what I’ve read, not in the Rocky Mtns 
either.  The 2 known natal den sites in the North Cascades (Aubry et al. 2016) were at approximately 
5500 ft elevation.  Both those sites had 7-8 ft of snow at them when discovered and into early May 
when we inspected them.  Food resources at that elevation at that time of year are minimal;  snowshoe 
hares, red squirrels, and hibernating rodents.  From Dec through May, wolverine food resources in the 
form of ungulate carrion are most available on winter ranges, about 3000 – 4000 ft lower in elevation 
than the den sites.  The wolverines collared and monitored during the 10 year North Cascades 
Wolverine Study (Aubry et al. 2016) never went to these lower elevations, in winter or summer.  We 
documented over 2400 telemetry locations on 11 different wolverines and 91% of those fell within the 
area modelled by Copeland et al (2010) for persistent spring snow cover.  At the den sites elevation, it 
would seem wolverine food resources are most available from late June through September, when 
rodents aren’t hibernating and ungulates are using those high elevation areas.   
 
Page 48; paragraph 4 – “and a member of the public reported wolverine tracks within Grand Teton 
National Park in March 2017, while skiing . . . “  Seems like you would want to limit wolverine sightings 
that you include in this assessment to those that are verified with a carcass, photograph or DNA sample.  
I would not categorize a report of wolverine tracks in the snow from a member of the public as a verified 
sighting without a good photo of the tracks.  Based on my 27 years as a wildlife biologist and the 
numerous follow-ups I have done on reports of rare carnivores, I have found reports by members of the 
public to often be unreliable.   
 
In general, there seem to be inconsistencies between some of the final conclusions and some of the 
information presented in the assessment:  
Page 92; paragraph 2 – “Although the persistence of spring snow has not yet been evaluated as critical 
to wolverine survival in North America . . . .”    Yet on page 32; paragraph 5 – “. . . indicated that most 
panelists allocated points to an obligate relationship of wolverines with deep snow at the den-site 
scale.”  
And on page 10; paragraph 1 – “The wolverine is a snow-adapted, cold climate animal in its physiology, 
morphology, behavior, and habits.”  But on page v, “. . .we have no indication that this species is unable 
to adapt or adjust to changing conditions.” 
 
Page 93; paragraph 4 – “ . . both direct and cumulative effects of climate change may affect the 
resilience of the wolverine by creating an environment that is less favorable to its physiological and 
ecological needs.”  Yet on page 95; paragraph 2 – “ . . we do not predict a significant loss of individual 
and population resiliency to the species in the future within its North America range, including the 



contiguous United States.” And page 95; paragraph 3 – “We do not expect a reduction in representation 
of the wolverines in the contiguous United States in the future.”  
 
In regards to the 2 statements with conclusions regarding the population in the contiguous U.S.:  
page 95; paragraph 2 - “ . . we do not predict a significant loss of individual and population resiliency to 
the species in the future within its North America range, including the contiguous United States.” And 
page 95; paragraph 3 – “We do not expect a reduction in representation of the wolverines in the 
contiguous United States in the future.” 
Known wolverine natal dens in the contiguous US are in deep snow areas.  New data from northern 
Canada, Russia, and Scandinavia doesn’t change that.   Wolverines seem to be made for occupying deep 
snow;  their large feet, frost-resistant fur, powerful jaws for eating frozen meat, foot-load, threshold of 
thermoneutrality all indicate that they are adapted to a deep-snow, cold environment.  Their global 
distribution is largely restricted to areas that are snowy and cold.  In the contiguous US they are 
currently only found in northern, high mountain ranges.  They live in the snow, they give birth to altricial 
young in the middle of winter at elevations with deep snow.  And they seem to be able to do that by 
caching food items in snowbanks that last year round (Inman et al. 2012).   The conclusions in the Draft 
SSA seem to be based on the assumption that wolverines don’t need deep snow and can survive/adapt 
to areas without snow because there is no data showing exactly why deep snow is needed by 
wolverines, or because there is no data that precisely proves that wolverines cannot survive in areas 
without snow.   Wolverines in the North Cascades only used high elevations year-round (Aubry et al. 
2016) despite the fact that one of their reportedly primary food sources, ungulate carrion, is much more 
abundant at lower elevations.  The Draft SSA does not make a compelling argument that this population 
is secure into the future, especially with a changing climate that will reduce and constrict the amount of 
deep snow habitat in the Cascade and Rocky Mtn ranges.   
 
Thank you for the opportunity to comment.   
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Conversation Contents
Help with one more lynx QA

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Tue Dec 05 2017 06:37:05 GMT-0700 (MST)
To: Martin Miller <Martin_Miller@fws.gov>
Subject: Help with one more lynx QA

Hi Marty! I am assuming that we might be getting questions about climate change -- lynx has
been one of our climate change species and I believe one that CBD tagged as most vulnerable
to climate change. 

Would you (anyone else I should loop in?) be able to help me draft something to address our
conclusions about the effects of climate change on the species in the foreseeable future?

Thank you!

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Miller, Martin" <martin_miller@fws.gov>

From: "Miller, Martin" <martin_miller@fws.gov>
Sent: Tue Dec 05 2017 11:58:25 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>
CC: Anna Harris <anna_harris@fws.gov>
Subject: Re: Help with one more lynx QA

Hi Meagan - sure.  I'll work on it.  Marty

On Tue, Dec 5, 2017 at 8:37 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Marty! I am assuming that we might be getting questions about climate change -- lynx has
been one of our climate change species and I believe one that CBD tagged as most
vulnerable to climate change. 

Would you (anyone else I should loop in?) be able to help me draft something to address our
conclusions about the effects of climate change on the species in the foreseeable future?

http://usfwsnortheast.wordpress.com/
mailto:meagan_racey@fws.gov


Thank you!

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Tue Dec 05 2017 12:02:12 GMT-0700 (MST)
To: "Miller, Martin" <martin_miller@fws.gov>
CC: Anna Harris <anna_harris@fws.gov>
Subject: Re: Help with one more lynx QA

Thank you!

On Tue, Dec 5, 2017 at 1:58 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Hi Meagan - sure.  I'll work on it.  Marty

On Tue, Dec 5, 2017 at 8:37 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Marty! I am assuming that we might be getting questions about climate change -- lynx
has been one of our climate change species and I believe one that CBD tagged as most
vulnerable to climate change. 

Would you (anyone else I should loop in?) be able to help me draft something to address
our conclusions about the effects of climate change on the species in the foreseeable
future?

Thank you!

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

http://usfwsnortheast.wordpress.com/
mailto:martin_miller@fws.gov
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-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Miller, Martin" <martin_miller@fws.gov>

From: "Miller, Martin" <martin_miller@fws.gov>
Sent: Tue Dec 05 2017 12:54:05 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>
CC: Anna Harris <anna_harris@fws.gov>
Subject: Re: Help with one more lynx QA

How's this?  Just boiled down the essence from the SSA Report.

How will climate change affect lynx in the DPS and in Maine?  We expect lynx
populations across the DPS to become smaller and more patchily distributed in the
future largely due to projected climate-driven losses in habitat quality and quantity
and related factors. However, the timing, rate, and extent of habitat decline due to
projected climate warming and corresponding effects to lynx populations is highly
uncertain. Climate change is expected to affect the Maine population more than
some others because snow depth and duration already seem to be at thresholds for
lynx, and because there are few potential elevational refugia. In the near term and
beyond, snow quantity and quality will likely continue to deteriorate, which could
cause lynx range to contract northward. 

On Tue, Dec 5, 2017 at 2:02 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thank you!

On Tue, Dec 5, 2017 at 1:58 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Hi Meagan - sure.  I'll work on it.  Marty

On Tue, Dec 5, 2017 at 8:37 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Marty! I am assuming that we might be getting questions about climate change -- lynx
has been one of our climate change species and I believe one that CBD tagged as most
vulnerable to climate change. 

https://maps.google.com/?q=300+Westgate+Center+Drive,+Hadley,+MA+01035,+413&entry=gmail&source=g
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Would you (anyone else I should loop in?) be able to help me draft something to address
our conclusions about the effects of climate change on the species in the foreseeable
future?

Thank you!

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Mon Dec 11 2017 08:44:15 GMT-0700 (MST)
To: "Miller, Martin" <martin_miller@fws.gov>
CC: Anna Harris <anna_harris@fws.gov>
Subject: Re: Help with one more lynx QA

Thanks Marty! Hoping to circle back with you on this tomorrow - 

On Tue, Dec 5, 2017 at 2:54 PM, Miller, Martin <martin_miller@fws.gov> wrote:
How's this?  Just boiled down the essence from the SSA Report.

http://usfwsnortheast.wordpress.com/
https://maps.google.com/?q=300+Westgate+Center+Drive,+Hadley,+MA+01035,+413&entry=gmail&source=g
http://usfwsnortheast.wordpress.com/
mailto:martin_miller@fws.gov


How will climate change affect lynx in the DPS and in Maine?  We expect lynx
populations across the DPS to become smaller and more patchily distributed in the
future largely due to projected climate-driven losses in habitat quality and quantity
and related factors. However, the timing, rate, and extent of habitat decline due to
projected climate warming and corresponding effects to lynx populations is highly
uncertain. Climate change is expected to affect the Maine population more than
some others because snow depth and duration already seem to be at thresholds
for lynx, and because there are few potential elevational refugia. In the near term
and beyond, snow quantity and quality will likely continue to deteriorate, which
could cause lynx range to contract northward. 

On Tue, Dec 5, 2017 at 2:02 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thank you!

On Tue, Dec 5, 2017 at 1:58 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Hi Meagan - sure.  I'll work on it.  Marty

On Tue, Dec 5, 2017 at 8:37 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Marty! I am assuming that we might be getting questions about climate change --
lynx has been one of our climate change species and I believe one that CBD tagged as
most vulnerable to climate change. 

Would you (anyone else I should loop in?) be able to help me draft something to
address our conclusions about the effects of climate change on the species in the
foreseeable future?

Thank you!

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast
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-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Tue Dec 12 2017 11:36:13 GMT-0700 (MST)
To: "Miller, Martin" <martin_miller@fws.gov>
CC: Anna Harris <anna_harris@fws.gov>
Subject: Re: Help with one more lynx QA

How is this? 

DRAFT: How will climate change affect lynx in the DPS and in Maine?  We expect
lynx populations across the DPS to become smaller and more patchily distributed in
the future largely due to projected climate-driven losses in habitat quality and quantity
and related factors. However, the timing, rate, and extent of habitat decline due to
projected climate warming and corresponding effects to lynx populations is highly
uncertain. Climate change is expected to affect the Maine population more than
some others because snow depth and duration already seem to be at thresholds for
lynx, and because there are few potential elevational refugia. In the near term and
beyond, snow quantity and quality will likely continue to deteriorate, which could
cause lynx range to contract northward. Even with that potential decline, we have
determined that the lynx population will have access to enough habitat and resources
to maintain populations, and will not meet the definition of threatened or endangered
(within the foreseeable future? is that 50 years?).

On Tue, Dec 5, 2017 at 2:54 PM, Miller, Martin <martin_miller@fws.gov> wrote:
How's this?  Just boiled down the essence from the SSA Report.
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On Tue, Dec 5, 2017 at 2:02 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thank you!

On Tue, Dec 5, 2017 at 1:58 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Hi Meagan - sure.  I'll work on it.  Marty

On Tue, Dec 5, 2017 at 8:37 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Marty! I am assuming that we might be getting questions about climate change --
lynx has been one of our climate change species and I believe one that CBD tagged as
most vulnerable to climate change. 

Would you (anyone else I should loop in?) be able to help me draft something to
address our conclusions about the effects of climate change on the species in the
foreseeable future?

Thank you!

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Meagan Racey
Public affairs specialist
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U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Miller, Martin" <martin_miller@fws.gov>

From: "Miller, Martin" <martin_miller@fws.gov>
Sent: Tue Dec 12 2017 12:32:41 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>
CC: Anna Harris <anna_harris@fws.gov>
Subject: Re: Help with one more lynx QA

We determined the foreseeable future to be up to 2050 (mid-century).  Seems important to
explain this, but it would best go before the last sentence.  I would revise the paragraph as
follows:

DRAFT: How will climate change affect lynx in the DPS and in Maine?  We expect
lynx populations across the DPS to become smaller and more patchily distributed in
the future largely due to projected climate-driven losses in habitat quality and quantity
and related factors. Climate change is expected to affect the Maine population more
than some others because snow depth and duration already seem to be at thresholds
for lynx, and because there are few potential elevational refugia. However, the timing,
rate, and extent of habitat decline due to projected climate warming and
corresponding effects to lynx populations beyond mid-century is highly
uncertain.  Snow quantity and quality will likely continue to deteriorate, which could
cause lynx range to contract northward. Even with that potential decline, we have
determined that the DPS is likely to have access to enough habitat and resources to
maintain populations through mid-century, and therefore does not meet the definition
of an endangered or threatened species.

On Tue, Dec 12, 2017 at 1:36 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
How is this? 

DRAFT: How will climate change affect lynx in the DPS and in Maine?  We
expect lynx populations across the DPS to become smaller and more
patchily distributed in the future largely due to projected climate-driven losses in
habitat quality and quantity and related factors. However, the timing, rate, and
extent of habitat decline due to projected climate warming and corresponding
effects to lynx populations is highly uncertain. Climate change is expected to affect
the Maine population more than some others because snow depth and duration
already seem to be at thresholds for lynx, and because there are few potential
elevational refugia. In the near term and beyond, snow quantity and quality will
likely continue to deteriorate, which could cause lynx range to contract northward.
Even with that potential decline, we have determined that the lynx population will
have access to enough habitat and resources to maintain populations, and will not
meet the definition of threatened or endangered (within the foreseeable future? is
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that 50 years?).

On Tue, Dec 5, 2017 at 2:54 PM, Miller, Martin <martin_miller@fws.gov> wrote:
How's this?  Just boiled down the essence from the SSA Report.

 

On Tue, Dec 5, 2017 at 2:02 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thank you!

On Tue, Dec 5, 2017 at 1:58 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Hi Meagan - sure.  I'll work on it.  Marty

On Tue, Dec 5, 2017 at 8:37 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Marty! I am assuming that we might be getting questions about climate change --
lynx has been one of our climate change species and I believe one that CBD tagged
as most vulnerable to climate change. 

Would you (anyone else I should loop in?) be able to help me draft something to
address our conclusions about the effects of climate change on the species in the
foreseeable future?

Thank you!

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast
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-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Tue Dec 12 2017 13:19:32 GMT-0700 (MST)
To: "Miller, Martin" <martin_miller@fws.gov>
CC: Anna Harris <anna_harris@fws.gov>
Subject: Re: Help with one more lynx QA

Thanks! would it be OK to change "and because there are few potential elevational
refugia" to "and because there are few high-elevation alternatives"?

On Tue, Dec 12, 2017 at 2:32 PM, Miller, Martin <martin_miller@fws.gov> wrote:
We determined the foreseeable future to be up to 2050 (mid-century).  Seems important to
explain this, but it would best go before the last sentence.  I would revise the paragraph as
follows:

DRAFT: How will climate change affect lynx in the DPS and in Maine?  We
expect lynx populations across the DPS to become smaller and more
patchily distributed in the future largely due to projected climate-driven losses in
habitat quality and quantity and related factors. Climate change is expected to
affect the Maine population more than some others because snow depth and
duration already seem to be at thresholds for lynx, and because there are few
potential elevational refugia. However, the timing, rate, and extent of habitat decline
due to projected climate warming and corresponding effects to lynx
populations beyond mid-century is highly uncertain.  Snow quantity and quality will
likely continue to deteriorate, which could cause lynx range to contract
northward. Even with that potential decline, we have determined that the DPS is
likely to have access to enough habitat and resources to maintain populations
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through mid-century, and therefore does not meet the definition of an endangered
or threatened species.

On Tue, Dec 12, 2017 at 1:36 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
How is this? 

DRAFT: How will climate change affect lynx in the DPS and in Maine?  We
expect lynx populations across the DPS to become smaller and more
patchily distributed in the future largely due to projected climate-driven losses in
habitat quality and quantity and related factors. However, the timing, rate, and
extent of habitat decline due to projected climate warming and corresponding
effects to lynx populations is highly uncertain. Climate change is expected to
affect the Maine population more than some others because snow depth and
duration already seem to be at thresholds for lynx, and because there are few
potential elevational refugia. In the near term and beyond, snow quantity and
quality will likely continue to deteriorate, which could cause lynx range to contract
northward. Even with that potential decline, we have determined that the lynx
population will have access to enough habitat and resources to maintain
populations, and will not meet the definition of threatened or endangered (within
the foreseeable future? is that 50 years?).

On Tue, Dec 5, 2017 at 2:54 PM, Miller, Martin <martin_miller@fws.gov> wrote:
How's this?  Just boiled down the essence from the SSA Report.

 

On Tue, Dec 5, 2017 at 2:02 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thank you!

On Tue, Dec 5, 2017 at 1:58 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Hi Meagan - sure.  I'll work on it.  Marty

On Tue, Dec 5, 2017 at 8:37 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Marty! I am assuming that we might be getting questions about climate change
-- lynx has been one of our climate change species and I believe one that CBD
tagged as most vulnerable to climate change. 

Would you (anyone else I should loop in?) be able to help me draft something to
address our conclusions about the effects of climate change on the species in the
foreseeable future?

Thank you!

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast
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-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish
and Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

https://maps.google.com/?q=300+Westgate+Center+Drive,+Hadley,+MA+01035,+413&entry=gmail&source=g
http://usfwsnortheast.wordpress.com/
https://maps.google.com/?q=300+Westgate+Center+Drive,+Hadley,+MA+01035,+413&entry=gmail&source=g
http://usfwsnortheast.wordpress.com/
https://maps.google.com/?q=300+Westgate+Center+Drive,+Hadley,+MA+01035,+413&entry=gmail&source=g
http://usfwsnortheast.wordpress.com/


"Miller, Martin" <martin_miller@fws.gov>

From: "Miller, Martin" <martin_miller@fws.gov>
Sent: Tue Dec 12 2017 13:42:47 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>
CC: Anna Harris <anna_harris@fws.gov>
Subject: Re: Help with one more lynx QA

OK with me.

On Tue, Dec 12, 2017 at 3:19 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thanks! would it be OK to change "and because there are few potential elevational
refugia" to "and because there are few high-elevation alternatives"?

On Tue, Dec 12, 2017 at 2:32 PM, Miller, Martin <martin_miller@fws.gov> wrote:
We determined the foreseeable future to be up to 2050 (mid-century).  Seems important to
explain this, but it would best go before the last sentence.  I would revise the paragraph as
follows:

DRAFT: How will climate change affect lynx in the DPS and in Maine?  We
expect lynx populations across the DPS to become smaller and more
patchily distributed in the future largely due to projected climate-driven losses in
habitat quality and quantity and related factors. Climate change is expected to
affect the Maine population more than some others because snow depth and
duration already seem to be at thresholds for lynx, and because there are few
potential elevational refugia. However, the timing, rate, and extent of habitat
decline due to projected climate warming and corresponding effects to lynx
populations beyond mid-century is highly uncertain.  Snow quantity and quality
will likely continue to deteriorate, which could cause lynx range to contract
northward. Even with that potential decline, we have determined that the DPS is
likely to have access to enough habitat and resources to maintain populations
through mid-century, and therefore does not meet the definition of an
endangered or threatened species.

On Tue, Dec 12, 2017 at 1:36 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
How is this? 

DRAFT: How will climate change affect lynx in the DPS and in Maine?  We
expect lynx populations across the DPS to become smaller and more
patchily distributed in the future largely due to projected climate-driven losses
in habitat quality and quantity and related factors. However, the timing, rate,
and extent of habitat decline due to projected climate warming and
corresponding effects to lynx populations is highly uncertain. Climate change is
expected to affect the Maine population more than some others because snow
depth and duration already seem to be at thresholds for lynx, and because
there are few potential elevational refugia. In the near term and beyond, snow
quantity and quality will likely continue to deteriorate, which could cause lynx
range to contract northward. Even with that potential decline, we have
determined that the lynx population will have access to enough habitat and
resources to maintain populations, and will not meet the definition of threatened
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or endangered (within the foreseeable future? is that 50 years?).

On Tue, Dec 5, 2017 at 2:54 PM, Miller, Martin <martin_miller@fws.gov> wrote:
How's this?  Just boiled down the essence from the SSA Report.

 

On Tue, Dec 5, 2017 at 2:02 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thank you!

On Tue, Dec 5, 2017 at 1:58 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Hi Meagan - sure.  I'll work on it.  Marty

On Tue, Dec 5, 2017 at 8:37 AM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Hi Marty! I am assuming that we might be getting questions about climate
change -- lynx has been one of our climate change species and I believe one
that CBD tagged as most vulnerable to climate change. 

Would you (anyone else I should loop in?) be able to help me draft something to
address our conclusions about the effects of climate change on the species in
the foreseeable future?

Thank you!

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish
and Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-
8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast
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-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

"Miller, Martin" <martin_miller@fws.gov>

From: "Miller, Martin" <martin_miller@fws.gov>
Sent: Tue Dec 12 2017 13:44:30 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>
CC: Anna Harris <anna_harris@fws.gov>
Subject: Re: Help with one more lynx QA

Also, "is highly uncertain" should be "are highly uncertain."
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On Tue, Dec 12, 2017 at 3:42 PM, Miller, Martin <martin_miller@fws.gov> wrote:
OK with me.

On Tue, Dec 12, 2017 at 3:19 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thanks! would it be OK to change "and because there are few potential elevational
refugia" to "and because there are few high-elevation alternatives"?

On Tue, Dec 12, 2017 at 2:32 PM, Miller, Martin <martin_miller@fws.gov> wrote:
We determined the foreseeable future to be up to 2050 (mid-century).  Seems important
to explain this, but it would best go before the last sentence.  I would revise the
paragraph as follows:

DRAFT: How will climate change affect lynx in the DPS and in Maine?  We
expect lynx populations across the DPS to become smaller and more
patchily distributed in the future largely due to projected climate-driven losses
in habitat quality and quantity and related factors. Climate change is expected
to affect the Maine population more than some others because snow depth and
duration already seem to be at thresholds for lynx, and because there are few
potential elevational refugia. However, the timing, rate, and extent of habitat
decline due to projected climate warming and corresponding effects to lynx
populations beyond mid-century is highly uncertain.  Snow quantity and quality
will likely continue to deteriorate, which could cause lynx range to contract
northward. Even with that potential decline, we have determined that the DPS
is likely to have access to enough habitat and resources to maintain
populations through mid-century, and therefore does not meet the definition of
an endangered or threatened species.

On Tue, Dec 12, 2017 at 1:36 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
How is this? 

DRAFT: How will climate change affect lynx in the DPS and in Maine?
 We expect lynx populations across the DPS to become smaller and more
patchily distributed in the future largely due to projected climate-driven losses
in habitat quality and quantity and related factors. However, the timing, rate,
and extent of habitat decline due to projected climate warming and
corresponding effects to lynx populations is highly uncertain. Climate change
is expected to affect the Maine population more than some others because
snow depth and duration already seem to be at thresholds for lynx, and
because there are few potential elevational refugia. In the near term and
beyond, snow quantity and quality will likely continue to deteriorate, which
could cause lynx range to contract northward. Even with that potential
decline, we have determined that the lynx population will have access to
enough habitat and resources to maintain populations, and will not meet the
definition of threatened or endangered (within the foreseeable future? is that
50 years?).

On Tue, Dec 5, 2017 at 2:54 PM, Miller, Martin <martin_miller@fws.gov> wrote:
How's this?  Just boiled down the essence from the SSA Report.
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On Tue, Dec 5, 2017 at 2:02 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thank you!

On Tue, Dec 5, 2017 at 1:58 PM, Miller, Martin <martin_miller@fws.gov> wrote:
Hi Meagan - sure.  I'll work on it.  Marty

On Tue, Dec 5, 2017 at 8:37 AM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Hi Marty! I am assuming that we might be getting questions about climate
change -- lynx has been one of our climate change species and I believe one
that CBD tagged as most vulnerable to climate change. 

Would you (anyone else I should loop in?) be able to help me draft something
to address our conclusions about the effects of climate change on the species
in the foreseeable future?

Thank you!

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S.
Fish and Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-
253-8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish
and Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615
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-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and
Wildlife Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

-- 
Martin Miller, Chief, Division of Endangered Species, Northeast Region, U.S. Fish and Wildlife
Service, 300 Westgate Center Drive, Hadley, MA 01035, 413-253-8615

http://usfwsnortheast.wordpress.com/
https://maps.google.com/?q=300+Westgate+Center+Drive,+Hadley,+MA+01035,+413&entry=gmail&source=g
http://usfwsnortheast.wordpress.com/
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Conversation Contents
update

"Latti, Mark" <Mark.Latti@maine.gov>

From: "Latti, Mark" <Mark.Latti@maine.gov>
Sent: Tue Dec 05 2017 14:23:11 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: update

Meagan,
 
I got pulled onto some other stuff today Meagan, so all I have is the bullets from Jen. Let’s touch base
Thursday Morning…
 
-Mark
 
Mark Latti
Outreach and Communications
Maine Dept of Inland Fisheries & Wildlife
Fisheries and Wildlife Divisions
284 State St, SHS 41
Augusta ME 04333
(207) 287-5216
mefishwildlife.com | facebook | twitter

Correspondence to and from this office is considered a public record and may be subject to a request under the Maine Freedom of Access Act. Information
that you wish to keep confidential should not be included in email correspondence.
 

Canada lynx are found in northern climates that provide boreal spruce/fir forest and deep snow. 
The continuous US marks the southern extent of lynx range.
In 2000, the USFWS listed lynx as Threatened species in Maine and 13 other northern tier states.
The USFWS concluded in their listing decision in March of 2000 that the status of lynx in
contiguous United States was not a result of over trapping
In fact, Maine’s lynx population has been protected from harvest with closed trapping and hunting
season since 1967. 
This protection in Maine will not change with this delisting recommendation.
The decision to list lynx as Federally Threatened in the lower 48 was due to inadequate protection
of habitat on federal lands
In Maine, habitat for lynx occurs primarily on private land.
Most of northern Maine’s forest is also undeveloped providing a landscape of intact forest with
spruce/fir forest being the predominate forest type (5.7 million acres) . 
At the time of listing, MDIFW, the USFWS, private forest landowners, Universities, and
conservations organizations partnered to learn more about the status of lynx in Maine.
This research indicated that

there was a growing resident lynx population in northern Maine following extensive clear-
cutting of diseased spruce and fir (spruce budworm epizootic)
Forest management on private lands  is compatible with lynx

Within 10 to 15 years following harvest of spruce/fir, these areas grew back into dense
young spruce/fir forest and support high prey numbers. 
These dense stands comprise more than 1/3 of the spruce/fir forest in northern Maine

 In 2006, there was an estimated  750-1,000 adult lynx in northern Maine. If kittens are included,
the population estimate of lynx in northern Maine approached 1,800.
Since 2006, extensive monitoring of lynx indicates Maine’s lynx population has been expanding

http://www.maine.gov/ifw/
http://www.facebook.com/mainefishwildlife
http://www.twitter.com/mefishwildlife


into eastern and western Maine  ( I can provide a graphic if you want).
Not only are lynx found in more places, but lynx sign is encountered more frequently during
surveys.   
After nearly 2 decades of monitoring and research, Maine’s lynx population continues to grow  in
response to an abundance of forested habitat and prey (snowshoe hare).
This commitment to continue to monitor lynx in Maine and share information with private forest
managers will continue post-delisting. 

 

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Tue Dec 05 2017 14:56:31 GMT-0700 (MST)
To: "Latti, Mark" <Mark.Latti@maine.gov>
CC: Ariel Kallenbach <ariel_kallenbach@fws.gov>
Subject: Re: update

Thanks Mark! Adding Ariel - Ariel can you incorporate this into that story outline? Some of the
material might already be in there. 

Mark are you going to use some of the bullets to made additions to the press release? Let me
know if you would prefer me to do that - and maybe a sense of which ones you think are most
important to touch on.

I'll give you a ring Thursday am to touch base on additions & quotes to the news release, and
the QA. I filled Ariel in on the concept of a potential story fully focused on IFW & another partner
or two. If we get the green light, she's game. 

On Tue, Dec 5, 2017 at 4:23 PM, Latti, Mark <Mark.Latti@maine.gov> wrote:
Meagan,
 
I got pulled onto some other stuff today Meagan, so all I have is the bullets from Jen. Let’s touch base
Thursday Morning…
 
-Mark
 
Mark Latti
Outreach and Communications
Maine Dept of Inland Fisheries & Wildlife
Fisheries and Wildlife Divisions
284 State St, SHS 41
Augusta ME 04333
(207) 287-5216
mefishwildlife.com | facebook | twitter

Correspondence to and from this office is considered a public record and may be subject to a request under the Maine Freedom of Access Act. Information
that you wish to keep confidential should not be included in email correspondence.
 

Canada lynx are found in northern climates that provide boreal spruce/fir forest and deep snow. 
The continuous US marks the southern extent of lynx range.
In 2000, the USFWS listed lynx as Threatened species in Maine and 13 other northern tier
states.
The USFWS concluded in their listing decision in March of 2000 that the status of lynx in
contiguous United States was not a result of over trapping
In fact, Maine’s lynx population has been protected from harvest with closed trapping and

mailto:Mark.Latti@maine.gov
https://maps.google.com/?q=284+State+St&entry=gmail&source=g
http://www.maine.gov/ifw/
http://www.facebook.com/mainefishwildlife
http://www.twitter.com/mefishwildlife


hunting season since 1967. 
This protection in Maine will not change with this delisting recommendation.
The decision to list lynx as Federally Threatened in the lower 48 was due to inadequate
protection of habitat on federal lands
In Maine, habitat for lynx occurs primarily on private land.
Most of northern Maine’s forest is also undeveloped providing a landscape of intact forest with
spruce/fir forest being the predominate forest type (5.7 million acres) . 
At the time of listing, MDIFW, the USFWS, private forest landowners, Universities, and
conservations organizations partnered to learn more about the status of lynx in Maine.
This research indicated that

there was a growing resident lynx population in northern Maine following extensive clear-
cutting of diseased spruce and fir (spruce budworm epizootic)
Forest management on private lands  is compatible with lynx

Within 10 to 15 years following harvest of spruce/fir, these areas grew back into
dense young spruce/fir forest and support high prey numbers. 
These dense stands comprise more than 1/3 of the spruce/fir forest in northern
Maine

 In 2006, there was an estimated  750-1,000 adult lynx in northern Maine. If kittens are included,
the population estimate of lynx in northern Maine approached 1,800.
Since 2006, extensive monitoring of lynx indicates Maine’s lynx population has been expanding
into eastern and western Maine  ( I can provide a graphic if you want).
Not only are lynx found in more places, but lynx sign is encountered more frequently during
surveys.   
After nearly 2 decades of monitoring and research, Maine’s lynx population continues to grow  in
response to an abundance of forested habitat and prey (snowshoe hare).
This commitment to continue to monitor lynx in Maine and share information with private forest
managers will continue post-delisting. 

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Mon Dec 18 2017 09:53:29 GMT-0700 (MST)
To: Ariel Kallenbach <ariel_kallenbach@fws.gov>
Subject: Fwd: update

Hi Ariel! Getting ready to send the updated storyline to Mark - wanted to confirm that you did the
below first. Thanks!
---------- Forwarded message ----------
From: Racey, Meagan <meagan_racey@fws.gov>
Date: Tue, Dec 5, 2017 at 4:56 PM
Subject: Re: update
To: "Latti, Mark" <Mark.Latti@maine.gov>
Cc: Ariel Kallenbach <ariel_kallenbach@fws.gov>

http://usfwsnortheast.wordpress.com/
mailto:meagan_racey@fws.gov
mailto:Mark.Latti@maine.gov
mailto:ariel_kallenbach@fws.gov


Thanks Mark! Adding Ariel - Ariel can you incorporate this into that story outline? Some of the
material might already be in there. 

Mark are you going to use some of the bullets to made additions to the press release? Let me
know if you would prefer me to do that - and maybe a sense of which ones you think are most
important to touch on.

I'll give you a ring Thursday am to touch base on additions & quotes to the news release, and
the QA. I filled Ariel in on the concept of a potential story fully focused on IFW & another partner
or two. If we get the green light, she's game. 

On Tue, Dec 5, 2017 at 4:23 PM, Latti, Mark <Mark.Latti@maine.gov> wrote:
Meagan,
 
I got pulled onto some other stuff today Meagan, so all I have is the bullets from Jen. Let’s touch base
Thursday Morning…
 
-Mark
 
Mark Latti
Outreach and Communications
Maine Dept of Inland Fisheries & Wildlife
Fisheries and Wildlife Divisions
284 State St, SHS 41
Augusta ME 04333
(207) 287-5216
mefishwildlife.com | facebook | twitter

Correspondence to and from this office is considered a public record and may be subject to a request under the Maine Freedom of Access Act. Information
that you wish to keep confidential should not be included in email correspondence.
 

Canada lynx are found in northern climates that provide boreal spruce/fir forest and deep snow. 
The continuous US marks the southern extent of lynx range.
In 2000, the USFWS listed lynx as Threatened species in Maine and 13 other northern tier
states.
The USFWS concluded in their listing decision in March of 2000 that the status of lynx in
contiguous United States was not a result of over trapping
In fact, Maine’s lynx population has been protected from harvest with closed trapping and
hunting season since 1967. 
This protection in Maine will not change with this delisting recommendation.
The decision to list lynx as Federally Threatened in the lower 48 was due to inadequate
protection of habitat on federal lands
In Maine, habitat for lynx occurs primarily on private land.
Most of northern Maine’s forest is also undeveloped providing a landscape of intact forest with
spruce/fir forest being the predominate forest type (5.7 million acres) . 
At the time of listing, MDIFW, the USFWS, private forest landowners, Universities, and
conservations organizations partnered to learn more about the status of lynx in Maine.
This research indicated that

there was a growing resident lynx population in northern Maine following extensive clear-
cutting of diseased spruce and fir (spruce budworm epizootic)
Forest management on private lands  is compatible with lynx

Within 10 to 15 years following harvest of spruce/fir, these areas grew back into
dense young spruce/fir forest and support high prey numbers. 
These dense stands comprise more than 1/3 of the spruce/fir forest in northern
Maine

 In 2006, there was an estimated  750-1,000 adult lynx in northern Maine. If kittens are included,
the population estimate of lynx in northern Maine approached 1,800.
Since 2006, extensive monitoring of lynx indicates Maine’s lynx population has been expanding
into eastern and western Maine  ( I can provide a graphic if you want).

mailto:Mark.Latti@maine.gov
https://maps.google.com/?q=284+State+St&entry=gmail&source=g
http://www.maine.gov/ifw/
http://www.facebook.com/mainefishwildlife
http://www.twitter.com/mefishwildlife


Not only are lynx found in more places, but lynx sign is encountered more frequently during
surveys.   
After nearly 2 decades of monitoring and research, Maine’s lynx population continues to grow  in
response to an abundance of forested habitat and prey (snowshoe hare).
This commitment to continue to monitor lynx in Maine and share information with private forest
managers will continue post-delisting. 

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Kallenbach, Ariel" <ariel_kallenbach@fws.gov>

From: "Kallenbach, Ariel" <ariel_kallenbach@fws.gov>
Sent: Mon Dec 18 2017 09:57:41 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: update

This slipped my mind, will do quickly right now!

On Mon, Dec 18, 2017 at 11:53 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Ariel! Getting ready to send the updated storyline to Mark - wanted to confirm that you did
the below first. Thanks!

---------- Forwarded message ----------
From: Racey, Meagan <meagan_racey@fws.gov>
Date: Tue, Dec 5, 2017 at 4:56 PM
Subject: Re: update
To: "Latti, Mark" <Mark.Latti@maine.gov>
Cc: Ariel Kallenbach <ariel_kallenbach@fws.gov>

Thanks Mark! Adding Ariel - Ariel can you incorporate this into that story outline? Some of the

http://usfwsnortheast.wordpress.com/
http://usfwsnortheast.wordpress.com/
mailto:meagan_racey@fws.gov
mailto:meagan_racey@fws.gov
mailto:Mark.Latti@maine.gov
mailto:ariel_kallenbach@fws.gov


material might already be in there. 

Mark are you going to use some of the bullets to made additions to the press release? Let me
know if you would prefer me to do that - and maybe a sense of which ones you think are most
important to touch on.

I'll give you a ring Thursday am to touch base on additions & quotes to the news release, and
the QA. I filled Ariel in on the concept of a potential story fully focused on IFW & another
partner or two. If we get the green light, she's game. 

On Tue, Dec 5, 2017 at 4:23 PM, Latti, Mark <Mark.Latti@maine.gov> wrote:
Meagan,
 
I got pulled onto some other stuff today Meagan, so all I have is the bullets from Jen. Let’s touch
base Thursday Morning…
 
-Mark
 
Mark Latti
Outreach and Communications
Maine Dept of Inland Fisheries & Wildlife
Fisheries and Wildlife Divisions
284 State St, SHS 41
Augusta ME 04333
(207) 287-5216
mefishwildlife.com | facebook | twitter

Correspondence to and from this office is considered a public record and may be subject to a request under the Maine Freedom of Access Act.
Information that you wish to keep confidential should not be included in email correspondence.
 

Canada lynx are found in northern climates that provide boreal spruce/fir forest and deep
snow. 
The continuous US marks the southern extent of lynx range.
In 2000, the USFWS listed lynx as Threatened species in Maine and 13 other northern tier
states.
The USFWS concluded in their listing decision in March of 2000 that the status of lynx in
contiguous United States was not a result of over trapping
In fact, Maine’s lynx population has been protected from harvest with closed trapping and
hunting season since 1967. 
This protection in Maine will not change with this delisting recommendation.
The decision to list lynx as Federally Threatened in the lower 48 was due to inadequate
protection of habitat on federal lands
In Maine, habitat for lynx occurs primarily on private land.
Most of northern Maine’s forest is also undeveloped providing a landscape of intact forest with
spruce/fir forest being the predominate forest type (5.7 million acres) . 
At the time of listing, MDIFW, the USFWS, private forest landowners, Universities, and
conservations organizations partnered to learn more about the status of lynx in Maine.
This research indicated that

there was a growing resident lynx population in northern Maine following extensive
clear-cutting of diseased spruce and fir (spruce budworm epizootic)
Forest management on private lands  is compatible with lynx

Within 10 to 15 years following harvest of spruce/fir, these areas grew back into
dense young spruce/fir forest and support high prey numbers. 
These dense stands comprise more than 1/3 of the spruce/fir forest in northern
Maine

 In 2006, there was an estimated  750-1,000 adult lynx in northern Maine. If kittens are
included, the population estimate of lynx in northern Maine approached 1,800.
Since 2006, extensive monitoring of lynx indicates Maine’s lynx population has been
expanding into eastern and western Maine  ( I can provide a graphic if you want).
Not only are lynx found in more places, but lynx sign is encountered more frequently during

mailto:Mark.Latti@maine.gov
https://maps.google.com/?q=284+State+St&entry=gmail&source=g
http://www.maine.gov/ifw/
http://www.facebook.com/mainefishwildlife
http://www.twitter.com/mefishwildlife


surveys.   
After nearly 2 decades of monitoring and research, Maine’s lynx population continues to grow 
in response to an abundance of forested habitat and prey (snowshoe hare).
This commitment to continue to monitor lynx in Maine and share information with private
forest managers will continue post-delisting. 

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Ariel Kallenbach
External Affairs
U.S. Fish and Wildlife Service, Northeast Region
office: 413-253-8592
ariel_kallenbach@fws.gov

http://usfwsnortheast.wordpress.com/
http://usfwsnortheast.wordpress.com/
mailto:ariel_kallenbach@fws.gov


From: Paul Phifer
To: Anna Harris
Cc: Miller, Martin; Spencer Simon; Dave Rothstein
Subject: Re: Lynx 5-yr review: Maine Trapping HCP commitments; Privileged, Do Not Release
Date: Tuesday, December 05, 2017 3:10:59 PM

Thanks

Sent from my iPad

On Dec 5, 2017, at 3:03 PM, Anna Harris <anna_harris@fws.gov> wrote:

Sure, I can do that. I've been talking to him and Jen quite a bit the last couple
days. It's still too early to tell whether or not the lynx can be released back into the
wild. If it can't, then it would be the 3rd take.

Thanks for the info Marty, this is very helpful.

Sent from my iPhone

On Dec 5, 2017, at 2:59 PM, Paul Phifer <paul_phifer@fws.gov> wrote:

Thanks for the good follow up, Marty.  Anna, would you like to get
back to Jim?  I hear a lynx has already been taken this year.  

Sent from my iPad

On Dec 4, 2017, at 5:22 PM, Miller, Martin
<martin_miller@fws.gov> wrote:

Paul - I asked Dave about whether any commitments in
Maine's HCP would extend beyond delisting.  It seems
the question of whether an HCP can be considered a
contract that extends beyond delisting is not clearly
settled.  It would be further complicated if delisting were
to happen before mitigation were to be completed for
actual take.

He advised that I review the HCP and mitigation plan to
look for any language that would indicate an expectation
of commitments extending beyond delisting.  I reviewed
these docs and found nothing.

I also looked at the latest draft of the 5-year review that I
have to see what expectations the delisting
recommendation is based on.  It explains that the Service
expects Maine to continue to protect lynx and manage

mailto:paul_phifer@fws.gov
mailto:anna_harris@fws.gov
mailto:martin_miller@fws.gov
mailto:spencer_simon@fws.gov
mailto:dave_s_rothstein@fws.gov
mailto:anna_harris@fws.gov
mailto:paul_phifer@fws.gov
mailto:martin_miller@fws.gov


for its persistence; it doesn't say anything about the
recommendation being based on specific HCP
commitments.

Dave also mentioned that there may be something in
IFW's agreement with BPL, or in BPL's management
plan, which could have been revised to reflect the HCP
mitigation commitment.  I didn't look at that, but even if
Maine has internally memorialized the HCP
commitments in a way that indicates commitment
beyond delisting, there seems to be nothing we can point
to in the HCP or 5-year review that explicitly says
internal memorializing can't be reversed after delisting.

So, it seems what we can tell Jim Connolly is that there
is some uncertainty about HCP commitments generally,
but their HCP doesn't explicitly commit to measures
beyond delisting, and our 5-year review recommendation
doesn't describe specific reliance on the HCP
commitments.  We told Jim we would get back to him
about this issue.  We should also remind him that the 5-
year review does describe an expectation that Maine will
continue to protect lynx and manage for its persistence. 
Should I contact Jim, or do you or Anna want to do it?

-- 
Martin Miller, Chief, Division of Endangered Species,
Northeast Region, U.S. Fish and Wildlife Service, 300
Westgate Center Drive, Hadley, MA 01035, 413-253-
8615



 
 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 

New Scientific Review Recommends Delisting Removing Federal 
Protections for the Canada Lynx 

Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – Today the U.S. Fish and Wildlife Service (Service) announced the completion of a 
five-year scientific review of the contiguous United States distinct population segment (DPS) of 
the Canada lynx population in the contiguous United States., a species currently listed as 
threatened under the Endangered Species Act (ESA). The review concludes that, thanks to the 
conservation actions of a variety of federal, state, tribal, academic and non-governmental 
partners, the Canada lynx DPS lynx in the lower 48 states may no longer warrant protection 
under the Endangered Species Act (ESA) and should be considered for delisting. 
 
The species was listed as threatened in 2000 largely due to a lack of regulatory mechanisms on 
federal public lands, which is prime habitat for Canada lynx populations. However, since 
receiving ESA protection, most federal land managers throughout the lynx’s range have formally 
amended their management plans and instituted conservation measures to conserve the species.   
 
Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology. Research and monitoring efforts conducted by state and federal 
agencies, tribes and academic institutions,  helped refine biologists’ understanding of habitat 
needs, distributions, population characteristics and potential stressors. 
 
The Service relies on the best available science to inform all decisions. Today’s This five-year 
review was informed by a recently completed Species Status Assessment (SSA) for the lynx 
DPS, which compiled all available scientific information on the historical, current and possible 
future conditions for the DPS. The SSA included input from recognized lynx experts in Canada 
and the United States, as well as a variety of experts in the fields of ecology, genetics, climate 
modeling and habitat management.  
 

News Release 

Comment [GGS1]: See my comment in section 
13 of the comms plan re additional message. 

Comment [GGS2]: Why get technical if we don’t 
have to? 

mailto:robert_segin@fws.gov


A cousin of the common bobcat, the Canada lynx is similar in size but can be distinguished by its 
black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, furry 
paws for hunting snowshoe hares in deep snow. The lynx DPS includes groups of the species 
Lynx populations are found in northern Maine, northeastern Minnesota, northwestern Montana, 
northeastern Idaho, north-central Washington, the Greater Yellowstone area and western 
Colorado. 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS
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Conversation Contents
Lynx outreach on social

Attachments:

/9. Lynx outreach on social/3.1 Kitty.gif
/9. Lynx outreach on social/4.1 Canada Lynx Review Communications Plan - Draft.docx
/9. Lynx outreach on social/4.2 Canada Lynx Review News Release - Draft.docx

"Kallenbach, Ariel" <ariel_kallenbach@fws.gov>

From: "Kallenbach, Ariel" <ariel_kallenbach@fws.gov>
Sent: Wed Dec 13 2017 08:51:32 GMT-0700 (MST)

To:
Keith Shannon <keith_shannon@fws.gov>, Leah Hawthorn
<leah_hawthorn@fws.gov>, Meagan Racey
<meagan_racey@fws.gov>

Subject: Lynx outreach on social

Hi Keith and Leah,

I've compiled a few sources for photos of Canada lynx that we can use for outreach. We are
currently waiting on Region 6 and HQ for word on when the delisting recommendation will be
announced. Meagan will provide the latest. 

In the meantime, here's what I've pulled together!

 Lynx photos

Best,
-- 
Ariel Kallenbach
External Affairs
U.S. Fish and Wildlife Service, Northeast Region
office: 413-253-8592
ariel_kallenbach@fws.gov

"Hawthorn, Leah" <leah_hawthorn@fws.gov>

From: "Hawthorn, Leah" <leah_hawthorn@fws.gov>
Sent: Wed Dec 13 2017 08:56:47 GMT-0700 (MST)
To: "Kallenbach, Ariel" <ariel_kallenbach@fws.gov>

CC: Keith Shannon <keith_shannon@fws.gov>, Meagan Racey
<meagan_racey@fws.gov>

Subject: Re: Lynx outreach on social

https://drive.google.com/drive/folders/1XiGHMH2r-S1iUbFI0o92-uc09VVMwTrC
mailto:ariel_kallenbach@fws.gov


Thank you!

On Wed, Dec 13, 2017 at 10:51 AM, Kallenbach, Ariel <ariel_kallenbach@fws.gov> wrote:
Hi Keith and Leah,

I've compiled a few sources for photos of Canada lynx that we can use for outreach. We are
currently waiting on Region 6 and HQ for word on when the delisting recommendation will be
announced. Meagan will provide the latest. 

In the meantime, here's what I've pulled together!

 Lynx photos

Best,
-- 
Ariel Kallenbach
External Affairs
U.S. Fish and Wildlife Service, Northeast Region
office: 413-253-8592
ariel_kallenbach@fws.gov

-- 
Leah Hawthorn
Public Affairs Assistant
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office 413-253-8249
cell 413-345-1234

Facebook | Twitter | Blog | Instagram 

Of all the paths you take in life, make sure a few of them are dirt.  ~John Muir

"Shannon, Keith" <keith_shannon@fws.gov>

From: "Shannon, Keith" <keith_shannon@fws.gov>
Sent: Wed Dec 13 2017 08:58:51 GMT-0700 (MST)
To: "Hawthorn, Leah" <leah_hawthorn@fws.gov>

CC: "Kallenbach, Ariel" <ariel_kallenbach@fws.gov>, Meagan Racey
<meagan_racey@fws.gov>

Subject: Re: Lynx outreach on social
Attachments: Kitty.gif

mailto:ariel_kallenbach@fws.gov
https://drive.google.com/drive/folders/1XiGHMH2r-S1iUbFI0o92-uc09VVMwTrC
mailto:ariel_kallenbach@fws.gov
https://www.facebook.com/usfwsnortheast
https://twitter.com/USFWSNortheast
https://usfwsnortheast.wordpress.com/
https://www.instagram.com/usfws/


----------------------
Keith Shannon
Northeast Region Digital Strategist
External Affairs/Broadcast & A.V. Services 
Office: 413/253-8496
Cell: 413/658-7451

Find us on Facebook | Twitter | WordPress | Instagram

  

On Wed, Dec 13, 2017 at 10:56 AM, Hawthorn, Leah <leah_hawthorn@fws.gov> wrote:
Thank you!

On Wed, Dec 13, 2017 at 10:51 AM, Kallenbach, Ariel <ariel_kallenbach@fws.gov> wrote:
Hi Keith and Leah,

I've compiled a few sources for photos of Canada lynx that we can use for outreach. We
are currently waiting on Region 6 and HQ for word on when the delisting recommendation
will be announced. Meagan will provide the latest. 

In the meantime, here's what I've pulled together!

 Lynx photos

Best,
-- 
Ariel Kallenbach
External Affairs
U.S. Fish and Wildlife Service, Northeast Region
office: 413-253-8592
ariel_kallenbach@fws.gov

https://www.facebook.com/usfwsnortheast
https://twitter.com/USFWSNortheast
https://usfwsnortheast.wordpress.com/
https://www.instagram.com/usfws/
mailto:leah_hawthorn@fws.gov
mailto:ariel_kallenbach@fws.gov
https://drive.google.com/drive/folders/1XiGHMH2r-S1iUbFI0o92-uc09VVMwTrC
mailto:ariel_kallenbach@fws.gov


-- 
Leah Hawthorn
Public Affairs Assistant
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office 413-253-8249
cell 413-345-1234

Facebook | Twitter | Blog | Instagram 

Of all the paths you take in life, make sure a few of them are dirt.  ~John Muir

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Dec 13 2017 09:01:01 GMT-0700 (MST)
To: "Kallenbach, Ariel" <ariel_kallenbach@fws.gov>

CC: Keith Shannon <keith_shannon@fws.gov>, Leah Hawthorn
<leah_hawthorn@fws.gov>

Subject: Re: Lynx outreach on social

Attachments: Canada Lynx Review Communications Plan - Draft.docx Canada
Lynx Review News Release - Draft.docx

FYI we are coordinating with Maine IFW to have an R5 stepdown of this news release.

On Wed, Dec 13, 2017 at 10:51 AM, Kallenbach, Ariel <ariel_kallenbach@fws.gov> wrote:
Hi Keith and Leah,

I've compiled a few sources for photos of Canada lynx that we can use for outreach. We are
currently waiting on Region 6 and HQ for word on when the delisting recommendation will be
announced. Meagan will provide the latest. 

In the meantime, here's what I've pulled together!

 Lynx photos

Best,
-- 
Ariel Kallenbach
External Affairs
U.S. Fish and Wildlife Service, Northeast Region
office: 413-253-8592
ariel_kallenbach@fws.gov

https://maps.google.com/?q=300+Westgate+Center+Drive+Hadley,+MA+01035office+413&entry=gmail&source=g
https://maps.google.com/?q=300+Westgate+Center+Drive+Hadley,+MA+01035office+413&entry=gmail&source=g
https://maps.google.com/?q=300+Westgate+Center+Drive+Hadley,+MA+01035office+413&entry=gmail&source=g
https://www.facebook.com/usfwsnortheast
https://twitter.com/USFWSNortheast
https://usfwsnortheast.wordpress.com/
https://www.instagram.com/usfws/
mailto:ariel_kallenbach@fws.gov
https://drive.google.com/drive/folders/1XiGHMH2r-S1iUbFI0o92-uc09VVMwTrC
mailto:ariel_kallenbach@fws.gov


-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

http://usfwsnortheast.wordpress.com/


From: Nelson, Marjorie
To: Michael Thabault
Cc: Nicole Alt; Jodi Bush; Justin Shoemaker/R6/FWS/DOI
Subject: Re: Lynx Run through
Date: Wednesday, December 13, 2017 1:03:07 PM

Mike/Nicole: 

Stephanie, Noreen and I spoke after humpback chub.  As a result:

Noreen wants the dry run (you know this)

I've got a the powerpoint from Justin and want to turn it around to Noreen by the end
of the day.  

Let me know if you want to see it before I'm done with it.  
Do you want Justin and/or the field on for this dry run tomorrow as SMEs?

For now, Noreen wants to a case by case call if she wants SMEs on these briefings
for Greg.  Since "keeping the briefings small" was emphasized, having additional
beeps for SMEs to call in might not be received well.  We will regroup based on what
we learn with respect to how we may run subsequent briefings for Greg.

Stephanie wanted me to be the one POC for scheduling briefings for Greg and
moving material to the D's office (or designee if I'm out).  Scheduling of the pre-rec
mtg and the rec mtg and moving material for all that will still remain with the RO POC
(or designee).

Friday afternoon, myself and the branch members who will be most involved in
decisions that involve a briefing for Greg will have a debrief with Stephanie based on
what we learn from lynx that morning and review timelines for upcoming decisions.

I have to take Sarah to an appointment tomorrow early afternoon, so I may not be
back in time for the lynx dry run.

that's all for now,
Marj

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Wed, Dec 13, 2017 at 12:19 PM, Michael Thabault <michael_thabault@fws.gov> wrote:
Probably 2:30 will be enough if fits with Ns calendar.

Michael Thabault
Assistant Regional Director
Ecological Services

mailto:marjorie_nelson@fws.gov
mailto:michael_thabault@fws.gov
mailto:nicole_alt@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:michael_thabault@fws.gov


Mountain Prairie Region

> On Dec 13, 2017, at 2:01 PM, Stephanie Potter <stephanie_potter@fws.gov> wrote:
>
> We can move it to 3:30.
>
> -----Original Message-----
> From: Michael Thabault [mailto:michael_thabault@fws.gov]
> Sent: Wednesday, December 13, 2017 12:00 PM
> To: stephanie_potter@fws.gov
> Cc: Nicole Alt <nicole_alt@fws.gov>; Marjorie Nelson
> <marjorie_nelson@fws.gov>
> Subject: Re: Lynx Run through
>
> I don’t land until 12:30+. Might be a push to get there by 2:00 will try.
>
> Michael Thabault
> Assistant Regional Director
> Ecological Services
> Mountain Prairie Region
>
>> On Dec 13, 2017, at 1:38 PM, "stephanie_potter@fws.gov"
>> <stephanie_potter@fws.gov> wrote:
>>
>> <mime-attachment.ics>

mailto:stephanie_potter@fws.gov
mailto:michael_thabault@fws.gov
mailto:stephanie_potter@fws.gov
mailto:nicole_alt@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:stephanie_potter@fws.gov
mailto:stephanie_potter@fws.gov


Canada lynx (Lynx canadensis) – Contiguous 
U.S. Distinct Population Segment (DPS)

• Listed as threatened in 2000 due to 
potential for impacts to lynx and hare 
habitat on Federal lands

• Nearly all Federal land management plans 
revised to conserve habitat



Recovery Plan Litigation

We were litigated by Rocky Mt. Wild, 
Biodiversity Conservation Alliance, and others 
for failure to complete a recovery plan for the 
Canada lynx DPS.

In 2014 we were ordered to complete a 
recovery plan or make a determination that a 
recovery plan “would not promote the 
conservation the lynx” by Jan 15, 2018. 



Species Status Assessment (SSA) Report

States, USFS, BLM, Tribes, species experts 
contributed to the SSA.

Federal land management plans have been 
revised, thus that threat has been ameliorated.

More lynx in the DPS now than known 
historically; lynx are naturally rare in lower 48. 

Climate change could impact future habitat, 
high uncertainty of when and to what extent.

All five geographic units that currently support 
resident lynx populations are expected to 
continue to do so through mid-century (2050).



5-Year Status Review

We held a recommendation team meeting with Regions 
1, 3, 5, and 6 using a structured process and informed by 
the SSA.

All four regions concurred that the risk of extinction by 
2050 is sufficiently low that the Canada lynx DPS is not 
likely to become endangered throughout all of its range 
within the foreseeable future; thus it is no longer a 
threatened species

We recommend delisting the lynx DPS .  The five year 
status review with this recommendation was signed Nov 
13, 2017



4(f)(1) Determination

Section 4(f)(l) of the Act – Recovery plan required, “unless 
[the Service] finds such a plan will not promote the 
conservation of the species.” 

Given our recommendation to delist the lynx DPS due to 
recovery, a recovery plan is not would not promote the 
conservation of the species.

4(f)(1) determination would fulfill our obligations under 
the 2014 Court order.



Next steps

Communications plan to address all 
moving parts

Announce SSA Report, 5-Year Review 
and 4(f)(1) determination to partners 
and public

Court order deadline – Jan 15, 2018

Pending Director approval of the 
4(f)(1) determination, DOJ will file 
motion with the Court (other lynx 
cases affected)



From: Nelson, Marjorie
To: Shoemaker, Justin
Cc: Leslie Ellwood; Nicole Alt; Michael Thabault; Jodi Bush
Subject: Re: Friday"s briefing
Date: Wednesday, December 13, 2017 2:41:34 PM
Attachments: Canada Lynx DPS briefing for Director_12132017_MN.pptx

I made some edits on the slides and added some comments to the notes - they are in
italics since ppt won't let them be red.

I added Mike et al so they could weigh in, if need be.  

I'd like to get this to RDs office by COB today.

thanks so much for pulling it together  - and call me if you have questions.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Wed, Dec 13, 2017 at 10:22 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Here's a draft presentation for the Director. Let me know if you have suggestions.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Tue, Dec 12, 2017 at 5:17 PM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
Justin,
I had a voicemail from Noreen following this message to focus on the 4(f) memo. 
So, given the full set of directions, how about this:

First part: why it was listed, how those threats were addressed, litigation, overview
of SSA - timeline format
Second part: the decision phase and 5 YSR
3rd part: 4f
4th next steps

All parsed out in less than 10 slides.  Most of the information should be centered
about the 4(f) memo since that's the decision that will be before him - and we
need it signed asap for the court.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

mailto:marjorie_nelson@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:leslie_ellwood@fws.gov
mailto:nicole_alt@fws.gov
mailto:michael_thabault@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov


On Tue, Dec 12, 2017 at 2:10 PM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
Justin,
Here's what Noreen wants for the powerpoint for lynx.
let me know if I can help.

I talked to Maricela and she's going to find out where we need to route the
powerpoint.  She is going to also find out the routing for the 4(f) memo.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

---------- Forwarded message ----------
From: Noreen Walsh <noreen_walsh@fws.gov>
Date: Tue, Dec 12, 2017 at 2:05 PM
Subject: Friday's briefing
To: Michael Thabault <michael_thabault@fws.gov>, nicole_alt@fws.gov, Marjorie
Nelson <marjorie_nelson@fws.gov>
Cc: Stephanie Potter <stephanie_potter@fws.gov>, Matt Hogan
<matt_hogan@fws.gov>

Hey all,

 

Stephanie was telling me about the questions about the lynx briefing on Friday based on
our new HQ guidance. 

 

I will kick it off,  I will then turn to Mike to lead it.  The HQ memo suggests we not
have a large number of speakers.

 

I wasn’t asking for a ppt………but it seems as if the memo is………so I understand
Marj is putting together a few “just the facts slides”?   We probably just need key words;
does not need to be artistic.  I envision something like:  why it was listed, how those
threats were addressed, overview of SSA and cross regional process that led to
consensus recommendation, what that recommendation is and why we came to it, our
thoughts on communication needs when this rolls out, and next steps. 

 

Questions or concerns – just holler at me.

 

mailto:marjorie_nelson@fws.gov
mailto:noreen_walsh@fws.gov
mailto:michael_thabault@fws.gov
mailto:nicole_alt@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:stephanie_potter@fws.gov
mailto:matt_hogan@fws.gov


Thanks,

 

Noreen

 

 

 

 

 

 

Noreen Walsh

Regional Director

Mountain-Prairie Region

U. S. Fish and Wildlife Service

303 236 7920

 



Canada lynx (Lynx canadensis) – Contiguous 
U.S. Distinct Population Segment (DPS)

Listed as threatened in 2000 due to 
potential for impacts to lynx and hare 
habitat on Federal lands.

Nearly all Federal land management 
plans now revised to conserve habitat.



Recovery Plan Litigation

We were litigated by Rocky Mt. Wild, 
Biodiversity Conservation Alliance, and others 
for failure to complete a recovery plan for the 
Canada lynx DPS.

In 2014 we were ordered to complete a 
recovery plan or make a determination that a 
recovery plan “would not promote the 
conservation the lynx” by Jan 15, 2018. 



Species Status Assessment (SSA) Report

States, USFS, and academic partners contributed to 
and reviewed the SSA; Tribes also invited to 
participate.

Federal land management plans have been revised, 
thus that threat has been ameliorated.

More lynx in the DPS now than known historically; 
lynx are naturally rare in lower 48. 

Climate change could impact future habitat, high 
uncertainty of when and to what extent.

All five geographic units that currently support 
resident lynx populations are expected to continue 
to do so through mid-century (2050).



5-Year Status Review

We held a recommendation team meeting with 
Regions 1, 3, 5, and 6 using a structured process 
and informed by the SSA.

All four regions concurred that the risk of 
extinction by 2050 is sufficiently low that the 
Canada lynx DPS is not likely to become 
endangered throughout all of its range within 
the foreseeable future; thus it is no longer a 
threatened species.

We recommend delisting the lynx DPS.  The five 
year status review with this recommendation 
was signed Nov 13, 2017.



4(f)(1) Determination

Section 4(f)(l) of the Act – Recovery plan required, 
“unless [the Service] finds such a plan will not 
promote the conservation of the species.” 

Given our recommendation to delist the lynx DPS 
due to recovery, a recovery plan would not promote 
the conservation of the species.

4(f)(1) determination would fulfill our obligations 
under the 2014 Court order.



Next steps

• Communications plan to 
address all moving parts

• Announce SSA Report, 5-YSR 
and 4(f)(1) determination to 
partners and public

• Court order deadline – Jan 15, 
2018

• Pending Director approval of 
the 4(f)(1) determination, DOJ 
will file motion with the Court



Interested Parties

Expected to be supportive:
Forest Service, Bureau of Land Management, 
National Park Service, State wildlife and natural 
resources management agencies, AFWA, WAFWA, 
State governments (especially Maine, Montana, 
Idaho, and Wyoming), Tribes.

Likely to be opposed:
Plaintiffs on Recovery Plan, Critical Habitat, and 
Section 7 litigation; Environmental groups (e.g., 
WildEarth Guardians, Earthjustice, Western 
Watersheds Project, Natural Resources Defense 
Council, Center for Biological Diversity, and Sierra 
Club, among others); State of Washington (lynx is 
state designated as endangered).



From: Shoemaker, Justin
To: Michael Thabault
Cc: Nelson, Marjorie; Leslie Ellwood; Nicole Alt; Jodi Bush; Zelenak, Jim
Subject: Re: Friday"s briefing
Date: Thursday, December 14, 2017 8:26:12 AM
Attachments: Canada Lynx DPS briefing for Director_12142017.pptx

Sorry for the multiple emails here.  I just made some more edits to clarify a few things, added
a few notes to the last slides, and some general cleaning up. 

Saved w/ today's date in the name, this is the latest. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Thu, Dec 14, 2017 at 8:53 AM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Slide 5 fixed. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Thu, Dec 14, 2017 at 6:57 AM, Michael Thabault <michael_thabault@fws.gov> wrote:
Looks good. Weird sentence structure middle of slide 5. 

Michael Thabault
Assistant Regional Director
Ecological Services
Mountain Prairie Region

On Dec 13, 2017, at 5:47 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:

Marj,

Here's a revised presentation w/ comments addressed.  There's a new slide at
the end covering supportive and opposed interested parties. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Wed, Dec 13, 2017 at 3:40 PM, Nelson, Marjorie
<marjorie_nelson@fws.gov> wrote:

I made some edits on the slides and added some comments to the
notes - they are in italics since ppt won't let them be red.

mailto:justin_shoemaker@fws.gov
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I added Mike et al so they could weigh in, if need be.  

I'd like to get this to RDs office by COB today.

thanks so much for pulling it together  - and call me if you have
questions.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Wed, Dec 13, 2017 at 10:22 AM, Shoemaker, Justin
<justin_shoemaker@fws.gov> wrote:

Here's a draft presentation for the Director. Let me know if you have
suggestions.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Tue, Dec 12, 2017 at 5:17 PM, Nelson, Marjorie
<marjorie_nelson@fws.gov> wrote:

Justin,
I had a voicemail from Noreen following this message to focus on
the 4(f) memo.  So, given the full set of directions, how about
this:

First part: why it was listed, how those threats were addressed,
litigation, overview of SSA - timeline format
Second part: the decision phase and 5 YSR
3rd part: 4f
4th next steps

All parsed out in less than 10 slides.  Most of the information
should be centered about the 4(f) memo since that's the decision
that will be before him - and we need it signed asap for the court.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Tue, Dec 12, 2017 at 2:10 PM, Nelson, Marjorie
<marjorie_nelson@fws.gov> wrote:

mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:marjorie_nelson@fws.gov


Justin,
Here's what Noreen wants for the powerpoint for lynx.
let me know if I can help.

I talked to Maricela and she's going to find out where we need
to route the powerpoint.  She is going to also find out the
routing for the 4(f) memo.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

---------- Forwarded message ----------
From: Noreen Walsh <noreen_walsh@fws.gov>
Date: Tue, Dec 12, 2017 at 2:05 PM
Subject: Friday's briefing
To: Michael Thabault <michael_thabault@fws.gov>,
nicole_alt@fws.gov, Marjorie Nelson <marjorie_nelson@fws.gov>
Cc: Stephanie Potter <stephanie_potter@fws.gov>, Matt Hogan
<matt_hogan@fws.gov>

Hey all,

 

Stephanie was telling me about the questions about the lynx briefing
on Friday based on our new HQ guidance. 

 

I will kick it off,  I will then turn to Mike to lead it.  The HQ memo
suggests we not have a large number of speakers.

 

I wasn’t asking for a ppt………but it seems as if the memo is………
so I understand Marj is putting together a few “just the facts slides”? 
 We probably just need key words; does not need to be artistic.  I
envision something like:  why it was listed, how those threats were
addressed, overview of SSA and cross regional process that led to
consensus recommendation, what that recommendation is and why
we came to it, our thoughts on communication needs when this rolls
out, and next steps. 

 

Questions or concerns – just holler at me.

mailto:noreen_walsh@fws.gov
mailto:michael_thabault@fws.gov
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mailto:marjorie_nelson@fws.gov
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Thanks,

 

Noreen

 

 

 

 

 

 

Noreen Walsh

Regional Director

Mountain-Prairie Region

U. S. Fish and Wildlife Service

303 236 7920

 

<Canada Lynx DPS briefing for Director_12132017_MN_JS.pptx>



Canada lynx (Lynx canadensis) – Contiguous 
U.S. Distinct Population Segment (DPS)

• Listed as threatened in 2000 due to 
potential for impacts to lynx and hare 
habitat on Federal lands

• Nearly all Federal land management plans 
revised to conserve habitat



Recovery Plan Litigation

We were litigated by Rocky Mt. Wild, 
Biodiversity Conservation Alliance, and others 
for failure to complete a recovery plan for the 
Canada lynx DPS.

In 2014 we were ordered to complete a 
recovery plan or make a determination that a 
recovery plan “would not promote the 
conservation the lynx” by Jan 15, 2018. 



Species Status Assessment (SSA) Report

States, USFS, BLM, Tribes, species experts 
contributed to the SSA.

Federal land management plans have been 
revised, thus that threat has been ameliorated.

More lynx in the DPS now than known 
historically; lynx are naturally rare in lower 48. 

Climate change could impact future habitat, 
high uncertainty of when and to what extent.

All five geographic units that currently support 
resident lynx populations are expected to 
continue to do so through mid-century (2050).



5-Year Status Review

We held a recommendation team meeting with Regions 
1, 3, 5, and 6 using a structured process and informed by 
the SSA.

All four regions concurred that the risk of extinction by 
2050 is sufficiently low that the Canada lynx DPS is not 
likely to become endangered throughout all of its range 
within the foreseeable future; thus it is no longer a 
threatened species

We recommend delisting the lynx DPS .  The five year 
status review with this recommendation was signed Nov 
13, 2017



4(f)(1) Determination

Section 4(f)(l) of the Act – Recovery plan required, “unless 
[the Service] finds such a plan will not promote the 
conservation of the species.” 

Given our recommendation to delist the lynx DPS due to 
recovery, a recovery plan is not would not promote the 
conservation of the species.

4(f)(1) determination would fulfill our obligations under 
the 2014 Court order.



Next steps

Communications plan to address all 
moving parts

Announce SSA Report, 5-Year Review 
and 4(f)(1) determination to partners 
and public

Court order deadline – Jan 15, 2018

Pending Director approval of the 
4(f)(1) determination, DOJ will file 
motion with the Court



Interested Parties

Expected to be supportive:
Forest Service, Bureau of Land Management, National 
Park Service, State wildlife and natural resources 
management agencies, AFWA, WAFWA, State 
governments (especially Maine, Montana, Idaho, and 
Wyoming), Tribes

Likely to be opposed:
Plaintiffs on Recovery Plan, Critical Habitat, and Section 7 
litigation; Environmental groups (e.g., WildEarth
Guardians, Earthjustice, Western Watersheds Project, 
Natural Resources Defense Council, Center for Biological 
Diversity, and Sierra Club, among others) , State of 
Washington (lynx is state designated as endangered).



From: Nelson, Marjorie
To: Michael Thabault
Cc: Shoemaker, Justin; Leslie Ellwood; Nicole Alt; Jodi Bush; Zelenak, Jim
Subject: Re: Friday"s briefing
Date: Thursday, December 14, 2017 8:31:36 AM
Attachments: Canada Lynx DPS briefing for Director_12132017_MN_JS.pptx

Here's what I took down last night.  I'm sure there will be more edits.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Thu, Dec 14, 2017 at 5:57 AM, Michael Thabault <michael_thabault@fws.gov> wrote:
Looks good. Weird sentence structure middle of slide 5. 

Michael Thabault
Assistant Regional Director
Ecological Services
Mountain Prairie Region

On Dec 13, 2017, at 5:47 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:

Marj,

Here's a revised presentation w/ comments addressed.  There's a new slide at the
end covering supportive and opposed interested parties. 

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Wed, Dec 13, 2017 at 3:40 PM, Nelson, Marjorie
<marjorie_nelson@fws.gov> wrote:

I made some edits on the slides and added some comments to the
notes - they are in italics since ppt won't let them be red.

I added Mike et al so they could weigh in, if need be.  

I'd like to get this to RDs office by COB today.

thanks so much for pulling it together  - and call me if you have
questions.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell
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On Wed, Dec 13, 2017 at 10:22 AM, Shoemaker, Justin
<justin_shoemaker@fws.gov> wrote:

Here's a draft presentation for the Director. Let me know if you have
suggestions.

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Tue, Dec 12, 2017 at 5:17 PM, Nelson, Marjorie
<marjorie_nelson@fws.gov> wrote:

Justin,
I had a voicemail from Noreen following this message to focus on
the 4(f) memo.  So, given the full set of directions, how about this:

First part: why it was listed, how those threats were addressed,
litigation, overview of SSA - timeline format
Second part: the decision phase and 5 YSR
3rd part: 4f
4th next steps

All parsed out in less than 10 slides.  Most of the information
should be centered about the 4(f) memo since that's the decision
that will be before him - and we need it signed asap for the court.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

On Tue, Dec 12, 2017 at 2:10 PM, Nelson, Marjorie
<marjorie_nelson@fws.gov> wrote:

Justin,
Here's what Noreen wants for the powerpoint for lynx.
let me know if I can help.

I talked to Maricela and she's going to find out where we need to
route the powerpoint.  She is going to also find out the routing for
the 4(f) memo.

Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell
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---------- Forwarded message ----------
From: Noreen Walsh <noreen_walsh@fws.gov>
Date: Tue, Dec 12, 2017 at 2:05 PM
Subject: Friday's briefing
To: Michael Thabault <michael_thabault@fws.gov>,
nicole_alt@fws.gov, Marjorie Nelson <marjorie_nelson@fws.gov>
Cc: Stephanie Potter <stephanie_potter@fws.gov>, Matt Hogan
<matt_hogan@fws.gov>

Hey all,

 

Stephanie was telling me about the questions about the lynx briefing on
Friday based on our new HQ guidance. 

 

I will kick it off,  I will then turn to Mike to lead it.  The HQ memo
suggests we not have a large number of speakers.

 

I wasn’t asking for a ppt………but it seems as if the memo is………so
I understand Marj is putting together a few “just the facts slides”?   We
probably just need key words; does not need to be artistic.  I envision
something like:  why it was listed, how those threats were addressed,
overview of SSA and cross regional process that led to consensus
recommendation, what that recommendation is and why we came to it,
our thoughts on communication needs when this rolls out, and next
steps. 

 

Questions or concerns – just holler at me.

 

Thanks,

 

Noreen
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Noreen Walsh

Regional Director

Mountain-Prairie Region

U. S. Fish and Wildlife Service

303 236 7920

 

<Canada Lynx DPS briefing for Director_12132017_MN_JS.pptx>



From: Mogadam, Roya
To: Robert Segin
Cc: Munoz, Anna
Subject: Re: Lynx
Date: Thursday, December 14, 2017 1:10:44 PM

Thanks Steve

On Thu, Dec 14, 2017 at 1:08 PM, Robert Segin <robert_segin@fws.gov> wrote:
Ok

I ll get on it

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell

> On Dec 14, 2017, at 1:05 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:
>
> Steve,
>
> The attached 4f memo will be released at the same time as the SSA for
> Canada lynx, can you please update the Comms Plan, NR, and FAQs
> accordingly?  We need a statement in the Comms Plan that is mirrored in the
> NR regarding not doing a recovery plan.  In the Q&A, we should include the
> question of "why has the Service determined that a recovery plan for canada
> lynx is not needed?"
>
> I am also attaching a ppt that is being used to brief the Principal Deputy
> Director that may be helpful.
>
> We need to get this to HQ by COB, if possible.  Please make all edits in
> track changes so our updates are evident.
>
> Thanks,
> Anna
>
> Anna Muñoz
> Assistant Regional Director - External Affairs
> U.S. Fish and Wildlife Service, Mountain-Prairie Region
> Office: 303-236-4510
> Cell: 720-648-2542
>
> ---------- Forwarded message ----------
> From: Noreen Walsh <noreen_walsh@fws.gov>
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> Date: Tue, Dec 12, 2017 at 2:16 PM
> Subject: FW: Lynx
> To: Anna Munoz <anna_munoz@fws.gov>
> Cc: Michael Thabault <michael_thabault@fws.gov>, nicole_alt@fws.gov,
> Marjorie Nelson <marjorie_nelson@fws.gov>
>
>
> Noreen Walsh
> Regional Director
> Mountain-Prairie Region
> U. S. Fish and Wildlife Service
> 303 236 7920
>
>
> -----Original Message-----
> From: Stephanie Potter [mailto:stephanie_potter@fws.gov]
> Sent: Tuesday, December 12, 2017 7:14 AM
> To: Noreen Walsh
> Subject: Lynx
>
> Hi Noreen,
>
> I scanned this last night but it must have been stuck.  I nearly forgot
> about it!
>
> Kindest,
> Stephanie
> <FW6Scan2Email@fws.gov_20171211_174330.pdf>
> <Canada Lynx DPS briefing for Director_12132017_MN_JS.pptx>

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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From: Mogadam, Roya
To: Robert Segin
Cc: Anna Munoz
Subject: Re: Lynx Updated
Date: Thursday, December 14, 2017 4:19:15 PM

Thanks Steve-

Anna is in a meeting now on lynx

-Roya

On Thu, Dec 14, 2017 at 4:05 PM, Robert Segin <robert_segin@fws.gov> wrote:

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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Canada lynx (Lynx canadensis) – Contiguous 
U.S. Distinct Population Segment (DPS)

Listed as threatened in 2000 due to 
potential for impacts to lynx and hare 
habitat on Federal lands.

Nearly all Federal land management plans 
now revised to conserve habitat.



Recovery Plan Litigation

We were litigated by Rocky Mt. Wild, Biodiversity 
Conservation Alliance, and others for failure to 
complete a recovery plan for the Canada lynx DPS.

In 2014 we were ordered to complete a recovery 
plan or make a determination that a recovery plan 
“would not promote the conservation the lynx” by 
Jan 15, 2018. 



Species Status Assessment (SSA) Report

States, USFS, and academic partners contributed to 
and reviewed the SSA; Tribes also invited to 
participate.

Federal land management plans have been revised, 
thus that threat has been ameliorated.

More lynx in the DPS now than known historically; 
lynx are naturally rare in lower 48. 

Climate change could impact future habitat, high 
uncertainty of when and to what extent.

All five geographic units that currently support 
resident lynx populations are expected to continue 
to do so through mid-century (2050).



5-Year Status Review

We held a recommendation team meeting with 
Regions 1, 3, 5, and 6 using a structured process and 
informed by the SSA.

All four regions concurred that the risk of extinction 
by 2050 is sufficiently low that the Canada lynx DPS 
is not likely to become endangered throughout all of 
its range within the foreseeable future; thus it is no 
longer a threatened species.

In our 5-Year Review, we recommended delisting 
the lynx DPS.



4(f)(1) Determination

Section 4(f)(l) of the Act – Recovery plan required, 
“unless [the Service] finds such a plan will not 
promote the conservation of the species.” 

Given our recommendation to delist the lynx DPS 
due to recovery, a recovery plan would not promote 
the conservation of the species.

4(f)(1) determination would fulfill our obligations 
under the 2014 Court order.



Next steps

• December 29, 2017 
• A semi-annual update on the recovery planning process 

submitted to the Court, in compliance with the Court order.

• Before January 15, 2018
• The 4(f)(1) determination signed by the Director in advance of 

the Court ordered recovery planning deadline. 



Next steps – cont.

• January 15, 2018
• Submit the lynx SSA Report, 5-YSR, and 4(f)(1) determination to 

the Court and plaintiffs. 
• Simultaneously with Court submission conduct outreach



Interested Parties

Expected to be supportive:
Forest Service, Bureau of Land Management, 
National Park Service, State wildlife and natural 
resources management agencies, AFWA, WAFWA, 
State governments (especially Maine, Montana, 
Idaho, and Wyoming), Tribes.

Likely to be opposed:
Plaintiffs on Recovery Plan, Critical Habitat, and 
Section 7 litigation; Environmental groups; State of 
Washington.



From: Shoemaker, Justin
To: Noreen Walsh; Matt Hogan; Michael Thabault; Nicole Alt; Marjorie Nelson; Munoz, Anna; Stephanie Potter; Jodi

Bush; Zelenak, Jim
Subject: Lynx - revised slides for Director briefing
Date: Thursday, December 14, 2017 6:32:51 PM
Attachments: Canada Lynx DPS briefing for Director_12142017 v2.pptx

Team,

Thanks for the input everyone.  This version of the presentation has the revisions we all
discussed this afternoon.  I'll be in early tomorrow morning if anything further is needed. 

Revisions:
Slide 4 - last line revised to read "In our 5-Year Review, we recommended delisting the lynx
DPS."

Slide 6 - Next steps split into two slides w/ detail and timing added

Slide 8 - Last bullet on opposed parties, extra details taken out as suggested

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
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Label: "Meagan Racey Lynx SSA Emails"

Created by:meagan_racey@fws.gov

Total Messages in label:193 (37 conversations)

Created: 01-03-2018 at 07:37 AM



Conversation Contents
Fwd: Do you have some time to chat about Lynx tomorrow morning?

"Hastie, Kyla" <kyla_hastie@fws.gov>

From: "Hastie, Kyla" <kyla_hastie@fws.gov>
Sent: Fri Dec 15 2017 07:21:42 GMT-0700 (MST)

To: Meagan Racey <meagan_racey@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>

CC: Terri Edwards <terri_edwards@fws.gov>

Subject: Fwd: Do you have some time to chat about Lynx tomorrow
morning?

fyi - I just told Anna that if she needs to do call today while I'm out then Meagan and Christine
can be on......  I have an all-day RDT retreat on Monday so not sure I can do it then either - as
soon as I hear from her will share details. 

Kyla
---------- Forwarded message ----------
From: Anna Munoz <anna_munoz@fws.gov>
Date: Fri, Dec 15, 2017 at 9:15 AM
Subject: Re: Do you have some time to chat about Lynx tomorrow morning?
To: Jason Holm <jason_holm@fws.gov>
Cc: Charles Traxler <Charles_Traxler@fws.gov>, "Hastie, Kyla" <kyla_hastie@fws.gov>, Miel
Corbett <Miel_Corbett@fws.gov>

There is a briefing for Greg Sheehan at 9-10 MT and I wanted to touch base with all of you
following the briefing.  Given Kyla’s availability I’m going to look for a time on Monday. We are
going to have to make some edits to the comms package to incorporate the 4f memo and so I
will try to get you a revised draft this afternoon that includes those edits and any issues that
come up during the briefing.  Hang tight for a calendar invite.  

You can definitely invite  your PAOs who are point for this. 

Anna

On Thu, Dec 14, 2017 at 10:43 PM Jason Holm <jason_holm@fws.gov> wrote:
I’m off tomorrow.    If you need someone, I can have Miel call in.   I’m not checking email, so
please send meeting invite directly to her. 

Sent from my iPhone

On Dec 14, 2017, at 3:30 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:

IF so, let me know what times would/won't work.

Anna
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Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

-- 
Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

Terri Edwards <terri_edwards@fws.gov>

From: Terri Edwards <terri_edwards@fws.gov>
Sent: Fri Dec 15 2017 07:53:20 GMT-0700 (MST)
To: "Hastie, Kyla" <kyla_hastie@fws.gov>

CC: Meagan Racey <meagan_racey@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>

Subject: Re: Do you have some time to chat about Lynx tomorrow
morning?

Meagan - let me know if you’d like me to be on. Don’t feel like I need to be :)

Terri Edwards: mobile 413-244-4235

On Dec 15, 2017, at 9:21 AM, Hastie, Kyla <kyla_hastie@fws.gov> wrote:

fyi - I just told Anna that if she needs to do call today while I'm out then Meagan and
Christine can be on......  I have an all-day RDT retreat on Monday so not sure I can
do it then either - as soon as I hear from her will share details. 

Kyla
---------- Forwarded message ----------
From: Anna Munoz <anna_munoz@fws.gov>
Date: Fri, Dec 15, 2017 at 9:15 AM
Subject: Re: Do you have some time to chat about Lynx tomorrow morning?
To: Jason Holm <jason_holm@fws.gov>
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Cc: Charles Traxler <Charles_Traxler@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>, Miel Corbett <Miel_Corbett@fws.gov>

There is a briefing for Greg Sheehan at 9-10 MT and I wanted to touch base with all
of you following the briefing.  Given Kyla’s availability I’m going to look for a time on
Monday. We are going to have to make some edits to the comms package to
incorporate the 4f memo and so I will try to get you a revised draft this afternoon that
includes those edits and any issues that come up during the briefing.  Hang tight for
a calendar invite.  

You can definitely invite  your PAOs who are point for this. 

Anna

On Thu, Dec 14, 2017 at 10:43 PM Jason Holm <jason_holm@fws.gov> wrote:
I’m off tomorrow.    If you need someone, I can have Miel call in.   I’m not checking
email, so please send meeting invite directly to her. 

Sent from my iPhone

On Dec 14, 2017, at 3:30 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:

IF so, let me know what times would/won't work.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

-- 
Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

"Racey, Meagan" <meagan_racey@fws.gov>
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From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Fri Dec 15 2017 07:57:20 GMT-0700 (MST)
To: Terri Edwards <terri_edwards@fws.gov>

CC: "Hastie, Kyla" <kyla_hastie@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>

Subject: Re: Do you have some time to chat about Lynx tomorrow
morning?

ok! I haven't heard anything about a dialogue today but would do my best to be on it. I'm in Mon
too

On Fri, Dec 15, 2017 at 9:53 AM, Terri Edwards <terri_edwards@fws.gov> wrote:
Meagan - let me know if you’d like me to be on. Don’t feel like I need to be :)

Terri Edwards: mobile 413-244-4235

On Dec 15, 2017, at 9:21 AM, Hastie, Kyla <kyla_hastie@fws.gov> wrote:

fyi - I just told Anna that if she needs to do call today while I'm out then Meagan
and Christine can be on......  I have an all-day RDT retreat on Monday so not sure
I can do it then either - as soon as I hear from her will share details. 

Kyla
---------- Forwarded message ----------
From: Anna Munoz <anna_munoz@fws.gov>
Date: Fri, Dec 15, 2017 at 9:15 AM
Subject: Re: Do you have some time to chat about Lynx tomorrow morning?
To: Jason Holm <jason_holm@fws.gov>
Cc: Charles Traxler <Charles_Traxler@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>, Miel Corbett <Miel_Corbett@fws.gov>

There is a briefing for Greg Sheehan at 9-10 MT and I wanted to touch base with
all of you following the briefing.  Given Kyla’s availability I’m going to look for a
time on Monday. We are going to have to make some edits to the comms package
to incorporate the 4f memo and so I will try to get you a revised draft this afternoon
that includes those edits and any issues that come up during the briefing.  Hang
tight for a calendar invite.  

You can definitely invite  your PAOs who are point for this. 

Anna

On Thu, Dec 14, 2017 at 10:43 PM Jason Holm <jason_holm@fws.gov> wrote:
I’m off tomorrow.    If you need someone, I can have Miel call in.   I’m not
checking email, so please send meeting invite directly to her. 

Sent from my iPhone

On Dec 14, 2017, at 3:30 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:

IF so, let me know what times would/won't work.

Anna
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Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

-- 
Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Hastie, Kyla" <kyla_hastie@fws.gov>

From: "Hastie, Kyla" <kyla_hastie@fws.gov>
Sent: Fri Dec 15 2017 08:01:22 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>

CC: Terri Edwards <terri_edwards@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>

Subject: Re: Do you have some time to chat about Lynx tomorrow
morning?

Wendi just popped in - she's been invited to the briefing with Greg S that Noreen is doing so will
let us know if there are any updates also - january timeframe (which I think we already knew)

On Fri, Dec 15, 2017 at 9:57 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:

https://maps.google.com/?q=300+Westgate+Center+DriveHadley,+MA+01035+office:+(413&entry=gmail&source=g
https://maps.google.com/?q=300+Westgate+Center+DriveHadley,+MA+01035+office:+(413&entry=gmail&source=g
https://maps.google.com/?q=300+Westgate+Center+DriveHadley,+MA+01035+office:+(413&entry=gmail&source=g
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ok! I haven't heard anything about a dialogue today but would do my best to be on it. I'm in
Mon too

On Fri, Dec 15, 2017 at 9:53 AM, Terri Edwards <terri_edwards@fws.gov> wrote:
Meagan - let me know if you’d like me to be on. Don’t feel like I need to be :)

Terri Edwards: mobile 413-244-4235

On Dec 15, 2017, at 9:21 AM, Hastie, Kyla <kyla_hastie@fws.gov> wrote:

fyi - I just told Anna that if she needs to do call today while I'm out then Meagan
and Christine can be on......  I have an all-day RDT retreat on Monday so not
sure I can do it then either - as soon as I hear from her will share details. 

Kyla
---------- Forwarded message ----------
From: Anna Munoz <anna_munoz@fws.gov>
Date: Fri, Dec 15, 2017 at 9:15 AM
Subject: Re: Do you have some time to chat about Lynx tomorrow morning?
To: Jason Holm <jason_holm@fws.gov>
Cc: Charles Traxler <Charles_Traxler@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>, Miel Corbett <Miel_Corbett@fws.gov>

There is a briefing for Greg Sheehan at 9-10 MT and I wanted to touch base
with all of you following the briefing.  Given Kyla’s availability I’m going to look
for a time on Monday. We are going to have to make some edits to the comms
package to incorporate the 4f memo and so I will try to get you a revised draft
this afternoon that includes those edits and any issues that come up during the
briefing.  Hang tight for a calendar invite.  

You can definitely invite  your PAOs who are point for this. 

Anna

On Thu, Dec 14, 2017 at 10:43 PM Jason Holm <jason_holm@fws.gov> wrote:
I’m off tomorrow.    If you need someone, I can have Miel call in.   I’m not
checking email, so please send meeting invite directly to her. 

Sent from my iPhone

On Dec 14, 2017, at 3:30 PM, Munoz, Anna <anna_munoz@fws.gov> wrote:

IF so, let me know what times would/won't work.

Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

-- 
Anna Muñoz

Assistant Regional Director - External Affairs
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U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Fri Dec 15 2017 08:11:50 GMT-0700 (MST)
To: "Hastie, Kyla" <kyla_hastie@fws.gov>

CC: Terri Edwards <terri_edwards@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>

Subject: Re: Do you have some time to chat about Lynx tomorrow
morning?

https://maps.google.com/?q=300+Westgate+Center+DriveHadley,+MA+01035+office:+(413&entry=gmail&source=g
https://maps.google.com/?q=300+Westgate+Center+DriveHadley,+MA+01035+office:+(413&entry=gmail&source=g
https://maps.google.com/?q=300+Westgate+Center+DriveHadley,+MA+01035+office:+(413&entry=gmail&source=g
http://usfwsnortheast.wordpress.com/


whew.

On Fri, Dec 15, 2017 at 10:01 AM, Hastie, Kyla <kyla_hastie@fws.gov> wrote:
Wendi just popped in - she's been invited to the briefing with Greg S that Noreen is doing so
will let us know if there are any updates also - january timeframe (which I think we already
knew)

On Fri, Dec 15, 2017 at 9:57 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
ok! I haven't heard anything about a dialogue today but would do my best to be on it. I'm in
Mon too

On Fri, Dec 15, 2017 at 9:53 AM, Terri Edwards <terri_edwards@fws.gov> wrote:
Meagan - let me know if you’d like me to be on. Don’t feel like I need to be :)

Terri Edwards: mobile 413-244-4235

On Dec 15, 2017, at 9:21 AM, Hastie, Kyla <kyla_hastie@fws.gov> wrote:

fyi - I just told Anna that if she needs to do call today while I'm out then
Meagan and Christine can be on......  I have an all-day RDT retreat on
Monday so not sure I can do it then either - as soon as I hear from her will
share details. 

Kyla
---------- Forwarded message ----------
From: Anna Munoz <anna_munoz@fws.gov>
Date: Fri, Dec 15, 2017 at 9:15 AM
Subject: Re: Do you have some time to chat about Lynx tomorrow morning?
To: Jason Holm <jason_holm@fws.gov>
Cc: Charles Traxler <Charles_Traxler@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>, Miel Corbett <Miel_Corbett@fws.gov>

There is a briefing for Greg Sheehan at 9-10 MT and I wanted to touch base
with all of you following the briefing.  Given Kyla’s availability I’m going to look
for a time on Monday. We are going to have to make some edits to the
comms package to incorporate the 4f memo and so I will try to get you a
revised draft this afternoon that includes those edits and any issues that come
up during the briefing.  Hang tight for a calendar invite.  

You can definitely invite  your PAOs who are point for this. 

Anna

On Thu, Dec 14, 2017 at 10:43 PM Jason Holm <jason_holm@fws.gov>
wrote:

I’m off tomorrow.    If you need someone, I can have Miel call in.   I’m not
checking email, so please send meeting invite directly to her. 

Sent from my iPhone

On Dec 14, 2017, at 3:30 PM, Munoz, Anna <anna_munoz@fws.gov>
wrote:

IF so, let me know what times would/won't work.
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Anna

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

-- 
Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

https://maps.google.com/?q=300+Westgate+Center+DriveHadley,+MA+01035+office:+(413&entry=gmail&source=g
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-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

http://usfwsnortheast.wordpress.com/


 
 

 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 

New Scientific Review Recommends Delisting the Canada Lynx 
 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling big cats, is well on 
its way to becoming the next Endangered Species Act success story. 
 
Today the U.S. Fish and Wildlife Service (Service) announced the completion of a five-year 
review of the contiguous United States distinct population segment (DPS) of the Canada lynx, a 
species currently listed under the Endangered Species Act as threatened. The review concludes 
that, thanks to the conservation actions of a variety of federal, state, tribal, academic and non-
governmental partners, the Canada lynx DPS has been successfully conserved to the point that 
the species may no longer require protection under the ESA. 
 
“Working closely with a number of partners, Maine’s research concerning Canada lynx shows 
that the population in Maine is growing and expanding,” said Chandler Woodcock, 
Commissioner, epartment of Inland Fisheries and Wildlife……. “And the research conducted by 
our biologists in conjunction with the USFWS showed modern forest management practices 
compatible with lynx conservation.” 
 
A cousin of the common bobcat, the Canada lynx is similar in size but can be distinguished by its 
black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, furry 
paws for hunting snowshoe hares in deep snow. The lynx DPS includes groups of the species 
found in northern Maine, northeastern Minnesota, northwestern Montana/northeastern Idaho, 
north-central Washington, the Greater Yellowstone area, and western Colorado. 
 
With the majority of lynx habitat occurring on public lands, especially in the West 
the species was listed as threatened in 2000 largely due to a lack of existing regulatory 
mechanisms on federal public lands to ensure the continued conservation of the species. 
However, since receiving Endangered Species Act protection, most federal land managers 

News Release 

mailto:robert_segin@fws.gov


throughout the lynx’s range, as well as states and several private landowners in Maine, have 
formally amended their management plans and instituted conservation measures to conserve the 
lynx.  
 
Providing the Canada lynx protection under the Endangered Species Act also prompted an 
increase in scientific understanding of lynx biology. Research and monitoring efforts conducted 
by state and federal agencies, tribes and academic institutions helped to refine biologists’ 
understanding of habitat needs, distributions, population characteristics, and potential stressors. 
 
In Maine beginning in 1999, IFW began a 12-year telemetry study in northern Aroostook county 
to assess lynx population status, survival and reproductive rates, and behavior. Information 
gathered from this study was instrumental in providing information on lynx biology, habitat 
needs, range, and the ability of Maine’s lynx population to expand. 
 
Lynx research in Maine continues today with the IFW currently tracking radio-collared Canada 
lynx as well as entering the third year of three-year track survey. Preliminary results from the 
current survey effort show that the lynx are occupying a greater percentage of the available 
habitat in Maine  
 
 “Through the stewardship of our partners such as the Maine Forest Products Council and many 
other private landowners, our extensive monitoring of lynx indicates that Maine’s lynx 
population in northern Maine has been expanding into eastern and western Maine,” said 
Woodcock. “Not only are lynx found in more places, but signs of lynx are found more frequently 
during our surveys.” 
 
The Service relies on the best available science to inform all decisions. Today’s five-year review 
was informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, which 
compiled all available scientific information on the historical, current, and possible future 
conditions for the DPS. The SSA included input from recognized lynx experts in Canada and the 
United States, as well as a variety of experts in the fields of ecology, genetics, climate modeling, 
and habitat management, also informed the review.   
 
“After nearly 2 decades of monitoring and research, Maine’s lynx population continues to grow 
in response to an abundance of forested habitat and prey,” said IFW lynx biologist Jen Vashon. 
“We are committed to continued protection and monitoring of lynx in Maine, and sharing 
information with private forest managers “ 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf


information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS
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Conversation Contents
Checking in

Attachments:

/7. Checking in/3.1 20171113_NR_Canada-Lynx-5-year-Review_finaldraft (002) - IFW
additions.docx

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Fri Dec 15 2017 07:26:12 GMT-0700 (MST)
To: "mark.latti" <mark.latti@maine.gov>
Subject: Checking in

Hey Mark! Will you be able to share the updated press release & QA today? It would be good
for me to have it on hand for a call with our leads out west either this afternoon or Monday. 

Thank you!

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Latti, Mark" <Mark.Latti@maine.gov>

From: "Latti, Mark" <Mark.Latti@maine.gov>
Sent: Fri Dec 15 2017 07:46:10 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: RE: Checking in

Meagan the press release is done, just waiting for the OK to share…working on the QA still…
 
-Mark
 
Mark Latti
Outreach and Communications
Maine Dept of Inland Fisheries & Wildlife
Fisheries and Wildlife Divisions
284 State St, SHS 41
Augusta ME 04333

http://usfwsnortheast.wordpress.com/


(207) 287-5216
mefishwildlife.com | facebook | twitter

Correspondence to and from this office is considered a public record and may be subject to a request under the Maine Freedom of Access Act. Information
that you wish to keep confidential should not be included in email correspondence.
 
From: Racey, Meagan [mailto:meagan_racey@fws.gov] 
Sent: Friday, December 15, 2017 9:26 AM
To: Latti, Mark <Mark.Latti@maine.gov>
Subject: Checking in
 
Hey Mark! Will you be able to share the updated press release & QA today? It would be good for me to
have it on hand for a call with our leads out west either this afternoon or Monday. 
 
Thank you!
 
--
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386
 
Check out our blog, Conserving the nature of the Northeast
 

"Latti, Mark" <Mark.Latti@maine.gov>

From: "Latti, Mark" <Mark.Latti@maine.gov>
Sent: Mon Dec 18 2017 07:03:13 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: RE: Checking in

Attachments: 20171113_NR_Canada-Lynx-5-year-Review_finaldraft (002) -
IFW additions.docx

Meagan,
 
Here is a draft of the release. I didn’t use track changes. All the additions by our department are in red.
 
Let me know what you think.
 
-Mark
 
Mark Latti
Outreach and Communications
Maine Dept of Inland Fisheries & Wildlife
Fisheries and Wildlife Divisions
284 State St, SHS 41
Augusta ME 04333
(207) 287-5216
mefishwildlife.com | facebook | twitter

Correspondence to and from this office is considered a public record and may be subject to a request under the Maine Freedom of Access Act. Information
that you wish to keep confidential should not be included in email correspondence.
 
From: Racey, Meagan [mailto:meagan_racey@fws.gov] 
Sent: Friday, December 15, 2017 9:26 AM

http://www.maine.gov/ifw/
http://www.facebook.com/mainefishwildlife
http://www.twitter.com/mefishwildlife
http://usfwsnortheast.wordpress.com/
http://www.maine.gov/ifw/
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To: Latti, Mark <Mark.Latti@maine.gov>
Subject: Checking in
 
Hey Mark! Will you be able to share the updated press release & QA today? It would be good for me to
have it on hand for a call with our leads out west either this afternoon or Monday. 
 
Thank you!
 
--
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386
 
Check out our blog, Conserving the nature of the Northeast
 

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Mon Dec 18 2017 09:53:37 GMT-0700 (MST)
To: "Latti, Mark" <Mark.Latti@maine.gov>
Subject: Re: Checking in

Thanks Mark! I'll circulate with our folks today but looks good to me. 

On Mon, Dec 18, 2017 at 9:03 AM, Latti, Mark <Mark.Latti@maine.gov> wrote:
Meagan,
 
Here is a draft of the release. I didn’t use track changes. All the additions by our department are in red.
 
Let me know what you think.
 
-Mark
 
Mark Latti
Outreach and Communications
Maine Dept of Inland Fisheries & Wildlife
Fisheries and Wildlife Divisions
284 State St, SHS 41
Augusta ME 04333
(207) 287-5216
mefishwildlife.com | facebook | twitter

Correspondence to and from this office is considered a public record and may be subject to a request under the Maine Freedom of Access Act. Information
that you wish to keep confidential should not be included in email correspondence.
 
From: Racey, Meagan [mailto:meagan_racey@fws.gov] 

http://usfwsnortheast.wordpress.com/
mailto:Mark.Latti@maine.gov
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Sent: Friday, December 15, 2017 9:26 AM
To: Latti, Mark <Mark.Latti@maine.gov>
Subject: Checking in
 
Hey Mark! Will you be able to share the updated press release & QA today? It would be good for me to
have it on hand for a call with our leads out west either this afternoon or Monday. 
 
Thank you!
 
--
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386
 
Check out our blog, Conserving the nature of the Northeast
 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Mon Dec 18 2017 10:30:04 GMT-0700 (MST)
To: "Latti, Mark" <Mark.Latti@maine.gov>
Subject: Re: Checking in

We've gotten permission to use a handful of excellent lynx photos from private photographers
and have requested video clips from those interviews done w/ Marcia McKeage and Jen
Vashon, which will have utility in general, but in hopes of preparing some storytelling :) 

Ariel is actually working this week and part of next, so if you got any indications internally of
support, she could get working on a storyline that follows the research and timber industry
collaboration, focused on the state and private industry. 

She would probably just need a phone call w/ Jen to get started -- and everything would be
reviewed through you all. Do you think that would be possible?

This story is another example - https://fws.maps.arcgis.com/apps/Cascade/index.html?
appid=af978821822f4b169d48bbc8eae0db45 - no FWS shield or anything.

On Mon, Dec 18, 2017 at 11:53 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Thanks Mark! I'll circulate with our folks today but looks good to me. 

mailto:Mark.Latti@maine.gov
http://usfwsnortheast.wordpress.com/
http://usfwsnortheast.wordpress.com/
https://fws.maps.arcgis.com/apps/Cascade/index.html?appid=af978821822f4b169d48bbc8eae0db45
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On Mon, Dec 18, 2017 at 9:03 AM, Latti, Mark <Mark.Latti@maine.gov> wrote:

Meagan,

 

Here is a draft of the release. I didn’t use track changes. All the additions by our department are in
red.

 

Let me know what you think.

 

-Mark

 

Mark Latti

Outreach and Communications

Maine Dept of Inland Fisheries & Wildlife
Fisheries and Wildlife Divisions
284 State St, SHS 41
Augusta ME 04333
(207) 287-5216
mefishwildlife.com | facebook | twitter

Correspondence to and from this office is considered a public record and may be subject to a request under the Maine Freedom of Access Act.
Information that you wish to keep confidential should not be included in email correspondence.

 

From: Racey, Meagan [mailto:meagan_racey@fws.gov] 
Sent: Friday, December 15, 2017 9:26 AM
To: Latti, Mark <Mark.Latti@maine.gov>
Subject: Checking in

 

Hey Mark! Will you be able to share the updated press release & QA today? It would be
good for me to have it on hand for a call with our leads out west either this afternoon or
Monday. 

 

Thank you!

 

--

mailto:Mark.Latti@maine.gov
http://www.maine.gov/ifw/
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Meagan Racey

Public affairs specialist

U.S. Fish and Wildlife Service, Northeast Region

(o) 413-253-8558

(c) 413-658-4386

 

Check out our blog, Conserving the nature of the Northeast

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

http://usfwsnortheast.wordpress.com/
http://usfwsnortheast.wordpress.com/
http://usfwsnortheast.wordpress.com/


From: Shoemaker, Justin
To: Noreen Walsh
Cc: Matt Hogan; Michael Thabault; Nicole Alt; Marjorie Nelson; Munoz, Anna; Stephanie Potter; Jodi Bush; Zelenak,

Jim
Subject: Re: Lynx - revised slides for Director briefing
Date: Friday, December 15, 2017 7:42:49 AM

Here's a little more info on 4(f)(1) determinations that might be good to be aware of.

From HQ: We don't make this determination often so have few examples.  The list below identifies the 9 species
(of the 1,600ish listed) for which we have ever made such a determination.  

1. Warbler (=wood), Bachman's (Vermivora bachmanii) R4 
2. Amphipod, Hay's Spring (Stygobromus hayi) R5 
3. Shrimp, Squirrel Chimney Cave (Palaemonetes cummingi) R4 
4. Madtom, Scioto (Noturus trautmani) R3 
5. Trout, Little Kern golden (Oncorhynchus aguabonita whitei) R8 
6. Gooseberry, Miccosukee (Ribes echinellum) R4 
7. Wahane (Pritchardia aylmer-robinsonii)  R1 
8. Jaguarundi, Sinaloan (Herpailurus (=Felis) yagouaroundi tolteca) - R2 - https://ecos.fws.gov/docs/re

covery_plan/Signed%20J.%20exemption%20concurrence%20memo_June_7_2011.pdf
9. Eskimo curlew R7 https://ecos.fws.gov/docs/recovery_plan/Eskimo%20Curlew%2

0Recovery%20Plan%20Exempt%20Memo%20-%201992.pdf

(We did one for jaguar also, but have since drafted a recovery plan.)
  

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Thu, Dec 14, 2017 at 8:30 PM, Noreen Walsh <noreen_walsh@fws.gov> wrote:
Thanks very much Justin. Have a good evening.

On Dec 14, 2017, at 6:32 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:

Team,

Thanks for the input everyone.  This version of the presentation has the
revisions we all discussed this afternoon.  I'll be in early tomorrow
morning if anything further is needed.

Revisions:
Slide 4 - last line revised to read "In our 5-Year Review, we recommended
delisting the lynx DPS."

Slide 6 - Next steps split into two slides w/ detail and timing added

Slide 8 - Last bullet on opposed parties, extra details taken out as
suggested

Justin Shoemaker
Classification and Recovery Biologist
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U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

<Canada Lynx DPS briefing for Director_12142017 v2.pptx>

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

On Thu, Dec 14, 2017 at 8:30 PM, Noreen Walsh <noreen_walsh@fws.gov> wrote:
Thanks very much Justin. Have a good evening.

On Dec 14, 2017, at 6:32 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:

Team,

Thanks for the input everyone.  This version of the presentation has the
revisions we all discussed this afternoon.  I'll be in early tomorrow
morning if anything further is needed.

Revisions:
Slide 4 - last line revised to read "In our 5-Year Review, we recommended
delisting the lynx DPS."

Slide 6 - Next steps split into two slides w/ detail and timing added

Slide 8 - Last bullet on opposed parties, extra details taken out as
suggested

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

<Canada Lynx DPS briefing for Director_12142017 v2.pptx>

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
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On Thu, Dec 14, 2017 at 8:30 PM, Noreen Walsh <noreen_walsh@fws.gov> wrote:
Thanks very much Justin. Have a good evening.

On Dec 14, 2017, at 6:32 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:

Team,

Thanks for the input everyone.  This version of the presentation has the
revisions we all discussed this afternoon.  I'll be in early tomorrow
morning if anything further is needed.

Revisions:
Slide 4 - last line revised to read "In our 5-Year Review, we recommended
delisting the lynx DPS."

Slide 6 - Next steps split into two slides w/ detail and timing added

Slide 8 - Last bullet on opposed parties, extra details taken out as
suggested

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov
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From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: Lynx - revised slides for Director briefing
Date: Friday, December 15, 2017 8:38:34 AM

here ya go.

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Fri, Dec 15, 2017 at 8:35 AM
Subject: Re: Lynx - revised slides for Director briefing
To: "Shoemaker, Justin" <justin_shoemaker@fws.gov>

Looks good Justin,

Couple notes, although I understand if these are too late for changes (and none are critical):

Slide 3, bullet 3 - consider saying "More lynx in the DPS now than suspected historically or when listed;..." - we
didn't and still don't know exactly how many there are or were, either historically or when listed.

Slide 3, bullet 4 - consider "Climate warming expected to reduce future habitat quality and quantity and lynx
numbers; high uncertainty..." 

Slide 3 notes, coordination with partners - consider: "We’ve coordinated very closely w/ States and Federal agencies
throughout the 2+ year development of the SSA, including monthly update calls. Lynx experts from those agencies
and academic partners participated in formal expert elicitation and reviewed the draft SSA report. Tribes were also
invited to participate in EE and to review the draft SSA. 5 independent peer reviewers, 11 states, and 3 Federal
agencies (USFS, BLM, NPS) provided comments on the draft.  We worked w/ AFWA to coordinate State review
process."

Slide 3, notes, last blurb - consider: "Despite future habitat changes expected with continued climate warming
(northward and upslope contraction of boreal forests, favorable snow conditions, and hare populations needed to
support resident populations), lynx are expected to persist to 2050 in Unit 1 (Northern Maine), Unit 2 (Northeastern
Minnesota), Unit 3 (Northwestern Montana/Northeastern Idaho), Unit 4 (North-central Washington), Unit 6
(Colorado).  Unit 5 (GYA) unit does not support lynx currently."

Couple things Mike should have at his disposal:

1. We have only about the southern 2% of the species' breeding distribution in the Lower 48.  At this southern
margin, the habitat conditions (boreal forest, snow, and hare populations) naturally begin to fall apart, becoming
patchy in distribution, and many parts of the DPS range are naturally marginal in terms of their ability to support
resident lynx populations.

2. In Canada and Alaska, lynx have remained widespread and abundant in most places despite 2 centuries of harvest
for international fur markets. Because they are now managed to avoid overexploitation and population declines or
range contractions have not occurred, the lynx has been designated a “species of least concern” in accordance with
the IUCN Red List of Threatened Species.

3. In the DPS currently, there are very likely more resident lynx in Maine and Colorado that occurred historically,
and certainly many more in those places and in Minnesota than we suspected when we listed the DPS in 2000 (we
were uncertain then if Minnesota even had a population).
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4. Among resident lynx populations in the DPS, the only one in which recent declines seem likely is Unit 4 in the
Washington Cascades, where atypically large and intense wildfires over the past 25 years have reduced (perhaps
temporarily) the amount and distribution of habitat and lynx numbers. This led the State of Washington last year to
uplist lynx there from State threatened to endangered.

On Thu, Dec 14, 2017 at 6:32 PM, Shoemaker, Justin <justin_shoemaker@fws.gov> wrote:
Team,

Thanks for the input everyone.  This version of the presentation has the revisions we all
discussed this afternoon.  I'll be in early tomorrow morning if anything further is needed. 

Revisions:
Slide 4 - last line revised to read "In our 5-Year Review, we recommended delisting the lynx
DPS."

Slide 6 - Next steps split into two slides w/ detail and timing added

Slide 8 - Last bullet on opposed parties, extra details taken out as suggested

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
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Canada Lynx 5-Year Review: Questions and Answers 

 

         Q.  What is a five-year review? 

A. A five-year review is a periodic review of the status of species listed under the 
Endangered Species Act (Act).  Its purpose is to ensure that listed species have the 
appropriate level of protection under the law.  

 

       Q.     Why was the Canada lynx distinct population segment (DPS) originally listed? 

A.  At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing 
conservation of lynx habitat. The species was thereby listed as threatened in 2000. 

 
 

        Q. What has changed in regards to existing regulatory mechanisms? 

A. The SSA found that conservation measures and habitat management guidance adopted by 
the U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via 
formally amended or revised management plans or conservation agreements with the 
Service, have substantially addressed the threats to the maintenance of lynx DPS habitat 
conditions and the availability of snowshoe hare and other prey populations for which the 
DPS was listed.   

 
 
 
        Q. Who else did the Service consult with in producing this review? 

A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  

 

 

        Q.  Are there any current threats to the lynx? 

A. The Service and lynx expert panelists agree that the projected effects of a warming 
climate now pose the most significant threat to the lynx DPS.  Although there is great 
uncertainty about the timing and extent of climate-driven impacts, continued warming is 
projected to cause the boreal forest habitats and snow conditions that support populations 



of lynx and its primary food source, the snowshoe hare, to contract northward and to 
higher elevations in the future However, even considering climate change and other 
factors, the Service and lynx experts concluded that all resident lynx populations in the 
DPS are very likely to persist in the near-term (to 2025) and through the middle of the 
century (2050).  Beyond mid-century, uncertainty regarding potential climate-related 
impacts limit confidence in predictions, although we expect lynx habitat and numbers to 
decline throughout the DPS in the future, largely in response to continued climate 
warming. 

 

        Q. When would the lynx be delisted? 

A. There are no immediate plans to delist the lynx.  However, based on this 
recommendation, in the future the Service will promulgate a proposed rule to delist the 
lynx DPS and, based on peer and public review, may move forward with a final rule to 
delist the DPS.  However, delisting would not occur until 30 days after publication of a 
final rule if one is proposed.  Until then, the DPS remains listed as threatened under the 
Act, and the protections and prohibitions of the Act remain in force.       

 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 
 
A. Section 4(f)(I) of the Act requires the Service to develop and implement recovery 
plans for species listed as endangered or threatened, unless such a plan will not  
promote the conservation of the species. Section 4(f)(l) of the Act requires the Service to 
develop and implement recovery plans for species listed as endangered or threatened, 
“unless [the Service] finds such a plan will not promote the conservation of the species.” 
According to the 2004 draft revised Recovery Planning Guidance jointly developed by 
the Service and the National Marine Fisheries Service, acceptable justifications for an 
exemption from having a recovery plan include: (1) delisting is anticipated due to 
extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in 
which the species would not benefit from a recovery plan.  Because the lynx may no 
longer meet the definition of a threatened species and therefore a recovery plan would not 
promote the conservation of the species, we will not be completing a recovery plan for 
Canada lynx. 
 
 For the lynx DPS, we are seeking concurrence that preparation of a recovery plan will 
not contribute to the conservation of the lynx DPS as defined by the Act, and that 
exemption from recovery planning efforts for the lynx DPS.  In this case, our 
recommendation to delist the lynx DPS due to recovery as described in the lynx DPS 5-
year review (Canada Lynx 5-Year Review 2017, entire). The lynx DPS may no longer 



meet the definition of a threatened species and proposed delisting rule should be prepared 
by the Service negating a recovery plan. 

 



 
 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 

New Scientific Review Recommends Delisting the Canada Lynx 
 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling big cats, is well on 
its way to becoming the next Endangered Species Act success story. 
 
Today the U.S. Fish and Wildlife Service (Service) announced the completion of a five-year 
review of the contiguous United States distinct population segment (DPS) of the Canada lynx, a 
species currently listed under the Endangered Species Act as threatened. The review concludes 
that, thanks to the conservation actions of a variety of federal, state, tribal, academic and non-
governmental partners, the Canada lynx DPS has been successfully conserved to the point that 
the species may no longer require protection under the ESA. Given our recommendation to delist 
the lynx DPS due to recovery, a recovery plan would not promote the conservation of the 
species, and therefore at this time, we will not be completing a recovery plan for Canada lynx.  
 
Conversely, the Service will not be completing a recovery plan for the species. Since preparation 
of a recovery plan will not contribute to the conservation of the lynx DPS as defined by the ESA.  
In this case, our recommendation to delist the lynx DPS due to recovery as described in the lynx 
DPS 5-year review; the lynx DPS may no longer meet the definition of a threatened species.  
Therefore, a proposed delisting rule should be prepared by the Service negating the need for a 
recovery plan. 
 
 
 
A cousin of the common bobcat, the Canada lynx is similar in size but can be distinguished by its 
black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, furry 
paws for hunting snowshoe hares in deep snow. The lynx DPS includes groups of the species 
found in northern Maine, northeastern Minnesota, northwestern Montana/northeastern Idaho, 
north-central Washington, the Greater Yellowstone area, and western Colorado. 
  
With the majority of lynx habitat occurring on public lands, especially in the West 

News Release 
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the species was listed as threatened in 2000 largely due to a lack of existing regulatory 
mechanisms on federal public lands to ensure the continued conservation of the species. 
However, since receiving Endangered Species Act protection, most federal land managers 
throughout the lynx’s range, as well as states and several private landowners in Maine, have 
formally amended their management plans and instituted conservation measures to conserve the 
lynx.  
 
Providing the Canada lynx protection under the Endangered Species Act also prompted an 
increase in scientific understanding of lynx biology. Research and monitoring efforts conducted 
by state and federal agencies, tribes and academic institutions helped to refine biologists’ 
understanding of habitat needs, distributions, population characteristics, and potential stressors. 
 
 
The Service relies on the best available science to inform all decisions. Today’s five-year review 
was informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, which 
compiled all available scientific information on the historical, current, and possible future 
conditions for the DPS. The SSA included input from recognized lynx experts in Canada and the 
United States, as well as a variety of experts in the fields of ecology, genetics, climate modeling, 
and habitat management, also informed the review.   
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision., If, during the rulemaking process, 
we determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 
 
Conversely, the Service will not be completing a recovery plan for the species. Since preparation 
of a recovery plan will not contribute to the conservation of the lynx DPS as defined by the ESA.  
In this case, our recommendation to delist the lynx DPS due to recovery as described in the lynx 
DPS 5-year review; the lynx DPS may no longer meet the definition of a threatened species.  
Therefore, a proposed delisting rule should be prepared by the Service negating the need for a 
recovery plan. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


From: Mogadam, Roya
To: Robert Segin
Cc: Anna Munoz
Subject: Re: Lynx Updated
Date: Friday, December 15, 2017 8:45:06 AM
Attachments: 20171113_NR_Canada-Lynx-5-year-Review_finaldraft_Recoveryplan AMM Edits.docx

Canada Lynx 5-Year Review Communications Plan -Recoveryplaninfo AMMEdits.docx
20171214_QA_Canada-Lynx-5-year-Review AMM edits.docx

Steve-

Please see attached for our edits. 

We took the language you got from ES and crafted it into a message vs. technical jargon, in all
three documents. It is our job, because of our expertise, to distill highly technical information
into clean, clear, and concise messages. The original language was a cut/paste from ES and
while the information is accurate it did not articulate the information in a way that was
understandable. Please clean up all three documents (they are in track changes and have old
comments) so they are in a more final form and do a once over to make sure everything is
formatted correctly and flows from a messaging standpoint. The Q&As also need a heading
and the formatting is off for some reason, maybe a conversion issue from google docs to word.
We are going to use these Q&As as public facing documents so they need the heading format. 

We also will need help with additional edits based on Anna's meeting yesterday. We are
waiting for Jodi and her team to provide us the additional details that will need to be included
in all three documents. Anna and I will send those to you as soon as we get them. Please take
what they send and craft a cleaner message (they are likely sending a timeline maybe even a
table) that explains that this process has been underway for several years. If you need more
context once you see the timeline let me know.

Thanks,
Roya 

On Thu, Dec 14, 2017 at 4:05 PM, Robert Segin <robert_segin@fws.gov> wrote:

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell
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-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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From: Bush, Jodi
To: Thabault, Michael
Subject: Re: Lynx - revised slides for Director briefing
Date: Friday, December 15, 2017 8:57:02 AM

yes.  We will be on although I have to leave around 930 or so to go to meeting on sage grouse.
JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Dec 15, 2017 at 8:53 AM, Thabault, Michael <michael_thabault@fws.gov> wrote:
Got it thanks.  Did you get my other note about being on the call?

Michael Thabault
Assistant Regional Director
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region
303-236-4210
michael_thabault@fws.gov

On Fri, Dec 15, 2017 at 8:47 AM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Couple of specific pieces of information that Jim wanted to make sure you had. JB

1. We have only about the southern 2% of the species' breeding distribution in the
Lower 48.  At this southern margin, the habitat conditions (boreal forest, snow, and hare
populations) naturally begin to fall apart, becoming patchy in distribution, and many parts
of the DPS range are naturally marginal in terms of their ability to support resident lynx
populations.

2. In Canada and Alaska, lynx have remained widespread and abundant in most
places despite 2 centuries of harvest for international fur markets. Because they are
now managed to avoid overexploitation and population declines or range contractions
have not occurred, the lynx has been designated a “species of least concern” in accordance
with the IUCN Red List of Threatened Species.

3. In the DPS currently, there are very likely more resident lynx in Maine and
Colorado that occurred historically, and certainly many more in those places and in
Minnesota than we suspected when we listed the DPS in 2000 (we were uncertain
then if Minnesota even had a population).
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4. Among resident lynx populations in the DPS, the only one in which recent declines
seem likely is Unit 4 in the Washington Cascades, where atypically large and intense
wildfires over the past 25 years have reduced (perhaps temporarily) the amount and
distribution of habitat and lynx numbers. This led the State of Washington last year to
uplist lynx there from State threatened to endangered.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205



Canada lynx (Lynx canadensis) – Contiguous 
U.S. Distinct Population Segment (DPS)

Listed as threatened in 2000 due to 
potential for impacts to lynx and hare 
habitat on Federal lands.

Nearly all Federal land management plans 
now revised to conserve habitat.



Recovery Plan Litigation

We were litigated by Rocky Mt. Wild, Biodiversity 
Conservation Alliance, and others for failure to 
complete a recovery plan for the Canada lynx DPS.

In 2014 we were ordered to complete a recovery 
plan or make a determination that a recovery plan 
“would not promote the conservation the lynx” by 
Jan 15, 2018. 



Species Status Assessment (SSA) Report

States, USFS, and academic partners contributed to 
and reviewed the SSA; Tribes also invited to 
participate.

Federal land management plans have been revised, 
thus that threat has been ameliorated.

More lynx in the DPS now than known historically; 
lynx are naturally rare in lower 48. 

Climate change could impact future habitat, high 
uncertainty of when and to what extent.

All five geographic units that currently support 
resident lynx populations are expected to continue 
to do so through mid-century (2050).



5-Year Status Review

We held a recommendation team meeting with 
Regions 1, 3, 5, and 6 using a structured process and 
informed by the SSA.

All four regions concurred that the risk of extinction 
by 2050 is sufficiently low that the Canada lynx DPS 
is not likely to become endangered throughout all of 
its range within the foreseeable future; thus it is no 
longer a threatened species.

In our 5-Year Review, we recommended delisting 
the lynx DPS.



4(f)(1) Determination

Section 4(f)(l) of the Act – Recovery plan required, 
“unless [the Service] finds such a plan will not 
promote the conservation of the species.” 

Given our recommendation to delist the lynx DPS 
due to recovery, a recovery plan would not promote 
the conservation of the species.

4(f)(1) determination would fulfill our obligations 
under the 2014 Court order.



Next steps

• December 29, 2017 
• A semi-annual update on the recovery planning process 

submitted to the Court, in compliance with the Court order.

• Before January 15, 2018
• The 4(f)(1) determination signed by the Director in advance of 

the Court ordered recovery planning deadline. 



Next steps – cont.

• January 15, 2018
• Submit the lynx SSA Report, 5-YSR, and 4(f)(1) determination to 

the Court and plaintiffs. 
• Simultaneously with Court submission conduct outreach



Interested Parties

Expected to be supportive:
Forest Service, Bureau of Land Management, 
National Park Service, State wildlife and natural 
resources management agencies, AFWA, WAFWA, 
State governments (especially Maine, Montana, 
Idaho, and Wyoming), Tribes.

Likely to be opposed:
Plaintiffs on Recovery Plan, Critical Habitat, and 
Section 7 litigation; Environmental groups; State of 
Washington.



From: Zelenak, Jim
To: Jodi Bush
Subject: Fwd: Lynx - revised slides for Director briefing
Date: Friday, December 15, 2017 8:58:08 AM
Attachments: Canada Lynx DPS briefing for Director_12142017 v2.pptx

---------- Forwarded message ----------
From: Shoemaker, Justin <justin_shoemaker@fws.gov>
Date: Thu, Dec 14, 2017 at 6:32 PM
Subject: Lynx - revised slides for Director briefing
To: Noreen Walsh <noreen_walsh@fws.gov>, Matt Hogan <matt_hogan@fws.gov>, Michael
Thabault <michael_thabault@fws.gov>, Nicole Alt <nicole_alt@fws.gov>, Marjorie Nelson
<marjorie_nelson@fws.gov>, "Munoz, Anna" <anna_munoz@fws.gov>, Stephanie Potter
<stephanie_potter@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, "Zelenak, Jim"
<jim_zelenak@fws.gov>

Team,

Thanks for the input everyone.  This version of the presentation has the revisions we all
discussed this afternoon.  I'll be in early tomorrow morning if anything further is needed. 

Revisions:
Slide 4 - last line revised to read "In our 5-Year Review, we recommended delisting the lynx
DPS."

Slide 6 - Next steps split into two slides w/ detail and timing added

Slide 8 - Last bullet on opposed parties, extra details taken out as suggested

Justin Shoemaker
Classification and Recovery Biologist
U.S. Fish and Wildlife Service, Region 6
Phone: 309-757-5800 x214
Email: justin_shoemaker@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 

New Scientific Review Recommends Delisting Removing Federal 
Protections for the Canada Lynx 

Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – Today the U.S. Fish and Wildlife Service (Service) announced the completion of a 
five-year scientific review of the contiguous United States distinct population segment (DPS) of 
the Canada lynx population in the contiguous United States., a species currently listed as 
threatened under the Endangered Species Act (ESA). The review concludes that, thanks to the 
conservation actions of a variety of federal, state, tribal, academic and non-governmental 
partners, the Canada lynx DPS lynx in the lower 48 states may no longer warrant protection 
under the Endangered Species Act (ESA) and should be considered for delisting. 
 
The species was listed as threatened in 2000 largely due to a lack of regulatory mechanisms on 
federal public lands, which is prime habitat for Canada lynx populations. However, since 
receiving ESA protection, most federal land managers throughout the lynx’s range have formally 
amended their management plans and instituted conservation measures to conserve the species.   
 
Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology. Research and monitoring efforts conducted by state and federal 
agencies, tribes and academic institutions,  helped refine biologists’ understanding of habitat 
needs, distributions, population characteristics and potential stressors. 
 
The Service relies on the best available science to inform all decisions. Today’s This five-year 
review was informed by a recently completed Species Status Assessment (SSA) for the lynx 
DPS, which compiled all available scientific information on the historical, current and possible 
future conditions for the DPS. The SSA included input from recognized lynx experts in Canada 
and the United States, as well as a variety of experts in the fields of ecology, genetics, climate 
modeling and habitat management.  
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A cousin of the common bobcat, the Canada lynx is similar in size but can be distinguished by its 
black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, furry 
paws for hunting snowshoe hares in deep snow. The lynx DPS includes groups of the species 
Lynx populations are found in northern Maine, northeastern Minnesota, northwestern Montana, 
northeastern Idaho, north-central Washington, the Greater Yellowstone area and western 
Colorado. 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
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From: Mogadam, Roya
To: Robert Segin
Cc: Anna Munoz
Subject: Re: Lynx Updated
Date: Friday, December 15, 2017 10:34:48 AM
Attachments: Canada Lynx Review News Release - Draft.docx

Canada Lynx Review Communications Plan - Draft.docx

Hi Steve-

We have a bit of an issue. 

Gavin said he had comments on all these documents and when I looked in DTS it looks like
the comms plan and the news release are pretty different from what you sent to Anna and I to
review. I have attached HQ's versions. Can you please figure out what happened and find a
way to reconcile the two versions? I also do not agree with all of Gavin's edits specifically his
added message about "esa victory" in the comms plan, and the news release Gavin has is
pretty technical and I prefer our news release. My recommendation would be to use Gavin's
comms plan since it is vastly different and add our newest messages into that one and any
other info that we should carry over, and keep our news release and make any applicable (if
they make sense) edits from Gavin's version to ours. Anna will need to reach out to Gavin as
well to let him know that we have this issue. 

We are also still waiting on ES for their info but need to make sure we are all on the same
page.

We will eventually need to share these materials, once finalized by HQ, with the other
Regions and coordinate a call with them to talk about timing.

-Roya

On Fri, Dec 15, 2017 at 8:45 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Steve-

Please see attached for our edits. 

We took the language you got from ES and crafted it into a message vs. technical jargon, in
all three documents. It is our job, because of our expertise, to distill highly technical
information into clean, clear, and concise messages. The original language was a cut/paste
from ES and while the information is accurate it did not articulate the information in a way
that was understandable. Please clean up all three documents (they are in track changes and
have old comments) so they are in a more final form and do a once over to make sure
everything is formatted correctly and flows from a messaging standpoint. The Q&As also
need a heading and the formatting is off for some reason, maybe a conversion issue from
google docs to word. We are going to use these Q&As as public facing documents so they
need the heading format. 

We also will need help with additional edits based on Anna's meeting yesterday. We are
waiting for Jodi and her team to provide us the additional details that will need to be
included in all three documents. Anna and I will send those to you as soon as we get them.
Please take what they send and craft a cleaner message (they are likely sending a timeline
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maybe even a table) that explains that this process has been underway for several years. If
you need more context once you see the timeline let me know.

Thanks,
Roya 

On Thu, Dec 14, 2017 at 4:05 PM, Robert Segin <robert_segin@fws.gov> wrote:

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:robert_segin@fws.gov
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From: Mogadam, Roya
To: Robert Segin
Cc: Anna Munoz
Subject: Re: Lynx Updated
Date: Friday, December 15, 2017 10:44:38 AM

And I would like you to decide whether Gavin's edits make sense in our newest version. If
they do, then incorporate them, if not, notate why please.

On Fri, Dec 15, 2017 at 10:42 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Can you figure out what happened? Our comms plan is very different, the news release not
as much and many of Gavin's edits we already addresses (overly technical). Maybe you
should reach out to Christina?

On Fri, Dec 15, 2017 at 10:40 AM, Robert Segin <robert_segin@fws.gov> wrote:
The version I used was the one I have been working with with Christina?

Are any of his comments on the news release going to be accepted?

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell

On Dec 15, 2017, at 10:35 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Hi Steve-

We have a bit of an issue. 

Gavin said he had comments on all these documents and when I looked in
DTS it looks like the comms plan and the news release are pretty different
from what you sent to Anna and I to review. I have attached HQ's versions.
Can you please figure out what happened and find a way to reconcile the two
versions? I also do not agree with all of Gavin's edits specifically his added
message about "esa victory" in the comms plan, and the news release Gavin
has is pretty technical and I prefer our news release. My recommendation
would be to use Gavin's comms plan since it is vastly different and add our
newest messages into that one and any other info that we should carry over,
and keep our news release and make any applicable (if they make sense) edits
from Gavin's version to ours. Anna will need to reach out to Gavin as well to
let him know that we have this issue. 

We are also still waiting on ES for their info but need to make sure we are all
on the same page.
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We will eventually need to share these materials, once finalized by HQ, with
the other Regions and coordinate a call with them to talk about timing.

-Roya

On Fri, Dec 15, 2017 at 8:45 AM, Mogadam, Roya
<roya_mogadam@fws.gov> wrote:

Steve-

Please see attached for our edits. 

We took the language you got from ES and crafted it into a message vs.
technical jargon, in all three documents. It is our job, because of our
expertise, to distill highly technical information into clean, clear, and
concise messages. The original language was a cut/paste from ES and while
the information is accurate it did not articulate the information in a way that
was understandable. Please clean up all three documents (they are in track
changes and have old comments) so they are in a more final form and do a
once over to make sure everything is formatted correctly and flows from a
messaging standpoint. The Q&As also need a heading and the formatting is
off for some reason, maybe a conversion issue from google docs to word.
We are going to use these Q&As as public facing documents so they need
the heading format. 

We also will need help with additional edits based on Anna's meeting
yesterday. We are waiting for Jodi and her team to provide us the additional
details that will need to be included in all three documents. Anna and I will
send those to you as soon as we get them. Please take what they send and
craft a cleaner message (they are likely sending a timeline maybe even a
table) that explains that this process has been underway for several years. If
you need more context once you see the timeline let me know.

Thanks,
Roya 

On Thu, Dec 14, 2017 at 4:05 PM, Robert Segin <robert_segin@fws.gov>
wrote:

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

mailto:roya_mogadam@fws.gov
mailto:robert_segin@fws.gov


 

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

<Canada Lynx Review News Release - Draft.docx>

<Canada Lynx Review Communications Plan - Draft.docx>

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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From: Zelenak, Jim
To: Nelson, Marjorie
Cc: Jodi Bush; Justin Shoemaker/R6/FWS/DOI
Subject: Re: timeline for proposed rule for lynx
Date: Friday, December 15, 2017 11:19:09 AM

Doesn't seem unreasonable to me, but I'll rely on the others (Jodi and Justin) who have experience in these things.

I would hope that having the SSA would facilitate a quick proposed rule (though I suspect there may be lots of
devils in the details).  I will note that a year from proposed to final rule seemed necessary for critical habitat
(hearings, peer and public comments and response to them, RSOL review, etc.), and this will likely be trickier and I
suspect we will have a whole lot more public comment to respond to than we did for CH.

I think the rule timeline could also, potentially, be influenced by what litigation avenue(s) the recovery plan
plaintiffs may have. I understand that SSAs and 5-year reviews are generally held to be non-litigable because they
are not agency actions/decisions; not sure where a 4(f)(1) falls on that spectrum.  Is it possible the court could reject
the 4(f)(1) and order us to proceed with a recovery plan anyway?

On Fri, Dec 15, 2017 at 10:44 AM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:
Let's talk about the timeline to a proposed rule.  

Given the general direction of a proposed rule within 12 mo of 5 YSR decision and
given that we have the complication of the 4 (f) and court decision, Mike and I were
thinking proposed rule in Jan 2019, final in 2020.

What do you think?
Marj
Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

mailto:jim_zelenak@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:marjorie_nelson@fws.gov
mailto:jim_zelenak@fws.gov


From: Mogadam, Roya
To: Robert Segin
Cc: Anna Munoz
Subject: Re: Lynx Updated
Date: Friday, December 15, 2017 12:18:55 PM

Thanks Steve-

For the OpEd, can you work with Mike and folks on the outline?

-Roya

On Fri, Dec 15, 2017 at 12:12 PM, Robert Segin <robert_segin@fws.gov> wrote:

Edited and merged our stuff with HQ.  Not too many edits.  In TT

 

From: Munoz, Anna [mailto:anna_munoz@fws.gov] 
Sent: Friday, December 15, 2017 11:05 AM
To: Mogadam, Roya
Cc: Robert Segin
Subject: Re: Lynx Updated

 

Thanks for working on this.  I need a revised version by 3:00 p.m. today so I can review and
send to the other EA-ARDs in the lynx range.  I also need to discuss the outcome of our
recent call with HQ and additional TPs and Q&As that need to be included.  I will be
forwarding an email from Noreen with one of the questions we need to include, but I also
want to get on the phone to discuss the rest of the feedback.  Roya is in a meeting right now
and I have to leave at noon, so let's plan for a call at 11:30.  In summary we need the
following:

 

We need to provide a greater context for the scope of this effort.  Jodi and Jim will be
providing a timeline shortly, but in general, we need to emphasize that this
recommendation is the result of almost 20 years of working in partnership with state,
federal, tribal, and other land managers on the conservation of this species.
We need to emphasize that our decision is based on the best available science.
We need to have a concise, non-technical TP regarding how we considered climate
change and that we acknowledge that climate change there will be some effects of
climate change on the DPS, the best available science indicates it will not have a
significant effect on the DPS in the lower 48 within the foreseeable future.
We need a TP re: the fact that the DPS represents the southern edge of the Canada
Lynx range and that these populations have always ebbed and waned based on habitat
conditions.
We also need to work with ES to develop an Op-ED.
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I can provide more detail during our call.

 

Anna

 

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

 

On Fri, Dec 15, 2017 at 10:42 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Can you figure out what happened? Our comms plan is very different, the news release not
as much and many of Gavin's edits we already addresses (overly technical). Maybe you
should reach out to Christina?

 

On Fri, Dec 15, 2017 at 10:40 AM, Robert Segin <robert_segin@fws.gov> wrote:

The version I used was the one I have been working with with Christina?

 

Are any of his comments on the news release going to be accepted?

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

Lakewood, CO

303-236-4578

720-355-5042 Cell
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On Dec 15, 2017, at 10:35 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Hi Steve-

 

We have a bit of an issue. 

 

Gavin said he had comments on all these documents and when I looked in DTS
it looks like the comms plan and the news release are pretty different from what
you sent to Anna and I to review. I have attached HQ's versions. Can you please
figure out what happened and find a way to reconcile the two versions? I also
do not agree with all of Gavin's edits specifically his added message about "esa
victory" in the comms plan, and the news release Gavin has is pretty technical
and I prefer our news release. My recommendation would be to use Gavin's
comms plan since it is vastly different and add our newest messages into that
one and any other info that we should carry over, and keep our news release and
make any applicable (if they make sense) edits from Gavin's version to ours.
Anna will need to reach out to Gavin as well to let him know that we have this
issue. 

 

We are also still waiting on ES for their info but need to make sure we are all on
the same page.

 

We will eventually need to share these materials, once finalized by HQ, with the
other Regions and coordinate a call with them to talk about timing.

 

-Roya

 

On Fri, Dec 15, 2017 at 8:45 AM, Mogadam, Roya
<roya_mogadam@fws.gov> wrote:

Steve-

 

Please see attached for our edits. 

 

We took the language you got from ES and crafted it into a message vs.
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technical jargon, in all three documents. It is our job, because of our expertise,
to distill highly technical information into clean, clear, and concise messages.
The original language was a cut/paste from ES and while the information is
accurate it did not articulate the information in a way that was understandable.
Please clean up all three documents (they are in track changes and have old
comments) so they are in a more final form and do a once over to make sure
everything is formatted correctly and flows from a messaging standpoint. The
Q&As also need a heading and the formatting is off for some reason, maybe a
conversion issue from google docs to word. We are going to use these Q&As as
public facing documents so they need the heading format. 

 

We also will need help with additional edits based on Anna's meeting yesterday.
We are waiting for Jodi and her team to provide us the additional details that
will need to be included in all three documents. Anna and I will send those to
you as soon as we get them. Please take what they send and craft a cleaner
message (they are likely sending a timeline maybe even a table) that explains
that this process has been underway for several years. If you need more context
once you see the timeline let me know.

 

Thanks,

Roya 

 

On Thu, Dec 14, 2017 at 4:05 PM, Robert Segin <robert_segin@fws.gov>
wrote:

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

 

mailto:robert_segin@fws.gov


--

Roya Mogadam

Deputy Assistant Regional Director, External Affairs

Mountain-Prairie Region

U.S. Fish and Wildlife Service

134 Union Boulevard

Lakewood, CO 80228

 

Roya_Mogadam@fws.gov

(303) 236-4572

 

 

 

 

--

Roya Mogadam

Deputy Assistant Regional Director, External Affairs

Mountain-Prairie Region

U.S. Fish and Wildlife Service

134 Union Boulevard

Lakewood, CO 80228

 

Roya_Mogadam@fws.gov

(303) 236-4572
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<Canada Lynx Review News Release - Draft.docx>

<Canada Lynx Review Communications Plan - Draft.docx>

 

--

Roya Mogadam

Deputy Assistant Regional Director, External Affairs

Mountain-Prairie Region

U.S. Fish and Wildlife Service

134 Union Boulevard

Lakewood, CO 80228

 

Roya_Mogadam@fws.gov

(303) 236-4572

 

 

 

 

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
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U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling big cats, is well on 
its way to becoming the next Endangered Species Act success story. 
 
The oday the U.S. Fish and Wildlife Service is announcing announced the completion of a five-
year scientific review of the Canada lynx distinct population segment (DPS) in the contiguous 
United States. The review concludes that, the Canada lynx in the lower 48 states may no longer 
warrant protection under the Endangered Species Act (ESA) and should be considered for 
delisting.  This recommendation is the result of almost 20 years of working in partnership with 
state, federal, tribal, and other land managers on the conservation of this species. Given our 
recommendation to delist the lynx DPS due to recovery, a recovery plan would not promote the 
conservation of the species, and therefore at this time, we will not be completing a recovery plan 
for Canada lynx. 
 
The species was listed as threatened in 2000 largely due to a lack of regulatory mechanisms on 
federal public lands, which is prime habitat for Canada lynx populations. However, since 
receiving ESA protection, most federal land managers throughout the lynx’s range have formally 
amended their management plans and instituted conservation measures to conserve the species.   
 
Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology. Research and monitoring efforts conducted by state and federal 
agencies, tribes and academic institutions,  helped refine biologists’ understanding of habitat 
needs, distributions, population characteristics and potential stressors. 
 
The Service relies on the best available science to inform all decisions. This five-year review was 
informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, which 

News Release 
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compiled all available scientific information on the historical, current and possible future 
conditions for the DPS. The SSA included input from recognized lynx experts in Canada and the 
United States, as well as a variety of experts in the fields of ecology, genetics, climate modeling 
and habitat management.  
 
A cousin of the common bobcat, the Canada lynx is similar in size but can be distinguished by its 
black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, furry 
paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in northern 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, the Greater Yellowstone area and western Colorado. 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media channels: 
Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


 
 
 
 
 
 
 
 

 
Q.  Why does the Service believe listing is no longer warranted for lynx?   
 
A.  Federal land management changes have adequately protected the species habitat against the 
primary threats that led to listing and will ensure that the species will remain resilient in the 
foreseeable future, even in the face of climate change.  We’ve also learned that land management 
changes in ME have led to historically high numbers of the species.  Those numbers may 
moderate with forest succession but our analysis suggests resiliency for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  

 
Q.  What are the effects of Climate Change on the lynx? 
 
A. The Service and lynx expert panelists agree, although minimal, the projected effects of a 
warming climate now pose the most significant threat to the lynx DPS.  Although there is great 
uncertainty about the timing and extent of climate-driven impacts, continued warming is 
projected to cause the boreal forest habitats and snow conditions that support populations of lynx 
and its primary food source, the snowshoe hare, to contract northward and to higher elevations in 

Frequently Asked Questions 
Canada Lynx 5-Year Review 

 



the future.  However, even considering climate change and its potential impacts, the Service and 
lynx experts concluded that the best available science indicates it will not have a significant 
effect on the DPS in the lower 48 within the foreseeable future. 
 
Q. Do lynx population numbers normally fluctuate? 
 
A. The fact that the DPS represents the southern edge of the Canada Lynx range and that these 
populations have always ebbed and waned based on habitat conditions.  NEED A BIT MORE 
 
Q. When would the lynx be delisted? 
 
A. There are no immediate plans to delist the lynx.  However, based on this recommendation, in 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 

 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 

 
  
 
 



From: Robert Segin
To: jim_zelenak@fws.gov; jodi_bush@fws.gov
Subject: Fwd: Lynx Updated
Date: Friday, December 15, 2017 12:37:39 PM
Attachments: Untitled attachment 01242.htm

Lynx FAQ121517.docx
Canada Lynx Newsrelease R6_HQ edit merged121517 Draft.docx
Untitled attachment 01245.htm

Good Afternoon

Can you please look at the questions and answers there are a few things we need to flesh out in
regards to climate change and  they are highlighted in yellow.

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell

Begin forwarded message:

From: Robert Segin <robert_segin@fws.gov>
Date: December 15, 2017 at 12:00:43 PM MST
To: Anna Munoz <anna_munoz@fws.gov>, Roya Mogadam
<roya_mogadam@fws.gov>
Subject: RE: Lynx Updated

I edited the NR to include our original and Gavins edits.  Most made sense but I added
back in DPS and reordered some of the flow.   You can see the highlights.   Also
updated Q &A’s added some questions which Jim/Jodi should be able to finish building
out.   I ‘ll send them to them. 
 
Working on Comms plan. 
 
From: Munoz, Anna [mailto:anna_munoz@fws.gov] 
Sent: Friday, December 15, 2017 11:05 AM
To: Mogadam, Roya
Cc: Robert Segin
Subject: Re: Lynx Updated
 
Thanks for working on this.  I need a revised version by 3:00 p.m. today so I can
review and send to the other EA-ARDs in the lynx range.  I also need to discuss
the outcome of our recent call with HQ and additional TPs and Q&As that need to
be included.  I will be forwarding an email from Noreen with one of the questions
we need to include, but I also want to get on the phone to discuss the rest of the
feedback.  Roya is in a meeting right now and I have to leave at noon, so let's plan

mailto:robert_segin@fws.gov
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for a call at 11:30.  In summary we need the following:
 

We need to provide a greater context for the scope of this effort.  Jodi and
Jim will be providing a timeline shortly, but in general, we need to
emphasize that this recommendation is the result of almost 20 years of
working in partnership with state, federal, tribal, and other land managers
on the conservation of this species.
We need to emphasize that our decision is based on the best available
science.
We need to have a concise, non-technical TP regarding how we considered
climate change and that we acknowledge that climate change there will be
some effects of climate change on the DPS, the best available science
indicates it will not have a significant effect on the DPS in the lower 48
within the foreseeable future.
We need a TP re: the fact that the DPS represents the southern edge of the
Canada Lynx range and that these populations have always ebbed and
waned based on habitat conditions.
We also need to work with ES to develop an Op-ED.

 
I can provide more detail during our call.
 
Anna
 

Anna Muñoz
Assistant Regional Director - External Affairs
U.S. Fish and Wildlife Service, Mountain-Prairie Region
Office: 303-236-4510
Cell: 720-648-2542
 
On Fri, Dec 15, 2017 at 10:42 AM, Mogadam, Roya <roya_mogadam@fws.gov>
wrote:
Can you figure out what happened? Our comms plan is very different, the news
release not as much and many of Gavin's edits we already addresses (overly
technical). Maybe you should reach out to Christina?
 
On Fri, Dec 15, 2017 at 10:40 AM, Robert Segin <robert_segin@fws.gov> wrote:
The version I used was the one I have been working with with Christina?
 
Are any of his comments on the news release going to be accepted?

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell
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On Dec 15, 2017, at 10:35 AM, Mogadam, Roya <roya_mogadam@fws.gov>
wrote:

Hi Steve-
 
We have a bit of an issue. 
 
Gavin said he had comments on all these documents and when I
looked in DTS it looks like the comms plan and the news release are
pretty different from what you sent to Anna and I to review. I have
attached HQ's versions. Can you please figure out what happened and
find a way to reconcile the two versions? I also do not agree with all
of Gavin's edits specifically his added message about "esa victory" in
the comms plan, and the news release Gavin has is pretty technical
and I prefer our news release. My recommendation would be to use
Gavin's comms plan since it is vastly different and add our newest
messages into that one and any other info that we should carry over,
and keep our news release and make any applicable (if they make
sense) edits from Gavin's version to ours. Anna will need to reach out
to Gavin as well to let him know that we have this issue. 
 
We are also still waiting on ES for their info but need to make sure
we are all on the same page.
 
We will eventually need to share these materials, once finalized by
HQ, with the other Regions and coordinate a call with them to talk
about timing.
 
-Roya
 
On Fri, Dec 15, 2017 at 8:45 AM, Mogadam, Roya
<roya_mogadam@fws.gov> wrote:
Steve-
 
Please see attached for our edits. 
 
We took the language you got from ES and crafted it into a message
vs. technical jargon, in all three documents. It is our job, because of
our expertise, to distill highly technical information into clean, clear,
and concise messages. The original language was a cut/paste from ES
and while the information is accurate it did not articulate the
information in a way that was understandable. Please clean up all
three documents (they are in track changes and have old comments)
so they are in a more final form and do a once over to make sure
everything is formatted correctly and flows from a messaging
standpoint. The Q&As also need a heading and the formatting is off
for some reason, maybe a conversion issue from google docs to word.
We are going to use these Q&As as public facing documents so they
need the heading format. 
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We also will need help with additional edits based on Anna's meeting
yesterday. We are waiting for Jodi and her team to provide us the
additional details that will need to be included in all three documents.
Anna and I will send those to you as soon as we get them. Please take
what they send and craft a cleaner message (they are likely sending a
timeline maybe even a table) that explains that this process has been
underway for several years. If you need more context once you see
the timeline let me know.
 
Thanks,
Roya 
 
On Thu, Dec 14, 2017 at 4:05 PM, Robert Segin
<robert_segin@fws.gov> wrote:
 
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

 
--
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228
 
Roya_Mogadam@fws.gov
(303) 236-4572
 
 
 

 
--
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228
 
Roya_Mogadam@fws.gov
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(303) 236-4572
 
 
 
<Canada Lynx Review News Release - Draft.docx>
<Canada Lynx Review Communications Plan - Draft.docx>

 
--
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228
 
Roya_Mogadam@fws.gov
(303) 236-4572
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From: Jodi Bush
To: Nelson, Marjorie
Cc: Justin Shoemaker/R6/FWS/DOI; Jim Zelenak
Subject: Re: timeline for proposed rule for lynx
Date: Friday, December 15, 2017 12:46:39 PM

My only concern would be any litigation response that we will need to have and how that
might affect drafting a rule.  And the timeline.  For instance, the GB litigation stuff has been a
huge workload on top of other work. JB 

Sent from my iPhone

On Dec 15, 2017, at 10:44 AM, Nelson, Marjorie <marjorie_nelson@fws.gov> wrote:

Let's talk about the timeline to a proposed rule.  

Given the general direction of a proposed rule within 12 mo of 5 YSR
decision and given that we have the complication of the 4 (f) and court
decision, Mike and I were thinking proposed rule in Jan 2019, final in
2020.

What do you think?
Marj
Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell
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From: Jodi Bush
To: Robert Segin
Cc: Michael Thabault; marjorie_nelson@fws.gov; jim_zelenak@fws.gov; roya_mogadam@fws.gov; Anna Munoz;

Justin Shoemaker
Subject: Re: Lynx Op-Ed
Date: Friday, December 15, 2017 12:48:05 PM

Could we maybe have a call (like Monday),  where we come up with the
main ideas and then you take a stab at drafting?  JB

Sent from my iPhone

> On Dec 15, 2017, at 12:41 PM, Robert Segin <robert_segin@fws.gov> wrote:
>
> Good afternoon ES Team,
>
>
> The plan is to do an op Ed on the lynx  five year and wanted to know
> how you would like to proceed?
>
> Would you like me to draft a rough cut/outline and then we can go from there?
>
>
> Steve Segin
> Public Affairs Officer
> U.S. Fish and Wildlife Service
> Lakewood, CO
> 303-236-4578
> 720-355-5042 Cell
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From: Robert Segin
To: Jodi Bush
Cc: Michael Thabault; marjorie_nelson@fws.gov; jim_zelenak@fws.gov; roya_mogadam@fws.gov; Anna Munoz;

Justin Shoemaker
Subject: Re: Lynx Op-Ed
Date: Friday, December 15, 2017 1:11:51 PM

I think that would be great.

Just need to figure out a time.

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell

> On Dec 15, 2017, at 12:48 PM, Jodi Bush <jodi_bush@fws.gov> wrote:
>
> Could we maybe have a call (like Monday),  where we come up with the
> main ideas and then you take a stab at drafting?  JB
>
> Sent from my iPhone
>
>> On Dec 15, 2017, at 12:41 PM, Robert Segin <robert_segin@fws.gov> wrote:
>>
>> Good afternoon ES Team,
>>
>>
>> The plan is to do an op Ed on the lynx  five year and wanted to know
>> how you would like to proceed?
>>
>> Would you like me to draft a rough cut/outline and then we can go from there?
>>
>>
>> Steve Segin
>> Public Affairs Officer
>> U.S. Fish and Wildlife Service
>> Lakewood, CO
>> 303-236-4578
>> 720-355-5042 Cell

mailto:robert_segin@fws.gov
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From: Mogadam, Roya
To: Robert Segin
Cc: Anna Munoz
Subject: Re: Lynx Updated
Date: Friday, December 15, 2017 1:55:52 PM

Thanks Steve-

We still need to get the NR, Q&As, and comms plan updated with ES' info today by 3:00. Did
they send that yet?

On Fri, Dec 15, 2017 at 12:36 PM, Robert Segin <robert_segin@fws.gov> wrote:
In the Why

Christina is out for a few weeks and perhaps in the different versions not all of the
comments Gavin made were addressed in what she sent me?

But we should be good now with the edited versions.

Einshalla 

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell

On Dec 15, 2017, at 12:19 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Thanks Steve-

For the OpEd, can you work with Mike and folks on the outline?

-Roya

On Fri, Dec 15, 2017 at 12:12 PM, Robert Segin <robert_segin@fws.gov>
wrote:

Edited and merged our stuff with HQ.  Not too many edits.  In TT

 

From: Munoz, Anna [mailto:anna_munoz@fws.gov] 
Sent: Friday, December 15, 2017 11:05 AM
To: Mogadam, Roya
Cc: Robert Segin
Subject: Re: Lynx Updated
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Thanks for working on this.  I need a revised version by 3:00 p.m. today so I
can review and send to the other EA-ARDs in the lynx range.  I also need to
discuss the outcome of our recent call with HQ and additional TPs and Q&As
that need to be included.  I will be forwarding an email from Noreen with one
of the questions we need to include, but I also want to get on the phone to
discuss the rest of the feedback.  Roya is in a meeting right now and I have to
leave at noon, so let's plan for a call at 11:30.  In summary we need the
following:

 

We need to provide a greater context for the scope of this effort.  Jodi
and Jim will be providing a timeline shortly, but in general, we need to
emphasize that this recommendation is the result of almost 20 years of
working in partnership with state, federal, tribal, and other land
managers on the conservation of this species.
We need to emphasize that our decision is based on the best available
science.
We need to have a concise, non-technical TP regarding how we
considered climate change and that we acknowledge that climate
change there will be some effects of climate change on the DPS, the
best available science indicates it will not have a significant effect on
the DPS in the lower 48 within the foreseeable future.
We need a TP re: the fact that the DPS represents the southern edge of
the Canada Lynx range and that these populations have always ebbed
and waned based on habitat conditions.
We also need to work with ES to develop an Op-ED.

 

I can provide more detail during our call.

 

Anna

 

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542



 

On Fri, Dec 15, 2017 at 10:42 AM, Mogadam, Roya
<roya_mogadam@fws.gov> wrote:

Can you figure out what happened? Our comms plan is very different, the
news release not as much and many of Gavin's edits we already addresses
(overly technical). Maybe you should reach out to Christina?

 

On Fri, Dec 15, 2017 at 10:40 AM, Robert Segin <robert_segin@fws.gov>
wrote:

The version I used was the one I have been working with with Christina?

 

Are any of his comments on the news release going to be accepted?

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

Lakewood, CO

303-236-4578

720-355-5042 Cell

 

 

On Dec 15, 2017, at 10:35 AM, Mogadam, Roya <roya_mogadam@fws.gov>
wrote:

Hi Steve-

 

We have a bit of an issue. 

 

Gavin said he had comments on all these documents and when I
looked in DTS it looks like the comms plan and the news release
are pretty different from what you sent to Anna and I to review. I
have attached HQ's versions. Can you please figure out what
happened and find a way to reconcile the two versions? I also do

mailto:roya_mogadam@fws.gov
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not agree with all of Gavin's edits specifically his added message
about "esa victory" in the comms plan, and the news release
Gavin has is pretty technical and I prefer our news release. My
recommendation would be to use Gavin's comms plan since it is
vastly different and add our newest messages into that one and
any other info that we should carry over, and keep our news
release and make any applicable (if they make sense) edits from
Gavin's version to ours. Anna will need to reach out to Gavin as
well to let him know that we have this issue. 

 

We are also still waiting on ES for their info but need to make
sure we are all on the same page.

 

We will eventually need to share these materials, once finalized
by HQ, with the other Regions and coordinate a call with them to
talk about timing.

 

-Roya

 

On Fri, Dec 15, 2017 at 8:45 AM, Mogadam, Roya
<roya_mogadam@fws.gov> wrote:

Steve-

 

Please see attached for our edits. 

 

We took the language you got from ES and crafted it into a
message vs. technical jargon, in all three documents. It is our job,
because of our expertise, to distill highly technical information
into clean, clear, and concise messages. The original language
was a cut/paste from ES and while the information is accurate it
did not articulate the information in a way that was
understandable. Please clean up all three documents (they are in
track changes and have old comments) so they are in a more final
form and do a once over to make sure everything is formatted
correctly and flows from a messaging standpoint. The Q&As also
need a heading and the formatting is off for some reason, maybe
a conversion issue from google docs to word. We are going to
use these Q&As as public facing documents so they need the
heading format. 

mailto:roya_mogadam@fws.gov


 

We also will need help with additional edits based on Anna's
meeting yesterday. We are waiting for Jodi and her team to
provide us the additional details that will need to be included in
all three documents. Anna and I will send those to you as soon as
we get them. Please take what they send and craft a cleaner
message (they are likely sending a timeline maybe even a table)
that explains that this process has been underway for several
years. If you need more context once you see the timeline let me
know.

 

Thanks,

Roya 

 

On Thu, Dec 14, 2017 at 4:05 PM, Robert Segin
<robert_segin@fws.gov> wrote:

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

 

--

Roya Mogadam

Deputy Assistant Regional Director, External Affairs

Mountain-Prairie Region
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U.S. Fish and Wildlife Service

134 Union Boulevard

Lakewood, CO 80228

 

Roya_Mogadam@fws.gov

(303) 236-4572

 

 

 

 

--

Roya Mogadam

Deputy Assistant Regional Director, External Affairs

Mountain-Prairie Region

U.S. Fish and Wildlife Service

134 Union Boulevard

Lakewood, CO 80228

 

Roya_Mogadam@fws.gov

(303) 236-4572

 

 

 

<Canada Lynx Review News Release - Draft.docx>

<Canada Lynx Review Communications Plan - Draft.docx>
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--

Roya Mogadam

Deputy Assistant Regional Director, External Affairs

Mountain-Prairie Region

U.S. Fish and Wildlife Service

134 Union Boulevard

Lakewood, CO 80228

 

Roya_Mogadam@fws.gov

(303) 236-4572

 

 

 

 

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
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Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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From: Zelenak, Jim
To: Mogadam, Roya
Cc: Robert Segin; Jodi Bush; Michael Thabault; marjorie_nelson@fws.gov; Anna Munoz; Justin Shoemaker
Subject: Re: Lynx Op-Ed
Date: Friday, December 15, 2017 2:04:17 PM

I am working to finish an email with the time line/history/process we discussed on today's call, major talking points,
and some info that may be useful for an op-ed.  Should have it out shortly.

Jim

On Fri, Dec 15, 2017 at 1:54 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Sounds good, we have some time for the OpEd, but we still need to get the talking points
and news release in close to final condition today by 3:00.

-Roya

On Fri, Dec 15, 2017 at 1:11 PM, Robert Segin <robert_segin@fws.gov> wrote:
I think that would be great.

Just need to figure out a time.

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell

> On Dec 15, 2017, at 12:48 PM, Jodi Bush <jodi_bush@fws.gov> wrote:
>
> Could we maybe have a call (like Monday),  where we come up with the
> main ideas and then you take a stab at drafting?  JB
>
> Sent from my iPhone
>
>> On Dec 15, 2017, at 12:41 PM, Robert Segin <robert_segin@fws.gov> wrote:
>>
>> Good afternoon ES Team,
>>
>>
>> The plan is to do an op Ed on the lynx  five year and wanted to know
>> how you would like to proceed?
>>
>> Would you like me to draft a rough cut/outline and then we can go from there?
>>
>>
>> Steve Segin
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>> Public Affairs Officer
>> U.S. Fish and Wildlife Service
>> Lakewood, CO
>> 303-236-4578
>> 720-355-5042 Cell

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling big cats, is well on 
its way to becoming the next Endangered Species Act success story. 
 
The oday the U.S. Fish and Wildlife Service (Service) is announcing announced the completion 
of a five-year scientific review of the Canada lynx distinct population segment (DPS) in the 
contiguous United States. The review concludes that, thethis Canada lynx DPS in the lower 48 
states may no longer warrant protection under the Endangered Species Act (ESA) and should be 
considered for delisting.  This recommendation is the result of an extensive review of available 
scientific information and almost 20 years of working in partnership with state, federal, tribal, 
and other land managers on the conservation of this species.   
 
The Service began this recovery planningthe review of scientific information on the status of the 
species, or a Species Status Assessment (SSA), in 2014. This review was led by and developed a 
comprehensive group of lynx experts and other subject matter experts towho evaluated all 
relevant scientific information on the threats to the species including: climate change, forest 
ecology and hare population dynamics.  This This resulted in multiple workshops to evaluate the 
data and develop a species status assessment (SSA) that was peer reviewed by independent 
experts and our federal and tribal partners. After more than 2 years of workingclose coordination 
with State and Federal agencies, Tribes, and academic partners, and using the best available 
science, we came to our decision to recommend delisting the Canada lynx DPS.   
 
Given our recommendation tothat the species may be recovered delist the lynx DPS due to 
recovery,  at this time, a recovery plan would not promote the conservation of the species, and 
therefore,, and therefore at this time, we will not be completing a recovery plan for Canada lynx. 
 

News Release 

Comment [RCM1]: Is this factually correct (20+ 
years)?  I believe Anna said it in an email as an 
example for a sentence but did not see this info in 
Jim’s explanation From Jim’s email it looked like we 
listed in 2000 but check that too. 

Comment [RCM2]: This was the example 
sentence I gave you for an example of what kind of 
sentence to include but was not something that 
should be cut and pasted. I believe it was the SSA 
process that started in 2014 but should clarify. Please 
check my revised language with ES. 

Comment [RCM3]: This happened in 2014 or 
later? 

Comment [RCM4]: There is no context here, so I 
added the words “the treats to the species including:” 
but I am assuming that is what these are related to. 

Comment [RCM5]: What is “this” referring to? 

Comment [RCM6]: I tried to shorten this but 
please check with ES to make sure I did not cut out 
important context. 
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The  species was listed as threatened in 2000 largely due to a lack of regulatory mechanisms on 
federal public lands, which is prime habitat for Canada lynx populations. However, since 
receiving ESA protection, most federal land managers throughout the lynx’s range have formally 
amended their management plans and instituted conservation measures to conserve the species.   
 
Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology. Research and monitoring efforts conducted by state and federal 
agencies, tribes and academic institutions,  helped refine biologists’ understanding of habitat 
needs, distributions, population characteristics and potential stressors. 
 
The Service relies on the best available science to inform all decisions. This five-year review was 
informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, which 
compiled all available scientific information on the historical, current and possible future 
conditions for the DPS. The SSA included input from recognized lynx experts in Canada and the 
United States, as well as a variety of experts in the fields of ecology, genetics, climate modeling 
and habitat management.  
 
A cousin of the common bobcat, the Canada lynx is similar in size but can be distinguished by its 
black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, furry 
paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in northern 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, the Greater Yellowstone area and western Colorado. 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


From: Mogadam, Roya
To: Robert Segin
Cc: Anna Munoz
Subject: Re: Lynx "story"
Date: Friday, December 15, 2017 4:15:28 PM
Attachments: Canada Lynx Newsrelease R6_HQ edit merged121517 Draft (rm edits).docx

Thanks Steve-

I understand you need to spend time with your family, so we will work on this further. 

I made some revisions to your press release and need to make sure some of the information
you put in there is accurate as it does not line up with Jim's information. Did you also
incorporate this into the comms plan? If not, we will work on that as well.

-Roya

On Fri, Dec 15, 2017 at 3:30 PM, Robert Segin <robert_segin@fws.gov> wrote:

Summarized.

 

I have to take Cole to therapy at 3:45 so I can work later on what Jim sends. 

 

From: Anna Munoz [mailto:anna_munoz@fws.gov] 
Sent: Friday, December 15, 2017 3:15 PM
To: Robert Segin
Cc: Mogadam, Roya
Subject: Re: Lynx "story"

 

Even more so, we’ve been working on recovery for years and years.  We don’t want to
frame as if we got here because a court ordered us to do something.  There are two prongs
here - the fact that we’ve been working with partners for several years to conserve the links
which has culminated with a two year review of science, regulatory mechanisms, etc that
has lead to us arriving at recommendation that protection under the ESA may no longer be
necessary.  Our challenge is to go beyond reporting our action and to tell the story of why
lynx no longer need protection. 

 

On Fri, Dec 15, 2017 at 3:02 PM Robert Segin <robert_segin@fws.gov> wrote:

Ok
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Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

Lakewood, CO

303-236-4578

720-355-5042 Cell

 

 

On Dec 15, 2017, at 3:01 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

We need to include a TP in the comms plan and a sentence or two in the press
release about the amount of time we have been working on this. What is
important is to ensure folks understand that this is not a decision that was
made flippantly over the last year but something we have been working on
extensively for several years.

 

Something like "The U.S. Fish and Wildlife Service began this recovery
planning process in 2014..." 

 

On Fri, Dec 15, 2017 at 2:52 PM, Robert Segin <robert_segin@fws.gov>
wrote:

Hello

 

There is a lot of stuff in here that is addressed in our Q &A’s and PR.    This is great
stuff for the Op-Ed.  What more do you want me to do with this?    

 

PR

 

It highlights the 20-year partnership

 

mailto:roya_mogadam@fws.gov
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Address we used the best available science.

 

Why we made the decision and not doing a recovery plan.

 

Does not say anything about climate change.

 

Q & A’s  

 

Jim is working on the climate change answer and the population demographic
now.

 

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, December 15, 2017 2:38 PM
To: Anna Muñoz; Jodi Bush
Cc: Justin Shoemaker; Robert Segin; Roya Mogadam; Marjorie Nelson; Michael
Thabault
Subject: Re: Lynx "story"

 

Some background on timeline (too much, probably, but for my benefit and
maybe Justin's and Jodi's, too) - highlights are in bold:

 

June 25, 2014 - court order that we complete a final recovery plan or
determine one isn't necessary by Jan. 15, 2018.

 

July 2014 - Feb. 2015 - MTFO lynx bio. was working primarily on
completing the final rule for revised critical habitat for lynx (published Sept.
13, 2014) and then responding to related FOIA and lawsuits.

 

Mar. 2015 - Initiated work on the project plan for the SSA, 5-year review,
and court-ordered recovery planning.

mailto:jim_zelenak@fws.gov


 

April 2015 - SSA Workshop in Denver identified FIT Team participation.

 

June 2015 - Project plan finalized after review/signature by all regions, Core
Team (FWS lynx biologists) convened.

 

July- Sept. 2015 - contacts established with State and Federal partners
notifying our intent to complete and SSA and coordinate with them, seeking
their recommendations for members of lynx expert panel, organizing formal
Expert Elicitation (EE) effort.

 

Oct. 13-15, 2015 - EE workshop held in Minneapolis to elicit expert opinions
from panel of 10 lynx experts, other subject matter experts presented relevant
info on climate change, forest ecology, hare population dynamics, etc.

 

Feb. 2016 - completed draft EE Workshop Report after crunching expert
probability data, summarizing expert presentations, etc. Sent draft to expert
panel and other participants for their reviews/comments.

 

Mar. 2016 - all comments on draft EE report received.

 

April 2016 - completed final EE workshop report.

 

April 2016 - Core and FIT Teams convened in Denver to discuss
development of the draft SSA report (Lit. review, conceptual models, current
& future conditions, etc.).

 

Oct. 2016 - Draft SSA report completed, distributed for internal FWS review
and comment.

 

Jan. 2017 - Draft (revised) SSA report submitted to 5 independent peer
reviewers, 15 states, 3 Fed agencies, and affected tribes.



 

Mar. 2017 - all comments received.

 

Mar and May 2017 - recommendation team meetings; presentation of SSA
results, etc.

 

Oct. 2017 - Final SSA Report completed.

 

Nov. 2017 - 5-Year review signed by R6RD after concurrence from all FWS
regions.

 

Dec. 2017 - 4(f)(1) memorandum for the court signed by AD.

 

 

To summarize the story (or part of it, perhaps - use whatever you deem
helpful):

 

After more than 2 years of close coordination with State and Federal
agencies, Tribes, and academic partners to evaluate the current status and
future viability of Canada lynx (lynx canadensis) populations in the
Contiguous United States Distinct Population Segment (DPS), the U.S. Fish
and Wildlife Service has completed a detailed species status assessment
(SSA) for the DPS.  The SSA compiles and evaluates the best available
scientific information, including the professional opinions of a panel of 10
recognized lynx experts, to understand the DPS's current status and future
viability in the context of historical conditions and what was known when the
DPS was listed as threatened under the Endangered Species Act (Act) and
considering current and potential future stressors to its viability.

 

The lynx is a snow-adapted boreal forest carnivore that is broadly distributed
across most of Canada and Alaska, with the southern periphery of it's range -
approximately 2 percent of its breeding distribution - extending into the
northern Lower 48 States.  Resident breeding populations currently occur in
northern Maine, northeastern Minnesota, northwestern Montana and
northeastern Idaho, northern Washington, and western Colorado.  There are
currently many more lynx in Colorado and Maine than likely occurred



historically, and many more in those places and in Minnesota than was
suspected when the DPS was listed.  We also believe lynx are naturally rarer
in most of the western U.S. than was thought at the time of listing, and lynx
numbers in Washington have likely declined over the past several decades in
response to large fires in lynx habitats there.  

 

The Service listed the DPS as threatened in 2000 because of the potential for
Federal forest management activities to adversely affect the lynx and its
primary prey, the snowshoe hare (Lepus americanus), and the inadequacy of
Federal regulations, at that time, to ensure the conservation of lynx and hare
populations and habitats. Since then, Federal land managers throughout the
DPS range have formally amended or revised management plans to
incorporate science-based lynx conservation measures and regulations aimed
at avoiding and minimizing impacts to lynx and hare habitats and
populations, largely ameliorating the threat for which the DPS was listed.

 

Since the DPS was listed, however, the scientific evidence for recent and
projected future climate warming has become increasingly compelling, and
most lynx experts now believe that continued warming poses the most
significant threat to the long-term persistence of lynx in the DPS range. With
continued warming, the boreal forests, snow conditions, and hare populations
that support lynx in the DPS range are expected to contract northward and
upslope, resulting in increased fragmentation and isolation of habitats and
populations and, over the long-term, in reduced population resiliency and
increasing vulnerability to extirpation.

 

Despite projections of continued warming and other stressors to DPS
populations, the Service and the lynx experts we consulted believe that
resident lynx populations are likely to persist in all 5 geographic areas that
currently support them through the middle of this century (2050). Beyond
that time, there is great uncertainty about the nature and extent of climate-
mediated and other impacts. 

 

Based on the SSA, the Service has completed a 5-year review of the DPS's
status and concluded that because it is not now or in the reasonably
foreseeable future threatened with extinction (extirpation) throughout all or a
significant portion of its range, the DPS no longer meets the definition of a
threatened or endangered species in accordance with the Act. We therefore
recommend that the DPS be removed from the list of threatened and
endangered species (Justin - help with the language here??).

 



Major talking points:

 

1. The threat (regulatory mechanisms) for which the DPS was listed has
largely been addressed by formal and binding revisions/amendments to
Federal (USFS and BLM) land management plans throughout the DPS range.

 

2. There are more lynx in Maine, Minnesota, and Colorado than we thought
there were when we listed the DPS, and many more in Maine and Colorado
than likely occurred there historically.

 

3. Lynx have likely declined in northern Washington in the last 2-3 decades
as a result of large, intense wildfires in lynx habitats. We expect these
impacts to be temporary but the resident population there may have
low/reduced resiliency until those areas regenerate into hare/lynx habitat
again (@10-40 years post-burn, typically).

 

4. Continued climate warming is the biggest threat to long-term persistence of
lynx in the Lower 48, but there is much uncertainty regarding the potential
timing and extent of impacts and lynx population responses to them and they
are, therefore, beyond the reasonably foreseeable future as defined by the
Act.

 

 

Sorry for the length of this (but let me know if more is needed).   

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

On Fri, Dec 15, 2017 at 8:44 AM, Zelenak, Jim <jim_zelenak@fws.gov>
wrote:

Hi Anna,

 

Jodi and I have been asked to sit in on the call (Mike and Noreen's) with HQ
this morning, 9-10 Mountain Time.

 

After that, I will send you the timeline and "story" points we discussed on the
call yesterday, and I'll be available to talk on the phone if necessary.

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov
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--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Roya Mogadam

Deputy Assistant Regional Director, External Affairs

Mountain-Prairie Region

U.S. Fish and Wildlife Service

134 Union Boulevard

Lakewood, CO 80228

 

Roya_Mogadam@fws.gov

(303) 236-4572

 

 

 

--

Anna Muñoz

mailto:jim_zelenak@fws.gov
https://maps.google.com/?q=134+Union&entry=gmail&source=g
mailto:Roya_Mogadam@fws.gov


Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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Q.  Why does the Service believe listing is no longer warranted for lynx?   
 
A.  Federal land management changes have adequately protected the species habitat against the 
primary threats that led to listing and will ensure that the species will remain resilient in the 
foreseeable future, even in the face of climate change.  We’ve also learned that land management 
changes in ME have led to historically high numbers of the species.  Those numbers may 
moderate with forest succession but our analysis suggests resiliency for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  

 
Q.  What are the effects of Climate Change on the lynx? 
 
A. The Service and lynx expert panelists agree, although minimal, the projected effects of a 
warming climate now pose the most significant threat to the lynx DPS.  Although there is great 
uncertainty about the timing and extent of climate-driven impacts, continued warming is 
projected to cause the boreal forest habitats and snow conditions that support populations of lynx 
and its primary food source, the snowshoe hare, to contract northward and to higher elevations in 

Frequently Asked Questions 
Canada Lynx 5-Year Review 

 



the future.  However, even considering climate change and its potential impacts, the Service and 
lynx experts concluded that the best available science indicates it will not have a significant 
effect on the DPS in the lower 48 within the foreseeable future. 
 
Q. Do lynx population numbers normally fluctuate? 
 
A. The fact that the DPS represents the southern edge of the Canada Lynx range and that these 
populations have always ebbed and waned based on habitat conditions.  NEED A BIT MORE 
 
Q. When would the lynx be delisted? 
 
A. There are no immediate plans to delist the lynx.  However, based on this recommendation, in 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 

 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 

 
  
 
 



 
 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling big cats, is well on 
its way to becoming the next Endangered Species Act success story. 
 
The oday the U.S. Fish and Wildlife Service (Service) is announcing announced the completion 
of a five-year scientific review of the Canada lynx distinct population segment (DPS) in the 
contiguous United States. The review concludes that, thethis Canada lynx DPS in the lower 48 
states may no longer warrant protection under the Endangered Species Act (ESA) and should be 
considered for delisting.  This recommendation is the result of an extensive review of available 
scientific information and almost 20 years of working in partnership with state, federal, tribal, 
and other land managers on the conservation of this species.   
 
The Service began this recovery planningthe review of scientific information on the status of the 
species, or a Species Status Assessment (SSA), in 2014. This review was led by and developed a 
comprehensive group of lynx experts and other subject matter experts towho evaluated all 
relevant scientific information on the threats to the species including: climate change, forest 
ecology and hare population dynamics.  This This resulted in multiple workshops to evaluate the 
data and develop a species status assessment (SSA) that was peer reviewed by independent 
experts and our federal and tribal partners. After more than 2 years of workingclose coordination 
with State and Federal agencies, Tribes, and academic partners, and using the best available 
science, we came to our decision to recommend delisting the Canada lynx DPS.   
 
Given our recommendation tothat the species may be recovered delist the lynx DPS due to 
recovery,  at this time, a recovery plan would not promote the conservation of the species, and 
therefore,, and therefore at this time, we will not be completing a recovery plan for Canada lynx. 
 

News Release 

Comment [RCM1]: Is this factually correct (20+ 
years)?  I believe Anna said it in an email as an 
example for a sentence but did not see this info in 
Jim’s explanation From Jim’s email it looked like we 
listed in 2000 but check that too. 

Comment [RCM2]: This was the example 
sentence I gave you for an example of what kind of 
sentence to include but was not something that 
should be cut and pasted. I believe it was the SSA 
process that started in 2014 but should clarify. Please 
check my revised language with ES. 

Comment [RCM3]: This happened in 2014 or 
later? 

Comment [RCM4]: There is no context here, so I 
added the words “the treats to the species including:” 
but I am assuming that is what these are related to. 

Comment [RCM5]: What is “this” referring to? 

Comment [RCM6]: I tried to shorten this but 
please check with ES to make sure I did not cut out 
important context. 
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The  species was listed as threatened in 2000 largely due to a lack of regulatory mechanisms on 
federal public lands, which is prime habitat for Canada lynx populations. However, since 
receiving ESA protection, most federal land managers throughout the lynx’s range have formally 
amended their management plans and instituted conservation measures to conserve the species.   
 
Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology. Research and monitoring efforts conducted by state and federal 
agencies, tribes and academic institutions,  helped refine biologists’ understanding of habitat 
needs, distributions, population characteristics and potential stressors. 
 
The Service relies on the best available science to inform all decisions. This five-year review was 
informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, which 
compiled all available scientific information on the historical, current and possible future 
conditions for the DPS. The SSA included input from recognized lynx experts in Canada and the 
United States, as well as a variety of experts in the fields of ecology, genetics, climate modeling 
and habitat management.  
 
A cousin of the common bobcat, the Canada lynx is similar in size but can be distinguished by its 
black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, furry 
paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in northern 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, the Greater Yellowstone area and western Colorado. 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
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https://www.youtube.com/user/USFWS


From: Mogadam, Roya
To: Anna Munoz; Robert Segin
Subject: Most Recent Lynx Comms Materials
Date: Friday, December 15, 2017 4:18:26 PM
Attachments: Canada Lynx Review Communications Plan ES_HQ edits 121517docx (rm edits).docx

Canada Lynx Newsrelease R6_HQ edit merged121517 Draft (rm edits).docx
Lynx FAQ121517.docx

Hi Everyone-

I want to make sure we are all working from the same document/version.

Attached are the most recent Lynx comms materials.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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From: Mogadam, Roya
To: Anna Munoz; Robert Segin
Subject: Re: Most Recent Lynx Comms Materials
Date: Friday, December 15, 2017 4:20:12 PM

These are also uploaded into the EA-Shared folder 

ES: Canada Lynx: 2017 5-Year Review: Newest

On Fri, Dec 15, 2017 at 4:18 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Everyone-

I want to make sure we are all working from the same document/version.

Attached are the most recent Lynx comms materials.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:roya_mogadam@fws.gov
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From: Mogadam, Roya
To: Robert Segin
Cc: Anna Munoz
Subject: Re: Lynx "story"
Date: Friday, December 15, 2017 4:21:14 PM

Where does he say 20 years? I see 2 years and then I see listed in 2000

On Fri, Dec 15, 2017 at 4:19 PM, Robert Segin <robert_segin@fws.gov> wrote:
I did not put it into the Coms plan as I wanted to make sure it was good in the press release
first.

I took the information directly from the stuff that jim sent.

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell

On Dec 15, 2017, at 4:16 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Thanks Steve-

I understand you need to spend time with your family, so we will work on this
further. 

I made some revisions to your press release and need to make sure some of the
information you put in there is accurate as it does not line up with Jim's
information. Did you also incorporate this into the comms plan? If not, we will
work on that as well.

-Roya

On Fri, Dec 15, 2017 at 3:30 PM, Robert Segin <robert_segin@fws.gov>
wrote:

Summarized.

 

I have to take Cole to therapy at 3:45 so I can work later on what Jim sends. 
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From: Anna Munoz [mailto:anna_munoz@fws.gov] 
Sent: Friday, December 15, 2017 3:15 PM
To: Robert Segin
Cc: Mogadam, Roya
Subject: Re: Lynx "story"

 

Even more so, we’ve been working on recovery for years and years.  We
don’t want to frame as if we got here because a court ordered us to do
something.  There are two prongs here - the fact that we’ve been working
with partners for several years to conserve the links which has culminated
with a two year review of science, regulatory mechanisms, etc that has lead to
us arriving at recommendation that protection under the ESA may no longer
be necessary.  Our challenge is to go beyond reporting our action and to tell
the story of why lynx no longer need protection. 

 

On Fri, Dec 15, 2017 at 3:02 PM Robert Segin <robert_segin@fws.gov>
wrote:

Ok

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

Lakewood, CO

303-236-4578

720-355-5042 Cell

 

 

On Dec 15, 2017, at 3:01 PM, Mogadam, Roya
<roya_mogadam@fws.gov> wrote:

We need to include a TP in the comms plan and a sentence or
two in the press release about the amount of time we have been
working on this. What is important is to ensure folks
understand that this is not a decision that was made flippantly
over the last year but something we have been working on

mailto:anna_munoz@fws.gov
mailto:robert_segin@fws.gov
mailto:roya_mogadam@fws.gov


extensively for several years.

 

Something like "The U.S. Fish and Wildlife Service began this
recovery planning process in 2014..." 

 

On Fri, Dec 15, 2017 at 2:52 PM, Robert Segin
<robert_segin@fws.gov> wrote:

Hello

 

There is a lot of stuff in here that is addressed in our Q &A’s and
PR.    This is great stuff for the Op-Ed.  What more do you want me
to do with this?    

 

PR

 

It highlights the 20-year partnership

 

Address we used the best available science.

 

Why we made the decision and not doing a recovery plan.

 

Does not say anything about climate change.

 

Q & A’s  

 

Jim is working on the climate change answer and the population
demographic now.

 

mailto:robert_segin@fws.gov


 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, December 15, 2017 2:38 PM
To: Anna Muñoz; Jodi Bush
Cc: Justin Shoemaker; Robert Segin; Roya Mogadam; Marjorie
Nelson; Michael Thabault
Subject: Re: Lynx "story"

 

Some background on timeline (too much, probably, but for my
benefit and maybe Justin's and Jodi's, too) - highlights are in
bold:

 

June 25, 2014 - court order that we complete a final recovery
plan or determine one isn't necessary by Jan. 15, 2018.

 

July 2014 - Feb. 2015 - MTFO lynx bio. was working
primarily on completing the final rule for revised critical
habitat for lynx (published Sept. 13, 2014) and then responding
to related FOIA and lawsuits.

 

Mar. 2015 - Initiated work on the project plan for the SSA, 5-
year review, and court-ordered recovery planning.

 

April 2015 - SSA Workshop in Denver identified FIT Team
participation.

 

June 2015 - Project plan finalized after review/signature by all
regions, Core Team (FWS lynx biologists) convened.

 

July- Sept. 2015 - contacts established with State and Federal
partners notifying our intent to complete and SSA and
coordinate with them, seeking their recommendations for
members of lynx expert panel, organizing formal Expert
Elicitation (EE) effort.

 

mailto:jim_zelenak@fws.gov


Oct. 13-15, 2015 - EE workshop held in Minneapolis to elicit
expert opinions from panel of 10 lynx experts, other subject
matter experts presented relevant info on climate change, forest
ecology, hare population dynamics, etc.

 

Feb. 2016 - completed draft EE Workshop Report after
crunching expert probability data, summarizing expert
presentations, etc. Sent draft to expert panel and other
participants for their reviews/comments.

 

Mar. 2016 - all comments on draft EE report received.

 

April 2016 - completed final EE workshop report.

 

April 2016 - Core and FIT Teams convened in Denver to
discuss development of the draft SSA report (Lit. review,
conceptual models, current & future conditions, etc.).

 

Oct. 2016 - Draft SSA report completed, distributed for
internal FWS review and comment.

 

Jan. 2017 - Draft (revised) SSA report submitted to 5
independent peer reviewers, 15 states, 3 Fed agencies, and
affected tribes.

 

Mar. 2017 - all comments received.

 

Mar and May 2017 - recommendation team meetings;
presentation of SSA results, etc.

 

Oct. 2017 - Final SSA Report completed.

 



Nov. 2017 - 5-Year review signed by R6RD after concurrence
from all FWS regions.

 

Dec. 2017 - 4(f)(1) memorandum for the court signed by AD.

 

 

To summarize the story (or part of it, perhaps - use whatever
you deem helpful):

 

After more than 2 years of close coordination with State and
Federal agencies, Tribes, and academic partners to evaluate the
current status and future viability of Canada lynx (lynx
canadensis) populations in the Contiguous United States
Distinct Population Segment (DPS), the U.S. Fish and Wildlife
Service has completed a detailed species status assessment
(SSA) for the DPS.  The SSA compiles and evaluates the best
available scientific information, including the professional
opinions of a panel of 10 recognized lynx experts, to
understand the DPS's current status and future viability in the
context of historical conditions and what was known when the
DPS was listed as threatened under the Endangered Species
Act (Act) and considering current and potential future stressors
to its viability.

 

The lynx is a snow-adapted boreal forest carnivore that is
broadly distributed across most of Canada and Alaska, with the
southern periphery of it's range - approximately 2 percent of its
breeding distribution - extending into the northern Lower 48
States.  Resident breeding populations currently occur in
northern Maine, northeastern Minnesota, northwestern
Montana and northeastern Idaho, northern Washington, and
western Colorado.  There are currently many more lynx in
Colorado and Maine than likely occurred historically, and
many more in those places and in Minnesota than was
suspected when the DPS was listed.  We also believe lynx are
naturally rarer in most of the western U.S. than was thought at
the time of listing, and lynx numbers in Washington have
likely declined over the past several decades in response to
large fires in lynx habitats there.  

 



The Service listed the DPS as threatened in 2000 because of
the potential for Federal forest management activities to
adversely affect the lynx and its primary prey, the snowshoe
hare (Lepus americanus), and the inadequacy of Federal
regulations, at that time, to ensure the conservation of lynx and
hare populations and habitats. Since then, Federal land
managers throughout the DPS range have formally amended or
revised management plans to incorporate science-based lynx
conservation measures and regulations aimed at avoiding and
minimizing impacts to lynx and hare habitats and populations,
largely ameliorating the threat for which the DPS was listed.

 

Since the DPS was listed, however, the scientific evidence for
recent and projected future climate warming has become
increasingly compelling, and most lynx experts now believe
that continued warming poses the most significant threat to the
long-term persistence of lynx in the DPS range. With
continued warming, the boreal forests, snow conditions, and
hare populations that support lynx in the DPS range are
expected to contract northward and upslope, resulting in
increased fragmentation and isolation of habitats and
populations and, over the long-term, in reduced population
resiliency and increasing vulnerability to extirpation.

 

Despite projections of continued warming and other stressors
to DPS populations, the Service and the lynx experts we
consulted believe that resident lynx populations are likely to
persist in all 5 geographic areas that currently support them
through the middle of this century (2050). Beyond that time,
there is great uncertainty about the nature and extent of
climate-mediated and other impacts. 

 

Based on the SSA, the Service has completed a 5-year review
of the DPS's status and concluded that because it is not now or
in the reasonably foreseeable future threatened with extinction
(extirpation) throughout all or a significant portion of its range,
the DPS no longer meets the definition of a threatened or
endangered species in accordance with the Act. We therefore
recommend that the DPS be removed from the list of
threatened and endangered species (Justin - help with the
language here??).

 

Major talking points:



 

1. The threat (regulatory mechanisms) for which the DPS was
listed has largely been addressed by formal and binding
revisions/amendments to Federal (USFS and BLM) land
management plans throughout the DPS range.

 

2. There are more lynx in Maine, Minnesota, and Colorado
than we thought there were when we listed the DPS, and many
more in Maine and Colorado than likely occurred there
historically.

 

3. Lynx have likely declined in northern Washington in the last
2-3 decades as a result of large, intense wildfires in lynx
habitats. We expect these impacts to be temporary but the
resident population there may have low/reduced resiliency
until those areas regenerate into hare/lynx habitat again (@10-
40 years post-burn, typically).

 

4. Continued climate warming is the biggest threat to long-
term persistence of lynx in the Lower 48, but there is much
uncertainty regarding the potential timing and extent of
impacts and lynx population responses to them and they are,
therefore, beyond the reasonably foreseeable future as defined
by the Act.

 

 

Sorry for the length of this (but let me know if more is
needed).   

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

On Fri, Dec 15, 2017 at 8:44 AM, Zelenak, Jim
<jim_zelenak@fws.gov> wrote:

Hi Anna,

 

Jodi and I have been asked to sit in on the call (Mike and
Noreen's) with HQ this morning, 9-10 Mountain Time.

 

After that, I will send you the timeline and "story" points we
discussed on the call yesterday, and I'll be available to talk on
the phone if necessary.

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

mailto:jim_zelenak@fws.gov


jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Roya Mogadam

Deputy Assistant Regional Director, External Affairs

Mountain-Prairie Region

U.S. Fish and Wildlife Service

134 Union Boulevard

Lakewood, CO 80228

 

Roya_Mogadam@fws.gov

(303) 236-4572

 

 

 

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
https://maps.google.com/?q=134+Union&entry=gmail&source=g
mailto:Roya_Mogadam@fws.gov


--

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

https://maps.google.com/?q=134+Union&entry=gmail&source=g
mailto:Roya_Mogadam@fws.gov
mailto:Roya_Mogadam@fws.gov


From: Mogadam, Roya
To: Robert Segin
Subject: Re: Lynx "story"
Date: Friday, December 15, 2017 4:30:43 PM

I am not sure I am seeing that in Jim's timeline.... I only see that in what Anna said

he says:  

We also believe lynx are naturally rarer in most of the western U.S. than was thought at the
time of listing, and lynx numbers in Washington have likely declined over the past several
decades in response to large fires in lynx habitats there.  

3. Lynx have likely declined in northern Washington in the last 2-3 decades as a result of
large, intense wildfires in lynx habitats. We expect these impacts to be temporary but the
resident population there may have low/reduced resiliency until those areas regenerate into
hare/lynx habitat again (@10-40 years post-burn, typically).

On Fri, Dec 15, 2017 at 4:26 PM, Robert Segin <robert_segin@fws.gov> wrote:
There should be in almost before the 20 or more impactful Could be “almost 2 decades”

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell

On Dec 15, 2017, at 4:21 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Where does he say 20 years? I see 2 years and then I see listed in 2000

On Fri, Dec 15, 2017 at 4:19 PM, Robert Segin <robert_segin@fws.gov>
wrote:

I did not put it into the Coms plan as I wanted to make sure it was good in the
press release first.

I took the information directly from the stuff that jim sent.

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578

mailto:roya_mogadam@fws.gov
mailto:robert_segin@fws.gov
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720-355-5042 Cell

On Dec 15, 2017, at 4:16 PM, Mogadam, Roya <roya_mogadam@fws.gov>
wrote:

Thanks Steve-

I understand you need to spend time with your family, so we will
work on this further. 

I made some revisions to your press release and need to make
sure some of the information you put in there is accurate as it
does not line up with Jim's information. Did you also incorporate
this into the comms plan? If not, we will work on that as well.

-Roya

On Fri, Dec 15, 2017 at 3:30 PM, Robert Segin
<robert_segin@fws.gov> wrote:

Summarized.

 

I have to take Cole to therapy at 3:45 so I can work later on what
Jim sends. 

 

From: Anna Munoz [mailto:anna_munoz@fws.gov] 
Sent: Friday, December 15, 2017 3:15 PM
To: Robert Segin
Cc: Mogadam, Roya
Subject: Re: Lynx "story"

 

Even more so, we’ve been working on recovery for years and
years.  We don’t want to frame as if we got here because a
court ordered us to do something.  There are two prongs here -
the fact that we’ve been working with partners for several years
to conserve the links which has culminated with a two year
review of science, regulatory mechanisms, etc that has lead to
us arriving at recommendation that protection under the ESA
may no longer be necessary.  Our challenge is to go beyond
reporting our action and to tell the story of why lynx no longer
need protection. 

 

mailto:roya_mogadam@fws.gov
mailto:robert_segin@fws.gov
mailto:anna_munoz@fws.gov


On Fri, Dec 15, 2017 at 3:02 PM Robert Segin
<robert_segin@fws.gov> wrote:

Ok

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

Lakewood, CO

303-236-4578

720-355-5042 Cell

 

 

On Dec 15, 2017, at 3:01 PM, Mogadam, Roya
<roya_mogadam@fws.gov> wrote:

We need to include a TP in the comms plan and
a sentence or two in the press release about the
amount of time we have been working on this.
What is important is to ensure folks understand
that this is not a decision that was made
flippantly over the last year but something we
have been working on extensively for several
years.

 

Something like "The U.S. Fish and Wildlife
Service began this recovery planning process in
2014..." 

 

On Fri, Dec 15, 2017 at 2:52 PM, Robert Segin
<robert_segin@fws.gov> wrote:

Hello

 

mailto:robert_segin@fws.gov
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There is a lot of stuff in here that is addressed in
our Q &A’s and PR.    This is great stuff for the Op-
Ed.  What more do you want me to do with this?    

 

PR

 

It highlights the 20-year partnership

 

Address we used the best available science.

 

Why we made the decision and not doing a
recovery plan.

 

Does not say anything about climate change.

 

Q & A’s  

 

Jim is working on the climate change answer and
the population demographic now.

 

 

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, December 15, 2017 2:38 PM
To: Anna Muñoz; Jodi Bush
Cc: Justin Shoemaker; Robert Segin; Roya Mogadam;
Marjorie Nelson; Michael Thabault
Subject: Re: Lynx "story"

 

Some background on timeline (too much,
probably, but for my benefit and maybe Justin's

mailto:jim_zelenak@fws.gov


and Jodi's, too) - highlights are in bold:

 

June 25, 2014 - court order that we complete a
final recovery plan or determine one isn't
necessary by Jan. 15, 2018.

 

July 2014 - Feb. 2015 - MTFO lynx bio. was
working primarily on completing the final rule
for revised critical habitat for lynx (published
Sept. 13, 2014) and then responding to related
FOIA and lawsuits.

 

Mar. 2015 - Initiated work on the project plan
for the SSA, 5-year review, and court-ordered
recovery planning.

 

April 2015 - SSA Workshop in Denver
identified FIT Team participation.

 

June 2015 - Project plan finalized after
review/signature by all regions, Core Team
(FWS lynx biologists) convened.

 

July- Sept. 2015 - contacts established with State
and Federal partners notifying our intent to
complete and SSA and coordinate with them,
seeking their recommendations for members of
lynx expert panel, organizing formal Expert
Elicitation (EE) effort.

 

Oct. 13-15, 2015 - EE workshop held in
Minneapolis to elicit expert opinions from panel
of 10 lynx experts, other subject matter experts
presented relevant info on climate change, forest
ecology, hare population dynamics, etc.

 



Feb. 2016 - completed draft EE Workshop
Report after crunching expert probability data,
summarizing expert presentations, etc. Sent draft
to expert panel and other participants for their
reviews/comments.

 

Mar. 2016 - all comments on draft EE report
received.

 

April 2016 - completed final EE workshop
report.

 

April 2016 - Core and FIT Teams convened in
Denver to discuss development of the draft SSA
report (Lit. review, conceptual models, current
& future conditions, etc.).

 

Oct. 2016 - Draft SSA report completed,
distributed for internal FWS review and
comment.

 

Jan. 2017 - Draft (revised) SSA report
submitted to 5 independent peer reviewers, 15
states, 3 Fed agencies, and affected tribes.

 

Mar. 2017 - all comments received.

 

Mar and May 2017 - recommendation team
meetings; presentation of SSA results, etc.

 

Oct. 2017 - Final SSA Report completed.

 

Nov. 2017 - 5-Year review signed by R6RD
after concurrence from all FWS regions.



 

Dec. 2017 - 4(f)(1) memorandum for the court
signed by AD.

 

 

To summarize the story (or part of it, perhaps -
use whatever you deem helpful):

 

After more than 2 years of close coordination
with State and Federal agencies, Tribes, and
academic partners to evaluate the current status
and future viability of Canada lynx (lynx
canadensis) populations in the Contiguous
United States Distinct Population Segment
(DPS), the U.S. Fish and Wildlife Service has
completed a detailed species status assessment
(SSA) for the DPS.  The SSA compiles and
evaluates the best available scientific
information, including the professional opinions
of a panel of 10 recognized lynx experts, to
understand the DPS's current status and future
viability in the context of historical conditions
and what was known when the DPS was listed
as threatened under the Endangered Species Act
(Act) and considering current and potential
future stressors to its viability.

 

The lynx is a snow-adapted boreal forest
carnivore that is broadly distributed across most
of Canada and Alaska, with the southern
periphery of it's range - approximately 2 percent
of its breeding distribution - extending into the
northern Lower 48 States.  Resident breeding
populations currently occur in northern Maine,
northeastern Minnesota, northwestern Montana
and northeastern Idaho, northern Washington,
and western Colorado.  There are currently
many more lynx in Colorado and Maine than
likely occurred historically, and many more in
those places and in Minnesota than was
suspected when the DPS was listed.  We also
believe lynx are naturally rarer in most of the
western U.S. than was thought at the time of



listing, and lynx numbers in Washington have
likely declined over the past several decades in
response to large fires in lynx habitats there.  

 

The Service listed the DPS as threatened in 2000
because of the potential for Federal forest
management activities to adversely affect the
lynx and its primary prey, the snowshoe hare
(Lepus americanus), and the inadequacy of
Federal regulations, at that time, to ensure the
conservation of lynx and hare populations and
habitats. Since then, Federal land managers
throughout the DPS range have formally
amended or revised management plans to
incorporate science-based lynx conservation
measures and regulations aimed at avoiding and
minimizing impacts to lynx and hare habitats
and populations, largely ameliorating the threat
for which the DPS was listed.

 

Since the DPS was listed, however, the scientific
evidence for recent and projected future climate
warming has become increasingly compelling,
and most lynx experts now believe that
continued warming poses the most significant
threat to the long-term persistence of lynx in the
DPS range. With continued warming, the boreal
forests, snow conditions, and hare populations
that support lynx in the DPS range are expected
to contract northward and upslope, resulting in
increased fragmentation and isolation of habitats
and populations and, over the long-term, in
reduced population resiliency and increasing
vulnerability to extirpation.

 

Despite projections of continued warming and
other stressors to DPS populations, the Service
and the lynx experts we consulted believe that
resident lynx populations are likely to persist in
all 5 geographic areas that currently support
them through the middle of this century (2050).
Beyond that time, there is great uncertainty
about the nature and extent of climate-mediated
and other impacts. 



 

Based on the SSA, the Service has completed a
5-year review of the DPS's status and concluded
that because it is not now or in the reasonably
foreseeable future threatened with extinction
(extirpation) throughout all or a significant
portion of its range, the DPS no longer meets the
definition of a threatened or endangered species
in accordance with the Act. We therefore
recommend that the DPS be removed from the
list of threatened and endangered species (Justin
- help with the language here??).

 

Major talking points:

 

1. The threat (regulatory mechanisms) for which
the DPS was listed has largely been addressed
by formal and binding revisions/amendments to
Federal (USFS and BLM) land management
plans throughout the DPS range.

 

2. There are more lynx in Maine, Minnesota,
and Colorado than we thought there were when
we listed the DPS, and many more in Maine and
Colorado than likely occurred there historically.

 

3. Lynx have likely declined in northern
Washington in the last 2-3 decades as a result of
large, intense wildfires in lynx habitats. We
expect these impacts to be temporary but the
resident population there may have low/reduced
resiliency until those areas regenerate into
hare/lynx habitat again (@10-40 years post-
burn, typically).

 

4. Continued climate warming is the biggest
threat to long-term persistence of lynx in the
Lower 48, but there is much uncertainty
regarding the potential timing and extent of
impacts and lynx population responses to them



and they are, therefore, beyond the reasonably
foreseeable future as defined by the Act.

 

 

Sorry for the length of this (but let me know if
more is needed).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On Fri, Dec 15, 2017 at 8:44 AM, Zelenak, Jim
<jim_zelenak@fws.gov> wrote:

Hi Anna,

 

Jodi and I have been asked to sit in on the call
(Mike and Noreen's) with HQ this morning, 9-10

mailto:jim_zelenak@fws.gov


Mountain Time.

 

After that, I will send you the timeline and
"story" points we discussed on the call
yesterday, and I'll be available to talk on the
phone if necessary.

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov
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--

Roya Mogadam

Deputy Assistant Regional Director,
External Affairs

Mountain-Prairie Region

U.S. Fish and Wildlife Service

134 Union Boulevard

Lakewood, CO 80228

 

Roya_Mogadam@fws.gov

(303) 236-4572

 

 

 

--

Anna Muñoz

Assistant Regional Director - External Affairs

U.S. Fish and Wildlife Service, Mountain-Prairie Region

Office: 303-236-4510

Cell: 720-648-2542

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

https://maps.google.com/?q=134+Union&entry=gmail&source=g
mailto:Roya_Mogadam@fws.gov
https://maps.google.com/?q=134+Union&entry=gmail&source=g
mailto:Roya_Mogadam@fws.gov
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-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

https://maps.google.com/?q=134+Union&entry=gmail&source=g
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From: Zelenak, Jim
To: Robert Segin
Cc: Roya Mogadam; Jodi Bush; Justin Shoemaker
Subject: Re: Lynx Op-Ed
Date: Friday, December 15, 2017 4:34:18 PM
Attachments: Lynx FAQ121517_jz edits.docx

Sorry these are after the 3 pm deadline - as you will see, there's much about which I had concern.

I similarly have concern with parts of the news release and hope we can discuss on the call on Monday (I'm
available all day) and perhaps address.

On Fri, Dec 15, 2017 at 2:49 PM, Robert Segin <robert_segin@fws.gov> wrote:

Thanks Jim,

 

Just the Q &A.  As for the NR if you see any major errors we will leave it as is as since its  been
reviewed by HQ and we don’t want to mess with it too much. 

 

Need to stay conversational and non technical as well.

 

Thanks

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, December 15, 2017 2:47 PM
To: Mogadam, Roya
Cc: Robert Segin; Jodi Bush
Subject: Re: Lynx Op-Ed

 

I will now look at the FAQs and NR and get comments/clarifications to you ASAP....

 

On Fri, Dec 15, 2017 at 1:54 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Sounds good, we have some time for the OpEd, but we still need to get the talking points
and news release in close to final condition today by 3:00.

 

-Roya

 

mailto:jim_zelenak@fws.gov
mailto:robert_segin@fws.gov
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On Fri, Dec 15, 2017 at 1:11 PM, Robert Segin <robert_segin@fws.gov> wrote:

I think that would be great.

Just need to figure out a time.

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell

> On Dec 15, 2017, at 12:48 PM, Jodi Bush <jodi_bush@fws.gov> wrote:
>
> Could we maybe have a call (like Monday),  where we come up with the
> main ideas and then you take a stab at drafting?  JB
>
> Sent from my iPhone
>
>> On Dec 15, 2017, at 12:41 PM, Robert Segin <robert_segin@fws.gov> wrote:
>>
>> Good afternoon ES Team,
>>
>>
>> The plan is to do an op Ed on the lynx  five year and wanted to know
>> how you would like to proceed?
>>
>> Would you like me to draft a rough cut/outline and then we can go from there?
>>
>>
>> Steve Segin
>> Public Affairs Officer
>> U.S. Fish and Wildlife Service
>> Lakewood, CO
>> 303-236-4578
>> 720-355-5042 Cell

 

--

Roya Mogadam

Deputy Assistant Regional Director, External Affairs

mailto:robert_segin@fws.gov
mailto:jodi_bush@fws.gov
mailto:robert_segin@fws.gov


Mountain-Prairie Region

U.S. Fish and Wildlife Service

134 Union Boulevard

Lakewood, CO 80228

 

Roya_Mogadam@fws.gov

(303) 236-4572

 

 

 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
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Q.  Why does the Service believe listing is no longer warranted for lynx?   
 
A.  Federal land management changes have adequately protected the species habitat against the 
primary threats that led to listing and will ensure that the species will remain resilient in the 
foreseeable future, even in the face of climate change.  We’ve also learned that land management 
changes in ME have led to historically high numbers of the species.  Those numbers may 
moderate with forest succession but our analysis suggests resiliency for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What conservation efforts have been undertaken since 2000? 
 
A. Federal management plans, others with states? 
 
Q. How did the Service consider the best available science in the recommendation 
 
A. The Service always considers the best available science in managing Threatened and 
Endangered species. Since 20XX, we have been engaged in a SSA process, where we worked 
with XXXX partners, XXX university partners, XXXX. 
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 

Frequently Asked Questions 
Canada Lynx 5-Year Review 

 

Comment [RCM1]: Work with Jim 

Comment [RCM2]: Insert timeline summary. 



A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  

 
Q.  What are the effects of Climate Change on the lynx? 
 
A. The Service and lynx expert panelists agree, although minimal, the projected effects of a 
warming climate now pose the most significant threat to the lynx DPS.  Although there is great 
uncertainty about the timing and extent of climate-driven impacts, continued warming is 
projected to cause the boreal forest habitats and snow conditions that support populations of lynx 
and its primary food source, the snowshoe hare, to contract northward and to higher elevations in 
the future.  However, even considering climate change and its potential impacts, the Service and 
lynx experts concluded that the best available science indicates it will not have a significant 
effect on the DPS in the lower 48 within the foreseeable future. 
 
Q. Do lynx population numbers normally fluctuate? 
 
A. The fact that the DPS represents the southern edge of the Canada Lynx range and that these 
populations have always ebbed and waned based on habitat conditions.  NEED A BIT MORE 
 
Q. When would the lynx be delisted? 
 
A. There are no immediate plans to delist the lynx.  However, based on this recommendation, in 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 

 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 
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For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling big cats, is well on 
its way to becoming the next Endangered Species Act success story. 
 
The oday the U.S. Fish and Wildlife Service (Service) is announcing announced the completion 
of a five-year scientific review of the Canada lynx distinct population segment (DPS) in the 
contiguous United States. The review concludes that, thethis Canada lynx DPS in the lower 48 
states may no longer warrant protection under the Endangered Species Act (ESA) and should be 
considered for delisting.  This recommendation is the result of an extensive review of available 
scientific information and almost 20 years of working in partnership with state, federal, tribal, 
and other land managers on the conservation of this species.   
 
The Service began this recovery planningthe review of scientific information on the status of the 
species, or a Species Status Assessment (SSA), in 2014. This review was led by and developed a 
comprehensive group of lynx experts and other subject matter experts towho evaluated all 
relevant scientific information on the threats to the species including: climate change, forest 
ecology and hare population dynamics.  This This resulted in multiple workshops to evaluate the 
data and develop a species status assessment (SSA) that was peer reviewed by independent 
experts and our federal and tribal partners. After more than 2 years of workingclose coordination 
with State and Federal agencies, Tribes, and academic partners, and using the best available 
science, we came to our decision to recommend delisting the Canada lynx DPS.   
 
Given our recommendation tothat the species may be recovered delist the lynx DPS due to 
recovery,  at this time, a recovery plan would not promote the conservation of the species, and 
therefore,, and therefore at this time, we will not be completing a recovery plan for Canada lynx. 
 

News Release 
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The  species was listed as threatened in 2000 largely due to a lack of regulatory mechanisms on 
federal public lands, which is prime habitat for Canada lynx populations. However, since 
receiving ESA protection, most federal land managers throughout the lynx’s range have formally 
amended their management plans and instituted conservation measures to conserve the species.   
 
Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology. Research and monitoring efforts conducted by state and federal 
agencies, tribes and academic institutions,  helped refine biologists’ understanding of habitat 
needs, distributions, population characteristics and potential stressors. 
 
The Service relies on the best available science to inform all decisions. This five-year review was 
informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, which 
compiled all available scientific information on the historical, current and possible future 
conditions for the DPS. The SSA included input from recognized lynx experts in Canada and the 
United States, as well as a variety of experts in the fields of ecology, genetics, climate modeling 
and habitat management.  
 
A cousin of the common bobcat, the Canada lynx is similar in size but can be distinguished by its 
black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, furry 
paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in northern 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, the Greater Yellowstone area and western Colorado. 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
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https://twitter.com/usfws
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From: Mogadam, Roya
To: Anna Munoz; Robert Segin
Subject: Re: Most Recent Lynx Comms Materials
Date: Monday, December 18, 2017 8:26:54 AM
Attachments: Canada Lynx Newsrelease R6_HQ edit merged121517 Draft (rm edits) (3).docx

Canada Lynx 5-Year Review Communications Plan -Recoveryplaninfo RMEdits.docx
Lynx FAQ121517.RM comments.docx

Hi Steve-

Please see attached for revised versions of these docs. Please review, edit, and clean up this
AM. I need to review the cleaned up versions and get to ARDs this morning. Are you
available at noon to be on the ARD call on this?

-Roya

On Fri, Dec 15, 2017 at 4:18 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Everyone-

I want to make sure we are all working from the same document/version.

Attached are the most recent Lynx comms materials.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:roya_mogadam@fws.gov
mailto:anna_munoz@fws.gov
mailto:robert_segin@fws.gov
mailto:roya_mogadam@fws.gov
mailto:Roya_Mogadam@fws.gov
mailto:Roya_Mogadam@fws.gov


 
 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconicsecretive, boreal, snow-dwelling 
bigwild cats, is well on its way to becoming the nexthas benefitted from Federal, State, Tribal 
and private conservation efforts and forest management and no longer requires listing under the 
Endangered Species Act success story. 
 
The oday the U.S. Fish and Wildlife Service is announcing announced the completion of a five-
year scientific review of the Canada lynx distinct population segment (DPS) in the contiguous 
United States.  The review concludes that, the Canada lynx in the lLower 48 sStates may no 
longer warrant protection under the Endangered Species Act (ESA) and should be considered for 
delisting.  This recommendation is the result of almost 20 years of working in partnership with 
sState, fFederal, tTribal, and otherprivate land managers on the conservation of this species, 
better understanding of lynx ecology here on the southern margin of the species’ range, and 
improved status of lynx populations in several parts of the DPS range compared to what was 
known when we listed it.  Given our recommendation to delist the lynx DPS due to recovery, we 
have determined that a recovery plan would not promote the conservation of the species, and 
therefore at this time, we will not be completing a recovery plan for Canadathe lynx DPS. 
 
The species wasService listed the lynx DPS as threatened under the ESA in 2000 largely due to a 
lack of because we determined that regulatory mechanisms on Ffederal public lands at that time 
were inadequate to ensure the conservation of lynx habitats and populations.  Federal lands 
contain the majority of lynx habitats in the Lower 48., which is prime habitat for Canada lynx 
populations.  However, since receiving ESA protection, most fFederal land managers throughout 
the lynx’s range have worked closely with the Service to formally amended their management 
plans and instituted science-based conservation measures to conserve the species.   
 

News Release 
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Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology.  Research, and monitoring, and conservation efforts conducted by 
sState and fFederal agencies, tTribes and academic institutions, have  helped refine biologists’ 
understanding of habitat needs, distributions, population characteristics and potential stressors.  
Lynx are broadly distributed and secure across most of Canada and Alaska.  In the contiguous 
United States, resident populations currently are found in northern Maine, northeastern 
Minnesota, northwestern Montana, northeastern Idaho, north-central Washington, and western 
Colorado. 
 
The Service relies on the best available science to inform all decisions.  This five-year review 
was informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, which 
compiled all available scientific information on the historical, current, and possible future 
conditions for the DPS.  The SSA included input from recognized lynx experts in Canada and the 
United States, as well as a variety of experts in the fields of ecology, genetics, climate modeling 
and habitat management.  
 
Based on this information, we believe there currently are many more resident lynx in Maine and 
Colorado than likely occurred historically, and many more in those places and Minnesota than 
we suspected when we listed the DPS in 2000.  However, lynx numbers have likely declined in 
Washington over the last few decades due to increased wildfire activity.  Over the long-term, 
continued climate warming is expected to reduce lynx habitats and numbers, but there is great 
uncertainty about the timing and extent of those impacts.  Considering climate change and other 
potential threats, the Service and lynx experts we consulted believe that lynx populations in the 
DPS are very likely to persist through the middle of this century or longer.   
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow.  Canada Lynx populations are found in 
northern Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-
central Washington, the Greater Yellowstone area and western Colorado. 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media channels: 
Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
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From: Zelenak, Jim
To: Robert Segin
Cc: Roya Mogadam; Jodi Bush; Justin Shoemaker
Subject: Re: Lynx Op-Ed
Date: Monday, December 18, 2017 9:02:01 AM
Attachments: Canada Lynx Newsrelease R6_HQ edit merged121517 Draft_jz comments.docx

Attached are my thoughts/ recommendations for the News Release.

Please let me know if we are having a call today. Jodi ask that I also participate in a call with EA HQ and other
regions if such a call occurs.

I do think it is very important that we have an accurate NR and consistent outreach messages and efforts in all
regions.

Let me know if you have questions or need more info.

Thanks,

jim

On Fri, Dec 15, 2017 at 4:34 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Sorry these are after the 3 pm deadline - as you will see, there's much about which I had concern.

I similarly have concern with parts of the news release and hope we can discuss on the call on Monday (I'm
available all day) and perhaps address.

On Fri, Dec 15, 2017 at 2:49 PM, Robert Segin <robert_segin@fws.gov> wrote:

Thanks Jim,

 

Just the Q &A.  As for the NR if you see any major errors we will leave it as is as since its  been
reviewed by HQ and we don’t want to mess with it too much. 

 

Need to stay conversational and non technical as well.

 

Thanks

 

From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, December 15, 2017 2:47 PM
To: Mogadam, Roya
Cc: Robert Segin; Jodi Bush
Subject: Re: Lynx Op-Ed

 

mailto:jim_zelenak@fws.gov
mailto:robert_segin@fws.gov
mailto:roya_mogadam@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:jim_zelenak@fws.gov
mailto:robert_segin@fws.gov
mailto:jim_zelenak@fws.gov


I will now look at the FAQs and NR and get comments/clarifications to you ASAP....

 

On Fri, Dec 15, 2017 at 1:54 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Sounds good, we have some time for the OpEd, but we still need to get the talking points
and news release in close to final condition today by 3:00.

 

-Roya

 

On Fri, Dec 15, 2017 at 1:11 PM, Robert Segin <robert_segin@fws.gov> wrote:

I think that would be great.

Just need to figure out a time.

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell

> On Dec 15, 2017, at 12:48 PM, Jodi Bush <jodi_bush@fws.gov> wrote:
>
> Could we maybe have a call (like Monday),  where we come up with the
> main ideas and then you take a stab at drafting?  JB
>
> Sent from my iPhone
>
>> On Dec 15, 2017, at 12:41 PM, Robert Segin <robert_segin@fws.gov> wrote:
>>
>> Good afternoon ES Team,
>>
>>
>> The plan is to do an op Ed on the lynx  five year and wanted to know
>> how you would like to proceed?
>>
>> Would you like me to draft a rough cut/outline and then we can go from there?
>>
>>
>> Steve Segin
>> Public Affairs Officer

mailto:roya_mogadam@fws.gov
mailto:robert_segin@fws.gov
mailto:jodi_bush@fws.gov
mailto:robert_segin@fws.gov


>> U.S. Fish and Wildlife Service
>> Lakewood, CO
>> 303-236-4578
>> 720-355-5042 Cell

 

--

Roya Mogadam

Deputy Assistant Regional Director, External Affairs

Mountain-Prairie Region

U.S. Fish and Wildlife Service

134 Union Boulevard

Lakewood, CO 80228

 

Roya_Mogadam@fws.gov

(303) 236-4572

 

 

 

 

--

Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

https://maps.google.com/?q=134+Union&entry=gmail&source=g
mailto:Roya_Mogadam@fws.gov


(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov


 
 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 
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For Immediate Release 
 
xxxx, 2017 
 

New Scientific Review Recommends Delisting Removing Federal 
Protections for the Canada Lynx 

Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – Today the U.S. Fish and Wildlife Service (Service) announced the completion of a 
five-year scientific review of the contiguous United States distinct population segment (DPS) of 
the Canada lynx population in the contiguous United States., a species currently listed as 
threatened under the Endangered Species Act (ESA). The review concludes that, thanks to the 
conservation actions of a variety of federal, state, tribal, academic and non-governmental 
partners, the Canada lynx DPS lynx in the lower 48 states may no longer warrant protection 
under the Endangered Species Act (ESA) and should be considered for delisting. 
 
The species was listed as threatened in 2000 largely due to a lack of regulatory mechanisms on 
federal public lands, which is prime habitat for Canada lynx populations. However, since 
receiving ESA protection, most federal land managers throughout the lynx’s range have formally 
amended their management plans and instituted conservation measures to conserve the species.   
 
Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology. Research and monitoring efforts conducted by state and federal 
agencies, tribes and academic institutions,  helped refine biologists’ understanding of habitat 
needs, distributions, population characteristics and potential stressors. 
 
The Service relies on the best available science to inform all decisions. Today’s This five-year 
review was informed by a recently completed Species Status Assessment (SSA) for the lynx 
DPS, which compiled all available scientific information on the historical, current and possible 
future conditions for the DPS. The SSA included input from recognized lynx experts in Canada 
and the United States, as well as a variety of experts in the fields of ecology, genetics, climate 
modeling and habitat management.  
 

News Release 
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A cousin of the common bobcat, the Canada lynx is similar in size but can be distinguished by its 
black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, furry 
paws for hunting snowshoe hares in deep snow. The lynx DPS includes groups of the species 
Lynx populations are found in northern Maine, northeastern Minnesota, northwestern Montana, 
northeastern Idaho, north-central Washington, the Greater Yellowstone area and western 
Colorado. 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
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Label: "Meagan Racey Lynx SSA Emails"

Created by:meagan_racey@fws.gov

Total Messages in label:193 (37 conversations)

Created: 01-03-2018 at 07:37 AM



Conversation Contents
Lynx correction

Attachments:

/6. Lynx correction/1.1 Canada Lynx Review News Release - Draft (1).docx

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Mon Dec 18 2017 09:48:13 GMT-0700 (MST)
To: Vanessa Kauffman <vanessa_kauffman@fws.gov>
Subject: Lynx correction
Attachments: Canada Lynx Review News Release - Draft (1).docx

Hi Vanessa! an issue I saw in the lynx news release in DTS. The paragraph about the species' range should say
"Maine" not "northern Maine." The state has emphasized to us that lynx are not just in northern Maine.
Thank you!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

http://usfwsnortheast.wordpress.com/
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For Immediate Release 
 
xxxx, 2017 
 

New Scientific Review Recommends Delisting Removing Federal 
Protections for the Canada Lynx 

Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – Today the U.S. Fish and Wildlife Service (Service) announced the completion of a 
five-year scientific review of the contiguous United States distinct population segment (DPS) of 
the Canada lynx population in the contiguous United States., a species currently listed as 
threatened under the Endangered Species Act (ESA). The review concludes that, thanks to the 
conservation actions of a variety of federal, state, tribal, academic and non-governmental 
partners, the Canada lynx DPS lynx in the lower 48 states may no longer warrant protection 
under the Endangered Species Act (ESA) and should be considered for delisting. 
 
Quote from R5? 
 
“Working closely with a number of partners, Maine’s research concerning Canada lynx shows 
that the population in Maine is growing and expanding,” said Chandler Woodcock, 
Commissioner, Maine Department of Inland Fisheries and Wildlife. “And the research conducted 
by our biologists in conjunction with the USFWS showed modern forest management practices 
compatible with lynx conservation.” 
 
 
The species was listed as threatened in 2000 largely due to a lack of regulatory mechanisms on 
federal public lands, which is prime habitat for Canada lynx populations. However, since 
receiving ESA protection, most federal land managers throughout the lynx’s range have formally 
amended their management plans and instituted conservation measures to conserve the species.   
 
Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology. Research and monitoring efforts conducted by state and federal 

News Release 

Comment [GGS1]: See my comment in section 
13 of the comms plan re additional message. 

Comment [GGS2]: Why get technical if we don’t 
have to? 

mailto:robert_segin@fws.gov


agencies, tribes and academic institutions,  helped refine biologists’ understanding of habitat 
needs, distributions, population characteristics and potential stressors. 
 
In Maine beginning in 1999, IFW began a 12-year telemetry study in northern Aroostook County 
to assess lynx population status, survival and reproductive rates, and behavior. Information 
gathered from this study was instrumental in providing information on lynx biology, habitat 
needs, range, and the ability of Maine’s lynx population to expand. 
 
Lynx research in Maine continues today with the IFW currently tracking radio-collared Canada 
lynx as well as entering the third year of three-year track survey. Preliminary results from the 
current survey effort show that the lynx are occupying a greater percentage of the available 
habitat in Maine.  
 
 “Through the stewardship of our partners such as the Maine Forest Products Council and many 
other private landowners, our extensive monitoring of lynx indicates that Maine’s lynx 
population in northern Maine has been expanding into eastern and western Maine,” said 
Woodcock. “Not only are lynx found in more places, but signs of lynx are found more frequently 
during our surveys.” 
 
The Service relies on the best available science to inform all decisions. Today’s This five-year 
review was informed by a recently completed Species Status Assessment (SSA) for the lynx 
DPS, which compiled all available scientific information on the historical, current and possible 
future conditions for the DPS. The SSA included input from recognized lynx experts in Canada 
and the United States, as well as a variety of experts in the fields of ecology, genetics, climate 
modeling and habitat management.  
 
A cousin of the common bobcat, the Canada lynx is similar in size but can be distinguished by its 
black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, furry 
paws for hunting snowshoe hares in deep snow. The lynx DPS includes groups of the species 
Lynx populations are found in northern Maine, northeastern Minnesota, northwestern Montana, 
northeastern Idaho, north-central Washington, the Greater Yellowstone area and western 
Colorado. 
 
“After nearly 2 decades of monitoring and research, Maine’s lynx population continues to grow 
in response to an abundance of forested habitat and prey,” said IFW lynx biologist Jen Vashon. 
“We are committed to continued protection and monitoring of lynx in Maine, and sharing 
information with private forest managers.” 
 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
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The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


 
 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 
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New Scientific Review Recommends Delisting Removing Federal 
Protections for the Canada Lynx 

Conservation partnerships have helped protect this elusive cat across its range in the lower 48 
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the Canada lynx population in the contiguous United States., a species currently listed as 
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agencies, tribes and academic institutions,  helped refine biologists’ understanding of habitat 
needs, distributions, population characteristics and potential stressors. 
 
In Maine beginning in 1999, IFW began a 12-year telemetry study in northern Aroostook County 
to assess lynx population status, survival and reproductive rates, and behavior. Information 
gathered from this study was instrumental in providing information on lynx biology, habitat 
needs, range, and the ability of Maine’s lynx population to expand. 
 
Lynx research in Maine continues today with the IFW currently tracking radio-collared Canada 
lynx as well as entering the third year of three-year track survey. Preliminary results from the 
current survey effort show that the lynx are occupying a greater percentage of the available 
habitat in Maine.  
 
 “Through the stewardship of our partners such as the Maine Forest Products Council and many 
other private landowners, our extensive monitoring of lynx indicates that Maine’s lynx 
population in northern Maine has been expanding into eastern and western Maine,” said 
Woodcock. “Not only are lynx found in more places, but signs of lynx are found more frequently 
during our surveys.” 
 
The Service relies on the best available science to inform all decisions. Today’s This five-year 
review was informed by a recently completed Species Status Assessment (SSA) for the lynx 
DPS, which compiled all available scientific information on the historical, current and possible 
future conditions for the DPS. The SSA included input from recognized lynx experts in Canada 
and the United States, as well as a variety of experts in the fields of ecology, genetics, climate 
modeling and habitat management.  
 
A cousin of the common bobcat, the Canada lynx is similar in size but can be distinguished by its 
black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, furry 
paws for hunting snowshoe hares in deep snow. The lynx DPS includes groups of the species 
Lynx populations are found in northern Maine, northeastern Minnesota, northwestern Montana, 
northeastern Idaho, north-central Washington, the Greater Yellowstone area and western 
Colorado. 
 
“After nearly 2 decades of monitoring and research, Maine’s lynx population continues to grow 
in response to an abundance of forested habitat and prey,” said IFW lynx biologist Jen Vashon. 
“We are committed to continued protection and monitoring of lynx in Maine, and sharing 
information with private forest managers.” 
 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
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Conversation Contents
Lynx news release w/ IFW info

Attachments:

/4. Lynx news release w/ IFW info/1.1 Canada Lynx Review News Release - Draft
(1)_MR.docx
/4. Lynx news release w/ IFW info/4.1 Canada Lynx Review News Release - Draft
(1)_MR.docx

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Mon Dec 18 2017 09:55:52 GMT-0700 (MST)

To:

Paul Phifer <paul_phifer@fws.gov>, Spencer Simon
<spencer_simon@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, Ken Elowe <ken_elowe@fws.gov>,
Anna Harris <anna_harris@fws.gov>, "Smith, Glenn"
<glenn_s_smith@fws.gov>, Martin Miller
<Martin_Miller@fws.gov>

Subject: Lynx news release w/ IFW info
Attachments: Canada Lynx Review News Release - Draft (1)_MR.docx

Hi all, 

I downloaded the latest version of the national news release (going through review now in HQ)
and added the information sent to me by IFW today. Let me know if you have any concerns. I
hope to have an update on timing later today. 

We've been trying to get IFW on board with doing a story on lynx conservation in Maine. We
had interest and support initially, but hit a roadblock. Still trying.

Best,
Meagan

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Smith, Glenn" <glenn_s_smith@fws.gov>

http://usfwsnortheast.wordpress.com/


From: "Smith, Glenn" <glenn_s_smith@fws.gov>
Sent: Mon Dec 18 2017 10:06:29 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>

CC:

Paul Phifer <paul_phifer@fws.gov>, Spencer Simon
<spencer_simon@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, Ken Elowe <ken_elowe@fws.gov>,
Anna Harris <anna_harris@fws.gov>, Martin Miller
<Martin_Miller@fws.gov>

Subject: Re: Lynx news release w/ IFW info

Thanks Meagan-

My only question is whether we have any lynx "populations" in VT or NH also, or just individuals?

Glenn

On Mon, Dec 18, 2017 at 11:55 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi all, 

I downloaded the latest version of the national news release (going through review now in
HQ) and added the information sent to me by IFW today. Let me know if you have any
concerns. I hope to have an update on timing later today. 

We've been trying to get IFW on board with doing a story on lynx conservation in Maine. We
had interest and support initially, but hit a roadblock. Still trying.

Best,
Meagan

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Glenn S. Smith

300 Westgate Center Dr.

Hadley, MA 01035

413-253-8627

"Continuous improvement is better than delayed perfection." Mark Twain

"Better Conservation More Efficiently" Section 7(a)(1)
 Proactive, landscape, level, strategic conservation!

"Harris, Anna" <anna_harris@fws.gov>

mailto:meagan_racey@fws.gov
http://usfwsnortheast.wordpress.com/


From: "Harris, Anna" <anna_harris@fws.gov>
Sent: Mon Dec 18 2017 10:34:45 GMT-0700 (MST)
To: "Smith, Glenn" <glenn_s_smith@fws.gov>

CC:

"Racey, Meagan" <meagan_racey@fws.gov>, Paul Phifer
<paul_phifer@fws.gov>, Spencer Simon
<spencer_simon@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, Ken Elowe <ken_elowe@fws.gov>,
Martin Miller <Martin_Miller@fws.gov>

Subject: Re: Lynx news release w/ IFW info

Thanks Meagan,

Let me know if there is anything I can do to help with the roadblock. Peter and I are meeting
with IFW tomorrow on fish-related topics but I can bring this up with Jim C. if you think it will
help.

As for Glenn's question - lynx have been documented breeding in NH and VT but I think if we're
using populations, leaving those states out makes sense in the NR to me.

On Mon, Dec 18, 2017 at 12:06 PM, Smith, Glenn <glenn_s_smith@fws.gov> wrote:
Thanks Meagan-

My only question is whether we have any lynx "populations" in VT or NH also, or just individuals?

Glenn

On Mon, Dec 18, 2017 at 11:55 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi all, 

I downloaded the latest version of the national news release (going through review now in
HQ) and added the information sent to me by IFW today. Let me know if you have any
concerns. I hope to have an update on timing later today. 

We've been trying to get IFW on board with doing a story on lynx conservation in Maine.
We had interest and support initially, but hit a roadblock. Still trying.

Best,
Meagan

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Glenn S. Smith

mailto:glenn_s_smith@fws.gov
mailto:meagan_racey@fws.gov
http://usfwsnortheast.wordpress.com/


300 Westgate Center Dr.

Hadley, MA 01035

413-253-8627

"Continuous improvement is better than delayed perfection." Mark Twain

"Better Conservation More Efficiently" Section 7(a)(1)
 Proactive, landscape, level, strategic conservation!

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Mon Dec 18 2017 11:12:05 GMT-0700 (MST)
To: Ariel Kallenbach <ariel_kallenbach@fws.gov>
Subject: Fwd: Lynx news release w/ IFW info
Attachments: Canada Lynx Review News Release - Draft (1)_MR.docx

see info i pasted from IFW
---------- Forwarded message ----------
From: Racey, Meagan <meagan_racey@fws.gov>
Date: Mon, Dec 18, 2017 at 11:55 AM
Subject: Lynx news release w/ IFW info
To: Paul Phifer <paul_phifer@fws.gov>, Spencer Simon <spencer_simon@fws.gov>, "Hastie,
Kyla" <kyla_hastie@fws.gov>, Christine Eustis <christine_eustis@fws.gov>, Ken Elowe
<ken_elowe@fws.gov>, Anna Harris <anna_harris@fws.gov>, "Smith, Glenn"
<glenn_s_smith@fws.gov>, Martin Miller <Martin_Miller@fws.gov>

Hi all, 

I downloaded the latest version of the national news release (going through review now in HQ)
and added the information sent to me by IFW today. Let me know if you have any concerns. I
hope to have an update on timing later today. 

We've been trying to get IFW on board with doing a story on lynx conservation in Maine. We
had interest and support initially, but hit a roadblock. Still trying.

Best,
Meagan

-- 
Meagan Racey

https://maps.google.com/?q=300+Westgate+Center+Dr.Hadley,+MA+01035+413&entry=gmail&source=g
https://maps.google.com/?q=300+Westgate+Center+Dr.Hadley,+MA+01035+413&entry=gmail&source=g
https://maps.google.com/?q=300+Westgate+Center+Dr.Hadley,+MA+01035+413&entry=gmail&source=g
https://www.fws.gov/northeast/mainecomplex/
mailto:meagan_racey@fws.gov
mailto:paul_phifer@fws.gov
mailto:spencer_simon@fws.gov
mailto:kyla_hastie@fws.gov
mailto:christine_eustis@fws.gov
mailto:ken_elowe@fws.gov
mailto:anna_harris@fws.gov
mailto:glenn_s_smith@fws.gov
mailto:Martin_Miller@fws.gov


Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

http://usfwsnortheast.wordpress.com/
http://usfwsnortheast.wordpress.com/


From: Mogadam, Roya
To: Kauffman, Vanessa
Cc: Robert Segin; Anna Munoz
Subject: Re: Lynx Outreach
Date: Monday, December 18, 2017 11:07:20 AM

Vanessa-

We will have revised versions to you Wednesday. We have some internal steps we need to go
through before sending up. 

-Roya

On Mon, Dec 18, 2017 at 11:01 AM, Kauffman, Vanessa <vanessa_kauffman@fws.gov>
wrote:

Hi

Per our chat, if you had not seen the edits yet, attached are updates from Gavin and a new
one from region 5 on the species range. Note, it should Maine (not northern Maine).

Send back the updates when ready so I can add back into the DTS record (067057).

What is your timing looking like? And what web page would you put this on?

Thanks!
Vanessa

-- 

Best,
Vanessa C. Kauffman
Division of Public Affairs
U.S. Fish and Wildlife Service
5275 Leesburg Pike, MS: EA
Falls Church, VA 22041-3803

703-358-2138 (direct)
571-319-6342 (cell)
vanessa_kauffman@fws.gov
Visit us online at: http://www.fws.gov

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov

mailto:roya_mogadam@fws.gov
mailto:vanessa_kauffman@fws.gov
mailto:robert_segin@fws.gov
mailto:anna_munoz@fws.gov
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mailto:Roya_Mogadam@fws.gov


(303) 236-4572



From: Mogadam, Roya
To: Robert Segin
Subject: Re: Lynx
Date: Monday, December 18, 2017 11:31:10 AM

Thank you! Will look over now.

On Mon, Dec 18, 2017 at 11:25 AM, Robert Segin <robert_segin@fws.gov> wrote:

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:roya_mogadam@fws.gov
mailto:robert_segin@fws.gov
mailto:robert_segin@fws.gov
mailto:Roya_Mogadam@fws.gov


 
 
 
 
 
 
 
 

 
Q.  Why does the Service believe listing is no longer warranted for lynx?   
 
A.  Federal land management changes have adequately protected the species habitat against the 
primary threats that led to listing and will ensure that the species will remain resilient in the 
foreseeable future, even in the face of climate change.  We’ve also learned that land management 
changes in ME and CO have led to historically high numbers of the species.  Those numbers may 
moderate with forest succession but our analysis suggests resiliency for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What conservation efforts have been undertaken since 2000? 
 
A. Since listing in 2000, Federal land managers have adopted and implemented, through formal 
and binding amendments or revisions to land management plans or and in accordance with 
formal conservation agreements with the Service, which include science-based conservation 
measures, standards and guidelines, and best management practices (BMPs) to conserve lynx.  
We believe these commitments have largely addressed the threats for which the Canada lynx 
DPS was listed.  Additionally, many State and Tribal agencies and academic partners have 
worked with the Service to identify and protect important lynx habitats and monitor and enhance 
lynx populations. 
 
-States - Washington - WA DNR developed it's own lynx habitat mgmt plan (1996, revised 
2006); WA DFW developed a lynx recovery plan (2001) 
 
-Maine - conducted long-term study of lynx; developed, with USFWS, an HCP/ITP to minimize 
incidental capture of lynx during legal trapping of other furbearers (many (most) states have also 
adopted special trapping regs to minimize incidental take of lynx, and Minn. also has begun 
work on a trapping HCP/ITP.). 
 

Frequently Asked Questions 
Canada Lynx 5-Year Review 

 



-Montana - DNRC with USFWS developed an HCP for forest management on State lands in 
Montana to avoid/minimize impacts to lynx. 
 
-Colorado - translocated 218 lynx from Canada and Alaska to establish the current resident 
population there.  
 
Q. How did the Service consider the best available science in the recommendation? 
 
A. The Service always considers the best available science in managing Threatened and 
Endangered species. In this instance, t Beginning in 2014, the Service convened the Lynx SSA 
Core Team made up of 5 USFWS biologists who do lynx work throughout the DPS range, and 
an SSA Framework Implementation Team (FIT) made of or 3 USFWS and 1 USGS personnel to 
guide development of the SSA.  The Core Team reviewed all the available science related to 
lynx ecology, historical and recent distribution and current potential threats to develop the 
Species Status Assessment (SSA). The SSA review was led by a comprehensive group of lynx 
experts and other subject matter experts who evaluated relevant scientific information on the 
threats to the species including: climate change, forest ecology and hare population dynamics.  
The SSA included input from recognized lynx experts in Canada and the United States, as well 
as a variety of experts in the fields of ecology, genetics, climate modeling and habitat 
management. This SSA was peer reviewed by independent experts and our federal and tribal 
partners.  .   
 
 
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  

 
Q.  What are the effects of Climate Change on the lynx? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
increased fragmentation and isolation of habitats and populations and, over the long-term, in 
reduced population resiliency and increasing vulnerability to extirpation.   
 
The Service and lynx expert panelists agree that the projected effects of a warming climate now 
pose the most significant threat to the long-term persistence of the lynx DPS.  Although there is 
great uncertainty about the timing and extent of climate-driven impacts, neither the Service nor 
the experts we consulted conclude that the DPS is at risk of extirpation from climate change 
within the foreseeable future.  



 
Q. Do lynx population numbers normally fluctuate? 
 
A. In the core of the species’ range, lynx populations fluctuate dramatically as they closely track 
10-year cycles in hare populations.  At the southern edge of both species’ ranges, including the 
DPS range, hare population cycles are much less pronounced, and some may not cycle at all.  
Therefore, lynx populations in the DPS do not undergo the dramatic swings seen in more 
northern populations, though they likely respond to changes in hare abundance with less 
dramatic population fluctuations.  In general, lynx populations in the DPS typically occur at 
densities similar to those in the north when hare numbers are low. 
 
Q. When would the lynx be delisted? 
 
A. There are no immediate plans to delist the lynx.  However, based on this recommendation, in 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 

 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 
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standards and guidelines, and best management practices to conserve lynx.  We believe these 
commitments have largely addressed the threats for which the Canada lynx DPS was listed.  
Additionally, many State and Tribal agencies and academic partners have worked with the 
Service to identify and protect important lynx habitats and monitor and enhance lynx 
populations. 
 
Q. How did the Service consider the best available science in the recommendation? 
 
A. The Service always considers the best available science in managing Threatened and 
Endangered species. Beginning in 2014, the Service reviewed available science related to lynx 
ecology, historical and recent distribution and current potential threats to develop the Species 
Status Assessment (SSA). The SSA review was led by a comprehensive group of lynx experts 
and other subject matter experts who evaluated relevant scientific information on the threats to 
the species including: climate change, forest ecology and hare population dynamics.  The SSA 
included input from recognized lynx experts in Canada and the United States, as well as a variety 
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of experts in the fields of ecology, genetics, climate modeling and habitat management. This 
SSA was peer reviewed by independent experts and our federal and tribal partners.   
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  

 
Q.  What are the effects of Climate Change on the lynx? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
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Therefore, lynx populations in the DPS do not undergo the dramatic swings seen in more 
northern populations, though they likely respond to changes in hare abundance with less 
dramatic population fluctuations.  In general, lynx populations in the DPS typically occur at 
densities similar to those in the north when hare numbers are low. 
 
Q. When would the lynx be delisted? 
 
A. There are no immediate plans to delist the lynx.  However, based on this recommendation, in 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
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would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
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due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
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the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 
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For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling cats, is well on its 
way to becoming the next Endangered Species Act success story. 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx distinct population segment (DPS) in the contiguous United 
States. The review concludes that the Canada lynx DPS may no longer warrant protection under 
the Endangered Species Act (ESA) and should be considered for delisting.  This 
recommendation is the result of an extensive review of available scientific information and 
almost 20 years of working in partnership with state, federal, tribal, and other land managers on 
the conservation of this species.   
 
The Service relies on the best available science to inform all decisions. This five-year review was 
informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, which 
compiled all available scientific information on the historical, current and possible future 
conditions for the DPS.  
 
The Service began the review of scientific information on the status of the species, or afor the 
SSA Species Status Assessment (SSA), in 2014. This review was led by a comprehensive group 
of lynx experts and other subject matter experts who evaluated relevant scientific information on 
the threats to the species including: climate change, forest ecology and hare population 
dynamics.  This SSA was peer reviewed by independent experts and our federal and tribal 
partners. After more than 2 years of working with State and Federal agencies, Tribes, and 
academic partners, and using the best available science, we came to our decision to recommend 
delisting the Canada lynx DPS.  Given our recommendation that the species may be recovered, at 
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this time, we determined a recovery plan would not promote the conservation of the species, and 
therefore, wethe Service will not be completing a recovery plan for the Canada lynx DPS. 
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, and western Colorado. 
 
The species Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx 
populations is located in the lower 48 states. However, sSince receiving ESA protection, most 
federal land managers throughout the lynx’s range have formally amended their management 
plans and implemented conservation measures to conserve the species.   
 
Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology. Research, monitoring and conservation efforts conducted by state 
and federal agencies, tribes and academic institutions,  helped refine biologists’ understanding of 
habitat needs, distributions, population characteristics and potential stressors. 
 
The Service relies on the best available science to inform all decisions. This five-year review was 
informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, which 
compiled all available scientific information on the historical, current and possible future 
conditions for the DPS. The SSA included input from recognized lynx experts in Canada and the 
United States, as well as a variety of experts in the fields of ecology, genetics, climate modeling 
and habitat management.  
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, and western Colorado. 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS
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States. The review concludes that the Canada lynx DPS may no longer warrant protection under 
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by a comprehensive group of lynx experts and other subject matter experts who evaluated 
relevant scientific information on the threats to the species including: climate change, forest 
ecology and hare population dynamics.  This SSA was peer reviewed by independent experts and 
our federal and tribal partners. After more than 2 years of working with State and Federal 
agencies, Tribes, and academic partners, and using the best available science, we came to our 
decision to recommend delisting the Canada lynx DPS.  Given our recommendation that the 
species may be recovered, at this time, we determined a recovery plan would not promote the 

News Release 

mailto:robert_segin@fws.gov


conservation of the species, and therefore, the Service will not be completing a recovery plan for 
the Canada lynx DPS. 
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, and western Colorado. 
 
The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx is 
located in the lower 48 states. Since receiving ESA protection, federal land managers throughout 
the lynx’s range have formally amended their management plans and implemented conservation 
measures to conserve the species. Providing the Canada lynx protection under the ESA also 
prompted an increase in scientific understanding of lynx biology. Research, monitoring and 
conservation efforts conducted by state and federal agencies, tribes and academic institutions,  
helped refine biologists’ understanding of habitat needs, distributions, population characteristics 
and potential stressors. 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
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Q.  Why does the Service believe listing is no longer warranted for lynx?   
 
A.  Federal land management changes have adequately protected the species habitat against the 
primary threats that led to listing and will ensure that the species will remain resilient in the 
foreseeable future, even in the face of climate change.  We’ve also learned that land management 
changes in ME and CO have led to historically high numbers of the species.  Those numbers may 
moderate with forest succession but our analysis suggests resiliency for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What conservation efforts have been undertaken since 2000? 
 
A. Since listing in 2000, Federal land managers have implemented land management plans and 
conservation agreements with the Service, which include science-based conservation measures, 
standards and guidelines, and best management practices to conserve lynx.  We believe these 
commitments have largely addressed the threats for which the Canada lynx DPS was listed.  
Additionally, many State and Tribal agencies and academic partners have worked with the 
Service to identify and protect important lynx habitats and monitor and enhance lynx 
populations. 
 
Q. How did the Service consider the best available science in the recommendation? 
 
A. The Service always considers the best available science in managing Threatened and 
Endangered species. Beginning in 2014, the Service reviewed available science related to lynx 
ecology, historical and recent distribution and current potential threats to develop the Species 
Status Assessment (SSA). The SSA review was led by a comprehensive group of lynx experts 
and other subject matter experts who evaluated relevant scientific information on the threats to 
the species including: climate change, forest ecology and hare population dynamics.  The SSA 
included input from recognized lynx experts in Canada and the United States, as well as a variety 
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of experts in the fields of ecology, genetics, climate modeling and habitat management. This 
SSA was peer reviewed by independent experts and our federal and tribal partners.   
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  

 
Q.  What are the effects of Climate Change on the lynx? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
increased fragmentation and isolation of habitats and populations and, over the long-term, in 
reduced population resiliency and increasing vulnerability to extirpation.   
 
The Service and lynx expert panelists agree that the projected effects of a warming climate now 
pose the most significant threat to the long-term persistence of the lynx DPS.  Although there is 
great uncertainty about the timing and extent of climate-driven impacts, neither the Service nor 
the experts we consulted conclude that the DPS is at risk of extirpation from climate change 
within the foreseeable future.  
 
Q. Do lynx population numbers normally fluctuate? 
 
A. In the core of the species’ range, lynx populations fluctuate dramatically as they closely track 
10-year cycles in hare populations.  At the southern edge of both species’ ranges, including the 
DPS range, hare population cycles are much less pronounced, and some may not cycle at all.  
Therefore, lynx populations in the DPS do not undergo the dramatic swings seen in more 
northern populations, though they likely respond to changes in hare abundance with less 
dramatic population fluctuations.  In general, lynx populations in the DPS typically occur at 
densities similar to those in the north when hare numbers are low. 
 
Q. When would the lynx be delisted? 
 
A. There are no immediate plans to delist the lynx.  However, based on this recommendation, in 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 



 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 
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majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What conservation efforts have been undertaken since 2000? 
 
A. Since listing in 2000, Federal land managers have implemented land management plans and 
conservation agreements with the Service, which include science-based conservation measures, 
standards and guidelines, and best management practices to conserve lynx.  We believe these 
commitments have largely addressed the threats for which the Canada lynx DPS was listed.  
Additionally, many State and Tribal agencies and academic partners have worked with the 
Service to identify and protect important lynx habitats and monitor and enhance lynx 
populations. 
 
Q. How did the Service consider the best available science in the recommendation? 
 
A. The Service always considers the best available science in managing Threatened and 
Endangered species. Beginning in 2014, the Service reviewed available science related to lynx 
ecology, historical and recent distribution and current potential threats to develop the Species 
Status Assessment (SSA). The SSA review was led by a comprehensive group of lynx experts 
and other subject matter experts who evaluated relevant scientific information on the threats to 
the species including: climate change, forest ecology and hare population dynamics.  The SSA 
included input from recognized lynx experts in Canada and the United States, as well as a variety 
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of experts in the fields of ecology, genetics, climate modeling and habitat management. This 
SSA was peer reviewed by independent experts and our federal and tribal partners.   
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  

 
Q.  What are the effects of Climate Change on the lynx? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
increased fragmentation and isolation of habitats and populations and, over the long-term, in 
reduced population resiliency and increasing vulnerability to extirpation.   
 
The Service and lynx expert panelists agree that the projected effects of a warming climate now 
pose the most significant threat to the long-term persistence of the lynx DPS.  Although there is 
great uncertainty about the timing and extent of climate-driven impacts, neither the Service nor 
the experts we consulted conclude that the DPS is at risk of extirpation from climate change 
within the foreseeable future.  
 
Q. Do lynx population numbers normally fluctuate? 
 
A. In the core of the species’ range, lynx populations fluctuate dramatically as they closely track 
10-year cycles in hare populations.  At the southern edge of both species’ ranges, including the 
DPS range, hare population cycles are much less pronounced, and some may not cycle at all.  
Therefore, lynx populations in the DPS do not undergo the dramatic swings seen in more 
northern populations, though they likely respond to changes in hare abundance with less 
dramatic population fluctuations.  In general, lynx populations in the DPS typically occur at 
densities similar to those in the north when hare numbers are low. 
 
Q. When would the lynx be delisted? 
 
A. There are no immediate plans to delist the lynx.  However, based on this recommendation, in 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 



 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 
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A. The Service always considers the best available science in managing Threatened and 
Endangered species. Beginning in 2014, the Service reviewed available science related to lynx 
ecology, historical and recent distribution and current potential threats to develop the Species 
Status Assessment (SSA). The SSA review was led by a comprehensive group of lynx experts 
and other subject matter experts who evaluated relevant scientific information on the threats to 
the species including: climate change, forest ecology and hare population dynamics.  The SSA 
included input from recognized lynx experts in Canada and the United States, as well as a variety 
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of experts in the fields of ecology, genetics, climate modeling and habitat management. This 
SSA was peer reviewed by independent experts and our federal and tribal partners.   
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  

 
Q.  What are the effects of Climate Change on the lynx? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
increased fragmentation and isolation of habitats and populations and, over the long-term, in 
reduced population resiliency and increasing vulnerability to extirpation.   
 
The Service and lynx expert panelists agree that the projected effects of a warming climate now 
pose the most significant threat to the long-term persistence of the lynx DPS.  Although there is 
great uncertainty about the timing and extent of climate-driven impacts, neither the Service nor 
the experts we consulted conclude that the DPS is at risk of extirpation from climate change 
within the foreseeable future.  
 
Q. Do lynx population numbers normally fluctuate? 
 
A. In the core of the species’ range, lynx populations fluctuate dramatically as they closely track 
10-year cycles in hare populations.  At the southern edge of both species’ ranges, including the 
DPS range, hare population cycles are much less pronounced, and some may not cycle at all.  
Therefore, lynx populations in the DPS do not undergo the dramatic swings seen in more 
northern populations, though they likely respond to changes in hare abundance with less 
dramatic population fluctuations.  In general, lynx populations in the DPS typically occur at 
densities similar to those in the north when hare numbers are low. 
 
Q. When would the lynx be delisted? 
 
A. There are no immediate plans to delist the lynx.  However, based on this recommendation, in 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 



 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 
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DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling cats, is well on its 
way to becoming the next Endangered Species Act success story. 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx distinct population segment (DPS) in the contiguous United 
States. The review concludes that the Canada lynx DPS may no longer warrant protection under 
the Endangered Species Act (ESA) and should be considered for delisting.  This 
recommendation is the result of an extensive review of available scientific information and 
almost 20 years of working in partnership with state, federal, tribal, and other land managers on 
the conservation of this species.   
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment (SSA) for the lynx DPS, which compiled all available scientific information on the 
historical, current and possible future conditions for the DPS. Over a two-year process, federal, 
state, tribal and academic subject matter experts evaluated relevant scientific information on hare 
population dynamics, climate change, forest ecology and other issues.  
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, and western Colorado. 
 
The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx is 
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located in the lower 48 states. Since receiving ESA protection, federal land managers throughout 
the lynx’s range have formally amended their management plans and implemented conservation 
measures to conserve the species. Providing the Canada lynx protection under the ESA also 
prompted an increase in scientific understanding of lynx biology. Research, monitoring and 
conservation efforts conducted by state and federal agencies, tribes and academic institutions,  
helped refine biologists’ understanding of habitat needs, distributions, population characteristics 
and potential stressors. 
 
Given our recommendation that the species may be recovered, we will not at this time be 
completing a recovery plan for the Canada lynx DPS. Today’s recommendation does not remove 
or negate the Endangered Species Act protections currently in place for the Canada lynx DPS. To 
delist a species, the Service must follow a process similar to what is used in considering whether 
to list species. The next step is for the Service to publish a proposed rule in the Federal Register, 
receive public comments, review and analyze those comments, and then announce a final 
decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS
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DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling cats, is well on its 
way to becoming the next Endangered Species Act success story. 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx distinct population segment (DPS) in the contiguous United 
States. The review concludes that the Canada lynx DPS may no longer warrant protection under 
the Endangered Species Act (ESA) and should be considered for delisting.  This 
recommendation is the result of an extensive review of available scientific information and 
almost 20 years of working in partnership with state, federal, tribal, and other land managers on 
the conservation of this species.   
 
The Service relies on the best available science to inform all decisions. ThisThe recommendation 
five-year review was informed by a recently completed, peer-reviewed Species Status 
Assessment (SSA) for the lynx DPS, which compiled all available scientific information on the 
historical, current and possible future conditions for the DPS. Over a two-year process,  
 
The Service began the review of scientific information for the SSA in 2014. This review was led 
by a comprehensive group offederal, state, tribal and academic subject matter experts  lynx 
experts and other subject matter experts who evaluated relevant scientific information on hare 
population dynamics, climate change, forest ecology and other issues.  
 
the threats to the species including: climate change, forest ecology and hare population 
dynamics.  This SSA was peer reviewed by independent experts and our federal and tribal 
partners. After more than 2 years of working with State and Federal agencies, Tribes, and 
academic partners, and using the best available science, we came to our decision to recommend 
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delisting the Canada lynx DPS.  Given our recommendation that the species may be recovered, at 
this time, we determined a recovery plan would not promote the conservation of the species, and 
therefore, the Service will not be completing a recovery plan for the Canada lynx DPS. 
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, and western Colorado. 
 
The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx is 
located in the lower 48 states. Since receiving ESA protection, federal land managers throughout 
the lynx’s range have formally amended their management plans and implemented conservation 
measures to conserve the species. Providing the Canada lynx protection under the ESA also 
prompted an increase in scientific understanding of lynx biology. Research, monitoring and 
conservation efforts conducted by state and federal agencies, tribes and academic institutions,  
helped refine biologists’ understanding of habitat needs, distributions, population characteristics 
and potential stressors. 
 
Given our recommendation that the species may be recovered, we will not at this time be 
completing a recovery plan for the Canada lynx DPS. Today’s recommendation does not remove 
or negate the Endangered Species Act protections currently in place for the Canada lynx DPS. To 
delist a species, the Service must follow a process similar to what is used in considering whether 
to list species. The next step is for the Service to publish a proposed rule in the Federal Register, 
receive public comments, review and analyze those comments, and then announce a final 
decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
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DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling cats, is well on its 
way to becoming the next Endangered Species Act success story. 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx distinct population segment (DPS) in the contiguous United 
States. The review concludes that the Canada lynx DPS may no longer warrant protection under 
the Endangered Species Act (ESA) and should be considered for delisting.  This 
recommendation is the result of an extensive review of available scientific information and 
almost 20 years of working in partnership with state, federal, tribal, and other land managers on 
the conservation of this species.   
 
The Service relies on the best available science to inform all decisions. This five-year review was 
informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, which 
compiled all available scientific information on the historical, current and possible future 
conditions for the DPS.  
 
The Service began the review of scientific information for the SSA in 2014. This review was led 
by a comprehensive group of lynx experts and other subject matter experts who evaluated 
relevant scientific information on the threats to the species including: climate change, forest 
ecology and hare population dynamics.  This SSA was peer reviewed by independent experts and 
our federal and tribal partners. After more than 2 years of working with State and Federal 
agencies, Tribes, and academic partners, and using the best available science, we came to our 
decision to recommend delisting the Canada lynx DPS.  Given our recommendation that the 
species may be recovered, at this time, we determined a recovery plan would not promote the 
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conservation of the species, and therefore, the Service will not be completing a recovery plan for 
the Canada lynx DPS. 
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, and western Colorado. 
 
The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx is 
located in the lower 48 states. Since receiving ESA protection, federal land managers throughout 
the lynx’s range have formally amended their management plans and implemented conservation 
measures to conserve the species. Providing the Canada lynx protection under the ESA also 
prompted an increase in scientific understanding of lynx biology. Research, monitoring and 
conservation efforts conducted by state and federal agencies, tribes and academic institutions,  
helped refine biologists’ understanding of habitat needs, distributions, population characteristics 
and potential stressors. 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
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DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling cats, is well on its 
way to becoming the next Endangered Species Act success story. 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx distinct population segment (DPS) in the contiguous United 
States. The review concludes that the Canada lynx DPS may no longer warrant protection under 
the Endangered Species Act (ESA) and should be considered for delisting.  This 
recommendation is the result of an extensive review of available scientific information and 
almost 20 years of working in partnership with state, federal, tribal, and other land managers on 
the conservation of this species.   
 
The Service relies on the best available science to inform all decisions. This five-year review was 
informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, which 
compiled all available scientific information on the historical, current and possible future 
conditions for the DPS.  
 
The Service began the review of scientific information for the SSA in 2014. This review was led 
by a comprehensive group of lynx experts and other subject matter experts who evaluated 
relevant scientific information on the threats to the species including: climate change, forest 
ecology and hare population dynamics.  This SSA was peer reviewed by independent experts and 
our federal and tribal partners. After more than 2 years of working with State and Federal 
agencies, Tribes, and academic partners, and using the best available science, we came to our 
decision to recommend delisting the Canada lynx DPS.  Given our recommendation that the 
species may be recovered, at this time, we determined a recovery plan would not promote the 
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conservation of the species, and therefore, the Service will not be completing a recovery plan for 
the Canada lynx DPS. 
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, and western Colorado. 
 
The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx is 
located in the lower 48 states. Since receiving ESA protection, federal land managers throughout 
the lynx’s range have formally amended their management plans and implemented conservation 
measures to conserve the species. Providing the Canada lynx protection under the ESA also 
prompted an increase in scientific understanding of lynx biology. Research, monitoring and 
conservation efforts conducted by state and federal agencies, tribes and academic institutions,  
helped refine biologists’ understanding of habitat needs, distributions, population characteristics 
and potential stressors. 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
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DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling cats, is well on its 
way to becoming the next Endangered Species Act success story. 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx distinct population segment (DPS) in the contiguous United 
States. The review concludes that the Canada lynx DPS may no longer warrant protection under 
the Endangered Species Act (ESA) and should be considered for delisting.  This 
recommendation is the result of an extensive review of available scientific information and 
almost 20 years of working in partnership with state, federal, tribal, and other land managers on 
the conservation of this species.   
 
The Service relies on the best available science to inform all decisions. This five-year review was 
informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, which 
compiled all available scientific information on the historical, current and possible future 
conditions for the DPS.  
 
The Service began the review of scientific information for the SSA in 2014. This review was led 
by a comprehensive group of lynx experts and other subject matter experts who evaluated 
relevant scientific information on the threats to the species including: climate change, forest 
ecology and hare population dynamics.  This SSA was peer reviewed by independent experts and 
our federal and tribal partners. After more than 2 years of working with State and Federal 
agencies, Tribes, and academic partners, and using the best available science, we came to our 
decision to recommend delisting the Canada lynx DPS.  Given our recommendation that the 
species may be recovered, at this time, we determined a recovery plan would not promote the 
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conservation of the species, and therefore, the Service will not be completing a recovery plan for 
the Canada lynx DPS. 
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, and western Colorado. 
 
The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx is 
located in the lower 48 states. Since receiving ESA protection, federal land managers throughout 
the lynx’s range have formally amended their management plans and implemented conservation 
measures to conserve the species. Providing the Canada lynx protection under the ESA also 
prompted an increase in scientific understanding of lynx biology. Research, monitoring and 
conservation efforts conducted by state and federal agencies, tribes and academic institutions,  
helped refine biologists’ understanding of habitat needs, distributions, population characteristics 
and potential stressors. 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
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Q.  Why does the Service believe listing is no longer warranted for lynx?   
 
A.  Federal land management changes have adequately protected the species habitat against the 
primary threats that led to listing and will ensure that the species will remain resilient in the 
foreseeable future, even in the face of climate change.  We’ve also learned that land management 
changes in ME and CO have led to historically high numbers of the species.  Those numbers may 
moderate with forest succession but our analysis suggests resiliency for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What conservation efforts have been undertaken since 2000? 
 
A. Since listing in 2000, Federal land managers have implemented land management plans and 
conservation agreements with the Service, which include science-based conservation measures, 
standards and guidelines, and best management practices to conserve lynx.  We believe these 
commitments have largely addressed the threats for which the Canada lynx DPS was listed.  
Additionally, many State and Tribal agencies and academic partners have worked with the 
Service to identify and protect important lynx habitats and monitor and enhance lynx 
populations. 
 
Q. How did the Service consider the best available science in the recommendation? 
 
A. The Service always considers the best available science in managing Threatened and 
Endangered species. Beginning in 2014, the Service reviewed available science related to lynx 
ecology, historical and recent distribution and current potential threats to develop the Species 
Status Assessment (SSA). The SSA review was led by a comprehensive group of lynx experts 
and other subject matter experts who evaluated relevant scientific information on the threats to 
the species including: climate change, forest ecology and hare population dynamics.  The SSA 
included input from recognized lynx experts in Canada and the United States, as well as a variety 
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of experts in the fields of ecology, genetics, climate modeling and habitat management. This 
SSA was peer reviewed by independent experts and our federal and tribal partners.   
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  

 
Q.  What are the effects of Climate Change on the lynx? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
increased fragmentation and isolation of habitats and populations and, over the long-term, in 
reduced population resiliency and increasing vulnerability to extirpation.   
 
The Service and lynx expert panelists agree that the projected effects of a warming climate now 
pose the most significant threat to the long-term persistence of the lynx DPS.  Although there is 
great uncertainty about the timing and extent of climate-driven impacts, neither the Service nor 
the experts we consulted conclude that the DPS is at risk of extirpation from climate change 
within the foreseeable future.  
 
Q. Do lynx population numbers normally fluctuate? 
 
A. In the core of the species’ range, lynx populations fluctuate dramatically as they closely track 
10-year cycles in hare populations.  At the southern edge of both species’ ranges, including the 
DPS range, hare population cycles are much less pronounced, and some may not cycle at all.  
Therefore, lynx populations in the DPS do not undergo the dramatic swings seen in more 
northern populations, though they likely respond to changes in hare abundance with less 
dramatic population fluctuations.  In general, lynx populations in the DPS typically occur at 
densities similar to those in the north when hare numbers are low. 
 
Q. When would the lynx be delisted? 
 
A. There are no immediate plans to delist the lynx.  However, based on this recommendation, in 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 



 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 
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For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling cats, is well on its 
way to becoming the next Endangered Species Act success story. 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx distinct population segment (DPS) in the contiguous United 
States. The review concludes that the Canada lynx DPS may no longer warrant protection under 
the Endangered Species Act (ESA) and should be considered for delisting.  This 
recommendation is the result of an extensive review of available scientific information and 
almost 20 years of working in partnership with state, federal, tribal, and other land managers on 
the conservation of this species.   
 
The Service relies on the best available science to inform all decisions. This five-year review was 
informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, which 
compiled all available scientific information on the historical, current and possible future 
conditions for the DPS.  
 
The Service began the review of scientific information for the SSA in 2014. This review was led 
by a comprehensive group of lynx experts and other subject matter experts who evaluated 
relevant scientific information on the threats to the species including: climate change, forest 
ecology and hare population dynamics.  This SSA was peer reviewed by independent experts and 
our federal and tribal partners. After more than 2 years of working with State and Federal 
agencies, Tribes, and academic partners, and using the best available science, we came to our 
decision to recommend delisting the Canada lynx DPS.  Given our recommendation that the 
species may be recovered, at this time, we determined a recovery plan would not promote the 
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conservation of the species, and therefore, the Service will not be completing a recovery plan for 
the Canada lynx DPS. 
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, and western Colorado. 
 
The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx is 
located in the lower 48 states. Since receiving ESA protection, federal land managers throughout 
the lynx’s range have formally amended their management plans and implemented conservation 
measures to conserve the species. Providing the Canada lynx protection under the ESA also 
prompted an increase in scientific understanding of lynx biology. Research, monitoring and 
conservation efforts conducted by state and federal agencies, tribes and academic institutions,  
helped refine biologists’ understanding of habitat needs, distributions, population characteristics 
and potential stressors. 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS
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Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan, and
FAQs. If possible, please review and send any edits to Steve by 11:00AM PT/12:00pm
MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get to Noreen and
Matt for their review.

-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572
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For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling cats, is well on its 
way to becoming the next Endangered Species Act success story. 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx distinct population segment (DPS) in the contiguous United 
States. The review concludes that the Canada lynx DPS may no longer warrant protection under 
the Endangered Species Act (ESA) and should be considered for delisting.  This 
recommendation is the result of an extensive review of available scientific information and 
almost 20 years of working in partnership with state, federal, tribal, and other land managers on 
the conservation of this species.   
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment (SSA) for the lynx DPS, which compiled all available scientific information on the 
historical, current and possible future conditions for the DPS. Over a two-year process, federal, 
state, tribal and academic subject matter experts evaluated relevant scientific information on hare 
population dynamics, climate change, forest ecology and other issues.  
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, and western Colorado. 
 
The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx is 
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located in the lower 48 states. Since receiving ESA protection, federal land managers throughout 
the lynx’s range have formally amended their management plans and implemented conservation 
measures to conserve the species. Providing the Canada lynx protection under the ESA also 
prompted an increase in scientific understanding of lynx biology. Research, monitoring and 
conservation efforts conducted by state and federal agencies, tribes and academic institutions,  
helped refine biologists’ understanding of habitat needs, distributions, population characteristics 
and potential stressors. 
 
Given our recommendation that the species may be recovered, we will not at this time be 
completing a recovery plan for the Canada lynx DPS. Today’s recommendation does not remove 
or negate the Endangered Species Act protections currently in place for the Canada lynx DPS. To 
delist a species, the Service must follow a process similar to what is used in considering whether 
to list species. The next step is for the Service to publish a proposed rule in the Federal Register, 
receive public comments, review and analyze those comments, and then announce a final 
decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


 
 
 
 
 
 
 
 

 
Q.  Why does the Service believe listing is no longer warranted for lynx?   
 
A.  Federal land management changes have adequately protected the species habitat against the 
primary threats that led to listing and will ensure that the species will remain resilient in the 
foreseeable future, even in the face of climate change.  We’ve also learned that land management 
changes in ME and CO have led to historically high numbers of the species.  Those numbers may 
moderate with forest succession but our analysis suggests resiliency for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What conservation efforts have been undertaken since 2000? 
 
A. Since listing in 2000, Federal land managers have implemented land management plans and 
conservation agreements with the Service, which include science-based conservation measures, 
standards and guidelines, and best management practices to conserve lynx.  We believe these 
commitments have largely addressed the threats for which the Canada lynx DPS was listed.  
Additionally, many State and Tribal agencies and academic partners have worked with the 
Service to identify and protect important lynx habitats and monitor and enhance lynx 
populations. 
 
Q. How did the Service consider the best available science in the recommendation? 
 
A. The Service always considers the best available science in managing Threatened and 
Endangered species. Beginning in 2014, the Service reviewed available science related to lynx 
ecology, historical and recent distribution and current potential threats to develop the Species 
Status Assessment (SSA). The SSA review was led by a comprehensive group of lynx experts 
and other subject matter experts who evaluated relevant scientific information on the threats to 
the species including: climate change, forest ecology and hare population dynamics.  The SSA 
included input from recognized lynx experts in Canada and the United States, as well as a variety 

Frequently Asked Questions 
Canada Lynx 5-Year Review 

 



of experts in the fields of ecology, genetics, climate modeling and habitat management. This 
SSA was peer reviewed by independent experts and our federal and tribal partners.   
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  

 
Q.  What are the effects of Climate Change on the lynx? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
increased fragmentation and isolation of habitats and populations and, over the long-term, in 
reduced population resiliency and increasing vulnerability to extirpation.   
 
The Service and lynx expert panelists agree that the projected effects of a warming climate now 
pose the most significant threat to the long-term persistence of the lynx DPS.  Although there is 
great uncertainty about the timing and extent of climate-driven impacts, neither the Service nor 
the experts we consulted conclude that the DPS is at risk of extirpation from climate change 
within the foreseeable future.  
 
Q. Do lynx population numbers normally fluctuate? 
 
A. In the core of the species’ range, lynx populations fluctuate dramatically as they closely track 
10-year cycles in hare populations.  At the southern edge of both species’ ranges, including the 
DPS range, hare population cycles are much less pronounced, and some may not cycle at all.  
Therefore, lynx populations in the DPS do not undergo the dramatic swings seen in more 
northern populations, though they likely respond to changes in hare abundance with less 
dramatic population fluctuations.  In general, lynx populations in the DPS typically occur at 
densities similar to those in the north when hare numbers are low. 
 
Q. When would the lynx be delisted? 
 
A. There are no immediate plans to delist the lynx.  However, based on this recommendation, in 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 



 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 
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For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconicsecretive, boreal, snow-dwelling 
bigwild cats, is well on its way to becoming the nexthas benefitted from Federal, State, Tribal 
and private conservation efforts and forest management and no longer requires listing under the 
Endangered Species Act success story. 
 
The oday the U.S. Fish and Wildlife Service is announcing announced the completion of a five-
year scientific review of the Canada lynx distinct population segment (DPS) in the contiguous 
United States.  The review concludes that, the Canada lynx in the lLower 48 sStates may no 
longer warrant protection under the Endangered Species Act (ESA) and should be considered for 
delisting.  This recommendation is the result of almost 20 years of working in partnership with 
sState, fFederal, tTribal, and otherprivate land managers on the conservation of this species, 
better understanding of lynx ecology here on the southern margin of the species’ range, and 
improved status of lynx populations in several parts of the DPS range compared to what was 
known when we listed it.  Given our recommendation to delist the lynx DPS due to recovery, we 
have determined that a recovery plan would not promote the conservation of the species, and 
therefore at this time, we will not be completing a recovery plan for Canadathe lynx DPS. 
 
The species wasService listed the lynx DPS as threatened under the ESA in 2000 largely due to a 
lack of because we determined that regulatory mechanisms on Ffederal public lands at that time 
were inadequate to ensure the conservation of lynx habitats and populations.  Federal lands 
contain the majority of lynx habitats in the Lower 48., which is prime habitat for Canada lynx 
populations.  However, since receiving ESA protection, most fFederal land managers throughout 
the lynx’s range have worked closely with the Service to formally amended their management 
plans and instituted science-based conservation measures to conserve the species.   
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Comment [ZJ1]: Must every species protected 
under the Act these days be labeled “iconic”? It 
seems to me we overuse this term. 

Comment [ZJ2]: It is N. America’s ONLY snow-
dwelling cat, and it is NOT BIG! 15-30 pounds.  Not 
big. Some house cats get as big…. Also, we should 
be careful of portraying this is a big success story. 
Yes, Fed and some State agencies have filled the 
regulatory void for which the DPS was listed, and 
that’s a good thing, but I think we should take a 
more subdued approach in this case. Really, we have 
a better understanding of ecology at the periphery of 
the range than we did when listed, and some 
populations in the DPS range are doing better that 
we thought they were when we listed it, and we 
therefore think it does not meet the Act’s definitions. 

Comment [ZJ3]: Not all fed lands are prime, we 
should not convey that they are – in fact, even the 
best lynx habitat in the lower 48 is not “prime” 
compared to where lynx really do well. Part of our 
problem with messaging in the past is our failure to 
articulate that we are at the crappy southern edge of 
the range and most places here are barely able to 
support resident populations. 

Comment [ZJ4]: implemented? 
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Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology.  Research, and monitoring, and conservation efforts conducted by 
sState and fFederal agencies, tTribes and academic institutions, have  helped refine biologists’ 
understanding of habitat needs, distributions, population characteristics and potential stressors.  
Lynx are broadly distributed and secure across most of Canada and Alaska.  In the contiguous 
United States, resident populations currently are found in northern Maine, northeastern 
Minnesota, northwestern Montana, northeastern Idaho, north-central Washington, and western 
Colorado. 
 
The Service relies on the best available science to inform all decisions.  This five-year review 
was informed by a recently completed Species Status Assessment (SSA) for the lynx DPS, which 
compiled all available scientific information on the historical, current, and possible future 
conditions for the DPS.  The SSA included input from recognized lynx experts in Canada and the 
United States, as well as a variety of experts in the fields of ecology, genetics, climate modeling 
and habitat management.  
 
Based on this information, we believe there currently are many more resident lynx in Maine and 
Colorado than likely occurred historically, and many more in those places and Minnesota than 
we suspected when we listed the DPS in 2000.  However, lynx numbers have likely declined in 
Washington over the last few decades due to increased wildfire activity.  Over the long-term, 
continued climate warming is expected to reduce lynx habitats and numbers, but there is great 
uncertainty about the timing and extent of those impacts.  Considering climate change and other 
potential threats, the Service and lynx experts we consulted believe that lynx populations in the 
DPS are very likely to persist through the middle of this century or longer.   
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow.  Canada Lynx populations are found in 
northern Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-
central Washington, the Greater Yellowstone area and western Colorado. 
 
Today’s recommendation does not remove or negate the Endangered Species Act protections 
currently in place for the Canada lynx DPS. To delist a species, the Service must follow a 
process similar to what is used in considering whether to list species. The next step is for the 
Service to publish a proposed rule in the Federal Register, receive public comments, review and 
analyze those comments, and then announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

Comment [ZJ5]: Does not currently support 
resident lynx; may have done so only intermittently 
in the past (and future, perhaps). 
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From: Mogadam, Roya
To: Nicole Alt
Subject: Fwd: Lynx Op-Ed
Date: Monday, December 18, 2017 3:59:07 PM
Attachments: Canada Lynx Newsrelease R6_HQ edit merged121517 Draft_jz comments.docx

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Mon, Dec 18, 2017 at 9:01 AM
Subject: Re: Lynx Op-Ed
To: Robert Segin <robert_segin@fws.gov>
Cc: Roya Mogadam <roya_mogadam@fws.gov>, Jodi Bush <jodi_bush@fws.gov>, Justin
Shoemaker <justin_shoemaker@fws.gov>

Attached are my thoughts/ recommendations for the News Release.

Please let me know if we are having a call today. Jodi ask that I also participate in a call with EA HQ and other
regions if such a call occurs.

I do think it is very important that we have an accurate NR and consistent outreach messages and efforts in all
regions.

Let me know if you have questions or need more info.

Thanks,

jim

On Fri, Dec 15, 2017 at 4:34 PM, Zelenak, Jim <jim_zelenak@fws.gov> wrote:
Sorry these are after the 3 pm deadline - as you will see, there's much about which I had concern.

I similarly have concern with parts of the news release and hope we can discuss on the call on Monday (I'm
available all day) and perhaps address.

On Fri, Dec 15, 2017 at 2:49 PM, Robert Segin <robert_segin@fws.gov> wrote:

Thanks Jim,

 

Just the Q &A.  As for the NR if you see any major errors we will leave it as is as since its  been
reviewed by HQ and we don’t want to mess with it too much. 

 

Need to stay conversational and non technical as well.

 

Thanks

mailto:roya_mogadam@fws.gov
mailto:nicole_alt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:robert_segin@fws.gov
mailto:roya_mogadam@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
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From: Zelenak, Jim [mailto:jim_zelenak@fws.gov] 
Sent: Friday, December 15, 2017 2:47 PM
To: Mogadam, Roya
Cc: Robert Segin; Jodi Bush
Subject: Re: Lynx Op-Ed

 

I will now look at the FAQs and NR and get comments/clarifications to you ASAP....

 

On Fri, Dec 15, 2017 at 1:54 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Sounds good, we have some time for the OpEd, but we still need to get the talking points
and news release in close to final condition today by 3:00.

 

-Roya

 

On Fri, Dec 15, 2017 at 1:11 PM, Robert Segin <robert_segin@fws.gov> wrote:

I think that would be great.

Just need to figure out a time.

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell

> On Dec 15, 2017, at 12:48 PM, Jodi Bush <jodi_bush@fws.gov> wrote:
>
> Could we maybe have a call (like Monday),  where we come up with the
> main ideas and then you take a stab at drafting?  JB
>
> Sent from my iPhone
>
>> On Dec 15, 2017, at 12:41 PM, Robert Segin <robert_segin@fws.gov> wrote:
>>
>> Good afternoon ES Team,
>>

mailto:jim_zelenak@fws.gov
mailto:roya_mogadam@fws.gov
mailto:robert_segin@fws.gov
mailto:jodi_bush@fws.gov
mailto:robert_segin@fws.gov


>>
>> The plan is to do an op Ed on the lynx  five year and wanted to know
>> how you would like to proceed?
>>
>> Would you like me to draft a rough cut/outline and then we can go from there?
>>
>>
>> Steve Segin
>> Public Affairs Officer
>> U.S. Fish and Wildlife Service
>> Lakewood, CO
>> 303-236-4578
>> 720-355-5042 Cell

 

--

Roya Mogadam

Deputy Assistant Regional Director, External Affairs

Mountain-Prairie Region

U.S. Fish and Wildlife Service

134 Union Boulevard

Lakewood, CO 80228

 

Roya_Mogadam@fws.gov

(303) 236-4572

 

 

 

 

--

https://maps.google.com/?q=134+Union&entry=gmail&source=g
mailto:Roya_Mogadam@fws.gov


Jim Zelenak, Biologist

U.S. Fish and Wildlife Service

Montana Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT 59601

(406) 449-5225 ext. 220

jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jim_zelenak@fws.gov
mailto:Roya_Mogadam@fws.gov


From: Thabault, Michael
To: Alt, Nicole
Cc: Jodi Bush
Subject: Re: Lynx comms
Date: Monday, December 18, 2017 4:19:07 PM

Anytime between 10 and 11 if you need me.  I should be aware of any outstanding issues
before the 2:00.  I am bring Marj even though she was not invited.

Michael Thabault
Assistant Regional Director
Ecological Services
U.S. Fish and Wildlife Service
Mountain Prairie Region
303-236-4210
michael_thabault@fws.gov

On Mon, Dec 18, 2017 at 4:14 PM, Alt, Nicole <nicole_alt@fws.gov> wrote:
Per out conversation this afternoon, I reached out and have all the pieces and Jim's
comments from EA.  I'll review and call you tomorrow morning.  Is there a time that is
better for you or Jim tomorrow so we can make sure the facts are accurate and in plain
language?

N

Nicole Alt
Deputy ARD Ecological Services
Mountain-Prairie Region
nicole_alt@fws.gov

mailto:michael_thabault@fws.gov
mailto:nicole_alt@fws.gov
mailto:jodi_bush@fws.gov
mailto:michael_thabault@fws.gov
mailto:nicole_alt@fws.gov
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From: Mogadam, Roya
To: Holm, Jason
Cc: Charles Traxler; Tim Patronski; Georgia Parham; Kyla Hastie; Christine Eustis; Meagan Racey; Miel Corbett; Anna

Munoz; Robert Segin; Levy, Sarah
Subject: Re: DUE 12:00MT Tuesday - Draft Lynx Materials
Date: Monday, December 18, 2017 4:33:24 PM

Thanks Jason that is a good point, this is a bit of a different "beast" if you will (pun definitely
intended). While we are the main POC there are some Region-specific issues tied to this
announcement that we would not be the lead for. Eg. in Washington State, they uplisted the
lynx as endangered, that would be a R1 specific question we would defer to you. In Maine,
there are additional complexities and so we would defer to Meagan. Does that make sense? If
not, lets catch up tomorrow AM.

On Mon, Dec 18, 2017 at 2:41 PM, Holm, Jason <jason_holm@fws.gov> wrote:
Thanks Roya,
   We're looking through these here, and will meet tomorrow's comment deadline.  One
thing......it's a huge departure to have region specific media contacts for media queries.  The
agency typically does issue-based media contacts for multi-regional or national issues.   
Media aren't necessarily specific about regional boundaries, so if (for example) there was a
query from a reporter in Puerto Rico, would we have R4 handle it?     I do agree that
Regional leads should make the state/NGO notifications, and we certainly can do our own
tribal notifications, but I'm not sure I see the value of having a media point of contact on a
R6 led issue from each region. It's likely our PAO won't have the depth of knowledge, and
even more likely different messages would go out through different voices.     If we have a
R1 led issue that crosses regional boundaries, we would not want other regional PAO's
commenting or fielding queries.   I think most other regions operate that same way.
   If this isn't clear, I'm happy to have more discussion, but am very curious on the 'why.'
Thanks,
Jason

Jason Holm
Assistant Regional Director--External Affairs
U.S. Fish and Wildlife Service, Pacific Region
(503) 231-2264
www.fws.gov/pacific

On Mon, Dec 18, 2017 at 11:54 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Hi Everyone-

Thank you all for joining the call today.

Please see attached for our draft materials which include a press release, comms plan, and
FAQs. If possible, please review and send any edits to Steve by 11:00AM PT/12:00pm
MT/1:00PM CT/2:00pm ET tomorrow so we can incorporate edits and get to Noreen
and Matt for their review.
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-Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

https://maps.google.com/?q=134+Union&entry=gmail&source=g
mailto:Roya_Mogadam@fws.gov
mailto:Roya_Mogadam@fws.gov


 
 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling cats, is well on its 
way to becoming the next Endangered Species Act success story. 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx in the contiguous United States, which is considered a 
distinct population segment (DPS)) in the contiguous United States. The review concludes that 
the Canada lynx DPS may no longer warrant protection under the Endangered Species Act 
(ESA) and should be considered for delisting.  This recommendation is the result of an extensive 
review of available scientific information and almost 20 years of working in partnership with 
state, federal, tribal, industry and other land managers on the conservation of this species.   
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment (SSA) for the lynx DPS, which compiled all available scientific information on the 
historical, current and possible future conditions for the DPS. Over a two-year process, federal, 
state, tribal and academic subject matter experts evaluated relevant scientific information on hare 
population dynamics, climate change, forest ecology and other issues.  
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. In the contiguous U.S., CCanada lLynx 
populations are found in Maine, northeastern Minnesota, northwestern Montana, northeastern 
Idaho, north-central Washington, and western Colorado. 
 
The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx is 

News Release 

Comment [RM1]: This focuses on removing 
protections but would suggest a slight reframe, e.g. 
removing regulation or something like “scientific 
review suggests Canada lynx is no longer 
threatened”  

Comment [RM2]: I was a little surprised to see 
this explicitly refer to ESA – expected more like “the 
nation’s latest conservation success story”  

Comment [RM3]: Was looking for some way to 
characterize for those not familiar with DPS 

Comment [RM4]: Can we say “delisting due to 
recovery”? 

mailto:robert_segin@fws.gov


located in the lower 48 states. Since receiving ESA protection, federal land managers throughout 
the lynx’s range have formally amended their management plans and implemented conservation 
measures to conserve the species. Providing the Canada lynx protection under the ESA also 
prompted an increase in scientific understanding of lynx biology. Research, monitoring and 
conservation efforts conducted by state and federal agencies, tribes and academic institutions,  
helped refine biologists’ understanding of habitat needs, distributions, population characteristics 
and potential stressors. 
 
Given our the recommendation that the species may be recovered, we the Service will not at this 
time be completing a recovery plan for the Canada lynx DPS. Today’s recommendation does not 
remove or negate the Endangered Species Act protections currently in place for the Canada lynx 
DPS. To delist a species, the Service must follow a process similar to what is used in considering 
whether to list species. The next step is for the Service to publish a proposed rule in the Federal 
Register, receive public comments, review and analyze those comments, and then announce a 
final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

Comment [RM5]: Is there any example or factoid 
we can point out to bolster this? E.g., “managers 
have formally amended over 100 management 
plans..” 

Comment [RM6]: Maybe note the delisting 
monitoring plan – assuming that would be required? 
Just to bolster FWS commitment to species’ 
conservation 
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U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 

Scientific Review Suggests Canada Lynx May No Longer Be 
Threatened 

Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER –   Conservation measures implemented by our state, federal, local and industry 
partners has resulted in the Canada lynx becoming the next Endangered Species Act success 
story.  
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx in the contiguous United States, which is considered a 
distinct population segment (DPS). The review concludes that the Canada lynx DPS may no 
longer warrant protection under the Endangered Species Act (ESA) and should be considered for 
delisting due to recovery.  This recommendation is the result of an extensive review of available 
scientific information and almost 20 years of working in partnership with state, federal, tribal, 
industry and other land managers on the conservation of this species.   
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment (SSA) for the lynx DPS, which compiled and evaluated the best available scientific 
information on the historical, current and possible future conditions for the DPS. Over a two-year 
process, the Service worked closely with federal, state, and academic subject matter experts to 
evaluate relevant scientific information on snowshoe hare population dynamics, climate change, 
forest ecology and other issues.  Although climate change remains and important factor for the 
conservation of the Canada lynx DPS, neither the Service nor the experts we consulted conclude 
that the lynx DPS is at risk of extinction from climate change within the foreseeable future. 
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. In the contiguous U.S., Canada lynx 

News Release 
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populations are found in Maine, northeastern Minnesota, northwestern Montana, northeastern 
Idaho, north-central Washington, and western Colorado. 
 
The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx is 
located in the lower 48 states. Since receiving ESA protection, federal land managers throughout 
the lynx’s range have formally amended their management plans and implemented conservation 
measures to conserve the species. For example, all U.S. Forest Service land management plans in 
the Rocky Mountain region have been amended to include conservation measures for the Canada 
lynx.  In addition, [insert an example from Maine] 
 
Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology. Research, monitoring and conservation efforts conducted by state 
and federal agencies, tribes and academic institutions,  helped refine biologists’ understanding of 
habitat needs, distributions, population characteristics and potential stressors.   
 
Given the recommendation that the species may be recovered, the Service will not at this time be 
completing a recovery plan for the Canada lynx DPS. Today’s recommendation does not remove 
or negate the Endangered Species Act protections currently in place for the Canada lynx DPS. To 
delist a species, the Service must follow a process similar to what is used in considering whether 
to list species. The next step is for the Service to publish a proposed rule in the Federal Register, 
receive public comments, review and analyze those comments, conduct a peer review, and then 
announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

Comment [RCM1]: Is there any example or 
factoid we can point out to bolster this? E.g., 
“managers have formally amended over 100 
management plans.” 
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U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 
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Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 

Scientific Review Suggests Canada Lynx May No Longer Be 
Threatened 

Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER –   Conservation measures implemented by our state, federal, local and industry 
partners has resulted in the Canada lynx becoming the next Endangered Species Act success 
story.  
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx in the contiguous United States, which is considered a 
distinct population segment (DPS). The review concludes that the Canada lynx DPS may no 
longer warrant protection under the Endangered Species Act (ESA) and should be considered for 
delisting due to recovery.  This recommendation is the result of an extensive review of available 
scientific information and almost 20 years of working in partnership with state, federal, tribal, 
industry and other land managers on the conservation of this species.   
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment (SSA) for the lynx DPS, which compiled and evaluated the best available scientific 
information on the historical, current and possible future conditions for the DPS. Over a two-year 
process, the Service worked closely with federal, state, and academic subject matter experts to 
evaluate relevant scientific information on snowshoe hare population dynamics, climate change, 
forest ecology and other issues.  Although climate change remains and important factor for the 
conservation of the Canada lynx DPS, neither the Service nor the experts we consulted conclude 
that the lynx DPS is at risk of extinction from climate change within the foreseeable future. 
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. In the contiguous U.S., Canada lynx 
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populations are found in Maine, northeastern Minnesota, northwestern Montana, northeastern 
Idaho, north-central Washington, and western Colorado. 
 
The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx is 
located in the lower 48 states. Since receiving ESA protection, federal land managers throughout 
the lynx’s range have formally amended their management plans and implemented conservation 
measures to conserve the species. For example, all U.S. Forest Service land management plans in 
the Rocky Mountain region have been amended to include conservation measures for the Canada 
lynx.  In addition, [insert an example from Maine] 
 
Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology. Research, monitoring and conservation efforts conducted by state 
and federal agencies, tribes and academic institutions,  helped refine biologists’ understanding of 
habitat needs, distributions, population characteristics and potential stressors.   
 
Given the recommendation that the species may be recovered, the Service will not at this time be 
completing a recovery plan for the Canada lynx DPS. Today’s recommendation does not remove 
or negate the Endangered Species Act protections currently in place for the Canada lynx DPS. To 
delist a species, the Service must follow a process similar to what is used in considering whether 
to list species. The next step is for the Service to publish a proposed rule in the Federal Register, 
receive public comments, review and analyze those comments, conduct a peer review, and then 
announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
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Conversation Contents
R5 thoughts on press release

Attachments:

/1. R5 thoughts on press release/1.1 Canada Lynx Newsrelease R6_HQ edit
merged121817 Draft v2_MR.docx
/1. R5 thoughts on press release/2.1 12_19_17_NR_CanadaLynx_v3.docx
/1. R5 thoughts on press release/5.1 12_19_17_NR_CanadaLynx_v3.docx

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Tue Dec 19 2017 11:53:40 GMT-0700 (MST)
To: Roya Mogadam <roya_mogadam@fws.gov>

CC:
Terri Edwards <terri_edwards@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>

Subject: R5 thoughts on press release

Attachments: Canada Lynx Newsrelease R6_HQ edit merged121817 Draft
v2_MR.docx

Hi Roya, no other feedback (besides the attached) from R5 on the press release, but thanks for
the opportunity. Here are some thoughts from me - nothing serious.

Taking one more quick look at the FAQs and comms plan.
Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Mogadam, Roya" <roya_mogadam@fws.gov>

From: "Mogadam, Roya" <roya_mogadam@fws.gov>
Sent: Tue Dec 19 2017 16:30:42 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>

CC:
Terri Edwards <terri_edwards@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>, Anna Munoz <anna_munoz@fws.gov>,
Robert Segin <robert_segin@fws.gov>

http://usfwsnortheast.wordpress.com/


Subject: Re: R5 thoughts on press release
Attachments: 12_19_17_NR_CanadaLynx_v3.docx

Thanks Meagan for the edits! We incorporated your edits as well as ES and Noreen/Matt's edits.

Do you all have an example from Maine we could include in the press release (see highlight in
press release)?

On Tue, Dec 19, 2017 at 11:53 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Roya, no other feedback (besides the attached) from R5 on the press release, but thanks
for the opportunity. Here are some thoughts from me - nothing serious.

Taking one more quick look at the FAQs and comms plan.
Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

Meagan Racey <meagan_racey@fws.gov>

From: Meagan Racey <meagan_racey@fws.gov>
Sent: Tue Dec 19 2017 20:17:48 GMT-0700 (MST)
To: "Mogadam, Roya" <roya_mogadam@fws.gov>

CC:
Terri Edwards <terri_edwards@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>, Anna Munoz <anna_munoz@fws.gov>,
Robert Segin <robert_segin@fws.gov>

Subject: Re: R5 thoughts on press release

Just saw this—I can work on something tomorrow. Will that be too late?

Sent from my iPhone

mailto:meagan_racey@fws.gov
http://usfwsnortheast.wordpress.com/
mailto:Roya_Mogadam@fws.gov
mailto:roya_mogadam@fws.gov


On Dec 19, 2017, at 6:30 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Thanks Meagan for the edits! We incorporated your edits as well as ES and
Noreen/Matt's edits.

Do you all have an example from Maine we could include in the press release (see
highlight in press release)?

On Tue, Dec 19, 2017 at 11:53 AM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Hi Roya, no other feedback (besides the attached) from R5 on the press release,
but thanks for the opportunity. Here are some thoughts from me - nothing serious.

Taking one more quick look at the FAQs and comms plan.
Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

<12_19_17_NR_CanadaLynx_v3.docx>

"Mogadam, Roya" <roya_mogadam@fws.gov>

From: "Mogadam, Roya" <roya_mogadam@fws.gov>
Sent: Wed Dec 20 2017 08:12:29 GMT-0700 (MST)
To: Meagan Racey <meagan_racey@fws.gov>

CC:
Terri Edwards <terri_edwards@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>, Anna Munoz <anna_munoz@fws.gov>,
Robert Segin <robert_segin@fws.gov>

Subject: Re: R5 thoughts on press release

Morning Meagan-

mailto:roya_mogadam@fws.gov
mailto:meagan_racey@fws.gov
http://usfwsnortheast.wordpress.com/
mailto:Roya_Mogadam@fws.gov


Of course today is fine - I sent an email to you way after COB your time. 

Thanks again for all your help on the outreach on this.

-Roya

On Tue, Dec 19, 2017 at 8:17 PM, Meagan Racey <meagan_racey@fws.gov> wrote:
Just saw this—I can work on something tomorrow. Will that be too late?

Sent from my iPhone

On Dec 19, 2017, at 6:30 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Thanks Meagan for the edits! We incorporated your edits as well as ES and
Noreen/Matt's edits.

Do you all have an example from Maine we could include in the press release (see
highlight in press release)?

On Tue, Dec 19, 2017 at 11:53 AM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Hi Roya, no other feedback (besides the attached) from R5 on the press
release, but thanks for the opportunity. Here are some thoughts from me -
nothing serious.

Taking one more quick look at the FAQs and comms plan.
Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

<12_19_17_NR_CanadaLynx_v3.docx>
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-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Dec 20 2017 09:22:26 GMT-0700 (MST)
To: Anna Harris <anna_harris@fws.gov>
Subject: Fwd: R5 thoughts on press release
Attachments: 12_19_17_NR_CanadaLynx_v3.docx

---------- Forwarded message ----------
From: Mogadam, Roya <roya_mogadam@fws.gov>
Date: Tue, Dec 19, 2017 at 6:30 PM
Subject: Re: R5 thoughts on press release
To: "Racey, Meagan" <meagan_racey@fws.gov>
Cc: Terri Edwards <terri_edwards@fws.gov>, Christine Eustis <christine_eustis@fws.gov>,
"Hastie, Kyla" <kyla_hastie@fws.gov>, Anna Munoz <anna_munoz@fws.gov>, Robert Segin
<robert_segin@fws.gov>

Thanks Meagan for the edits! We incorporated your edits as well as ES and Noreen/Matt's edits.

Do you all have an example from Maine we could include in the press release (see highlight in
press release)?

On Tue, Dec 19, 2017 at 11:53 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi Roya, no other feedback (besides the attached) from R5 on the press release, but thanks
for the opportunity. Here are some thoughts from me - nothing serious.

Taking one more quick look at the FAQs and comms plan.
Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast
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-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Dec 20 2017 11:57:28 GMT-0700 (MST)
To: "Mogadam, Roya" <roya_mogadam@fws.gov>
Subject: Re: R5 thoughts on press release

Got something in the works - will send to you, Anna & Steve once I get the green light. 

On Wed, Dec 20, 2017 at 10:12 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Morning Meagan-

Of course today is fine - I sent an email to you way after COB your time. 

Thanks again for all your help on the outreach on this.

-Roya

On Tue, Dec 19, 2017 at 8:17 PM, Meagan Racey <meagan_racey@fws.gov> wrote:
Just saw this—I can work on something tomorrow. Will that be too late?

Sent from my iPhone

On Dec 19, 2017, at 6:30 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Thanks Meagan for the edits! We incorporated your edits as well as ES and
Noreen/Matt's edits.
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Do you all have an example from Maine we could include in the press release
(see highlight in press release)?

On Tue, Dec 19, 2017 at 11:53 AM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Hi Roya, no other feedback (besides the attached) from R5 on the press
release, but thanks for the opportunity. Here are some thoughts from me -
nothing serious.

Taking one more quick look at the FAQs and comms plan.
Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

<12_19_17_NR_CanadaLynx_v3.docx>

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Meagan Racey
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Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Mogadam, Roya" <roya_mogadam@fws.gov>

From: "Mogadam, Roya" <roya_mogadam@fws.gov>
Sent: Wed Dec 20 2017 12:39:54 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: R5 thoughts on press release

Thanks, do you know when you all may have it? We need to move this back through a quick
internal surname here.

On Wed, Dec 20, 2017 at 11:57 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Got something in the works - will send to you, Anna & Steve once I get the green light. 

On Wed, Dec 20, 2017 at 10:12 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Morning Meagan-

Of course today is fine - I sent an email to you way after COB your time. 

Thanks again for all your help on the outreach on this.

-Roya

On Tue, Dec 19, 2017 at 8:17 PM, Meagan Racey <meagan_racey@fws.gov> wrote:
Just saw this—I can work on something tomorrow. Will that be too late?

Sent from my iPhone

On Dec 19, 2017, at 6:30 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Thanks Meagan for the edits! We incorporated your edits as well as ES and
Noreen/Matt's edits.

Do you all have an example from Maine we could include in the press release
(see highlight in press release)?

On Tue, Dec 19, 2017 at 11:53 AM, Racey, Meagan
<meagan_racey@fws.gov> wrote:

Hi Roya, no other feedback (besides the attached) from R5 on the press
release, but thanks for the opportunity. Here are some thoughts from me -
nothing serious.

Taking one more quick look at the FAQs and comms plan.
Thanks!
-- 
Meagan Racey
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Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

<12_19_17_NR_CanadaLynx_v3.docx>

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
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U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Dec 20 2017 12:45:49 GMT-0700 (MST)
To: "Mogadam, Roya" <roya_mogadam@fws.gov>
Subject: Re: R5 thoughts on press release

Something like this work? Had to negotiate it a bit internally... :)

In addition, Maine has become a national leader in collaborative forest and wildlife conservation, with the highest
acreage of working woodland easements in the country protecting nearly 2.5 million acres from development and
supporting a mosaic of forest habitats for wildlife including moose, bear and lynx.

On Wed, Dec 20, 2017 at 2:39 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Thanks, do you know when you all may have it? We need to move this back through a quick
internal surname here.

On Wed, Dec 20, 2017 at 11:57 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Got something in the works - will send to you, Anna & Steve once I get the green light. 

On Wed, Dec 20, 2017 at 10:12 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Morning Meagan-

Of course today is fine - I sent an email to you way after COB your time. 

Thanks again for all your help on the outreach on this.

-Roya

On Tue, Dec 19, 2017 at 8:17 PM, Meagan Racey <meagan_racey@fws.gov> wrote:
Just saw this—I can work on something tomorrow. Will that be too late?

Sent from my iPhone

On Dec 19, 2017, at 6:30 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Thanks Meagan for the edits! We incorporated your edits as well as ES and
Noreen/Matt's edits.

Do you all have an example from Maine we could include in the press
release (see highlight in press release)?

On Tue, Dec 19, 2017 at 11:53 AM, Racey, Meagan
<meagan_racey@fws.gov> wrote:

Hi Roya, no other feedback (besides the attached) from R5 on the press
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release, but thanks for the opportunity. Here are some thoughts from me
- nothing serious.

Taking one more quick look at the FAQs and comms plan.
Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

<12_19_17_NR_CanadaLynx_v3.docx>

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast
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-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Dec 20 2017 13:03:23 GMT-0700 (MST)

To:

"Hastie, Kyla" <kyla_hastie@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>, Anna Harris <anna_harris@fws.gov>,
Ken Elowe <ken_elowe@fws.gov>, Paul Phifer
<paul_phifer@fws.gov>

Subject: Fwd: R5 thoughts on press release

Hi all, 

We took advantage of the opportunity to add a Maine example to the national lynx press release
(Thanks Anna & Ken!). It took some negotiation but here's where we ended up w/ R6; if there
are any serious red flags please let me know asap. They reminded me that we can embellish
this in the regional press release :)

Submitted: In addition, Maine has become a national leader in collaborative forest and wildlife conservation, with the
highest acreage of working woodland easements in the country protecting nearly 2.5 million acres from development
and supporting a mosaic of forest habitats for wildlife including moose, bear and lynx.

Actual: In Maine, private landowners have voluntarily supported working woodland easements that protect nearly 2.5
million acres of forest, benefitting the Canada lynx and other species.

Meagan

---------- Forwarded message ----------
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From: Mogadam, Roya <roya_mogadam@fws.gov>
Date: Wed, Dec 20, 2017 at 10:12 AM
Subject: Re: R5 thoughts on press release
To: Meagan Racey <meagan_racey@fws.gov>
Cc: Terri Edwards <terri_edwards@fws.gov>, Christine Eustis <christine_eustis@fws.gov>,
"Hastie, Kyla" <kyla_hastie@fws.gov>, Anna Munoz <anna_munoz@fws.gov>, Robert Segin
<robert_segin@fws.gov>

Morning Meagan-

Of course today is fine - I sent an email to you way after COB your time. 

Thanks again for all your help on the outreach on this.

-Roya

On Tue, Dec 19, 2017 at 8:17 PM, Meagan Racey <meagan_racey@fws.gov> wrote:
Just saw this—I can work on something tomorrow. Will that be too late?

Sent from my iPhone

On Dec 19, 2017, at 6:30 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Thanks Meagan for the edits! We incorporated your edits as well as ES and
Noreen/Matt's edits.

Do you all have an example from Maine we could include in the press release (see
highlight in press release)?

On Tue, Dec 19, 2017 at 11:53 AM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Hi Roya, no other feedback (besides the attached) from R5 on the press
release, but thanks for the opportunity. Here are some thoughts from me -
nothing serious.

Taking one more quick look at the FAQs and comms plan.
Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228
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Roya_Mogadam@fws.gov
(303) 236-4572

<12_19_17_NR_CanadaLynx_v3.docx>

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Elowe, Ken" <ken_elowe@fws.gov>

From: "Elowe, Ken" <ken_elowe@fws.gov>
Sent: Wed Dec 20 2017 13:30:29 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>

CC:
"Hastie, Kyla" <kyla_hastie@fws.gov>, Christine Eustis
<christine_eustis@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>, Anna Harris <anna_harris@fws.gov>,
Paul Phifer <paul_phifer@fws.gov>

Subject: Re: R5 thoughts on press release

Thanks for your efforts Meagan!

=========================
Ken Elowe
Ass't Regional Director,
Science Applications
Northeast Region
U.S. Fish & Wildlife Service
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413-253-8315

On Wed, Dec 20, 2017 at 3:03 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi all, 

We took advantage of the opportunity to add a Maine example to the national lynx press
release (Thanks Anna & Ken!). It took some negotiation but here's where we ended up w/ R6;
if there are any serious red flags please let me know asap. They reminded me that we can
embellish this in the regional press release :)

Submitted: In addition, Maine has become a national leader in collaborative forest and wildlife conservation, with
the highest acreage of working woodland easements in the country protecting nearly 2.5 million acres from
development and supporting a mosaic of forest habitats for wildlife including moose, bear and lynx.

Actual: In Maine, private landowners have voluntarily supported working woodland easements that protect nearly 2.5
million acres of forest, benefitting the Canada lynx and other species.

Meagan

---------- Forwarded message ----------
From: Mogadam, Roya <roya_mogadam@fws.gov>
Date: Wed, Dec 20, 2017 at 10:12 AM
Subject: Re: R5 thoughts on press release
To: Meagan Racey <meagan_racey@fws.gov>
Cc: Terri Edwards <terri_edwards@fws.gov>, Christine Eustis <christine_eustis@fws.gov>,
"Hastie, Kyla" <kyla_hastie@fws.gov>, Anna Munoz <anna_munoz@fws.gov>, Robert Segin
<robert_segin@fws.gov>

Morning Meagan-

Of course today is fine - I sent an email to you way after COB your time. 

Thanks again for all your help on the outreach on this.

-Roya

On Tue, Dec 19, 2017 at 8:17 PM, Meagan Racey <meagan_racey@fws.gov> wrote:
Just saw this—I can work on something tomorrow. Will that be too late?

Sent from my iPhone

On Dec 19, 2017, at 6:30 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Thanks Meagan for the edits! We incorporated your edits as well as ES and
Noreen/Matt's edits.

Do you all have an example from Maine we could include in the press release
(see highlight in press release)?

On Tue, Dec 19, 2017 at 11:53 AM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Hi Roya, no other feedback (besides the attached) from R5 on the press
release, but thanks for the opportunity. Here are some thoughts from me -
nothing serious.
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Taking one more quick look at the FAQs and comms plan.
Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

<12_19_17_NR_CanadaLynx_v3.docx>

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast
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"Eustis, Christine" <christine_eustis@fws.gov>

From: "Eustis, Christine" <christine_eustis@fws.gov>
Sent: Wed Dec 20 2017 14:33:55 GMT-0700 (MST)
To: "Elowe, Ken" <ken_elowe@fws.gov>

CC:
"Racey, Meagan" <meagan_racey@fws.gov>, "Hastie, Kyla"
<kyla_hastie@fws.gov>, Terri Edwards
<terri_edwards@fws.gov>, Anna Harris <anna_harris@fws.gov>,
Paul Phifer <paul_phifer@fws.gov>

Subject: Re: R5 thoughts on press release

Yes,  good outcome!

On Wed, Dec 20, 2017 at 3:30 PM, Elowe, Ken <ken_elowe@fws.gov> wrote:
Thanks for your efforts Meagan!

=========================
Ken Elowe
Ass't Regional Director,
Science Applications
Northeast Region
U.S. Fish & Wildlife Service
413-253-8315

On Wed, Dec 20, 2017 at 3:03 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi all, 

We took advantage of the opportunity to add a Maine example to the national lynx press
release (Thanks Anna & Ken!). It took some negotiation but here's where we ended up w/
R6; if there are any serious red flags please let me know asap. They reminded me that we
can embellish this in the regional press release :)

Submitted: In addition, Maine has become a national leader in collaborative forest and wildlife conservation,
with the highest acreage of working woodland easements in the country protecting nearly 2.5 million acres from
development and supporting a mosaic of forest habitats for wildlife including moose, bear and lynx.

Actual: In Maine, private landowners have voluntarily supported working woodland easements that protect nearly
2.5 million acres of forest, benefitting the Canada lynx and other species.

Meagan

---------- Forwarded message ----------
From: Mogadam, Roya <roya_mogadam@fws.gov>
Date: Wed, Dec 20, 2017 at 10:12 AM
Subject: Re: R5 thoughts on press release
To: Meagan Racey <meagan_racey@fws.gov>
Cc: Terri Edwards <terri_edwards@fws.gov>, Christine Eustis <christine_eustis@fws.gov>,
"Hastie, Kyla" <kyla_hastie@fws.gov>, Anna Munoz <anna_munoz@fws.gov>, Robert
Segin <robert_segin@fws.gov>

Morning Meagan-

Of course today is fine - I sent an email to you way after COB your time. 
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Thanks again for all your help on the outreach on this.

-Roya

On Tue, Dec 19, 2017 at 8:17 PM, Meagan Racey <meagan_racey@fws.gov> wrote:
Just saw this—I can work on something tomorrow. Will that be too late?

Sent from my iPhone

On Dec 19, 2017, at 6:30 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Thanks Meagan for the edits! We incorporated your edits as well as ES and
Noreen/Matt's edits.

Do you all have an example from Maine we could include in the press release
(see highlight in press release)?

On Tue, Dec 19, 2017 at 11:53 AM, Racey, Meagan
<meagan_racey@fws.gov> wrote:

Hi Roya, no other feedback (besides the attached) from R5 on the press
release, but thanks for the opportunity. Here are some thoughts from me -
nothing serious.

Taking one more quick look at the FAQs and comms plan.
Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

<12_19_17_NR_CanadaLynx_v3.docx>

-- 
Roya Mogadam
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Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Christine Eustis
External Affairs, Northeast Region
U.S. Fish and Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: 413) 253-8321
christine_eustis@fws.gov

"Hastie, Kyla" <kyla_hastie@fws.gov>

From: "Hastie, Kyla" <kyla_hastie@fws.gov>
Sent: Thu Dec 21 2017 06:27:18 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: R5 thoughts on press release

thank you :-)

On Wed, Dec 20, 2017 at 3:03 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Hi all, 

We took advantage of the opportunity to add a Maine example to the national lynx press
release (Thanks Anna & Ken!). It took some negotiation but here's where we ended up w/ R6;
if there are any serious red flags please let me know asap. They reminded me that we can
embellish this in the regional press release :)

Submitted: In addition, Maine has become a national leader in collaborative forest and wildlife conservation, with
the highest acreage of working woodland easements in the country protecting nearly 2.5 million acres from

https://maps.google.com/?q=134+Union&entry=gmail&source=g
mailto:Roya_Mogadam@fws.gov
http://usfwsnortheast.wordpress.com/
mailto:christine_eustis@fws.gov
mailto:meagan_racey@fws.gov


development and supporting a mosaic of forest habitats for wildlife including moose, bear and lynx.

Actual: In Maine, private landowners have voluntarily supported working woodland easements that protect nearly 2.5
million acres of forest, benefitting the Canada lynx and other species.

Meagan

---------- Forwarded message ----------
From: Mogadam, Roya <roya_mogadam@fws.gov>
Date: Wed, Dec 20, 2017 at 10:12 AM
Subject: Re: R5 thoughts on press release
To: Meagan Racey <meagan_racey@fws.gov>
Cc: Terri Edwards <terri_edwards@fws.gov>, Christine Eustis <christine_eustis@fws.gov>,
"Hastie, Kyla" <kyla_hastie@fws.gov>, Anna Munoz <anna_munoz@fws.gov>, Robert Segin
<robert_segin@fws.gov>

Morning Meagan-

Of course today is fine - I sent an email to you way after COB your time. 

Thanks again for all your help on the outreach on this.

-Roya

On Tue, Dec 19, 2017 at 8:17 PM, Meagan Racey <meagan_racey@fws.gov> wrote:
Just saw this—I can work on something tomorrow. Will that be too late?

Sent from my iPhone

On Dec 19, 2017, at 6:30 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

Thanks Meagan for the edits! We incorporated your edits as well as ES and
Noreen/Matt's edits.

Do you all have an example from Maine we could include in the press release
(see highlight in press release)?

On Tue, Dec 19, 2017 at 11:53 AM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Hi Roya, no other feedback (besides the attached) from R5 on the press
release, but thanks for the opportunity. Here are some thoughts from me -
nothing serious.

Taking one more quick look at the FAQs and comms plan.
Thanks!
-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

mailto:roya_mogadam@fws.gov
mailto:meagan_racey@fws.gov
mailto:terri_edwards@fws.gov
mailto:christine_eustis@fws.gov
mailto:kyla_hastie@fws.gov
mailto:anna_munoz@fws.gov
mailto:robert_segin@fws.gov
mailto:meagan_racey@fws.gov
mailto:roya_mogadam@fws.gov
mailto:meagan_racey@fws.gov
http://usfwsnortheast.wordpress.com/


-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

<12_19_17_NR_CanadaLynx_v3.docx>

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Kyla Hastie
Assistant Regional Director-External Affairs
Northeast Region
U.S. Fish & Wildlife Service
300 Westgate Center Drive
Hadley, MA 01035
office: (413) 253-8325
cell:  (413) 262-3667

https://maps.google.com/?q=134+Union&entry=gmail&source=g
mailto:Roya_Mogadam@fws.gov
https://maps.google.com/?q=134+Union&entry=gmail&source=g
mailto:Roya_Mogadam@fws.gov
http://usfwsnortheast.wordpress.com/




 
 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling cats, is well on its 
way to becoming the next Endangered Species Act success story. 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx distinct population segment (DPS) in the contiguous United 
States. The review concludes that the Canada lynx DPS may no longer warrant protection under 
the Endangered Species Act (ESA) and should be considered for delisting.  This 
recommendation is the result of an extensive review of available scientific information and 
almost 20 years of working in partnership with state, federal, tribal, and other land managers on 
the conservation of this species.   
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment (SSA) for the lynx DPS, which compiled all available scientific information on the 
historical, current and possible future conditions for the DPS. Over a two-year process, federal, 
state, tribal and academic subject matter experts evaluated relevant scientific information on hare 
population dynamics, climate change, forest ecology and other issues.  
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, and western Colorado. 
 
The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx is 
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located in the lower 48 states. Since receiving ESA protection, federal land managers throughout 
the lynx’s range have formally amended their management plans and implemented conservation 
measures to conserve the species. Providing the Canada lynx protection under the ESA also 
prompted an increase in scientific understanding of lynx biology. Research, monitoring and 
conservation efforts conducted by state and federal agencies, tribes and academic institutions,  
helped refine biologists’ understanding of habitat needs, distributions, population characteristics 
and potential stressors. 
 
Given our recommendation that the species may be recovered, we will not at this time be 
completing a recovery plan for the Canada lynx DPS. Today’s recommendation does not remove 
or negate the Endangered Species Act protections currently in place for the Canada lynx DPS. To 
delist a species, the Service must follow a process similar to what is used in considering whether 
to list species. The next step is for the Service to publish a proposed rule in the Federal Register, 
receive public comments, review and analyze those comments, and then announce a final 
decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media channels: 
Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


 
 
 
 
 
 
 
 

 
Q.  Why does the Service believe listing is no longer warranted for lynx?   
 
A.  Federal land management changes have adequately protected the species habitat against the 
primary threats that led to listing and will ensure that the species will remain resilient in the 
foreseeable future, even in the face of climate change.  We’ve also learned that land management 
changes in ME and CO have led to historically high numbers of the species.  Those numbers may 
moderate with forest succession but our analysis suggests resiliency for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What conservation efforts have been undertaken since 2000? 
 
A. Since listing in 2000, Federal land managers have implemented land management plans and 
conservation agreements with the Service, which include science-based conservation measures, 
standards and guidelines, and best management practices to conserve lynx.  We believe these 
commitments have largely addressed the threats for which the Canada lynx DPS was listed.  
Additionally, many State and Tribal agencies and academic partners have worked with the 
Service to identify and protect important lynx habitats and monitor and enhance lynx 
populations. 
 
Q. How did the Service consider the best available science in the recommendation? 
 
A. The Service always considers the best available science in managing Threatened and 
Endangered species. Beginning in 2014, the Service reviewed available science related to lynx 
ecology, historical and recent distribution and current potential threats to develop the Species 
Status Assessment (SSA). The SSA review was led by a comprehensive group of lynx experts 
and other subject matter experts who evaluated relevant scientific information on the threats to 
the species including: climate change, forest ecology and hare population dynamics.  The SSA 
included input from recognized lynx experts in Canada and the United States, as well as a variety 
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Canada Lynx 5-Year Review 

 



of experts in the fields of ecology, genetics, climate modeling and habitat management. This 
SSA was peer reviewed by independent experts and our federal and tribal partners.   
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  

 
Q.  What are the effects of Climate Change on the lynx? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
increased fragmentation and isolation of habitats and populations and, over the long-term, in 
reduced population resiliency and increasing vulnerability to extirpation.   
 
The Service and lynx expert panelists agree that the projected effects of a warming climate now 
pose the most significant threat to the long-term persistence of the lynx DPS.  Although there is 
great uncertainty about the timing and extent of climate-driven impacts, neither the Service nor 
the experts we consulted conclude that the DPS is at risk of extirpation from climate change 
within the foreseeable future.  
 
Q. Do lynx population numbers normally fluctuate? 
 
A. In the core of the species’ range, lynx populations fluctuate dramatically as they closely track 
10-year cycles in hare populations.  At the southern edge of both species’ ranges, including the 
DPS range, hare population cycles are much less pronounced, and some may not cycle at all.  
Therefore, lynx populations in the DPS do not undergo the dramatic swings seen in more 
northern populations, though they likely respond to changes in hare abundance with less 
dramatic population fluctuations.  In general, lynx populations in the DPS typically occur at 
densities similar to those in the north when hare numbers are low. 
 
Q. When would the lynx be delisted? 
 
A. There are no immediate plans to delist the lynx.  However, based on this recommendation, in 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 



 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 

 
  
 
 



From: Alt, Nicole
To: Jodi Bush
Subject: Fwd: Lynx Outreach Materials
Date: Tuesday, December 19, 2017 12:48:04 PM
Attachments: Lynx FAQ121817 rmedits clean.docx

Canada Lynx 5-Year Review Communications Plan -Recoveryplaninfo_121817 (2) (1).docx
Canada Lynx Newsrelease R6_HQ edit merged121817 Draft v2 (1).docx

Nicole Alt
Deputy ARD Ecological Services
Mountain-Prairie Region
nicole_alt@fws.gov

---------- Forwarded message ----------
From: Mogadam, Roya <roya_mogadam@fws.gov>
Date: Mon, Dec 18, 2017 at 3:55 PM
Subject: Lynx Outreach Materials
To: Nicole Alt <Nicole_Alt@fws.gov>

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:nicole_alt@fws.gov
mailto:jodi_bush@fws.gov
mailto:nicole_alt@fws.gov
mailto:roya_mogadam@fws.gov
mailto:Nicole_Alt@fws.gov
mailto:Roya_Mogadam@fws.gov


From: Nelson, Marjorie
To: Jacobsen, Dana; Williams-shuck, Kathryn; Travis.Annatoyn@usdoj.gov; Michael Thabault; Jodi Bush; Justin

Shoemaker/R6/FWS/DOI; Anna Munoz; Mogadam, Roya
Subject: coordination call for lynx
Date: Tuesday, December 19, 2017 12:51:25 PM

Hi all,
I'll be sending an invite to have a call to make sure we are all on the same page on timing and
tasks for lynx.  The sooner, the better.  How is tomorrow at 11 am MT?

thanks,
Marj
Marjorie Nelson
Chief, Division of Ecological Services
Mountain-Prairie Region
U.S. Fish and Wildlife Service
303-236-4258 direct
720-582-3524 cell

mailto:marjorie_nelson@fws.gov
mailto:dana.jacobsen@sol.doi.gov
mailto:kate.williams-shuck@sol.doi.gov
mailto:Travis.Annatoyn@usdoj.gov
mailto:michael_thabault@fws.gov
mailto:jodi_bush@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:justin_shoemaker@fws.gov
mailto:anna_munoz@fws.gov
mailto:roya_mogadam@fws.gov
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Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling cats, is well on its 
way to becoming the next Endangered Species Act success story. 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx distinct population segment (DPS) in the contiguous United 
States. The review concludes that the Canada lynx DPS may no longer warrant protection under 
the Endangered Species Act (ESA) and should be considered for delisting.  This 
recommendation is the result of an extensive review of available scientific information and 
almost 20 years of working in partnership with state, federal, tribal, and other land managers on 
the conservation of this species.   
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment (SSA) for the lynx DPS, which compiled all available scientific information on the 
historical, current and possible future conditions for the DPS. Over a two-year process, federal, 
state, tribal and academic subject matter experts evaluated relevant scientific information on hare 
population dynamics, climate change, forest ecology and other issues.  
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, and western Colorado. 
 
The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx is 
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located in the lower 48 states. Since receiving ESA protection, federal land managers throughout 
the lynx’s range have formally amended their management plans and implemented conservation 
measures to conserve the species. Providing the Canada lynx protection under the ESA also 
prompted an increase in scientific understanding of lynx biology. Research, monitoring and 
conservation efforts conducted by state and federal agencies, tribes and academic institutions,  
helped refine biologists’ understanding of habitat needs, distributions, population characteristics 
and potential stressors. 
 
Given our recommendation that the species may be recovered, we will not at this time be 
completing a recovery plan for the Canada lynx DPS. Today’s recommendation does not remove 
or negate the Endangered Species Act protections currently in place for the Canada lynx DPS. To 
delist a species, the Service must follow a process similar to what is used in considering whether 
to list species. The next step is for the Service to publish a proposed rule in the Federal Register, 
receive public comments, review and analyze those comments, and then announce a final 
decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media channels: 
Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
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Q.  Why does the Service believe listing is no longer warranted for lynx?   
 
A.  Federal land management changes have adequately protected the species habitat against the 
primary threats that led to listing and will ensure that the species will remain resilient in the 
foreseeable future, even in the face of climate change.  We’ve also learned that land management 
changes in ME and CO have led to historically high numbers of the species.  Those numbers may 
moderate with forest succession but our analysis suggests resiliency for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What conservation efforts have been undertaken since 2000? 
 
A. Since listing in 2000, Federal land managers have implemented land management plans and 
conservation agreements with the Service, which include science-based conservation measures, 
standards and guidelines, and best management practices to conserve lynx.  We believe these 
commitments have largely addressed the threats for which the Canada lynx DPS was listed.  
Additionally, many State and Tribal agencies and academic partners have worked with the 
Service to identify and protect important lynx habitats and monitor and enhance lynx 
populations. 
 
Q. How did the Service consider the best available science in the recommendation? 
 
A. The Service always considers the best available science in managing Threatened and 
Endangered species. Beginning in 2014, the Service reviewed available science related to lynx 
ecology, historical and recent distribution and current potential threats to develop the Species 
Status Assessment (SSA). The SSA review was led by a comprehensive group of lynx experts 
and other subject matter experts who evaluated relevant scientific information on the threats to 
the species including: climate change, forest ecology and hare population dynamics.  The SSA 
included input from recognized lynx experts in Canada and the United States, as well as a variety 
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of experts in the fields of ecology, genetics, climate modeling and habitat management. This 
SSA was peer reviewed by independent experts and our federal and tribal partners.   
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  

 
Q.  What are the effects of Climate Change on the lynx? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
increased fragmentation and isolation of habitats and populations and, over the long-term, in 
reduced population resiliency and increasing vulnerability to extirpation.   
 
The Service and lynx expert panelists agree that the projected effects of a warming climate now 
pose the most significant threat to the long-term persistence of the lynx DPS.  Although there is 
great uncertainty about the timing and extent of climate-driven impacts, neither the Service nor 
the experts we consulted conclude that the DPS is at risk of extirpation from climate change 
within the foreseeable future.  
 
Q. Do lynx population numbers normally fluctuate? 
 
A. In the core of the species’ range, lynx populations fluctuate dramatically as they closely track 
10-year cycles in hare populations.  At the southern edge of both species’ ranges, including the 
DPS range, hare population cycles are much less pronounced, and some may not cycle at all.  
Therefore, lynx populations in the DPS do not undergo the dramatic swings seen in more 
northern populations, though they likely respond to changes in hare abundance with less 
dramatic population fluctuations.  In general, lynx populations in the DPS typically occur at 
densities similar to those in the north when hare numbers are low. 
 
Q. When would the lynx be delisted? 
 
A. There are no immediate plans to delist the lynx.  However, based on this recommendation, in 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 



 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 

 
  
 
 



From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: Lynx Outreach Materials
Date: Tuesday, December 19, 2017 1:01:17 PM
Attachments: Lynx FAQ121817 rmedits clean.docx

Canada Lynx 5-Year Review Communications Plan -Recoveryplaninfo_121817 (2) (1).docx
Canada Lynx Newsrelease R6_HQ edit merged121817 Draft v2 (1).docx

Look at these - we'll talk after my meeting.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Alt, Nicole <nicole_alt@fws.gov>
Date: Tue, Dec 19, 2017 at 12:47 PM
Subject: Fwd: Lynx Outreach Materials
To: Jodi Bush <jodi_bush@fws.gov>

Nicole Alt
Deputy ARD Ecological Services
Mountain-Prairie Region
nicole_alt@fws.gov

---------- Forwarded message ----------
From: Mogadam, Roya <roya_mogadam@fws.gov>
Date: Mon, Dec 18, 2017 at 3:55 PM
Subject: Lynx Outreach Materials
To: Nicole Alt <Nicole_Alt@fws.gov>

--
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
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xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling cats, is well on its 
way to becoming the next Endangered Species Act success story. 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx distinct population segment (DPS) in the contiguous United 
States. The review concludes that the Canada lynx DPS may no longer warrant protection under 
the Endangered Species Act (ESA) and should be considered for delisting.  This 
recommendation is the result of an extensive review of available scientific information and 
almost 20 years of working in partnership with state, federal, tribal, and other land managers on 
the conservation of this species.   
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment (SSA) for the lynx DPS, which compiled all available scientific information on the 
historical, current and possible future conditions for the DPS. Over a two-year process, federal, 
state, tribal and academic subject matter experts evaluated relevant scientific information on hare 
population dynamics, climate change, forest ecology and other issues.  
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. Canada Lynx populations are found in 
Maine, northeastern Minnesota, northwestern Montana, northeastern Idaho, north-central 
Washington, and western Colorado. 
 
The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx is 
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located in the lower 48 states. Since receiving ESA protection, federal land managers throughout 
the lynx’s range have formally amended their management plans and implemented conservation 
measures to conserve the species. Providing the Canada lynx protection under the ESA also 
prompted an increase in scientific understanding of lynx biology. Research, monitoring and 
conservation efforts conducted by state and federal agencies, tribes and academic institutions,  
helped refine biologists’ understanding of habitat needs, distributions, population characteristics 
and potential stressors. 
 
Given our recommendation that the species may be recovered, we will not at this time be 
completing a recovery plan for the Canada lynx DPS. Today’s recommendation does not remove 
or negate the Endangered Species Act protections currently in place for the Canada lynx DPS. To 
delist a species, the Service must follow a process similar to what is used in considering whether 
to list species. The next step is for the Service to publish a proposed rule in the Federal Register, 
receive public comments, review and analyze those comments, and then announce a final 
decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media channels: 
Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


 
 
 
 
 
 
 
 

 
Q.  Why does the Service believe listing is no longer warranted for lynx?   
 
A.  Federal land management changes have adequately protected the species habitat against the 
primary threats that led to listing and will ensure that the species will remain resilient in the 
foreseeable future, even in the face of climate change.  We’ve also learned that land management 
changes in ME and CO have led to historically high numbers of the species.  Those numbers may 
moderate with forest succession but our analysis suggests resiliency for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What conservation efforts have been undertaken since 2000? 
 
A. Since listing in 2000, Federal land managers have implemented land management plans and 
conservation agreements with the Service, which include science-based conservation measures, 
standards and guidelines, and best management practices to conserve lynx.  We believe these 
commitments have largely addressed the threats for which the Canada lynx DPS was listed.  
Additionally, many State and Tribal agencies and academic partners have worked with the 
Service to identify and protect important lynx habitats and monitor and enhance lynx 
populations. 
 
Q. How did the Service consider the best available science in the recommendation? 
 
A. The Service always considers the best available science in managing Threatened and 
Endangered species. Beginning in 2014, the Service reviewed available science related to lynx 
ecology, historical and recent distribution and current potential threats to develop the Species 
Status Assessment (SSA). The SSA review was led by a comprehensive group of lynx experts 
and other subject matter experts who evaluated relevant scientific information on the threats to 
the species including: climate change, forest ecology and hare population dynamics.  The SSA 
included input from recognized lynx experts in Canada and the United States, as well as a variety 

Frequently Asked Questions 
Canada Lynx 5-Year Review 

 



of experts in the fields of ecology, genetics, climate modeling and habitat management. This 
SSA was peer reviewed by independent experts and our federal and tribal partners.   
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  

 
Q.  What are the effects of Climate Change on the lynx? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
increased fragmentation and isolation of habitats and populations and, over the long-term, in 
reduced population resiliency and increasing vulnerability to extirpation.   
 
The Service and lynx expert panelists agree that the projected effects of a warming climate now 
pose the most significant threat to the long-term persistence of the lynx DPS.  Although there is 
great uncertainty about the timing and extent of climate-driven impacts, neither the Service nor 
the experts we consulted conclude that the DPS is at risk of extirpation from climate change 
within the foreseeable future.  
 
Q. Do lynx population numbers normally fluctuate? 
 
A. In the core of the species’ range, lynx populations fluctuate dramatically as they closely track 
10-year cycles in hare populations.  At the southern edge of both species’ ranges, including the 
DPS range, hare population cycles are much less pronounced, and some may not cycle at all.  
Therefore, lynx populations in the DPS do not undergo the dramatic swings seen in more 
northern populations, though they likely respond to changes in hare abundance with less 
dramatic population fluctuations.  In general, lynx populations in the DPS typically occur at 
densities similar to those in the north when hare numbers are low. 
 
Q. When would the lynx be delisted? 
 
A. There are no immediate plans to delist the lynx.  However, based on this recommendation, in 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 



 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 
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Q.  Why does the Service believe listing is no longer warranted for lynx?   
 
A.  Federal land management changes have adequately protected the species habitat against the 
primary threats that led to listing and will ensure that the species will remain resilient in the 
foreseeable future, even in the face of climate change.  We’ve also learned that land management 
changes in ME and CO have led to historically high numbers of the specieslynx populations are 
larger and more secure in Maine, Minnesota, and Colorado than we thought when we listed the 
DPS.  Those numbers may moderate with forest succession but our analysis suggests resiliency 
for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What conservation efforts have been undertaken since 2000? 
 
A. Since listing in 2000, Federal land managers have implemented land management plans and 
conservation agreements with the Service, which include science-based conservation measures, 
standards and guidelines, and best management practices to conserve lynx.  We believe these 
commitments have largely addressed the threats for which the Canada lynx DPS was listed.  
Additionally, many State and Tribal agencies and academic partners have worked with the 
Service to identify and protect important lynx habitats and monitor and enhance lynx 
populations. 
 
Q. How did the Service consider the best available science in the recommendation? 
 
A. The Service always considers the best available science in managing Threatened and 
Endangered species. Beginning in 2014, the Service reviewed available science related to lynx 
ecology, historical and recent distribution and current potential threats to develop the Species 
Status Assessment (SSA). The SSA review was led by a comprehensive groupwas also informed 
by the professional opinions of a panel of 10 recognized lynx experts and other subject matter 
experts who evaluated relevant scientific information on theregarding a variety of potential 
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threats to the species including: climate change, forest ecology and hare population 
dynamicsviability of the DPS.  The SSA included input from recognized lynx experts in Canada 
and the United States, as well as a variety of experts in the fields of ecology, genetics, climate 
modeling and habitat management. This SSA was peer reviewed by independent experts and our 
federal and tribal state agency partners.   
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  We also sought 
relevant information from federal, state and tribal management agencies.  

 
Q.  What are the likely effects of Climate Change on the lynx DPS? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
increased fragmentation and isolation of habitats and populations and, over the long-term, in 
reduced population resiliency and increasing vulnerability to extirpation. Other effects of climate 
warming include increases in the size and intensity of wildfires and forest insect outbreaks, both 
of which may influence the future amount, distribution and quality of lynx and hare habitats.   
 
The Service and lynx expert panelists agree that the projected effects of a warming climate now 
pose the most significant threat to the long-term persistence of the lynx DPS.  Although there is 
great uncertainty about the timing and extent of climate-driven impacts, neither the Service nor 
the experts we consulted conclude that the DPS is at risk of extirpation from climate change 
within the foreseeable future.  
 
Q. Do lynx population numbers normally fluctuate? 
 
A. In the core of the species’ range, lynx populations fluctuate dramatically as they closely track 
10-year cycles in hare populations.  At the southern edge of both species’ ranges, including the 
DPS range, hare population cycles are much less pronounced, and some may not cycle at all.  
Therefore, lynx populations in the DPS do not undergo the dramatic swings seen in more 
northern populations, though they likely respond to changes in hare abundance with less 
dramatic population fluctuations.  In general, lynx populations in the DPS typically occur at 
densities similar to those in the north when hare numbers are low. 
 
Q. When would the lynx be delisted? 
 
A. There are no immediate plans to delist the lynx.  However, based on this recommendation, in 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
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and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 

 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 
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Q.  Why does the Service believe listing is no longer warranted for lynx?   
 
A.  Federal land management changes have adequately protected the species habitat against the 
primary threats that led to listing and will ensure that the species will remain resilient in the 
foreseeable future, even in the face of climate change.  We’ve also learned that land management 
changes in ME and CO have led to historically high numbers of the species that lynx populations 
are larger and more secure in Maine, Minnesota, and Colorado that we thought when we listed 
the Canada lynx. .  Those numbers may moderate with forest succession but our analysis 
suggests resiliency for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What conservation efforts have been undertaken since 2000? 
 
A. Since listing in 2000, Federal land managers have implemented land management plans and 
conservation agreements with the Service, which include science-based conservation measures, 
standards and guidelines, and best management practices to conserve lynx.  We believe these 
commitments have largely addressed the threats for which the Canada lynx DPS was listed.  
Additionally, many State and Tribal agencies and academic partners have worked with the 
Service to identify and protect important lynx habitats and monitor and enhance lynx 
populations. 
 
Q. How did the Service consider the best available science in the recommendation? 
 
A. The Service always considers the best available science in managing Threatened and 
Endangered species. Beginning in 2014, the Service reviewed available science related to lynx 
ecology, historical and recent distribution and current potential threats to develop the Species 
Status Assessment (SSA). The SSA review was led by a comprehensive group was also informed 
by the professional opinions of a panel of 10 recognized of lynx experts and other subject matter 
experts who evaluated relevant scientific information on the regarding a variety of potential 

Frequently Asked Questions 
Canada Lynx 5-Year Review 
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threats to the species including: climate change, forest ecology and hare population dynamics.  
The SSA included input from recognized lynx experts in Canada and the United States, as well 
as a variety of experts in the fields of ecology, genetics, climate modeling and habitat 
management. This SSA was peer reviewed by independent experts and our federal and state 
agency tribal partners.   
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  We also sought 
relevant information from federal, state and tribal management agencies. 

 
Q.  What are the likely effects of Climate Change on the lynx? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
increased fragmentation and isolation of habitats and populations and, over the long-term, in 
reduced population resiliency and increasing vulnerability to extirpation.  Other effects of 
climate warming include increases in the size and intensity of wildfires and forest insect 
outbreaks, both of which may influence the future amount, distribution and quality of lynx and 
hare habitats.   
 
The Service and lynx expert panelists agree that the projected effects of a warming climate now 
pose the most significant threat to the long-term persistence of the lynx DPS.  Although there is 
great uncertainty about the timing and extent of climate-driven impacts, neither the Service nor 
the experts we consulted conclude that the DPS is at risk of extirpation from climate change 
within the foreseeable future.  
 
Q. Do lynx population numbers normally fluctuate? 
 
A. In the core of the species’ range, lynx populations fluctuate dramatically as they closely track 
10-year cycles in hare populations.  At the southern edge of both species’ ranges, including the 
DPS range, hare population cycles are much less pronounced, and some may not cycle at all.  
Therefore, lynx populations in the DPS do not undergo the dramatic swings seen in more 
northern populations, though they likely respond to changes in hare abundance with less 
dramatic population fluctuations.  In general, lynx populations in the DPS typically occur at 
densities similar to those in the north when hare numbers are low. 
 
Q. When would the lynx be delisted? 
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A. There are no immediate plans to delist the lynx.  However, based on this recommendation, Iin 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 

 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 

 
  
 
 

Commented [JB5]: This isn’t true.  Its on our workplan.  We 
should remove it.   



 
 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling wild cats, is well 
on its way to becoming the next Endangered Species Act success story. 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx distinct population segment (DPS) in the contiguous United 
States. The review concludes that the Canada lynx DPS may no longer warrant protection under 
the Endangered Species Act (ESA) and should be considered for delisting.  This 
recommendation is the result of an extensive review of available scientific information and 
almost 20 years of working in partnership with state, federal, tribal, and other land managers on 
the conservation of this species.   
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment (SSA) for the lynx DPS, which compiled and evaluated the best all available 
scientific information on the historical, current and possible future conditions for the DPS. Over 
a two-year process, the Service worked closely with federal, state, tribal and academic subject 
matter experts to evaluated relevant scientific information and expert opinion on snowshoe hare 
population dynamics, climate change, forest ecology and other issues.  
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. In the lower 48 states, Canada Lynx 
populations are found in Maine, northeastern Minnesota, northwestern Montana, northeastern 
Idaho, north-central Washington, and western Colorado. 
 

News Release 
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The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx is 
located in the lower 48 states. Since receiving ESA protection, federal land managers throughout 
the lynx’s range have formally amended their management plans and implemented conservation 
measures to conserve the species. Providing the Canada lynx protection under the ESA also 
prompted an increase in scientific understanding of lynx biology. Research, monitoring and 
conservation efforts conducted by state and federal agencies, tribes and academic institutions,  
helped refine biologists’ understanding of habitat needs, distributions, population characteristics 
and potential stressors. 
 
Given our recommendation that the species may be recovered, we will not at this time be 
completing a recovery plan for the Canada lynx DPS. Today’s recommendation does not remove 
or negate the Endangered Species Act protections currently in place for the Canada lynx DPS. To 
delist a species, the Service must follow a process similar to what is used in considering whether 
to list species. The next step is for the Service to publish a proposed rule in the Federal Register, 
receive public comments, conduct a peer review, review and analyze those comments, and then 
announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media channels: 
Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


From: Bush, Jodi
To: Alt, Nicole
Subject: Re: Lynx Outreach Materials
Date: Tuesday, December 19, 2017 3:37:01 PM
Attachments: Canada Lynx Newsrelease R6_HQ edit merged121817 Draft v2_MTESOeds.docx

Lynx FAQ121817 rmedits clean_MTESOeds.docx
Canada Lynx 5-Year Review Communications Plan -Recoveryplaninfo_121817_MTESOeds.docx

Just got out of meeting so here you go.  Intent of the edits is to
focus on the things that are wrong or imply something incorrectly.
Hopefully they are useful.  I know Roya has many masters to respond to
right now.  JB
Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Dec 19, 2017 at 12:47 PM, Alt, Nicole <nicole_alt@fws.gov> wrote:
>
> Nicole Alt
> Deputy ARD Ecological Services
> Mountain-Prairie Region
> nicole_alt@fws.gov
>
> ---------- Forwarded message ----------
> From: Mogadam, Roya <roya_mogadam@fws.gov>
> Date: Mon, Dec 18, 2017 at 3:55 PM
> Subject: Lynx Outreach Materials
> To: Nicole Alt <Nicole_Alt@fws.gov>
>
>
>
>
> --
> Roya Mogadam
> Deputy Assistant Regional Director, External Affairs
> Mountain-Prairie Region
> U.S. Fish and Wildlife Service
> 134 Union Boulevard
> Lakewood, CO 80228
>
> Roya_Mogadam@fws.gov
> (303) 236-4572
>
>
>
>

mailto:jodi_bush@fws.gov
mailto:nicole_alt@fws.gov


 
 
 
 
 
 
 
 

 
Q.  Why does the Service believe listing is no longer warranted for lynx?   
 
A.  Federal land management changes have adequately protected the species habitat against the 
primary threats that led to listing and will ensure that the species will remain resilient in the 
foreseeable future, even in the face of climate change.  We’ve also learned that land management 
changes in ME and CO have led to historically high numbers of the species that lynx populations 
are larger and more secure in Maine, Minnesota, and Colorado that we thought when we listed 
the Canada lynx. .  Those numbers may moderate with forest succession but our analysis 
suggests resiliency for the species. 

 
Q. What is a five-year review? 
 
A. A five-year review is a periodic review of the status of species listed under the Endangered   
Species Act (Act).  Its purpose is to ensure that listed species have the appropriate level of 
protection under the law.  
 
Q.  Why was the Canada lynx distinct population segment (DPS) originally listed? 
 
A.  At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What conservation efforts have been undertaken since 2000? 
 
A. Since listing in 2000, Federal land managers have implemented land management plans and 
conservation agreements with the Service, which include science-based conservation measures, 
standards and guidelines, and best management practices to conserve lynx.  We believe these 
commitments have largely addressed the threats for which the Canada lynx DPS was listed.  
Additionally, many State and Tribal agencies and academic partners have worked with the 
Service to identify and protect important lynx habitats and monitor and enhance lynx 
populations. 
 
Q. How did the Service consider the best available science in the recommendation? 
 
A. The Service always considers the best available science in managing Threatened and 
Endangered species. Beginning in 2014, the Service reviewed available science related to lynx 
ecology, historical and recent distribution and current potential threats to develop the Species 
Status Assessment (SSA). The SSA review was led by a comprehensive group was also informed 
by the professional opinions of a panel of 10 recognized of lynx experts and other subject matter 
experts who evaluated relevant scientific information on the regarding a variety of potential 

Frequently Asked Questions 
Canada Lynx 5-Year Review 

 

Commented [JB1]: So land management is broader than just 
timber management –which is what made the changes in ME and 
these were historical timber mgmt. – not todays.  Also that only 
applies to Maine.  Land mgmt. in CO had nothing to do with 
anything.   

Commented [JB2]: This sounds like some outside group of 
folks.  FWS lead it.   



threats to the species including: climate change, forest ecology and hare population dynamics.  
The SSA included input from recognized lynx experts in Canada and the United States, as well 
as a variety of experts in the fields of ecology, genetics, climate modeling and habitat 
management. This SSA was peer reviewed by independent experts and our federal and state 
agency tribal partners.   
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures and habitat management guidance adopted by the 
U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), via formally amended 
or revised management plans or conservation agreements with the Service, have substantially 
addressed the threats to the maintenance of lynx DPS habitat conditions and the availability of 
snowshoe hare and other prey populations for which the DPS was listed.   
 
Q.  Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future.  We also sought 
relevant information from federal, state and tribal management agencies. 

 
Q.  What are the likely effects of Climate Change on the lynx? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
increased fragmentation and isolation of habitats and populations and, over the long-term, in 
reduced population resiliency and increasing vulnerability to extirpation.  Other effects of 
climate warming include increases in the size and intensity of wildfires and forest insect 
outbreaks, both of which may influence the future amount, distribution and quality of lynx and 
hare habitats.   
 
The Service and lynx expert panelists agree that the projected effects of a warming climate now 
pose the most significant threat to the long-term persistence of the lynx DPS.  Although there is 
great uncertainty about the timing and extent of climate-driven impacts, neither the Service nor 
the experts we consulted conclude that the DPS is at risk of extirpation from climate change 
within the foreseeable future.  
 
Q. Do lynx population numbers normally fluctuate? 
 
A. In the core of the species’ range, lynx populations fluctuate dramatically as they closely track 
10-year cycles in hare populations.  At the southern edge of both species’ ranges, including the 
DPS range, hare population cycles are much less pronounced, and some may not cycle at all.  
Therefore, lynx populations in the DPS do not undergo the dramatic swings seen in more 
northern populations, though they likely respond to changes in hare abundance with less 
dramatic population fluctuations.  In general, lynx populations in the DPS typically occur at 
densities similar to those in the north when hare numbers are low. 
 
Q. When would the lynx be delisted? 
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A. There are no immediate plans to delist the lynx.  However, based on this recommendation, Iin 
the future the Service will promulgate a proposed rule to delist the lynx DPS and, based on peer 
and public review, may move forward with a final rule to delist the DPS.  However, delisting 
would not occur until 30 days after publication of a final rule if one is proposed.  Until then, the 
DPS remains listed as threatened under the Act, and the protections and prohibitions of the Act 
remain in force.       
 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 

 
A.  Section 4(f)(l) of the Act requires the Service to develop and implement recovery plans for 
species listed as endangered or threatened, “unless [the Service] finds such a plan will not 
promote the conservation of the species.” According to the 2004 draft revised Recovery Planning 
Guidance jointly developed by the Service and the National Marine Fisheries Service, acceptable 
justifications for an exemption from having a recovery plan include: (1) delisting is anticipated 
due to extinction or listing error; (2) the species’ historic and current ranges occur entirely under 
the jurisdiction of other countries; and, (3) other circumstances not easily foreseen, but in which 
the species would not benefit from a recovery plan.  Because the lynx may no longer meet the 
definition of a threatened species and therefore a recovery plan would not promote the 
conservation of the species, we will not be completing a recovery plan for Canada lynx. 
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U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 
Scientific Review Recommends Removing Federal Protections for 

the Canada Lynx 
Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER – The Canada lynx, one of North America’s iconic, snow-dwelling wild cats, is well 
on its way to becoming the next Endangered Species Act success story. 
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a five-year 
scientific review of the Canada lynx distinct population segment (DPS) in the contiguous United 
States. The review concludes that the Canada lynx DPS may no longer warrant protection under 
the Endangered Species Act (ESA) and should be considered for delisting.  This 
recommendation is the result of an extensive review of available scientific information and 
almost 20 years of working in partnership with state, federal, tribal, and other land managers on 
the conservation of this species.   
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment (SSA) for the lynx DPS, which compiled and evaluated the best all available 
scientific information on the historical, current and possible future conditions for the DPS. Over 
a two-year process, the Service worked closely with federal, state, tribal and academic subject 
matter experts to evaluated relevant scientific information and expert opinion on snowshoe hare 
population dynamics, climate change, forest ecology and other issues.  
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. In the lower 48 states, Canada Lynx 
populations are found in Maine, northeastern Minnesota, northwestern Montana, northeastern 
Idaho, north-central Washington, and western Colorado. 
 

News Release 
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The Canada lynx DPS was listed as threatened in 2000 largely due to a lack of regulatory 
mechanisms on federal public lands, which is where a majority of the habitat for Canada lynx is 
located in the lower 48 states. Since receiving ESA protection, federal land managers throughout 
the lynx’s range have formally amended their management plans and implemented conservation 
measures to conserve the species. Providing the Canada lynx protection under the ESA also 
prompted an increase in scientific understanding of lynx biology. Research, monitoring and 
conservation efforts conducted by state and federal agencies, tribes and academic institutions,  
helped refine biologists’ understanding of habitat needs, distributions, population characteristics 
and potential stressors. 
 
Given our recommendation that the species may be recovered, we will not at this time be 
completing a recovery plan for the Canada lynx DPS. Today’s recommendation does not remove 
or negate the Endangered Species Act protections currently in place for the Canada lynx DPS. To 
delist a species, the Service must follow a process similar to what is used in considering whether 
to list species. The next step is for the Service to publish a proposed rule in the Federal Register, 
receive public comments, conduct a peer review, review and analyze those comments, and then 
announce a final decision. 
 
For more information on the Canada lynx DPS, visit XXXXXTBD. To learn more about the 
delisting process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media channels: 
Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


From: Bush, Jodi
To: Jim Zelenak
Subject: Fwd: Lynx Outreach Materials
Date: Tuesday, December 19, 2017 4:01:29 PM
Attachments: Canada Lynx Newsrelease R6_HQ edit merged121817 Draft v2_MTESOeds.docx

Lynx FAQ121817 rmedits clean_MTESOeds.docx
Canada Lynx 5-Year Review Communications Plan -Recoveryplaninfo_121817_MTESOeds.docx

fyi

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Tue, Dec 19, 2017 at 3:37 PM
Subject: Re: Lynx Outreach Materials
To: "Alt, Nicole" <nicole_alt@fws.gov>

Just got out of meeting so here you go.  Intent of the edits is to
focus on the things that are wrong or imply something incorrectly.
Hopefully they are useful.  I know Roya has many masters to respond to
right now.  JB
Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Tue, Dec 19, 2017 at 12:47 PM, Alt, Nicole <nicole_alt@fws.gov> wrote:
>
> Nicole Alt
> Deputy ARD Ecological Services
> Mountain-Prairie Region
> nicole_alt@fws.gov
>
> ---------- Forwarded message ----------
> From: Mogadam, Roya <roya_mogadam@fws.gov>
> Date: Mon, Dec 18, 2017 at 3:55 PM
> Subject: Lynx Outreach Materials
> To: Nicole Alt <Nicole_Alt@fws.gov>
>

mailto:jodi_bush@fws.gov
mailto:jim_zelenak@fws.gov
mailto:jodi_bush@fws.gov
mailto:nicole_alt@fws.gov
mailto:nicole_alt@fws.gov
mailto:nicole_alt@fws.gov
mailto:roya_mogadam@fws.gov
mailto:Nicole_Alt@fws.gov


>
>
>
> --
> Roya Mogadam
> Deputy Assistant Regional Director, External Affairs
> Mountain-Prairie Region
> U.S. Fish and Wildlife Service
> 134 Union Boulevard
> Lakewood, CO 80228
>
> Roya_Mogadam@fws.gov
> (303) 236-4572
>
>
>
>

mailto:Roya_Mogadam@fws.gov


From: Mogadam, Roya
To: Robert Segin
Subject: Please review Lynx contact info
Date: Tuesday, December 19, 2017 4:32:50 PM
Attachments: 12_19_17_OP_CanadaLynx V2.docx

Morning Steve-

When you get in this AM can you please look at the newest outreach plan, which is on the
shared drive but also attached, and review the contacts. Some were outdated and others had
the main lines for folks instead of the direct lines. I believe we had direct lines for most of
these folks in the grizzly bear outreach plan.

Thanks,
Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:roya_mogadam@fws.gov
mailto:robert_segin@fws.gov
mailto:Roya_Mogadam@fws.gov


From: Mogadam, Roya
To: Robert Segin
Subject: Re: Updated
Date: Wednesday, December 20, 2017 11:34:44 AM
Attachments: 12_19_17_OP_CanadaLynx.docx

On Wed, Dec 20, 2017 at 11:32 AM, Robert Segin <robert_segin@fws.gov> wrote:

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:roya_mogadam@fws.gov
mailto:robert_segin@fws.gov
mailto:robert_segin@fws.gov
mailto:Roya_Mogadam@fws.gov


From: Mogadam, Roya
To: Robert Segin
Subject: Re: Updated
Date: Wednesday, December 20, 2017 11:39:02 AM
Attachments: 12_19_17_OP_CanadaLynx V2.docx

This is the one anna just saved, would you make sure there were no additional edits. 

On Wed, Dec 20, 2017 at 11:34 AM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:

On Wed, Dec 20, 2017 at 11:32 AM, Robert Segin <robert_segin@fws.gov> wrote:

 

 

Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard

mailto:roya_mogadam@fws.gov
mailto:robert_segin@fws.gov
mailto:roya_mogadam@fws.gov
mailto:robert_segin@fws.gov
mailto:Roya_Mogadam@fws.gov


Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:Roya_Mogadam@fws.gov


Label: "Meagan Racey Lynx SSA Emails"

Created by:meagan_racey@fws.gov

Total Messages in label:193 (37 conversations)

Created: 01-03-2018 at 07:36 AM



Conversation Contents
how about this?

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Dec 20 2017 11:45:53 GMT-0700 (MST)
To: "Harris, Anna" <anna_harris@fws.gov>
Subject: how about this?

OK perhaps something like this?
In addition, Maine has become a national leader in private forest conservation, with the highest
acreage of working woodland easements in the country protecting nearly 2.5 million acres from
development and supporting a mosaic of forest habitats for wildlife including moose, bear and
lynx.

I could also offer...
Research by the Maine Department of Inland Fisheries & Wildlife revealed an expanding lynx
population that has since been estimated to be the largest in the lower 48.

On Wed, Dec 20, 2017 at 12:32 PM, Harris, Anna <anna_harris@fws.gov> wrote:
Meagan,
Page 3 of this report seems to fact-check this statement: http://www.nelma.org/wp-
content/uploads/Maines-Forest-Economy-Report-11-26-2013.pdf

On Wed, Dec 20, 2017 at 11:39 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Over 3.5 million acres of forest conservation easements have been negotiated with
landowners to help ensure the continued timber culture and wood supply, fish and wildlife
habitat, and other benefits. This makes Maine home to the highest acreage of
working forest easements in the country.

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

mailto:anna_harris@fws.gov
http://www.nelma.org/wp-content/uploads/Maines-Forest-Economy-Report-11-26-2013.pdf
mailto:meagan_racey@fws.gov
http://usfwsnortheast.wordpress.com/


(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Harris, Anna" <anna_harris@fws.gov>

From: "Harris, Anna" <anna_harris@fws.gov>
Sent: Wed Dec 20 2017 12:06:46 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: how about this?

really like the first sentence! well done Meagan,

not sure if we need the part about IFW - but we can offer it?

On Wed, Dec 20, 2017 at 1:45 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
OK perhaps something like this?
In addition, Maine has become a national leader in private forest conservation, with the
highest acreage of working woodland easements in the country protecting nearly 2.5 million
acres from development and supporting a mosaic of forest habitats for wildlife including
moose, bear and lynx.

I could also offer...
Research by the Maine Department of Inland Fisheries & Wildlife revealed an expanding lynx
population that has since been estimated to be the largest in the lower 48.

On Wed, Dec 20, 2017 at 12:32 PM, Harris, Anna <anna_harris@fws.gov> wrote:
Meagan,
Page 3 of this report seems to fact-check this statement: http://www.nelma.org/wp-
content/uploads/Maines-Forest-Economy-Report-11-26-2013.pdf

On Wed, Dec 20, 2017 at 11:39 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Over 3.5 million acres of forest conservation easements have been negotiated with
landowners to help ensure the continued timber culture and wood supply, fish and wildlife
habitat, and other benefits. This makes Maine home to the highest acreage of
working forest easements in the country.

-- 
Meagan Racey
Public affairs specialist

https://www.fws.gov/northeast/mainecomplex/
http://usfwsnortheast.wordpress.com/
mailto:meagan_racey@fws.gov
mailto:anna_harris@fws.gov
http://www.nelma.org/wp-content/uploads/Maines-Forest-Economy-Report-11-26-2013.pdf
mailto:meagan_racey@fws.gov


U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

"Racey, Meagan" <meagan_racey@fws.gov>

From: "Racey, Meagan" <meagan_racey@fws.gov>
Sent: Wed Dec 20 2017 12:08:28 GMT-0700 (MST)
To: "Harris, Anna" <anna_harris@fws.gov>
Subject: Re: how about this?

yeah i think you're right, mostly the first. i'll walk down to double check if Ken's around,
otherwise are you comfortable with me sending this to R6? marty isn't around to review.

http://usfwsnortheast.wordpress.com/
https://www.fws.gov/northeast/mainecomplex/
http://usfwsnortheast.wordpress.com/
https://www.fws.gov/northeast/mainecomplex/


On Wed, Dec 20, 2017 at 2:06 PM, Harris, Anna <anna_harris@fws.gov> wrote:
really like the first sentence! well done Meagan,

not sure if we need the part about IFW - but we can offer it?

On Wed, Dec 20, 2017 at 1:45 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
OK perhaps something like this?
In addition, Maine has become a national leader in private forest conservation, with the
highest acreage of working woodland easements in the country protecting nearly 2.5 million
acres from development and supporting a mosaic of forest habitats for wildlife including
moose, bear and lynx.

I could also offer...
Research by the Maine Department of Inland Fisheries & Wildlife revealed an expanding
lynx population that has since been estimated to be the largest in the lower 48.

On Wed, Dec 20, 2017 at 12:32 PM, Harris, Anna <anna_harris@fws.gov> wrote:
Meagan,
Page 3 of this report seems to fact-check this statement: http://www.nelma.org/wp-
content/uploads/Maines-Forest-Economy-Report-11-26-2013.pdf

On Wed, Dec 20, 2017 at 11:39 AM, Racey, Meagan <meagan_racey@fws.gov> wrote:
Over 3.5 million acres of forest conservation easements have been negotiated with
landowners to help ensure the continued timber culture and wood supply, fish and
wildlife habitat, and other benefits. This makes Maine home to the highest acreage of
working forest easements in the country.

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region

mailto:anna_harris@fws.gov
mailto:meagan_racey@fws.gov
mailto:anna_harris@fws.gov
http://www.nelma.org/wp-content/uploads/Maines-Forest-Economy-Report-11-26-2013.pdf
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(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

"Harris, Anna" <anna_harris@fws.gov>

From: "Harris, Anna" <anna_harris@fws.gov>
Sent: Wed Dec 20 2017 12:19:08 GMT-0700 (MST)
To: "Racey, Meagan" <meagan_racey@fws.gov>
Subject: Re: how about this?

I am,
Thanks Meagan!

On Wed, Dec 20, 2017 at 2:08 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
yeah i think you're right, mostly the first. i'll walk down to double check if Ken's around,
otherwise are you comfortable with me sending this to R6? marty isn't around to review.

On Wed, Dec 20, 2017 at 2:06 PM, Harris, Anna <anna_harris@fws.gov> wrote:
really like the first sentence! well done Meagan,

not sure if we need the part about IFW - but we can offer it?

On Wed, Dec 20, 2017 at 1:45 PM, Racey, Meagan <meagan_racey@fws.gov> wrote:
OK perhaps something like this?
In addition, Maine has become a national leader in private forest conservation, with the
highest acreage of working woodland easements in the country protecting nearly 2.5

http://usfwsnortheast.wordpress.com/
https://www.fws.gov/northeast/mainecomplex/
http://usfwsnortheast.wordpress.com/
mailto:meagan_racey@fws.gov
mailto:anna_harris@fws.gov
mailto:meagan_racey@fws.gov


million acres from development and supporting a mosaic of forest habitats for wildlife
including moose, bear and lynx.

I could also offer...
Research by the Maine Department of Inland Fisheries & Wildlife revealed an expanding
lynx population that has since been estimated to be the largest in the lower 48.

On Wed, Dec 20, 2017 at 12:32 PM, Harris, Anna <anna_harris@fws.gov> wrote:
Meagan,
Page 3 of this report seems to fact-check this statement: http://www.nelma.org/wp-
content/uploads/Maines-Forest-Economy-Report-11-26-2013.pdf

On Wed, Dec 20, 2017 at 11:39 AM, Racey, Meagan <meagan_racey@fws.gov>
wrote:

Over 3.5 million acres of forest conservation easements have been negotiated with
landowners to help ensure the continued timber culture and wood supply, fish and
wildlife habitat, and other benefits. This makes Maine home to the highest acreage of
working forest easements in the country.

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

mailto:anna_harris@fws.gov
http://www.nelma.org/wp-content/uploads/Maines-Forest-Economy-Report-11-26-2013.pdf
mailto:meagan_racey@fws.gov
http://usfwsnortheast.wordpress.com/
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-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

-- 
Meagan Racey
Public affairs specialist
U.S. Fish and Wildlife Service, Northeast Region
(o) 413-253-8558
(c) 413-658-4386

Check out our blog, Conserving the nature of the Northeast

-- 
Anna Harris

ES Project Leader

Maine Field Office

Maine Fish and Wildlife Service Complex

(207) 902-1567

(207) 949-0561 (cell)

Maine Fish and Wildlife Service Complex

 

https://www.fws.gov/northeast/mainecomplex/
http://usfwsnortheast.wordpress.com/
https://www.fws.gov/northeast/mainecomplex/


From: Mogadam, Roya
To: Robert Segin
Subject: Can you close the lynx Comms plan?
Date: Wednesday, December 20, 2017 1:03:56 PM

Its locked for editing.

Thanks,
Roya

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:roya_mogadam@fws.gov
mailto:robert_segin@fws.gov
mailto:Roya_Mogadam@fws.gov


From: Mogadam, Roya
To: Noreen Walsh; Matt Hogan
Cc: Anna Munoz
Subject: Re: Request for your feedback on Issues for Briefing Papers for Secretary"s FY 2019 Budget Hearings
Date: Wednesday, December 20, 2017 2:39:21 PM

Hi Noreen and Matt-

HQ-CLA sent us draft BPs to review on the topics they sent us. I was planning on routing the
draft BPs to the Programs for review and then final review by you all. Does that process work
for you all?

Also, if you all think we should add additional topics (I was thinking Lynx) please let me
know and I will work with HQ-CLA to see if we can add additional topics.

-Roya

On Mon, Dec 18, 2017 at 1:37 PM, Mogadam, Roya <roya_mogadam@fws.gov> wrote:
Please let me know if you all have additional topics or if you would like me to reach out to
the RDT for their review.

I would recommend adding Lynx

-Roya
---------- Forwarded message ----------
From: Gustavson, Angela <angela_gustavson@fws.gov>
Date: Mon, Dec 18, 2017 at 1:34 PM
Subject: Request for your feedback on Issues for Briefing Papers for Secretary's FY 2019
Budget Hearings
To: Miel Corbett <miel_corbett@fws.gov>, Chris Tincher <Chris_Tincher@fws.gov>, Lesli
Gray <Lesli_Gray@fws.gov>, Garrett Peterson <garrett_peterson@fws.gov>, Kristen Peters
<kristen_peters@fws.gov>, Christine Eustis <Christine_Eustis@fws.gov>, Roya Mogadam
<Roya_Mogadam@fws.gov>, "Howard, Amee" <amee_howard@fws.gov>, "Snow,
Meghan" <meghan_snow@fws.gov>
Cc: Martin Kodis <Martin_Kodis@fws.gov>, Edith Thompson
<Edith_Thompson@fws.gov>

Good afternoon, 

We're starting to prepare for the Secretary's FY 2019 budget hearings and OCL has
requested a list of issues for briefing papers. We will also be drafting and clearing
the briefing papers over the next few weeks. 

Because this is the second year of the Administration, budget hearings will likely be
more similar to a typical year where the budget is released the first week of
February and budget hearings can be scheduled early February - March. 

Similar to last year, OCL would only like us to identify issues and develop briefing
papers for issues that are significant enough that a Member may ask about them at

mailto:roya_mogadam@fws.gov
mailto:noreen_walsh@fws.gov
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mailto:anna_munoz@fws.gov
mailto:roya_mogadam@fws.gov
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mailto:Roya_Mogadam@fws.gov
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hearing rather than parochial issues. CLA and Division of Budget have developed
the draft issue list below. We'd like to get your feedback on whether you have any
additional issues for us to consider including. If you have any additions, please let
us know which Member(s) on House or Senate Interior Appropriations, Senate
Energy and Natural Resources, or House Natural Resources may ask about it.
Please provide any feedback that you have by noon ET tomorrow. 

Draft List of Issues for FY 2019 Budget Briefing Papers for the Secretary: 

ESA Issues: 
ESA Reform
Delisting-Downlisting
American burying beetle
Lesser Prairie Chicken
Wolves
Grizzly Bear
Delta Smelt

Refuge Issues: 
Arctic NWR 
Deferred Maintenance
Easements
Trapping on Refuges
USFWS Resource Protection Act

Migratory Birds: 
MBTA Incidental Take
Cormorants

Invasive Species: 
Asian Carp 
Early Detection/Rapid Response

Science: 
White-Nose Syndrome 
LCCs 

Fisheries: 
National Fish Hatcheries

Other Issues:
Trophy hunting
Hurricane and Wildfire Impacts

There are also a few issues where the Department may be the best lead for the briefing
paper, including the following issues. We plan to coordinate with OCL to see if they are
planning to draft briefing papers on these topics. 



Monuments (including Marine National Monuments) 
Izembek NWR
Hunting/Fishing/Outdoor Recreation Access 
Greater sage grouse 

Please let me know if you have any questions. 

Thanks,  

Angela

Angela Gustavson
Deputy Chief
Division of Congressional and Legislative Affairs
U.S. Fish and Wildlife Service
Office: 703-358-2253
Mobile: 202-909-5105
angela_gustavson@fws.gov

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:angela_gustavson@fws.gov
mailto:Roya_Mogadam@fws.gov
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From: Mogadam, Roya
To: Robert Segin
Subject: Re: Need to talk lynx
Date: Wednesday, December 20, 2017 4:07:29 PM

Just left you a VM too

On Wed, Dec 20, 2017 at 4:05 PM, Robert Segin <robert_segin@fws.gov> wrote:
I ll be there

Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
Lakewood, CO
303-236-4578
720-355-5042 Cell

> On Dec 20, 2017, at 3:55 PM, Roya Mogadam <roya_mogadam@fws.gov> wrote:
>
> Hi Steve-
>
> We need to talk Lynx first thing tomorrow AM and I noticed you are on
> SL. I am leaving at noon tomorrow is there a way we can talk before
> then?
>
> Sent from my iPhone

-- 
Roya Mogadam
Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
U.S. Fish and Wildlife Service
134 Union Boulevard
Lakewood, CO 80228

Roya_Mogadam@fws.gov
(303) 236-4572

mailto:roya_mogadam@fws.gov
mailto:robert_segin@fws.gov
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mailto:roya_mogadam@fws.gov
mailto:Roya_Mogadam@fws.gov


The recent release of the 5-year review and  which outlines the decision by the U.S. Fish and Wildlife 
Service that the Canada lynx may no longer warrant protection under the Endangered Species Act (ESA) 
and should be considered for delisting due to recovery is a win for the lynx and the ESA.  The purpose of 
the ESA is simple; “protect and recover imperiled species and the ecosystems which they depend.”  
Since 1973 the ESA has been the force for recovery and the Canada lynx is the latest success story of 
species that have been successfully “saved” from extinction.   Despite the power of the law, the Service 
does not do it alone.  In the case of the lynx,  it is the culmination of an almost 20 year effort of working 
with state, federal, tribal, industry and other land managers on the conservation of this unique and 
elusive species.  When the Service listed the lynx as threatened in 2000, they were concerned about the 
potential for Federal forest management activities to adversely affect lynx habitats and perhaps 
populations.  Existing regulatory mechanisms at that time were not adequate to ensure the conservation 
of lynx habitats and populations on Federal lands, which contain the majority of lynx habitats in the 
contiguous United States.  In short, the lynx was in trouble.  

Since its listing, things have changed.  Federal land managers worked with the Service to identify, map, 
and monitor conditions in potential lynx habitat.  They worked together to develop and implement 
standards and guidelines to avoid or minimize impacts to important lynx and protect its food source, the 
snowshoe hare and its habitats.  The conservation measures and habitat management guidance 
adopted by the U. S. Forest Service (USFS) and the Bureau of Land Management (BLM), developed in 
formally amended or revised management plans or conservation agreements with the Service, have 
substantially addressed the threats to lynx habitat conditions and the availability of snowshoe hare and 
other prey populations for which the lynx was originally listed.   

Despite these improvements and strong conservation partnerships the analysis was not “cut and dry” 
and the Service did not make this recommendation lightly. It was the result of an extensive review of the 
best available scientific information.  For example, the decision was based on a peer-reviewed Species 
Status Assessment (SSA) for the lynx, which compiled and evaluated the best available scientific 
information on the historical, current and possible future conditions for the species.  This process took 
over two-years; in which the Service worked closely with federal, state, and academic subject matter 
experts to evaluate relevant scientific information on snowshoe hare population dynamics, climate 
change, forest ecology and other issues.   

the species status assessment (SSA), which provided the scientific basis for the 5-year review, the 
Service consulted a panel of 10 recognized lynx experts from State and Federal agencies and academic 
institutions regarding potential threats and the likelihood that resident populations will be able to be 
sustained in the future. Despite the efforts of the Service, state, federal and tribal partners many species 
still get added to the Endangered Species List and successes are not always quick to see.  In the case of 
the Lynx, success was measured with the strength of the partners involved in the recovery and the 
commitment to protect and recover the species. 

The one variable that is still unknown is climate change.  Although climate change remains an important 
factor for the conservation of the Canada lynx, neither the Service nor the experts they consulted 
concluded that the lynx is at risk of extinction from climate change within the foreseeable future. 



This almost 20 year effort is indeed a success story.  The Service and its partners should be commended 
for their efforts in recovery this unique and import species.  In the end the only thing that really matters 
is that there will continue to be lynx on the landscape.   

 



From: Robert Segin
To: Jodi Bush
Subject: Lynx OpED
Date: Thursday, December 21, 2017 7:42:41 AM
Attachments: Lynx_OPED122117.docx

Good Morning,
 

My 1st crack at this.  I tried to keep it to the point.    Can you take a look and edit/add etc.   Matt H.
wants to see this today so if you can do a cut this AM that would be great.   Sorry for short notice but
just heard he wanted it.  After you take a wack we will go up to Marj/Mike etc.   Just trying to keep
the process easy and sequential.
 
Thank You
 
Steve Segin
Public Affairs Officer
U.S. Fish and Wildlife Service
303-236-4578 Desk
720-355-5042- Cell
 

mailto:robert_segin@fws.gov
mailto:jodi_bush@fws.gov


From: Bush, Jodi
To: Robert Segin
Cc: Marjorie Nelson
Subject: Re: Lynx OpED
Date: Thursday, December 21, 2017 11:00:12 AM

Thanks Steve.  Good start.  Here are some points that we believe we also need to make in this
OP ed.   Since we have a little more time (since the announcement won't be made until after
Jan 1) maybe we can get it really tight.  Our suggestions below.    JB

Add to your first part about our partners.   

Due to proactive efforts by our Federal, State and Tribal partners, in the absence of a
recovery plan, to address concerns identified in the 2000 listing, we have determined
that the inadequacy of regulatory mechanisms are no longer a potential threat to the
canada lynx. 

Some important points to put somewhere in the op ed. 

We have a better understanding of lynx populations than we did when we listed in
2000.  

We believe there are many more resident lynx in Maine and Colorado than likely
occurred historically, and many more in those places and Minnesota than we
suspected when we listed the DPS in 2000. 
And we have a population in Colorado which likely wasn't there historically  

We know now that lynx were never as abundant as we may have thought previously.  

Lynx are naturally very rare in the US, as we are at southern edge of their range. 
Because of this, there are really only a few places that can support resident populations
over time (identified in the SSA).  This is natural.  
The Service's role is to assist species to persist at the edge of range and we think they
will based on our analysis in the SSA.
Lynx as a whole (throughout its range) is identified as a species of least conservation
concern by the IUC (International Union of Concerned Scientists). 

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Thu, Dec 21, 2017 at 10:47 AM, Robert Segin <robert_segin@fws.gov> wrote:
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Thanks….looks like Matt did his own, but if you have a few minutes it may be good to have.  Don’t
go out of your way through.

 

 

 

From: Bush, Jodi [mailto:jodi_bush@fws.gov] 
Sent: Thursday, December 21, 2017 10:23 AM
To: Robert Segin
Subject: Re: Lynx OpED

 

Hi Steve.  Sorry I'm actually not in the office today so just saw this.  I will do a quick review
and get right back to you.   JB

Jodi L. Bush

Office Supervisor

Montana State Ecological Services Office

585 Shepard Way, Suite 1

Helena, MT  59601

(406) 449-5225, ext.205

 

 

On Thu, Dec 21, 2017 at 7:42 AM, Robert Segin <robert_segin@fws.gov> wrote:

Good Morning,

 

My 1st crack at this.  I tried to keep it to the point.    Can you take a look and edit/add etc.  
Matt H. wants to see this today so if you can do a cut this AM that would be great.   Sorry
for short notice but just heard he wanted it.  After you take a wack we will go up to
Marj/Mike etc.   Just trying to keep the process easy and sequential.

 

Thank You

 

mailto:jodi_bush@fws.gov
mailto:robert_segin@fws.gov


Steve Segin

Public Affairs Officer

U.S. Fish and Wildlife Service

303-236-4578 Desk

720-355-5042- Cell

 

 



From: Bush, Jodi
To: Justin Shoemaker
Cc: Marjorie Nelson
Subject: Fwd: Lynx SSA Errata
Date: Wednesday, December 27, 2017 10:21:39 AM
Attachments: 2017 12 22 FINAL Lynx SSA Report - Errata - TRACK.docx

2017 12 22 FINAL Lynx SSA Report - Errata - CLEAN.pdf

Justin.  Is it too late to make sure this version is the final SSA?  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Zelenak, Jim <jim_zelenak@fws.gov>
Date: Fri, Dec 22, 2017 at 2:08 PM
Subject: Lynx SSA Errata
To: Jodi Bush <jodi_bush@fws.gov>

In the course of checking our responses to peer review and agency comments, I came across a number of
errors/inconsistencies in the SSA. Some of these are formatting issues and typos, others are more substantial;
however, none change any of the information upon which the recommendation team based its recommendations.
Fixing these improves our responsiveness to reviewers and improves the final document.

Iv'e attached a word document so you can see the changes if you like, along with a PDF that incorporates all the
changes.

The attached PDF is the document we should release, if possible, to the court in the recovery plan lawsuit,
internally, to peer and agency reviewers, EE Workshop experts and other participants, and to the public when we
announce the 5-year review. This is the version we should post on our webpage and have Heather Bell post on
ServceCat once the 5-year is released.

Thanks.

Happy Holidays!

Jim

-- 
Jim Zelenak, Biologist
U.S. Fish and Wildlife Service
Montana Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT 59601
(406) 449-5225 ext. 220
jim_zelenak@fws.gov
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U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
xxxx, 2017 
 

Scientific Review Suggests Canada Lynx May No Longer Be 
Threatened 

Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER –   Conservation measures implemented by our state, federal, local and industry 
partners has resulted in the Canada lynx becoming the next Endangered Species Act success 
story.  
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a scientific review 
of the Canada lynx in the contiguous United States, which is considered a distinct population 
segment. The review concludes that the Canada lynx may no longer warrant protection under the 
Endangered Species Act (ESA) and should be considered for delisting due to recovery.  This 
recommendation is the result of an extensive review of the best available scientific information 
and almost 20 years of working in partnership with state, federal, tribal, industry and other land 
managers on the conservation of this species.   
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment for the lynx, which compiled and evaluated the best available scientific information 
on the historical, current and possible future conditions for the. Over a two-year process, the 
Service worked closely with federal, state, and academic subject matter experts to evaluate 
relevant scientific information on snowshoe hare population dynamics, climate change, forest 
ecology and other issues.  Although climate change remains and important factor for the 
conservation of the Canada lynx, neither the Service nor the experts we consulted conclude that 
the lynx is at risk of extinction from climate change within the foreseeable future. 
 
The Canada lynx was listed as threatened in 2000 largely due to a lack of regulatory mechanisms 
on federal public lands, which is where a majority of the habitat for Canada lynx was believed to 
be located in the lower 48 states. Since receiving ESA protection, federal land managers 
throughout the lynx’s range have formally amended their management plans and implemented 

News Release 

mailto:robert_segin@fws.gov


conservation measures to conserve the species. For example, all U.S. Forest Service land 
management plans in the Rocky Mountain region have been amended to include conservation 
measures for the Canada lynx.  In addition, in Maine, private landowners have voluntarily 
supported working woodland easements that protect nearly 2.5 million acres of forest, benefitting 
the Canada lynx and other species. 
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. In the contiguous U.S., Canada lynx 
populations are found in Maine, northeastern Minnesota, northwestern Montana, northeastern 
Idaho, north-central Washington, and western Colorado. 
 
Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology. Research, monitoring and conservation efforts conducted by state 
and federal agencies, tribes and academic institutions,  helped refine biologists’ understanding of 
habitat needs, distributions, population characteristics and potential stressors.   
 
Given the recommendation that the species may be recovered, the Service will not at this time be 
completing a recovery plan for the Canada lynx. Today’s recommendation does not remove or 
negate the Endangered Species Act protections currently in place for the Canada lynx. To delist a 
species, the Service must follow a process similar to what is used in considering whether to list 
species. The next step is for the Service to publish a proposed rule in the Federal Register, 
receive public comments, review and analyze those comments, conduct a peer review, and then 
announce a final decision. 
 
For more information on the Canada lynx, visit XXXXXTBD. To learn more about the delisting 
process, review our “Delisting a Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media 
channels: Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
 

https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


From: Mogadam, Roya
To: Robert Segin
Cc: Charles Traxler; Georgia Parham; Meagan Racey; Anna Munoz; Gavin Shire; Vanessa Kauffman
Subject: Re: Latest Lynx Materials
Date: Thursday, December 28, 2017 9:16:32 AM
Attachments: 12_28_17_NR_CanadaLynx_v6.docx

Thanks Steve-

We had a few more edits to the news release than were incorporated in this version so please
use this version instead.

Steve, this is also saved on the shared drive.

-Roya

On Fri, Dec 22, 2017 at 8:46 AM, Robert Segin <robert_segin@fws.gov> wrote:

Good Morning,

 

Attached are the latest lynx communications materials with all incorporated edits from the regions
and R6 DRD.  Thanks to everyone for all the great effort in getting this complete.

 

Have a happy holiday weekend!
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Deputy Assistant Regional Director, External Affairs
Mountain-Prairie Region
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U.S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2010, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions 
(e.g., Peers et al. 2012, pp. 4-9). It is generally restricted to areas that receive deep and 
persistent unconsolidated (“fluffy”) snow, which is thought to allow lynx, with their 
proportionately longer limbs and very large feet, to outcompete other terrestrial hare predators 
that are less efficient in such conditions (McCord and Cardoza 1982, pp. 748-749; Quinn and 
Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et al. 2000b, pp. 400-401; 
Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 2005, p. 744-749; Carroll 
2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (Univ. of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in southern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 95% fixed kernel; 
5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
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lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
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what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
In the core of the species’ range in the southern Yukon, Slough and Mowat (1996, p. 952, table 
4) calculated a lynx population growth rate (lambda, λ) = 2.03 (annual doubling) during the 4-
year increase-to-peak phase of the hare cycle. This period of rapid growth was followed by a 
rate of λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid 
decline) during the first 2 years of the lynx population decline when hares were scarce. 
However, the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated lynx populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS and some 
southern Canadian populations; Murray 2000, pp. 1210-1215; Murray 2003, pp 152-155), 
versus those that would signal long-term population decline or instability is unknown. Despite 
this, and the limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) 
calculated population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley 
Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell 
Mountains (increasing trend, 2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate 
of growth of 0.05 (λ = 1.05) for Maine’s lynx population based on demographic data from a 
radiotelemetry study collected over a 12-year period (Vashon et al. 2012, Appendix VI). Neither 
the Montana nor Maine estimates incorporated rates of immigration/emigration (i.e., both 
assumed immigration and emigration rates of zero, which is very unlikely and contradicted by 
historical and recent evidence of lynx dispersal in both directions across the Canada-Unites 
States border across the DPS range). Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
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concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada are believed to be important to the persistence of lynx populations in the DPS 
(McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 
2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; Univ. of 
Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the expansive, 
continuous boreal forests of those areas, and its range largely overlaps that of its primary prey, 
the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 146; Mowat et 
al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to occupy about 
5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their historical range in that 
country (Environment Canada 2014, p. 2), and over 89 percent of the species’ entire 
distribution. Nationally in Canada, lynx are classified as secure, widespread, and abundant; they 
are managed for long-term population stability, with a conservative estimate of 110,000 
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individuals during cyclic lows; and no acute, widespread threats to lynx have been identified 
(Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest (Univ. 
of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. comm.), which 
represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska are apparently 
secure, with low to moderate threats, and populations appear stable statewide, although total 
abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
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Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarily into areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
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and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat (Peers et al. 2012, pp. 4-5). The 
2 species are difficult to distinguish in the field, they often were not reliably differentiated in 
historical trapping records (McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of 
lynx distribution based on anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 
3-8; Meaney 2002, pp. 3-5, Hoving et al. 2003, pp. 366-367). Because of the large effect that 
relatively few errors in identification can have on assessments of the distribution of rare animals, 
McKelvey et al. (2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should 
be interpreted with caution, and only verified occurrence data should be used to assess 
historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because the lynx is a habitat and prey specialist, its densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist (Peers et al. 
2012, pp. 4-9). 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449; Peers et al. 2012, pp. 4-9) because they are morphologically and physiologically well-
adapted for hunting snowshoe hares and surviving in areas that have cold winters with deep 
and persistent unconsolidated snow (Murray and Boutin 1991, p. 463). Long-term snow 
conditions also presumably limit the winter distribution of potential lynx competitors and 



43 
 

predators (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, p. 123; Peers et al. 2012, entire; also 
see section 2.2 above), although behavioral adaptations may offset morphological differences to 
some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a comprenhensive, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
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In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontario than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire) indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
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(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecedentedly large irruptions of lynx from Canada into the 
northern contiguous United States, when dispersing/transient lynx occurred temporarily in many 
places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoming Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 

                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
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In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
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be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of a long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
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range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
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In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
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influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
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recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
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consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
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Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2014, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
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plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
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promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
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3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 2). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
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enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specification of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (65 FR 16077; Moen in Lynx SSA Team 2016a, p. 19). Overlapping the 
Northeastern Minnesota SSA unit, the Minnesota Department of Natural Resources (MNDNR) 
has identified a specific “Lynx Management Zone” (LMZ) for which it has promulgated and 
enforces special trapping regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). 
The MNDNR has modified trapping regulations within the LMZ to minimize the incidental take of 
lynx during the legal trapping of other furbearers. The regulations address specific trap types 
and sets, prohibit the use of certain baits and visual attractants, and require reporting of any 
incidentally trapped lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-
55). The MNDNR also distributed to trappers the interagency brochure How to Avoid Incidental 
Take of Lynx while Trapping or Hunting Bobcats and other Furbearers. In response to a Federal 
court order, MDNR developed an incidental take plan designed to minimize the potential for lynx 
to be incidentally trapped during other legal furbearer trapping; the plan is currently under 
review by the Service. Like Maine, Minnesota has a State Endangered Species Statute 
(84.0895) which requires the MNDNR to adopt rules designating species meeting the statutory 
definitions of endangered, threatened, or species of special concern (State of Minnesota 2016, 
entire). The Statute also authorizes the MNDNR to adopt rules that regulate treatment of 
species designated as endangered and threatened. Also like Maine, however, Minnesota has 
not designated lynx as threatened or endangered under the statute. Instead it has designated 
the lynx a species of special concern, a designation for species that are extremely uncommon, 
have unique or highly specific habitat requirements, or occur on the periphery of their range in 
Minnesota and, therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the 
MNDNR coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
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(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 

                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s to early 2000s, when 20-25 percent of the forest in Maine 
was in an early regeneration stage. The amount of young, regenerating forest at that time was 3 
to 8 times higher than typical historical conditions under the natural disturbance regime, when 
only 3 to 7 percent of stands were likely in such condition at any given time (68 FR 40094). 
Current timber harvest and management on State and private lands in Maine are governed by 
the Maine Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
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percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
                                                
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
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with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61°C (1.1°F; range = -0.53° to +2.50°C [-
0.95° to +4.5°F]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
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emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Hartmann et al. 2013, p. 180, 187-189; Peters et al. 2013, entire; Friedlingstein 
et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851). Analysis of paleoclimate data indicates 20th 
century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4° - 2.6°C 
(0.7° - 4.7°F) by mid-century and 0.3° - 4.8°C (0.5° - 8.6°F) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5°C (2.7°F), a 76 percent probability of increasing 
2° - 4.5°C (3.6° - 8°F), and a 14 percent probability of exceeding 4.5°C (8°F). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
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predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western United States that has remained relatively stable for 
the past 3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more 
contiguous areas of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
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consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Joos et al. 2001, entire; Lucht et al. 2006, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
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migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
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Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
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106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
United States and Canada and by 46-84 percent in the contiguous United States by the end of 
the century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
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rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species (Peers et al. 2012, pp. 4-9). Because of their higher 
foot-loading, bobcats likely hunt less efficiently than lynx in deep, unconsolidated snows (Hoving 
et al. 2005, entire; Krohn et al. 2005, pp. 122-129), which appear to limit bobcat mobility and 
distribution (Litvaitis et al. 1986, p. 116). Considering recent and projected future changes in 
snow conditions described above, stable or increasing bobcat populations in the DPS range 
(Roberts and Crimmins 2010, p. 170), and the predicted northward expansion of bobcats into 
areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 
873-874; Roberts and Crimmins 2010, p. 172), lynx may experience increased competition and 
displacement by bobcats, which could influence lynx distribution and persistence at the southern 
edge of their range (in all DPS geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
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Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
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2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. Conversely, in dry western forests, increased precipitation may result in 
more herbaceous forage and cover, which may promote hare survival and reproduction (Ivan et 
al. 2014, p. 590). Thus, climate change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
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Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
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and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
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these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and more northern 
populations in Canada depends on an ice bridge for dispersal across the St. Lawrence River. 
Although some lynx currently cross the river, Koen et al. (2014a, entire) found genetic 
structuring on either side of the river. Thus, the river already restricts gene flow. Climate-
induced deteriorating ice conditions on the St. Lawrence River could further restrict gene flow 
between lynx populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 
and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the 
Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, reduced ice on the St. 
Lawrence may prevent bobcats from dispersing northward into lynx areas in central Quebec 
(Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
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(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
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insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough 1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
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connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
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provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
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● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
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the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Although management of State and Federal forest lands has been relatively stable in recent 
decades, management and ownership of private forest lands have been comparatively unstable. 
This has resulted in substantial shifts in forest management strategies, outcomes, and products. 
For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is on 
private land, about 96,315 km2 (37,187 mi2; 80 percent) of commercial timber lands in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and their 
management objectives differ from traditional commercial timber operations, resulting in 
changes to traditional harvest practices. Whereas the previous large commercial timber 
landowners focused on the forest land base as a supply for their manufacturing facilities, the 
new Timber Investment Management Organizations (TIMOs) and Real Estate Investment Trusts 
(REITs) focus on maximizing return on their investment (Jin and Sader 2006, p. 178). Initially, 
the effects of ownership changes were uncertain (McWilliams et al. 2005), but an evaluation of 
harvesting in the last decade indicates these landowners increased harvest rates, shortened 
rotation times, and shifted to managing and harvesting hardwood tree species (Jin and Sader 
2006, p. 183-185). On one hand, these trends in private lands management in Maine may make 
lynx conservation more difficult to achieve because short-term landowners may be less 
interested in long-term commitments. On the other hand, some easement owners may have an 
incentive to manage for lynx to meet forest certification requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
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species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
with continued climate warming, total United States timber inventories will increase, timber 
harvest will increase, and product prices will decrease relative to an assumed stable climate. 
Some models predict that consumers will gain from climate change while landowners in some 
regions will lose. The forest industry will likely adapt to climate change in many ways including 
using alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
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removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
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patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Abele et al. (2013, entire) also found that precommercial thinning reduced hare abundance in 
western Oregon but did not affect individual hare survival or activity patterns. Because of 
documented adverse effects of precommercial thinning to snowshoe hares and lynx, in 2007 
and 2008 the USFS amended Forest Plans to incorporate management that would conserve 
lynx, including direction that prohibited precommercial thinning in most lynx foraging habitat 
(USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial thinning 
is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands in 
Maine supported about 50 percent of the hare densities observed in regenerating clearcuts 
(Robinson 2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
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Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, Univ. Maine, pers. comm. and unpubl. data; Harrison et 
al. 2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Univ. Maine, pers. comm.). As 
much as 30 to 40 percent of the advanced regeneration may be damaged from repeated entries 
by machinery to remove the overstory (R. Seymour, Univ.Maine, pers. comm.). Finally, because 
subsequent overstory removal occurs about 15 years after the initial entry, some of the dense 
understory is damaged just as the stand develops conditions to support higher hare densities. 
The damage to the understory not only reduces the quality of the habitat for hares, but also cuts 
short the duration that the stand produces high-quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
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Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). Fragmentation of the already naturally patchy pattern of lynx habitat in 
much of the contiguous United States can affect lynx by reducing their prey base and increasing 
the energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified 
direct effects of fragmentation on lynx to include creation of openings that potentially increase 
access by competing carnivores, increasing the edge between early-successional habitat and 
other habitats, and changes in the structural complexities and amounts of seral forests within 
the landscape. At some point, landscape-scale fragmentation from forest management can 
make patches of foraging habitat too small and too distant from each other to be effectively 
accessed by lynx as part of their home range. For example, in Maine the proliferation of partial 
harvesting will actually increase the patches of high-quality hare habitat by 57 percent, but the 
average size of patches will be diminished by 87 percent, and patches will become more 
isolated (Simons-Legaard et al. 2016, pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events (Kilgore and 
Heinselman 1990; Veblen et al. 1994; Heinselman 1996; Agee 2000; Seymour et al. 2002; 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
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contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
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Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
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indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
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and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4, large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
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favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
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other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
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rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
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fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
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Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
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528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
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Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
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habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
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Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 



106 
 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 2 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
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has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
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the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic area to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
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(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
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connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
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trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4). Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
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ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
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lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 100% 83% (Purcells);            

61% (Seeley Lake) 100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares) 3.3 2.95 (Purcells);            

2.24 (Seeley Lake) 2.25 (2 females) 3.0 (1 female, 2 
years) 2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00 0.85 (Purcells);            

0.75 (Seeley Lake) 0.86 Few data
0.93 (in Core Release 

Area [CRA]);                   
0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
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unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
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1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris including blowdown, deadfalls, 
and root wads. In northern Maine, nearly half (12 of 26) of natal dens occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on commercial 
forest lands reinforces the importance of dense regenerating conifer forest along with a 
component of mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495; 
Simons 2009, pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 
573) found the probability of lynx occurrence was > 50 percent where landscape hare densities 
were > 0.74 hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx 
maintained home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). Based on these observations, Simons-Legaard et al. 
(2013, pp. 574-576) recommended maintaining landscape hare densities of > 0.5 hares/ha (0.2 
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hares/ac) and a minimum of 27 percent high-quality hare habitat within 100-km2 areas to 
conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, high-
quality lynx foraging habitat in northern Maine was probably typically much less abundant and 
less broadly-distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, 
insect outbreaks) are rare (intervals of several hundred to several thousand years) and highly 
variable in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce 
budworm, spruce beetle, beech bark disease, and sugar maple defoliators have been important 
influences affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The 
frequency and intensity of spruce budworm outbreaks, the most likely insect to affect lynx 
habitat, have been highly variable in Maine and eastern Canada in recent centuries (Blais 1983, 
entire). Although, high-elevation boreal forests often exhibit dense, regenerating conifer 
(resulting from a wind-throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare 
densities are believed to be low in these areas (Siren et al. 2015, entire). In this geographic 
area, wildfire is less significant as a natural agent of disturbance. The typical fire regime is 
infrequent surface fires in the dormant season in the hardwood forests, and slightly more 
frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; Seymour 
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et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several decades, early 
successional forests and lynx habitat in northern Maine, New Brunswick, and southern Quebec 
have been created almost exclusively by forest management (Lorimer and White 2003, pp. 42-
43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (about half of the Northern Maine 
geographic unit), Simons-Legaard (2016, p. 9-10) estimated that 3,845 km2 (1,485 mi2; nearly 
27 percent) of the forested landscape was comprised of spruce-fir in a young, regenerating 
stand condition that provide high-quality hare habitat. This habitat is similar to, and contiguous 
with, forested areas in Quebec and New Brunswick that support lynx (Hoving et al. 2005, pp. 
740-741). The current range of lynx in this unit is associated with areas of deep snowfall, 
extensive forested landscapes, and areas having a high proportion of regenerating conifer-
dominated forest that had previously been clearcut and treated with herbicides to suppress 
hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of higher (1995-2005) and lower (2006 to present) densities (Scott 2009, 
pp. 1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several 
estimates of hare densities in the highest-quality regenerating conifer or mixed forest averaged 
1.9 to 2.1 hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 
2006, hare densities declined by about half in all stand types and have remained at these lower 
levels (Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were 
observed in the Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 
1990, hare densities in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 
hares/ac) at low and high elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. 
(2015) reported lower densities in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) 
that are unlikely to support lynx persistence in both montane and lowland spruce-fir. Densities in 
high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha (0.08 to 
0.11 hares/ac), also unlikely to support lynx persistence. Comparable hare density data are not 
available for Vermont. 
 
Currently, the amount and distribution of high-quality habitat are likely at historically high levels, 
but this habitat has peaked and high-quality lynx habitat is projected to decline in the near future 
(Simons-Legaard et al. 2016, pp. 140-163, 202-218). In response to the widespread clearcutting 
in the 1970s and 1980s, Maine passed the Forest Practices Act in 1989, which regulated 
clearcutting. Since then, various forms of partial harvesting have replaced clearcutting as the 
predominant form of forest management in northern Maine. Partially harvested stands (e.g., 
selection harvest, shelterwood harvest, overstory removal) have a wide range of residual stand 
conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006, p. 29). On average, partially harvested stands support 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006, p. 
26-27). Over 95 percent of cutting that occurs now in northern Maine is partial harvesting 
compared to 59 percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-
Legaard et al. 2013). This new cutting regime results in lower landscape densities of snowshoe 
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hares (Fuller 1999; Homyack 2003; Robinson 2006; Scott 2009). Another consequence of 
partial harvesting is that a much greater acreage needs to be cut annually to attain similar 
harvest volume (as compared to clearcutting). Annual harvest rates have increased from about 
40,000 ha (100,000 acres) per year (before the Forest Practices Act) to over 200,000 ha 
(500,000 acres) per year (after the Act). Thus, 28 years after the Maine Forest Practices Act, 
much of the forested landscape in northern Maine has been partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects rarely exists. 
Furthermore, there continues to be high turnover in forest land ownership (Hagan et al. 2005; 
Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work with private 
landowners. As of 2005, there were 23 landowners in northern Maine with land holdings in 
excess of 40,000 ha (100,000 ac) including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), 2 tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
was 1 of several pilot States to receive funding through its Natural Resources Conservation 
Service (NRCS) State office. Based on a successful pilot program, in 2008, the HFRP was 
reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the Federal 
Register (75 FR 6539) amending regulations for the HFRP based on provisions amended by the 
bill. In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time 4 private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
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Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, after which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
When the DPS was listed, lynx were known to be present in northern Maine but little was known 
about their distribution, population size and trend, snowshoe hare populations, and relationships 
to forest management. Since then, research from the MDIFW (Vashon et al. 2008a, entire; 
2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, entire; Hoving 
et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; Homyack et al. 2007, 
entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and 
Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) 
have greatly increased our knowledge. Snow track surveys and confirmed occurrence records 
document that lynx occur throughout northern Maine and in small, isolated pockets in western 
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and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and small numbers of lynx have also 
been documented recently in northern New Hampshire (Siren 2014b, pp. 7-16), and Vermont 
(Bernier 2015, entire). Population size and trend are still uncertain in northern Maine, and 
persistence in New Hampshire and Vermont remain questionable. 
 
This geographic unit is part of a larger, contiguous lynx population that extends into northern 
New Brunswick and the Gaspe region of southern Quebec. Extensive areas of contiguous 
forestland in this region provide high connectivity between populations in Maine and Canada. 
Lynx populations in adjacent southern Quebec may exhibit cyclic populations (Ray et al. 2002, 
entire), but obvious immigration of large numbers of lynx into Maine associated with hare cycles 
(if they occur) has not been documented (Hoving et al. 2003, pp. 373-374). Although potential 
lynx habitat in New Hampshire and Vermont is fragmented, there is near contiguous forest and 
connectivity for lynx movement between these areas and habitats in northern Maine (Farrell 
2013, pers. comm.; 79 FR 54821). Areas of recent lynx breeding in New Hampshire and 
Vermont are not directly connected to Canadian populations, but they are connected to the 
larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals apparently cross the river on the ice each generation to prevent genetic drift of this 
population (Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
When the DPS was listed, the Northern Maine Unit was not believed to contribute significantly to 
its persistence. However, we now believe that the extensive young, regenerating spruce-fir 
habitat created by large-scale clearcutting in the 1970s and 1980s may currently support the 
largest lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx 
SSA Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area 
of high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the geographic unit) in northern Maine could potentially support a population of 236 to 355 
adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) estimated the potential for a 
population of 750 to 1,000 adult lynx in all of northern Maine in 2006. The actual number of lynx, 
however, is unknown because there are no methods available to count individuals over such a 
large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-2005; 



123 
 

Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 3 and 
4). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality lynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42° - 0.46°C/decade (0.76° - 0.83 °F/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7° - 7.8°C (12° - 14°F) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, records of lynx occurrence are 
correlated with areas that regularly have at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). Snow cover days in northern New England (1965-2005) 
ranged from 60-121 days and declined an average of 3.6 days/decade from 1965-2005 
(Burakowski et al. 2008). Snow duration declined by 16 days in the Northeast from 1970 to 2001 
(Wake 2005) and is expected to diminish another 2 weeks in Maine by mid-century (Fernandez 
et al. 2015). Thus, average conditions in Maine are currently at or below the snow cover 
duration correlated with historical lynx occurrence records. Similarly, the largest decreases in 
snow depth observed in Canada in the last 6 decades have occurred in the lower St. Lawrence 
Valley, immediately north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the northeastern United States and eastern Canada occur where average annual 
snowfall typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the 
distribution of lynx (to the north) and bobcat (to the south) in this region (Hoving et al. 2005; 
Carroll 2007; Peers et al. 2013). Average annual snow depth at all 5 NOAA weather stations 
within the range of the lynx in northern Maine (1981-2010) was below this threshold and ranged 
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from 228-263 cm (90-104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites 
in and near Maine experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow 
depth in New England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; 
Burakowski et al. 2008). Thus, average annual snowfall in Maine is currently at or below depths 
associated historically with lynx presence, and further declines could reduce the likelihood that 
resident lynx will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high-
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-marked in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, and such development could impact high- and low-elevation spruce-fir habitats 
(Whitman et al. 2013). Maine has experienced a rapid increase in wind energy development16, 
and there is increased interest in placing developments on private lands in unpopulated areas in 
northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing 
source of income for investment companies and other landowners who own forestland in the 
northern Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and 
western Maine and 5 projects are in operation; 2 have been proposed in northern New 
Hampshire and 2 are in operation; and 3 have been proposed for northeast Vermont and 2 are 
in operation or under construction. Maine’s 2 largest wind projects (combined over 250 turbines 
covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. 
Although impacts of wind energy projects on lynx, hares, and their habitats have not been 
demonstrated, potential effects include loss and fragmentation of habitat from turbines, roads, 
and transmission lines, and disturbance or displacement of resident lynx. Road construction 
could further fragment habitat and increase access, potentially increasing vehicle collisions with 
lynx and other sources of mortality, including incidental trapping or illegal shooting (also see 
5.2.1). 
 

                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned primarily by about a dozen large, commercial timber interests, 
but land ownership patterns have changed dramatically in the last 15 years (Ippoliti and 
Nadeau-Drillen 2006). Large tracts of land have been sold, lumber and pulp mills shut down, 
and much of the area has been sold to investment-oriented owners. Some of these new 
landowners are seeking diversified financial returns on their investment, including developing 
residential housing, second homes, and resorts. At various times in the past, 2 large residential 
and resort areas have been proposed on forestlands within designated lynx critical habitat in 
this unit. Both projects, if eventually built as previously-planned, could result in the development 
of several thousand acres of potential lynx habitat, but would be mitigated by substantial 
(100,000s of acres) conservation easements on surrounding forestland. Also, a private 
landowner recently purchased and donated 354 km2 (137 mi2) within designated lynx critical 
habitat that was subsequently designated as the Katahdin Woods and Waters National 
Monument. This area currently has a legacy of young regenerating spruce-fir habitat from 
previous commercial timber harvest, but its new monument designation will limit future forest 
management activities (timber harvest or other vegetation management) that could benefit lynx. 
In addition, the Nature Conservancy continues forest management on about half of its 750-km2 
(290-mi2) ownership in this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high-quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
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Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; transition from spruce-fir to northern hardwood forests; 
potential increased competition from bobcats and fishers; and increased future isolation of lynx 
in this unit and southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 2). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge, and that lynx beds (resting and hunting) and 
kill sites were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) 
found snowshoe hare densities were highest in regenerating forests. Female lynx selected large 
woody debris and dense horizontal cover in lowland conifer cover for denning in northern 



129 
 

Minnesota (Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns 
were present (Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during declines in hare abundance by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. In northeastern Minnesota, edge habitats and regenerating conifer stands appeared to 
be important for snowshoe hare populations (Burdett 2008, p. 58; McCann 2006, p. 45), as were 
dense habitats containing balsam fir, white spruce, and cedar (Fuller and Heisey 1986, p. 263). 
Recent research indicates that the red squirrel is not an important prey species for lynx in 
northeastern Minnesota (Burdett 2008, p. 62; Hanson and Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Plan includes many objectives, 
standards, and guidelines for the protection of lynx and enhancement of lynx habitat (USFS 
2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et al. 
2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  When the DPS was listed, it was uncertain whether a resident lynx population 
occurred in Minnesota. However, we now know that a reproducing resident population has 
persisted in Unit 2 since the DPS was listed. Moen et al. (2008b, p. 30) estimated a likely 
maximum (all available habitat occupied) number of 190-250 resident lynx in this unit, and Moen 
(in Lynx SSA Team 2016a, p. 39) recently suggested that the resident population likely 
fluctuates from about 50 to 200 lynx. A more precise estimate of resident population size is not 
available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, females 
tended to move 100-200 km (62-124 mi) and did not return to their original home ranges in 
Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario and 
Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
hybrids (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
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Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 



133 
 

2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
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(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land. This includes (in addition to Glacier National Park) 
the 6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests; the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest; 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest; and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distriubtution, it is very unlikely that this unit and surrounding areas 
were ever (recently or historically) capable of supporting 1,000 resident lynx. As described 
above, habitats capable of supporting resident lynx in this unit are (and also were historically) 
naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of 
resident lynx remains uncertain, this unit has a long and continuous history of lynx occurrence 
and evidence of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, 
pp. 346-348; Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 
16058; 68 FR 40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale 
genetic sub-structuring among lynx subpopulations in the southern (Garnet Mountains), central 
(Seeley Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction 
among lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires 
in Lynx SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a 
larger population in southwestern Alberta and southeastern British Columbia, but the extent to 
which lynx persistence in this area may rely on immigration from Canada is unknown, and there 
is no indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown. On February 2, 2016, a single lynx was detected via snow-track survey and 
verified via DNA analysis in the Garnet Range in the area previously occupied by resident lynx, 
demonstrating that natural recolonization of this area by dispersing lynx is possible. However, 
this recent record appears to have been of a dispersing/transient individual because subsequent 
surveys have not revealed additional detections of that lynx or any other lynx in the area, and 
there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 



143 
 

the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. Genetic analyses and snow 
and camera surveys have verified continued reproduction and recruitment among lynx 
populations in this unit and also suggest some immigration may be occurring. The recent 
apparent absence of resident lynx in Garnet Mountains may indicate extirpation of a small 
resident population and a contraction in lynx distribution in the southern part of the unit, or it 
may reflect natural source-sink dynamics of a naturally ephemeral peripheral population in a 
mainland-island metapopulation structure. Lynx are rarely detected on surveys on other national 
forests (or parts of those above) that are outside but adjacent to this geographic unit (Patton 
2006, entire; USFS 2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features 
and/or landscape-level hare densities necessary to support resident lynx populations (79 FR 
54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
 



144 
 

Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
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Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 



146 
 

about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 

                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 
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The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 

                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 
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As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons for lynx in Washington were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
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As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynx habitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
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stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of Federal regulatory mechanisms) has largely 
been addressed through the development of the LCAS, and CA between the USFS and 
Service, which commits the USFS, specifically for Washington the OWNF and CNF, to use the 
LCAS in the management of lynx habitat on National Forest System lands and when designing 
and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades within the Okanogan LMZ. In 1996, the WADNR 
developed and implemented a Lynx Habitat Management Plan (1996 Lynx Plan) in response to 
listing of the lynx as a State threatened species by Washington State (WADNR 1996, entire). 
After the DPS was Federally listed as threatened, the WADNR in 2006 modified its Lynx Habitat 
Management Plan to incorporate new science and management standards and guidelines to 
avoid the incidental take of lynx in accordance with the ESA (WADNR 2006, entire). These 
standards and guidelines address maintenance of lynx denning and foraging habitat, as well as 
habitat connectivity within and between LAUs and lynx populations within Washington (i.e., 
LMZs) and Canada. 
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For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the  
2014 final revised critical habitat designation, we determined that the benefits of excluding lands 
managed in accordance with the WADNR 2006 Lynx Plan outweighed the benefits of including 
them in the designation, and that doing so would not result in extinction of the species 
(extirpation of the DPS; 79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
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populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
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place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 
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increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
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and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecedentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occupied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the 4 winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
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previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
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replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest and road 
construction, and have been modified much less than other drier forests (65 FR 16073). These 
activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx from this 
unit to many western states and to Canada have been documented. The Southern Rockies are 
separated from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern 
Wyoming and further north, by sagebrush and desert shrub communities in the Wyoming Basin 
and the Red Desert of southern and central Wyoming, and the arid Green and Colorado River 
plateaus of western Colorado and eastern Utah. Because of extreme topographic relief 
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juxtaposed with highways, residential communities, and other human developments, lynx 
biologists have identified habitat connectivity as an important consideration for the Southern 
Rockies (ILBT 2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km 
(250 mi) southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
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lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific lynx conservation strategies guiding activities on non-Federal lands in 
this geographic unit. 
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Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
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fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
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documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the uncertainty about the historical 
distribution of resident lynx in the contiguous United States and the current lack of reliable 
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estimates of the sizes, trends, and many demographic parameters for most DPS populations, it 
is difficult to confidently predict the future condition of the DPS or the likelihood that any given 
geographic unit will support resident lynx in the future. We lack data to build rigorous empirical 
population models for lynx across the DPS range, and uncertainty regarding the timing and 
magnitude of potential impacts to lynx from continued climate warming also limits our ability to 
predict the future condition of the DPS. Therefore, our assessment of the future condition of the 
DPS is based on our evaluation of the available scientific information regarding the factors 
identified by the ILBT as the most likely to have population-level impact to lynx in the DPS (ILBT 
2013, pp. 68-78) and on the best professional judgments and opinions of lynx experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
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Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
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we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and would likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
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similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
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Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
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redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, the amount of snow that seems to demarcate a boundary between lynx and bobcat 
occupancy in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 
cm/yr [55 in/yr]), and lynx in some parts of the West select mature forest stands, particularly in 
winter, while in other parts of the DPS, younger regenerating stands are most important. The 
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loss of resident lynx from any of the geographic units could result in the loss of behavioral and 
potential future genetic adaptations to the climate-mediated changes now occurring and likely to 
continue into the future at the southern edge of the lynx range. Such potential adaptability to 
diminished snow conditions, increasingly patchy and isolated boreal forests, and reduced hare 
abundance may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to become smaller and more fragmented and isolated, each geographic unit and the 
DPS as a whole will be less resilient in the future. Our analyses and expert input suggest that 
resiliency will likely be sufficient to foster persistence of resident lynx in most units through mid-
century but that its declining trajectory over time could result in extirpation of resident 
populations from 2 to 3 (of 5) units by the end of the century. Projected continued climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
and lynx reproductive and survival rates are likely to decrease, resulting in population declines 
in both species. As snow conditions become less favorable, competitors (e.g., coyotes and 
bobcats) may outcompete and displace lynx. This in turn would reduce lynx abundance and 
density within populations, making populations more susceptible (i.e., less resilient) to 
stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high-quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape (Simons-Legaard 2016, fig. 8, p. 10), perhaps more in line with likely 
historical conditions. High-quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
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subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort development, and unmanaged conservation 
lands) may compete with forest management as the primary future land use. Conservation 
easements will limit development pressures in some areas and keep some lands as working 
forest, but forest practices (e.g., partial harvesting, northern hardwood management) may not 
create new lynx habitat or maintain the current historically high amount of high-quality habitat. 
Climate change is expected to affect this unit more than some others in the DPS because snow 
amount and duration already seem to be at thresholds for lynx and there are few potential 
elevational refugia. In the near term and beyond, snow quantity and quality will likely continue to 
deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices clearly have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
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its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which would give it a higher priority 
than other species for monitoring and management during that time. We also expect that 
MNFRC guidelines will remain in place into the future and that voluntary actions will continue on 
State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking these factors into 
consideration, median “most likely” probabilities of persistence generated by lynx experts were 
high for the near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but 
declined to 35 percent (with great uncertainty) by 2100. We concur with the expert panel that 
resident lynx are likely to persist in this unit at 2025 and 2050. However, after reviewing the 
scientific literature concerning climate change projections (diminishing snow conditions, loss of 
boreal forest, lack of elevational refugia, and the potential for increased competition, disease, 
and insect outbreaks), some members of the SSA Core Team were slightly less optimistic about 
the long-term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded 
that the climate-mediated conversion of boreal forest to temperate forest and the loss of 
favorable snow conditions could occur at a rate and extent that would result in a lower likelihood 
of persistence than projected by experts, including the possibility that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions of favorable snow and forest vegetation conditions. This 
would result in increased fragmentation and isolation of habitats and smaller and more isolated 
lynx populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit would benefit resident lynx in the future, though it is unlikely 
to offset the projected adverse consequences of continued climate warming. Lynx experts felt 
that future extirpation of lynx from this unit from reduced genetic health or a catastrophic event 
is unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
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amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands would benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts, the Core Team 
is generally in agreement with experts regarding the likelihood of long-term persistence of 
Canada lynx in this geographic unit. We expect this unit will continue to support a small resident 
lynx population through mid-century but that its ability to do so beyond then is questionable, and 
that functional extirpation of lynx from this unit by the end of the century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions of favorable snow and forest vegetation conditions. This would result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
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that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit would benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
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generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline from current habitat projected 
by 2032; habitat shift to the south edge of 
current range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 
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Garnet Range 
● Increasing fire frequency 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat should remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
introduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
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2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the gray areas 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and gray areas 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
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2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast, 
and several experts noted that an increase in northern hardwood composition of the forest is 
already occurring. One expert provided information that suggests that balsam fir could actually 
increase in the short-term (over the next few decades), but that the long-term prognosis is not 
favorable for natural spruce-fir regeneration. Decline or loss of spruce-fir could be accelerated 
by forest disturbance (e.g., budworm outbreaks or forest management affecting large acreages 
of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners are unlikely to respond to future 
budworm outbreaks as they did in the 1970s-80s (extensive clearcuts, herbicide application). 
Experts also acknowledged concerns about the effects of the aging of past clearcuts beyond 
conditions that support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats would be expected to reduce the 
likelihood that lynx will persist in this unit. Experts also were uncertain about whether hare 
numbers would rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4°C/decade (0.8°F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0°C (3.6°F; low 
emission) to 2.9°C (5.2°F; high emission) by mid-century and 3.1°C (5.6°F; low emissions) to 
5.3°C (9.5°F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5° to 2.8°C (4.5° to 
5.0°F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, which has the potential to impact high-
elevation habitats and potential spruce-fir refugia (Publicover 2013, p. 2). 
 
Gonzalez et al. (2007, pp. 12-13 and 15-18) modeled distribution of boreal forest and future 
snow conditions under 9 different low, medium, and high emission scenarios and predicted 
reduced probablility of suitable snow (from 95 percent during 1961-1990, to 90 percent 
predicted for 2071-2100) and very minor changes in forest cover type in Maine by the end of the 
century. Although there are uncertainties about future climate warming, if projections are 
accurate, the area capable of supporting resident lynx in Maine could be expected to recede 
northward and lynx populations to decline substantially in this unit over the next 100 years 
(Vashon et al. (2012, p. 60). If future trends in increasing temperature and decreasing snow 
occur as projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, p. 
7). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) 
and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 2015, 
p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high emissions) 
from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). Similarly, 
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Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) to 47 
days of snow cover (high emissions) by the end of the century. 
 
Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
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would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
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Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high-quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high-quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high-
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
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cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
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may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
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unorganized townships, increasing the number of residences by 66 percent during this time 
period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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in this unit, but a large mining operation is being considered within designated lynx critical 
habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
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bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high-quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change will be a 
significant stressor to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 8, 12-19) predicted the persistence of boreal forest and historical 
(1961-1990) snow suitability for lynx (95 percent historical and future probability of suitable 
snow) in this unit through 2071-2100, and suggested that the SNF could provide a potential 
refugium for lynx. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall 
using downscaled climate models (Abdus Salam International Centre for Theoretical Physics 
(ICTP) Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 
as cited in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 
15) stated that climate models show an increase in lake effect snow in the eastern Great Lakes 
until 2050, with a decline later in the century, with an overall decline in the amount and duration 
of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
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130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18), with some potential loss of habitat at the southern 
portion of lynx habitat in the State but persistence of boreal forest in this geographic unit 
(Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 13) also projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than the 
area currently occupied by lynx in Minnesota. Moen presented preliminary snow modeling 
results that project snow conditions suitable for lynx could shrink significantly by 2055, be limited 
to extreme northeastern Minnesota by 2070, and could be entirely absent from the state by 
2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 2016, p. 14), 
concluded that Minnesota could lose the boreal biome completely, possibly within the next 60 to 
70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, pp. 2015-2016) 
concluded that the boreal forest of the Northern Superior Uplands (which encompass this 
geographic unit) will likely be lost by 2069 as a result of warmer summers and more frequent 
and longer droughts associated with climate change. If a refugium for lynx does persist in this 
unit in the future, it would likely only consist of the small area in Cook County (the extreme 
northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 ft) than 
the majority of the area that is now considered lynx core habitat and would, therefore, support a 
much smaller number of resident lynx than likely occur in the unit now. Although uncertainties 
remain, as elsewhere, about the timing and magnitude of future climate-driven impacts, lynx 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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populations in Minnesota are expected to recede northward and decline over the next century 
(Lynx SSA Team 2016a, pp. 37-38). 
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
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percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
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exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, northward contraction of 
boreal forest, lack of elevational refugia, potential for increased competition, disease, and insect 
outbreaks), some Core Team members were less optimistic about the future of lynx in 
Minnesota than the lynx expert panel. Depending on future emissions levels, the likelihood that 
this unit will continue to support resident lynx at the end of the century may be lower than the 35 
percent (median most likely) estimate based on expert opinion. The threat for which the lynx 
was listed, lack of specific conservation direction, associated regulations, and lynx forest 
management planning has not been addressed on private lands in Minnesota, except through 
voluntary guidance. There is some uncertainty about the future of forest management and future 
development on private forest lands in Minnesota and in adjacent lands in Ontario, although 
there are some basic voluntary management guidelines for private lands in Minnesota. Further, 
if the DPS is de-listed, there is uncertainty whether the lynx direction on Forest lands would 
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continue into the future. It is projected that habitat will diminish and recede northward over the 
mid- to longer-term because of continued climate warming. Hybridization and competition with 
bobcat also may increase with diminishing snow conditions because of continued climate 
warming, and it is uncertaint how insect outbreaks or disease may affect habitat and lynx in this 
unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to consider measures to help conserve listed species in the future. 
Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced incentive for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts) for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and reduced incentive for 
habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. Even with these prohibitions and protections, incidental 
trapping of 16 lynx has been reported in Minnesota since listing, resulting in at least 6 
mortalities. It is uncertain if lynx would become a legally trapped furbearer in Minnesota if the 
DPS was not listed (although a legal wolf hunt was reinstated after that species was delisted in 
Minnesota, so regulated trapping could also be considered for lynx if the DPS was not listed). 
Seven lynx have been illegally shot and reported or otherwise discovered since listing. Illegal 
shooting and non-reporting could increase without Federal protection. Education efforts by 
Federal and State agencies and law enforcement agents may have helped to reduce illegal 
shooting of lynx in this unit. With a diminished snow regime, populations of bobcats could 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
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northern Minnesota and trapping would be expected to occur there that could lead to greater 
incidental take of lynx. We believe that despite a closed hunting and trapping season, incidental 
take would continue and possibly increase and could become a significant stressor to a 
population of lynx that could be substantially diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. We also believe that climate change 
will be a significant stressor to lynx in this unit; slightly more so than expressed by most of the 
experts. Snow depth and duration in the area currently supporting resident lynx are projected to 
decline significantly by the end of the century, likely to the detriment of both hare and lynx 
populations. Unlike most other units, as snow condition decline there is little potential for 
elevational refugia for lynx in Minnesota except, perhaps, a small area of slightly higher 
elevation in the extreme northeastern corner of the unit. The boreal forest in this unit is already 
being replaced by northern hardwoods because of climate warming. Frequent forest cutting and 
disturbance, including a potential insect outbreak, could accelerate conversion to northern 
hardwoods. We acknowledge that the rate of boreal decline is uncertain, but note that some of 
the modeling we reviewed suggests that the spruce-fir forest type could nearly disappear from 
Minnesota by late-century under both low and high emissions scenarios. Climate models also 
portend declining snow conditions under low- and high-emissions scenarios. Because increases 
in temperature are thus far tracking high emissions scenarios, we are less optimistic for snow 
conditions that favor lynx by mid- to late-century. In the past decade, interest in development 
has increased in lynx critical habitat, especially proposals for large-scale mining developments. 
Although we expect resident lynx to persist in this unit through 2025 and 2050, we conclude that 
the stressors described above, individually and cumulatively, could diminish lynx habitat and 
numbers in this unit. If these stressors are not abated, we believe that resident lynx in this unit 
will face a slightly greater risk of extirpation by the end of the century than was predicted by lynx 
experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
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some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher likelihood of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this unit. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
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that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
 
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS could be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 



208 
 

pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
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associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
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historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
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Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
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probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 



213 
 

habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 
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Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
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the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high-quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest and more precipitation fell in 
the spring and summer months, especially at elevations below 1,800 m (5,900 ft). Additionally, 
Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation trend from 
1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent in the 
Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
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temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 
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5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currently occur 
in the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS could be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will likely further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high-quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 



226 
 

will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing USFS plans retain their current conservation framework, USFS 
lands should continue to provide sufficient habitat for lynx through the end of the century. 
Vegetation management on the small amount of non-Federal ownerships within lynx habitat is 
unlikely to cause significant concern for lynx conservation in Colorado through the remainder of 
the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high-quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also cast doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
exploit the available habitat despite gaps between functional habitat blocks. Colorado is isolated 
from source populations in the northern part of the range relative to the other units, which likely 
increases the possibility of genetic drift in this unit. Expert elicitation revealed some uncertainty 
whether ski areas or other development may affect connectivity within the unit. However, the 
Core Team is less concerned about this particular issue because we cannot foresee the 
development of barriers that would prevent lynx from accessing available lynx habitat in the 
future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in much of the DPS range are 
naturally less abundant and more patchily-distributed than in the core of the species’ range 
(except during decadal lows in hare population cycles, when both hares and lynx occur 
temporarily in the north at densities lower than most in the range of the DPS). Maintaining 
connectivity with lynx populations in Canada is thought to be important to the persistence of 
DPS populations; however, whether, and if so to what extent, the demographic and/or genetic 
health of DPS populations relies on periodic immigration from Canadian populations remains 
uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
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current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
 

• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 
southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
conifer regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 19). 
There is no information to suggest that this unit historically supported a larger resident 
population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
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and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat27. Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and have 
likely caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There currently are many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 
lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47). Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
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Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
have already altered) the timing and magnitude of lynx dispersal from Canada into the 
contiguous United States. If lynx populations in the DPS depend on immigration from Canada 
which is no longer occurring or has been reduced substantially relative to historical conditions, 
population declines and an increased likelihood of extirpation among resident DPS populations 
would be expected. However, whether, and if so to what extent, these climate-mediated factors 
have influenced current lynx numbers, other demographic parameters, and/or habitat quality 
and distribution is uncertain and has not been quantified across the range of the DPS or in 
individual geographic units. Despite uncertainty regarding its influence over current conditions 
for lynx, climate modeling and expert opinion concur that continued climate warming will 
adversely impact lynx in the DPS at some point in the future (also see Future Conditions and 
Threats, below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
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boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
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habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 
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The loss of resident lynx populations in any geographic units would also reduce the level of 
redundancy and could diminish representation within the DPS. With regard to redundancy, 
however, we find that none of the 5 geographic units that currently support resident lynx is 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in 1 or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in 1 or more units within the DPS, extirpation of the DPS 
from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
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the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
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Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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From: Bush, Jodi
To: Eric Rickerson; Paul Henson; Larry Crist; Abbott, Tyler; Gregory Hughes; Anna Harris; Peter Fasbender;

rollie_white@fws.gov; Lori Nordstrom; Paul Phifer; DeBerry, Drue; Susan Millsap; Ted Koch; Tom Chapman;
Michael Fris; Thabault, Michael

Cc: Bryon Holt; Jim Zelenak; Tom McDowell; Kathleen Hendricks; Jeffrey Dillon; Mark McCollough; Tamara Smith;
Kurt Broderdorp; Gregg Kurz; Nathan Darnall; Marjorie Nelson; Justin Shoemaker; Susan Jacobsen

Subject: Re: Lynx Update - SSA and 5 YR review
Date: Friday, January 5, 2018 11:57:46 AM
Attachments: 20171113 Canada Lynx 5YR_with RD signature.pdf

2017 12 22 FINAL Lynx SSA Report.pdf
0617_001.pdf

Folks, we are getting close to a Public Notification on Lynx. We have revised the SSA (just
some errata that we fixed) that is now attached -as well as the 5 year review.  I have also
attached a 4f letter from the director.   Once we have an approved communications plan, I will
send that on as well.  

As we have discussed previously, these documents should NOT be shared outside of the
agency yet nor the contents or recommendation within.  ie.  please keep these a close
hold.  

As always if you have questions, feel free to give me a call.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Nov 17, 2017 at 2:30 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Folks.   WE ARE STILL NOT A GO TO RELEASE ANY INFORMATION OUTSIDE
OF THE USFWS but I wanted to share the final SSA and Signed 5 year Review documents
and make sure you have.  The SSA is the same version that was sent out around October 13,
2017 but we found some minor errors that we corrected.   Neither of these documents
should be shared outside of the agency yet nor the contents or recommendation
within.  ie.  please keep these a close hold.  

We are awaiting HQ review of the comm plan and Director signature on a 4(f) memo
confirming that we do not need to a recovery plan.   Once we have everything signed, the
courts notified and are ready to release to the public we will be asking you all to notify your
state partners ahead of time.  Unfortunately the notice is likely to be short.  Please stand by. 
 

ARDs, please share with any office manager that you determine should see this if I have
missed them.  As always if you have questions, please contact me.  Thank you.  JB

·         both courts involved in lynx issues (recovery and Critical
habitat) will be notified preceding the public notification on
November 3, 2017, by Solicitors. 
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·         a news release and communication plan to reach out to state,
tribal and federal partners will precede the notification.

 
Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Nov 2, 2017 at 4:54 PM
Subject: Re: talking points for discussion with State
To: Eric Rickerson <eric_rickerson@fws.gov>, Paul Henson <paul_henson@fws.gov>,
Larry Crist <Larry_Crist@fws.gov>, "Abbott, Tyler" <tyler_abbott@fws.gov>, Gregory
Hughes <greg_m_hughes@fws.gov>, Anna Harris <anna_harris@fws.gov>, Peter
Fasbender <peter_fasbender@fws.gov>, "rollie_white@fws.gov" <rollie_white@fws.gov>,
Lori Nordstrom <lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,
"DeBerry, Drue" <drue_deberry@fws.gov>, Susan Millsap <susan_millsap@fws.gov>
Cc: Bryon Holt <Bryon_Holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Tom
McDowell <Tom_McDowell@fws.gov>, Kathleen Hendricks
<kathleen_hendricks@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Mark
McCollough <Mark_McCollough@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>,
"Thabault, Michael" <michael_thabault@fws.gov>, Kurt Broderdorp
<Kurt_Broderdorp@fws.gov>, Gregg Kurz <Gregg_Kurz@fws.gov>, Nathan Darnall
<nathan_darnall@fws.gov>, Marjorie Nelson <Marjorie_Nelson@fws.gov>, Justin
Shoemaker <justin_shoemaker@fws.gov>

Folks.  You may have heard that we were trying to have the Lynx 5 year review signed by
tomorrow (Nov. 3). Unfortunately that is not going to happen. This has been delayed due to
some issues beyond our control.   

Once we have the documents (5 year review and final SSA) ready to go we will let you
know, supply a new release and communication plan and will allow planning for as much
time as we can for contact to your State, Tribal and Federal partners.  

In the meantime if you are having discussions with these same folks - you can use some of
the following for your talking points.  I would tell our partners that the document is on the
RD desk and could be signed at any time.  Feel free to give me or Jim a call if you have any
questions.  JB

·         the 5-year review will be signed by the Regional director for
the mt prairie region with concurrence from all affected regions. 
this concurrence has already been received. 
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·         The SSA and 5 year Review are in response to a court
settlement agreement and decision on May 8, 2014.  At that time,
the United States District Court for the District of Montana
ordered the Service to complete recovery planning for the Canada
lynx DPS by January 15, 2018 “…unless the Service finds that
such a plan will not promote the conservation of the [lynx].  The
5-year review and SSA report responds to this order. 

·         both courts involved in lynx issues (recovery and Critical
habitat) will be notified preceding the public notification on
November 3, 2017, by Solicitors. 

·         a news release and communication plan to reach out to
state, tribal and federal partners will precede the notification.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U.S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2010, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions 
(e.g., Peers et al. 2012, pp. 4-9). It is generally restricted to areas that receive deep and 
persistent unconsolidated (“fluffy”) snow, which is thought to allow lynx, with their 
proportionately longer limbs and very large feet, to outcompete other terrestrial hare predators 
that are less efficient in such conditions (McCord and Cardoza 1982, pp. 748-749; Quinn and 
Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et al. 2000b, pp. 400-401; 
Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 2005, p. 744-749; Carroll 
2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (Univ. of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in southern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 95% fixed kernel; 
5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
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lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 



37 
 

what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
In the core of the species’ range in the southern Yukon, Slough and Mowat (1996, p. 952, table 
4) calculated a lynx population growth rate (lambda, λ) = 2.03 (annual doubling) during the 4-
year increase-to-peak phase of the hare cycle. This period of rapid growth was followed by a 
rate of λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid 
decline) during the first 2 years of the lynx population decline when hares were scarce. 
However, the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated lynx populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS and some 
southern Canadian populations; Murray 2000, pp. 1210-1215; Murray 2003, pp 152-155), 
versus those that would signal long-term population decline or instability is unknown. Despite 
this, and the limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) 
calculated population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley 
Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell 
Mountains (increasing trend, 2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate 
of growth of 0.05 (λ = 1.05) for Maine’s lynx population based on demographic data from a 
radiotelemetry study collected over a 12-year period (Vashon et al. 2012, Appendix VI). Neither 
the Montana nor Maine estimates incorporated rates of immigration/emigration (i.e., both 
assumed immigration and emigration rates of zero, which is very unlikely and contradicted by 
historical and recent evidence of lynx dispersal in both directions across the Canada-Unites 
States border across the DPS range). Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 



38 
 

concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada are believed to be important to the persistence of lynx populations in the DPS 
(McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 
2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; Univ. of 
Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the expansive, 
continuous boreal forests of those areas, and its range largely overlaps that of its primary prey, 
the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 146; Mowat et 
al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to occupy about 
5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their historical range in that 
country (Environment Canada 2014, p. 2), and over 89 percent of the species’ entire 
distribution. Nationally in Canada, lynx are classified as secure, widespread, and abundant; they 
are managed for long-term population stability, with a conservative estimate of 110,000 
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individuals during cyclic lows; and no acute, widespread threats to lynx have been identified 
(Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest (Univ. 
of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. comm.), which 
represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska are apparently 
secure, with low to moderate threats, and populations appear stable statewide, although total 
abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
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Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarily into areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
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and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat (Peers et al. 2012, pp. 4-5). The 
2 species are difficult to distinguish in the field, they often were not reliably differentiated in 
historical trapping records (McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of 
lynx distribution based on anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 
3-8; Meaney 2002, pp. 3-5, Hoving et al. 2003, pp. 366-367). Because of the large effect that 
relatively few errors in identification can have on assessments of the distribution of rare animals, 
McKelvey et al. (2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should 
be interpreted with caution, and only verified occurrence data should be used to assess 
historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because the lynx is a habitat and prey specialist, its densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist (Peers et al. 
2012, pp. 4-9). 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449; Peers et al. 2012, pp. 4-9) because they are morphologically and physiologically well-
adapted for hunting snowshoe hares and surviving in areas that have cold winters with deep 
and persistent unconsolidated snow (Murray and Boutin 1991, p. 463). Long-term snow 
conditions also presumably limit the winter distribution of potential lynx competitors and 
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predators (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, p. 123; Peers et al. 2012, entire; also 
see section 2.2 above), although behavioral adaptations may offset morphological differences to 
some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a comprenhensive, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
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In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontario than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire) indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
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(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecedentedly large irruptions of lynx from Canada into the 
northern contiguous United States, when dispersing/transient lynx occurred temporarily in many 
places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoming Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 

                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
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In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
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be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of a long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
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range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
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In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
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influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
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recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
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consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
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Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2014, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
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plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
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promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
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3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 2). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
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enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specification of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (65 FR 16077; Moen in Lynx SSA Team 2016a, p. 19). Overlapping the 
Northeastern Minnesota SSA unit, the Minnesota Department of Natural Resources (MNDNR) 
has identified a specific “Lynx Management Zone” (LMZ) for which it has promulgated and 
enforces special trapping regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). 
The MNDNR has modified trapping regulations within the LMZ to minimize the incidental take of 
lynx during the legal trapping of other furbearers. The regulations address specific trap types 
and sets, prohibit the use of certain baits and visual attractants, and require reporting of any 
incidentally trapped lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-
55). The MNDNR also distributed to trappers the interagency brochure How to Avoid Incidental 
Take of Lynx while Trapping or Hunting Bobcats and other Furbearers. In response to a Federal 
court order, MDNR developed an incidental take plan designed to minimize the potential for lynx 
to be incidentally trapped during other legal furbearer trapping; the plan is currently under 
review by the Service. Like Maine, Minnesota has a State Endangered Species Statute 
(84.0895) which requires the MNDNR to adopt rules designating species meeting the statutory 
definitions of endangered, threatened, or species of special concern (State of Minnesota 2016, 
entire). The Statute also authorizes the MNDNR to adopt rules that regulate treatment of 
species designated as endangered and threatened. Also like Maine, however, Minnesota has 
not designated lynx as threatened or endangered under the statute. Instead it has designated 
the lynx a species of special concern, a designation for species that are extremely uncommon, 
have unique or highly specific habitat requirements, or occur on the periphery of their range in 
Minnesota and, therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the 
MNDNR coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
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(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 

                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s to early 2000s, when 20-25 percent of the forest in Maine 
was in an early regeneration stage. The amount of young, regenerating forest at that time was 3 
to 8 times higher than typical historical conditions under the natural disturbance regime, when 
only 3 to 7 percent of stands were likely in such condition at any given time (68 FR 40094). 
Current timber harvest and management on State and private lands in Maine are governed by 
the Maine Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
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percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
                                                
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
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with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61°C (1.1°F; range = -0.53° to +2.50°C [-
0.95° to +4.5°F]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
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emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Hartmann et al. 2013, p. 180, 187-189; Peters et al. 2013, entire; Friedlingstein 
et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851). Analysis of paleoclimate data indicates 20th 
century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4° - 2.6°C 
(0.7° - 4.7°F) by mid-century and 0.3° - 4.8°C (0.5° - 8.6°F) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5°C (2.7°F), a 76 percent probability of increasing 
2° - 4.5°C (3.6° - 8°F), and a 14 percent probability of exceeding 4.5°C (8°F). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
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predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western United States that has remained relatively stable for 
the past 3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more 
contiguous areas of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
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consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Joos et al. 2001, entire; Lucht et al. 2006, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
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migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
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Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
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106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
United States and Canada and by 46-84 percent in the contiguous United States by the end of 
the century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
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rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species (Peers et al. 2012, pp. 4-9). Because of their higher 
foot-loading, bobcats likely hunt less efficiently than lynx in deep, unconsolidated snows (Hoving 
et al. 2005, entire; Krohn et al. 2005, pp. 122-129), which appear to limit bobcat mobility and 
distribution (Litvaitis et al. 1986, p. 116). Considering recent and projected future changes in 
snow conditions described above, stable or increasing bobcat populations in the DPS range 
(Roberts and Crimmins 2010, p. 170), and the predicted northward expansion of bobcats into 
areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 
873-874; Roberts and Crimmins 2010, p. 172), lynx may experience increased competition and 
displacement by bobcats, which could influence lynx distribution and persistence at the southern 
edge of their range (in all DPS geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
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Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
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2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. Conversely, in dry western forests, increased precipitation may result in 
more herbaceous forage and cover, which may promote hare survival and reproduction (Ivan et 
al. 2014, p. 590). Thus, climate change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
 



77 
 

Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
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and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
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these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and more northern 
populations in Canada depends on an ice bridge for dispersal across the St. Lawrence River. 
Although some lynx currently cross the river, Koen et al. (2014a, entire) found genetic 
structuring on either side of the river. Thus, the river already restricts gene flow. Climate-
induced deteriorating ice conditions on the St. Lawrence River could further restrict gene flow 
between lynx populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 
and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the 
Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, reduced ice on the St. 
Lawrence may prevent bobcats from dispersing northward into lynx areas in central Quebec 
(Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
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(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
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insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough 1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
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connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
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provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
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● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
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the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Although management of State and Federal forest lands has been relatively stable in recent 
decades, management and ownership of private forest lands have been comparatively unstable. 
This has resulted in substantial shifts in forest management strategies, outcomes, and products. 
For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is on 
private land, about 96,315 km2 (37,187 mi2; 80 percent) of commercial timber lands in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and their 
management objectives differ from traditional commercial timber operations, resulting in 
changes to traditional harvest practices. Whereas the previous large commercial timber 
landowners focused on the forest land base as a supply for their manufacturing facilities, the 
new Timber Investment Management Organizations (TIMOs) and Real Estate Investment Trusts 
(REITs) focus on maximizing return on their investment (Jin and Sader 2006, p. 178). Initially, 
the effects of ownership changes were uncertain (McWilliams et al. 2005), but an evaluation of 
harvesting in the last decade indicates these landowners increased harvest rates, shortened 
rotation times, and shifted to managing and harvesting hardwood tree species (Jin and Sader 
2006, p. 183-185). On one hand, these trends in private lands management in Maine may make 
lynx conservation more difficult to achieve because short-term landowners may be less 
interested in long-term commitments. On the other hand, some easement owners may have an 
incentive to manage for lynx to meet forest certification requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
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species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
with continued climate warming, total United States timber inventories will increase, timber 
harvest will increase, and product prices will decrease relative to an assumed stable climate. 
Some models predict that consumers will gain from climate change while landowners in some 
regions will lose. The forest industry will likely adapt to climate change in many ways including 
using alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
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removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
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patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Abele et al. (2013, entire) also found that precommercial thinning reduced hare abundance in 
western Oregon but did not affect individual hare survival or activity patterns. Because of 
documented adverse effects of precommercial thinning to snowshoe hares and lynx, in 2007 
and 2008 the USFS amended Forest Plans to incorporate management that would conserve 
lynx, including direction that prohibited precommercial thinning in most lynx foraging habitat 
(USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial thinning 
is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands in 
Maine supported about 50 percent of the hare densities observed in regenerating clearcuts 
(Robinson 2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
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Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, Univ. Maine, pers. comm. and unpubl. data; Harrison et 
al. 2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Univ. Maine, pers. comm.). As 
much as 30 to 40 percent of the advanced regeneration may be damaged from repeated entries 
by machinery to remove the overstory (R. Seymour, Univ.Maine, pers. comm.). Finally, because 
subsequent overstory removal occurs about 15 years after the initial entry, some of the dense 
understory is damaged just as the stand develops conditions to support higher hare densities. 
The damage to the understory not only reduces the quality of the habitat for hares, but also cuts 
short the duration that the stand produces high-quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
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Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). Fragmentation of the already naturally patchy pattern of lynx habitat in 
much of the contiguous United States can affect lynx by reducing their prey base and increasing 
the energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified 
direct effects of fragmentation on lynx to include creation of openings that potentially increase 
access by competing carnivores, increasing the edge between early-successional habitat and 
other habitats, and changes in the structural complexities and amounts of seral forests within 
the landscape. At some point, landscape-scale fragmentation from forest management can 
make patches of foraging habitat too small and too distant from each other to be effectively 
accessed by lynx as part of their home range. For example, in Maine the proliferation of partial 
harvesting will actually increase the patches of high-quality hare habitat by 57 percent, but the 
average size of patches will be diminished by 87 percent, and patches will become more 
isolated (Simons-Legaard et al. 2016, pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events (Kilgore and 
Heinselman 1990; Veblen et al. 1994; Heinselman 1996; Agee 2000; Seymour et al. 2002; 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
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contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
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Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
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indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
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and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4, large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
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favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
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other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
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rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
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fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
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Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
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528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
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Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
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habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
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Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 



106 
 

4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 2 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
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has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
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the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic area to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
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(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
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connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
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trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4). Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
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ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
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lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 100% 83% (Purcells);            

61% (Seeley Lake) 100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares) 3.3 2.95 (Purcells);            

2.24 (Seeley Lake) 2.25 (2 females) 3.0 (1 female, 2 
years) 2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00 0.85 (Purcells);            

0.75 (Seeley Lake) 0.86 Few data
0.93 (in Core Release 

Area [CRA]);                   
0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
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unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
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1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris including blowdown, deadfalls, 
and root wads. In northern Maine, nearly half (12 of 26) of natal dens occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on commercial 
forest lands reinforces the importance of dense regenerating conifer forest along with a 
component of mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495; 
Simons 2009, pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 
573) found the probability of lynx occurrence was > 50 percent where landscape hare densities 
were > 0.74 hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx 
maintained home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). Based on these observations, Simons-Legaard et al. 
(2013, pp. 574-576) recommended maintaining landscape hare densities of > 0.5 hares/ha (0.2 
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hares/ac) and a minimum of 27 percent high-quality hare habitat within 100-km2 areas to 
conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, high-
quality lynx foraging habitat in northern Maine was probably typically much less abundant and 
less broadly-distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, 
insect outbreaks) are rare (intervals of several hundred to several thousand years) and highly 
variable in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce 
budworm, spruce beetle, beech bark disease, and sugar maple defoliators have been important 
influences affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The 
frequency and intensity of spruce budworm outbreaks, the most likely insect to affect lynx 
habitat, have been highly variable in Maine and eastern Canada in recent centuries (Blais 1983, 
entire). Although, high-elevation boreal forests often exhibit dense, regenerating conifer 
(resulting from a wind-throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare 
densities are believed to be low in these areas (Siren et al. 2015, entire). In this geographic 
area, wildfire is less significant as a natural agent of disturbance. The typical fire regime is 
infrequent surface fires in the dormant season in the hardwood forests, and slightly more 
frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; Seymour 
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et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several decades, early 
successional forests and lynx habitat in northern Maine, New Brunswick, and southern Quebec 
have been created almost exclusively by forest management (Lorimer and White 2003, pp. 42-
43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (about half of the Northern Maine 
geographic unit), Simons-Legaard (2016, p. 9-10) estimated that 3,845 km2 (1,485 mi2; nearly 
27 percent) of the forested landscape was comprised of spruce-fir in a young, regenerating 
stand condition that provide high-quality hare habitat. This habitat is similar to, and contiguous 
with, forested areas in Quebec and New Brunswick that support lynx (Hoving et al. 2005, pp. 
740-741). The current range of lynx in this unit is associated with areas of deep snowfall, 
extensive forested landscapes, and areas having a high proportion of regenerating conifer-
dominated forest that had previously been clearcut and treated with herbicides to suppress 
hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of higher (1995-2005) and lower (2006 to present) densities (Scott 2009, 
pp. 1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several 
estimates of hare densities in the highest-quality regenerating conifer or mixed forest averaged 
1.9 to 2.1 hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 
2006, hare densities declined by about half in all stand types and have remained at these lower 
levels (Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were 
observed in the Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 
1990, hare densities in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 
hares/ac) at low and high elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. 
(2015) reported lower densities in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) 
that are unlikely to support lynx persistence in both montane and lowland spruce-fir. Densities in 
high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha (0.08 to 
0.11 hares/ac), also unlikely to support lynx persistence. Comparable hare density data are not 
available for Vermont. 
 
Currently, the amount and distribution of high-quality habitat are likely at historically high levels, 
but this habitat has peaked and high-quality lynx habitat is projected to decline in the near future 
(Simons-Legaard et al. 2016, pp. 140-163, 202-218). In response to the widespread clearcutting 
in the 1970s and 1980s, Maine passed the Forest Practices Act in 1989, which regulated 
clearcutting. Since then, various forms of partial harvesting have replaced clearcutting as the 
predominant form of forest management in northern Maine. Partially harvested stands (e.g., 
selection harvest, shelterwood harvest, overstory removal) have a wide range of residual stand 
conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006, p. 29). On average, partially harvested stands support 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006, p. 
26-27). Over 95 percent of cutting that occurs now in northern Maine is partial harvesting 
compared to 59 percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-
Legaard et al. 2013). This new cutting regime results in lower landscape densities of snowshoe 
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hares (Fuller 1999; Homyack 2003; Robinson 2006; Scott 2009). Another consequence of 
partial harvesting is that a much greater acreage needs to be cut annually to attain similar 
harvest volume (as compared to clearcutting). Annual harvest rates have increased from about 
40,000 ha (100,000 acres) per year (before the Forest Practices Act) to over 200,000 ha 
(500,000 acres) per year (after the Act). Thus, 28 years after the Maine Forest Practices Act, 
much of the forested landscape in northern Maine has been partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects rarely exists. 
Furthermore, there continues to be high turnover in forest land ownership (Hagan et al. 2005; 
Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work with private 
landowners. As of 2005, there were 23 landowners in northern Maine with land holdings in 
excess of 40,000 ha (100,000 ac) including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), 2 tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
was 1 of several pilot States to receive funding through its Natural Resources Conservation 
Service (NRCS) State office. Based on a successful pilot program, in 2008, the HFRP was 
reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the Federal 
Register (75 FR 6539) amending regulations for the HFRP based on provisions amended by the 
bill. In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time 4 private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
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Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, after which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
When the DPS was listed, lynx were known to be present in northern Maine but little was known 
about their distribution, population size and trend, snowshoe hare populations, and relationships 
to forest management. Since then, research from the MDIFW (Vashon et al. 2008a, entire; 
2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, entire; Hoving 
et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; Homyack et al. 2007, 
entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and 
Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) 
have greatly increased our knowledge. Snow track surveys and confirmed occurrence records 
document that lynx occur throughout northern Maine and in small, isolated pockets in western 
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and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and small numbers of lynx have also 
been documented recently in northern New Hampshire (Siren 2014b, pp. 7-16), and Vermont 
(Bernier 2015, entire). Population size and trend are still uncertain in northern Maine, and 
persistence in New Hampshire and Vermont remain questionable. 
 
This geographic unit is part of a larger, contiguous lynx population that extends into northern 
New Brunswick and the Gaspe region of southern Quebec. Extensive areas of contiguous 
forestland in this region provide high connectivity between populations in Maine and Canada. 
Lynx populations in adjacent southern Quebec may exhibit cyclic populations (Ray et al. 2002, 
entire), but obvious immigration of large numbers of lynx into Maine associated with hare cycles 
(if they occur) has not been documented (Hoving et al. 2003, pp. 373-374). Although potential 
lynx habitat in New Hampshire and Vermont is fragmented, there is near contiguous forest and 
connectivity for lynx movement between these areas and habitats in northern Maine (Farrell 
2013, pers. comm.; 79 FR 54821). Areas of recent lynx breeding in New Hampshire and 
Vermont are not directly connected to Canadian populations, but they are connected to the 
larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals apparently cross the river on the ice each generation to prevent genetic drift of this 
population (Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
When the DPS was listed, the Northern Maine Unit was not believed to contribute significantly to 
its persistence. However, we now believe that the extensive young, regenerating spruce-fir 
habitat created by large-scale clearcutting in the 1970s and 1980s may currently support the 
largest lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx 
SSA Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area 
of high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the geographic unit) in northern Maine could potentially support a population of 236 to 355 
adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) estimated the potential for a 
population of 750 to 1,000 adult lynx in all of northern Maine in 2006. The actual number of lynx, 
however, is unknown because there are no methods available to count individuals over such a 
large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-2005; 



123 
 

Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 3 and 
4). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality lynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42° - 0.46°C/decade (0.76° - 0.83 °F/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7° - 7.8°C (12° - 14°F) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, records of lynx occurrence are 
correlated with areas that regularly have at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). Snow cover days in northern New England (1965-2005) 
ranged from 60-121 days and declined an average of 3.6 days/decade from 1965-2005 
(Burakowski et al. 2008). Snow duration declined by 16 days in the Northeast from 1970 to 2001 
(Wake 2005) and is expected to diminish another 2 weeks in Maine by mid-century (Fernandez 
et al. 2015). Thus, average conditions in Maine are currently at or below the snow cover 
duration correlated with historical lynx occurrence records. Similarly, the largest decreases in 
snow depth observed in Canada in the last 6 decades have occurred in the lower St. Lawrence 
Valley, immediately north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the northeastern United States and eastern Canada occur where average annual 
snowfall typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the 
distribution of lynx (to the north) and bobcat (to the south) in this region (Hoving et al. 2005; 
Carroll 2007; Peers et al. 2013). Average annual snow depth at all 5 NOAA weather stations 
within the range of the lynx in northern Maine (1981-2010) was below this threshold and ranged 
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from 228-263 cm (90-104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites 
in and near Maine experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow 
depth in New England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; 
Burakowski et al. 2008). Thus, average annual snowfall in Maine is currently at or below depths 
associated historically with lynx presence, and further declines could reduce the likelihood that 
resident lynx will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high-
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-marked in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, and such development could impact high- and low-elevation spruce-fir habitats 
(Whitman et al. 2013). Maine has experienced a rapid increase in wind energy development16, 
and there is increased interest in placing developments on private lands in unpopulated areas in 
northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing 
source of income for investment companies and other landowners who own forestland in the 
northern Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and 
western Maine and 5 projects are in operation; 2 have been proposed in northern New 
Hampshire and 2 are in operation; and 3 have been proposed for northeast Vermont and 2 are 
in operation or under construction. Maine’s 2 largest wind projects (combined over 250 turbines 
covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. 
Although impacts of wind energy projects on lynx, hares, and their habitats have not been 
demonstrated, potential effects include loss and fragmentation of habitat from turbines, roads, 
and transmission lines, and disturbance or displacement of resident lynx. Road construction 
could further fragment habitat and increase access, potentially increasing vehicle collisions with 
lynx and other sources of mortality, including incidental trapping or illegal shooting (also see 
5.2.1). 
 

                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned primarily by about a dozen large, commercial timber interests, 
but land ownership patterns have changed dramatically in the last 15 years (Ippoliti and 
Nadeau-Drillen 2006). Large tracts of land have been sold, lumber and pulp mills shut down, 
and much of the area has been sold to investment-oriented owners. Some of these new 
landowners are seeking diversified financial returns on their investment, including developing 
residential housing, second homes, and resorts. At various times in the past, 2 large residential 
and resort areas have been proposed on forestlands within designated lynx critical habitat in 
this unit. Both projects, if eventually built as previously-planned, could result in the development 
of several thousand acres of potential lynx habitat, but would be mitigated by substantial 
(100,000s of acres) conservation easements on surrounding forestland. Also, a private 
landowner recently purchased and donated 354 km2 (137 mi2) within designated lynx critical 
habitat that was subsequently designated as the Katahdin Woods and Waters National 
Monument. This area currently has a legacy of young regenerating spruce-fir habitat from 
previous commercial timber harvest, but its new monument designation will limit future forest 
management activities (timber harvest or other vegetation management) that could benefit lynx. 
In addition, the Nature Conservancy continues forest management on about half of its 750-km2 
(290-mi2) ownership in this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high-quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
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Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; transition from spruce-fir to northern hardwood forests; 
potential increased competition from bobcats and fishers; and increased future isolation of lynx 
in this unit and southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 2). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge, and that lynx beds (resting and hunting) and 
kill sites were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) 
found snowshoe hare densities were highest in regenerating forests. Female lynx selected large 
woody debris and dense horizontal cover in lowland conifer cover for denning in northern 
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Minnesota (Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns 
were present (Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during declines in hare abundance by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. In northeastern Minnesota, edge habitats and regenerating conifer stands appeared to 
be important for snowshoe hare populations (Burdett 2008, p. 58; McCann 2006, p. 45), as were 
dense habitats containing balsam fir, white spruce, and cedar (Fuller and Heisey 1986, p. 263). 
Recent research indicates that the red squirrel is not an important prey species for lynx in 
northeastern Minnesota (Burdett 2008, p. 62; Hanson and Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Plan includes many objectives, 
standards, and guidelines for the protection of lynx and enhancement of lynx habitat (USFS 
2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et al. 
2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  When the DPS was listed, it was uncertain whether a resident lynx population 
occurred in Minnesota. However, we now know that a reproducing resident population has 
persisted in Unit 2 since the DPS was listed. Moen et al. (2008b, p. 30) estimated a likely 
maximum (all available habitat occupied) number of 190-250 resident lynx in this unit, and Moen 
(in Lynx SSA Team 2016a, p. 39) recently suggested that the resident population likely 
fluctuates from about 50 to 200 lynx. A more precise estimate of resident population size is not 
available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, females 
tended to move 100-200 km (62-124 mi) and did not return to their original home ranges in 
Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario and 
Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
hybrids (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 



132 
 

Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
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2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
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(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land. This includes (in addition to Glacier National Park) 
the 6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests; the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest; 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest; and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 



139 
 

genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distriubtution, it is very unlikely that this unit and surrounding areas 
were ever (recently or historically) capable of supporting 1,000 resident lynx. As described 
above, habitats capable of supporting resident lynx in this unit are (and also were historically) 
naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of 
resident lynx remains uncertain, this unit has a long and continuous history of lynx occurrence 
and evidence of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, 
pp. 346-348; Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 
16058; 68 FR 40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale 
genetic sub-structuring among lynx subpopulations in the southern (Garnet Mountains), central 
(Seeley Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction 
among lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires 
in Lynx SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a 
larger population in southwestern Alberta and southeastern British Columbia, but the extent to 
which lynx persistence in this area may rely on immigration from Canada is unknown, and there 
is no indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown. On February 2, 2016, a single lynx was detected via snow-track survey and 
verified via DNA analysis in the Garnet Range in the area previously occupied by resident lynx, 
demonstrating that natural recolonization of this area by dispersing lynx is possible. However, 
this recent record appears to have been of a dispersing/transient individual because subsequent 
surveys have not revealed additional detections of that lynx or any other lynx in the area, and 
there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. Genetic analyses and snow 
and camera surveys have verified continued reproduction and recruitment among lynx 
populations in this unit and also suggest some immigration may be occurring. The recent 
apparent absence of resident lynx in Garnet Mountains may indicate extirpation of a small 
resident population and a contraction in lynx distribution in the southern part of the unit, or it 
may reflect natural source-sink dynamics of a naturally ephemeral peripheral population in a 
mainland-island metapopulation structure. Lynx are rarely detected on surveys on other national 
forests (or parts of those above) that are outside but adjacent to this geographic unit (Patton 
2006, entire; USFS 2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features 
and/or landscape-level hare densities necessary to support resident lynx populations (79 FR 
54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
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Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
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Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
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about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 

                                                
19 https://inciweb.nwcg.gov/state/27/0/ 
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Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 

                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://inciweb.nwcg.gov/incident/5409/
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As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons for lynx in Washington were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
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As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynx habitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
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stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of Federal regulatory mechanisms) has largely 
been addressed through the development of the LCAS, and CA between the USFS and 
Service, which commits the USFS, specifically for Washington the OWNF and CNF, to use the 
LCAS in the management of lynx habitat on National Forest System lands and when designing 
and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades within the Okanogan LMZ. In 1996, the WADNR 
developed and implemented a Lynx Habitat Management Plan (1996 Lynx Plan) in response to 
listing of the lynx as a State threatened species by Washington State (WADNR 1996, entire). 
After the DPS was Federally listed as threatened, the WADNR in 2006 modified its Lynx Habitat 
Management Plan to incorporate new science and management standards and guidelines to 
avoid the incidental take of lynx in accordance with the ESA (WADNR 2006, entire). These 
standards and guidelines address maintenance of lynx denning and foraging habitat, as well as 
habitat connectivity within and between LAUs and lynx populations within Washington (i.e., 
LMZs) and Canada. 
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For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the  
2014 final revised critical habitat designation, we determined that the benefits of excluding lands 
managed in accordance with the WADNR 2006 Lynx Plan outweighed the benefits of including 
them in the designation, and that doing so would not result in extinction of the species 
(extirpation of the DPS; 79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
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populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
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place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
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and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecedentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occupied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the 4 winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
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previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
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replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest and road 
construction, and have been modified much less than other drier forests (65 FR 16073). These 
activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx from this 
unit to many western states and to Canada have been documented. The Southern Rockies are 
separated from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern 
Wyoming and further north, by sagebrush and desert shrub communities in the Wyoming Basin 
and the Red Desert of southern and central Wyoming, and the arid Green and Colorado River 
plateaus of western Colorado and eastern Utah. Because of extreme topographic relief 
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juxtaposed with highways, residential communities, and other human developments, lynx 
biologists have identified habitat connectivity as an important consideration for the Southern 
Rockies (ILBT 2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km 
(250 mi) southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
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lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific lynx conservation strategies guiding activities on non-Federal lands in 
this geographic unit. 
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Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
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fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
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documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the uncertainty about the historical 
distribution of resident lynx in the contiguous United States and the current lack of reliable 
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estimates of the sizes, trends, and many demographic parameters for most DPS populations, it 
is difficult to confidently predict the future condition of the DPS or the likelihood that any given 
geographic unit will support resident lynx in the future. We lack data to build rigorous empirical 
population models for lynx across the DPS range, and uncertainty regarding the timing and 
magnitude of potential impacts to lynx from continued climate warming also limits our ability to 
predict the future condition of the DPS. Therefore, our assessment of the future condition of the 
DPS is based on our evaluation of the available scientific information regarding the factors 
identified by the ILBT as the most likely to have population-level impact to lynx in the DPS (ILBT 
2013, pp. 68-78) and on the best professional judgments and opinions of lynx experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
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Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
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we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and would likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
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similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
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Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
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redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, the amount of snow that seems to demarcate a boundary between lynx and bobcat 
occupancy in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 
cm/yr [55 in/yr]), and lynx in some parts of the West select mature forest stands, particularly in 
winter, while in other parts of the DPS, younger regenerating stands are most important. The 
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loss of resident lynx from any of the geographic units could result in the loss of behavioral and 
potential future genetic adaptations to the climate-mediated changes now occurring and likely to 
continue into the future at the southern edge of the lynx range. Such potential adaptability to 
diminished snow conditions, increasingly patchy and isolated boreal forests, and reduced hare 
abundance may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to become smaller and more fragmented and isolated, each geographic unit and the 
DPS as a whole will be less resilient in the future. Our analyses and expert input suggest that 
resiliency will likely be sufficient to foster persistence of resident lynx in most units through mid-
century but that its declining trajectory over time could result in extirpation of resident 
populations from 2 to 3 (of 5) units by the end of the century. Projected continued climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
and lynx reproductive and survival rates are likely to decrease, resulting in population declines 
in both species. As snow conditions become less favorable, competitors (e.g., coyotes and 
bobcats) may outcompete and displace lynx. This in turn would reduce lynx abundance and 
density within populations, making populations more susceptible (i.e., less resilient) to 
stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high-quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape (Simons-Legaard 2016, fig. 8, p. 10), perhaps more in line with likely 
historical conditions. High-quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
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subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort development, and unmanaged conservation 
lands) may compete with forest management as the primary future land use. Conservation 
easements will limit development pressures in some areas and keep some lands as working 
forest, but forest practices (e.g., partial harvesting, northern hardwood management) may not 
create new lynx habitat or maintain the current historically high amount of high-quality habitat. 
Climate change is expected to affect this unit more than some others in the DPS because snow 
amount and duration already seem to be at thresholds for lynx and there are few potential 
elevational refugia. In the near term and beyond, snow quantity and quality will likely continue to 
deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices clearly have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
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its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which would give it a higher priority 
than other species for monitoring and management during that time. We also expect that 
MNFRC guidelines will remain in place into the future and that voluntary actions will continue on 
State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking these factors into 
consideration, median “most likely” probabilities of persistence generated by lynx experts were 
high for the near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but 
declined to 35 percent (with great uncertainty) by 2100. We concur with the expert panel that 
resident lynx are likely to persist in this unit at 2025 and 2050. However, after reviewing the 
scientific literature concerning climate change projections (diminishing snow conditions, loss of 
boreal forest, lack of elevational refugia, and the potential for increased competition, disease, 
and insect outbreaks), some members of the SSA Core Team were slightly less optimistic about 
the long-term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded 
that the climate-mediated conversion of boreal forest to temperate forest and the loss of 
favorable snow conditions could occur at a rate and extent that would result in a lower likelihood 
of persistence than projected by experts, including the possibility that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions of favorable snow and forest vegetation conditions. This 
would result in increased fragmentation and isolation of habitats and smaller and more isolated 
lynx populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit would benefit resident lynx in the future, though it is unlikely 
to offset the projected adverse consequences of continued climate warming. Lynx experts felt 
that future extirpation of lynx from this unit from reduced genetic health or a catastrophic event 
is unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
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amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands would benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts, the Core Team 
is generally in agreement with experts regarding the likelihood of long-term persistence of 
Canada lynx in this geographic unit. We expect this unit will continue to support a small resident 
lynx population through mid-century but that its ability to do so beyond then is questionable, and 
that functional extirpation of lynx from this unit by the end of the century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions of favorable snow and forest vegetation conditions. This would result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
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that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit would benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
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generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline from current habitat projected 
by 2032; habitat shift to the south edge of 
current range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 
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Garnet Range 
● Increasing fire frequency 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat should remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
introduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 



180 
 

2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the gray areas 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and gray areas 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
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2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast, 
and several experts noted that an increase in northern hardwood composition of the forest is 
already occurring. One expert provided information that suggests that balsam fir could actually 
increase in the short-term (over the next few decades), but that the long-term prognosis is not 
favorable for natural spruce-fir regeneration. Decline or loss of spruce-fir could be accelerated 
by forest disturbance (e.g., budworm outbreaks or forest management affecting large acreages 
of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners are unlikely to respond to future 
budworm outbreaks as they did in the 1970s-80s (extensive clearcuts, herbicide application). 
Experts also acknowledged concerns about the effects of the aging of past clearcuts beyond 
conditions that support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats would be expected to reduce the 
likelihood that lynx will persist in this unit. Experts also were uncertain about whether hare 
numbers would rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4°C/decade (0.8°F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0°C (3.6°F; low 
emission) to 2.9°C (5.2°F; high emission) by mid-century and 3.1°C (5.6°F; low emissions) to 
5.3°C (9.5°F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5° to 2.8°C (4.5° to 
5.0°F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, which has the potential to impact high-
elevation habitats and potential spruce-fir refugia (Publicover 2013, p. 2). 
 
Gonzalez et al. (2007, pp. 12-13 and 15-18) modeled distribution of boreal forest and future 
snow conditions under 9 different low, medium, and high emission scenarios and predicted 
reduced probablility of suitable snow (from 95 percent during 1961-1990, to 90 percent 
predicted for 2071-2100) and very minor changes in forest cover type in Maine by the end of the 
century. Although there are uncertainties about future climate warming, if projections are 
accurate, the area capable of supporting resident lynx in Maine could be expected to recede 
northward and lynx populations to decline substantially in this unit over the next 100 years 
(Vashon et al. (2012, p. 60). If future trends in increasing temperature and decreasing snow 
occur as projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, p. 
7). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) 
and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 2015, 
p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high emissions) 
from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). Similarly, 
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Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) to 47 
days of snow cover (high emissions) by the end of the century. 
 
Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
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would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
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Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high-quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high-quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high-
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
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cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
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may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
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unorganized townships, increasing the number of residences by 66 percent during this time 
period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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in this unit, but a large mining operation is being considered within designated lynx critical 
habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
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bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high-quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change will be a 
significant stressor to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 8, 12-19) predicted the persistence of boreal forest and historical 
(1961-1990) snow suitability for lynx (95 percent historical and future probability of suitable 
snow) in this unit through 2071-2100, and suggested that the SNF could provide a potential 
refugium for lynx. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall 
using downscaled climate models (Abdus Salam International Centre for Theoretical Physics 
(ICTP) Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 
as cited in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 
15) stated that climate models show an increase in lake effect snow in the eastern Great Lakes 
until 2050, with a decline later in the century, with an overall decline in the amount and duration 
of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
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130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18), with some potential loss of habitat at the southern 
portion of lynx habitat in the State but persistence of boreal forest in this geographic unit 
(Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 13) also projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than the 
area currently occupied by lynx in Minnesota. Moen presented preliminary snow modeling 
results that project snow conditions suitable for lynx could shrink significantly by 2055, be limited 
to extreme northeastern Minnesota by 2070, and could be entirely absent from the state by 
2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 2016, p. 14), 
concluded that Minnesota could lose the boreal biome completely, possibly within the next 60 to 
70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, pp. 2015-2016) 
concluded that the boreal forest of the Northern Superior Uplands (which encompass this 
geographic unit) will likely be lost by 2069 as a result of warmer summers and more frequent 
and longer droughts associated with climate change. If a refugium for lynx does persist in this 
unit in the future, it would likely only consist of the small area in Cook County (the extreme 
northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 ft) than 
the majority of the area that is now considered lynx core habitat and would, therefore, support a 
much smaller number of resident lynx than likely occur in the unit now. Although uncertainties 
remain, as elsewhere, about the timing and magnitude of future climate-driven impacts, lynx 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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populations in Minnesota are expected to recede northward and decline over the next century 
(Lynx SSA Team 2016a, pp. 37-38). 
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
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percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
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exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, northward contraction of 
boreal forest, lack of elevational refugia, potential for increased competition, disease, and insect 
outbreaks), some Core Team members were less optimistic about the future of lynx in 
Minnesota than the lynx expert panel. Depending on future emissions levels, the likelihood that 
this unit will continue to support resident lynx at the end of the century may be lower than the 35 
percent (median most likely) estimate based on expert opinion. The threat for which the lynx 
was listed, lack of specific conservation direction, associated regulations, and lynx forest 
management planning has not been addressed on private lands in Minnesota, except through 
voluntary guidance. There is some uncertainty about the future of forest management and future 
development on private forest lands in Minnesota and in adjacent lands in Ontario, although 
there are some basic voluntary management guidelines for private lands in Minnesota. Further, 
if the DPS is de-listed, there is uncertainty whether the lynx direction on Forest lands would 
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continue into the future. It is projected that habitat will diminish and recede northward over the 
mid- to longer-term because of continued climate warming. Hybridization and competition with 
bobcat also may increase with diminishing snow conditions because of continued climate 
warming, and it is uncertaint how insect outbreaks or disease may affect habitat and lynx in this 
unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to consider measures to help conserve listed species in the future. 
Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced incentive for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts) for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and reduced incentive for 
habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. Even with these prohibitions and protections, incidental 
trapping of 16 lynx has been reported in Minnesota since listing, resulting in at least 6 
mortalities. It is uncertain if lynx would become a legally trapped furbearer in Minnesota if the 
DPS was not listed (although a legal wolf hunt was reinstated after that species was delisted in 
Minnesota, so regulated trapping could also be considered for lynx if the DPS was not listed). 
Seven lynx have been illegally shot and reported or otherwise discovered since listing. Illegal 
shooting and non-reporting could increase without Federal protection. Education efforts by 
Federal and State agencies and law enforcement agents may have helped to reduce illegal 
shooting of lynx in this unit. With a diminished snow regime, populations of bobcats could 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
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northern Minnesota and trapping would be expected to occur there that could lead to greater 
incidental take of lynx. We believe that despite a closed hunting and trapping season, incidental 
take would continue and possibly increase and could become a significant stressor to a 
population of lynx that could be substantially diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. We also believe that climate change 
will be a significant stressor to lynx in this unit; slightly more so than expressed by most of the 
experts. Snow depth and duration in the area currently supporting resident lynx are projected to 
decline significantly by the end of the century, likely to the detriment of both hare and lynx 
populations. Unlike most other units, as snow condition decline there is little potential for 
elevational refugia for lynx in Minnesota except, perhaps, a small area of slightly higher 
elevation in the extreme northeastern corner of the unit. The boreal forest in this unit is already 
being replaced by northern hardwoods because of climate warming. Frequent forest cutting and 
disturbance, including a potential insect outbreak, could accelerate conversion to northern 
hardwoods. We acknowledge that the rate of boreal decline is uncertain, but note that some of 
the modeling we reviewed suggests that the spruce-fir forest type could nearly disappear from 
Minnesota by late-century under both low and high emissions scenarios. Climate models also 
portend declining snow conditions under low- and high-emissions scenarios. Because increases 
in temperature are thus far tracking high emissions scenarios, we are less optimistic for snow 
conditions that favor lynx by mid- to late-century. In the past decade, interest in development 
has increased in lynx critical habitat, especially proposals for large-scale mining developments. 
Although we expect resident lynx to persist in this unit through 2025 and 2050, we conclude that 
the stressors described above, individually and cumulatively, could diminish lynx habitat and 
numbers in this unit. If these stressors are not abated, we believe that resident lynx in this unit 
will face a slightly greater risk of extirpation by the end of the century than was predicted by lynx 
experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
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some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher likelihood of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this unit. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
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that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
 
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS could be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
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pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
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associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
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historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
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Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
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probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
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habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 
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Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
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the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high-quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest and more precipitation fell in 
the spring and summer months, especially at elevations below 1,800 m (5,900 ft). Additionally, 
Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation trend from 
1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent in the 
Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
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temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 
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5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currently occur 
in the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS could be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will likely further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high-quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing USFS plans retain their current conservation framework, USFS 
lands should continue to provide sufficient habitat for lynx through the end of the century. 
Vegetation management on the small amount of non-Federal ownerships within lynx habitat is 
unlikely to cause significant concern for lynx conservation in Colorado through the remainder of 
the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high-quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also cast doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
exploit the available habitat despite gaps between functional habitat blocks. Colorado is isolated 
from source populations in the northern part of the range relative to the other units, which likely 
increases the possibility of genetic drift in this unit. Expert elicitation revealed some uncertainty 
whether ski areas or other development may affect connectivity within the unit. However, the 
Core Team is less concerned about this particular issue because we cannot foresee the 
development of barriers that would prevent lynx from accessing available lynx habitat in the 
future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in much of the DPS range are 
naturally less abundant and more patchily-distributed than in the core of the species’ range 
(except during decadal lows in hare population cycles, when both hares and lynx occur 
temporarily in the north at densities lower than most in the range of the DPS). Maintaining 
connectivity with lynx populations in Canada is thought to be important to the persistence of 
DPS populations; however, whether, and if so to what extent, the demographic and/or genetic 
health of DPS populations relies on periodic immigration from Canadian populations remains 
uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
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current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
 

• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 
southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
conifer regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 19). 
There is no information to suggest that this unit historically supported a larger resident 
population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
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and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat27. Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and have 
likely caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There currently are many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 
lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47). Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
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Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
have already altered) the timing and magnitude of lynx dispersal from Canada into the 
contiguous United States. If lynx populations in the DPS depend on immigration from Canada 
which is no longer occurring or has been reduced substantially relative to historical conditions, 
population declines and an increased likelihood of extirpation among resident DPS populations 
would be expected. However, whether, and if so to what extent, these climate-mediated factors 
have influenced current lynx numbers, other demographic parameters, and/or habitat quality 
and distribution is uncertain and has not been quantified across the range of the DPS or in 
individual geographic units. Despite uncertainty regarding its influence over current conditions 
for lynx, climate modeling and expert opinion concur that continued climate warming will 
adversely impact lynx in the DPS at some point in the future (also see Future Conditions and 
Threats, below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
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boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
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habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 
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The loss of resident lynx populations in any geographic units would also reduce the level of 
redundancy and could diminish representation within the DPS. With regard to redundancy, 
however, we find that none of the 5 geographic units that currently support resident lynx is 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in 1 or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in 1 or more units within the DPS, extirpation of the DPS 
from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
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the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
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Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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From: White, Rollie
To: Sarah Levy
Subject: Fwd: Lynx Update - SSA and 5 YR review
Date: Friday, January 5, 2018 12:24:16 PM
Attachments: 20171113 Canada Lynx 5YR_with RD signature.pdf

2017 12 22 FINAL Lynx SSA Report.pdf
0617_001.pdf

FYI and close hold

Rollie White
Assistant Regional Director - Ecological Services
Pacific Region, USFWS
911 NE 11th Ave.
Portland, OR 97232
Office: (503) 231-6151
Cell: (503) 839-2872

Rollie_White@fws.gov

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Fri, Jan 5, 2018 at 11:57 AM
Subject: Re: Lynx Update - SSA and 5 YR review
To: Eric Rickerson <eric_rickerson@fws.gov>, Paul Henson <paul_henson@fws.gov>, Larry
Crist <Larry_Crist@fws.gov>, "Abbott, Tyler" <tyler_abbott@fws.gov>, Gregory Hughes
<greg_m_hughes@fws.gov>, Anna Harris <anna_harris@fws.gov>, Peter Fasbender
<peter_fasbender@fws.gov>, "rollie_white@fws.gov" <rollie_white@fws.gov>, Lori
Nordstrom <lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>, "DeBerry,
Drue" <drue_deberry@fws.gov>, Susan Millsap <susan_millsap@fws.gov>, Ted Koch
<ted_koch@fws.gov>, Tom Chapman <Tom_Chapman@fws.gov>, Michael Fris
<michael_fris@fws.gov>, "Thabault, Michael" <michael_thabault@fws.gov>
Cc: Bryon Holt <Bryon_Holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Tom
McDowell <Tom_McDowell@fws.gov>, Kathleen Hendricks
<kathleen_hendricks@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Mark
McCollough <Mark_McCollough@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>,
Kurt Broderdorp <Kurt_Broderdorp@fws.gov>, Gregg Kurz <Gregg_Kurz@fws.gov>,
Nathan Darnall <nathan_darnall@fws.gov>, Marjorie Nelson <Marjorie_Nelson@fws.gov>,
Justin Shoemaker <justin_shoemaker@fws.gov>, Susan Jacobsen
<susan_jacobsen@fws.gov>

Folks, we are getting close to a Public Notification on Lynx. We have revised the SSA (just
some errata that we fixed) that is now attached -as well as the 5 year review.  I have also
attached a 4f letter from the director.   Once we have an approved communications plan, I will
send that on as well.  

As we have discussed previously, these documents should NOT be shared outside of the
agency yet nor the contents or recommendation within.  ie.  please keep these a close
hold.  

As always if you have questions, feel free to give me a call.  JB
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Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Nov 17, 2017 at 2:30 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Folks.   WE ARE STILL NOT A GO TO RELEASE ANY INFORMATION OUTSIDE
OF THE USFWS but I wanted to share the final SSA and Signed 5 year Review documents
and make sure you have.  The SSA is the same version that was sent out around October 13,
2017 but we found some minor errors that we corrected.   Neither of these documents
should be shared outside of the agency yet nor the contents or recommendation
within.  ie.  please keep these a close hold.  

We are awaiting HQ review of the comm plan and Director signature on a 4(f) memo
confirming that we do not need to a recovery plan.   Once we have everything signed, the
courts notified and are ready to release to the public we will be asking you all to notify your
state partners ahead of time.  Unfortunately the notice is likely to be short.  Please stand by. 
 

ARDs, please share with any office manager that you determine should see this if I have
missed them.  As always if you have questions, please contact me.  Thank you.  JB

·         both courts involved in lynx issues (recovery and Critical
habitat) will be notified preceding the public notification on
November 3, 2017, by Solicitors. 

·         a news release and communication plan to reach out to state,
tribal and federal partners will precede the notification.

 
Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Nov 2, 2017 at 4:54 PM
Subject: Re: talking points for discussion with State
To: Eric Rickerson <eric_rickerson@fws.gov>, Paul Henson <paul_henson@fws.gov>,
Larry Crist <Larry_Crist@fws.gov>, "Abbott, Tyler" <tyler_abbott@fws.gov>, Gregory
Hughes <greg_m_hughes@fws.gov>, Anna Harris <anna_harris@fws.gov>, Peter
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Fasbender <peter_fasbender@fws.gov>, "rollie_white@fws.gov" <rollie_white@fws.gov>,
Lori Nordstrom <lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,
"DeBerry, Drue" <drue_deberry@fws.gov>, Susan Millsap <susan_millsap@fws.gov>
Cc: Bryon Holt <Bryon_Holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Tom
McDowell <Tom_McDowell@fws.gov>, Kathleen Hendricks
<kathleen_hendricks@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Mark
McCollough <Mark_McCollough@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>,
"Thabault, Michael" <michael_thabault@fws.gov>, Kurt Broderdorp
<Kurt_Broderdorp@fws.gov>, Gregg Kurz <Gregg_Kurz@fws.gov>, Nathan Darnall
<nathan_darnall@fws.gov>, Marjorie Nelson <Marjorie_Nelson@fws.gov>, Justin
Shoemaker <justin_shoemaker@fws.gov>

Folks.  You may have heard that we were trying to have the Lynx 5 year review signed by
tomorrow (Nov. 3). Unfortunately that is not going to happen. This has been delayed due to
some issues beyond our control.   

Once we have the documents (5 year review and final SSA) ready to go we will let you
know, supply a new release and communication plan and will allow planning for as much
time as we can for contact to your State, Tribal and Federal partners.  

In the meantime if you are having discussions with these same folks - you can use some of
the following for your talking points.  I would tell our partners that the document is on the
RD desk and could be signed at any time.  Feel free to give me or Jim a call if you have any
questions.  JB

·         the 5-year review will be signed by the Regional director for
the mt prairie region with concurrence from all affected regions. 
this concurrence has already been received. 

·         The SSA and 5 year Review are in response to a court
settlement agreement and decision on May 8, 2014.  At that time,
the United States District Court for the District of Montana
ordered the Service to complete recovery planning for the Canada
lynx DPS by January 15, 2018 “…unless the Service finds that
such a plan will not promote the conservation of the [lynx].  The
5-year review and SSA report responds to this order. 

·         both courts involved in lynx issues (recovery and Critical
habitat) will be notified preceding the public notification on
November 3, 2017, by Solicitors. 

·         a news release and communication plan to reach out to
state, tribal and federal partners will precede the notification.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office

mailto:peter_fasbender@fws.gov
mailto:rollie_white@fws.gov
mailto:rollie_white@fws.gov
mailto:lori_nordstrom@fws.gov
mailto:paul_phifer@fws.gov
mailto:drue_deberry@fws.gov
mailto:susan_millsap@fws.gov
mailto:Bryon_Holt@fws.gov
mailto:jim_zelenak@fws.gov
mailto:Tom_McDowell@fws.gov
mailto:kathleen_hendricks@fws.gov
mailto:jeffrey_dillon@fws.gov
mailto:Mark_McCollough@fws.gov
mailto:Tamara_Smith@fws.gov
mailto:michael_thabault@fws.gov
mailto:Kurt_Broderdorp@fws.gov
mailto:Gregg_Kurz@fws.gov
mailto:nathan_darnall@fws.gov
mailto:Marjorie_Nelson@fws.gov
mailto:justin_shoemaker@fws.gov


585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205









 
 

 
Species Status Assessment 

 
for the 

 
CANADA LYNX (Lynx canadensis) 

 
Contiguous United States Distinct Population Segment 

 

    Photo by Keith Williams 
 

Version 1.0 - Final 
October 2017 

 
 

U.S. Fish and Wildlife Service 
Regions 1, 3, 5 and 6 

 



i 
 

Recommended Citation 
 
U.S. Fish and Wildlife Service. 2017. Species Status Assessment for the Canada lynx (Lynx 

canadensis) Contiguous United States Distinct Population Segment. Version 1.0, 
October, 2017. Lakewood, Colorado. 

Credits 
This SSA report was produced by the Canada Lynx Species Status Assessment Team (Lynx 
SSA Team), which consists of a Core Team of Service biologists who work on lynx conservation 
across the DPS range and an SSA Framework Implementation Team of Service and U.S. 
Geological Survey staff who have developed and advanced the SSA framework. 
 
U.S. Fish and Wildlife Service Lynx SSA Core Team 
 
Jim Zelenak (Lead), Region 6, Montana Ecological Services Field Office: Chapters/sections - 

Executive Summary, 1, 2, 3.1, 3.4, 6, and Units 3 and 5 
Mark McCollough (Co-lead), Region 5, Maine Ecological Services Field Office: Sections - 3.2, 

3.3, 3.5, and Unit 1 
Kurt Broderdorp, Region 6, Western Colorado Ecological Services Field Office: Unit 6 
Bryon Holt, Region 1, Northern Idaho Ecological Services Field Office: Unit 4 
Tamara Smith, Region 3, Minnesota-Wisconsin Ecological Services Field Office: Unit 2 
 
All Core Team members participated in development of conceptual models and reviewed and 
provided comments/edits on other sections of the SSA report. All members also helped identify 
and contact lynx expert panelist candidates and other subject matter experts and contributed to 
expert elicitation and the report of the Expert Elicitation Workshop (see Acknowledgments). 
 
SSA Framework Implementation Team 
 
Heather Bell, USFWS Headquarters, Ecological Services, Division of Restoration and Recovery 
Mary Parkin, USFWS Region 5, Endangered Species Recovery Coordinator 
Justin Shoemaker, USFWS Region 6, Classification and Recovery Biologist 
Jonathan Cummings, USGS - Patuxent Wildlife Research Center, Research Ecologist 
 
The Framework Implementation Team (FIT) developed and facilitated the expert elicitation 
process. J. Cummings compiled, analyzed, graphed, and summarized the information 
generated via expert elicitation and created, with Core and FIT input, conceptual models 
presented in section 1.3. All FIT members contributed to the Executive Summary and sections 
1.2 and 1.3, and all provided technical review and editing of other parts of the report. 
 
Administrative and Technical Support: Marigaye Bissell, Barbara Chavez, Kaimy Marks, and 
Karen Newlon, Montana Ecological Services Field Office. 



ii 
 

Acknowledgments 
This report relies heavily on the input and professional opinions provided by a panel of 10 
recognized lynx experts and captured during a formal Expert Elicitation Workshop held in 
Bloomington, Minnesota, October 13-15, 2015. Several other recognized lynx experts from 
Canada and the contiguous United States were invited but unable to participate. The workshop 
also was supported by and benefitted from the participation and presentations of other 
recognized experts in the fields of snowshoe hare ecology, lynx genetics, forest ecology, climate 
change modeling, and Federal lynx habitat management. 
 
Canada Lynx Expert Panel Members (alphabetically) 
 
Jeff Bowman, Ontario Ministry of Natural Resources and Forestry, University of Trent, Ontario 
Susan Catton, USDA Forest Service - Superior National Forest, Duluth, MN 
Jake Ivan, Colorado Parks and Wildlife, Department of Natural Resources, Fort Collins, CO 
Jay Kolbe, Montana Department of Fish, Wildlife and Parks, White Sulphur Springs, MT 
Benjamin Maletzke, Washington Department of Fish and Wildlife, Olympia, WA 
Kevin McKelvey, USDA Forest Service - Rocky Mountain Research Station, Missoula, MT 
Ron Moen, University of Minnesota, Natural Resources Research Institute, Duluth, MN 
Erin Simons-Legaard, University of Maine, School of Forest Resources, Orono, ME 
John Squires, USDA Forest Service - Rocky Mountain Research Station, Missoula, MT 
Jennifer Vashon, Maine Department of Inland Fisheries and Wildlife, Bangor, ME 
 
Canada Lynx Expert Elicitation Workshop Presenters (alphabetically) 
 
Lee Frelich, University of Minnesota Center for Forest Ecology, St. Paul, MN 
Karen Hodges, University of British Columbia–Okanagan, Kelowna, BC Canada 
Scott Jackson, USDA Forest Service - National Carnivore Program Leader, Missoula, MT 
Josh Lawler, University of Washington School of Environmental & Forest Sciences, Seattle, WA 
Michael Schwartz, USDA Forest Service - National Genomics Center for Wildlife & Fish 

Conservation, Missoula, MT 
Alexej Siren, DOI Northeast Climate Science Center, University of Massachusetts, Amherst, MA 
Chad Wilsey, National Audubon Society, San Francisco, CA 
 
The Canada Lynx Expert Elicitation Workshop Report can be found here: 
 
https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx
%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf 
 
Report appendices, expert presentations, and other supporting materials can be found under 
the “Species Status Assessment (SSA)” tab at: 
 
https://www.fws.gov/mountain-prairie/es/canadaLynx.php 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/2016%2004%2018%20FINAL%20Lynx%20SSA%20EE%20Workshop%20Report%202%20jzeds.pdf
https://www.fws.gov/mountain-prairie/es/canadaLynx.php


iii 
 

 
This report also relies heavily on the Interagency Lynx Biology Team’s Canada Lynx 
Conservation Assessment and Strategy, 3rd Edition, August 2013: 
 
Interagency Lynx Biology Team. 2013. Canada lynx conservation assessment and strategy. 3rd 

edition. USDA Forest Service, USDI Fish and Wildlife Service, USDI Bureau of Land 
Management, and USDI National Park Service. Forest Service Publication R1-13-19, 
Missoula, MT. 128 pp. 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf. 

 
All Lynx SSA Core Team members participated in development and review of the revised 
LCAS.  

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf


iv 
 

Table of Contents 
Credits ......................................................................................................................................... i 

Acknowledgments ....................................................................................................................... ii 

Table of Contents ....................................................................................................................... iv 

Executive Summary ................................................................................................................... 1 

Chapter 1: Introduction ..............................................................................................................11 

1.1 Background .....................................................................................................................11 

1.2 SSA Framework and Report ............................................................................................14 

1.3 Analytical Approach and Methods ...................................................................................16 

1.4 Uncertainties and Assumptions .......................................................................................21 

Chapter 2: Lynx Ecology ...........................................................................................................23 

2.1 Species Taxonomy, Description, and Genetics ................................................................23 

2.2 Life History and Population Dynamics .............................................................................26 

2.2.1 Ecological Requirements of Individuals .....................................................................32 

2.2.2 Ecological Requirements of Populations and the DPS ..............................................36 

2.3 Historical and Current Lynx Distribution ...........................................................................38 

2.3.1 Lynx Distribution and Status in Canada and Alaska ..................................................38 

2.3.2 Lynx Distribution in the Contiguous United States .....................................................39 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range ....................................39 

2.3.2.2 Lynx Distribution within the DPS Range ..............................................................42 

Chapter 3: Factors Influencing Viability of the DPS ...................................................................51 

3.1 Regulatory Mechanisms ..................................................................................................52 

3.1.1 Federal Regulatory Mechanisms ...............................................................................52 

3.1.2 State Regulations and Tribal Management................................................................58 

3.2 Climate Change ...............................................................................................................66 

3.3 Vegetation Management ..................................................................................................83 

3.4 Wildland Fire Management ..............................................................................................92 

3.5 Habitat Loss and Fragmentation ......................................................................................96 

Chapter 4: Current Conditions ................................................................................................. 105 

4.1 Summary of Current Conditions DPS-wide .................................................................... 106 

4.1.1 Summaries of Current Conditions in Each Geographic Unit .................................... 108 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit ..................................... 113 



v 
 

4.2.1 Unit 1 - Northern Maine ........................................................................................... 113 

4.2.2 Unit 2 - Northeastern Minnesota .............................................................................. 128 

4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho ................................................ 133 

4.2.4 Unit 4 - North-central Washington ........................................................................... 147 

4.2.5 Unit 5 - Greater Yellowstone Area ........................................................................... 153 

4.2.6 Unit 6 - Western Colorado ....................................................................................... 161 

Chapter 5: Future Conditions .................................................................................................. 166 

5.1 Summary of Future Conditions DPS-wide ...................................................................... 169 

5.1.1 Summaries of Future Conditions in Each Geographic Unit ...................................... 173 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit ....................................... 180 

5.2.1 Unit 1 - Northern Maine ........................................................................................... 180 

5.2.2 Unit 2 - Northeastern Minnesota .............................................................................. 195 

5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho ................................................ 204 

5.2.4 Unit 4 - North-central Washington ........................................................................... 212 

5.2.5 Unit 5 - Greater Yellowstone Area ........................................................................... 217 

5.2.6 Unit 6 - Western Colorado ....................................................................................... 223 

Chapter 6: Synthesis ............................................................................................................... 228 

Literature Cited ....................................................................................................................... 238 

 
FIGURES 

Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). ............................................................. 2 

Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a given 
number of geographic units over time (at years 2015 [current at time of expert elicitation], 2025, 
2050, and 2100) based on experts’ predictions for individual geographic units. Experts’ “most 
likely” probabilities are summarized in the middle column; their highest (“better case”) and 
lowest (“worse case”) probabilities, representing uncertainty in their predictions, are summarized 
in the left and right columns, respectively. See section 5.1 for additional details on graph 
construction and interpretation. .................................................................................................. 6 

Figure 3. SSA Framework stages..............................................................................................15 

Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. .....................................................................................................................................16 

Figure 5. Conceptual model of factors thought to influence redundancy within the lynx DPS. ...17 

file://ifw6hel-svr/userdata/jzelenak/Lynx%20subset/Final%20SSA/2017%2012%2007%20FINAL%20Lynx%20SSA%20Report%20-%20Errata%20-%20CLEAN.docx#_Toc500424480


vi 
 

Figure 6. Conceptual model of factors thought to influence representation within the lynx DPS.
 .................................................................................................................................................18 

Figure 7. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. .........................................................................................................................19 

Figure 8. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. .......................................................26 

Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in figure 9 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom, the 
grids show the probabilities by time period (2015 [current at time of expert elicitation], 2025, 
2050, and 2100). Moving from left to right the grids show the range of expert responses by 
summary selection type and probability response. Therefore, looking down a column of grids 
provides a view of the trend in persistence through time and looking across a row of grids 
provides a view of the range of uncertainty in expert projections of persistence for a given time 
period. ..................................................................................................................................... 170 

Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100). ..................... 182 

Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). ........ 196 

Figure 12. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). ............................................................................................................................... 206 

Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). ..................................................................................................................................... 214 

Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). ..................................................................................................................................... 218 

Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. ........................................................................... 224 

 

 



ii 
 

TABLES 

Table 1. Summary of expert opinion regarding the likelihood that individual geographic units will 
continue to support resident lynx populations in the future1. ....................................................... 5 

Table 2. Lynx SSA Unit Sizes and Percent Ownership. .............................................................14 

Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States. 34 

Table 4. Summary of current conditions in 6 geographic units within the DPS range1. ............ 113 

Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting evidence and 
uncertainties. .......................................................................................................................... 178 



1 
 

Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U.S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 



7 
 

listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2010, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions 
(e.g., Peers et al. 2012, pp. 4-9). It is generally restricted to areas that receive deep and 
persistent unconsolidated (“fluffy”) snow, which is thought to allow lynx, with their 
proportionately longer limbs and very large feet, to outcompete other terrestrial hare predators 
that are less efficient in such conditions (McCord and Cardoza 1982, pp. 748-749; Quinn and 
Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et al. 2000b, pp. 400-401; 
Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 2005, p. 744-749; Carroll 
2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (Univ. of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html


16 
 

1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 



20 
 

 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in southern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 95% fixed kernel; 
5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 



36 
 

lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
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what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
In the core of the species’ range in the southern Yukon, Slough and Mowat (1996, p. 952, table 
4) calculated a lynx population growth rate (lambda, λ) = 2.03 (annual doubling) during the 4-
year increase-to-peak phase of the hare cycle. This period of rapid growth was followed by a 
rate of λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid 
decline) during the first 2 years of the lynx population decline when hares were scarce. 
However, the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated lynx populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS and some 
southern Canadian populations; Murray 2000, pp. 1210-1215; Murray 2003, pp 152-155), 
versus those that would signal long-term population decline or instability is unknown. Despite 
this, and the limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) 
calculated population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley 
Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell 
Mountains (increasing trend, 2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate 
of growth of 0.05 (λ = 1.05) for Maine’s lynx population based on demographic data from a 
radiotelemetry study collected over a 12-year period (Vashon et al. 2012, Appendix VI). Neither 
the Montana nor Maine estimates incorporated rates of immigration/emigration (i.e., both 
assumed immigration and emigration rates of zero, which is very unlikely and contradicted by 
historical and recent evidence of lynx dispersal in both directions across the Canada-Unites 
States border across the DPS range). Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
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concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada are believed to be important to the persistence of lynx populations in the DPS 
(McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 
2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; Univ. of 
Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the expansive, 
continuous boreal forests of those areas, and its range largely overlaps that of its primary prey, 
the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 146; Mowat et 
al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to occupy about 
5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their historical range in that 
country (Environment Canada 2014, p. 2), and over 89 percent of the species’ entire 
distribution. Nationally in Canada, lynx are classified as secure, widespread, and abundant; they 
are managed for long-term population stability, with a conservative estimate of 110,000 
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individuals during cyclic lows; and no acute, widespread threats to lynx have been identified 
(Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest (Univ. 
of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. comm.), which 
represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska are apparently 
secure, with low to moderate threats, and populations appear stable statewide, although total 
abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 



40 
 

Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarily into areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
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and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat (Peers et al. 2012, pp. 4-5). The 
2 species are difficult to distinguish in the field, they often were not reliably differentiated in 
historical trapping records (McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of 
lynx distribution based on anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 
3-8; Meaney 2002, pp. 3-5, Hoving et al. 2003, pp. 366-367). Because of the large effect that 
relatively few errors in identification can have on assessments of the distribution of rare animals, 
McKelvey et al. (2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should 
be interpreted with caution, and only verified occurrence data should be used to assess 
historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because the lynx is a habitat and prey specialist, its densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist (Peers et al. 
2012, pp. 4-9). 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449; Peers et al. 2012, pp. 4-9) because they are morphologically and physiologically well-
adapted for hunting snowshoe hares and surviving in areas that have cold winters with deep 
and persistent unconsolidated snow (Murray and Boutin 1991, p. 463). Long-term snow 
conditions also presumably limit the winter distribution of potential lynx competitors and 
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predators (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, p. 123; Peers et al. 2012, entire; also 
see section 2.2 above), although behavioral adaptations may offset morphological differences to 
some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a comprenhensive, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
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In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontario than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire) indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
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(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecedentedly large irruptions of lynx from Canada into the 
northern contiguous United States, when dispersing/transient lynx occurred temporarily in many 
places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoming Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 

                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 
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efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
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In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 



49 
 

be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of a long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
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range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
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In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
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influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
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recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
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consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
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Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2014, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
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plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
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promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
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3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 2). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
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enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specification of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (65 FR 16077; Moen in Lynx SSA Team 2016a, p. 19). Overlapping the 
Northeastern Minnesota SSA unit, the Minnesota Department of Natural Resources (MNDNR) 
has identified a specific “Lynx Management Zone” (LMZ) for which it has promulgated and 
enforces special trapping regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). 
The MNDNR has modified trapping regulations within the LMZ to minimize the incidental take of 
lynx during the legal trapping of other furbearers. The regulations address specific trap types 
and sets, prohibit the use of certain baits and visual attractants, and require reporting of any 
incidentally trapped lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-
55). The MNDNR also distributed to trappers the interagency brochure How to Avoid Incidental 
Take of Lynx while Trapping or Hunting Bobcats and other Furbearers. In response to a Federal 
court order, MDNR developed an incidental take plan designed to minimize the potential for lynx 
to be incidentally trapped during other legal furbearer trapping; the plan is currently under 
review by the Service. Like Maine, Minnesota has a State Endangered Species Statute 
(84.0895) which requires the MNDNR to adopt rules designating species meeting the statutory 
definitions of endangered, threatened, or species of special concern (State of Minnesota 2016, 
entire). The Statute also authorizes the MNDNR to adopt rules that regulate treatment of 
species designated as endangered and threatened. Also like Maine, however, Minnesota has 
not designated lynx as threatened or endangered under the statute. Instead it has designated 
the lynx a species of special concern, a designation for species that are extremely uncommon, 
have unique or highly specific habitat requirements, or occur on the periphery of their range in 
Minnesota and, therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the 
MNDNR coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 



61 
 

(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 

                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/


62 
 

trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s to early 2000s, when 20-25 percent of the forest in Maine 
was in an early regeneration stage. The amount of young, regenerating forest at that time was 3 
to 8 times higher than typical historical conditions under the natural disturbance regime, when 
only 3 to 7 percent of stands were likely in such condition at any given time (68 FR 40094). 
Current timber harvest and management on State and private lands in Maine are governed by 
the Maine Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
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percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
                                                
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
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with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61°C (1.1°F; range = -0.53° to +2.50°C [-
0.95° to +4.5°F]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
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emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Hartmann et al. 2013, p. 180, 187-189; Peters et al. 2013, entire; Friedlingstein 
et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851). Analysis of paleoclimate data indicates 20th 
century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4° - 2.6°C 
(0.7° - 4.7°F) by mid-century and 0.3° - 4.8°C (0.5° - 8.6°F) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5°C (2.7°F), a 76 percent probability of increasing 
2° - 4.5°C (3.6° - 8°F), and a 14 percent probability of exceeding 4.5°C (8°F). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
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predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western United States that has remained relatively stable for 
the past 3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more 
contiguous areas of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
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consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Joos et al. 2001, entire; Lucht et al. 2006, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
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migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
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Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
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106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
United States and Canada and by 46-84 percent in the contiguous United States by the end of 
the century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
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rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species (Peers et al. 2012, pp. 4-9). Because of their higher 
foot-loading, bobcats likely hunt less efficiently than lynx in deep, unconsolidated snows (Hoving 
et al. 2005, entire; Krohn et al. 2005, pp. 122-129), which appear to limit bobcat mobility and 
distribution (Litvaitis et al. 1986, p. 116). Considering recent and projected future changes in 
snow conditions described above, stable or increasing bobcat populations in the DPS range 
(Roberts and Crimmins 2010, p. 170), and the predicted northward expansion of bobcats into 
areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 
873-874; Roberts and Crimmins 2010, p. 172), lynx may experience increased competition and 
displacement by bobcats, which could influence lynx distribution and persistence at the southern 
edge of their range (in all DPS geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
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Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
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2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. Conversely, in dry western forests, increased precipitation may result in 
more herbaceous forage and cover, which may promote hare survival and reproduction (Ivan et 
al. 2014, p. 590). Thus, climate change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
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Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
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and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
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these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and more northern 
populations in Canada depends on an ice bridge for dispersal across the St. Lawrence River. 
Although some lynx currently cross the river, Koen et al. (2014a, entire) found genetic 
structuring on either side of the river. Thus, the river already restricts gene flow. Climate-
induced deteriorating ice conditions on the St. Lawrence River could further restrict gene flow 
between lynx populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 
and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the 
Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, reduced ice on the St. 
Lawrence may prevent bobcats from dispersing northward into lynx areas in central Quebec 
(Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 
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(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
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insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough 1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
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connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
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provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
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● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
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the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Although management of State and Federal forest lands has been relatively stable in recent 
decades, management and ownership of private forest lands have been comparatively unstable. 
This has resulted in substantial shifts in forest management strategies, outcomes, and products. 
For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is on 
private land, about 96,315 km2 (37,187 mi2; 80 percent) of commercial timber lands in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and their 
management objectives differ from traditional commercial timber operations, resulting in 
changes to traditional harvest practices. Whereas the previous large commercial timber 
landowners focused on the forest land base as a supply for their manufacturing facilities, the 
new Timber Investment Management Organizations (TIMOs) and Real Estate Investment Trusts 
(REITs) focus on maximizing return on their investment (Jin and Sader 2006, p. 178). Initially, 
the effects of ownership changes were uncertain (McWilliams et al. 2005), but an evaluation of 
harvesting in the last decade indicates these landowners increased harvest rates, shortened 
rotation times, and shifted to managing and harvesting hardwood tree species (Jin and Sader 
2006, p. 183-185). On one hand, these trends in private lands management in Maine may make 
lynx conservation more difficult to achieve because short-term landowners may be less 
interested in long-term commitments. On the other hand, some easement owners may have an 
incentive to manage for lynx to meet forest certification requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
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species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
with continued climate warming, total United States timber inventories will increase, timber 
harvest will increase, and product prices will decrease relative to an assumed stable climate. 
Some models predict that consumers will gain from climate change while landowners in some 
regions will lose. The forest industry will likely adapt to climate change in many ways including 
using alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
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removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
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patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Abele et al. (2013, entire) also found that precommercial thinning reduced hare abundance in 
western Oregon but did not affect individual hare survival or activity patterns. Because of 
documented adverse effects of precommercial thinning to snowshoe hares and lynx, in 2007 
and 2008 the USFS amended Forest Plans to incorporate management that would conserve 
lynx, including direction that prohibited precommercial thinning in most lynx foraging habitat 
(USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial thinning 
is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands in 
Maine supported about 50 percent of the hare densities observed in regenerating clearcuts 
(Robinson 2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
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Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, Univ. Maine, pers. comm. and unpubl. data; Harrison et 
al. 2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Univ. Maine, pers. comm.). As 
much as 30 to 40 percent of the advanced regeneration may be damaged from repeated entries 
by machinery to remove the overstory (R. Seymour, Univ.Maine, pers. comm.). Finally, because 
subsequent overstory removal occurs about 15 years after the initial entry, some of the dense 
understory is damaged just as the stand develops conditions to support higher hare densities. 
The damage to the understory not only reduces the quality of the habitat for hares, but also cuts 
short the duration that the stand produces high-quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
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Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). Fragmentation of the already naturally patchy pattern of lynx habitat in 
much of the contiguous United States can affect lynx by reducing their prey base and increasing 
the energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified 
direct effects of fragmentation on lynx to include creation of openings that potentially increase 
access by competing carnivores, increasing the edge between early-successional habitat and 
other habitats, and changes in the structural complexities and amounts of seral forests within 
the landscape. At some point, landscape-scale fragmentation from forest management can 
make patches of foraging habitat too small and too distant from each other to be effectively 
accessed by lynx as part of their home range. For example, in Maine the proliferation of partial 
harvesting will actually increase the patches of high-quality hare habitat by 57 percent, but the 
average size of patches will be diminished by 87 percent, and patches will become more 
isolated (Simons-Legaard et al. 2016, pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events (Kilgore and 
Heinselman 1990; Veblen et al. 1994; Heinselman 1996; Agee 2000; Seymour et al. 2002; 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
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contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
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Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
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indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
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and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4, large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
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favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
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other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
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rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
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fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
 



101 
 

Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
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528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
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Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
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habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
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Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 
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4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 2 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
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has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
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the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic area to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
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(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
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connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
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trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4). Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
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ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
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lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 100% 83% (Purcells);            

61% (Seeley Lake) 100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares) 3.3 2.95 (Purcells);            

2.24 (Seeley Lake) 2.25 (2 females) 3.0 (1 female, 2 
years) 2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00 0.85 (Purcells);            

0.75 (Seeley Lake) 0.86 Few data
0.93 (in Core Release 

Area [CRA]);                   
0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08
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occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
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unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
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1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris including blowdown, deadfalls, 
and root wads. In northern Maine, nearly half (12 of 26) of natal dens occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on commercial 
forest lands reinforces the importance of dense regenerating conifer forest along with a 
component of mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495; 
Simons 2009, pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 
573) found the probability of lynx occurrence was > 50 percent where landscape hare densities 
were > 0.74 hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx 
maintained home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). Based on these observations, Simons-Legaard et al. 
(2013, pp. 574-576) recommended maintaining landscape hare densities of > 0.5 hares/ha (0.2 
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hares/ac) and a minimum of 27 percent high-quality hare habitat within 100-km2 areas to 
conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, high-
quality lynx foraging habitat in northern Maine was probably typically much less abundant and 
less broadly-distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, 
insect outbreaks) are rare (intervals of several hundred to several thousand years) and highly 
variable in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce 
budworm, spruce beetle, beech bark disease, and sugar maple defoliators have been important 
influences affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The 
frequency and intensity of spruce budworm outbreaks, the most likely insect to affect lynx 
habitat, have been highly variable in Maine and eastern Canada in recent centuries (Blais 1983, 
entire). Although, high-elevation boreal forests often exhibit dense, regenerating conifer 
(resulting from a wind-throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare 
densities are believed to be low in these areas (Siren et al. 2015, entire). In this geographic 
area, wildfire is less significant as a natural agent of disturbance. The typical fire regime is 
infrequent surface fires in the dormant season in the hardwood forests, and slightly more 
frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; Seymour 
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et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several decades, early 
successional forests and lynx habitat in northern Maine, New Brunswick, and southern Quebec 
have been created almost exclusively by forest management (Lorimer and White 2003, pp. 42-
43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (about half of the Northern Maine 
geographic unit), Simons-Legaard (2016, p. 9-10) estimated that 3,845 km2 (1,485 mi2; nearly 
27 percent) of the forested landscape was comprised of spruce-fir in a young, regenerating 
stand condition that provide high-quality hare habitat. This habitat is similar to, and contiguous 
with, forested areas in Quebec and New Brunswick that support lynx (Hoving et al. 2005, pp. 
740-741). The current range of lynx in this unit is associated with areas of deep snowfall, 
extensive forested landscapes, and areas having a high proportion of regenerating conifer-
dominated forest that had previously been clearcut and treated with herbicides to suppress 
hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of higher (1995-2005) and lower (2006 to present) densities (Scott 2009, 
pp. 1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several 
estimates of hare densities in the highest-quality regenerating conifer or mixed forest averaged 
1.9 to 2.1 hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 
2006, hare densities declined by about half in all stand types and have remained at these lower 
levels (Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were 
observed in the Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 
1990, hare densities in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 
hares/ac) at low and high elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. 
(2015) reported lower densities in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) 
that are unlikely to support lynx persistence in both montane and lowland spruce-fir. Densities in 
high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha (0.08 to 
0.11 hares/ac), also unlikely to support lynx persistence. Comparable hare density data are not 
available for Vermont. 
 
Currently, the amount and distribution of high-quality habitat are likely at historically high levels, 
but this habitat has peaked and high-quality lynx habitat is projected to decline in the near future 
(Simons-Legaard et al. 2016, pp. 140-163, 202-218). In response to the widespread clearcutting 
in the 1970s and 1980s, Maine passed the Forest Practices Act in 1989, which regulated 
clearcutting. Since then, various forms of partial harvesting have replaced clearcutting as the 
predominant form of forest management in northern Maine. Partially harvested stands (e.g., 
selection harvest, shelterwood harvest, overstory removal) have a wide range of residual stand 
conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006, p. 29). On average, partially harvested stands support 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006, p. 
26-27). Over 95 percent of cutting that occurs now in northern Maine is partial harvesting 
compared to 59 percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-
Legaard et al. 2013). This new cutting regime results in lower landscape densities of snowshoe 
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hares (Fuller 1999; Homyack 2003; Robinson 2006; Scott 2009). Another consequence of 
partial harvesting is that a much greater acreage needs to be cut annually to attain similar 
harvest volume (as compared to clearcutting). Annual harvest rates have increased from about 
40,000 ha (100,000 acres) per year (before the Forest Practices Act) to over 200,000 ha 
(500,000 acres) per year (after the Act). Thus, 28 years after the Maine Forest Practices Act, 
much of the forested landscape in northern Maine has been partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects rarely exists. 
Furthermore, there continues to be high turnover in forest land ownership (Hagan et al. 2005; 
Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work with private 
landowners. As of 2005, there were 23 landowners in northern Maine with land holdings in 
excess of 40,000 ha (100,000 ac) including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), 2 tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
was 1 of several pilot States to receive funding through its Natural Resources Conservation 
Service (NRCS) State office. Based on a successful pilot program, in 2008, the HFRP was 
reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the Federal 
Register (75 FR 6539) amending regulations for the HFRP based on provisions amended by the 
bill. In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time 4 private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
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Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, after which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
When the DPS was listed, lynx were known to be present in northern Maine but little was known 
about their distribution, population size and trend, snowshoe hare populations, and relationships 
to forest management. Since then, research from the MDIFW (Vashon et al. 2008a, entire; 
2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, entire; Hoving 
et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; Homyack et al. 2007, 
entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and 
Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) 
have greatly increased our knowledge. Snow track surveys and confirmed occurrence records 
document that lynx occur throughout northern Maine and in small, isolated pockets in western 
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and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and small numbers of lynx have also 
been documented recently in northern New Hampshire (Siren 2014b, pp. 7-16), and Vermont 
(Bernier 2015, entire). Population size and trend are still uncertain in northern Maine, and 
persistence in New Hampshire and Vermont remain questionable. 
 
This geographic unit is part of a larger, contiguous lynx population that extends into northern 
New Brunswick and the Gaspe region of southern Quebec. Extensive areas of contiguous 
forestland in this region provide high connectivity between populations in Maine and Canada. 
Lynx populations in adjacent southern Quebec may exhibit cyclic populations (Ray et al. 2002, 
entire), but obvious immigration of large numbers of lynx into Maine associated with hare cycles 
(if they occur) has not been documented (Hoving et al. 2003, pp. 373-374). Although potential 
lynx habitat in New Hampshire and Vermont is fragmented, there is near contiguous forest and 
connectivity for lynx movement between these areas and habitats in northern Maine (Farrell 
2013, pers. comm.; 79 FR 54821). Areas of recent lynx breeding in New Hampshire and 
Vermont are not directly connected to Canadian populations, but they are connected to the 
larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals apparently cross the river on the ice each generation to prevent genetic drift of this 
population (Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
When the DPS was listed, the Northern Maine Unit was not believed to contribute significantly to 
its persistence. However, we now believe that the extensive young, regenerating spruce-fir 
habitat created by large-scale clearcutting in the 1970s and 1980s may currently support the 
largest lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx 
SSA Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area 
of high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the geographic unit) in northern Maine could potentially support a population of 236 to 355 
adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) estimated the potential for a 
population of 750 to 1,000 adult lynx in all of northern Maine in 2006. The actual number of lynx, 
however, is unknown because there are no methods available to count individuals over such a 
large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-2005; 
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Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 3 and 
4). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality lynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42° - 0.46°C/decade (0.76° - 0.83 °F/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7° - 7.8°C (12° - 14°F) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, records of lynx occurrence are 
correlated with areas that regularly have at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). Snow cover days in northern New England (1965-2005) 
ranged from 60-121 days and declined an average of 3.6 days/decade from 1965-2005 
(Burakowski et al. 2008). Snow duration declined by 16 days in the Northeast from 1970 to 2001 
(Wake 2005) and is expected to diminish another 2 weeks in Maine by mid-century (Fernandez 
et al. 2015). Thus, average conditions in Maine are currently at or below the snow cover 
duration correlated with historical lynx occurrence records. Similarly, the largest decreases in 
snow depth observed in Canada in the last 6 decades have occurred in the lower St. Lawrence 
Valley, immediately north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the northeastern United States and eastern Canada occur where average annual 
snowfall typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the 
distribution of lynx (to the north) and bobcat (to the south) in this region (Hoving et al. 2005; 
Carroll 2007; Peers et al. 2013). Average annual snow depth at all 5 NOAA weather stations 
within the range of the lynx in northern Maine (1981-2010) was below this threshold and ranged 
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from 228-263 cm (90-104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites 
in and near Maine experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow 
depth in New England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; 
Burakowski et al. 2008). Thus, average annual snowfall in Maine is currently at or below depths 
associated historically with lynx presence, and further declines could reduce the likelihood that 
resident lynx will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high-
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-marked in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, and such development could impact high- and low-elevation spruce-fir habitats 
(Whitman et al. 2013). Maine has experienced a rapid increase in wind energy development16, 
and there is increased interest in placing developments on private lands in unpopulated areas in 
northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing 
source of income for investment companies and other landowners who own forestland in the 
northern Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and 
western Maine and 5 projects are in operation; 2 have been proposed in northern New 
Hampshire and 2 are in operation; and 3 have been proposed for northeast Vermont and 2 are 
in operation or under construction. Maine’s 2 largest wind projects (combined over 250 turbines 
covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. 
Although impacts of wind energy projects on lynx, hares, and their habitats have not been 
demonstrated, potential effects include loss and fragmentation of habitat from turbines, roads, 
and transmission lines, and disturbance or displacement of resident lynx. Road construction 
could further fragment habitat and increase access, potentially increasing vehicle collisions with 
lynx and other sources of mortality, including incidental trapping or illegal shooting (also see 
5.2.1). 
 

                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned primarily by about a dozen large, commercial timber interests, 
but land ownership patterns have changed dramatically in the last 15 years (Ippoliti and 
Nadeau-Drillen 2006). Large tracts of land have been sold, lumber and pulp mills shut down, 
and much of the area has been sold to investment-oriented owners. Some of these new 
landowners are seeking diversified financial returns on their investment, including developing 
residential housing, second homes, and resorts. At various times in the past, 2 large residential 
and resort areas have been proposed on forestlands within designated lynx critical habitat in 
this unit. Both projects, if eventually built as previously-planned, could result in the development 
of several thousand acres of potential lynx habitat, but would be mitigated by substantial 
(100,000s of acres) conservation easements on surrounding forestland. Also, a private 
landowner recently purchased and donated 354 km2 (137 mi2) within designated lynx critical 
habitat that was subsequently designated as the Katahdin Woods and Waters National 
Monument. This area currently has a legacy of young regenerating spruce-fir habitat from 
previous commercial timber harvest, but its new monument designation will limit future forest 
management activities (timber harvest or other vegetation management) that could benefit lynx. 
In addition, the Nature Conservancy continues forest management on about half of its 750-km2 
(290-mi2) ownership in this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high-quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
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Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; transition from spruce-fir to northern hardwood forests; 
potential increased competition from bobcats and fishers; and increased future isolation of lynx 
in this unit and southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 2). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge, and that lynx beds (resting and hunting) and 
kill sites were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) 
found snowshoe hare densities were highest in regenerating forests. Female lynx selected large 
woody debris and dense horizontal cover in lowland conifer cover for denning in northern 
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Minnesota (Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns 
were present (Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during declines in hare abundance by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. In northeastern Minnesota, edge habitats and regenerating conifer stands appeared to 
be important for snowshoe hare populations (Burdett 2008, p. 58; McCann 2006, p. 45), as were 
dense habitats containing balsam fir, white spruce, and cedar (Fuller and Heisey 1986, p. 263). 
Recent research indicates that the red squirrel is not an important prey species for lynx in 
northeastern Minnesota (Burdett 2008, p. 62; Hanson and Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Plan includes many objectives, 
standards, and guidelines for the protection of lynx and enhancement of lynx habitat (USFS 
2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et al. 
2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  When the DPS was listed, it was uncertain whether a resident lynx population 
occurred in Minnesota. However, we now know that a reproducing resident population has 
persisted in Unit 2 since the DPS was listed. Moen et al. (2008b, p. 30) estimated a likely 
maximum (all available habitat occupied) number of 190-250 resident lynx in this unit, and Moen 
(in Lynx SSA Team 2016a, p. 39) recently suggested that the resident population likely 
fluctuates from about 50 to 200 lynx. A more precise estimate of resident population size is not 
available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, females 
tended to move 100-200 km (62-124 mi) and did not return to their original home ranges in 
Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario and 
Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
hybrids (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
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Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
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2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
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(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land. This includes (in addition to Glacier National Park) 
the 6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests; the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest; 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest; and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 
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incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distriubtution, it is very unlikely that this unit and surrounding areas 
were ever (recently or historically) capable of supporting 1,000 resident lynx. As described 
above, habitats capable of supporting resident lynx in this unit are (and also were historically) 
naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of 
resident lynx remains uncertain, this unit has a long and continuous history of lynx occurrence 
and evidence of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, 
pp. 346-348; Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 
16058; 68 FR 40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale 
genetic sub-structuring among lynx subpopulations in the southern (Garnet Mountains), central 
(Seeley Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction 
among lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires 
in Lynx SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a 
larger population in southwestern Alberta and southeastern British Columbia, but the extent to 
which lynx persistence in this area may rely on immigration from Canada is unknown, and there 
is no indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown. On February 2, 2016, a single lynx was detected via snow-track survey and 
verified via DNA analysis in the Garnet Range in the area previously occupied by resident lynx, 
demonstrating that natural recolonization of this area by dispersing lynx is possible. However, 
this recent record appears to have been of a dispersing/transient individual because subsequent 
surveys have not revealed additional detections of that lynx or any other lynx in the area, and 
there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 
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area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. Genetic analyses and snow 
and camera surveys have verified continued reproduction and recruitment among lynx 
populations in this unit and also suggest some immigration may be occurring. The recent 
apparent absence of resident lynx in Garnet Mountains may indicate extirpation of a small 
resident population and a contraction in lynx distribution in the southern part of the unit, or it 
may reflect natural source-sink dynamics of a naturally ephemeral peripheral population in a 
mainland-island metapopulation structure. Lynx are rarely detected on surveys on other national 
forests (or parts of those above) that are outside but adjacent to this geographic unit (Patton 
2006, entire; USFS 2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features 
and/or landscape-level hare densities necessary to support resident lynx populations (79 FR 
54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
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Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
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Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
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about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 

                                                
19 https://inciweb.nwcg.gov/state/27/0/ 



147 
 

Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 

                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 

https://inciweb.nwcg.gov/incident/5409/
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As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons for lynx in Washington were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
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As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynx habitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 
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stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of Federal regulatory mechanisms) has largely 
been addressed through the development of the LCAS, and CA between the USFS and 
Service, which commits the USFS, specifically for Washington the OWNF and CNF, to use the 
LCAS in the management of lynx habitat on National Forest System lands and when designing 
and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades within the Okanogan LMZ. In 1996, the WADNR 
developed and implemented a Lynx Habitat Management Plan (1996 Lynx Plan) in response to 
listing of the lynx as a State threatened species by Washington State (WADNR 1996, entire). 
After the DPS was Federally listed as threatened, the WADNR in 2006 modified its Lynx Habitat 
Management Plan to incorporate new science and management standards and guidelines to 
avoid the incidental take of lynx in accordance with the ESA (WADNR 2006, entire). These 
standards and guidelines address maintenance of lynx denning and foraging habitat, as well as 
habitat connectivity within and between LAUs and lynx populations within Washington (i.e., 
LMZs) and Canada. 
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For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the  
2014 final revised critical habitat designation, we determined that the benefits of excluding lands 
managed in accordance with the WADNR 2006 Lynx Plan outweighed the benefits of including 
them in the designation, and that doing so would not result in extinction of the species 
(extirpation of the DPS; 79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 



154 
 

populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
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place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
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and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecedentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occupied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the 4 winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
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previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
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replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest and road 
construction, and have been modified much less than other drier forests (65 FR 16073). These 
activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx from this 
unit to many western states and to Canada have been documented. The Southern Rockies are 
separated from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern 
Wyoming and further north, by sagebrush and desert shrub communities in the Wyoming Basin 
and the Red Desert of southern and central Wyoming, and the arid Green and Colorado River 
plateaus of western Colorado and eastern Utah. Because of extreme topographic relief 
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juxtaposed with highways, residential communities, and other human developments, lynx 
biologists have identified habitat connectivity as an important consideration for the Southern 
Rockies (ILBT 2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km 
(250 mi) southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
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lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific lynx conservation strategies guiding activities on non-Federal lands in 
this geographic unit. 
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Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
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fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
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documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the uncertainty about the historical 
distribution of resident lynx in the contiguous United States and the current lack of reliable 



167 
 

estimates of the sizes, trends, and many demographic parameters for most DPS populations, it 
is difficult to confidently predict the future condition of the DPS or the likelihood that any given 
geographic unit will support resident lynx in the future. We lack data to build rigorous empirical 
population models for lynx across the DPS range, and uncertainty regarding the timing and 
magnitude of potential impacts to lynx from continued climate warming also limits our ability to 
predict the future condition of the DPS. Therefore, our assessment of the future condition of the 
DPS is based on our evaluation of the available scientific information regarding the factors 
identified by the ILBT as the most likely to have population-level impact to lynx in the DPS (ILBT 
2013, pp. 68-78) and on the best professional judgments and opinions of lynx experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
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Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 
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we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and would likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
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similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
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Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
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redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, the amount of snow that seems to demarcate a boundary between lynx and bobcat 
occupancy in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 
cm/yr [55 in/yr]), and lynx in some parts of the West select mature forest stands, particularly in 
winter, while in other parts of the DPS, younger regenerating stands are most important. The 
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loss of resident lynx from any of the geographic units could result in the loss of behavioral and 
potential future genetic adaptations to the climate-mediated changes now occurring and likely to 
continue into the future at the southern edge of the lynx range. Such potential adaptability to 
diminished snow conditions, increasingly patchy and isolated boreal forests, and reduced hare 
abundance may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to become smaller and more fragmented and isolated, each geographic unit and the 
DPS as a whole will be less resilient in the future. Our analyses and expert input suggest that 
resiliency will likely be sufficient to foster persistence of resident lynx in most units through mid-
century but that its declining trajectory over time could result in extirpation of resident 
populations from 2 to 3 (of 5) units by the end of the century. Projected continued climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
and lynx reproductive and survival rates are likely to decrease, resulting in population declines 
in both species. As snow conditions become less favorable, competitors (e.g., coyotes and 
bobcats) may outcompete and displace lynx. This in turn would reduce lynx abundance and 
density within populations, making populations more susceptible (i.e., less resilient) to 
stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high-quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape (Simons-Legaard 2016, fig. 8, p. 10), perhaps more in line with likely 
historical conditions. High-quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
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subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort development, and unmanaged conservation 
lands) may compete with forest management as the primary future land use. Conservation 
easements will limit development pressures in some areas and keep some lands as working 
forest, but forest practices (e.g., partial harvesting, northern hardwood management) may not 
create new lynx habitat or maintain the current historically high amount of high-quality habitat. 
Climate change is expected to affect this unit more than some others in the DPS because snow 
amount and duration already seem to be at thresholds for lynx and there are few potential 
elevational refugia. In the near term and beyond, snow quantity and quality will likely continue to 
deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices clearly have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
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its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which would give it a higher priority 
than other species for monitoring and management during that time. We also expect that 
MNFRC guidelines will remain in place into the future and that voluntary actions will continue on 
State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking these factors into 
consideration, median “most likely” probabilities of persistence generated by lynx experts were 
high for the near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but 
declined to 35 percent (with great uncertainty) by 2100. We concur with the expert panel that 
resident lynx are likely to persist in this unit at 2025 and 2050. However, after reviewing the 
scientific literature concerning climate change projections (diminishing snow conditions, loss of 
boreal forest, lack of elevational refugia, and the potential for increased competition, disease, 
and insect outbreaks), some members of the SSA Core Team were slightly less optimistic about 
the long-term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded 
that the climate-mediated conversion of boreal forest to temperate forest and the loss of 
favorable snow conditions could occur at a rate and extent that would result in a lower likelihood 
of persistence than projected by experts, including the possibility that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions of favorable snow and forest vegetation conditions. This 
would result in increased fragmentation and isolation of habitats and smaller and more isolated 
lynx populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit would benefit resident lynx in the future, though it is unlikely 
to offset the projected adverse consequences of continued climate warming. Lynx experts felt 
that future extirpation of lynx from this unit from reduced genetic health or a catastrophic event 
is unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
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amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands would benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts, the Core Team 
is generally in agreement with experts regarding the likelihood of long-term persistence of 
Canada lynx in this geographic unit. We expect this unit will continue to support a small resident 
lynx population through mid-century but that its ability to do so beyond then is questionable, and 
that functional extirpation of lynx from this unit by the end of the century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions of favorable snow and forest vegetation conditions. This would result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
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that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit would benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
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generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline from current habitat projected 
by 2032; habitat shift to the south edge of 
current range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 
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Garnet Range 
● Increasing fire frequency 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat should remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
introduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
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2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the gray areas 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and gray areas 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
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2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast, 
and several experts noted that an increase in northern hardwood composition of the forest is 
already occurring. One expert provided information that suggests that balsam fir could actually 
increase in the short-term (over the next few decades), but that the long-term prognosis is not 
favorable for natural spruce-fir regeneration. Decline or loss of spruce-fir could be accelerated 
by forest disturbance (e.g., budworm outbreaks or forest management affecting large acreages 
of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners are unlikely to respond to future 
budworm outbreaks as they did in the 1970s-80s (extensive clearcuts, herbicide application). 
Experts also acknowledged concerns about the effects of the aging of past clearcuts beyond 
conditions that support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats would be expected to reduce the 
likelihood that lynx will persist in this unit. Experts also were uncertain about whether hare 
numbers would rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4°C/decade (0.8°F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0°C (3.6°F; low 
emission) to 2.9°C (5.2°F; high emission) by mid-century and 3.1°C (5.6°F; low emissions) to 
5.3°C (9.5°F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5° to 2.8°C (4.5° to 
5.0°F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, which has the potential to impact high-
elevation habitats and potential spruce-fir refugia (Publicover 2013, p. 2). 
 
Gonzalez et al. (2007, pp. 12-13 and 15-18) modeled distribution of boreal forest and future 
snow conditions under 9 different low, medium, and high emission scenarios and predicted 
reduced probablility of suitable snow (from 95 percent during 1961-1990, to 90 percent 
predicted for 2071-2100) and very minor changes in forest cover type in Maine by the end of the 
century. Although there are uncertainties about future climate warming, if projections are 
accurate, the area capable of supporting resident lynx in Maine could be expected to recede 
northward and lynx populations to decline substantially in this unit over the next 100 years 
(Vashon et al. (2012, p. 60). If future trends in increasing temperature and decreasing snow 
occur as projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, p. 
7). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) 
and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 2015, 
p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high emissions) 
from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). Similarly, 
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Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) to 47 
days of snow cover (high emissions) by the end of the century. 
 
Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
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would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
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Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high-quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high-quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high-
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
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cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
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may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 



191 
 

unorganized townships, increasing the number of residences by 66 percent during this time 
period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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in this unit, but a large mining operation is being considered within designated lynx critical 
habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
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bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high-quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change will be a 
significant stressor to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 
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practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 8, 12-19) predicted the persistence of boreal forest and historical 
(1961-1990) snow suitability for lynx (95 percent historical and future probability of suitable 
snow) in this unit through 2071-2100, and suggested that the SNF could provide a potential 
refugium for lynx. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall 
using downscaled climate models (Abdus Salam International Centre for Theoretical Physics 
(ICTP) Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 
as cited in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 
15) stated that climate models show an increase in lake effect snow in the eastern Great Lakes 
until 2050, with a decline later in the century, with an overall decline in the amount and duration 
of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
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130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18), with some potential loss of habitat at the southern 
portion of lynx habitat in the State but persistence of boreal forest in this geographic unit 
(Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 13) also projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than the 
area currently occupied by lynx in Minnesota. Moen presented preliminary snow modeling 
results that project snow conditions suitable for lynx could shrink significantly by 2055, be limited 
to extreme northeastern Minnesota by 2070, and could be entirely absent from the state by 
2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 2016, p. 14), 
concluded that Minnesota could lose the boreal biome completely, possibly within the next 60 to 
70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, pp. 2015-2016) 
concluded that the boreal forest of the Northern Superior Uplands (which encompass this 
geographic unit) will likely be lost by 2069 as a result of warmer summers and more frequent 
and longer droughts associated with climate change. If a refugium for lynx does persist in this 
unit in the future, it would likely only consist of the small area in Cook County (the extreme 
northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 ft) than 
the majority of the area that is now considered lynx core habitat and would, therefore, support a 
much smaller number of resident lynx than likely occur in the unit now. Although uncertainties 
remain, as elsewhere, about the timing and magnitude of future climate-driven impacts, lynx 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 



200 
 

populations in Minnesota are expected to recede northward and decline over the next century 
(Lynx SSA Team 2016a, pp. 37-38). 
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
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percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
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exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, northward contraction of 
boreal forest, lack of elevational refugia, potential for increased competition, disease, and insect 
outbreaks), some Core Team members were less optimistic about the future of lynx in 
Minnesota than the lynx expert panel. Depending on future emissions levels, the likelihood that 
this unit will continue to support resident lynx at the end of the century may be lower than the 35 
percent (median most likely) estimate based on expert opinion. The threat for which the lynx 
was listed, lack of specific conservation direction, associated regulations, and lynx forest 
management planning has not been addressed on private lands in Minnesota, except through 
voluntary guidance. There is some uncertainty about the future of forest management and future 
development on private forest lands in Minnesota and in adjacent lands in Ontario, although 
there are some basic voluntary management guidelines for private lands in Minnesota. Further, 
if the DPS is de-listed, there is uncertainty whether the lynx direction on Forest lands would 



203 
 

continue into the future. It is projected that habitat will diminish and recede northward over the 
mid- to longer-term because of continued climate warming. Hybridization and competition with 
bobcat also may increase with diminishing snow conditions because of continued climate 
warming, and it is uncertaint how insect outbreaks or disease may affect habitat and lynx in this 
unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to consider measures to help conserve listed species in the future. 
Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced incentive for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts) for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and reduced incentive for 
habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. Even with these prohibitions and protections, incidental 
trapping of 16 lynx has been reported in Minnesota since listing, resulting in at least 6 
mortalities. It is uncertain if lynx would become a legally trapped furbearer in Minnesota if the 
DPS was not listed (although a legal wolf hunt was reinstated after that species was delisted in 
Minnesota, so regulated trapping could also be considered for lynx if the DPS was not listed). 
Seven lynx have been illegally shot and reported or otherwise discovered since listing. Illegal 
shooting and non-reporting could increase without Federal protection. Education efforts by 
Federal and State agencies and law enforcement agents may have helped to reduce illegal 
shooting of lynx in this unit. With a diminished snow regime, populations of bobcats could 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
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northern Minnesota and trapping would be expected to occur there that could lead to greater 
incidental take of lynx. We believe that despite a closed hunting and trapping season, incidental 
take would continue and possibly increase and could become a significant stressor to a 
population of lynx that could be substantially diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. We also believe that climate change 
will be a significant stressor to lynx in this unit; slightly more so than expressed by most of the 
experts. Snow depth and duration in the area currently supporting resident lynx are projected to 
decline significantly by the end of the century, likely to the detriment of both hare and lynx 
populations. Unlike most other units, as snow condition decline there is little potential for 
elevational refugia for lynx in Minnesota except, perhaps, a small area of slightly higher 
elevation in the extreme northeastern corner of the unit. The boreal forest in this unit is already 
being replaced by northern hardwoods because of climate warming. Frequent forest cutting and 
disturbance, including a potential insect outbreak, could accelerate conversion to northern 
hardwoods. We acknowledge that the rate of boreal decline is uncertain, but note that some of 
the modeling we reviewed suggests that the spruce-fir forest type could nearly disappear from 
Minnesota by late-century under both low and high emissions scenarios. Climate models also 
portend declining snow conditions under low- and high-emissions scenarios. Because increases 
in temperature are thus far tracking high emissions scenarios, we are less optimistic for snow 
conditions that favor lynx by mid- to late-century. In the past decade, interest in development 
has increased in lynx critical habitat, especially proposals for large-scale mining developments. 
Although we expect resident lynx to persist in this unit through 2025 and 2050, we conclude that 
the stressors described above, individually and cumulatively, could diminish lynx habitat and 
numbers in this unit. If these stressors are not abated, we believe that resident lynx in this unit 
will face a slightly greater risk of extirpation by the end of the century than was predicted by lynx 
experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 
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some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher likelihood of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this unit. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
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that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
 
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS could be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
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pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
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associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
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historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
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Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
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probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
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habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 
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Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
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the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high-quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest and more precipitation fell in 
the spring and summer months, especially at elevations below 1,800 m (5,900 ft). Additionally, 
Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation trend from 
1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent in the 
Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
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temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 
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5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currently occur 
in the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS could be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will likely further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high-quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
 



225 
 

Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing USFS plans retain their current conservation framework, USFS 
lands should continue to provide sufficient habitat for lynx through the end of the century. 
Vegetation management on the small amount of non-Federal ownerships within lynx habitat is 
unlikely to cause significant concern for lynx conservation in Colorado through the remainder of 
the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high-quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also cast doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
exploit the available habitat despite gaps between functional habitat blocks. Colorado is isolated 
from source populations in the northern part of the range relative to the other units, which likely 
increases the possibility of genetic drift in this unit. Expert elicitation revealed some uncertainty 
whether ski areas or other development may affect connectivity within the unit. However, the 
Core Team is less concerned about this particular issue because we cannot foresee the 
development of barriers that would prevent lynx from accessing available lynx habitat in the 
future. 



228 
 

Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in much of the DPS range are 
naturally less abundant and more patchily-distributed than in the core of the species’ range 
(except during decadal lows in hare population cycles, when both hares and lynx occur 
temporarily in the north at densities lower than most in the range of the DPS). Maintaining 
connectivity with lynx populations in Canada is thought to be important to the persistence of 
DPS populations; however, whether, and if so to what extent, the demographic and/or genetic 
health of DPS populations relies on periodic immigration from Canadian populations remains 
uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
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current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
 

• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 
southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
conifer regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 19). 
There is no information to suggest that this unit historically supported a larger resident 
population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
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and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat27. Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and have 
likely caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There currently are many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 
lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47). Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
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Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
have already altered) the timing and magnitude of lynx dispersal from Canada into the 
contiguous United States. If lynx populations in the DPS depend on immigration from Canada 
which is no longer occurring or has been reduced substantially relative to historical conditions, 
population declines and an increased likelihood of extirpation among resident DPS populations 
would be expected. However, whether, and if so to what extent, these climate-mediated factors 
have influenced current lynx numbers, other demographic parameters, and/or habitat quality 
and distribution is uncertain and has not been quantified across the range of the DPS or in 
individual geographic units. Despite uncertainty regarding its influence over current conditions 
for lynx, climate modeling and expert opinion concur that continued climate warming will 
adversely impact lynx in the DPS at some point in the future (also see Future Conditions and 
Threats, below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
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boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
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habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 
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The loss of resident lynx populations in any geographic units would also reduce the level of 
redundancy and could diminish representation within the DPS. With regard to redundancy, 
however, we find that none of the 5 geographic units that currently support resident lynx is 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in 1 or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in 1 or more units within the DPS, extirpation of the DPS 
from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
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the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 



237 
 

Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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From: Bush, Jodi
To: Eric Rickerson; Paul Henson; Larry Crist; Abbott, Tyler; Gregory Hughes; Anna Harris; Peter Fasbender;

rollie_white@fws.gov; Lori Nordstrom; Paul Phifer; DeBerry, Drue; Susan Millsap; Ted Koch; Tom Chapman;
Michael Fris; Thabault, Michael

Cc: Bryon Holt; Jim Zelenak; Tom McDowell; Kathleen Hendricks; Jeffrey Dillon; Mark McCollough; Tamara Smith;
Kurt Broderdorp; Gregg Kurz; Nathan Darnall; Marjorie Nelson; Justin Shoemaker; Susan Jacobsen

Subject: Re: Lynx Update - SSA and 5 YR review
Date: Friday, January 05, 2018 12:57:48 PM
Attachments: 20171113 Canada Lynx 5YR_with RD signature.pdf

2017 12 22 FINAL Lynx SSA Report.pdf
0617_001.pdf

Folks, we are getting close to a Public Notification on Lynx. We have revised the SSA (just
some errata that we fixed) that is now attached -as well as the 5 year review.  I have also
attached a 4f letter from the director.   Once we have an approved communications plan, I will
send that on as well.  

As we have discussed previously, these documents should NOT be shared outside of the
agency yet nor the contents or recommendation within.  ie.  please keep these a close
hold.  

As always if you have questions, feel free to give me a call.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Nov 17, 2017 at 2:30 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Folks.   WE ARE STILL NOT A GO TO RELEASE ANY INFORMATION OUTSIDE
OF THE USFWS but I wanted to share the final SSA and Signed 5 year Review documents
and make sure you have.  The SSA is the same version that was sent out around October 13,
2017 but we found some minor errors that we corrected.   Neither of these documents
should be shared outside of the agency yet nor the contents or recommendation
within.  ie.  please keep these a close hold.  

We are awaiting HQ review of the comm plan and Director signature on a 4(f) memo
confirming that we do not need to a recovery plan.   Once we have everything signed, the
courts notified and are ready to release to the public we will be asking you all to notify your
state partners ahead of time.  Unfortunately the notice is likely to be short.  Please stand by. 
 

ARDs, please share with any office manager that you determine should see this if I have
missed them.  As always if you have questions, please contact me.  Thank you.  JB

·         both courts involved in lynx issues (recovery and Critical
habitat) will be notified preceding the public notification on
November 3, 2017, by Solicitors. 
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·         a news release and communication plan to reach out to state,
tribal and federal partners will precede the notification.

 
Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Nov 2, 2017 at 4:54 PM
Subject: Re: talking points for discussion with State
To: Eric Rickerson <eric_rickerson@fws.gov>, Paul Henson <paul_henson@fws.gov>,
Larry Crist <Larry_Crist@fws.gov>, "Abbott, Tyler" <tyler_abbott@fws.gov>, Gregory
Hughes <greg_m_hughes@fws.gov>, Anna Harris <anna_harris@fws.gov>, Peter
Fasbender <peter_fasbender@fws.gov>, "rollie_white@fws.gov" <rollie_white@fws.gov>,
Lori Nordstrom <lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,
"DeBerry, Drue" <drue_deberry@fws.gov>, Susan Millsap <susan_millsap@fws.gov>
Cc: Bryon Holt <Bryon_Holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Tom
McDowell <Tom_McDowell@fws.gov>, Kathleen Hendricks
<kathleen_hendricks@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Mark
McCollough <Mark_McCollough@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>,
"Thabault, Michael" <michael_thabault@fws.gov>, Kurt Broderdorp
<Kurt_Broderdorp@fws.gov>, Gregg Kurz <Gregg_Kurz@fws.gov>, Nathan Darnall
<nathan_darnall@fws.gov>, Marjorie Nelson <Marjorie_Nelson@fws.gov>, Justin
Shoemaker <justin_shoemaker@fws.gov>

Folks.  You may have heard that we were trying to have the Lynx 5 year review signed by
tomorrow (Nov. 3). Unfortunately that is not going to happen. This has been delayed due to
some issues beyond our control.   

Once we have the documents (5 year review and final SSA) ready to go we will let you
know, supply a new release and communication plan and will allow planning for as much
time as we can for contact to your State, Tribal and Federal partners.  

In the meantime if you are having discussions with these same folks - you can use some of
the following for your talking points.  I would tell our partners that the document is on the
RD desk and could be signed at any time.  Feel free to give me or Jim a call if you have any
questions.  JB

·         the 5-year review will be signed by the Regional director for
the mt prairie region with concurrence from all affected regions. 
this concurrence has already been received. 
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·         The SSA and 5 year Review are in response to a court
settlement agreement and decision on May 8, 2014.  At that time,
the United States District Court for the District of Montana
ordered the Service to complete recovery planning for the Canada
lynx DPS by January 15, 2018 “…unless the Service finds that
such a plan will not promote the conservation of the [lynx].  The
5-year review and SSA report responds to this order. 

·         both courts involved in lynx issues (recovery and Critical
habitat) will be notified preceding the public notification on
November 3, 2017, by Solicitors. 

·         a news release and communication plan to reach out to
state, tribal and federal partners will precede the notification.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205



From: Theresa Rabot
To: White, Rollie
Cc: Sarah Levy
Subject: Re: Lynx Update - SSA and 5 YR review
Date: Friday, January 5, 2018 2:41:10 PM

Yes, thanks

Sent from my iPhone

> On Jan 5, 2018, at 2:29 PM, White, Rollie <rollie_white@fws.gov> wrote:
>
> Hi Terry,
> As the note from Jodi Bush below indicates, a Lynx announcement is coming
> soon, though is still a CLOSE HOLD.  Sarah Levy tells me the outreach plan
> (drafted by R6) says that the DRD will make contacts to Feds and States.
> Would you be comfortable with Rickerson and Hughes contacting their
> respective State Directors?
> -Rollie
>
> Rollie White
> Assistant Regional Director - Ecological Services
> Pacific Region, USFWS
> 911 NE 11th Ave.
> Portland, OR 97232
> Office: (503) 231-6151
> Cell: (503) 839-2872
>
> Rollie_White@fws.gov
>
> ---------- Forwarded message ----------
> From: Bush, Jodi <jodi_bush@fws.gov>
> Date: Fri, Jan 5, 2018 at 11:57 AM
> Subject: Re: Lynx Update - SSA and 5 YR review
> To: Eric Rickerson <eric_rickerson@fws.gov>, Paul Henson <
> paul_henson@fws.gov>, Larry Crist <Larry_Crist@fws.gov>, "Abbott, Tyler" <
> tyler_abbott@fws.gov>, Gregory Hughes <greg_m_hughes@fws.gov>, Anna Harris <
> anna_harris@fws.gov>, Peter Fasbender <peter_fasbender@fws.gov>, "
> rollie_white@fws.gov" <rollie_white@fws.gov>, Lori Nordstrom <
> lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>, "DeBerry, Drue"
> <drue_deberry@fws.gov>, Susan Millsap <susan_millsap@fws.gov>, Ted Koch <
> ted_koch@fws.gov>, Tom Chapman <Tom_Chapman@fws.gov>, Michael Fris <
> michael_fris@fws.gov>, "Thabault, Michael" <michael_thabault@fws.gov>
> Cc: Bryon Holt <Bryon_Holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Tom
> McDowell <Tom_McDowell@fws.gov>, Kathleen Hendricks <
> kathleen_hendricks@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Mark
> McCollough <Mark_McCollough@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>,
> Kurt Broderdorp <Kurt_Broderdorp@fws.gov>, Gregg Kurz <Gregg_Kurz@fws.gov>,
> Nathan Darnall <nathan_darnall@fws.gov>, Marjorie Nelson <
> Marjorie_Nelson@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>,
> Susan Jacobsen <susan_jacobsen@fws.gov>
>
>
> Folks, we are getting close to a Public Notification on Lynx. We have
> revised the SSA (just some errata that we fixed) that is now attached -as

mailto:theresa_rabot@fws.gov
mailto:rollie_white@fws.gov
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> well as the 5 year review.  I have also attached a 4f letter from the
> director.   Once we have an approved communications plan, I will send that
> on as well.
>
> *As we have discussed previously, these documents should NOT be shared
> outside of the agency yet nor the contents or recommendation within.  ie.
> please keep these a close hold.  *
>
> As always if you have questions, feel free to give me a call.  JB
>
>
> Jodi L. Bush
> Office Supervisor
> Montana State Ecological Services Office
> 585 Shepard Way, Suite 1
> Helena, MT  59601
> (406) 449-5225, ext.205
>
>
>> On Fri, Nov 17, 2017 at 2:30 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
>>
>> Folks.   *WE ARE STILL NOT A GO TO RELEASE ANY INFORMATION OUTSIDE OF THE
>> USFWS *but I wanted to share the final SSA and Signed 5 year Review
>> documents and make sure you have.  The SSA is the same version that was
>> sent out around October 13, 2017 but we found some minor errors that we
>> corrected.   *Neither of these documents should be shared outside of the
>> agency yet nor the contents or recommendation within.  ie.  please keep
>> these a close hold.  *
>>
>> We are awaiting HQ review of the comm plan and Director signature on a
>> 4(f) memo confirming that we do not need to a recovery plan.   Once we have
>> everything signed, the courts notified and are ready to release to the
>> public we will be asking you all to notify your state partners ahead of
>> time.  Unfortunately the notice is likely to be short.  Please stand by.
>>
>> ARDs, please share with any office manager that you determine should see
>> this if I have missed them.  As always if you have questions, please
>> contact me.  Thank you.  JB
>>
>> ·         both courts involved in lynx issues (recovery and Critical
> habitat) will be notified preceding the public notification on November 3,
> 2017, by Solicitors.
>
> ·         a news release and communication plan to reach out to state,
> tribal and federal partners will precede the notification.
>
>
>> Jodi L. Bush
>> Office Supervisor
>> Montana State Ecological Services Office
>> 585 Shepard Way, Suite 1
>> Helena, MT  59601
>> (406) 449-5225, ext.205
>>
>>
>> ---------- Forwarded message ----------
>> From: Bush, Jodi <jodi_bush@fws.gov>



>> Date: Thu, Nov 2, 2017 at 4:54 PM
>> Subject: Re: talking points for discussion with State
>> To: Eric Rickerson <eric_rickerson@fws.gov>, Paul Henson <
>> paul_henson@fws.gov>, Larry Crist <Larry_Crist@fws.gov>, "Abbott, Tyler" <
>> tyler_abbott@fws.gov>, Gregory Hughes <greg_m_hughes@fws.gov>, Anna
>> Harris <anna_harris@fws.gov>, Peter Fasbender <peter_fasbender@fws.gov>, "
>> rollie_white@fws.gov" <rollie_white@fws.gov>, Lori Nordstrom <
>> lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>, "DeBerry,
>> Drue" <drue_deberry@fws.gov>, Susan Millsap <susan_millsap@fws.gov>
>> Cc: Bryon Holt <Bryon_Holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>,
>> Tom McDowell <Tom_McDowell@fws.gov>, Kathleen Hendricks <
>> kathleen_hendricks@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>,
>> Mark McCollough <Mark_McCollough@fws.gov>, Tamara Smith <
>> Tamara_Smith@fws.gov>, "Thabault, Michael" <michael_thabault@fws.gov>,
>> Kurt Broderdorp <Kurt_Broderdorp@fws.gov>, Gregg Kurz <Gregg_Kurz@fws.gov>,
>> Nathan Darnall <nathan_darnall@fws.gov>, Marjorie Nelson <
>> Marjorie_Nelson@fws.gov>, Justin Shoemaker <justin_shoemaker@fws.gov>
>>
>>
>> Folks.  You may have heard that we were trying to have the Lynx 5 year
>> review signed by tomorrow (Nov. 3). Unfortunately that is not going to
>> happen. This has been delayed due to some issues beyond our control.
>>
>> Once we have the documents (5 year review and final SSA) ready to go we
>> will let you know, supply a new release and communication plan and will
>> allow planning for as much time as we can for contact to your State, Tribal
>> and Federal partners.
>>
>> In the meantime if you are having discussions with these same folks - you
>> can use some of the following for your talking points.  I would tell our
>> partners that the document is on the RD desk and could be signed at any
>> time.  Feel free to give me or Jim a call if you have any questions.  JB
>>
>>
>> ·         the 5-year review will be signed by the Regional director for
>>> the mt prairie region with concurrence from all affected regions.  this
>>> concurrence has already been received.
>>>
>>> ·         The SSA and 5 year Review are in response to a court
>>> settlement agreement and decision on May 8, 2014.  At that time, the
>>> United States District Court for the District of Montana ordered the
>>> Service to complete recovery planning for the Canada lynx DPS by January
>>> 15, 2018 “…unless the Service finds that such a plan will not promote the
>>> conservation of the [lynx].  The 5-year review and SSA report responds to
>>> this order.
>>>
>>> ·         both courts involved in lynx issues (recovery and Critical
>>> habitat) will be notified preceding the public notification on November 3,
>>> 2017, by Solicitors.
>>>
>>> ·         a news release and communication plan to reach out to state,
>>> tribal and federal partners will precede the notification.
>>>
>>>
>>> Jodi L. Bush
>>> Office Supervisor
>>> Montana State Ecological Services Office



>>> 585 Shepard Way, Suite 1
>>> Helena, MT  59601
>>> (406) 449-5225, ext.205
>>>
>>>
>>
>>
> <20171113 Canada Lynx 5YR_with RD signature.pdf>
> <2017 12 22 FINAL Lynx SSA Report.pdf>
> <0617_001.pdf>
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Management, and USDI National Park Service. Forest Service Publication R1-13-19, 
Missoula, MT. 128 pp. 
http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf. 

 
All Lynx SSA Core Team members participated in development and review of the revised 
LCAS.  

http://www.fs.fed.us/biology/resources/pubs/wildlife/LCAS_revisedAugust2013.pdf


iv 
 

Table of Contents 
Credits ......................................................................................................................................... i 

Acknowledgments ....................................................................................................................... ii 

Table of Contents ....................................................................................................................... iv 

Executive Summary ................................................................................................................... 1 

Chapter 1: Introduction ..............................................................................................................11 

1.1 Background .....................................................................................................................11 

1.2 SSA Framework and Report ............................................................................................14 

1.3 Analytical Approach and Methods ...................................................................................16 

1.4 Uncertainties and Assumptions .......................................................................................21 

Chapter 2: Lynx Ecology ...........................................................................................................23 

2.1 Species Taxonomy, Description, and Genetics ................................................................23 

2.2 Life History and Population Dynamics .............................................................................26 

2.2.1 Ecological Requirements of Individuals .....................................................................32 

2.2.2 Ecological Requirements of Populations and the DPS ..............................................36 

2.3 Historical and Current Lynx Distribution ...........................................................................38 

2.3.1 Lynx Distribution and Status in Canada and Alaska ..................................................38 

2.3.2 Lynx Distribution in the Contiguous United States .....................................................39 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range ....................................39 

2.3.2.2 Lynx Distribution within the DPS Range ..............................................................42 

Chapter 3: Factors Influencing Viability of the DPS ...................................................................51 

3.1 Regulatory Mechanisms ..................................................................................................52 

3.1.1 Federal Regulatory Mechanisms ...............................................................................52 

3.1.2 State Regulations and Tribal Management................................................................58 

3.2 Climate Change ...............................................................................................................66 

3.3 Vegetation Management ..................................................................................................83 

3.4 Wildland Fire Management ..............................................................................................92 

3.5 Habitat Loss and Fragmentation ......................................................................................96 

Chapter 4: Current Conditions ................................................................................................. 105 

4.1 Summary of Current Conditions DPS-wide .................................................................... 106 

4.1.1 Summaries of Current Conditions in Each Geographic Unit .................................... 108 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit ..................................... 113 



v 
 

4.2.1 Unit 1 - Northern Maine ........................................................................................... 113 

4.2.2 Unit 2 - Northeastern Minnesota .............................................................................. 128 

4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho ................................................ 133 

4.2.4 Unit 4 - North-central Washington ........................................................................... 147 

4.2.5 Unit 5 - Greater Yellowstone Area ........................................................................... 153 

4.2.6 Unit 6 - Western Colorado ....................................................................................... 161 

Chapter 5: Future Conditions .................................................................................................. 166 

5.1 Summary of Future Conditions DPS-wide ...................................................................... 169 

5.1.1 Summaries of Future Conditions in Each Geographic Unit ...................................... 173 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit ....................................... 180 

5.2.1 Unit 1 - Northern Maine ........................................................................................... 180 

5.2.2 Unit 2 - Northeastern Minnesota .............................................................................. 195 

5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho ................................................ 204 

5.2.4 Unit 4 - North-central Washington ........................................................................... 212 

5.2.5 Unit 5 - Greater Yellowstone Area ........................................................................... 217 

5.2.6 Unit 6 - Western Colorado ....................................................................................... 223 

Chapter 6: Synthesis ............................................................................................................... 228 

Literature Cited ....................................................................................................................... 238 

 
FIGURES 

Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). ............................................................. 2 

Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a given 
number of geographic units over time (at years 2015 [current at time of expert elicitation], 2025, 
2050, and 2100) based on experts’ predictions for individual geographic units. Experts’ “most 
likely” probabilities are summarized in the middle column; their highest (“better case”) and 
lowest (“worse case”) probabilities, representing uncertainty in their predictions, are summarized 
in the left and right columns, respectively. See section 5.1 for additional details on graph 
construction and interpretation. .................................................................................................. 6 

Figure 3. SSA Framework stages..............................................................................................15 

Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to lynx 
viability. .....................................................................................................................................16 

Figure 5. Conceptual model of factors thought to influence redundancy within the lynx DPS. ...17 

file://ifw6hel-svr/userdata/jzelenak/Lynx%20subset/Final%20SSA/2017%2012%2007%20FINAL%20Lynx%20SSA%20Report%20-%20Errata%20-%20CLEAN.docx#_Toc500424480


vi 
 

Figure 6. Conceptual model of factors thought to influence representation within the lynx DPS.
 .................................................................................................................................................18 

Figure 7. Conceptual model of factors thought to influence the resiliency of lynx populations 
within the DPS. .........................................................................................................................19 

Figure 8. Generalized relationship between habitat conditions and hare and lynx population 
dynamics and their influence on lynx population resiliency. .......................................................26 

Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence of at 
least a given number of geographic units given the probability of persistence for each individual 
geographic unit. The y axis of each grid in figure 9 is the probability that at least the number of 
geographic units indicated by the x axis of the grid persist. The probability in a bar reaches 1 
when there is no probability of fewer geographic units persisting. Moving from top to bottom, the 
grids show the probabilities by time period (2015 [current at time of expert elicitation], 2025, 
2050, and 2100). Moving from left to right the grids show the range of expert responses by 
summary selection type and probability response. Therefore, looking down a column of grids 
provides a view of the trend in persistence through time and looking across a row of grids 
provides a view of the range of uncertainty in expert projections of persistence for a given time 
period. ..................................................................................................................................... 170 

Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic Unit will 
continue to support resident lynx in the future (at years 2025, 2050, and 2100). ..................... 182 

Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). ........ 196 

Figure 12. Lynx expert estimates of the probability that the Northwestern Montana/Northeastern 
Idaho Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). ............................................................................................................................... 206 

Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). ..................................................................................................................................... 214 

Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, and 
2100). ..................................................................................................................................... 218 

Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit at 
present, 2015, and in 2025, 2050 and 2100. ........................................................................... 224 

 

 



ii 
 

TABLES 

Table 1. Summary of expert opinion regarding the likelihood that individual geographic units will 
continue to support resident lynx populations in the future1. ....................................................... 5 

Table 2. Lynx SSA Unit Sizes and Percent Ownership. .............................................................14 

Table 3. Reported annual home range sizes for Canada lynx in the contiguous United States. 34 

Table 4. Summary of current conditions in 6 geographic units within the DPS range1. ............ 113 

Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting evidence and 
uncertainties. .......................................................................................................................... 178 



1 
 

Executive Summary 
This report presents the results of a species status assessment (SSA) for the contiguous United 
States distinct population segment (DPS) of Canada lynx (Lynx canadensis). The report 
represents the U.S. Fish and Wildlife Service’s (Service’s) evaluation of the best available 
scientific information, including the formally elicited professional judgments and opinions of 
recognized lynx experts. Based on this information, we (1) describe the ecological requirements 
and population dynamics of the species; (2) evaluate the historical and current condition of lynx 
populations in the DPS and the factors that appear to have influenced them; and (3) assess the 
DPS’s near-term (at year 2025), mid-term (year 2050), and longer-term (year 2100) viability. 
This final SSA has been revised in response to the reviews, comments, and suggestions of 5 
independent peer reviewers, 11 State wildlife and natural resources management agencies, and 
3 other Federal agencies. 
 
Background 
 
The Canada lynx is a North American boreal forest carnivore whose populations are strongly 
tied to its primary prey, the snowshoe hare (Lepus americanus). Both species occur primarily in 
the extensive boreal spruce-fir forests of Canada and Alaskan; however, the southern margins 
of both their ranges extend into the northern contiguous United States. The Service designated 
lynx in the Lower 48 States as a DPS because of differences in the management of lynx and 
lynx habitats across the international boundary with Canada and because of the climatic, 
vegetative, and ecological differences between lynx habitat at the southern extent of its range in 
the contiguous United States compared to the northern range in Canada and Alaska. The 
Service listed the DPS as threatened under the Endangered Species Act (ESA) in 2000 
because of the inadequacy, at that time, of regulatory mechanisms on some Federal lands to 
provide for the conservation of lynx habitats and populations (see section 3.1.1). This SSA does 
not reconsider the designation of the DPS or its listing status under the ESA, which are Service 
policy decisions. Instead, it provides the scientific basis for the statutorily required 5-year status 
review for the DPS and other decisions the Service is required to make in accordance with the 
ESA. 
 
In this SSA, we evaluate the current and possible future conditions for lynx in 6 geographic units 
within the DPS range that currently support or recently supported resident lynx. The units are 
distributed from Maine to Washington and south along the Rocky Mountains to western 
Colorado (fig. 1). Units 1 (Northern Maine), 2 (Northeastern Minnesota), 3 (Northwestern 
Montana/Northeastern Idaho), and 4 (North-central Washington) historically supported and 
currently support resident lynx populations. Based on verified records, it is uncertain whether 
Units 5 (Greater Yellowstone Area [GYA]) and 6 (Western Colorado) historically supported 
persistent populations or if they supported resident lynx only ephemerally (see section 2.3.2.2). 
Combined, the 6 units encompass over 131,000 km2 (about 50,640 mi2) of occupied or potential 
lynx habitat and represent roughly the southern 2 percent of the species’ breeding distribution 
(98 percent occurs in Canada and Alaska). Land ownership varies among the units, with private 
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lands accounting for most of Unit 1; a mix of Federal, State and private lands in Unit 2; and 
predominantly Federal lands in the 4 western units (see table 2, chapter 1 for additional details 
on unit sizes and land ownership). 
 

 
Figure 1. Six geographic units within the range of the contiguous United States distinct 
population segment of Canada lynx (Lynx canadensis). 
 
The lynx is a habitat and prey specialist that requires dense boreal and subalpine forests that 
support abundant snowshoe hares, which typically constitute greater than 90 percent of the 
lynx’s year-round diet. Lynx and hares are most abundant in areas with long winters and 
persistent deep, powdery snow. The lynx has evolved morphological adaptions - long legs and 
exceptionally large paws - which in snowy conditions are thought to confer a competitive 
advantage over other terrestrial hare predators and allow lynx to occupy habitats that are 
unavailable, at least seasonally, to some of its potential competitors. The DPS occurs at the 
southern margin of the species’ range, where boreal forest habitats and thus lynx are, in most 
places, naturally less abundant and generally more patchily-distributed than in the core of the 
species’ range in Canada and Alaska. Maintaining connectivity between the DPS and lynx 
populations in Canada is thought to be important. However, the extent to which DPS 
populations may depend on immigration of lynx from Canada remains uncertain. 
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Our understanding of lynx biology has improved substantially since the DPS was proposed for 
listing in 1998. For example, analysis of historical trapping data indicated that many lynx records 
in the contiguous United States coincided with the intermittent (roughly decadal) mass dispersal 
(“irruptions”) of lynx from Canada into the northern United States when hare populations in 
Canada underwent steep cyclic declines. During these events, particularly the unprecedentedly 
large irruptions of the early 1960s and early 1970s, hundreds to thousands of lynx dispersed 
south into both suitable and unsuitable habitats in the northern United States. In suitable 
habitats, immigrants may have contributed to the demographic and genetic health of resident 
populations; in unsuitable habitats, dispersing lynx occurred only temporarily and disappeared 
relatively quickly from areas that are not capable of supporting resident populations over the 
long-term. Research and monitoring conducted by State, Federal, and Tribal agency partners 
and academic institutions also have refined our understanding of lynx habitat requirements and 
associations, distributions, demography, and potential stressors throughout the DPS range (see 
Summary of Findings, below, and chapters 2-4). 
 
SSA Framework 
 
The SSA framework considers a species’ life history and ecological requirements to understand 
how the species maintains itself over time. Therefore, we evaluated the ecological requirements 
of individual lynx and populations and the current and possible future conditions for resident lynx 
populations in each geographic unit to assess the viability of the DPS. The SSA uses the 
conservation biology principles of resiliency, redundancy, and representation (the “3 Rs”) as the 
framework for assessing current and future conditions. Resiliency describes the ability of 
populations and species to withstand stochastic events, redundancy describes a species’ ability 
to withstand catastrophic events, and representation describes a species’ ability to adapt to 
long-term changes in the environment (see sections 1.2 and 1.3). For lynx, the factors capable 
of influencing the 3 Rs that we evaluate in this SSA include the adequacy of existing regulatory 
mechanisms (the factor for which the DPS was listed); climate change, vegetation management, 
wildland fire management, and habitat loss and fragmentation (the factors considered by the 
Interagency Lynx Biology Team [ILBT] to have the potential to exert population-level effects on 
the DPS); and other factors that could influence the continued ability of particular geographic 
units to support resident lynx. 
 
Uncertainties and Assumptions 
 
Several sources of uncertainty had to be accounted for in our analysis, including limited data on 
lynx population sizes, trends, and other important demographic parameters in the DPS; the 
influence of lynx immigration from Canada on the persistence of the DPS; the effectiveness of 
habitat management efforts; and the potential effects of competition. We similarly lack 
consistent habitat and demographic information for snowshoe hares throughout much of the 
DPS range. Given the emerging role of climate change as a stressor, uncertainties about the 
timing, rate, and magnitude of projected future impacts to hares; boreal, subalpine, and 
montane forests; and snow quality, depth, and persistence constrain our ability to precisely 
predict effects on lynx populations and habitats. To account for these uncertainties in our 
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analysis, we identified a number of critical assumptions based on the scientific literature and 
input provided by the lynx experts we consulted (see section 1.4). 
 
As part of our evaluation of the DPS’s viability, we asked a panel of 10 lynx experts to provide 
their opinions on the likelihoods that each geographic unit would support resident lynx 
populations in the short-term (at year 2025), mid-term (at year 2050) and longer-term (at year 
2100). The level of uncertainty regarding the viability of the DPS and each of the factors that 
may influence it increases the farther into the future we (and the experts we consulted) try to 
look, and this uncertainty greatly reduces confidence in projections, particularly beyond mid-
century. The output from this expert elicitation process (summarized below and presented in 
detail in chapter 5) remains the experts’ best professional judgment, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods (see also section 1.4 and chapter 5). 
 
Summary of Findings 
 
Much irresolvable uncertainty remains regarding the historical distributions and sizes of resident 
lynx populations in the contiguous United States. Several small populations may have been 
extirpated from some areas within or adjacent or peripheral to the geographic units we assess 
and a recent fire-driven decline in lynx numbers in Unit 4 seems likely. However, we find no 
compelling evidence, based on verified historical records, of major range contraction or dramatic 
declines in the number of resident lynx in the DPS as a whole (see section 2.3.2). In fact, there 
are currently more resident lynx in some parts of the DPS (Maine and Colorado) than likely 
occurred historically and, in those areas and in Minnesota, there are more resident lynx now 
than was suspected when the DPS was listed. Further, some areas suspected to have lost 
historical lynx populations may have been (and perhaps are now) naturally capable of 
supporting resident lynx only ephemerally or intermittently, as would be expected in marginal 
habitats at the southern periphery of the species’ range under a metapopulation structure like 
that thought to govern DPS lynx populations (see sections 2.2 and 4.1). 
 
Lynx conservation measures and habitat management guidance adopted by the U.S. Forest 
Service (USFS) and the Bureau of Land Management (BLM) via formally amended or revised 
management plans or conservation agreements with the Service have substantially addressed 
the singular threat for which the DPS was listed (the inadequacy of regulatory mechanisms 
when the DPS was listed; see section 3.1). Conservation efforts by State, Tribal, and other 
Federal agencies; conservation organizations; and some private landowners also have secured 
protection of lynx habitats and reduced a number of other potential stressors to lynx populations 
and habitats throughout the DPS range. Nonetheless, we and the experts we consulted expect 
that resident population sizes and distributions in the DPS will likely decline largely as a result of 
projected continued climate warming and associated impacts, which are likely to exacerbate the 
potential adverse effects of other stressors. 
 
Although the timing and extent of climate-mediated impacts are uncertain, continued warming is 
expected to cause a northward and upslope contraction of the boreal forest, snow conditions, 
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and hare populations that support lynx, along with several other potential impacts (see section 
3.2). This, in turn, will likely result in smaller, more fragmented, and increasingly isolated 
patches of habitat and smaller, more isolated lynx populations in the DPS that would be more 
vulnerable to stochastic demographic and catastrophic events and genetic drift. It also may 
improve conditions for other terrestrial hare predators, potentially resulting in increased 
competition and displacement of lynx from areas that currently support resident populations. 
Climate-driven increases in the frequency, size, and intensity of wildfires and forest insect 
outbreaks are also expected to continue, although we do not anticipate that such events alone 
would cause the permanent loss of breeding lynx populations in any geographic unit. We are 
aware of no management actions that could be expected to abate the projected long-term 
retreat of boreal forests, declining hare populations, and diminished snow conditions expected 
under continued climate warming. 
 
Despite the anticipated long-term effects of climate warming and the effects of other potential 
stressors (see chapter 3), we and the experts we consulted expect that each of the 5 
geographic units that currently supports resident populations (Units 1-4 and 6) individually has a 
high likelihood (80 to 98 percent based on median “most likely” expert projections; see table 1, 
below, and section 5.2, figs. 10-13 and 15) of continuing to do so at year 2025. Experts similarly 
indicated high likelihoods (70 to 90 percent) that those units will continue to support resident 
populations through 2050, albeit in reduced numbers and distributions. Experts projected that 
only Unit 3 has a high (78 percent) likelihood of supporting resident lynx by 2100; all other 
geographic units individually were deemed to have a 50 percent or greater likelihood of 
functional extirpation (i.e., no longer capable of supporting resident lynx populations) by the end 
of the century; however, all experts expressed great uncertainty in their projections for that time 
period (see section 1.4 and the introduction to chapter 5). 
 
Table 1. Summary of expert opinion regarding the likelihood that individual geographic 
units will continue to support resident lynx populations in the future1. 

Geographic 
Unit 

Year 
2025 2050 2100 

Probability of 
Persistence (%)2 

Range 
(%)3 

Probability of 
Persistence (%) 

Range 
(%) 

Probability of 
Persistence (%) 

Range 
(%) 

1 96 80-100 80 65-95 50 40-80 
2 96 88-100 80 60-90 35 10-60 
3 98 95-100 90 70-100 78 50-90 
4 80 60-95 70 30-80 38 5-50 
5 52 10-70 35 15-60 15 5-50 
6 90 60-100 80 50-85 50 20-70 

1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. Green = 68–100% 
median probability of persistence; Yellow = 34–67% median probability of persistence; Red = 0–33% median 
probability of persistence. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 
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Cumulatively, expert median “most likely” responses suggest a high (80 percent) likelihood that 
resident lynx populations will persist in all 5 units that currently support them at year 2025 and in 
at least 4 of the 5 units at 2050, and a moderate (just under 50 percent) likelihood that they will 
persist in all 5 units at 2050 (fig. 2, middle column; also see section 5.1). Over the longer-term, 
expert responses suggest a high (about 85 percent) likelihood that resident populations will 
persist in at least 2 of the 5 units at 2100 and a more than 50 percent likelihood they will persist 
in 3 units, but also a high (> 75 percent) likelihood that resident populations will be functionally 
extirpated from 2 of the 5 units by the end of the century (fig. 2). 
 

 
Figure 2. Cumulative probabilities that resident lynx populations will persist in at least a 
given number of geographic units over time (at years 2015 [current at time of expert 
elicitation], 2025, 2050, and 2100) based on experts’ predictions for individual geographic 
units. Experts’ “most likely” probabilities are summarized in the middle column; their 
highest (“better case”) and lowest (“worse case”) probabilities, representing uncertainty 
in their predictions, are summarized in the left and right columns, respectively. See 
section 5.1 for additional details on graph construction and interpretation. 

Below we summarize lynx status in each geographic unit based on our understanding of 
conditions historically, at the time the DPS was listed, and currently, and considering expert 
opinions regarding potential population sizes and future persistence. See section 2.3.2 for a 
detailed assessment of historical and current lynx distribution across the DPS range and 
chapters 4 and 5, respectively, for detailed evaluations of current and possible future conditions 
in each geographic unit. 
 
Unit 1 - Currently, northern Maine is thought to support many more resident lynx than likely 
occurred historically and many more than was known or suspected at the time the DPS was 
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listed, and recent information suggests that resident lynx may be expanding to the south of the 
core population area. This is due to the large amount and broad distribution of high-quality lynx 
and hare habitat that currently exists as a result of landscape-level clearcutting on private 
commercial timber lands in response to a major spruce budworm (Choristoneura fumiferana) 
outbreak in the 1970s and 1980s. These dense regenerating conifer stands are much more 
extensive than they are thought to have been historically under natural disturbance regimes. 
The State of Maine suggests that this unit currently may support 750-1,000 or more resident 
lynx. However, the extent of these high-quality stands probably peaked by 2010, and habitat 
quality is projected to decline in these stands over the next few decades as they age beyond 35-
40 years post-harvest. Because a shift in forest management from clearcutting to partial 
harvesting that began in 1989 appears unlikely to maintain or recreate this extensive high-
quality habitat, we expect lynx habitat and numbers to decline in this unit over the next several 
decades, perhaps to levels more consistent with likely historical conditions. We concur with the 
expert panel that the resident lynx population in this unit is very likely to persist at 2025 and at 
2050. Over the longer-term (at 2100), we expect continued climate warming to reduce the 
amount and quality of lynx habitat in this unit and exacerbate other potential stressors 
(commercial and energy developments, changing forestry practices and land ownership 
patterns, etc.), further reducing lynx numbers and likely decreasing the population’s resilience. 
Some climate models indicate substantial loss of boreal forest and favorable snow conditions 
under higher emissions scenarios, and this unit generally lacks potential elevational refugia that 
would support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be somewhat 
lower than expert projections, although the timing and extent of climate-mediated habitat decline 
is highly uncertain. This geographic unit also may be the source of dispersing lynx that recently 
recolonized northern New Hampshire as well as several that temporarily established residency 
in northern Vermont. Some reproduction has been verified recently in both states, although 
neither was occupied when the DPS was listed, and resident lynx were thought to have been 
extirpated from New Hampshire. 
 
Unit 2 - Northeastern Minnesota similarly supports many more resident lynx than was suspected 
when the DPS was listed (when it was unknown whether a resident population occurred there at 
all), although how the current population compares to historical conditions is uncertain. Trapping 
records indicate strongly cyclic increases in lynx abundance in this unit in the 1930s through 
1970s in association with decadal irruptions of lynx dispersing south from Canada. Currently, 
Minnesota lynx experts suggest that the population in this unit likely fluctuates from 50 to 200 
resident lynx, and we find no evidence that it historically supported a larger resident population 
or a more extensive distribution of habitat capable of doing so. We concur with the expert panel 
that the resident lynx population in this unit is very likely to persist at 2025 and at 2050. Over the 
longer-term (at 2100), we expect continued climate warming to reduce the amount and quality of 
lynx habitat in this unit, reducing lynx numbers and likely decreasing the population’s resilience. 
Under higher emissions scenarios, some climate models project substantial loss of boreal forest 
and favorable snow conditions in this unit before the end of the century. Like Maine, this unit 
also lacks potential elevational refugia that would support upslope movement of lynx habitats 
and populations. Therefore, we suggest that the likelihood that resident lynx will persist in this 
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unit at 2100 may be somewhat lower than expert projections, although the timing and extent of 
climate-mediated habitat decline is highly uncertain. 
 
Unit 3 - Recent research, monitoring, and habitat mapping refinements indicate that habitats 
capable of supporting resident lynx in this and other western geographic units are naturally less 
abundant and more patchily-distributed than was thought when the DPS was listed. For 
example, earlier estimates that western Montana supported 1,000 or more lynx were based on 
broad assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this unit is 
thought to be capable of supporting 200-300 resident lynx. How the current population 
compares to historical conditions is uncertain, but we find no evidence that this unit historically 
supported a larger resident population or a substantially broader distribution of habitat capable 
of doing so. Lynx habitats in this unit are naturally patchy and fragmented due to topography 
and elevational and moisture (aspect) constraints. We concur with the expert panel that resident 
lynx are very likely to persist in this unit at years 2025 and 2050, and likely to do so at 2100. 
Over the longer-term, we expect continued climate warming and associated impacts, perhaps 
especially increased wildfire activity, to reduce the amount and quality of lynx habitat in this unit, 
reducing lynx numbers and likely decreasing the population’s resilience. Although the timing and 
extent of climate-mediated habitat decline is highly uncertain and fire-driven habitat loss 
typically would be temporary, wildfire size, frequency, and intensity have increased in this unit 
over the past few decades, and this pattern is expected to continue with projected climate 
warming. 
 
Unit 4 - Atypically large, frequent, and intense wildfires over the past few decades have 
impacted over a third of the lynx habitat in north-central Washington, perhaps substantially more 
after additional fires in 2017. Because of this, the number of resident lynx in this unit is likely 
lower than it was historically and when the DPS was listed. Based on estimates of lynx carrying 
capacity, this unit may have been capable of supporting roughly 50-60 resident lynx prior to 
large fires beginning in the early 1990s. Recent habitat evaluations suggest it currently may be 
capable of supporting only about 30-35 lynx, with the decline due to fire-driven habitat losses. 
Although these losses are expected to be temporary, additional fires in this unit before 
previously burned areas recover (10-40 years post-burn) would further reduce lynx numbers 
and make this geographic unit more vulnerable to extirpation. Because of these habitat impacts, 
limited demographic information, and remaining uncertainties (e.g., immigration/emigration 
rates, changes in snowpack, disease, lynx population status and impacts of trapping in southern 
British Columbia, and habitat corridor stability between British Columbia and this unit), the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Nonetheless, we concur with the expert panel that the resident lynx population in this unit is very 
likely to persist at years 2025 and 2050. Over the longer-term (2100), we expect continued 
climate warming to reduce the amount and quality of lynx habitat in this unit, further reducing 
lynx numbers and likely decreasing the population’s resilience. Therefore, we concur with 
experts that this unit has a relatively lower likelihood of supporting a resident population at 2100, 
although the timing and extent of climate-mediated habitat decline is highly uncertain. 
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Unit 5 – Based on evaluation of verified historic records, it is uncertain whether this geographic 
unit historically supported a small but persistent resident population or supported resident lynx 
only ephemerally. There are very few verified lynx records in the GYA from 1920-1999, but 
several resident lynx and evidence of reproduction were verified in the late 1990s and early 
2000s (around the time the DPS was listed). In addition, at least 9 radio-marked lynx released in 
Colorado (see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone National Park 
had hare densities clearly too low to support resident lynx. However, parts of the Wyoming 
Range south of the park, where many historical and most recent occurrences in this unit have 
been concentrated, had hare densities among the highest documented in the DPS range. No 
population estimates are available, but expert opinion suggests that this unit may only support 
0-10 lynx, and we find no reliable evidence that it once supported a larger or persistent resident 
population. Therefore, given the uncertainty whether this unit historically or recently supported a 
persistent resident population and the lack of evidence that it is currently occupied by resident 
lynx, we concur with experts that it is very unlikely to support a resident population in the future. 
 
Unit 6 – There are currently many more resident lynx in this unit than likely occurred historically, 
and many more than were known or suspected at the time the DPS was listed. There were even 
fewer verified records in this unit during the last century than in the GYA, and no reliable 
evidence of a resident breeding population. However, from 1999-2006, 218 Canadian and 
Alaskan lynx were released into the San Juan Mountains of southwestern Colorado. As a result 
of the subsequent reproduction of some of the released lynx and some of their offspring over 
several generations, resident lynx currently occupy this unit. When the DPS was listed in 2000, 
27 of 41 lynx released in 1999 were still alive. The State of Colorado has concluded that its 
efforts have established a viable lynx population, and the State’s lynx experts suggest this unit 
may currently support 100-250 resident lynx. Recent snow-tracking and camera surveys in the 
San Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. We concur with the expert panel that resident lynx in this unit are 
likely to persist at year 2025. However, given this unit’s apparent historical inability to support a 
persistent resident population, its relative isolation from other lynx populations, its naturally 
fragmented habitat and generally very low hare densities, and its generally lower proportion of 
females producing kittens and low kitten survival, we believe it is less likely than expert 
projections to support a resident population at 2050 or at 2100. It is possible that hare densities 
will increase over the next several decades as large areas of forest regenerate from recent 
extensive insect and fire impacts. However, we expect any increase in hares to be temporary 
and accompanied by a longer-term insect- and fire-driven decrease in red squirrel 
(Tamiasciurus hudsonicus) abundance. 
 
DPS Viability 
 
In this SSA, we describe the current and future viability of the DPS in terms of resiliency, 
redundancy, and representation. Resident lynx populations persisted historically and continue to 
persist in 4 geographic units (Units 1-4). It is uncertain whether Unit 5 (the GYA) historically 
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supported a small persistent population or if lynx residency was ephemeral; currently, it appears 
not to support resident lynx. Available evidence suggests that Unit 6 (Colorado) did not 
historically support persistent lynx presence; however, a resident population has persisted there 
for more than a decade since the 1999-2006 releases described above. Considering the 
available information, we find no reliable evidence that the current distribution and relative 
abundance of resident lynx in the contiguous United States are substantially reduced from 
historical conditions. This suggests historical and current resiliency among lynx populations in 
the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
 
Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
We expect lynx populations in each geographic unit to become smaller and more patchily-
distributed due largely to projected climate-driven losses in habitat quality and quantity and 
related factors. However, the timing, rate, and extent of habitat decline due to projected climate 
warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should extirpations occur, this 
would indicate a loss of resiliency, reduced redundancy and representation, and an increased 
risk of extirpation of the DPS. 
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Chapter 1: Introduction 
The Service designated Canada lynx in the contiguous United States as a DPS because of 
differences in the management of lynx and lynx habitats across the international boundary with 
Canada and because of the climatic, vegetative, and ecological differences in lynx habitat 
compared to the northern parts of the species’ range in Canada and Alaska (62 FR 28654-
28655). The Service listed the DPS as threatened under the ESA in 2000 because of the 
inadequacy, at that time, of existing regulatory mechanisms on some Federal lands to provide 
for the conservation of lynx habitats and populations (65 FR 16052-16086). On May 8, 2014, the 
United States District Court for the District of Montana ordered the Service to complete recovery 
planning for the lynx DPS (U.S. District Court MT 2014a, p. 8). On June 25, 2014, the same 
court ordered the Service to complete a recovery plan by January 15, 2018 “…unless the 
Service finds that such a plan will not promote the conservation of the [lynx]” (i.e., the DPS is 
recovered or no longer warrants ESA protections; U.S. District Court MT 2014b, p. 2). We 
completed this SSA (version 1.0) to summarize the best available scientific information on the 
current status and likely future viability of the DPS. This SSA will inform a determination by 
Service decision makers of whether (1) the DPS continues to warrant protection under the ESA 
and (2) a recovery plan is needed to guide conservation and recovery of the lynx DPS. 

1.1 Background 
The Canada lynx is a North American wild cat that is most strongly associated with northern-
latitude boreal forests (taiga) of Canada and Alaska (McCord and Cardoza 1982, p. 729; Agee 
2000, pp. 39-41; Aubry et al. 2000, pp. 373-374; Mowat et al. 2000, p. 272). It is a prey 
specialist and relies heavily on its primary prey, the snowshoe hare (Lepus americanus), to 
support survival, reproduction, recruitment, and, therefore, population persistence (Ruggiero et 
al. 2000a, p. 110; Mowat et al. 2000, p. 270; Steury and Murray 2004, pp. 128, 136-138; 
USFWS 2005, p. 2; Interagency Lynx Biology Team [ILBT] 2013, pp. 30-34; 79 FR 54808-
54809). Lynx distribution and population persistence are also influenced by snow conditions 
(e.g., Peers et al. 2012, pp. 4-9). It is generally restricted to areas that receive deep and 
persistent unconsolidated (“fluffy”) snow, which is thought to allow lynx, with their 
proportionately longer limbs and very large feet, to outcompete other terrestrial hare predators 
that are less efficient in such conditions (McCord and Cardoza 1982, pp. 748-749; Quinn and 
Parker 1987, p. 684; Buskirk et al. 2000a, pp. 89-94; Buskirk et al. 2000b, pp. 400-401; 
Ruggiero et al. 2000b, pp. 445–449; Hoving 2001, p. 75; Hoving et al. 2005, p. 744-749; Carroll 
2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 25-26; 79 FR 54809). 
 
The lynx is generally considered secure, widespread, abundant, and distributed throughout 
most of its historical ranges in Canada and Alaska, which, combined, account for roughly 98 
percent of the species’ distribution. Lynx are distributed across approximately 5.5 million km2 
(2.1 million mi2) in Canada (Environment Canada 2014, p. 2) and 534,454 km2 (206,354 mi2) in 
Alaska (Univ. of Alaska Center for Conservation Science 2016, entire; Reimer 2016, pers. 
comm.). The southern peripheries of the boreal forest and the distributions of snowshoe hares 
and lynx extend into the northern contiguous United States (Bittner and Rongstad 1982, p. 146; 
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McCord and Cardoza 1982, p. 729; Agee 2000, pp. 39-41; Aubry et al. 2000, pp. 379-382; 
Hodges 2000a, pp. 163-173; McKelvey et al. 2000a, pp. 242-253), where the 6 geographic units 
evaluated in this SSA represent the other 2 percent of the species’ breeding distribution 
(approximately 131,168 km2 [50,644 mi2]; see fig. 1, above, and table 2, below). 
 
We consider “southern” lynx populations to include all those in the contiguous United States and 
in the southern parts of the adjacent Canadian provinces of (east to west) Nova Scotia, New 
Brunswick, Quebec (south of the Saint Lawrence Seaway and River), Ontario (north of the 
Great Lakes and Minnesota), Manitoba, Saskatchewan, Alberta, and British Columbia (e.g., see 
Ivan and Shenk 2016, p. 1051, fig. 1). Lynx populations in the DPS and on the margin of the 
range in adjacent Canadian provinces seem to function as peripheral subpopulations of a larger 
metapopulation that is broadly distributed across Canada and Alaska (McKelvey et al. 2000b, p. 
25; 68 FR 40077; also see 2.2 below). The demographic and genetic health and persistence of 
DPS populations are thought to be influenced by connectivity with, and immigration of lynx from, 
larger populations in Canada (McKelvey et al. 2000b, pp. 21, 33; Schwartz et al. 2002, entire; 
78 FR 59434, 59447; 79 FR 54815). 
 
Lynx were documented historically in 24 of the Lower 48 States (McKelvey et al. 2000a, pp. 
207-232), but records in many places are associated with cyclic “irruptions” of large numbers of 
lynx dispersing from southern Canada during the decline/low phase of snowshoe hare 
population cycles, roughly every 10 years. Many of these occurrences were in anomalous 
habitats, and lynx were unable to persist and establish populations in most of these areas 
(Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 242, 253; Aubry 2006, 
pp. 1-2; ILBT 2013, p. 23; see also section 2.3.2). Habitats capable of supporting persistent 
resident lynx populations in the contiguous United States occur over a much smaller geographic 
area that includes parts of the Northeast (primarily northern Maine), western Great Lakes 
(northeastern Minnesota), Rocky Mountains (northern Idaho, northwestern Montana; perhaps 
also parts of northeastern Washington, the Greater Yellowstone Area (GYA) of southwestern 
Montana and northwestern Wyoming, and parts of western Colorado), and the eastern Cascade 
Mountains of northern Washington (68 FR 40077-40080; USFWS 2005, p. 3; 79 FR 54806-
54807; Lynx SSA Team 2016a, pp. 6-7). Although uncertainty remains regarding the historical 
distribution of resident lynx in the contiguous United States, and small breeding populations may 
have been lost from some places, neither broad-scale breeding range contraction nor 
substantial changes in population status in the contiguous United States has been documented 
based on verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey 
in Lynx SSA Team 2016a, p. 11; also see section 2.3.2). 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 14 states in 2000 because of the inadequacy, at that time, of 
existing regulatory mechanisms on U.S. Forest Service (USFS) and Bureau of Land 
Management (BLM) lands in those states (65 FR 16052). In 2003, in response to a court 
memorandum opinion on the 2000 listing rule, the Service reaffirmed its determination of the 
lynx DPS and its status as threatened under the ESA (68 FR 40076). The Service completed a 
recovery outline in 2005 (USFWS 2005, entire), designated critical habitat for the DPS in 2006 
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(71 FR 66008) and, in 2007, again in response to a court order, clarified its determinations of 
“significant portion of the range” and that all lynx in the contiguous United States constitute a 
single DPS (72 FR 1186). Also in 2007, the Service announced that it would initiate a 5-year 
status review of the DPS (72 FR 19549). The Service revised the critical habitat designation for 
the DPS in 2009 (74 FR 8616) and 2014 (79 FR 54782) and, concurrent with the latter, 
rescinded the state-based definition of the DPS boundary to formally extend ESA protection to 
lynx “where found” in the contiguous United States, including New Mexico and other states that 
were not included in the original DPS range (79 FR 54804). Also in 2014 and as described 
above, the U.S. District Court for the District of Montana ordered the Service to complete a 
recovery plan for the lynx DPS by January, 2018, unless it finds that such a plan is not 
necessary. The Service reinitiated the 5-year status review in 2015 (USFWS 2015a, entire), and 
that review and potential recovery planning pursuant to it will be informed by this SSA report. On 
September 7, 2016, the U.S. District Court for the District of Montana remanded the 2014 critical 
habitat designation to the Service for further consideration (U.S. District Court MT 2016, entire). 
 
The 6 geographic units evaluated in this SSA encompass all areas of the contiguous United 
States that currently support or are believed to have recently (since the DPS was listed in 2000) 
supported persistent resident lynx populations (fig. 1, above). Five of the 6 geographic units 
were designated as “Core Areas” in the Recovery Outline, and western Colorado was 
designated a “Provisional Core Area” (USFWS 2005, pp. 4-6, 21, 23). With the exception of 
western Colorado, the SSA units reflect the areas the Service designated as critical habitat in 
2014 (79 FR 54782). Some areas adjacent to these geographic units are known or suspected to 
intermittently support resident lynx and occasional reproduction. Uncertainty remains as to 
whether resident lynx populations occurred historically in other areas not encompassed by the 
geographic units evaluated here. 
 
The 6 geographic units include Federal, private, State, and Tribal lands, and proportions vary 
among the units, with private lands predominating in Maine, a mix of ownerships present in 
Minnesota, and Federal lands predominating in the western units (table 2).

https://www.fws.gov/mountain%20-prairie/pressrel/2015/01132015_ServiceConductingFiveYearReviewCanadaLynx.php
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Table 2. Lynx SSA Unit Sizes and Percent Ownership. 

Unit1 
Unit Size 

(km2) 

Percent 
of SSA 
Area 

Land Ownership/Management (Percent)2 

Federal3 

Private State Tribal 
All 

Federal USFS NPS BLM 

1 28,909 22.0 1.2 0 1.2 0 90.4 7.3 0.9 

2 21,101 16.1 47.4 44.9 2.5 0.01 15.5 36.2 1.0 

3  26,997 20.6 84.3 69.3 13.6 1.5 8.0 4.1 3.5 

4 5,176 3.9 91.5 84.6 6.7 0.1 0.3 8.2 0 

5 23,687 18.1 97.6 79.7 16.7 1.1 2.2 0.3 0 

6 25,294 19.3 90.1 85.2 1.8 3.1 9.3 0.6 0 

All Units 131,164 100 63.8 55.6 7.1 1.1 26.3 8.8 1.1 
1 Unit 1 - Northern Maine; Unit 2 - Northeastern Minnesota, Unit 3 - Northwestern Montana/Northeastern Idaho, Unit 4 
- North-central Washington, Unit 5 - the Greater Yellowstone Area (Southwestern Montana/Northwestern Wyoming), 
Unit 6 - Western Colorado. 
2 Unit sizes and ownership for units 1-5 are those calculated for the areas designated in 2014 as lynx critical habitat, 
including some Tribal, State and private lands that met the criteria for critical habitat but which were excluded from 
the designation in accordance with section 4(b)(2) of the Endangered Species Act. Unit 6 size and ownership were 
calculated by the Service’s Western Colorado Field Office in coordination with Colorado Parks and Wildlife based on 
telemetry data from radio-marked lynx. 
3 USFS = U.S. Forest Service; NPS = National Park Service; BLM = Bureau of Land Management. 

1.2 SSA Framework and Report 
The Service is engaged in a number of efforts to improve the implementation of the ESA1. As 
part of this effort, our Endangered Species Program has developed the Species Status 
Assessment (SSA) Framework to guide how we assess the best scientific and commercial data 
available when evaluating the biological status of species. The purpose of the SSA Framework 
is to provide a consistent, integrated, conservation-focused, and scientifically robust approach to 
assessing a species’ biological status such that the information and analysis are useful to all 
decisions and activities under the ESA. The SSA does not result in a decision document; rather, 
it provides the biological information and scientific analysis in support of ESA decisions. 
The SSA Framework entails 3 iterative assessment stages (fig. 3; USFWS 2016a): 
 

                                                
1 See: http://www.fws.gov/endangered/improving_ESA/. 

http://www.fws.gov/endangered/improving_ESA/
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1. Species’ Needs. An SSA begins with a compilation of 
the best available biological information on the species 
(taxonomy, life history, and habitat) and its ecological 
needs at the individual, population, and species levels 
based on how environmental factors are understood to act 
on the species and its habitat. 
 
2. Current Species’ Condition. Next, an SSA describes 
the current condition of the species’ habitat and 
demographics, and the probable explanations for past and 
ongoing changes in abundance and distribution within the 
species’ ecological settings (i.e., areas representative of 
the geographic, genetic, or life history variation across the 
species’ range). 
 
3. Future Species’ Condition. Lastly, an SSA forecasts 
the species’ response to probable future scenarios of environmental conditions and 

conservation efforts. As a result, the SSA characterizes species’ ability to sustain populations in 
the wild over time (viability) based on the best scientific understanding of current and future 
abundance and distribution within the species’ ecological settings. 
 
Throughout the assessment, the SSA uses the conservation biology principles of resiliency, 
redundancy, and representation (collectively known as the “3 Rs”) as a lens to evaluate the 
current and future condition of the species. Resiliency describes the ability of the species to 
withstand stochastic disturbance events, which is associated with population size, growth rate, 
and habitat quality. Redundancy describes the ability of a species to withstand catastrophic 
events, which is related to the number, distribution, and resilience of populations. 
Representation describes the ability of a species to adapt to changing environmental conditions, 
which is related to distribution within the species’ ecological settings. Together, the 3 Rs, and 
their core autecological parameters of abundance, distribution and diversity, comprise the key 
characteristics that contribute to a species’ ability to sustain populations in the wild over time. 
When combined across populations, they measure the health of the species as a whole. 
 
The Species Status Assessment Report (SSA Report) is a summary of the information 
assembled, reviewed, and assessed by the Service and is based on the best scientific and 
commercial data available at the time of the assessment. Completed SSA Reports and 
supporting material can be found at the collaborative repository of the National Park Service and 
the USFWS called “ServCat”2. 

                                                
2 http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html. 

Figure 3. SSA Framework stages. 

http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
http://www.fws.gov/Refuges/NaturalResourcePC/IandM/serviceCatalog.html
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1.3 Analytical Approach and Methods 
We used the SSA Framework described above to evaluate the current status of resident lynx in 
the contiguous United States as well as the likelihood that the geographic areas supporting 
resident lynx in the DPS would continue to do so in the near-term and at mid- and end-of-
century (years 2025, 2050, and 2100). We framed our evaluation in terms of the 3 Rs using 
conceptual modeling (figs. 4-7) based on available published literature, other information on the 
historical and current status of and threats to lynx in the DPS and, where empirical data are 
lacking, on formally-elicited expert opinion and best professional judgment (Lynx SSA Team 
2016a, entire). The conceptual models below are intended to broadly highlight important 
relationships thought to influence lynx in the DPS in terms of representation, redundancy, and 
resiliency. They are not meant to capture every nuance of all possible relationships between 
lynx and their environments or to illustrate all factors potentially capable of affecting individual 
lynx or populations. 

 
Figure 4. Conceptual model of the factors thought to influence the 3 Rs as they pertain to 
lynx viability. 
 
We applied the definitions from the SSA Framework for the principles of redundancy, 
representation, and resiliency, provided in section 1.2, to Canada lynx as described below. We 
evaluated redundancy and representation at the scale of the DPS as a whole, and resiliency at 
the scale of lynx populations within each of the 6 geographic units and at the scale of the DPS 
as a whole. 
 
To evaluate redundancy for the lynx DPS, we considered the current and likely future 
geographic distributions of resident breeding populations and whether the DPS is currently 
vulnerable to extirpation from a catastrophic event or would be vulnerable in the future. We 
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consider catastrophic events to be relatively discrete in both time and geographic extent (e.g., 
wildfires, storms, floods, volcanic eruptions, etc.) and, therefore, we do not consider 
anthropogenic climate warming as a catastrophic event (see below). Figure 5 shows examples 
of relationships among factors that may influence redundancy within the lynx DPS. 

 
Figure 5. Conceptual model of factors thought to influence redundancy within the lynx 
DPS. 
 
To evaluate representation for the lynx DPS, we considered measures of genetic diversity and 
heterozygosity, the current and likely future ecological diversity (breadth) of geographic areas 
occupied by resident breeding populations, and the documented dispersal capabilities of the 
species, as shown in figure 6 below. 
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Figure 6. Conceptual model of factors thought to influence representation within the lynx 
DPS. 
 
Because we lack reliable estimates of the sizes and trends of lynx populations in the DPS and 
existing demographic data are inadequate to construct empirical models to project population 
sizes, trends, and viability into the future, our evaluation of the resiliency of lynx populations in 
the DPS was based largely on consideration of recent status updates and formally-elicited 
expert opinion regarding the likelihood that DPS populations will remain viable into the future. 
The relationships among factors that influence DPS resiliency are shown in figure 7 below. 
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Figure 7. Conceptual model of factors thought to influence the resiliency of lynx 
populations within the DPS. 
 
We elicited expert input on the current status of resident lynx populations in each geographic 
unit and the likelihood that each unit would continue to support them in the future (i.e., that 
resident populations would not be functionally extirpated [reduced to the point that a viable 
breeding population could no longer be sustained]). To assess both current and future 
conditions for lynx in the DPS, we considered the adequacy of existing regulatory mechanisms 
(the factor for which the DPS was originally listed) as well as the anthropogenic influences 
considered by the Interagency Lynx Biology Team (ILBT) to have the potential to exert 
population-level (3 Rs) effects on the DPS (climate change, vegetation management, wildland 
fire management, and habitat loss and fragmentation; ILBT 2013, pp. 68-78). 
 
In Chapter 4, we present our assessment of current conditions based on expert input and our 
evaluation of the available scientific information regarding lynx populations and habitats and the 
influencing factors described above for each geographic area. In Chapter 5, we present 
summaries of experts’ predictions regarding the probability of lynx persistence in each 
geographic unit; the factors they thought would most likely influence those probabilities; and the 
sources of uncertainty that influenced their confidence in their predictions. We then present our 
evaluation of the scientific literature regarding how certain anthropogenic factors may influence 
future conditions for resident lynx in each geographic unit. Other factors were also evaluated for 
some geographic units if the SSA Core Team member most familiar with that unit felt those 
factors could pose meaningful, even if less likely, risks to the unit’s continued ability to support 
resident lynx. After considering all of the above, we present our conclusions regarding the future 
conditions for resident lynx in each geographic unit and we discuss the extent to which our 
conclusions agree with or differ from the projections provided by the lynx expert panel we 
consulted, and if they differed, why. 
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Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
we do not evaluate the unlikely hypothetical future in which all protections and conservation 
efforts would disappear if the DPS was not listed given (1) the history of lynx management, 
research, monitoring, and habitat conservation efforts by State wildlife and natural resource 
agencies in most states throughout the DPS range; (2) similar efforts by Federal land managers 
and related formal amendments or revisions to most of their land management plans to address 
the threat for which the DPS was listed (the inadequacy of previous Federal regulatory 
mechanisms); (3) Tribal lynx conservation efforts and wildlife management philosophies; and (4) 
the DPS’s listing and consultation history. Rather, we assume that although some protections 
could be relaxed (e.g., less stringent analyses of Federal project-related impacts, potential for 
some states to reinstitute limited lynx trapping/hunting harvest, reduced incentives for lynx 
conservation efforts on some private lands), Federal, State, Tribal and some private land 
managers would continue efforts to conserve lynx and its habitats and to assure persistence of 
resident lynx populations in those places that can support them in the DPS range. Our 
evaluation, therefore, considers the possibility of the future relaxing of some lynx conservation 
measures and efforts should the DPS be delisted, but not the complete absence of all 
protections for lynx. 
 
Additionally, we do not define and evaluate specific and explicit climate change or greenhouse 
gas emissions scenarios or attempt to quantify differences in DPS viability or the persistence of 
resident lynx populations in individual geographic units based on differences in the rate and 
extent of potential impacts associated with projected continued climate warming. This is 
because of the limited resolution and inherent uncertainty of available climate models and the 
inadequacy of existing demographic data for projecting lynx populations in the DPS over time, 
including their potential responses to a range of climate-mediated potential future habitat 
conditions. Therefore, this SSA does not constitute or include a formal climate change 
vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. Instead, underlying 
our evaluation in this SSA is the recognition that the lynx, as a boreal forest- and snow-
associated specialist predator, is probably broadly exposed and highly sensitive to the projected 
impacts of continued climate warming and has limited capacity to adapt to it (see sections 1.4 
and 3.2 below). Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable (predisposed to be adversely affected; IPCC 2014a, p. 5) to 
the projected impacts climate change. While we recognize that the pace and extent of impacts 
would be expected to differ under specific emissions or modeling scenarios, the limitations 
described above preclude us from quantifying those differences and their potential influence on 
the likelihood that resident lynx populations will persist in the DPS or in individual geographic 
units. Finally, in our analyses we do not consider anthropogenic climate warming a catastrophic 
effect because it is not temporally- and spatially-discrete; characteristics of events traditionally 
considered catastrophic (e.g., wildfires, floods, storms, volcanic eruptions, etc.). Rather, we 
consider climate change as an ongoing, pervasive, and cumulative stressor of lynx and their 
habitats, particularly at the southern margin of the species’ distribution, including all geographic 
areas of the DPS. 
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1.4 Uncertainties and Assumptions 
Several sources of uncertainty had to be accounted for in our analysis, including the paucity of 
empirical data on lynx population sizes, trends, and other important demographic parameters in 
the DPS; the influence of immigration of lynx from Canada on the persistence of DPS 
populations; the effectiveness of habitat management efforts; and the effects of competition on 
lynx populations. We similarly lack demographic information for snowshoe hares throughout 
much of the DPS range, and consistent methods to monitor hare and lynx habitats and 
populations have not been implemented throughout most of the range. And importantly, given 
the emerging role of climate change as a stressor, uncertainties about the rate and extent of 
projected future impacts to boreal, subalpine, and montane forests and snow quality, depth, and 
persistence constrain our ability to precisely predict effects on lynx and hare populations and 
habitats, including to what degree these changes may affect interactions between lynx and their 
potential competitors. 
 
To account for these uncertainties in our analysis, we identified a number of critical assumptions 
based on the scientific literature and input provided by the lynx experts we consulted. We 
treated the following assumptions as constants in the analysis. 
 
● We assume that, in general, habitat quality and contiguity and hare densities are naturally 

lower at the southern margin of the lynx’s range (in both the contiguous United States and 
the southern portions of adjacent Canadian provinces) compared to the core of the species’ 
range in Canada and Alaska. Hare populations in the DPS range are noncyclic or weakly 
cyclic and, although they do not exhibit the dramatic cyclic declines of their northern 
counterparts, they typically occur at densities on the lower end of those in the northern 
range. Because of this, lynx densities in most of the DPS range are typically similar to those 
in the north during hare cycle lows. 
 

● We assume that, as a consequence of generally lower habitat quality and hare densities, 
only some places within the DPS range are capable of supporting persistent resident lynx 
populations, while others may naturally support resident lynx only ephemerally, and yet 
other areas are naturally incapable of supporting resident lynx despite boreal-forest-like 
vegetation, the presence of some hares, and the occasional or intermittent presence of 
dispersing or transient lynx. 
 

● We assume that the statuses of lynx populations in individual SSA geographic units are 
largely independent of those in the other geographic units. This is clearly true for Units 1 and 
2, and it is probably true of the western geographic units (3 – 6), despite likely historical 
north-to-south connectivity and dispersal from or through Unit 3 to Unit 5 and possibly Unit 
6, and recent evidence of south-to-north connectivity and dispersal from Unit 6 to and 
through Units 5 and 3. We are aware of no evidence of east-west connectivity or dispersal 
between Units 3 and 4. 
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● We assume that lynx populations in the DPS occur as the southern extensions of larger, 
cross-border populations or as relatively isolated subpopulations of the larger Canadian 
populations. 
 

● We assume that lynx exhibit a metapopulation structure in which populations at the southern 
periphery of the species’ range (including all DPS populations and some in southern 
Canada) receive periodic immigration of lynx dispersing from populations in the core of the 
Canadian range. 
 

● We assume that connectivity with lynx populations in Canada is important, and that periodic 
immigration of lynx into the DPS from Canada contributes to the persistence of DPS 
populations, although the extent to which the demographic and genetic health of DPS 
populations may depend on immigration remains uncertain. 
 

● We assume that (1) the lynx’s morphology confers a competitive advantage in snowy 
conditions over other terrestrial hare predators, (2) snow conditions (depth, consistency, and 
persistence) influence the distribution of lynx and its potential terrestrial competitors, and (3) 
in the absence or loss of these conditions, lynx could be displaced by other terrestrial hare 
predators. 
 

● We assume that the lynx, as a boreal forest- and snow-associated predator that relies 
heavily on a single, similarly-specialized prey species, and whose habitats are influenced by 
climate-mediated disturbance factors (e.g., wildfire, forest insects, wind/ice storms), is highly 
sensitive and broadly exposed to the impacts of climate warming and has limited adaptive 
capacity to respond to it. That is, despite some level of behavioral plasticity suggested by 
differences in snow conditions and specific vegetation communities and stand conditions 
across the DPS range, we expect that lynx lack the adaptive capacity to shift to non-boreal 
(e.g., temperate coniferous or deciduous) forests, non-snow-domintated climates, or to 
persist on alternate prey species where hare densities are or become inadequate. 
Therefore, we assume lynx populations in the DPS are vulnerable (sensitive, exposed, and 
with little capacity to adapt; therefore, predisposed to be adversely affected; IPCC 2014a, p. 
5) to the projected impacts of continued climate warming. 

 
● We assume that lynx conservation measures and habitat management guidance adopted by 

the USFS and the BLM via formally amended or revised management plans or conservation 
agreements with the Service have had a positive influence on DPS lynx populations that 
occur on Federal lands and will continue to provide benefits as long as those measures and 
guidance are implemented. 
 

● We assume that the DPS could be delisted in the future and that some of the current 
protections afforded by the ESA could be lost and/or relaxed. However, we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage 
for the conservation of resident lynx populations in those places that can support them in the 
DPS range. 
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For purposes of the SSA, we forecast potential future conditions for lynx in the DPS through the 
end of this century, and we asked a panel of 10 lynx experts to provide their opinions on the 
likelihoods that each geographic unit would support resident lynx populations over the short-
term (year 2025), mid-term (2050) and longer-term (2100). As expected, the level of uncertainty 
regarding the viability of the DPS and each of the factors that may influence it increases the 
farther into the future we (and the lynx experts we consulted) try to look, and this uncertainty 
greatly reduces confidence in future projections, particularly beyond mid-century. Beyond that 
time frame, uncertainty regarding the potential impacts of climate change and other potential 
stressors to lynx populations in the DPS becomes so great that it precludes meaningful analysis 
or reliable predictions regarding viability. 
 
Finally, although formal elicitation of expert opinion where empirical information is unavailable or 
inadequate is an appropriate and scientifically supported approach, we remind readers that the 
output remains the experts’ best professional judgment, which is subjective and, therefore, 
inherently different than experimentally collected data subjected to rigorous statistical analyses. 
For purposes of useful and meaningful presentation and comparison among geographic units, it 
was necessary to combine, quantify, graph, and summarize the qualitative information provided 
by experts. However, we caution that the results we present, graph, and describe in chapter 5 
should not be interpreted as precise, statistically robust estimates of the probability that resident 
lynx will persist in the DPS or in any individual geographic unit in the future, and readers should 
consider the inherent limitations and substantial uncertainties in expert responses, particularly 
over longer time periods. 

Chapter 2: Lynx Ecology 
In this chapter, we describe the physical characteristics, taxonomy, and genetics of the Canada 
lynx, its life history and population dynamics, and its taxon-wide and DPS distributions. We rely 
heavily on recent summaries of this information provided in the revised Canada Lynx 
Conservation Assessment and Strategy (LCAS; ILBT 2013, entire), the Service’s recent 
proposed (2013) and final (2014) rules to revise the designation of critical habitat for the DPS 
(78 FR 59430-59474; 79 FR 54782-54846), and the results of the October 2015 Canada Lynx 
Expert Elicitation Workshop (Lynx SSA Team 2016a, entire). We also provide a summary of the 
pertinent ecological requirements of lynx at the individual, population, and DPS levels. These 
ecological requirements form the basis of our analyses conducted in Chapters 3 through 5. 

2.1 Species Taxonomy, Description, and Genetics 
The Canada lynx (order Carnivora; family Felidae) is 1 of 4 species within the genus Lynx (Kerr 
1792), which also includes the bobcat (L. rufus, Schreber 1777), the Eurasian lynx (L. lynx, 
Linnaeus 1758), and the Iberian or Spanish lynx (L. pardinus, Temminck 1827). There are 3 
recognized subspecies of Canada lynx:  Lynx canadensis canadensis (Kerr 1792), L. c. 
mollipilosus (“Arctic lynx,” Stone 1900), and L. c. subsolanus (“Newfoundland lynx,” Bangs 
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1897; Integrated Taxonomic Information System online database3, retrieved April 14, 2016). 
The Canada lynx is believed to have evolved from the Eurasian lynx in the last 200,000 years in 
North America as a snowshoe hare specialist (Werdelin 1981, p. 69). 
 
The Canada lynx is a medium-sized cat with long legs and large, well-furred paws. In winter, the 
lynx’s fur is dense and has a grizzled appearance with a grayish-brown mix of buff or pale 
brown fur on the back, and a grayish-white or buff-white fur on the belly, legs, and feet. In 
summer, its fur is more reddish to gray-brown (McCord and Cardoza 1982, p. 730). It has long 
tufts of black hairs extending from the tips of its ears, a short, completely black-tipped tail, and 
often a distinct dish-like facial ruff of pale hairs tipped black. Lynx generally measure 75 to 90 
cm (30 to 35 in) long and weigh 6 to 14 kg (14 to 31 lb; Quinn and Parker 1987, table 1; Moen et 
al. 2010a, fig. 2; MDIFW 2012, unpubl. data), and males are 13-25 percent larger than females 
(Mowat et al. 2000, p. 267). The lynx’s large feet and long legs make it well-adapted for 
traversing and hunting in deep, powdery snow, where its low foot-loading (weight per surface 
area of foot) is thought to provide a competitive advantage (Buskirk et al. 2000a, p. 90; 2000b, 
p. 400; ILBT 2013, pp. 26, 36, 81) over other terrestrial predators of snowshoe hares, the lynx’s 
primary prey. In southern Canada and the northern contiguous United States, where the 
southern edge of the lynx range overlaps the northern edge of the bobcat range, the 2 species 
are easily confused because of their similar size and appearance. However, the lynx’s longer 
ear-tufts, larger feet, and black-tipped tail distinguish it from the bobcat, which has shorter ear 
tufts, small feet, and white on the underside of the tail. Bobcats are much more common, 
widespread, and abundant than lynx in most of the contiguous United States. 
 
Overall, genetics research suggests high gene flow across most of the continental range of lynx, 
likely because of high dispersal rates, large dispersal distances, and the absence of significant 
barriers to genetic interchange throughout much of the lynx range, including the DPS (Schwartz 
in Lynx SSA Team 2016a, pp. 11-12). Genetic evidence also indicates interactions between 
lynx populations even where physical barriers appear most likely to restrict gene flow. For 
example, although L. c. subsolanus on Newfoundland Island is genetically (Row et al. 2012, pp. 
1262-1266; Koen et al. 2015, p. 528) and morphologically (Khidas et al. 2013, pp. 597-601) 
distinct from mainland lynx (L. c. canadensis), there is evidence of genetic exchange between 
the 2 areas, indicating that some lynx are able to cross the 15-60 km- (9-37 mi-) wide Strait of 
Belle Isle that separates them (Koen et al. 2015, p. 527). Similarly, despite some differences in 
functional genetic markers (unique alleles) in lynx south versus north of the St. Lawrence 
Seaway/River in eastern Canada, which suggest the potential for evolutionarily significant 
differences in those areas (Bowman in Lynx SSA Team 2016a, p. 14), recent analyses reveal 
genetic exchange among lynx on either side, indicating that some lynx successfully navigate 
this barrier (Koen et al. 2015, pp. 524-528; Bowman in Lynx SSA Team 2016a, p. 12-13). 
However, Prentice et al. (2017, entire) documented natural selection for unique alleles in 
relatively isolated island populations of lynx in eastern Canada. 
 
Schwartz et al. (2003, entire) documented reduced genetic variation (lower mean number of 
alleles per population and lower expected heterozygosity) among peripheral lynx populations 
                                                
3 http://www.itis.gov.  

http://www.itis.gov/
http://www.itis.gov/
http://www.itis.gov/
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compared to populations in the core of the lynx geographical range in Canada and Alaska. 
While recognizing that small changes in genetic variation can lead to large changes in 
population fitness, the authors noted that the differences between core and peripheral 
populations in their study were small enough to suggest a lack of significant population 
subdivision (i.e., no indication of genetic isolation, substantial genetic drift, or potential genetic 
‘‘bottlenecks’’ among DPS populations; Schwartz et al. 2003, p. 1814; 79 FR 54793). This 
finding is consistent with their earlier work, which documented high levels of gene flow (the 
highest yet documented for any carnivore) between core and peripheral lynx populations 
despite large separation distances (Schwartz et al. 2002, entire). Their results did not suggest 
that reduced genetic variation among peripheral populations was because of human 
disturbance (i.e., habitat loss/fragmentation on the southern periphery of the geographic range; 
Schwartz et al. 2003, p. 1814), but the authors concluded that the persistence of lynx 
populations in the contiguous United States depends on dispersal from larger (core) populations 
(Schwartz et al. 2002, p. 522). 
 
Within the contiguous United States, minor genetic sub-structuring has been documented 
among lynx subpopulations in western Montana (Schwartz in Lynx SSA Team 2016a, p. 12 and 
Appendix 5). Genetic diversity may be somewhat greater among lynx in western Colorado than 
elsewhere in the DPS range because of the broad geographic distribution of the source 
populations that contributed to the lynx releases in Colorado (45 lynx from Quebec, 4 from 
Manitoba, 91 from British Columbia, 48 from The Yukon Territory, and 30 from Alaska). 
Additionally, lynx-bobcat hybridization has been documented in Minnesota, Maine, and New 
Brunswick (Schwartz et al. 2004, entire; Homyack et al. 2008, entire), where male bobcats bred 
with female lynx to produce fertile offspring with lynx-like ear tufts, intermediate foot-size, and 
bobcat-like fur (ILBT 2013, p. 35). In Minnesota from 2000 to 2015, DNA analyses documented 
13 distinct hybrid individuals (Moen and Catton in Lynx SSA Team 2016a, pp. 13, 19); hybrids 
have yet to be documented in the western portion of the lynx’s range (Schwartz in Lynx SSA 
Team 2016a, p. 12). At a continental scale, Koen et al. (2014b, pp. 111-113) found a low level 
of bobcat-lynx genetic introgression (i.e., hybridization) but suggested it could increase if bobcat 
distribution shifts northward in the future as a result of continued climate warming (also see 
section 3.2 below). 
 
Currently, there is no indication that the levels of connectivity and gene flow between lynx 
populations in the DPS and those in the core of the lynx’s range are inadequate to maintain the 
genetic health of DPS populations. Given the connectivity of most DPS units with lynx 
populations and habitats in Canada (particularly Units 1-4, which have the strongest evidence of 
historically persistent resident lynx populations), the noted dispersal capabilities of lynx, 
evidence of dispersal in both directions across the Canada-United States border (Aubry et al. 
2000, pp. 386-387; Squires et al. 2006a, p. 38; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 
2012, p. 22), and the small number of immigrants thought necessary to maintain genetic 
variability in peripheral populations (McKelvey et al. 2000b, pp. 23-24), genetic isolation, 
biologically meaningful genetic drift, or potential genetic ‘‘bottlenecks’’ appear unlikely among 
most DPS populations in the near future (79 FR 54793). However, the potential for genetic drift 
would be expected to increase at some point in the future if lynx and hare habitats shift 
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northward and upslope, as projected with continued climate warming, resulting in reduced 
connectivity and gene flow among smaller and more isolated lynx populations at the periphery 
of the range (Schwartz 2017, pp. 4-5; also see section 3.2). 

2.2 Life History and Population Dynamics 
All aspects of lynx life history are inextricably tied to its primary prey, the snowshoe hare (fig. 8), 
which comprises most of the lynx diet throughout its range (Nellis et al. 1972, pp. 323–325; 
Brand et al. 1976, pp. 422–425; Koehler and Aubry 1994, pp. 75, 85; Apps 2000, pp. 358–359, 
363; Aubry et al. 2000, pp. 375–378; Mowat et al. 2000, pp. 267–268), including the DPS 
(Koehler 1990a, p. 848; von Kienast 2003, pp. 37–38; Squires et al. 2004a, p. 15, table 8; Moen 
2009, p. 7; Vashon et al. 2012, p. 11; Olson 2015, pp. 60-69; Ivan and Shenk 2016, p. 1053). 
Lynx are highly specialized hare predators and require landscapes that consistently support 
relatively high hare densities (McCord and Cardoza 1982, p. 744; Quinn and Parker 1987, pp. 
684-685; Aubry et al. 2000, pp. 375-378). 
 

 
Figure 8. Generalized relationship between habitat conditions and hare and lynx 
population dynamics and their influence on lynx population resiliency. 
 
Although lynx take a variety of alternate prey species, especially red squirrels (Tamiasciurus 
hudsonicus), which may be important when hare numbers are low (O’Donoghue et al. 1997, pp. 
154-155; 1998, pp. 1198-1205; Ivan and Shenk 2016, pp. 1054-1056), hare abundance is the 
major driver of lynx population dynamics. Lynx denning area selection, pregnancy rates and 
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litter sizes, as well as survival (kitten, subadult, and adult), recruitment, and dispersal rates, and 
population age structure, home range sizes, density, and distribution are all strongly influenced 
by hare abundance (Koehler and Aubry 1994, pp. 75-76, 80-83; Apps 2000, entire; Aubry et al. 
2000, pp. 375-390; Mowat et al. 2000, pp. 270-294; Moen et al. 2008a, p. 1507; Organ et al. 
2008, p. 1516; Vashon et al. 2012, p. 16; ILBT 2013, pp. 18, 22-24, 26-34). 
 
Lynx and snowshoe hares are strongly associated with moist boreal forests, where winters are 
long, cold, and snowy (Bittner and Rongstad 1982, p. 154; McCord and Cardoza 1982, p. 743; 
Quinn and Parker 1987, p. 684-685; Agee 2000, p. 39-47; Aubry et al. 2000, pp. 373-382; 
Hodges 2000a, pp. 183-191; 2000b, pp. 136-140; McKelvey et al. 2000a, pp. 211-232). The 
predominant vegetation of boreal forest is conifer trees, primarily species of spruce (Picea spp.) 
and fir (Abies spp; Elliot-Fisk 1988, pp. 34-35, 37-42). Snowshoe hares feed on conifers, 
deciduous trees, and shrubs (Hodges 2000a, pp. 181-183) and are most abundant in forests 
with dense understories that provide forage, cover to escape from predators, and protection 
during extreme weather (Wolfe et al. 1982, pp. 665-669; Litvaitis et al. 1985, pp. 869-872; 
Hodges 2000a, pp. 183-195; 2000b, pp. 136-140). Lynx population dynamics, survival, and 
reproduction are closely tied to snowshoe hare availability, making snowshoe hare habitat the 
primary component of lynx habitat. However, lynx do not occur everywhere within the range of 
snowshoe hares in the contiguous United States (Bittner and Rongstad 1982, p. 146; McCord 
and Cardoza 1982, p. 729). This may be due to inadequate abundance, density, or spatial 
distribution of hares in some places, or the absence of snow conditions that would provide lynx 
a competitive advantage over other terrestrial hare predators (see below), or a combination of 
these factors (79 FR 54809). 
 
The boreal forest landscapes lynx and hares occupy are naturally dynamic. Forest stands within 
the landscape may experience abrupt changes after natural or human-caused disturbances 
such as fire, insect outbreaks, wind, ice, disease, and forest management (e.g., timber harvest 
or thinning) and more gradual changes as they undergo succession and regenerate after such 
events (Elliot-Fisk 1988, pp. 47-48; Agee 2000, pp. 47-69). As a result, lynx habitat is a shifting 
mosaic of forest patches of variable ages and changing quality (68 FR 40077). These stands of 
differing ages and conditions provide lynx foraging or denning habitat (or may provide these in 
the future depending on patterns of disturbance and forest succession), and some serve as 
travel routes for lynx moving between foraging and denning habitats (McKelvey et al. 2000c, pp. 
427-434; Hoving et al. 2004, pp. 290-292). 
 
Over much of the lynx’s range, hare densities are higher in regenerating, earlier successional 
forest stages because they often have greater understory structure (dense horizontal cover) 
than mature forests (Buehler and Keith 1982, p. 24; Wolfe et al. 1982, pp. 665-669; Koehler 
1990a, pp. 847-848; Hodges 2000a, pp. 183-195; Homyack 2003, pp. 63, 141; Griffin 2004, pp. 
84-88). However, snowshoe hares also can be abundant in mature forests with dense horizontal 
cover, particularly in the Northern Rocky Mountains (Griffin 2004, pp. 53-54; Griffin and Mills 
2009, pp. 1492-1496; Hodges et al. 2009, p. 876; Squires et al. 2010, pp. 1653-1657; Berg et al. 
2012, pp. 1483-1487). These mature forests may be a source of hares for other adjacent forest 
types (Griffin and Mills 2009, pp. 1492, 1495-1496), and they may provide especially important 
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winter foraging habitats (Squires et al. 2010, pp. 1655-1657), which may be the most limiting 
habitat for lynx (Squires et al. 2010, pp. 1655-1657; ILBT 2013, pp. 17, 27). They also are more 
temporally-stable (i.e., they provide high-quality hare habitat for a longer period of time) than 
regenerating stands, which may foster high hare densities for a variable window of time 
between stand-initiation and stem-exclusion stages of succession, after which older 
regenerating stands may persist, in the absence of disturbance, for many years as lower-quality 
hare habitat (ILBT 2013, pp. 62, 71, 127). 
 
Lynx generally concentrate hunting activities in areas where snowshoe hare densities are high 
(Koehler et al. 1979, p. 442; Ward and Krebs 1985, pp. 2821-2823; Murray et al. 1994, p. 1450; 
O’Donoghue et al. 1997, pp. 155, 159-160 and 1998, pp. 178-181), but several studies showed 
that lynx focused foraging efforts in stands with intermediate hare densities and forest structural 
complexity that occurred at the edges of the highest density habitat, suggesting that lynx must 
balance between hare abundance and accessibility (Fuller and Harrison 2010, pp. 1276–1277; 
Simons-Legaard et al. 2013, p. 574). Because understory density within a forest stand changes 
over time, hare habitat quality and corresponding hare densities also shift over time across 
boreal forest landscapes. 
 
Hare populations in the core of the lynx range in Canada and Alaska undergo well-documented 
dramatic 8 to 11 year cycles during which hare numbers may fluctuate 10 to 25 fold or more, 
with peak densities as high as 23 hares/hectare (ha; 9.3 hares/acre [ac]) and lows of 0.1 
hares/ha (0.04 hares/ac; Hodges 2000b, pp. 117-121; Vashon 2015, p. 4). Hare densities are 
generally lower at the southern periphery of lynx distribution, and hare population cycles are 
generally much less pronounced or absent entirely among some hare populations in southern 
Canada and in the contiguous United States (Hodges 2000a, pp. 163–173; Hodges et al. 2009, 
pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; Hodges in Lynx SSA 
Team 2016a, pp. 16-17). In the contiguous United States, average stand-level hare densities 
may exceed 2 hares/ha (0.8 hares/ac; Walker 2005, pp. 20, 85; McCann 2006, p. 15; Robinson 
2006, pp. 26-36, 62-75; Homyack et al. 2007, pp. 10-11; Griffin and Mills 2009, p. 1492; Vashon 
et al. 2012, p. 14), but in many parts of the DPS, landscape-level densities are lower, ranging 
from just above to well below the 0.5 hares/ha (0.2 hares/ac) density thought necessary to 
sustain lynx home ranges and populations (Hodges 2000a, pp. 168-169, 185; Ruggiero et al. 
2000b, pp. 446–447; Squires and Ruggiero 2007, pp. 313-314; Maletzke et al. 2008, pp. 1476-
1477; Zahratka and Shenk 2008, pp. 910-911; Hodges et al. 2009, pp. 873-877; Ivan 2011a, pp. 
91-92, 95-102; Berg et al. 2012, p. 1483; ILBT 2013, pp. 24, 26, 90; Ivan et al. 2014, entire). 
 
Lynx prey opportunistically on other small mammals and birds, especially red squirrels, grouse 
(Bonasa umbellus, Dendragapus spp., Falcipennis canadensis) and ptarmigan (Lagopus spp.), 
but alternate prey species do not sufficiently compensate for low availability of snowshoe hares, 
and lynx populations likely cannot persist over time in areas with consistently low hare densities 
(Brand et al. 1976, pp. 422–427; Brand and Keith 1979, pp. 833–834; Koehler 1990a, pp. 848–
849; Mowat et al. 2000, pp. 267–268). Hares constitute the majority of the biomass in lynx diets 
even in areas with relatively low or marginal hare densities (Koehler and Aubry 1994, p. 85; 
Apps 2000, pp. 362-363; Aubry et al. 2000, pp. 375-378; Roth et al. 2007, pp. 2740-2741; 
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Squires and Ruggiero 2007, pp. 310-313; Hanson and Moen 2008, p. 9; Maletzke et al. 2008, 
pp. 1475-1477; Shenk 2009, pp. 13, 16). This remains true in years when hare abundance is 
low and proportionally more alternate prey items are taken (Brand et al. 1976, pp. 424-427; 
O’Donoghue et al. 1998, pp. 1198-1200; Ivan and Shenk 2016, p. 1053). Nonetheless, alternate 
prey, particularly red squirrels, may contribute to lynx persistence through cyclic hare population 
lows in the core of the range (O’Donoghue et al. 1997, pp. 156-160; 1998, pp.1204-1205) and 
may be important at the southern periphery of lynx range where hare numbers may be 
chronically marginal or low and where red squirrels may be less vulnerable than hares to 
projected impacts of continued climate warming (Roth et al. 2007, pp. 2740-2741; Peers et al. 
2014, entire; Ivan and Shenk 2016, pp. 1050, 1054-1056). 
 
Lynx typically mate in March and April, and kittens are born from late April to mid-June after a 
60- to 70-day gestation period (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). 
Female lynx typically reach reproductive maturity in their second year (at 22 months of age); 
however, when hares are abundant, females may breed at 10 months of age and produce 
kittens as 1-year-olds (Koehler and Aubry 1994, p. 81; Mowat et al. 2000, p. 285). Males do not 
seem to breed as yearlings, and they do not contribute to rearing of young (ILBT 2013, p. 30). 
Lynx dens are typically located in areas of dense cover, where coarse woody debris, such as 
downed logs and windfalls, provides security and thermal cover for lynx kittens (McCord and 
Cardoza 1982, pp. 743-744; Koehler 1990a, pp. 847-849; Slough 1999, p. 607; Squires and 
Laurion 2000, pp. 346-347; Organ et al. 2008, entire; Squires et al. 2008, pp. 1497, 1501-1505; 
Moen and Burdett 2009, pp. 5-8). Dens have been documented in both mature and younger 
boreal forest stands (Mowat et al. 2000, pp. 274-275; Squires et al. 2008, p. 1497; ILBT 2013, 
pp. 29-30; 78 FR 59441-59442; 79 FR 54809-54810; Organ et al. 2008, entire), and the amount 
of structure (e.g., downed trees; large, woody debris; tip-up mounds) seems to be more 
important than the age of the forest stand for lynx denning habitat (Mowat et al. 2000, pp. 274-
275, Organ et al. 2008, p. 1516; Moen and Burdett 2009, p. 5). Denning habitat is not thought to 
be a limiting factor for lynx in the DPS (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517; Squires et al. 2008, p. 1505; ILBT 2013, p. 30; 79 FR 54790). Dens must be near 
foraging habitat to allow females to adequately provision dependent kittens, and females seem 
to select den sites near prey sources to minimize time spent away from kittens while foraging 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). Females attend 
kittens at the natal den site and 1 or more (up to 5) alternate or maternal dens until kittens are 
about 6-10 weeks old (Squires et al. 2008, p. 1502; Olson et al. 2011, pp. 458-460; Vashon et 
al. 2012, p. 17; ILBT 2013, p. 29). 
 
Thereafter, kittens remain with their mothers through their first winter, apparently learning from 
her how to hunt and capture prey, initially on a small portion of her home range, but by fall on 
the larger area the female used before kittens were born (Mowat et al. 2000, pp. 269, 278). 
Juveniles remain closely associated with their mothers until February or March, when family 
groups begin to break up, with young typically dispersing in April and May (Mowat et al. 2000, 
pp. 278-279) to establish their own home ranges. Female offspring may establish home ranges 
overlapping or adjacent to their mother’s home range and maintain mother-daughter bonds 
throughout their lives (Mowat et al. 2000, pp. 279-280). Male home ranges may slightly overlap 
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adjacent male home ranges. While male home ranges typically overlap 1 to 3 female home 
ranges, and female home ranges are partially or completely encompassed by a male’s home 
range, core areas within home ranges appear to be exclusive except during the breeding 
season (Koehler and Aubry 1994, pp. 90-91; Mowat et al. 2000, pp. 276-280; Vashon et al. 
2012, pp. 17, 22-23). Fidelity to home ranges over several years has been documented for both 
sexes, but shifts and abandonment of home ranges have also been documented (Koehler and 
Aubry 1994, p. 91; Mowat et al. 2000, p. 277). Lynx have been documented to live up to 16 
years in the wild (Kolbe and Squires 2006, entire). 
 
Lynx populations in Canada fluctuate in response to the cycling of hare populations (Elton and 
Nicholson 1942, pp. 241–243; Hodges 2000b, pp. 118–123; Mowat et al. 2000, pp. 265–272), 
with synchronous fluctuations in lynx numbers emanating from the core of the Canadian 
population and spreading over vast areas, generally lagging hare numbers by 1 year (McKelvey 
et al. 2000a, pp. 232, 239; Mowat et al. 2000, pp. 266, 270). When hares are abundant, lynx 
have higher pregnancy rates and larger litter sizes, higher kitten survival, and lower adult 
mortality, resulting in rapid population growth during the increase phase of the hare cycle 
(Slough and Mowat 1996, pp. 955–956; Mowat et al. 2000, pp. 266, 270–272, 281–289). When 
hare populations are low, female lynx produce few or no kittens that survive to independence 
(Nellis et al. 1972, pp. 326–328; Brand et al. 1976, pp. 420, 427; Brand and Keith 1979, pp. 
837–838, 847; Poole 1994, pp. 612–616; Slough and Mowat 1996, pp. 953–958; O’Donoghue 
et al. 1997, pp. 158–159; Aubry et al. 2000, pp. 388–389; Mowat et al. 2000, pp. 285–287). 
When hares decline, lynx mortality rates increase, largely because of starvation, and home 
range sizes and dispersal/emigration rates also increase (Ward and Krebs 1985, pp. 2821–
2823; O’Donoghue et al. 1997, pp. 156, 159; Poole 1997, pp. 499–503; Mowat et al. 2000, pp. 
265–272, 278, 281–294). Lynx numbers decline dramatically during the ‘‘crash’’ phase of the 
hare cycle (Slough and Mowat 1996, p. 956; Mowat et al. 2000, pp. 283-285), when many lynx 
starve and many others abandon home ranges and disperse in search of food, with many 
dispersers also dying, often soon after initiating dispersal (Mowat et al. 2000, p. 293). 
 
In Canada, lynx abundance may be 3 to 17 times higher at the peak versus the low of the hare 
cycle, with lynx densities reaching 30-45/100 km2 (78-117/100 mi2) in optimal dense 
regenerating forests 15-40 years post-fire, 8-20/100 km2 (21-52/100 mi2) in older forests or 
further south, and < 3/100 km2 (< 8/100 mi2) at the hare cycle low (Slough and Mowat 1996, pp. 
952, 955; Mowat et al. 2000, p. 283; Hatler and Beal 2003, pp. 2, 5; Environment Canada 2014, 
p. 1). In southern Canada, where hares are less abundant and hare population cycles are 
muted or absent, lynx populations may be stable at 2-3/100 km2 (5-8/100 mi2; Environment 
Canada 2014, p. 1). Lynx densities estimated in the contiguous United States have ranged from 
9.2-13/100 km2 (24-34/100 mi2), including kittens, in Maine’s highest-quality habitat when hares 
were abundant (Vashon et al. 2008a, pp. 1483-1484; Vashon et al. 2012, pp. 14-15) to 2.3/100 
km2 (6/100 mi2) in Washington when hare abundance was low (Koehler 1990a, pp. 847-850). 
 
Correspondingly, hare abundance may also influence lynx home range size. Ward and Krebs 
(1985, pp. 2819-2820) documented a 3-fold increase in home range size in southwestern 
Yukon, from 13 km2 (5 mi2) on average when hares were abundant and increasing to 39 km2 (15 
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mi2) when hare density was low (90 percent MCP method). Poole (1994, pp. 613-614) 
documented a similar trend in the Northwest Territories, where lynx home range size increased 
from 17 km2 (7 mi2; males and females combined) when hares were abundant, to 44 km2 (17 
mi2) and 62 km2 (24 mi2) for males and females, respectively, when hare numbers declined (95 
percent MCP method). In contrast, Breitenmoser et al. (1993, p. 552) reported no change in lynx 
home range size despite a 10-15 fold increase in lynx density as hare abundance increased in 
the southern Yukon (home range estimation method not provided). Similarly, in Maine, lynx 
home range size did not increase when hare densities in the best habitats declined by half from 
2 hares/ha (0.8 hares/ac) to 1 hare/ha (0.4 hares/ac; Mallett 2014, pp. 53-93; 90 percent fixed 
kernel method). In general, hare and lynx densities are lower and lynx home ranges larger at 
the southern periphery of the lynx’s range, including most of the DPS range, and lynx densities 
are similar to those of northern populations during the low phase of the hare population cycle 
(Koehler and Aubry 1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367; 
Burdett et al. 2007, pp. 463-465). 
 
Although empirical data are lacking and would be difficult to acquire (ILBT 2013, p. 82), the 
lynx’s physical adaptations (described above) are thought to provide lynx a seasonal advantage 
over potential terrestrial competitors and predators, which generally have higher foot-loading, 
causing them to sink into the snow more than lynx (McCord and Cardoza 1982, p. 748; Murray 
and Boutin 1991, entire; Buskirk et al. 2000a, pp. 86-95; Ruediger et al. 2000, pp. 1-11; 
Ruggiero et al. 2000b, pp. 445, 450). Buskirk et al. (2000a, entire) described potential 
exploitation (for food) and interference (avoidance) competition between lynx and several other 
terrestrial and avian predators of hares, several of which have also been documented to prey on 
lynx. Documented lynx predators include cougar (Puma concolor; also mountain lion), coyote 
(Canis latrans), wolverine (Gulo gulo), gray wolf (Canis lupus), fisher (Pekania pennant), and 
other lynx (ILBT 2013, pp. 33, 35). Bobcats are also likely capable of killing lynx in some 
circumstances. Although lynx have co-evolved with other predators, the influence of predation 
on lynx populations is unknown (ILBT 2013, pp. 35-36). Coyotes are now more widespread and 
abundant in the southern periphery of the lynx distribution than they were historically (Gompper 
2002, entire), while cougars have been extirpated from the eastern half of the United States 
(except Florida; USFWS 2011a, entire) but are more abundant and widespread in the western 
United States now than in the mid-1900s (Buskirk et al. 2000a, p. 89). 
 
The species above, along with red fox (Vulpes vulpes), American marten (Martes americana), 
mink (Mustela vison), as well as a suite of avian predators (e.g., northern goshawk [Accipiter 
gentilis], northern hawk-owl [Surnia ulula], great gray owl [Strix nebulosi], and great-horned owl 
[Bubo virginianus]) may compete with lynx for hares (Buskirk et al. 2000a, pp. 86-95; ILBT 2013, 
p. 16). Of these, coyotes are the most likely to exert local or regionally important exploitation 
competition impacts to lynx, and coyotes, bobcats, and cougars are capable of imparting 
interference competition effects on lynx (Buskirk et al. 2000a, p. 89). Interference would be most 
likely during summer but also during winter in areas lacking deep, unconsolidated snow (ILBT 
2013, p. 36). Except for fisher and marten, lynx predators and potential terrestrial competitors all 
have higher foot-loading, making them less efficient at traveling and hunting in the snow 
conditions favorable for lynx (Murray and Boutin 1991, entire; Buskirk et al. 2000a, pp 86-95; 
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Krohn et al. 2005, entire) and, therefore, likely limiting, at least seasonally, interactions between 
lynx and these species. The fisher has foot-loading similar to lynx, and the marten’s is even 
lower (Buskirk et al. 2000a, p. 90), but both species have much shorter legs, which likely limits 
their mobility in deep, unconsolidated snow compared to lynx. The extent to which predation 
and competition may influence lynx populations in the DPS remains uncertain. 
 
Lynx populations in the contiguous United States seem to function as subpopulations or 
southern extensions of larger populations in southern and eastern Canada (McKelvey et al. 
2000b, pp. 21, 25, 33; 65 FR 16052–16082; 68 FR 40077–40099; 71 FR 66025–66035; 74 FR 
8616–8641; Koen et al. 2015, pp. 527-528). Populations in the DPS are relatively isolated from 
one another, though most are directly connected via dispersal to lynx populations in Canada 
(McKelvey et al. 2000b, pp. 25-34; U.S Fish and Wildlife Service 2005, p. 2). DPS populations 
are at the periphery of the species’ range and some, particularly in the West (geographic units 
3-6), may behave as islands in a mainland-island metapopulation construct. In such a system, 
larger islands with higher habitat quality and in closer proximity to the mainland would be more 
likely to support persistent resident populations and to sometimes act as “sources” that produce 
surplus animals that may disperse to other islands. Smaller islands with lower habitat quality or 
at greater distance from the mainland may, in contrast, act as “sinks” that depend on 
immigration from source populations (McKelvey et al. 2000b, p. 30), and which may support 
resident lynx only occasionally, intermittently, or temporarily. 
 
Although lynx habitats are more contiguous in units 1 and 2 than in the western units, and units 
1 and 2 are connected to larger contiguous habitats and lynx populations in Canada, they 
remain peripheral populations, and a metapopulation structure in which they receive intermittent 
immigration from the larger population may still exist, even if the mainland-island contruct does 
not apply. Lynx disperse in both directions across the Canada–United States border (Aubry et 
al. 2000, pp. 386-387; Moen et al. 2010b, pp. ii, 17, 19; Vashon et al. 2012, p. 22), and this 
connectivity and interchange with lynx populations in Canada is thought to be important to the 
conservation of lynx populations in the DPS. (McKelvey et al. 2000b, p. 33; Schwartz et al. 
2002, p. 522; U.S Fish and Wildlife Service 2005, p. 2; ILBT 2013, p. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187). However, it remains uncertain whether the demographic and 
genetic health and persistence of populations in the DPS depend on regular or intermittent 
immigration of lynx from Canada and if so to what extent (McKelvey et al. 2000a, pp. 241-242; 
79 FR 54793). 
 
2.2.1 Ecological Requirements of Individuals 
 
From birth through recruitment of at least one of it’s progeny into the breeding population, the 
ecological requirements of an individual lynx are met if: 
 
1) its mother occupies a home range containing 

a) secure denning habitat, 
b) adequate prey abundance (especially snowshoe hares) to support lactation during the 

early kitten stage and later provisioning of the kitten with meat, 
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c) habitat (boreal forest and snow) conditions that reduce the likelihood and effect of 
competition from other hare predators, and 

d) a low likelihood of encounters with lynx mortality agents (predators, traps, vehicles, etc.); 
 

2) its mother’s home range occurs within a larger landscape that also contains adequate hare 
abundance and available habitat into which the yearling lynx may disperse and establish its 
own home range after the period of maternal dependence, with low likelihood of adverse 
competition or mortality; and 
 

3) the larger landscape also supports other secure lynx home ranges and ensures the 
opportunity to encounter a lynx of the opposite sex, breed successfully, and contribute to the 
recruitment of at least 1 offspring into the breeding population during its lifetime. 

 
In cyclic lynx populations in the core of the species’ range (northern Canada and Alaska), there 
is a strong element of timing that determines whether these individual needs will be met. During 
the decline and low phases of the hare population cycle, few or no kittens are born, very few 
survive until their first winter, and recruitment may collapse completely or nearly so for several 
successive years (Slough and Mowat 1996, entire; Mowat et al. 2000, pp. 266, 285-287). 
Therefore, even in the core of the species’ range, a kitten born during a period of declining or 
low hare abundance is very unlikely to survive to independence, breed successfully, and 
replace itself within the breeding population in its lifetime. Conversely, a kitten born during the 
increase or high phase of the hare population cycle is much more likely to survive and, 
therefore, have an opportunity to breed successfully and replace itself via recruitment of 1 or 
more of its offspring into the breeding population. 
 
At the southern periphery of the lynx’s range (southern Canada and the contiguous United 
States), hare population cycles are of lower amplitude or absent (Hodges 2000a, pp. 163–173; 
Hodges et al. 2009, pp. 870, 875–876; Scott 2009, pp. 1–44; Environment Canada 2014, p. 1; 
Hodges in Lynx SSA Team 2016a, pp. 16-17), hare densities are typically on the lower end of 
densities reported for northern populations, and lynx abundances and demographic rates in the 
south are typically like those of northern lynx populations during hare lows (Koehler and Aubry 
1994, p. 93; Aubry et al. 2000, pp 382-385; Apps 2000, pp. 362-367). Therefore, in southern 
populations the likelihood is probably relatively low that an individual lynx will have its ecological 
requirements met sufficiently to replace itself in the breeding population. Also in the south, there 
are more diverse assemblages of potential competitors and predators, more natural patchiness 
and anthropogenic fragmentation of lynx habitat (fewer areas with adequate hare densities and 
favorable snow conditions distributed broadly across large landscapes), and higher road 
densities and, thus, greater potential for lynx-vehicle collisions (Wolff 1980, p. 128; Buskirk et al. 
2000a, entire). These factors probably further reduce the likelihood that an individual lynx in the 
southern periphery of the range will survive, reproduce successfully, and have 1 or more 
offspring recruited into the resident breeding population. 
 
Individual lynx require large areas (tens to hundreds of square kilometers) of boreal forest 
landscapes to support their home ranges, provide hares in adequate abundance to meet their 
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nutritional needs, provide breeding opportunities, and facilitate dispersal and exploratory travel. 
Female home ranges must also provide secure denning habitat in close proximity to foraging 
areas with high hare densities to allow females to adequately provide for dependent kittens 
(Moen et al. 2008a, p. 1507; Vashon et al. 2012, p. 16; ILBT 2013, p. 29). The size of lynx home 
ranges is strongly influenced by the quality of the habitat, particularly the abundance of 
snowshoe hares, in addition to other factors such as gender, age, season, and density of the 
lynx population (Aubry et al. 2000, pp. 382–385; Mowat et al. 2000, pp. 276–280). Generally, 
females with kittens have the smallest home ranges, likely related to their need to stay close to 
dens and dependent kittens, and males have the largest home ranges (Moen et al. 2005, p. 11; 
Burdett et al. 2007, p. 463; ILBT 2013, p. 24). 
 
The increased natural patchiness and fragmentation of high-quality hare habitat where boreal 
forest conditions transition to temperate forest types require individual lynx in many parts of the 
DPS to maintain relatively large home ranges that include patches of higher hare densities 
within a matrix of lower-quality habitats with lower hare densities (ILBT 2013, p. 126; 78 FR 
59434; also see 2.3.3). Larger home ranges likely require more energy output associated with 
greater foraging effort (Apps 2000, p. 364) and possibly increased exposure to predation and 
other mortality factors than lynx face in the core of their range (78 FR 59438). Annual home 
range sizes reported for lynx in the contiguous United States (table 3) vary greatly across the 
DPS but are generally larger in the west than the east; however, differences should be 
interpreted with caution because different methods, sample sizes, and estimators were used to 
generate them (ILBT 2013, pp. 23-24; also see footnotes to table 3, below). 
 
Table 3. Reported annual home range sizes for Canada lynx in the contiguous United 
States. 

 
Geographic 

Unit 
 

Mean or Median Annual Lynx Home 
Range Size km2 (Range)  

References (Page Nos.) 
Female Male 

N Maine 25-33 (14-70) 39-60 (24-102) Vashon et al. 2008a (1482)1; Mallett 2014 
(169)2 

NE Minnesota 17-87 (13-122) 160-267 (86-439) Mech 1980 (263-265)3; Burdett et al. 2007 
(460-463)4; Moen et al. 2008b (17)4 

NW Montana/ 
NE Idaho 43-90 (11-157) 122-220 (29-552) 

Brainerd 1985 (20)5; Squires and Laurion 
2000 (343-344)3; Squires et al. 2004a (13, 

table 6)6 

N-C 
Washington 37-91 (37-91) 49-69 (29-99) 

Brittell et al. 1989 in Stinson 2001 (5)7; 
Koehler 1990a (847)7; Maletzke in Lynx 

SSA Team 2016a (21)7 

GYA 50-105 (32-105) 116-824 (98-2,181) Squires and Laurion 2000 (343-344)3; 
Squires et al. 2003 (12-13)6 

W Colorado 75-704 (NA) 103-387 (NA) Shenk 2008 (10)2 
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185% fixed kernel; 290% fixed kernel; 395% minimum convex polygon (MCP); 495% MCP and 95% fixed kernel; 
5Minimum area method; 695% fixed kernel; 7100% MCP. 
 
Juvenile and adult lynx require about 400 and 600 grams (14 and 21 ounces) of food per day 
(for adults, 0.4-0.5 hares/day, 170-200 hares/year), respectively, to meet their basic nutritional 
requirements (Saunders 1963, p. 390; Nellis et al. 1972, pp. 324-325). Several sources 
(Ruggiero et al. 2000b, pp. 446-447; ILBT 2013, pp. 26, 125) have suggested that landscape-
level hare densities ≥ 0.5 hares/ha (0.2 hares/ac) are necessary to support lynx home ranges 
and resident breeding populations. Lynx home range abandonment, dispersal, and mortality 
increase when hare densities are lower, and lynx may be unable to survive where landscape 
hare densities are below 0.3 hares/ha (0.12 hares/ac; Ward and Krebs 1985, pp. 2819-2822; 
Slough and Mowat 1996, entire). Recent research in the contiguous United States generally 
supports the 0.5 hares/ha threshold. For example, in northern Maine, areas with average 
landscape hare densities of 0.74 hares/ha (0.30 hares/ac) supported resident breeding lynx, but 
areas with hare densities below 0.5 hares/ha (0.2 hares/ac) were not occupied by lynx (Simons-
Legaard et al. 2013, pp. 567, 574-575). In northeastern Minnesota, resident lynx maintained 
home ranges where landscape hare densities were 0.64 hares/ha (0.26 hares/ac), but nearby 
Voyageurs National Park, where hare density was estimated at 0.35 hares/ha (0.14 hares/ac), 
did not support resident breeding lynx (Moen et al. 2012, pp. 352–354). Similarly, in western 
Montana, resident lynx used dense young forest stands with mean summer and winter hare 
densities of 0.64 hares/ha (0.26 hares/ac) and 0.47hares/ha (0.19 hares/ac), respectively, and 
dense mature multi-story stands in winter when mean hare density was 0.53 hares/ha (0.21 
hares/ac), but they did not use more open young or mature stands where hare densities ranged 
from 0.12 - 0.20 hares/ha (0.05 - 0.08 hares/ac; Squires and Ruggiero 2007, pp. 313-314). 
 
Steury and Murray (2004, p. 137) suggested minimum hare densties of 1.1 - 1.8 hares/ha (0.45 
- 0.73 hares/ac) would be necessary to support lynx reintroduction efforts in the southern portion 
of the range, but Murray et al. 2008 (p. 1468) acknowledged that threshold could be overly 
conservative if southern lynx are less reliant on hares (i.e., more reliant on alternate prey) or if 
southern hare numbers are more stationary so that resident lynx numbers in the south do not 
fluctuate as dramatically as is typical in northern populations. Indeed, more than 10 years after 
translocations of Canadian and Alaskan lynx ceased, resident lynx continue to occupy parts of 
western Colorado, where hare densities are generally much lower, and lynx there rely heavily 
on red squirrels, which accounted for 23 ± 6 percent (annual range = 0.1 to 66 percent) of prey 
items identified over 11 winters (Shenk 2009, pp. 16, 24). 
 
In addition to adequate hare density, individual lynx require landscapes in which they are 
unlikely to encounter animals that may prey on them or suffer reduced fitness from competition 
with other hare predators. As described above, the lynx has a much lower foot-loading than 
most of its potential predators and competitors, and this is believed to provide an advantage in 
places that receive deep and persistent unconsolidated snow. Although specific snow 
requirements for lynx (amount/depth, quality, persistence) have not been quantified throughout 
the DPS range, historical lynx occurrence records in the contiguous United States were 
correlated with areas that received at least 4 months (December through March) of continuous 
snow coverage (Gonzalez et al. 2007, p. 7). Where snow conditions do not consistently favor 
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lynx, increased potential for predation and competition would be expected (Peers et al. 2013, p. 
8). Finally, individual lynx are more likely to survive, breed, and replace themselves in the 
breeding population if they occupy home ranges where trapping is prohibited or trapping 
pressure is low (Slough and Mowat 1996, entire), high-speed/high-volume roadways are absent 
(ILBT 2013, pp. 77-78), and other potential anthropogenic causes of lynx mortality are absent or 
minimal. 
 
In summary, individual lynx require large landscapes with hare densities that maximize their 
chances of (1) surviving to independence, (2) establishing and maintaining a home range, (3) 
breeding successfully, and (4) contributing genes to future generations (Breitenmoser et al. 
1993, p. 552). These landscapes also must provide conditions that allow lynx to compete 
sufficiently for hares and minimize the likelihood of predation and other sources of lynx mortality. 
The available science, including recent research in the DPS range, suggests that landscape-
level hare densities consistently ≥ 0.5 hares/ha (0.2 hares/ac) and favorable snow depth and 
conditions for about 4 months are needed to support lynx occupancy, reproduction, and 
recruitment. At the southern periphery of lynx distribution, some places, including within the 
range of the DPS, seem to be at minimum thresholds to meet these requirements or do so 
inconsistently. 
 
2.2.2 Ecological Requirements of Populations and the DPS 
 
Lynx populations require essentially the same things that individual lynx do, but on a larger 
landscape with hare densities and habitat conditions capable of consistently supporting multiple 
home ranges, breeding and dispersal opportunities, and reproductive and survival rates such 
that recruitment and immigration will, on average over the long term, equal or exceed mortality 
and emigration (Pulliam 1988, pp. 652-654). To support persistent lynx populations, such 
landscapes must provide for the survival of at least some resident lynx even when hares are 
least abundant and/or other habitat features (e.g., snow conditions) are least favorable so that 
the lynx population can recover, perhaps aided by immigration, when hare numbers and/or 
other habitat conditions improve. As with individual lynx, populations are more likely to persist in 
landscapes where the effects of competition, predation, and human-caused mortality (e.g., 
trapping, vehicle collisions) are relatively lower. 
 
In a metapopulation structure like that thought to govern lynx population dynamics, the 
persistence of peripheral populations is determined by colonization and extinction rates 
(McKelvey et al. 2000b, p. 25). Colonization is driven by the number of populations, the 
distances between them, and the species’ dispersal capabilities and timing. Extinction rates are 
determined by population size and demographic and environmental stochasticity, with extinction 
more likely in smaller and more isolated populations (McKelvey et al. 2000b, pp. 25-31). Formal 
population viability analyses (PVAs) have not been published for most lynx populations in the 
DPS and may not be possible for some populations given limited data and natural temporal 
variation in demographic rates (McKelvey et al. 2000b, pp. 22, 30). Although some demographic 
data are available for most lynx populations in the DPS, most are limited to relatively few, small 
study areas or relatively short durations. There remains uncertainty about whether, and if so to 
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what extent, the demographic health of DPS populations relies on immigration from northern 
(Canadian) populations; and immigration rates are not known for DPS populations (McKelvey et 
al. 2000b, pp. 24-34). These factors likely preclude development of meaningful DPS-wide or 
unit-specific empirical population viability models (McKelvey et al. 2000b, p. 22). 
 
In the core of the species’ range in the southern Yukon, Slough and Mowat (1996, p. 952, table 
4) calculated a lynx population growth rate (lambda, λ) = 2.03 (annual doubling) during the 4-
year increase-to-peak phase of the hare cycle. This period of rapid growth was followed by a 
rate of λ = 1.01 (stable) during the first year of a hare decline, and λ = 0.10 and λ = 0.46 (rapid 
decline) during the first 2 years of the lynx population decline when hares were scarce. 
However, the natural range in λ that would be expected among peripheral, isolated, or semi-
isolated lynx populations where hares are non-cyclic or weakly-cyclic (i.e., in DPS and some 
southern Canadian populations; Murray 2000, pp. 1210-1215; Murray 2003, pp 152-155), 
versus those that would signal long-term population decline or instability is unknown. Despite 
this, and the limitations noted above, Squires (unpubl. data in Lynx SSA Team 2016a, p. 20) 
calculated population growth rates in northwestern Montana of λ = 0.92 for lynx in the Seeley 
Lake area (i.e., declining population trend, 1999-2007) and λ = 1.16 for lynx in the Purcell 
Mountains (increasing trend, 2003-2007). Likewise, MDIFW in 2012 calculated an intrinsic rate 
of growth of 0.05 (λ = 1.05) for Maine’s lynx population based on demographic data from a 
radiotelemetry study collected over a 12-year period (Vashon et al. 2012, Appendix VI). Neither 
the Montana nor Maine estimates incorporated rates of immigration/emigration (i.e., both 
assumed immigration and emigration rates of zero, which is very unlikely and contradicted by 
historical and recent evidence of lynx dispersal in both directions across the Canada-Unites 
States border across the DPS range). Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being bolstered by low levels of immigration, which may go 
undetected. Other efforts to model lynx population dynamics in the DPS range include those of 
Lyons et al. (2016, entire), who developed spatially-explicit, individual-based population models 
to estimate reductions in potential lynx carrying capacity in Washington associated with recent 
large wildfires, and Licht et al. (2017, in press, entire), who conducted a PVA of a potential lynx 
reintroduction to Isle Royale in Lake Superior, about 22 km (14 mi) east of Unit 2. 
 
Although minimum viable population sizes have not been derived for lynx populations in the 
DPS, the Service’s Recovery Outline (USFWS 2005, p. 5) suggested landscapes of at least 
1,250 km2 (483 mi2) with sufficient boreal/subalpine habitat, hare densities, and snow conditions 
favorable for lynx. These are the minimum landscape size and habitat conditions thought 
necessary to support a minimum lynx population of at least 25 adults based on a density of 1 
lynx per 50 km2 (USFWS 2005, p. 5). McKelvey et al. (2000b, p. 29) noted that extinction 
(extirpation) risk should decrease with increasing population size, and that extinction resulting 
from demographic stochasticity is very unlikely even for a population (generally; not specific to 
lynx) with as few as 20 reproducing females. Kramer-Schadt et al. (2005, entire) developed a 
spatially explicit population model for Eurasian lynx in Germany which they combined with 
demographic scenarios to evaluate the likely success of potential reintroduction efforts; they 
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concluded that at least 10 females and 5 males would be required to establish a population with 
an extinction probability less than 5 percent over 50 years. Rodriguez and Delibes (2003, entire) 
evaluated extinction among populations of Iberian lynx; they found that extinction occurred only 
in small populations that occupied habitats of less than 500 km2 and that extinction within 35 
years was unlikely among populations occupying areas of at least 500 km2 of adequate habitat 
quality. 
 
In summary, lynx populations need large (thousands of square kilometers) boreal forest 
landscapes with hare densities capable of supporting (1) multiple lynx home ranges, (2) 
reproduction and recruitment most years, and (3) at least some survival even during years when 
hare numbers are low. These landscapes also must have snow conditions (consistency, depth, 
and duration) that allow lynx to outcompete other terrestrial hare predators. To persist, lynx 
populations must exhibit recruitment and immigration rates that exceed mortality and emigration 
rates on average over the long-term. Immigration may be particularly important to the 
persistence and stability of lynx populations at the southern periphery of the range, including 
those within the DPS, where hare densities are generally low and hare populations are either 
non-cyclic or weakly-cyclic compared to northern populations. Low hare densities reduce the 
likelihood that lynx recruitment will consistently equal or exceed mortality, and non-cyclic or 
weakly-cyclic hare populations are unlikely to allow the rapid lynx population recovery observed 
in northern lynx populations when hare numbers increase dramatically after cyclic population 
crashes. Conversely, more stable hare populations, even at lower landscape-level densities, 
likely provide stability (i.e., prevent periodic steep declines) among lynx populations on the 
periphery of the range in the DPS and in southern Canada. Although immigration rates for DPS 
populations are unknown, as is the rate and periodicity of immigration needed to provide 
demographic stability among them, connectivity with and immigration from lynx populations in 
Canada are believed to be important to the persistence of lynx populations in the DPS 
(McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 32-34; Schwartz et al. 2002, entire; USFWS 
2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; Squires et al. 2013, p. 187; 79 FR 54789). 

2.3 Historical and Current Lynx Distribution 
 
2.3.1 Lynx Distribution and Status in Canada and Alaska 
  
The Canada lynx is broadly distributed across northern North America from eastern Canada to 
Alaska (McCord and Cardoza 1982, p. 729; Poole 2003, p. 361; Vashon 2015, p. 4; Univ. of 
Alaska Center for Conservation Science 2016, p. 1). It is strongly associated with the expansive, 
continuous boreal forests of those areas, and its range largely overlaps that of its primary prey, 
the snowshoe hare, also a boreal forest specialist (Bittner and Rongstad 1982, p. 146; Mowat et 
al. 2000, pp. 268-269; Aubry et al. 2000, p. 375). In Canada, lynx are thought to occupy about 
5.5 million km2 (over 2.1 million mi2), which represents 95 percent of their historical range in that 
country (Environment Canada 2014, p. 2), and over 89 percent of the species’ entire 
distribution. Nationally in Canada, lynx are classified as secure, widespread, and abundant; they 
are managed for long-term population stability, with a conservative estimate of 110,000 
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individuals during cyclic lows; and no acute, widespread threats to lynx have been identified 
(Environment Canada 2014, entire; Vashon 2015, pp. 1-6). Provincially, lynx status is 
considered secure in British Columbia, Manitoba, Ontario, Quebec, Newfoundland and 
Labrador, Northwest Territories, and the Yukon; sensitive in Alberta and Saskatchewan; at 
risk/endangered in New Brunswick and Nova Scotia; and undetermined in Nunavut 
(Environment Canada 2014, pp. 3-4; Vashon 2015, p. 1). Lynx were extirpated from Prince 
Edward Island (0.1 percent of lynx range in Canada) by the late 1800s, and on the mainland the 
southern margin of assumed lynx range has contracted northward in Quebec, southeastern 
Ontario, Manitoba, Saskatchewan, and Alberta (Poole 2003, p. 361; Bayne et al. 2008, pp. 
1192-1195; Koen et al. 2014a, pp. 757-760). 
 
In Alaska, lynx are distributed across roughly 534,454 km2 (206,354 mi2) of boreal forest (Univ. 
of Alaska Center for Conservation Science, 2016, entire; Reimer 2016, pers. comm.), which 
represents about 8.7 percent of the species’ breeding distribution. Lynx in Alaska are apparently 
secure, with low to moderate threats, and populations appear stable statewide, although total 
abundance is unknown (Alaska Natural Heritage Program 2008, pp. 2-4). 
 
In both Alaska and Canada, lynx trapping is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the lynx-
hare population cycle (Alaska Natural Heritage Program 2008, pp. 2-6; Vashon 2015, pp. 5-6). 
Along the Canada-United States border in provinces adjacent to DPS lynx populations, lynx 
trapping is prohibited in New Brunswick (adjacent to northeastern Maine) but regulated trapping 
is permitted in Quebec (adjacent to northwestern Maine, northern New Hampshire, and northern 
Vermont), Ontario (adjacent to northeastern Minnesota), Alberta (adjacent to northwestern 
Montana), and British Columbia (adjacent to northwestern Montana, northern Idaho, and 
northern Washington). Because after 2 centuries of being legally harvested for the international 
fur trade it remains widespread and abundant over most of its range, and because managed 
harvest in recent decades does not appear to have caused significant range loss or population 
decline, the lynx has been designated a “species of least concern” in accordance with the IUCN 
Red List of Threatened Species (Vashon 2015, entire). 
 
2.3.2 Lynx Distribution in the Contiguous United States 

2.3.2.1 Defining Lynx Distribution at the Periphery of the Range 
 
Several aspects of lynx population dynamics and dispersal patterns have resulted in 
inconsistent approaches and difficulty in defining the range and/or distribution of the species, 
especially at the margins (74 FR 66942). There also is uncertainty and ambiguity in some 
historical lynx occurrence records, with early assessments based largely on trapping harvest 
records of questionable accuracy, particularly where lynx and bobcats overlap, and a reliance 
on anecdotal or unverified occurrence information (McKelvey et al. 2000a, pp. 208-210; 65 FR 
16054). These issues confound efforts to accurately portray the species’ historical distribution in 
the contiguous United States and to assess the current distribution relative to historical 
conditions (McKelvey et al. 2008, pp. 553-554; 79 FR 54814-54815; McKelvey in Lynx SSA 
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Team 2016a, p.11). This has resulted in inaccurate portrayals of lynx distribution and 
misperceptions that the historical range of lynx in the contiguous United States was once much 
more extensive than is ecologically possible (68 FR 40080; 74 FR 66942). 
 
The boreal forest reaches its southern extent in the northern contiguous United States and it 
becomes naturally patchy and marginal for hares and lynx in places where it transitions to 
temperate forest types. Many areas of boreal or boreal-like (spruce-fir) forest (e.g., the 
Appalachian Mountains from New York southward in the East, most of northern Michigan and 
northern Wisconsin in the Midwest, and the Southern Rocky Mountains and Southern Cascade 
Mountains in the West) probably never supported persistent native lynx populations despite the 
presence of snowshoe hares. Hare densities in these areas are generally low and appear 
insufficient to support resident lynx populations over time. Only a relatively few areas in the 
contiguous United States historically supported an adequate quantity, quality, and spatial 
arrangement of habitat to support resident lynx populations continuously over time, and many 
historical lynx occurrences across a large area of the contiguous United States were likely 
dispersers. The occurrence of dispersing lynx is unpredictable, and dispersing lynx will probably 
continue to move periodically and temporarily into areas that cannot support persistent 
populations (68 FR 40077). 
 
Because the lynx is highly mobile and has, throughout most of its range, cyclic population 
dynamics that are closely tied to cyclic snowshoe hare populations, numbers of lynx naturally 
fluctuate and become extremely low during lows in decadal hare cycles. The dramatic, cyclic 
fluctuations in lynx populations across much of the range as they track cyclic hare populations 
and the mass synchronous dispersals (irruptions) of large numbers of lynx into the contiguous 
United States when northern hare populations crashed are well-documented (Elton and 
Nicholson 1942, entire; Gunderson 1978, entire; Thiel 1987, entire; McKelvey et al. 2000a, pp. 
219, 232-242; Mowat et al. 2000, pp. 281-294; ILBT 2013, p. 33). These events have resulted in 
records of lynx occurrence, in some cases very rarely, in other cases sometimes in large 
numbers and with intermittent (cyclic) regularity, in places that otherwise lack evidence of 
persistent lynx presence or the habitats and hare densities necessary to support a resident lynx 
population (USFWS 2005, pp. 3-4; 79 FR 54787-54789, 54793-54795, 54812-54823). 
 
Many records of lynx in the contiguous United States appear to be related to such events, 
including the unprecedented ‘‘explosions’’ of lynx observed in the early 1960s and 1970s 
(Gunderson 1978, entire; McKelvey et al. 2000a, pp. 232-242). During these events, many lynx 
occurred in anomalous habitats, exhibited unusual behavior, suffered high mortality, and 
numbers declined dramatically within a few years of irruptive peaks (Gunderson 1978, entire; 
Thiel 1987, entire; McKelvey et al. 2000a, p. 242). Because dispersing lynx typically do not 
persist in these areas of temporary range expansion, disappearing fairly quickly after irruptions, 
van Zyll de Jong (1971, p. 16) suggested that only areas that support lynx populations 
throughout both the low and the high phases of the “10-year cycle” (i.e., across the natural 
range of hare densities) should be considered to constitute the species’ range. In its 2003 
remanded determination, the Service determined that lynx in the contiguous United States exist 
either as resident populations or as dispersers, that dispersing lynx are often found repeatedly 
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and for variable amounts of time in habitats that cannot sustain breeding populations over time 
(though some breeding may occur occasionally in some of these areas), and that such areas 
probably contribute little (if at all) to the persistence of lynx in the DPS (68 FR 40077, 40079-
80). This repeated dispersal into habitats that ultimately cannot support the species (‘‘sink’’ 
habitats) often leads to confusion about where lynx populations may be viable (74 FR 66938). 
 
The metapopulation structure thought to govern lynx populations in the DPS (McKelvey et al. 
2000b, pp. 25-31; see Section 2.2) and the transitional (and, therefore, increasingly fragmented 
and isolated) and spatially- and temporally-shifting nature of lynx habitat at the southern 
periphery of the range (Koehler and Aubry 1994, pp. 78-79; McKelvey et al. 2000b, pp. 29-30; 
74 FR 66940; 79 FR 54814) also present challenges in defining the distribution of lynx. Both 
factors suggest that some areas may naturally support resident lynx only temporarily or 
occasionally when habitat conditions (both boreal forest vegetation supporting abundant hares 
and snow conditions favoring lynx) are adequate and/or when immigration is sufficient to offset 
the lower productivity and recruitment rates expected among lynx populations in marginal or 
suboptimal habitats. McKelvey et al. (2000b, pp. 21, 29-31) described such habitats as “... 
source-sink mosaics that shift with disturbance and succession,” and the contribution, if any, of 
these places (especially those that act more often as “sinks” than “sources”) to the maintenance 
and persistence of lynx populations in the DPS remains questionable (74 FR 66938). 
 
Finally, the southern periphery of the lynx’s range, where lynx are rare in many places, overlaps 
with the northern distribution of the much more common bobcat (Peers et al. 2012, pp. 4-5). The 
2 species are difficult to distinguish in the field, they often were not reliably differentiated in 
historical trapping records (McKelvey et al. 2000a, pp. 208-209), and errors in early accounts of 
lynx distribution based on anecdotal information seem likely (Halfpenny and Miller 1980, pp. 1, 
3-8; Meaney 2002, pp. 3-5, Hoving et al. 2003, pp. 366-367). Because of the large effect that 
relatively few errors in identification can have on assessments of the distribution of rare animals, 
McKelvey et al. (2000a, p. 209; 2008, pp. 553-554) suggest that anecdotal information should 
be interpreted with caution, and only verified occurrence data should be used to assess 
historical and current lynx distributions. 
 
These complexities of lynx population dynamics and our incomplete understanding of the limited 
lynx occurrence data, combined with a naturally dynamic and transitional habitat, make it 
difficult, if not impossible, to precisely delineate the historical or current distribution of resident 
lynx populations in the contiguous United States (Koehler and Aubry 1994, p. 79; 68 FR 40084). 
While recognizing these limitations, we use our best professional judgment of the best scientific 
and commercial data available to make conclusions about the range of the lynx for the purposes 
of this SSA. In the following section, we describe the types and distributions of potential lynx 
habitats in the contiguous United States, and our current understanding of the historical and 
current distributions of resident lynx populations in the DPS considering the factors discussed 
above. 
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2.3.2.2 Lynx Distribution within the DPS Range 
 
The southern periphery of boreal forest vegetation extends into parts of the northern contiguous 
United States, where it transitions to the Acadian forest in the Northeast (Seymour and Hunter 
1992, pp. 1, 3), deciduous temperate forest in the Great Lakes region, and subalpine forest in 
the Rocky Mountains and Cascade Mountains in the west (Agee 2000, pp. 40-41). In much of 
the DPS range, these boreal forest landscapes become naturally patchy and transitional 
because they are at the southern edge of the boreal forest range, and they are limited, 
particularly in the west, by elevation and/or aspect (Ruediger et al. 2000, p. 4-16; 68 FR 40090). 
Non-forested land uses (e.g., agriculture, development) become increasingly prevalent in these 
areas. These factors generally limit snowshoe hare populations in the contiguous United States 
from achieving landscape densities similar to those of the expansive northern boreal forest in 
Alaska and Canada, where hares are generally more evenly distributed across the landscape 
and more abundant except during cyclic population lows (Wolff 1980, pp. 123-128; Buehler and 
Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; Aubry et al. 
2000, pp. 373-375, 382, 394). Consequently, important foraging habitat for lynx is often more 
limited and fragmented in the contiguous United States than in boreal forests of northern 
Canada and Alaska (Berg and Inman 2010, p. 6), and overall habitat quality is typically lower. 
 
The habitats that lynx use in the contiguous United States are characterized by patchily-
distributed moist forest types with relatively higher hare densities in a matrix of other habitats 
(e.g., hardwoods, dry forest, non-forest) with lower landscape hare densities (ILBT 2013, p.126; 
78 FR 59434). In these areas, lynx incorporate the matrix habitat (non-boreal forest habitat 
elements) into their home ranges and use it for traveling between patches of boreal forest that 
support higher hare densities where most lynx foraging occurs. In some areas, patches of 
habitat containing snowshoe hares become so small and fragmented that the landscape cannot 
support lynx home ranges (ILBT 2013, p. 77) or populations over time (68 FR 40077). 
Additionally, the presence of more snowshoe hare predators and potential lynx competitors at 
southern latitudes may inhibit the potential for high-density hare populations (Wolff 1980, p. 
128). Wirsing et al. (2002, entire) concluded that high predation rates on hares in fragmented 
habitats may explain the relative stability (i.e., lack of cyclicity) in southern hare populations. As 
a result, lynx in the DPS generally occur at relatively low densities compared to lynx in the core 
of the Canadian and Alaskan range when hares are abundant (Aubry et al. 2000, pp. 375, 393-
394). Because the lynx is a habitat and prey specialist, its densities in the DPS range are also 
typically lower than those of the bobcat, which is a habitat and prey generalist (Peers et al. 
2012, pp. 4-9). 
 
Snow conditions also are thought to influence lynx distribution (Ruggiero et al. 2000b, pp. 445-
449; Peers et al. 2012, pp. 4-9) because they are morphologically and physiologically well-
adapted for hunting snowshoe hares and surviving in areas that have cold winters with deep 
and persistent unconsolidated snow (Murray and Boutin 1991, p. 463). Long-term snow 
conditions also presumably limit the winter distribution of potential lynx competitors and 
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predators (Buskirk et al. 2000a, p. 90; Krohn et al. 2005, p. 123; Peers et al. 2012, entire; also 
see section 2.2 above), although behavioral adaptations may offset morphological differences to 
some degree (e.g., Murray et al. 1994, entire; 1995, entire). 
 
Based on verified data, lynx were documented historically in 24 of the contiguous United States 
(McKelvey et al. 2000a, 207-232). More recently, lynx have been documented in 3 other states 
after some of the lynx released into southwestern Colorado (see below) dispersed into northern 
New Mexico, Arizona, and Kansas (Colorado Division of Wildlife 2000, p. 3; Devineau et al. 
2010, p. 526; 74 FR 66938), which had previously lacked verified evidence of lynx occurrence 
(McKelvey et al. 2000a, p. 210; USFS 2009, entire; 74 FR 66940-66943). However, in many 
states, lynx occurred very rarely as dispersers and often in anomalous habitats – usually (as 
described above) in association with “irruptions” (mass dispersal events) of lynx from Canada 
when northern snowshoe hare populations underwent dramatic cyclic declines roughly every 
decade. Based on our current understanding of lynx and hare habitat requirements, the Service 
concludes that records in at least 13 states (Arizona, Connecticut, Illinois, Indiana, Iowa, 
Kansas, Massachusetts, Nebraska, Nevada, New Mexico, North Dakota, Pennsylvania, and 
South Dakota) represent occasional dispersing lynx that arrived in places with no historical or 
recent evidence of the habitat quality, quantity, or distribution necessary to support resident lynx 
(68 FR 40099; 74 FR 66940-66942; 79 FR 54807, 54817). These states are not within the 
distribution of resident lynx in the DPS, and we conclude that they naturally lack the necessary 
habitat, hare densities, and snow conditions and that they were not capable historically, and are 
not capable now, of supporting resident lynx populations over time. 
 
When it listed the DPS under the ESA, the Service defined its range as the forested portions of 
the remaining 14 states; 4 in the Northeast (Maine, New Hampshire, New York, Vermont), 3 in 
the Great Lakes Region (Michigan, Minnesota, Wisconsin), and 7 in the West (Colorado, Idaho, 
Montana, Oregon, Utah, Washington, Wyoming; 65 FR 16052, 16085). Some of these states, 
and parts of others, are thought to have historically supported only dispersing lynx or to have 
only occasionally supported resident breeding lynx (68 FR 40099; 74 FR 66940). Such areas 
were included within the range of the DPS because of the possibility that lynx could establish 
small, local populations in them and perhaps contribute to the persistence of the DPS, though 
evidence of this was (and remains) lacking (68 FR 40080; 74 FR 66938). 
 
Based on a comprenhensive, peer-reviewed analysis of verified historical lynx records that was 
published at about the time the DPS was listed (McKelvey et al. 2000a, entire) and on research 
and monitoring that have occurred since then, it seems likely that lynx occurred historically in 
some states (New York, Vermont, Wisconsin, Oregon, and Utah) only intermittently as 
dispersers or as small, naturally ephemeral populations; not as persistent resident breeding 
populations. In other states (New Hampshire, Michigan, Colorado, and Wyoming), it remains 
uncertain whether resident lynx occurred historically as small but persistent breeding 
populations or only ephemerally. Parts of the remaining states (Idaho, Maine, Minnesota, 
Montana, and Washington) show the strongest evidence of historical and recent (at the time of 
listing and since then) persistent resident populations. 
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In its 2003 remanded determination for the lynx DPS, the Service concluded that (1) potential 
lynx and hare habitats in Michigan, Oregon, Utah, Vermont, and Wisconsin were relatively 
small, isolated, and of marginal quality, and that available information suggested that these 
states did not historically or recently support resident lynx populations; (2) it was uncertain 
whether Colorado, New York, and Wyoming historically supported resident populations or only 
occasional dispersers; (3) New Hampshire probably supported a small resident population that 
had been extirpated; and (4) the remaining states (Idaho, Maine, Minnesota, Montana, and 
Washington) had the best historical and recent evidence of resident breeding populations (68 
FR 40082, 40086-40095, 40097-40101). Below we provide our current understanding of these 
state groupings and the information available since the 2003 remand that informs this 
understanding. 
 
Michigan, Oregon, Utah, Vermont, and Wisconsin - Additional information and analyses 
available since 2003 support the determination that Michigan (except for Isle Royale in Lake 
Superior) and Oregon did not historically or recently support resident lynx populations (Aubry 
2006, pp. 1-2; Linden 2006, pp. 83-90), and no evidence has emerged to suggest that resident 
populations occurred historically or recently in Utah or Wisconsin (ILBT 2013, pp. 45, 58). Isle 
Royale, a 535-km2 (206-mi2) island in northwestern Lake Superior that is closer to northeastern 
Minnesota and southern Ontario than to the rest of Michigan, is thought to have historically 
supported a small (perhaps 30 lynx) population that was extirpated in the 1930s due to 
overtrapping (Licht et al. 2015, p. 139; 2017, p. 505). The best available information continues 
to suggest that the rest of Michigan, as well as Oregon, Utah, and Wisconsin, did not 
historically, and do not currently, support resident lynx populations.  We conclude that (1) 
habitats in these states are naturally incapable of supporting persistent resident populations; (2) 
historical and potential future occurrences of lynx in these states most likely represent 
occasional dispersing lynx; and (3) these states (with the possible except of Isle Royale, MI) 
have not historically or recently contributed to the persistence and conservation of lynx in the 
DPS and are unlikely to do so in the future. 
 
In contrast, 9 lynx occurrences were confirmed in the 530-km2 (205-mi2) Nulhegan Basin of 
northeastern Vermont from 2003 to 2014, and breeding was confirmed in 2012; intensified 
surveys since then have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). This new information indicates that this small area of 
northernmost Vermont is at least occasionally capable of supporting a small number of resident 
breeding lynx. However, assessments of the amount and quality of potential lynx and hare 
habitat, snow conditions, and the presence and distribution of lynx competitors and predators 
(Hoving et al. 2005, pp. 746-749; Bernier 2015, entire) indicate it is unlikely that northern 
Vermont can support a persistent resident lynx population (79 FR 54820-54821). We conclude 
that this small area of Vermont only occasionally supports lynx reproduction when hare 
abundance and snow conditions are temporarily adequate; that it most likely represents a “sink” 
rather than a “source” for the regional lynx population; and that this likely represents its natural 
historical condition. 
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Colorado, New York, and Wyoming - When the Service listed the DPS in 2000, it believed that a 
resident lynx population occurred historically in the Southern Rocky Mountains of western 
Colorado and southeastern Wyoming, that lynx were also historically resident in northwestern 
Wyoming (part of the Northern Rocky Mountains), and that the Adirondack Mountains of 
northern New York may historically have supported a resident population that was extirpated by 
the latter half of the 1900s (65 FR 16055-16056; 16058-16059). In the 2003 remand, the 
Service noted inconsistencies and likely errors in historical lynx reports for the Southern 
Rockies, questioned its original conclusion that Colorado historically supported an isolated 
resident population, and concluded that it was uncertain whether a resident population occurred 
historically in Colorado or if historical records were of periodic dispersing lynx during “extremely 
high population cycles” and that a resident population never existed in southeastern Wyoming 
(68 FR 40081, 40091). In that rule, the Service also concluded that, despite evidence of 
reproduction in northwestern Wyoming (part of the GYA), potential habitat there is naturally 
marginal (patchier and composed of drier forest types), may be incapable of supporting a 
resident lynx population, and that lynx in northern Wyoming are most likely dispersers (68 FR 
40090). Also in 2003, the Service concluded that it was possible resident lynx occurred in 
northern New York prior to 1900 but the potential habitat there is small, marginal, isolated and 
likely has only supported dispersing lynx since then (68 FR 40086-40087). 
 
In Colorado, after the initial release of 96 lynx in 1999 and 2000, none were released in 2001 or 
2002 (Shenk 2010, pp. 1, 4; Ivan in Lynx SSA Team 2016a, p. 22). From 2003-2006, another 
122 lynx were released, bringing the total to 218 (Devineau et al. 2010, p. 526). Reproduction 
was documented in 2003-2006 and 2009-2010, with 48 dens documented in that time, including 
a third generation of Colorado-born lynx (Shenk 2010, p. 5; Ivan in Lynx SSA Team 2016a, p. 
22). In 2010, CPW determined that all benchmarks for its lynx program had been met and had 
resulted in the establishment of a viable, self-sustaining lynx population (Ivan 2011b, pp. 11, 
12). Intensive monitoring of the population ceased in 2010 and was replaced by an effort to 
develop a minimally-invasive long-term monitoring program (Ivan 2011b, entire), which used 
snow-tracking surveys and camera traps to document continued lynx presence in the core 
release area of the San Juan Mountains in 2010-11, 2014-15, and 2015-16, with evidence of 
reproduction also documented during that time (Ivan et al. 2015, p.1; Odell et al. 2016, entire). 
In its 2014 revised critical habitat designation for the DPS, the Service concluded that the 
historical record of verified lynx occurrence in Colorado combined with naturally highly-
fragmented and isolated potential habitat and generally low snowshoe hare densities suggest 
that Colorado and the Southern Rockies were unlikely to have historically supported a persistent 
resident lynx population and that the long-term persistence of the introduced population is 
uncertain (79 FR 54787-54789, 54793-54795, 54816-54817). The current size of the resident 
lynx population in Colorado is unknown but thought to number between 100 and 250 (Ivan in 
Lynx SSA Team 2016a, p. 47). We continue to believe that available information suggests 
Colorado did not historically support a persistent resident lynx population and that the long-term 
persistence of the introduced population remains uncertain. 
 
In northern New York, 83 lynx were released into the Adirondack Mountains in 1988-1990 
(Brocke et al. 1993, p. 1); however, that effort failed to establish a resident breeding population 
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(65 FR 16055), suggesting that potential habitat there may be (and historically may have been) 
inadequate to support lynx persistence (68 FR 40086-40087). Information and analyses since 
the 2003 remand support the conclusion that New York has inadequate habitat quantity and 
quality (both vegetation and snow conditions) to support a resident lynx population (Hoving et al. 
2005, pp. 746, 749). We have no information that resident lynx presently occur in New York, 
and our evaluation of historical records suggests that the timing of most (19; 83 percent) of the 
23 verified records in the state after 1900 (McKelvey et al. 2000a, p. 216, table 8.2) were 
consistent with expected decadal irruptions of lynx from the north. The work of Hoving et al. 
(2005, entire), our evaluation of verified records of historical occurrence, and the rapid failure of 
the 1988-1990 lynx translocations to establish a resident population all suggest that New York 
has not recently and likely did not historically support a persistent resident lynx population. We 
conclude that (1) habitat in the Adirondack Mountains is incapable of supporting a resident lynx 
population, (2) verified historical records were most likely of dispersing lynx, and (3) dispersing 
lynx may currently and in the future continue to occur rarely and temporarily in northern New 
York. 
 
In northwestern Wyoming, 18 lynx were reported to have been trapped from a small area in the 
Wyoming Range in winter 1971-72 (Squires and Laurion 2000, p. 338), and other sources4 
claim that 13 lynx were trapped in the Wyoming Range in winter 1972-73. However, Reeve et 
al. (1986a, Appendix A, pp. 67-69) reported no verified (“certain”) records of lynx trapped from 
1970-1982 and unverified (“probable”) accounts that included no lynx trapped in 1971, 5 trapped 
in 1972, and 1 trapped in 1973. These conflicting anecdotal reports of lynx occurrence/trapping 
records illustrate compellingly why only verified records are appropriate for consideration of lynx 
historical distribution, especially given evidence of historical misidentification of bobcats as lynx 
(McKelvey et al. 2000a, pp. 208-210, 227; 2008, pp. 553-554). Even if some of these anecdotal 
records were correct, the large numbers of lynx reported in the early 1970s correspond to the 
second of 2 well-documented and unprecedentedly large irruptions of lynx from Canada into the 
northern contiguous United States, when dispersing/transient lynx occurred temporarily in many 
places with little or no evidence of the historical presence of resident lynx (McKelvey et al. 
2000a, pp. 232-242). It is more plausible that the sudden increase in lynx reportedly trapped in 
the Wyoming Range suggested by some of these anecdotal records would have reflected a 
pulse of dispersing lynx associated with that large irruption rather than a previously 
undocumented resident lynx population that suddenly and simultaneously became vulnerable to 
trapping in only a handful of winters. 
 
However, verified information available since 2003 has documented continued presence of a 
small number of lynx in northwestern Wyoming as recently as 2010, including some evidence of 
reproduction (Squires et al. 2003, entire; Squires and Oakleaf 2005, entire; Murphy et al. 2006, 
entire; Endeavor Wildlife Research 2008 and 2009, entire). Additionally, at least 9 radio-marked 
lynx released in Colorado subsequently moved into or through the area from 1999-2010, with 
several settling temporarily into parts of the Wyoming Range previously occupied by native lynx 
(Ivan 2017, entire; see section 4.2.5, below). More recent surveys and research-related trapping 

                                                
4 http://www.sublettecountyjournal.com/v4n16/v4n16s7.htm. 



47 
 

efforts have failed to detect lynx in this area or elsewhere in Wyoming since 2010 (79 FR 54791; 
Squires in Lynx SSA Team 2016a, pp. 20-21, 45). 
 
The historical record and recent evidence of lynx occupancy and reproduction indicate that the 
GYA of northwestern Wyoming and southwestern Montana at least occasionally supports a 
small number of resident lynx. However, the consistency of lynx occupancy in the GYA over 
time remains uncertain (Lynx SSA Team 2016a, pp. 11, 45, 57). Uncertainty about whether this 
area consistently or only intermittently supported resident lynx historically makes it difficult to 
interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). If 
residency was intermittent historically, the current apparent absence of resident lynx might be a 
natural condition related to the area’s largely marginal or suboptimal habitat conditions - i.e., it 
may naturally be capable of supporting resident lynx only intermittently when habitat conditions 
and hare densities are optimal. In that case, future intermittent residency would be expected, 
but only if lynx dispersing from a source population immigrate to the GYA when habitat 
conditions and hare densities return to more favorable levels. Conversely, if the GYA always 
historically supported a small number of resident lynx but no longer does, it may suggest that 
some factor or factors have acted to shift the quality of the area’s habitat from just barely 
capable of supporting a small resident population to no longer capable of doing so, potentially 
resulting in extirpation. 
 
We conclude that this uncertainty cannot be resolved based on the available information but, 
given the protected conservation status of large areas of the GYA unit (Yellowstone and Grand 
Teton national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie wilderness areas), its historical inability to support a 
robust, persistent resident population and its apparent recent inability to support any resident 
lynx may be a reflection of naturally marginal and patchy habitats and relatively low hare 
abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. We note that some of the best potential habitat and highest hare densities have 
been documented in areas with developmental land use designations (see 4.2.3 and 4.2.5) 
outside parks and wilderness (e.g., the Wyoming Range/Union Pass/Togwotee Pass areas; 
Squires 2017, p. 2). However, most of those areas have been managed by the USFS to 
conserve lynx and habitats in accordance first with the recommendations in the LCAS (Reudiger 
et al. 2000, entire) and the associated conservation agreement (CA) between the USFS and the 
Service  (USFS and USFWS 2000, entire) and subsequently with the NRLMD (USFS 2007, 
entire). Nonetheless, despite active management for lynx conservation and the passage, 
presumably, of adequate time for some previously impacted areas to regenerate back into 
higher-quality hare and lynx habitats, lynx apparently have failed to naturally recolonize this unit, 
and released lynx dispersing from Colorado have failed to maintain long-term home ranges or 
produce kittens in these areas. We also note, however, that extensive areas of the GYA were 
burned by the large, intense wildfires of 1988, and that some of those areas may soon (perhaps 
in the next 5-15 years) regenerate to a stage containing the dense horizontal conifer structure 
favorable for hares and, therefore, lynx foraging habitat, perhaps increasing the likelihood that 
the GYA may support resident lynx again in the near future (Lynx SSA Team 2016a, p. 46). 
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In southern Wyoming, all recent lynx records are of Colorado-released lynx that moved into or 
through the area (Devineau et al. 2010, fig. 1, p. 526; Ivan 2017, entire), including 1 female that 
in 2004 established a den on the west side of the Medicine Bow Mountains and produced 3 
kittens that did not survive (Bjornlie 2016, pers. comm.; Ivan 2016a, pers. comm.; 2017, p. 3). 
Based on the available information, we conclude that southern Wyoming did not historically or 
recently support a resident lynx population and is not now capable of doing so. 
 
New Hampshire - There were 87 confirmed lynx records in northern New Hampshire from 2006 
to 2016 (though these do not represent 87 different individual lynx), with evidence of 
reproduction in 2010 and 2011 (79 FR 54820; NHFGD 2017, entire). Most of these records 
were documented during snow-track surveys in 2012-2015, with an additional 30 lynx detections 
recorded in 2014-2016 by remote cameras (NHFGD 2017, entire). Most records since 2006 are 
in the vicinity of Pittsburg in the northernmost reaches of the state, though lynx detections in 
2015 and 2016 suggest a southern expansion from the area where they had been documented 
in 2006 through 2014 (Siren 2016a, p. 1; Siren 2016b, pers. comm.). Despite recent evidence of 
lynx residency and reproduction, the Service concluded in the 2014 revised critical habitat 
designation that, based on modeling of the amount of potentially suitable habitat and favorable 
snow conditions (Hoving et al. 2005, pp. 739, 749; Litvaitis and Tash 2005, p. A-298), it is 
unlikely that northern New Hampshire will support a resident breeding population over the long-
term (79 FR 54820-54821). Siren (2014a, p. 10) suspected that the relatively few lynx 
detections documented in 2012-2014 may be related to the presence and abundance of bobcat, 
coyote, and fisher populations in much of northern New Hampshire. We conclude that northern 
and central New Hampshire likely supported a small resident lynx population historically that 
was extirpated during the latter half of the 20th century. We are uncertain whether lynx 
detections in northernmost New Hampshire over the past decade may represent the natural 
reestablishment of a small resident breeding population in the state or if it is a temporary 
phenomenon related to an expanding source population in neighboring northern Maine (79 FR 
54821). Although bobcat populations have increased and expanded their range in this region in 
recent decades (Lavoie et al. 2009, pp. 873-874), severe winters and deep snow can 
substantially limit their populations (Reed 2013, pp. 29-33; McCord, 1974, pp. 433-434). Maine’s 
bobcat harvest declined substantially after 2 deep-snow winters in 2008 and 2009 (MDIFW 
2015a, p. 37). It is possible that these anomalous deep-snow winters provided a temporary 
competitive advantage to lynx in northern New Hampshire. 
 
Idaho, Maine, Minnesota, Montana, and Washington - These states (along with New 
Hampshire, above) have the strongest historical evidence of continuous lynx presence and 
recent evidence of resident lynx populations (McKelvey et al. 2000a, pp. 211-228; 68 FR 40086-
40095, 40097-40101; McKelvey in Lynx SSA Team 2016a, p. 11). Historical lynx records exist 
for much of Idaho, but many, especially in the central and southern part of the state, occurred in 
anomalous habitats or were associated with large irruptions of lynx from Canada to the northern 
contiguous United States in the early 1960s and early 1970s (McKelvey et al. 2000a, pp. 225-
227). The historical record and recent surveys (summarized at 79 FR 54818-54820) suggest 
that (1) only dispersing lynx occur throughout most of Idaho, (2) habitats in many parts of the 
state are drier forest types that support lower densities of hares, and (3) resident lynx seem to 
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be confined to the Purcell, Selkirk, and Cabinet mountain ranges in the State’s northern 
panhandle. The number of individual lynx with home ranges occurring in the northeast corner of 
the Idaho Panhandle is unknown but small based on the amount of potential habitat and results 
of recent surveys (Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160, 180), and lynx in Idaho 
are part of a larger population that occurs primarily in northwestern Montana and southeastern 
British Columbia. In the Selkirks, a single lynx was detected in 2010 and there were multiple 
detections in 2015-2016. Over the last several years, radio-collar data and remote camera 
images have documented a single lynx with a home range in the west Cabinet Mountains and 
there have been detections of multiple lynx in the Purcell Mountains in or immediately adjacent 
to designated critical habitat (i.e., within 16 km [10 mi] of the Canada border). Detections in the 
Purcells in 2015-2016 included a photo of an adult lynx accompanied by juvenile lynx, the only 
recent evidence of lynx reproduction in Idaho, which otherwise lacks evidence of a long-term, 
persistent resident population (IDFG 2017a, pp. 2-3). 
 
Maine has a long history of continual lynx presence, with evidence of a persistent resident 
population in much of the northern half of the state (McKelvey et al. 2000a, pp. 211-212; Hoving 
et al. 2003, entire;), which currently is believed to support the largest lynx population in the DPS 
(Vashon et al. 2012, pp. 50-60; 79 FR 54784-54785, 54792, 54822-54824; Vashon in Lynx SSA 
Team 2016a, p. 18). The current amount and distribution of high-quality lynx and hare habitat 
and the numbers of hares and resident lynx in Maine are all much larger than was suspected at 
the time of listing or the 2003 remand, and all are probably substantially larger now than under 
likely typical historical conditions. Based on habitat distribution and lynx home range data, the 
MDIFW estimated that this geographic unit may have supported roughly 250-320 adult lynx in 
1995 and 750-1,000+ by 2003-06 (Vashon et al. 2012, p. 58; Vashon in Lynx SSA Team 2016a, 
p. 18]), and recent information suggests that resident lynx may be expanding to the south of the 
core population area (Vashon 2017, pers. comm.). The current lynx population in Maine is 
supported by the broad distribution of high-quality hare habitat that resulted from extensive, 
large-scale clearcutting in the 1970s and 1980s in response to a massive spruce budworm 
(Choristoneura fumiferana) outbreak (68 FR 40087; 79 FR 54792; also see section 4.2.1). As 
these regenerating clearcuts, which currently provide the dense horizontal structure preferred by 
hares, mature beyond about 35-40 years post-harvest, hare densities are expected to decline 
as cover and forage are reduced as a result of forest succession (Simons 2009, p. 217; Simons-
Legaard in Lynx SSA Team 2016a, p. 16). The current lynx population in Maine is probably 
substantially larger than typically occurred historically under the natural disturbance regime, 
when relatively small amounts of the spruce-fir forests in the state are thought to have been 
composed of the dense young stands that provode optimal hare (and, therefore, lynx foraging) 
habitat (Lorimer 1977, entire; 68 FR 40094; Vashon et al. 2012, pp. 45, 56; 79 FR 54792). With 
the reduction in clearcutting and the proliferation of partial harvesting following enactment of the 
Maine Forest Practices Act of 1989, lynx densities in Maine are projected to decline by 55 to 65 
percent by 2032 (Simons 2009, p. 217; Simons-Legaard in Lynx SSA Team 2016a, p. 16), 
perhaps to levels more consistent with likely historical conditions. Lynx in Maine likely represent 
the southern periphery of a larger population that occurs in northern New Brunswick and 
southern Quebec south of the St. Lawrence Seaway/River, which appears to partially isolate 
lynx in this region, demographically and genetically, from populations in the core of the species’ 
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range (Koen et al. 2015, entire). Whether lynx persistence in Maine relies on immigration from 
Canada, and if so to what extent, is unknown. 
 
In Minnesota, research conducted since the 2003 remand has demonstrated the continuous 
presence of a resident lynx population in the northeastern part of the state that seems to be the 
southern periphery of a larger population in southwestern Ontario (Moen et al. 2008b, entire; 
Moen in Lynx SSA Team 2016a, pp. 19, 39). The number of resident lynx in Minnesota is 
unknown but believed to be between 50 and 200 (Moen in Lynx SSA Team 2016a, pp. 19, 39). 
Hare densities and snow conditions consistently favorable for lynx appear to be restricted to the 
northeastern “Arrowhead” region of the state. Lynx are occasionally detected to the south and 
west of this region; however, those areas are dominated by bobcats. Although there are 
currently more lynx in Minnesota than was suspected when the DPS was listed, it is unclear 
whether current numbers and distribution are similar to the historical condition. The extent to 
which lynx persistence in Minnesota may rely on immigration from Canada is also unknown. 
 
In Montana, research conducted since the DPS was proposed for listing has documented the 
continued presence and broad distribution of resident lynx in much of the northwestern portion 
of the state (Squires in Lynx SSA Team 2016a, p. 20). The number of resident lynx in northwest 
Montana is unknown but the area is thought to be capable of supporting between 200 and 300 
resident lynx (Squires in Lynx SSA Team 2016a, p. 41). In this area, resident lynx occur in 3 
subpopulations - the Purcell Mountains, Seeley Lake/Central, and Garnet Mountains (Squires in 
Lynx SSA Team 2016a, p. 20). No lynx were detected in the Garnet Range from 2011 to 2015, 
prompting concerns about the potential loss of the small resident population (perhaps 7-10 lynx) 
documented there in the mid-1980s and again recently from 2002 to 2010. However, whether 
this absence indicates the extirpation of a previously persistent resident population or the 
temporary loss of an historically ephemeral population is uncertain. A single lynx was verified in 
the Garnet Range in February 2016, indicating that natural recolonization of the area is 
possible; however, no other detections of that lynx or other lynx have been verified since then, 
and there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). Lynx in northwestern Montana (and northern Idaho) likely represent the southern 
periphery of a larger population in southwestern Alberta and southeastern British Columbia. The 
extent to which lynx persistence in this area relies on immigration from Canada is unknown, and 
trapping harvest data suggest declining immigration after the mid-1980s (McKelvey et al. 2000a, 
p. 225; Squires in Lynx SSA Team 2016a, p. 20). In southwest Montana, few lynx and no recent 
evidence of reproduction have been documented in the Montana portion of the GYA where, as 
with the northwestern Wyoming part of the GYA (discussed above), uncertainty about whether 
this area consistently or only intermittently supported resident lynx historically makes it difficult 
to interpret their recent apparent absence from the area (Lynx SSA Team 2016a, p. 57). As 
elsewhere in the West, recent research and habitat assessments suggest that habitats capable 
of supporting resident lynx in Montana are, and historically were, naturally patchier and less-
broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 2013, p. 191), and lynx 
therefore naturally rarer, than was thought when the DPS was listed (ILBT 2013, p. 23; Jackson 
in Lynx SSA Team 2016a, p. 12). 
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In Washington, research and monitoring conducted since the 2003 remand has continued to 
document a resident lynx population in the Okanogan region of the eastern Cascade Mountains 
in the north-central part of the state (von Kienast 2003, entire; Maletzke 2004, entire; Koehler et 
al. 2008, entire; Maletzke et al. 2008, entire; Maletzke in Lynx SSA 2016, pp. 21-22). Since at 
least 1985, this is the only area of the state with evidence of a resident breeding population 
(Koehler and Maletzke 2006, p. 4; Koehler et al. 2008, p. 1518; ILBT 2013, p. 58; Maletzke in 
Lynx SSA 2016, p. 21), although the Kettle Mountains in the northeastern part of the state are 
thought to have historically supported a small breeding population (possibly 10-20 resident 
lynx), and lynx are detected there occasionally (Stinson 2001, pp. 13–14; Koehler et al. 2008, p. 
1523; USFWS 2008a, p. 2). Multiple large wildfires in this area over the last 25 years have 
burned about 34-37 percent of the Okanogan Lynx Management Zone (LMZ), resulting in a 
more than doubling of estimated female lynx home range size and a commensurate decline in 
the LMZ’s potential lynx carrying capacity (Lewis 2016, pp. 4, 6; Maletzke in Lynx SSA 2016, p. 
21). Although these areas should regenerate into lynx and hare habitat, it may take 35-40 years 
(Maletzke in Lynx SSA 2016, p. 21), during which time additional fire impacts could further 
diminish habitat availability and the likelihood that the lynx population will persist (Lynx SSA 
Team 2016a, p. 44; see also sections 3.4, 4.2.4, and 5.2.4). 
 
In summary, although uncertainty remains regarding the historical distribution of resident lynx in 
the DPS and small breeding populations may have been lost from some places, neither broad-
scale breeding range contraction nor substantial population declines in the contiguous United 
States from historical conditions until the DPS was listed have been documented based on 
verified occurrence data (68 FR 40099; 72 FR 1187; 79 FR 54798, 54815; McKelvey in Lynx 
SSA Team 2016a, p. 11). New information summarized above indicates that there are currently 
many more lynx in Maine and Colorado than likely occurred historically, and many more in those 
places and in Minnesota than was suspected when the DPS was listed. Likewise, resident lynx 
and some reproduction have also been documented recently in northern New Hampshire, 
where lynx were previously thought to have been extirpated, and in northern Vermont, which 
previously lacked evidence of historical lynx residency. Neither of these areas was occupied by 
lynx when the DPS was listed, and the expanding population in northern Maine was likely the 
source of lynx recolonizing northern New Hampshire and colonizing northern Vermont. 
Conversely, there are naturally fewer lynx and a more limited distribution of suitable habitats in 
most of the western United States than was previously thought (68 FR 40085, 40091-40092; 
ILBT 2013, p. 23), and lynx numbers in Washington have likely declined (perhaps temporarily) 
in response to extensive wildfire impacts to habitats over the past several decades. The 
geographic units evaluated in this SSA include all areas in the contiguous United States with 
strong historical or recent evidence of resident lynx populations. Detailed assessments of the 
current status and future viability of resident lynx populations and habitats in these areas are 
presented in chapters 4 and 5 below. 

Chapter 3: Factors Influencing Viability of the DPS 
In this chapter we discuss factors thought to influence the historical and current distribution and 
status of lynx populations in the contiguous United States, how these factors would likely 
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influence the future viability of the DPS, and we describe the cause-and-effects pathways of 
impacts associated with particular factors. We focus on the factor for which the DPS was listed 
under the ESA (the inadequacy of regulatory mechanisms in Federal land management plans 
when the DPS was listed) and on the anthropogenic influences identified by the ILBT in the 
revised LCAS as having the potential to exert population-level impacts on lynx and lynx habitats 
(ILBT 2013, pp. 68-78). Those anthropogenic influences - climate change, vegetation 
management, wildland fire management, and habitat loss and fragmentation - are considered 
the most influential factors in the future viability of the lynx DPS. 

3.1 Regulatory Mechanisms 
A number of activities with the potential to affect lynx habitat suitability, productivity, mortality, 
and movements via habitat loss or fragmentation, creation of barriers, or that otherwise alter the 
vegetation mosaics and prey abundances maintained historically by natural disturbance 
processes may occur in lynx habitats regardless of land ownership and management. The 
extent to which regulations guide such activities to avoid, reduce, or mitigate impacts to lynx 
influences the current and future likelihoods that those habitats will provide the ecological 
requirements to support resident lynx populations. As described in more detail below, the lynx 
DPS was listed as threatened because of the lack of specific conservation direction and 
associated regulations on some Federal lands. At that time, the available information indicated 
that most lynx habitat in the DPS occurred on Federal lands, predominantly in the western 
United States (65 FR 16061). Since then, research and monitoring have revealed that non-
Federal lands contribute more to the conservation of the DPS than was known at the time of 
listing, particularly in the Northern Maine and Northeastern Minnesota geographic areas. 
Therefore, in the following sections we describe and compare the Federal regulatory 
environment for lynx in the DPS at the time of listing and currently, and we describe other 
regulatory mechanisms as they pertain to lynx on private as well as State and Tribal lands. 
 
3.1.1 Federal Regulatory Mechanisms 
 
Since it was listed in 2000, the DPS has been protected by the ESA’s prohibition on take (under 
section 9), which applies to lynx wherever they occur in the DPS, regardless of land ownership. 
The DPS has also been protected since listing by section 7 of the ESA, which requires Federal 
agencies to use their authorities to conserve listed species and to consult with the Service for 
any actions they implement, fund, or permit (i.e., for which a “Federal nexus” exists) and which 
may affect lynx or lynx habitats within the DPS, again regardless of land ownership. Additionally, 
section 4 of the ESA requires that critical habitat, defined as the specific geographic areas 
containing the physical and biological features essential for the conservation of a listed species 
and that may require special management and protection, be designated for listed species, and 
section 7 prohibits the destruction or adverse modification of such designated habitats. Critical 
habitat was designated for the lynx DPS in 2007 and was revised in 2009 and 2014; in 
accordance with a September, 2016 court order (U.S. District Court MT 2016, entire), it may be 
revised again in the future. Section 4 of the ESA requires recovery planning for listed species; a 
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recovery plan for the lynx DPS has not yet been completed, but part of the purpose of this SSA 
is to inform near-term recovery planning direction. 
 
Federal lands make up approximately 64 percent of the lands encompassed by the 6 
geographic units evaluated in this SSA. Of those Federal lands, roughly 87 percent is managed 
by the U.S. Forest Service (USFS), 11 percent by the National Park Service (NPS), and 2 
percent by the Bureau of Land Management (BLM). The amount of Federal land varies by unit, 
ranging from 1 percent in the Northern Maine Unit to over 97 percent in the GYA Unit (see table 
2 and Chapter 4 for ownership in each geographic unit). Federal lands management is guided 
by a number of statutes and associated regulations, policies, standards, guidelines, and best 
management practices (BMPs) applied by managing agencies to meet legislative mandates and 
achieve agency missions (for a summary of relevant Acts and associated regulations and 
guidance, see USFWS 2014, pp. 24-34). Many of these regulatory mechanisms provide some 
benefits to lynx and protect lynx habitats. For example, the conservation priority in the 
management of NPS lands in accordance with the National Park Service Organic Act (16 USC 1 
et seq. as amended), the National Parks and Recreation Act (Public Law 95-625), and the 
Wilderness Act (16 USC 1131-1136, 78 Stat. 890) likely provides an adequate regulatory 
framework for the conservation of lynx populations and habitats in the NPS units in which they 
occur (USFWS 2014, pp. 28-29, 31-33). However, it was the absence of specific management 
direction and conservation measures for lynx and lynx habitats in USFS and BLM land 
management plans that led the Service to conclude that the regulatory mechanisms in those 
plans at the time of listing were inadequate to ensure the conservation of the DPS. Therefore, 
the evaluation below focuses on the efforts of USFS and BLM, in collaboration with the Service, 
to address the regulatory inadequacy for which the DPS was listed. 
 
The Service designated lynx in the contiguous United States as a DPS and listed it as 
threatened under the ESA in 2000 because of the inadequacy, at that time, of existing 
regulatory mechanisms. Specifically, at that time the Service believed that most lynx populations 
and potential lynx habitats (broad forest vegetation classes defined as “lynx forest types” [65 FR 
16071]) in the contiguous United States occurred on Federal (USFS, NPS, and BLM) lands in 
the western states, and that the plans that guided management of those lands (particularly 
USFS and BLM lands) included “...programs, practices, and activities within the authority and 
jurisdiction of Federal land management agencies that may threaten lynx or lynx habitat. The 
lack of protection for lynx in these Plans render them inadequate to protect the species” (65 FR 
16052, 16082). At that time, the Service found that USFS and BLM management plans did not 
adequately address risks to lynx and, as identified in the LCAS (Ruediger et al. 2000, pp. 2-1 
through 6-3), those plans allowed actions that cumulatively could result in significant detrimental 
effects to lynx in the contiguous United States. As a result, the Service concluded in the final 
rule that the lack of Federal land management plan guidance for the conservation of lynx and 
the potential for those plans to allow or direct actions that could adversely affect lynx constituted 
a significant threat to the DPS (68 FR 40096). 
 
In 1998, in anticipation of the DPS’s listing under the ESA, regional and state directors of the 
Service, USFS, BLM, and NPS approved preparation of the interagency LCAS to provide a 
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consistent and effective approach to conserve lynx and to assist with section 7 consultation on 
Federal lands. An interagency Steering Committee selected a Science Team to assemble the 
best available scientific information on lynx and appointed the ILBT to prepare a lynx 
conservation strategy applicable to Federal land management in the contiguous United States 
(USFWS 2014, p. 15). The first edition of the LCAS was completed in January, 2000 and 
revised in August, 2000 (Ruediger et al. 2000, entire). The Steering Committee subsequently 
issued several amendments and clarifications, and the most recent revision of the LCAS was 
completed in August, 2013 (ILBT 2013, entire). The LCAS initially identified and evaluated 17 
risk factors (e.g., timber and fire management, recreation, roads, livestock grazing, trapping, 
etc.) thought to have the potential to affect lynx habitat suitability, productivity, mortality, and 
movements and that may be addressed under programs, practices, and activities within the 
authority and jurisdiction of Federal land management agencies. These risk factors included 
programs or practices with the potential to result in habitat conversion, habitat fragmentation, or 
obstruction to lynx movement; roads or winter recreation trails that may facilitate access to 
historical lynx habitat by competitors; and fire suppression, which changes the vegetation 
mosaic maintained by natural disturbance processes. The risks identified in the 2000 LCAS 
were based on potential effects to lynx habitats and to individual lynx, lynx populations, or both; 
therefore, not all of the risks initially identified in the LCAS were thought to threaten lynx 
populations in the DPS (68 FR 40096). In the 2013 revised LCAS, risk factors were redefined as 
“Anthropogenic Influences on Lynx and Lynx Habitat,” and grouped into 2 tiers based on the 
potential magnitude of effects (ILBT 2013, pp. 1, 68). First tier influences (climate change, 
vegetation management, wildland fire management, and habitat fragmentation - discussed in 
the remainder of this chapter) are those with potential to negatively affect lynx populations and 
habitats, while second tier influences are those that may affect individual lynx but are not 
expected to substantially impact populations or habitats (ILBT 2013, pp. 68-85). 
 
In addition to identifying risks, the LCAS also directed Federal agencies to map potential lynx 
habitat and identify lynx analysis units (LAUs) to evaluate potential impacts of management 
actions on lynx and snowshoe hare habitats. Finally, the LCAS developed recommended 
conservation measures, standards, and guidelines to be applied to lynx habitats on Federal 
lands that were designed to mimic historical conditions and landscape-scale disturbance 
patterns and to maintain or improve lynx and hare habitats at both local (project-level) and 
landscape scales (USFWS 2014, p. 16). After its initial completion in 2000, USFS and BLM 
managers within the range of the DPS agreed to implement the standards and guidelines 
identified in the LCAS until management plans could be formally amended to specifically 
address lynx conservation. In 2000, the Service, USFS, and BLM developed and adopted 
Canada Lynx Conservation Agreements (CAs; BLM and USFWS 2000, entire; USFS and 
USFWS 2000, entire) in which the BLM and USFS agreed to coordinate assessment and 
planning efforts with the Service to assure a comprehensive approach to lynx conservation and 
to use the LCAS, supporting science, and locally specific information as the basis for the 
approach and to streamline consultation under section 7 of the ESA. The USFS further 
committed to deferring any actions not involving third parties that would adversely affect lynx 
until such time as the Forest Plans were amended or revised to adequately conserve lynx 
(USFS and USFWS 2000, p. 8; 68 FR 40083). 
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Concurrent with development of the LCAS and interagency CAs, the USFS and BLM in 1999 
completed the Biological Assessment (BA) of the Effects of National Forest Land and Resource 
Management Plans and Bureau of Land Management Land Use Plans on Canada Lynx (USFS 
and BLM 1999, entire). The BA identified and evaluated the potential effects on lynx of 
implementation of 57 USFS Land and Resource Management Plans and 56 BLM Land Use 
Plans throughout the 14 states in which the lynx DPS was proposed for listing. The BA 
concluded that the potential for adverse effects to lynx existed on each administrative unit in 
each geographic area and that, cumulatively, implementation of the existing plans was likely to 
adversely affect the DPS. It recommended that all of the plans be amended or revised to 
incorporate conservation measures to reduce or eliminate adverse effects to lynx (USFS and 
BLM 1999, p. 14). In its 2000 biological opinion on the BA, the Service evaluated the USFS and 
BLM plans in conjunction with the CAs described above (USFWS 2000, p. 15). The Service 
concluded that implementation of the existing plans in accordance with the CAs until plans could 
be formally amended or revised was not likely to jeopardize the DPS, but that amendments or 
revisions to those plans were needed to further reduce or avoid the potential for adverse effects 
to lynx (USFWS 2000, pp. 48-50). 
 
In the 2003 remanded rule, the Service similarly determined that adherence to the CAs, the 
biological opinion, and the LCAS in assessing the impacts of Federal actions on lynx alleviated 
the potentially-adverse effects of Federal land management activities on lynx, but that 
amendment of USFS and BLM land management plans to conserve lynx would be the strongest 
mechanism to ensure long-term conservation of lynx and lynx habitat on Federal lands (68 FR 
40096-97). It concluded that although Federal, State, and Tribal regulations and plans had 
reduced threats to the DPS, the inadequacy of existing regulatory mechanisms still posed a 
moderate, albeit lower-level threat, and would continue to do so until Federal land management 
plans were specifically amended to address lynx conservation (68 FR 40097). 
 
Since the 2003 remand, most Forest Service units with lynx forest types (actual and “potential” 
lynx habitats) have formally amended or revised their land management plans to incorporate the 
conservation measures, standards, and guidelines identified in the LCAS. Because these 
amended and revised plans apply to secondary areas and other potential lynx habitats (i.e., all 
mapped habitat in all LAUs), the USFS had applied the conservation measures to many areas 
outside the geographic units evaluated in this SSA, including many areas that lack evidence of 
lynx occupancy and some with no verified lynx records. From 2004-2006, forest plans for 7 
national forests with potential lynx habitat in Maine, New Hampshire, Vermont, Michigan, 
Minnesota, and Wisconsin were revised to include recommendations from the LCAS and the 
CAs (Jackson 2015, p. 6; USFWS 2014, p. 33). In 2007, the USFS completed the Northern 
Rockies Lynx Management Direction (NRLMD), which formally amended management plans to 
include lynx conservation measures, standards, and guidelines for 18 national forests covering 
over 150,000 km2 (57,915 mi2) in Idaho, Montana, Wyoming and Utah, including over 72,000 
km2 (27,800 mi2) of potential lynx habitat (USFS 2007, entire; USFWS 2014, pp. 16-19; 79 FR 
54813; Jackson 2015 in Lynx SSA Team 2016b, Appendix 3, p. 11). In 2008, the USFS similarly 
completed the Southern Rockies Lynx Amendment (SRLA), which formally amended forest 
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plans covering about 59,000 km2 (22,780 mi2), including over 30,000 km2 (11,583 mi2) of 
mapped (potential) lynx habitat on 7 national forests or national forest complexes in western 
Colorado and southern Wyoming (USFS 2008a, entire; Jackson 2015 in Lynx SSA Team 
2016b, Appendix 3, p. 11). The management direction adopted in the NRLMD and SRLA was 
developed in accordance with the National Forest Management Act of 1976 (16 USC 1600) and 
the regulations that implement the statute (36 CFR 219.22), which requires public review and 
comment as part of the decision making process. Among national forests within the geographic 
units evaluated in this SSA, only those in Washington (the Okanogan-Wenatchee and Colville 
national forests) have not formally amended or revised their land and resource management 
plans. However, the plan revision process has been initiated for both forests, and both continue 
to manage for lynx habitats in accordance with the LCAS and the CA. Overall, the USFS 
manages nearly 56 percent (72,927 km2 [28,157 mi2]) of the lands within the 6 geographic units 
evaluated in this SSA (see table 2, above), and all USFS lands are managed to support lynx 
conservation in accordance with formally revised or amended Forest Plans or binding 
conservation agreements with the Service. 
 
The BLM manages a much smaller proportion of the lands within the SSA geographic units, 
nearly all of which occur in Colorado, Montana, and Wyoming. In Western Colorado (Unit 6), 10 
BLM Field Offices (FOs; Colorado River Valley, Grand Junction, Gunnison, Kremmling, Little 
Snake, Royal Gorge, San Luis Valley, Tres Rios, Uncompahgre, and White River) contain 784 
km2 (303 mi2) of potential lynx habitat. These BLM areas were subject to the 2000 interagency 
CA; however, that CA expired in 2004 (BLM and USFWS 2000, p. 8) and was not renewed. 
Since then, BLM Resource Management Plans (RMPs) have been revised for 5 of the 10 FOs 
(Colorado River Valley, Grand Junction, Kremmling, Little Snake, and Tres Rios). RMPs for the 
Gunnison, Royal Gorge, San Luis Valley, Uncompahgre, and White River FOs have not been 
revised and do not contain specific measures for the conservation of lynx; however, these areas 
constitute a very small proportion of lynx habitat this unit. In western Montana (Unit 3), BLM 
lands in the Garnet Resource Area include 405 km2 (156 mi2) of designated lynx critical habitat. 
In western Wyoming (Unit 5), 261 km2 (101 mi2) of BLM lands on the Kemmerer and Pinedale 
districts are also designated as lynx critical habitat. The RMP for the Garnet area was amended 
in 2004 to formally adopt the conservation measures of the LCAS (BLM 2004a, 2004b, entire), 
and the RMPs for the Pinedale and Kemmerer districts were revised in 2008 and 2010, 
respectively, to adopt conservation measures and BMPs for lynx (BLM 2008, pp. A18-10 - A18-
16; BLM 2010, pp. A-9 - A-12). Overall, the BLM manages just over 1 percent (1,443 km2 [557 
mi2]) of the lands within the 6 geographic units evaluated in this SSA (see table 2, above), most 
of which is actively managed to support lynx conservation. 
 
The completion and implementation of the LCAS and its subsequent revisions, the interagency 
CAs, and the subsequent formal management plan revisions and amendments adopted under 
the NRLMD and SRLA all were undertaken to address the inadequacy of regulatory 
mechanisms on USFS and BLM lands for which the DPS was listed. Each incorporated the best 
available scientific information to develop goals, objectives, conservation measures, standards, 
and BMPs to guide USFS and BLM management activities at both project- and landscape-level 
scales to reduce or eliminate the potential for adverse effects to lynx or lynx habitats and thus 
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promote the conservation of the DPS (Ruediger et al. 2000, pp. 7-1 - 7-18; BLM and USFWS 
2000, entire; USFS and USFWS 2000, entire; USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, 
Attachment 1-1 - 1-9). Standards and guidelines developed and implemented in accordance 
with the NRLMD and the SRLA were designed to promote beneficial effects and limit potentially 
adverse effects of management activities (vegetation management [e.g., timber harvest, 
precommercial thinning], wildland fire and fuels management, grazing, recreation, road/access 
management, energy development, etc.) on important lynx habitats including winter snowshoe 
hare habitat (high-quality lynx foraging habitat), denning habitat, and linkage/connectivity 
corridors (USFS 2007, pp. 8-30, USFS 2008a, pp. 6-19, Attachment 1-1 - 1-9). The USFS 
concluded that the vegetation standards adopted in the NRLMD that limit the total amount and 
the rate at which lynx habitat can be converted to temporarily unsuitable habitat (stand-initiation 
seral stage following timber harvest) ensure that the agency’s timber management program is 
beneficial to lynx and will provide sufficient lynx habitat through time at both LAU and 
landscape-level scales (USFS 2007, p. 35). In its biological opinion on the NRLMD, the Service 
concluded that its application “...would substantially reduce or eliminate adverse effects to lynx 
from Forest Service land management activities on at least 94 percent of this area (National 
Forest System lands in the Northern Rockies), and more likely nearer to 98 percent” (USFWS 
2007, p. 76). Similarly, in its 2008 biological opinion on the SRLA, the Service concluded that 
vegetation management standards in the SRLA would prohibit treatments that could adversely 
affect essential components of lynx habitat on 95.5 percent of the mapped (potential) lynx 
habitat in the SRLA area (National Forest System lands in the Southern Rockies; USFWS 
2008b, p. 52). 
 
In summary, all USFS and most BLM lands with known or potential lynx habitat within the range 
of the DPS, including all SSA geographic units that encompass USFS and BLM lands, are 
currently managed in accordance with the specific conservation measures and considerations 
identified in the LCAS and implemented via the CAs or formally revised and amended 
management plans described above. These agreements and revised/amended plans constitute 
the regulatory framework and specific regulatory mechanisms adopted to conserve lynx habitats 
and populations on USFS and BLM lands that support or are potentially capable of supporting 
them. They represent the agencies’ efforts, in collaboration with the Service, to address and 
ameliorate the singular threat for which the lynx DPS was listed under the ESA. Although formal 
effectiveness monitoring has not been completed, it is clear that implementation of the CAs and 
revised/amended plans, and the associated programmatic and project-specific consultations 
between BLM/USFS and the Service in accordance with section 7 of the ESA, have resulted in 
avoidance/minimization of impacts to important lynx and hare habitats on Federal lands and 
have reduced the likelihood that management activities on these lands may adversely affect 
lynx in the contiguous United States. Overall, Federal lands managed by the USFS, BLM, and 
NPS constitute nearly 64 percent 83,683 km2 [32,310 mi2]) of the area evaluated in this SSA, 
and all but a tiny fraction of these lands are actively managed for lynx conservation. 
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3.1.2 State Regulations and Tribal Management 
 
Private, State, and Tribal lands make up the remaining 36 percent of the lands encompassed by 
the 6 geographic units evaluated in this SSA, accounting for almost 27 percent, almost 9 
percent, and 1 percent of the total, respectively (table 2). The amount of private land varies by 
unit, ranging from 0.3 percent in the North-central Washington Unit to over 90 percent in the 
Northern Maine Unit. Likewise, State ownership varies from less than 1 percent in the GYA and 
Western Colorado units to 36 percent in the Northeastern Minnesota Unit. Tribal lands account 
for about 4 percent of the Northwestern Montana/Northeastern Idaho Unit and roughly 1 percent 
of the Northern Maine and Northeastern Minnesota units; there are no Tribal lands in the North-
central Washington, GYA, or Western Colorado units. Private, State, and Tribal lands, 
combined, constitute 99 percent of the lands in the Northern Maine Geographic Unit and over 
half of those in the Northeastern Minnesota Unit. Because both of these units support larger 
resident lynx populations than was suspected when the DPS was listed and, therefore, may 
contribute more substantially to the conservation of the DPS than was understood at the time of 
listing, we must evaluate the regulatory mechanisms that pertain to lynx on these lands (Lynx 
SSA Team 2016a, p. 54). Although private, State, and Tribal lands constitute much smaller 
proportions of the other 4 (western) geographic units (from about 3 percent to 16 percent, 
combined), important lynx habitats occur on some of those lands, and regulatory mechanisms 
may influence their contributions to the conservation and persistence of DPS populations or 
parts of them. Therefore, in this section, we summarize the relevant regulatory frameworks and 
mechanisms that may affect lynx on private, State, and Tribal lands within the 6 geographic 
units of the DPS, but with a focus on those units with the greatest proportions of these lands 
and on activities on these lands with the greatest potential to impact lynx. 
 
State Wildlife Management Regulations - The following information is derived largely from the 
Service’s 2014 Incremental Effects Memorandum prepared in support of the revised designation 
of critical habitat for the lynx DPS (USFWS 2014, pp. 35-38) and updated as warranted by new 
information. State furbearer and other wildlife management regulations benefit lynx populations 
in the states where they occur. In addition to State and private lands, State wildlife regulations 
govern hunting and trapping activities on many Federal lands where those activities are 
permitted. Most states within the range of the lynx prohibited trapping and hunting of lynx prior 
to the Service’s1998 proposal to list the DPS under the ESA, and those activities were 
prohibited in all states by the time the DPS was listed in 2000. All states within the lynx DPS 
range that allow legal bobcat harvest (1) manage in accordance with the Convention on 
International Trade in Endangered Species of Wild Fauna and Flora (CITES) Export Program 
for Appendix II Furbearer Species (USFWS 2014, pp. 25-26), (2) have distributed information to 
bobcat trappers and hunters on how to avoid incidental take of lynx, and (3) report all known 
incidental take of lynx associated with bobcat harvest to the Service’s Division of Management 
Authority to assure that take does not exceed the amount permitted under the intra-agency 
section 7 consultation for the CITES Export Program (USFWS 2001, entire). Most states have 
also adopted special regulations in areas where lynx occur to minimize the potential for 
incidental take (including injury) of lynx during legal trapping of other furbearers. These efforts 
benefit lynx and are expected to do so in the future with continued implementation and 
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enforcement. Most reported incidentally-trapped lynx are released unharmed (see below), and 
there is no evidence that incidental trapping has had population-level impacts on lynx in the 
DPS range. 
 
Unit 1: Northern Maine - In 1967, a bounty on lynx in Maine was repealed, and lynx were given 
complete protection from trapping and hunting. In Wildlife Management Districts where lynx may 
occur, the Maine Department of Inland Fisheries and Wildlife (MDIFW) has adopted special 
trapping regulations intended to minimize the incidental capture, injury, and death of lynx. These 
restrictions have varied over the past two decades, becoming mored restrictive with time 
following a consent decree in 2008. Some of the requirements developed over time include 
specification of trap sizes and sets that may be used to legally harvest other furbearers and that 
are intended to minimize the likelihood of incidentally trapping lynx5 (MDIFW 2016a, pp. 8, 13). 
MDIFW has also prohibited the use of visual baits and visual attractants and reqires mandatory 
reporting of incidental lynx captures. MDIFW also adopted and made available for download on 
its web page the interagency brochure How to Avoid Incidental Take of Lynx while Trapping or 
Hunting Bobcats and other Furbearers, modified it to be more specific to Maine, and updated it 
in 2015 (MDIFW 2015b, entire). MDIFW also set-up an incidental lynx capture hotline and has 
staff on stand-by to help immobilize, evaluate, collect tissue and/or hair samples, and release, if 
appropriate, any lynx reported to the hotline. From 2000 to 2016, this program has resulted in 
the release of 106 lynx that were reported incidentally trapped in northern Maine; during this 
time, 12 lynx died from traps or being illegally shot while in traps (MDIFW 2014, p. 75; MDIFW 
2016b, pp. 5-10). 
 
After preparing a habitat conservation plan (Incidental Take Plan), the MDIFW in 2014 obtained 
an incidental take permit from the Service for lynx trapped incidental to predator management 
and animal damage control activities, and the recreational furbearer trapping program in Maine. 
The permit allows incidental trapping of 195 lynx over a 15-year period, including 3 mortalities. 
After 2 lynx were killed in leaning-pole trap sets in 2014, MDIFW imposed additional trapping 
restrictions to further reduce mortality and injury of incidentally-trapped lynx, as required by the 
permit (also see Other Factors in section 4.2.1 below). In addition to prohibiting the type of 
leaning-pole sets that resulted in the 2 mortalities, the regulations now require exclusion devices 
on most killer-type traps and multiple swivels on chains, and they prohibit the use of drag sets 
on foothold traps. 
 
The MDIFW also is responsible for implementing the Maine Endangered Species Act6 (MDIFW 
2009, p. 9). Although the lynx is not State-listed as threatened or endangered because its 
population is believed to exceed the State’s listing threshold, it is considered a species of 
special concern (MDIFW 2011, p 2). The MDIFW works collaboratively with the Service to 
conduct research and monitor lynx populations and habitats, and it recommends voluntary 
forest management activities to promote a sustainable supply of large, connected, and widely-
distributed blocks of dense, young spruce-fir stands and to conserve large blocks of 
unfragmented forestland in northern and western Maine (MDIFW 2011, p. 3). 
                                                
5 http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm, last accessed 8.08.2016. 
6 http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html. 

http://www.eregulations.com/maine/hunting/lynx-protection-zone-trap-restrictions/
http://www.maine.gov/ifw/hunting_trapping/trapping/avoid_lynx.htm
http://www.mainelegislature.org/legis/statutes/12/title12sec12803.html
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Unit 2: Northeastern Minnesota - Although lynx were unprotected and had a bounty placed on 
them in Minnesota prior to 1965, lynx trapping and hunting have been prohibited in Minnesota 
since 1984 (65 FR 16077; Moen in Lynx SSA Team 2016a, p. 19). Overlapping the 
Northeastern Minnesota SSA unit, the Minnesota Department of Natural Resources (MNDNR) 
has identified a specific “Lynx Management Zone” (LMZ) for which it has promulgated and 
enforces special trapping regulations for other furbearers in lynx habitat (MNDNR 2016a, p. 53). 
The MNDNR has modified trapping regulations within the LMZ to minimize the incidental take of 
lynx during the legal trapping of other furbearers. The regulations address specific trap types 
and sets, prohibit the use of certain baits and visual attractants, and require reporting of any 
incidentally trapped lynx to DNR conservation officers within 24 hours (MNDNR 2016a, pp. 53-
55). The MNDNR also distributed to trappers the interagency brochure How to Avoid Incidental 
Take of Lynx while Trapping or Hunting Bobcats and other Furbearers. In response to a Federal 
court order, MDNR developed an incidental take plan designed to minimize the potential for lynx 
to be incidentally trapped during other legal furbearer trapping; the plan is currently under 
review by the Service. Like Maine, Minnesota has a State Endangered Species Statute 
(84.0895) which requires the MNDNR to adopt rules designating species meeting the statutory 
definitions of endangered, threatened, or species of special concern (State of Minnesota 2016, 
entire). The Statute also authorizes the MNDNR to adopt rules that regulate treatment of 
species designated as endangered and threatened. Also like Maine, however, Minnesota has 
not designated lynx as threatened or endangered under the statute. Instead it has designated 
the lynx a species of special concern, a designation for species that are extremely uncommon, 
have unique or highly specific habitat requirements, or occur on the periphery of their range in 
Minnesota and, therefore, deserve careful monitoring (MNDNR 2013, pp. 1-2). Thus, the 
MNDNR coordinates with the Service and other agencies to conduct research and monitor lynx 
populations and habitats. 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Lynx are designated as a species of 
greatest conservation need (S3; “potentially at risk”) by the State of Montana (MTFWP 2015, pp. 
12, 435) and were previously considered a species of greatest conservation need (S1) by the 
State of Idaho (ILBT 2013, p. 57). However, in its recently revised State Wildlife Action Plan, 
Idaho did not retain that designation for lynx because of the lack of evidence of a persistent lynx 
presence in the state (IDFG 2017a, p. 4). The harvest of lynx was prohibited in Idaho and 
Montana beginning in 1996 and 1999, respectively. Both States participate in the CITES Export 
Program for bobcats, and both have promulgated and enforce special regulations for the legal 
trapping of other furbearers in areas occupied by lynx. In its trapping regulations, Idaho Fish and 
Game (IDFG) provides information on how to distinguish between bobcats and lynx and 
provides guidelines to reduce injury and minimize non-target catches, including lynx (IDFG 
2017b, pp. 36-37). Guidelines recommend (1) a minimum 8-pound pan tension on foothold traps 
set for wolves, (2) specific trap types and sets for other furbearers, and (3) bait and habitat 
considerations when making sets. Trappers are also required to contact IDFG or local sheriff’s 
offices to assist with the safe release of incidentally trapped lynx. Three of 4 lynx incidentally 
trapped in Idaho recently were released unharmed; the other was illegally shot (IDFG 2017a, p. 
3). To minimize and track the incidental capture of lynx, Montana Fish, Wildlife, and Parks 
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(MTFWP) has promulgated an evolving set of trapping regulations and reporting requirements 
since the DPS was listed (MTFWP 2016, pp. 7-10), including significant changes in 2008 that 
reduced the reported rate of incidental lynx captures from 1.6 per year in 2000-2007 to 0.4/year 
in 2008-2015 (MTFWP 2016, p. 5). In 2015, the Federal District Court of Montana approved a 
settlement agreement reached between the State of Montana and conservation groups aimed at 
protecting lynx from trapping. The case is now dismissed in accordance with the agreement, 
under which Montana has implemented a set of restrictions on trapping in lynx habitat. 
Currently, these regulations identify designated lynx protection zones (LPZs) and define 
acceptable trapping methods for public lands within them, which (1) prohibit the use of lethal 
(non-relaxing) snares for bobcats, (2) specifies the types of sets and baits or attractants that 
may be used for marten, fisher, and other furbearers where lynx occur, (3) requires a minimum 
10-pound pan tension on foothold traps set for wolves, and (4) requires that any incidentally 
trapped lynx must be released unharmed if possible and reported to MTFWP (MTFWP 2016, 
pp. 7-10). 
 
Unit 4: North-central Washington - Lynx harvest has been prohibited in Washington since 1991, 
and the lynx was listed as a State threatened species in 1993 and uplisted to endangered in 
2016 (Lewis 2016, pp. iii, 1; WAFWC 2016, p. 3). Under the State’s Endangered Species 
Program, the Washington Department of Fish and Wildlife (WADFW) developed a Lynx 
Recovery Plan7  and a Status Report8, and it prepares annual reports to update population and 
habitat information for the species. The WADFW also coordinates with the Service and other 
agencies to conduct research and monitor lynx populations and habitats. Additionally, the use of 
body-gripping traps (foothold, conibear, snares, etc.) for trapping other furbearers is prohibited 
in Washington (except for damage control or nuisance wildlife, which requires special permits). 
This avoids the potential for lynx to be incidentally captured in traps set legally for other animals. 
 
Unit 5: GYA (Southwestern Montana and Northwestern Wyoming) - See Unit 3, above, for 
summary of Montana’s special trapping regulations to minimize incidental take of lynx, which 
apply to the northern part of this unit. Lynx in Wyoming are classified as nongame wildlife, a 
Species of Greatest Conservation Need, and a Protected Animal by Wyoming State Statute. A 
classification of "State Protected" status prohibits trapping or any intentional take in the state, 
and lynx in Wyoming were offered full protection from trapping and hunting beginning in 1973 
(ILBT 2013, p. 57). The Wyoming Game and Fish Department (WGFD) also participates in the 
CITES Export Program for bobcats. 
 
Unit 6: Western Colorado - Lynx harvest has been prohibited in Colorado since 1970 and the 
lynx was listed as endangered in the State in 1973. Colorado participates in the CITES Export 
Program for bobcats, provides information to trappers and hunters on how to distinguish 
between lynx and bobcats, and requires immediate release of uninjured incidentally trapped 
lynx as well as reporting of any (uninjured, injured, or killed) incidentally trapped lynx (CPW 
2015, pp. 6-7). Colorado law prohibits the use of foothold or conibear traps and snares for 

                                                
7  http://wdfw.wa.gov/publications/00394/. 
8 http://wdfw.wa.gov/publications/01521/. 

http://wdfw.wa.gov/publications/00394/
http://wdfw.wa.gov/publications/01521/
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trapping, which avoids the potential for lynx to be incidentally captured in traps set legally for 
other animals. 
 
State Forest Management Regulations - Timber harvest and other forest management activities 
on State and private lands are governed by State regulations. Because these activities have the 
potential for beneficial, benign, or adverse impacts to lynx habitat depending on methods, 
implementation, and conservation measures, State forestry regulations may influence lynx 
populations, particularly where substantial amounts of lynx habitat occur on State and private 
lands. Below, we provide an overview of the forest management regulations in the SSA 
geographic units and briefly discuss their potential influences on lynx habitat. Additional details 
on the current and likely future influences of these regulations on lynx populations are provided 
below in chapters 4 and 5, particularly for the Maine and Minnesota units, where State and 
private lands constitute the majority of lynx habitats. 
 
Unit 1: Northern Maine - State and private lands constitute 7 percent and 90 percent, 
respectively, of this SSA unit, with the vast majority of private lands managed for commercial 
timber production. As described above in section 2.3.2.2 and in more detail below in sections 
4.2.1 and 5.2.1, the current abundance of lynx in northern Maine is attributable to the 
landscape-scale clear-cutting that occurred on private timber lands in the 1970s and 1980s in 
response to an extensive spruce budworm outbreak, which resulted in the recent unnaturally 
large amount of young (15 to 35 years post-harvest) regenerating forest in prime hare (lynx 
foraging) habitat condition. The amount and distribution of this post-clear-cut high-quality hare 
habitat likely peaked in the late 1990s to early 2000s, when 20-25 percent of the forest in Maine 
was in an early regeneration stage. The amount of young, regenerating forest at that time was 3 
to 8 times higher than typical historical conditions under the natural disturbance regime, when 
only 3 to 7 percent of stands were likely in such condition at any given time (68 FR 40094). 
Current timber harvest and management on State and private lands in Maine are governed by 
the Maine Forest Practices Act of 1989 and administered by the Maine Forest Service within the 
Department of Agriculture, Conservation & Forestry to regulate, among other things, the size, 
arrangement, regeneration, and management of clearcuts (MEDACF 2014, pp. 42-45). Under 
the Act, small (up to 101 ha [250 ac]) clear-cuts are still permitted but require special permits 
and review and have, therefore, been replaced by various forms of partial harvest techniques; 
many of which are unlikely to maintain the current unnaturally high amount and distribution of 
high-quality hare and lynx habitat. The consequences of this large-scale shift in forest 
management on Maine’s current lynx population, which is likely much larger than was possible 
under the natural historical disturbance regime, and on future conditions for lynx in this unit are 
discussed below in sections 4.2.1 and 5.2.1, respectively, along with other programs and factors 
that may influence private lands forest management in this unit. 
 
In Maine, most private lands lack long-term management agreements to assure lynx 
conservation. However, in 2006 and 2007, the Natural Resource Conservation Service (NRCS) 
provided funds to Maine for a pilot Healthy Forest Reserve Program (HFRP) specifically to 
manage for Canada lynx and American marten. Under this program, 4 landowners have 
developed and implemented lynx management plans covering about 652 km2 (252 mi2; 2.3 
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percent of Unit 1). All 4 landowners completed lynx plans using guidelines in the Service’s 
Canada lynx management guidelines for Maine (McCollough 2007, entire). NRCS contracts with 
the landowners last for 10 years and these contracts expired in 2016 and 2017. The HFRP 
described an opportunity for enrollees to apply for Safe Harbor Agreements when their contracts 
expired, although none have yet indicated an interest in doing so. Management plans were 
written for a 70-year period; therefore, some landowners may continue voluntary lynx 
management activities. Many private landowners in Maine are enrolled in forest certification 
programs; the Sustainable Forestry Initiative (SFI) and Forest Stewardship Council (FSC). Both 
programs require landowners to protect endangered species and their habitats. Maine has more 
than 40,500 km2 (15,625 mi2) of certified forestland; more than any other state9.  It is uncertain 
how certified landowners address lynx management. About 10,117 km2 (3,906 mi2; 35 percent 
of Unit 1) of private lands in northern Maine are under “working woodland” conservation 
easements10; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). In the past Maine private forest landowners have expressed 
interest in long-term commitments to lynx management plans, but to our knowledge, there are 
no private landowners in Maine who have committed to long-term or permanent protection and 
creation of lynx habitat according to the Service’s lynx management guidelines or the LCAS. 
 
State lands include Baxter State Park (809 km2 [312 mi2; about 3 percent of Unit 1]) and the 
various lots owned and managed by the Maine Bureau of Parks and Lands (MBPL). Most of 
Baxter State Park is managed as wilderness area, and lynx sightings in the Park are rare, 
probably because most of the park is mature forest that does not support high hare densities. 
MBPL integrated resource policy requires that it promote the conservation of Federally-listed 
species. To our knowledge, with one exception, MBPL has not developed any lynx-specific 
management plans. However, the mitigation for the MDIFW’s incidental take permit for trapping 
requires the maintenance, enhancement and creation of lynx habitat on about 28 percent of the 
MBPL’s 89-km2 (34-mi2) Seboomook habitat management unit during a 15-year period, with 
those habitats likely available to lynx beyond that time. 
 
Unit 2: Northeastern Minnesota - State and private lands constitute about 36 percent and 16 
percent, respectively, of this SSA unit. The MNDNR Division of Forestry regulates timber 
harvest and management on State and private lands. Under the Sustainable Forest Resources 
Act of 1995 (revised most recently in 2014 [MNFRC 2014, p. 1]), the Minnesota Forest 
Resources Council (MNFRC) has developed voluntary guidelines for site-level timber harvesting 
and forest management (MNFRC 2012, p. 1) that are intended for private and State landowners 
and include some general recommendations for wildlife including lynx. However, because they 
are voluntary, the extent to which these guidelines benefit lynx is uncertain (see sections 4.2.2 
and 5.2.2 below). 
 

                                                
9 http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf, accessed 7.27.2017 
10 http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/, accessed 
8.18.2016. 

http://nsrcforest.org/sites/default/files/uploads/seymoursherwood13full.pdf
http://web.colby.edu/stateofmaine2012/state-of-large-landscape-conservation-in-maine/
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Unit 3: Northwestern Montana/Northeastern Idaho - State and private lands constitute about 4 
percent and 8 percent, respectively, of this SSA unit and almost all are in the Montana portion of 
the unit. The Montana Department of Natural Resources and Conservation (MTDNRC) 
administers several laws pertaining to forest practices on State and private lands. These laws 
are intended to protect streamside management zones, reduce fire hazards, and provide BMPs 
to minimize non-point source water pollution11. Although these laws may provide indirect 
benefits to lynx and other wildlife, they do not include specific measures to conserve or avoid 
impacts to lynx habitats. However, the MTDNRC and the Service collaborated on a multi-
species habitat conservation plan (HCP) for forested State Trust lands that includes a Lynx 
Conservation Strategy to minimize impacts of forest management activities on lynx and 
describes conservation commitments that are based on recent information from lynx research in 
Montana (USFWS 2104, pp. 22-23; 79 FR 54835-54837). This HCP covers about 64 percent of 
the State lands in this SSA unit, regulates activities primarily associated with commercial forest 
management to conserve lynx foraging, denning, and connectivity habitats, and includes a 50-
year commitment (79 FR 54835-54836). Additional details on this HCP and other programs for 
conserving lynx habitats on State and private lands in this unit are provided in section 4.2.3 
below. 
 
Unit 4: North-central Washington - State and private lands constitute about 8 percent and 0.3 
percent, respectively, of this SSA unit and most are State Trust lands in the Loomis State 
Forest, which accounts for all 426 km2 (164 mi2) of State lands in this unit. The Washington 
Department of Natural Resources (WADNR) administers rules guiding forest practices, such as 
timber harvests and road building, on State, private, and tribal forests in Washington. The 
Forest Practices Board, an independent State agency, adopts forest practices rules to protect 
water quality, fish habitat, other public resources and guide DNR’s permitting process for timber 
harvests and other forest practices statewide. The WADNR developed a Lynx Habitat 
Management Plan (LHMP) for WDNR-managed lands distributed throughout north-central and 
northeastern Washington in areas delineated as Lynx Management Zones in the Washington 
State Lynx Recovery Plan (Stinson 2001, entire; Washington DNR 2006, entire). The WADNR 
LHMP guides timber harvest and other vegetation management on these lands, including the 
part of the Loomis State Forest that occurs in this unit, with the goal of creating and preserving 
quality lynx habitat through its forest management activities. Additional information on the LHMP 
is provided in sections 4.2.4 and 5.2.4 below. 
 
Unit 5: GYA - State and private lands constitute about 0.3 percent and just over 2 percent, 
respectively, of this SSA unit and, combined, likely have little influence on lynx population 
persistence. Forestry regulations for the Montana portion of this unit are described above. In the 
Wyoming portion, the Wyoming State Forestry Division is responsible for the management of 
forested trust land across the state, including timber management and harvest, for long term 
forest health and productivity. Although the Division’s programs may provide some indirect 
benefits to lynx, they do not include species- or habitat-specific regulations or conservation 
measures. 
 
                                                
11 http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices, accessed 7.18.2016. 

http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://www.dnr.wa.gov/programs-and-services/forest-practices
http://dnrc.mt.gov/divisions/forestry/forestry-assistance/forest-practices
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Unit 6: Western Colorado - State and private lands constitute about 0.6 percent and over 9 
percent, respectively, of this SSA unit. The Colorado Department of Natural Resources and the 
State Division of Forestry oversee forest management activities on State and private lands in 
Colorado. 
 
Tribal Management: Tribal lands contribute 1,408 km2 (544 mi2; just over 1 percent) of lynx 
habitat to the geographic units evaluated in this SSA. This includes lands of the 
Passamaquoddy Tribe and the Penobscot Indian Nation in Maine (248 km2 [96 mi2] in Unit 1), 
Grand Portage Band of Lake Superior Chippewa in Minnesota (202 km2 [78 mi2] in Unit 2), and 
the Confederated Salish and Kootenai Tribes of the Flathead Nation - Flathead Reservation in 
Montana (958 km2 [370 mi2] in Unit 3). Tribal management of these lands is expected to benefit 
lynx and lynx habitats. No tribal lands occur within SSA units 4, 5, or 6. 
 
Unit 1: Northern Maine - Tribal lands represent less than 1 percent of this unit. The 
Passamaquoddy Tribe has lands enrolled in the Healthy Forest Reserve Program, described 
above. The Passamaquoddy Tribe’s stated environmental mission is “...to protect the 
environment and conserve natural resources within all Passamaquoddy lands, waters, and the 
air we share” (Passamaquoddy Tribe 2014, entire). That of the Penobscot Indian Nation 
Department of Natural Resources is “...to manage, develop and protect the Penobscot Nation’s 
natural resources in a sustainable manner that protects and enhances the cultural integrity of 
the Tribe” (Penobscot Indian Nation 2014, entire). Hunting, trapping or possessing lynx are 
prohibited in accordance with the Penobscot Indian Nation Chapter VII Inland Fish and Game 
Regulations – Section 204 (Penobscot Indian Nation 2012, p. 15). Tribal lands of the Aroostook 
Band of Micmac Indians and Houlton Band of Maliseet Indians occur immediately adjacent to 
this unit and lynx are thought to occupy both areas occasionally. 
 
Unit 2: Northeastern Minnesota - Tribal lands of the Grand Portage Indian Reservation and the 
Bois Forte Indian Reservation—Vermillion Lake District represent 1 percent of this SSA unit. 
The Grand Portage Band of Chippewa has been actively working on lynx conservation since 
2004. In October 2007, the Band hosted an international conference on lynx research and 
conservation where more than 50 researchers from the United States and Canada presented 
results of research on lynx diet, habitat, and management. Additionally, on-reservation timber 
sales and harvest practices follow an integrated management plan for priority wildlife 
management, sustainable economic development, and recreational uses. The Band’s timber 
management practices benefit populations of snowshoe hares, the lynx’s primary prey 
(Deschampe 2008, entire). 
 
Unit 3: Northwestern Montana/Northeastern Idaho - Tribal lands of the Confederated Salish and 
Kootenai Tribes of the Flathead Nation, Flathead Reservation represent nearly 4 percent of this 
SSA unit. The mission statement of the Tribes’ Fish, Wildlife, Recreation and Conservation 
Division is “...to protect and enhance the fish, wildlife, and wildland resources of the Tribes for 
continued use by the generations of today and tomorrow” (Confederated Salish and Kootenai 
Tribes 2014a, entire). An objective of the Tribes’ Tribal Wildlife Management Program Plan is to 
‘‘. . . develop and implement habitat management guidelines for Canadian lynx in coordination 
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with the Forestry Department as specified in the Forest Management Plan’’ (Confederated 
Salish and Kootenai Tribes. 2014b, p. 5). The Forest Management Plan states that ‘‘Standards 
for lynx management and habitat protection are set forth in the Canada Lynx Conservation 
Assessment and Strategy. This strategy guides land management activity in lynx foraging and 
denning habitat. Lynx occurrence and populations will continue to be monitored on the 
Reservation’’ (Confederated Salish and Kootenai Tribes 2000, p. 285). 
 
In summary, a variety of State wildlife and forestry regulations and conservation efforts, along 
with Tribal resource management objectives, influence activities in lynx habitats across the 
range of the DPS. While many of these clearly benefit lynx habitats and likely contribute to the 
persistence of resident populations, uncertainty remains regarding the effectiveness of some 
regulations and voluntary programs or measures in maintaining or restoring lynx habitats. This 
may be especially important with regard to timber management regulations and programs on 
private lands, which constitute the majority of lands in the Northern Maine geographic unit and a 
substantial amount of the Northeastern Minnesota unit. 

3.2 Climate Change 
‘‘Climate’’ refers to the mean and variability of different types of weather conditions over time, 
with 30 years being a typical period for such measurements (IPCC 2007, p. 78; IPCC 2014b, 
pp. 119-120). The term ‘‘climate change’’ thus refers to a change in climate that can be 
identified statistically by changes in the mean and/or variability of 1 or more measures of climate 
(e.g., temperature or precipitation) that persists for decades or longer, whether the change is a 
result of natural variability, human activity, or both (IPCC 2014a, p. 5). Various types of changes 
in climate can have direct or indirect effects on species. These effects may be positive, neutral, 
or negative, and they may change over time, depending on the species and other relevant 
considerations, such as the effects of interactions of climate with other variables (e.g., habitat 
fragmentation; IPCC 2007, pp. 8–14, 18–19; Melillo et al. 2014, p. 12). 
 
In 2014, the International Panel on Climate Change (IPCC) released its Fifth Assessment 
Report (AR5), which represents the current scientific consensus on global and regional climate 
change and the best synthesis of scientific data available in this rapidly changing field. The AR5 
largely reaffirms the conclusions of previous reports that the global climate is warming at an 
accelerating rate and that this warming is largely the result of human activities and the 
associated release of carbon dioxide and other greenhouse gases into the atmosphere (IPCC 
2014a, entire). The report concludes that the strongest and most comprehensive evidence of 
the impacts of climate change is in natural systems, where many species have responded by 
shifting their geographic ranges, seasonal activities, migration patterns, abundances, and 
species interactions (IPCC 2014a, p. 4). It also concludes that projected climate change during 
and beyond the 21st Century will likely increase extinction risk for many terrestrial and 
freshwater species (IPCC 2014a, pp. 14–15). 
 
Globally, annual average temperature increased by 0.61°C (1.1°F; range = -0.53° to +2.50°C [-
0.95° to +4.5°F]) from 1850-1900 to 1986-2005 (IPCC 2014a, pp. 10-11). Greenhouse gas 
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emissions are increasing and tracking levels predicted by models for high emissions scenarios 
(e.g., RCP 8.5; Hartmann et al. 2013, p. 180, 187-189; Peters et al. 2013, entire; Friedlingstein 
et al. 2014, p. 709, 712; Fuss et al. 2014, p. 851). Analysis of paleoclimate data indicates 20th 
century warming is likely to have been the largest of any century within the last 1,000 years 
(Folland et al. 2001, pp. 99-101). These changes are predicted to continue and accelerate 
under future climate scenarios (Hall and Fagre 2003, fig. 7; Peters et al. 2013, entire, fig. 1). 
The IPCC projects that mean surface temperature will likely increase globally by 0.4° - 2.6°C 
(0.7° - 4.7°F) by mid-century and 0.3° - 4.8°C (0.5° - 8.6°F) by the end of this century relative to 
the 1986-2005 period (IPCC 2104b, p. 60). Rogelj et al. (2012, entire, table 1) concluded that 
the change in global mean surface temperature at equilibrium by 2100 has a greater than 95 
percent probability of increasing more than 1.5°C (2.7°F), a 76 percent probability of increasing 
2° - 4.5°C (3.6° - 8°F), and a 14 percent probability of exceeding 4.5°C (8°F). 
 
In North America, climate history and projections from regional climate models corroborate 
global models, and indicate that both eastern and western North America, including all portions 
of the lynx DPS, have warmed in the last century and are likely to warm by 1° to 3°C (1.8° to 
5.4°F) by the year 2050 (Christensen et al. 2007, p. 889; IPCC 2014a, pp. 23, 31; Romero-
Lankao et al. 2014, pp. 1452-1454) and by 1.7° to 5.6°C (3° to 10°F) by the end of this century 
(Melillo et al. 2014, p. 8). The greatest increases in winter surface air temperatures in North 
American are projected in the interior of Canada, but large increases (in the range of 3.9oC 
[7oF]) are also expected in the northern contiguous United States by 2051 to 2060 (NOAA 
200712, entire). To date, the observed and predicted increases in surface temperatures have 
been greater in the Northern Rocky Mountains and the Northeast (much of the lynx DPS) than 
elsewhere in the contiguous United States (Romero-Lankao et al. 2014, pp. 1453-1454; Lynx 
SSA Team 2016a, pp. 14-15). For example, in the Northern Rockies at Glacier National Park, 
mean summer temperatures increased 1.7°C (3.0°F) between 1910 and 1980, resulting in lower 
snowpack, earlier spring melt, and distributional shifts in vegetation (Hall and Fagre 2003, pp. 
134–139; Fagre 2005, pp. 4–9). Observed impacts attributable to climate change that may 
affect lynx habitats and populations include upslope and northward shifts in species distributions 
across multiple taxa, decreases in snow cover and duration, and increased wildfire and insect 
activity in boreal and subarctic conifer forests of Canada and the western United States 
(Vaughan et al. 2013, pp. 358-360; Georgakakos et al. 2014, p. 72; Groffman et al. 2014, pp. 
200-205; IPCC 2014a, p. 31; Joyce et al. 2014, pp. 176-179; Melillo et al. 2014, p. 17; Romero-
Lankao et al. 2014, pp. 1456, 1458-1461). 
 
When we listed the DPS in 2000, the Service determined there was no evidence that global 
warming was a threat to lynx (65 FR 16068-16069). In 2003, we concluded that the information 
available regarding the potential impact of climate change on lynx was speculative and did not 
demonstrate a threat to lynx (68 FR 40083, 40098). In the 2005 recovery outline, we 
acknowledged that continued climate warming was likely to negatively affect the boreal forest 
ecosystem for which lynx are highly adapted, eventually causing it to recede north and/or to 
higher, colder elevations, potentially resulting in a substantial future reduction or even 
                                                
12 https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf 
last accessed 7.27.2017. 

https://www.gfdl.noaa.gov/wp-content/uploads/files/research/climate-change/gfdlhighlight_vol1n6.pdf
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elimination of lynx habitats from the contiguous United States (USFWS 2005, pp. 11, 14). In the 
2009 and 2014 revised critical habitat designations, the Service acknowledged that new science 
suggested that climate change may pose a significant risk to the future conservation of the lynx 
DPS (74 FR 8617, 8621; 79 FR 54811). 
 
There is growing scientific evidence of accelerated athropogenically-influneced global climate 
warming during the 20th and early 21st centuries and little doubt among climatologists that this 
warming will continue and may increase in the future (Hansen et al. 2006, entire; IPCC 2014a, 
entire). Because the lynx is a cold-climate and snow-adapted habitat and prey specialist, there 
is general agreement that the species is vulnerable (highly sensitive, broadly exposed, and with 
limited adaptive capacity to respond favorably; therefore, predisposed to be adversely affected 
[IPCC 2014a, p. 5]) to climate warming and that the anticipated effects of continued warming will 
be adverse (not beneficial) for lynx, especially at the southern periphery of its range. Therefore, 
lynx biologists now identify climate change as the factor most likely to influence long-term 
resiliency of the DPS (Lynx SSA Team 2016a, pp. 14, 17, 19, 21-22, 35-47, 50, 53-57; ILBT 
2013, pp. 43, 48, 53, 55, 63, 66, 69-71, 98). 
 
Continued climate warming is expected to diminish boreal forest habitats and snow conditions at 
the southern edge of the range (all of the DPS range) that are, in some places, already patchily-
distributed and perhaps only marginally capable of supporting resident lynx. Climate models 
project reductions in the extent of boreal forest habitats and snow conditions thought necessary 
to support lynx throughout the DPS, with both features predicted to migrate northward in latitude 
and to higher elevations (where possible; Sturm et al. 2001, pp. 342-342; Carroll 2007, pp. 
1099-1102; Danby and Hik 2007, pp. 360-362; Gonzalez et al. 2007, entire; Gonzalez et al. 
2010, pp. 761-766; McKelvey et al. 2011, entire; Johnston et al. 2012, pp. 8-11; ILBT 2013, p. 
69; Koen et al. 2015. p. 528;). This would result in fewer, smaller, and more fragmented and 
isolated areas capable of supporting resident lynx and therefore smaller and more isolated lynx 
populations that would be more vulnerable to stochastic environmental and demographic events 
and genetic drift (Carroll 2007, pp. 1099–1100; Johnston et al. 2012, p. 11; 79 FR 54811; 
Schwartz 2017, pp. 4-5). Climate change has also been linked to increases in wildfire and forest 
insect activities in North America (Joyce et al. 2014, pp. 177-179; Romero-Lankao et al. 2014, 
pp. 1459-1461); two important components of boreal forest disturbance and, therefore, lynx 
habitat quality, quantity, and distribution. It also may affect other factors that could influence the 
future health of lynx populations in the DPS, such as hare/lynx cycles in Canada, disease 
transmission, and parasites. 
 
Although projected climate warming is expected to reduce the future distribution and number of 
lynx in the DPS, there remains substantial uncertainty about the timing, rate, magnitude, and 
extent of potential impacts that may affect lynx populations in the DPS and how (and when) 
those populations may respond to increasing tempreatures and altered precipation patterns and 
disturbance regimes. Despite these uncertainties, specific effects of climate warming on lynx, 
hares, and their habitats in the DPS range that are occurring or can be reasonably anticipated 
include: 1) northward and upslope contraction of boreal spruce-fir forest types, 2) northward and 
upslope contraction of snow conditions believed to favor lynx over other terrestrial hare 
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predators, 3) reduced hare populations and densities, and 4) changes in the frequency, pattern, 
and intensity of forest disturbance events. Other potential effects of projected warming include: 
5) reduced gene flow between Canadian and DPS lynx populations, 6) changes in the 
periodicity and amplitude of northern hare cycles, which could result in reduced lynx immigration 
to the DPS from Canada, and 7) increased or novel diseases and parasites. Each of these 
factors is discussed in more detail below. 
 
Northward and Upslope Contraction of Boreal Spruce-fir Forest Types – Historically, boreal 
forest (lynx habitat) distribution in the contiguous United States has changed dramatically in 
response to changes in climatic conditions. It nearly disappeared from the Northeast 1,000 
years ago during the interglacial warming period, then returned south into New England only in 
the past few centuries during the “Little Ice Age” (DeHayes et al. 2000, entire; Schauffler and 
Jacobson 2002, entire; also see 5.2.1). In the West during prehistorical periods of warmer 
climate, the alpine treeline ecotone (upper elevation of lynx boreal habitat) and deciduous-
boreal forest ecotone (lower elevation of lynx boreal habitat) readily moved upslope in both the 
Northern and Southern Rockies (Legg and Baker 1980, pp. 331-332; Kearney and Luckman 
1983, pp. 783-784). Boreal forest was likely continuous from the Canadian border south through 
the Southern Rockies of Colorado and northern New Mexico until the climate began warming 
and drying beginning about 15,000 years ago. That warming caused a northward and upslope 
retreat of the boreal zone to its current distribution, which has resulted in a naturally patchy 
distribution of boreal forest in the western United States that has remained relatively stable for 
the past 3,000 years (ILBT 2013, p. 50), with some patches largely isolated from more 
contiguous areas of boreal forest to the north. 
 
Now, projected temperature increases and changes in precipitation patterns are expected to 
again shift the distribution of northern hemisphere ecosystems northward and up mountain 
slopes (McDonald and Brown 1992, pp. 411–412; Danby and Hik 2007, pp. 358–359; IPCC 
2014a, pp. 3, 24-29; Groffman et al. 2014, p. 200). On a global or continental scale, there is 
general agreement that temperature is a primary determinant of treeline (Decker and Fink 2014, 
p. 122). Based on historical evidence, treeline is generally expected to migrate to higher 
elevations as temperatures warm, as permitted by local microsite conditions, although there 
may be a lag time in some mountain ranges (Smith et al. 2003, entire; Richardson and 
Friedland 2009, pp. 7-8, 15-16; Grafius et al. 2012, entire; Decker and Fink 2014, p. 67). 
McKenney et al. (2007, entire) predicted that the ranges of North American tree species will 
likely decrease, on average, by 12 percent and will shift northward by 700 km (435 mi) during 
this century. Several authors have also suggested that grasslands, aspen (Populus spp.) 
parklands, and temperate forest will expand northward, resulting in decreases in some areas 
that are currently boreal forest (Rizzo and Wiken 1992, p. 50; Starfield and Chapin 1996, entire; 
Rupp et al. 2000, entire; Galatowitsch et al. 2009, pp. 2015-2018), which could further fragment 
spruce-fir habitat (Iverson et al. 2008, p. 404; Tang and Beckage 2010, pp. 152-156; Rustad et 
al. 2012, p. 15; Simons-Legaard et al. 2016, p. 5). Thus, projected future warming is expected to 
cause another northward and upslope contraction of boreal forest in some parts of the 
contiguous United States (and in Canada; Groffman et al. 2014, p. 200), likely with negative 
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consequences for both lynx and snowshoe hare populations in the DPS and in southern 
Canada (Gonzalez et al. 2007, entire). 
 
Some predicted changes to the boreal forest are already occurring, and much of the climate-
induced change is occurring faster than originally predicted, suggesting rapid change as 
opposed to slow linear change (Soja et al. 2007, pp. 5-6; Settele et al. 2014, pp. 303-305). 
Globally, temperatures are increasing and snowfall is declining at the fastest rates in the high-
latitude boreal forests of Canada and Eurasia (IPCC 2007, pp. 9, 52, 72), and climate models 
agree that winter warming across the circumboreal region will likely exceed 40 percent above 
the global mean winter warming (Soja et al. 2007, p. 4). Higher summer temperatures are 
thought to limit the distribution of boreal spruce-fir forests, which also are believed to be more 
sensitive to drought than other forests (Iverson and Prasad 2001, pp.192–196; Lenton et al. 
2008, pp. 1788, 1791). In fact, over the past century, northward and upward (in elevation) biome 
shifts (the replacement at a location of one suite of species by another) in boreal ecosystems 
have been detected in numerous locations (Settele et al. 2014, pp. 278-279). Several studies 
(Joos et al. 2001, entire; Lucht et al. 2006, entire) suggest a temperature-increase threshold for 
boreal forest dieback of about 3°C (5.4°F), and some boreal forests are experiencing increases 
in tree mortality (Peng et al. 2011, entire). For example, widespread mortality and reduced 
growth in red spruce (Picea rubens; a component of lynx habitat in Unit 1) in the Northeastern 
United States in the 1960s to 1980s were believed to be linked to climate stress (McLaughlin et 
al. 1987, p. 501; Johnson et al. 1988, p. 5373). 
 
Although increased precipitation is expected in the boreal region of Canada, particularly during 
the winter, it may be offset by increases in summer drought, heat stress, and evapotranspiration 
(Stocks et al. 1998, entire). Lienard et al. (2016, p. 7) conclude that spruce-fir forest types in 
New England, the Northern Great Plains, and higher elevations in the Rockies are vulnerable to 
drought-related stress from climate change during the next century. Nonetheless, Decker and 
Fink (2014, pp. 66-69) concluded that spruce-fir habitats in Colorado are only moderately 
vulnerable to the effects of climate change by mid-century under a moderate emissions 
scenario. Similarly, Keane et al. (in press, p. 209) concluded that while subalpine fir (Abies 
lasiocarpa; a major component of lynx habitats in western geographic units [3, 4, 5, and 6]) is 
likely to shift in distribution in the Northern Rockies, gains (expansion) will likely balance losses 
(contraction). They also concluded that Engelmann spruce (Picea engelmanii; also a major 
component of the 4 western geographic units), though highly sensitive to climate warming, will 
likely persist on the Northern Rockies landscape (Keane et al. in press, p. 213). 
 
Upslope migration of boreal forest could occur either gradually or as a series of scattered, rapid 
advances as climate thresholds are crossed (Kupfer and Cairns 1996, p. 259-261) and may be 
limited by high winds, desiccation, and soil depths not conducive to conifer colonization. At 
lower elevations, the upslope movement of the deciduous-boreal ecotone is limited by 
excessively cold winter temperatures (generally -40°C [-40°F]), moisture (cloud, fog line), and 
acidic soils (Kupfer and Cairns 1996, p. 263-264). Boreal treelines in Scandinavia moved 
upslope an average of 40 meters (m; 131 feet [ft]), but in some locations up to 100 m (328 ft), 
during a recent 50-year period of warming (Kullman 1990, entire). In the Yukon, upslope 
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migration of spruce-fir seemed to be triggered by climate thresholds and was characterized by 
slow, gradual change followed by rapid advances (Danby and Hik 2007, p. 361). In Vermont, the 
northern hardwood-boreal ecotone moved upslope 91-119 m (299-390 ft) between 1962 and 
2005 consistent with rapidly increasing cloud ceilings in the Northeast, which is believed to be 
closely associated with this ecotone transition (Beckage et al. 2008, pp. 4200-4201). Overall, 
the rate at which boreal forest could retreat upslope is highly speculative depending on how 
climate change may affect complex moisture and temperature regimes, and there could be a lag 
time before these community types shift (Kupfer and Cairns 1996, p. 268). 
 
In summary, climate change is expected to further fragment boreal forest in southern Canada 
(Hogg 1994, entire) and in the contiguous United States, potentially reducing connectivity 
between lynx populations at the southern periphery of the species’ range. As temperatures 
increase, lynx and hare habitats and, therefore, lynx distribution, are likely to recede northward 
and shift upward in elevation within its currently occupied range (Gonzalez et al. 2007, pp. 7, 
13–14, 19; Beckage et al. 2008, entire; Jacobson et al. 2009, pp. 26–27, 30–31; Vashon et al. 
2012, pp. 60, 64; ILBT 2013, p. 69). In the contiguous United States, researchers expect that 
lynx in mountainous habitat will, to some extent, track climate changes by using higher 
elevations on mountain slopes, assuming that vegetation communities supportive of lynx and 
hare habitats also move upslope with temperature and precipitation shifts (Gonzalez et al. 2007, 
p. 7). However, some areas of the DPS (e.g., Maine, Minnesota) lack such potential elevational 
refugia (Carroll 2007, pp. 1098-1102). Under a suite of emissions and climate change 
scenarios, boreal spruce-fir forests (lynx habitats) are projected to diminish dramatically and, 
under higher emissions scenarios, could largely or completely disappear from much of the DPS 
range by the end of this century (e.g., in Maine and Minnesota [Iverson and Prasad 2001, pp. 
186, 195-196; Iverson et al. 2008, pp. 400, 403; Galatowitsch et al. 2009, pp. 2015-2016] and in 
the Rocky and Cascade Mountains in the west [Gonzalez et al. 2007, pp. 15-18; Johnston et al. 
2012, pp. 6–13]). Under these scenarios and combined with projected impacts to snow 
conditions (see below), lynx populations would be anticipated to decline accordingly, with the 
potential loss of some DPS populations by the end of the century (Carroll 2007, pp. 1098–1102; 
Johnston et al. 2012, pp. 7-13). Although there remains much uncertainty regarding the timing, 
rate, and extent of modeled changes, ultimately, future northward and upslope contraction of 
lynx habitat in the DPS would likely result in fewer, smaller, and more isolated lynx populations 
that would be at increasing risk of extirpation resulting from demographic or environmental 
stochasiticty or genetic drift. 
 
Northward and Upslope Contraction of Snow - As described above (section 2.2), the lynx’s long 
limbs, large feet, and low foot-loading are believed to give it an advantage in snowy conditions 
over terrestrial competitors and predators. Although specific snow requirements for lynx 
(amount/depth, quality, persistence) have not been quantified throughout the DPS range, 
climate warming is diminishing snow conditions in the contiguous United States. Warmer winter 
temperatures are reducing snow cover extent and duration and altering snow structure via a 
combination of a higher proportion of precipitation falling as rain, more winter thaw-freeze 
events, higher rates of snowmelt during winter, and earlier spring melt and runoff (Hamlet and 
Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Hoving 2001, pp. 73–75; Mote 2003a, p. 3–1; 
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Christensen et al. 2004, p.347; Knowles et al. 2006, pp. 4548–4549; Mote et al. 2008, entire; 
Pierce et al. 2008, entire; Abatzoglou 2011, entire; Vaughn et al. 2013, pp. 358-359; 
Georgakakos et al. 2014, pp. 71-85). These trends are expected to continue with projected 
future climate warming (Hamlet and Lettenmaier 1999, p. 1611; Christensen et al. 2004, p. 347; 
Mote et al. 2005, p. 48; Christensen et al. 2007, p. 850; McKelvey et al. 2011, pp. 2887-2896; 
IPCC 2014b, p. 62). The IPCC projects that spring snow cover in the Northern Hemisphere is 
likely to decrease by 7-25 percent by the end of this century (IPCC 2014b, p. 62) and that ‘‘snow 
season length and snow depth are very likely to decrease in most of North America except in 
the northernmost part of Canada where maximum snow depth is likely to increase’’ (Christensen 
et al. 2007, p. 850). Because lynx occurrence is correlated with prolonged periods of deep, fluffy 
snow, current lynx habitats would be expected to decline in value for lynx with decreases in 
snow condition and duration (Hoving 2001, p. 73; Carroll 2007, pp. 1100-1103; Gonzalez et al. 
2007, entire). 
 
Warming in recent decades corresponded to a substantial decline in snow cover duration in 
North America, particularly in the mountains of the western United States (Mote et al. 2005, pp. 
47-48; Kapnick and Hall 2012, entire). These areas have historically been snow-covered from 
November through March, but the length of snowfall-conducive temperatures over many 
western mountain ranges could be reduced from about 5 months to about 3 months (December-
February) by mid-century (Klos et al. 2014, p. 4566). Spring snowpack has already declined in 
many parts of the Rockies, especially since the mid-20th century, despite overall increases in 
winter precipitation in many places (Mote et al. 2005, entire; Scalzitti et al. 2016, pp. 5367-
5368). The recent rate of decline in the snowpack of the Northern Rockies is unprecedented in 
the last 1,000 years (Pederson et al. 2011, entire), and some mountainous regions appear to be 
warming faster than global land averages (Rangwalla and Miller 2012, entire). However, Oyler 
et al. (2015, entire) showed that systematic errors in temperature measurements at some Snow 
Telemetry (SNOTEL) sites resulted in the artificial amplification of mountain climate trends. In 
particular, during late spring the commonly used climate datasets (PRISM and Daymet) show 
elevation increases of 274 m (899 ft) and 487 m (1,598 ft), respectively, in minimum (snow-
inducing) temperatures, while data with the systematic errors corrected show a statistically 
nonsignificant change of 66 m (217 ft; IDFG 2017a, p. 6). Nonetheless, the western United 
States has clearly warmed over the latter half of the 20th century, and this trend is very likely to 
continue into the future. 
 
Estimating trends in snowpack is challenging because the high variability in snowpack dynamics 
and microsite variations due to canopy cover, aspect, and elevation are not well-reflected in 
observation records (Hubbart et al. 2015, pp. 885-892; Rasouli et al. 2015, pp. 3937-3938; 
Painter et al. 2016, p. 149; IDFG 2017a, p. 7). Nonetheless, snowpack losses have been 
documented and will likely continue and could even accelerate in the future (Hamlet and 
Lettenmaier 1999, entire; Payne et al. 2004, entire; McKelvey et al. 2011, entire; Kapnick and 
Hall 2012, pp. 14-16; Ashfaq et al. 2013, entire; Lute et al. 2015, 969-971), with faster losses 
likely in milder climates like the Cascades and the slowest losses in the high peaks of the 
Northern Rockies and Southern Sierras. For every 1°C (1.8°F) increase in temperature, 
snowline is projected to retreat upslope about 150 m (492 ft) in elevation (Beniston 2016, p. 
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106). In the West, areas of contiguous spring snow cover are projected to become smaller and 
more isolated throughout the Columbia, Upper Missouri, and Upper Colorado Basins, with 
greatest losses at the southern periphery (McKelvey et al. 2011, pp. 2892-2896). Snow 
accumulation and duration are also expected to continue to decline generally in the central and 
eastern portion of the lynx DPS range (Christensen et al. 2007, p. 891; Burns et al. 2009, p. 31; 
Moen in Lynx SSA Team 2016, p. 19). Similarly, because of diminishing snow resources, 
potential lynx habitat is diminishing in the northern Appalachians and small areas in the 
Canadian Maritime Provinces (Carroll 2007, p. 1093). An analysis of recent and potential future 
snow cover under a range of IPCC climate scenarios suggests that snow conditions correlated 
with historical lynx occurrence records could decline by 10-20 percent across the continental 
United States and Canada and by 46-84 percent in the contiguous United States by the end of 
the century (Gonzalez et al. 2007, pp. 4, 7, 12-14). 
 
Across North America, a significant increase in the proportion of winter precipitation falling as 
rain rather than snow has also contributed to reduced depth and persistence of winter snowpack 
(Brown 2000, pp. 2347-2354; Dyer and Mote 2006, entire; Georgakakos et al. 2014, pp. 71-72) 
and increased snow density (Hodgkins and Dudley 2006, entire). Because winter temperatures 
have increased disproportionately, especially in the coldest northern tier states (Tebaldi et al. 
2013, entire), the amount of winter precipitation falling as rain instead of snow has also 
increased throughout the DPS (Huntington et al. 2004, entire; Knowles et al. 2006, entire; Feng 
and Hu 2007, entire). If greenhouse gas emissions continue at the current rate, by 2100, the 
elevation above which it snows and below which it rains could climb as much as 244 m (800 ft) 
in the Colorado Rockies and by 423 m (1,400 ft) in the Rockies of Idaho and Wyoming, with the 
snow line projected to rise by an average of 290 m (950 ft) across 6 Western mountain regions 
(Scalzitti et al. 2016, p. 1564). 
 
Shifts in the timing of the initiation of spring runoff toward earlier dates in western North America 
are also well documented (Hamlet and Lettenmaier 1999, p. 1609; Brown 2000, p. 2347; Cayan 
et al. 2001, pp. 409–410; Christensen et al. 2004, p. 347; Mote et al. 2005, p. 41; Knowles et al. 
2006, p. 4554). In addition, a feedback (albedo) effect is likely to amplify regional warming and 
accelerate the rate of loss of snow cover because of the reflective nature of snow and the 
relative heat-absorbing properties of non-snow-covered ground (Vaughan et al. 2013, pp. 321, 
358-361). This feedback effect causes the greatest warming to occur at the interface of snow-
covered and exposed areas, increasing the rate at which melting occurs in spring (Groisman et 
al. 1994a, pp. 1637–1648; Groisman et al. 1994b, pp. 198–200). This effect has shifted the 
average date of peak snowmelt 3 weeks earlier in spring in the Intermountain West (Fagre 
2005, p. 4). This albedo effect is further exacerbated by atmospheric soot and desert dust on 
the snow surface (Painter et al. 2007, entire; Qian et al. 2009, entire) and fire-darkened 
landscapes (Amiro et al. 2006, pp. 47-49). 
 
Warming and more frequent winter rains and thaws are also contributing to changes in 
snowpack structure; namely replacing deep, unconsolidated snow with harder, crustier snow. 
These snow conditions are expected to occur at higher latitudes (Callaghan et al. 2011, entire) 
and higher elevations in the Rockies (Abatzoglou 2011, pp. 1138-1141). As winter temperatures 
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rise above freezing more often, rain on snow events and winter thaws become more common, 
causing changes in snowpack structure, including larger grain size, basal ice layers, depth hoar 
(weak layers in the snowpack), and slip planes (crusts and ice layers within the snowpack; 
Callaghan et al. 2011, p. 23). The frequency of winter warm spells is correlated to the hardness 
of the snow surface and sinking depth, which may influence the hunting efficiency of terrestrial 
hare predators (Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; 1995, p. 1209; 
Stenseth et al. 2004, p. 10633), potentially reducing the competitive advantage lynx are 
believed to have over some potential competitors (Pozzanghera et al. 2016, pp. 698, 703). 
These various forms of snow compaction and structure within the snowpack could give a 
competitive advantage to other terrestrial predators/competitors with higher foot-loading that 
would normally have difficulty traveling and hunting efficiently in deep, unconsolidated snow 
(Murray and Boutin 1991, entire; Murray et al. 1994, p. 1450; Kolbe et al. 2007, p. 1409). 
 
The bobcat is the closest related species to lynx in North America, and bobcats occur within or 
immediately adjacent to all areas occupied by resident lynx populations in the DPS. Bobcats 
may outcompete or displaces lynx in some areas where the 2 species overlap, at both broad 
(Peers et al. 2013, entire) and local (Parker et al. 1983; Robinson 2006, pp. 120-129) 
geographic scales. In some areas of sympatry, lynx may be displaced to habitats of inferior 
quality, which could limit survival and productivity at the southern edge of their range (Robinson 
2006, pp. 120; Peers et al. 2013, entire). Snow depth, consistency, and persistence likely 
mediate competition between the 2 species (Peers et al. 2012, pp. 4-9). Because of their higher 
foot-loading, bobcats likely hunt less efficiently than lynx in deep, unconsolidated snows (Hoving 
et al. 2005, entire; Krohn et al. 2005, pp. 122-129), which appear to limit bobcat mobility and 
distribution (Litvaitis et al. 1986, p. 116). Considering recent and projected future changes in 
snow conditions described above, stable or increasing bobcat populations in the DPS range 
(Roberts and Crimmins 2010, p. 170), and the predicted northward expansion of bobcats into 
areas currently occupied by lynx (Anderson and Lovallo 2003, p. 758; Lavoie et al. 2009, pp. 
873-874; Roberts and Crimmins 2010, p. 172), lynx may experience increased competition and 
displacement by bobcats, which could influence lynx distribution and persistence at the southern 
edge of their range (in all DPS geographic units and in southern Canada). 
 
Loss of favorable snow conditions could also result in increased lynx-bobcat hybridization. Thus 
far, hybridization has been documented in places (Minnesota, Maine, and New Brunswick) 
where low topographic relief and variability in winter severity may allow more interaction 
between the 2 species during the breeding season (Schwartz et al. 2004, entire; Homyack et al. 
2008, entire; ILBT 2013, p. 34). The effects of hybridization on lynx populations in the DPS are 
uncertain, but it is not currently thought to be a substantial threat (Schwartz in Lynx SSA Team 
2016a, p. 13). The hybridization rate is currently low (0.24 percent) but it could increase as 
bobcat populations are expected to move north with continued climate warming and related loss 
of snow conditions favoring lynx (Murray et al. 2008, p. 1465; Koen et al. 2015, p. 528). 
However, because lynx also are expected to shift northward with receding habitat conditions, it 
is possible that the zone of overlap between lynx and bobcats will shift northward but not 
increase in size, in which case an increase in hybridization rate would not be expected. 
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Although high-elevation areas in the western part of the DPS range (geographic units 3-6) may 
provide future snow refugia for lynx (Lynx SSA Team 2016a, p. 45), these areas will likely also 
be affected by continued climate warming, with lynx habitat distribution decreasing and isolation 
increasing as it moves upslope. Because recent and current rates of climate warming are much 
faster than occurred historically, it is possible that in these areas snow conditions favorable for 
lynx may move upslope at a faster rate than boreal forest vegetation, creating a mismatch of 
these lynx habitat elements. Thus, although it is possible that boreal forest vegetation may 
persist for some time, snow conditions thought to favor lynx could retreat upslope, potentially 
precluding lynx use of those boreal habitats and instead favoring potential competitors such as 
bobcats and coyotes. 
 
Reduced Hare Populations and Densities – Climate change has also been linked to changes in 
the distribution of snowshoe hares in some parts of the southern edge of their range 
(Diefenbach et al. 2016, entire; Sultaire et al. 2016a, entire; 2016b, pp. 900-904). In Wisconsin, 
snowshoe hare range has contracted northward an average of 8.7 km (5.4 mi) per decade 
(1980-2014) and is projected to continue to recede northward with continued climate warming 
(Sultaire et al. 2016a, pp. 6-7). The authors concluded that loss of snow now contributes more 
than loss of habitat in determining the range of snowshoe hares in central Wisconsin (Sultaire et 
al. 2016a, entire). In Pennsylvania from 1983 to 2011, hare range contracted toward the coldest 
and snowiest areas in the northeastern and northwestern parts of the state, and continued 
warming may threaten the species’ viability there (Diefenbach et al. 2016, entire). These 2 
studies were of hare populations that do not now and apparently have not historically supported 
resident lynx populations, but similar contractions could occur in the future among hare 
populations within the range of resident lynx in the DPS. 
 
Climate change also may affect hare populations in other ways, especially at the southern 
extent of its range in the DPS and in parts of southern Canada. As described above, changing 
snow conditions may influence lynx hunting behavior and effectiveness. For example, hard-
packed snow is reported to be associated with a higher kill rate of hares by lynx and coyotes 
compared to soft snow (Buskirk et al. 2000a, p. 94; Stenseth et al. 2004, p. 10633). Consistently 
higher kill rates could generate numeric responses (population increases) by lynx and other 
hare predators (Hone et al. 2011, p. 420) that could drive hare populations to lower levels 
(Stenseth et al. 2004, p. 10633). Terrestrial hare predators are generally more diverse at the 
southern edge of the lynx range than in its core (Murray et al. 2008, pp. 1464-1465), and snow 
conditions that are projected to decreasingly favor lynx and increasingly favor less specialized 
predators (i.e., those with lower foot-loading) would be expected to result in increased predation 
on hares in some parts of their southern range. 
 
Climate change is also projected to cause increases in annual precipitation and extreme 
precitpitation events as well as hotter summers and increasing drought across most of North 
America (Romero-Lankao 2014, pp. 1452-1456). Because the second litters of snowshoe hares 
have lower survival in wet summers (Meslow and Keith 1971, entire), increased precipitation 
may reduce hare numbers. However, because hares have 2 to 4 litters per summer, there is 
opportunity for compensatory survival of later litters if one is affected by weather (Krebs et al. 
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2014, p. 1043). Decreased hare survival may also be expected during prolonged hot, dry 
summer conditions. Conversely, in dry western forests, increased precipitation may result in 
more herbaceous forage and cover, which may promote hare survival and reproduction (Ivan et 
al. 2014, p. 590). Thus, climate change may have both positive and negative effects on hares. 
 
The shorter duration and diminished snow cover in the DPS range is also causing an 
increasingly pronounced mismatch in the timing of hare color change that may reduce hare 
survival and result in population declines by the end of the century (Mills et al. 2013, entire; 
Zimova et al. 2014, entire; 2016, entire). Under a high emissions scenario, projected decreases 
in snowpack duration by as much as 4 weeks at mid-century and 8 weeks by the end of the 
century (Mills et al. 2013, p. 7362; Zimova et al. 2016, p. 304) could have population-level 
effects on hares at the southern edge of their range (Zimova et al. 2016, pp. 304-305). Hares 
exhibit plasticity in the rate at which they can molt from white to brown in the spring, but not in 
the initiation date of color change or the fall transition from brown to white (Mills et al. 2013, pp. 
7362-7363). Hares do not seem to compensate for mismatched color by changing their behavior 
related to concealment, thus predisposing them to predation (Zimova et al. 2014, pp. 5-7). 
There is wide variability in the timing of pelage change by individual hares within populations, 
and “mismatched” hares experience increased mortality rates (Zimova et al. 2016, p. 302). 
Under high emission scenarios, hare survival could decline by 11 percent by mid-century and by 
23 percent by late century (Zimova et al. 2016, p. 304). Lower survival could result in moderate 
(under a medium-low emissions scenario) to steep (high emissions scenario) declines in hare 
populations by late century (Zimova et al. 2016, p. 304). 
 
This phenotypic color mismatch resulting in reduced hare survival, in conjunction with warming 
temperatures and decreased snow cover duration, is suspected of contributing to northward 
contractions of the snowshoe hare range in Wisconsin (Sultaire et al. 2016a, entire; 2016b, p. 
902) and Pennsylvania (Diefenbach et al. 2016, p. 245). It is also possible that this phenological 
mismatch may affect hare cycles (Zimova et al. 2016, p. 305). The northward contraction of 
hares in Wisconsin over the past 3 decades occurred concurrently with a dampening of hare 
population cycles (Sultaire et al. 2016a, p. 7). 
 
Although increased color mismatch and associated reduced survival have the potential to result 
in hare population declines as described above, natural selection acting on the wide individual 
variation in molt phenology might enable evolutionary adaptation/rescue (Zimova et al. 2016, p. 
305) and the color mismatch should be corrected over time by strong natural selection pressure 
(ILBT 2013, p. 71; Moen 2017, p. 5). Such selection pressure may explain why snowshoe hares 
in some parts of the southern periphery of the range do not undergo pelage change in areas 
with no or little snow cover (e.g., in the Pacific Northwest; Dalquest 1942, pp. 167, 174-175; 
Nagorsen 1983, entire) or undergo only partial change to white in winter (in Pennsylvania; 
Gigliotti 2016, pp. 72, 89). However, with projected accelerated climate warming, it is uncertain 
whether adaptation via natural selection will be able to keep pace with rapid declines in snow 
cover duration at the southern edge of the snowshoe hare range (Sultaire et al. 2016a, p. 6). 
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Changes in the Frequency, Pattern, and Intensity of Disturbance Events - The distribution, 
amount, and composition of lynx habitat could be rapidly and dramatically altered by an 
increasing occurrence and persistence of drought, along with associated outbreaks of insects 
and pathogens, wind and ice storms, and wildfires (ILBT 2013, p. 70). All of these factors are 
potentially interrelated with multiple feedback mechanisms, and some have a cascading effect 
(Dale et al. 2001, p. 729). For example, drought can weaken trees, increasing their vulnerability 
to insects and pathogens. Insects and pathogens can create dead trees or increase fuel loads, 
potentially increasing the risk and intensity of fire. The boreal forest is a complex and variable 
system, and these effects are expected to vary in time and space and may interact. These 
interactions may appear slowly and be difficult to detect because of the typically long life spans 
of trees, or they may be manifested quickly after a catastrophic perturbation to the forest. 
 
Drought and heat stress have already affected temperate and boreal forests (Allen et al. 2010, 
entire; Settele et al. 2014, p. 6), particularly in the West (geographic units 3-6), where tree 
mortality rates have increased rapidly in recent decades (van Mantgem et al. 2009, entire; 
Garfin et al. 2014, p. 464, 484; Joyce et al. 2014, p. 177-179; Mote et al. 2014, p. 495-496; 
Wade et al. 2017, p. 166). Increasing growing-season temperature is expected to increase 
episodic drought duration and/or intensity, which could increase evaporative demand, triggering 
moisture stress and increased forest vulnerability to periodic widespread regional mortality 
events (Joye et al. 2014, p. 179). Although much of the United States has experienced an 
increase in prolonged periods of excessively high temperatures and more severe droughts over 
the past 50 years (Melillo et al. 2014, p. 15), thus far it is not possible to attribute changes in 
North American drought frequency to anthropogenic climate change (Romero-Lankao et al. 
2014, p. 1456). Nonetheless, some regional trends are apparent. For example, the drought over 
the last decade in the western United States suggests the driest conditions in 800 years based 
on tree ring data (Walsh et al. 2014, p. 38). Drought is projected to increase in much of the West 
by the middle and end of this century, including lynx geographic units 5 (GYA) and 6 (Western 
Colorado; Walsh et al. 2014, p. 41, fig. 2.22). Drought conditions are also expected to increase 
in the Northeast (which includes Unit 1 in Maine; Horton et al. 2014, p. 374), Midwest (which 
includes Unit 2 in Minnesota; Pryor et al. 2014, p. 425-426), Great Plains (which includes Unit 3 
in western Montana; Shafer et al. 2014, p. 442); Northwest (which includes Unit 4 in 
Washington; Mote et al. 2014, p. 495), and Southwest (which includes Unit 6 in Colorado; Garfin 
et al. 2014, pp. 464-465, 468), with drought severity also expected in increase in Montana 
(Wade et al. 2017, pp. 155, 158-164). Increasing drought frequency and intensity are related to 
increased wildfire and forest insect activity in North America, including throughout much of the 
DPS range, with these trends expected to continue into the future (Groffman et al. 2014, pp. 
203, 218; Joyce et al. 2014, pp. 176-178, 182; Melillo et al. 2014, pp. 9, 17; Romero-Lankao et 
al. 2014, pp. 1448, 1460-1461, 1477). 
 
Wildfire frequency is increasing in boreal forests of North America, and extended fire seasons 
and increases in the total area burned are anticipated to continue in the western United States 
with continued climate warming (McKenzie et al. 2004, entire; Westerling et al. 2006, entire; 
Romero-Lankao et al. 2014, pp. 1447, 1461; Westerling 2016, entire). Evaluating wildfire 
patterns in the western United States from 1970-2012, Westerling (2016, pp. 5-10) found rapid 
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and dramatic increases in the frequency of large fires, wildfire durations, and the length of the 
wildfire season beginning in the mid-1980s. Mesic middle- and high-elevation forest types (such 
as lodgepole pine [Pinus contorta] and spruce-fir; i.e., lynx habitats) in the Northern Rockies 
experienced the greatest increases. Increased spring and summer temperatures and an earlier 
spring snowmelt strongly influenced large wildfires, suggesting that climate is the primary driver 
of these changes rather than fire exclusion (suppression), which appears to have had little 
impact on natural fire regimes of these higher-elevation forest types in this area (ILBT 2013, p. 
70). Montana and Wyoming may be acutely sensitive to climate change and, even for a very 
mild climate-warming scenario, the area burned in the West could roughly double by the end of 
the century (McKenzie et al. 2004, p. 897). Increases are most likely in dry forests with high-
frequency and low-intensity fire regimes (which typically do not provide lynx habitat); in areas of 
moderate fire frequency and intensity and areas of low frequency and high intensity fires 
regimes, habitat conditions for lynx may improve (McKenzie et al. 2004, p. 899). In contrast, 
climate change is increasing precipitation in boreal forest regions of eastern North America, 
which has reduced wildfire frequency (Bergeron et al. 2001, p. 388). 
 
Under multiple climate scenarios, large increases in fire frequency are expected for boreal 
forests in central and western Canada, and reduced frequency in eastern Canada - a situation 
that reflects past Paleoclimates that were warmer than the present (Flannigan et al. 2001, pp. 
860-862). Increased fire frequency at the grassland – aspen parkland – boreal forest transition 
in western Canada may hasten the conversion of boreal forest to aspen parkland and aspen 
parkland to grassland (Flannigan et al. 2001, p. 860-861), which could affect connectivity and 
gene flow in lynx populations. In the DPS range, large wildifres in north-central Washington 
(Unit 4) have reduced lynx habitat by 35-40 percent over the past 25 years (see section 4.2.4 
below). Large wildfires have also occurred recently in lynx habitats in Units 2, 3, 5 and 6, though 
impacts to resident populations in those units have not been documented, estimated, or 
modeled. 
 
Warming and drought are also likely affecting the frequency and intensity of some eruptive 
boreal forest insect pests and pathogens that affect disturbance patterns in spruce-fir forests 
(Volney and Fleming 2000, entire; Gray 2008, entire; Groffman et al. 2014, p. 203; Joyce et al. 
2014, pp. 176-178; Melillo et al. 2014, p. 17). For example, native bark beetles, such as the 
spruce beetle (Dendroctonus rufipennis) and mountain pine beetle (Dendroctonus ponderosae), 
are key agents of change in coniferous forest ecosystems in western North America and have 
recently defoliated millions of hectares – among the largest and most severe outbreaks in 
recorded history (Bentz 2009, entire; USFS 2014, entire; Ivan in Lynx SSA Team 2016a, p. 23). 
Drought-stressed conifers have increased vulnerability to insect attack. Warmer springs also 
could increase the frequency and duration of wildfires, which in turn could increase vulnerability 
of surviving trees to bark beetle attack (Westerling et al. 2006; Bentz et al. 2010, p. 611; ILBT 
2013, p. 70). Increasing temperatures and forest homogeneity could create conditions favorable 
for bark beetle outbreaks that exceed natural disturbance thresholds, perhaps increasing the 
likelihood of additional outbreaks in the resulting large areas of even-aged forests (Raffa et al. 
2008, p. 512; ILBT 2013, p. 70). By the end of the century, changes in temperatures across the 
boreal forests of western North America may cause markedly high probability of outbreak of 
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these species (Bentz et al. 2010. pp. 607, 609). In contrast, the range of the spruce budworm, a 
major pest of spruce-fir ecosystems in eastern North America, is expected to shift northward, 
potentially reducing vulnerability of spruce-fir forests in Maine and Minnesota (Regniere et al. 
2012, entire). 
 
Climate change has also been implicated in increases in severe weather events. For example, 
in January, 1998 a severe ice storm extensively damaged the canopy of many northeastern 
United States and eastern Canadian forests, causing moderate to severe forest damage to over 
40,000 km2 (15,444 mi2) in the Northeast United States and southern Quebec (Jones and 
Mulhern 1998, p. 19; Irland 2000, entire; Millward and Kraft 2004, entire). Ice storm damage to 
stands can range from light and patchy to total breakage of all mature stems over extensive 
areas (Irland 2000, entire). Similarly, in 1999, a derecho (severe wind-and hail-producing 
thunderstorm; Frelich in Lynx SSA Team 2016, p. 14) uprooted and snapped off trees in a 48 
km- (30 mi-) long by 6-19 km- (4-12 mi-) wide swath of boreal forest in Unit 2 that impacted over 
1,930 km2 (745 mi2)13 of lynx habitat. It is uncertain how climate change may affect the 
frequency, intensity, location, and extent of ice storms and derechos; however, atmospheric 
warming will most likely shift the locations of prevailing ice storms northward. 
 
In summary, natural disturbances (wildfire, forest insect outbreaks, and storms) are essential 
components of lynx habitats that historically have maintained the mosaic of forest stand seral 
stages and distriubutions that benefit lynx. Although these events may diminish lynx and hare 
habitats by removing forest cover, these impacts are typically temporary, and affected areas 
typically regenerate into the dense, young conifer stands that are associated with high hare and 
lynx densities throughout both species’ ranges, including in the DPS. However, climate-
mediated increases in the frequency, size, and intensity of these events may result in larger 
proportions of lynx habitats in a temporarily-unfavorable condition that occurs immediately post-
disturbance and which may last for 10-40 years or more, depending on the nature of the 
disturbance and a suite of local climatic, topographical, and soil conditions. Such changes to 
historical disturbance regimes could affect a number of lynx demographic variables (e.g., 
distribution, density, survival, productivity) that influence population resiliency and, therefore, the 
likelihood that populations will persist on the landscape. For example, increased wildfire 
frequency, size, and intensity has affected over a third of the lynx habitat in Unit 4 over the past 
25 years, resulting in increased lynx home ranges size and, therefore, lower density, likely 
reducing the population’s resiliency compared to historical conditions (see sections 4.2.4 and 
5.2.4, below). 
 
Reduced Gene Flow between Canadian and DPS Lynx Populations - Koen et al. (2014a, entire) 
found that relatively lower neutral genetic diversity, lower allelic richness, and higher genetic 
differentiation among lynx at the trailing (southern) range edge in Ontario were correlated with 
high winter temperatures, low snow depth, and a low proportion of suitable habitat since the 
1970s. The authors hypothesized that continued climate warming would increasingly create 
these unsuitable environmental conditions for lynx (e.g., milder winters with reduced snow 
quality, declining and fragmented boreal forest), at the trailing (southern) edge of the range. The 
                                                
13 https://en.wikipedia.org/wiki/Boundary_Waters%E2%80%93Canadian_derecho 
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authors surmised that genetic structuring in southern lynx populations could be caused by a 
northward shift in optimal conditions, potentially resulting in isolation and extirpation of lynx 
populations at the trailing edge of their range or climate-induced changes in the distributions of 
snowshoe hare or bobcats causing lynx to shift northward. Lynx with the greatest allelic richness 
were found in areas with the deepest snow in the core of their range in northern Ontario (Koen 
et al. 2014a, p. 758). The authors concluded that climate warming has reduced gene flow at the 
receding (southern) edge of the lynx’s range, and that southward gene flow from Canada into 
threatened United States (DPS) populations is unlikely (Koen et al. 2014a, p. 760). Stenseth et 
al. (2004, entire) documented population and genetic structuring in the lynx populations east 
and west of Hudson Bay based on differences in snow conditions on either side of this divide. 
This may be explained by the reluctance of lynx to disperse between areas having different 
snow regimes and snow quality. Snow conditions may be the key factor in the spatial, 
ecological, and genetic structuring of Canada lynx (Stenseth et al. 2004, pp. 10633-10644). 
 
Climate warming is expected to cause increased isolation of southern lynx populations, which 
could reduce gene flow by reducing connectivity between populations. For example, gene flow 
between lynx populations in Maine, New Brunswick, and eastern Quebec and more northern 
populations in Canada depends on an ice bridge for dispersal across the St. Lawrence River. 
Although some lynx currently cross the river, Koen et al. (2014a, entire) found genetic 
structuring on either side of the river. Thus, the river already restricts gene flow. Climate-
induced deteriorating ice conditions on the St. Lawrence River could further restrict gene flow 
between lynx populations north and south of the river (Koen et al. 2015, p. 528). Between 1969 
and 2002 there was a 20 to 40 percent reduction in sea-ice cover during the spring thaw in the 
Gulf of the St. Lawrence (Johnston et al. 2005, pp. 214-215). Conversely, reduced ice on the St. 
Lawrence may prevent bobcats from dispersing northward into lynx areas in central Quebec 
(Koen et al. 2015, p. 528). 
 
The potential for genetic drift among DPS populations would be expected to increase at some 
point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range. This would result in (1) smaller and 
more distant potential source populations in the southern Canadian provinces, reducing the 
likelihood and number of immigrant lynx reaching DPS populations, and (2) smaller effective 
population sizes (the size of an ideal population [i.e., one that meets all the Hardy-Weinberg 
assumptions] that would lose heterozygosity at a rate equal to that of the observed population) 
among DPS populations, making them more vulnerable to drift, the consequences of which 
could include lower survival and reproduction rates and loss of adaptive potential (Schwartz 
2017, pp. 4-5). 
 
Changes in the Periodicity and Amplitude of Northern Hare Cycles - Climate change is altering 
large-scale climate systems such as the North Atlantic Oscillation (NAO), Southern Oscillation, 
Pacific North American Index, and North Pacific Index which, in turn, affect patterns of 
temperature and snow in North America (Stenseth et al. 2003, entire). Climate change-induced 
disruptions are believed to have caused or contributed to the collapse of cycles in some voles 



81 
 

(Microtus and Myodes spp.) in northern Europe (Cornulier et al. 2013, entire) and lemmings in 
northern Finland (Ims et al. 2008, pp. 81, 84). The collapse of cycles in some herbivores with 
high-amplitude population cycles also would imply collapses of important ecosystem functions 
such as pulsed flows of resources and disturbances throughout the ecosystem, including 
declines in predator communities (Schmitz et al. 2003, p. 1202; Ims et al. 2008, p. 85). 
 
A common denominator of cycles that exhibit spatial gradients, such as the more pronounced 
snowshoe hare cycles in the northern part of its North American range, is that the cycles seem 
to fade as winters become shorter (Ims et al. 2008, p. 81). Therefore, climate has also been 
hypothesized to influence snowshoe hare and lynx population cycles and synchrony (Hone et al. 
2011, entire; Krebs 2011, pp. 484-488; Yan et al. 2013, entire). Hone et al. (2011, pp. 423-424) 
concluded that the NAO influenced both hare and lynx numbers and could dampen cycle 
oscillations. Yan et al. (2013 ,p. 3269) concluded that climate forcing is not only essential in 
producing sustained cycles, but also in modifying cycle intervals, and that greatly reduced lynx 
fur harvests in Canada beginning in the mid-1980s may be linked to climate warming. However, 
climate data analyzed by Krebs et al. (2013, pp. 566-572; 2014, pp. 1042-1043, 1046-1047) 
failed to explain changes in hare cycle synchrony documented in Alaska and western Canada 
beginning in about 1995. The authors rejected the hypothesis that climatic variation was 
correlated with hare-cycle amplitude in their study areas (Krebs et al. 2014, p. 1047), and their 
analyses did not support concern about collapsing population cycles hypothesized by Ims et al. 
(2008, entire). 
 
Nonetheless, changes in large-scale climate systems have already influenced the climate and 
snow conditions throughout the geographic range of the lynx in North America (Stenseth et al. 
1999, entire; Brown 2000, pp. 2347-2354; Krebs et al. 2001, p. 34; Stenseth et al. 2004, entire). 
If climate warming produces more pronounced troughs in hare abundance cycles in the interior 
of Canada, lynx populations would be expected to decline, though local extinction seems 
unlikely (Hone et al. 2011, p. 424). The potential for diminished lynx populations in Canada is a 
concern because periodic emigration from Canada is believed to influence the demographic and 
genetic health of lynx populations in the DPS (McKelvey et al. 2000a, pp. 232-242; 2000b, pp. 
32-34; Schwartz et al. 2002, entire; USFWS 2005, p. 2; ILBT 2013, pp. 34, 42, 47, 54, 60, 65; 
Squires et al. 2013, p. 187; 79 FR 54789, 68 FR 40091, 40097-40100). Recent lower-amplitude 
hare cycles in southern Canada likely resulted in lower-amplitude lynx cycles as well, possibly 
resulting in muted irruptions with fewer dispersing lynx emigrating from Canada into the DPS. If 
these reduced cycles persist, they could result in reduced demographic support and gene flow 
into the DPS, both of which could influence the health and persistence of resident lynx 
populations in the DPS. 
 
Increased or Novel Diseases and Parasites - Climate change can increase the distribution and 
transmission of parasites and pathogens and alter vectors, hosts, and host-susceptibility to 
disease. With continued warming, some species are predicted to experience more frequent or 
severe disease impacts with warming while others may be relieved of pathogens (Daszak et al. 
2000, p. 444; Harvell et al. 2002, entire; Brooks and Hoberg 2007, entire; Harvell et al. 2009, 
entire). Climate change is likely to cause changes to the geographic range and incidence of 
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insect and tick-borne diseases (Daszak et al. 2000, entire). No apparent climate-influenced 
parasites or diseases have been identified that would be expected to broadly affect lynx or 
snowshoe hare populations, but several lynx experts believed this is difficult to predict and 
remains a possibility (Lynx SSA Team 2016a, pp. 27, 37-39). A few pathogens have been 
documented in lynx in the DPS. For example, plague, a flea-borne disease caused by the 
bacterium Yersinia pestis, which is not native to North America, was reported for the first time in 
lynx in Colorado (Wild et al. 2006, entire). Pneumonic plague appeared to be the direct or 
indirect cause of death of 6 lynx released in Colorado between 2000 and 2003. When 
translocated from Canada and Alaska, none of the lynx had antibody titers to Y. pestis; it 
appears likely that lynx were exposed to plague by infected prey after their release in Colorado. 
Exposure of some lynx to feline parvovirus was detected in 6 areas in western North America 
(Montana-Alaska; Biek et al. 2002, entire). Troglostongylus wilsoni is a nematode that infects 
the lungs of lynx and bobcats (Sarmiento and Stough 1956, entire; Van Zyll de Jong 1966, 
entire; Kumar 1974, entire; and Reichard et al. 2004, entire) and was detected in Maine lynx 
(Vashon et al. 2012, p. 24). Lynx with heavy infestations have difficulty breathing and succumb 
to starvation, as occurred with several Maine lynx (Vashon et al. 2012, p. 24). Davidson et al. 
(2011, p. 242) hypothesized that toxoplasmosis could spread northward into lynx populations 
with changing climate and expanding ranges of humans and feral cats, cougars, and bobcats. 
 
Summary – Well-documented climate warming over the past half-century has probably already 
had some impacts on lynx habitats in the DPS range, and such impacts are likely to continue 
and perhaps increase in the future. However, there currently is no clear evidence that climate 
change has had population-level effects within the DPS range or reduced the ability of habitats 
within the DPS range to support persistent resident lynx populations. However, such impacts 
would be difficult to detect and document, and lynx habitats in much of the DPS range are 
naturally highly-fragmented and many appear to support hare densities only marginally capable 
of supporting persistent lynx populations. Therefore, even relatively minor climate-mediated 
impacts to boreal forest habitats and snow conditions, especially to winter hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of the DPS range. 
 
Although the rates of change and magnitudes of effects of climate warming are difficult to 
predict, climate models agree that lynx habitat and populations are likely to decline in the future, 
particularly at the southern margin of the range (Carroll 2007, pp. 1098–1102; Gonzalez et al. 
2007, entire; Peers et al. 2014, pp. 1129-1134) and may disappear completely or nearly so from 
parts of the DPS range by the end of this century or sooner, depending on the intensity of 
greenhouse gas emissions (Galatowitsch et al. 2009, pp. 2015-2017; Johnston et al. 2012, pp. 
6–13). Remaining lynx populations in the DPS range will likely be smaller than at present and, 
because of small population size and increased isolation, they will likely be more vulnerable to 
stochastic environmental and demographic events (Carroll 2007, pp. 1100–1103) and to genetic 
drift (Schwartz 2017, pp. 4-5). 
 
In addition to the factors discussed above, synergistic effects between them and other stressors 
(e.g., forest management, trapping, development) may intensify their impacts (Carroll 2007, 
entire) and could further reduce and isolate lynx populations within the DPS and reduce 
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connectivity between Canadian and DPS lynx populations and habitats. Declining boreal forests 
and snow conditions, increasing drought and fire, and increasing scale of forest insect 
outbreaks are currently believed to be the most important stressors for lynx in the DPS, but it is 
possible that other pathways are, or may also become, important. Potential climate-mediated 
changes in habitat, prey base, and competitor guild, along with ongoing habitat loss and 
fragmentation, has led some authors to question whether lynx will be able to adapt to such 
changes and persist at the southern periphery of the species’ range (Murray et al. 2008, p. 
1469). Largely because of the likely consequences of projected continued climate warming, lynx 
experts expect a decreasing likelihood that resident lynx populations will continue to persist in 
the future in the 5 geographic units that currently support them (Lynx SSA Team 2016a, pp. 35-
47; see ch. 5, below). However, despite concerns about the long-term persistence of DPS 
populations, experts projected that resident lynx populations are very likely to persist in all 5 
geographic units that currently support them in the near-term (year 2025) and mid-term (2050), 
and uncertainty was great regarding predicitons beyond that time frame. 

3.3 Vegetation Management 
Vegetation (i.e., timber) management is the most prevalent land use throughout the lynx DPS 
range and can have beneficial, neutral, or adverse effects on lynx and snowshoe hare habitats 
and populations (65 FR 16071; 68 FR 40083; ILBT 2013, p. 71). Vegetation management 
affects stand age, structure, composition, and arrangement on the landscape, which are 
important elements of lynx and hare habitat (ILBT 2013, p. 71). Timber harvest can create, 
restore, and maintain lynx and hare habitats, but it and related silvicultural activites (e.g., 
precommercial and commercial thinning, fuels management, fire suppression) can also diminish 
(often temporarily) habitat quality, quantity, and distribution; alter natural disturbance regimes; 
and preclude attainment of the dense horizontal cover that provides high-quality hare and lynx 
habitat (see section 2.2). The Service listed the lynx DPS under the ESA because of the 
potential for such activities to adversely affect lynx habitats and populations and the absence of 
measures to guide them for lynx conservation on Federal lands (68 FR 40076-40101). 
 
At the home range scale, lynx throughout the DPS range consistently occupy landscapes 
having the greatest snowshoe hare densities. Although forest types and the effects of forest 
(vegetation) management vary geographically, hare abundance throughout the DPS range is 
strongly correlated with a single common denominator - dense horizontal cover at ground and 
snow level. Such cover provides hares with a source of browse, protects them from predation, 
and is the most important forest structural characteristics for hares throughout their range 
(Ferron and Ouellet 1992, pp. 2180-2182; Wolfe et al. 1982, pp. 665-670; Litvaitis et al. 1985, 
entire). Hare density is directly and positively correlated with stem density (Litvaitis et al. 1985, 
p. 870; Sullivan and Sullivan 1988, pp. 803-804; Koehler 1990b, entire; Thomas et al. 1997, pp. 
24-50; Homyack et al. 2006, pp. 76-79; Robinson 2006, pp. 5-37, 67-75; Scott 2009, pp. 58-93; 
Fuller and Harrison 2013, pp.4-6), and softwood (e.g., spruce-fir) has about 3 times more cover 
value than hardwoods (Litvaitis et al. 1985, p. 870). Young (10-40 years post-disturbance) 
regenerating spruce-fir forests provide optimal cover and high hare densities throughtout the 
DPS range, and seral lodgepole pine and mature multi-storied spruce-fir stands may also 
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provide such conditions in the western part of the DPS range (Koehler and Brittell 1990, p. 10; 
Hoving et al. 2004, p. 290; Maletzke et al. 2008 p. 1477; Squires et al. 2010, pp. 1648, 1653–
1656; McCann and Moen 2011, pp. 513-515; Berg et al. 2012, pp. 1483-1487; Holbrook et al. 
2017, entire). Therefore, vegetation management practices that promote high stem density and 
dense horizontal cover can increase snowshoe hare densities (Conroy et al. 1979 pp. 684-689; 
Wolff 1980, pp. 115-128; Parker et al. 1983, pp. 783-785; Livaitis et al. 1985, p. 872; Monthey 
1986, entire; Koehler 1990a, pp. 848-850, 1990b, entire; Robinson 2006, pp. 31-36, 62-75, 119-
129; Fuller et al. 2007, entire; Homyack et al. 2007, entire; Scott 2009, pp. 8--92; McCann and 
Moen 2011, pp. 513-515), while forest practices that reduce dense understory generally reduce 
habitat quality for hares and lynx. 
 
Historically, the dominant natural disturbance processes that created young, regenerating 
conifer forest conducive to hares and lynx were wildfire, insect and disease outbreaks, and wind 
events (Kilgore and Heinselman 1990, entire; Heinselman 1996, entire; Veblen et al. 1998, 
entire; Agee 2000, entire; Seymour et al. 2002, entire; Lorimer and White 2003, entire). After 
disturbances, forests generally develop through several stages described by Oliver (1980, pp. 
155-161) as “stand initiation,” “stem exclusion,” “understory reinitiation,” and “old growth.” Stand 
dynamics, particularly within-stand competition for light, nutrients, and space, determine how 
forests grow and respond to intentional manipulations and natural disturbances (Oliver and 
Larson 1996, entire). The frequency and severity of disturbances have a large role in 
determining which tree species will dominate in a stand after the disturbance event. Snowshoe 
hare and lynx habitat are created during the stand initiation stage, after the young trees have 
established and grown tall enough (1-3 m (3-10 ft) to protrude above the snow and provide 
adequate horizontal cover. During the stem exclusion stage (when trees reach about 10 m [33 
ft], depending on tree species) the tree crowns lift and lower branches self-prune, thus reducing 
the live horizontal branches providing food and cover for snowshoe hares. In the old growth 
stage, understory may re-develop (e.g., in forest gaps where mature trees die or fall down) and 
food and cover may again become available to support snowshoe hares. 
 
Traditionally, commercial timber management of conifer forests has used a variety of 
silvicultural techniques (plantations, herbicide application, precommercial and commercial 
thinning, group selection, fuels management, and salvage and regeneration harvest) to (1) 
reduce tree density, promote tree growth, and select for desired species in young regenerating 
forests; (2) improve growth and vigor of mature trees; (3) reduce vulnerability of commercially-
valuable trees to insects, disease, and fire; and (4) harvest forest products (ILBT 2013, p. 71). 
Just as the timing and intensity of a natural disturbance event affects the composition of the 
succeeding forest, the season, climate, machinery, and type of final harvest (e.g., clearcut v. 
partial harvest) all have a role in determining the species composition and health of the next 
crop of trees following management activities. Although some timber management practices 
may mimic natural disturbance processes, others, such as herbicide use and plantations, do not 
have natural analogues. Timber harvest may differ from natural disturbances in ways that may 
affect lynx and hare habitats, including (ILBT 2013, pp. 71-72): 
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● Removing most standing biomass, especially larger size classes of trees, and downed 
logs, which alters microsite conditions and nutrient cycling; 

● Creating smaller, more dispersed patches and concentrating harvest at lower elevations 
in mountainous regions and on more nutrient rich soils, resulting in habitat 
fragmentation; 

● Causing soil disturbance and compaction by heavy equipment, which may result in 
increased water runoff and slower tree growth at the site; or 

● Giving a competitive advantage to commercially-valuable tree species and reducing the 
structural complexity of the forest through the application of harvest, planting, thinning, 
and herbicide treatments. 

 
Therefore, vegetation management may or may not be compatible with creating, maintaining, or 
restoring habitats capable of supporting hares and lynx, depending on the extent to which 
conservation awareness and measures guide management. Vegetation management can 
provide snowshoe hare habitat by creating additional early-successional forest conditions in 
areas that are capable of, but not currently providing, dense horizontal cover; designing the 
appropriate size, shape and temporal pattern of treatment units (mimicking patterns created and 
maintained by natural disturbance regimes); retaining coarse woody debris; maintaining high 
stem densities in regenerated forests; and maintaining connectivity and dispersal habitat 
(Koehler and Brittell 1990, pp. 11-12; Homyack et al. 2004, pp. 141-142; Bull et al. 2005, entire; 
Fuller and Harrison 2005, p. 719). However, forest management can also diminish lynx and 
hare habitats by removing cover, altering natural disturbance patterns and regimes, creating 
unnaturally large or continuous openings, fragmenting habitat, and eliminating 
connectivity/dispersal habitats. Roads associated with forest management also fragment habitat 
and can increase access by competing predators and humans, both potentially affecting lynx 
habitats and populations. 
 
Forest Products Markets - North America is the world’s leading producer and consumer of wood 
products. Therefore, worldwide trends in forest products markets greatly affect forest 
management decisions, which may influence the amount and quality of lynx habitat in the DPS. 
Globalization of manufacturing and expanded use of electronic media have reduced demand in 
pulp and paper since the late 1990s, and the collapse of housing construction, which deepened 
with the recession of 2007-2009, has contributed to declines in United States wood products 
output. In recent years, the nation’s forest products industry experienced a downturn in output 
levels not seen in decades, with considerable declines in timber harvest, mill numbers, and 
wood consumption since 2000, and employment losses in the hundreds of thousands (Woodall 
et al. 2011, p. 595). 
 
Forest management decisions (e.g., to focus on hardwood or softwood production) can change 
dramatically in response to unpredictable and changing forest products markets. Lynx occur in 
forests dominated by softwood conifers; therefore, management related to softwood production 
and harvest has the greatest potential to affect lynx populations in the DPS range. Because they 
depend on demand for paper and housing, markets for softwood products are affected by 
economic factors that are difficult to predict and are therefore particularly volatile. For example, 
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the western United States, a major softwood lumber producing region, was particularly hard hit 
by the recession and housing collapse - forest industry employment dropped by 30 percent 
(nearly 80,000 workers) and annual output value fell by more than 25 percent (Keegan et al. 
2011). Under depressed markets, landowners may reduce harvests, which may be to the 
detriment of lynx in some parts of the DPS (e.g., Maine and Minnesota), but to their benefit in 
others (the western part of the range). Likewise, rapidly expanding (recovering) softwood 
markets could lead to rapid and extensive harvest, with potential benefits or detriment to DPS 
populations, depending on local cicumstances and landscape habitat conditions. 
 
Despite depressed markets, one area of increasing interest is bioenergy production. Rising 
energy costs and growing concerns over global climate change have increased interest in 
bioenergy production, and the United States Energy Independence and Security Act (2007) 
mandates a 5-fold increase in biofuel production (Benjamin et al. 2009, p. 125). The wood pellet 
sector is expected to grow, although woody biomass is typically the lowest value wood 
commodity sold from the forest. Thus, it is questionable whether wood energy revenues would 
be enough to sustain forest investments and forest management into the future (Woodall et al. 
2011, p. 601) and, therefore, potential impacts or benefits to lynx habitats and populations are 
uncertain. 
 
Although management of State and Federal forest lands has been relatively stable in recent 
decades, management and ownership of private forest lands have been comparatively unstable. 
This has resulted in substantial shifts in forest management strategies, outcomes, and products. 
For example, in the last 2 decades in Maine, where nearly all the lynx critical habitat is on 
private land, about 96,315 km2 (37,187 mi2; 80 percent) of commercial timber lands in the 
“northern forest” (Adirondacks to northern Maine) were sold to many different kinds of financial 
groups (Hagan et al. 2005). These groups have short-term investment goals and their 
management objectives differ from traditional commercial timber operations, resulting in 
changes to traditional harvest practices. Whereas the previous large commercial timber 
landowners focused on the forest land base as a supply for their manufacturing facilities, the 
new Timber Investment Management Organizations (TIMOs) and Real Estate Investment Trusts 
(REITs) focus on maximizing return on their investment (Jin and Sader 2006, p. 178). Initially, 
the effects of ownership changes were uncertain (McWilliams et al. 2005), but an evaluation of 
harvesting in the last decade indicates these landowners increased harvest rates, shortened 
rotation times, and shifted to managing and harvesting hardwood tree species (Jin and Sader 
2006, p. 183-185). On one hand, these trends in private lands management in Maine may make 
lynx conservation more difficult to achieve because short-term landowners may be less 
interested in long-term commitments. On the other hand, some easement owners may have an 
incentive to manage for lynx to meet forest certification requirements. 
 
The extensive sale of private forestlands initiated the growth of conservation easements in this 
region (deGooyer and Capen 2004; Lilieholm et al. 2010). Conservation land as a percentage of 
Maine’s State area increased from less than 5 percent in 1987 to approximately 19 percent by 
2012 (Beck et al. 2012, p. 15). Conservation easements restrict development but usually do not 
affect forest management; neither do they typically require management for lynx and other rare 
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species. Some private forestlands were sold to State and Federal agencies and conservation 
interests. For example, in recent years The Nature Conservancy purchased over 125,000 ha 
(310,000 ac) of private forestland in Montana and nearly 75,000 ha (185,000 ac) of private 
forestland in northern Maine. Lands in conservation ownership are more likely to be managed to 
benefit hares and lynx. 
 
Finally, future trends in forest management will likely be affected by climate change (Irland et al. 
2001, entire). Many models have been developed to project how United States timber 
production and markets may adapt to climate change (e.g., Joyce et al. 1995; Burton et al. 
1998; Sohngen and Mendelsohn 1998; Perez-Garcia et al. 2002). Economic models predict that 
with continued climate warming, total United States timber inventories will increase, timber 
harvest will increase, and product prices will decrease relative to an assumed stable climate. 
Some models predict that consumers will gain from climate change while landowners in some 
regions will lose. The forest industry will likely adapt to climate change in many ways including 
using alternate tree species in manufacturing, shifts to geographic regions of the country with 
economic advantages in timber growth, and increasing forest plantations with new species that 
are favorably adapted to the new climate and markets. Many strategies have been evaluated to 
increase the quantity of carbon stored in North American forests (Irland et al. 2001) including 
discontinuing or greatly reducing harvest in some forests to build carbon reserves, increased 
recycling to reduce use of forest products, converting agricultural lands to forests, and 
substituting wood products for more energy-intensive products. Increased atmospheric carbon 
will increase forest growth slightly, except for softwood (Irland et al. 2001, p. 757-758). 
Sawtimber production, which sequesters more carbon, is expected to increase (Irland et al. 
2001, p. 758). Expanding landscapes with older growth conifer forest to sequester carbon could 
benefit lynx in the West and be to the detriment of lynx in the East. 
 
Reduced Quality of Hare Habitat - Throughout the lynx DPS, some vegetation management 
practices, especially thinning in young, dense regeneration; reducing overstory canopy in 
mature multi-story spruce-fir forests (in the West); and partial harvesting (in northern Maine) 
reduce the quality of boreal forest habitats for snowshoe hares and lynx. The probability of lynx 
occupancy of a potential home range is sensitive to small changes in average hare density 
(Simons 2009, pp. 89-110; Simons-Legaard et al. 2013, pp. 572-576). Below a threshold of 
about 0.5 hares/ha (0.2 hares/ac), declines in hare abundcance, whether from natural 
population fluctuations (hare cycles) or habitat loss or fragmentation from detrimental forest 
practices, development, or other anthropogenic incluences could be sufficient to diminish 
landscape carrying capacity for lynx (Scott 2009, p. 118). Such declines could result in reduced 
productivity (Slough and Mowat 1996, pp. 953-956), cause lynx to increase home range sizes 
(Scott 2009, p. 120; Ward and Krebs 1985, entire; Mowat et al. 2000, pp. 276-280) or, in 
extreme cases, to abandon their home range or cause mortality (Ward and Krebs 1985, p. 
2819; Slough and Mowat 1996, pp. 956-957). 
 
Thinning of young, dense sapling stage conifers (precommercial thinning) is a forest 
management practice used widely throughout the DPS to increase the growth and value of 
selected trees and to reduce the time to maturity of a stand of trees. Precommercial thinning 
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removes competing trees of the same species or shrubs and trees of other species (Daniel et al. 
1979; Homyack et al. 2005, 2007). The effects of precommercial thinning are summarized in the 
revised Lynx Conservation Assessment and Strategy (ILBT 2013, pp. 72-73): 
 

Reducing the density of sapling-sized conifers in young regenerating forests to increase 
the growth of certain selected trees promotes more homogeneous patches and reduces 
the amount and density of horizontal cover, which is needed to sustain snowshoe hares 
(Sullivan and Sullivan 1988, Hodges 2000b, Griffin and Mills 2004, Ausband and Baty 
2005, Griffin and Mills 2007, Homyack et al. 2007, Ellsworth 2009). Hares reach highest 
densities in stands with stem densities ranging from 4,600–33,210 stems/ha (1,862–
13,445 stems/ac)(Wolff 1980, Parker 1984, Litvaitis et al. 1985, Monthey 1986, Parker 
1986, Koehler 1990a, Griffin 2004, Fuller and Harrison 2005, Robinson 2006, Scott 
2009), whereas thinned stands have densities of 2990 (6-foot spacing) to 1,682 (8-foot 
spacing) stems/ha (Pitt and Lanteigne 2008, p. 593). Precommercial thinning has been 
shown to reduce hare numbers by as much as 2- and 3-fold (Griffin and Mills 2004, 
2007; Homyack et al. 2007) because of reduced cover and decreased availability of 
browse. Griffin and Mills (2007) reported that, if their results were representative, the 
practice of precommercial thinning could significantly reduce snowshoe hare populations 
across the range of lynx. 
 
There are anecdotal examples of precommercially thinned stands that subsequently 
"filled in" with understory trees. Some have suggested this could be a technique to 
extend the time that understory trees and low limbs provide the dense horizontal cover 
that constitutes snowshoe hare habitat. The duration between time of thinning and 
regrowth to a height providing winter snowshoe hare habitat would likely vary by tree 
species, each having different regenerative capacities that could be influenced by a 
variety of local factors (e.g., topographic relief, moisture, and mineral and organic 
content of the soil; Baumgartner et al. 1984, Koch 1996). Bull et al. (2005) reported that 
the slash and coarse woody debris remaining after precommercial thinning provided 
both forage and cover for snowshoe hares up to a year following treatment. However, 
Homyack et al. (2007) found that snowshoe hare densities were reduced following 
precommercial thinning for 1–11 years post-thinning. They further suggested that after 
precommercial thinning, the stands did not regain the structural complexity in the 
understory that would be needed to support pre-treatment snowshoe hare densities. At 
this time, no other data are available to quantify the re-establishment of snowshoe hare 
habitat and over what time period, or the response by snowshoe hares, as compared 
with sites that were not precommercially thinned, so this remains an unproven 
management technique. As an alternative to standard precommercial thinning (i.e., 
complete thinning resulting in a homogeneous patch), Griffin and Mills (2007) suggested 
retaining at least 20 percent of the patch in untreated clumps of about ¼ ha (½ ac), 
which would maintain hare habitat in the short term. However, Lewis et al. (2011) found 
that landscapes with patches of high-quality habitat surrounded by similar vegetation 
supported more hares than did more fragmented landscapes composed of high-quality 
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patches in a matrix of poorer-quality habitat. Further long-term studies of modified 
thinning methods are needed. 

 
Abele et al. (2013, entire) also found that precommercial thinning reduced hare abundance in 
western Oregon but did not affect individual hare survival or activity patterns. Because of 
documented adverse effects of precommercial thinning to snowshoe hares and lynx, in 2007 
and 2008 the USFS amended Forest Plans to incorporate management that would conserve 
lynx, including direction that prohibited precommercial thinning in most lynx foraging habitat 
(USFS 2007, pp. 8, 11-14, 36; USFS 2008a, pp. 6-9, 23-26). However, precommercial thinning 
is not regulated on private forest lands throughout the remainder of the DPS. 
 
Particularly in western forest systems, uneven-aged management (single tree, partial harvest, 
and small group selection) can be used in stands with poorly developed understories, but which 
have the potential to develop dense horizontal cover. In such stands, removing some large trees 
can create openings in the canopy that mimic natural gap dynamics and maintain or stimulate 
multi-story attributes (ILBT 2013, p. 73). However, creation of large openings may discourage 
use by lynx (Koehler 1990a; von Kienast 2003; Maletzke 2004; Squires et al. 2010; ILBT 2013, 
p. 73), at least temporarily. Removing larger trees from mature multi-story stands to reduce 
competition and increase tree growth or resistance to forest insects may degrade lynx winter 
habitat by reducing horizontal cover (Robinson 2006; Koehler et al. 2008, Squires et al. 2010). 
Similarly, removing understory trees from mature multi-story stands also reduces dense 
horizontal cover, reducing winter habitat quality for both hares and lynx (ILBT 2013, p. 73). 
 
In eastern forests, partial harvesting practices diminish (compared to regeneration following 
large-scale clear-cutting) the development of large patches of dense horizontal cover for 
snowshoe hares (Simons-Legaard et aI. 2016, pp. 7-8). Partial harvesting broadly describes 
many methods of removing a portion of the overstory trees from a forest stand. Partial 
harvesting includes selective cuts, shelterwood cuts, and uneven-aged management. Partial 
harvest may be “light” (e.g., < 10 percent of trees removed) to “heavy” (e.g., 90 percent of trees 
removed). Since passage of the Maine Forest Practices Act in 1989, various forms of partial 
harvesting have replaced clearcutting as the predominant form of forest management in 
northern Maine (Sader et al. 2003, entire). In recent years, almost 172,000 ha (425,000 ac) of 
Maine forest are harvested annually and 96 percent of this land is partially harvested (Maine 
Forest Service 2016). After 28 years of extensive partial harvests, much of the northern Maine 
landscape has been influenced by this form of forestry, and will continue to be into the future. 
The popularity of this form of harvesting extends beyond Maine. From the mid-1980s to mid-
1990s, partial harvesting comprised 62 percent of the harvest in the United States, and 
clearcuts comprised the other 38 percent. Partially harvested stands result in a wide range of 
residual stand conditions, but many have lower conifer stem densities and higher hardwood 
density than regenerating clearcuts (Robinson 2006). On average, partially harvested stands in 
Maine supported about 50 percent of the hare densities observed in regenerating clearcuts 
(Robinson 2006; Harrison et al. 2016 p. 55; also see sections 4.2.1 and 5.2.1, below). 
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Shelterwood harvesting (sometimes referred to as overstory removal) is a form of even-aged 
management most frequently used in hardwood and mixedwood stands in Maine (Rolek 2016, 
unpubl. data, Maine Cooperative Fish and Wildlife Research Unit), but also in spruce and fir 
stands (Pothier and Prevost 2008, entire). Shelterwood harvests that occur in predominantly 
softwood stands contribute to landscape hare densities to support lynx; however, hare density in 
regenerating shelterwood stands was only about half that of regenerating clearcut and 
herbicide-treated stands (D. Harrison, Univ. Maine, pers. comm. and unpubl. data; Harrison et 
al. 2016, p. 55). Regenerating shelterwood harvests in softwood stands are less likely to support 
higher landscape hare densities because they are most often done in small patches to avoid 
problems with windthrow, especially in wet soils (D. Harrison, Univ. Maine, pers. comm.). As 
much as 30 to 40 percent of the advanced regeneration may be damaged from repeated entries 
by machinery to remove the overstory (R. Seymour, Univ.Maine, pers. comm.). Finally, because 
subsequent overstory removal occurs about 15 years after the initial entry, some of the dense 
understory is damaged just as the stand develops conditions to support higher hare densities. 
The damage to the understory not only reduces the quality of the habitat for hares, but also cuts 
short the duration that the stand produces high-quality hare habitat. 
 
Fuels treatment and biomass removal projects also may reduce hare and lynx habitat quality. 
Fuels treatment projects are typically designed to remove understory biomass and reduce stem 
density in forests that are outside their historical range of variability, and to clear fuels adjacent 
to human developments for safety or to protect investments (ILBT 2013, p. 74). Removing or 
reducing the understory and ladder fuels to meet those objectives reduces horizontal cover 
important to snowshoe hares and thus diminishes lynx habitat quality (ILBT 2013, p. 74). In the 
West, most of these projects occur in dry, lower-elevation forests where past fire suppression 
has resulted in unnatural fuel build-ups; however, these are not lynx habitat. In the Great Lakes 
Region, prescribed burning to reduce fuels and mimic a more natural fire regime in lynx habitat 
causes a short-term (10–30 years) impact on snowshoe hare habitat (ILBT 2013, p. 75). 
Biomass removal for energy production targets the removal of dead trees, logging slash, and 
small-diameter trees and shrubs. Biomass removal is similar to fuels treatments in reducing 
cover and habitat for snowshoe hares (ILBT 2013, p. 75). 
 
Loss, Degradation, and Fragmentation of Boreal Forest Habitat - Forest management rarely 
results in conversion of lands to non-forest. In fact, forested landscapes have increased in some 
parts of the DPS (especially in the Northeast) because of farm abandonment and recolonization 
by second-growth forest. However, some forms of forest management such as selective 
harvesting and fire suppression can (intentionally or unintentionally) alter tree species 
composition away from boreal forest types that support snowshoe hares and lynx. Similarly, lack 
of forest management can alter tree species composition (Trani et al. 2001, pp. 415-417). Other 
stressors, such as insect outbreaks and climate change, can work in synergy with forest 
management to reduce boreal forest. For example, in northern New England clearcutting 
sometimes leads to drying of the forest floor and consequent heavy mortality in spruce and fir 
regeneration and increased light levels that increase hardwood competition (White and Cogbill 
in Eagar and Adams 2012, p. 32). 
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Plantations can convert native forest communities into monocultures of a native or exotic tree 
species that may lack hardwood browse for snowshoe hare. Cutting rotations can be reduced 
by half through mechanical site preparation, planting, and suppression of hardwood competition. 
Conifer stem densities in plantations range from 800-5,000 stems/ha and may support relatively 
low populations of snowshoe hares because of the initial wide spacing of trees (Bellefeuille et al. 
2001, p. 44). Hare densities in plantations may increase after trees reach the sapling stage and 
branches intermingle at the ground level, creating horizontal cover if the lateral branches are not 
pruned (Parker 1984, p. 163; Parker 1986 p. 160; Roy et al. 2010, p. 285). However, the period 
of time that spruce plantations may support high hare densities in Maine and eastern Canada 
may be relatively short (10 to 17 years post-harvest) compared to regenerating softwood 
clearcuts (15-35 years post-harvest; Simons-Legaard et al. 2013, p. 569). 
 
Under certain forest stand conditions, herbicide treatment may have long-term effects on stand 
composition and structure (MacLean and Morgan 1983; Daggett 2003), thus potentially reducing 
food, cover, and habitat for hares (Borrecco 1976; Bellefeuille et al. 2001, p. 43; Thompson et 
al. 2003 p. 462). Understory deciduous stems were lacking in stands treated with herbicide 
(Homyack et al. 2004). Although herbicide treatments reportedly do not directly affect survival, 
fecundity, or other demographic parameters of snowshoe hares (Sullivan 1996), treatments 
have indirect effects on hares via changes in vegetative cover and browse (Homyack et al. 
2005, p. 10). In Norway, hare use of plantations was reduced up to 10 years after herbicide 
application (Hjeljord et al. 1988). 
 
Forest management can fragment and isolate patches of high-quality hare habitat (Simons-
Legaard et al. 2016). Fragmentation of the already naturally patchy pattern of lynx habitat in 
much of the contiguous United States can affect lynx by reducing their prey base and increasing 
the energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified 
direct effects of fragmentation on lynx to include creation of openings that potentially increase 
access by competing carnivores, increasing the edge between early-successional habitat and 
other habitats, and changes in the structural complexities and amounts of seral forests within 
the landscape. At some point, landscape-scale fragmentation from forest management can 
make patches of foraging habitat too small and too distant from each other to be effectively 
accessed by lynx as part of their home range. For example, in Maine the proliferation of partial 
harvesting will actually increase the patches of high-quality hare habitat by 57 percent, but the 
average size of patches will be diminished by 87 percent, and patches will become more 
isolated (Simons-Legaard et al. 2016, pp. 5-6). 
 
Changes in Frequency and Pattern of Disturbance Events - Prior to European settlement, the 
dominant natural disturbance processes that created early-successional stages within the range 
of the lynx were wildfire, insect and disease outbreaks, and wind events (Kilgore and 
Heinselman 1990; Veblen et al. 1994; Heinselman 1996; Agee 2000; Seymour et al. 2002; 
Lorimer and White 2003). In the DPS range, fire was more important in the West and Great 
Lakes areas and less a factor in the Northeast, where insects and wind events predominated. 
Today, natural disturbances, especially fire and insect outbreaks, remain the predominant forms 
of disturbance in boreal forests throughout much of the lynx’s range, including the western 
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contiguous United States, where they also influence and interact with forest management. 
However, forest management (i.e., timber harvest) is an important disturbance agent in some 
boreal forest types in the DPS range and, in some instances has greatly altered the natural 
disturbance regime. For example, prior to logging, the Acadian forest in Maine and eastern 
Canada likely exhibited forest gap dynamics similar to some parts of the West today, and true 
stand-replacing disturbances were quite uncommon with recurrence intervals of hundreds to 
thousands of years. After several centuries of forest management, stand age structures in the 
Acadian forest have become simplified, and commercial timber rotations (harvesting schedules) 
are a fraction (15 to 40 percent) of the lifespan of boreal tree species (Seymour 2002). Although 
the prevalence of these younger even-aged forest stands on the landscape may benefit hares 
and lynx in Maine, forestry has shifted the species composition of Maine’s forest to tree species 
favored by frequent harvest disturbance, such as red maple (Acer rubrum), paper birch (Betula 
papyrifera), aspen (big-toothed [Populus grandidentata] and quaking [P. tremuloides]), and 
balsam fir (Abies balsamea). 

3.4 Wildland Fire Management 
Wildfire is a natural and essential component of boreal and montane forests that plays an 
important role, along with forest insects and other disturbance factors, in creating and 
maintaining the shifting mosaic of stand ages and forest structure across large boreal 
landscapes that provide snowshoe hare and lynx habitats (Agee 2000, p. 47; Ruediger et al. 
2000, pp. 1-3, 2-5, 7-6; ILBT 2013, p. 75). Wildfire creates and maintains lynx habitats by 
providing periodic vegetation disturbances that result in the spatial and temporal distribution of 
early-successional forest stands or patches within older stands featuring dense horizontal cover 
at ground and snow level. These stands/patches provide high-quality hare foraging habitat and 
typically support high hare densities, which in turn provide high-quality lynx foraging habitat. 
They are generated by (1) high-intensity, stand-replacing fires that result initially in removal of all 
or most vegetation, followed by regeneration of dense horizontal cover, or (2) low- or moderate-
intensity fires that stimulate understory development in older stands without killing all the 
overstory, resulting in patches of dense horizontal cover within multi-story stands (Agee 2000, p. 
53; Ruediger et al. 2000, p. 7-6). These habitats become most favorable for hares and lynx 
when regenerating conifers grow tall enough to protrude above the snow, providing cover and 
food for hares throughout the winter (ILBT 2013, pp. 10-12). They remain important as winter 
foraging habitat, which may be the most limiting habitat for lynx (Squires et al. 2010, p. 1656; 
ILBT 2013, pp. 17, 27), until they reach the stem-exclusion structural stage and self-pruning 
results in the loss of dense horizontal cover above the snow, or until another disturbance resets 
them to the stand-initiation structural stage (Agee 2000, pp. 62-71; Ruediger et al. 2000, p. 1-3; 
ILBT 2013, p. 27). The length of time to achieve favorable hare and lynx habitat after fire (or 
other vegetation disturbance) and the duration for which those conditions persist vary across the 
lynx range depending on soil and vegetation potential, temperature and precipitation patterns, 
topography, fire intensity, and perhaps other local conditions (Agee 2000, pp. 62-71; Ruediger 
et al. 2000, p. 2-5; ILBT 2013, pp. 27-29, 75). Generally, regenerating forests in the DPS range 
may begin providing winter hare habitat within 10-20 years after fire or other disturbance, with 
favorable conditions persisting for 20-30 years after that (Koehler and Aubry 1994, pp. 86-87; 
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Agee 2000, pp. 67-71; Fuller et al. 2007, p. 1985; McCann and Moen 2011, p. 515; Vashon et 
al. 2012, p. 15; ILBT 2013, pp. 28-29), although it may take longer, perhaps 35-40 years, for 
lynx habitat to recover in some parts of the range (e.g., Maletzke in Lynx SSA 2016a, p. 21). 
 
Fire frequencies, sizes, intensities, and return intervals also vary across the range of the lynx 
and depend on local vegetation communities, climatic conditions, and topography (Agee 2000, 
pp. 47-56; Ruediger et al. 2000, p. 4-8; ILBT 2013, pp. 75-76). In lynx habitats, fire intensity is 
typically high and fire return intervals long but variable, with large areas affected by infrequent 
stand-replacing fires and, in mixed fire regimes, moderate- or low-intensity fires in the intervals 
between stand-replacing events (Agee 2000, pp. 49-54; Ruediger et al. 2000, pp. 4-8, 7-6). 
Within the DPS range, fire return intervals in the Great Lakes Region appear similar to those in 
the core of the lynx’s range in the Canadian and Alaskan taiga (roughly 50-150 years), with 
longer return intervals in Western (150-300 years) and Northeastern (up to 500 years) forests 
(Agee 2000, pp. 52-53; ILBT 2013, pp. 75-76). Despite these long intervals, fire is the dominant 
natural disturbance mechanism in lynx habitats in the DPS range except in the Northeast, where 
insects and wind are more important (Agee 2000, p. 53). 
 
Current Federal wildland fire management policy recognizes fire as a natural ecological process 
essential to the health and resilience of some forest systems, and it attempts to balance the 
ecological, social, and legal aspects of wildfire (USDA and USDI 2009, p. 6). However, the prior 
history of fire response was largely one of active suppression for most of the last century 
(Zimmerman and Bunnell 2000, p. 288; USDI et al. 2001, p. 1-1; USDA and USDI 2003, p. 3; 68 
FR 40092; Calkin et al. 2015, pp. 1-3) which, combined with other land-use practices, 
dramatically altered fire regimes in some places and created conditions prone to larger and 
more severe fires (USDI et al. 2001, p. 1-2). Because of (1) fire’s important role in creating and 
maintaining high-quality early-successional hare habitat in most lynx habitats in the contiguous 
United States, (2) the potential for fire suppression to alter this dynamic to the detriment of 
hares and lynx, and (3) the limited ability of land managers (at that time) to use fire to benefit 
hares and lynx, wildland fire management was identified as a “Lynx Risk Factor Affecting Lynx 
Productivity” (Ruediger et al. 2000, pp. 2-5, 5-2). To address these concerns, the authors 
developed objectives, standards, and guidelines for Federal land managers to restore fire’s role 
in maintaining lynx habitats, attempt to mimic historical natural fire regimes, and integrate lynx 
habitat objectives into fire management plans (Ruediger et al. 2000, pp. 7-6 - 7-8). They also 
directed Federal land managers to evaluate whether fire suppression or other management 
practices had altered fire regimes and ecosystem function in potential lynx habitats and, where 
so, to use fire (naturally ignited fires or prescribed burns) as a tool to restore and maintain lynx 
habitat by creating or regenerating snowshoe hare habitat (Ruediger et al. 2000, p. 7-7). 
 
In its 2000 listing rule and 2003 remanded determination, the Service recognized the potential 
for fire suppression to adversely affect lynx and hare habitats at local and regional scales, 
particularly in the Great Lakes Region, where fire suppression policies across land ownerships 
likely prevented fire from assuming its natural role in creating a landscape mosaic of vegetation 
communities and age classes (65 FR 16076; 68 FR 40095). In the Northeast, the Service 
concluded that the very long fire return intervals and maritime influence in lynx forest types 
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indicated that fire did not historically play a significant role in creating or maintaining lynx and 
hare habitats and thus fire suppression was unlikely to have affected lynx habitat (68 FR 
40094). In the West, the Service concluded that the effects of fire suppression were likely lower 
in lynx forest types because of their typically long fire return intervals compared to lower and 
drier forest types (65 FR 16074; 68 FR 40093-94). Overall, the Service concluded that fire 
suppression did not represent a threat to lynx in the Northeast and was a low-magnitude threat 
in the Great Lakes, Southern Rockies, and Northern Rockies/Cascades (65 FR 16075-16076; 
68 FR 40093-40098). 
 
In response to the guidance provided in the LCAS, the USFS, when developing the NRLMD and 
the SRLA to amend forest plans to address lynx conservation (see 3.1.1), evaluated whether 
fire suppression had adversely affected potential lynx habitats on national forests in the 
Northern and Southern Rockies. The USFS concluded that many forests in potential lynx habitat 
are in Condition Class 1, which means they have not missed a fire cycle because large, stand-
replacing fire only occurs every 100 to 200 years; the long fire return interval has not been 
affected to any large degree by more recent fire suppression as is the case in drier forests with 
short fire return intervals; and they are close to historical conditions (USFS 2007, pp. 18, 20; 
USFS 2008a, p. 11). In addition to the national forests covered by the NRLMD and SRLA (all 
national forests in the Northwestern Montana/Northeastern Idaho, GYA, and Western Colorado 
geographical units), the Superior National Forest, which accounts for 45 percent of the 
Northeastern Minnesota unit, revised its forest plan to adopt lynx conservation measures 
consistent with the LCAS (USFS 2004a, Appendix E). The Okanogan-Wenatchee National 
Forest in the North- central Washington unit is currently revising its management plan and 
continues to manage for lynx conservation in accordance with the LCAS, including direction to 
restore fire to its natural ecological role and to use it as a tool to restore and maintain hare and 
lynx habitats. 
 
As described above in section 3.1.1, current Federal management on most USFS and BLM 
lands, in accordance with formally revised or amended management plans, includes limits on 
the proportion of lynx habitat within LAUs that can be in an unsuitable condition at any given 
time, including such conditions, usually temporary, created by wildfire. Although some 
exemptions and exceptions to these limits are permitted for activities to reduce fire risks to 
communities and infrastructure in the wildland-urban interface (WUI) or to achieve other 
resource benefits, even these potential impacts are limited on the larger landscape scale 
(USFWS 2007, p. 7). These conservation measures and the direction to use fire management 
(as well as timber harvest/vegetation management) as a tool to restore hare and lynx habitats 
and return to natural temporal and spatial patterns of fire disturbance, which were not in place 
when the DPS was listed, likely further reduce what was even then considered the low potential 
threat to lynx of past fire suppression activities. Based on the information above, we conclude 
that fire suppression and other fire management activities have not substantially impacted lynx 
and hare habitats in the DPS range and are unlikely to do so in the future. 
 
However, warming temperatures attributed to climate change are reducing snowpack, causing 
earlier snowmelt and longer and more extensive droughts, resulting in longer wildfire seasons 
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and increased fire frequency, size, and intensity in boreal forests of the north and in boreal and 
montane forests in some parts of the DPS range (Weber and Flannigan 1997, entire; Stocks et 
al. 1998, entire; Gillett et al. 2004, entire; Kasischke and Turetsky 2006, entire; Soja et al. 2007, 
entire; Pierce et al. 2008, entire; Flannigan et al. 2009, entire; Krawchuk et al. 2009, entire; Le 
Goff et al. 2009, entire; Bergeron et al. 2010, entire; Salathe et al. 2010, entire; Abatzoglou 
2011, entire; McKelvey et al. 2011, entire; Abatzoglou and Kolden 2013, entire; Pederson et al. 
2013, p. 1815; Price et al. 2013, pp. 342-343, 352-354; Barbero et al. 2014, entire; Trenberth et 
al. 2014, entire; Barbero et al. 2015, entire; Jolly et al. 2015, entire; Lute et al. 2015, entire; 
USEPA 2015, entire; Lienard et al. 2016, entire; Littell et al. 2016, entire; Westerling 2016, 
entire; see also section 3.2 above). Increases in fire frequency and size have the potential to 
adversely affect lynx and hare habitats in the DPS range by rapidly converting large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats (ILBT 2013, p. 70). Although this would likely 
be a temporary impact, with burned areas subsequently regenerating into higher-quality habitat, 
it would likely reduce landscape-level hare densities and therefore lynx numbers, potentially 
compromising an area’s ability to support a resident lynx population until burned habitats 
recover. 
 
Because lynx habitats are naturally patchily-distributed and landscape-level hare densities 
already naturally marginal in many parts of the DPS range, it is possible that very large wildfires 
or many fires over a short time period could, perhaps in concert with other influencing factors, 
cause a shift in habitats in a given area from just barely capable of supporting a resident lynx 
population to no longer capable of doing so, resulting in extirpation. For example, as described 
in sections 2.3.2.2 and 4.2.4, large fires in Unit 4 during the past few decades have burned over 
a third of lynx habitat (Lewis 2016, pp. 4-6), increasing lynx home range size and reducing 
carrying capacity (Maletzke in Lynx SSA 2016, p. 21). If additional large fires occur in this unit 
before previously burned areas recover (10-40 years post-burn), carrying capacity and the lynx 
population would likely decline, further reducing the likelihood that resident lynx will persist 
(Lewis 2016, pp. 5-6; Lynx SSA Team 2016a, p. 44; also see sections 4.2.4 and 5.2.4). The loss 
of habitat resulting from these fires and its potential demographic impacts on the State’s only 
resident lynx population contributed substantially to the WADFW’s recent recommendation, and 
the State Fish and Wildlife Commission’s decision, to uplist lynx from threatened to endangered 
under its State Endangered Species Program (Lewis 2016, entire; WAFWC 2016, p.3). 
 
Wildfire frequency, size, and intensity have also increased in the Northwestern Montana/ 
Northeastern Idaho geographic unit, where about 4,172 km2 (1,611 mi2; over 15 percent of the 
unit) have burned in western Montana from 2000-2013 (Squires in Lynx SSA Team 2016a, p. 
20). Large fires have also impacted lynx habitat in the Western Colorado geographic unit, where 
fire size, frequency, and intensity are expected to increase with climate change (Ivan in Lynx 
SSA Team 2016a, p. 23). As mentioned in section 2.3.2.2, large areas of the GYA unit were 
burned by the extensive wildfires of 1988. The extent to which those fires may have diminished 
lynx and hare habitats and contributed to the recent absence of resident lynx is uncertain, as is 
the potential for those burned areas to support high hare densities and resident lynx in the 
future. However, some burned areas may soon develop the dense horizontal conifer structure 
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favorable for hares and therefore for lynx foraging habitat, perhaps increasing the likelihood that 
they may support resident lynx in the near future. 
 
Fire suppression was in the past thought to be a potential risk factor for lynx in the DPS range. 
However, given the trends discussed above and the likely continued increase in future fire 
activity related to projected continued climate warming, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of lynx populations, especially in places already affected by increased fire activity 
and those that are naturally only marginally capable of supporting resident lynx. 

3.5 Habitat Loss and Fragmentation 
Habitat loss for lynx is, generally, the conversion of boreal forest to another land use or 
vegetative cover. Fragmentation, which may involve permanent or temporary habitat loss, has 
been variously defined to describe a reduction of total area, increased isolation of patches, and 
reduced connectedness among patches of natural vegetation (Rolstad 1991; ILBT 2013, p. 76). 
“Patchiness” is sometimes used to refer to natural processes (Buskirk et al. 2000a, p. 85), 
whereas “fragmentation” refers to anthropogenic disruption of natural patterns. Boreal forest 
habitats in most parts of the DPS range are naturally patchy (ILBT 2013, p. 76) and marginal for 
both snowshoe hares and lynx compared to the northern cores of both species’ ranges. In the 
northern contiguous United States, boreal forest transitions to various types of northern 
hardwood forest in the Northeast and Great Lakes Region and to drier, more temperate 
montane forests in the West. The transitional nature of the boreal forest at its southern extent is 
believed (along with competition from other hare predators) to limit the numbers of both hares 
and lynx, preventing either from achieving densities comparable to those regularly achieved 
(except during the low of the hare population cycle) in the classic boreal forests in the cores of 
both species’ ranges in Canada and Alaska (Wolff 1980, pp. 123–128; Buehler and Keith 1982, 
pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 79 FR 54790). 
 
Forest loss and fragmentation are relatively low in the DPS range compared to other forested 
regions in the United States (Heilman et al. 2002, p. 416). Since 2000 in the western United 
States, land uses associated with residential development, roads, and highway traffic have 
resulted in a 4.5 percent (20,000 km2 [7,722 mi2]) loss in forest area, and continued expansion 
of residential development will likely reduce forested patches by another 1.2 percent percent by 
2030 (Theobold et al. 2011, entire). Human-caused fragmentation in the forested western 
landscape resulted in a decline of weighted mean patch size from roughly 35,000 km2 (13,514 
mi2) to 3,200 km2 (1,236 mi2) from natural to current conditions, but models predict relatively 
small declines in the size of forested patches over the next 30 years (Theobold et al. 2011, p. 
2451). In the eastern United States, nearly half or more of the natural forest was cleared in the 
past 3 centuries, but as agriculture and settlement relocated westward and some eastern 
farmlands were abandoned, eastern forest cover rebounded (Williams 1989; Smith et al. 2005). 
Similarly, a large portion of Minnesota’s forests was cleared in the last century and, although 
overall forest cover has rebounded, the forested area in northern Minnesota has decreased 4 
percent since 1977 (Miles et al. 2007, p. 22). Future trends portend increased human population 

http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-58
http://bioscience.oxfordjournals.org/content/60/4/286.full#ref-47
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and declining forestland in the United States (Haynes 2003), but whether and to what extent 
forest conversion will affect boreal forest habitat in the DPS is uncertain. 
 
Effects of Fragmentation - Canada lynx seem to be flexible in their response to habitat 
fragmentation, whereas closely related species, such as bobcats and Iberian lynx, are sensitive 
to habitat fragmentation (Ferreras 2001; Crooks 2002). In southern Ontario, Hornseth et al. 
(2014, pp. 8-9) demonstrated that lynx exhibited a wide range of responses to habitat alteration. 
In general, lynx responded most positively to areas having greater than 50 percent suitable 
habitat and generally avoided areas having less than 30 percent suitable habitat. However, lynx 
showed no sensitivity to the degree of forest fragmentation in areas of high or low suitable 
habitat. 
 
In the DPS range, lynx achieve highest densities in landscapes having a high percentage of 
large, contiguous patches of high-quality hare habitat (Simons 2009; Simons-Legaard et al. 
2013). Throughout the DPS range, landscapes with more contiguous boreal forest habitat 
support more snowshoe hares than fragmented landscapes, and lynx select habitats that 
improve their foraging opportunities (Moen et al. 2008; Vashon et al. 2008a; Simons 2009; 
Fuller and Harrison 2010; Squires et al. 2010; Lewis et al. 2011, p. 565; ILBT 2013, p. 77). 
During winter, coarse-scale habitat selection by lynx in Maine maximized their access to 
snowshoe hares (Fuller and Harrison 2010; ILBT 2013, p. 77). In Montana, lynx similarly 
selected habitat patches that supported snowshoe hares and in winter avoided recent clearcuts 
or other open patches (Squires et al. 2010; ILBT 2013, p. 77). Several other studies 
documented lynx avoidance of large openings, especially during winter, probably because such 
habitats are rarely used by hares and would not, therefore, attract foraging lynx (Koehler 1990a; 
Mowat et al. 2000; von Kienast 2003; Maletzke 2004; Squires and Ruggiero 2007; ILBT 2013, p. 
77). Koehler (1990a) suggested that lynx movements and habitat use patterns could be altered 
temporarily by vegetation management that creates large distances (> 100 m [328 ft]) to 
forested cover (ILBT 2013, p. 77). 
 
Throughout the northern part of their range, snowshoe hares are found in vast areas of boreal 
forest interspersed with occasional bogs and fens and water that are less preferred. Conversely, 
southern hare populations (including most in the DPS range) occur primarily in insular patches 
of suitable habitat set amidst large areas of less-preferred habitats (Wolff 1980; Keith et al. 
1993). This disparity has led a number of biologists to speculate that habitat fragmentation 
ultimately may be responsible for the non-cycling nature of snowshoe hare populations in 
southern Canada and the northern contiguous United States (Dolbeer and Clark 1975; Buehler 
and Keith 1982; Keith et al. 1993; Strohm and Tyson 2009). Wolff (1980, 1981) described the 
mechanism by which a fragmented habitat might dampen or eliminate cyclic population 
fluctuations. The patchy distribution and generally lower densities of hares in many parts of the 
contiguous United States require lynx in most areas of the DPS range to maintain larger home 
ranges than lynx in the core of the species’ range (Mowat et al. 2000, pp. 265, 277–278). Larger 
home ranges likely require more energy output associated with greater foraging effort to acquire 
adequate food (Apps 2000, p. 364) and may expose lynx to increased risk of predation and 
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other mortality factors such as roads and trapping.  At some point, landscape hare densities 
become too low, making some areas incapable of supporting lynx. 
 
Snow, also an important component of lynx habitat (79 FR 54809), can be patchily-distributed, 
variable and unpredictable from year to year, and affected by local topography, water bodies, 
and climate gradients. Snow depth (Hoving et al. 2005; Peers et al. 2013, entire) and 
persistence (Gonzalez et al. 2007) are believed to give lynx a competitive advantage over 
generalist predators in the contiguous United States. The snow environment in much of the DPS 
range is patchy and marginal in both space and time for snowshoe hares and lynx. Too little 
snow or crusting conditions may favor potential competitors and predators like bobcat, fisher, 
and coyotes. High elevations may provide snow conditions that favor lynx, whereas lower 
elevations may favor conditions for competitors. Snow conditions that provide lynx a competitive 
advantage over other terrestrial hare predators are most consistent in the high-elevation regions 
of the western United States, although snow alone does not constitute lynx habitat (i.e., many 
places receive sufficient snow but lack other features lynx need, typically adequate hare 
densities). Lynx likely have a competitive advantage at higher elevations in the DPS in the 
winter, but not in summer months when potential competitors have increased access to all 
habitats. Snow conditions are less consistent in the East. For example, lake-effect snow from 
Lake Superior can increase snow depth and duration in northeastern Minnesota in some years 
but not in others. The Gulf of Maine has the reverse effect, and its warming influence reduces 
snow depth and duration inland. Distribution models by Hoving (2001, p. 74) indicate that 
eastern Maine has extensive areas of boreal forest, but they do not achieve snowfall conditions 
associated with lynx presence in other parts of the state, and lynx are rarely found there. 
 
Naturally patchy forests and those fragmented by humans may exacerbate competition between 
lynx and other predators (Buskirk et al. 2000a, entire). Forest patchiness, fragmentation, and 
competition are strongly linked because vegetation mosaics in landscapes provide high-quality 
environments for generalist species such as the bobcat, red fox, and coyote (Goodrich and 
Buskirk 1995; Buskirk et al. 2000a, p. 84), and generalist predators tend to dominate the 
predator guild in patchy or fragmented landscapes (Oehler and Litvaitis 1996). Hares fluctuate 
less dramatically in the southern part of the lynx range, thus there is more competition for a 
limited resource and exploitation competition could be inflicted by generalists (e.g., coyotes) and 
other predators (Buskirk et al. 2000a, p. 95). Snowshoe hares in the south are concentrated in 
isolated patches of suitable habitat and subject to predation by a suite of generalist predators 
(e.g., Litvaitis et al. 1985; Sievert and Keith 1985; Keith et al. 1993; Cox et al. 1997). Keith et al. 
(1993) found that an extremely high predation rate on hares living in high-quality habitats 
seemed to be driving the changes in distribution and abundance in a snowshoe hare population 
in Wisconsin, rather than predation on naturally dispersing individuals. In that study, predation 
pressure on hare populations occupying small (< 7 ha [< 17 ac]) patches of preferred habitat 
was so severe that 3 of the 5 populations under investigation were extirpated in the course of 
the 3-year study. Fragmentation exacerbates the effect of predation by allowing carnivores to 
concentrate their hunting efforts on small patches of habitat used by their preferred prey instead 
of preying disproportionately on dispersing individuals (Wirsing et al. 2002, p. 170). In predator-
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rich landscapes characteristic of the DPS, this can result in intense predation and competition 
for a limited prey resource. 
 
Landscape features further fragment hare and lynx habitat. In the western geographic units, 
potentially suitable boreal forests and appropriate snow conditions occur in relatively narrow 
elevational bands in the Cascade and Northern and Southern Rocky Mountains (McKelvey et al. 
2000a, pp. 243-246). Thus, lynx habitats are naturally fragmented by topography and vegetation 
gradients. These “islands” of habitat can be extensive (e.g., the Okanagan in Washington or 
most of northwestern Montana) or smaller and relatively isolated (e.g., the Garnet Range in 
western Montana) depending on topography and precipitation patterns. Some of these areas of 
boreal forest are separated by unsuitable habitats in the low valleys (e.g., sage flats, urban 
corridors, agricultural lands) or by snow regimes (e.g. snow shadows) that may discourage lynx 
dispersal between habitat patches (although verifed records of lynx in many parts of the 
contiguous United States and long-distance dispersal of lynx released in Colorado demonstrate 
that lynx at least occasionally navigate such habitats). In some western parts of the DPS range, 
lynx habitat is also fragmented by rugged, high elevation terrain (Carroll et al. 2001, p. 976). In 
most areas of the DPS, including Maine and Minnesota where there is little topography, lynx 
travel through a “matrix” of less suitable forested areas as they move between areas of higher-
quality habitat. Large rivers are unlikely to fragment habitat as lynx readily swim across large 
bodies of water (Feierabend and Kielland 2014, entire) or cross them on ice in the winter (Koen 
et al. 2015). 
 
As described above, both lynx and hares are influenced by the spatial arrangement of preferred 
habitat. Lynx populations are clearly most viable in areas having extensive and relatively 
unfragmented boreal forest habitats with large patches of high-quality foraging (hare) habitat 
and persistent deep, unconsolidated snow. Similarly, individual lynx have the smallest home 
ranges and greatest survival and productivity in landscapes that have extensive, large patches 
of habitat in combination with deep, fluffy snow. The factors described above create a naturally 
patchy distribution of high-quality lynx habitat thoughout much of the DPS range, resulting in 
generally lower reproductive output and a more tenuous conservation status for lynx in many 
parts of the DPS relative to those in Canada and Alaska (Buskirk et al. 2000a, p. 95). Thus, 
human activities, described below, that increase boreal forest fragmentation may further reduce 
the quality of lynx habitat that is already naturally marginal thoughout much of the DPS range, 
perhaps reducing the likelihood that resident lynx populations will persist. 
 
Anthropogenic Sources of Fragmentation - Human activities can exacerbate the naturally-
patchy habitat that is typical throughout much of the DPS range. Anthropogenic activities such 
as forest management, development, and highways alter natural landscape patterns. They 
cumulatively can reduce the total area of habitat, diminish the quality of habitat, increase the 
isolation of habitat patches, and impair the ability of lynx and other wildlife to effectively move 
between patches of habitat. Anthropogenic fragmentation may be permanent, for example by 
converting forest habitat to residential, industrial, or agricultural purposes, or temporary, for 
example by conducting forest management but allowing trees and shrubs to regrow. Habitat 
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fragmentation (both natural and anthropogenic) increases the risk of extirpation of small lynx 
populations. 
 
Human-caused fragmentation of the already naturally patchy pattern of lynx habitat in the 
contiguous United States can affect lynx by reducing their prey base and increasing the 
energetic costs of using habitat within their home ranges. Buskirk et al. (2000a) identified direct 
effects of fragmentation on lynx to include creation of openings that potentially increase access 
by competing carnivores, increasing the edge between early-successional habitat and other 
habitats, and changes in the structural complexities and amounts of seral forests within the 
landscape. At some point, landscape-scale fragmentation can make patches of foraging habitat 
too small and too distant from each other to be effectively accessed by lynx as part of their 
home range. Maintaining a mosaic of large (> 40 ha [100 ac]) patches of young to old stands in 
patterns that are representative of natural ecological processes and disturbance regimes would 
be conducive to long-term conservation of lynx (ILBT 2013, p. 77). 
 
Roads, development, climate change, and forest management fragment snowshoe hare and 
lynx habitat in the DPS. We know little about how hare and lynx respond to these 
anthropomorphic changes to their habitat, which requires additional research (Murray et al. 
2008, p. 1464; Squires et al. 2013, p. 194). In the next decades, southern lynx populations will 
likely incur further habitat loss and fragmentation from these and other factors. Changes in 
habitat, prey base, and perhaps competitor guild will likely impact lynx populations in the DPS 
and in southern Canada. 
 
Roads - Paved highways fragment lynx habitat. They surround large areas of lynx habitat in 
Minnesota and northern Maine. In the West, they typically follow natural features such as rivers, 
valleys, and mountain passes that may have high value for lynx in providing habitat or 
connectivity. Nonetheless, the density of paved roads is generally low in most lynx habitat in the 
DPS range. Various studies have documented lynx crossing highways. A male lynx in western 
Wyoming was documented to have successfully crossed several 2-lane highways during 
exploratory movements (Squires and Oakleaf 2005). However, in Alberta, Canada, high road 
densities, human activity, and associated developments appeared to reduce the habitat quality 
based on decreased occupancy by lynx (Bayne et al. 2008). Apps et al. (2007) found lynx were 
13 times less likely to cross the Trans-Canada Highway (a 4-lane highway) relative to random 
expectation, but only 2.2 and 3.1 times less likely to cross smaller 2-lane highways (93 and 1A, 
respectively). In southeastern British Columbia, lynx avoided crossing highways within their 
home ranges (Apps, 2000). Squires et al. 2013 (p. 194) documented 44 radio-collared lynx with 
home ranges within an 8 km buffer of 2-lane highways; however, only 12 of these individuals 
crossed the highway. Paved highways also pose a risk of direct mortality to lynx and may inhibit 
lynx movement between previously connected habitats. If lynx avoid crossing some highways, 
this could lead to a loss of effective habitat within a home range and reduced interaction within a 
local population (Apps et al. 2007). Lynx and other carnivores may avoid using habitat adjacent 
to highways, or become intimidated by highway traffic when attempting to cross (Gibeau and 
Heuer 1996; Forman and Alexander 1998). 
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Carnivores are especially vulnerable to highway-caused mortality in areas with dense and high 
traffic volume roadways (Clevenger et al. 2001). As the standard of roads increases from single-
lane gravel to 2-lane or 4-lane highways, traffic volumes and the degree of impact are expected 
to increase. Walpole et al. (2012, p. 770) found that small logging roads with low traffic volume 
had no effect on lynx distribution, and lynx in Nova Scotia followed road edges for considerable 
distances (Parker 1981, p. 229). In Maine, lynx occasionally travel on unplowed logging roads 
during winter, but these roads and their associated edge habitat were selected against within 
home ranges (Fuller et al. 2007, p. 1983). Lynx killed fewer hares near logging roads in Maine 
likely because hare density was lower there than in adjacent un-roaded habitats (Fuller et al. 
2007, p. 1985; Fuller and Harrison 2010, p. 1274) or possibly because of increased potential for 
interactions with generalist competitors suchs as coyotes (Fuller et al. 2007, p. 1985). In 
Minnesota, Moen et al. (2010b) found that lynx selected for roads during long-distance 
movements. Although roads may not be essential to these movements, lynx appeared to benefit 
energetically from the use of these linear features. Squires et al. (2008) reported that lynx 
denned farther from all roads compared to random expectation. 
 
Four-lane highways, such as the interstate highway system, commonly have fences on both 
sides, service roads, parallel railroads or power lines, and impediments like "Jersey barriers" 
that make successful crossing more difficult, or impossible, for wildlife (ILBT  2013, p. 78). 
Alexander et al. (2005) suggested traffic volumes between 3,000 and 5,000 vehicles per day 
may be the threshold above which successful crossings by carnivores are impeded. In 
Colorado, lynx successfully and repeatedly crossed major highways, including I-70 (Ivan 2011c; 
2011d; 2012). Colorado lynx crossed 2-lane highways an average of 0.6 times per day and 
more frequently during dusk and at night when traffic volume was lower (Baigas et al. 2017, p. 
204). They also crossed 4-lane highways (I-70), especially in forested areas under large, 
elevated bridges that spanned streams (Baigas et al. 2017, p. 204). 
 
Between 2000 and 2015, 54 lynx were reported to have been killed on roads (both paved and 
unpaved) in Maine (Vashon, MDIFW, unpubl. data), 9 in Minnesota (and 2 hit by trains; USFWS 
2016b, unpubl. data), 1 in Idaho, and 5 in Montana (USFWS 2016c, unpubl. data). Between 
1995 and 2011, 15 lynx were reported killed on British Columbia highways (British Columbia 
Wildlife Accident Reporting System 2012, as cited in ILBT 2013, p. 78). Most of these mortalities 
are on higher-speed paved highways. However, in Maine, about 41 percent (22 of 54) were 
killed on dirt logging roads with low traffic volumes and lower speed limits. In Minnesota, 2 lynx 
were killed on backcountry railroads and 2 on unpaved forest roads. Backcountry roads also 
provide human access into lynx habitat where incidental trapping or illegal shooting can occur. 
 
Translocated lynx may be more vulnerable to road mortality than resident lynx (Brocke et al. 
1991, p. 308), because they often move extensively after their release and are unfamiliar with 
their surroundings (ILBT 2013, p. 78). In the Adirondack Mountains of New York, an attempt to 
reintroduce lynx failed and 18 of 37 documented mortalities (among 83 lynx released over 3 
years; Brocke et al. 1993, p. 1) were attributed to road kills (Brocke et al. 1991, p. 308; ILBT 
2013, p. 78). Over a 7-year period in Colorado, 13 of 102 documented mortalities of 
translocated lynx were the result of vehicle collisions on highways (Devineau et al. 2010, p. 
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528). Traffic volumes on those Colorado highways were estimated to range from about 2,300 to 
> 25,000 vehicles per day (USFWS 2016c, unpubl. data, p. 1). 
 
In summary, roads of all sizes may have direct (e.g., habitat loss and fragmentation, vehicle 
collisions) as well as indirect effects to lynx. The latter may include increasing human access, 
potentially resulting in increased incidental trapping and illegal shooting; creating edge habitats 
that may promote co-occurrence with potential competitors like coyotes and bobcats (Bayne et 
al. 2008, p. 1195); reducing prey densities; and influencing lynx behavior, both detrimentally 
(avoidance) and beneficially (energetic savings during long-distance movements). Although 
potential adverse impacts of roads in lynx habitats likely outweigh any potential benefits, thus far 
population-level impacts of roads have not been demonstrated among DPS lynx populations. 
 
Vegetation Management - As described above in section 3.3, forest management can further 
fragment boreal forest in the northern contiguous United States, potentially affecting habitat 
suitability for both snowshoe hares and lynx. Large-scale forest fragmentation or maturation can 
be detrimental to snowshoe hares because both can cause hares to become increasingly 
restricted to remaining small patches with adequate cover, where higher predation rates from a 
variety of carnivores tend to increase local hare extinction risk (Wolff 1981; Keith et al. 1993; 
Wirsing et al. 2002; see also Barbour and Litvaitis 1993, entire). Although forest management 
can benefit lynx if it creates, maintains, or restores a shifting mosaic of high-quality habitat, it 
can also be detrimental if it fragments habitat into small, widely-spaced parcels. Changes to 
vegetation structure can influence lynx movements; in Montana, fragmentation from forest 
thinning decreased the probability of lynx movements across the forested landscape (Squires et 
al. 2013, p. 192). Lynx in the Northern Rockies also seem sensitive to changes in forest 
structure and avoid large forest openings like recent clearcuts and thinned areas, particularly in 
winter (Koehler, 1990a; Squires et al. 2010). Modeling in Maine suggests that the shift from 
clear-cutting to partial harvesting will likely increase the number of patches of high-quality hare 
habitat but greatly reduce the size of patches and increase their isolation (Simons-Legaard et al. 
2016, pp. 5-6), thus diminishing landscape habitat quality for lynx. See section 3.3 for further 
discussion of vegetation management as a potential source of habitat fragmentation. 
 
Residential and Commercial Development - Residential and commercial development is 
increasing on private forest lands. Increased traffic and urbanization are projected for the 
Northern Rockies (Hansen et al. 2002) and Maine (also see section 5.2.1). It is uncertain to 
what degree lynx can tolerate habitat fragmentation from roads and clearing forest for 
development, and how human and pet activity associated with development may affect lynx use 
of habitats. Some anecdotal information suggests that lynx are quite tolerant of humans, 
although given differences in individuals and contexts, a variety of behavioral responses to 
human presence may be expected (Staples 1995, Mowat et al. 2000). The degree to which 
residential development and associated roads reduce connectivity of mesocarnivore populations 
(including lynx) likely depends on the physical design of highway improvements, the 
surrounding environmental features, the density of increased urbanization, and the increased 
traffic volume (Clevenger and Waltho, 2005; Grilo et al. 2009). 
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Ski area development also results in permanent habitat loss and fragmentation. One ski run is 
often separated from the next only by small inter-trail forest islands. Ski runs often are 
intermixed with other open areas such as open or gladed bowls, rock outcrops, or barren tundra 
ridges. Ski resorts that are built or expanded in lynx habitat may impact lynx by removing forest 
cover, reducing the snowshoe hare prey base, and creating or increasing human disturbance in 
or near linkage areas. There is limited information on lynx behavior and habitat use in and 
around ski areas. Lynx have been known to incorporate smaller ski resorts within their home 
ranges, but may not utilize the large resorts. Preliminary information from an ongoing study in 
Colorado suggests that some recreational use may be compatible, but lynx may avoid some 
areas with concentrated recreation use. In some areas, lynx habitat may be limited and 
concentrated in the ski area development footprint (ILBT 2013, p. 55). More than 50 ski areas 
exist throughout the range of the lynx in the contiguous United States (ILBT 2013, pp. 82-83). 
Most ski areas are located on north-facing slopes, where ample snow conditions provide for 
extended ski/snowboard recreational seasons. In the western states, many of these landscapes 
feature spruce-fir forests. While ski resorts occupy a small proportion of the landscape, spruce-
fir forests provide important habitat for snowshoe hares and lynx at the southern extent of their 
range. In winter, alpine and Nordic skiing and snowboarding are the primary uses. Most of these 
resorts offer year-round recreation, with summer activities typically including hiking and 
mountain biking. Despite concerns regarding ski-area impacts to lynx, they have affected only a 
tiny fraction of potential lynx habitats in the DPS range, and no population-level effects of ski 
areas or related recreation activities have been demonstrated for DPS lynx populations. 
 
Mineral Extraction – Mining and oil and gas exploration and production activities occur primarily 
within the western units of the DPS although there is increased interest in mining in the 
Minnesota and Maine units. Lynx habitats may be lost and fragmented as a result of mining, 
similar to other development: loss of boreal forest; construction of roads, railroads, and 
transmission lines; and increased human access and disturbance where lynx occur. In the 
West, for example in the Wyoming Range (Unit 5), extensive oil and coal bed methane 
development can affect large areas of landscape (e.g., 1 well per 2-4 ha (5-10 ac) and could 
diminish potential lynx habitat in some areas. Open pit and subsurface mines can affect from 
tens to thousands of hectares of habitat. To reduce effects of mineral development, land 
exchanges are sometimes implemented to consolidate private land ownership of the surface 
above a deposit to be mined. Depending on the lands exchanged, this could retain lynx habitat 
in public ownership. Surface deposits of minerals and gravel for forest road construction are 
excavated within some lynx areas and vary from a single truck load to tens of acres. Although 
mining and oil and gas development can result in loss and fragmentation of lynx habitats, thus 
far, effects to DPS lynx populations have not been demonstrated. 
 
Wind Energy - Wind energy development and associated transmission lines are increasing 
across the nation and could affect lynx habitats. Facilities are often located on ridge tops or 
other areas exposed to consistent wind. Construction of wind facilities, including access roads, 
clearing for turbines, and transmission lines, may result in loss of lynx habitat and increased 
fragmentation from permanent forest clearings. Noise and human activity associated with the 
construction and operation of wind facilities could disturb or displace lynx from important 
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habitats. Effects would likely continue through the life of the project, which may exceed 20 
years. Wind energy development has occured in some areas of the lynx DPS but has effected 
relatively small amounts of lynx habitat. Despite being a potential source of additional habitat 
loss and fragmentation, there is no information to suggest that wind energy development has 
had population-level effects on lynx in the DPS range. 
 
Utility Corridors - Utility corridors contain developments such as overhead or buried powerlines 
and gas pipelines, and often are located within or adjacent to existing road rights-of-way. Utility 
corridors potentially could have short- or long-term impacts to lynx habitats, depending on 
location, type, vegetation clearing standards, and frequency of maintenance. Those that are 
extensively cleared of vegetation and maintained in grass or herbaceous vegetation likely 
equate to a permanent habitat loss. When associated with highways and railroads, utility 
corridors may further widen rights-of-way. Utility corridors can facilitate human access into 
previously remote areas potentially exposing lynx to increased trapping, illegal shooting, or 
other human disturbance. In most instances, naturally-vegetated utility corridors are less than 
300 m (984 ft) wide and would not be expected to block lynx movements. Despite being a 
potential source of additional habitat loss and fragmentation, there is no information to suggest 
that impacts from utilitiy corridors have had population-level effects on lynx in the DPS range. 
 
Agriculture - Agricultural activity currently is not expanding in lynx habitat areas and has 
decreased in some parts of the DPS range. For example, the amount of farmland in northern 
Maine has declined by over 75 percent, from over 1.2 million ha (3 million ac) in the late 1800s, 
to about 283,000 ha (700,000 ac) early this century (Ahn et al. 2002, p. 8). Most of the current 
farming is in northeastern Maine, where it fragments the forested landscape corridor between 
core habitats in northern Maine and western New Brunswick. However, lynx have been 
documented dispersing through this landscape (J. Vashon, Maine Department of Inland 
Fisheries and Wildlife, unpubl. data). Forest clearing for agriculture also may have contributed 
(along with increasing road densities and an expansion in coyote distribution) to the recent 
contraction in the southern part of lynx range in eastern Alberta (Bayne et al. 2008, p. 1195). 
Overall, agricultural activities occur at very low levels within potential lynx habitats in the DPS 
range, and no impacts to DPS lynx populations have been demonstrated. 
 
Habitat Loss and Fragmentation in Corridor Areas Connecting Lynx Populations in the DPS with 
Adjacent Populations in Canada - Lynx conservation in the contiguous United States is thought 
to depend in part on maintaining connectivity with habitat areas and lynx populations in Canada. 
Maintaining connectivity for lynx may become increasingly difficult because of climate change 
and other anthropogenic influences, as evidenced by reduced connectivity for other boreal 
species (van Oort et al. 2011). Potential corridors have been identified in the northern Rockies 
(Squires et al. 2013, entire). There are likely broad forested corridors with suitable dispersal 
habitat connecting core habitats in Maine to southern Quebec and northern New Brunswick, and 
northern Minnesota to southern Ontario. Given the perceived importance of lynx immigration 
from Canada to the persistence of the DPS (FR 68 40076– 40101; Squires et al. 2013, p. 187), 
roads and other forms of habitat loss and fragmentation that may impede lynx movements in the 
border regions of Canada and the United States are of concern. 
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Summary - Although lynx responses to forest management and forest roads are relatively well 
understood (e.g., Simons-Legaard et al. 2016, entire; sections above), their response to other 
human activity and types of development remain poorly understood. Nearly all studies of lynx in 
North America occurred in remote areas where human activity and development are minimal. In 
more developed areas of the DPS range, lynx may have to balance selection for prey density 
against mortality risk from humans. For example, in a developed landscape in Norway, Eurasian 
lynx demonstrated a trade-off in habitat selection, avoiding areas near human development 
despite high prey (roe deer, Capreolus capreolus) densities, and instead selecting areas with 
intermediate prey abundance and lower levels of human disturbance (Basille et al. 2009, pp. 
687-690). Their occurrence in areas having intermediate human occupancy (Basille et al. 2009, 
p. 687) confirms their ability to live in relatively human-modified habitats. Because lynx and 
snowshoe hares in North America are not typically associated with human development, it is 
uncertain whether Canada lynx would make similar trade-offs between prey density and risks 
associated human activity. 
 
Overall, most lynx habitats in the DPS range are naturally fragmented, which limits the 
abundance and density of both hares and lynx. The largest source of anthropogenic 
fragmentation throughout the DPS range is vegetation management (timber harvest and related 
silvicultural treatments), which has thus far benefitted lynx in northern Maine by creating optimal 
hare (and thus lynx foraging) habitat. In other geographic units, there have likely been localized 
adverse (and potentially some beneficial) impacts of vegetation management to lynx habitats 
and perhaps individual lynx. However, we find no evidence that habitat loss and fragmentation 
from forest management or other anthropogenic activites have had population-level negative 
consequences for resident lynx in the DPS range or resulted in extirpation of lynx from areas 
that previously supported persistent resident populations. That said, many parts of the DPS 
range seem naturally only marginally capable of supporting resident lynx populations, and it is 
possible that relatively low levels of anthropogenic habitat loss and fragmentation, in addition to 
natural fragmentation, could diminish landscape-level hare densities to the point that resident 
lynx populations may be unable to persist. 

Chapter 4: Current Conditions 
In this chapter, we present our understanding, based on the best available scientific information, 
including the professional judgment and opinions of lynx experts, of the current status of the 
lynx DPS in terms of redundancy, representation, and resiliency. We then provide brief 
summaries of the current conditions in each geographic unit, followed by a more detailed 
evaluation of the status of lynx populations and habitats and the factors currently believed to 
influence them in each unit. Where appropriate, we compare our current understanding to what 
was known or believed when the DPS was listed under the ESA in 2000 and to our 
understanding of historical conditions. 
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4.1 Summary of Current Conditions DPS-wide 
Because of the limitations and uncertainty in the historical records of lynx occurrence in the 
contiguous United States (described above in section 2.3.2.1), it is difficult to compare the 
current distribution and status of resident lynx populations in the DPS with what may have been 
the historical condition (but see evaluation in section 2.3.2.2). However, research and surveys 
over the last 2 decades have significantly improved our understanding of the current distribution, 
habitats, and the status of resident populations compared to what was known when the DPS 
was listed in 2000. For example, although we knew there were some resident lynx in Maine 
(Unit 1), we lacked information on the quality and distribution of lynx and hare habitats and the 
potential number of lynx. We now know this unit currently has large areas of high-quality habitat 
created by the regeneration of areas of extensive clear-cutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak, that there are probably more lynx in Maine now 
than was likely under historical natural disturbance regimes and habitat distributions, and that 
currently this unit probably supports the largest resident lynx population in the DPS. Similarly, 
when the DPS was listed, we were uncertain whether Minnesota (Unit 2) supported a resident 
population. We now know that a persistent population occupies the northeastern corner of the 
state. Research also suggests that lynx and habitats in the western United States (Units 3, 4, 5, 
and 6) are naturally less abundant and more patchily-distributed than was thought at the time of 
listing, and several areas thought to have historically supported small resident populations 
currently do not (the GYA [Unit 5], the Garnet Mountains in western Montana [Unit 3], and the 
Kettle Mountains of northeastern Washington). We also know that recent extensive wildfires in 
north-central Washington (Unit 4) have substantially reduced (probably temporarily) the amount 
of high-quality lynx habitat and likely caused a decline in lynx numbers there. Finally, as a result 
of the release of 218 Canadian and Alaskan lynx from 1999-2006 and the subsequent survival 
and reproduction of some of these lynx and some of their offspring, resident lynx currently 
occupy parts of western Colorado (Unit 6), although the current number of lynx there is 
uncertain. 
 
With regard to redundancy, defined as the ability of the DPS to withstand catastrophic events, 
we find that the current broad distribution of resident lynx populations in large, geographically 
discrete areas makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
The DPS range currently spans the northern contiguous states from Maine to Washington and 
south along the Rocky Mountains to southern Colorado. Resident breeding lynx populations 
currently occupy 5 of the 6 geographic units (all but the GYA; fig. 1). Of the 5 occupied units, 4 
are larger than 20,000 km2 (7,722 mi2), and the other (North-central Washington) is over 5,000 
km2 (1,931 mi2; see tables 2 and 3). Our analyses and lynx expert imput indicate no single 
catastrophic event that could result in the functional extirpation (loss of the ability to support 
resident lynx populations) of the entire DPS and, further, no or a very low likelihood of functional 
extirpation of any of the individual geographic units caused by a single catastrophic event (Lynx 
SSA Team 2016a, p. 56). 
 
Because we lack evidence that resident lynx populations have been lost from any other large 
geographic areas in the contiguous United States, it also seems that redundancy in the DPS 
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has not been meaningfully diminished from historical levels. That is, the loss of resident lynx 
populations in the DPS, to the extent suggested by verified historical records, was likely in areas 
peripheral to the geographic units that currently support resident lynx (e.g., northern New 
Hampshire [McKelvey et al. 2000a, pp. 212-214], the Kettle/Wedge area of northeastern 
Washington [Koehler et al. 2008, p. 1523; Lewis 2016, pp. 1-2], Isle Royale in Lake Superior 
[Licht et al. 2015, entire]). Any small populations that were lost were not in large, discrete 
geographic units that would have represented substantially greater redundancy in the 
contiguous United States. The implications of the potential recent loss of resident lynx in the 
GYA for the redundancy of the DPS are unclear. The historical record and recent research show 
that the GYA has supported resident lynx. However, it is unclear whether the area consistently 
supported a resident breeding population over time or whether it naturally supported resident 
lynx only some of the time (“winked on” in a metapopulation sense) when habitat conditions and 
hare densities were favorable, and at other times, when habitats and hare densities were less 
favorable, it did not support resident lynx (“winked off” in a metapopulation sense). Given the 
protected conservation status of millions of acres in the GYA unit (Yellowstone and Grand Teton 
national parks; all or parts of the Absaroka-Beartooth, Bridger, Gros Ventre, Lee Metcalf, 
Northern Absaroka, Teton, and Washakie Wildernesses), its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx. If so, the contribution of the GYA to redundancy within the DPS is questionable. 
 
Representation, defined as the ability of the DPS to adapt to changing environmental conditions, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Lynx experts and geneticists indicated high rates of dispersal 
and gene flow and, therefore, generally low levels of genetic differentiation across most of the 
species’ range, including the DPS (Lynx SSA Team 2016a, pp. 12-14, 55-56). Although 
hybridization with bobcats has been documented in the DPS (in Maine and Minnesota), it is not 
considered a substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Further, 
despite differences in forest community types and other habitat parameters (e.g., topography 
and elevations) lynx across the range of the DPS occupy a similarly narrow and specialized 
ecological niche defined by specific vegetation structure, snow conditions, and the abundance 
of a single prey species. Therefore, lynx likely have little ability to adapt to changing 
environmental conditions (i.e., shift to other forest habitats, snow conditions, or primary prey 
species). However, although some small populations may have become extirpated recently, 
resident lynx in the DPS remain broadly distributed across the range of ecological settings that 
seems to have supported them historically in the contiguous United States. Because there are 
no indications of current threats to the genetic health or adaptive capacity of lynx populations in 
the DPS, we find that the current level of representation does not appear to represent a 
decrease from historical conditions. 
 
Resiliency, the ability to withstand stochastic disturbance events, is currently exhibited in the 
lynx DPS by the persistence of individual lynx populations and their broad distribution across the 
geographic scope of the DPS. However, because we lack reliable estimates of the sizes and 
trends of most lynx populations in the DPS, we are unable to use these parameters to evaluate 
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the current resiliency of individual populations or geographic units. Although some demographic 
data (survival, reproductive rates) are available for each geographic unit (see table 4), they were 
collected using different methods, at different times, and for different intervals, and possibly at 
different points in hare population cycles or fluctuations and, therefore, do not provide a 
consistent measure of resiliency. Efforts to understand resiliency within the DPS are also 
confounded by the metapopulation structure thought to govern lynx populations at the southern 
margin of their continental range, which suggests that some populations may be naturally 
ephemeral (i.e., “winked on” when conditions are favorable; “winked off” when conditions are not 
favorable). The related uncertainty about the extent to which DPS populations may rely on cyclic 
immigration of lynx from Canada during population irruptions and the ambiguity in the historical 
record that limits our understanding of the relative persistence of lynx in various geographical 
areas also limit our ability to characterize, rank, or model the relative contribution of each 
geographic area to the resiliency of the DPS. 
 
Despite uncertainties and data deficiencies, qualitative factors provide some hints about current 
relative resiliency among some geographic areas or parts of them. For example, in Maine, lynx 
have demonstrated resiliency by responding positively to substantial anthropogenic increases in 
the amount and distribution of high-quality foraging habitat. Conversely, the current apparent 
absence of resident lynx in the GYA (Unit 5) and in the Garnet Mountains of Unit 3 may indicate 
the lower level of resiliency expected among small and relatively more isolated populations. The 
persistence of lynx in north-central Washington (Unit 4) despite the substantial recent wildfire-
mediated loss of habitat suggests resiliency in that population; however, the post-fires increase 
in home range size and likely decrease in lynx numbers may indicate the population is currently 
less resilient (less able to persist if additional or similar habitat losses occur) than it was 
previously. Overall, the apparent long-term (historical and current) persistence of resident lynx 
populations in at least 4 of the 6 geographic units (Units 1-4), and the absence of reliable 
information indicating that the current distribution and relative abundance of resident lynx are 
substantially reduced from historical conditions, suggest historical and recent resiliency of lynx 
populations in the DPS. 
 
In summary, the lynx DPS currently exhibits redundancy sufficient to preclude extirpation as a 
result of catastrophic events. The genetic health and ecological diversity expressed across the 
DPS range likewise suggest the recent and current maintenance of representation. The long-
term persistence and broad geographical distribution of lynx populations in 4 of the 6 
geographic units also suggests historical and recent resiliency in the DPS, although the 
potential recent extirpation of several small populations may be an indication of declining 
resiliency in those places. 
 
4.1.1 Summaries of Current Conditions in Each Geographic Unit 
 
Unit 1 - Northern Maine:  This geographic unit encompasses the northern hardwood and 
spruce-fir (Acadian) forest in roughly the northern half of Maine. Resident lynx in this unit 
represent the southern periphery of a larger and highly resilient population (Harrison 2017, p. 3) 
that also occupies southern Quebec (where trapping is legal) and northern New Brunswick 
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(where lynx are a provincially-endangered species and harvest is prohibited). Although the 
actual number of resident lynx in this unit is unknown, the MDIFW believes this unit currently 
may be capable of supporting 750-1,000 lynx based on estimates of habitat distribution and lynx 
home range sizes (Vashon et al. 2012, pp. 87-91), which would make it the largest population in 
the DPS. This is many more resident lynx than likely occurred historically and many more than 
were suspected to occur in this unit when the DPS was listed, and it is the result of extensive 
clearcutting and herbicide application to salvage spruce-fir and encourage softwood 
regeneration following a severe spruce budworm outbreak in the 1970s and 1980s (Hoving et 
al. 2004; Vashon et al. 2008b; Simons 2009, pp. 122-165). Those past treatments have created 
the current extensive distribution of young, regenerating softwood stands that provide optimal 
hare foraging habitat. Lynx responded to these conditions with high survival and reproduction, 
small home ranges, and the highest densities documented in the DPS. Historically, under a 
more natural disturbance regime, Maine typically had a greater proportion of mature forest and, 
therefore a patchier distribution of high-quality habitat that likely supported a smaller lynx 
population that may have been more dependent on immigration from Canada. State forestry 
regulations passed in 1989 caused landowners to shift to various forms of partial harvesting that 
have resulted in lower landscape hare densities across much of the unit. Hare populations do 
not seem to cycle in this region, but hare density estimates from 2008-2015 declined by over 50 
percent compared to estimates from 2001-2006. Reproduction and adult survival declined in the 
low-hare environment after 2006, although kitten survival remained high. Unlike other DPS 
units, lynx habitat in northern Maine occurs nearly entirely on private, industrial forest lands, 
most of which lack long-term commitments to lynx management. The majority of private lands in 
this unit are now owned by investment companies seeking to diversify income from their 
investments, which could result in forest practices less likely to maintain or conserve hare and 
lynx habitat. Other potential stressors to lynx in this unit include incidental trapping, road 
mortality, large-scale wind energy development, residential and resort development, and 
parcelization of forestlands from rapid turnover in investment company landowners. Another 
spruce budworm outbreak may be imminent, and forestry response by investment landowners is 
uncertain. Climate change is a concern because average annual snowfall and duration are 
currently at the minimum thresholds believed necessary to give lynx a competitive advantage 
over bobcats and other mesocarnivores. Although lynx regularly occur outside this unit in 
southeastern and southwestern Maine, and small numbers of reproducing lynx have also been 
documented recently in northern New Hampshire and northern Vermont, the ability of some of 
these peripheral areas to support persistent breeding populations is questionable. However, 
recent telemetry data in Maine suggest that resident lynx are expanding both east and south of 
the Northern Maine Geographic Unit, with home range maintenance and reproduction 
documented in both areas, which previously were considered outside the area capable of 
supporting resident lynx (Vashon 2017, pers. comm.). 
 
Unit 2 - Northeastern Minnesota:  This geographic unit contains a mix of upland conifer and 
hardwood interspersed with lowland conifer, alder (Alnus spp.) or willow (Salix spp.) shrub 
swamps, and black spruce (Picea mariana) or tamarack (Larix laricina) bogs. Despite 
uncertainty when the DPS was listed, it has become apparent that a reproducing resident 
population of roughly 50 to 200 lynx exists in northeastern Minnesota. This unit is directly 
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connected to lynx habitats and populations in Canada, and lynx in this unit likely represent the 
southern extent of a larger cross-border population, most of which occurs in Ontario, where 
trapping of lynx is legal. Lynx in Minnesota select regenerating forest dominated by conifer with 
extensive forest edge; lynx beds (resting and hunting) and kill sites are associated with 
regenerating and mixed forest (Burdett 2008, p. 57). Hare densities in parts of northeastern 
Minnesota appear to be sufficient to support a viable lynx population and are highest in 
regenerating forests (McCann and Moen 2011, p. 513). The Superior National Forest continues 
to manage lynx habitats in accordance with its 2004 Forest Plan, which includes measures to 
minimize several risk factors and promote lynx conservation on the forest. Management of lynx 
habitat on State and private lands is voluntary and lacks long-term commitments to lynx 
management. Factors affecting current conditions in this unit primarily include forestry 
management, roads, and incidental trapping; other factors that could potentially impact resident 
lynx in this unit include mining development, snow compaction related to winter recreation, 
competition with bobcats, and lynx-bobcat hybridization. Since 2000, 45 lynx mortalities have 
been documented in Minnesota from unknown causes (16), incidental trapping (11), vehicle 
collisions (9 on roads and 2 on railroads), and illegal shooting (7). Six lynx radio-collared in 
Minnesota died after traveling north into Ontario, 4 from legal trapping/hunting, and 2 from 
unknown causes; some of these mortalities occurred years after the lynx was last located in 
Minnesota, indicating survival of Minnesota lynx in Ontario for extended periods is possible. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  The historical and current sizes of the 
resident lynx population in this unit are unknown, but it is thought currently to be capable of 
supporting 200-300 lynx home ranges. Habitats capable of supporting resident lynx in this unit 
are naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought when the DPS was listed 
(ILBT 2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Minor genetic differences suggest 
3 subpopulations in the northwest (Purcell Mountains), central (Seeley Lake), and southern 
(Garnet Mountains) parts of the unit. No lynx were detected in the Garnet Range from 2011 to 
2015, prompting concerns about the potential loss of the small resident population (perhaps 7-
10 lynx) documented there in the mid-1980s and again recently from 2002 to 2010. However, 
whether this absence indicates the extirpation of a previously persistent resident population or 
the temporary loss of an historically ephemeral population is uncertain. A single lynx was 
verified in the Garnet Range in February 2016, indicating that natural recolonization of the area 
is possible; however, subsequent surveys have failed to detect that lynx or other lynx, and there 
currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, pers. 
comm.). Most (about 90 percent) of this unit is managed to conserve and restore lynx and hare 
habitats, including on Federal, State, Tribal, and some private lands. Past timber harvest and 
associated management (e.g., thinning, road construction, fire suppression) appear to have had 
localized impacts but not to have diminished the unit’s ability to support resident lynx, with 
habitats in the Garnet Range being a possible exception (see 4.2.3 below). The size, frequency, 
and intensity of wildfires in this unit have increased over the past several decades, likely in 
response to climate warming, but population-level impacts to lynx have not been documented. 
Whether (and if so to what extent) other climate-mediated factors have influenced the current 
condition of lynx populations or habitats in this unit are also unknown. Regulations prohibit lynx 
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trapping and require measures to reduce the likelihood of trapping lynx incidentally when legally 
trapping other species. Hare densities have not been estimated broadly throughout the unit but 
appear to be low or marginal even in what is considered the highest-quality habitat, suggesting 
that even small decreases in habitat quality/hare densities could influence its continued ability to 
support resident lynx. The role of past and recent immigration in maintaining the demographic 
and genetic health of current lynx populations in this unit is unknown, but peaks in cyclic lynx 
numbers in Canada have declined, especially when compared to the unprecedented irruptions 
of the early 1960s and 1970s, and there is no evidence of significant immigration into this unit 
since then. 
 
Unit 4 – North-central Washington: This geographic unit encompasses extensive boreal forest 
vegetation types and is directly connected to lynx habitats and populations in British Columbia. 
It represents about 58 percent of the Okanogan Lynx Mangagement Zone (LMZ) designated by 
the WADNR. Historical and current resident lynx numbers in northern Washington are unknown, 
but recent habitat and home range analyses for the larger Okanogan LMZ (summarized in 
Lewis 2016) suggest that this geographic unit may have been capable of supporting about 50 
lynx prior to extensive wildfires over the past 2-3 decades (85-90 lynx in the entire LMZ). Those 
fires affected over a third of the LMZ, led to increased home range size, and may have reduced 
the carrying capacity of this unit to perhaps 30 lynx currently (50-55 in the entire LMZ). 
Additional extensive wildfire activity in the northern part of this unit in 2017 may result in further 
reduction of carrying capacity. The recent increases in wildfire frequency, size, and intensity in 
lynx habitat in this unit may have been influenced by climate change (Westerling et al. 2006, pp. 
942-943). Burned habitats are expected to regenerate back into suitable lynx habitat, but this 
may take 10-40 years. However, additional wildfire activity in this unit before previously burned 
areas recover could substantially reduce the viability of the lynx population in this geographic 
unit (see section 5.2.4). Because of these habitat impacts and remaining stressors to lynx, the 
Washington Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife 
Commission adopted, a proposal to uplist lynx from threatened to endangered within the State. 
Hare densities in Washington are generally at the low end of the range thought necessary to 
support lynx persistence. The Okanogan-Wenatchee and Colville National Forests, which 
administer more than 90 percent of lynx habitat in Washington, continue to manage in 
accordance with the LCAS. Additionally, the WADNR, which manages approximately 4 percent 
of lynx habitat in Washington, developed a Lynx Habitat Management Plan in 1996, which was 
updated in 2006 and is also largely based on the LCAS. The Kettle Range to the east of this unit 
was suspected to have supported a small (likely fewer than 20 individuals) resident population 
until about 30 years ago when over-trapping compounded by habitat changes may have 
resulted in its extirpation (Stinson 2001, p. 13; Koehler et al. 2008, p.1523). Potential 
impediments to lynx movement between the Kettle Range and the Cascades and British 
Columbia may make natural recolonization of the Kettle Range unlikely. 
 
Unit 5 - Greater Yellowstone Area (GYA):  There are no reliable estimates of current or historical 
lynx numbers in this unit but, given its naturally-fragmented potential habitat, generally low hare 
densities, and the paucity of verified records, it appears unlikely this unit ever supported a large 
resident population, and it is possible that this unit historically supported resident lynx only 
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ephemerally. No lynx have been verified in this unit since 2010, but whether this indicates the 
extirpation of a small but previously persistent resident population or the temporary loss of an 
historically ephemeral population is uncertain. Over 97 percent of this unit consists of Federal 
lands that are currently managed to conserve and restore lynx and hare habitats. Past timber 
harvest and associated management (thinning, road construction, fire suppression) appear to 
have had localized impacts but not to have diminished the unit’s ability to support resident lynx. 
The size and intensity of wildfires have increased over the past several decades, predominantly 
in the northern half of the unit (including the large fires of 1988 in Yellowstone National Park) 
and likely in response to climate warming, but impacts to lynx are uncertain. Whether (and if so 
to what extent) other climate-mediated factors have influenced the current condition of lynx 
populations or habitats in this unit are also unknown. Snow conditions currently appear to be 
adequate, with most of this geographic unit modeled to have a 95 percent probability of 
providing snow cover conditions supportive of lynx presence (Gonzalez et al. 2007, p. 12). Hare 
densities were very low in most of Yellowstone National Park but high in parts of the Bridger-
Teton National Forest in the southern half of the unit. The role of past and recent immigration in 
maintaining the demographic and genetic health of lynx populations in this unit is unknown. This 
unit lacks direct connectivity to other lynx populations, and there is only anecdotal evidence that 
irruptions of lynx from Canada resulted historically in immigration into this unit. At least 9 lynx 
released in Colorado dispersed northward into this unit and some temporarily occupied home 
ranges in areas used previously by native resident lynx, but there is no evidence of long-term 
occupancy or reproduction by these lynx. 
 
Unit 6 - Western Colorado:  The current and historical numbers of resident lynx numbers in this 
unit are unknown, but CPW lynx biologists believe it currently could support 100-250 lynx as a 
result of the 1999-2006 release of 218 lynx from Canada and Alaska. Released lynx had high 
survival but the proportion of females producing kittens and kitten survival were low. This unit is 
not directly connected to lynx populations in Canada, and it does not appear to have received 
immigrant lynx during the historicaly large irruptions of the early 1960s and early 1970s. Since 
1996, 2 unprecedentledly large bark beetle epidemics have affected about 16,200 km2 (6,255 
mi2) of spruce-fir and lodgepole pine forests in Colorado, including much of the lynx habitat in 
this unit. Additionally, the 2013 West Fork Complex fire impacted more than 400 km2 (154 mi2) 
of lynx habitat in the San Juan Mountains. Beetle outbreaks do not appear to have negatively 
impacted hares, and hare numbers may increase in affected areas as succession progresses; 
however, they have negatively impacted red squirrels, an important alternate prey species for 
lynx in this unit. Areas affected by beetles that contained multi-story stand conditions likely 
continue to provide habitat to support snowshoe hares and lynx. Areas affected by fire may 
require 20 years or more, and in some areas considerably longer, to recover to a point where 
the stands will again support snowshoe hares. Large-scale monitoring efforts in the San Juans 
documented continued lynx occupancy during 2010-11, 2014-15, and 2015-2016, and it is 
reasonably likely that lynx continue to occur in all national forests within the State of Colorado. 
Snowshoe hare habitat is naturally patchily-distributed in this geographic unit, which limits hare 
abundance. Because the majority (90 percent) of potential lynx habitat in Colorado is under 
Federal land management, actions occurring on other ownerships are unlikely to result in 
significant impacts to lynx habitat within this unit. The USFS manages over 85 percent of the 
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lynx habitat in this unit, providing conservation through the SRLA. However, regulatory 
mechanisms for the conservation of lynx are lacking on approximately 3,159 km2 (1,220 mi2; 
over 12 percent) of this unit, including lynx habitats on some BLM and some non-Federal lands. 
 
Table 4. Summary of current conditions in 6 geographic units within the DPS range1. 

 
1Estimators used to calculate home range size are provided in table 3. 

4.2 Current Conditions - Detailed Descriptions by Geographic Unit 
4.2.1 Unit 1 - Northern Maine 
 
Unit Description: This geographic unit encompasses approximately 28,909 km2 (11,162 mi2) of 
northern hardwood and spruce-fir forest (the Acadian forest) in northern Maine that has been 
designated as critical habitat for lynx (79 FR 54823-54828). Land ownership in this unit is about 
90 percent private, 7 percent State (primarily Baxter State Park), 1 percent Federal (the newly-
designated Katahdin Woods and Waters National Monument and Appalachian Trail Corridor), 
and 1 percent Tribal (Passamaquoddy Tribe, Penobscot Indian Nation). Almost all private lands 
are intensively managed for commercial forest (timber and pulp) products. This unit is directly 
connected to lynx habitats and populations in southern Quebec and northern New Brunswick. 
Lynx in this unit represent the southern extent of a larger cross-border population, most of which 

Unit 1 - Northern ME Unit 2 - 
Northeastern MN

Unit 3 - 
Northwestern MT, 
Northeastern ID

Unit 4 - North-
central WA

Unit 5 - Greater 
Yellowstone Area Unit 6 - Western CO

Unit Size (km2) 28,909 21,101 26,997 5,176 23,687 25,294
Percent of Unit in 

Conservation 
Ownership (i.e., 
Federal, State, 
Tribal, Other 

Conservation Org.)

10 - 15 75 - 90 > 95 > 90 > 95 > 90

Connectivity to Lynx 
Populations/ 

Habitats in Canada

Directly connected to 
lynx habitats/ 

populations in s. 
Quebec and n. New 
Brunswick; evidence 
of natural movement, 

but rates of 
immigration/ 

emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Ontario; evidence of 

natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
Alberta and s. British 

Columbia; evidence of 
natural movement, but 
rates of immigration/ 
emigration unknown

Directly connected to 
lynx habitats/ 

populations in s. 
British Columbia; 

evidence of natural 
movement, but rates 

of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown

No direct connection; 
rates of immigration/ 
emigration unknown; 

long-distance 
dispersal (emigration) 
documented to many 
western states and to 

Canada

Home Range Size 
(Adult Female, km2)

25-33 17 - 21 43 - 115 37 - 91 50 (1 female, 3 years) 75

Productivity – 
Percent Females 

with Kittens

89% (high hares); 
30% (low hares); 100% 83% (Purcells);            

61% (Seeley Lake) 100% (2 females) Few data 24%

Productivity - Litter 
Size

2.74 (high hares); 
2.25 (low hares) 3.3 2.95 (Purcells);            

2.24 (Seeley Lake) 2.25 (2 females) 3.0 (1 female, 2 
years) 2.75

Average Annual 
Adult Survival Rate

0.80 (high hares); 
0.71 (low hares) 0.75 - 1.00 0.85 (Purcells);            

0.75 (Seeley Lake) 0.86 Few data
0.93 (in Core Release 

Area [CRA]);                   
0.82 (out of CRA)

Kitten Survival Rate 0.78 (high hares); 
0.89 (low hares)

No estimate; 
recruitment thought 

low
0.58 (Seeley Lake)

0.12                              
(7 of 8 kittens died in 

1st year)

No estimate; no 
evidence of kitten 

survival to 
independence

0.23

Lambda (Annual 
Rate of Population 

Change) 

1.05                              
(1.16, high hares, 6 

yrs; 0.88,low hares, 4 
yrs)

No estimate
1.16 (Purcells, 4 yrs); 
0.92 (Seeley Lake, 8 

yrs)
No estimate No estimate 0.93 - 1.08



114 
 

occurs in the Gaspe region of southern Quebec and northern New Brunswick (Ray et al. 2002, 
pp. 17-20) and which is geographically isolated by the St. Lawrence River from lynx populations 
in central Quebec (120 km [75 mi] north of Maine). Lynx populations in Maine and eastern 
Canada are also geographically isolated from other lynx populations on the island of 
Newfoundland (900 km [559 mi] northeast of Maine), and on Cape Breton Island, Nova Scotia 
(650 km [404 mi] east of Maine; Koen et al. 2015, entire; Prentice et al. 2017, entire). Lynx in 
Maine are also isolated from other DPS populations, the closest of which is in northeastern 
Minnesota, about 1,610 km (1,000 mi) west of this unit. 
 
Lynx regularly occur outside this unit and recently have been documented in smaller areas of 
similar habitat in southeastern and southwestern Maine, northern New Hampshire, and the 
northeastern corner of Vermont (see below). Occasional lynx reproduction has been 
documented recently in New Hampshire and Vermont, but these areas are not thought to 
support persistent breeding populations and are likely incapable of doing so (see below). 
Climate in this region is characterized by warm summers and some of the coldest temperatures 
and highest snowfalls in the eastern United States; a function of latitude, elevation, and distance 
from the ocean. The average terrain rises in northern Maine to 305-457 m (1,000-1,500 ft) with 
mountain peaks, particularly in western Maine, northern New Hampshire, and Vermont, from 
914-1,524 m (3,000-5,000 ft). Average annual precipitation is currently 104 cm (41 in), with 
greatest precipitation in winter in the form of snow (average total snowfall is 228-280 cm (90 -
110 in), with higher amounts at the highest elevations. Snow duration is about 5 months (mid-
November through mid-April). 
 
New Hampshire - Potential habitat in northern New Hampshire is limited (Hoving 2001, p. 59), 
and the few habitat patches that support lynx in New Hampshire are much smaller than those in 
northern Maine (Litvaitis and Tash 2005, fig. 2 and p. A–298; Robinson 2006, fig. 3.3, p. 99). 
Hoving estimated approximately 1,000 km2 (386 mi2) of potential habitat having a greater than 
50 percent probability of being occupied by lynx (68 FR 40086). Litvaitis and Tash (2005, p. A–
298) estimated that New Hampshire contains about 888 km2 (343 mi2) of potential Canada lynx 
habitat. Historical lynx occurrence in New Hampshire included Coos and northern Carroll and 
Grafton counties (i.e., White Mountain National Forest; Siegler and Jorgensen 1971: Silver 
1974: Hoving et al. 2003). The majority of lynx records in northern New Hampshire over the past 
10 years have occurred in the vicinity of Pittsburg on the 101-km2 (39-mi2) Connecticut Lakes 
Natural Area (CLNA), which is owned and managed by New Hampshire Fish and Game, and on 
surrounding habitat owned and managed by the Connecticut Lakes Timber Company under a 
conservation easement held by the State (Kilborn 2015, App. A, pp. 42-43). The CLNA, under a 
conservation easement, includes a 61-km2 (23-mi2) area that will be allowed to mature to a 
climax forest type which is contained within what is considered core lynx habitat. The area will 
potentially provide good denning habitat but will likely restrict the amount of snowshoe hare 
habitat in the foreseeable future. Current conditions are in a transition state, and portions of the 
core area currently support higher densities of snowshoe hare because of past forest 
management (Kilborn 2015, App. A pp. 42-43). Regional-scale modeling suggests that a high 
component of deciduous forest and insufficient snow conditions in New Hampshire make it 
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unlikely to support a persistent, viable lynx population over time (Hoving et al. 2005, pp. 739, 
749). 
 
Vermont – Recent modeling indicates that the Nulhegan River Basin contains Vermont’s best 
lynx habitat (Farrell 2012). The 530-km2 (205-mi2) area is approximately 20 percent Federal 
(Nulhegan National Wildlife Refuge), 17 percent State (Vermont Department of Natural 
Resources), and 63 percent private commercial timber lands (with conservation easement). 
Vermont does not appear to have historically supported a persistent resident lynx population 
and, despite several recent verified records of lynx presence and evidence of limited 
reproduction (see section 2.3.2.2), it is unlikely to do so in the future because of the patchy and 
limited amount of potential habitat, climate change (decreasing snow), trends toward hardwood 
management, and increasing human disturbance (Vermont Fish and Wildlife 2015, Appendix A5 
p. 127). 
 
Habitat Description:  Most lynx occurrence records in this unit are found within the broadly 
described ‘‘Mixed Forest-Coniferous Forest-Tundra’’ cover type (68 FR 40086). This habitat 
type occurs along the northern Appalachian Mountain range from southeastern Quebec, 
northern New Brunswick, and northern and western Maine, south through northern New 
Hampshire. This area is part of the Acadian Forest Region (Rowe 1972, p. 112-129) 
representing a transition between northern boreal spruce and balsam fir and southern 
temperate deciduous forests (Seymour and Hunter 1992, pp. 3-4). This forest type becomes 
naturally fragmented and begins to diminish to the south and west, with a disjunct segment 
running north-south through Vermont and a patch in the Adirondacks of northern New York 
(McKelvey et al. 2000a, pp. 248-250). Patches of boreal forest in New Hampshire, Vermont, and 
New York are more highly fragmented and smaller than in northern Maine. These more 
southerly forests also contain a higher proportion of northern hardwood and are believed to lack 
an adequate conifer component needed to produce sufficient snowshoe hare densities to 
consistently support resident lynx populations (Hoving et al. 2005, p. 749; Carroll 2007, p. 
1100). Northern Maine is characterized by low-relief, hilly terrain, but with some higher 
elevations in the Katahdin Highlands and in western Maine. Higher elevations support a 
predominantly coniferous forest (white, red, and black spruce; balsam fir; eastern white pine 
[Pinus strobus]) intermixed with northern hardwoods (red maple, aspen, paper [white] birch, 
sugar maple [Acer saccharum], beech [Fagus spp.], and yellow birch [Betula alleghaniensis]). 
Lowland areas include spruce-fir flats interspersed with peatlands (black spruce, tamarack). 
 
In this unit, lynx are most strongly associated with stands of regenerating sapling spruce-fir 
forest supporting high hare densities (Homyack 2003, p. 53; Fuller and Harrison 2005, p. 716, 
Vashon et al. 2008b, p. 1492; Scott 2009, pp. 24, 32, 36-44). Most current high-quality stands in 
this unit are the result of landscape-level clearcutting in the 1970s and 1980s (see Habitat 
Status, below). Regenerating stands used by lynx typically develop 15-30 years after timber 
harvest (Hoving et al. 2004, p. 291) or other disturbance (e.g., periodic spruce budworm 
defoliation), are characterized by high stem density and dense horizontal cover within 1 m (3 ft) 
of the ground (Robinson 2006 pp. 26-36, Scott 2009, pp. 81-93; Fuller and Harrison 2010, p. 
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1276-1278; Vashon et al. 2012, p. 15), and support the highest snowshoe hare densities 
(Homyack 2003, p. 63; Fuller and Harrison 2005, pp. 716, 719; Vashon et al. 2005a, pp. 10–11). 
 
At the stand scale, lynx in northwestern Maine selected older (11- to 26-year-old), tall (4.6- to 
7.3-m [15- to 24-ft]) softwood-dominated (spruce and fir) regenerating clearcut stands, adjacent 
older (11- to 21-year-old) partially harvested stands in close proximity to clearcut stands (Fuller 
et al. 2007, pp. 1980, 1983–1985), and mature conifer stands (Simons-Legaard et al. 2013, p. 
568) where hares are more accessible. During winter, lynx primarily selected tall (4.4–7.3 m 
[15–24 ft]) regenerating clearcuts and established partially harvested stands that were 11–21 
years post-harvest (Fuller et al. 2007, pp. 1984-1985). Lynx selected against mature second-
growth stands (> 40 years old), short (3.4–4.3 m [11–14 ft]) regenerating clear-cut or partially 
harvested stands < 10 years post-harvest, and roads and road edges (Fuller et al. 2007, pp. 
1980, 1983-1985). Research of year-round habitat use yielded similar results, with lynx 
preferentially using conifer-dominated sapling stands that were 3.4–7.3 m (11–24 ft) in height 
and supported high densities of snowshoe hares (Vashon et al. 2008b, pp. 1492-1495). At the 
home range scale, lynx select landscapes having extensive regenerating conifer forest, but also 
with some mature conifer forest (Simons-Legaard et al. 2013, pp. 572–573). Lynx tended to 
forage in areas with intermediate to high hare densities, where hares were more accessible to 
lynx compared to the densest (short regenerating) stands (Fuller and Harrison 2010, pp. 1276-
1278). Lynx may select partially harvested and mature conifer stands in close proximity to 
clearcut stands because of increased ease of travel and access to hares along the extensive 
edges of the densest, high-quality (regenerating clear-cut) hare habitats (Simons-Legaard et al. 
2013, p. 574). Lynx are more likely to occur in large landscapes having a high percentage (> 27 
percent) of regenerating forest, and less likely to occur in landscapes with very recent clearcuts 
or extensive partial harvest (Hoving et al. 2004, pp. 291–292; Simons-Legaard et al. 2013, 
entire). 
 
Denning habitat included various types of coarse woody debris including blowdown, deadfalls, 
and root wads. In northern Maine, nearly half (12 of 26) of natal dens occurred in conifer-
dominated sapling stands, and 6 dens were found in mature or mixed multi-story forest stands 
dominated by conifers (Organ et al. 2008, pp. 1515-1517). 
 
In general, landscape scale and home range scale habitat selection by lynx on commercial 
forest lands reinforces the importance of dense regenerating conifer forest along with a 
component of mature conifers (Hoving et al. 2004, p. 286; Vashon et al. 2008b, pp. 1494-1495; 
Simons 2009, pp. 64-110; Simons-Legaard et al. 2013, p. 568). Simons-Legaard et al. (2013, p. 
573) found the probability of lynx occurrence was > 50 percent where landscape hare densities 
were > 0.74 hares/ha (0.39 hares/ac) and there was > 10 percent mature conifer forest. No lynx 
maintained home ranges in landscapes with hare densities < 0.5 hares/ha (0.2 hares/ac). At a 
landscape scale, lynx habitat selection did not differ between sexes; however, at a home range 
scale, males tended to use more mature forest dominated by conifers than females, and both 
male and female lynx tended to avoid mature forests that had a high deciduous component 
(Vashon et al. 2008b, pp. 1492-1493). Based on these observations, Simons-Legaard et al. 
(2013, pp. 574-576) recommended maintaining landscape hare densities of > 0.5 hares/ha (0.2 
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hares/ac) and a minimum of 27 percent high-quality hare habitat within 100-km2 areas to 
conserve lynx. 
 
Habitat Status:  As elsewhere in the DPS, boreal spruce-fir forest habitats in the Northern Maine 
Unit are naturally patchily-distributed and intermixed with northern hardwoods, riparian areas, 
and peatlands. USFS forest inventory data indicate that over 16,000 km2 (6,178 mi2) of 
forestland are classified as spruce-fir in Aroostook, Penobscot, Piscataquis, and Somerset 
Counties in northern Maine (McWilliams et al. 2005, p. 122), although not all of this forest type is 
in areas occupied by lynx. Currently, most of the high-quality hare and lynx habitat in northern 
Maine is the result of extensive landscape-scale clearcut timber harvesting in response to a 
spruce budworm outbreak in the 1970s–1980s (Hoving et al. 2004, p. 291; Simons 2009, pp. 
64, 218). Many of these clearcuts were also treated with herbicides to promote conifer 
regeneration by suppressing deciduous tree species. After salvage harvest of the affected trees, 
a portion of the area was sprayed with herbicide to reduce deciduous competition (Scott 2009, 
pp. 7, 14). The resulting vegetation was dominated by balsam fir and red or black spruce (Scott 
2009, p. 60). This created favorable habitat conditions for snowshoe hares and lynx. Habitat 
conditions for hares and lynx in the unit improved from the late-1980s to present, benefitting 
from stand-replacing salvage harvests during the last budworm outbreak (Simons 2009, pp. 
122-229; Simons-Legaard et al. 2016, entire). During this time period, the percentage of 
forestland with an average landscape hare density greater than 0.5 hares/ha (0.2 hares/ac) 
increased 400 percent (Simons-Legaard et al. 2016, p. 7). Both the current amount of high-
quality habitat and the lynx population in Maine are likely larger than occurred prior to European 
settlement, when a relatively smaller proportion of the forest was typically in an early 
successional stage (Lorimer 1977, entire; Vashon et al. 2012, pp. 45, 56). 
 
In the Northeast prior to European settlement, lynx habitat was created and maintained by 
frequent, small-scale forest gap dynamic events and infrequent, large-scale stand-replacing 
forest disturbances (Seymour et al. 2002, pp. 359-365; Lorimer and White 2003, pp. 54-58). 
Historically, the natural disturbance regime (fires, windthrow, insect outbreaks) resulted in 
smaller, more frequent disturbances and long intervals between larger disturbances; thus, high-
quality lynx foraging habitat in northern Maine was probably typically much less abundant and 
less broadly-distributed than it is today. Large, stand-replacing events (fire, wind and ice storms, 
insect outbreaks) are rare (intervals of several hundred to several thousand years) and highly 
variable in size (Seymour et al. 2002, entire; Lorimer and White 2003, pp. 50, 54, 59). Spruce 
budworm, spruce beetle, beech bark disease, and sugar maple defoliators have been important 
influences affecting forest landscape patterns (McNab and Avers 1994, Chapter 14). The 
frequency and intensity of spruce budworm outbreaks, the most likely insect to affect lynx 
habitat, have been highly variable in Maine and eastern Canada in recent centuries (Blais 1983, 
entire). Although, high-elevation boreal forests often exhibit dense, regenerating conifer 
(resulting from a wind-throw phenomenon known as fir-waves [Sprugel 1976, entire]), hare 
densities are believed to be low in these areas (Siren et al. 2015, entire). In this geographic 
area, wildfire is less significant as a natural agent of disturbance. The typical fire regime is 
infrequent surface fires in the dormant season in the hardwood forests, and slightly more 
frequent but long-interval fires in conifer forests (Kilgore and Heinselman 1990, entire; Seymour 
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et al. 2002, pp. 359-365, Lorimer and White 2003, p. 59). For the past several decades, early 
successional forests and lynx habitat in northern Maine, New Brunswick, and southern Quebec 
have been created almost exclusively by forest management (Lorimer and White 2003, pp. 42-
43). 
 
In a roughly 14,500-km2 (5,598-mi2) area in northern Maine (about half of the Northern Maine 
geographic unit), Simons-Legaard (2016, p. 9-10) estimated that 3,845 km2 (1,485 mi2; nearly 
27 percent) of the forested landscape was comprised of spruce-fir in a young, regenerating 
stand condition that provide high-quality hare habitat. This habitat is similar to, and contiguous 
with, forested areas in Quebec and New Brunswick that support lynx (Hoving et al. 2005, pp. 
740-741). The current range of lynx in this unit is associated with areas of deep snowfall, 
extensive forested landscapes, and areas having a high proportion of regenerating conifer-
dominated forest that had previously been clearcut and treated with herbicides to suppress 
hardwoods (Homyack 2003, p. 2; Hoving et al. 2004, p. 287). 
 
Snowshoe hare populations in Maine do not seem to cycle at 10-year intervals, but they have 
experienced a period of higher (1995-2005) and lower (2006 to present) densities (Scott 2009, 
pp. 1-44; Vashon et al. 2012, p. 14; Harrison et al. 2016, entire). Prior to 2006, several 
estimates of hare densities in the highest-quality regenerating conifer or mixed forest averaged 
1.9 to 2.1 hares/ha (0.8 to 0.9 hares/ac; Homyack et al. 2007, p. 8; Robinson 2006, p. 26). After 
2006, hare densities declined by about half in all stand types and have remained at these lower 
levels (Scott 2009, p. 109; D. Harrison, Univ. Maine, unpubl. data). Similar trends were 
observed in the Gaspe Region of Quebec (Assells et al. 2007, entire). In New Hampshire in 
1990, hare densities in dense, regenerating spruce-fir stands were about 0.5 hares/ha (0.2 
hares/ac) at low and high elevations (Brocke et al. 1993, p. 61). More recently, Siren et al. 
(2015) reported lower densities in New Hampshire (0.25 to 0.36 hares/ha [0.1 to 0.15 hares/ac]) 
that are unlikely to support lynx persistence in both montane and lowland spruce-fir. Densities in 
high elevation areas (krumholtz, stunted spruce-fir) were only 0.19 to 0.28 hares/ha (0.08 to 
0.11 hares/ac), also unlikely to support lynx persistence. Comparable hare density data are not 
available for Vermont. 
 
Currently, the amount and distribution of high-quality habitat are likely at historically high levels, 
but this habitat has peaked and high-quality lynx habitat is projected to decline in the near future 
(Simons-Legaard et al. 2016, pp. 140-163, 202-218). In response to the widespread clearcutting 
in the 1970s and 1980s, Maine passed the Forest Practices Act in 1989, which regulated 
clearcutting. Since then, various forms of partial harvesting have replaced clearcutting as the 
predominant form of forest management in northern Maine. Partially harvested stands (e.g., 
selection harvest, shelterwood harvest, overstory removal) have a wide range of residual stand 
conditions, but many have lower conifer stem densities and higher hardwood density than 
regenerating clearcuts (Robinson 2006, p. 29). On average, partially harvested stands support 
about 50 percent of the hare densities observed in regenerating clearcuts (Robinson 2006, p. 
26-27). Over 95 percent of cutting that occurs now in northern Maine is partial harvesting 
compared to 59 percent in 1988 (Scott 2009, p. 8; Simons 2009, pp.45-47, 69-71; Simons-
Legaard et al. 2013). This new cutting regime results in lower landscape densities of snowshoe 
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hares (Fuller 1999; Homyack 2003; Robinson 2006; Scott 2009). Another consequence of 
partial harvesting is that a much greater acreage needs to be cut annually to attain similar 
harvest volume (as compared to clearcutting). Annual harvest rates have increased from about 
40,000 ha (100,000 acres) per year (before the Forest Practices Act) to over 200,000 ha 
(500,000 acres) per year (after the Act). Thus, 28 years after the Maine Forest Practices Act, 
much of the forested landscape in northern Maine has been partially harvested. 
 
Unlike Federal lands, there is no requirement that private landowners comply with lynx 
management guidelines, and a Federal nexus for review of forestry projects rarely exists. 
Furthermore, there continues to be high turnover in forest land ownership (Hagan et al. 2005; 
Ippoliti and Nadeau-Drillen 2006) and little funding to provide incentives or to work with private 
landowners. As of 2005, there were 23 landowners in northern Maine with land holdings in 
excess of 40,000 ha (100,000 ac) including the State, Federal government (White Mountain 
National Forest south of lynx range), a conservation group (The Nature Conservancy), 2 tribes 
(Penobscot Indian Nation and Passamaquoddy Tribe with much land south of lynx range) and 
18 private forest landowners (Ippoliti and Nadeau-Drillen 2006, p. 13). 
 
Although long-term, binding land management commitments are generally lacking in the 
northern Maine unit, several landowners have made short-term commitments to conserving lynx 
habitat. In 2003, Congress passed the Healthy Forest Restoration Act. Title V of this Act 
designates a Healthy Forest Reserve Program (HFRP) with objectives to: (1) promote the 
recovery of threatened and endangered species, (2) improve biodiversity, and (3) enhance 
carbon sequestration. In 2006, Congress provided the first funding for the HFRP, and Maine, 
was 1 of several pilot States to receive funding through its Natural Resources Conservation 
Service (NRCS) State office. Based on a successful pilot program, in 2008, the HFRP was 
reauthorized as part of the Farm Bill, and in 2010, NRCS published a final rule in the Federal 
Register (75 FR 6539) amending regulations for the HFRP based on provisions amended by the 
bill. In 2006 and 2007, the NRCS offered the HFRP to landowners in the proposed Canada lynx 
critical habitat unit in Maine to promote development of Canada lynx forest management plans. 
Since that time 4 private landowners, The Nature Conservancy, the Passamaquoddy Tribe, 
Merriweather LLC, and Katahdin Forestlands successfully enrolled in the program. Collectively, 
these land ownerships comprised 2,443 km2 (943 mi2), or 9.3 percent of the total designated 
critical habitat in northern Maine in 2014 (79 FR 54828). 
 
The NRCS required that lynx forest management plans must be based on the Service’s 
‘‘Canada Lynx Habitat Management Guidelines for Maine’’ (McCollough 2007, entire). These 
guidelines were developed from the best available science on lynx management for Maine. The 
guidelines required maintenance of landscapes having hare densities that support reproducing 
lynx populations. Notably, HFRP forest management plans provided a net conservation benefit 
for lynx, which was achieved by employing the lynx guidelines, identifying baseline habitat 
conditions, and meeting NRCS standards for forest plans. Plans met NRCS HFRP criteria and 
guidelines and complied with numerous environmental standards. Plans were reviewed and 
approved by the NRCS with assistance from the Service. 
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Unlike lynx forest plans on Federal lands, HFRP plans lack long term commitments beyond an 
initial 10-year contract period, after which longer-term commitments to lynx management are 
voluntary. Plans were prepared for a forest rotation (70 years) and include a decade-by-decade 
assessment of the location and anticipated condition of lynx habitat on the ownership. Some 
landowners developed plans exclusively for lynx, and others combined lynx management 
(umbrella species for young forest) with American marten (umbrella species for mature forest) 
and other biodiversity objectives. All 4 plans have been completed although contracts with 
NRCS expired as of 2017. Landowners have the option to convert HFRP contracts into Safe 
Harbor Agreements or other agreements to provide regulatory assurances, however, at this time 
this option has not been explored with landowners. 

Many large private forest landowners in the northern Maine unit could potentially include lynx 
management as part of endangered species management required by forest certification 
programs. For example, The Nature Conservancy land enrolled in the HFRP is also enrolled in 
the Forest Stewardship Council (FSC) forest certification program. Other landowners are 
certified under the Sustainable Forestry Initiative (SFI). Both certification programs require 
protection of threatened and endangered species (FSC 2010, pp. 24, 27; SFI 2015, pp. 6-7). 
However, certification programs are also voluntary and may not include long-term commitments. 
Few certified landowners have consulted with the Service on forest management for lynx. In 
addition, “working woodland” easements now encompass > 10,000 km2 (3,861 mi2) across 
northern Maine; although these covenants do not require specific management practices or 
outcomes beyond sustainable forestry, they do ensure that conversions to other land uses will 
never occur (MDIFW 2017, p. 2). 
 
Lynx Status:  Historically, Maine seems to have consistently had a breeding population of lynx. 
Early written accounts did not consistently distinguish bobcats from lynx (Hoving 2001). Prior to 
1939, lynx observations were based largely on written accounts of lynx from museum records, 
journals, and periodicals (Vashon et al. 2012, p. 56). Hoving et al. (2003, pp. 368-369) compiled 
118 lynx occurrence records (509 individual lynx) from 1833-1999, which suggest that lynx were 
widespread throughout the state except for the coastal areas. These records included 39 kittens 
representing at least 21 litters, primarily in northern and western Maine, from 1864-1999 
(Hoving et al. 2003, p. 371). Populations apparently fluctuated, and in some years 200-300 lynx 
were harvested in Maine (Hoving et al. 2003, pp. 373-374). Lynx were later documented in 
winter snow track surveys conducted by MDIFW during 1994-1998 (Vashon et al. 2012, p. 56). 
 
When the DPS was listed, lynx were known to be present in northern Maine but little was known 
about their distribution, population size and trend, snowshoe hare populations, and relationships 
to forest management. Since then, research from the MDIFW (Vashon et al. 2008a, entire; 
2008b, entire; and 2012, entire) and the University of Maine (Hoving et al. 2003, entire; Hoving 
et al. 2004, entire; Hoving et al. 2005, entire; Homyack et al. 2005, entire; Homyack et al. 2007, 
entire; Homyack et al. 2006, entire; Fuller et al. 2007, entire; Fuller et al. 2004, entire; Fuller and 
Harrison 2005, entire; Simons-Legaard et al. 2013, entire; Simons-Legaard et al. 2016, entire) 
have greatly increased our knowledge. Snow track surveys and confirmed occurrence records 
document that lynx occur throughout northern Maine and in small, isolated pockets in western 
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and eastern Maine (Vashon et al. 2012, pp. 10, 12, 59), and small numbers of lynx have also 
been documented recently in northern New Hampshire (Siren 2014b, pp. 7-16), and Vermont 
(Bernier 2015, entire). Population size and trend are still uncertain in northern Maine, and 
persistence in New Hampshire and Vermont remain questionable. 
 
This geographic unit is part of a larger, contiguous lynx population that extends into northern 
New Brunswick and the Gaspe region of southern Quebec. Extensive areas of contiguous 
forestland in this region provide high connectivity between populations in Maine and Canada. 
Lynx populations in adjacent southern Quebec may exhibit cyclic populations (Ray et al. 2002, 
entire), but obvious immigration of large numbers of lynx into Maine associated with hare cycles 
(if they occur) has not been documented (Hoving et al. 2003, pp. 373-374). Although potential 
lynx habitat in New Hampshire and Vermont is fragmented, there is near contiguous forest and 
connectivity for lynx movement between these areas and habitats in northern Maine (Farrell 
2013, pers. comm.; 79 FR 54821). Areas of recent lynx breeding in New Hampshire and 
Vermont are not directly connected to Canadian populations, but they are connected to the 
larger population in northern Maine via habitat corridors in western Maine.  
 
Lynx in the Northern Maine Unit and adjacent populations in southern Quebec and northern 
New Brunswick are separated from lynx populations in the interior of Canada. The St. Lawrence 
River restricts lynx dispersal and demographically isolates this population from those in northern 
Quebec, Labrador, and Ontario (Prentice et al. 2017, entire). However, sufficient numbers of 
individuals apparently cross the river on the ice each generation to prevent genetic drift of this 
population (Koen et al. 2015, enitre; Prentice et al. 2017, entire). 
 
When the DPS was listed, the Northern Maine Unit was not believed to contribute significantly to 
its persistence. However, we now believe that the extensive young, regenerating spruce-fir 
habitat created by large-scale clearcutting in the 1970s and 1980s may currently support the 
largest lynx population in the DPS (Vashon et al. 2012, pp. 58-59, Appendix IV; Vashon in Lynx 
SSA Team 2016a, p. 18). Habitat in northern Maine supported lynx densities in a localized area 
of high-quality habitat that was substantially greater than densities elsewhere in the DPS (ILBT 
2013, p. 23). In 2003 when hare populations were high, lynx density (juveniles and adults) in 
one of Maine’s highest-quality habitats was estimated to be 9.2-13.0 lynx/100 km2 (Vashon et al. 
2008a, Vashon et al. 2012, p. 15). At about the same time, the density of lynx in nearby Gaspe 
Peninsula, Quebec was estimated to be 10 lynx/100 km2 (Ray et al. 2002). These densities are 
intermediate to those in Canada during the high (17-45/100 km2) and low periods (2.3-3.0/100 
km2) of the lynx-hare cycle (Poole 1994, Slough and Mowat 1996, O’Donaghue et al. 1997). 
Simons (2009, p. 102) estimated that habitat on a 14,407-km2 (5,563-mi2) study area (about half 
of the geographic unit) in northern Maine could potentially support a population of 236 to 355 
adult lynx, and Vashon et al. (2012, pp. 58-59 and Appendix IV) estimated the potential for a 
population of 750 to 1,000 adult lynx in all of northern Maine in 2006. The actual number of lynx, 
however, is unknown because there are no methods available to count individuals over such a 
large geographic area. 
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Lynx seem to have maintained a similar distribution throughout northern Maine since the 1970s, 
and are found primarily north of Moosehead Lake and west of Interstate 95, with scattered 
pockets in western and eastern Maine (Hoving et al. 2003, p. 369; Vashon et al. 2012, pp. 10-
12.)  Resident lynx in small pockets of habitat outside of the core range in Maine (including New 
Hampshire and Vermont) may occur only ephemerally, winking on an off over time as would be 
expected at the periphery of the range of a metapopulation structure, and as suspected for other 
lynx populations at the periphery of the range (McKelvey et al. 2000b, pp. 25-31; Apps 2007, pp. 
81, 95-104). From 1995-1998 and 2003-2008, the MDIFW conducted snow track surveys in 66 
townships to document the distribution of lynx and to inform habitat modeling at the University of 
Maine (Vashon et al. 2012, p. 91). Modeled areas of potential lynx habitat were well-distributed 
throughout northern Maine in the early 2000s (Simons-Legaard et al. 2016, entire). 
 
Lynx populations in New Hampshire and Vermont may consist of only a few animals and they 
may be ephemeral, although breeding has been documented in both locations in recent years. 
Most historical lynx records from New Hampshire are from trapping records from the 1930s to 
the 1960s (Brocke et al. 1993, pp. 71-74; McKelvey et al. 2000a, pp. 212-214). There were only 
2 records in the 1990s. In 2003, the Service determined that, despite a lack of breeding records, 
a small resident population likely occurred historically in New Hampshire but no longer exists 
(68 FR 40087). Lynx were detected in northern New Hampshire in 2006 and have occurred 
there annually since then (Siren 2014b, pp. 53, 55). In 2011, 4 lynx kittens were observed in 
Pittsburg and were considered evidence of breeding in New Hampshire (Kilborn 2015, Appendix 
A, p.44). There were only 4 historical records of lynx in Vermont prior to 2003. Since then, 9 lynx 
sightings have been confirmed, and reproduction was confirmed in 2012 in the Nulhegan Basin 
when the tracks of 3 lynx, a presumed family group, were observed travelling together in late 
February (Vermont Fish and Wildlife 2015, Appendix A5, p. 126). Since 2012, more intensive 
surveys in Vermont have resulted in only a single photograph of a lynx in 2014 (Bernier 2015, 
pp. 1-3; Bernier 2016, pers. comm.). Landscape hare densities are marginal in these areas; 
0.52 hares/ha (range 0.12-0.58 hares/ha) in the Nulhegan Basin of Vermont and 0.12-0.23 
hares/ha in the White Mountain National Forest (Siren 2017, pp. 13, 23, 24), which may explain 
why lynx rarely occur. 
 
Maine lynx had spatial and demographic parameters similar to some northern populations 
during the cyclic high in the snowshoe hare cycle (Brand et al. 1976, Parker et al. 1983, 
O’Donaghue et al. 1997). From 1999 to 2011, biologists with the MDIFW trapped and radio-
marked 85 lynx in northern Maine and documented lynx movements and home range (Vashon 
et al. 2008a, entire; Mallet 2014, pp. 69-93), resource use (Vashon et al. 2008b, entire), survival 
(Vashon et al. 2012, pp. 18-21), productivity (Vashon et al. 2012, pp. 17-19), and other aspects 
of their life history (Vashon et al. 2012, entire). During the period when snowshoe hare 
populations were highest (2000-2006), Maine lynx had among the highest reproductive rates in 
the DPS (89 percent of adult females produced litters, average litter size was 2.74, and kitten 
survival was 78 percent) (Vashon et al. 2012, pp. 18-21). During the current (2006-present) 
period of lower hare density, only 30 percent of females had litters and average litter size was 
smaller (2.25), but kitten survival rate remained high, and was actually somewhat higher during 
the lower hare years (89 percent from 2006-2010, compared to 78 percent from 1999-2005; 
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Vashon et al. 2012, p. 21, table 1.5). Maine lynx have among the smallest home ranges 
documented in the DPS (Vashon et al. 2008a, p. 1482; ILBT 2013, p. 24; also see tables 3 and 
4). Home range sizes were similar during periods of higher and lower hare density (Mallett 
2014). Lynx populations likely increased during the period of high hare density (lambda [λ] = 
1.16) and declined during periods of low hare density (λ = 0.88; USFWS, Vortex 10, 
deterministic population simulation 2016; demographic data from Vashon et al. 2012, pp. 17-
21). 
 
In summary, Maine lynx and hare habitats are believed currently to be at historical highs as a 
result of forest regeneration following widespread clearcutting in the 1970s and 1980s and 
subsequent use of herbicides to suppress hardwoods in response to a spruce budworm 
outbreak (Hoving et al. 2004; Vashon et al. 2008b). In the Northeast prior to European 
settlement, lynx habitat was created and maintained by small-scale, frequent forest gap 
dynamic events and large-scale, infrequent (stand-replacing) forest disturbances (Seymour et 
al. 2002; Lorimer and White 2003). Historically, lynx distribution was patchy, and lynx 
populations likely fluctuated and may have been more dependent on immigration from Canada. 
At multiple scales, lynx in Maine select extensive areas of regenerating, dense (7,000 – 14,000 
stems/ha) spruce-fir stands 15 to 35 years after clearcut, other even-aged harvest, or natural 
disturbance (Hoving et al. 2005; Fuller et al. 2007; Vashon et al. 2008b; Simons-Legaard et al. 
2013). The unnaturally high amount of high-quality lynx habitat in this unit is expected to decline 
by 2030 because of changing forest practices, before stabilizing or increasing again by 2060 
(Simons-Legaard 2016, p. 10, fig. 8; Simons-Legaard et al. 2016; see 5.2.1, below). 
 
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - In response to public concern about widespread clearcutting in 
northern Maine (described above), in 1989 the Maine Legislature passed the Maine Forest 
Practices Act (MFPA). The MFPA regulates maximum size of clearcuts (about 100 ha [250 ac]), 
separation zones between clearcuts, harvest plans, and notification to the Maine Forest Service. 
Clearcuts are not banned, but require varying levels of State permits depending on their size. As 
a result of these regulatory requirements, clearcuts have declined substantially in annual 
number and acreage and have been replaced by various forms of partial harvesting (Sader et 
al. 2003, p. 349-350; McWilliams et al. 2005, p. 35; Legaard et al. 2015, pp. 14-21). Following 
passage of the MFPA, the percentage of acreage clearcut annually in Maine declined from 44 
percent of annual harvest in 1989 to < 5 percent in 2004 (Simons 2009, pp. 45-46; Legaard et 
al. 2015, p. 18). The average size of clearcuts has been reduced from > 50 ha (125 ac; Maine 
Forest Service 1995, entire) to < 10 ha (25 ac; Maine Forest Service 2003, entire; 2005, entire; 
2007, entire). Currently, partial harvesting comprises about 94 percent of acres cut annually in 
Maine (Simons 2009, p. 50). Although total timber volume harvested has changed relatively 
little, landowners must partial harvest about twice as many acres to harvest the same volume of 
wood annually that they would with clearcutting (Legaard et al. 2016, p. 18). Thus, the annual 
forest area harvested in Maine has increased from about 100,000 ha (250,000 ac) pre-MFPA to 
223,000 ha (550,000 ac) post-MFPA (McWilliams et al. 2003, p. 35). 
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Currently, 28 years after implementing the MFPA, much of the 4 million-ha (10 million-ac) 
northern Maine landscape has been partially harvested (Legaard et al. 2016, p. 16) – some 
areas on multiple occasions. The partial harvests that replaced clearcuts include a variety of 
silvicultural treatments, including both even-aged (e.g., shelterwood) and uneven-aged (e.g., 
selection) management that result in a wide range of residual stand conditions (Robinson 2006, 
pp. 5-37), which have important implications for lynx conservation. Snowshoe hare densities in 
partially harvested forests are on average about 50 percent lower (but range from 20 to 90 
percent lower) than in regenerating conifer stands created by clearcutting (Robinson 2006, pp. 
5-37; Scott 2009, p. 109; Simons 2009, p. 83), thus reducing landscape hare density and, 
thererofe, lynx habitat quality in this unit (Simons 2009, pp. 206, 209, 217; Simons-Legaard et 
al. 2016, p. 7-8; Simons-Legaard 2016, entire). Landscape level hare densities have declined 
with extensive partial harvesting and aging of the spruce budworm-era clearcuts, and future 
declines are anticipated (Simons-Legaard et al. 2016, 9-10; also see section 5.2.1). 
 
Climate Change - Climate change is affecting temperature, snow, and precipitation patterns in 
the Northeast at rates faster than expected (Rustad et al. 2012, p. 6). Rapid winter warming in 
recent decades is believed to be influenced by an albedo effect caused by the reduced 
persistence of snow in winter (Hayhoe et al. 2006). Average winter temperatures are increasing 
0.42° - 0.46°C/decade (0.76° - 0.83 °F/decade) with the greatest warming occurring in the winter 
months, especially January and February (Burakowski et al. 2008). Under mid- to high-
emissions scenarios, average mean temperatures in northern Maine are projected to increase 
by 6.7° - 7.8°C (12° - 14°F) by 2080-2099 relative to 1971-2000 (Galbraith et al. 2013, p. 43). 
Under a higher emissions scenario, snow covered days in northern Maine (from December to 
February) could decrease from 30 days per month observed from 1961-1990 to about 18-20 
days per month in 2070-2099 (Galbraith et al. 2013, p. 49). Climate warming may have already 
affected lynx habitat in this unit by reducing the distribution of favorable snow conditions and 
boreal forest vegetation, and it is likely to continue to do so in the future (see section 5.2.1). 
 
Snow Duration, Depth, and Quality - As noted in chapter 2, records of lynx occurrence are 
correlated with areas that regularly have at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). Snow cover days in northern New England (1965-2005) 
ranged from 60-121 days and declined an average of 3.6 days/decade from 1965-2005 
(Burakowski et al. 2008). Snow duration declined by 16 days in the Northeast from 1970 to 2001 
(Wake 2005) and is expected to diminish another 2 weeks in Maine by mid-century (Fernandez 
et al. 2015). Thus, average conditions in Maine are currently at or below the snow cover 
duration correlated with historical lynx occurrence records. Similarly, the largest decreases in 
snow depth observed in Canada in the last 6 decades have occurred in the lower St. Lawrence 
Valley, immediately north of Maine (Brown and Braaten 1998, pp. 48-52). 
 
Lynx in the northeastern United States and eastern Canada occur where average annual 
snowfall typically exceeds 270 cm/yr (106 in/yr; Hoving et al. 2005), which defines the 
distribution of lynx (to the north) and bobcat (to the south) in this region (Hoving et al. 2005; 
Carroll 2007; Peers et al. 2013). Average annual snow depth at all 5 NOAA weather stations 
within the range of the lynx in northern Maine (1981-2010) was below this threshold and ranged 
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from 228-263 cm (90-104 in; NOAA 201114). In the last 50 years, 18 of 23 snow sampling sites 
in and near Maine experienced reduced depth of snowpack (Hodgkins and Dudley 2006). Snow 
depth in New England (1965-2005) declined an average of 4.6 cm/decade (1.8 in/decade; 
Burakowski et al. 2008). Thus, average annual snowfall in Maine is currently at or below depths 
associated historically with lynx presence, and further declines could reduce the likelihood that 
resident lynx will persist in this unit (Hoving et al. 2005). 
 
As noted in chapter 2, deep, unconsolidated and persistent snow is thought to provide lynx with 
a competitive advantage over other terrestrial hare predators and gives snowshoe hares the 
ability to reach winter browse. Snow quality (“fluffiness”) has deteriorated and snow density has 
increased in the Northeast. Unlike other units, annual precipitation in Maine is increasing 
because of climate change, but primarily as rain (Siren in Lynx SSA Team 2016a, p. 15; 
Fernandez et al. 2015), and especially rain on snow events in winter in northern Maine 
(Huntington et al. 2004; Deser et al. 2014; Fernandez et al. 2015). Snow density and 
compaction and crust conditions (caused by wet, heavy snow or rain on snow events in winter) 
have increased in northern New England (Dudley and Hodgkins 2002; Huntington et al. 2004; 
Huntington 2005; Hodgkins and Dudley 2006) and southern Canada (Karl et al. 1993).  
 
Vegetation Management - The effects of forest management on foraging and denning habitat for 
lynx in northern Maine are discussed in the Habitat Description, Habitat Status, and Regulatory 
Mechanisms sections above. As described there, past vegetation management in the form of 
landscape-level clearcutting (sometimes followed by herbicide application to promote softwood 
regeneration) of budworm impacted forests is responsible for the current historically high 
amount of high-quality hare (and therefore lynx forgaing) habitat in this unit. The amount of high-
quality habitat created by these densely-regenerating stands probably peaked in the late 1990s 
– early 2000s and is expected to decline over the next several decades (see section 5.2.1).  
 
Wildland Fire Management - Although fire is frequent in many boreal forest regions, it is not a 
stressor for lynx in northern Maine and likely played a minimal role historically in creating and 
maintaining lynx and hare habitats. Annual precipitation is comparatively greater in this unit than 
others, and conditions for large fires occur infrequently. The fire regime in this unit is one of 
infrequent (50- to 200-year interval) and generally small (several acres) surface fires in the 
dormant season. Large (up to 32,375 ha [about 80,000 ac]) stand-replacing fires are rare and 
occur at a less frequent interval (800 to 9,000 years; Seymour et al. 2002, p. 360). In contrast, 
spruce budworm outbreaks cause stand-replacement over large areas every 100–250 years 
(Cogbill, 1985). 
 
Habitat Fragmentation - Habitat fragmentation (smaller and more isolated patches of high-
quality hare habitat) caused by current forest practices in northern Maine is discussed in the 
Habitat Description and Habitat Status sections above. 
 

                                                
14 http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html, 
https://www.currentresults.com/Weather/Maine/annual-snowfall.php, last accessed 3.31.2016. 

http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html
https://www.currentresults.com/Weather/Maine/annual-snowfall.php
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Other Factors: Trapping - This unit is directly connected to lynx habitats and populations in 
southern Quebec, where trapping of lynx is legal. In areas where lynx are trapped for furs 
(Canada and Alaska), trapping can be additive to other sources of mortality and have 
population-level effects (Brand and Keith 1979; Koehler and Aubry 1994). Thus, harvest 
regulations for lynx are modified (e.g., lynx quotas per trapper are reduced) when hare and lynx 
populations are low (Bailey et al. 1986). About 400 lynx are trapped and killed annually in 
Quebec south of the St. Lawrence River15. Several lynx that were captured and radio-marked in 
northern Maine were subsequently trapped in southern Quebec (Vashon et al. 2012). 
 
Lynx trapping and hunting seasons were closed in Maine in 1967 (Vashon et al. 2012, p. 28) 
and also in New Hampshire and Vermont for decades prior to the DPS being listed under the 
ESA. In 2014, the MDIFW worked with the Service to develop an Incidental Take Plan for 
Maine’s Trapping Program (MDIFW 2014, entire; 2015a as amended, entire) and obtained a 
permit from the Service for lynx trapped incidental to other furbearer trapping in Maine (see 
section 3.1.2). Trapping injury and mortality are not believed to have a population-level effect on 
lynx in northern Maine and adjacent Canada when lynx may be at historically high numbers, but 
increased, targeted lynx trapping in southern Quebec could have a synergistic and negative 
effect if hare and lynx populations decline, habitat declines, or climate change further stresses 
lynx (Slough and Mowatt 1996; Carroll 2007, pp. 1099-1103). Carroll (2007, pp. 1099-1103) 
modeled lynx populations in this unit and demonstrated that increased trapping pressure in 
Quebec could, combined with projected clmate warming and associated snow loss, have a 
negative effect on protected lynx populations in Maine and New Brunswick. 
 
Wind Power Development - Interest in wind energy development has increased in northern and 
western Maine, and such development could impact high- and low-elevation spruce-fir habitats 
(Whitman et al. 2013). Maine has experienced a rapid increase in wind energy development16, 
and there is increased interest in placing developments on private lands in unpopulated areas in 
northern Maine, New Hampshire, and Vermont. Wind energy is an increasingly appealing 
source of income for investment companies and other landowners who own forestland in the 
northern Maine unit. As of 2016, at least 11 wind projects have been proposed in northern and 
western Maine and 5 projects are in operation; 2 have been proposed in northern New 
Hampshire and 2 are in operation; and 3 have been proposed for northeast Vermont and 2 are 
in operation or under construction. Maine’s 2 largest wind projects (combined over 250 turbines 
covering 932 km2 [360 mi2]) are proposed entirely within Maine’s designated lynx critical habitat. 
Although impacts of wind energy projects on lynx, hares, and their habitats have not been 
demonstrated, potential effects include loss and fragmentation of habitat from turbines, roads, 
and transmission lines, and disturbance or displacement of resident lynx. Road construction 
could further fragment habitat and increase access, potentially increasing vehicle collisions with 
lynx and other sources of mortality, including incidental trapping or illegal shooting (also see 
5.2.1). 
 

                                                
15 http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp, last accessed 5.19.2016. 
16 http://www.eia.gov/electricity/data/browser, last accessed 8.2.2016. 

http://mffp.gouv.qc.ca/english/wildlife/statistics/index.jsp
http://www.eia.gov/electricity/data/browser
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Changing Land Ownership and Development - Until recently, the northern Maine unit was 
largely undeveloped and owned primarily by about a dozen large, commercial timber interests, 
but land ownership patterns have changed dramatically in the last 15 years (Ippoliti and 
Nadeau-Drillen 2006). Large tracts of land have been sold, lumber and pulp mills shut down, 
and much of the area has been sold to investment-oriented owners. Some of these new 
landowners are seeking diversified financial returns on their investment, including developing 
residential housing, second homes, and resorts. At various times in the past, 2 large residential 
and resort areas have been proposed on forestlands within designated lynx critical habitat in 
this unit. Both projects, if eventually built as previously-planned, could result in the development 
of several thousand acres of potential lynx habitat, but would be mitigated by substantial 
(100,000s of acres) conservation easements on surrounding forestland. Also, a private 
landowner recently purchased and donated 354 km2 (137 mi2) within designated lynx critical 
habitat that was subsequently designated as the Katahdin Woods and Waters National 
Monument. This area currently has a legacy of young regenerating spruce-fir habitat from 
previous commercial timber harvest, but its new monument designation will limit future forest 
management activities (timber harvest or other vegetation management) that could benefit lynx. 
In addition, the Nature Conservancy continues forest management on about half of its 750-km2 
(290-mi2) ownership in this unit, including managing part of the area for lynx. 
 
Construction or expansion of developed areas such as residential areas and resorts and smaller 
recreational sites like Nordic ski huts or campgrounds may directly remove forest cover. Such 
habitat alteration and associated human recreation in lynx habitat could result in a more 
fragmented landscape and localized decreases in prey availability, and could affect lynx 
movements within home ranges or displace lynx from high-quality habitats. As with energy 
development, road and highway construction often associated with residential and recreational 
development can further fragment habitat and, with associated increases in traffic volumes 
and/or speeds and human access, can increases the likelihood of lynx mortality and injury from 
vehicle collisons and incidental or illegal trapping or hunting. 
  
In summary, lynx were historically and are currently widespread throughout northern Maine, and 
they currently occur (and probably occurred historically) as small resident or ephemeral 
populations in small patches of habitat outside this geographic unit in eastern and western 
Maine, northern New Hampshire, and northern Vermont. According to MDIFW, habitat in 
northern Maine may currently support a potential population of 750 to 1,000 lynx. High-quality 
habitat created by extensive clearcutting 30 to 40 years ago is peaking and is projected to 
decline by 50 percent in the next 15 to 20 years (Simons-Legaard 2016, pp. 10-18; also see 
section 5.2.1). Hare densities declined by 50 percent in this unit starting in about 2006 and have 
remained at lower levels, and future hare fluctuations or cycles are uncertain. Recent history 
demonstrates that some forms of forest management have the potential to create or increase 
lynx habitat. However, forest practices have shifted to partial harvesting, which is less likely to 
create large areas of lynx habitat or maintain the current historically broad distribution of high-
quality habitat generated by previous landscape-level clear-cutting. Additionally, private 
landowners who previously entered into commitments to manage for lynx conservation have not 
renewed those commitments (although the habitat will remain viable for lynx for some time). 
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Land ownership has also changed in northern Maine, and the majority of lands are owned now 
by investment companies that often wish to diversify income from their investments, which could 
result in forest practices inconsistent with lynx habitat conservation. Without long-term, binding 
land management commitments in this unit, there is no guarantee that the current historically 
high amount of lynx habitat will be maintained by future forest managment practices on private 
lands. The greatest stressors to resident lynx in this unit are habitat loss (as a result of the shift 
in forest management from clearcutting to partial harvesting resulting in lower landscape hare 
densities), lack of forest planning for lynx, and projected continued climate warming (diminishing 
snow depth, quality and duration; transition from spruce-fir to northern hardwood forests; 
potential increased competition from bobcats and fishers; and increased future isolation of lynx 
in this unit and southeastern Canada because of diminishing ice conditions on the St. Lawrence 
River/Seaway). 
 
4.2.2 Unit 2 - Northeastern Minnesota 
 
Unit Description:  This geographic unit encompasses approximately 21,100 km2 (8,147 mi2) in 
northeastern Minnesota. It includes the area designated as critical habitat in 2014 (79 FR 
54782) and an additional relatively small area of tribal land that was excluded from critical 
habitat. Land ownership in this unit is about 47 percent Federal (primarily USFS, with some 
NPS and BLM land); 36 percent State; 16 percent private; and 1 percent Tribal (Grand Portage 
Reservation; see table 2). This unit includes most of Superior National Forest (SNF; including 
the Boundary Waters Canoe Area Wilderness [BWCAW]) and Voyageurs National Park. This 
unit is directly connected to lynx habitats and populations in Canada, and lynx in this unit likely 
represent the southern extent of a larger cross-border population, most of which occurs in 
Ontario. Relative to other DPS lynx populations, this unit is about 1,610 km (1,000 mi) west of 
the Northern Maine geographic unit and about 1,480 km (920 mi) east of the Northwest 
Montana/Northeast Idaho Unit. 
 
Habitat Description:  In Minnesota, most lynx occurrences are associated with the Mixed 
Deciduous/Conifer Forest (McKelvey et al. 2000a, pp. 246, 248) within the Laurentian Mixed 
Forest Province (McNab et al. 2007, p. 5). Most of this province is characterized by low-relief 
hilly landscapes with glacial features and an elevation from sea level to 730 m (2,400 ft), 
including many lakes and rivers. This unit contains a mix of upland conifer and hardwood 
interspersed with lowland conifer, alder or willow shrub swamps and black spruce or tamarack 
bogs. Coniferous and mixed-coniferous/deciduous vegetation types are dominated by balsam 
fir; black and white spruce (Picea glauca); northern white cedar (Thuja occidentalis); Jack 
(Pinus banksiana), white, and red (Pinus resinosa) pine; eastern hemlock (Tsuga canadensis); 
and tamarack; mixed with aspen and paper birch (Burdett 2008, p.5; McCann and Moen 2011, 
p. 510). Burdett (2008, p. 57) reported that lynx in Minnesota selected regenerating forest, 
dominated by conifer with extensive forest edge, and that lynx beds (resting and hunting) and 
kill sites were associated with regenerating and mixed forest. McCann and Moen (2011, p. 513) 
found snowshoe hare densities were highest in regenerating forests. Female lynx selected large 
woody debris and dense horizontal cover in lowland conifer cover for denning in northern 
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Minnesota (Moen et al. 2008a, p. 1510), but other cover types were used if recent blowdowns 
were present (Moen and Burdett 2009, p. 5). 
 
Snowshoe hare habitat in Minnesota primarily consists of conifer forests with dense low-growing 
understories, lowland shrub, and conifer bogs. Conifer bogs or lowland conifer forests may be 
especially important during declines in hare abundance by acting as refugia for hares. Early 
regenerating or pole-sized stands are not used as much as in other portions of their range, 
although older regeneration stands were used frequently in Minnesota (McCann 2006, p. 45). 
Sapling-sized aspen adjacent to conifer cover may also provide functional snowshoe hare 
habitat. In northeastern Minnesota, edge habitats and regenerating conifer stands appeared to 
be important for snowshoe hare populations (Burdett 2008, p. 58; McCann 2006, p. 45), as were 
dense habitats containing balsam fir, white spruce, and cedar (Fuller and Heisey 1986, p. 263). 
Recent research indicates that the red squirrel is not an important prey species for lynx in 
northeastern Minnesota (Burdett 2008, p. 62; Hanson and Moen 2008, p. 9). 
 
Average annual snowfall in this unit ranges from about 180 cm (71 in) in the northwestern part 
of the unit near International Falls, to 219 cm (86 in) in Duluth, on the southern end of the unit, 
to 228 cm (90 in) in Tofte, near the lake shore on the far eastern-central part of the unit and in 
Isabella, near the center of the unit, to 107 cm (42 in) in Grand Portage, at the northeastern tip 
of the unit. More snow is produced along Lake Superior, because of the lake effect17. 
 
Habitat Status:  Friedman and Reich (2005, p. 732) conducted a spatially explicit forest 
composition change analysis on a 3.2 million-ha study area in northeastern Minnesota, which 
was based on General Land Office Survey records from the late 1800s and the 1990 USFS 
Inventory and Analysis Survey. The study documents altered forest tree species abundance, 
proportional basal area, and spatial distribution patterns. The proportionally most abundant 
species in northeastern Minnesota shifted from the presettlement period (spruce, 21 percent; 
tamarack, 15 percent; and paper birch, 15 percent) to aspen (30 percent), spruce (16 percent), 
and balsam fir (16 percent) in 1990. White pine declined from 20 percent to 5 percent basal 
area dominance, birch from 16 percent to 13 percent, spruce from 14 percent to 9 percent, and 
tamarack from 12 percent to 2 percent, while aspen increased from 8 percent to 35 percent 
basal area dominance. 
 
The SNF continues to manage in accordance with its 2004 Forest Land and Resource 
Management Plan (USFS 2004a, entire). The Forest Plan emphasizes providing sustainable 
amounts of timber, maintaining or enhancing biodiversity, contributing to economic and social 
needs of the community, and managing in an environmentally sound manner to produce goods 
and services that provide for long-term public benefits. The Plan includes many objectives, 
standards, and guidelines for the protection of lynx and enhancement of lynx habitat (USFS 
2004a, Appendix E) that are based on recommendations in the 2000 LCAS (Ruediger et al. 
2000, entire). LAUs were delineated on the SNF in 2000 as the smallest landscape scale on 
which to analyze effects to lynx. The boundaries have remained in place since that time to allow 
for long term analysis of project effects. However, the SNF Plan proposed several changes of 
                                                
17 https://snowfall.weatherdb.com/d/a/Minnesota; accessed 4/25/2016. 
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current LAU boundaries, such as adding LAUs to the Virginia Management Unit of the 
Laurentian Ranger District, and designating the BWCAW a lynx refugium. 
 
Hare density in parts of northeastern Minnesota appears to be sufficient to support a viable lynx 
population (Moen et al. 2008a, p. 1512), with stand-level densities ranging from 0.3–2.0 
hares/ha (0.12–0.8 hares/ac; McCann 2006, p. 17). Hare populations in northeastern Minnesota 
appear to be patchily-distributed, but are most consistently abundant in 10-30 year old 
regenerating forests (McCann 2006, p.45). Pellet count data prior to the 1990s show evidence 
of density fluctuations of snowshoe hare populations occupying Minnesota (Fuller and Heisey 
1986, pp. 262-263), but these fluctuations were not observed during the 1990s (Hodges 2000a, 
p. 172). 
 
This unit is directly connected to lynx habitats and populations in southern Ontario, where 
trapping of lynx is legal. Habitat connectivity within and between portions of northeastern 
Minnesota and Canada appears functional based on radio-telemetry data that have documented 
lynx movements in both directions between Minnesota and Ontario (Burdett et al. 2007, p. 458; 
Moen 2009, pp. 4-6; Moen et al. 2010b, p. 5). 
 
Lynx Status:  When the DPS was listed, it was uncertain whether a resident lynx population 
occurred in Minnesota. However, we now know that a reproducing resident population has 
persisted in Unit 2 since the DPS was listed. Moen et al. (2008b, p. 30) estimated a likely 
maximum (all available habitat occupied) number of 190-250 resident lynx in this unit, and Moen 
(in Lynx SSA Team 2016a, p. 39) recently suggested that the resident population likely 
fluctuates from about 50 to 200 lynx. A more precise estimate of resident population size is not 
available. 
 
Average home range sizes in Minnesota were first reported as 194 km2 (75 mi2) for males and 
87 km2 (34 mi2) for females (Mech 1980, p. 263). Later radio-telemetry data showed that males 
had much larger average home range sizes (267 km2 [103 mi2]) than females (21 km2 [8 mi2]), 
and that females with kittens had the smallest home ranges (Burdett et al. 2007, pp. 460-461). A 
study of radio-collared lynx in Minnesota documented approximately 40 percent of male and 
female lynx making long distance movements outside of their home ranges and into southern 
Ontario (Moen et al. 2010b, p. 17). Among lynx that made long-distance movements, females 
tended to move 100-200 km (62-124 mi) and did not return to their original home ranges in 
Minnesota, while males moved 50-80 km (31-49 mi) back and forth between Ontario and 
Minnesota (Moen et al. 2010b, p. 17). 
 
The SNF and others have identified 268 unique individual lynx (48 percent female, 51 percent 
male) from DNA samples taken since 2000 (Catton et al. 2015, p. 1). This study also 
documented lynx hybridization with bobcat and identified 13 unique individual lynx-bobcat 
hybrids (5 Female, 8 Male; Catton et al. 2015, p. 1). The DNA analyses also showed 
persistence of individual lynx in Minnesota of 2 years (N = 27 lynx), 3 years (N = 11), 4 years (N 
= 5), 5 years (N = 6), and 1 female lynx tracked for over 5 years, who produced 7 kittens in 
Minnesota (Catton et al. 2015, pp. 3-5). 
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Since 2000, the Service has documented 45 lynx mortalities in Minnesota including 16 that died 
of unknown causes, 11 that died after being incidentally captured in traps set for other species, 
9 that were hit by vehicles on roads, 7 that were illegally shot, and 2 that were hit by trains 
(USFWS 2016b, unpubl. data). In addition to the 11 trapping mortalities, another 15 lynx were 
documented to have been incidentally trapped but released alive. The documented incidents 
largely occurred during legal trapping that targeted bobcat, coyote, fox, and marten, and 
involved a variety of traps including foot-holds, body gripping traps, and snares. Other lynx may 
have been incidentally trapped but not reported. Additionally, lynx emigrating from Minnesota to 
Ontario are exposed to legal trapping and shooting in accordance with regulated harvest in 
Canada. At least a third of lynx radio-collared in Minnesota spent time in Ontario; 4 radio-
collared lynx were legally harvested (trapped) in Canada between 2003 and 2010, and 2 died in 
Ontario of unknown causes (USFWS 2016b, unpubl. data). Some of these mortalities occurred 
years after the lynx was last located in Minnesota, indicating, along with evidence of lynx 
returning to Minnesota after dispersing to Ontario, that survival of Minnesota lynx in Ontario for 
extended periods is possible (Moen 2009, pp. 2-3, 10-13). Minnesota has relatively high forest 
road and highway densities that intersect lynx habitat and several radio-collared lynx in 
Minnesota inhabited home ranges that were bisected by highways. 
 
Factors Affecting Current Conditions 
 
Identified factors potentially affecting current conditions for lynx in Minnesota include reduction 
in habitat quality or quantity, habitat fragmentation, climate change, increased access for 
competing hare predators, and human-caused mortality. The SNF is currently implementing the 
2004 SNF Plan (USFS 2004a, entire), which has direction based on the LCAS (Ruediger et al. 
2000, entire) and the Canada Lynx Conservation Agreement (CA) between the Forest Service 
and the Service (USFS and USFWS 2000, entire), for all forest activities that occur within LAUs. 
Active management of forest lands can create, maintain, and restore lynx habitat, and the SNF 
has a long-term commitment for doing so; however, private landowners do not. Under the 
Sustainable Forest Resource Act of 1995, the Minnesota Forest Resources Council (MNFRC) 
has developed guidelines for site-level timber harvesting and forest management (MNFRC 
2012, p. 1); these voluntary guidelines are intended for private and State landowners and 
include some general recommendations for wildlife including lynx. The implementation of the 
MNFRC guidelines is monitored annually (e.g., MNDNR 2016b, p. 2). Thus, the several risk 
factors are being minimized and managed to promote the conservation of lynx within the SNF, 
however implementation of the guidelines on privately owned lands is voluntary. 
 
Activities that change forest structure can affect habitat quantity and quality for lynx and 
snowshoe hares, their primary prey source. Thinning and other timber management practices 
that reduce stem density and downed material and promote more open, mature stands can 
reduce habitat quality and quantity. Throughout the SNF and northern Minnesota, human 
activities have reduced connectivity between patches of suitable lynx habitat. Development for 
residential and commercial uses, as well as roads, railroads, and utility corridors have all 
interrupted linkage corridors. Mineral exploration and development is increasing in portions of 
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Minnesota, particularly for hard rock (non-ferrous) minerals. Some of the area of interest for 
minerals overlaps with lynx habitat in northeastern Minnesota. Mineral exploration may result in 
short-term displacement of lynx. Mining activities and associated development may result in an 
irreversible loss of habitat or increased mortality risk. The specific effects to lynx and their 
habitat will depend on the scale and type of each project. 
 
Roads are a factor in human-caused lynx mortality where they provide access to areas where 
lynx occur, increasing the risk of negative interactions between people and lynx. Throughout the 
SNF outside the BWCAW, high and low standard roads bisect many areas that provide potential 
or suitable lynx habitat. Additionally, bobcat harvest in northeastern Minnesota has been 
increasing over the last decade (Erb 2012, unpaginated), although it is still very rare in the area 
occupied by resident lynx in this unit. Where lynx and bobcat overlap, there is potential for 
accidental shooting and increased incidental trapping of lynx. 
 
Winter road use, snowmobiling, cross country skiing, and dog sledding all increase the amount 
and distribution of compacted snow conditions, which may increase access by potential lynx 
competitors or predators to snowy areas from which they may otherwise be excluded (ILBT 
2013, pp. 80-82). However, results of research on whether these activities result in increased 
competition or predation are ambiguous (ILBT 2013, p. 81) and impacts, therefore, are 
uncertain. Outside the BWCAW, snowmobile activity is extensive and increasing significantly. 
The SNF has 1,135 km (705 mi) of snowmobile trails and 2,514 km (1,562 mi) occur on all 
ownerships within the National Forest boundary (USFS 2011a, p. 38). Advances in snowmobile 
capabilities have raised concerns about intrusion and snow compaction in areas previously not 
vulnerable to high levels of snowmobile use. In addition, new road construction in lynx habitat 
has made more areas accessible during winter. These routes could be used by snowmobiles 
even if new roads are designated as closed to motorized public travel during other seasons. The 
SNF has 3,101 km (1,927 mi) of low standard roads and 254 km (158 mi) of temporary roads 
(USFS 2011a, p. 38). Increases in these activities have the potential to reduce the competitive 
advantage lynx are believed to have in areas that typically receive deep, persistent, 
unconsolidated snows. 
 
As described in Chapter 2, lynx are adapted for surviving in areas that have cold winters with 
deep, fluffy snow, where they are thought to outcompete potential competitors such as bobcats, 
coyotes, and wolves. The geographical distribution of bobcat harvest in Minnesota has 
remained relatively static with a lack of harvest in the Arrowhead Region of Minnesota (the 
region encompassed by Cook, Lake, and St. Louis counties in northeastern Minnesota; Erb 
2009 cited in Kapfer 2012, p. 16; Erb 2012, unpaginated) and annual snow track and scent 
stations surveys support the conclusion that bobcats are as rare in the Arrowhead Region as 
harvest indicates (MNDNR, unpubl. data, cited in Kapfer 2012, p. 23). However, this may 
change with decreased snow conditions predicted to result from continued climate warming 
(Kapfer 2012, p. 25; see section 5.2.2). Bobcat and coyote populations already appear to be 
increasing in Minnesota (Erb 2014, p. 40). If snow depth and duration decrease in the 
Arrowhead Region as projected by climate models, deer mortality may be reduced; this could 
increase bobcat densities and facilitate bobcat expansion into northeastern Minnesota (Kapfer 
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2012, p. 25), potentially increasing bobcat-lynx hybridization (Koen et al. 2014b, p. 113). 
According to annual track surveys, wolf populations in Minnesota are currently stable (Erb 2014, 
p. 40); however, similar to bobcat, wolf populations may increase with changing snow conditions 
and prey availability as influenced by climate change. 
 
In summary, although lynx residency in the unit was uncertain when the DPS was listed, we 
now understand that it supports a persistent resident population that is thought to fluctuate from 
50-200 individuals, likely in response to hare population changes that affect lynx survival, 
productivity, and recruitment. We have no evidence to suggest that this area historically 
supported a larger population or a broader distribution of habitat capable of supporting 
persistent lynx occupany. Although recent research has improved our understanding of lynx 
distribution, habitat requirements, dispersal, and some demographic parameters in this unit, we 
still lack information on kitten survival, recruitment, and the influence of immigration and 
emigration on population persistence. 
 
4.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Unit Description:  This geographic unit includes the parts of northwestern Montana and 
northeastern Idaho the Service designated as critical habitat for lynx in 2014 and some Tribal 
and State lands that were excluded from that designation (79 FR 54825). It encompasses 
approximately 27,000 km2 (10,424 mi2) in portions of Boundary County in Idaho and Flathead, 
Glacier, Granite, Lake, Lewis and Clark, Lincoln, Missoula, Pondera, Powell and Teton Counties 
in Montana. Ownership in this unit is 84 percent Federal (USFS, NPS, and BLM); 8 percent 
private; 4 percent State; and 4 percent Tribal. Most Federal lands in this unit (82 percent) are on 
national forests managed by the USFS; with NPS (16 percent) and BLM (almost 2 percent) 
contributing most of the remainder. This unit includes most of Glacier National Park and parts of 
the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis and Clark, and Lolo National Forests, 
the BLM’s Garnet Resource Area, and the Confederated Salish and Kootenai Tribes Flathead 
Reservation. It also includes (from northwest to southeast) all or parts of the Purcell, Cabinet, 
Salish, Whitefish, Lewis, Flathead, Swan, and Garnet mountain ranges. Several areas adjacent 
to this unit are known or thought to support a small number of resident lynx, at least 
intermittently, including the southern Selkirk Mountains of northern Idaho and northeastern 
Washington and the western Cabinet Mountains of northern Idaho (USFS 2015a, pp. 9-10; 
Lucid 2016, pp. 7-11; Lucid et al. 2016, pp. 158-160; IDFG 2017, pp. 2-5), and a small area of 
the Helena National Forest just south of MacDonald Pass, between Helena and Missoula 
(Gehman et al. 2011, p. 21). This unit is directly connected to lynx habitats and populations in 
Canada, and lynx in this unit may represent the southern extent of a larger cross-border 
population that also occurs in southwestern Alberta and southeastern British Columbia. Relative 
to other DPS lynx populations, this unit is about 200 km (125 mi) east of the north-central 
Washington unit, about 145 km (90 mi) northwest of the GYA, and about 1,480 km (920 mi) 
west of the Northeastern Minnesota geographic unit. 
 
Habitat Description:  In the Northern Rocky Mountains, most lynx occurrences are associated 
with the Rocky Mountain Conifer Forest or Western Spruce-Fir Forest vegetative classes 
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(Kuchler 1964, p. 4; McKelvey et al. 2000a, p. 246) at elevations ranging from 1,250 m (4,100 ft) 
to 2,500 m (8,200 ft; Aubry et al. 2000, pp. 378–380; McKelvey et al. 2000a, pp. 243–245). The 
dominant vegetation that constitutes lynx habitat in these areas is subalpine fir, Engelmann 
spruce and lodgepole pine (Aubry et al. 2000, p. 379; Ruediger et al. 2000, pp. 4-8 - 4-10). 
Within these vegetation types, lynx appear to prefer areas of moderate to gentle topographic 
relief (Koehler and Aubry 1994, p. 86; Apps 2000, p. 352; Squires et al. 2013, pp. 187, 191). 
Lynx use large landscapes that include a temporally- and spatially-shifting mosaic of forest age 
classes, where natural or anthropogenic disturbances may reset forest succession (ILBT 2013, 
p. 28). Early successional stages that often provide dense horizontal cover at ground/snow level 
and support high hare densities (Griffin 2004, pp. 53-54, 70; Squires et al. 2010, pp. 1654-1656) 
may be created and maintained by natural disturbance processes including wildfire, insect 
infestations, tree diseases, and wind events (ILBT 2013, p. 28). Timber harvest, other 
silvicultural treatments, wildfire management, or other vegetation management, which may be 
beneficial, benign, or adverse to lynx and hare habitats depending on prescription, extent, and 
implementation, can also influence the amount and distribution of early successional stands 
(Agee 2000, p. 39; ILBT 2013, pp. 28, 71-76). Likewise, natural disturbance regimes and forest 
management can also influence the amount and distribution of mature multi-story spruce-fir 
stands, which can include dense horizontal structure, support high hare densities (Griffin 2004, 
pp. 53-54, 70; Squires and Ruggiero 2007, pp. 313-314; Berg et al. 2012, pp. 1483-1485), and 
provide preferred winter foraging habitat for lynx (Squires et al. 2010, pp. 1653-1657). 
 
In northwestern Montana, lynx generally occur in mid-elevation (1,260 – 2,355 m [4,130 – 7,730 
ft]) moist subalpine mixed-conifer forests dominated by Engelmann spruce and subalpine fir and 
including Douglas-fir, western larch (Larix occidentalis), and lodgepole pine (Squires et al. 2010, 
pp. 1653-1654). Lynx home ranges occur in areas with low surface roughness (i.e., low 
topographic relief; gently-sloping to moderately-steep terrain), high canopy cover indices, and 
little open grassland (Squires et al. 2013, p. 191). These lynx habitats occur below the alpine 
zone and above drier, more open forest types (e.g., ponderosa pine and dry Douglas-fir/western 
larch/lodgepole pine) that do not provide lynx habitat (Agee 2000, p. 42; Berg 2009, p. 20; 
Squires et al. 2010, p. 1655). As elsewhere in the western portion of the DPS, this elevational 
pattern contributes, along with the transition from boreal to more temperate forests, to a 
naturally patchier, more fragmented distribution of lynx habitat than in the continuous boreal 
forest landscape in the core of the lynx’s North American range in northern Canada and interior 
Alaska (65 FR 16052-53; 68 FR 40089; Squires et al. 2006[a], pp. 46-47; ILBT 2013, pp. 76-77; 
Squires et al. 2013, p. 191; 78 FR 59438). Squires et al. (2013, pp. 187-189) used telemetry 
data to model the distribution of probable lynx habitat in a 36,096-km2 (13,937-mi2) study area 
that completely overlaps this geographic unit. Their results indicate that much of the area has a 
low to moderate probability of selection by lynx, and that the areas with higher selection 
probabilities are relatively small and patchily- but widely-distributed throughout the unit and are 
separated by intervening areas of low probability of lynx use (Squires et al. 2013; see fig. 1(a), 
p. 189). Holbrook et al. (2017, entire) recently corroborated this result. This patchy distribution of 
high-quality habitats interspersed with areas of low-quality or non-habitat results in naturally 
lower densities of both snowshoe hares and lynx than those typical (except durig hare cycle 
lows) in the continuous boreal forests of northern Canada and Alaska (Wolff 1980, pp. 123–128; 
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Buehler and Keith 1982, pp. 24, 28; Koehler 1990a, p. 849; Koehler and Aubry 1994, p. 84; 
Aubry et al. 2000, pp. 373–375, 382, 394). 
 
In this unit, female and male lynx exhibit strong selection for advanced (25- to 40-year-old) 
regenerating spruce-fir stands in both winter and summer and at all levels of proportional 
availability (ranging from about 5 to 40 percent) of this stand type on the landscape (Holbrook et 
al. 2017, pp. 10-18 and fig. 6). In winter, females and males both preferentially use mature 
multi-story spruce-fir stands with dense horizontal cover, particularly when it is less available, 
proportionally, on the landscape, and they avoid clearcuts and large forest openings (Squires et 
al. 2010, pp. 1648, 1653–1656; Holbrook et al. 2017, pp. 10-18 and fig. 6). In summer, lynx also 
select young stands with dense spruce-fir saplings, avoid mature forest, do not appear to avoid 
openings as in winter, and use slightly higher elevations (Squires et al. 2010, pp. 1648, 1653–
1656; Holbrook et al. 2017, pp. 13, 18). Both mature multi-story and young regenerating stands 
provide dense horizontal structure at ground/snow level, which supports higher snowshoe hare 
densities than more open young or mature forests. In the central (Seeley Lake study area) part 
of this unit, during an apparent regional hare decline in 1999-2001, summer hare densities were 
highest (up to 1.4 hares/ha [0.6 hares/ac] in 1 study area) in dense young stands, and winter 
densities were highest (up to 1.8 hares/ha [0.7 hares/ac] in 1 study area) in dense mature 
stands (Griffin and Mills 2009, pp. 1492-1496). Over a longer interval (1999-2003) when hare 
populations in this area were thought to be stable, mean summer and winter hare densities, 
respectively, were 0.34 and 0.53 hares/ha (0.14 and 0.21 hares/ac) in dense mature stands and 
0.64 and 0.47 hares/ha (0.26 and 0.19 hares/ac) in dense young stands – habitats selected by 
lynx, compared to 0.18 and 0.20 hares/ha (0.07 and 0.08 hares/ac) in open mature stands and 
0.18 and 0.12 hares/ha (0.07 and 0.05 hares/ac) in open young stands that lynx did not select 
(Squires and Ruggiero 2007, pp. 313-314). Even the relatively higher hare densities in the 
dense young and dense mature stands only marginally achieve the threshold density of 0.5 
hares/ha (0.2 hares/ac) thought necessary to support lynx within home ranges (Ruggiero et al. 
2000b, pp. 446–447; ILBT 2013, pp. 24, 26, 90; also see section 2.2.1). Nonetheless, hares 
accounted for 96 percent of the biomass in lynx diets in this unit based on evidence at kill sites 
(Squires and Ruggiero 2007, pp. 310-313), suggesting that even small declines in landscape-
level hare densities could reduce the ability of habitats in this unit to support resident lynx 
(Squires et al. 2010, p. 1656). 
 
Lynx in this unit generally den in mature spruce-fir forests among downed logs or root wads of 
wind-thrown trees in areas with abundant coarse woody debris and dense understories with 
high horizontal cover in the immediate areas around dens (Squires et al. 2004a, table 3; Squires 
et al. 2008, pp. 1497, 1501–1505). Dens are located farther from forest edges than random 
expectation are few occur in young regenerating or thinned stands with discontinuous canopies 
(Squires et al. 2008, p. 1497). 
 
Average annual snowfall in this unit ranges from about 142 cm (56 in) in the Kalispell/Whitefish/ 
West Glacier area of northwestern Montana to 183 cm (72 in) in Nordman in northern Idaho, to 
216 cm (85 in) in Lincoln, Montana, near the southern end of the unit, to 259 cm (102 in) in 
Rexford, Montana near the Canada-United States border, to 345 cm (136 in) in Seeley Lake, 
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Montana, in the central part of the unit, with most snow falling from November to March in each 
place18.  
 
Habitat Status:  Most lynx habitat in this unit is currently designated as critical habitat in 
accordance with the ESA. Over 84 percent (22,761 km2 [8,788 mi2]) of this unit is in Federal 
ownership, including 18,695 km2 (7,218 mi2) in national forests under USFS management, 
3,658 km2 (1,412 mi2) in Glacier National Park managed by NPS, and 397 km2 (153 mi2) 
managed by BLM in its Garnet Resource Area. As described above, potential lynx habitat in this 
unit is patchily-distributed and interspersed with areas of non-habitat (matrix). Among the 6 
national forests that contribute lands to this geographic unit, potential lynx habitat was mapped 
on about 54 percent of the total national forest area (both inside and outside this SSA unit; 
USFWS 2007, pp. 32, 95, 122-123). In Glacier National Park, 2,976 km2 (1,149 mi2; about 73 
percent of the park) is considered “lynx forest types” (65 FR 16073), but only 1,103 km2 (426 
mi2; 27 percent of the park, 37 percent of lynx forest types) is estimated to be lynx habitat (68 
FR 40086, 40089). In the Garnet Resource Area, the BLM designated 5 LAUs (which 
approximate a lynx home range) covering 947 km2 (366 mi2), of which, 574 km2 (222 mi2; about 
61 percent) was mapped as lynx habitat (Sparks 2016a, pers. comm.).  
 
Federal lands are managed as either ‘‘developmental’’ or ‘‘nondevelopmental’’ land use 
allocations (68 FR 40093). Lands in developmental allocations are managed for multiple uses, 
such as recreation and timber harvest, some of which may conflict with lynx conservation. 
Management within non-developmental allocations focuses on the maintenance of natural 
ecological processes, or conservation of rare ecological settings or components, and these 
areas include wilderness, roadless, and semi-primitive non-motorized areas (USFWS 2007, pp. 
33, 77). Timber harvest, road construction, and fire suppression typically do not occur or are 
very limited in lands managed in non-developmental allocations. 
 
In this SSA unit, almost 46 percent of the Federal land and 40 percent of the entire unit is in 
designated wilderness or National Park land. This includes (in addition to Glacier National Park) 
the 6,297-km2 (2,431-mi2) Bob Marshall Wilderness Complex (Bob Marshall, Great Bear, and 
Scapegoat wilderness areas) on the Flathead, Lewis and Clark, Helena and Lolo National 
Forests; the 302-km2 (117-mi2) Mission Mountain Wilderness on the Flathead National Forest; 
the 139-km2 (54-mi2) Rattlesnake Wilderness Area on the Lolo National Forest; and the 371-km2 
(143-mi2) Mission Mountain Tribal Wilderness on the Flathead Reservation. Management of 
NPS lands and both national forest and Tribal wilderness areas provides land-use restrictions 
that are likely beneficial to lynx (65 FR 16073; USFWS 2014, pp. 28-29; 79 FR 54831), and 
adverse effects of management activities on lynx habitats in these areas are unlikely. Among 
the 6 national forests that contribute to this unit, 56 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). 
 
Much of the remaining USFS lands and the BLM lands have developmental land-use allocations 
where some management activities have the potential to impact lynx or its habitat. However, as 
described above in section 3.1.1, USFS lands in this unit are managed in accordance with the 
                                                
18 https://snowfall.weatherdb.com/d/a/Montana; accessed 4.2.2016. 

https://snowfall.weatherdb.com/d/a/Montana
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NRLMD, which formally amended all forest plans to adopt and implement lynx conservation 
measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed based on the 
scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. pp. 7-1 - 7-18). 
Similarly, the BLM in 2004 amended the Resource Management Plan (RMP) for the Garnet 
Resource Area to incorporate the conservation measures identified in the LCAS (BLM 2004a, 
2004b, entire; Sparks 2016b, pers. comm.). Both documents provide guidance on the kinds of 
activities that can and cannot be implemented in important lynx habitats and thresholds for the 
proportions of lynx habitat in LAUs that can be in an unsuitable state at any given time and how 
much can be converted from suitable to (temporarily) unsuitable over particular time frames. 
Implementation of these plans has likely benefitted lynx by providing a consistently applied 
framework for conserving and restoring important hare and lynx habitats. 
 
Habitat status on private lands, which account for about 8 percent of lands in this unit (2,172 
km2 [839 mi2]), is governed by some Federal and State regulations and by a number of private-
public conservation partnerships and State agency efforts. As described in section 3.1, some 
Federal and State regulations guide some activities on private lands, including the ESA’s 
prohibition on take of listed species, and State regulations governing trapping and timber 
management. In addition to these protections, there have been several other notable lynx 
conservation achievements on private lands in this unit since the DPS was listed. Two of these, 
the Clearwater-Blackfoot Project and the Montana Legacy Project, are multi-partner and 
community efforts led by The Nature Conservancy in Montana to purchase large tracts of 
private commercial timberlands, conveying some to the State of Montana and the USFS for 
conservation management, and acquiring conservation easements on others (TNC 2016a, 
2016b, 2016c, entire). These land acquisitions have resulted in protection of roughly 673 km2 
(260 mi2) of important lynx habitat within this SSA unit and another 583 km2 (225 mi2) just to the 
south and west that may occasionally or temporarily support lynx or provide dispersal habitat. 
Additionally, the MTFWP has acquired fee title or conservation agreements on 3,096 km2 (1,195 
mi2) of private lands in western Montana, including 162 km2 (63 mi2) in designated lynx critical 
habitat in this SSA unit, with ongoing efforts on another 106 km2 (41 mi2) in the northwest part of 
the unit (MTFWP 2016, pp. 1, 3). 
 
In addition to the MTFWP’s efforts to acquire private lands and protect them through fee title or 
conservation agreement, the State of Montana has also worked to protect lynx habitat on State- 
owned lands, which account for about 4 percent of the lands in this unit (1,106 km2 [427 mi2]). 
As described above in section 3.1.2, the MTDNRC worked closely with the Service to develop 
the State of Montana Department of Natural Resources and Conservation Forested State Trust 
Lands Habitat Conservation Plan (MTDNRC HCP; MTDNRC and USFWS 2010a, 2010b, 
2010c, entire); a multi-species HCP that focuses primarily on commercial forest management. 
The HCP includes a Lynx Conservation Strategy that minimizes impacts of forest management 
activities on lynx, describes conservation commitments that are based on recent information 
from lynx research in Montana, and commits to active lynx monitoring and adaptive 
management programs. The HCP covers about 2,220 km2 (857 mi2) of forested State trust 
lands in western Montana, including 703 km2 (271 mi2) within this SSA geographic unit (about 
64 percent of State lands in this unit). The goal of the HCP’s Lynx Conservation Strategy is to 
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support Federal lynx conservation efforts by managing for habitat elements important to lynx 
and their prey that contribute to the landscape-scale occurrence of lynx. Specific objectives to 
achieve this goal include protecting den sites and potential denning habitat, mapping and 
maintaining lynx foraging habitats and limiting the spatial and temporal scope of their conversion 
to unsuitable conditions from forest management activities, and providing for habitat connectivity 
(MTDNRC and USFWS 2010b, pp. 2-45 - 2-61). The HCP was finalized and permitted by the 
Service in 2011, and includes a 50-year commitment by the State to manage for lynx 
conservation on these lands (79 FR 54835-37). 
 
Tribal lands of the Flathead Reservation account for almost 4 percent of this unit. In addition to 
the Tribe’s approach to lynx management described in section 3.1.2, most lynx and lynx habitat 
on the reservation occur in areas with formal protective status, including: (1) The long-
designated Mission Mountains and Rattlesnake Tribal Wilderness Areas, which are largely 
roadless and managed for wilderness qualities; (2) the South Fork/Jocko Primitive Area, which 
is open to use only by Tribe members and in which commercial timber harvest is prohibited; and 
(3) the Nine-mile Divide country, which is marginal in terms of lynx habitat, but which is also 
partly roadless (Courville 2014, pers. comm.; 79 FR 54831). 
 
As elsewhere in the DPS, winter foraging habitat is thought to be the most limiting habitat for 
lynx in this unit (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27). As described above, lynx 
selected mature multi-story stands with dense horizontal structure and relatively higher winter 
hare densities (Squires et al. 2010, pp. 1648, 1653–1656). Because of this preference, the 
Forest Service in the NRLMD adopted a vegetation management standard (VEG S6) that 
precludes all vegetation management activities that could reduce winter snowshoe hare habitat 
in multi-story forests, not just precommercial thinning as recommended in the LCAS (USFS 
2007, pp. 13-14). Also as elsewhere (Moen et al. 2008a, p. 1512; Organ et al. 2008, pp. 1514, 
1516–1517, ILBT 2013, p. 30; 79 FR 54790), denning habitat is not thought to be a limiting 
factor for lynx in this unit (Squires et al. 2008, p. 1505). Nonetheless, the NRLMD includes 
guidance to ensure adequate denning habitat remains well distributed in LAUs and, therefore, 
across the larger landscape and to design projects to create or retain coarse woody debris in 
areas where denning habitat may be lacking (USFS 2007, p. 17). Snow conditions in this unit 
also appear to remain suitable to allow lynx to outcompete other terrestrial hare predators. 
Gonzalez et al. (2007, pp. 4-7) compared the highest-precision lynx occurrence data in the 
contiguous United States from 1966-1998 with snow-cover data available for those locations 
and concluded that lynx require nearly continuous snow cover from December through March. 
The authors modeled snow suitability across North America, showing that this geographic unit 
currently has a 90-95 percent probability of providing snow cover consistent with historical lynx 
occurrence records (Gonzalez et al. 2007, p. 12). 
 
Overall, although naturally fragmented and patchily-distributed, lynx habitat in this geographic 
unit appears to be largely intact relative to historical conditions and disturbance regimes, with 
only a small proportion apparently impacted by past management (timber harvest and 
precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of past 
timber management and infrastructure (e.g., highway) development and evidence of minor 
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genetic differentiation among lynx subpopulations (see Lynx Status, below), past management 
activities do not appear to have diminished this unit's ability to support resident lynx or to have 
created barriers to lynx movement, or to have had other landscape- or population-level effects. 
 
A possible exception may be in the Garnet Mountains, which are known to have supported a 
small number of resident lynx in the 1980s and recently from 2002-2010, but where more recent 
surveys and research trapping efforts failed to detect lynx from 2011 to 2015 before a single 
lynx was verified in 2016 (Squires in Lynx SSA Team 2016a, p. 20; Lieberg 2017, pers. comm.; 
also see Lynx Status, below). This small and relatively isolated island of lynx habitat (Squires 
2014, p. 4) at the southern end of this unit is thought to be capable of supporting 7-10 lynx 
home ranges (Squires 2016, pers. comm.). The BLM (2004, pp. 4-5) contrasted current and 
historical distributions of lynx habitats in the Garnets and found that early-successional stands 
(future hare and lynx foraging habitats) were at 25-50 percent of the historical condition in lower-
elevation (1,370-1,830 m [4,500-6,000 ft]) lynx habitats, and 10-30 percent in higher-elevation 
(1,675-2,130 m [5,500-7,000 ft]) habitats. Late-successional (mature multi-story) stands (25-75 
percent of historical condition) and large (> 100 ha [250 ac]) patches (25-50 percent of historical 
condition) were also underrepresented at lower elevations, but at higher elevations, these 2 
stand types exceeded 200 percent and 100 percent of historical conditions, respectively. Lower 
elevation habitats were fragmented by roads and past management practices (i.e., timber 
harvest), while higher-elevation habitat patterns were attributed to the absence of disturbance, 
including fire (BLM 2004, p. 5), though fire absence was not attributed to suppression. 
 
As discussed for the GYA in section 2.3.2.2, whether the recent absence of resident lynx in the 
Garnets represents the extirpation of a previously-persistent small population (and, therefore, a 
contraction in the range of resident lynx in this unit) or a temporary “winking off” of a naturally 
ephemeral small peripheral population, as might be expected in a mainland-island 
metapopulation structure, is uncertain and perhaps irresolvable. If residency was intermittent or 
ephemeral historically, the current absence of resident lynx might be a natural condition related 
to the area’s naturally fragmented habitats and generally low hare densities - i.e., it may 
naturally be capable of supporting resident lynx only intermittently when habitat conditions and 
hare densities are optimal. If so, future intermittent lynx occupancy would be expected, but only 
if lynx dispersing from a source population immigrate to the Garnets when habitat conditions 
and hare densities return to more favorable levels. Conversely, if the Garnets historically 
supported a small but persistent population that was recently extirpated, it may suggest that the 
alteration of the historical distribution of some habitats in some parts of the range, described 
above, was enough to shift the quality of the area’s habitat from capable of supporting a small 
resident population to no longer capable of doing so. 
 
In summary, almost all lands in this unit are managed to conserve lynx and hare habitats in 
accordance with Federal, State, and Tribal regulations and management direction, conservation 
easements, and an approved HCP. Much of the area consists of designated Federal and Tribal 
wilderness areas and other nondevelopmental land use allocations, where management 
activities with the potential to adversely affect lynx generally do not occur. On lands with 
development allocations, USFS, BLM, and State management are based on plans that 



140 
 

incorporate the conservation guidance identified in the LCAS as informed by more recently 
available scientific information. The State and TNC, working with other conservation partners, 
have bought or acquired conservation easements on large tracts of high-quality private lands in 
the unit that are known or suspected to be occupied by resident lynx. These efforts and 
management across multiple ownerships likely preclude landscape-level management-related 
adverse impacts to the vast majority of existing lynx and hare habitats in this unit. Nonetheless, 
past management activities that occurred prior to implementation of current regulations and 
other conservation efforts may exert continuing influence on current habitat quality in some 
places, as described above for the Garnet Mountains. Because lynx habitats in this unit, like 
most other areas of the DPS range, are naturally highly-fragmented, and most have hare 
densities that barely meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to 
support resident lynx, relatively minor impacts, especially to hare and lynx foraging habitats, 
may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit although, as described in section 2.3.2.2 above, it is thought to be capable of 
supporting perhaps 200-300 lynx (Squires in Lynx SSA Team 2016a, p. 41). This is substantially 
fewer than previous estimates of more than 1,000 lynx, which were based on a habitat area/ 
density index and broad assumptions regarding habitat suitability and lynx distribution (65 FR 
16058) that are not supported by current understanding of lynx habitat requirements and current 
or historic habitat availability in this unit. That is, based on our understanding of lynx habitat and 
its current and historical distriubtution, it is very unlikely that this unit and surrounding areas 
were ever (recently or historically) capable of supporting 1,000 resident lynx. As described 
above, habitats capable of supporting resident lynx in this unit are (and also were historically) 
naturally patchier and less-broadly distributed (Squires et al. 2006a, pp. 46-47; Squires et al. 
2013, p. 191), and lynx therefore naturally rarer, than was thought at the time of listing (ILBT 
2013, p. 23; Jackson in Lynx SSA Team 2016a, p. 12). Although the exact distribution of 
resident lynx remains uncertain, this unit has a long and continuous history of lynx occurrence 
and evidence of reproduction (McKelvey et al. 2000a, pp. 224-225; Squires and Laurion 2000, 
pp. 346-348; Squires et al. 2008, entire; Squires et al. 2013, entire; ILBT 2013, p. 57; 65 FR 
16058; 68 FR 40090; 74 FR 8643; 79 FR 54825). Genetic analyses revealed minor fine-scale 
genetic sub-structuring among lynx subpopulations in the southern (Garnet Mountains), central 
(Seeley Lake), and northern (Purcell Mountains) parts of this unit, suggesting limited interaction 
among lynx in those areas (Schwartz in Lynx SSA Team 2016a, p. 12 and Appendix 5; Squires 
in Lynx SSA Team 2016a, p. 20). Lynx in this unit likely represent the southern periphery of a 
larger population in southwestern Alberta and southeastern British Columbia, but the extent to 
which lynx persistence in this area may rely on immigration from Canada is unknown, and there 
is no indication of substantial immigration (irruptions) of lynx from Canada into this unit after the 
1980s (Squires in Lynx SSA Team 2016a, p. 20). 
 
From 1998 to 2007, researchers with the Forest Service’s Rocky Mountain Research Station 
(RMRS) in Missoula trapped and radio-marked 175 lynx in northwestern Montana and collected 
nearly 170,000 GPS and over 3,000 VHS telemetry locations documenting lynx movements, 
resource use, survival, and productivity (Squires in Lynx SSA Team 2016a, p. 20). From 1999-
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2007, litter sizes averaged 2.24 kittens/litter (N = 33) in the Seeley Lake area and from 2003-
2007, 2.95 kittens/litter (N = 22) in the Purcell Mountains. In Seeley Lake, 61 percent of 
breeding-age females (N = 52) produced kittens; in the Purcells, 83 percent of females (N = 28) 
produced kittens. Recent research (Kosterman 2014, entire) suggests that the probability that a 
female produces a litter and initial litter size are correlated positively with mature forest 
connectivity and negatively with fragmentation in female home ranges (Squires in Lynx SSA 
Team 2016a, p. 20 and Appendix A). Annual survival rates for subadult and adult female lynx 
were 0.52 and 0.75, respectively, in Seeley Lake, and 0.68 and 0.85, respectively, in the 
Purcells. Kitten survival rate was 0.58 in Seeley Lake (Kosterman 2014, pp. 13, 30). There was 
no evidence of cyclicity in these vital rates, and no indication of substantial immigration of lynx 
into these study areas from Canada. Starvation, predation by cougars, and human-caused 
deaths each accounted for roughly one-third of documented sources of lynx mortality. 
Population viability analyses yielded population growth rates (λ) of 0.92 for the Seeley Lake 
area (i.e., declining population trend, 1999-2007) and 1.16 for the Purcells (increasing trend, 
2003-2007). However, as described in section 2.2.2, estimates of λ in a cyclic Canadian 
population of lynx ranged from 2.03 (annual doubling) when hares were abundant to 0.10 (order 
of magnitude decline) after hare populations crashed (Slough and Mowat 1996, p. 952, table 4), 
and the natural range in λ that would be expected among peripheral, isolated, or semi-isolated 
and non-cyclic or weakly-cyclic lynx populations in the DPS versus those that would signal long-
term population decline or instability is unknown. Also as noted above, estimates of λ in this unit 
assumed no immigration, which is a questionable assumption, and only low numbers of 
immigrants (less than 1 female/yr on average for a hypothetical population of 100 lynx) would be 
needed to provide population stability or even growth (Schwartz 2017, p. 4). 
 
As described above, lynx distribution in this unit may have contracted with the recent apparent 
disappearance of resident lynx from the Garnet Mountains in the southern part of the unit. This 
area is thought to have habitat capable of supporting 7-10 lynx home ranges (Squires 2016, 
pers. comm.). As described in section 2.3.2.2 and above, whether the recent absence of lynx 
from this part of the unit represents the extirpation of a small but previously persistent 
population (and, therefore, a permanent contraction of lynx distribution in this unit) or the 
temporary “winking off” of a peripheral subpopulation that may become “winked on” again in the 
future is unknown. On February 2, 2016, a single lynx was detected via snow-track survey and 
verified via DNA analysis in the Garnet Range in the area previously occupied by resident lynx, 
demonstrating that natural recolonization of this area by dispersing lynx is possible. However, 
this recent record appears to have been of a dispersing/transient individual because subsequent 
surveys have not revealed additional detections of that lynx or any other lynx in the area, and 
there currently remains no evidence of lynx residency in this mountain range (Lieberg 2017, 
pers. comm.). 
 
Snow-tracking, hair-snare, and camera-trap surveys in other parts of this unit since the DPS 
was listed continued to detect lynx on the Flathead, Helena, Idaho Panhandle, Kootenai, Lewis 
and Clark, and Lolo National Forests (USFS 2015a, pp. 9-27). On the Flathead, the RMRS 
trapped and radio-marked 7 lynx (3 females, 4 males) in the Flathead River watershed from 
2010-2015, and surveys detected lynx in several other areas including the Salish Mountains, the 



142 
 

area just south of Glacier National Park, and in the vicinity of Hungry Horse Reservoir (USFS 
2015a, pp. 10-11). The Swan Lake District in the southern part of the Flathead, along with the 
Seeley Lake District of the Lolo National Forest and the Lincoln District of the Helena National 
Forest, is part of the 6,070-km2 (2,344-mi2) Southwestern Crown of the Continent, which was 
intensively surveyed from 2012-2014 by the Southwestern Crown Carnivore Monitoring Team 
(SCCMT 2014, entire). The SCCMT conducted snow track surveys and used hair snares, bait 
stations, and camera traps to detect lynx in 36 of the 82, 8 x 8 km (5 x 5 mi) grid cells they 
surveyed (SCCMT 2014, pp. 3, 17-20). The surveys resulted in collection of DNA that allowed 
identification of 18 individual lynx (5 females, 13 males), 13 of which were new to regional lynx 
databases (SCCMT 2014, pp. 3, 17-20), indicating recruitment of new individuals into this 
population, or immigration, or a combination of the 2. 
 
On the Helena National Forest, few lynx have been detected outside the Lincoln District/ 
Southwestern Crown area described above. In the south MacDonald Pass area, just south of 
this SSA unit and south of designated critical habitat, an individual male lynx was verified by 
DNA evidence over 4 winters (2007-2011), and an individual female was verified in the same 
area in the winter of 2008-2009 (Gehman et al. 2011, p. 21; USFS 2015a, p. 27). Other surveys 
on the Helena National Forest failed to detect lynx in the disjunct Big Belt and Elkhorn 
Mountains, although telemetry data indicated that 3 lynx released in Colorado passed through 
the Big Belts in 2004-2006 (USFS 2015a, pp. 26-27). Likewise, during snow tracking surveys on 
the Lolo National Forest in 2010-2011 (prior to the Southwestern Crown monitoring described 
above), lynx were also confirmed on the Seeley Lake District in the eastern part of the forest, 
but no lynx were documented on the Missoula or Ninemile districts, nor on the Superior and 
Plains/Thompson Falls districts in the western part of the forest (USFS 2015a, pp. 12-14). The 
USFS concluded that lynx presence in districts other than Seeley Lake is extremely rare and 
likely represents occasional dispersing lynx (USFS 2015a, p. 21). 
 
On the Kootenai National Forest, RMRS research trapping and telemetry efforts continued to 
document the long-term presence of lynx from 2003-2012 (USFS 2015a, p. 10). On the Lewis 
and Clark National Forest, lynx are considered “still present” in the Rocky Mountain Front 
portion of the forest, which is within this geographic unit and designated critical habitat, and 
snow track surveys from 2010-2013 in the disjunct Little Belt and Crazy Mountains documented 
the continued absence of resident lynx in those ranges (USFS 2015a, pp. 25, 27-34). In Idaho, 
surveys in 2006-2007 by the Coeur d’Alene Tribe recorded 1 lynx detection in the Coeur d’Alene 
Mountains and 1 in the Saint Joe Mountains (Albrecht and Heusser 2009, entire). On the Idaho 
Panhandle National Forest, Multi-species Baseline Initiative (MBI) surveys in 2010-2014 
detected 5 individual lynx (2 males, 3 females): 1 male in the Selkirk Mountains; 1 male and 2 
females in the Purcell Mountains (and another 18 detections not identifiable to individual), and 1 
female in the West Cabinet Mountains (Lucid et al. 2016, pp. 158-160). All detections were 
within 50 km (31 mi) of the Canada border, 3 detections were of incidentally-trapped lynx (2 in 
the West Cabinets released unharmed [1 with a radio collar] and 1 in the Purcells that died), and 
no lynx were detected in the Coeur d’Alene or Saint Joe Mountains (Lucid et al. 2016, p. 180). 
MBI follow-up surveys in 2015-2016 targeting areas where lynx were detected in 2010-2014 
resulted in 89 lynx detections representing a minimum of 6 individual lynx; 1 in the Selkirks, 4 in 
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the Purcells (including camera images of an adult traveling with 2 young and later on the same 
camera an adult traveling with 1 juvenile), and 1 in the West Cabinets (IDFG 2017a, p. 5). No 
lynx were detected in the Saint Joe Mountains. 
 
In summary, although the number of lynx in this geographic unit is uncertain, resident lynx 
appear to remain broadly distributed throughout much of the unit as evidenced by continued 
documentation of lynx in the research surveys described above. Genetic analyses and snow 
and camera surveys have verified continued reproduction and recruitment among lynx 
populations in this unit and also suggest some immigration may be occurring. The recent 
apparent absence of resident lynx in Garnet Mountains may indicate extirpation of a small 
resident population and a contraction in lynx distribution in the southern part of the unit, or it 
may reflect natural source-sink dynamics of a naturally ephemeral peripheral population in a 
mainland-island metapopulation structure. Lynx are rarely detected on surveys on other national 
forests (or parts of those above) that are outside but adjacent to this geographic unit (Patton 
2006, entire; USFS 2105a, pp. 1-9, 25-34), suggesting that these areas lack the habitat features 
and/or landscape-level hare densities necessary to support resident lynx populations (79 FR 
54818-54820). 
  
Factors Affecting Current Conditions 
 
Regulatory Mechanisms - Federal management activities (especially timber harvest and 
precommercial thinning, perhaps fire suppression) that occurred prior to listing and before 
implementation of current Federal regulatory mechanisms likely impacted some lynx habitats by 
altering the distribution and quality of hare habitats. However, because these activities occurred 
in low proportions of lynx habitat on Federal lands and impacts appear to have been localized, 
they were deemed a low-level threat to lynx at the time of listing (65 FR 16072-16076; 68 FR 
40091-40095). Nonetheless, past Federal management activities may continue to influence the 
current quality and distribution of lynx habitats in some parts of this unit. For example, as 
described above in Habitat Status and Lynx Status, past timber harvest/management and 
associated road construction may have fragmented, reduced the amount, and altered the 
distribution of lynx habitats in the Garnet Mountains, perhaps contributing to the apparent recent 
loss of that area’s ability to support resident lynx.  
 
Currently, as described above and in section 3.1, all Federal and Tribal lands, most State lands, 
and large blocks of private or formerly-private land in this unit are managed for the conservation 
of lynx habitats, and much of the unit is in designated wilderness or other nondevelopmental 
land-use allocations. Regulatory mechanisms and conservation measures associated with these 
management strategies are intended to conserve and restore lynx and hare habitats across 
large landscapes and multiple ownerships. Although their effectiveness has not been 
quantitatively evaluated, and despite the potential extirpation of a small population in the 
Garnets, lynx habitats and resident lynx appear to remain well distributed throughout most of 
this unit. 
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Other regulations prohibit lynx trapping and require measures to reduce the likelihood of 
trapping lynx incidentally when legally trapping other species. Since the DPS was listed in 2000, 
16 lynx are documented to have been incidentally trapped in Montana, with 13 of those 
occurring before 2008, when more protective regulations (e.g., lethal snares prohibited for 
bobcat sets, leaning pole sets limited to < 4” pole that must be 48” above ground for marten, 
fisher, and wolverine) were put in place (MTFWP 2016, pp. 5-10). Of the 16, 8 were released 
uninjured, 1 was released with an injury, and 7 were killed; all incidences of mortality occurred 
prior to 2008 and prior to the implementation of the more protective regulations (MTFWP 2016, 
p. 5). In Idaho, in addition to the 3 lynx incidentally trapped on the Idaho Panhandle National 
Forest from 2012-2014 (described above under Lynx Status), 1 other lynx was incidentally 
trapped in 2012 on the Salmon-Challis National Forest further south. 
 
Although lynx are legally trapped in Canada adjacent to this unit in southern Alberta and 
southern British Columbia, trapping there is managed through regulated seasons and harvest 
levels, which are adjusted to avoid overexploitation, especially during the low phase of the hare-
lynx population cycle (Environment Canada 2014, entire; Vashon 2015, pp. 5-6). Lynx harvest in 
Alberta varied from about 4,000 to 14,000 annually in the late 1970s and early 1980s, but 
declined to fewer than 2,000 for most years from 1984-2000, and restrictive quotas and season 
closures were implemented beginning in the late 1980s (Poole and Mowat 2001, pp. 16, 28). 
Similarly, harvests in British Columbia peaked at over 12,000 in the early 1960s and over 8,000 
in the early 1970s, then declined to fewer than 2,000 for most years from the mid-1980s until the 
year 2000 (Hatler and Beal 2003, p. 2). Whether (and if so to what extent) trapping in Canada 
may influence lynx dispersal across the border and into this geographic unit is unknown; 
however, such dispersal was documented historically when harvest levels in Canada were 
much higher than under current management.  
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Hall and Fagre 2003, entire; Mote 2003b, entire; Fagre 2005, entire; Knowles et al. 
2006, entire; Harvey et al. 2016, entire; Siren in Lynx SSA Team 2016a, pp. 14-15; Squires in 
Lynx SSA 2016, p. 20; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the unit’s current ability to support persistent resident 
lynx populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities, even in areas considered high-quality habitat for this DSP unit, often appear to barely 
meet the 0.5 hares/ha (0.2 hares/ac) threshold thought necessary to support resident lynx. 
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Therefore, even relatively minor impacts, especially to hare and lynx foraging habitats, may 
strongly influence lynx persistence in some parts of this unit. 
 
Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 90-95 
percent probability from 1961-1990. (Future conditions based on this modeling are described in 
section 5.2.3). As described in section 3.2, climate change has also been implicated in recent 
increases in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer 
winters resulting in increased insect survival and drought increasing conifer vulnerability to 
insects. This trend is expected to continue through the end of the century with continued climate 
warming (Bentz et al. 2010. pp. 607, 609). Although insect outbreaks have affected some parts 
of the DPS, no major outbreaks have been documented in lynx habitats in this unit (Lynx SSA 
Team 2016a, p. 41). 
 
Vegetation Management - As elsewhere in the DPS range, timber harvest and related 
vegetation management (precommercial thinning and other silvicultural techniques designed to 
optimize forest products outputs; ILBT 2013, pp. 71-72) are the dominant land uses potentially 
affecting lynx habitats in this unit (68 FR 40075, 40092; 79 FR 54825). As described in section 
3.3, these activities can reduce hare and lynx habitats by reducing horizontal cover and altering 
natural disturbance regimes and forest successional patterns. In this unit, precommercial 
thinning was shown to reduce short-term hare abundance (Griffin and Mills 2007, entire) and 
appeared to influence lynx movements (Squires et al. 2013, p. 192-194), and lynx rarely 
traveled across recent clearcuts or other large openings, especially in winter (Squires et al. 
2010, p. 1654; ILBT 2013, p. 77). However, as described under Habitat Status, above, these 
activities on Federal lands, which account for most of the lands in this unit, occur only on lands 
with developmental allocations and historically appear to have impacted only a small proportion 
of potential lynx habitats in this unit (65 FR 16072; 68 FR 40093). Additionally, timber harvest 
levels on Federal lands in the West, including the Northern Rockies, and specifically with regard 
to “lynx forest types,” had declined consistently and dramatically for a decade or longer prior to 
the DPS being listed (68 FR 40093), and have remained at levels much lower than those from 
most of the previous century. Despite some likely localized impacts, past vegetation 
management does not appear to have broadly diminished this unit's ability to support resident 
lynx, although, as described above, it may have contributed to the current absence of a small 
number of resident lynx from the Garnet Mountains. Also as described above, current 
vegetation management in this unit on all Federal, most State and Tribal, and some private 
lands, is conducted in accordance with formally amended USFS and BLM management plans, 
an approved State HCP, Tribal regulations, and conservation easements designed to avoid or 
minimize impacts to lynx habitats, especially important hare and lynx winter foraging habitats. 
 
Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, where 
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about 15 percent (4,172 km2 [1,611 mi2]) of the forest area in this unit burned from 2000-2013 
(Squires in Lynx SSA Team 2016a, p. 20), likely in response to climate warming and related 
increases in drought conditions (e.g., Harvey et al. 2016, entire; Westerling 2016, entire). During 
the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the unit) burned, 
including the Rice Ridge and Reef fires, which together burned over 690 km2 (267 mi2) in the 
core of the Seeley Lake population’s habitat and the site of long-term lynx research by the 
RMRS.19 Although these fires likely have reduced or will reduce lynx carrying capacity in some 
parts of this geographic unit, we expect such impacts to be temporary, with burned areas 
regenerating into high-quality lynx and hare habitats 20-40 years post-fire. Thus far, we are 
aware of no evidence that increased fire activity has permanently reduced lynx populations or 
diminished this geographic unit’s ability to support resident lynx. However, with climate-driven 
elevated wildfire activity projected to continue into the future, such impacts are possible, 
depending on the location, timing, and extent of future fires (see section 5.2.3, below). 
 
Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction. In the Northern 
Rocky Mountains, the forests upon which lynx depend have had less timber harvest, road 
construction, and have been modified much less than other drier forests (65 FR 16073), and 
these activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx (with the possible exception of 
the Garnet Mountains). Few highways intersect lynx habitats in the Northern Rockies (ILBT 
2013, p. 63) and there are few records of lynx killed by vehicle collisions in Montana (5) and 
Idaho (1; USFWS 2016c; MTFWP unpubl. data). Other potential sources of habitat loss and 
fragmentation include recreation, minerals/energy development, and backcountry roads and 
trails; these are all considered second tier anthropogenic influences (ILBT 2013, pp. 78-85) that 
are unlikely to exert population-level influences, despite potential impacts to individual lynx. 
 
Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. This unit is directly connected to lynx habitats and 
populations in southwestern Alberta and southeastern British Columbia, where lynx habitats are 
also (like Montana and Idaho) patchily-distributed and generally support low hare densities, and 
where some lynx populations may be ephemeral and the persistence of others reliant on 
periodic immigration (Apps 2007, pp. 81, 95-104). Additionally, connectivity between this 
geographic unit and lynx habitats and populations in southern Alberta and southern British 
Columbia may be facilitated by only a few predicted corridors that extend south from the 
international border (Squires et al. 2013, pp. 187, 191-193). 
 

                                                
19 https://inciweb.nwcg.gov/state/27/0/ 



147 
 

Although lynx occurrence and harvest records in this geographic unit reflect the unprecedented 
irruptions of lynx from Canada into the northern contiguous United States in the early 1960s and 
early 1970s (McKelvey et al. 2000a, pp. 224-226, 232-242), there is no evidence of irruptions of 
lynx into this unit after the 1980s (Squires in Lynx SSA Team 2016a, p. 20). This is supported 
by lynx trapping records from Canada, which suggest that the magnitude of lynx population 
cycles in Alberta and British Columbia dampened dramatically after the early 1980s (McKelvey 
et al. 2000a, p. 226; Poole and Mowat 2001, p. 28; Hatler and Beal 2003, p. 2; Bowman in Lynx 
SSA Team 2016a, p. 13; also see Appendix 5, 2015 10 13 - 5, pp. 4-520). 
 
A number of climate-mediated factors have been suggested as contributing to changes in the 
periodicity and amplitude of northern lynx and hare population cycles (see section 3.2), which 
would be expected to alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this unit rely on immigration from Canada which 
is no longer occurring or has been substantially reduced relative to historical conditions, 
population declines and a reduced likelihood of persistence among resident populations would 
be expected. Although the extent to which this factor has influenced the current condition of lynx 
populations in this unit is unknown, the population growth rate estimated for the Seeley Lake 
area (λ = 0.92, declining trend 1999-2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect 
a gradual decline of a resident lynx population that needs but is not receiving adequate 
immigration. In contrast, the growth rate estimated for the lynx population in the Purcell 
Mountains in the northwestern part of this unit (λ = 1.16, increasing trend 2003-2007; Squires in 
Lynx SSA Team 2016a, p. 20) suggests that the level of immigration, if necessary for 
demographic stability, has been adequate or that productivity and recruitment have been high 
enough to offset potentially diminished immigration. It is also possible that, despite the 
documented historical intermittent (cyclic) influxes of lynx from Canada into lynx populations in 
this geographic unit, immigration does not contribute meaningfully to the demographic stability 
of these populations. If that is the case, the estimated growth rates suggest that recruitment has 
failed to offset mortality in the Seeley Lake population but that it has more than done so in the 
Purcell Mountains population. However, Schwartz (2017, p. 4) noted that very low immigration 
rates (less than 1 female/year on average for a theoretical population of 100 lynx) could provide 
population stability or even growth, suggesting that the Seeley Lake population and perhaps 
other DPS populations are probably being sustained by low levels of undetected immigration. 
The growth rate estimates presented above assumed no immigration. 
 
4.2.4 Unit 4 - North-central Washington 
 
Unit Description:  This geographic unit is located on the eastern side of the northern Cascade 
Mountain Range of north-central Washington in portions of Chelan and Okanogan Counties. It 
includes mostly Okanogan-Wenatchee National Forest lands as well as BLM lands in the 
Spokane District that were designated as critical habitat for lynx in 2014 (79 FR 54825). The unit 
also includes State Forest lands (portion of the Loomis State Forest) that were excluded from 
                                                
20 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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designation as critical habitat (79 FR 54825). It encompasses approximately 5,176 km2 (1,988 
mi2), with ownership that is 91.5 percent Federal (USFS, BLM), 8.2 percent State, and 0.3 
percent private lands; there are no Tribal lands in this unit. This unit is about 200 km (125 mi) 
west of the Northern Montana/Northeastern Idaho geographic unit. This area was occupied by 
resident lynx when the DPS was listed and remains occupied currently. Evidence from recent 
research and DNA analysis shows lynx distributed within this unit, and breeding has been 
documented. Although researchers have fewer records in the portion of the unit south of 
Highway 20, this area contains boreal forest habitat and is thought to support resident lynx. 
Further, it is contiguous with lynx habitat north of Highway 20, particularly in winter when deep 
snows close Highway 20. The northern portion of the unit adjacent to the Canada border also 
appears to support few recent lynx records; however, it is designated wilderness and access to 
survey this area is difficult. This northern portion contains extensive boreal forest vegetation 
types and also likely supports resident lynx. Additionally, lynx populations exist in British 
Columbia directly north of this unit. 
 
This geographic unit represents 58 percent of the 8,923-km2 (3,445-mi2) Okanogan Lynx 
Management Zone (LMZ) identified by the WADFW (Stinson 2001, p. 16). Five smaller and 
relatively disjunct LMZs to the east of this geographic unit (Vulcan-Tunk, Kettle Range, The 
Wedge, Little Pend Oreille, and Salmo Priest) combined represent another 3,656 km2 (1,412 
mi2) of potential lynx habitat known or thought to have historically and perhaps recently 
supported a small number of lynx, at least intermittently. Among these, the Kettle Range LMZ 
was thought to support a small (likely fewer than 20 individuals) resident lynx population as 
recently as the late 1970s that may have been extirpated as a result of overharvest 
compounded by habitat changes (Stinson 2001, pp. 14-16; Koehler et al. 2008, p.1523; see 
Lynx Status, below). 
 
Habitat Description:  In the northern Cascades most lynx occurrences are associated with the 
Rocky Mountain Conifer Forest (Aubry et al. 2000, p. 379; McKelvey et al. 2000a, p. 246) at 
elevations between 1,400 m (4,593 ft) and 2,150 m (7,053 ft; McKelvey et al. 2000d, p. 322; 
Stinson 2001, p. 9). Within this area lynx primarily use forests dominated by Engelmann spruce, 
subalpine fir, or lodgepole pine on mild to moderate slopes (< 30°), and avoid Douglas-fir and 
ponderosa pine forests, forest openings, recently burned areas with sparse canopy and 
understory cover (< 10 percent), low elevations [less than 915 m (3,000 ft)], and steep slopes (> 
30°; Koehler et al. 2008, pp. 1518, 1521; Maletzke 2004, pp. 16-17). Similar to the Northern 
Rocky Mountains, lynx habitat in the North Cascades is naturally fragmented (Koehler et al. 
2008, p. 1523). As in other boreal forest systrems, fires and insect outbreaks are major drivers 
of disturbance in this unit, but other factors, including wind and tree diseases, also contribute to 
natural disturbance regimes (Agee 2000, p. 47). Fire return intervals in the North Cascades 
range between approximately 100 to 250 years (Agee 2000, p. 50). Average annual snowfall is 
consistent throughout this unit and is approximately 291 cm (115 in)21. 
 
Walker (2005, p. 20) estimated an average snowshoe hare density of 0.89 hares/ha (0.36 
hares/ac) with a range of 0.03 to 4.85 hares/ha (0.01 to 1.94 hares/ac) in the North Cascades. 
                                                
21 https://snowfall.weatherdb.com/d/a/Washington; accessed 4.27.2016. 

https://snowfall.weatherdb.com/d/a/Washington
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The WADNR estimated snowshoe hare densities between 0.3 and 0.7 hares/ha (0.1 and 0.3 
hares/ac) on the Loomis State Forest (WADNR 2006, p. 87). Koehler (1990a, p. 848) found 
snowshoe hares were the primary prey of lynx in the North Cascades, occurring in 23 of 29 (79 
percent) lynx scats examined. The remains of red squirrels were identified in 24 percent of 
scats, which also included remains of other species including deer and mice. Similarly, Von 
Kienast (2003, p. 39) found snowshoe hares in 87 percent (40 of 46) of lynx scats in the North 
Cascades, while red squirrels were identified in 28 percent of scats. 
 
Habitat Status:  Lynx habitat in this geographic unit has been reduced and fragmented by 
multiple large wildifres over the past several decades that have likely caused a reduction, 
perhaps temporary, in the number of resident lynx in the unit (Lewis 2016, pp. 4-6; Lyons et al. 
2016, entire; Maletzke in Lynx SSA Team 2016a, p. 21; see Lynx Status below). Several 
wildfires affected lynx habitat in the North Cascades during the middle 1990s and early 2000s:  
1994 Whiteface Burn (15.5 km2 [6 mi2]); 1994 Thunder Mountain Fire (36.9 km2 [14.2 mi2]); 
2001 Thirty-Mile Fire (25.7 km2 [9.9 mi2]); and 2001 Farewell Fire (323 km2 [125 mi2]; 
Vanbianchi 2015, p. 23). Subsequent to those fires and incorporating research on lynx habitat 
use, Koehler et al. (2008, p. 1522) estimated that the Okanogan LMZ (including this geographic 
unit) contained approximately 2,411 km2 (930 mi2) of suitable lynx habitat, and that the other 5 
LMZs in the northeastern corner of the state, combined, contained an additional 1,381 km2 (533 
mi2) of suitable habitat. More recent wildfires, including the 2006 Tripod Fire (706 km2 [273 mi2]; 
Vanbianchi 2015, p. 23), have affected approximately 1,000 km2 (386 mi2) of lynx habitat in the 
Okanogan LMZ (Maletzke in Lynx SSA Team 2016a, p. 21), and the Diamond Creek fire burned 
another 393 km2 (152 mi2) in the northern part of this unit during July-October 2017, along with 
another 126 km2 (49 mi2) across the border in southern British Columbia22. 
 
Recently, Lewis (2016, pp. 4-6, fig. 3, table 2) estimated that about a third (3,130 km2 [1,209 
mi2]) of the total forested area in the Okanogan LMZ burned from 1992 to 2015, and that the 
amount of suitable lynx habitat in the LMZ similarly declined by 37 percent, from 2,581 km2 (997 
mi2) in 1996 to 1,630 km2 (629 mi2) in 2014. In the Kettle Range, Lyons et al. (2016, p. 5) 
estimated that about 11 percent (360 km2 [139 mi2]) of the LMZ burned from 2000 to 2015, and 
Lewis (2016, p. 6) estimated that the amount of suitable lynx habitat in the LMZ declined by 
about 7 percent, from 404 km2 (156 mi2) in 1996 to 376 km2 (145 mi2) in 2014. Cumulatively, 
Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and northeastern LMZs in 
Washington declined by 26 percent, from 3,770 km2 (1,456 mi2) in 1996 to 2,790 km2 (1,077 
mi2) in 2014, with 97 percent of the losses occurring in the Okanogan LMZ and attributable to 
large wildfires over the past 25 years. This estimate does not include impacts of the 2017 
Diamond Creek wildfire described above. These burned areas are expected to regenerate back 
into suitable lynx habitat, but it may take 10 to 40 years for that to occur (Lewis 2016, p. 5; 
Maletzke in Lynx SSA Team 2016a, p. 21), during which time the resident lynx population in this 
geographic unit will likely be at increased risk of stochastic demographic, genetic, and 
environmental effects. 
 

                                                
22 https://inciweb.nwcg.gov/incident/5409/, accessed 10/25/2017. 
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As it is throughout the DPS range, maintaining connectivity with Canada is believed to be 
important to the conservation of resident lynx in this geographic unit (ILBT 2013, p. 65). 
Singleton et al. (2002, p. 46) reported broad landscape permeability for lynx between the 
northern Cascades and the Thompson River watershed in British Columbia. With no known 
barriers and lynx dispersal from this unit into Canada recently documented, connectivity with 
lynx populations and habitats in Canada currently appears functional (ILBT 2013, p. 65). 
Outside of this geographic unit, lynx habitat in the Kettle Range and the other northeastern 
LMZs is limited in size and potentially capable of supporting only a few lynx. Koehler et al. 
(2008, p. 1523) estimated the Kettle Range could support 10 to 23 lynx based upon a lynx 
density of 2.3 lynx/100km2 and 400 km2 (154 mi2) to 987 km2 (381 mi2) of lynx habitat. However, 
that lynx density estimate was derived from research conducted in the Cascade Range within a 
large area of contiguous, high-quality habitat (Koehler 1990a, pp. 845, 847). Lynx habitat in the 
Kettle Range is much smaller and likely more fragmented, and may not be capable of 
supporting a similar density. The Kettle Range is also somewhat isolated from other lynx 
habitats in Washington and British Columbia. The Kettle Range is separated from the Cascades 
in Washington by low elevation valleys dominated by shrub-steppe and Douglas-fir and 
ponderosa pine forests (Koehler et al. 2008, p. 1523), and from British Columbia by the Kettle 
River Valley (Stinson 2001, p. 20) and a major highway corridor with associated wildlife fencing 
in British Columbia (Koehler et al. 2008, p. 1523). These natural topographic and anthropogenic 
features may impede lynx movement between the Kettle Range and the Cascades and British 
Columbia, perhaps reducing the likelihood of natural recolonization and re-establishment of a 
resident breeding population in the Kettle Range. 
 
Lynx Status:  In Washington, there is little information on the status of lynx prior to the early 
1960s (Stinson 2001, p. 13) because lynx trapping records were not maintained in Washington 
prior to 1961. From 1960 to 1991 a total of 234 lynx was harvested in Washington, with the most 
(35 percent) lynx trapped in Ferry County, followed by Okanogan (23 percent) and Stevens (10 
percent) counties (Stinson 2001, p. 13). Lynx were trapped relatively consistently in the Kettle 
Range in the 1960s, 1970s, and 1980s, with  a total of 81 lynx harvested from 1961 through 
1986 (Stinson 2001, p. 63). Beginning in 1978, trapping seasons for lynx in Washington were 
reduced to 1 month. In 1987 a restricted permit system was implemented, and in 1990 a 
statewide closure on lynx trapping was implemented (USFWS 2008a, p. 2). In 1993, lynx were 
classified by the Washington Fish and Wildlife Commission as a State threatened species 
(Stinson 2001, p. 22). In 2001, the WADFW considered lynx to be present in the Okanogan, 
Kettle Range, Little Pend Oreille, and Salmon-Priest LMZs; at that time lynx had not been 
detected in the Wedge LMZ since 1987 nor the Vulcan-Tunk LMZ since 1990 (Stinson 2001, 
p.15). In its October, 2016, Periodic Status Review for the Lynx, the WADFW recommended 
that the Washington Fish and Wildlife Commission uplist the lynx from a State threatened to a 
State endangered species because of: 1) observed range contraction in Washington following 
protection efforts; 2) the substantial loss of habitat in the last 20 years; and 3) the ongoing and 
anticipated threats to lynx population persistence (Lewis 2016, pp. iii; WADFW 2016, entire). In 
December, 2016, the Commission approved WADFW’s review and adopted its recommendation 
to uplist lynx to endangered (WAFWC 2016, p. 3). 
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As elsewhere in the DPS, there are no reliable historical or current estimates of the number of 
resident lynx in this geographic unit. In 2001, based on data collected from lynx telemetry 
studies conducted in the Cascade Range during the 1980’s, the WADFW estimated that 
Washington contained approximately 12,579 km2 (4,857 mi2) of potential lynx habitat which it 
felt could theoretically support up to 238 lynx, including up to 149 lynx in the Okanogan LMZ 
(based on a lynx density of 2.5 lynx/100 km2; Stinson 2001, p. 16). However, based on 
professional opinions of individuals knowledgeable about lynx and lynx habitat and on surveys 
conducted as of 2000, the WADFW concluded that the State’s lynx population almost certainly 
numbered fewer than 200 and perhaps fewer than 100 lynx at that time (Stinson 2001, p. 16). 
Koehler et al. (2008, p. 1523) later estimated there was approximately 3,800 km2 (1,467 mi2) of 
suitable lynx habitat in Washington’s 6 LMZs, potentially capable of supporting up to 87 resident 
lynx. This revised estimate of potential carrying capacity was based on a study investigating 
lynx habitat use in the Okanogan from 2002 to 2004, and used a lynx density estimate of 2.3 
lynx/100 km2 derived from a radio-telemetry study of lynx in the Cascades from 1985-1987 
(Koehler 1990a, pp. 845-847). However, the study area from which the 2.3 lynx/100 km2 density 
estimate reported by Koehler (1990a, p.847) was derived is located in an area of the northern 
Cascades known as the “Meadows”. During the time of Koehler’s study, the Meadows provided 
some of the best lynx habitat in Washington, whereas most other potential lynx habitat in 
Washington is lower in elevation and more highly fragmented (Walker 2005, pp. 3, 6). Thus, the 
lynx densities Koehler observed in his study area in the Meadows may not be applicable to 
other areas of potential lynx habitat in Washington, because as habitat becomes more 
fragmented and isolated, the carrying capacity for lynx likely declines. Therefore, applying 
Koehler’s estimated density uniformly throughout Washington would likely overestimate the 
number of resident lynx potentially supported in Washington. 
 
More recently, Lewis (2016, pp. 5-6) estimated that wildfires over the last several decades (see 
Habitat Status section above) have reduced the carrying capacity of the Okanogan LMZ by 37 
percent, from 43 females (86 total lynx assuming similar numbers of males and females) in 
1996 to 27 females (54 total lynx) in 2014. The author estimated a minor decline in carrying 
capacity in the Kettle Range LMZ from 8 females (16 total lynx) in 1996 to 7 females (14 total 
lynx) in 2014. Overall, Lewis (2016, p. 6) estimated that suitable lynx habitat in north-central and 
northeastern LMZs in Washington declined by 26 percent from 1996 to 2014, with most of the 
losses resulting from large wildfires in the Okanogan LMZ, and that lynx carrying capacity in the 
State declined by 29 percent from 58 females (116 total lynx) to 41 females (82 total lynx) over 
that time period. However, considering a dramatic increase in female home range size (from 
about 39 km2 [15 mi2] during 1990-2002 to 91 km2 [35 mi2] by 2014), likely a result of fire-driven 
habitat loss and fragmentation, Maletzke (in Lynx SSA Team 2016a, p. 21) suggested that the 
carrying capacity of the Okanogan LMZ alone, which encompasses this geographic unit, may 
have declined from 90-115 females (180-230 total resident lynx) to as few as 27 females (54 
total resident lynx) currently. Maletzke’s estimate suggests a much larger (70 to 77 percent) 
potential decline in carrying capacity in this LMZ and, therefore, in the North-central Washington 
geographic unit. Because of these habitat impacts, limited demographic information, and 
remaining uncertainties (e.g., immigration/emigration rates, changes in snowpack, disease, lynx 
population status and impacts of trapping in southern British Columbia, and habitat corridor 



152 
 

stability between British Columbia and this unit; WADFW 2017, p. 3),the Washington 
Department of Fish and Wildlife recently submitted, and the State Fish and Wildlife Commission 
adopted, a proposal to uplist lynx from threatened to endangered within the State. 
 
From 1985 to 1987, Koehler (1990a, entire) monitored the movements of 5 adult male and 2 
adult female radio-collared lynx in the Cascades of north-central Washington. Results of the 
study indicated average female home range size was 39 km2 (15 mi2) and average male home 
range size was 69 km2 (27 mi2). Based on occupancy of the 640 km2 study area by 15 adult 
lynx, adult lynx density was estimated to be 2.3 adults/100 km2. Annual adult survival rates of 
the radio-collared lynx were 0.73 in 1986 and 1.00 in 1987, and kitten mortality was high at 88 
percent with only 1 of 8 known kittens surviving its first year (Koehler 1990a, p. 847). 
 
Factors Affecting Current Condition 
 
Within Washington, the vast majority of lynx habitat is administered by the Okanogan-
Wenatchee (OWNF) and Colville (CNF) National Forests. The North Cascades (i.e., the 
Okanogan LMZ in north-central Washington), which supports the only known, long-term 
persistent lynx breeding population in Washington, and within which critical habitat was 
designated for lynx in 2014 (79 FR 54782), is administered by the OWNF. Subsequent to listing 
lynx under the ESA, the Forest Service entered into a Conservation Agreement (CA) with the 
Service in 2000 (USFS and USFWS 2000, entire), which was revised and extended in 2006 
(USFS and USFWS 2006, entire). The CA committed the OWNF and CNF to use the Lynx 
Conservation Assessment and Strategy (LCAS) for management of lynx and its habitat on their 
ownerships, and will remain in place until the forests amend or revise their individual LRMPs. 
 
In Washington, and the north Cascades specifically, it appears that the single threat for which 
lynx were listed under the ESA (i.e., inadequacy of Federal regulatory mechanisms) has largely 
been addressed through the development of the LCAS, and CA between the USFS and 
Service, which commits the USFS, specifically for Washington the OWNF and CNF, to use the 
LCAS in the management of lynx habitat on National Forest System lands and when designing 
and implementing projects within LAUs. 
 
The WADNR manages approximately 4 percent of the lynx habitat within portions of each of the 
delineated LMZs (WADNR 2006, p.9) in Washington State, including the Loomis State Forest 
that is located in the north Cascades within the Okanogan LMZ. In 1996, the WADNR 
developed and implemented a Lynx Habitat Management Plan (1996 Lynx Plan) in response to 
listing of the lynx as a State threatened species by Washington State (WADNR 1996, entire). 
After the DPS was Federally listed as threatened, the WADNR in 2006 modified its Lynx Habitat 
Management Plan to incorporate new science and management standards and guidelines to 
avoid the incidental take of lynx in accordance with the ESA (WADNR 2006, entire). These 
standards and guidelines address maintenance of lynx denning and foraging habitat, as well as 
habitat connectivity within and between LAUs and lynx populations within Washington (i.e., 
LMZs) and Canada. 
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For example, the WADNR 2006 Lynx Plan includes, among other things: (1) Encouraging 
genetic integrity at the species level by preventing bottlenecks between British Columbia and 
Washington by limiting size and shape of temporary non-habitat along the border and 
maintaining major routes of dispersal between British Columbia and Washington; (2) 
Maintaining connectivity between subpopulations by maintaining dispersal routes between and 
within zones and arranging timber harvest activities that result in temporary non-habitat patches 
among watersheds so that connectivity is maintained within each zone; (3) Maintaining the 
integrity of requisite habitat types within individual home ranges by maintaining connectivity 
between and integrity within home ranges used by individuals and/or family groups; and (4) 
Providing a diversity of successional stages within each LAU and connecting denning sites and 
foraging sites with forested cover without isolating them with open areas by prolonging the 
persistence of snowshoe hare habitat and retaining coarse woody debris for denning sites. The 
2006 Lynx Plan also describes how WADNR will monitor and evaluate the implementation and 
effectiveness of the plan. The WADNR has been managing for lynx for almost 2 decades, and 
the Service has concluded that the management strategies implemented are effective. In the  
2014 final revised critical habitat designation, we determined that the benefits of excluding lands 
managed in accordance with the WADNR 2006 Lynx Plan outweighed the benefits of including 
them in the designation, and that doing so would not result in extinction of the species 
(extirpation of the DPS; 79 FR 54834–54835). 
 
In summary, recent wildfires have, perhaps temporarily, eliminated or reduced the quality of 
over 40 percent of the higher-quality lynx habitat within the North Cascades (Lewis 2016, pp 4-
6; Maletzke in Lynx SSA Team 2016a, p. 21), which has reduced lynx carrying capacity and 
significantly affected the status of and current viability of the lynx population within this 
geographic unit. This geographic unit likely supports fewer resident lynx currently than it did 
historically, making the current, smaller population more vulnerable to environmental, 
demographic, and genetic stochasticity and to large catastrophic events (Lewis 2016, p. 5). 
Recent wildfire severity, extent, and intensity in lynx habitat within this geographic unit may have 
been influenced by climate change (Westerling et al. 2006, pp. 942-943), and as discussed in 
chapter 5, climate change may similarly affect the future viability of lynx within this geographic 
unit. 
 
4.2.5 Unit 5 - Greater Yellowstone Area 
 
Unit Description:  This geographic unit includes the parts of southwestern Montana and 
northwestern Wyoming the Service designated as critical habitat (Unit 5) for lynx in 2014 (79 FR 
54825-54826). It encompasses approximately 23,691 km2 (9,147 mi2) in portions of Carbon, 
Gallatin, Park, Stillwater, and Sweetgrass Counties in Montana; and Fremont, Lincoln, Park, 
Sublette, and Teton Counties in Wyoming, with ownership that is 97.5 percent Federal (USFS, 
NPS, and BLM); 2.2 percent private; and 0.3 percent State. This unit includes parts of Grand 
Teton and Yellowstone national parks and the Bridger-Teton, Custer-Gallatin, and Shoshone 
National Forests, and lands managed by the BLM’s Kemmerer and Pinedale Districts. It 
includes parts of the Absaroka, Beartooth, Gallatin, Gros Ventre, Salt River, Teton, Wind River, 
and Wyoming mountain ranges. This unit is not directly connected to lynx habitats and 
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populations in Canada or to other DPS populations, although lynx dispersing from the north 
likely arrived intermittently into the area historically and, more recently, some lynx released into 
Colorado traveled into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, entire; 
details below). Relative to other DPS lynx populations, this unit is about 145 km (90 mi) 
southeast of the Northwestern Montana/Northeastern Idaho unit, and roughly 400 km (250 mi) 
northwest of the Western Colorado geographic unit. 

Habitat Description:  In northwestern Wyoming and the GYA, lynx are generally associated with 
Engelmann spruce-subalpine fir and lodgepole pine of the Rocky Mountain Conifer Forest 
vegetation class, as described above (Section 4.2.3) for northwestern Montana, although these 
habitats, and thus lynx, typically occur at higher elevations (2,000-3,000 m [6,550-9,850 ft]) in 
the GYA (McKelvey et al. 2000a, p. 245; ILBT 2013, p. 60). Potential lynx habitat in much of the 
GYA is naturally marginal (patchier and composed in many places of drier forest types), with 
fewer shrubs and a more open understory, and generally very low to marginal hare densities, 
resulting in a spatially-limited distribution of lynx with large home ranges (Squires et al. 2003, 
pp. 5, 12-13; 68 FR 40090; 71 FR 66010, 66029; 74 FR 8624, 8643–8644; Hodges et al. 2009, 
entire; Berg and Gese 2010, p. 1750; 79 FR 54796; Lynx SSA Team 2016a, p. 45). Among the 
3 national forests that contribute lands to this geographic unit, potential lynx habitat was 
mapped on about 42 percent of the total national forest area (both inside and outside this unit; 
USFWS 2007, pp. 32, 95, 122-123). 

In Yellowstone National Park, 7,732 km2 (2,985 mi2; about 86 percent of the park) is considered 
“lynx forest types” (65 FR 16073), but only 2,784 km2 (1,075 mi2; 31 percent of the park, 36 
percent of lynx forest types) is estimated to be potential lynx habitat (68 FR 40086). However, 
hares were completely absent from more than 36 percent of surveyed stands in Yellowstone 
National Park, and 96 percent had estimated hare densities below the 0.5 hare/ha threshold 
thought necessary to support resident lynx (Hodges et al. 2009, pp. 870, 873-877). In contrast, 
estimated hare densities were ≥ 0.48 hares/ha (0.19 hares/ac) in all surveyed stands on the 
Bridger-Teton National Forest in the southern portion of the GYA, with highest densities (1.7 
hares/ha [0.69 hares/ac]) in 30-70-year-old regenerating lodgepole pine stands with dense 
horizontal cover, and densities of 1.2-1.6 hares/ha (0.49-0.65 hares/ac) in mature multi-story 
spruce-fir and mixed spruce-fir (containing aspen or lodgepole pine) stands (Berg et al. 2012, p. 
1483). In the central Wyoming Range in the southern part of this unit, hare tracks were more 
abundant in seral aspen stands with a significant spruce-subalpine fir component than in aspen 
stands with little or no spruce-fir, and hares appeared to be absent from pure aspen stands 
except where they bordered spruce-fir areas (Endeavor Wildlife Research 2009, p. 4). The only 
lynx den sites described for this unit (the natal den and a subsequent maternal den of 1 female 
in 1998) occurred in a mature subalpine fir-lodgepole pine forest in the Wyoming Range, where 
coarse woody debris and high sapling density provided dense horizontal cover (Squires and 
Laurion 2000, pp. 346-347). 

Average annual snowfall in this unit ranges from about 127 cm (50 in) in Bozeman and 556 cm 
(219 in) in West Yellowstone, Montana, on the northern and northwestern peripheries of the 
unit, respectively, to 280-310 cm (110-122 in) in Alpine, Dubois, and Jackson, WY near the 
central and southern peripheries, with most snow falling from November to March in each 
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place23. In potential lynx habitats on the Bridger-Teton National Forest in the southern half of 
this unit, deep snow persisted from late October through May (Berg et al. 2012, p. 1481). 

Habitat Status:  Potential lynx habitats in this unit are currently designated as critical habitat in 
accordance with the ESA. Over 97 percent (23,109 km2 [8,922 mi2]) of this unit is in Federal 
ownership, including 18,877 km2 (7,292 mi2) in national forests under USFS management, 
3,944 km2 (1,523 mi2) in national parks managed by NPS, and 271 km2 (105 mi2) managed by 
BLM. As described above in section 3.1.1, USFS lands in this unit are managed in accordance 
with the NRLMD, which formally amended all forest plans to adopt and implement lynx 
conservation measures (USFS 2007, pp. 8-30 and Attachment 1, pp. 1-9) that were developed 
based on the scientific findings and recommendations of the LCAS (Ruediger et al. 2000, pp. 
pp. 7-1 - 7-18). Similarly, the BLM in 2008 and 2010 revised its RMPs for the Pinedale and 
Kemmerer districts, respectively, to include conservation measures and BMPs for lynx based on 
the LCAS (BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). On lands with 
developmental land-use allocations, these amended forest plans and the revised BLM RMPs 
provide guidance on the kinds of activities that can and cannot be implemented in important lynx 
habitats and thresholds for the proportions of lynx habitat in LAUs that can be in an unsuitable 
state at any given time and how much can be converted from suitable to (temporarily) 
unsuitable over particular time frames. Implementation of these plans has likely benefitted lynx 
by providing a consistently-applied framework for conserving and restoring important hare and 
lynx habitats. 

As elsewhere in the DPS (Squires et al. 2010, p. 1656; ILBT 2013, pp. 20, 27), winter foraging 
habitat is likely the most limiting habitat for lynx in this unit, and denning habitat is not thought to 
be limiting. Standards, guidelines and BMPs in the NRLMD and in revised BLM plans restrict 
vegetation management activities that could reduce winter snowshoe hare habitat and direct the 
creation or retention of coarse woody debris in areas where denning habitat may be lacking 
(USFS 2007, Attachment 1, pp. 2-5; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-
12). Snow conditions in this unit also appear to remain suitable to allow lynx to outcompete 
other terrestrial hare predators. Gonzalez et al. (2007, pp. 4-7) modeled snow suitability across 
North America, showing that most of this geographic unit has a 95 percent probability of 
providing snow cover conditions consistent with historical lynx occurrence records (Gonzalez et 
al. 2007, p. 12). 
 
This unit includes substantial areas in nondevelopmental land-use allocations, including (in 
addition to Yellowstone and Grand Teton national parks) the Absaroka-Beartooth, Bridger, Gros 
Ventre, Lee Metcalf, Northern Absaroka, Teton, and Washakie designated wilderness areas. 
Among the 3 national forests that contribute to this unit, 75 percent of potential lynx habitat is in 
designated wilderness or roadless areas (USFWS 2007, p. 34). Management activities in these 
areas are unlikely to adversely impact lynx and hare habitats. Large parts of Yellowstone 
National Park burned in the extensive wildfires of 1988. Although the extent to which those fires 
may have impacted potential lynx habitats is uncertain, some of the burned areas may soon 
reach a stage of regeneration capable of supporting increased densities of hares, perhaps 

                                                
23 https://snowfall.weatherdb.com/d/a/Montana; accessed 8.17.2016. 
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increasing the likelihood that lynx could reestablish and maintain home ranges in some parts of 
the park (Lynx SSA Team 2016a, p. 45). Because non-Federal lands make up less than 3 
percent of lynx habitats in this unit, it is unlikely that activities on those lands have impacted lynx 
populations or meaningfully influenced the unit’s current capacity to support resident lynx. 

Overall, although naturally fragmented and patchily-distributed, potential lynx habitat in this 
geographic unit appears to be largely intact relative to historical conditions and disturbance 
regimes, with only a small proportion apparently impacted by past management (timber harvest 
and precommercial thinning) activities (65 FR 16072). Despite some likely localized impacts of 
past timber management and infrastructure (e.g., highway, railroad) development, past 
management activities do not appear to have diminished this unit's ability to support resident 
lynx or to have created barriers to lynx movement, or to have had other landscape- or 
population-level effects. 
 
In summary, much of this geographic unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental land-use allocations, where management activities 
with the potential to adversely affect lynx habitat generally do not occur. Almost all lands with 
developmental land-use allocations in this unit are managed by the USFS to conserve and 
maintain lynx and hare habitats under management plans that were formally revised in 2007 in 
accordance with the NRLMD and based on the scientific findings and conservation 
recommendations of the LCAS. A small proportion of lands with developmental allocations 
occurs on BLM lands where management plans also were revised recently (2008 and 2010) to 
adopt conservation measures identified in the LCAS. Implementation of these USFS and BLM 
plans likely precludes landscape-level management-related adverse impacts to the vast majority 
of existing lynx and hare habitats in this unit. Nonetheless, past management activities that 
occurred prior to implementation of current regulations and other conservation efforts may exert 
continuing influence on current habitat quality in some places. Additionally, because lynx 
habitats in this unit are naturally highly-fragmented and, in most places, support low landscape-
level hare densities, relatively minor impacts, especially to hare and lynx winter foraging 
habitats, may strongly influence lynx persistence in some parts of this unit. 
 
Lynx Status:  There are no reliable estimates of the historical or current number of resident lynx 
in this unit. As described in section 2.3.2.2 above, the historical record and recent research 
show that the GYA has supported resident lynx at least occasionally, but it is unclear whether 
the area consistently supported a persistent resident population over time or whether it naturally 
supported resident lynx only intermittently. Most historical and recent verified lynx records are 
from the southern portion of this unit in the Gros Ventre, Salt River, Wind River, and Wyoming 
mountain ranges in the Bridger-Teton National Forest. Reeve et al. (1986a, entire; 1986b, 
entire), who compiled all lynx records state-wide in Wyoming from 1856-1986, reported 22 
verified (“certain”) records and over 200 unverified (“probable”) records based on trapping 
reports and observations of animals or tracks (Reeve et al. 1986a, pp. 64-70. Most records were 
from the northwestern corner of the State (Reeve et al. 1986a, pp. 28-29; 1986b, pp. 6-9), which 
overlaps much of the GYA geographic unit. McKelvey et al. (2000a, pp. 229-230) reported 30 
verified records for Wyoming, including those in Reeve et al. as well as 2 resident lynx, a male 
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and a female, who were trapped, radio-marked, and monitored in the Wyoming Range over 
several years beginning in 1996 and who produced 6 kittens over 2 years. The female had 4 
kittens in 1998 and 2 in 1999, though none of the kittens survived to independence, and the 
female died of starvation in March 2000 (Squires and Laurion 2000, p. 346; Squires et al. 2001, 
pp. 9, 26). The female’s home range averaged 50 km2 (19 mi2) over the 3 years she was 
monitored, and the male’s averaged 824 km2 (318 mi2) over 5 years (Squires et al. 2003, pp. 
12-13). The male also made multiple long-distance exploratory movements (up to 728 km [452 
mi], including multiple highway crossings) over 3 successive years (Squires et al. 2003, pp. 13-
16; Squires and Oakleaf 2005, entire). 
 
As described in section 2.3.2.2, several sources reported accounts of numerous lynx being 
trapped in the Wyoming Range in the early 1970s. However, nearly all these records are 
unverified and the various anecdotal reports provide conflicting numbers and years in which lynx 
were purportedly trapped. These conflicting anecdotal reports illustrate compellingly why only 
verified records are appropriate for evaluating historical lynx distribution (McKelvey et al. 2000a, 
pp. 208-210; 2008, pp. 553-554). Even if these anecdotal records were accurate, the large 
numbers of lynx reported in the early 1970s correspond to the second of 2 well-documented and 
unprecedentedly large irruptions of lynx from Canada into the northern contiguous United 
States, when dispersing/transient lynx occurred temporarily in many parts of the DPS range 
(McKelvey et al. 2000a, pp. 232-242). That the sudden increase in lynx suggested by these 
anecdotal records would have reflected a pulse of dispersing lynx associated with that large 
irruption is more plausible than the notion that a previously undocumented resident lynx 
population suddenly and simultaneously became vulnerable to trapping in only a handful of 
winters. 
 
Other surveys, however, resulted in verified detections of a small number of lynx in the southern 
portion of this unit from 1999-2009, with records most consistent in the Wyoming Range, 
Togwotee Pass, Union Pass, the Bondurant Corridor, and in the Gros Ventre Range (Squires et 
al. 2001, pp. 9-14; Squires et al. 2003, pp. 9-11, 29-31; Endeavor Wildlife Research 2008, 2009, 
entire; Berg 2016, pers. comm.; Squires in Lynx SSA Team 2016a, pp. 20-21). At least 9 radio-
marked lynx released in Colorado subsequently moved into or through the GYA unit from 1999-
2010, with locations of several of these lynx concentrated in areas used previously by the native 
male and female described above (Devineau et al. 2010, p. 526; Hanvey 2016, pers. comm.; 
Ivan 2017, entire). In winter 2004-05, a male and female, both released in Colorado in spring 
2004, occupied overlapping areas on the east side of the Wyoming Range (Ivan 2017, p. 3, figs. 
20, 24). During the 2006 breeding season, a male and a female, both also released in Colorado 
in 2004, occupied overlapping areas farther north near Pinnacle Buttes along Highway 287 
(Ivan 2017, p. 3, figs. 21, 23). However, there is no evidence that either of these pairs bred or 
that either female denned or produced kittens (Ivan 2017, p. 3). On the Shoshone National 
Forest in the northeastern part of this unit, analysis of DNA collected during winter surveys 
confirmed 7 lynx snow tracks in winter 2005/06 and a single track in 2006/07 (Endeavor Wildlife 
Research 2008, p. 2; Berg 2016, pers. comm.). Overall, during the 4 winters of 2004-05 through 
2007-08, 26 snow tracks on the Bridger-Teton and Shoshone National Forests were confirmed 
by DNA analyses to be from 5 individual lynx (3 males, 2 females). One of the males had 
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previously been documented in Yellowstone National Park (see below). The other 2 males and 
both females were lynx that had been released in Colorado (Pilgrim 2016, pers. comm.). 
 
Verified records of lynx are less common elsewhere in this unit, including in Yellowstone and 
Grand Teton national parks and the Custer-Gallatin National Forest. There were no verified 
records of lynx in Yellowstone National Park from 1920-1999 (McKelvey et al. 2000a, p. 230); 
however, surveys in 2001-2004 documented at least 3 individual lynx, including 2 kittens, in the 
eastern part of the park (Murphy et al. 2006, entire). On the Custer-Gallatin National Forest in 
Montana in the northern part of the unit, a single female was detected over 6 consecutive 
winters (2003/2004 - 2008/2009) but not subsequently (Gehman et al. 2010, pp. 2-4), and it 
appears that she did not encounter a male or produce kittens during the 6 years she was 
detected (Gehman et al. 2010, p. 4). 
 
Recent surveys and research-related trapping efforts have failed to detect lynx in this unit after 
2010 (79 FR 54791; Squires in Lynx SSA Team 2016a, pp. 20-21, 45; Hanvey 2016, pers. 
comm.). As discussed above and in section 2.3.2.2, it is uncertain whether this unit historically 
supported a small but persistent resident population that was recently extirpated, or if it 
historically and recently supported resident lynx only intermittently. Given the protected 
conservation status of millions of acres in this unit, its apparent recent inability to support 
resident lynx may be a reflection of naturally marginal and patchy habitats and relatively low 
hare abundance in much of the unit, resulting in only an intermittent ability of this unit to support 
resident lynx (Lynx SSA Team 2016a, p. 57). Conversely, the characteristics described above 
suggest that relatively small impacts could shift potential habitats in this unit from just barely 
able to support a persistent resident population to incapable of doing so. Further, the available 
evidence suggests that if this unit did support a persistent population, it was very likely a very 
small one, which would be more vulnerable to extirpation as a result of demographic, 
environmental, and genetic stochasticity, catastrophic events (McKelvey et al. 2000b, pp. 23-
29), or a combination of these factors. 

Factors Affecting Current Conditions 

Regulatory Mechanisms - As described above for Unit 3, Federal management activities (e.g., 
timber harvest and precommercial thinning, perhaps fire suppression) that occurred prior to 
listing and before implementation of current Federal regulatory mechanisms likely impacted 
some lynx by altering the distribution and quality of hare and lynx habitats. However, because 
these activities occurred in low proportions of lynx habitat on Federal lands and impacts appear 
to have been localized, they were deemed a low-level to threat to lynx at the time of listing (65 
FR 16072-16076; 68 FR 40091-40095). Nonetheless, past Federal management activities may 
continue to influence the current quality and distribution of lynx habitats in some parts of this 
unit. Current regulatory mechanisms and conservation measures associated with recently 
amended or revised Federal management plans are intended to conserve and restore lynx and 
hare habitats across large landscapes. Although their effectiveness has not been quantitatively 
evaluated, they have almost certainly reduced significantly the potential for adverse 
management-related impacts to lynx habitats in this unit. 
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Lynx trapping has been prohibited in Wyoming since 1973 (79 FR 54794) and in Montana since 
1999 (MTFWP 2016, p. 7) and, as described in section 3.1.2, both states require measures to 
reduce the likelihood of trapping lynx incidentally when legally trapping other species. Since the 
DPS was listed in 2000, no lynx are documented to have been incidentally trapped in the 
Montana portion of this unit (MTFWP 2016, pp. 5-10) and we are aware of no incidental 
captures in northwestern Wyoming since listing. 
 
Climate Change - As elsewhere, increased temperatures, reduced snowpack, earlier snowmelt, 
and increased drought leading to increased fire all have been documented in this geographic 
unit (e.g., Mote et al. 2005, entire; Pederson et al. 2013, entire; Riley et al. 2013, entire; 
Dennison et al. 2014, entire; USEPA 2015, entire; Harvey et al. 2016, entire; Siren in Lynx SSA 
Team 2016a, pp. 14-15; Westerling 2016, entire). A number of potential impacts to lynx have 
been described, and climate projections suggest these impacts are likely to result in future loss 
and increased fragmentation and isolation of lynx and hare habitats and declining lynx 
populations in the DPS (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, pp. 69-71; 
79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren in Lynx 
SSA Team 2016a, p. 15; see also sections 3.2, and 5.2.3). Although climate change has 
probably already had some impact on lynx habitats in this geographic unit, and such impacts 
are likely to continue to occur, there currently is no evidence that climate change has had 
population-level effects or has reduced the ability of this unit to support persistent resident lynx 
populations. However, such impacts would be difficult to document and, as described under 
Habitat Status, above, lynx habitats in this unit are naturally highly-fragmented and hare 
densities low in some places. Therefore, relatively minor impacts, especially to hare and lynx 
foraging habitats, may strongly influence lynx persistence in some parts of this unit. 

Modeling vegetation and snow suitability for lynx across North America, Gonzalez et al. (2007, 
pp. 12, 15) indicated that boreal and temperate conifer forest biomes were broadly distributed 
across this geographic unit and that snow conditions suitable for lynx occurred with 95 percent 
probability from 1961-1990. (Future conditions based on this modeling are described in section 
5.2.5). As described in section 3.2, climate change has also been implicated in recent increases 
in the frequency and intensity of outbreaks of boreal forest insect pests, with warmer winters 
resulting in increased insect survival and drought increasing conifer vulnerability to insects. This 
trend is expected to continue through the end of the century with continued climate warming 
(Bentz et al. 2010. pp. 607, 609). 

Vegetation Management - The influence of vegetation management on the current condition of 
lynx and habitats in this unit is described above under Habitat Status and Regulatory 
Mechanisms, above. 

Wildland Fire Management - As described above in section 3.4, wildfire suppression in this unit, 
as elsewhere in the West, has likely had little impact on lynx habitats (65 FR 16074; 68 FR 
40093-94; USFS 2007, pp. 18, 20; USFS 2008a, p. 11; ILBT 2013, p. 76). Also as described in 
that section, wildfire frequency, size, and intensity have increased in this geographic unit, likely 
in response to climate warming and related increases in drought conditions (e.g., Dennison et 
al. 2014, entire; Harvey et al. 2016, entire; Westerling 2016, entire), with most large, stand-
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replacing fires having occurred in the northern part of the unit, in Yellowstone National Park (see 
Harvey et al. 2016, fig. 1). Despite this increase, we are aware of no evidence that increased 
fire activity in the unit has thus far impacted resident lynx populations or reduced this unit’s 
ability to continue to support resident lynx. 

Habitat Loss and Fragmentation - As described above, the dominant land use in this unit, and 
that most likely to result in habitat loss and fragmentation, is timber harvest and associated 
vegetation management (e.g., precommercial thinning) and road construction on lands with 
developmental allocations. Much of this unit occurs in national parks, designated wilderness and 
roadless areas, or other nondevelopmental allocations. Even in areas with developmental 
allocations, the moist subalpine forests important to lynx have had less timber harvest and road 
construction, and have been modified much less than other drier forests (65 FR 16073). These 
activities appear not to have had population-level impacts on lynx or to have measurably 
reduced the ability of this geographic unit to support resident lynx. Few highways intersect lynx 
habitats in the Northern Rockies (ILBT 2013, p. 63) and there are few records of lynx killed by 
vehicle collisions in Montana (5) and Wyoming (1 [a Colorado-released lynx]; USFWS 2016c). 
Other potential sources of habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 

Other Factors - Connectivity/Immigration - As elsewhere in the range of the DPS, resident lynx 
populations in this geographic unit are thought to be influenced by connectivity with, and 
immigration of lynx from, populations in Canada (see section 2.2). However, whether, and if so 
to what the extent, the persistence of populations in this geographic unit may depend on regular 
or intermittent immigration of lynx from Canada remains uncertain, and historic, recent, and 
current immigration rates are unknown. Although this unit is not directly connected to lynx 
habitats and populations in Canada or elsewhere in the contiguous United States, no barriers to 
lynx dispersal from the north have been identified, and 9 lynx released in Colorado are known to 
have dispersed northward into and through this unit (Devineau et al. 2010, p. 526; Ivan 2017, 
entire), demonstrating that dispersal between the southern and northern Rockies is possible. As 
described above in Lynx Status, the large number of lynx reportedly trapped from a small area 
of the Wyoming Range in the early 1970s (Squires and Laurion 2000, p. 338) may suggest 
dispersers associated with the irruption of many lynx from Canada into the northern contiguous 
United States documented at that time (McKelvey et al. 2000a, pp. 235-242). No subsequent 
pulses of lynx dispersing from the north have been documented, and lynx trapping records 
suggest that the magnitude of lynx populations cycles in Alberta and British Columbia, the most 
likely source of lynx dispersing southward into this unit, dampened dramatically after the early 
1980s (McKelvey et al. 2000a, p. 226; Bowman in Lynx SSA Team 2016a, p. 13; also see 
Appendix 5, 2015 10 13 - 5, pp. 4-524). 

                                                
24 https://www.fws.gov/mountain-
prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015
%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf. 

https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
https://www.fws.gov/mountain-prairie/es/species/mammals/lynx/SSA2016/Appendices/Appendix%205%20Presentation%20PDFs/2015%2010%2013%20-%205%20-%20Bowman%20Lynx%20Southern%20Canada.pdf
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As described in section 3.2, a number of climate-mediated factors have been suggested as 
contributing to changes in the periodicity and amplitude of northern lynx and hare population 
cycles, which could alter the timing and magnitude of irruptions of lynx from Canada into the 
contiguous United States. If lynx populations in this geographic unit rely on immigration from 
Canada which is no longer occurring or has been substantially reduced relative to historical 
conditions, population declines and a reduced likelihood of persistence among resident 
populations would be expected. Although the extent to which this factor has influenced the 
current condition of lynx populations in this unit is unknown, it is possible that it has contributed 
to the recent apparent loss of resident lynx from this unit. 

4.2.6 Unit 6 - Western Colorado 
 
Unit Description - This geographic unit includes parts of the Southern Rocky Mountains of 
western Colorado. It encompasses approximately 25,294 km2 (9,766 mi2) of potential lynx 
habitat distributed west of US Interstate 25, with ownership that is 90 percent Federal (85 
percent USFS, 3 percent BLM, 2 percent NPS), 9 percent private, and < 1 percent State. When 
it listed the DPS, the Service identified 26,305 km2 (10,156 mi2) of potential lynx habitat in the 
Southern Rockies (i.e., western Colorado and south-central Wyoming; [65 FR 16052]). In 2003, 
we estimated 31,027 km2 (12,419 mi2) of potential habitat within that area (68 FR 40076). Ivan 
et al. (2011e, entire) developed a predictive map of lynx habitat by using telemetry location data 
collected during CPWs lynx monitoring, and then estimated the amount of habitat associated 
with a high probability of detecting lynx. Our review of the vegetative characteristics of CPW’s 
predictive map detected large areas of spruce-fir habitats that were excluded by their 
presentation of the habitat associated with the top 20 percent of predicted use (Ivan 2011e, p. 
26). Therefore, we selected the top 30 percent of predicted use areas and the associated 
habitat to represent the amount of potential lynx habitat in this unit. Our estimate of potential 
habitat (above) falls between the Ivan et al. (2011e, p. 26) estimate (about 18,700 km2 [7,220 
mi2]) and the USFS’s habitat estimate (30,664 km2 [11,839 mi2]; USFS 2008b, p. 18), while 
retaining a greater than 60 percent probability of detecting lynx as described by Ivan et al. 
(2011e, pp. 32-33). 
 
We excluded the northwest part of the State, bounded on the south by US Interstate 70 and the 
east by Colorado State Highway 13, because this area lacks sufficient habitat to support lynx. 
Small areas of similar potential lynx habitat extend into south-central Wyoming and north-central 
New Mexico, and some lynx released in Colorado traveled into or through those areas. 
However, there is no evidence that either area supports resident lynx, and we doubt their ability 
to do so. This unit is not directly connected to lynx habitats and populations in Canada or to 
other DPS populations, although lynx dispersing from the north apparently arrived intermittently 
into the area historically, and long-distance dispersal (emigration) of translocated lynx from this 
unit to many western states and to Canada have been documented. The Southern Rockies are 
separated from the rest of the Rocky Mountain chain, and thus from lynx habitat in northwestern 
Wyoming and further north, by sagebrush and desert shrub communities in the Wyoming Basin 
and the Red Desert of southern and central Wyoming, and the arid Green and Colorado River 
plateaus of western Colorado and eastern Utah. Because of extreme topographic relief 
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juxtaposed with highways, residential communities, and other human developments, lynx 
biologists have identified habitat connectivity as an important consideration for the Southern 
Rockies (ILBT 2013, p. 54). Relative to other DPS lynx populations, this unit is about 400 km 
(250 mi) southeast of the GYA geographic unit. 
 
Habitat Description - Lynx habitat in the Southern Rockies occurs within the subalpine and 
upper montane forest zones, generally above 2,900 m (9,514 ft) elevation (Shenk 2009, p. 10). 
In the upper elevations of the subalpine zone, forests are typically dominated by subalpine fir 
and Engelmann spruce. As the subalpine zone transitions to the lower-elevation upper montane 
zone, spruce-fir forests begin to give way to lodgepole pine and aspen. On cooler, mesic mid-
elevation sites, Engelmann spruce may retain dominance, intermixed with aspen, lodgepole 
pine, and Douglas-fir. Lodgepole pine reaches its southern limits in the central part of the 
geographic unit, while southwestern white fir occurs only in the San Juan Mountains. The lower 
montane zone is dominated by ponderosa pine and Douglas-fir, with pines typically dominating 
on lower, drier, more exposed sites, and Douglas-fir occurring on the more sheltered sites. 
Lower montane forests do not support snowshoe hares and are seldom used by lynx except 
during dispersal and exploratory movements. 
 
In this unit, lynx most commonly use mature Engelmann spruce-subalpine fir forests with total 
canopy cover of 42–65 percent and a conifer understory canpoy of 15–20 percent, followed by 
mixed forests of Engelmann spruce-subalpine fir-aspen (Shenk 2008, p. 15; ILBT 2013, p. 52). 
Riparian and riparian-mix are the third most-used cover type, with a pattern of increasing use 
beginning in July, peaking in November, and dropping off in December. Large or medium 
willow-alder carrs and willow riparian communities provide important habitat for snowshoe hare, 
grouse, ptarmigan (winter), and other prey species (ILBT 2013, p. 52). 
 
Habitat Status - Snowshoe hare (lynx foraging) habitat is naturally patchily-distributed in the 
Southern Rocky Mountains (ILBT 2013, p. 54), limiting hare abundance in this geographic unit. 
Dolbeer and Clark (1975, pp. 535, 539) estimated snowshoe hare density at 0.73 hares/ha (0.3 
hares/ac) in Summit County in central Colorado, with the highest densities in mature and late-
successional spruce-fir forests. However, this study was conducted in a very limited area and 
did not sample younger sapling-stage stands (15-40 years post-disturbance) to compare hare 
densities with those reported for mature and late-successional spruce-fir forests (USFWS 
2008b, p. 32). Zahratka and Shenk (2008, pp. 910-911) estimated higher hare densities in 
mature Engelmann spruce-subalpine fir stands (0.08 to 1.32 hares/ha ([0.03 to 0.5 hares/ac]) 
than in mature lodgepole pine stands (0.06 to 0.34 hares/ha [0.02 to 0.14 hares/ac]) in Taylor 
Park, Colorado. In contrast, Ivan et al. (2014,  p. 587) estimated highest (summer) hare 
densities in early (20-25 years old) seral lodgepole stands (0.2 to 0.66 hares/ha [0.08 - 0.27 
hares/ac]); intermediate densities in mature spruce-fir stands (0.01 to 0.26 hares/ha [0.004 - 0.1 
hares/ac]); and lowest densities in mid-seral (40-60 years old) lodgepole stands that had been 
pre-commercially thinned (0.01 to 0.03 hares/ha [0.004 - 0.01 hares/ac]). Densities were more 
similar across the 3 forest types during the winter months; however, in all forest types and all 
seasons, hare densities were < 1.0 hares/ha (< 0.4 hares/ac) and in most cases were < 0.3 
hares/ha (< 0.12 hares/ac; Ivan et al. 2014, p. 589). In fact, only 1 stand type (early seral 
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lodgepole) in 1 summer (2006) had an estimated density (0.66 ± 0.14 hares/ha [0.27 ± 0.06 
hares/ac]) that exceeded the 0.5 hares/ha (0.2 hares/ac) threshold suggested as a minimum 
needed to support resident lynx over time (Ivan et al. 2014, p. 587, fig. 2). The information 
summarized above suggests that hare densities in this unit are low to marginal compared to 
units that have historically supported persistent resident lynx populations, and they may be 
inadequate to support long-term lynx persistence. 
 
Colorado is currently experiencing historically unprecedented bark beetle epidemics in 
lodgepole pine and spruce-fir forests. By 2015, the spruce beetle outbreak influenced 
approximately 95 percent of the mature spruce component of the subalpine cover types on the 
Rio Grande National Forest (Squires et al. 2016, unpubl. report, p. 1), which contains most of 
the potential lynx habitat in the San Juan Mountains. Recent statewide sampling, however, 
indicates that snowshoe hare occupancy is invariant to time since beetle outbreak or severity of 
the outbreak (Ivan and Seglund 2016, pp. 2, 5), which suggests that the ongoing epidemic will 
not be catastrophic to lynx in Colorado. However, red squirrels are an important alternate food 
source in this unit, and occupancy of that species has declined markedly with the beetle 
epidemic (Ivan and Seglund 2016, pp. 2-3), which may be of some concern during periods when 
snowshoe hare abundance naturally fluctuates downward. 
 
All USFS land management plans within the unit were amended by the SRLA in 2008 to provide 
for the conservation of lynx (USFS 2008a, entire; USFWS 2008b, entire). In 2008, the USFS 
reported that most LAUs on National Forest System lands in the Southern Rockies fell within a 
range of 3-8 percent in a currently unsuitable condition, with only 1 LAU exceeding the 30 
percent unsuitable threshold established in the SRLA (USFS 2008b, p. 19). Currently, the USFS 
reports that 51 of 202 LAUs (25 percent) exceed the 30 percent unsuitable condition (McDonald 
2016, pers. comm.). These changes are mostly in response to the ongoing bark beetle 
infestations and wildfires that have occurred since 2008. No forest management activities have 
resulted in LAUs exceeding the threshold. 
 
Similarly, since the DPS was listed, all BLM Field Offices (FOs) in Colorado have been 
conserving lynx discretionarily through application of conservation measures provided in the 
LCAS (Ruediger et al. 2000, entire; ILBT 2013, entire). Three BLM FO plans in Colorado have 
been amended or revised to conserve lynx following the 2013 LCAS on lands totaling 
approximately 126 km2 (49 mi2) of potential lynx habitat. One additional FO plan provides 
conservation measures for timber management actions only, but that FO administers only about 
1 km2 (0.39 mi2) of potential lynx habitat. To date, the remaining FOs have not formally 
amended or revised their plans specifically to provide conservation for lynx. Combined, these 
plans guide management of approximately 645 km2 (298 mi2; about 2.6 percent of the 
geographic unit) of potential lynx habitat. Additionally, Rocky Mountain National Park has a fire 
management plan that includes conservation measures for lynx (Wrigley 2016, pers. comm.; 
Watry 2016, pers. comm.), although resident lynx have not been confirmed in the park. We are 
not aware of any specific lynx conservation strategies guiding activities on non-Federal lands in 
this geographic unit. 
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Lynx Status - The current number and distribution of resident lynx in Colorado are somewhat 
uncertain. However, experts suggest there may be 100-250 lynx in this unit, and we believe it is 
reasonable that lynx continue to occur in all national forests within the State. As of 2007, 
average annual survival among released lynx was 0.93 ± 0.03 within the study area in the San 
Juan Mountains and 0.82 ± 0.07 outside the study area boundary (Devineau et al. 2010, p. 5). 
Although 30 percent of known mortalities were due to human causes (being shot or hit by a 
vehicle; Devineau et al. 2010, p. 5), the estimate of survival within the study area was higher 
than those reported for natural, lightly trapped populations of lynx in the Yukon (0.75–0.90; 
Slough and Mowat 1996, entire; O’Donoghue et al. 1997, p. 155) or in the Northwest Territories 
(0.90; Poole 1994, p. 612). Successful reproduction, including by third- and fourth-generation 
offspring of translocated lynx, has been documented (Shenk 2008, p. 2); however, the average 
proportion of females that produced kittens (24 percent; Ivan in Lynx SSA Team 2016a, p. 22) 
and the kitten survival rate (0.23; Ivan 2016b, pers. comm.) were both lower in this geographic 
unit (during the period of intensive monitoring from 1999-2010) than rates reported for other 
geographic units where estimates were based on adequate sample sizes (Units 1 and 3; table 
4). 
 
The CPW has developed a minimally-invasive, long-term, state-wide monitoring program to 
track the distribution, stability, and persistence of lynx in Colorado (Ivan 2011e, entire) that may 
also eventually provide population trend information. As of 2016, this monitoring program 
detected evidence of recent lynx reproduction via camera captures of kittens accompanying 
adult females at 3 locations during the 2014-2015 and 2015-2016 monitoring efforts (Ivan et al. 
2015, p. 1; Odell et al. 2016, p. 6). In addition, 38 percent of lynx captured during recent (2010-
2015) RMRS research projects in Colorado have been young and/or unmarked cats (Ivan in 
Lynx SSA Team 2016a, p. 17), suggesting continued reproduction within Colorado. However, 
current reproductive rates are unknown. Finally, despite the large scale and almost complete 
mortality of the mature spruce component within the core release area of the San Juan 
Mountains, lynx continue to use and reproduce in the beetle-infested forests (Squires et al. 
2016, unpubl. report, p. 2). 
 
Factors Affecting Current Conditions 

Regulatory mechanisms to conserve lynx habitats in Colorado are largely provided through 
Forest Service planning documents, as described above under Habitat Status. Because the 
majority (88 percent) of potential lynx habitat in Colorado is under Federal land management, 
actions occurring on other ownerships are unlikely to result in significant losses of lynx habitat 
within Colorado. However, habitat connectivity may be negatively affected by intense 
recreational use or development in key areas that are important for habitat connectivity, 
although this isn't a widespread phenomena or threat. 

Although bark beetles are native insects and forests in the western United States have 
experienced regular insect infestations throughout their history, the current bark beetle epidemic 
is notable for its intensity and extensive geographic range. The causes of this epidemic include: 
relatively even-aged, dense, and homogenous forest conditions, which are highly susceptible to 
beetle attack, and which were created by large-scale logging in the late 1800s and subsequent 
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fire suppression efforts; warmer winters as a result of climate change (cold winters typically 
reduce beetle populations); and a multi-year drought that occurred in the mid-1990s through 
early 2000s, stressing the trees and making them more susceptible to beetle attack (USFS 
2011b, p. 4). 

In lodgepole pine forests, a mountain pine beetle epidemic typically kills the entire overstory and 
results in a stand-replacing disturbance event. In Colorado, more than 13,759 km2 (5,312 mi2) 
have been affected by mountain pine beetle and 6,390 km2 (2,467 mi2) have been affected by 
spruce beetle since 1996 (USFS 2015b, p. 3), a portion of which overlaps potential lynx habitat 
in this geographic unit. Even-aged mature and “dry” lodgepole pine stands characteristically 
have depauperate understory vegetation and are not capable of supporting dense populations 
of snowshoe hares. On moist sites, regeneration of beetle-killed lodgepole pine stands is 
expected to be relatively rapid (20-30 years), and the new stands will be dominated by a 
regenerating cohort of lodgepole pine or resprouting aspen. If these newly-established stands 
grow tall and dense enough to provide horizontal cover above the snow layer, they may produce 
excellent habitat for snowshoe hares and lynx for several decades, until the crowns again lift 
above the reach of snowshoe hares. 
  
A spruce beetle epidemic kills the larger-diameter trees and can also result in a stand-replacing 
disturbance event. Because of the importance of spruce-fir forests for production and survival of 
snowshoe hares, widespread mortality of mature spruce-fir forests could impact lynx habitat for 
a long time. 
 
ILBT (2013 p. 57; 61-62) states: 
 

Plague, a flea-borne disease caused by the bacterium Yersinia pestis, which is not 
native to North America, was reported for the first time in lynx in Colorado (Wild et al. 
2006). Pneumonic plague appeared to be the direct or indirect cause of death of 6 
reintroduced lynx between 2000 and 2003. When translocated from Canada and Alaska, 
none of the lynx had antibody titers to Y. pestis; it appears likely that lynx were exposed 
to plague by infected prey after their release in Colorado. 
 
Vehicular collisions are a potentially important cause of mortality for lynx in portions of 
the southern Rockies. Thirteen of 102 mortalities documented for lynx translocated into 
Colorado were from vehicle collisions (Devineau et al. 2010). Brocke et al. (1990) 
suggested that translocated animals might be more vulnerable to highway mortality than 
resident lynx and this could have been a factor in Colorado at the time of listing. 
Currently, the majority of lynx mortalities caused by vehicle collision (13 of 16) occurred 
during the reintroduction period (1999-2006). Since early 2007, one year after the final 
reintroductions occurred, only 3 hit by vehicle mortalities have been reported, and only 
two of those occurred in Colorado (Broderdorp unpublished data 2016). A number of 
highways with high speed and high traffic volume pass through lynx habitat, such as I-
70, I-80, US 50, US 550 and US 160. These highways are not a barrier to lynx 
movement, as repeated successful crossings by radio-telemetered lynx have been 
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documented on I-70 and Highways 9, 40, 50, 91, and 114 (Ivan 2011b, c, 2012; J. 
Squires, personal communication 2012). At this time, it appears that hit by vehicle 
mortality may be a less significant mortality factor for lynx in Colorado. 
 
As compared with other portions of the range of lynx, in Colorado more winter recreation 
and associated development overlaps with lynx habitat. Preliminary information from a 
study in Colorado indicates that some winter recreation uses may be compatible, but 
lynx may avoid some developed ski areas (J. Squires, personal communication 2012). It 
is possible that ski areas and 4-season resorts may reduce the amount and availability 
of lynx habitat within localized areas, in part by influencing the distribution or abundance 
of prey resources within the developed area. However, there is also considerable 
anecdotal evidence of lynx using ski areas. 
 
Leg-hold trapping is currently prohibited under the state constitution of Colorado as a 
means of predator control or for commercial and recreational trapping. If a landowner 
can prove that all other non-lethal methods have been ineffective, a 30-day exemption 
may be granted for depredation cases. Incidental trapping mortality of lynx may be a 
minor risk during trapping seasons in southern Wyoming and surrounding states. 
 
Predator control activities on federal lands, including coyote shooting or trapping, are 
common throughout most of this geographic area, mostly related to the grazing of 
domestic sheep. The majority of sheep grazing occurs on arid rangelands, but some 
grazing does occur during summer at the higher elevations, especially in south-central 
Colorado. Incidental capture of lynx is possible, but unlikely. 

 
In summary, there are currently many more resident lynx in this unit than likely occurred 
historically, and many more than were known or suspected at the time the DPS was listed. 
There were even fewer verified records in this unit during the last century than in the GYA, and 
no reliable evidence of a resident breeding population. However, from 1999-2006, 218 
Canadian and Alaskan lynx were released into the San Juan Mountains of southwestern 
Colorado. As a result of the subsequent reproduction of some of the released lynx and some of 
their offspring over several generations, resident lynx currently occupy this unit. When the DPS 
was listed in 2000, 27 of 41 radio-marked lynx released in 1999 were still alive. The State of 
Colorado has concluded that its efforts have established a viable lynx population, and the 
State’s lynx experts suggest this unit may currently support 100-250 resident lynx (Ivan in Lynx 
SSA Team 2016a, p. 47). Recent (2010-2016) snow-tracking and camera surveys in the San 
Juan Mountains in the southern part of the unit documented evidence of continued lynx 
residency and reproduction. 

Chapter 5: Future Conditions 
In this chapter, we present our assessment of the future condition of the lynx DPS in terms of 
redundancy, representation, and resiliency. Given the uncertainty about the historical 
distribution of resident lynx in the contiguous United States and the current lack of reliable 
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estimates of the sizes, trends, and many demographic parameters for most DPS populations, it 
is difficult to confidently predict the future condition of the DPS or the likelihood that any given 
geographic unit will support resident lynx in the future. We lack data to build rigorous empirical 
population models for lynx across the DPS range, and uncertainty regarding the timing and 
magnitude of potential impacts to lynx from continued climate warming also limits our ability to 
predict the future condition of the DPS. Therefore, our assessment of the future condition of the 
DPS is based on our evaluation of the available scientific information regarding the factors 
identified by the ILBT as the most likely to have population-level impact to lynx in the DPS (ILBT 
2013, pp. 68-78) and on the best professional judgments and opinions of lynx experts. 
 
We provide brief summaries of the possible future conditions in each geographic unit, followed 
by a more detailed evaluation of the factors likely to influence lynx populations and habitats in 
each unit. We present and summarize the professional judgments and opinions of a panel of 10 
lynx experts regarding the factors likely to influence the persistence of resident lynx populations 
in each of the 6 geographic units. We also present and summarize the experts’ projections, 
based on consideration of those influencing factors, of the probability that each of the 
geographic units will continue to support resident breeding populations of lynx into the future (at 
years 2025, 2050, and 2100), and the sources of uncertainty that influenced their confidence in 
their predictions. Although we did not ask experts to evaluate different specific scenarios (e.g., 
climate models using different greenhouse gas emissions scenarios), we did ask them to 
provide the highest and lowest probabilities that each unit would continue to support resident 
lynx populations in the future, in addition to what they considered the “most likely” probability 
(see figs. 9-15, below). 
 
Formal elicitation of expert opinion where empirical information is unavailable or inadequate is 
an appropriate and scientifically supported approach (Morgan 2014, entire). However, we 
remind readers that the output remains the experts’ best professional judgment, which is 
subjective and, therefore, inherently different than experimentally collected data subjected to 
rigorous statistical analyses. For purposes of useful and meaningful presentation and 
comparison among geographic units, it was necessary to combine, quantify, graph, and 
summarize the qualitative information provided by experts. However, we caution that the results 
we present below and describe more fully in this chapter should not be interpreted as precise, 
statistically robust estimates of the probability that resident lynx will persist in the DPS or in any 
individual geographic unit in the future. Readers should consider the inherent limitations and 
substantial uncertainties in expert responses, particularly over longer time periods. 
 
After summarizing experts’ inputs, we then present our evaluation of the scientific literature 
regarding how certain anthropogenic factors may influence future conditions for resident lynx in 
each geographic unit. The factors we consider for each geographic unit include regulatory 
mechanisms (the factor for which the DPS was originally listed under the ESA) and the 
anthropogenic influences identified by the Interagency Lynx Biology Team (ILBT) as having the 
potential for population-level impacts to lynx in the DPS (climate change, vegetation 
management, wildland fire management, and habitat loss/fragmentation; ILBT 2013, pp. 68-78; 
see also chapter 3, above). Other factors were also evaluated for some geographic units if the 
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Core Team member most familiar with that unit felt those factors could pose meaningful, even if 
less likely, risks to the unit’s continued ability to support resident lynx. After considering all of the 
above, we present our conclusions regarding the future conditions for resident lynx populations 
in each geographic unit and we discuss the extent to which our conclusions agree with or differ 
from the projections provided by the lynx expert panel we consulted and, if they differ, why. 
 
Implicit in our evaluation of the future for lynx in the contiguous United States is our recognition 
and consideration of a possible future in which the DPS is not listed under the ESA. However, 
given (1) the history of lynx management, research, monitoring, and habitat conservation efforts 
by State wildlife and natural resource agencies in most states throughout the DPS range; (2) 
similar efforts by Federal land managers and related formal amendments or revisions to their 
land management plans to address the threat for which the DPS was listed (the inadequacy of 
previous regulatory mechanisms); (3) Tribal wildlife conservation efforts and philosophies; and 
(4) the DPS’s listing and consultation history, we do not evaluate the unlikely hypothetical future 
in which all protections and conservation efforts would disappear if the DPS was not listed. 
Rather, although some protections could be relaxed (e.g., less stringent analyses of project-
related impacts, potential for some states to reinstitute limited trapping harvest), we assume that 
Federal, State, and Tribal agencies and some private landowners would continue to manage for 
the conservation of resident lynx populations in those places that can support them in the DPS 
range. Our evaluation, therefore, considers the possibility of future relaxing of some lynx 
conservation measures and efforts, but not the complete absence of all protections for lynx. 
Some of the experts we consulted indicated that their projections assumed the status quo (i.e., 
continued protections under the ESA and current Federal and State land management policies). 
Others indicated their projections were not influenced by regulatory considerations but that 
doing so would not have altered their estimates; they felt that factors influencing lynx 
persistence on the landscape are independent of ESA listing status (Lynx SSA Team 2016a, p. 
52). 
 
As mentioned above, we do not define and evaluate specific and explicit climate change or 
greenhouse gas emissions scenarios or attempt to quantify differences in DPS viability or the 
persistence of resident lynx populations in individual geographic units based on differences in 
the rate and extent of potential impacts associated with projected continued climate warming. 
This is because of the limited resolution and inherent uncertainty of available climate models 
and the inadequacy of existing demographic data for projecting lynx population sizes and trends 
in the DPS over time, including their potential responses to a range of climate-mediated 
potential future habitat conditions. Therefore, this SSA does not constitute or include a formal 
climate change vulnerability assessment (Glick et al., editors, 2011, entire) for the lynx DPS. 
Instead, underlying our evaluation in this SSA is the recognition that the lynx, as a broadly-
distributed boreal forest-and snow-associated predator that relies heavily on a single, similarly-
specialized prey species, and whose habitats are naturally influenced by climate-mediated 
disturbance factors (e.g., wildfire, forest insects, wind/ice storms, etc.), is likely highly sensitive 
and broadly exposed to the impacts of climate change and has limited adaptive capacity to 
respond to it. Therefore, we (along with the experts we consulted and the ILBT) consider lynx 
populations in the DPS vulnerable to the projected impacts of continued climate warming. While 



169 
 

we recognize that the pace and extent of impacts would be expected to differ under specific 
emissions or modeling scenarios, the limitations described above preclude us from quantifying 
those differences and their potential influence on the likelihood that resident lynx will persist in 
the DPS or in individual geographic units. 

5.1 Summary of Future Conditions DPS-wide 
Overall, our evaluation of the scientific literature and expert input suggests that resident lynx 
populations are likely to persist in each of the geographic units where they currently occur in the 
near-term (though year 2025), and in all or most of those units at mid-century (year 2050; see 
table 1, above, and figs. 9-15, below). Over the longer-term (out to year 2100 and beyond), 
populations in each of the geographic units and, therefore, in the DPS as a whole, are likely to 
be smaller and their distributions reduced. These anticipated declines are likely to be most 
influenced by projected loss and increasing fragmentation and isolation of boreal forests and 
favorable snow conditions resulting from continued climate warming and related impacts (e.g., 
increased wildfire and forest insect activity, diminished hare populations; Lynx SSA Team 
2016a, p. 58). This outcome seems likely regardless of which climate emissions scenario is 
used to model future conditions, although the timing, extent, and magnitude of impacts is 
uncertain and would likely vary by scenario. 
 
In addition to climate change, forest management also has the potential to influence (negatively 
or positively) hare and lynx habitats in the DPS range. Forest management on private lands that 
lack lynx conservation commitments may contribute to future declines in the amount and quality 
of lynx habitats, particularly in Maine and perhaps also in Minnesota (private lands contribute 
minimally to lynx habitats in the other geographic units – see table 2 in chapter 1). Uncertain 
future forest ownership and markets for forest products, shifts in silvicultural practices, and 
development pressures on private lands all may affect the resiliency of future lynx populations in 
these 2 units. Increased frequency, size, and intensity of wildfires and forest insect outbreaks, 
both driven by climate warming, are of concern for western geographic units. 
 
Although all 5 geographic units that currently support resident populations (all units except the 
GYA) are, individually, expected by lynx experts (based on the median of experts’ “most likely” 
persistence probabilities) to continue to do so at 2025 and through 2050, only 1 unit 
(Northwestern Montana/Northeastern Idaho; Unit 3) had an expert-estimated probability of 
persistence greater than 50 percent (i.e., persistence more likely than not) by the end of the 
century (see fig. 12, below). Expert input suggests that all other geographic units individually 
have a 50 percent or greater probability of functional extirpation (i.e., no longer capable of 
supporting resident lynx populations) by the end of the century, although all experts expressed 
substantial uncertainty regarding projections that far into the future (figs. 10, 11, and 13-15, 
below; also see Lynx SSA Team 2016a, pp. 36-49). 
 
Cumulatively, expert responses suggest a high (about 80 percent) “most-likely” probability that 
resident lynx populations will persist in all 5 units that currently support them (all units except the 
GYA) in the near term (year 2025; see fig. 9, column 2; row 2, below). Expert responses 
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similarly suggest a high (80 percent) likelihood that at least 4 of the 5 units will continue to 
support resident lynx at mid-century, and a cumulative probability just under 50 percent that all 5 
will do so (see fig. 9, column 2; row 3, below). Over the longer term, expert responses 
cumulatively suggest a high (about 85 percent) likelihood that at least 2 of the 5 units will 
support resident populations at the end of the century; a more than 50 percent likelihood that 3 
units will do so; but also a high (> 75 percent) likelihood that resident lynx populations will be 
functionally extirpated from 2 of the 5 units that currently support them by the end of the century 
(see fig. 9, column 2, row 4, below; see Cummings, 2016, pp. 6-20 for details on the data and 
software used to generate figs. 9-15, below). The experts we consulted expect the likelihood 
that lynx populations will persist to decline in each geographic unit in the future, although 
uncertainty increases with time from the present, and increases greatly for end-of-century 
projections (Lynx SSA Team 2016a, pp. 36-49; also see 5.2). 
 

 
Figure 9. Summary of lynx experts’ predictions regarding the probability of persistence 
of at least a given number of geographic units given the probability of persistence for 
each individual geographic unit. The y axis of each grid in figure 9 is the probability that 
at least the number of geographic units indicated by the x axis of the grid persist. The 
probability in a bar reaches 1 when there is no probability of fewer geographic units 
persisting. Moving from top to bottom, the grids show the probabilities by time period 
(2015 [current at time of expert elicitation], 2025, 2050, and 2100). Moving from left to 
right the grids show the range of expert responses by summary selection type and 
probability response. Therefore, looking down a column of grids provides a view of the 
trend in persistence through time and looking across a row of grids provides a view of 
the range of uncertainty in expert projections of persistence for a given time period. 
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Our evaluation generally concurs with the expert input we received. We believe that lynx 
populations and habitats in the DPS will decline over time largely as a result of continued 
climate warming and associated impacts, which are likely to exacerbate the potential adverse 
effects of other factors (e.g., forest management, potential increased competition from other 
hare predators). We acknowledge that under a “worse case” climate modeling scenario the 
boreal and subalpine forests and snow conditions associated with lynx occupancy could 
completely or largely disappear from some units (e.g., Minnesota; Galatowitsch et al. 2009, pp. 
2015-2016) and be substantially reduced in the remainder before the end of the century. 
However, we are aware of no climate modeling that suggests the complete disappearance of 
potential lynx habitat from the entire contiguous United States by the end of the century. 
Complete loss of lynx habitat is perhaps more likely in the Northern Maine and Northeastern 
Minnesota units where there is little potential for elevational refugia compared to the more 
topographically diverse units (3 through 6) in the western United States. Under such a scenario, 
resident lynx would be unable to persist in some units and would be severely restricted in 
number and distribution in others, with any remaining resident populations more vulnerable to 
demographic and environmental stochasticity, genetic drift, and catastrophic events than they 
are currently. 
 
Conversely, under a “better case” climate scenario (perhaps combined with a “better case” 
future forest management scenario), it is possible that resident lynx could continue to persist 
through the end of the century in all 5 geographic units that currently support them. Even under 
this scenario, however, we would expect smaller population sizes and reduced distributions in 
each unit resulting from the impacts of even moderate continued climate warming. We are 
aware of no models that predict climate cooling or climate-mediated improvement in lynx habitat 
conditions in the contiguous United States over the next century. We cannot quantify the 
likelihood of either of these extreme scenarios nor improve the accuracy or precision of, or our 
confidence in, the experts’ predictions regarding persistence. 
 
Considering this range of potential future climate conditions, associated uncertainties, and 
expert input, we conclude that over the short-term (through year 2025), resident lynx 
populations are very likely to persist in all 5 geographic units that currently support them. We 
likewise conclude they are likely to persist in the mid-term (through 2050) in all or most 
geographic units that currently support them, with corresponding maintenance of redundancy 
and representation, despite reduced lynx numbers and distribution and, therefore, reduced 
resiliency among all or most populations. Recognizing the high level of uncertainty associated 
with predications beyond mid-century, we nonetheless conclude it is very unlikely that resident 
lynx populations will persist through 2100 in all 5 of the geographic units that currently support 
them. That is, we believe that resident populations will likely persist at the end of the century in 
2 or 3 of the 5 units that currently support them, but that resident populations may be functially 
extirpated from 2 to 3 of the units by then. Even where populations persist, they will be reduced 
in number and distribution and, therefore, resiliency. 
 
The loss of viable resident lynx populations from 1 or more geographic units would represent 
reduced future redundancy, representation, and resiliency within the lynx DPS. With regard to 
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redundancy, however, our evaluation of the scientific literature and expert input indicates that no 
individual geographic unit that currently supports resident lynx is vulnerable to extirpation from a 
single catastrophic event. Given that, we conclude that the DPS as a whole is not vulnerable to 
extirpation from a catastrophic event (i.e., we find that there is a zero probability that a single 
catastrophic event could result in extirpation of resident lynx from any of the 5 geographic units 
that currently support them and, therefore, a zero probability of catastrophic extirpation of the 
entire DPS). As described above (section 1.3), we do not consider continued anthropogenic 
climate warming a catastrophic event; rather, we consider it a systemic, ongoing, and pervasive 
stressor, not a single temporally- and spatially-discrete event. We recognize that a sequence of 
discrete but spatially-clustered catastrophic events in lynx habitats over a short time could 
increase the potential for functional extirpation in 1 or more of the individual geographic units 
(especially the possibility of additional large wildfires in north-central Washington), thereby 
reducing redundancy within the DPS. However, as long as resident lynx remain geographically 
well-distributed in 1 or more units within the DPS, extirpation of the DPS from a single 
catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the currently 
observed and likely future high level of gene flow across most of the lynx’s continental range, 
the species’ well-documented dispersal capability, and the current and likely future connectivity 
and absence of significant barriers to dispersal between Canada and most DPS geographic 
units. Based on these factors and expert input, we find that there is no indication that the 
relatively low level of genetic diversity currently observed among lynx populations is likely to 
reduce DPS viability in the future (Lynx SSA Team 2016a, p. 51) and no indication that future 
gene flow is likely to be substantially reduced (79 FR 54793). This information suggests the 
current and likely future relative genetic health of the DPS. However, as noted in section 2.2, the 
potential for genetic drift among DPS populations would be expected to increase at some point 
in the future if lynx and hare habitats shift northward and upslope, as projected with continued 
climate warming, resulting in reduced connectivity and gene flow among smaller and more 
isolated lynx populations at the periphery of the range. This would result in (1) smaller and more 
distant potential source populations, reducing the likelihood and number of immigrant lynx 
reaching DPS populations, and (2) smaller effective population sizes among DPS populations, 
making them more vulnerable to drift, the consequences of which could include lower survival 
and reproduction rates and loss of adaptive potential. 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, the amount of snow that seems to demarcate a boundary between lynx and bobcat 
occupancy in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 
cm/yr [55 in/yr]), and lynx in some parts of the West select mature forest stands, particularly in 
winter, while in other parts of the DPS, younger regenerating stands are most important. The 
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loss of resident lynx from any of the geographic units could result in the loss of behavioral and 
potential future genetic adaptations to the climate-mediated changes now occurring and likely to 
continue into the future at the southern edge of the lynx range. Such potential adaptability to 
diminished snow conditions, increasingly patchy and isolated boreal forests, and reduced hare 
abundance may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Because resident lynx populations in all geographic units that currently support them are 
expected to become smaller and more fragmented and isolated, each geographic unit and the 
DPS as a whole will be less resilient in the future. Our analyses and expert input suggest that 
resiliency will likely be sufficient to foster persistence of resident lynx in most units through mid-
century but that its declining trajectory over time could result in extirpation of resident 
populations from 2 to 3 (of 5) units by the end of the century. Projected continued climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
and lynx reproductive and survival rates are likely to decrease, resulting in population declines 
in both species. As snow conditions become less favorable, competitors (e.g., coyotes and 
bobcats) may outcompete and displace lynx. This in turn would reduce lynx abundance and 
density within populations, making populations more susceptible (i.e., less resilient) to 
stochastic events. 
 
5.1.1 Summaries of Future Conditions in Each Geographic Unit 
 
Unit 1 – Northern Maine:  Although the Northern Maine geographic unit currently has extensive 
lynx habitat, the amount and distribution of high-quality habitat is projected to decline over the 
next 2 to 3 decades. Forestry practices, climate change, habitat loss and fragmentation, spruce 
budworm outbreaks, and development are most likely to drive future hare and lynx habitat in this 
unit. Lynx habitat and lynx densities are expected to decline by 50 to 60 percent by 2032 in 
response to aging of the budworm-era clearcuts and the effects of extensive partial harvesting 
since the 1989 passage of the Maine Forest Practices Act (Simons 2009, pp. 209, 217). In the 
next few decades, high-quality hare habitat is projected to decline from about 10 percent to 5 
percent of the landscape (Simons-Legaard 2016, fig. 8, p. 10), perhaps more in line with likely 
historical conditions. High-quality habitat patches will likely become more fragmented, smaller, 
and more isolated, thus making the landscape less suitable for lynx than it currently is. For the 
next few decades the best habitat (young regenerating stands) will occur in the southern portion 
of current lynx distribution, where effects of climate change and potential competition with 
bobcats are likely to be greatest (Simons-Legaard et al. 2016, p. 1267). Absent long-term lynx 
management agreements, the future of lynx habitat in this unit is uncertain. Wood products 
markets will likely continue to change and could be affected by interest in carbon sequestration 
in response to climate change, with potential consequences for forest management in this unit. 
Recent rapid changes in private forest land ownership are likely to continue and could result in 
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subdivision of large ownerships. Non-forestry land uses (wind energy development, 
transmission line corridors, residential and resort development, and unmanaged conservation 
lands) may compete with forest management as the primary future land use. Conservation 
easements will limit development pressures in some areas and keep some lands as working 
forest, but forest practices (e.g., partial harvesting, northern hardwood management) may not 
create new lynx habitat or maintain the current historically high amount of high-quality habitat. 
Climate change is expected to affect this unit more than some others in the DPS because snow 
amount and duration already seem to be at thresholds for lynx and there are few potential 
elevational refugia. In the near term and beyond, snow quantity and quality will likely continue to 
deteriorate, which could cause lynx range to contract northward. 
 
Our review of the published literature and input from lynx experts lead some members of the 
SSA Core Team to conclude that lynx could become extirpated from this unit before the end of 
the century. Climate change, increasing demand for hardwood forest products, a pending 
spruce budworm outbreak, and frequent forest disturbance all will likely contribute to the trend in 
the loss of spruce-fir forest and expansion of northern hardwoods, although the timeframe for 
conversion is uncertain. The lynx experts we consulted indicate the likelihood that resident lynx 
will persist in this unit will decline to about 50 percent by the end of the century, although there 
was wide variation and much uncertainty in opinions. After reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, lack of elevational refugia), 
some members of the Core Team were more pessimistic about the future of lynx in Maine than 
the lynx expert panel. In particular, we observed that there is great uncertainty about the future 
of forest management and future development on private forest lands. The lack of forest 
planning for lynx was not perceived or defined as a threat for this area when the DPS was listed. 
Nonetheless, forest management practices clearly have influenced that amount of high-quality 
lynx habitat and thus lynx numbers in this unit, and they are likely to continue to influence its 
population in the future. Currently, there are no long-term management plans in place on most 
privately-owned forest lands in this unit; State forest regulations have greatly influenced 
harvesting practices that have reduced landscape hare densities and will likely continue to do 
so; markets for forest products are depressed; and forest modeling projections (under current 
harvest scenarios) suggest that habitat will diminish and shift southward in the near term 
because of post-harvest succession and recede northward over the longer-term because of 
continued climate warming. 
 
Unit 2 - Northeastern Minnesota:  The direct and indirect effects of climate change are expected 
to affect lynx into the future in Minnesota. Specifically, boreal conifer forest is projected to 
contract northward, resulting in increased habitat loss and fragmentation and increased isolation 
of Minnesota lynx with diminishing forest conditions in southern Ontario. Additionally, the 
quantity, quality, and duration of snow are projected to decline; potentially resulting in increased 
competition and hybridization with bobcats as snow conditions favorable to lynx are diminished. 
The likelihood that resident lynx will persist in this unit is projected to decrease over time with 
increasing uncertainty through the end of the century, driven in the near term by decreaseing 
quality, quantity and persistence of snow and over the long term from loss of spruce-fir forests. 
We expect the SNF will continue to implement lynx conservation measures in accordance with 
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its Forest Plan, thus continuing to minimize several risk factors and promote the conservation of 
lynx into the future. If the DPS is de-listed, the species would be placed on the Forest’s 
Regional Forester Sensitive Species list for at least 5 years, which would give it a higher priority 
than other species for monitoring and management during that time. We also expect that 
MNFRC guidelines will remain in place into the future and that voluntary actions will continue on 
State and private lands. However, it is unclear on what proportion of State and private lands 
these voluntary actions will be implemented into the future. Further, these guidelines are 
generalized for listed species and give no specific direction for lynx. Taking these factors into 
consideration, median “most likely” probabilities of persistence generated by lynx experts were 
high for the near- and mid-term (> 95 percent at year 2025; 80 percent at year 2050), but 
declined to 35 percent (with great uncertainty) by 2100. We concur with the expert panel that 
resident lynx are likely to persist in this unit at 2025 and 2050. However, after reviewing the 
scientific literature concerning climate change projections (diminishing snow conditions, loss of 
boreal forest, lack of elevational refugia, and the potential for increased competition, disease, 
and insect outbreaks), some members of the SSA Core Team were slightly less optimistic about 
the long-term future of lynx in Minnesota than the lynx expert panel. The Core Team concluded 
that the climate-mediated conversion of boreal forest to temperate forest and the loss of 
favorable snow conditions could occur at a rate and extent that would result in a lower likelihood 
of persistence than projected by experts, including the possibility that resident lynx could be 
extirpated from this unit by the end of the century. 
 
Unit 3 - Northwestern Montana/Northeastern Idaho:  As in other units, climate change is 
projected to reduce the future amount, distribution, and quality of lynx habitat in this unit via 
northward and upslope contractions of favorable snow and forest vegetation conditions. This 
would result in increased fragmentation and isolation of habitats and smaller and more isolated 
lynx populations. Increased wildfire frequency and extent and perhaps other climate-mediated 
factors (forest insect outbreaks, changes in northern hare/lynx cycles that may influence 
immigration into this unit) could also reduce future lynx habitats and populations in this unit. 
Fire- and insect-related habitat losses would likely be temporary, resulting subsequently in 
improved habitat conditions when impacted areas regenerate the dense vegetative structure 
conducive to hare abundance. Continued forest management to conserve and maintain the vast 
majority of lynx habitats in this unit would benefit resident lynx in the future, though it is unlikely 
to offset the projected adverse consequences of continued climate warming. Lynx experts felt 
that future extirpation of lynx from this unit from reduced genetic health or a catastrophic event 
is unlikely. However, the extent to which the future demographic and genetic health of lynx 
populations in this unit may be influenced by immigration is unknown. Considering the factors 
above, lynx experts felt this geographic unit has the highest likelihood of continuing to support 
resident lynx into the future in the near term (year 2025; median probability of persistence > 
0.95), at mid-century (median = 0.90), and end-of-century (median = 0.78), despite a declining 
probability of persistence and greater uncertainty with increasing time from present, as in all 
units. After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
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amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in reduced 
resiliency. 
 
Unit 4 - North-central Washington:  Over the past 25 years, wildfires have (perhaps temporarily) 
eliminated or reduced the quality of about a third of lynx habitat within the North Cascades, 
which has significantly affected the status of and current viability of the lynx population in this 
geographic unit. As elsewhere, continued climate warming is anticipated to reduce the future 
quality and distribution of lynx habitat in Washington, potentially further exacerbating the recent 
losses of lynx habitat from wildfires. Projected warming may increase wildfire frequency and 
severity, which may result in further losses of lynx habitat. Climate change is also expected to 
reduce the quantity and quality of snow, potentially resulting in permanent reductions in the 
quantity and distribution of lynx habitat in this unit. These potential climate-driven reductions of 
lynx habitat could isolate resident lynx within this unit and reduce connectivity with neighboring 
lynx populations in the other geographic units and Canada. Continued forest management on 
both Federal and State lands would benefit lynx populations in Washington but is unlikely to 
ameliorate the potential negative effects related to climate change. Considering the recent 
reduction in lynx habitat and the projected impacts of climate change, experts indicated 
persistence probabilities of 60 to 90 percent (median = 80 percent) over the near-term (year 
2025), 30 to 80 percent (median = 70 percent) at mid-century, and less than 50 percent (median 
= 38 percent) by the end of the century for resident lynx in this geographic unit. After 
considering the best available scientific information and input from lynx experts, the Core Team 
is generally in agreement with experts regarding the likelihood of long-term persistence of 
Canada lynx in this geographic unit. We expect this unit will continue to support a small resident 
lynx population through mid-century but that its ability to do so beyond then is questionable, and 
that functional extirpation of lynx from this unit by the end of the century is more likely than not. 
 
Unit 5 - Greater Yellowstone Area (GYA):  As elsewhere, climate change is projected to reduce 
the future amount, distribution, and quality of lynx habitats in this unit via northward and upslope 
contractions of favorable snow and forest vegetation conditions. This would result in increased 
fragmentation and isolation of habitats and smaller and more isolated lynx populations. Because 
potential habitats in much of this unit already are naturally highly fragmented and perhaps only 
marginally capable of supporting resident lynx, and because it appears to have never supported 
more than a small number of residents, its ability to do so in the future is tenuous. Lynx experts 
felt that the small number of lynx this unit appears capable of supporting and its relative isolation 
from other lynx populations make it more vulnerable to genetic drift and extirpation from 
catastrophic events or demographic or environmental stochasticity. However, the extent to 
which the future demographic and genetic health of lynx populations in this unit may be 
influenced by immigration is unknown. Increased wildfire frequency and extent and perhaps 
other climate-mediated factors (forest insect outbreaks, changes in northern hare/lynx cycles 
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that may influence immigration into this unit) could also reduce future lynx habitat in this unit. 
Continued forest management to conserve and maintain the vast majority of lynx habitats in this 
unit would benefit resident lynx in the future, though it is unlikely to offset the projected adverse 
consequences of continued climate warming. Considering the factors above, lynx experts felt 
this geographic unit has the lowest likelihood of supporting resident lynx into the future in the 
near term (year 2025; median probability of persistence = 0.52), at mid-century (median = 0.35), 
and end-of-century (median = 0.15), with a declining likelihood of persistence and greater 
uncertainty with increasing time from present, as in all units. After reviewing the scientific 
literature and evaluating the factors that may influence lynx persistence in this unit, we concur 
with the experts’ conclusion that this geographic unit is the least secure in the DPS. We find that 
conditions for lynx in this unit are naturally marginal, both its historical and current ability to 
support a persistent resident lynx population are questionable, and that continued climate 
warming and associated impacts are likely to further diminish its already limited ability to support 
resident lynx. We conclude, based on the protected status (national park, designated 
wilderness, and non-developmental land use allocations) of vast areas and climate models that 
project some areas of adequate vegetation and snow conditions through the end of the century, 
that this unit may continue to occasionally or intermittently support a small number of resident 
lynx and some reproduction throughout the remainder of the century. However, we conclude 
that it is very unlikely to support a persistent resident population over the short-term (through 
2025), even less likely that it will do so at mid-century, and it is highly improbable that this 
geographic unit will support resident lynx by the end-of-century. 
 
Unit 6 - Western Colorado:  Regulatory mechanisms that provide for the conservation of lynx in 
Colorado consist of State regulations prohibiting unauthorized take of lynx and amendments of 
USFS and BLM management plans, which limit vegetation management (among other things) 
covering approximately 85-90 percent of the lynx habitat within this geographic unit and provide 
guidance to limit habitat fragmentation. Climate change is expected to negatively affect 
vegetation and influence snow conditions in this unit. The elevation gradient in Colorado may 
provide refugia from deteriorating snow conditions in the future. Assuming that snow levels will 
increase in elevation, lynx habitat is likely to become more fragmented by areas that no longer 
retain appropriate snow conditions and vegetation. However, we anticipate large areas of snow 
persistence to remain through the end of the century. Wildland fire will likely result in temporarily 
reduced habitat quality to some extent; however, affected areas are likely to regenerate and 
provide excellent habitat conditions to support hares and lynx. Given projected climate warming, 
some areas that currently support snowshoe hare populations may experience vegetation type 
conversion that may not support snowshoe hares in the future. Considering the factors above, 
lynx experts felt this geographic unit has a high likelihood of continuing to support resident lynx 
into the future in the near term (year 2025; median probability of persistence = 0.90) and at mid-
century (median = 0.80), and a reasonable likelihood of doing so at end-of-century (median = 
0.50), despite a declining probability of persistence and greater uncertainty with increasing time 
from present, as in all units. This unit would be expected to continue to support resident lynx in 
the future if survival and reproductive rates similar to those estimated during intensive 
monitoring are maintained over the long-term. However, given the lack of evidence of historical 
occupancy by resident populations, the naturally limited and fragmented potential habitat, 
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generally low hare densities, low proportions of females that produce kittens, and low kitten 
survival rate, along with projected impacts of climate warming on all or most of these 
paramenters, we are less optimistic than the lynx expert panel regarding the likelihood that this 
unit will continue to support resident lynx over the long-term. 
 
Table 5, below, summarizes expert predictions of future lynx persistence and Core Team 
summary of factors thought likely to influence the future resiliency of lynx populations in each 
geographic unit. 
 
Table 5. Expert-predicted future (2025, 2050, and 2100) persistence1 of resident lynx 
populations in individual geographic units of the Canada lynx DPS and supporting 
evidence and uncertainties. 

Geographic 
Unit 

Median lynx 
expert probability 

of persistence 
(%)2 (range [%])3 

at years 2025, 
2050, and 2100 

Key evidence Uncertainties 

Unit 1 

2025: 96 
(80-100) 

 
2050: 80 
(65-95) 

 
2100: 50 
(40-80) 

● 50% decline from current habitat projected 
by 2032; habitat shift to the south edge of 
current range 

● Slight recovery of habitat by end of 
century depending on forestry trends 

● Continued demographic and genetic 
connectivity to southern Quebec, New 
Brunswick populations 

● Climate models predict deteriorating snow 
quality, depth and duration; more severe 
than other units 

● Little potential elevation refugia 

● Future forest management trends and 
habitat conditions on private forest 
lands in Maine and Canada 

● Future shifts in land ownership, forest 
products markets, and development 

● Extent and pace of deteriorating snow 
conditions 

● Response of hares (pelage mismatch), 
bobcat, and fisher to changing snow 
regime 

● Extent and pace of spruce-fir loss 
● Future hare population trends 
● Disease and parasites in lynx 
● Effects of lynx trapping in Quebec 

Unit 2 

2025: 96 
(88-100) 

 
2050: 80 
(60-90) 

 
2100: 35 
(10-60) 

● Smaller population could be susceptible to 
stochastic effects 

● Habitat conditions on SNF will remain 
stable or improve if managed for 
softwoods 

● Continued demographic and genetic 
connectivity to southern Ontario 
populations 

● Climate models predict deteriorating  
snow quality, depth and duration; loss of 
boreal forest 

● Little elevation gradient: lake-effect snow 
may retain refugia to 2050 but not 2100 

● Future forest management trends and  
habitat conditions on private forest 
lands in Minnesota and Ontario 

● Extent and pace of deteriorating snow 
conditions 

●  Adequacy of immigration from 
southwest Ontario 

● Response of bobcat and fisher to 
changing snow regime 

● Rate of spruce-fir decline 
● Future hare population trends 
● Disease and parasites in lynx 
● Effect of lynx-bobcat hybridization 

Unit 3 

2025: 98 
(95-100) 

 
2050: 90 
(70-100) 

 
2100: 78 
(50-90) 

● Some habitat loss from increased wildfire, 
otherwise habitat should remain stable 
with USFS/BLM management 

● Continued demographic and genetic 
connectivity to southern Alberta and BC 
populations 

● Potential elevational refugia 
● Recent loss of small sub-population in 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
Alberta and BC 
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Garnet Range 
● Increasing fire frequency 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 

Unit 4 

2025: 80 
(60-95) 

 
2050: 70 
(30-80) 

 
2100: 38 

(5-50) 

● Habitat and population low because of 
recent fires; could be susceptible to 
stochastic effects 

● Continued demographic and genetic 
connectivity to southern British Columbia 
populations 

● Elevation is not sufficient to provide long-
term refugia from deteriorating snow 
quality, depth, and duration 

● State uplisted from T to E (2016) 

● Extent and frequency of fire in hare-lynx 
habitat 

● Extent and frequency of insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Adequacy of immigration from southern 
BC 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Future hare population trends 

Unit 5 

2025: 52 
(10-70) 

 
2050: 35 
(15-60) 

 
2100: 15 

(5-50) 

● Very low hare densities in much of unit 
● Habitat should remain stable with USFS, 

BLM, and NPS management 
● No direct connectivity with Canada 

populations; little immigration from DPS 
populations 

● Potential elevational refugia 
● Smaller population could be susceptible to 

stochastic effects 

● Persistent vs. ephemeral historical 
presence 

● Adequacy of immigration 
● Extent and frequency of fire and insect 

outbreaks 
● Extent and pace of deteriorating snow 

conditions 
● Response of bobcat, cougar, coyote to 

changing snow regime 
● Extent and pace of elevational 

migration of spruce-fir 
● Future hare population trends 
● Extent to which high elevation may 

provide climate and snow refugia 
 

Unit 6 

2025: 90 
(60-100) 

 
2050: 80 
(50-85) 

 
2100: 50 
(20-70) 

● Habitat loss from increased wildfire and 
insect outbreaks, otherwise habitat will 
remain stable with USFS management 

● Isolation from other lynx populations 
● Elevation may provide refugia from 

deteriorating snow quality, depth and 
duration 

● Uncertainty about stability of recently-
introduced lynx population 

● Persistent vs. ephemeral historical 
presence 

● Demographic and genetic effects of 
isolated population 

● Extent and frequency of fire and insect 
outbreaks 

● Extent and pace of deteriorating snow 
conditions 

● Response of bobcat, cougar, coyote to 
changing snow regime 

● Extent and pace of elevational 
migration of spruce-fir 

● Mismatch in elevation between 
appropriate snow regime for lynx and 
spruce-fir 

● Future hare population trends 
1We asked 10 recognized lynx experts to provide their estimates of the probability that resident lynx populations or 
subpopulations would persist in each geographic unit, even if reductions in lynx numbers and distributions were 
anticipated ( i.e., the probability that resident lynx would not be functionally extirpated from the unit). 
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2Median “most likely” probabilities of persistence provided by 10 lynx experts for each geographic unit considering the 
current status of lynx populations and current and likely future stressors to those populations. 
 3The full range of “most likely” probabilities of persistence provided by the 10 lynx experts. 

5.2 Future Conditions - Detailed Descriptions by Geographic Unit 
In this section, we present and summarize the formally-elicited opinions of a panel of 10 lynx 
experts regarding the likelihood that each geographic unit will continue to support resident 
breeding lynx populations into the future (at years 2025, 2050, and 2100), the factors they think 
will influence lynx persistence, and the sources of uncertainty that influenced their confidence in 
their predictions. We then present our evaluation of factors that may influence future conditions 
for resident lynx in each geographic unit, our conclusions regarding future conditions in each 
geographic unit, and whether our conclusions concur with or differ from projections provided by 
the lynx expert panel we consulted. 
 
As mentioned above, we remind readers that the text and figures presented here are intended 
to convey and summarize expert opinions, which are subjective. The graphs we provide are 
intended to illustrate individual and cumulative expert opinion and uncertainty, and to allow 
comparsions of projections of possible future lynx persistence among all geographic units. We 
do not imply, and readers should not infer, that these depictions represent statistically robust, 
accurate, or precise estimates of the actual likelihood that resident lynx will persist in the DPS or 
in any individual geographic unit in the future, and readers should consider the inherent 
limitations and substantial uncertainties in expert responses, particularly over longer time 
periods. In figures 10-15 below, responses for each lynx expert for each of the 3 probability-of-
persistence levels, (i.e., highest, most likely, and lowest probabilities) are represented by the 
hollow red, filled green, and hollow blue points, respectively. The black X mark is the median of 
the most likely responses across the experts in each response year. The red, green, and blue 
dashed lines connect the median of the highest, most likely, and lowest probability-of-
persistence responses across the experts in each response year. The edges of the gray areas 
were defined by the entire range of expert responses, from the largest of the highest-probability 
responses to the smallest of the lowest-probability responses. The median lines and gray areas 
are provided as a summarizing visualization to aid comprehension of the experts’ responses 
and their range, and should not be viewed as a substitute for individual responses or presented 
outside the context of the accompanying discussion. The gray area between red and blue 
dashed lines can be viewed as the median uncertainty across all 10 experts. 
 
5.2.1 Unit 1 - Northern Maine 
 
Expert Projections of Lynx Persistence 
 
All of the experts that we consulted indicated an initially high and subsequently declining 
likelihood that resident lynx will persist in Maine through the end of the century, with uncertainty 
(range between lowest and highest estimates) also increasing over time (Lynx SSA Team 
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2016a, pp. 33-36). Climate change was an overriding near- and long-term stressor for lynx 
expressed by lynx experts. 
 
Increased winter precipitation in the form of rain, reduced snow depth, and reduced snow 
durations were discussed by the experts. Experts believed that the effects of climate change 
would continue to increase as a stressor that would reduce lynx populations by mid- to end-of-
century. Snow conditions would continue to deteriorate, potentially resulting in increased 
competition with bobcats and increased predation by fisher. We heard varying prognoses from 
experts regarding the speed at which climate-induced loss of spruce-fir forest may occur. The 
scientific literature suggests that loss of spruce-fir could occur relatively quickly in the Northeast, 
and several experts noted that an increase in northern hardwood composition of the forest is 
already occurring. One expert provided information that suggests that balsam fir could actually 
increase in the short-term (over the next few decades), but that the long-term prognosis is not 
favorable for natural spruce-fir regeneration. Decline or loss of spruce-fir could be accelerated 
by forest disturbance (e.g., budworm outbreaks or forest management affecting large acreages 
of lynx habitat annually). 
 
In addition to climate change, lynx experts expressed a number of near-term stressors related to 
forest management in northern Maine. Land management objectives were uncertain because of 
frequent changes in private forest land ownership. Experts acknowledged uncertainty 
concerning the severity of and response by new landowners to future spruce budworm 
outbreaks. Experts believed that investment landowners are unlikely to respond to future 
budworm outbreaks as they did in the 1970s-80s (extensive clearcuts, herbicide application). 
Experts also acknowledged concerns about the effects of the aging of past clearcuts beyond 
conditions that support high-quality hare and lynx habitat. 
 
Although uncertainty increases with time from the present, experts generally agreed that 
climate-related loss of favorable snow conditions (amount, consistency, and duration), loss of 
spruce-fir forest, and potential competition from bobcats would be expected to reduce the 
likelihood that lynx will persist in this unit. Experts also were uncertain about whether hare 
numbers would rebound to past higher levels or remain at current lower levels. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 80 to 100 percent (median = 96 percent) in the near-term (year 2025), 65 to 95 
percent (median = 80 percent) at mid-century, and 40 to 80 percent (median = 50 percent) at 
the end of the century (fig. 10). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 10. Lynx expert estimates of the probability that the Northern Maine Geographic 
Unit will continue to support resident lynx in the future (at years 2025, 2050, and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.1), past forest management 
practices (large-scale clearcutting) have created an unnaturally high amount of high-quality hare 
habitat in this unit, resulting in a resident lynx population that is probably larger than typically 
occurred historically under natural conditions. Also as described above, a shift in forest 
management from clearcutting to various forms of partial harvesting that began in 1989 with 
passage of the Maine Forest Parctices Act (MFPA) is unlikely to maintain or recreate this 
extensive high-quality habitat. Therefore, we expect lynx habitat and numbers to decline in this 
unit over the next several decades, perhaps to levels more consistent with likely historical 
conditions. 
 
If timber harvest continues using methods and at rates similar to those that have predominated 
since passage of the MFPA (see section 4.2.1), lynx habitat at year 2030 is modeled to decline 
by about 50 percent from current anthropogenically incluenced high levels (Simons-Legaard 
2016, pp. 9-10). Habitat modeling indicates that the maturation of previously clearcut areas will 
result in a decline in high-quality hare habitat (i.e., lynx foraging habitat) in this unit from 7-12 
percent of the landcape in 2010, to about 3-8 percent by year 2030, then increasing to 5-16 
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percent by 2060 (Simons-Legaard 2016, p. 10, fig. 8). After 2030, however, projected outcomes 
for lynx habitat become more uncertain and depend on assumptions about habitat definitions 
and harvest rates. Lynx in Maine selected for regenerating, conifer-dominated forest (> 75 
percent conifer; Vashon et al. 2008b, pp. 1490, 1492-1494). If one defines high-qulaity lynx 
habitat as stands having greater than 75 percent spruce-fir, then such habitat will decline by 
about 50 percent by 2030 and then stabilize or increase slightly through 2060 (Simons-Legaard 
2016, pp. 9,16; fig. 8). 
 
The projections above do not consider a nearly 60 percent decline in snowshoe hare densities 
that has occurred in Maine from a period of high hare density in 2001-2006 (1.8 - 2.2 hares/ha 
[0.7 – 0.9 hares/ac] in regenerating conifer) to a period of lower hare density in 2008-2015 (0.8 
– 1.0 hares/ha [0.3 – 0.4 hares/ac]; Harrison et al. 2016, entire). This decline occurred across all 
forest stand types and across a broad geographic area of Maine (Scott 2009, p. 36; Harrison et 
al. 2016, entire), and a decline in hare density also occurred in the adjacent Gaspe region of 
southern Quebec (Assells et al. 2007 in Scott 2009, p. 41-42). Hares remained at these lower 
densities through 2015 (Harrison et al. 2016, p. 55). If future hare populations remain low, then 
Maine habitats will likely have a lower capacity for supporting resident lynx. How current and 
likely future hare densities in this unit compare to densities under historical disturbance patterns 
is unknown. 
 
The habitat projections above also do not consider the effects of future spruce budworm 
outbreaks. After low levels of infestation for the last 20 years, Maine appears poised for another 
spruce budworm outbreak. Budworm numbers are increasing toward epidemic levels in 
southern Quebec and northern New Brunswick.Significant defoliation could occur in Maine in 
the next few years, and the outbreak may last about a decade (Wagner et al. 2015; pp. 12-16). 
Although research has clearly demonstrated that landowner response to the last outbreak 
resulted in unintended benefits for lynx from 1 to 3 decades later, our ability to project what 
effects the next outbreak will have on lynx habitat is limited because land ownership has 
changed since the last outbreak. To reduce risk from spruce budworm, some financial 
investment owners may cut younger spruce-fir stands that still support elevated hare densities. 
Some may be less inclined to intensively manage for spruce-fir and may switch to an emphasis 
on northern hardwoods. It is unlikely that current landowners will broadly apply pesticides to 
control spruce budworm or herbicides to promote spruce-fir regeneration after stands are 
defoliated. The MFPA may constrain clearcutting of infested stands, even with recently-enacted 
changes intended to reduce the regulatory burden for landowners. Despite these uncertainties, 
landowner response to the pending budworm outbreak will likely have important implications for 
the short- and long-term persistence of lynx habitat in northern Maine (Simons-Legaard 2016, 
pp. 16-17). 
 
Climate Change – Because this geographic unit generally lacks potential elevational refugia 
(Carroll 2007, p. 1102; Siren in Lynx SSA Team 2016a, pp. 15 and experts, p. 37), its lynx 
population may be more vulnerable to deteriorating snow conditions than populations in the 
more topographically diverse western units, and changes in snow conditions could further 
restrict lynx distribution (Hoving 2001, pp. 27-28; Hoving et al. 2005, p. 749; Carroll 2007, 
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entire). This unit’s only potential elevational refugia under reduced snow scenarios are in the 
mountains of western Maine, where favorable snow conditions may only persist as very small, 
isolated “sky islands” that would be unlikely to support lynx. Carroll (2007, entire) modeled the 
Maine lynx population assuming non-cycling hare populations and snow conditions expected 
under intermediate to high emissions climate models (Kiehl and Gent 2004, entire). He 
predicted a 59 percent decline in the lynx population (the non-cycling hare population model) by 
mid-century because of climate change alone, with larger declines projected from interactions 
between climate change and other factors (potential increased trapping in Canada and lynx 
population cycling; Carroll 2007, p. 1100). Wildlife experts in Maine ranked lynx as highly 
vulnerable to climate change (> 66 percent loss in species range/population and extirpation 
within 50 to 100 years; Whitman et al. 2013, pp. 19, 74). 
 
Climate change is already affecting the Northeast, and the rate of change is faster than 
expected, with large changes observed since 1970 (Rustad et al. 2012 p. 6). Rapid winter 
warming in recent decades is believed to be exacerbated by an albedo feedback caused by the 
diminished persistence of snow in winter (Hayhoe et al. 2006, p. 25). Average winter 
temperatures are increasing about 0.4°C/decade (0.8°F/decade) with the greatest warming 
occurring in the coldest winter months (January-February; Burakowski et al. 2008, p. 1). 
Northeast climate models predict average winter temperature increases of 2.0°C (3.6°F; low 
emission) to 2.9°C (5.2°F; high emission) by mid-century and 3.1°C (5.6°F; low emissions) to 
5.3°C (9.5°F; high emissions) by late century (Notaro et al. 2014, p. 6529). The largest 
increases in temperature are expected in northern Maine (Siren in Lynx SSA Team 2016a, 
Appendix 3; Rawlins et al. 2012, p. 9) where temperatures may increase 2.5° to 2.8°C (4.5° to 
5.0°F) by 2050 (Fernandez et al. 2015, p. 3). In response to climate change, interest in wind 
development has grown in northern and western Maine, which has the potential to impact high-
elevation habitats and potential spruce-fir refugia (Publicover 2013, p. 2). 
 
Gonzalez et al. (2007, pp. 12-13 and 15-18) modeled distribution of boreal forest and future 
snow conditions under 9 different low, medium, and high emission scenarios and predicted 
reduced probablility of suitable snow (from 95 percent during 1961-1990, to 90 percent 
predicted for 2071-2100) and very minor changes in forest cover type in Maine by the end of the 
century. Although there are uncertainties about future climate warming, if projections are 
accurate, the area capable of supporting resident lynx in Maine could be expected to recede 
northward and lynx populations to decline substantially in this unit over the next 100 years 
(Vashon et al. (2012, p. 60). If future trends in increasing temperature and decreasing snow 
occur as projected, then at some time in the future lynx would be unlikely to persist in Maine. 
 
Snow Duration - The current average snow duration in Maine is at or below the 4-month snow 
persistence threshold believed necessary to support lynx (section 4.2.1; Gonzalez et al. 2007, p. 
7). Snow duration declined by 16 days in the Northeast from 1970 to 2001 (Wake 2005, p. 15) 
and is expected to diminish by another 2 weeks in Maine by mid-century (Fernandez et al. 2015, 
p. 10). It is projected to decline by 25 percent (low emissions) to 50 percent (high emissions) 
from current conditions by the end of the century (Hayhoe et al. 2006, pp. 21-25). Similarly, 
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Notaro et al. (2014, p. 6543) projected an average decrease of 28 days (low emission) to 47 
days of snow cover (high emissions) by the end of the century. 
 
Snow Depth - The current average annual snowfall in northern Maine is at or below the 270-
cm/yr. (106-in/yr) threshold below which lynx are unlikely to occur (Hoving et al. 2005, p. 749; 
section 4.2.1), and it is expected to decline in the future with projected continued climate 
warming. From 1965-2005, Northeast winter snowfall has decreased by about 4.6 cm/decade 
(1.8 in/decade), with the greatest decreases occurring in December and February (Burakowski 
et al. 2008, p. 1). By the end of the century, large areas of the Northeast will experience 15-
percent (under a low-emissions scenario) to 25-percent (high-emissions scenario) reductions in 
snowfall (Ning and Bradley 2015, p. 6). Similarly, Notaro et al. (2014, p. 6529) concluded that 
average snowfall in the northeastern United States and southeastern Canada will decline by 59 
cm (23 in; 31 percent) under a low-emissions scenario) to 92 cm (36 in; 48 percent) under a 
high-emissions scenario by the end of the century because a higher proportion of winter 
precipitation is projected to fall as rain rather than snow. Hayhoe et al. 2006, (pp. 22-25) 
predicted that under moderate and high climate scenarios there would be large reductions in the 
length of the snow season with < 25-50 percent reductions in the number of snow days by 
2070-2099. 
 
Snow Quality - Winter precipitation in Maine is projected to increase by 10 to 15 percent by the 
end of the century (Hayhoe et al. 2006, p. 28) with a greater proportion of winter precipitation 
falling as rain (Huntington et al. 2004, entire; Hayhoe et al. 2006, p. 23; Ning and Bradley 2015, 
entire). Snow density and compaction (caused by wet, heavy snow or rain on snow events in 
winter) will likely continue to increase in the region in the future (Karl et al. 1993, entire; Dudley 
and Hodgkins 2002, pp. 8-10, 19-20; Huntington et al. 2004, p. 2632; Huntington 2005, entire; 
Hodgkins and Dudley 2006, entire). 
 
Loss of Boreal Forest - The boreal spruce-fir forest type has come and gone from New England 
during the post-glacial period. It nearly disappeared from the Northeast during the interglacial 
warming period 1000 years ago, then moved south into New England only in the past few 
centuries during the “Little Ice Age” (Schauffler and Jacobson 2002, entire; DeHayes et al. 
2000, entire). Continued anthropogenic climate warming is projected to cause another 
northward contraction of spruce-fir forest in the Northeast with potential negative consequences 
for both lynx and snowshoe hares (Gonzalez et al. 2007, entire). Because of its sensitivity to 
climate and its mobile nature, the spruce-fir forest type in the Northeast, including northern 
Maine, is projected to decline substantially in response to climate change even under low-
emissions scenarios and could disappear completely under higher-emissions scenarios (Iverson 
and Prasad 2001, pp. 192-193; Prasad et al. 2007, entire; Beckage et al. 2008, entire; Iverson 
et al. 2008, p. 403; Ollinger et al. 2008, p. 17; Jacobson et al. 2009, p. 27; Tang and Beckage 
2010, entire; Whitman et al. 2010, p. 12; Andrews 2016, p. 20). Even under the lowest 
emissions scenarios, spruce-fir forest would be reduced by the end of the century (Williams and 
Liebhold 1997, pp. 210-214; Prasad et al. 2007, entire; Mohan et al. 2009, pp. 221-222), 
although some spruce-fir may persist at the highest elevations (Tang and Beckage 2010, pp. 
148-156) and along the eastern coast (Jacobson et al. 2009, pp. 26-29) where cooler conditions 
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would likely persist. Climate change is anticipated to increasingly fragment the boreal forest in 
northern New England (Iverson et al. 2008, pp. 400-405), which would diminish the amount and 
quality of lynx habitat (Simons 2009, pp. 221-222). Recent shifts of northern hardwoods to 
higher elevations formerly occupied by boreal forests have also been attributed to regional 
warming over the last century (Beckage et al. 2008, entire). 
 
Spruce (red, black, and white) and balsam fir are the most important boreal forest conifer tree 
species in the Northeast and will be affected by climate change in different ways. Mechanisms 
of injury to spruce-fir include winter injury from freeze-thaw cycles, spring drought (because of 
reduced snowpack), and reduced seed germination (Auclair et al. 2010, pp. 694-695). Thus, the 
range of spruce-fir is limited by summer heat and drought. Mohan et al. (2009) projected that 
the suitable area for balsam fir would be 80 percent lower by 2100 under an average- to high-
emissions scenario. In contrast, Ollinger et al. (2008, p. 8) projected increasing growth rates for 
balsam fir and red spruce to mid-century, after which they would decline. Andrews 2016 (p. 53, 
104) modeled future climate envelopes for spruce and fir species in Maine under a moderate 
emissions scenario and predicted northward shifts in these species. The results suggest that 
areas of suitable climate for these tree species would diminish in northern New England by 
2030, white and black spruce would disappear from northern Maine by 2060, and balsam fir and 
red spruce would dwindle to only a few high altitude locations by 2060. However, suitable 
habitat for spruce and fir species would remain in northern and coastal highlands of New 
Brunswick and Cape Breton Island Nova Scotia. 
 
The timescale of the spruce-fir decline in the Northeast is difficult to predict because of the 
many variables that influence shifting of the forest species composition (emissions scenarios, 
the long lifespan and slow dispersal rates of trees, frequency of disturbance, competition from 
advancing hardwoods and invasive tree species, complex interactions with moisture, and 
synergistic effects with other pollutants). Support for an accelerated decline includes evidence 
that spruce-fir is already in decline and is being replaced in Maine by northern hardwoods (oak, 
pine, red maple). Since 1995, the area of forest land classified as the northern hardwoods type 
in Maine has increased 8.9 percent (by about 2,400 km2 [927 mi2]) and the area in the spruce-fir 
forest type group has decreased 8.5 percent (1,987 km2 [767 mi2]; McCaskill et al. 2016, p. 2). 
Although forest disturbance often favors northern hardwoods, it may, in some situations, favor 
balsam fir and help it persist longer in a warming climate (Scheller and Mladenoff 2005, p. 318). 
A pending spruce budworm outbreak and frequent disturbance from forest management could 
accelerate conversion to northern hardwoods. Other climate-related forest disturbances (forest 
pests, diseases) could further accelerate conversion to northern hardwoods (Iverson et al. 2008, 
p. 404). 
 
In contrast, some authors note that trees migrate slowly in response to a changing climate and 
are long-lived. Therefore, a time lag may occur in shifting forest composition from spruce-fir to 
northern hardwoods (Mohan et al. 2009, p. 221; Zhu et al. 2012, pp. 1048-1051). Some 
northern Maine industrial forest landowners could “adapt” to climate change by intentionally 
favoring spruce-fir (e.g., by plantations and use of herbicides). 
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Finally, there is uncertainty concerning the influence of climate change on balsam fir, a short-
lived, shade-tolerant conifer that dominates much of the understory in the Acadian forest and is 
an important component of lynx habitat in the Northern Maine Unit. McWilliams et al. 2005 (p. 8) 
noted that balsam fir increased in Maine’s forest inventory in the early 2000s because this 
species seems to respond favorably to frequent disturbance. Forest models projected increases 
in spruce-fir biomass over the next century because of partial harvesting and periodic budworm 
outbreaks, but did not take climate change into consideration (Simons-Legaard et al. 2013, 
entire). In contrast, Iverson et al. 2008 (p. 400) identified balsam fir as the tree species in Maine 
most sensitive to a warming climate, and they projected large declines, with only 29 percent 
(low emissions) to 16 percent (high emissions) persisting by the end of the century. Climate 
change will influence precipitation and temperature, forest management strategies, and forest 
disturbance (fire frequency and spruce budworm), all of which will interact in complex ways to 
influence balsam fir at the southern edge of its range. Carter (1996, pp. 1092-1093), Iverson et 
al. (1999, pp. 400, 403), and Goldblum and Rigg (2005, p. 2714) documented balsam fir growth 
rates and growth potential would decline under likely climate warming scenarios (about a 2.2°-
2.8°C (4°-5°F) temperature increase by the end of the century and reduced snow conditions). 
Some have projected the extirpation of spruce-fir forest types in the Great Lakes States 
(Scheller and Mladenoff 2005, entire) and New England (Iverson et al. 2008, entire. 403). 
Balsam fir has prolific seed production following forest disturbance such as harvesting (Seymour 
1992, p. 217), and has proliferated under the current climate and forest management regime 
dominated by partial harvesting (Olson et al. 2013, entire). Balsam fir is a relatively short-lived 
tree (about100 years), and is unlikely to persist long if climate change affects seed and 
germinations rates. Given anticipated climate changes, especially early snow melt and low 
spring precipitation, fir may increase for the next few decades but is unlikely to regenerate in the 
future Maine forest (Simons-Legaard 2015, pers. comm.). 
 
Vegetation Management - Habitat suitable for lynx is expected to decline in the future (see 
Regulatory Mechanisms section above). By 2020, all of the extensive areas that were clearcut 
in the 1970s and 1980s will be greater than 35 years of age and no longer likely to support high 
hare densities. For the foreseeable future, partial harvesting will continue as the primary means 
of forest management. Although partially harvested forests with well-developed understory 
structure may provide foraging opportunities via increased prey access (Fuller et al. 2007, 1984-
1985), snowshoe hare densities are approximately 50 percent less in landscapes dominated by 
partially harvested stands (Robinson 2006, pp. 5-37; Fuller and Harrison 2010, p. 1276). Thus 
changing forest management practices have and will continue to reduce landscape hare density 
possibly below levels that can support lynx. 
 
Sources of uncertainty concerning future habitat conditions in northern Maine include changes 
in forest policy, timber harvesting methods, changing timberland ownership, response to 
budworm outbreaks, and timber markets - all of which have occurred in the recent past and will 
undoubtedly shape forest management in the future (Simons-Legaard et al. 2016, p. 8). 
Currently, the landscape is owned primarily by financial investors who may be less inclined to 
intensively manage for spruce and fir after the next outbreak of the spruce budworm (Wagner et 
al. 2015, p. 4).  
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The dramatic shift from clearcutting to partial harvesting presents a challenge for lynx 
conservation in this unit for the next several decades (Legaard et al. 2015, p. 21). Lynx habitat 
is expected to peak and then remain stable through about 2012-2020 and then decline (Simons 
2009, pp. 153-165, 202-220; Simons-Legaard et al. 2016, p. 6). After 2020, aging of the former 
clearcuts and extensive partial harvesting are projected to result in a 50 to 65 percent decline in 
lynx habitat by 2032 (Simons 2009, p. 217). Lynx habitat will decline from about 9.5 percent of 
the landscape (current condition) to about 5.0 percent of the landscape (Simons-Legaard 2016, 
fig. 8, p. 10). By 2032, the Northern Maine Unit may support less than half the number of 
resident lynx that it does today (Simons 2009, pp. 209, 217). 
 
In the future, lynx habitat is projected to become fragmented into smaller, isolated parcels and 
shift southward into areas currently occupied by bobcats and fishers, where snow conditions are 
unlikely to favor lynx occupancy (Simons 2009, pp. 153-165; Simons-Legaard et al. 2016, pp. 1, 
6; Simons-Legaard 2016, p. 8). By 2022, the number of patches of high-quality hare habitat is 
modeled to increase by 57 percent, but the average size of patches would decline by 87 percent 
and patches would become more isolated (Simons-Legaard et al. 2016, pp. 5-6). The proximity 
index of high-quality habitat patches is expected decline by 78 percent within lynx home ranges. 
Although lynx habitat in this geographic unit is currently peaking, fragmentation may diminish its 
future ability to support as many resident lynx as it does currently (Simons-Legaard et al. 2016, 
p. 8). 
 
Beyond 2030, assumptions concerning future climate change, land ownership, and harvest 
rates introduce greater uncertainty. The most optimistic forest management models (greatest 
harvest rates, no climate change, no spruce budworm) project that lynx habitat will likely decline 
over the next few decades then gradually increase to about 10 percent of the landscape by 
2060 (Simons-Legaard 2016, fig. 8, p. 9). Other models (lowest harvest rates, no climate 
change, no spruce budworm) project about 5 percent of northern Maine will likely have high-
quality hare habitat from 2030 to 2060 (Simons-Legaard 2016, fig. 8, p. 9), although the habitat 
will be much more fragmented and patch sizes will be smaller (Simons-Legaard et al. 2016, 
entire).This could represent a return to conditions similar to those that occurred historically prior 
to the landscape-scale clearcutting the created the current condition, perhaps resulting in 
commensurate changes in Maine’slynx population. 
 
A shift toward managing private timberlands as softwood plantations could offset losses in 
spruce-fir and become a form of adaptation to climate change effects of reducing spruce-fir 
forest types. Jack pine plantations are extensive in adjacent New Brunswick (Etheridge et al. 
2005, p. 1966). A forest company that has planted extensive spruce plantations in New 
Brunswick recently purchased nearly 4,047 km2 (1,563 mi2) of forestland in northern Maine 
where it is doing the same. Spruce plantations are becoming more common on this ownership 
in Maine, but not on others. Stand structure and intensive management of plantations are highly 
variable (e.g., pruning, thinning, herbicide treatments), thus hare densities and use by lynx vary 
(Roy et al. 2010, entire). Hares can achieve higher densities in plantations depending on the 
amount of lateral (horizontal) cover, but for shorter periods of time; about 10 to 17 years after 
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cutting and planting in New Brunswick (Parker 1984, p. 163) and 15 to 25 years in Quebec (Roy 
et al. 2010, p. 585). This is in contrast to about 15 to 35 years in naturally regenerating spruce-
fir stands after harvest (Simons-Legaard et al. 2016, p. 4). The future of plantations in the 
northern Maine unit is uncertain. Most investment landowners have short-term investment 
horizons and are unlikely to invest in plantations. 
 
Natural stand-replacing disturbances in this unit are rare and infrequent and, other than spruce 
budworm outbreaks, are unlikely to significantly affect future habitat conditions (Hoving et al. 
2004, p. 292). At its peak in 1975, budworm affected nearly all of Maine’s 8 million acres of 
spruce and fir with greatest mortality (up to 49 percent) of balsam fir and less for the spruce 
species (Livingston 1998, pp. 26-27). A very large outbreak has thus far defoliated 60,700 km2 
(over 23,000 mi2) of spruce-fir in southern Quebec, immediately north of Maine (Wagner et al. 
2015, pp. 2-3), and it is projected to expand into northern Maine in 2018-2021, potentially 
putting much of Maine’s 23,472 km2 (9,063 mi2) of spruce-fir stands across the State at risk of 
defoliation. However, despite the severe defoliation of spruce-fir forests in southern Quebec, 
some project a weaker outbreak in Maine because spruce and fir trees are younger and less 
susceptible and there is a higher hardwood component in northern Maine forests (Wagner et al. 
2015, p. 18-22). A typical outbreak lasts for a decade. 
 
Forest management strategies for addressing the coming budworm outbreak vary and include 
applying insecticides (although land area sprayed is expected to be small compared to the 
previous outbreak), pre-emptively cutting mature spruce-fir before defoliation, stopping 
precommercial and commercial thinning, and salvaging dead and diseased trees (Wagner et al. 
2015, pp. 38-48). The nature and aggressiveness of forest management response to budworm 
outbreaks could greatly affect future outcomes for lynx habitat (see section 4.2.1). The next 
budworm outbreak and subsequent forestry response is a disturbance agent that may 
accelerate changes in forest composition influenced by climate change, especially toward 
increased northern hardwood and reduced spruce-fir. The nature of land ownership is greatly 
changed from the 1970s and 1980s, and landowner response is expected to be diverse 
depending on their objectives and investment horizons. The pending budworm outbreak cast 
additional uncertainty on the status of lynx habitat in this geographic unit beyond 2030. 
 
Climate change, forest management and budworm outbreaks will interact to influence the future 
trajectory of spruce-fir forest in Maine. All 3 variables have yet to be modeled simultaneously 
(Legaard 2016, pers. comm.). Assuming current forest management trends persist to the end of 
the century, spruce-fir dominated forest is expected to continue to decline (Legaard et al. 2013, 
entire). The combination of budworm-induced mortality and salvage harvesting will have a 
negative effect on spruce-fir (Legaard et al. 2013, entire). However, after a budworm outbreak 
the biomass and area of mixed-hardwood/softwood forest would be expected to increase 
through this century primarily because of the proliferation of regenerating balsam fir (see 
discussion above; Legaard et al. 2013). Mixed forests having a high (greater than 50 percent) 
hardwood component are not believed to support high hare densities (Scott 2009, p. 109) or to 
be preferred by lynx (Vashon et al. 2008b, pp. 1492-1493). It is uncertain whether lynx can 
adapt to lower landscape hare densities associated with mixed hardwood-softwood forest. They 
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may persist, but at lower densities as they currently do in the western units of the DPS. 
However, the probability of persistence is further diminished by deteriorating snow conditions 
and potentially increased populations of bobcats and other competitors. 
 
Wildland Fire Management - Susceptibility of the northern Maine unit to fire may be enhanced 
by a severe spruce budworm outbreak because of the amount of dead and dying spruce-fir 
(Stocks 1987, entire), although there were no large fires after the last outbreak. Fire risk is 
currently very low in this unit and a continuous decrease in fire frequency is predicted with 
climate change in eastern Canada because of increased precipitation and decreased drought 
(Bergeron and Flannigan 1995, entire; Flannigan et al. 1998, entire). Climate is expected to 
become more variable (i.e, wider extremes of summer drought and precipitation) during the next 
century (Gregory & Mitchell 1995, entire; Gregory et al. 1997, pp. 684-685), which could create 
fire conditions in unusually dry years (Flannigan et al. 1998, p. 475). Maine’s policy is to 
immediately suppress wildfire, thus large, stand-replacing fires are expected to be infrequent in 
this region in the future. Notable large fires in Maine include a 1.2 million-ha (3 million-ac) fire in 
1825 and an 81,000 ha (200,000-ac) fire in 1947. 
 
Habitat Fragmentation - The future of the 40,470-km2 (15,630-mi2), sparsely populated “North 
Woods” of Maine is highly uncertain and has been the subject of intense public debate (Baldwin 
et al. 2007, entire). Land use and zoning in the state’s “unorganized townships” are the 
responsibility of the Land Use Planning Commission (LUPC) in the Maine Department of 
Conservation. The LUPC revised its Comprehensive Land Use Plan (Maine Land Use 
Regulation Commission 2010, entire), and described principal values in guiding future land 
management decisions: maintaining working forests, provide for traditional recreational 
opportunities, protect high-value natural resources, and encourage long-term conservation. The 
North Woods has long been considered a public resource or “commons,” even though privately 
owned (Judd 2007, p. 9). This land was traditionally owned by a few large timber companies, 
but since the 1980s there has been turnover in ownership largely by investments companies 
and subdivision of large parcels (Hagan et al. 2005, entire). Financial investors, primarily Real 
Estate Investment Trusts (REITS) and Timber Investment Management Organizations (TIMOs), 
focus on maximizing the asset value of timberlands and are increasingly likely to seek revenue 
from non-timber resources if they generate a higher return. These new owners operate over 
relatively short (5- to 15-year) time horizons and are willing to consider multiple means of 
monetizing their asset, including development and real estate sales (Legaard et al. 2013, 
entire). If left unchecked, these pressures may continue to promote dispersed development 
throughout this region. Parcelization and subdivision has increased, particularly in the southern 
third of the jurisdiction (Maine Department of Conservation 2010, p. 72-73). The LUPC has 
limited ability to address stressors on Maine’s North Woods, including resale and subdivision 
trend. This trend is likely to continue into the foreseeable future and will make management of 
large, forested landscapes for lynx even more difficult.  
 
Historically, development has stayed mostly on the edges of the North Woods jurisdiction with 
the exception of scattered seasonal dwellings and sporting camps in the interior, but this could 
change in the future. Between 1971 and 2005, the LUPC permitted 8,136 new dwellings in 
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unorganized townships, increasing the number of residences by 66 percent during this time 
period (Maine Land Use Regulation Commission 2010, p.80). Between 1971 and 2005, the 
LUPC also issued 1,353 development permits for new uses scattered throughout the 
unorganized townships (Maine Land Use Regulation Commission 2010, pp. 97-99), with most 
(42 percent) being recreational facilities (boat launches, campsites, gatehouses, recreational 
lodges). Most development has occurred in areas that abut organized communities and near 
public roads. Within the interior, most development has occurred along lakeshores and other 
waterfront. However, the amount of hillside and ridge development is growing and this trend is 
likely to continue (Maine Land Use Regulation Commission 2010, p. 136), which will likely 
further fragment lynx habitat.  
 
We have an incomplete understanding of the effects of outdoor recreation on lynx and their 
habitat (ILBT 2013, p. 80). Future trends in outdoor recreation in northern Maine are also 
uncertain (Vail 2007, entire). A portion of the North Maine Woods is a gated road system that 
encompasses about 1.4 million ha (3.5 million ac). Visitation by outdoor recreationists is 
currently about 175,000 per year and declining. Likewise, visitors to Baxter State Park and the 
Allagash Wilderness Waterway have declined (Vail 2007, p. 107). Aside from a vigorous 
discussion of the recently-designated Katahdin Woods and Waters National Monument or a 
master tourism plan for the area (Vail 2007, pp. 112-113), there could be stagnant or declining 
participation in traditional outdoor recreational activities in the future (Vail 2007, p. 107). 
Alternately, increased numbers of second homes and resorts could increase visitor numbers in 
the future. Snowmobiling may be an exception and has risen in popularity in northern Maine, but 
it too may decline because of declining snow (see section 3.2). The effects of new or expanded 
downhill ski development on fragmentation of lynx habitat are expected to be minimal. Future 
trends in outdoor recreation and associated effects on lynx, hares, and their habitat in northern 
Maine are uncertain. 
 
Within the last 5 years, 2 landowners developed concept plans for rezoning for large-scale 
development of hundreds of house lots and resort development within designated lynx critical 
habitat. Under one concept plan, 975 houses and 2 resorts would be constructed on about 14 
km2 (5.5 mi2) and a 1,469-km2 (567-mi2) conservation easement would be established. A 
second concept plan would allow development on about 8 km2 (3 mi2) of land and establishment 
of a 59-km2 (23-mi2) conservation easement. Although these developments have not been built, 
they may portend future trends in land use. 
 
Energy production is emerging as a potentially significant economic factor in this unit, with the 
potential for grid-scale industrial wind and solar power, biomass, biofuels, and other energy 
sources. Wind energy resources are high within the lynx critical habitat (National Renewable 
Energy Laboratory 201025), and wind development in the lynx critical habitat are likely to 
accelerate in the foreseeable future. Two large wind energy projects are being considered in 
designated lynx critical habitat in this unit; if built, each would cover about 450-650 km2 (180-
250 mi2) and become 2 of the largest such projects in Maine. Mining is not a traditional land use 
                                                
25 http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation; last 
accessed 5.25.2016. 

http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
http://apps2.eere.energy.gov/wind/windexchange/wind_resource_maps.asp?stateab=mecitation
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in this unit, but a large mining operation is being considered within designated lynx critical 
habitat. Extraction operations for gravel (for road building) are widely-scattered throughout the 
unit.  
 
The area designated as lynx critical habitat is heavily-roaded, particularly with forestry roads. 
While accurate numbers are difficult to obtain, approximately 1,500 miles of public roads and 
over 20,000 miles of private roads exist within unorganized areas of Maine (Maine Department 
of Conservation 2010). There has been discussion of an east-west limited access highway 
through northern Maine and extending Interstate 95 north from Houlton to Presque Isle, which, if 
constructed, would further fragment habitat (Maine Department of Transportation 1999; Beck et 
al. 2012, p. 38).  
 
An increasing area of the designated lynx critical habitat in this unit is likely to be placed under 
conservation easements that will limit future development and fragmentation of lynx habitat. 
Maine has the largest amount of land under easement of any state, and there are about 8,094 
km2 (3,125 mi2) of conservation easements in lynx habitat in northern Maine (Pidot 2011). 
Continued expansion of areas under conservation easement is uncertain and will depend on 
willing landowners and funding available for purchase of easements. Conservation easements 
often include abandonment of some development rights, but they may allow for wind power 
development and other land uses that may not be compatible with lynx conservation. 
Easements in Maine allow forest management, but they rarely prescribe specific management 
that would benefit lynx and other species of conservation concern. If market conditions continue, 
trends toward forest certification will likely continue in Maine for the foreseeable future. 
Currently, 8 million acres are enrolled in Maine by SFI and FSC (Wagner et al. 2016, p. 31). 
Certification has the potential to address lynx management in the future. 
 
The Core Team believes that all development trends portend increased loss and fragmentation 
of lynx habitat in the Northern Maine Unit. As habitat is lost and fragmented as a result of 
development and forest maturation and management, it will become increasingly difficult to 
influence landscape-scale forest management that could benefit lynx. However, whether (and if 
so, when) future development may result in population-level impacts to lynx in this unit is 
uncertain. 
 
Conclusion 
 
After reviewing the scientific literature concerning snow and climate change and acknowledging 
other potential stresssors unique to this unit (e.g., lack of forest planning for lynx, land 
ownership turnover, and development pressures), the Core Team believes that lynx habitat and 
numbers in Maine will diminish substantially in the future. We believe the number of resident 
lynx in Maine is at an historically (unnaturally) high level and will likely decrease over the next 
several decades, perhaps to levels more like natural historical conditions, and perhaps (but with 
increasing uncertainty) to even lower numbers in the more distant future (end of this century). 
Given current trends (diminishing snow conditions, extensive partial harvesting and 
fragmentation of spruce-fir forest, possible pelage mismatch for hares, increasing populations of 
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bobcat and fishers in a lower-snow environment),we believe landscape level hare densities are 
likely to decline in northern Maine. Extended periods of lower hare numbers would likely reduce 
the number of lynx and the probability that this unit would continue to support a persistent 
resident lynx population in the future. 
 
We concur with expert assessments concerning trends in forest management, but we also note 
that development pressures in northern Maine did not receive much discussion at our expert 
elicitation workshop. We believe development pressures (residential and commercial 
development, energy development, transmission lines, roads, mining) may increasingly become 
competing land uses on private lands in northern Maine. We also expect continued turnover and 
subdivision of private forest lands in northern Maine, which could accelerate opportunities for 
non-forestry land uses. Turnover in land ownership has provided opportunities to conserve 
some areas of the North Maine Woods through purchase of conservation easements and fee 
title acquisitions, including a new Katahdin Woods and Waters National Monument. However, 
conservation easements do not fully protect these lands from some kinds of development that 
could adversely affect lynx and their habitat. For example, many conservation easements allow 
large-scale, industrial wind power development. We conclude that various forms of development 
in northern Maine will continue in the future. 
 
The Core Team believeslynx in Maine would be more exposed to potential adverse impacts in a 
future scenario without Federal listing. The lynx is not State-listed in Maine but it is considered a 
species of special concern. There is rarely a nexus for Service review of forestry projects under 
section 7 of the ESA (i.e., no Federal funding or permits are typically required for forest 
management on private lands). Nevertheless, because of its Federal listing, the Canada lynx 
are a priority species for planning by Federal, Tribal, State, and private forest landowners. 
Although few private landowners have thus far made formal commitments to intentionally 
manage their forests for lynx, by virtue of their Federal listing status they at least consider the 
possibility of doing so in the future. This is particularly true of landowners who must plan for 
Federal listed species as a requirement of their enrollment in green certification programs. 
Without Federal listing, there would be no incentive or motivation for private forest landowners 
to change the current paradigm of partial harvesting and intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the Service to 
review other projects in northern Maine (e.g., Army Corps of Engineers permits for wetland 
impacts); for new highways, transmission lines, large-scale energy development, mining, and 
residential and commercial development. Without Federal listing, few of these projects would 
consider lynx. Critical habitat has been an important consideration in the Federal review of the 
aforementioned kinds of development projects. Critical habitat also has had a positive influence 
on land conservation in northern Maine, with land trusts and non-governmental organizations 
using the lynx and their critical habitat as justification for seeking funds for conservation 
easements. This justification for habitat protection would no longer be valid if the DPS was not 
Federally-listed. The Core Team concludes that a future scenario without Federal listing would 
result in increased habitat loss and fragmentation and would result in reduced justification for 
habitat protection initiatives in northern Maine. 
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Lynx would be at greater risk without ESA section 9 prohibitions against take. There is currently 
a closed season on lynx, but it is uncertain whether legal trapping of lynx would resume in 
Maine if the DPS was not listed. If the DPS was not listed, it is possible that State-managed 
trapping could resume in this and perhaps other geographic units. We expect that would only 
occur if scientific evidence strongly suggested the presence of a harvestable surplus of lynx and 
that harvest quotas would be carefully managed to ensure that the viability of resident lynx 
populations would not be diminished. If the DPS was not listed, Maine’s incidental take permit 
for trapping would not apply, and it is possible that some protective measures to minimize injury, 
take, and mortality of lynx could be diminished. Habitat mitigation for lethal take of lynx 
associated with the Maine trapping HCP also would cease. About 10 lynx have been illegally 
shot and reported or otherwise discovered since listing. Illegal shooting and non-reporting could 
increase without Federal protection. We believe several high-profile Federal law enforcement 
cases have helped to reduce illegal shooting of lynx. 
 
After considering the lynx expert’s opinions and the best available scientific information, the 
Core Team is less optimistic than the experts regarding the long-term (end-of-century) 
persistence of resident lynx in this unit. All potential stressorss – forest management, climate 
change, habitat loss and fragmentation, and development – are increasing in frequency, 
intensity, and extent. The amount of high-quality hare and lynx habitat created by clearcutting in 
the 1970s and 1980s recently peaked at unprecedented high levels that are unlikely to be 
achieved again. Because of state law, forest management has shifted dramatically away from 
clearcutting to many forms of partial harvesting, which on average support less than half the 
hare densities of regenerating clearcuts. Forest land ownership has, and continues to change, 
further subdividing private forest lands. Furthermore, hare densities have declined by half and 
have remained at these lower levels. Lynx habitat in the next few decades will shift south to 
areas that will be more influenced by climate change and northward range expansion by 
bobcats. Thus, we conclude that the carrying capacity to support lynx is diminishing, and the 
lynx population will decline as the quantity and quality of boreal forest habitat declines. There 
are few commitments by private forest landowners to manage specifically for lynx conservation. 
 
After reviewing the best available scientific information, we believe that climate change will be a 
significant stressor to lynx in the Maine unit; perhaps more so than expressed by experts. Unlike 
other units, as snow condition decline there is little potential for elevational refugia for lynx in 
Maine. Spruce-fir is being replaced by northern hardwoods because of climate change. 
Frequent forest cutting and disturbance, including a pending spruce budworm outbreak, could 
accelerate conversion to northern hardwoods. We acknowledge that the rate of spruce-fir 
decline is uncertain, but note that some of the science reviewed indicates the spruce-fir forest 
type could nearly disappear from Maine by late-century under both low and high emissions 
scenarios. Climate change models portend declining snow conditions from low- to high-
emissions. Because increases in temperature are thus far tracking high emissions scenarios we 
are less optimistic for snow conditions that favor lynx by mid- to late-century. In the past decade, 
interest in development has increased in lynx critical habitat, especially proposals for large-scale 
residential and resort development and extensive wind energy development that could cover 
hundreds of square miles. We conclude that these stressors, individually and cumulatively, 
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indicate diminished populations of lynx and their habitat. If these stressors are not abated, we 
believe that the probability of persistence will be lower by mid-century and that lynx will have a 
greater likelihood of extirpation by the end of the century than projected by experts. 
 
5.2.2 Unit 2 - Northeastern Minnesota 
 
Expert Projections of Lynx Persistence 
 
The experts that we consulted indicated an initially high and subsequently declining probability 
of persistence of resident lynx in Minnesota, with increasing uncertainty through the end of the 
century (Lynx SSA Team 2016a, pp. 37-38). Near term drivers of the projected decline were 
climate-driven reduction in snow quality, quantity, and persistence; potential increased 
competition from bobcats; and forest insects. Long term drivers were climate-driven loss of 
spruce-fir forests; further reductions in snow quality, quantity, and persistence; potential 
competition from bobcats; and potential increases in wildfire activity. 
 
Climate change was primarily associated with loss of boreal forest but also could potentially 
increase disease or insect outbreaks, and is likely to affect the amount of precipitation falling as 
good quality snow in the area of the state supporting lynx habitat. We heard varying prognoses 
from experts on the speed at which climate-induced loss of boreal forest will occur. The 
scientific literature suggests (and 1 of the climate change experts indicated) that loss of spruce-
fir could occur relatively quickly in the Midwest and Northeast (but possibly more slowly 
elsewhere in the DPS because of potential elevational refugia), and all noted that an increase in 
northern hardwood composition of the forest is already occurring. Connectivity to lynx in Ontario 
reduces the likelihood of local extirpation in this geographic unit, but the likelihood would 
increase if connectivity was to become compromised in the future if habitat recedes northward 
and becomes increasingly fragmented on both sides of the border, as expected with continued 
climate warming. 
 
Despite uncertainty, experts generally agreed that climate-related loss of favorable snow 
conditions (amount, consistency, and duration), loss of boreal forest, and potentially increased 
bobcat competition and hybridization are likely to reduce the probability of lynx persistence in 
this unit. Experts expressed uncertainty about the likelihood and severity of future insect 
outbreaks (and how this could affect future lynx habitat) and the potential introduction and 
spread of diseases. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 88 to 100 percent (median = 96 percent) in the near-term (year 2025), 60 to 90 
percent (median = 80 percent) at mid-century, and 10 to 60 percent (median = 35 percent) at 
the end of the century (fig. 11). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 
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Figure 11. Lynx expert estimates of the probability that the Northeastern Minnesota 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - In Minnesota, the vast majority of lynx habitat that supports a long-
term persistent lynx breeding population is administered by the SNF. This area includes 
designated critical habitat (79 FR 54782). The SNF consults with the FWS to consider the 
effects of any projects on lynx and its critical habitat and is anticipated to do so as long as the 
species is listed under the ESA. The SNF is currently implementing the 2004 SNF Plan (USFS 
2004a, entire), which has direction based on the LCAS (Ruediger et al. 2000, entire) and the 
Canada Lynx Conservation Agreement (CA) between the Forest Service and the Service (USFS 
and USFWS 2000, entire), for all forest activities that occur within LAUs. Active management of 
forest lands can maintain, restore, or create lynx habitat, and the SNF has a long-term 
commitment to doing so. If the SNF continues to follow vegetation and wildland fire 
management and other applicable recommendations in accordance with the  LCAS (including 
consideration of new scientific information as it becomes available) in its Forest Plan, we expect 
that several risk factors will continue to be minimized and managed to promote the conservation 
of lynx within the SNF into the future. Management of lynx and its habitat on SNF land will 
remain in place until the forest amends or revises its LRMP. We expect that management 
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direction for lynx addressing vegetation management, wildland fire management, and habitat 
fragmentation on National Forest System lands will be incorporated into the revised or amended 
Forest Plans (LRMPs). Although management of lynx habitat and lynx conservation efforts on 
the SNF could change in the future if the DPS was not listed, the species would be placed on 
the Regional Forester’s Sensitive Species list for a minimum of 5 years, which gives it a higher 
priority than other species for monitoring and management during that time. 
 
The Chippewa and the Chequamegon-Nicolet National Forests occur outside the Northeastern 
Minnesota geographic unit and the area considered to be core lynx habitat (i.e., where lynx are 
persistent and are reproducing). However, because lynx occasionally occur on these forests, 
the Forest Plans for both also include direction based on the LCAS and the CA between the 
Forest Service and the Service for all forest activities that occur within LAUs (USFS 2004b, 
entire; USFS 2004c, entire). These 2 forests consult with the FWS to consider the effects of any 
projects on lynx and are anticipated to do so as long as the species is listed under the ESA. It is 
unclear if lynx habitat management and conservation efforts on these national forests would 
change if the DPS was not listed in the future. 
 
Additionally, the Minnesota Department of Natural Resources (MNDNR) manages 
approximately 36 percent of the lynx habitat in this unit, and privately-owned lands make up 
about 16 percent of the unit. Under the Sustainable Forest Resource Act of 1995 (revised in 
2014), the Minnesota Forest Resources Council (MNFRC) has developed guidelines for site-
level timber harvesting and forest management (MNFRC 2013, entire; MNFRC 2014, entire). 
These voluntary guidelines are intended for private and State landowners and include some 
general recommendations for wildlife but are not specific to lynx (MNFRC 2014, pp. 4-5). It is 
expected that the MNFRC guidelines will remain in place into the future and that voluntary 
actions will continue. Private landowners, however, do not have an official commitment to land 
management. We cannot say with any certainty what proportion of privately owned land will 
follow those guidelines into the future, because following the guidelines is voluntary. The 
MNFRC guidelines are less comprehensive and are not specific to lynx, and therefore may not 
be as beneficial to lynx and lynx habitat as the lynx and hare specific direction followed by the 
Forests. 
 
The NPS manages Voyageurs National Park, which is also within the Minnesota unit. 
Voyageurs National Park protects an area of 882 km2, of which 534 km2 (62 percent) is covered 
by forests and other uplands (Moen et al. 2012, p. 348), but does not have lynx specific 
direction in its management plan (NPS 2002, entire). The National Park consults with the FWS 
to consider the effects of any projects to lynx (NPS 2002, p. 26) and is anticipated to do so as 
long as the species is listed under the ESA. Lynx documented on and near Voyageurs National 
Park are probably transient animals (Moen et al. 2012, p. 348). 
 
Approximately 1 percent of the Minnesota unit is managed by the Grand Portage Band of 
Chippewa, which has been actively working on lynx conservation since 2004. Timber sales and 
harvest practices on the reservation follow an integrated plan for priority wildlife management, 
sustainable economic development, and recreational uses. The Band’s timber management 



198 
 

practices benefit snowshoe hares (Deschampe 2008, entire) and are expected to continue into 
the future. 
 
In response to a 2008 court ruling, the MNDNR drafted a plan (currently under review by the 
Service) to minimize the likelihood that lynx would be incidentally trapped during otherwise legal 
trapping of other furbearers in Minnesota. As described above in section 3.1.2, the MNDNR 
designated a Lynx Management Zone (LMZ) where it enforces special trapping regulations to 
minimize the incidental take of lynx (MNDNR 2016a, pp. 53-55). In 2015, the MNDNR als issued 
emergency trapping rules in the LMZ mandating additional restrictions on the types of traps that 
may be used (MNDNR 2015, entire) to further reduce the likelihood of incidental take. If the 
DPS was not listed, we expect that the State would continue efforts to reduce incidental trapping 
of lynx. Although we consider it unlikely, it is possible that State-managed trapping of lynx could 
resume in the future if the DPS was not listed.If that were to occur, we assume the State would 
proceed only after demonstrating the level of harvest the population could sustain and carefully 
developing, enforcing, and monitoring a strict trapping quota system to ensure that harvest level 
would not be exceeded. 
 
Climate Change - The direct and indirect effects of climate warming are expected to affect lynx 
in Minnesota (Siren in Lynx SSA Team 2016a, pp. 15 and Moen in Lynx SSA Team 2016a, p. 
19) and could restrict their future range. As described in section 3.2, new information on 
regional climate change and potential effects to lynx habitat that has become availalbe since the 
DPS was listed suggests that lynx distribution and habitat is likely to shift northward in latitude 
and upward in elevation within its currently occupied range as temperatures increase. Because 
of its generally flat topography, this geographic unit presents little opportunity for elevational 
migration of lynx and lynx habitat. Other protential impacts of climate change include (1) 
diminishing snow depth, quality, and duration, perhaps resulting in increased competition from 
bobcats, coyotes, and other terrestrial hare predators and increased hybridization with bobcat, 
(2) conversion of spruce-fir to northern hardwoods, and (3) potential future isolation of resident 
lynx in this unit because of diminishing forest conditions in southern Ontario. 
 
Gonzalez et al. (2007, pp. 8, 12-19) predicted the persistence of boreal forest and historical 
(1961-1990) snow suitability for lynx (95 percent historical and future probability of suitable 
snow) in this unit through 2071-2100, and suggested that the SNF could provide a potential 
refugium for lynx. Notaro et al. (2015, pp. 1668-1669) projected changes in lake effect snowfall 
using downscaled climate models (Abdus Salam International Centre for Theoretical Physics 
(ICTP) Regional Climate Model version 4 (RegCM4; Elguindi et al. 2011 and Giorgi et al. 2012 
as cited in Notaro et al. 2015) for the Great Lakes Basin. Siren (in Lynx SSA Team 2016a, p. 
15) stated that climate models show an increase in lake effect snow in the eastern Great Lakes 
until 2050, with a decline later in the century, with an overall decline in the amount and duration 
of snowpack in the Midwest. 
 
Historical lynx records occurred in areas with at least 4 months (120 days) of continuous snow 
coverage (Gonzalez et al. 2007, p. 7). In northern Minnesota from 1959-1979, the number of 
days with snow cover ≥ 2.5 cm (1 in) ranged from 130 to 160 days; ≥ 15 cm (6 in), from 85 to 
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130 days; ≥ 30 cm (12 in), from 50 to 100 days; and ≥ 61 cm (24 in), from 10 to 30 days 
(Kuehnast et al. 1982, pp. 7-9). In the future, Notaro et al. (2015, p. 1675) projected a general 
reduction in the frequency of heavy lake-effect snowstorms during the twenty-first century, with 
the exception of projected mid-century increases around Lake Superior when local air 
temperatures are expected to remain low enough for precipitation to fall largely in the form of 
snow. The snow season in the Great Lakes basin is likely to become substantially compressed 
during the twenty-first century with dramatic increases in rainfall (Notaro et al. 2015, pp. 1676-
1678). The Minnesota unit may be more vulnerable to snowpack loss due to lack of elevational 
refugia (Siren in Lynx SSA Team 2016a, p. 15). 
 
Normal annual snowfall from 1981-2010 in northeastern Minnesota ranged from 140 to 241 
cm/yr (55 to 95 in/yr)26 and is projected to decline across the Great Lakes Basin in the future 
(Notaro et al. 2015, p. 1675). Snow conditions favorable for lynx (depth, consistency, and 
persistence) are projected to deteriorate in the Great Lakes Region. Notaro et al. (2015, pp. 
1671-1674) projected a dramatic decline of Great Lakes ice cover that will become confined to 
the northern shallow lakeshores during mid-to-late winter by the end of the century. Ultimately, 
this leads to increased rainfall, not snowfall, as these projected reductions in ice cover and 
greater dynamically induced wind fetch lead to enhanced lake evaporation and total lake-effect 
precipitation (Notaro et al. 2015, pp. 1674-1678). 
 
Climate change is projected to cause some northward contraction of boreal conifer forest in 
Minnesota (Gonzalez et al. 2007, p. 16, 18), with some potential loss of habitat at the southern 
portion of lynx habitat in the State but persistence of boreal forest in this geographic unit 
(Gonzalez et al. p. 2007, p. 19). Gonzalez et al. (2007, pp. 8, 13) also projected that 
northeastern Minnesota, including the SNF, would continue to have snow conditions suitable for 
lynx at the end of the century, and may serve as a refugium for lynx in the Lower 48 States. 
However, Moen (in Lynx SSA Team 2016a, p. 19) questioned this result, noting that the 
Gonzalez et al. model predicted a much larger distribution of suitable snow conditions than the 
area currently occupied by lynx in Minnesota. Moen presented preliminary snow modeling 
results that project snow conditions suitable for lynx could shrink significantly by 2055, be limited 
to extreme northeastern Minnesota by 2070, and could be entirely absent from the state by 
2095 (Moen and Catton in Lynx SSA Team 2016a, p. 19). Frelich (in Lynx SSA 2016, p. 14), 
concluded that Minnesota could lose the boreal biome completely, possibly within the next 60 to 
70 years, with unmitigated climate change. Similarly, Galatowitsch et al. (2009, pp. 2015-2016) 
concluded that the boreal forest of the Northern Superior Uplands (which encompass this 
geographic unit) will likely be lost by 2069 as a result of warmer summers and more frequent 
and longer droughts associated with climate change. If a refugium for lynx does persist in this 
unit in the future, it would likely only consist of the small area in Cook County (the extreme 
northeastern corner of the unit) with slightly higher elevations (518-701 m [1,700-2,300 ft) than 
the majority of the area that is now considered lynx core habitat and would, therefore, support a 
much smaller number of resident lynx than likely occur in the unit now. Although uncertainties 
remain, as elsewhere, about the timing and magnitude of future climate-driven impacts, lynx 
                                                
26 http://www.dnr.state.mn.us/climate/summaries_and_publications/normals_snow_1981_2010.html; 
accessed 5.24.2016. 
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populations in Minnesota are expected to recede northward and decline over the next century 
(Lynx SSA Team 2016a, pp. 37-38). 
 
Vegetation Management - Vegetation management similar to that conducted under current 
Forest Plans will likely continue into the future on Forest Service lands in Minnesota as long as 
the DPS is listed. These activities include timber harvest (thinning, clear-cutting, shelterwood, 
partial cut, and uneven-aged cutting); wildlife restoration projects that involve tree cutting, 
shearing, burning, seeding, and planting; prescribed burning for ecological purposes, hazardous 
fuel reduction, and site preparation; and mechanical site preparation. If the DPS is de-listed, the 
species would be placed on the Forest’s Regional Forester Sensitive Species list for a minimum 
of 5 years, which gives it a higher priority than other species for monitoring and management 
during that time; however, it is unclear what the forest management would entail during or after 
that period of time. 
 
Vegetation, timber, and minerals management authorized under current Forest Plans in 
Minnesota have the potential to adversely affect lynx and lynx critical habitat by reducing habitat 
quality for denning, foraging, and dispersal; disrupting travel, resting, and foraging patterns; 
disturbing denning females; and reducing habitat quality for lynx prey species, especially 
snowshoe hares. Depending on the timing, frequency, intensity, extent, amount, or other 
conditions, impacts may be variable among similar projects. Using the LCAS as a basis, the 
Forest Plans have incorporated a number of components that would reduce the risk of those 
impacts into the future. We expect that management direction for lynx addressing vegetation 
management on National Forest System lands in the future will be incorporated into revised or 
amended forest plans, using LCAS as a basis. Future Forest Plan revisions will likely maintain 
broad direction to design and implement vegetation management projects to maintain or restore 
conditions for lynx foraging and denning habitat and to maintain or improve juxtaposition of 
required habitat types and connectivity. 
  
Over the long term, the Forest Plan will alter vegetation patterns on the landscape. Suitable 
hare habitat was predicted to decrease over time with implementation of the Forest Plan, but 
has actually increased since 2004 (USFWS 2011b, p. 51). Management activities that create 
unsuitable conditions for hare generally include clear-cut and seed tree harvest, and might 
include management-ignited fire, mechanical site preparation, salvage harvest, and shelterwood 
and commercially-thinned harvest, depending on unit size and remaining stand composition and 
structure. Suitable hare habitat is predicted to remain above the range of natural variation, 
which is essentially a description of conditions that existed prior to European settlement (1600 – 
1900 A.D.) of the area (USFS 2004a, p. 105). Further, unsuitable habitat for lynx would vary 
only slightly with continued implementation of the Forest Plan and would remain distinctly below 
the maximum of 15 percent unsuitable in a decade prescribed in the LCAS and incorporated 
into the Forest Plan. Current (2010) unsuitable habitat levels are below what was predicted in 
the 2004 (USFWS 2011b, pp. 51-52). Because suitable habitat on National Forest System lands 
alone is such a high percentage within LAUs and the SNF is the majority landowner within most 
LAUs, we expect that in the future, the Forest would not approach the LCAS maximum of 30 
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percent of lynx habitat on all ownerships in an unsuitable condition within an LAU at any time, 
which would be ensured by corresponding guidance in the Forest Plan. 
 
Wildland Fire Management - Unlike the Maine unit, the susceptibility of the Minnesota unit to fire 
may be reduced by periodic spruce budworm outbreaks. Measurable defoliation from spruce 
budworms has occurred in Northeastern Minnesota continuously since 1954 and is expected to 
continue into the future (Russell and Albers 2016, entire). Modeling to evaluate the relative 
strength of interactions between spruce budworm outbreaks and fire disturbances in the 
BWCAW showed that budworm disturbance can partially mitigate long-term future fire risk by 
periodically reducing live ladder fuel within the forest types of the BWCAW but will do little to 
reverse the compositional trends caused in part by reduced fire rotations there (Sturtevant et al. 
2012, pp. 1286-1292). The SNF manages for wildfires through preventative measures such as 
fuels reductions, but does not manage for wildfires in the BWCAW. Natural successional 
changes and those associated with natural phenomena, such as wildfire or windstorms, are the 
dominant force in BWCAW ecosystems and are expected to continue to be in the future. 
 
Habitat Fragmentation - Ravenscroft et al. (2010, p. 329) considers northeastern Minnesota 
forest landscape as largely unfragmented. The BWCAW remains intact and contiguous with 
Canada. Within the SNF, natural disturbances and vegetation management activities make up 
most of the annual human-caused fragmentation in actively managed portions of the Forest. 
These areas typically re-vegetate within 3 to 5 years, depending on the forest type and number 
and type of activities (USFS 2011a, p. 119). The SNF’s Forest Plan (USFS 2004a, Appendix E) 
provides direction on limiting lynx habitat fragmentation and the Forest actively consolidates 
habitat through land acquisitions and exchanges. The Forest direction limiting habitat 
fragmentation is expected to continue as long as the DPS is listed.  
 
Fragmentation, Development, and Human Access - Throughout the SNF and northern 
Minnesota, human activities have reduced connectivity between patches of suitable lynx habitat. 
Development for residential and commercial uses, as well as roads, railroads, and utility 
corridors have all interrupted linkage corridors. Still, much of the land within the Forest remains 
undeveloped and lynx habitat remains relatively intact and well connected. This is particularly 
true on the SNF, which has a “high standard” road density of roughly 0.45 mi/mi2 outside the 
BWCAW. 
 
Human access to lynx habitat occurs by foot and motorized vehicle, including recreational and 
off-road motor vehicles (RMVs and ORVs), and generally occurs on trails, low standard roads, 
and temporary roads developed for management operations, particularly timber harvests, and 
more recently, minerals exploration. While open, these roads provide access to lynx habitat. As 
northern Minnesota has become more developed and the human population has increased, the 
SNF has sustained increased visitation in recent years (USFS 2011a, p. 5) which increases the 
opportunity for human-lynx encounters, especially by trappers. Lynx are likely to continue to be 
incidentally trapped at the current rate as a result of continued access via low standard roads 
and trails on the Forest. Any corridor open to RMVs provides the potential for Forest visitors to 
incidentally trap, shoot, or collide with lynx. Temporary road construction for minerals 
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exploration projects may contibute significantly to temporary road densities and increase human 
access during the time the roads are being used. Temporary roads in mineral exploration 
projects may stay open longer (1-15 years) than those predicted by the Forest Plan EIS for 
resource management (1-5 years). If these sites are left accessible to the public, then human-
lynx conflicts may increase. Additionally, intersections of new roads, closed temporary roads 
and/or roads open to the public are likely to become parking areas for cars, which would 
indirectly increase public access. Further, these corridors could increase potential competition 
through increased snow compaction. Effective road closures, however, may reduce the potential 
effects to lynx and their habitat. 
 
Energy and Mineral Development - Mining (e.g., iron ore and taconite mining) is occurring at 
several locations in or near the lynx core habitat area in northeastern Minnesota (MNDNR 
2016c, entire). Large-scale mining operations on non-Forest land could result in irreversible or 
irretrievable loss of lynx and hare habitat. Minerals exploration has increased and is occurring at 
many locations in northeastern Minnesota, which may lead to more large-scale mining projects. 
Vegetation clearing for minerals exploration projects may have temporary impacts to lynx and 
hare habitat at drill pad sites, although impacts from pad sites are expected to be minimal and 
temporary because the foot print of individual drill pads is typically small and the cleared land is 
expected to re-vegetate. Drill pad site preparation includes vegetation clearing on small patches 
of land (average of approximately 0.6 ha [1.6 ac]). This cleared land may provide snowshoe 
hare habitat after it has time to revegetate. Mineral exploration activities use existing Forest 
roads but also may require construction of new roads and may potentially add a significant 
number of road miles. Land exchanges associated with  proposed mining sites could result in a 
loss of lynx and hare habitat under Forest management, but may also result in consolidation or 
gain of habitat with newly acquired lands (e.g, the Forest may able to consolidate lands that 
they can then manage for lynx). Stone quarry extraction operations are also scattered 
throughout the unit (MNDNR 2016c, entire) and may impact lynx and hare habitats. 
 
Conclusion 
 
We concur with the expert panel that this unit is very likely to continue to support resident lynx in 
the near-term (2025) and mid-term (2050). However, after reviewing the scientific literature 
concerning climate change projections (diminishing snow conditions, northward contraction of 
boreal forest, lack of elevational refugia, potential for increased competition, disease, and insect 
outbreaks), some Core Team members were less optimistic about the future of lynx in 
Minnesota than the lynx expert panel. Depending on future emissions levels, the likelihood that 
this unit will continue to support resident lynx at the end of the century may be lower than the 35 
percent (median most likely) estimate based on expert opinion. The threat for which the lynx 
was listed, lack of specific conservation direction, associated regulations, and lynx forest 
management planning has not been addressed on private lands in Minnesota, except through 
voluntary guidance. There is some uncertainty about the future of forest management and future 
development on private forest lands in Minnesota and in adjacent lands in Ontario, although 
there are some basic voluntary management guidelines for private lands in Minnesota. Further, 
if the DPS is de-listed, there is uncertainty whether the lynx direction on Forest lands would 
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continue into the future. It is projected that habitat will diminish and recede northward over the 
mid- to longer-term because of continued climate warming. Hybridization and competition with 
bobcat also may increase with diminishing snow conditions because of continued climate 
warming, and it is uncertaint how insect outbreaks or disease may affect habitat and lynx in this 
unit. 
 
The Core Team believes the Minnesota lynx populations would be expected to decline more 
rapidly in a future scenario without Federal listing. The lynx is designated as a species of special 
concern (MNDNR 2013, p. 2), a less restrictive designation than state threatened or 
endangered. There is a closed season on lynx, and it is expected that intentional take would 
continue to be prohibited until the population reached sustainable levels defined by the state. In 
Minnesota, the large proportion of lynx core area owned by the Forest Service provides a nexus 
for USFWS review of Forest projects under section 7 of the Endangered Species Act (i.e., there 
is rarely federal funding spent on forestry and no federal permits required for forest 
management on private lands), which would be lost post de-listing. Because of their Federal 
listing, Canada lynx are recognized as a priority species for planning by Federal, Tribal, State, 
and private forest landowners. Voluntary guidelines that consider the Federal listing status may 
guide private landowners to consider measures to help conserve listed species in the future. 
Without Federal listing driving voluntary conservation guidelines, however, there could be 
reduced incentive for some private forest landowners to intentionally engage in forest 
management to benefit lynx. With current Federal listing, there is a nexus for the USFWS to 
review other projects in northeastern Minnesota (e.g., Army Corps of Engineers permits for 
wetland impacts) for new highways, transmission lines, large-scale energy development, 
mining, and residential and commercial development. Without Federal-listing, the agencies 
funding or permitting these projects would not be required to consider impacts to lynx and 
designated critical habitat. The Core Team concludes that a future scenario without Federal 
listing would likely result in increased habitat loss and fragmentation and reduced incentive for 
habitat protection initiatives in northeastern Minnesota.  
 
Lynx would be at greater risk without Endangered Species Act section 9 prohibitions against 
take. In a future scenario without Federal listing, Minnesota’s incidental take planning effort for 
trapping would become moot, likely resulting in diminished protective measures to minimize 
injury, take, and mortality of lynx. Even with these prohibitions and protections, incidental 
trapping of 16 lynx has been reported in Minnesota since listing, resulting in at least 6 
mortalities. It is uncertain if lynx would become a legally trapped furbearer in Minnesota if the 
DPS was not listed (although a legal wolf hunt was reinstated after that species was delisted in 
Minnesota, so regulated trapping could also be considered for lynx if the DPS was not listed). 
Seven lynx have been illegally shot and reported or otherwise discovered since listing. Illegal 
shooting and non-reporting could increase without Federal protection. Education efforts by 
Federal and State agencies and law enforcement agents may have helped to reduce illegal 
shooting of lynx in this unit. With a diminished snow regime, populations of bobcats could 
increase and expand north and eastward into areas currently occupied by lynx. Incidental take 
of lynx from bobcat trapping and hunting activities would likely increase without Federal listing. 
Similarly, fisher, fox, and coyote populations may increase in a diminished snow regime in 
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northern Minnesota and trapping would be expected to occur there that could lead to greater 
incidental take of lynx. We believe that despite a closed hunting and trapping season, incidental 
take would continue and possibly increase and could become a significant stressor to a 
population of lynx that could be substantially diminished between mid- and late-century. 
 
After considering the best available scientific information, including the opinions of lynx experts 
summarized above, the Core Team was less optimistic than the experts about the long-term 
(end-of-century and beyond) likelihood that resident lynx will persist in this geographic unit. All 
potential stressors –climate change, habitat loss and fragmentation, mining and development – 
are increasing in frequency, intensity, and extent. Lynx habitat in the next few decades will likely 
shift north to areas that will be more influenced by climate change and northward range 
expansion by bobcats. Thus, we conclude that this unit’s ability to support resident lynx will 
likely diminish in the future, and the lynx population will likely decline as the quantity and quality 
of boreal forest habitat declines. Although there are voluntary forest management measures to 
consider listed species on private forest lands, there are no commitments by private forest 
landowners to manage specifically for lynx conservation. We also believe that climate change 
will be a significant stressor to lynx in this unit; slightly more so than expressed by most of the 
experts. Snow depth and duration in the area currently supporting resident lynx are projected to 
decline significantly by the end of the century, likely to the detriment of both hare and lynx 
populations. Unlike most other units, as snow condition decline there is little potential for 
elevational refugia for lynx in Minnesota except, perhaps, a small area of slightly higher 
elevation in the extreme northeastern corner of the unit. The boreal forest in this unit is already 
being replaced by northern hardwoods because of climate warming. Frequent forest cutting and 
disturbance, including a potential insect outbreak, could accelerate conversion to northern 
hardwoods. We acknowledge that the rate of boreal decline is uncertain, but note that some of 
the modeling we reviewed suggests that the spruce-fir forest type could nearly disappear from 
Minnesota by late-century under both low and high emissions scenarios. Climate models also 
portend declining snow conditions under low- and high-emissions scenarios. Because increases 
in temperature are thus far tracking high emissions scenarios, we are less optimistic for snow 
conditions that favor lynx by mid- to late-century. In the past decade, interest in development 
has increased in lynx critical habitat, especially proposals for large-scale mining developments. 
Although we expect resident lynx to persist in this unit through 2025 and 2050, we conclude that 
the stressors described above, individually and cumulatively, could diminish lynx habitat and 
numbers in this unit. If these stressors are not abated, we believe that resident lynx in this unit 
will face a slightly greater risk of extirpation by the end of the century than was predicted by lynx 
experts. 
 
5.2.3 Unit 3 - Northwestern Montana/Northeastern Idaho 
 
Expert Projections of Lynx Persistence 
 
When considering the probability that this unit would continue to support resident lynx in the 
future, experts noted that despite projected losses of favorable forest and snow conditions, 
climate models project that some boreal forest will persist in this unit and that it will maintain 



205 
 

some areas of suitable snow into the future. Experts also noted that lynx in this unit primarily 
occupy public lands, which are actively managed for lynx into the future. Experts also 
considered recent and projected future increases in wildfire frequency, size, and intensity (Lynx 
SSA Team 2016a, pp. 41-43). Additionally, because of its connectivity to lynx populations and 
habitats in Canada, its large geographic extent, and the relatively large number and broad 
distribution of resident lynx it is thought to support, experts felt that future extirpation of lynx from 
this unit from either reduced genetic health or a catastrophic event is unlikely (Lynx SSA Team 
2016a, pp. 25-34). 
 
Overall, experts assigned a higher likelihood of persistence in this unit compared to the other 
geographic units. Most lynx habitats in this unit occur on Federal lands that are managed for 
lynx conservation, but 1 expert noted that little has been done to document whether lynx are 
responding to this management. The recent sale of large tracts of private commercial 
timberlands in the central part of this unit to The Nature Conservancy has increased protection 
for lynx via conservation easements managed for lynx. Habitats in some areas should improve 
in the near future as previously cut or burned areas mature into dense stands. Unlike the Maine 
and Minnesota geographic units (but similar to most other western units), high elevations in this 
unit could buffer the effects of climate change by providing for the upslope migration of lynx 
habitats and snow conditions that climate models predict. However, this would result in even 
patchier and more isolated islands of habitat in high elevation areas that would be more prone 
to extirpation from catastrophic or stochastic events. Competition from coyotes and bobcats 
seem to be less of a concern for this unit. 
 
This unit has unimpeded connectivity with Canada, but some experts questioned whether this 
geographic unit depends on intermittent immigration of lynx from Canada, and whether the 
historical lynx population cycles in Canada believed to have fueled such immigration are still 
occurring or will into the future. There doesn’t appear to be much demographic input from recent 
cycles. There is evidence of lynx from this unit moving north into Canada, but little evidence of 
demographic interactions among the 3 subpopulations (Purcell Mountains, Seeley Lake, and 
Garnet Mountains) in this unit. Experts noted that the Garnet Mountains subpopulation at the 
southern end of this unit may have recently become extirpated (a single lynx was later 
[February, 2016] confirmed by DNA analysis in this area, suggesting the potential for natural 
recolonization of this range, but no other lynx were documented during winter 2016/2017). 
 
Discussion among experts indicated that fire was more of a concern for this unit. Increased fire 
extent and severity or other catastrophic events and small subpopulation effects in separated 
mountain ranges could affect lynx persistence in the future in some parts of this unit. Fire 
exclusion in this area for the last 100 years likely resulted in the accumulation of fuels; however, 
this unit may have a reduced probability of a catastrophic fire over time because of recent 
changes in management and recent fires that may have reduced fuels. Out to the year 2050 
and beyond, some experts felt there may be more pressure on lynx populations in this unit from 
continued increases in fire extent and severity. Other experts expressed a different opinion of 
the overall effect of fire in this unit, indicating that it may actually improve habitat over time, and 
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that whether fires improve or degrade habitat depends on the frequency, intensity, size and 
spatial extent of future fires. 
 
Experts discussed the possibility for increased precipitation and warmer temperatures in this 
unit because of climate change, and how this might affect lynx habitats. Boreal/subalpine forest 
may move up in elevation as described above; however, experts expected a shift in forest 
composition and diminished lynx habitat quality in the future with climate change. It is unknown 
how much the distribution of dry ponderosa pine (non-habitat for lynx) will increase with climate 
change, but it is likely to happen at some level. One expert cautioned that some climate 
modelers estimated that vegetation will lag about 50 years behind the projected changes in 
temperature and precipitation. Snow levels in lower elevation areas are already decreasing in 
some areas, which could lead to smaller areas for lynx to use in winter in the future. 
 
Taking all of these factors into consideration, experts provided “most likely” persistence 
probabilities of 95 to 100 percent (median = 98 percent) in the near-term (year 2025), 70 to 100 
percent (median = 90 percent) at mid-century, and 50 to 90 percent (median = 78 percent) at 
the end of the century (fig. 12). As they did for most other geographic units, all experts indicated 
an initially high and subsequently decreasing likelihood that resident lynx will persist in this unit, 
with uncertainty increasing substantially over time. 

 
Figure 12. Lynx expert estimates of the probability that the Northwestern 
Montana/Northeastern Idaho Geographic Unit will continue to support resident lynx in 
the future (at years 2025, 2050, and 2100). 
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Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Federal, State, and Tribal regulations and land management direction 
could change in the future, but such changes and their potential impacts on lynx populations 
and habitats are difficult to predict. Because most (84 percent) of this geographic unit consists 
of Federal lands, the regulations and guidance that govern management of those lands have 
the greatest potential to influence future lynx habitats and populations in this unit. When Forest 
Service, Park Service, and BLM management plans are revised or amended, they require 
opportunities for public participation in accordance with several statutes (e.g., the National 
Environmental Policy Act [NEPA], National Forest Management Act [NFMA], National Parks and 
Recreation Act, Federal Land Policy and Management Act [FLPMA]; USFWS 2014 pp. 26-34, 
also see 3.1). If plan amendments or revisions may affect listed species, management agencies 
must consult with the Service in accordance with section 7 of the ESA. If in the future the lynx 
DPS is determined by the Service to no longer warrant listing under the ESA (i.e., if the DPS is 
removed from the Federal Lists of Endangered and Threatened Wildlife and Plants), the ESA 
requires the Service, in cooperation with the States, to monitor the DPS for a minimum of 5 
years to assess its ability to sustain itself without the ESA's protective measures. If, within the 
designated monitoring period, threats to the DPS change or unforeseen events affect its 
stability, then the DPS could be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
 
We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (BLM 2004a, 
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pp. 2-3; USFS 2007, Attachment 1, p. 2). Although specific standards and guidelines may 
change as new scientific information and management techniques become available, we 
anticipate continued Federal management designed to conserve or restore the capacity of the 
areas that historically or recently supported resident lynx populations, including the 
Northwestern Montana/Northeastern Idaho Geographic Unit, to continue to do so in the future. 
 
On non-Federal lands (about 16 percent of this unit), as described above (sections 3.1.1 and 
4.2.3, Habitat Status), recent acquisitions and conservation easements on some of the private 
lands in this unit will also reduce the likelihood of future adverse impacts to important lynx 
habitats. Similarly, the MTDNRC HCP includes a 50-year commitment to manage most (64 
percent) State lands in this unit to conserve lynx foraging, denning, and connectivity habitats. 
Additionally, the Confederated Salish and Kootenai Tribe’s objective to manage wildlife and 
habitats on the Flathead Reservation for future generations (section 3.1.2, Tribal Management) 
suggests continued management to conserve lynx habitats on Tribal lands. 
 
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
continue to support resident lynx into the future. 
 
If the DPS was not listed, it is possible that State-managed trapping could resume in this and 
perhaps other geographic units. We expect that would only occur if scientific evidence strongly 
suggested the presence of a harvestable surplus of lynx and that harvest quotas would be 
carefully managed to ensure that the viability of resident lynx populations would not be 
diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.3, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions of the snow conditions and boreal/subalpine vegetation communities 
that support lynx. This is expected to cause loss and increased fragmentation and isolation of 
lynx and hare habitats and, therefore, declining and more vulnerable lynx populations in the 
DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, entire; ILBT 2013, 
pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, pp. 15-16; Siren 
in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of snow conditions comparable to those 
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associated with historical lynx occurrence records is modeled to decline from 90-95 percent 
from 1961-1990 to 50 percent across much of the unit by the end of this century (years 2071-
2100), although some parts of this unit are projected to retain favorable snow conditions 
(Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 41). Tennant et al. (2015, pp. 
2818-2820) simulated snowpack loss in the Northern Rockies (ID, MT, WY) and predicted that 
watersheds between 1,000 - 2,000 m (3,281 – 6,562 ft) elevation would experienced the 
greatest snowpack losses, while those > 2000 m (6,562 ft) would be more resilient to significant 
warming. Given the greater predicted snowpack persistence at some elevations used by lynx in 
this unit and the considerable area of potential climate refugia in mountainous terrain 
(Dobrowski 2011, pp. 1027-1029; Curtis et al. 2014, entire; Holden et al. 2015, entire; Morelli et 
al. 2016, entire), at least a portion of lynx distribution in this unit is likely resilient to climate-
driven losses in snowpack (IDFG 2017a, p. 7). 
 
There will likely be a lag time between the loss of favorable snow conditions and an eventual 
shift or contraction in vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 
section 3.2), but continued warming is projected to convert much of the boreal forest in this unit 
to temperate conifer forest by the end of the century (Gonzalez et al. 2007, pp. 15-17). The 
ability of lynx and hare populations to persist during this lag and to adjust to future habitat 
distributions is uncertain, but habitat quality, quantity, distribution, and connectivity are expected 
to decline, likely compromising this unit’s future ability to support resident lynx populations. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, and to increased frequency and extent of forest insect outbreaks in other parts 
of the DPS. These factors are likely to have temporary impacts on future lynx habitat, with 
regeneration to hare and lynx foraging habitat 20-40 years post-disturbance, depending on local 
climate, elevation, and topography. However, if extensive areas are affected, the ability of these 
landscapes to continue supporting resident lynx may be compromised, and lynx populations 
may be unable to persist until favorable vegetation conditions return. This is especially true 
where habitats and populations are naturally fragmented and patchily-distributed, and where 
landscape-level hare densities are already marginal, which appears to be the case for much if 
not all of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced (as is suspected) by intermittent immigration from the north, and if climate 
change diminishes the likelihood of future immigration via muted northern lynx population 
cycles, the future persistence of resident lynx in this unit is uncertain (see also Other Factors, 
below). 
 
Given the factors described above, recent and projected future climate warming will likely 
reduce this geographic unit’s ability to continue to support resident lynx into the future. The 
timing and magnitude of climate-driven impacts are uncertain; however, all are anticipated to 
adversely affect, and none are expected to benefit, lynx populations in this geographic unit. 
Climate model uncertainties and resolution limits, combined with our imperfect understanding of 
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historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will reduce future habitat quality and quantity and, therefore, the 
likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal and most non-Federal lands in this unit to continue to focus on maintaining and 
restoring lynx habitats by implementing standards, guidelines, and BMPs based on the best 
available scientific information. We expect these measures to continue to benefit lynx by limiting 
detrimental effects of timber harvest, thinning, fuels management, etc., and by encouraging the 
use of these activities to restore, improve, or create high-quality hare and lynx foraging habitats 
where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.3, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.3, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although this increased wildfire activity does not appear to 
have diminished this unit’s current ability to support resident lynx, it could do so in the future 
depending on the location, timing, and extent of future fires. As described in section 3.4, 
increases in fire frequency and size could rapidly convert large areas to the temporarily 
unsuitable stand-initiation successional stage, thus reducing the amount and altering the 
distribution of higher-quality habitats and potentially compromising this unit’s ability to support a 
resident lynx population until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could shift some 
parts of this unit from being just barely capable of supporting resident lynx to being incapable of 
doing so in the future. Although fire suppression was considered a potential risk factor for lynx in 
the DPS range, given the trends discussed above and the likely continued increase in future fire 
activity resulting from continued climate warming and drying, it may be necessary to reconsider 
whether fire suppression in some lynx habitats could benefit lynx by reducing the potential for 
extirpation of resident populations, especially in places already apparently only marginally 
capable of supporting them. 
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Habitat Loss/Fragmentation - As described above in section 4.2.3, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation resulting from timber harvest and other development activities are unlikely. The 
most likely sources of future habitat loss and fragmentation in this unit are the climate-mediated 
influences discussed above:  increased wildfire activity and the projected contraction of 
vegetation and snow conditions favorable for lynx. Increased frequency, size, and severity of 
forest insect outbreaks, also driven by climate warming, has been documented in other 
geographic units and could occur in this unit in the future, too, resulting in temporary habitat loss 
and increased (though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – As described above and in section 4.2.3, maintaining 
connectivity between this geographic unit and lynx populations in Canada is thought to be 
important, although it is uncertain if or to what degree immigration of lynx from Canada is 
essential to the persistence of lynx in this unit. A number of climate-mediated factors have been 
suggested as contributing to changes in the periodicity and amplitude of northern lynx and hare 
population cycles (see section 3.2), which could alter the timing and magnitude of lynx 
immigration into the contiguous United States from Canada. If lynx populations in this unit rely 
on immigration from Canada which is no longer occurring or has been substantially reduced 
relative to historical conditions, population declines and a reduced probability of persistence 
among resident populations would be expected. 
 
Although the extent to which this factor may influence lynx populations in this unit is unknown, 
the population growth rate estimated for the Seeley Lake area (λ = 0.92, declining trend 1999-
2007; Squires in Lynx SSA Team 2016a, p. 20) may reflect a gradual decline of a resident lynx 
population that needs but is not receiving adequate immigration. If this growth rate was applied 
continuously to a hypothetical resident population of 250 lynx (the midpoint of the range in the 
number of resident lynx this geographic unit may support based on expert opinion [Lynx SSA 
Team 2016a, p. 41]), the population would decline to 100 lynx after 11 years, about 50 lynx after 
20 years, and roughly 20 individuals after 30 years. Vulnerability to demographic, 
environmental, and genetic stochasticity would increase as lynx numbers decreased, resulting 
eventually in an increased likelihood of functional extirpation of lynx from this unit (i.e., a lower 
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probability that the unit would continue to support a persistent resident lynx population). 
However, Schwartz (2017, p. 4) noted that very low immigration rates (less than 1 female/year 
on average for a theoretical population of 100 lynx) could provide population stability or even 
growth, suggesting that the Seeley Lake population and perhaps other DPS populations are 
probably being sustained by low levels of undetected immigration. Additionally, as noted above, 
the lynx population in the Purcell Mountains in the northwestern part of this unit was estimated 
to be increasing (λ = 1.16, 2003-2007; Squires in Lynx SSA Team 2016a, p. 20) over the last 4 
years of the period for which the Seeley Lake population was estimated to be declining. In the 
absence of information on historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
 
Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is likely 
the most secure in the DPS. We conclude that it is very likely to continue to support resident 
lynx in the short term (through 2025) and through mid-century, although the number of lynx, the 
amount and distribution of high-quality habitat, and landscape-level hare densities are all likely 
to decline by mid-century as a result of continued climate warming and associated impacts. We 
also agree that this unit is more likely than not to support some resident lynx at the end of this 
century, although at that time we expect lynx numbers and distribution would be substantially 
reduced from the current condition and would, therefore, be more vulnerable to demographic, 
environmental, and genetic stochasticity and to catastrophic events, resulting in diminished 
resiliency. We acknowledge that under a status quo or increasing greenhouse gas emissions 
scenario the rate of climate-mediated loss, fragmentation, and isolation of habitat could, 
perhaps in concert with other factors (e.g., continued increases in wildfire size, frequency, and 
intensity and decrease in or complete loss of immigration from Canada), result in the functional 
extirpation of resident lynx from this unit before the end of the century. We also acknowledge, 
however, that there is great uncertainty with all persistence predictions that far into the future. 
 
5.2.4 Unit 4 - North-central Washington 
 
Expert Projections of Lynx Persistence 
 
Compared to most other units, expert predicted a lower probability of persistence for this unit 
over the short term, and then a similar declining trajectory, with increasing uncertainty, by the 
end of the century, reflecting a more pessimistic outcome for this geographic unit than most 
other units (Lynx SSA Team 2016a, pp. 43-45). Experts felt that the probability of lynx 
persistence in this unit could decrease sharply over the next 10-20 years because of extensive 
recent fires in lynx habitats and the time needed for these areas to regenerate back to good 
hare/lynx habitat. However, 1 expert predicted an increase in persistence probability by mid-
century as habitats impacted by recent large-scale fires regenerate into optimal hare-lynx 
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habitat. After that, the probability could rebound (or decline more slowly) over the longer term as 
these large areas return to prime habitat providing high hare densities. 
 
Experts agreed that the current small population is likely at greater risk of extirpation because of 
stochastic events, particularly if large fires in lynx habitat continue to occur in the near future as 
they have in the recent past. A small population also could be more susceptible to disease, 
though no diseases have been documented among lynx in this unit. Experts discussed the 
extent to which small lynx populations could be reduced before they would become highly 
susceptible to stochastic demographic effects. It was suggested that 15-20 breeding individuals 
might be the minimum needed to avoid such susceptibility. Unimpeded connectivity between 
Canada and this unit could allow lynx to repopulate recently burned areas after the habitat 
recovers. Lynx in this unit are likely the southern portion of a larger population in Canada, not 
really a separate, isolated small population. Factors that influenced expert persistence 
probabilities for this unit included fire, habitat loss, and the future loss of favorable snow 
conditions predicted by climate change models. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 95 percent (median = 80 percent) in the near-term (year 2025), 30 to 80 percent (median 
= 70 percent) at mid-century, and 5 to 50 percent (median = 38 percent) at the end of the 
century (fig. 13). Compared to most other geographic units, experts indicated greater 
uncertainty regarding short-and mid-term term persistence in this unit but, as for other units, 
uncertainty was greatest at the end of the century. 
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Figure 13. Lynx expert estimates of the probability that the North-central Washington 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As described above (section 4.2.4), regulatory mechanisms currently 
in place guide forest management in this geographic unit for lynx conservation. We do not 
anticipate that existing regulatory protections for lynx would diminish appreciably in the future 
even if the DPS was no longer listed. On USFS lands, we anticipate that either the CA will 
remain in place (and/or be extended), or the OWNF and CNF will revise or amend their 
respective LRMPs to incorporate direction for lynx management similar to the formally amended 
LRMPs that have been implemented on all other national forests in the DPS range (see section 
3.1.1). Currently, both the OWNF and CNF are in the process of amending or revising their 
LRMPs. We expect that management direction for lynx conservation addressing vegetation 
management, wildland fire management, and habitat fragmentation on National Forest System 
lands will be incorporated into the revised or amended LRMPs. We expect that both the OWNF 
and CNF will be required to manage for lynx and their habitat into the future because both 
forests will have incorporated lynx management direction into their respective LRMPs. We 
acknowledge that LRMPs can be amended or revised; however, LRMPS are typically in place 
for 15 years or longer, and the Service, other Federal and State agencies, and the public would 
have opportunities to comment on any proposed amendments or revisions to LRMPs through 
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the NEPA process. Therefore, we expect that both the OWNF and CNF will continue managing 
for lynx and their habitat into the future regardless of the DPS’s listing status. 
 
On State lands in this unit, the WADNR has committed to implementing its Lynx Habitat 
Management Plan until lynx are delisted or until 2076, whichever is shorter (WADNR 2006, p. 
6). Additionally, the WADNR’s internal policies encourage consideration of lynx habitat on lands 
it manages including participating in efforts to recover and restore endangered and threatened 
species, providing upland wildlife habitat, and establishing Riparian Management Zones. In 
accordance with legal obligations specified in the State’s Forest Resource Plan, the WADNR 
will contribute to the future of Washington's lynx population by improving habitat conditions and 
reducing the likelihood of adverse effects on the habitat it manages (WADNR 2006, p. 6). 
Therefore, although some protections for lynx could be relaxed in the future if the DPS was not 
listed under the ESA, we anticipate that both Federal and State regulators would continue to 
manage for lynx conservation in this geographic unit. 
 
Climate Change –Recent warming likely contributed to recent increases in wilfire activity in this 
unit and is likely to continue to do so in the future. Westerling et al. (2006, pp. 942-943) 
compiled information on large wildfires in the western United States from 1970-2004 and found 
that large wildfire activity has increased significantly from the mid-1980s with higher large-
wildfire frequency, longer wildfire duration, and longer wildfire seasons. The greatest increases 
occurred in high elevation forest types including lodgepole pine and spruce fir in the northern 
Rockies (i.e., lynx habitat). They also found that fire exclusion (suppression) had little impact on 
natural fire regimes; rather, climate appeared to be the primary driver of increasing wildfire risk. 
 
Koehler’s (1990a, p. 847) estimated adult lynx density of 2.3 lynx/100 km2 was obtained in an 
area supporting high-quality lynx habitat in the Meadows area of north central Washington (at 
least relative to other lynx habitat in Washington). Much of the lynx habitat in the Meadows was 
impacted by the recent large, stand replacing fires, resulting in further fragmentation of lynx 
habitat in the northern Cascades. Thus, the lynx densities Koehler observed in his study area 
may not be currently supported, because as habitat becomes more fragmented and isolated 
(i.e., marginal), the carrying capacity for a particular species declines. 
 
As in other units, continued climate warming is projected to cause northward and upward shifts 
in spruce-fir habitats and snow conditions thought to favor lynx. In addition to potentially 
affecting fire return intervals, fire severity (intensity, size), and insect outbreaks, climate change 
is likely to affect the amount of precipitation falling as snow at elevations typically supporting 
lynx habitat in this geographic unit. Climate change is expected to impact the quantity, quality, 
and duration of snow in the Cascades. Mote (2003b, pp. 272, 274), who evaluated temperature 
trends in the Pacific Northwest using data collected by weather stations from 1930 to 1995, 
determined that the temperature increased in the Pacific Northwest and more precipitation fell in 
the spring and summer months, especially at elevations below 1,800 m (5,900 ft). Additionally, 
Mote (2003a, pp. 2-3) determined that an increasing temperature and precipitation trend from 
1950 to 2000 is correlated with a 40 percent decrease in the snow water equivalent in the 
Cascades. Mote et al. (2005, p.45) determined that the Cascades are very sensitive to 
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temperature changes, with large increases in temperature potentially resulting in significant 
declines in snowpack. Corroborating Mote’s results, Stoelinga et al. (2010, p. 2474) determined 
that the Cascade snowpack has declined by up to 40 percent in the latter half of the twentieth 
century, which resulted from increased temperatures. Furthermore, temperatures are predicted 
to continue increasing by 2° to 5°C (3.6° to 9°F) over the next century and are expected to 
cause further and accelerated losses in snowpack in the Cascades (Mote et al. 2005, p. 48). 
Continued declines of snowpack in the Cascades through 2025 are predicted to range from 9 
percent (Stoelinga et al. 2010, p. 2486) to 29 percent (Elsner et al. 2010 cited in Stoelinga et al. 
2010, p. 2486), which may also affect lynx densities supported in the Cascades. 
 
Finally, some of the best lynx habitat in this geographic unit occurs on plateaus that may be 
more vulnerable to impacts of climate change because of the absence of higher elevation areas 
to which habitats and lynx could migrate in response to climate warming (Lynx SSA Team 
2016a, p. 42). Thus, in addition to the recent losses of lynx habitat to large wildfires, coupled 
with increasing wildfire risk, the potential for the Cascades to support a viable lynx population 
may be further reduced because of projected climate-mediated decreases in snow quantity and 
quality. Overall, our review of the published literature on this subject leads the Core Team to 
conclude that climate change poses the greatest risk to the long-term persistence of lynx in this 
geographic unit. 
 
Conclusion 

After considering the best available scientific information and the opinions of lynx experts 
summarized above, the Core Team generally agrees with the experts that this geographic unit, 
like most others, has a relatively high likelihood of continuing to support a resident lynx 
population over the short-term (2025) and at mid-century (2050), but a lower probablility of 
doing so, with more uncertainty, by the end of the century (2100). As described above, the 
potential effects of climate change on the quantity and quality of snow, as well as the projected 
northward and upslope movement of spruce-fir and subalpine fir forests are likely to result in 
further fragmentation and reduction of lynx habitat within this geographic unit by the end of the 
century. More fragmented and smaller habitat patches are likely to support a smaller and more 
isolated lynx population that will be more vulnerable to stochastic environmental and 
demographic events. Over the past 25 years, wildfires have reduced lynx habitat in this 
geographic unit by almost 40 percent and likely reduced its carrying capacity for lynx by a 
similar amount. Additional future losses of lynx habitat resulting from climate-driven increases in 
wildfire size, frequency, and intensity may pose the greatest near-term threat to the persistence 
of this population. Connectivity between this unit and Canada is likely to remain intact in the 
future. Because lynx are highly mobile and able to traverse large areas of non-lynx habitat, we 
do not anticipate that climate change, in and of itself, will significantly affect connectivity 
between this geographic unit and the larger lynx population in southern British Columbia. This 
connectivity may contribute to maintaining a persistent, albeit smaller, lynx breeding population 
in this geographic unit into the future. 
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5.2.5 Unit 5 - Greater Yellowstone Area 
 
Expert Projections of Lynx Persistence 
  
Current and future factors expressed by experts as influencing probability of persistence for this 
unit included small population size, forest disease and insect pests, and fire (Lynx SSA Team 
2016a, pp. 45-46). Some experts doubt that the GYA unit currently supports a resident breeding 
population of lynx. Experts indicated that climate models predict that some parts of the GYA unit 
could provide refugia from climate change impacts because of their high elevations and 
potential to maintain winter snow levels into the future. Summer conditions in this unit, however, 
could be drier in the future, resulting in increased fire frequency, extent, and intensity, and 
additional temporary habitat loss. However, regeneration of these areas and the extensive 
areas that have burned in the recent past may provide good habitat over the next several 
decades. Some experts suggested that lynx emigrating to this unit from Colorado could occupy 
such improved habitats in the near future. Colorado lynx have made exploratory movements 
into the GYA in summer months, and analysis of available data could improve our 
understanding of Colorado lynx movement into and use of the GYA. It is possible that lynx from 
Colorado could maintain lynx in GYA. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
10 to 70 percent (median = 52 percent) in the near-term (year 2025), 15 to 60 percent (median 
= 35 percent) at mid-century, and 5 to 50 percent (median = 15 percent) at the end of the 
century (2100; fig. 14). Unlike other units, the expert graphs for this unit were widely variable 
and had high uncertainty at all time frames. This was the only unit for which most experts 
believed the current probability of persistence is low (i.e., that it is uncertain whether this area 
currently supports a resident lynx population). Some experts increased persistence likelihoods 
into mid-century based on the possibility that large areas impacted by the 1980s-era wildfires 
may by then regenerate into hare/lynx habitat, and on possible continued dispersal of lynx from 
Colorado into this unit. Unlike other units, where expert confidence in their predictions was 
initially high but decreased greatly beyond mid-century, expert uncertainty in this unit was high 
for all timpe periods and was related to uncertainty about whether resident lynx currently occur 
in the GYA. 
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Figure 14. Lynx expert estimates of the probability that the Greater Yellowstone Area 
Geographic Unit will continue to support resident lynx in the future (at years 2025, 2050, 
and 2100). 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - As noted above in section 5.2.3, Federal, State, and Tribal 
regulations and land management direction could change in the future, but such changes and 
their potential impacts on lynx populations and habitats are difficult to predict. Federal lands 
account for over 97 percent of this geographic unit; therefore, regulations and guidance that 
govern management of those lands have the greatest potential to influence future lynx habitats 
and populations. Also as described above, revisions or amendments to Federal management 
plans require opportunities for public participation in accordance with NEPA, NFMA, National 
Parks and Recreation Act, and FLPMA (USFWS 2014 pp. 26-34; also see 3.1) and consultation 
with the Service in accordance with section 7 of the ESA. If the DPS is delisted in the future, the 
ESA requires a minimum of 5 years of monitoring to assess its ability to sustain itself without the 
ESA's protective measures. If, during that time, threats to the DPS change or unforeseen events 
affect its stability, then the DPS could be relisted or the monitoring period extended. Given these 
requirements, we expect that future Federal management direction will continue to include 
regulations and guidance protective of lynx, although specific measures may change as new 
information becomes available. 
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We anticipate that future Federal management direction will include continued management of 
national parks, designated wilderness and roadless areas, and other areas with 
nondevelopmental land-use allocations to maintain natural ecological processes, which should 
maintain natural disturbance regimes and landscape-level habitat mosaics to which lynx are 
adapted (although continued climate warming [see below] may preclude maintenance of 
historical disturbance and landscape patterns). Regardless of the future listing status of the 
DPS, these lands will continue to be managed in accordance with the acts described above, as 
well as the National Park Service Organic Act and the Wilderness Act. 
 
We also expect that Federal management into the future will include continued management of 
lands with developmental allocations to avoid or minimize potential impacts of vegetation 
management (timber harvest, thinning, salvage logging, other silvicultural prescriptions), 
wildland fire management (fire suppression, fuels reduction, prescribed fires), energy 
exploration and development, recreation, or other management activities with the potential to 
affect lynx. Current and likely future objectives include (1) managing vegetation to mimic or 
approximate natural disturbance and succession processes while maintaining habitat 
components necessary for lynx conservation; (2) providing a mosaic of habitat conditions 
through time that supports dense horizontal cover, high hare densities, and winter hare habitat 
in both young regenerating and mature multi-story forest stands; (3) using fire (natural and 
prescribed) to restore ecological process and maintain or improve lynx habitat, and (4) focusing 
vegetation management in areas with potential for improving winter hare habitat (USFS 2007, 
Attachment 1, p. 2; BLM 2008, pp. A18-10 - A18-15; BLM 2010, pp. A-9 - A-12). Although 
specific standards and guidelines may change as new scientific information and management 
techniques become available, we anticipate continued Federal management designed to 
conserve or restore potential lynx habitats in this geographic unit in the future. 
  
Given the commitments and management objectives and practices described above, 
implementation of current and future regulatory mechanisms will likely continue to support 
conservation and restoration of lynx habitats in this unit and improve the likelihood that it will 
support resident lynx into the future. Because non-Federal lands make up such a small 
proportion of this geographic unit, we believe it is unlikely that regulatory mechanisms on those 
lands will influence this unit’s future ability to support resident lynx. 
 
If the DPS was not listed, State-managed trapping could resume in this geographic unit, as 
elsewhere. We expect that would occur only if scientific evidence strongly suggested the 
presence of a harvestable surplus of lynx and that harvest quotas would be carefully managed 
to ensure that the viability of resident lynx populations would not be diminished. 
 
Climate Change - The recent evidence of climate change and the numerous mechanisms by 
which continued warming may affect future conditions for lynx and the potential consequences 
for the DPS and specific geographic areas are described in detail in section 3.2. Also, as noted 
above in section 4.2.5, evidence of warming and related impacts (increased temperatures, 
reduced snowpack, earlier snowmelt, and increased drought leading to increased fire) have 
already been documented in the Northern Rocky Mountains, including this geographic unit. 
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Climate projections suggest these impacts are likely to continue and to result in future northward 
and upslope contractions in the snow conditions and boreal and subalpine vegetation 
communities that support lynx. This is expected to cause loss and increased fragmentation and 
isolation of lynx and hare habitats and, therefore, declining and more vulnerable lynx 
populations in the DPS and in this geographic unit (Carroll 2007, entire; Gonzalez et al. 2007, 
entire; ILBT 2013, pp. 69-71; 79 FR 54810-54811; Lawler and Wilsey in Lynx SSA Team 2016a, 
pp. 15-16; Siren in Lynx SSA Team 2016a, p. 15). 
 
Snow conditions in this unit are projected to become less favorable, with an overall decrease in 
snowpack after mid-century as a result of a shorter snowfall season, fewer days with snowfall, 
and a lower proportion of winter precipitation in the form of snow (more as rain; Siren in Lynx 
SSA Team 2016a, p. 15). In this unit, the probability of suitable snow conditions is projected to 
decline from 90-95 percent from 1961-1990 to 50 percent across much of the unit by the end of 
this century (years 2071-2100), though some parts of this unit are projected to retain adequate 
snow (Gonzalez et al. 2007, pp. 12-14; Lynx SSA Team 2016a, pp. 15, 46). There will likely be 
a lag time between the loss of favorable snow conditions and an eventual shift or contraction in 
vegetative communities (Lynx SSA Team 2016a, pp. 43, 59; also see 3.2), but continued 
warming is projected to convert much of the boreal forest in this unit to temperate conifer forest 
by the end of the century (Gonzalez et al. 2007, pp. 15-17). The ability of lynx and hare 
populations to persist during this lag and to adjust to future habitat distributions is uncertain, but 
habitat quality, quantity, distribution, and connectivity are expected to decline, likely further 
compromising this unit’s ability to support resident lynx populations, which is already 
questionable. 
 
Climate change has also been linked to increased wildfire size, frequency, and intensity in this 
geographic unit, including the extensive fires in Yellowstone National Park in 1988, which 
burned over one-third of the park. Climate warming has also been linked to increased frequency 
and extent of forest insect outbreaks in other parts of the DPS. These factors are likely to have 
temporary impacts on lynx habitat, with regeneration to hare and lynx foraging habitat 20-40 
years post-disturbance, depending on local climate, elevation, and topography. However, if 
extensive areas are affected, the ability of landscapes in the GYA to support resident lynx may 
be further compromised, and resident lynx may be unable to persist until favorable vegetation 
conditions return. This is especially true where potential habitats are naturally fragmented and 
patchily-distributed, and where landscape-level hare densities are already marginal, which 
appears to be the case for much of this geographic unit. 
 
Climate change has also been implicated in observed declines in the amplitude of northern hare 
and lynx population cycles (Yan et al. 2013, p. 3269). If lynx populations in this geographic unit 
are influenced by intermittent immigration from the north, and if climate change diminishes the 
likelihood of future immigration via muted northern lynx population cycles, the future persistence 
of resident lynx in this unit is uncertain (see also Other Factors, below). 
 
Given the factors described above, recent and projected future climate warming will likely further 
reduce this geographic unit’s ability to support resident lynx into the future. The timing and 
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magnitude of climate-driven impacts are uncertain; however, all are anticipated to adversely 
affect, and none are expected to benefit, lynx and habitats in this geographic unit. Climate 
model uncertainties and resolution limits, combined with our imperfect understanding of 
historical and current lynx numbers and habitat distributions, preclude quantifying future habitat 
quality and distribution or lynx population dynamics in this unit. Nonetheless, it appears likely 
that continued climate warming will further reduce habitat quality and quantity and, therefore, 
the likelihood that this geographic unit will support resident lynx in the future. 
 
Vegetation Management - Future vegetation management and, therefore, its implications for 
future lynx habitats and populations in this unit, are closely linked to the current and future 
regulatory mechanisms described above. As noted, we expect future vegetation management 
on all Federal lands in this unit to continue to focus on maintaining and restoring lynx habitats by 
implementing standards, guidelines, and BMPs based on the best available scientific 
information. We expect these measures to continue to benefit lynx by limiting detrimental effects 
of timber harvest, thinning, fuels management, etc., and encouraging the use of these activities 
to restore, improve, or create high-quality hare and lynx foraging habitats where feasible. 
 
Wildland Fire Management - As noted in sections 3.4 and 4.2.5, past wildfire management, 
including fire suppression, does not appear to have altered the historical fire regime in lynx 
habitats in the western contiguous United States, including this geographic unit. Also as noted 
there and in sections 3.1.1 and the Regulatory Mechanisms section of this chapter, current 
Federal management restricts, with few exceptions, fire management (fuels reductions, 
prescribed fires, etc.) impacts to lynx habitats, and it promotes the use of such activities and 
wildfire response to conserve and restore lynx and hare habitats. We expect such conservation-
focused fire management to continue and, therefore, to benefit lynx rather than to affect them 
detrimentally in the future. 
 
However, as also noted in section 4.2.5, increased wildfire frequency, size, and intensity have 
been documented in this geographic unit, and that pattern is anticipated to continue in the future 
with continued climate warming. Although the extent to which increased wildfire activity has 
impacted this unit’s current ability to support resident lynx is uncertain, such impacts may 
become more likely in the future depending on the timing and extent of future fires. As described 
in section 3.4, increases in fire frequency and size could rapidly convert large areas to the 
temporarily unsuitable stand-initiation successional stage, thus reducing the amount and 
altering the distribution of higher-quality habitats and potentially compromising this unit’s ability 
to support resident lynx until burned habitats recover. Because lynx habitats are naturally 
patchily-distributed and landscape-level hare densities already marginal in many parts of this 
unit, it is possible that very large wildfires or many fires over a short time period could cause a 
shift in some parts of this unit from just barely capable of supporting resident lynx to incapable 
of doing so in the future. Although fire suppression was considered a potential risk factor for lynx 
in the DPS range, given the trends discussed above and the likely continued increase in future 
fire activity resulting from continued climate warming and drying, it may be necessary to 
reconsider whether fire suppression in some lynx habitats could benefit lynx by reducing the 
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potential for extirpation of resident populations, especially in places already apparently only 
marginally capable of supporting them. 
 
Habitat Loss/Fragmentation - As described above in section 4.2.5, lynx habitats in this unit are 
naturally fragmented but otherwise appear to be largely intact relative to historical conditions in 
most of this geographic unit. Although some localized impacts of past timber harvest and related 
activities have likely occurred, anthropogenic habitat loss or fragmentation does not appear to 
have broadly diminished this unit’s ability to support resident lynx. Current and probable future 
management for conservation of lynx habitats suggests that broad-scale habitat loss or 
fragmentation from timber harvest and other development activities are unlikely. The most likely 
sources of future habitat loss and fragmentation in this unit are the climate-mediated influences 
discussed above:  increased wildfire activity and the projected contraction in vegetation and 
snow conditions favorable for lynx. Increased frequency, size, and severity of forest insect 
outbreaks, also driven by climate warming, has been documented in other geographic units and 
could occur in this unit in the future, too, resulting in temporary habitat loss and increased 
(though also temporary) fragmentation. 
 
Additional highway construction and other transportation developments are likely in this unit, but 
the future locations, size, and potential impacts of such projects are difficult to predict. We are 
not currently aware of plans for specific major highway/road projects in this unit that would 
potentially impact lynx habitats and increase future habitat loss or fragmentation. Other potential 
sources of future habitat loss and fragmentation include recreation, minerals/energy 
development, and backcountry roads and trails; these are all considered second tier 
anthropogenic influences (ILBT 2013, pp. 78-85) that are unlikely to exert population-level 
influences, despite potential impacts to individual lynx. 
 
Other Factors: Connectivity/immigration – This geographic unit is not directly connected to lynx 
populations in Canada or elsewhere in the DPS range, although lynx released into Colorado 
have dispersed northward into and through this unit. There is no reliable evidence of intermittent 
immigration into this unit during past irruptions of lynx from Canada, as has been documented in 
other parts of the contiguous United States, although anecdotal occurrence reports (see section 
2.3.2.2) may suggest a pulse of immigrants in the early 1970s during the second of 2 
unprecendented irruptions. Nonetheless, as elsewhere in the DPS, immigration may influence 
the persistence of resident lynx in this unit. If continued climate warming or other factors further 
reduce the chances that dispersing lynx will reach this unit and contribute to its demographic 
and genetic health, either through habitat loss and fragmentation in potential dispersal corridors 
or declines in the amplitude of northern hare and lynx population cycles, the likelihood that the 
unit will support resident lynx in the future may also decline. However, as in Unit 3 above, 
because we lack information of historic, recent, and likely future rates of immigration and its 
contribution to the persistence of lynx populations in this geographic unit, impacts of potentially 
reduced future immigration are difficult to project and are largely speculative at this time. 
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Conclusion 
 
After reviewing the scientific literature and evaluating the factors that may influence lynx 
persistence in this unit, we concur with the experts’ conclusion that this geographic unit is the 
least secure in the DPS. We find that conditions for lynx in this unit are naturally marginal, its 
historical or current ability to support a persistent resident lynx population are questionable, and 
continued climate warming and associated impacts are likely to further diminish its already 
limited ability to support resident lynx. We conclude that it may continue to occasionally or 
intermittently support a small number of resident lynx and some reproduction over the short 
term (through 2025), but that it is very unlikely to support a persistent resident population over 
that time frame, even less likely that it will do so at mid-century (2050), and highly improbable 
that this geographic unit will support resident lynx by the end-of-century (2100). 
 
5.2.6 Unit 6 - Western Colorado 
 
Expert Projections of Lynx Persistence 
 
Some experts indicated that beetle kill and fire could potentially create poor habitat conditions in 
large areas of this unit by mid-century, but that forest regeneration after these impacts could 
result in good lynx/hare habitats. Others expressed uncertainty about whether fire and insect 
impacts would be temporary or permanent, especially considering climate change and the 
potential for conversion from boreal/subalpine forests to other forest types. Higher-quality lynx 
habitat in this unit occurs primarily in 2 areas and is patchily-distributed. Lynx in this unit may 
occur as several smaller, relatively isolated subpopulations, which are likely more vulnerable to 
stochastic events. This unit’s relative isolation may limit exchange with other lynx populations, 
increasing the likelihood of genetic drift and reducing the chance of demographic rescue or 
recolonization if lynx in the unit become extirpated. There was discussion about whether ski 
areas may affect daily movements of lynx, and whether hares may be declining in ski areas. 
There is some evidence of lynx using ski areas in summer months but avoiding them during the 
ski season. Two-thirds to three-quarters of the lynx in this unit are in its southern portion in the 
San Juan Mountains. There is a large area (Weminuche Wilderness) that has not been well 
surveyed for lynx, so it is possible that lynx also could be using that area. 
 
Taking these factors into consideration, experts provided “most likely” persistence estimates of 
60 to 100 percent (median = 90 percent) in the near-term (year 2025), 50 to 85 percent (median 
= 80 percent) at mid-century (2050), and 20 to 70 percent (median = 50 percent) at the end of 
the century (2100; fig. 15). Most experts indicated an initially high and subsequently decreasing 
likelihood that resident lynx will persist in this unit, with uncertainty increasing substantially over 
time; however, experts also expressed substantial uncertainty over the near- and mid-term. 
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Figure 15. Expected probability of persistence for the Western Colorado Geographic Unit 
at present, 2015, and in 2025, 2050 and 2100. 
 
Service Evaluation of Factors Potentially Influencing Future Conditions 
 
Regulatory Mechanisms - Regulatory mechanisms for the conservation of lynx in the Southern 
Rockies consist of 7 amended USFS management plans in south-central Wyoming and 
Colorado. We concluded that the Southern Rockies Lynx Amendment substantively reduced the 
threat identified for previously inadequate regulatory mechanisms by addressing the major 
adverse impacts of Forest Service land management on lynx (USFWS 2008b, p. 70-71). Lynx 
habitat on all other ownerships makes up the remaining 15 percent of potential lynx habitat in 
Colorado, of which, only 5 percent is in Federal ownership. Other ownerships include state, 
county, municipal, etc., and private lands. Some BLM resource management plans have not 
been amended to include conservation specifically for lynx. Lynx habitat on BLM ownership 
mostly consists of narrow forest extensions connected to larger blocks of habitat on adjacent 
USFS lands. Generally these extensions are insufficient on their own to support a lynx home 
range. Additionally, the Gunnison Field Office is the only BLM unit that contains sufficient habitat 
to map and identify LAUs. The State of Colorado manages lynx as a State endangered species 
(C.R.S. 33-2-105), prohibiting take of the species with exceptions for protection of human life 
(C.R.S. 33-6-205) and incidentally during depredation management (not caused by lynx; C.R.S. 
33-6-207). 
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Climate Change -In the Southern Rockies, warmer winters, earlier spring snowmelt, and a 
reduction in the extent of snow cover are expected consequences of climate change (ILBT 
2013, p. 61). Using a variety of climate models, McKelvey et al. (2011, entire) predicted an 
overall 40 percent decline in persistent snow, but that snow would persist in large areas late in 
the 21st century, including the high elevations of Colorado. 
 
“All of the climate models under all representative concentration pathways (RCPs) project that 
Colorado’s climate will warm substantially by 2050. Under RCP 4.5 (medium-low emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.4° to 2.8°C (2.5° to 5°F) 
by mid-century relative to the observed 1971–2000 baseline. Under RCP 8.5 (high emissions 
scenario), Colorado’s annual temperatures are projected to warm by 1.9° to 3.6°C (3.5° to 
6.5°F) by mid-century. Summers are projected to warm slightly more than winters under both 
RCPs. Beyond mid-century, the warming trend is projected to continue into the late-21st century 
under all RCPs except RCP 2.6. By the period centered on 2070 (2055–2084), annual 
temperatures in Colorado are projected to warm under RCP 4.5 by 1.4° to 3.6°C (2.5° to 6.5°F) 
relative to the 1971–2000 baseline. Under RCP 8.5, the projected warming is 3.1° to 5.3°C (5.5° 
to 9.5°F) relative to the 1971–2000 baseline.” [Lukas et al. 2014, p. 61] 
 
An analysis of projected 21st century temperature trends as a function of elevation in the 
Northern Hemisphere mid-latitudes from CMIP5 models shows more warming at higher 
elevations during winter, particularly in the daily minimum temperature (Rangwala et al. 2013 
[cited in Lukas et al. 2014, p. 63]). “However, …, the global climate models do not represent the 
topography of Colorado very well, so it is difficult to discern whether the warming projected for 
the higher elevation regions (> 10,000’) in the state is substantially different from that projected 
for lower elevations” (Lukas et al. 2014, p. 63). 
 
On average, the climate models indicate a seasonal shift in precipitation for Colorado, with 
increasing winter precipitation, and in some areas a decrease in late spring precipitation (Lukas 
et al. 2014, p. 65). Although recent climate projections suggest that snow water equivalent (the 
amount of water held in a given amount of snow) may decline less in Colorado than in other 
areas of the Southwest, it is nonetheless projected to decline by 26 percent by the end of this 
century (Garfin et al. 2014, p. 466). This will likely translate to a reduction in the areas that will 
continue to have snow conditions that provide a competitive advantage to lynx over bobcats and 
other hare predators. Additionally, when specifically modeling potential impacts of climate 
change on lynx, researchers concluded that potential snow and boreal forest habitat refugia 
were most likely to occur in the Bridger-Teton National Forest in northwestern Wyoming, the 
Superior National Forest in northeastern Minnesota, and across western Canada, while high-
elevation parts of Colorado are among the areas vulnerable to the loss of potential lynx habitat 
in the long term (Gonzalez et al. 2007, pp. 4, 8). Decker and Fink (2014, pp. 66-69) concluded 
that spruce-fir habitats in Colorado are only moderately vulnerable to the effects of climate 
change by mid-century under a moderate emissions scenario. Even if suitable snow conditions 
persist in Colorado and boreal and subalpine forests move upslope with continued climate 
warming, the amount of potential lynx habitat, already considered patchy and relatively isolated, 
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will likely decrease, becoming even more patchy and isolated and less capable of supporting 
lynx populations over time (79 FR 54794-54795). 
 
We believe that continued climate warming will likely result in loss of favorable snow conditions, 
upslope migration of boreal forests, and increased frequency, size and intensity of wildlfires and 
forest insect outbreaks in this geographic unit. We believe these factors will exacerbate the 
naturally highly-fragmented distribution of potential lynx habitat in this geographic unit and 
further diminish what already appear to be marginal hare densities in most of this unit. As a 
result, we expect this unit’s ability to continue to support a resident lynx population will become 
more tenuous in the future than it is currently and likely was historically. 
 
Vegetation Management - In the past decade, vegetation management within lynx habitat has 
been predominantly salvage of dead and dying timber caused by a mountain pine beetle 
infestation in the northern part of the state (generally north of Interstate 70), and a spruce bark 
beetle infestation south of the interstate. Salvage operations may temporarily impact understory 
regeneration, if present, reducing the capacity of the stand to support higher snowshoe hare 
densities. Assuming the existing USFS plans retain their current conservation framework, USFS 
lands should continue to provide sufficient habitat for lynx through the end of the century. 
Vegetation management on the small amount of non-Federal ownerships within lynx habitat is 
unlikely to cause significant concern for lynx conservation in Colorado through the remainder of 
the century. 
 
Wildland Fire Management - “It is generally acknowledged that in the Southern Rocky 
Mountains fire suppression has altered historical vegetative patterns. This effect has been most 
pronounced within vegetation communities where fire regimes are of low intensity or mixed 
severity. It is generally agreed that spruce-fir habitats have been little affected by fire 
suppression because the fire regimes within this type tend to be stand-replacing events 
occurring at long intervals (100+ years). Depending on the moisture regime, large stand-
replacing fires within lynx habitat may produce young age class snowshoe hare habitat after 
approximately 10-30 years. Although this vegetative condition may provide some high-quality 
snowshoe hare habitat, mature forests are also very important as winter foraging habitat.” 
(USFS 2008b, p. 36). 
 
Habitat Fragmentation - Sources of current habitat fragmentation include high-speed high-
volume highways, high mountain valley developments, vegetation management, ski/recreation 
area development, and wildland fire. Currently, only vegetation management on USFS lands is 
managed to limit lynx habitat fragmentation. Highways are likely to be expanded to 
accommodate increasing traffic volume as mountain valley communities continue to develop 
and expand. While these linear features already exist on the landscape, widening of the cleared 
right-of-way, as well as lynx behavioral avoidance of highway rights-of-way because of 
increasing traffic volume reduces available habitat function for lynx. Many ski areas in Colorado 
are located within lynx habitat and will likely be expanded in the future through permanent 
removal of vegetation  to create conventional ski runs, reducing tree density and clearing 
understory vegetation to create glade conditions, which reduces lynx habitat. The magnitude of 
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fragmentation caused by these sources has not been quantified, but is unlikely to remove 
enough lynx habitat to influence lynx persistence in Colorado. 
 
Conclusion 
 
Based on the best scientific information available, the Core Team is less optimistic than the 
expert panel about the future of lynx in western Colorado. Our uncertainty stems primarily from 
the historic record of lynx in Colorado, where evidence of lynx presence is questionable for 
much of the last century prior to CPW’s reintroduction program. In addition, several 
demographic parameters of this new population (proportion of females that produce kittens and 
kitten survival), are very low compared to other units (1 and 3) where these parameters have 
been estimated based on adequate sample sizes. Further, the naturally limited and fragmented 
habitats and generally low hare densities, which were apparently incapable of supporting 
persistent resident populations historically, are likely to worsen with continued climate warming. 
This unit’s greater distance and relative isolation from other lynx populations in the DPS and 
Canada, which may have prevented dispersing lynx from reaching this unit during the 
unprecedented irruptions from Canada into the northern contiguous United States in the early 
1960s and early 1970s, also cast doubt on the likelihood that this unit will receive the 
demographic and genetic support from the north that is thought to be important to the 
maintenance of DPS populations. Because of these factors and uncertainties, we doubt that 
resident lynx will persist in this unit through the end of the century (2100), although we concur 
with experts that lynx will persist over the short-term (2025) and possibly until mid-century 
(2050). 
 
We have considered the future of lynx in Colorado in the absence of the protections offered by 
the ESA. We believe that as long as the current regulatory mechanisms provided by the State of 
Colorado to prevent take of lynx and the USFS SRLA conservation framework remains in place, 
lynx are likely protected from take, and their habitat requirements likely met in a significant 
majority of the potential habitat within the state. Projected future climate warming is likely to 
result in reduction of available habitat and increased fragmentation resulting in larger areas of 
non-habitat between habitat blocks. Vegetative changes caused by climate change will likely 
reduce the amount of habitat in private and BLM ownership due to the anticipated upslope shift 
in vegetation that supports snowshoe hares and lynx. 
 
The movement capability of lynx is well documented, and lynx in Colorado will likely continue to 
exploit the available habitat despite gaps between functional habitat blocks. Colorado is isolated 
from source populations in the northern part of the range relative to the other units, which likely 
increases the possibility of genetic drift in this unit. Expert elicitation revealed some uncertainty 
whether ski areas or other development may affect connectivity within the unit. However, the 
Core Team is less concerned about this particular issue because we cannot foresee the 
development of barriers that would prevent lynx from accessing available lynx habitat in the 
future. 
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Chapter 6: Synthesis 
This section synthesizes the needs, current condition, and likely future condition of the Canada 
lynx in the contiguous United States DPS with respect to the conservation biology principles of 
representation, redundancy, and resiliency. Its purpose is to provide an understanding of the 
range-wide status of the DPS that is as clear as possible given irresolvable uncertainties 
regarding historical distribution and population sizes, as well as uncertainty about current 
population sizes and trends, other key demographic information (e.g., immigration and 
recruitment rates and their influence on population stability/persistence), and the timing and 
magnitude of projected climate-mediated impacts and other long-term stressors. 
 
Species’ Needs 
 
Throughout its range, the Canada lynx is a habitat and prey specialist requiring large (hundreds 
to thousands of square kilometers) boreal forest landscapes with dense horizontal cover and 
robust populations of its primary prey, the snowshoe hare. Resident lynx populations are 
generally restricted to areas with abundant hares and long (4+ months) winters with deep, 
persistent snow, which is believed to confer lynx a seasonal competitive advantage over other 
terrestrial predators of hares. Lynx in the contiguous United States have ecological 
requirements similar to those of lynx in Canada and Alaska, and throughout the species’ range 
hare abundance is the primary driver of lynx population dynamics. Recent research in the DPS 
range supports the hypothesis that hare densities consistently near or above 0.5 hares/ha (0.2 
hares/ac) are necessary to support persistent resident lynx populations (see section 2.2.1). 
However, the DPS is at the southernmost margin of the species’ range, where boreal forests 
transition to temperate conifer and hardwood forests, and where hare abundance and snow 
conditions generally become less favorable with decreasing latitude. Because of this, habitat is 
naturally less extensive and generally more fragmented within the DPS range than in the core of 
the species’ range in Canada and Alaska. As a result, lynx in much of the DPS range are 
naturally less abundant and more patchily-distributed than in the core of the species’ range 
(except during decadal lows in hare population cycles, when both hares and lynx occur 
temporarily in the north at densities lower than most in the range of the DPS). Maintaining 
connectivity with lynx populations in Canada is thought to be important to the persistence of 
DPS populations; however, whether, and if so to what extent, the demographic and/or genetic 
health of DPS populations relies on periodic immigration from Canadian populations remains 
uncertain. 
 
Current Conditions and Threats 
 
Resiliency, the ability to withstand stochastic disturbance events, and redundancy, the ability to 
withstand catastrophic events, are currently exhibited in the lynx DPS by the persistence of 
individual lynx populations and their broad distribution across the geographic scope of the DPS. 
Available information indicates that 5 out of 6 geographic units in the DPS (all but the GYA) 
currently contain resident breeding lynx populations. Although we lack precise historical and 
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current population-size estimates for all of the geographic units, lynx experts familiar with each 
unit provided their estimates of the number of resident lynx each unit could potentially support. 
 

• Northern Maine (Unit 1) – This unit has likely supported resident lynx since at least the 
southward re-expansion of boreal spruce-fir forests into the northeastern United States 
during and following the Little Ice Age (see section 3.2). Currently, northern Maine is 
thought to support many more resident lynx than likely occurred historically, and many 
more than was known or suspected at the time the DPS was listed. This unit currently 
contains an unnaturally-high amount of high-quality hare habitat; the result of dense 
conifer regeneration following landscape-level clearcutting in the 1970s and 1980s in 
response to a large spruce budworm outbreak. These dense young regenerating conifer 
stands are much more extensive than they are thought to have been historically under 
natural disturbance regimes. However, habitat extent probably peaked in the late 1990s 
and early 2000s, and habitat quality is projected to decline in these stands over the next 
few decades as they age beyond 35-40 years post-harvest. This unit currently is thought 
to support the largest resident population in the DPS; perhaps 750-1,000 individual lynx 
(Vashon in Lynx SSA Team 2016a, p. 18). This geographic unit may also be the source 
of dispersing lynx that recently recolonized northern New Hampshire as well as several 
that temporarily established residency in northern Vermont. Some reproduction has 
been verified recently in both states, although neither was occupied when the DPS was 
listed, and resident lynx were thought to have been extirpated from New Hampshire. 
 

• Northeastern Minnesota (Unit 2) – This unit supports many more resident lynx than was 
suspected when the DPS was listed, although how the current population compares to 
historical conditions is uncertain. When the DPS was listed, it was uncertain whether this 
unit supported any resident lynx or if historic records were of dispersing lynx associated 
with cyclic irruptions from Canada. Trapping records indicate strongly cyclic increases in 
lynx abundance in this unit in the 1930s through 1970s in association with decadal 
irruptions of lynx dispersing south from Canada. This unit currently supports a resident 
lynx population thought to number from 50-200 (Moen in Lynx SSA Team 2016a, p. 19). 
There is no information to suggest that this unit historically supported a larger resident 
population or a more extensive distribution of habitat capable of doing so. 
 

• Northwestern Montana and Northeastern Idaho (Unit 3) – Recent research, monitoring, 
and habitat mapping refinements indicate that habitats capable of supporting resident 
lynx in this and other western geographic units are naturally less abundant and more 
patchily-distributed than was thought when the DPS was listed. For example, earlier 
estimates that western Montana supported 1,000 or more lynx were based on broad 
assumptions regarding habitat suitability and lynx distribution that are not supported by 
current understanding of lynx habitat requirements (see section 4.2.3). Currently, this 
unit is thought to be capable of supporting 200-300 resident lynx. How the current 
population compares to historical conditions is uncertain, but we find no evidence that 
this unit historically supported a larger resident population or a substantially broader 
distribution of habitat capable of doing so. Lynx habitats in this unit are naturally patchy 
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and fragmented due to topography and elevational and moisture (aspect) constraints. 
Wildfires have burned over 5,200 km2 (2,008 mi2; nearly 20 percent of the unit) of forest 
in this unit since 2000, although the amount that occurred in lynx habitat is uncertain. 
During the 2017 fire season alone, roughly 1,150 km2 (444 mi2; over 4 percent of the 
unit) burned, including the Rice Ridge and Reef fires, which together burned over 690 
km2 (267 mi2) in the core of the Seeley Lake population’s habitat27. Population-level 
impacts of these fires have not yet been demonstrated. 
 

• North-central Washington (Unit 4) – Extensive wildfires over the past several decades 
have (probably temporarily) reduced the amount of high-quality lynx habitat and have 
likely caused a decline in lynx carrying capacity in this unit from perhaps 50 lynx (based 
on this unit’s proportional contribution to the larger Okanogan LMZ) before the large fires 
to roughly 30 lynx currently (Lewis 2016, pp. 4-6). The Diamond Creek wildfire burned 
another large block of lynx habitat in the northern part of this unit in 2017. Because of 
this, the current number of resident lynx in this unit is likely lower than it was historically 
and when the DPS was listed. Additional fires in this unit before previously burned areas 
recover (10-40 years post-burn) would further reduce lynx numbers and make this 
geographic unit more vulnerable to extirpation. Because of these habitat impacts and 
remaining stressors to lynx, the Washington Department of Fish and Wildlife recently 
submitted, and the State Fish and Wildlife Commission adopted, a proposal to uplist lynx 
from threatened to endangered within the State. 
 

• The Greater Yellowstone Area (GYA, Unit 5) – Based on evaluation of verified historic 
records, it is uncertain whether this geographic unit historically supported a small but 
persistent resident population or supported resident lynx only ephemerally. There are 
very few verified lynx records in the GYA from 1920-1999, but several resident lynx and 
evidence of reproduction were verified in the late 1990s and early 2000s (around the 
time the DPS was listed). In addition, at least 9 radio-marked lynx released in Colorado 
(see below) dispersed northward into or through this unit from 2003-2010, but no lynx 
have been detected in the GYA since 2010. Most places surveyed in Yellowstone 
National Park had hare densities clearly too low to support resident lynx. However, parts 
of the Wyoming Range south of the park, where many historical and most recent 
occurrences in this unit have been concentrated, had hare densities among the highest 
documented in the DPS range. No population estimates are available, but expert opinion 
suggests that this unit may only support 0-10 lynx, and we find no reliable evidence that 
it once supported a larger or persistent resident population. 
 

• Western Colorado (Unit 6) – There currently are many more resident lynx in this unit 
than likely occurred historically, and many more than were known or suspected at the 
time the DPS was listed. There were even fewer verified records in this unit during the 
last century than in the GYA, and no reliable evidence of a resident breeding population. 
However, from 1999-2006, 218 Canadian and Alaskan lynx were released into the San 

                                                
27 https://inciweb.nwcg.gov/state/27/0/ 
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Juan Mountains of southwestern Colorado. As a result of the subsequent reproduction of 
some of the released lynx and some of their offspring over several generations, resident 
lynx currently occupy this unit. When the DPS was listed in 2000, 27 of 41 lynx released 
in 1999 were still alive. The State of Colorado has concluded that its efforts have 
established a viable lynx population, and the State’s lynx experts suggest this unit may 
currently support 100-250 resident lynx (Ivan in Lynx SSA Team 2016a, p. 47). Recent 
snow-tracking and camera surveys in the San Juan Mountains in the southern part of the 
unit documented evidence of continued lynx residency and reproduction. 

 
The apparent long-term (historical and current) persistence of resident lynx populations in at 
least 4 of the 6 geographic units (Units 1-4) and the absence of reliable information indicating 
that the current distribution and relative abundance of resident lynx are substantially reduced 
from historical conditions suggest the historical and recent resiliency of lynx populations in the 
DPS. The current resident population in Unit 6 has also demonstrated resiliency thus far. The 
large sizes and broad geographic distributions of the areas occupied by resident lynx 
populations likewise indicate historical and current redundancy in the DPS sufficient to preclude 
the possibility of extirpation from catastrophic events. 
 
Representation, the ability of a species to adapt to changing environmental conditions over time, 
is characterized by the breadth of genetic and ecological diversity within and among populations 
(Lynx SSA Team 2016a, p. 25). Information provided by lynx experts and geneticists indicates 
high rates of dispersal and gene flow and, therefore, generally low levels of genetic 
differentiation across most of the species’ range, including the DPS (Lynx SSA Team 2016a, pp. 
12-14, 55-56). Hybridization with bobcats has been documented but is not considered a 
substantial current threat to the DPS (Lynx SSA Team 2016a, p. 13). Despite differences in 
forest community types and topographic/elevation settings, lynx across the range of the DPS 
occupy a similarly narrow and specialized ecological niche defined by specific vegetation 
structure, snow conditions, and the abundance of a single prey species. Thus, lynx naturally 
have little ability to adapt to changing environmental conditions (i.e., shift to other forest 
habitats, snow conditions, or prey species). However, although some small populations may 
have become extirpated recently, resident lynx in the DPS remain broadly distributed across the 
range of ecological settings that seems to have supported them historically in the contiguous 
United States. There are no indications of current threats to the genetic health or adaptive 
capacity of lynx populations in the DPS, and the current level of representation does not appear 
to represent a decrease from historical conditions. 
 
The lack of regulations protecting lynx habitat from potential threats on Federal lands at the time 
of listing has been largely addressed by formal and binding amendments or revisions to most 
Federal land management plans within the DPS range. Although uncertainty remains about the 
efficacy of this improved regulatory framework, Federal lands are now being managed 
specifically to protect and restore lynx habitats, with the goal of supporting continued lynx 
presence on these lands. Most Federal lands, which constitute 64 percent of lynx habitat 
evaluated in this SSA, are found in the western United States. 
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Climate change is occurring at a global and, thus, a DPS-wide scale. Climate warming has 
reduced snow amount, duration, and quality (in terms of conditions thought to be favorable for 
lynx); it has been linked to increased frequency, size, and severity of wildfires and forest insect 
outbreaks; and it likely has already resulted in some changes in forest vegetative communities. 
Climate warming has also been suggested as contributing to changes in the amplitude, 
periodicity, and synchronicity of northern hare population cycles, which could alter (and perhaps 
have already altered) the timing and magnitude of lynx dispersal from Canada into the 
contiguous United States. If lynx populations in the DPS depend on immigration from Canada 
which is no longer occurring or has been reduced substantially relative to historical conditions, 
population declines and an increased likelihood of extirpation among resident DPS populations 
would be expected. However, whether, and if so to what extent, these climate-mediated factors 
have influenced current lynx numbers, other demographic parameters, and/or habitat quality 
and distribution is uncertain and has not been quantified across the range of the DPS or in 
individual geographic units. Despite uncertainty regarding its influence over current conditions 
for lynx, climate modeling and expert opinion concur that continued climate warming will 
adversely impact lynx in the DPS at some point in the future (also see Future Conditions and 
Threats, below). 
 
There are other current stressors that are not occurring across the entire DPS range but which 
affect lynx in 1 or more geographic units. For example, in northern Maine, where most high-
quality lynx habitat occurs on private commercial timber lands and is the result of past timber 
harvest, changes in State forestry regulations (the Maine Forest Practices Act of 1989) that 
govern private forest management may currently be facilitating decreases in habitat quantity, 
quality, and distribution, and may result in reduced lynx numbers (also see Future Conditions 
and Threats, below). The lack of binding lynx conservation commitments on most private lands 
may exacerbate this risk to current lynx habitats in Maine. However, the current amount and 
distribution of high-quality lynx and hare habitats created in Maine by past timber harvest is 
thought to be several times higher than the likely natural historical condition. In North-central 
Washington, recent large-scale wildfires have resulted in the temporary loss of over a third of 
lynx habitat, likely reducing this unit’s current lynx population and potentially compromising its 
current ability to support a resident population until habitats recover. Increased wildfire activity 
also has impacted lynx habitats in the other western geographic units (Northwestern 
Montana/Northeastern Idaho, the GYA, and Western Colorado), but the extent to which it may 
have influenced the current condition of lynx populations in those units is uncertain. 
 
Future Conditions and Threats 
 
In our future condition analysis, including expert elicitation, we considered three time periods 
(2025, 2050, and 2100), with greater uncertainty in predicting effects to lynx and lynx habitat the 
further out we look into the future. Compared to the other time periods, predictions out to 2100 
are complicated by considerably higher uncertainty. Overall, our evaluations of the scientific 
literature and expert input suggest that resident lynx populations in each of the geographic units 
are likely to be smaller and their distributions reduced in the future. These anticipated declines 
are most likely to be influenced by projected loss and increasing fragmentation and isolation of 
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boreal forests and favorable snow conditions resulting from continued climate warming and 
related impacts (e.g., increased wildfire and forest insect activity, diminished hare populations; 
Lynx SSA Team 2016a, p. 58). Forest management on private lands that lack lynx conservation 
commitments may also contribute to future declines, particularly in northern Maine. In each 
geographic unit, the probability that resident lynx populations will persist is expected to decline 
through the end of the century, with uncertainty about the rate of decline increasing with time 
from the present. The loss of resident lynx from 1 or more geographic unit would represent 
reduced future resiliency, redundancy, and representation within the lynx DPS. 
 
The resiliency of lynx populations in individual geographic units is the primary determinant of the 
future viability of the lynx DPS. Our analyses and expert predictions suggest a declining 
probability of persistence (loss of resiliency) for each of the geographic units within the DPS 
throughout the rest of this century (the analysis did not extend beyond 2100). Projected climate 
warming is expected to exert the greatest influence on the resiliency of individual populations, 
and thus continued presence of resident lynx in each geographic unit. Climate models project 
that boreal forests and snow conditions favorable for lynx at the southern periphery of the range 
will retreat northward and upslope with continued warming, further fragmenting and diminishing 
the quality of lynx and hare habitat within the DPS. Although uncertainty remains regarding the 
timing, extent, and biological consequences of such impacts, as habitat conditions decline, hare 
populations are also likely to decline and lynx mortality rates are likely to increase and 
reproductive rates decrease. As snow conditions become less favorable, other terrestrial hare 
predators (e.g., bobcats and coyotes) may outcompete and displace lynx. This in turn would 
reduce lynx abundance and density within populations, making populations more susceptible to 
stochastic events. 
 
Here we present future condition analysis summaries for each geographic unit (also see table 1 
and figure 2): 
 

• Northern Maine (Unit 1) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
habitat in this unit and exacerbate other potential stressors (commercial and energy 
developments, changing forestry practices and land ownership patterns, etc.), further 
reducing lynx numbers and decreasing the population’s resilience. Some climate models 
indicate substantial loss of boreal forest and favorable snow conditions under higher 
emissions scenarios, and this unit generally lacks potential elevational refugia that would 
support upslope movement of lynx habitats and populations. Therefore, we suggest that 
the likelihood that this unit will support a resident lynx population at 2100 may be 
somewhat lower than expert projections, although the timing and extent of future 
climate-mediated habitat decline is highly uncertain. 
 

• Northeastern Minnesota (Unit 2) – We concur with the expert panel that the resident lynx 
population in this unit is very likely to persist at 2025 and at 2050. Over the longer-term 
(at 2100), we expect continued climate warming to reduce the amount and quality of lynx 
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habitat in this unit, likely reducing lynx numbers and decreasing the population’s 
resilience. Under higher emissions scenarios, some climate models project substantial 
loss of boreal forest and favorable snow conditions in this unit before the end of the 
century. Like Maine, this unit also lacks potential elevational refugia that would support 
upslope movement of lynx habitats and populations. Therefore, we suggest that the 
likelihood that resident lynx will persist in this unit at 2100 may be somewhat lower than 
expert projections, although the timing and extent of climate-mediated habitat decline is 
highly uncertain. 

 
• Northwestern Montana and Northeastern Idaho (Unit 3) – We concur with the expert 

panel that resident lynx are very likely to persist in this unit at years 2025 and 2050, and 
likely to do so at 2100. Over the longer-term, we expect continued climate warming and 
associated impacts, perhaps especially increased wildfire activity, to reduce the amount 
and quality of lynx habitat in this unit, reducing lynx numbers and likely decreasing the 
population’s resilience. Although the timing and extent of climate-mediated habitat 
decline is highly uncertain and fire-driven habitat loss typically would be temporary, 
wildfire size, frequency, and intensity have increased in this unit over the past few 
decades, and this pattern is expected to continue with projected climate warming. 

 
• North-central Washington (Unit 4) – We concur with the expert panel that the resident 

lynx population in this unit is very likely to persist at years 2025 and 2050. Over the 
longer-term (2100), we expect continued climate warming to reduce the amount and 
quality of lynx habitat in this unit, further reducing lynx numbers and likely decreasing the 
population’s resilience. Therefore, we concur with experts that this unit has a relatively 
lower likelihood of supporting a resident population at 2100, although the timing and 
extent of climate-mediated habitat decline is highly uncertain. 

 
• The Greater Yellowstone Area (GYA, Unit 5) – Given the uncertainty whether this unit 

historically or recently supported a persistent resident population and the lack of 
evidence that it is currently occupied by resident lynx, we concur with experts that it is 
very unlikely to support a resident population in the future. 

 
• Western Colorado (Unit 6) – We concur with the expert panel that resident lynx in this 

unit are likely to persist at year 2025. However, given this unit’s apparent historical 
inability to support a persistent resident population, its relative isolation from other lynx 
populations, its naturally fragmented habitat and generally very low hare densities, and 
its generally lower proportion of females producing kittens and low kitten survival, we 
believe it is less likely than expert projections to support a resident population at 2050 or 
at 2100. It is possible that hare densities will increase over the next several decades as 
large areas of forest regenerate from recent extensive insect and fire impacts. However, 
we expect any increase in hares to be temporary and accompanied by a longer-term 
insect- and fire-driven decrease in red squirrel (an important alternate prey species in 
this unit) abundance. 
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The loss of resident lynx populations in any geographic units would also reduce the level of 
redundancy and could diminish representation within the DPS. With regard to redundancy, 
however, we find that none of the 5 geographic units that currently support resident lynx is 
vulnerable to extirpation from a single catastrophic event. Given that, we conclude that the DPS 
as a whole is not vulnerable to extirpation from a catastrophic event. We recognize that a 
sequence of discrete but spatially-clustered catastrophic events in lynx habitats over a short 
time could increase the potential for functional extirpation in 1 or more of the individual 
geographic units (especially the possibility of additional large wildfires in north-central 
Washington), thereby reducing redundancy within the DPS. However, as long as resident lynx 
remain geographically well-distributed in 1 or more units within the DPS, extirpation of the DPS 
from a single catastrophic event is very unlikely. 
 
With regard to representation, although some lynx populations in the DPS units are 
demographically isolated from each other and the level of interaction between others is 
uncertain, there seems to be little risk of significant genetic drift. This is because of the 
currently-observed and likely future high level of gene flow across most of the lynx’s continental 
range, the species’ well-documented dispersal capability, the current and likely future absence 
of significant barriers to dispersal between Canada and the DPS, and continued connectivity 
between most parts of the DPS and lynx populations in Canada. Furthermore, based on expert 
input, we conclude that there is no indication that the relatively low level of genetic diversity 
currently observed among lynx populations is likely to reduce DPS viability in the future (Lynx 
SSA Team 2016a, p. 51). This information suggests the current and likely future relative genetic 
health of the DPS. However, the potential for genetic drift would be expected to increase at 
some point in the future if lynx and hare habitats shift northward and upslope, as projected with 
continued climate warming, resulting in reduced connectivity and gene flow among smaller and 
more isolated lynx populations at the periphery of the range (Schwartz 2017, pp. 4-5; also see 
section 3.2). 
 
How the potential loss of resident lynx from 1 or more geographic units may affect 
representation within the DPS in terms of ecological diversity is uncertain. Despite similarities in 
the fundamental components (vegetation, snow conditions, and hares) that define the ecological 
niche of lynx DPS-wide, differences in habitats and how lynx use them are apparent. For 
example, snow depth that seems to demarcate a boundary between lynx and bobcat occupancy 
in Maine (270 cm/yr [106 in/yr]) is almost twice that observed in Minnesota (140 cm/yr [55 
in/yr]), and lynx in some parts of the West select mature forest stands, particularly in winter, 
while in other parts of the DPS, young regenerating stands are most important. The loss of 
resident lynx from any of the geographic units could result in the loss of behavioral and potential 
future genetic adaptations to the climate-mediated changes now occurring and likely to continue 
into the future at the southern edge of the lynx range. Such potential adaptability to diminished 
snow conditions, increasingly patchy and isolated boreal forests, and reduced hare abundance 
may be important to the taxon as a whole faced with a rapidly changing climate. 
 
Given the high percentage of Federal land ownership in the West, regulatory commitments that 
these lands will continue to be managed in accordance with lynx conservation principles, and 
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the existence of potential high-elevation climate refugia to which lynx habitats and some lynx 
might move, the western geographic units (Units 3-6) may be more likely to support resident 
lynx longer under projected continued climate warming. Nonetheless, it is unlikely that any 
management actions can abate the long-term northward and upslope retreat of boreal forests 
and diminished snow conditions projected by climate models. Further, the size, frequency, and 
intensity of wildfires and forest insect outbreaks are expected to increase with continued climate 
warming, particularly in the western portion of the DPS, although we do not anticipate such 
events in-and-of-themselves are likely to cause the permanent loss of breeding lynx populations 
in any geographic unit. 
 
Projections of climate-mediated losses of boreal forests and favorable snow conditions suggest 
impacts to lynx and hare populations throughout the DPS. However, persistence of resident lynx 
in Maine and Minnesota may be relatively lower than the western geographic units given the 
smaller percent of Federal lands and the absence of associated regulatory commitments to lynx 
conservation, and the lack of potential elevational refugia. Additionally, as noted above, 
changes to regulations governing timber harvest on private forest lands in Maine are unlikely to 
maintain the current historically-high amount and distribution of good lynx habitat or the current 
large population of resident lynx. These changes, which may affect over 90 percent of lynx 
habitats in northern Maine, are projected to result in substantial declines in habitat quality and 
distribution, and lynx numbers, over the next 10-30 years, primarily through restrictions on 
clearcutting and the proliferation of partial harvesting. On private forest lands, energy 
development (wind energy, mining), rapid turnover in ownership and parcelization of forest land, 
and uncertain forest markets may also reduce the future quality and quantity of lynx habitat. 
 
DPS Viability 
 
Resident lynx populations persisted historically and continue to persist in 4 geographic units 
(Units 1-4). It is uncertain whether Unit 5 (the GYA) historically supported a small persistent 
population or if lynx residency was ephemeral; currently, it appears not to support resident lynx. 
Available evidence suggests that Unit 6 (Colorado) did not historically support persistent lynx 
presence; however, a resident population has persisted there for more than a decade since the 
1999-2006 releases described above. Considering the available information, we find no reliable 
evidence that the current distribution and relative abundance of resident lynx in the contiguous 
United States are substantially reduced from historical conditions. This suggests historical and 
current resiliency among lynx populations in the DPS. 
 
The current broad distribution of resident lynx in large, geographically discrete areas 
(redundancy) makes the DPS invulnerable to extirpation caused by a single catastrophic event. 
Because we lack evidence that formerly persistent lynx populations have been lost from any 
large areas, it also seems that redundancy in the DPS has not been meaningfully diminished 
from historical levels. In fact, as a result of the current population in Colorado, redundancy in the 
DPS is likely greater, at least temporarily, now than it was historically. 
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Similarly, resident lynx remain broadly distributed across the range of habitats that has 
supported them historically, suggesting maintenance of the breadth and diversity of ecological 
settings occupied within the DPS range (representation). Additionally, observed high rates of 
dispersal and gene flow and, therefore, generally low levels of genetic differentiation across 
most of the lynx’s range, including the DPS, suggest the past and recent genetic health of lynx 
populations in the DPS (representation; but see section 2.1). Because there are no indications 
of significant loss of or current stressors to the genetic health or adaptive capacity of lynx 
populations in the DPS, we find that the current level of representation within the DPS does not 
appear to indicate a decrease from historical conditions. 
 
In the future, we expect lynx populations in each geographic unit to become smaller and more 
patchily-distributed due largely to projected climate-driven losses in habitat quality and quantity 
and related factors. However, the timing, rate, and extent of habitat decline due to projected 
climate warming and corresponding effects to lynx populations is highly uncertain. Despite some 
reduced resiliency, we conclude that resident lynx populations are very likely to persist in all 5 
units that currently support them (Units 1-4 and 6) in the near-term (2025) and in all or most of 
those units at 2050, with corresponding maintenance of redundancy and representation in the 
DPS over that time span. We and the experts we consulted have low confidence in predicting 
the likely conditions of DPS populations beyond 2050. That said, smaller, more isolated 
populations would be less resilient and more vulnerable to demographic and environmental 
stochasticity and genetic drift and, therefore, at higher risk of extirpation. Although predictions 
out to 2100 are highly uncertain, it is possible that resident lynx populations could be 
functionally extirpated from some units by the end of the century. Should future extirpations 
occur, this would indicate a loss of resiliency, reduced redundancy and representation, and an 
increased risk of extirpation of the DPS. 
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From: Bush, Jodi
To: Eric Rickerson; Paul Henson; Larry Crist; Abbott, Tyler; Gregory Hughes; Anna Harris; Peter Fasbender;

rollie_white@fws.gov; Lori Nordstrom; Paul Phifer; DeBerry, Drue; Susan Millsap; Ted Koch; Tom Chapman;
Michael Fris; Thabault, Michael

Cc: Bryon Holt; Jim Zelenak; Tom McDowell; Kathleen Hendricks; Jeffrey Dillon; Mark McCollough; Tamara Smith;
Kurt Broderdorp; Gregg Kurz; Nathan Darnall; Marjorie Nelson; Justin Shoemaker; Susan Jacobsen

Subject: Re: Lynx Update - SSA and 5 YR review
Date: Friday, January 05, 2018 2:57:46 PM
Attachments: 20171113 Canada Lynx 5YR_with RD signature.pdf

2017 12 22 FINAL Lynx SSA Report.pdf
0617_001.pdf

Folks, we are getting close to a Public Notification on Lynx. We have revised the SSA (just
some errata that we fixed) that is now attached -as well as the 5 year review.  I have also
attached a 4f letter from the director.   Once we have an approved communications plan, I will
send that on as well.  

As we have discussed previously, these documents should NOT be shared outside of the
agency yet nor the contents or recommendation within.  ie.  please keep these a close
hold.  

As always if you have questions, feel free to give me a call.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

On Fri, Nov 17, 2017 at 2:30 PM, Bush, Jodi <jodi_bush@fws.gov> wrote:
Folks.   WE ARE STILL NOT A GO TO RELEASE ANY INFORMATION OUTSIDE
OF THE USFWS but I wanted to share the final SSA and Signed 5 year Review documents
and make sure you have.  The SSA is the same version that was sent out around October 13,
2017 but we found some minor errors that we corrected.   Neither of these documents
should be shared outside of the agency yet nor the contents or recommendation
within.  ie.  please keep these a close hold.  

We are awaiting HQ review of the comm plan and Director signature on a 4(f) memo
confirming that we do not need to a recovery plan.   Once we have everything signed, the
courts notified and are ready to release to the public we will be asking you all to notify your
state partners ahead of time.  Unfortunately the notice is likely to be short.  Please stand by. 
 

ARDs, please share with any office manager that you determine should see this if I have
missed them.  As always if you have questions, please contact me.  Thank you.  JB

·         both courts involved in lynx issues (recovery and Critical
habitat) will be notified preceding the public notification on
November 3, 2017, by Solicitors. 
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·         a news release and communication plan to reach out to state,
tribal and federal partners will precede the notification.

 
Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205

---------- Forwarded message ----------
From: Bush, Jodi <jodi_bush@fws.gov>
Date: Thu, Nov 2, 2017 at 4:54 PM
Subject: Re: talking points for discussion with State
To: Eric Rickerson <eric_rickerson@fws.gov>, Paul Henson <paul_henson@fws.gov>,
Larry Crist <Larry_Crist@fws.gov>, "Abbott, Tyler" <tyler_abbott@fws.gov>, Gregory
Hughes <greg_m_hughes@fws.gov>, Anna Harris <anna_harris@fws.gov>, Peter
Fasbender <peter_fasbender@fws.gov>, "rollie_white@fws.gov" <rollie_white@fws.gov>,
Lori Nordstrom <lori_nordstrom@fws.gov>, Paul Phifer <paul_phifer@fws.gov>,
"DeBerry, Drue" <drue_deberry@fws.gov>, Susan Millsap <susan_millsap@fws.gov>
Cc: Bryon Holt <Bryon_Holt@fws.gov>, Jim Zelenak <jim_zelenak@fws.gov>, Tom
McDowell <Tom_McDowell@fws.gov>, Kathleen Hendricks
<kathleen_hendricks@fws.gov>, Jeffrey Dillon <jeffrey_dillon@fws.gov>, Mark
McCollough <Mark_McCollough@fws.gov>, Tamara Smith <Tamara_Smith@fws.gov>,
"Thabault, Michael" <michael_thabault@fws.gov>, Kurt Broderdorp
<Kurt_Broderdorp@fws.gov>, Gregg Kurz <Gregg_Kurz@fws.gov>, Nathan Darnall
<nathan_darnall@fws.gov>, Marjorie Nelson <Marjorie_Nelson@fws.gov>, Justin
Shoemaker <justin_shoemaker@fws.gov>

Folks.  You may have heard that we were trying to have the Lynx 5 year review signed by
tomorrow (Nov. 3). Unfortunately that is not going to happen. This has been delayed due to
some issues beyond our control.   

Once we have the documents (5 year review and final SSA) ready to go we will let you
know, supply a new release and communication plan and will allow planning for as much
time as we can for contact to your State, Tribal and Federal partners.  

In the meantime if you are having discussions with these same folks - you can use some of
the following for your talking points.  I would tell our partners that the document is on the
RD desk and could be signed at any time.  Feel free to give me or Jim a call if you have any
questions.  JB

·         the 5-year review will be signed by the Regional director for
the mt prairie region with concurrence from all affected regions. 
this concurrence has already been received. 
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·         The SSA and 5 year Review are in response to a court
settlement agreement and decision on May 8, 2014.  At that time,
the United States District Court for the District of Montana
ordered the Service to complete recovery planning for the Canada
lynx DPS by January 15, 2018 “…unless the Service finds that
such a plan will not promote the conservation of the [lynx].  The
5-year review and SSA report responds to this order. 

·         both courts involved in lynx issues (recovery and Critical
habitat) will be notified preceding the public notification on
November 3, 2017, by Solicitors. 

·         a news release and communication plan to reach out to
state, tribal and federal partners will precede the notification.

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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FULL COMMUNICATIONS STRATEGY 

FOR HIGH-PROFILE OR CONTROVERSIAL ANNOUNCEMENTS 

  

 

SECTION I: GENERAL INFORMATION 

 
1. Plan title: Canada lynx 5-year Review 

 
2.  DTS number: 067057 
 

3. What is the action triggering this communications plan? (Please explain in no more than three 
sentences. Additional background information may be included in the appendix) 

The Service has completed the five-year review of the Canada lynx distinct population 
segment (DPS) in the contiguous United States (lower 48 states) and recommends that the 
DPS be delisted. The review is based on a species status assessment (SSA) that indicates 
that the Canada lynx has persistent resident populations in Maine, northeastern Minnesota, 
northwestern Montana, northeastern Idaho, and north-central Washington.  
There is also a resident introduced population in western Colorado and occasional lynx 
residency in some neighboring states and adjacent areas. Based on the health of this lynx 
population and the conservation efforts of federal, state and tribal agencies, the Service’s 
five-year status review recommends the removal of the lynx DPS from the list of 
endangered and threatened species.  

 

4. What is the proposed date for this action? Why has it been selected? Is it flexible? 

January 2018. This is the proposed time frame for the five-year review and SSA to be 
made public. 

 

5. Which office is leading this communications effort and which other programs, regions 
or groups are involved? 

FWS R6 is the lead. R1, R2, R3, R5 and HQ are also involved. 
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SECTION II: GOALS 

 

6. What is our ultimate goal here beyond simply informing people of this action? (How do 
we want audiences to regard the Service as a result of this action?) 

Our ultimate communications goal is for our audiences to understand that in implementing 
the Endangered Species Act (ESA), the Service works with our partners to better 
understand, manage, and conserve species and their habitats to the point in which they no 
longer need federal protection.  
The Service relies on the best available science when conducting five-year status reviews. 
This announcement is a recommendation, not a delisting or part of a delisting process.  
Highlight the success of partnerships in our lynx recovery efforts and how effective 
conservation under the ESA can lead to the recovery of listed species.  

 

7. What story do we want to tell? (What should audiences understand, appreciate or connect with 
emotionally?) 

By working with our federal, state, tribal and conservation partners to identify and protect 
lynx habitats throughout the DPS, the population is more secure and threats have been 
reduced to the point where the species could be removed from the list of threatened and 
endangered species. The best available science as presented in the Species Status 
Assessment leads us to recommend in our 5-year review that the Canada lynx DPS be 
removed from list of endangered and threatened species.  
 
The recommendation to delist is a success story for the lynx and a testament to how 
working with our partners can move ESA listed species towards recovery. Based on the 
recommendation in the status review, the Service will begin development of a proposed rule 
to delist the species. When completed, the proposed rule will be published in the Federal 
Register for review and comment by other federal agencies, state biologists, and the public, 
as well as the advice of independent species experts. After analyzing the comments, we will 
announce our final decision in the Federal Register, either completing the final rule or 
withdrawing the action and maintaining the current species’ status. 
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SECTION III: ASSESSING STAKEHOLDER INTEREST AND POSITION 

 

8. External audiences (Please name up to five target audiences to inform the messages, tactics and 
stakeholder contact lists below. Be as specific as possible. Only list media if there are issue-specific outlets 
that merit targeting. General “media” and “the public” should not be used) 

The interested public; Congress; state, tribal, and local governments; federal partners; 
conservation partners; scientific and academic communities. 

 

9. Internal audiences (Please note any audiences within the Fish and Wildlife Service or Department of the 
Interior) 

FWS: The office of the Director of FWS; HQ Ecological Services; Regional leadership and 
interested staff within the lynx DPS range (R1, R2, R3, R5, R6).  
DOI: Departmental leadership, BLM, and National Park Service. 

 

10. Which groups or individuals may publicly oppose this action? What are their primary 
concerns? (This may include any or all of those described in Target Audiences and/or additional ones. Write 
“none” if no opposition is expected) 

● Environmental groups (e.g., Wild Earth Guardians, Earth Justice, Western Watersheds 
Project, Natural Resources Defense Council, Center for Biological Diversity, and Sierra 
Club, among others) will likely oppose the delisting recommendation because they 
believe the lynx population should remain listed as threatened (or be uplisted to 
endangered) under the ESA. 

● Parties (those above and several others) that have participated in litigation over lynx 
critical habitat and recovery planning.  

● Some lynx researchers may oppose because of the longer-term threat posed by climate 
change and the possibility that lynx may disappear from the lower 48 states at some 
point in the more distant future. 

● Some tribal governments may oppose; others may support. 
● Washington State Fish and Wildlife and/or Natural Resources Departments may oppose 

because federal delisting is at odds with their recent uplisting of lynx at the state level 
from threatened to endangered. 
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11. What stakeholder groups or third-party validators might be leveraged for a statement, 
quote or other supportive action? 

Forest Service, Bureau of Land Management, National Park Service, state wildlife and 
natural resources management agencies, AFWA, WAFWA, state governments (especially 
Maine, Montana, Idaho, and Wyoming). 

 

SECTION IV: KEY MESSAGES 

 

12. What are our topline, big picture messages? (These should be top concepts that readers should 
take away, including an understanding of why this action matters and why they should care, not a list of facts, 
which should be placed in the appendix. List no more than three!) 
A five-year status review for the Canada lynx DPS concludes that lynx in the contiguous 
United States may no longer warrant protection under the Endangered Species Act (ESA) 
and should be considered for delisting due to recovery.   
 
This recommendation is based on a rigorous review of the best available science, as 
outlined in a peer-reviewed Species Status Assessment, and almost 20 years of working in 
partnership with state, federal, tribal, industry, and other land managers to implement 
conservation measures for this species. 
 
This is an ESA success story. Thanks to collaborative conservation efforts by federal, state, 
tribal, industry and other partners to revise land management plans and commit to 
conserving lynx populations and habitats, the Canada lynx DPS, which was once largely 
unprotected, is now largely protected and is being recommended for delisting. 

 

13. What secondary messages are there? (Again, these are messages, not facts. Divide these by audience 
if appropriate) 
Our understanding of lynx biology has improved substantially since the DPS was proposed 
for listing in 1998. Research and monitoring conducted by state, federal, and tribal agency 
partners and academic institutions has helped to refine our understanding of lynx habitat 
needs, distributions, population characteristics, and potential stressors throughout the DPS 
range. 
 
After more than two years of close coordination with state, federal, tribes, and academic 
partners to evaluate the current status and future viability of Canada lynx DPS, the Service 
has completed a detailed species status assessment (SSA) that compiles and evaluates the 
best available scientific information, including the professional opinions of a panel of ten 
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recognized lynx experts, and concludes that the Canada lynx may no longer be a threatened 
species. 
 
Given our recommendation to delist the lynx DPS due to recovery, a recovery plan would 
not promote the conservation of the species, and therefore at this time, we will not be 
completing a recovery plan for Canada lynx. If, during the proposed delisting process, we 
determine that the Canada lynx should remain listed, the Service would reconsider the need 
to complete a recovery plan. 
 
The Canada lynx DPS represents the southern extent of the species’ range and naturally 
expands and contracts based on snowshoe hare abundance, which fluctuates at varying 
degrees within the DPS.  Canada lynx in the contiguous United States comprises only 2% 
of the species’ entire range. 
 
Climate change remains an important factor for the conservation of the Canada lynx DPS 
and could result in future shifts in their habitat, which may affect their population numbers 
and distribution. How vulnerable lynx populations are to these shifts is unknown and 
undeterminable at this time. However, neither the Service nor the experts we consulted 
conclude that the lynx DPS is at risk of extinction from climate change within the 
foreseeable future.  
 

 

SECTION V: IMPLEMENTATION 

 

14. What is the overarching plan for reaching specified audiences with our key messages? 
(Explain the strategic approach and list key tactics) 

The overarching plan is to utilize all available media to reach the greatest number of 
interested parties. These include, but are not limited to, Service and partner government 
organization websites and news feeds, local and national television and radio, print media, 
web based news sites and social media including Facebook and Twitter. 

 

15. How will internal audiences be informed and engaged? (Be specific! External communications 
plans will not be approved unless internal communications are adequately addressed) 

FWS website 
R6 Internal Pop-Up 
Internal email to employees 
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Internal news web pages and newsletters 
Social media posts to FB and Twitter 

 
16. Which communications tools are needed to support these strategies and tactics? (Be as 

specific as possible about the products identified and who will produce them) 

Tool Responsible Due Date 

 Press release Steve Segin Draft 

Social media (FB, Twitter, Snapchat, Instagram) Michael D’agostino TBD 

R6 internet page Rob Mansheim TBD 

 

17. Implementation timeline (If not known, put TBD or the number of days/hours before/after the 
announcement) 

Date and Time Tactic Responsible 

All times are in the Mountain time zone 

January 12, 2018 SSA/Review delivered to court HQ-Sol 

January 11, 2018 
ET 

Congressional Calls HQ-CLA 

January 11, 2018 
3:00 pm ET 
2:00 pm CT 
1:00 pm MT 
12:00 pm PT 

Congressional Notification-email HQ/Regional 
CLA 

January 11, 2018 
3:00 pm ET 
2:00 pm CT 
1:00 pm MT 
12:00 pm PT 

State Wildlife Agency Notification Regional ES 

January 11, 2018 
3:00 pm ET 
2:00 pm CT 
1:00 pm MT 
12:00 pm PT 

Federal Agency Notification Regional 
DRD or ES 

January 12, 2018 Tribal Notification Regional 
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Time TBD NALs 
January 12, 2018 
Time TBD Release to media in Regions 6, 5, 3 and 1 R6 EA, R5 

EA, R3 EA, 
R1 EA 

January 12, 2018 
Time TBD Posting to R6 and FWS national websites and 

social media platforms 
R6 EA, HQ 
EA 

Ongoing Response to all subsequent media requests and 
inquiries 

R6 EA, R5 
EA, R3 EA, 
R1 EA 

 

18. VIP Call List (Who needs to be called in person by a senior staff member and who will that senior staff 
member be? Note: not all plans will require such in-person calls) 

TBD 

 
 

 

Stakeholder Contact Information Contact By 

Montana Fish, Wildlife, and Parks Director 
Martha Williams 

(406) 444-3186 R6 ES 

Wyoming Game and Fish Department, Director, 
Scott Talbott 

(307) 777-4600 R6 ES 

Colorado Parks and Wildlife Director, Bob 
Broscheid 

(303)-297-1192 R6 ES 

Washington Department of Fish and Wildlife 
Director, Jim Unsworth 

(360) 902-2200 R1 ES 

Idaho Department of Fish and Game Director, 
Virgil Moore 

(208) 334-3771 R1 ES 

19.  Stakeholder contacts (For each, paste in a table that provides organization name, contact  
person, contact information as appropriate, and the name of the person responsible for making 
contact) 
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Minnesota Department of Natural Resources,  
Commissioner, Tom Landwehr 

(651)-259-5024 R3 DRD 

Maine Department of Inland Fish and Wildlife 
Commissioner, Chandler E. Woodcock  

(207) 287-8000 R5 DRD 

National Park Service Pacific West Regional 
Director, Laura Joss 

(330) 289-1493   R1 DRD 

National Park Service Intermountain Regional 
Director, Sue Masica 

(303) 969-2503   

 

R6 DRD 

National Park Service Northeast Regional 
Director, Joshua Laird 

(215) 597-7013 R5 DRD 

National Park Service Midwest Regional 
Director, Cam Sholly 

(402) 661-1736 R3 DRD 

U.S. Forest Service Rocky Mountain Regional 
Forester, Brian Ferebee 

(303) 275-5350 R6 DRD 

U.S. Forest Service Northern Region Regional 
Forester, Leanne Martin 

(406) 329-3511 R6 DRD 

U.S. Forest Service US Forest Service 
Intermountain Regional Forester, Nora Rasure 

(801) 625-5605 R6 DRD 

U.S. Forest Service Pacific Northwest Regional 
Forester, Jim Pena 

(503) 808-2468 R1 DRD 

U.S. Forest Service US Forest Service Eastern 
Regional Forester, Kathleen Atkinson 

(414) 297-3600 R3 DRD 

Bureau of Land Management Montana State 
Director, Jon Raby 

(406) 896-5000 

 

R6 ES 

Bureau of Land Management Wyoming State 
Director, Mary Jo Rugwell 

(307) 775-6001 

 

R6 ES 
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Bureau of Land Management Colorado State 
Director, Greg Shoop 

(303)-239-3700 R6 ES 

Bureau of Land Management Eastern States 
Director, Karen Mouritsen 

(202)-912-7700 R5 DRD 

Bureau of Land Management Oregon-
Washington State Director, Jamie Connell 

(503)-808-6026 R1 DRD 

U.S. Geological Survey Northwest Regional 
Director, Richard Ferrero 

(206) 795-4527 

 

R1 DRD 

U.S. Geological Survey Midwest Regional 
Director, Leon Carl 

(734)-214-7207 R3 DRD 

U.S. Geological Survey Northeast Regional 
Director, Mike Tupper 

(703)-648-6660 R5 DRD 

Western Governors Association, James Ogsbury (303) 623-9378 R6 DRD 

Western Association of Fish and Wildlife 
Agencies (WAFWA), Director Curt Melcher 

208-331-9431 R1 DRD 
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Stakeholder***  Contact Information Contact 
By 

Rocky Mountain Wild, Megan Mueller  (303) 546-0214 TBD  

Defenders of Wildlife, CEO Jamie Rappaport 
Clark 

(202) 772-3255 TBD 

Biodiversity Conservation Alliance, Director 
Erik Molvar 

(307)-742-7978 TBD 

Western Environmental Law Center, Board 
President Karin P. Sheldon 

(575) 751-0351 TBD 

Grand Portage Band of Chippewa, Cathy 
Chavers 

(218) 475-2277 

cchavers@boisforte-nsn.gov  

TBD 

Friends of the Wild Swan wildswan@wildswan.org TBD 

***litigants be notified by the solicitor of our SSA/Review 

Organization: Name: Email: Contacted 
by: 

Association of Fish & 
Wildlife Agencies 

Jen Mock-
Schaeffer 

jenmock@fishwildlife.org DPIA 

Assoc. Zoos and 
Aquariums 

Steve Olson solson@aza.org DPIA 

Center for Biological 
Diversity 

Brett Hartl 
 

bhartl@biologicaldiversity.org 
 

DPIA 

Center for Int’l 
Environmental Law 

Scott Hajost Scotthajost@yahoo.com DPIA 

Congressional 
Sportsmen’s Fndn 

Jeff Crane jeff@sportsmenslink.org DPIA 

Conservation Int’l Justin Ward jward@conservation.org DPIA 
Defenders of Wildlife Bob Dreher 

Ya-Wei Li 
rdreher@defenders.org 
yli@defenders.org 

DPIA 

Endangered Species 
Coalition 

Leda Huta lhuta@stopextinction.org DPIA 

Env. Defense Fund Diane Regas dregas@edf.org DPIA 
Greenpeace   Annie Leondard info@wdc.greenpeace.org DPIA 
Humane Society  Nicole Paquette npaquette@hsus.org DPIA 

mailto:cchavers@boisforte-nsn.gov
mailto:solson@aza.org
mailto:bhartl@biologicaldiversity.org
mailto:Scotthajost@yahoo.com
mailto:jeff@sportsmenslink.org
mailto:jward@conservation.org
mailto:rdreher@defenders.org
mailto:yli@defenders.org
mailto:dregas@edf.org
mailto:npaquette@hsus.org
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Int’l Fund for Animal 
Welfare 

Azzedine 
Downes 

kbranon@ifaw.org DPIA 

Jane Goodall Inst. Shawn Sweeney ssweeney@janegoodall.org DPIA 
Natural Resources 
Defense Council 

Andrew Wetzler 
 

awetzler@nrdc.org 
 

DPIA 

National Association 
of Counties  

Deborah Cox dcox@naco.org DPIA 

Nat’l Rifle Assoc. Susan Recce srecce@nrahq.org DPIA 
Nat’l Shooting Sports 
Fndn 

Larry Keane lkeane@nssf.org DPIA 

Safari Club Int’l Anna Seidman aseidman@safariclub.org DPIA 
Sierra Club Athan Manuel athan.manuel@sierraclub.org DPIA 
Wildlife Conservation 
Society 

Colin Sheldon csheldon@wcs.org DPIA 

World Wildlife Fund Will Gartshore Will.gartshore@wwfus.org DPIA 
Wildlife Management 
Inst. 

Steve Williams swilliams@wildlifemgt.org DPIA 

Wildlife Conservation 
Society 

Colin Sheldon csheldon@wcs.org DPIA 

 
20. Congressional Contacts 
 

Personal Office Contacts 
 

Title Last Name State DC Contact CLA 
Call? District Contact 

Sen. Risch ID darren_parker@risch.senate.gov     
Sen. Crapo ID andrew_earl@crapo.senate.gov     

Rep. Labrador ID aaron.calkins@mail.house.gov Yes   

Rep. Simpson ID james.neill@mail.house.gov Yes   
Sen. King ME chad_metzler@king.senate.gov     

Sen. Collins ME cameron_obrien@collins.senate.gov     

Rep. Pingree ME kimber.colton@mail.house.gov     
Rep. Poliquin ME dennis.cakert@mail.house.gov     

Sen. Cantwell WA megan_thompson@cantwell.senate.gov     

Sen. Murray WA Livia_Lam@murray.senate.gov     
Rep. DelBene WA Shantanu.Tata@mail.house.gov     

Rep. Larson WA brandon.kaufman@mail.house.gov     

Rep. Herrera Butler WA anna.schartner@mail.house.gov     
Rep. Newhouse WA seanV.Obrien@mail.house.gov     

Rep. McMorris Rodgers WA andrew.neill@mail.house.gov     

Rep. Kilmer WA katie.r.allen@mail.house.gov     
Rep. Jayapal WA danielle.fulfs@mail.house.gov     

mailto:kbranon@ifaw.org
mailto:ssweeney@janegoodall.org
mailto:awetzler@nrdc.org
mailto:dcox@naco.org
mailto:srecce@nrahq.org
mailto:lkeane@nssf.org
mailto:aseidman@safariclub.org
mailto:csheldon@wcs.org
mailto:Will.gartshore@wwfus.org
mailto:swilliams@wildlifemgt.org
mailto:csheldon@wcs.org
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Rep. Reichert WA colin.swanson@mail.house.gov     

Sen. Gardner CO dustin_sherer@gardner.senate.gov Yes Andrew_Dunkley@gardner.senate.gov 
Jared_Soncrant@gardner.senate.gov 

Sen. Bennet CO candace_vahlsing@bennet.senate.gov   rosemary_rodriguez@bennet.senate.gov 

Rep. DeGette CO tommy.walker@mail.house.gov   Mathew.mengesha@mail.house.gov 

Rep. Polis CO blaine.miller-mcfeeley@mail.house.gov   Mara.Brosy-Wiwchar@mail.house.gov 
Rep. Tipton CO liz.payne@mail.house.gov   brian.mccain@mail.house.gov 

Rep. Buck CO jake.bornstein@mail.house.gov   Luke.O'Dell@mail.house.gov 

Rep. Lamborn CO james.thomas@mail.house.gov   dale.anderson@mail.house.gov 
Rep. Coffman CO steve.linton-smith@mail.house.gov   aurora.ogg@mail.house.gov 

Rep. Perlmutter CO jeff.oneil@mail.house.gov   Hannah.Mullen@mail.house.gov 

Sen. Tester MT henry_ring@tester.senate.gov Yes dayna_swanson@tester.senate.gov 
Sen. Daines MT meghan_thacker@daines.senate.gov Yes liz_scanlon@daines.senate.gov 

Rep. Gianforte MT tripp.mckemey@mail.house.gov Yes lesley.robinson@mail.house.gov  

Sen. Barrasso WY kaitlynn_glover@barrasso.senate.gov Yes Travis_McNiven@barrasso.senate.gov 

Sen. Enzi WY aniela_butler@enzi.senate.gov 
landon_stropko@enzi.senate.gov Yes karen_mccreery@enzi.senate.gov 

Rep. Cheney WY holly.heussner@mail.house.gov Yes   

 
Committee Contacts 

 
CLA will contact authorizing committee staff; Division of Budget will contact appropriations 
committee staff 
 

Senate Appropriations 
Interior S/C – Majority  

Chris_Tomassi@appro.senate.gov (202) 224-7233 

Senate Appropriations 
Interior S/C – Minority 

ryan_hunt@appro.senate.gov (202) 228-0774 

Senate EPW – Majority 
 

Matt_Leggett@epw.senate.gov 
Andrew_Harding@epw.senate.gov 
James_Willson@epw.senate.gov 

(202) 224-6176 
 

Senate EPW – Minority Gabrielle_Batkin@epw.senate.gov 
Christophe_Tulou@epw.senate.gov 
Elizabeth_Mabry@epw.senate.gov 

(202) 224-8832 

Senate EPW W&W S/C – 
Majority 

Joe_Brown@boozman.senate.gov (202) 224-4843 

Senate EPW W&W S/C – 
Minority  

Radha_Adhar@duckworth.senate.gov (202) 224-2854 

Senate ENR – Majority 
 

chuck_kleeschulte@energy.senate.gov 
lucy_murfitt@energy.senate.gov 
Colin_hayes@energy.senate.gov 

(202) 224-4971 

Senate ENR – Minority  david_brooks@energy.senate.gov (202) 224-4971 
House Appropriations 
Interior S/C – Majority 

darren.benjamin@mail.house.gov (202) 225-3081 

House Appropriations 
Interior S/C – Minority 

rita.culp@mail.house.gov 
Jocelyn_hunn@mail.house.gov 

(202) 225-3481 
 

mailto:chuck_kleeschulte@energy.senate.gov
mailto:lucy_murfitt@energy.senate.gov
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House Natural Resources 
– Majority 

erica.rhoad@mail.house.gov 
william.ball@mail.house.gov 
todd.ungerecht@mail.house.gov 
parish.braden@mail.house.gov 
Christopher.Santini@mail.house.gov 
Brandon.Miller@mail.house.gov 
Melissa.Beaumont@mail.house.gov 
SYi@mail.house.gov  
Steve.petersen@mail.house.gov 
Will.layden@mail.house.gov 
Bryson.wong@mail.house.gov 

(202) 225-2761 
 

House Natural Resources 
– Minority 

Matt.Strickler@mail.house.gov 
brandon.bragato@mail.house.gov 
sarah.lim@mail.house.gov 

(202) 225-6065 

 
 

SECTION VI: SOCIAL MEDIA PLAN 

 

24. How will social media be used to help in messaging to target audiences and achieve 
communications goals? 

Social media platforms such as Facebook, Twitter and Snapchat allow FWS to inform a large 
swath of the general public across a number of age demographics. 

 

Lead accounts to be used: Facebook, Twitter. 
Secondary accounts to share messaging: We assume that there will be collateral inquiries 
associated with images for the Canada lynx so Flickr may also play an important role in this 
rollout. 
Hashtags: #lynx #conservation 
Photos: https://www.flickr.com/search/?text=Canada%20lynx  
Links: http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News ; 
https://www.fws.gov/news/ ; https://www.fws.gov/mountain-prairie/es/canadaLynx.php  

Twitter messages:  
● Five-year review of Canada lynx indicates populations in lower 48 states are no longer in 

danger of extinction.  
● Canada lynx more numerous and broadly-distributed than when listed according to five-

year review. 

https://www.flickr.com/search/?text=Canada%20lynx
http://phpdev.fws.doi.net/rmansheim/typesetter/index.php/News
https://www.fws.gov/news/
https://www.fws.gov/mountain-prairie/es/canadaLynx.php


Page 14 of 16 

● Road to recovery: Status review for Canada lynx recommends delisting from the 
Endangered Species Act 
 

Facebook messages:  
Five-year review of Canada lynx indicates populations in lower 48 states are no longer in danger 
of extinction.  
Other platform messages: N/A 

 

SECTION VII: PRIMARY POINTS OF CONTACT 

 
22. Media coordinators (For national-level plans, list at least one person from HQ Public Affairs and others 

from region/program if appropriate. For regional-level plans, only regional coordinators are required. Enter 
name, email and phone) 

Steve Segin, robert_segin@fws.gov, 303-236-4578 

Sarah Levy, sarah_levy@fws.gov, 503-231-6208 

Georgia Parham, , Georgia_Parham@fws.gov, 812-334-4261 x 1203 

Meagan Racey, Meagan_racey@fws.gov, 413-253-8558 

Christina Meister, Christina_Meister@fws.gov, 703-358-2284 

 
23. Congressional coordinators (For national-level plans, list at least one person from HQ Public Affairs 

and others from region/program if appropriate. For regional-level plans, only regional coordinators are 
required. Enter name, email and phone) 

Alyssa Hausman – Alyssa_Hausman@fws.gov,  703-358-2275 
Roya Mogadam - roya_mogadam@fws.gov, 303-236-4572 (R6) 
Miel Corbett, miel_corbett@fws.gov, 503-231-6211 
Georgia Parham, 812-334-4261 x 1203, Georgia_Parham@fws.gov 
Meagan Racey, 413-253-8558, Meagan_racey@fws.gov 

 
24. Social media coordinators (Enter name, email and phone) 

Michael D’agostino, 303-236-4588 michael_dagastino@fws.gov 

mailto:robert_segin@fws.gov
mailto:sarah_levy@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:Christina_Meister@fws.gov
mailto:Alyssa_Hausman@fws.gov
mailto:roya_mogadam@fws.gov
mailto:miel_corbett@fws.gov
mailto:Georgia_Parham@fws.gov
mailto:Meagan_racey@fws.gov
mailto:michael_dagastino@fws.gov
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25. Program communications POCs (Enter name, email and phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 
Steve Segin - robert_segin@fws.gov - 303-236-4578 

 
26. Subject matter experts available for interview (Must be approved by HQ Public Affairs for an 

HQ-led announcement or by Regional Public Affairs for region-led announcement. Enter name, email and 
phone) 

Justin Shoemaker - justin_shoemaker@fws.gov - 309-269-3107 
Jim Zelenak - jim_zelenak@fws.gov - 406 449-5225 

 
27. Additional technical experts for reference (Enter name, email and phone) 

 

 
28. Are there any non-FWS points of contact for this action? (Enter name, organization, role, 

email and phone) 

No 
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apparent (consider other programs and regions)? Is there a scientific basis to this issue? If so what is it?) 

 

 
 



 
 
 
 
 
 
 

U.S. FISH AND WILDLIFE SERVICE 
Mountain-Prairie Region 

134 Union Boulevard 
Lakewood, Colorado 80228 

 
For Immediate Release 
 
January 12, 2018 
 

Status Review Indicates Canada Lynx Recovery in the  
Lower 48-States  

Conservation partnerships have helped protect this elusive cat across its range in the lower 48 

 
Contact: Steve Segin, robert_segin@fws.gov, 303-236-4578 
 
DENVER - Conservation measures implemented by our state, federal, tribal, local and industry 
partners have resulted in the Canada lynx becoming the next Endangered Species Act success 
story.  
 
The U.S. Fish and Wildlife Service (Service) is announcing the completion of a scientific review 
of the Canada lynx in the contiguous United States. The review concludes that the Canada lynx 
may no longer warrant protection under the Endangered Species Act (ESA) and should be 
considered for delisting due to recovery. This recommendation is the result of an extensive 
review of the best available scientific information and almost 20 years of working in partnership 
with state, federal, tribal, industry and other land managers on the conservation of this species.  
As a result of this status review, the Service will begin development of a proposed rule to delist 
the species. 
 
The recommendation was informed by a recently completed, peer-reviewed Species Status 
Assessment for the lynx, which compiled and evaluated the best available scientific information 
on the historical, current and possible future conditions for the Canada lynx. Over a two-year 
process, the Service worked closely with federal, state and academic subject matter experts to 
evaluate relevant scientific information on snowshoe hare population dynamics, climate change, 
forest ecology and other issues. Although climate change remains an important factor for the 
conservation of the Canada lynx, neither the Service nor the experts we consulted conclude that 
the lynx is at risk of extinction from climate change within the foreseeable future. 
 
The Canada lynx was listed as threatened in 2000 largely due to a lack of regulatory mechanisms 
on federal public lands, which is where a majority of the habitat for Canada lynx was believed to 
be located in the lower 48 states. Since receiving ESA protection, federal land managers 

News Release 

mailto:robert_segin@fws.gov


throughout the lynx’s range have formally amended their management plans and implemented 
conservation measures to conserve the species. For example, all U.S. Forest Service land 
management plans in the Rocky Mountain region have been amended to include conservation 
measures for the Canada lynx. In addition, in Maine, private landowners have voluntarily 
supported working woodland easements that protect nearly 2.5 million acres of forest, benefitting 
the Canada lynx and other species. 
 
A cousin of the more common bobcat, the Canada lynx is similar in size but can be distinguished 
by its black-tipped tail, long tufts of black hair at the tips of its ears, and long legs with large, 
furry paws for hunting snowshoe hares in deep snow. In the contiguous U.S., Canada lynx 
populations are found in Maine, northeastern Minnesota, northwestern Montana, northeastern 
Idaho, north-central Washington and western Colorado. 
 
Providing the Canada lynx protection under the ESA also prompted an increase in scientific 
understanding of lynx biology. Research, monitoring and conservation efforts conducted by state 
and federal agencies, tribes and academic institutions,  helped refine biologists’ understanding of 
habitat needs, distributions, population characteristics and potential stressors. 
 
Given the outcome of this analysis, the Service will not at this time be completing a recovery 
plan for the Canada lynx. Today’s recommendation does not remove or negate the Endangered 
Species Act protections currently in place for the Canada lynx. To delist a species, the Service 
must follow a process similar to what is used in considering whether to list species. The next step 
is for the Service to publish a proposed rule in the Federal Register, receive public comments, 
review and analyze those comments, conduct a peer review, and then announce a final decision. 
 
For more information on the Canada lynx, visit https://www.fws.gov/mountain-
prairie/es/canadaLynx.php. To learn more about the delisting process, review our “Delisting a 
Species” fact sheet. 
 
The U.S. Fish and Wildlife Service works with others to conserve, protect, and enhance fish, 
wildlife, plants, and their habitats for the continuing benefit of the American people. For more 
information, visit www.fws.gov, or connect with us through any of these social media channels: 
Facebook, Twitter, Flickr, YouTube. 
 

– FWS – 
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https://www.fws.gov/endangered/esa-library/pdf/delisting.pdf
http://www.fws.gov/
https://www.facebook.com/usfws
https://twitter.com/usfws
https://www.flickr.com/photos/usfwshq
https://www.youtube.com/user/USFWS


 
 
 
 
 
 
 
 

 
Q. Why does the Service believe the Canada lynx Distinct Population Segment (DPS) may no 
longer be threatened?  
 
A. Federal land management changes, as well as state, tribal, and other local conservation 
efforts, have adequately protected the species habitat against the primary threats that led to 
listing and will ensure that the species remains resilient in the foreseeable future, even in the face 
of climate change. We’ve also learned that land management changes in ME and CO have led to 
historically high numbers of the species that lynx populations are larger and more secure in 
Maine, Minnesota, and Colorado that we thought when we listed the Canada lynx. Those 
numbers may moderate with forest succession but our analysis suggests resiliency for the 
species.  

 
Q. What is a five-year status review? 
 
A. A five-year status review is a periodic review of the status of species listed under the 
Endangered Species Act (Act). Its purpose is to ensure that listed species have the appropriate 
level of protection under the law.  
 
Q. Why was the Canada lynx DPS originally listed? 
 
A. At the time, the existing regulatory mechanisms on federal lands, which constitute the 
majority of the lynx DPS range, did not provide sufficient guidance for the ongoing conservation 
of lynx habitat. The species was thereby listed as threatened in 2000. 
 
Q. What conservation efforts have been undertaken since 2000? 
 
A. Since listing in 2000, federal land managers have amended land management plans and 
implemented conservation agreements with the Service, which include science-based 
conservation measures, standards and guidelines, and best management practices to conserve 
lynx. We believe these commitments have largely addressed the threats for which the Canada 
lynx DPS was listed. Additionally, many state and tribal agencies and academic partners have 
worked with the Service to identify and protect important lynx habitats and monitor and enhance 
lynx populations. 
 
Q. How did the Service consider the best available science in the recommendation? 
 
A. The Service always considers the best available science in managing threatened and 
endangered species. Beginning in 2014, the Service reviewed available science related to lynx 
ecology, historical and recent distribution and current potential threats to develop the Species 
Status Assessment (SSA). The SSA review was also informed by the professional opinions of a 
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panel of 10 recognized lynx experts and other subject matter experts regarding a variety of 
potential threats to the species including: climate change, forest ecology and hare population 
dynamics. The SSA included input from recognized lynx experts in Canada and the United 
States, as well as a variety of experts in the fields of ecology, genetics, climate modeling and 
habitat management. This SSA was peer reviewed by independent experts and our federal and 
state agency partners.  
 
Q. What has changed in regards to existing regulatory mechanisms? 
 
A. The SSA found that conservation measures included in the land management plans adopted 
by the U. S. Forest Service and the Bureau of Land Management have substantially addressed 
the threats to the maintenance of lynx DPS habitat conditions and the availability of snowshoe 
hare and other prey populations for which the DPS was listed.  
 
Q. Who else did the Service consult with in producing this review? 
 
A. We consulted a panel of 10 recognized lynx experts regarding potential threats and the 
likelihood that resident populations will be able to be sustained in the future. We also sought 
relevant information from federal, state and tribal management agencies. 

 
Q. What are the potential effects of climate change on the lynx? 
 
A. With continued warming, the boreal forests, snow conditions, and hare populations that 
support lynx in the DPS range are expected to contract northward and upslope, resulting in 
increased fragmentation and isolation of habitats and populations and, over the long-term, in 
reduced population resiliency and increasing vulnerability to extirpation. Other effects of climate 
warming include increases in the size and intensity of wildfires and forest insect outbreaks, both 
of which may influence the future amount, distribution and quality of lynx and hare habitats.  
 
Climate change remains an important factor for the conservation of the Canada lynx DPS and 
could result in future shifts in their habitat, which may affect their population numbers and 
distribution. How vulnerable lynx populations are to these shifts is unknown and undeterminable 
at this time. However, neither the Service nor the experts we consulted conclude that the lynx 
DPS is at risk of extinction from climate change within the foreseeable future. 
 
Q. Do lynx population numbers normally fluctuate? 
 
A. The Canada lynx DPS represents the southern extent of the species’ range and naturally 
expands and contracts based on snowshoe hare abundance, which fluctuates at varying degrees 
within the DPS. Canada lynx in the contiguous United States comprises only 2% of the species’ 
entire range. 
 
Q. When would the lynx be delisted? 
 
A. Based on this recommendation, in the future the Service will promulgate a proposed rule to 
delist the lynx DPS and, based on peer and public review, may move forward with a final rule to 
delist the DPS. However, delisting would not occur until 30 days after publication of a final rule 
if one is proposed. Until then, the DPS remains listed as threatened under the Act, and the 
protections and prohibitions of the Act remain in force.  



 
Q. Why has the Service determined that a recovery plan for Canada lynx is not needed? 
 
A. Because the 5-year status review recommends delisting the Canada lynx, and therefore a 
recovery plan would not promote the conservation of the species, we will not be completing a 
recovery plan for Canada lynx. In the near future, the Service will begin development of a 
proposed rule to delist the Canada lynx. If during the rule-making process the Service determines 
that lynx should remain listed, the Service would reconsider the need to complete a recovery 
plan. 
 



From: Bush, Jodi
To: Eric Rickerson; Paul Henson; Larry Crist; Abbott, Tyler; Gregory Hughes; Anna Harris; Peter Fasbender;

rollie_white@fws.gov; Lori Nordstrom; Paul Phifer; DeBerry, Drue; Susan Millsap; Ted Koch; Tom Chapman;
Michael Fris; Thabault, Michael; Jim Zelenak

Cc: Mark McCollough; Tom McDowell; Kathleen Hendricks; Gregg Kurz; Tamara Smith; Kurt Broderdorp; Nathan
Darnall; Marjorie Nelson; Jeffrey Dillon; Justin Shoemaker; Susan Jacobsen; Bryon Holt

Subject: Lynx SSA and 5YR Review Outreach materials
Date: Wednesday, January 10, 2018 7:53:55 AM
Attachments: Canada Lynx FAQ Final.docx

Canada Lynx News Release Final_deskdocx.docx
Canada Lynx Communications Plan Final_20180108_desk.docx

Folks.  It looks like the announcement for the Lynx 5 YR Rvw and SSA is likely to happen on
Thursday (Jan. 11) or Friday (Jan.12) this week (I do not have confirmation yet).  So in hopes
of keeping you informed and ready to go - here are the communication documents for you:
News Release, Q&As and Comm Plan.  

Your EA folks have been briefed and are aware - Documents sent to:  Alyssa Hausman; Christina
Meister; Christine Eustis; Georgia Parham; Jennifer Strickland; Roya Mogadam; Meagan Racey; Kim
Mitchell; Charles Traxler; and Anna Munoz.  They also received a template tribal letter for your use. 

I will contact you all again when I have confirmation on the time and date of notification to
our partners.   Please do not brief any of our partners before you are notified of the
release time.  We are working with SOL and notification of the courts and making sure we
have it all timed correctly.  

Note that in a previous email (Jan. 5), I sent you the final copy of the 5yr Review and the SSA,
as well as the 4f document.  Please let me know if you need those again.  

Feel free to give me a call if you have questions or concerns.  JB

Jodi L. Bush
Office Supervisor
Montana State Ecological Services Office
585 Shepard Way, Suite 1
Helena, MT  59601
(406) 449-5225, ext.205
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INFORMATION/BRIEFING MEMORANDUM FOR THE REGIONAL DIRECTOR 
 
DATE:   November 1, 2017 
 
FROM: Michael Thabault, ES-ARD, Mountain-Prairie Region 
 
SUBJECT: 5 Year Status Review for the Canada Lynx 
 
The Mountain-Prairie Region intends to announce the 5-year review recommendation for the 
contiguous United States Distinct Population Segment (DPS) of Canada lynx (Lynx canadensis).  
The Canada lynx DPS is currently federally listed as threatened and critical habitat has been 
designated under the Endangered Species Act of 1973, as amended.  
 
BACKGROUND 
 
On May 8, 2014, the United States District Court for the District of Montana ordered the U.S. 
Fish and Wildlife Service (Service) to complete recovery planning for the Canada lynx DPS.  On 
June 25, 2014, the same court ordered the Service to complete a recovery plan by January 15, 
2018 “…unless the Service finds that such a plan will not promote the conservation of the 
[lynx]” (i.e., the DPS is recovered or no longer warrants Endangered Species Act protections).  
We completed a Species Status Assessment (SSA) report to inform the 5-year review.   
 
DISCUSSION 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service and the Bureau of Land Management, via formally amended or revised management 
plans or conservation agreements with the Service, have substantially addressed the conservation 
of lynx habitats and populations or snowshoe hare habitat in light of potential threats considered 
at the time of listing.  Going forward, the effect of climate change on lynx and their habitat is the 
main stressor with the potential for DPS level impacts.  After considering the effects of climate 
change, the SSA report concludes that resident lynx populations are very likely to persist in all 5 
units that currently support them (Northern Maine, Northeastern Minnesota, Northwestern 
Montana/Northeastern Idaho, North-central Washington, and Colorado) in the near-term (2025) 
and likely to persist in those 5 units at mid-century (2050).  Therefore, we conclude that the risk 
of extinction (extirpation of the DPS) by 2050 is low, such that the lynx DPS is not likely to 
become endangered throughout all of its range within the foreseeable future and, therefore, does 
not meet the definition of a threatened species. 
 
NEXT STEPS 
Announce the 5-year review recommendation and make it publically available along with the 
supporting Canada Lynx SSA Report, following the communications plan and materials drafted 
by External Affairs.  Proceed with a proposed delisting rule.  
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INFORMATION/BRIEFING MEMORANDUM FOR THE REGIONAL DIRECTOR 
 
DATE:   November 1, 2017 
 
FROM: Michael Thabault, ES-ARD, Mountain-Prairie Region 
 
SUBJECT: 5 Year Status Review for the Canada Lynx 
 
The Mountain-Prairie Region intends to announce the 5-year review recommendation for the 
contiguous United States Distinct Population Segment (DPS) of Canada lynx (Lynx canadensis).  
The Canada lynx DPS is currently federally listed as threatened and critical habitat has been 
designated under the Endangered Species Act of 1973, as amended.  
 
BACKGROUND 
 
On May 8, 2014, the United States District Court for the District of Montana ordered the U.S. 
Fish and Wildlife Service (Service) to complete recovery planning for the Canada lynx DPS.  On 
June 25, 2014, the same court ordered the Service to complete a recovery plan by January 15, 
2018 “…unless the Service finds that such a plan will not promote the conservation of the 
[lynx]” (i.e., the DPS is recovered or no longer warrants Endangered Species Act protections).  
We completed a Species Status Assessment (SSA) report to inform the 5-year review.   
 
DISCUSSION 
 
Lynx conservation measures and habitat management guidance adopted by the U. S. Forest 
Service and the Bureau of Land Management, via formally amended or revised management 
plans or conservation agreements with the Service, have substantially addressed the conservation 
of lynx habitats and populations or snowshoe hare habitat in light of potential threats considered 
at the time of listing.  Going forward, the effect of climate change on lynx and their habitat is the 
main stressor with the potential for DPS level impacts.  After considering the effects of climate 
change, the SSA report concludes that resident lynx populations are very likely to persist in all 5 
units that currently support them (Northern Maine, Northeastern Minnesota, Northwestern 
Montana/Northeastern Idaho, North-central Washington, and Colorado) in the near-term (2025) 
and likely to persist in those 5 units at mid-century (2050).  Therefore, we conclude that the risk 
of extinction (extirpation of the DPS) by 2050 is low, such that the lynx DPS is not likely to 
become endangered throughout all of its range within the foreseeable future and, therefore, does 
not meet the definition of a threatened species. 
 
NEXT STEPS 
Announce the 5-year review recommendation and make it publically available along with the 
supporting Canada Lynx SSA Report, following the communications plan and materials drafted 
by External Affairs.  Proceed with a proposed delisting rule.  
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